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DISCLAIMER FOR AI-ASSISTED ACADEMIC CONTENT

Disclaimer for AI-Assisted Content and Copyright Compliance

This academic content, including but not limited to study plans, lecture notes, descriptive
content, student toolkits, question banks, model question papers, digital resources, and
supplementary materials, has been developed with the assistance of Artificial Intelligence
(AI) tools, under the guidance and supervision of subject experts.

This content is not a replacement for the reference books mentioned in the GTU syllabus. It
serves as supporting material to aid understanding and enhance the teaching—learning
process for students and teachers.

While due care has been taken to ensure quality, relevance, and academic usefulness, users are
requested to note the following:

1. Accuracy and Academic Responsibility

Al-assisted systems may occasionally generate information that is incomplete, simplified, or
unintentionally inaccurate.
Faculty members and students are strongly advised to:

e Cross-verify critical information with standard textbooks, official syllabi, and
faculty guidance

o Use this material as a supporting academic resource, not as the sole source of learning
2. Nature of Use
This content is intended strictly for educational and non-commercial purposes, including:
e Classroom teaching
o Student self-learning
o Institutional academic use within the state
It is not intended for commercial publication, resale, or profit-oriented distribution.
3. Role of Human Oversight

Al-generated content may not always capture discipline-specific nuances, contextual depth,
or recent advancements.
Therefore:

o Faculty review, contextualization, and explanation remain essential
e Practical learning, laboratory work, and instructor-led teaching are indispensable
4. Copyright and Image Usage Compliance

Special care has been taken regarding the use of images, diagrams, figures, and visual
elements included or referenced in this material.

All visuals used in this content fall under one or more of the following categories:

e Original diagrams created or redrawn by faculty/authors

o Al-generated images or diagrams

2|Page



e Content sourced from public domain or Creative Commons-licensed resources,
with attribution where applicable

Images have not been intentionally copied from copyrighted textbooks, paid publications, or
restricted online sources.

Any references to images, videos, animations, or visual resources are provided purely for
academic illustration and with the understanding that:

e Their use complies with applicable copyright laws

o Institutions and users will adhere to license terms and attribution requirements,
wherever applicable

5. Disclaimer on Inadvertent Inclusion

If any copyrighted material has been unintentionally included, such inclusion is purely
incidental and unintentional.

The concerned material will be removed or replaced promptly upon notification by the
rightful copyright holder.

6. Distribution and Sharing
This content may be:
e Shared among students and faculty within the state
e Uploaded to institutional LMS, academic portals, or official repositories

However, unauthorized modification, commercial redistribution, or external publication
without institutional approval is discouraged.

7. Acceptance of Terms

By accessing or using this material, users acknowledge that:

e They understand the Al-assisted nature of the content
o They accept responsibility for academic verification and ethical use

o They agree to abide by copyright, academic integrity, and institutional guidelines

We encourage learners and educators to actively engage with the material, question
concepts, apply critical thinking, and complement this content with authoritative
academic resources and expert instruction.
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Unit 1 — Number
Systems




Hello, future engineers! Welcome to the world of Digital Electronics.

As your mentor for this course, | want you to understand that Unit 1 is the alphabet of the
digital world. Just as you cannot write a sentence without knowing your A-B-Cs, you cannot
design a circuit, program a microcontroller, or understand a computer processor without
mastering Number Systems.

We are going to break this down simply, logically, and effectively. This unit carries a
significant weightage of 21% (approx. 14-15 Marks), making it a high-scoring zone if you
practice the math.

Here is your comprehensive study plan for Unit 1: Number Systems, designed specifically
for Diploma Engineering students.

1. Unit Overview & Snapshot

Subject Code: DI02000161

Total Teaching Hours: 06 Hours

Weightage: 21%

Course Outcome (CO1): Use number systems and codes for interpreting the working
of digital systems.

Bloom’s Taxonomy Levels: Remember (R), Understand (U), Apply (A).

2. Comprehensive Study Plan: Topic-Wise Breakdown

This plan adheres strictly to the syllabus content provided in Source 30. | have sequenced it
to build your confidence from basic concepts to complex calculations.

Phase 1: The Foundation (Basics & Conversions)

Topic Topic Name

D (Syllabus) Type | Time Learning Focus & Strategy

1.1 Analog Vs Digital, Core | 0.5 Concept: Understand why we need “Digital” (noise immunity,
Number Systems Hr storage). Focus: Learn the Base (Radix) of Binary (2), Octal
(8), Decimal (10), and Hexadecimal (16).

Conversion: 1.0 Technique: 1. Decimal to Others: Successive Division (Integer
Decimal to Other Hr part) & Successive Multiplication (Fractional part). 2. Others
Systems & Vice to Decimal: Positional Weights method (2°, 21...).Tip: Don’t
Versa forget the fractional points!

Conversion .]105 Short-cut Method: ¢ Binary <> Octal: Group of 3 bits. ¢
between Binary, Hr Binary < Hex: Group of 4 bits. Relevance: Hex is used
Octal, Hex extensively in microprocessors/datasheets.

Phase 2: The Arithmetic (The Math of Machines)

Topic Topic Name

. L .
D (Syllabus) Type | Time earning Focus & Strategy

1.4 Arithmetic Supp. | 1.0 Operations: Addition, Subtraction, Multiplication,
Operations with Hr Division.Key Rule: 1 + 1 = 10 (0 carry 1).Pitfall: Students
Binary Numbers often confuse binary borrow with decimal borrow. Practice
this heavily.
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Topic Name
(Syllabus)

1’'sand 2’s . Why: Computers don’t have “minus” signs; they use
Complement & complements.Focus: 1. Finding 1’s comp (invert bits).2.
Binary Subtraction Finding 2’s comp (1’s comp + 1).3. Subtraction using 2’s
complement method. (This is a 100% Exam Question).

Learning Focus & Strategy

Phase 3: The Language of Data (Codes)

Topic | Topic Name
ID (Syllabus)

1.6 Concepts of | App. | 1.5 Weighted Codes: BCD (8421). Used in displays/calculators.Non-
Digital Hrs Weighted: 1. Gray Code: The “Unit Distance” code. Crucial for
Codes reducing errors.2. Excess-3: Self-complementing code.Activity:
Convert Binary to Gray using XOR logic.

Type | Time Learning Focus & Strategy

3. Exam & Practical Alignment Matrix

To score full marks and become a good engineer, you need to know what to study for the
exam and why it matters in the lab.

Topic Exam Importance (GTU) Practical Relevance (Lab/Industry)

Number High (Short Questions): Expect 2-marks Essential for programming microcontrollers
Conversions questions like “Convert (45), to Binary”. | and reading memory addresses.

Binary Medium: usually combined with other Basic understanding of how ALUs
Arithmetic questions. (Arithmetic Logic Units) work inside a CPU.

1's&2’s Very High: A dedicated 3 or 4-mark sum Used in Digital Signal Processing (DSP) and
Complement on “Subtract using 2’s complement” is signed integer representation in
standard. computing.

Gray/BCD High: Conversions (Binary to Gray) and Lab Exp #2: You will build a circuit to
Codes definitions. convert 4-bit Binary to Gray Code.

4. Alignment with OBE & NEP-2020

e Skill Development: This unit moves beyond rote memorization. You are learning a
new language (Binary/Hex). This aligns with the Apply (A) level of Bloom’s
Taxonomy.

Active Learning:
o Self-Study: Create a “Cheat Sheet” of powers of 2 (2° = 1,21 = 2,...21° =
1024).
Digital Tools: Use online simulators like TinkerCAD or CircuitVerse (suggested
in syllabus) to visualize how binary inputs change outputs.
Employability: Understanding Hexadecimal is a prerequisite for Embedded Systems
jobs (loT, Automation), which is the future of Electrical Engineering.

5. Lecturer’s Pro-Tips for Students

1. Don’tignore the Hex: You might think Hexadecimal is annoying, but in the industry,
we never write 10101010; we write AA. Master the grouping of 4 bits.
The “Plus 1” Mistake: In 2’s complement, students often forget to add 1 to the LSB
after inverting the bits. Don’t make that mistake!
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3. Check your answers: In the exam, if you subtract 15 — 12 in binary, convert your
answer back to decimal to see if you got 3. If not, redo it.

Next Step for You:

Would you like me to generate a “Practice Problem Bank” containing 5 high-probability
GTU-style questions for 2’s Complement subtraction and Hex conversions?
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Here is a detailed lecture content plan for Topic 1.1, designed for a 60-minute Diploma
Engineering classroom session.

Lecture Plan: Analog vs. Digital & Introduction to Number Systems

Subject: Fundamental of Digital Electronics (Code: DI02000161) Topic 1.1: Analog Vs Digital,
Number Systems (Binary, Octal, Decimal, Hexadecimal)

1. The Hook (5 Minutes)

(Objective: Grab attention and connect with daily life)

“Good morning, engineers! Let’s start with a simple question. When you use a traditional
volume knob on an old radio, you can turn it smoothly to any level you want. But when you
press the volume button on your phone, it goes up in steps—level 1, level 2, level 3. You
can’t set it to ‘level 1.5".

Why is that?

That difference is exactly what we are studying today: Analog vs. Digital. As per your
syllabus, we are moving into a world where digital systems are replacing analog ones
because of better efficiency and noise immunity. Today, we learn the language of machines:
Number Systems.”

Analog vs. Digital
& Introduction to Number Systems

Subject: Fundamentals of Digital Electronics (Code: DI02000161)
Topic 1.1: Analog Vs Digital, Number Systems (Binary, Octal, Decimal, Hexadelicmal)

e Continuous Signal Discrete Signal

Countable Values
Highly Noise Immune

L ]

e Smooth & Continuous e Discrete Steps (0Os & 1s)
°
L ]

e Infinite Values Number Systems
e Less Noise Immunity sl

0-9 0-1 0-7 0-9,A-F
(Base 10) (Base 2) (Base 8) (Base 16)
Continuous Signal vL @ $ $

e Smooth & Continuous 154 10011110 232 9A
o Infinite Values

11| Page



Cracking the Code: An Intro to Digital Electronics

The Digital Shift: Digital's Key Advantage: Your Learning Path:
Why We Choose R - 7 : From Theory to Application

Osand 1s signal, but a digital 1" remains a "1".
Analog vs. Digital:

Smooth vs. Steps /\/\ /\ | wu Ly |
Analog is continuous (e.g., a fan dial); digital W v, =3 m m’ \ L

uses distinct values (e.g., a thermostat).
Number Logic Gates &

Systems & Codes Boolean Algebra Circuits

8
( 0-7
The Language of Machines [ 1Y 10 | Remembering
W R Past States
/e use number systems like Binary and 0-9

Hexadecimal to communicate with digital
o devices. -
Analog vs. Digital \ 8.

We use numbers systems to to contimuom
digital signals but natens antiem the
communicate and ermposable with digital

devizes /- — = 1. Number Systems 2.Logic Gates&  3.Combinational 4. Sequential
y & Codes Boolean Algebra  Circuits Circuits

Learn the machine’s Master the basic building  Combine gates to build Introduce memory into
language: Binary, Cotal, blocks (AND, CB, NOT) circuits that perform circuits using Flip-Flops,
Decimal, and Hexadecimal. used to create all digital  tasks like adding numbers enabling them to
circuits. (Adders) or selecting remember past states.
data (Multiplesers).

A NotebookLM

2. Core Concepts (40 Minutes)

(Objective: deeply understand the definitions and the ‘Why’)

A. Analog vs. Digital Signals

Analog Signals: In nature, almost everything is analog. Sound, temperature, and light
change continuously.

e Definition: A signal that is continuous in both time and amplitude.

e Example: A sine wave (AC Current). It has infinite values between 0V and 5V (like
1.1v, 1.12v, 1.123V...).

The Problem: Analog signals are very sensitive to Noise (unwanted electrical
disturbance). If noise distorts an analog signal, the data is corrupted forever.

Digital Signals:

e Definition: A signal that has discrete values—usually just two distinct levels: HIGH
(Logic 1) and LOW (Logic 0).

e The Advantage: Digital systems are robust. Even if there is a little noise, a computer
can still tell if the signal is meant to be a ‘O’ or a ‘1’. This is why digital electronics is
essential for automation and control systems.

B. The Need for Number Systems

Humans use the Decimal system because we have ten fingers. But computers? They are
made of switches (Transistors). A switch only has two states: ON or OFF. Therefore,
machines need a different way to count.

C. The Four Pillars (Number Systems)
1. Decimal Number System (Base-10):

e Radix (Base): 10
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e Symbols:0,1,2,3,4,5,6,7,8,9.
e Concept: Positional weight is powers of 10 (10°, 101, 102...).
e Note: This is for humans, not machines.

2. Binary Number System (Base-2):

Radix (Base): 2

Symbols: 0, 1.

Concept: This is the native language of the CPU. Every file, photo, or video in your
phone is just a massive string of 1s and Os.

e Terminology: A single digit is a Bit. 8 Bits make a Byte.
3. Octal Number System (Base-8):

Radix (Base): 8

Symbols: 0,1, 2,3,4,5,6, 7.

Stop here! There is no ‘8’ or ‘9" in Octal.

Concept: Used in early computing (like the PDP-8) to shorten long binary strings.

4. Hexadecimal Number System (Base-16):

Radix (Base): 16
Symbols: 0-9 and A, B, C, D, E, F.
Why letters? We ran out of numbers after 9!
o A=10,B=11,C=12,D=13,E=14,F=15.
Concept: This is the most popular system for engineers after Binary. It allows us to
represent large binary numbers in a short, readable format.

3. Real-World & Industry Applications (10 Minutes)

(Objective: Connect theory to the job market)
“You might ask, ‘Sir/Ma’am, why do | need Hexadecimal? Can’t | just use a calculator?’
Here is the industry reality:

1. Microcontrollers (Arduino/PLC): When you check the memory address of a variable
in a microcontroller, it is always shown in Hex (e.g., 6x3F).
Color Codes: Have you done web design or photo editing? The color white is
#FFFFFF. That is a Hexadecimal code representing Red, Green, and Blue values.
MAC Addresses: Look at the back of your Wi-Fi router. You will see something like
00:1A:2B:3C. That is Hex.

As Electrical Engineers, you will use these systems to design and interpret digital circuits.
You cannot fix a modern digital control panel if you don’t understand these codes.”

4. Summary & Q&A (5 Minutes)

Quick Recap:

e Analog = Continuous (Natural world).
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e Digital = Discrete (Computer world, Os and 1s).
e Base-2 (Binary): The only thing hardware understands.
e Base-16 (Hex): The shorthand engineers use to talk to hardware.

Typical Student Doubt:

e Student: “In Octal, what comes after 7?”

o Answer: “It resets, just like decimal moves from 9 to 10. In Octal, after 7 comes 10
(which equals Decimal 8).”

Mentorship Note: For Your Career

“Mastering Hexadecimal now will save you hundreds of hours later when you start
programming Microprocessors or working with PLCs in the 5th semester. It is the bridge
between human logic and machine logic. Practice writing 0-15 in all four systems today!”
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Hello again, Engineers! Welcome to the second session of Fundamental of Digital
Electronics.

In our last session, we introduced the four “languages” of the digital world: Decimal, Binary,
Octal, and Hexadecimal. Today, we are going to become Translators.

Just like a diplomat translates English to French to prevent a war, you must learn to
translate Decimal (Human Language) to Binary (Machine Language) to prevent a circuit
failure.

This topic, Conversion of Number Systems (Topic 1.2), is the foundation of all digital
arithmetic and is directly linked to your first Laboratory Practical.

1. The Hook: “The 192.168.1.1 Mystery” (5 Minutes)

Pull out your smartphone and look at the Wi-Fi settings. You’ll see an IP address like
192.168.1.1.

Why those specific numbers? Computers don’t know “192”. They only know 11000000. But
if | asked you to “Ping 11000000101010000000000100000001,” you would go crazy.

We use Decimal for our convenience, but the machine converts it to Binary to process it.
Today, we will learn exactly how that calculation happens inside the processor.

2. Core Concepts: The Two Golden Rules (40 Minutes)

We can categorize all conversions involving Decimal into two simple rules.

Rule 1: Decimal — Any Other System (The “Divide & Conquer” Method)

When moving away from Decimal (to Binary, Octal, or Hex), we use Successive Division.
Method for Integers (Double-Dabble):

. Take the decimal number.
Divide it by the Base (Radix) of the target system (e.g., 2 for Binary, 8 for Octal).
Write down the Remainder.
Divide the Quotient again.
Repeat until the Quotient is 0.
Crucial Step: Read the remainders from Bottom to Top (MSB to LSB).

Example: Convert (13);, to Binary

13 + 2 = 6, Remainder = 1 (LSB)
6 -2 = 3, Remainder=0
3+2=1,Remainder=1
e 1-+2=0,Remainder=1(MSB)
e Answer: (1101),

Method for Fractions (The Multiplier): If you have a number like 0.75, you don’t divide—
you multiply by the base.
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Multiply the decimal fraction by the Base (2).
Record the integer part (before the decimal point).
Repeat with the remaining fraction.

Read the integers from Top to Bottom.

Rule 2: Any Other System — Decimal (The “Price Tag” Method)

When coming back to Decimal, we use Positional Weights.

Think of a price tag. In the number 345, the ‘3’ isn’t just 3; it’s 300 because it’s in the
“hundreds” place (102). Binary works the same way, but the “price tags” are powers of 2
(1,2,4,8,16...).

Formula:

DecimalValue = (d, X r™)+...+(d; x 1) + (dy X r°)

(Where d is the digit and r is the radix)

Example: Convert (1101), to Decimal

1x23=1%x8=8
1x22=1%x4=4
0x21=0x2=0
1x2°=1x1=1
Total: 8+4+0+1=13

3. Real-World Applications (10 Minutes)

Why do we do this manually when calculators exist?

1.

ADC (Analog to Digital Converters): In your 5th-semester projects, you will use
sensors (temperature/light). These sensors give a voltage (0-5V). The microcontroller
converts this 0-5V into a number (0-1023 in decimal, or 8060 to 83FF in Hex). You
must understand this conversion to calibrate your sensors.

Memory Addressing: When a computer crashes and gives a “Blue Screen of Death,”
it shows an error code like 9x0000007E. This is a Hexadecimal address pointing to
the exact memory location where the error happened.

Digital Communications: Wi-Fi and Bluetooth send data in packets of binary.
Engineers analyze these packets by converting them to Hex to debug connection
issues.

4. Summary & Q&A (5 Minutes)

Quick Revision:

Decimal — Others: Divide by Base (Read Remainders Bottom-Up).
Others — Decimal: Multiply by Place Value (Sum them up).
Fractional Points: Multiply fractions, divide integers.

Typical Student Doubt:
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e Student: “Sir, when converting fractions, when do | stop multiplying?”

e Answer: Usually after 3 or 4 decimal places, unless it becomes 0.00. In exams, 4
places are sufficient.

Mentorship Note: Career Tip

“Students, mastering this calculation is critical for Outcome 1 (CO1) of this course. But
beyond the exam, if you want to work in Embedded Systems (loT) or PLC Automation, you
will deal with these conversions daily. PLC registers store data in Binary/BCD, but you view it
on the screen in Decimal. Understanding the math behind the screen makes you a
troubleshooter, not just an operator.”

Next Class: We will learn the “Shortcuts” to convert Binary directly to Octal and Hex without
doing any math! Make sure you memorize the powers of 2 up to 21° (1024) before the next
class.
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Hello, Class! Welcome back to Fundamental of Digital Electronics.

In our previous session, we did the “hard math” —converting numbers using division and
multiplication. Today, | have good news. We are going to learn the Shortcuts.

This session covers Topic 1.3: Conversion of Number between Binary, Octal, and
Hexadecimal. By the end of this hour, you will be able to translate long strings of binary into
readable code in seconds, without a calculator.

1. The Hook: “The 100-Page Book Problem” (5 Minutes)

Imagine you have to read a book where every word is spelled out in binary: 61001000
91100101 01101100 01191100 ©1101111... (This just says “Hello”). It would take you a
year to read one page!

Engineers faced this exact problem in the 1960s. Binary is great for machines, but terrible
for human eyes. We needed a way to “compress” these zeros and ones into chunks we
could read instantly.

Enter Octal and Hexadecimal.

Think of Binary as “letters,” and Hexadecimal as “words.” Today, we learn how to group
letters into words instantly.

2. Core Concepts: The “Grouping” Technique (40 Minutes)

The secret to these conversions lies in the Powers of 2.

e Octal (Base-8): 23 = 8. This means 3 Binary bits fit exactly into 1 Octal digit.
e Hexadecimal (Base-16): 2* = 16. This means 4 Binary bits fit exactly into 1 Hex
digit.
A. Binary < Octal (The Rule of 3)

Binary to Octal:

Start from the Binary Point (or the far right for integers).

Group bits into sets of three.

If the last group has fewer than 3 bits, add “leading zeros” to the left (for integers).
Convert each group directly to its Octal equivalent (0-7).

Example: Convert (110101), to Octal. * Group 1 (Right): 181 — 5 * Group 2
(Left): 110 — 6 * Result: (65)g

Octal to Binary: Simply reverse it. Take each Octal digit and expand it into exactly 3 binary
bits. > Example: (23)g>*2 - 010> *3 —» 011 > * Result: 010011

B. Binary <> Hexadecimal (The Rule of 4)
This is the most critical skill for modern electronics.
Binary to Hex:

1. Group bits into sets of four starting from the LSB (Least Significant Bit).

18| Page



2. Convert each group. Remember: 10 = 4,11 = B...15 = F.

Example: Convert (11101011), to Hex. * Group 1: 1011 — (8+2+1)=11—>B*
Group 2: 1110 — (8+4+2) =14 - E * Result: (EB),

C. Octal < Hexadecimal (The Bridge)

There is no direct magic formula to go from 8 to 16. We use a Bridge.

e Path: Octal = Binary — Hex.
e Step 1: Expand Octal to Binary (3-bit groups).
e Step 2: Regroup that Binary into Hex (4-bit groups).

3. Real-World Applications (10 Minutes)

Why do we care?
1. Linux/Unix Permissions (Octal):
Have you ever seen a server error saying “Permission Denied (755)”? This is Octal.

o 7(111) = Read, Write, Execute for the Owner.
o 5(101) = Read, Execute for others.
Using Octal makes setting security permissions incredibly fast.

Color Codes (Hex):
Open any website code. You will see colors like #FF5733.

o FF=Red level (255 max).
o 57 =Green level.
o 33 =Blue level.
This is literally 3 Bytes of binary data represented as 6 Hex digits.

Microcontroller Registers:

When you program an Arduino or 8051, you often set an 8-bit port to “Output.”
Instead of typing 9001111, you just write ©x0F. It’s cleaner and less prone to typing
errors.

4. Summary & Q&A (5 Minutes)

Key Takeaways:

e Octal = Groups of 3.
e Hex = Groups of 4.

e Direction Matters: Always start grouping from the Binary Point (Right to Left for
integers, Left to Right for fractions).

e The Bridge: To go from Octal to Hex, always pass through Binary.
Typical Student Doubt:

e Student: “Sir, what if | have 1101 and | want Octal? It doesn’t divide by 3.”
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e Answer: You pad it with zeros! 1101 becomes 991 101. Now you have 1 and 5.
Answer: (15)g.

Mentorship Note: The “Datasheet” Advantage

“Engineers, mastering Topic 1.3 is not just for the exam. When you open a Datasheet for a
component like a Temperature Sensor or a Memory Chip, the addresses are always in Hex.
If you are slow at converting Binary to Hex, you will struggle to debug your circuits.

Pro Tip: Practice memorizing the Hex values for binary 1010 (A), 1100 (C), and 1111 (F).
These show up constantly in digital logic. Master this, and you master the language of the
industry.”

20| Page



Hello again, Engineers! Welcome to the engine room of the computer.

In our last session, we learned how to “read” and “write” in the language of machines
(Binary, Octal, Hex). Today, we are going to learn how to Calculate.

This session covers Topic 1.4: Arithmetic Operations with Binary Numbers. This is not just
math; this is exactly what happens inside the ALU (Arithmetic Logic Unit) of every processor,
from your calculator to the supercomputer at NASA.

1. The Hook: “The 1+1=10 Paradox” (5 Minutes)

Ask a non-engineer: “What is 1 + 1?” They will say: “2”.
Ask a Digital Engineer (that’s you): “What is 1 + 1?” You should say: “One-Zero (10)".

Why? Because in the binary world, we only have two fingers (0 and 1). When you add 1 + 1,
you run out of digits instantly! You have to “reset” to 0 and “carry” the 1 over to the next
spot.

If you can understand that 1 + 1 = 10, you have already mastered 50% of today’s lecture.
Let’s dive into the four operations that power the digital world.

2. Core Concepts: The Four Operations (40 Minutes)

We will treat this just like primary school math, but with a binary twist.

A. Binary Addition (The Most Important One)

Computers are actually not very smart. They mostly just know how to Add. Even subtraction
and multiplication are often just fancy ways of adding.

The 4 Rules of Addition:
0+0=0
0+1=1
1+0=1
14+ 1=10(Write O, Carry 1)
o BonusRule:1+1+1=11(Write1, Carry 1)

Example: Add (101), + (110), * Column 1 (Right): 1+ 0 = 1 * Column 2: 0 +
1=1*Column3:1+ 1= 10 (Write 0, Carry 1 to new column) * Result: (1011),

B. Binary Subtraction (The Tricky One)
This is where students lose marks. Pay attention to the “Borrow.”

The 4 Rules of Subtraction:

1. 0—-0=0
2. 1-0=1
3. 1-1=0
4. 0—1 =1 (With a Borrow of 1 from the next column)
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o Note: When you borrow in decimal, you get 10. When you borrow in Binary,
you get 2 (because base is 2). So actually, 2 —1 = 1.

Example: (110), — (011), * Col 1: 0 — 1? Cannot do. Borrow from Col 2. The 0
becomes (10), whichis 2. So,2 — 1 = 1. * Col 2: Was 1, became 0 after giving

borrow. Now 0 — 1? Borrow from Col 3. * Col 3: Was 1, becomes 0. * Result:
(011),

C. Binary Multiplication
This is surprisingly easy! It’s exactly like decimal multiplication, but you only multiply by 0 or
1.

e 0 X Anything =0

e 1 X Anything = SameNumber

Steps: 1. Multiply the top number by the LSB of the bottom number. 2. Shift left
(add a placeholder 0). 3. Multiply by the next bit. 4. Add the results.

D. Binary Division
We use the “Long Division” method, just like in school.

e Compare the divisor with the current bits of the dividend.
o [fit fits? Write 1, subtract.
e [fit doesn’t fit? Write 0, bring down the next bit.

3. Real-World Applications (10 Minutes)

“Why do we learn manual calculation if computers do it for us?”

1. ALU Design: In Unit 4, you will build a Half Adder and Full Adder circuit using Logic
Gates. You cannot design the circuit if you don’t know the truth table for Addition
0+0=00+1=1..).

Overflow Errors: Ever played a video game where your score got so high it suddenly
turned negative? That is an Arithmetic Overflow. It happens when the result of a
binary addition is too big for the number of bits available (e.g., adding 1to 1111 in a
4-bit system resets it to 8900). Engineers must predict these errors.

Checksums: When you download a file, the computer runs a mathematical division
on the data to verify it isn’t corrupted. This is called a CRC (Cyclic Redundancy
Check), which relies entirely on Binary Division.

4. Summary & Q&A (5 Minutes)

Key Takeaways:

e Addition: 1 + 1 = 10 (Remember the Carry!).

e Subtraction: 0 — 1 = 1 (Remember the Borrow makes the digit 2!).
e Multiplication: It’s just “Copy and Shift.”

e Division: Compare, Subtract, Bring down.

Typical Student Doubt:

e Student: “Sir, in subtraction, if | borrow from a column that is also 0, what happens?”

22| Page



e Answer: You have to go further left until you find a 1. That 1 travels across the zeros,
turning them into 1s, just like borrowing across zeros in decimal (e.g., 1000 - 1).

Mentorship Note: The Foundation of Logic

“Future Electrical Engineers, mastering Binary Addition is the prerequisite for the next
topic: 2’s Complement Subtraction. In the real world, computers actually don’t do
subtraction; they convert numbers to negative (using 2’s complement) and then Add them.
So, if your Addition is weak, your Subtraction will fail too. Practice at least 5 addition sums

today!”
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Here is a detailed lecture plan for Topic 1.5, designed for a 60-minute Diploma Engineering
classroom session.

Lecture Plan: 1’s & 2’s Complement and Binary Subtraction

Subject: Fundamental of Digital Electronics (Code: DI02000161) Unit 1: Number Systems
Topic: 1.5 1’s and 2’s Complement of Binary numbers & Subtraction

1. The Hook: “The Missing Minus Sign” (5 Minutes)

(Objective: Highlight the hardware limitation that necessitates complements)

“Good morning, class! | want you to look at your keyboard. You see a specific key for the
‘Minus’ (—) sign, right?

Now, imagine you are inside a computer processor. You are made of transistors and logic
gates. You only know ‘On’ (1) and ‘Off’ (0). You don’t have a ‘Minus’ key. You don’t have ink
to draw a dash. So, how on earth does a computer store the number -5?

Furthermore, if we want to subtract 10 — 5, do we need to build a brand new circuit called
a ‘Subtractor’? Or can we be lazy (and efficient) engineers and trick the ‘Adder’ circuit into
doing the work for us?

Today, we solve this mystery using Complements. This is the secret trick computers use to
treat subtraction as just another form of addition.”

2. Core Concepts: The Math of Inversion (40 Minutes)

As per the syllabus, we must cover both 1’s and 2’s complements.

A. 1’s Complement (The Inverter)
This is the simplest form. To get the 1’s complement of a binary number, simply flip every
bit.

e 0becomes1l

e 1becomes0

Example: Find 1’s complement of (10110),.*1->0*0->1*1->0*1->50*
0 - 1 * Result: (01001),

B. 2’s Complement (The Industry Standard)

This is the most important concept. The 2’s complement is mathematically defined as: 2’s
Complement = 1's Complement + 1

Method 1: The Formal Way

1. Find the 1's Complement.
2. Add binary 1 to the Least Significant Bit (LSB).
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Method 2: The “Diplomat’s Shortcut” (Examination Trick) Start from the right (LSB). Copy
bits exactly as they are until you hit the first ‘1’. Copy that first ‘1’. Then, flip every bit to
the left of it.

Example: Find 2’s complement of (101100),. * Start right: @ (copy), @ (copy), 1
(copy first 1). * Now flip the rest: @ becomes 1, 1 becomes @. * Result: (010100),.

C. Binary Subtraction using 2’s Complement

This is a guaranteed exam question. We use the logic: A — B = A+ (—B).
The Algorithm:

1. Find the 2’s Complement of the number to be subtracted (Subtrahend).
2. Add this to the first number (Minuend).
3. Check the Carry generated from the MSB.

Case 1: Large Number - Small Number (Positive Result)

e If afinal Carry is generated, DISCARD it.
e The remaining bits are your answer.

Example: 7(0111) — 5(0101) 1. 2’s comp of 5 (0101) = 1011. 2. Add: 0111 +
1011 = 10010. 3. Discard Carry (1). 4. Result: 0010 (Decimal 2). Correct!

Case 2: Small Number - Large Number (Negative Result)

e If NO Carry is generated, the answer is negative.

e The result looks weird because it is in 2’s complement form.

e Toread the answer: Take the 2’s complement of the sum and put a negative sign in
front.

Example: 5(0101) — 7(0111) 1. 2’s comp of 7 =1001. 2. Add: 0101 + 1001 =
1110. 3. No Carry. 4. Take 2’s comp of 1110 — 0010. 5. Result: —2. Correct!

3. Real-World & Industry Applications (10 Minutes)

“Why do we torture ourselves with this math? Why not just build a subtractor?”
1. Hardware Efficiency (Cost Saving):

Inside a CPU (Central Processing Unit), space is money. If we use 2’s complement, we
don’t need separate ‘Adder’ and ‘Subtractor’ circuits. We just need an Adder and
some NOT gates. This reduces the size of the ALU (Arithmetic Logic Unit) by almost
50%.

Signed Integer Representation:

In C programming or Java, when you declare int x = -5;, the computer stores it as
the 2’s complement of 5. If you work in Embedded Systems (like Arduino or PLC
programming), understanding this helps you debug why a counter suddenly jumps
from 0 to a huge number (underflow) when you subtract 1.

3. Digital Signal Processing (DSP):
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Audio signals oscillate between positive and negative voltages. DSP chips process
these signals using 2’s complement arithmetic to maintain the sign of the wave.

4. Summary & Q&A (5 Minutes)

Key Takeaways:

e 1’s Comp: Just flip bits.
2’s Comp: 1’s Comp + 1.
Subtraction: A + (2’s Comp of B).

The Golden Rule: If there is a Carry — Answer is Positive (Drop Carry). If No Carry —
Answer is Negative (Retake 2’s Comp).

Typical Student Doubt:

Student: “Sir, in 1’s complement subtraction, do we also drop the carry?”

Answer: No! That is the trap. In 1’s complement subtraction, if there is a carry, you
must ADD it back to the result (called ‘End-Around Carry’). This is why 2’s
complement is preferred—it’s cleaner because we just ignore the carry.

Mentorship Note: The “Debugger’s Mindset”

“Mastering 2’s Complement is what separates a ‘Coder’ from an ‘Engineer’. Later in your
career, when you are designing a microcontroller system and your sensor reads 11111111
instead of -1, you won’t panic. You will realize, ‘Ah, that’s just -1 in 2's complement!” This
ability to see the bits behind the numbers is crucial for low-level programming and
hardware design.”
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Based on the syllabus and the sequential flow of our previous sessions, it appears you are
looking for the final lecture content to complete Unit 1. Although the prompt template used
refers to “Study Plan Creation,” the specific inclusion of “1.6 Concepts of Digital codes...”
suggests you need the lecture content for this specific topic.

Here is the detailed lecture content for Topic 1.6, designed to complete your Unit 1 teaching
module.

Lecture Plan: Concepts of Digital Codes (BCD, Gray, Excess-3)

Subject: Fundamental of Digital Electronics (Code: DI02000161) Unit 1: Number Systems
Topic: 1.6 Concepts of Digital codes: Weighted (BCD) & Non-weighted (Gray, Excess-3).

1. The Hook: “The 10-Million Dollar Explosion” (5 Minutes)

(Objective: Illlustrate why simple Binary is dangerous in physical systems)
“Good morning, class! Today is our final session for Unit 1.

| want to tell you a story about a robotic arm in a factory. Imagine this robot measures its
position using standard Binary. It moves from position 3 (Binary ©11) to position 4 (Binary
100). Look closely at those bits: 911 — 1600. All three bits changed at the exact same time.
In the real world, mechanical switches are never perfect. For a split microsecond, the
computer might read 111 (7) or 800 (0) during the transition. The robot thinks it suddenly
teleported! It panics, swings wildly, and Boom—expensive damage.

How do we stop this? We stop using standard Binary for moving parts. We use a special
code where only one bit changes at a time.

Today, we learn these ‘Secret Languages’ of hardware: BCD, Gray Code, and Excess-3.”

2. Core Concepts: The Three Codes (40 Minutes)

We classify codes into two families: Weighted (where position has value) and Non-
Weighted (where position has no specific math value).

A. BCD Code (Binary Coded Decimal)
e Type: Weighted Code (Weights: 8-4-2-1).

e The Logic: Humans love Decimal (0-9). Computers love Binary. BCD is the
compromise. We replace each Decimal digit with its 4-bit Binary equivalent.

The Rule: We only use codes 9060 to 1001 (0 to 9).

The Forbidden Zone: Codes 1010 (10) to 1111 (15) are Invalid in BCD. If you see
them, an error occurred.

Example: Convert Decimal 15 to BCD. * Digit 1 — 9001 * Digit 5 — 0101 * Result:
9001 0101 (This is different from normal binary 1111!)

B. Gray Code (The “Safety” Code)
e Type: Non-Weighted (Reflective Code).
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e The Logic: As mentioned in the hook, this is a Unit Distance Code. Between any two
consecutive numbers, only 1 bit changes.

e Construction:
1. Write the bit.
2. Add it to the next bit (ignore carry).
o Concept Check: This uses the XOR logic you will learn in Unit 2.

Comparison: * Decimal 7 to 8: * Binary: 8111 — 1000 (4 bits change! Dangerous).
* Gray: 9100 — 1100 (1 bit changes. Safe).

C. Excess-3 Code (XS-3)

e Type: Non-Weighted (Sequential).

e The Logic: It is literally BCD + 3.

e Why Add 3? It makes the code Self-Complementing.
o In Decimal: 9’s complement of 2 is 7.
o In Excess-3: The binary code for 2 is the exact inverse (NOT) of the code for 7.
o Significance: This made “subtraction” circuits very cheap to build in old

computers.

Example: Convert Decimal 4 to Excess-3. * 4 + 3 = 7 * Convert 7 to Binary =
9111. * Result: 9111.

3. Real-World & Industry Applications (10 Minutes)

“Where will you see this in your Diploma career?”
1. Digital Displays (BCD):

Walk into any hospital and look at the digital thermometer or voltmeter. These
devices don’t do complex math; they just need to show numbers to humans. The
driver chips (like the 7447 IC which we discuss in Unit 4 ) take BCD input and light up
the 7-segment display.

Rotary Encoders (Gray Code):

In Lab Experiment #2, you will build a Binary to Gray converter. Why? Because inside
the motors of CNC machines and robotic arms, there is a disc printed with Gray Code.
This sensor tells the robot its exact angle without the “glitch” errors we talked about

earlier.

Data Transmission:

Gray code is used in error correction for digital TV signals to minimize bit errors
during transmission.

4. Summary & Q&A (5 Minutes)

Key Takeaways:

e BCD: For human interfaces (Calculators/Clocks). Remember the “Six Invalid Codes”
(10-15).

28| Page



e Gray Code: For mechanical safety. Only 1 bit changes.
e Excess-3: Old school math code. BCD + 3.

Typical Student Doubt:

e Student: “Sir, is Excess-3 the same as Binary 3?”

e Answer: No! Excess-3 is a code for a decimal number. If | say “Excess-3 for 0”, the bits
are 9011 (which is binary 3). We shift everything up by 3 steps.
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Mentorship Note: The “Hardware” Perspective

“You have now finished Unit 1! You know the math (Conversions), the arithmetic
(Complements), and the language (Codes).

Next Step: In Unit 2, we stop doing math on paper and start building circuits. We will use
Logic Gates to make these numbers real.

e Tip for Exams: Unit 1 is worth 21% of your marks. The most common mistake in
finals is confusing BCD with Hex. Remember: BCD stops at 9; Hex goes to F (15).
Master this distinction, and you will ace the short questions.”

Hello, Engineers!

As we wrap up our study of Unit 1: Number Systems, | want to empower you with a modern
tool. Al platforms like ChatGPT, Gemini, and Claude are excellent “Study Buddies” if you
know how to talk to them.

You don’t need to struggle alone with complex conversions or 2’s complement logic. Below
is a Student Al Toolkit containing 25 prompts designed specifically for this unit. You can
copy these directly into an Al to clear doubts, generate practice problems, or prepare for
exams.

Student Al Toolkit: Unit 1 (Number Systems)

A. Low-Level Prompts (Remember & Understand)

Use these when you are just starting a topic or feel confused about a definition.

1. “Act as a Diploma Engineering teacher. Explain the difference between Analog and
Digital signals using simple, real-life examples (like a light switch vs. a dimmer).”
“What is the concept of ‘Base’ or ‘Radix’ in number systems? Explain why Binary is
Base-2, Octal is Base-8, and Hexadecimal is Base-16 in simple terms.”

“Create a simple step-by-step guide on how to convert a Decimal number to Binary
using the ‘Successive Division” method.”
“Why do we use Hexadecimal numbers in electronics instead of just writing
everything in Binary? Explain the benefit.”
“Define 1’s Complement and 2’s Complement. What is the main difference between
them in terms of calculation?”
“List the four basic rules of Binary Addition. Explain what happens whenladd 1 + 1
and1+1+1”
“What is a Weighted Code (like BCD) versus a Non-Weighted Code (like Gray Code)?
Explain with one example of each.”
“Explain Gray Code in simple terms. Why is it called the ‘Unit Distance Code’ and
why is it used in mechanical sensors?”
“What is the Excess-3 code? Explain how to convert a Decimal digit into Excess-3
with an example.”

. “Create a glossary of key terms for Digital Electronics Unit 1, including: Bit, Byte,
Nibble, LSB, MSB, and Radix.”
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B. Moderate-Level Prompts (Apply & Analyze)

Use these to practice math, solve problems, and verify your answers.

11. “Generate 5 practice problems for converting Decimal fractions (e.g., 25.625) into
Binary. Provide the step-by-step solutions hidden at the bottom.”

12. “Create a table comparing Binary, Octal, Decimal, and Hexadecimal numbers from 0
to 15. Highlight the point where single digits turn into double digits or letters.”

13. “I am practicing Binary Subtraction. Give me 3 problems to solve using the ‘Borrow’
method, and then show me the correct working to check my answer.”

14. “Walk me through the process of subtracting a larger number from a smaller number
(e.g., 10 — 15) using the 2’s Complement method. Explain how to interpret the final
result.”

. “Explain the shortcut method to convert Binary to Hexadecimal and Hexadecimal to
Binary. Give me 3 examples using long strings of bits.”

. “l have calculated the 2’s complement of 16110 as 81010. Is this correct? If not, act
as a tutor and explain my mistake.”

. “Compare BCD (Binary Coded Decimal) and straight Binary. Show me how the
number 12 looks in Binary versus how it looks in BCD, and explain the difference.”

. “Explain the logical steps to convert a Binary number to Gray Code using the XOR
(Exclusive-OR) logic concept.”

. “What is Arithmetic Overflow in binary addition? Explain with a 4-bit example where
the result is too big to fit.”

. “Act as an examiner. Ask me 5 short-answer quiz questions about Number Systems
one by one. Wait for my answer, then grade me and explain the correct answer if |
am wrong.”

C. High-Level Prompts (Design & Create)

Use these to deepen your understanding and prepare for distinction-level questions.

21. “Create a comprehensive ‘Cheat Sheet’ for Number Systems that includes all
conversion formulas, arithmetic rules, and a reference table for Powers of 2 (up to
210)'"

. “Explain the hardware logic: Why do modern computers use 2’s Complement for
subtraction instead of building a separate Subtractor circuit? How does this save
cost?”

. “Describe the algorithm or flowchart logic for a computer program that converts a
Decimal floating-point number into Binary. What happens to the fractional part if it
repeats infinitely?”

. “Analyze the relationship between Analog-to-Digital Converters (ADC) and Number
Systems. How does the ‘Number of Bits’ (e.g., 8-bit vs. 10-bit) affect the accuracy of
reading an analog sensor?”

. “Design a revision plan for Unit 1: Number Systems. Break down the most likely
exam questions (Theory vs. Numerical) based on typical Diploma Engineering
patterns.”
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Mentor’s Note for Students:

“Using Al is a skill. Don’t just ask it to do the homework for you. Ask it to teach you. If the Al
gives you an answer for a binary conversion, try to solve it on paper first, then use the Al to
check your steps. This ‘Active Recall’ is how you score 70/70 in the GTU exam!”
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Hello! As your expert educator and examiner for Diploma Engineering, | have designed this
Mastery Check section for Unit—1: Number Systems.

This module is crafted to align with Course Outcome 1 (CO1): “Use number systems and
codes for interpreting the working of digital systems”. It focuses on the specific topics listed
in your syllabus, such as binary arithmetic, complements, and digital codes.

Unit 1: Number Systems — Mastery Check

1. Key Definitions / Glossary

Top 15 Technical Terms for Exam Revision

1.

Analog Signal: A continuous signal that varies smoothly over time, representing
infinite values within a range (e.g., voltage from a sensor).

Digital Signal: A discrete signal that has only two distinct states or levels: HIGH (1)
and LOW (0).

Radix (Base): The total number of unique digits or symbols used in a specific number
system (e.g., Base-2 for Binary, Base-10 for Decimal).

Bit: The smallest unit of digital data, representing a single binary digit (either 0 or 1).
Nibble: A group of 4 bits.

Byte: A group of 8 bits.

MSB (Most Significant Bit): The leftmost bit in a binary number, carrying the highest
positional weight.

LSB (Least Significant Bit): The rightmost bit in a binary number, carrying the lowest
positional weight (2°).

BCD (Binary Coded Decimal): A weighted code (8421) where each decimal digit (0-9)
is represented by a 4-bit binary group.

. Gray Code: A non-weighted “unit distance” code where only one bit changes

between consecutive numbers; used to prevent errors in transitions.

. Excess-3 Code (XS-3): A non-weighted, self-complementing code derived by adding 3

(p011) to the corresponding BCD number.

. 1’s Complement: A binary form obtained by inverting every bit of a number (0

becomes 1, 1 becomes 0).

. 2’s Complement: The mathematical standard for signed binary arithmetic, calculated

as (1's Complement + 1).

. Weighted Code: A code where each bit position has a specific assigned value or

“weight” (e.g., 8-4-2-1 in BCD).

. Hexadecimal: A base-16 number system using digits 0-9 and letters A-F, widely used

to simplify the representation of long binary strings.

2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)

Time to test your concepts. Select the best answer.
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Q1. Which number system is known as the “language of the computer”? A) Decimal B)
Hexadecimal C) Binary D) Octal

Q2. In the Hexadecimal system, the letter ‘E’ represents which decimal value? A) 11 B) 13
C) 14 D) 15

Q3. How is the decimal number (12),, represented in Binary? A) 1010 B) 1100 C) 1110 D)
1001

Q4. To convert Binary to Octal, we group bits in sets of: A) 2 bits B) 3 bits C) 4 bits D) 8 bits

Q5. What is the 1’s complement of the binary number 1816? A) 0101 B) 0110 C) 1011 D)
0001

Q6. What is the result of the binary addition 1 + 1? A)2B) 1 C) 10D) 11
Q7. Which of the following is an invalid BCD code? A) 0011 B) 1001 C) 0101 D) 1100

Q8. Gray Code is also known as: A) Weighted Code B) Cyclic or Unit Distance Code C)
Alphanumeric Code D) Error Correcting Code

Q9. The Excess-3 code for decimal number 4 is: A) 0100 B) 0111 C) 1000 D) 0011

Q10. In 2’s complement subtraction, if a final carry is generated, it indicates the result is:
A) Negative B) Positive (and the carry is discarded) C) Invalid D) Positive (and the carry is
added)

Q11. The base of the Octal number system is: A) 2 B) 8 C) 10 D) 16

Q12. Which logic gate concept is used to convert Binary to Gray Code? A) AND B) OR (C)
XOR D) NAND

Q13. How many unique values can be represented by 3 bits? A)3B)6C)8D)9
Q14. The 2’s complement of 6101 is: A) 1010 B) 1011 C) 1100 D) 1111

Q15. Which of the following is a “Weighted Code”? A) Gray Code B) Excess-3 Code C) ASCII
D) BCD (8421)

Q16. What is (4),, converted to binary? A) 1010 B) 1011 C) 1100 D) 1001

Q17. In binary subtraction, 0 — 1 results in: A) 0 with no borrow B) 1 with a borrow of 1 C)
1 with a carry of 1 D) 0 with a borrow of 1

Q18. The primary advantage of Digital systems over Analog systems is: A) Infinite values B)
Noise immunity C) Higher power consumption D) Difficulty in storage

Q19. Converting Octal (7) to Binary gives: A) 100 B) 110 C) 111 D) 011

Q20. Why is Excess-3 code used? A) It is easy to read B) It is a self-complementing code C) It
uses fewer bits D) It is a weighted code

B. Short Answer / Viva Questions

Prepare these for your practical exams and oral interviews.

1. Differentiate between Analog and Digital systems.
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o Answer: Analog systems use continuous signals (like sine waves) sensitive to
noise, while Digital systems use discrete signals (0s and 1s) which are more
robust and easier to store.

Why do we group bits into 4 when converting to Hexadecimal?
o Answer: Because 2% = 16. Exactly 16 unique values (0-F) can be represented
by 4 bits, making Hex a perfect shorthand for binary.
Explain why “1010” is not a valid BCD number.
o Answer: BCD only encodes decimal digits 0-9 (9900 to 1001). Binary values
from 10 (1010) to 15 (1111) are considered invalid in BCD arithmetic.
What is the main advantage of using Gray Code in rotary encoders?

o Answer: In Gray Code, only one bit changes at a time between consecutive
numbers. This prevents reading errors (glitches) during mechanical
transitions, unlike binary where multiple bits might change simultaneously.

How do you perform subtraction using the 2’s Complement method?

o Answer: Take the 2’s complement of the subtrahend (the number being
subtracted) and add it to the minuend. If a carry is generated, discard it
(result is positive). If no carry, take the 2’s complement of the result and add
a negative sign.

Why is 2’s Complement preferred over 1’s Complement in computers?

o Answer: 2's complement has only one representation for zero (unlike 1’s
complement which has +0 and —0) and handling the carry is simpler (just
discard it).

What is a “Weighted Code”? Give an example.
o Answer: A code where each bit position corresponds to a specific numerical
value. For example, BCD is an 8-4-2-1 code; the MSB has a weight of 8.
Convert the decimal number 13 to Binary, Octal, and Hex.
o Answer: Binary: 1101, Octal: 15, Hex: D.
What is the relationship between a “Nibble” and a “Byte”?

o Answer: A Nibble is 4 bits, and a Byte is 8 bits. Therefore, one Byte consists of
two Nibbles.

10. Describe the “Excess-3” code.

o Answer: It is a non-weighted code derived by adding decimal 3 to a number
before converting it to binary. It is useful because it is self-complementing,
which simplifies subtraction circuits.

Answer Key for MCQs

1:C|2:C|3:B|4:B|5A6:C|7:D|8B|9:B|10:B11:B| 12:C| 13:C| 14:B | 15:
D16:A|17:B | 18:B | 19:C | 20: B
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Hello! As your digital learning curator, | have compiled a Digital Resource Library for Unit 1:
Number Systems. This collection is designed to help you move beyond the textbook,
allowing you to visualize abstract concepts and verify your manual calculations instantly.

These resources align with the Outcome-Based Education (OBE) approach, ensuring you
don’t just memorize numbers but understand how they work in real digital systems.

Part 1: Al Tools & Digital Learning Tools

Recommended tools to simulate, visualize, and verify your learning.
1. CircuitVerse / Tinkercad Circuits

e Type: Online Logic Simulator (Syllabus Recommended )
e Purpose: To visualize how binary numbers translate into actual circuit signals
(High/Low).
e How it helps in Unit 1:
o You can use input switches to represent Binary bits (0 and 1) and see them
light up LEDs.
Great for simulating Practical #2 (Binary to Gray Code Converter) before
building it on a real breadboard.
o Note: Allows you to build logic without worrying about burnt wires!

2. Virtual Labs (Ministry of Education, Govt. of India)

e Type: Virtual Experimentation Platform (Syllabus Recommended )
e Purpose: To perform standard laboratory experiments remotely.
e How it helps in Unit 1:
o Specifically designed for Practical #1 (“Convert Number from One Number
system to another”).

Provides a guided environment to test inputs and observe outputs for code
conversions (like BCD to Seven Segment) without needing physical ICs.

3. RapidTables / Calculator.net (Base Converters)

e Type: Online Calculation Tool
e Purpose: Instant verification of manual arithmetic.
e How it helps in Unit 1:
o When practicing Topic 1.2 & 1.3 (Conversions), you can instantly check if your
Hexadecimal to Decimal calculation is correct.

o Use the “Binary Calculator” feature to verify your Topic 1.5 (2’s Complement
Subtraction) answers. Tip: Don’t use this to do the homework; use it to grade
your homework.

4. ChatGPT / Gemini (Al Assistants)

e Type: Generative Al / Personal Tutor
e Purpose: Concept explanation and problem generation.
e How it helps in Unit 1:

o Ask it to “Explain 2’s complement subtraction to a 5-year-old” for a simplified
analogy.
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o Use it to generate unlimited practice sums (e.g., “Give me 10 binary
subtraction problems with answers hidden”) for Topic 1.4.

Part 2: Video Learning Repository

Curated video recommendations for self-study and revision.

Topic Name

Recommended Channel / Course

Search Keywords

Introduction to Number
Systems (Binary, Octal, Hex,
Decimal)

Neso Academy (Digital Electronics
Playlist)

“Neso Academy number systems
introduction” “Digital electronics
basics number systems”

Number Base Conversions
(Decimal to Any, Any to
Decimal)

All About Electronics

“Decimal to binary octal hex
conversion All About Electronics”
“Number system conversion
shortcuts”

Binary Arithmetic (Addition,
Subtraction, Multiplication,
Division)

Gate Smashers (Vernacular/Hindi-
English mix - excellent for simple
explanation)

“Binary arithmetic operations Gate
Smashers” “Binary addition and
subtraction rules”

Signed Numbers &
Complements (1's & 2's
Complement Subtraction)

NPTEL (IIT Kharagpur) -
Prof. Goutam Saha

“NPTEL digital electronics signed
number representation” “2’s
complement subtraction logic”

Digital Codes (BCD, Gray
Code, Excess-3)

TutorialsPoint or Techno-How

J

“BCD Gray Excess-3 code explanation”
“Weighted vs Non-weighted codes
digital electronics”

Logic for Gray Code (Unit
Distance Code)

Neso Academy

“Binary to Gray code conversion logic
gate” “Concept of Gray code and
applications”

Coach’s Tip for Using This Library:

e For Theory: Watch the Neso Academy or Gate Smashers videos first to grasp the

concept.

For Practice: Solve a problem on paper, then check it using RapidTables.

For Lab: Visit Virtual Labs before your actual lab session to understand the circuit

connections.
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Based on the syllabus provided for Unit-1: Number Systems (Course Code: DI02000161),
which carries a significant weightage of 21% (approx. 14-15 Marks), | have designed this
predicted question bank.

This bank follows the standard Diploma Engineering examination trend, focusing on
Remember (R), Understand (U), and Apply (A) levels of Bloom’s Taxonomy as specified in
the syllabus.

[ Predicted Question Bank: Unit-1 Number Systems

Target Audience: Diploma Electrical Engineering Students Exam Weightage: 21% (High
Priority Unit)

1. Most Repeated / High-Probability Questions

These questions are the “Bread and Butter” of the exam. They test core definitions, direct
conversions, and standard procedures found in every Diploma paper.

A. Short Answer Questions (2 Marks)

Focus: Definitions and Simple Conversions

1. Define Analog and Digital Signals. Give one example of each.
2. Define “Radix” (Base) of a number system. State the radix for Octal and
Hexadecimal systems.
Perform the following conversions:
o (45)10~ (?):
o (110101), = (?)10
Why is the Hexadecimal number system used in digital electronics?
. What is a “Weighted Code”? Give two examples.
. Find the 1’s and 2’s complement of the binary number 1611001.
. What is BCD? Write the BCD code for the decimal number (29),.
Define Byte and Nibble. How many nibbles are in 2 Bytes?
. List the invalid codes in 8421 BCD.
10. Convert the Hexadecimal number (3F), to Binary.

B. Descriptive / Long Answer Questions (3—4 Marks)

Focus: Procedure, Arithmetic, and Comparisons

11. Differentiate between Analog and Digital Systems. (Write at least 4 points of
comparison).
12. Explain the method of converting a Decimal number to Binary with a suitable
example containing both integer and fractional parts (e.g., 25.625,,).
13. Perform the following Binary Arithmetic operations:
o 10110+ 01101
o 1101 x 101
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o 11110+ 10

. Perform Binary Subtraction using the 2’s Complement Method:
o (55)10 - (15)10
o (20);9 — (35)0 (Negative result case)

. Write a short note on Gray Code. Explain why it is called a “Unit Distance Code” and
convert (1011), to Gray code.

. Explain Excess-3 Code with an example. How is it different from BCD?
. Perform the following Number Conversions:
o (247)s = (?)16
o (A2B)16 = (?)sg
o (Hint: Use Binary as the bridge between Octal and Hex).
. Compare Weighted and Non-Weighted Codes with examples. Classify BCD, Excess-3,
and Gray Code into these categories.

2. Application & Logical Thinking Questions

These questions differentiate the “Pass Class” from the “Distinction Class.” They test your
ability to apply concepts to real engineering scenarios, aligning with Course Outcome 1
(CO1).

Q1. The “Robotic Arm” Problem (Gray Code Application) > Context: In a digital shaft
encoder used for a robotic arm, binary codes are used to measure position. > Question: Why
is Gray Code preferred over straight Binary for such position encoders? Explain what kind of
error occurs if straight Binary is used during the transition from 7 (6111) to 8 (1000).

Q2. The “Hardware Efficiency” Problem (2’s Complement) > Context: Modern computers
(ALUs) do not have a separate subtraction circuit. > Question: Explain how 2’s Complement
logic allows a computer to perform subtraction using only an Adder circuit. lllustrate this by
subtracting 7 — 3 using addition logic.

Q3. The “Overflow” Scenario (Binary Arithmetic) > Context: You are working with a 4-bit
binary system (maximum value 15 or 1111). > Question: If you add 1001 (9) and 1000 (8),
what is the result in 4-bit arithmetic? Explain the concept of Overflow and why the result
might appear incorrect to the computer.

Q4. The “Universal Language” (Hexadecimal) > Context: A microcontroller datasheet lists a
memory address as OxFFFF. > Question: Calculate the decimal equivalent of this address.
Why do engineers write OxFFFF instead of its binary equivalent 11111111111111117
Discuss the advantages regarding readability and error reduction.

Q5. The “Data Transmission” Check (Parity/Codes) > Context: Digital data is often
corrupted by noise during transmission. > Question: While BCD is useful for driving displays
(like 7-segment displays), it wastes data space. Explain why BCD is less efficient than Binary
for storing large numbers (e.g., compare the bits needed to store “99” in Binary vs. BCD).

@ Examiner’s Revision Tip:

e Don’t skip Topic 1.5: A question on “Subtraction using 2’s Complement” appears in
almost every Diploma paper because it tests both conversion and arithmetic skills
simultaneously.
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e Show your work: In conversion problems (Topic 1.2), always show the division (L-
method) or multiplication steps. Direct answers often lose partial marks.
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Hello! As a Diploma Engineering subject expert and laboratory instructor, | have designed
three practical laboratory exercises for Unit—1: Number Systems.

These experiments are designed to meet Course Outcome 1 (CO1): “Use number systems
and codes for interpreting the working of digital systems”. They move from basic
visualization to circuit implementation, ensuring a blend of simulation and hardware
practice.

Practical Exercise 01: The “Digital Translator” Lab

Type: Simulation / Basic Hardware Syllabus Reference: Suggested Practical List Sr. No. 1

1. Objective: To demonstrate and verify the conversion of 4-bit numbers between Binary,
Hexadecimal, and BCD (Binary Coded Decimal) formats using a Digital Logic Trainer Kit or
Simulator.

2. Task / Activity:

e Step 1 (Setup): Use a Digital Trainer Kit or a simulator like CircuitVerse/Tinkercad.
e Step 2 (Binary Input): Connect four toggle switches to four LEDs. Label them By
(MSB), B,, By, B, (LSB).
Step 3 (Observation): Set the switches to specific binary patterns (e.g., 1010, 1111,
0101).
Step 4 (Hex Visualization): If using a simulator, connect these four lines to a “Hex
Display” component. If using hardware with an on-board 7-segment display, connect
the inputs to the display.
Step 5 (Verification):
o Input 1111 — Observe F (Hex) or 15 (Decimal).
o Input 1001 — Observe 9 (BCD/Hex).
o Input 1010 — Observe A (Hex) but note that it is Invalid in BCD.
Outcome: Create a verification table comparing Input (Switch positions)
vs. Observed Output.

3. Viva-Voce Questions:

1. Examiner: “Why did the display show ‘A’ or an error when you entered 1810 for BCD
conversion?”
o Expected Answer: Because 1010 (Decimal 10) is an invalid code in BCD; BCD
only supports 0-9 (0000 to 1001).
Examiner: “Which bit is the MSB in your circuit, and what is its positional weight?”
o Expected Answer: The leftmost switch (B3) is the MSB, and its weight is 23 =
8.
Examiner: “If | add one more switch to make it a 5-bit system, what is the maximum
number you can count to?”

o Expected Answer: With 5 bits, the maximum value is 2°> — 1 = 31.

Practical Exercise 02: Binary to Gray Code Converter

Type: Hardware Implementation (Breadboard/Kit) Syllabus Reference: Suggested Practical
List Sr. No. 2
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1. Objective: To design and build a combinational logic circuit that converts a 4-bit Binary
number into a 4-bit Gray Code using XOR (Exclusive-OR) logic gates.

2. Task / Activity:

e Step 1 (Components): Gather one IC 7486 (Quad XOR gate), LEDs, resistors, and a
breadboard/kit.

Step 2 (Logic Design): Implement the standard conversion logic:
o G3 = B3 (Direct connection)
o G, = B; @ B, (XOR operation)
o G; = B, @ B, (XOR operation)
o Gy = B; @ B, (XOR operation)
Step 3 (Wiring): Wire the circuit on the breadboard. Connect outputs Gs, G,, Gy, Gy
to LEDs.
Step 4 (Testing):
o Input Binary @111 (Decimal 7).
o Observe Output. Theoretical Gray Code should be 8160. Verify if the LEDs
match.

o Change Input to 1000 (Decimal 8). Observe Output 1100.

Step 5 (Analysis): Confirm that between input 7 (6111) and 8 (1000), the output
changed by only one bit (9100 to 1100).

3. Viva-Voce Questions:

1. Examiner: “Why is Gray Code called a ‘Unit Distance Code’?”
o Expected Answer: Because between any two consecutive numbers, only one
single bit changes state.
2. Examiner: “Which Logic Gate is used for converting Binary to Gray, and why?”
o Expected Answer: The XOR gate (IC 7486) is used because it detects
inequality; it outputs ‘1’ only when the bits are different, which matches the
Gray code algorithm.
3. Examiner: “Where is this circuit applied in real industrial machines?”
o Expected Answer: It is used in rotary encoders (position sensors) for robotic
arms or CNC machines to prevent error glitches during movement.

Practical Exercise 03: 1’'s Complement & Signed Number Visualization

Type: Hardware / Logic Analysis Syllabus Reference: Unit 1.5 (1’s and 2’s Complement)

1. Objective: To realize the 1’s Complement of a 4-bit binary number using NOT gates and
theoretically analyze the 2’s Complement for signed number representation.

2. Task / Activity:

e Step 1 (Components): Gather one IC 7404 (Hex Inverter).
e Step 2 (Wiring): Connect 4 input switches (43, A5, A1, 4p) to the inputs of 4 NOT
gates in the IC.
Step 3 (Output): Connect the outputs (Y3,Y,,Y;,Y,) to 4 LEDs.
Step 4 (Operation):
o Input @eoo — All LEDs glow (1111).
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o Input 1010 — LEDs show @101.

Step 5 (Calculation Challenge): For a given input (e.g., 101), record the LED output
(1’s complement). Then, manually add ‘1’ to the LSB of your recorded output to find
the 2’s Complement. Compare this with the theoretical negative value of that
number.

3. Viva-Voce Questions:

1. Examiner: “What is the hardware difference between obtaining 1’s Complement and
2’s Complement?”

o Expected Answer: 1's Complement only requires NOT gates (Inverters). 2’s
Complement requires NOT gates plus an Adder circuit to add ‘1’ to the result.

2. Examiner: “In a 2’s complement system, if the MSB is ‘1’, what does it indicate?”
o Expected Answer: It indicates that the number is negative.
3. Examiner: “If you invert the bits of 2111 using this circuit, what is the result, and
what implies zero in 1’'s complement?”
o Expected Answer: The result is 900. In 1’s complement, there are two zeros:
positive zero (0900) and negative zero (1111).

Here are two beginner-friendly mini-project ideas for Unit—1: Number Systems, designed
for Diploma Engineering students to bridge the gap between theory and application.

Mini-Project 1: The “Binary-to-Decimal” Teaching Aid

e Objective: To build a visual teaching aid that converts 4-bit Binary input (via
switches) into a Decimal number (0-9) on a 7-segment display.
e Working Principle:
o The project uses four toggle switches to represent a 4-bit binary number
(D3, Dy, Dy, Do)
These inputs are fed into a BCD-to-7-Segment Decoder IC (like the 7447).

The IC interprets the binary logic (High/Low) and drives the appropriate
segments (a-g) of a 7-segment LED display to show the corresponding
decimal digit.

Note: For inputs 10-15 (A-F), the 7447 will display unique “glitch” patterns,
demonstrating the concept of Invalid BCD codes discussed in Topic 1.6.

e Application of Unit Concepts:

o Binary System: Students physically manipulate bits (switches) to form
numbers.
BCD Code: Directly visualizes the concept of Binary Coded Decimal (Topic
1.6).
Logic Levels: Reinforces the difference between Logic 1 (5V) and Logic 0
(GND).
e Cross-Disciplinary Relevance:

o Electrical/Electronics: Fundamental to understanding digital display drivers
used in voltmeters and ammeters.

o Computer Engineering: Demonstrates hardware-level data decoding.
e Skills Developed:

o Circuit wiring on a breadboard.

o Understanding IC pin configurations and datasheets.

o Troubleshooting logical errors.
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Mini-Project 2: The “Smart Water Tank” Level Indicator (Logic Simulation)

Objective: To design a logic circuit that encodes water levels into binary data for a
digital controller.
Working Principle:
o Imagine a tank with 4 water-level sensors (Low, Medium, High, Overflow).
o Instead of running 4 wires to a controller, students design a Priority Encoder
circuit (using simulation software like TinkerCAD or CircuitVerse ).
The circuit converts the “active” sensor position into a 2-bit or 3-bit binary
code (e.g., Low = 89, Medium = 01, High = 19, Overflow = 11).
Application of Unit Concepts:
o Encoding: Applies the concept of converting real-world “Analog” states
(water level) into “Digital” binary codes (Topic 1.1).
o Binary Logic: Students must create a truth table mapping water levels to
binary outputs.
Cross-Disciplinary Relevance:
o Civil/Mechanical: Essential for automation in fluid mechanics and smart
infrastructure (SCADA systems).
o Electrical: Basics of industrial automation and sensor interfacing.

Skills Developed:
o Design Thinking: Creating a logic system to solve a real-world problem.
o Simulation Tools: Mastery of tools like CircuitVerse or TinkerCAD (suggested
in syllabus).
Truth Table Formulation: Converting a problem statement into a logical
table.
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Based on the syllabus for Unit—1: Number Systems (Course Code: DI02000161) , which
carries a significant weightage of 21%, | have designed a differentiated learning plan. This
plan caters to both students aiming to secure passing marks through core competencies and
those aiming for distinction through mastery.

Unit 1: Number Systems — Differentiated Learning Plan

A. Remedial Learning Plan (For Slow Learners / Passing Strategy)

Goal: Secure at least 10-12 marks out of the total 14-15 marks allocated to this unit by
mastering high-probability, procedural questions.

Strategy: Focus on “Method” over “Math”. Memorize the steps for conversions and
definitions rather than deep theory.

Priority | Essential Topic

What to Study (Exam Focus)

Learning Tip

1 Binary <
Hex/Octal
Conversion

¢ Method: Grouping bits. ® Hex: Group of
4 bits (8 — 4 — 2 — 1).e Octal: Group of 3
bits (4 — 2 — 1).

This is the easiest way to score.
Don’t do long division. Just
memorize binary values for 0-
15 (A — F).

Subtraction using
2’s Complement

e Algorithm: Take 2’s comp of the second
number = Add to first number — Check
Carry.e Rule: Carry = Positive Answer; No
Carry = Negative Answer.

This is a guaranteed 3 or 4-
mark question. Practice 5 sums
of “Small — Large” and
“Large — Small”.

Decimal &
Binary
Conversion

¢ Integer parts only.* Dec to Bin: Divide
by 2, write remainders.e Bin to Dec:
Multiply by 1,2,4,8,16...

Ignore difficult fractional
numbers (like 25.625) if you
find them confusing. Focus on
integers (like 45).

Digital Codes
(BCD & Gray)

¢ Definitions: What is BCD? What is Gray
Code?e Simple Conversion: Convert
Decimal to BCD (just write 4-bit binary for
each digit).

Remember: BCD is just “Digit-
by-Digit” binary. It is different
from normal binary.

Analog vs Digital
Signals

» Difference Table: Write 4 points
(Continuous vs Discrete, Noise sensitivity,
Storage, Examples).

This is a standard theory
question. Memorize the 4
differences.

Al-Assisted Self-Study Prompt for Remedial Track:

“l am a beginner. Explain the step-by-step method to subtract (10),, — (15)4,
using 2’s complement binary arithmetic. Keep it simple and show the carry

clearly.”

B. Advanced Learning Track (For High Achievers / Toppers)

Goal: Score 100% marks in the unit and build a foundation for Embedded Systems and

Microcontrollers.

Strategy: Focus on “Precision” and “System Logic”. Master fractional conversions, signed
arithmetic ranges, and the specific properties of codes.
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Topic Level

Advanced Concept

Differentiation (Average vs. Excellent
Answer)

Industry/Exam
Relevance

Deep
Theory

Signed Number
Representation &
Overflow

Average: Solves the subtraction.Excellent:
Explains why overflow happens (e.g.,
adding two positive numbers yields a
negative) and defines the Range of n-bit 2’s
complement numbers (—2"71 to +2""1 —
1).

Critical for debugging
software in
Microcontrollers where
variables exceed memory
limits.

Complex
Math

Fractional
Conversions
(Hex/Octal)

Average: Converts integer parts
only.Excellent: Accurately converts
fractional parts (e.g., (0.C)1¢ = (0.75)40)
and understands precision limits.

Essential for
understanding how
Floating Point numbers
(float/double) are stored
in computers.

Gray Code Logic &
Applications

Average: Converts Binary to Gray using
XOR.Excellent: Explains the “Unit Distance”
property and sketches a Rotary Encoder
application to justify why Gray code
prevents errors in mechanical sensing.

Directly links to Practical
2 and industrial
automation sensors.

Arithmetic

Binary
Multiplication &
Division

Average: Skips this or makes carry
errors.Excellent: Uses the “Shift and Add”
method flawlessly and verifies results with
Decimal equivalent.

Understanding this helps
in designing Multiplier
circuits in Unit 4.

Weighted vs Non-
Weighted
Properties

Average: Lists types.Excellent: Explains the
Self-Complementing property of Excess-3
code (why 9’s complement in decimal = 1’s
complement in XS-3).

Demonstrates deep
understanding of
computer arithmetic unit
design history.

Al-Assisted Self-Study Prompt for Advanced Track:

“Explain the mathematical property of ‘Self-Complementing’ codes using Excess-3
as an example. How does this property simplify the design of a BCD Subtractor
circuit?”

Faculty Teaching Guide: How to Balance Both Tracks

1. Lecture 1-2 (Basics): Teach the “Remedial” method (Grouping/Division) to the whole

class.

o Differentiation: Give standard integer problems to the class. Give fractional
Hexadecimal problems as “Challenge Questions” to advanced learners.

2. Lecture 3-4 (Arithmetic):
Remedial Focus: Drill 2’s complement subtraction algorithm repeatedly on

o

the board.

Advanced Focus: Ask toppers to predict what happens if they try to calculate

127 + 1 in an 8-bit signed system (Answer: it wraps to -128).

3. Lecture 5-6 (Codes):
o Visual Aid: Use a diagram of a Rotary Encoder disc to explain Gray code. This

engages slow learners visually while providing the “application” context for

high achievers.
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Unit 2 —Logic Gates &
Boolean Algebra




Introduction

Hello Future Engineers! Welcome to Unit-2: Logic Gates & Boolean Algebra.

As an Electrical Engineer, | often tell my students: “If electricity is the blood of the system,
Digital Logic is the brain.” Whether you are working on PLC automation in a factory,
microcontroller projects, or just troubleshooting a control panel, this unit forms the

language of those systems.

Since the specific syllabus file wasn’t attached to your request, | have designed this
comprehensive study plan based on the Standard Diploma Engineering Curriculum
(AICTE/MSBTE/GTU) for Electrical and Electronics Engineering. This covers the industry-

standard scope for Unit 2.

1. Unit Overview & Strategy

Total Estimated Time: 12—14 Lecture Hours

Unit Goal: To move from understanding “switches” (0 and 1) to designing efficient

decision-making circuits.

Difficulty Level: Moderate (Conceptual start = Mathematical middle —

Visual/Logical end).

2. Detailed Study Plan: Logic Gates & Boolean Algebra

Exam
Importance

Time

Topic & Sub-topics (Hrs)

Category

Practical Relevance
(OBE)

Introduction to Logic Low
Systemse Positive vs. Negative
Logice Concept of Binary

(0V/5V) representation

Supporting 1

Foundation:
Understanding how
sensors send signals
(High/Low) to
controllers.

Core (Must
Know)

High (Definitions
& 2-mark Qs)

Basic Logic Gates (The
Alphabet)e AND, OR, NOTe
Symbols, Truth Tables (TT),
and Boolean Expressions

Troubleshooting:
Checking if safety
interlocks (AND logic)
are working correctly.

Universal & Special Gatese
NAND, NOR (Universal
Property)e XOR, XNOR
(Parity/Comparator)e
Realization of basic gates using
NAND/NOR

Very High
(Universal gate
proofs are
frequent Qs)

Cost Reduction: Using
one type of IC (e.g.,
7400 NAND) to build
entire circuits.

Boolean Algebra
Fundamentalse Postulates &
Laws (Commutative,
Associative, Distributive)e
Rules of Boolean Algebra (e.g.,
A+1=1,A-A=4)

Supporting

Medium (Short
simplifications)

Programming:
Simplifying logic in PLC
Ladder Logic or C-code
to save memory.

De Morgan’s Theoremse
Theorem 1 & 2 Statementse
Proof using Truth Tablese
Demorganizing expressions

High (3-4 Mark
derivations)

Circuit Analysis:
Converting
complicated AND/OR
circuits into
NAND/NOR logic for
fabrication.

Simplification of Boolean
Expressionse SOP (Sum of

Application

Medium/High

Efficiency: reducing
the number of gates
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Topic & Sub-topics

Category

Exam
Importance

Practical Relevance
(OBE)

Products) & POS (Product of
Sums)e Minterms (Xm) and

Maxterms (ITM)e Algebraic

Simplification

needed reduces power
and heat.

Karnaugh Maps (K-Map) -
Optimizatione 2, 3, and 4-
Variable K-Mapse Grouping
(Pairs, Quads, Octets)e Don’t
Care Conditions

Advanced /
Application

Very High (Long
Answer / Design
Problems)

System Design: The
standard method to
design traffic light
controllers or 7-
segment displays.

Logic Families (Brief
Overview)e TTL vs. CMOSe
Concepts: Fan-in, Fan-out,
Noise Margin

Supporting

Low/Med
(Definitions)

Hardware Selection:
Knowing which IC chip
to buy for a noisy
industrial
environment.

3. Logical Sequencing for Faculty & Students

1. Phase 1: The Hardware (Topics 1-3)
o Start with the physical: “Imagine a switch.” Teach the gates not just as math,
but as switches in a circuit.
o Lab Connection: Immediately verify Truth Tables on a breadboard using IC
7404, 7408, 7432.
2. Phase 2: The Mathematics (Topics 4-6)
o Transition to the “Grammar” of the language. Just as English has grammar,
Digital Logic has Boolean Algebra.
o Focus: Don’t memorize laws; prove them. If a student forgets a law, they
should be able to derive it using 0 and 1.
3. Phase 3: The Optimization (Topic 7)
o Thisis the “Engineering” phase. We take a messy problem and make it
elegant using K-Maps.
o Tip: Treat K-Maps like a visual puzzle or game (Sudoku for engineers).

4. Outcome-Based Education (OBE) & NEP Alignment

e Course Outcome (CO): “Use Boolean expressions and K-Maps to realize and
minimize logic circuits.”
Bloom’s Taxonomy Level:
o Remember/Understand: Truth tables of gates.
o Apply: Solving Boolean equations.
o Analyze/Create: Designing a 4-variable K-map for a specific problem (e.g.,
“Design a circuit that alarms when 3 out of 4 tanks are full”).

Skill Development: Focuses on Logical Reasoning and Optimization rather than rote
memorization.

5. Lecturer’s Note: Tips for Success

e For the Student:

o The “Bubble” Trick: Whenever you see a bubble (circle) at the output of a
gate, think “NOT”. NAND is just AND + NOT.
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o De Morgan’s Mnemonic: “Break the bar, change the sign.” (A - B = A+ E).

e For the Faculty:
o Use Logisim or Tinkercad for live simulations during lectures. It engages
students far better than drawing on the board.
Real-world hook: Ask, “How does a car know to beep if you leave your lights
on AND open the door?” (Logic Gates!).

Next Step: If you can paste the specific text from your syllabus file, | can adjust the “Time
Allocation” and “Topics” to match your university’s specific requirements perfectly.
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Introduction

Hello Future Engineers! Welcome to the heartbeat of modern electronics.

I've reviewed your syllabus file for “Fundamental of Digital Electronics” (Code:
DI102000161). We are focusing on Unit—2: Logic Gates & Boolean Algebra.

Here is the professional reality: This unit is not just about passing an exam; it is the
foundation of every control system you will encounter in the field—from simple elevator
controls to complex PLC automation. This unit carries a significant 21% weightage in your
syllabus, meaning mastery here guarantees a fifth of your total marks.

Let’s dive into a structured, outcome-based study plan designed to take you from “What is a

bit?” to “l can design a logic circuit.”

Unit 2: Comprehensive Learning Plan (6 Lecture Hours)

Objective (OBE): By the end of this unit, you will achieve CO2: Use logic gates and Boolean

Expressions to realize logic circuits.

Phase 1: The Hardware Foundation (The “Alphabet”)

Focus: Understanding the physical building blocks of digital systems.

Topic & Sub-topics (Strictly per

Seq. syllabus)

Type | Time

Exam Focus & Practical Relevance

1 2.1 Introduction & Basic Gatese

Core | 1Hr

Exam:

High (Symbols & Truth Tables).Field Tip:

Positive logic (5V=1) is the industry standard.
Think of these as safety switches: “If Button A
AND Button B are pressed, start the motor.”

Positive vs. Negative Logice AND,
OR, NOT Gates: Symbol,

Equivalent Circuit, Truth-Table

2.1 Derived Gates (Special
Functions)e NAND, NOR Gatese
EX-OR (XOR), EX-NOR (XNOR)
Gates

Exam:
Tip: XOR is the “Comparator” —it detects if two
inputs are different. Crucial for error detection!

Medium (Truth tables of XOR/XNOR).Field

Phase 2: The Universal Concept (Efficiency in Design)

Focus: How to build anything using just one type of component.

Topic & Sub-topics (Strictly per

Seq. syllabus)

Type

Time

Exam Focus & Practical Relevance

2.2 & 2.3 Universal Gatese
NAND as a Universal Gatee NOR
as a Universal Gatee Realizing
AND/OR/NOT using NAND/NOR

3

Application

1 Hr

Exam: Very High (Derivations often
asked).Field Tip: In manufacturing, buying
10,000 NAND chips is cheaper than buying
mixed chips. This teaches you cost-
effective design.

Phase 3: The Mathematical Framework (The “Grammar”)

Focus: Simplifying complex commands into simple instructions.

Topic & Sub-topics (Strictly per

Seq. Syllabus)

Type

Time

Exam Focus & Practical Relevance

4 2.4 Boolean Logic Operationse
Laws of Boolean Algebra

(Commutative, Associative,

Supporting

1Hr

Exam: Medium (2-mark
simplifications).Field Tip: Essential for
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Topic & Sub-topics (Strictly per
Syllabus)
Distributive)e Rules (A+1=1,4- programming PLCs. Simplification = Less
A = A, etc.) Memory Used = Faster System.

Exam Focus & Practical Relevance

2.5 De-Morgan’s Theoremse Exam: High (Theorems & Proofs).Field
Statement & Proof of Theorems 1 Tip: Allows you to convert “AND-OR”

& 2¢ Simplification of Boolean logic into “NAND-NAND” logic for easier
Equations fabrication.

Phase 4: From Math to Reality (Design)

Focus: Converting a thought (equation) into a physical thing (circuit).

Topic & Sub-topics (Strictly per

T Tim Exam F Practical Relevan
Syllabus) ype e am Focus & Practical Relevance

Seq.

6 2.6 Circuit Realizatione Converting | Application | 1 Hr | Exam: High (Draw the circuit for Y =
Boolean expressions to logic AB + (').Field Tip: This is the job.
circuitse Logic Circuit Taking a client’s requirement and
Implementation drawing the schematic.

Alignment with Practical & Project Work

To truly “Act like an Engineer,” theory isn’t enough. Here is how you connect this unit to your
Lab Syllabus.

e Experiment 3: When studying 2.1, open the datasheet for IC 7408 (AND) and IC 7432
(OR).
Experiment 5 & 6: When studying 2.2/2.3, physically build an AND gate using only
NAND chips (IC 7400) on your breadboard.
Experiment 7: Don’t just memorize DeMorgan’s laws; prove them by wiring the
circuit and measuring the output with a multimeter.

Faculty & Student Tips for Success

For the Faculty (Teaching Strategy):

e Visual Hook: Use the “Water Tank” analogy for logic. An AND gate is two valves in
series (both must open). An OR gate is two valves in parallel.

Interactive Tool: Use Tinkercad or CircuitVerse (suggested in your syllabus resources
) to demonstrate gate behavior live in class during Hour 1 & 2.

NEP Focus: Encourage “Micro-Projects” (e.g., Topic 2.6). Ask students to design a
simple “Burglar Alarm” logic circuit (Project 7 in syllabus suggestions ).

For the Student (Self-Study Guide):

e The “Bubble” Trick: Whenever you see a circle (bubble) at an output, say “NOT.” A
NAND gate is just an AND gate that says “No” at the end.
Universal Gate Hack: To make a NOT gate using a NAND gate, just tie the two inputs
together. (Try this in the lab!).
Exam Hack: For Boolean simplification questions, always write the name of the law
you used (e.g., “Distributive Law”) next to the step. It shows professionalism.
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Lecturer’s Next Step: Would you like me to generate a set of practice problems specifically
for DeMorgan’s Theorems or Universal Gate Realization to include in your tutorial
handouts?
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Here is the detailed lecture content for Unit-2, Topic 2.1, designed specifically for Diploma
Electrical Engineering students based on your syllabus.

Lecture 2.1: The Language of Machines — Logic Gates & Boolean Basics

Duration: 60 Minutes | Target Audience: Diploma Electrical Engineering Students

1. Hook & Introduction (5 Minutes)

“Welcome, Future Engineers!”

Imagine you are designing a safety system for a giant industrial press. The machine should
only operate if Switch A (the operator’s hand) is pressed AND Switch B (the safety guard) is
closed. If either is open, the machine must stop immediately.

How does the machine “know” to make that decision? It doesn’t have a brain like yours; it
has Logic Gates.

Today, we are moving from basic electrical circuits to Digital Logic. We will learn the
“Alphabet” of electronics: the 0s and 1s that control everything from your microwave to the
Space Shuttle. We will cover Positive/Negative logic and the seven critical gates: NOT, AND,
OR, NAND, NOR, EX-OR, and EX-NOR, along with their symbols and equivalent circuits.

Fun Fact: The computer on the Apollo 11 moon mission had less processing power
than a modern musical greeting card. It was built using thousands of simple NOR
gates!

2. Core Concepts: The “Seven Magnificent” Gates (40 Minutes)

A. Positive vs. Negative Logic

Before we talk about gates, we must agree on a language.

e Positive Logic (Industry Standard): High Voltage (5V) = Logic ‘1’ (ON/True). Low
Voltage (0V) = Logic ‘0O’ (OFF/False).

e Negative Logic: Low Voltage = Logic ‘1’. High Voltage = Logic ‘0’.

e Note: Unless specified, we always assume Positive Logic.

B. Basic Gates: The Foundation

These are the primary decision-makers.
1. AND Gate (The “Strict” Gate)

e Logic: Output is HIGH only if ALL inputs are HIGH.

e Symbol: shaped like a capital ‘D’.

e Equivalent Circuit: Two switches connected in Series. Current flows only if Switch A
and Switch B are closed.

Truth Table:0-0=0,0-1=0,1-0=0,1-1=1.
IC Chip: 7408.
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AND GATE: SYMBOL, TRUTH TABLE, EQUIVALENT CIRCUIT, & LOGIC STATEMENT

1. LOGIC SYMBOL

A —
B m—

2. TRUTH TABLE

Input A

Input B

Output Y

0

0

0

0
1
1

.1
0
1

0
0
1

3. EQUIVALENT CIRCUIT

1 |
e, 0 O

O
i SwitchA  Switch B

T

4. LOGIC STATEMENT

The Output Y is HIGH (Logic 1) if
and only if both Input A AND Input
B are HIGH (Logic 1).

Y=A-B

2. OR Gate (The “Friendly” Gate)

Logic: Output is HIGH if ANY input is HIGH.

Symbol: Curved, like an arrowhead.
Equivalent Circuit: Two switches connected in Parallel. Current flows if Switch A or

Switch B (or both) are closed.

TruthTable:0+0=0,0+1=1,1+0=1,1+1=1.

IC Chip: 7432.

OR GATE: SYMBOL, TRUTH TABLE, EQUIVALENT CIRCUIT, & LOGIC STATEMENT

1. LOGIC SYMBOL

2. TRUTH TABLE

input A

Input B

Output Y

0

0

0

0
1
1

1
0
1

1
1
1

3. EQUIVALENT CIRCUIT

4. LOGIC STATEMENT

-
o O
Switch A
| -

o O
Switch B

The Output Y is HIGH (Logic 1) if
either Input A OR Input B is HIGH
(Logic 1).

Y=A+B

3. NOT Gate (The “Rebel” / Inverter)

Logic: Output is the opposite of the input.

Symbol: A triangle with a small circle (Bubble) at the tip. That bubble always means
“Invert”.

Equivalent Circuit: A switch connected in parallel with the load (short-circuit logic).
When the switch closes, the lamp turns OFF.
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e Truth Table: Input 1 — Output O; Input 0 = Output 1.
e |IC Chip: 7404.

NOT GATE: SYMBOL, TRUTH TABLE, EQUIVALENT CIRCUIT, & LOGIC STATEMENT

1. LOGIC SYMBOL 2. TRUTH TABLE

Input A Output Y
0 1
1 0

4. LOGIC STATEMENT

The Output Y is HIGH (Logic 1)
if the Input A is LOW (Logic 0), and
vice versa.

Y=A

C. Universal Gates: The Manufacturers’ Favorite
These are called “Universal” because you can build any other gate using just these.

4. NAND Gate (Not-AND)

Logic: AND followed by NOT. Output is LOW only when all inputs are HIGH.
Symbol: AND symbol + Bubble at the output.

Truth Table: Opposite of AND (1 -1 = 0, rest are 1).

IC Chip: 7400.

NAND GATE: SYMBOL, TRUTH TABLE, & EQUIVALENT CIRCUIT
SYMBOL EQUIVALENT CIRCUIT LOGIC

A — Vee
Y
B— Rp

TRUTH TABLE l_] Y

INPUT | INPUT | OUTPUT
—|:|02

A B Y

1
1
1
: RS
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DIGITAL LOGIC 101: THE NAND GATE

THE ‘NOT-AND’ LOGIC

Its output is LOW (0) only
-+ when ALL inputs are HIGH (1).
A UNIVERSAL @ '
BUILDING BLOCK @ - — }

b_ A THE STANDARD SYMBOL
I ' Y Represented by an AND gate symbol
on the output.
B

Any other logic gate can be
constructed using only NAND gates,
reducing manufacturing coats TRUTH TABLE (2-INPUT NAND)

INPUT A INPUTB OUTPUTY
(0] o 1
(0] 1
1
1

IN PRACTICE: THE IC 7400

1
1
This common integrated circuit contains
o four independent 2-input NAND gates.

(0]

1

5. NOR Gate (Not-OR)

e Logic: OR followed by NOT. Output is HIGH only when all inputs are LOW.
e Symbol: OR symbol + Bubble at the output.
e IC Chip: 7402.

NOR GATE: SYMBOL, TRUTH TABLE, & EQUIVALENT CIRCUIT

SYMBOL TRUTH TABLE EQUIVALENT CIRCUIT
Vee

INPUT OUTPUT
Q1
A L4 _°| PMOS
0
c| Q2
PMOS

——Y
Q3 L{ Q4
NMOS NMOS
— Ground

Y=A+B

D. Special Gates: The “Arithmetic” Gates

6. EX-OR (Exclusive-OR / XOR)

e Logic: Output is HIGH only when inputs are Different. (Odd number of 1s).
Symbol: OR gate with a double curve on the input side.
Truth Table: 0,0 - 0;0,1->1;1,0-1;1,1 - 0.
IC Chip: 7486.
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EX-OR GATE: SYMBOL, TRUTH TABLE, EQUIVALENT CIRCUIT, & LOGIC STATEMENT

SYMBOL TRUTH TABLE

INPUT OUTPUT
Y

0
1
1
0

EQUIVALENT CIRCUIT LOGIC STATEMENT

Vce
=]

! )
A 1|—o a2 —o\as Y=A®DB
L,

Y=(A-B)+(A-
3\TQ (A-B) + (

7. EX-NOR (Exclusive-NOR)

o
4 '—o \Q7
=L

e Logic: Output is HIGH only when inputs are Same. (Equality Detector).
e Symbol: XOR symbol + Bubble.
EX-NOR GATE: SYMBOL, TRUTH TABLE, EQUIVALENT CIRCUIT, & LOGIC STATEMENT
SYMBOL TRUTH TABLE

INPUTA | INPUTB |OUTPUTY
0 0 1

0 1 0
1 0 0
1 1 1

EQUIVALENT CIRCUIT LOGIC STATEMENT

o0 0—0 ¢
A B:}wY Y=AOB
3 Lqp—ﬁg Y =AB + AB
=+

3. Real-World Applications (10 Minutes)

Why do we care about these abstract symbols? Because they run the world.

4. Industrial Safety (AND Gate): In a paper-cutting machine, the operator must press
two buttons simultaneously (left hand and right hand) to activate the blade. This is
an AND logic circuit ensuring hands are safe.

. Staircase Lighting (XOR Gate): Ever wonder how you can turn a light ON at the
bottom of the stairs and turn it OFF at the top? That is an XOR circuit (Two-way
switching).

. Water Tank Alarm (NOT + AND): If the tank is Full (Sensor=1), stop the pump. If
Empty (Sensor=0), start the pump. This simple logic saves millions of liters of water.
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4. Summary & Mentor’s Note (5 Minutes)

Summary Checklist:

AND = Series Switches (All High).

OR = Parallel Switches (Any High).

NOT = The Inverter.

NAND/NOR = Universal Gates (Cost savers).
XOR = Difference Detector.

Mentor’s Career Tip: “Students, many of you will work with PLCs (Programmable Logic
Controllers) in factories. PLCs act exactly like these gates. If you understand the ‘Truth
Table’ logic today, programming a Siemens or Allen-Bradley PLC tomorrow becomes easy.
You aren’t just learning symbols; you are learning the logic of automation.”

Next Step: “In our next lab session, we will verify these truth tables physically using the
Digital Logic Trainer Kit. Please review the pin diagrams for IC 7400 and 7408 before coming
to the lab!”
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Here is the detailed lecture content for Topic 2.2: NAND as Universal Gates, designed
specifically for your Diploma Engineering syllabus.

Lecture 2.2: The “Swiss Army Knife” of Logic — NAND as a Universal Gate

Duration: 60 Minutes | Target Audience: Diploma Electrical Engineering Students

1. Hook & Introduction (5 Minutes)

“The Lego Brick Challenge”

Imagine you are a builder. | ask you to build a wall, a window, and a roof, but | give you only
one shape of Lego brick. Can you do it? In the physical world, maybe not. But in the world of
Digital Electronics, the answer is a resounding YES.

In our last lecture, we learned about the “Basic Gates” (AND, OR, NOT). Today, we are going
to learn how to throw them all away and replace them with just one superhero gate: the
NAND Gate.

This concept is called Universality. It is the secret reason why your smartphone is so fast
and cheap. If you have a bucket full of NAND gates, you can build any digital system in
existence.

Thought Question: Why would an engineer want to use only NAND gates instead
of using the specific gates for the job? (Hold that thought—the answer is all about
money!)

2. Core Concepts: The Magic of Transformation (40 Minutes)

What is a Universal Gate? A Universal Gate is a gate that can be used to implement any
Boolean function without needing any other type of gate. There are only two universal
gates: NAND and NOR. Today, we focus on NAND.

Let’s prove it. We will build the three basic gates using only NAND gates.

A. The NAND Gate Review

e Logic: It is an AND gate with a NOT at the end.

e Equation:Y =A4-B

e Symbol: An AND gate with a bubble at the output.
B. Realization of Basic Gates using NAND

1. NOT Gate using NAND (The Inverter)

e Concept: A NAND gate has two inputs. If we join them together, A and B become
the same signal (4).

e Logic:
o Input:4,A
o NANDOutput: Y =A4-A
o SinceA-A = A (Boolean Rule), thenY = A.
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e Result: You have successfully built a NOT gate!

e Visual Guide: Draw a NAND symbol. Connect the two input terminals with a wire to
make a single input pin.

2. AND Gate using NAND (The Double Negative)

e Concept: We know that NAND is “Not-AND”. If we invert the result of a NAND, we
should get the original AND back.

o Rule:A=A4 (Double inversion cancels out).
¢ Implementation:

o Step 1: Use one NAND gateto get A - B.

o Step 2: Feed that output into a second NAND gate (configured as a NOT gate,
as we learned above).

e Result: The “Not” cancels the “Not,” leaving you with pure AND (A - B).
e Visual Guide: Two NAND gates in series. The second one has its inputs tied together.

3. OR Gate using NAND (The “Bubble” Trick)

e Concept: This is the tricky one! We use De Morgan’s Theorem.

o Theorem:A+B=A-B

o Translation: “To get an OR, you must Invert the inputs, AND them, and Invert
the result.”

Implementation:
o Step 1: Invert Input A using a NAND gate. (Result: A)
o Step 2: Invert Input B using a NAND gate. (Result: E)
o Step 3: Feed A and B into a third NAND gate.

Result:Y = A-B = A + B.

Visual Guide: Three NAND gates. Two parallel ones at the start, feeding into a third
one at the end.

The Ultimate Building Block: How the
NAND Gate Creates All Other Logic

A visual demonstration of why the NAND gate is a universal gate,
constructing NOT, AND, and OR logic from only NAND gates.

What is a Universal Gate? SUrBIKIgRIocES

A gate that can be used to AN
implement any Boolean function A
| without needing any other rype of

gl Th e only two are NANI
. B

A i o ANAND (Not-AND) gate is an AND gate
Step 1: Building a NOT Gate with a NOT gate at its output.Its output
(The Inverter) ;s LOVEI (0) only when all its inputs are

/ HIGH
E B |
T Step 2: Building an AND Gate
(The

Double Negative)
Y=(A-B)=A-B

Since a NAND gate is a “Not-AND,” we can
get the original AND function back by

mven ing the output of a NAND gate

using a second NAND gate configured

as an inverter.

Step 3: Building an OR Gate
(The De Morgan 's Trick)

A+B=A'B

Using De Morgan's Theorem, we can create an
OR gate. First, invert both inputs separately
using NAND inverters. Then, feed these A
inverted signals into a third NAND gate.
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NAND GATE AS UNIVERSAL GATE

1. NOT GATE 2. AND GATE 3. OR GATE
from NAND from NAND from NAND

At}l:A’ DD-[DYD:—AB ?\ID::?B

Inputs tied NAND followed Invert inputs,
together by NOT then NAND

3. Real-World / Industry Applications (10 Minutes)

Why Bother with this Complexity?
You might ask: “Sir, why use three NAND gates to make one OR gate? Isn’t that wasteful?”

1. Mass Production Economics:

In real manufacturing (like making a control panel for a factory), keeping inventory is
expensive. If you design a board with AND, OR, and NOT chips, you have to buy and
stock three different chips (IC 7408, 7432, 7404). If you design it using only NAND
logic, you only buy one type of chip (IC 7400) in bulk. This drastically reduces cost.

. Silicon Fabrication (The Chip Level):

Inside a processor (like the one in your laptop), it is physically easier and takes less
space to print NAND gates on the silicon wafer than AND gates. Most modern
processors are essentially oceans of NAND gates!

4. Summary & Q&A (5 Minutes)

Quick Recap:

e NOT =1 NAND (Inputs tied).

e AND =2 NANDs (NAND + Inverter).

e OR =3 NANDs (Invert Inputs + NAND).

e Practical Lab: In Experiment 5 of your syllabus, you will physically wire these circuits
on a breadboard to prove they work.

Student Doubt: “Can we make XOR using NAND?”

e Answer: Yes! But it takes 4 NAND gates. It’s a great exercise for homework.
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5. Mentor’s Career Tip

“Students, as you move into the industry, you will realize that Engineering is the art of
optimization.

Anyone can design a circuit that works. But a top-tier engineer designs a circuit that works
efficiently. Mastering Universal Gates teaches you how to reduce the ‘Part Count’ in a
design. When you go for a job interview at companies like L&T or Hitachi, telling them you
know how to minimize inventory costs using Universal Logic will set you apart from the
crowd.”

Next Step: “For the next class, please bring your Breadboards and IC 7400. We are going to
stop drawing these and start building them!”
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Here is the detailed lecture content for Topic 2.3: NOR as Universal Gates, tailored for your
Diploma Engineering syllabus.

Lecture 2.3: The “Twin Sibling” of Universality — NOR as a Universal Gate

Duration: 60 Minutes | Target Audience: Diploma Electrical Engineering Students

1. Hook & Introduction (5 Minutes)

“The Case of the Spare Part”
Welcome back, Engineers!

In our last session, we discovered that the NAND gate is a “Universal Gate” —a magic tool
that can build any digital circuit. Today, | want to introduce you to its twin sibling: the NOR
Gate.

Picture this: You are fixing a control panel on a ship in the middle of the ocean. You
desperately need an AND gate to fix the engine control, but your toolbox is empty... except
for one chip: a 7402 (Quad NOR Gate). Do you panic? No. Because you know that a NOR
gate is also Universal.

Just like NAND, the NOR gate can be twisted and turned to behave like a NOT, OR, or AND
gate. Today, we complete your “Universal Logic” toolkit.

Fun Fact: Your USB drive and SSDs likely use “NAND Flash,” but the BIOS chip that
starts up your computer often uses “NOR Flash” because it reads faster!

2. Core Concepts: Mastering the NOR Transformations (40 Minutes)

The NOR Gate Review First, let’s look at the raw material.

e Logic: Output is HIGH only when ALL inputs are LOW.
e Equation:Y =4+ B
e Symbol: An OR gate (curved input) with a bubble at the output.

Now, let’s build the basic gates using only NOR gates.

A. NOT Gate using NOR (The Inverter)
e Concept: Just like with NAND, if you feed the same signal into both inputs, the gate
has no choice but to respond to that single signal.
e Logic:
o Input: Join A and B together.
o Equation:Y = A+ A.SinceA+ A =A,thenY = A.
e Visual Guide: Draw a standard NOR symbol. Draw a wire connecting Input 1 and
Input 2. Connect your signal here. The output is the inverted signal.

B. OR Gate using NOR (Canceling the Negative)

e Concept: A NOR gate is literally a “NOT-OR”. If we want just “OR”, we need to
remove the “NOT” part. How do we remove a negative? We add another negative!
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e Logic:
o Step 1: Pass inputs A and B through a NOR gate. Result: A + B.
o Step 2: Pass that result through a second NOR gate (wired as an Inverter).

o Result:A+B=A+B.

e Visual Guide: Two gates. The first is a standard 2-input NOR. Its output goes into the
tied inputs of the second NOR.

C. AND Gate using NOR (The “Bubble” Trick Returns)

e Concept: This is the mirror image of what we did with NAND. We use De Morgan’s
Theorem.

Theorem:A-B=A4+B
Translation: “To get an AND, you must Invert the inputs first, then NOR
them.”

o Step 1: Invert Input A using a NOR gate. (Result: 4)

o Step 2: Invert Input B using a NOR gate. (Result: B)

o Step 3: Feed A and B into a third NOR gate.
Result:Y = A+ B =A-B.

Visual Guide: Three gates in a pyramid. Two gates at the back (acting as inverters for
A and B) feeding into one gate at the front.

NOR GATE AS UNIVERSAL GATE

1. NOT GATE 2. OR GATE 3. AND GATE
from NOR from NOR from NOR

Y=A+B

Inputs tied NOR followed Invert inputs,
together by NOT then NOR

3. Real-World / Industry Applications (10 Minutes)

1. “Spare Gate” Engineering (PCB Repair) In industry, Printed Circuit Boards (PCBs) often
have “spare” gates. If a 7402 chip has 4 NOR gates and the design only uses 3, one is left
over. If you suddenly need an extra inverter (NOT gate) for a modification, you don’t solder
in a whole new chip. You just wire the spare NOR gate as a NOT gate. This saves space,
money, and time. This is a classic maintenance hack!

2. Product selection While NAND is generally preferred for internal chip fabrication (CMOS),
some specific logic families (like ECL - Emitter Coupled Logic used in super-fast computing)
naturally produce NOR functions more easily. Understanding both gives you flexibility.

65| Page



4. Summary & Q&A (5 Minutes)

The “Symmetry” Cheat Sheet:

e NOT: Always 1 Gate (Inputs tied) for both NAND/NOR.
e Same Name (OR from NOR): 2 Gates (Gate + Inverter).
o Different Name (AND from NOR): 3 Gates (Invert inputs + Gate).

Compare this to the previous lecture:

e NAND Universal: AND=2 gates, OR=3 gates.
e NOR Universal: OR=2 gates, AND=3 gates.
e They are perfect opposites!

Next Practical: In Experiment 6, you will build these circuits. | want you to specifically verify
the AND from NOR circuit because it requires the most wiring care.

5. Mentor’s Career Tip

“Students, there is a concept in engineering called ‘Redundancy.’

Just as we can build an AND gate using NOR gates, a good engineer always has a ‘Plan B.” In
your career, never rely on just one skill or one tool. If your primary method fails (like
running out of AND chips), you must have the theoretical knowledge to improvise a solution
(using NOR chips).

The companies hiring you—like Tata Power or Adani—aren’t looking for people who can
just follow a manual. They are looking for problem solvers who can make things work with
whatever they have on hand. That is what being a Diploma Engineer is all about.”

Next Step: “Please review De Morgan’s Theorems in your textbook tonight. In the next
lecture, we stop drawing pictures and start doing the algebra math that proves these
circuits work!”
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Here is the detailed lecture content for Topic 2.4: Boolean Logic Operations & Laws of
Boolean Algebra, tailored for your Diploma Engineering syllabus.

Lecture 2.4: The Grammar of Digital Logic — Boolean Algebra

Duration: 60 Minutes | Target Audience: Diploma Electrical Engineering Students

1. Hook & Introduction (5 Minutes)

“The 100-Year-Old Math That Runs Your Phone”
Hello, Future Engineers!

Let’s play a quick game. If | ask you, “What is 1 + 1?” in regular math, you would shout “2!”
But in the world of Digital Electronics, the answer is 1.

Why? Because today we are entering the world of Boolean Algebra. Unlike normal algebra
where variables can be any number (1,5,3.14), here variables can only be 0 (False/OFF) or 1
(True/ON).

Fun Fact: This math was invented by George Boole in 1854. At the time, people
thought it was useless philosophy. nearly 100 years later, engineers realized it was
the perfect language for designing computer circuits!

Why do we need this? Imagine you design a circuit with 50 logic gates. If you know Boolean
Algebra, you might be able to use these “Laws” to simplify it down to just 5 gates. That
means your product is cheaper, smaller, and consumes less battery. That is what engineers
do—we make things efficient.

2. Core Concepts: The Rules of the Game (40 Minutes)

We will break this down into Operations and Laws. Think of these as the grammar rules for
the language of Os and 1s.

A. Basic Boolean Operations (The Recap)

Recall our logic gates:

e AND (-): Series circuit. Output is 1 only if all inputs are 1.
e OR (+): Parallel circuit. Output is 1 if any input is 1.
e NOT(AorA'):Inverter.0 - 1,1 - 0.

B. The “Switching” Rules (Single Variable)

Let’s look at how a variable (4) behaves when combined with itself, 0, or 1.

e AND Rules:
1. A -0 = 0 (A switch in series with an OPEN switch never works).
2. A-1= A (Aswitch in series with a CLOSED wire depends on the switch).

3. A-A = A (ldempotent Law: Pressing the same button twice is the same as
pressing it once).
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4. A-A =0 (You cannot have a switch ON and OFF at the same time).
e ORRules:
5. A+ 0 = A (Parallel with open switch).
6. A+ 1 =1 (Parallel with a short circuit is always ON).
7. A+ A=A
8. A+ A = 1 (Either the switch is ON or it is OFF; one path must be valid).

C. The Essential Laws of Boolean Algebra

These laws allow us to rearrange variables without changing the circuit’s output.
1. Commutative Law (Order doesn’t matter)

e A+B=B+A

e A-B=B-A

e Analogy: Putting Switch A before Switch B in a wire is the same as putting Switch B
before Switch A.

2. Associative Law (Grouping doesn’t matter)

e A+(B+C)=A+B)+C
e Visual: * Whether you OR inputs B and C first, or A and B first, the result is the same.

3. Distributive Law (The “Factoring” Rule)

e Rulel:A(B+C)=AB+ AC
o This looks just like normal algebra.
e Rule 2 (The WeirdOne): A+ BC = (A+ B)(A+ ()
o Note: This does not work in normal algebra (2 + 3 X 4 # (2 + 3)(2 + 4)).
But in Boolean, it is true! This is a powerful tool for simplification.

D. The Simplification “Power Tools”

These are the specific rules that help you reduce gate count.

e Absorptionlaw: A+ AB = A
o Logic: If Ais true, the output is true (because of the OR). The term AB
doesn’t add any new information because it depends on A anyway. So, we
delete AB.
e Redundancylaw: A +AB = A+ B
o Proof: Use the Distributive Law (Rule 2 above): (A + A)(4 + B) -
(1D)(A+B) > A+B.

3. Real-World / Industry Applications (10 Minutes)

1. PLC Ladder Logic (Automation) In factories, we use PLCs (Programmable Logic
Controllers). The code looks like a ladder diagram.

e [f atechnician writes a line of code: If Sensor A is ON OR (Sensor A is ON
AND Sensor B is ON)...

The experienced engineer uses the Absorption Law (A + AB = A) and changes the
code to simply: If Sensor A is ON...

Result: The PLC scan time is faster, and the memory usage is lower.
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2. Silicon Chip Design (VLSI) Every simplified equation means fewer transistors on a silicon
chip.

e Less transistors = Less Heat.
e Less Heat = Your phone doesn’t get hot while gaming.

e This is why Boolean Simplification (Unit 3.1 in your syllabus ) is the first step in
designing any processor.

4. Summary & Q&A (5 Minutes)

Key Takeaways (The “Cheat Sheet”):

e 14+1=1(ORLaw).

e A-A =0 (Contradiction).

e A+ A =1 (Tautology).

e A+ AB = A (Absorption - Memorize this!).

Typical Student Doubt:

e Student: “Sir, isn’t A(A + B) = A%> + AB?”
e Teacher: “Close! But in Boolean, A - A = A (not A?). So it becomes A + AB, which
absorbs to just A.”

5. Mentor’s Career Tip

“Students, mastering these laws is what separates a Technician from an Engineer.

A technician can wire a circuit if you give them a diagram. But an Engineer looks at a
complex diagram and says, ‘Wait, half of these gates are useless. | can do the same job with
fewer components.’

This skill —Optimization—is highly valued in industries like Embedded Systems and
Automation. Next, we will see these laws in action when we study De Morgan’s Theoremes,
which is a favorite topic for exam setters!”

Next Step: “For homework, try to prove the Absorption Law (A + AB = A) using a Truth
Table. | will check it in the next class!”
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Here is the detailed lecture content for Topic 2.5: De-Morgan’s Theorems & Simplification,
tailored strictly to your provided syllabus.

Lecture 2.5: The “Magic Wand” of Logic — De-Morgan’s Theorems

Duration: 60 Minutes | Target Audience: Diploma Electrical Engineering Students
Reference: Unit 2.5, Experiment 7

1. Hook & Introduction (5 Minutes)

“The Circuit Breaker”
Welcome back, Engineers!

Imagine you have written a logic equation that has a huge bar over the whole thing, like

this:Y = A - B - C. To build this, you need a 3-input AND gate followed by an inverter. But
what if you don’t have an AND gate? What if you only have OR gates and Inverters?

It seems impossible to switch from AND to OR, right? They are opposites.

But in the 19th century, a mathematician named Augustus De Morgan found a way to
“break” that big bar and flip the logic entirely. His theorems act like a magic wand—they let
us turn ANDs into ORs, and ORs into ANDs. This is the key to designing those “Universal
Gate” circuits we talked about last time.

Mnemonic of the Day: “Break the Bar, Change the Sign.” If you remember this
phrase, you will pass this unit.

2. Core Concepts: The Two Golden Rules (40 Minutes)

We will cover the two theorems and then apply them to solve a problem, just like the ones
you will see in your End Semester Exam (ESE).

A. Theorem 1: The NAND Equivalence

e Statement: The complement of a product is equal to the sum of the complements.
e TheMath:A-B=A+B
e In Plain English: A NAND gate behaves exactly like an OR gate with inverted inputs
(Bubbled OR).
Visual Guide: Draw a NAND gate on the left. Draw an Equal Sign (=). On the right,
draw an OR gate but put small bubbles (NOT circles) on the input lines A and B.
B. Theorem 2: The NOR Equivalence

e Statement: The complement of a sum is equal to the product of the complements.

e TheMath:A+B=A-B

e In Plain English: A NOR gate behaves exactly like an AND gate with inverted inputs
(Bubbled AND).

Visual Guide: Draw a NOR gate on the left. Draw an Equal Sign (=). On the right,
draw an AND gate with bubbles on the inputs.
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C. How to Simplify Complex Equations

Let’s solve a problem similar to the ones suggested in your Project List.

Problem: SimplifyY = (A+B) - C
Step-by-Step Solution:

1. Identify the “Long Bar”: The bar covers the whole expression (4 + B) and C.
2. Apply De Morgan’s (Break the Bar, Change the Sign):
o Change the DOT () to a PLUS (+).
o Break the bar over the two parts.
o Y=A+B)+C
3. Apply Double Negation:
o WeknowC =C.
o Now,Y=(A+B)+C.
4. Apply De Morgan’s Again (on the first part):
o Break the bar over A + B. Change + to -.
o A+B=A4A-B.
5. Final Answer:Y =A-B + C.

See what we did? We went from a complex inverted equation to a simple SOP (Sum of
Products) form.

3. Real-World / Industry Applications (10 Minutes)

1. Programming & PLCs In software coding (C++ or Python) and PLC automation, we often
write logic like: IF NOT (Valve_A Open AND Valve_B Open) THEN... Using De
Morgan’s, the processor treats this as: IF (Valve A Closed OR Valve B Closed)
THEN. . . Understanding this helps you debug code when the “NOT” logic gets confusing.

2. Chip Fabrication (The “Real” Reason) As we discussed in Unit 2.2, it is cheaper to build
chips using only NAND gates. De Morgan’s Theorem is the mathematical tool engineers use
to convert a human-readable design (AND/OR) into a machine-buildable design
(NAND/NAND). Without De Morgan, we couldn’t easily optimize circuits for mass
production.

4. Summary & Q&A (5 Minutes)
Key Takeaways:

e Rulel:A-B—>A+B (NAND becomes Bubbled OR).
e Rule2:A+B—->A4-B (NOR becomes Bubbled AND).

e DoubleBar: A=A (The “Cancel” rule).

Typical Student Doubt:

e Student: “Sir, do we change the sign inside the brackets too?”
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e Answer: “No! Only change the sign directly under the bar you are breaking.”

Lab Connection: This week in Experiment 7, you will physically wire these gates on the
breadboard to prove that the LED lights up exactly the same way for both sides of the
equation.

5. Mentor’s Career Tip

“Students, solving these equations might feel like just ‘math puzzles’ right now. But notice
what we are doing: we are taking something complex and making it simple.

In your future job interviews—whether for a Junior Engineer post at a state power company
or a tech role—aptitude tests always include ‘Logic Simplification.” Why? Because they want
to hire people who find the simplest solution to a messy problem. De Morgan’s theorem
trains your brain to see shortcuts where others see obstacles.”

Next Step: “Next lecture, we will take these simplified equations and learn how to draw the
final ‘Logic Circuit’ ready for fabrication (Topic 2.6).”

72| Page



Here is the detailed lecture content for Topic 2.6: Converting Boolean Expressions to Logic
Circuits, designed specifically for your Diploma Engineering syllabus.

Lecture 2.6: From Blueprint to Reality — Drawing Logic Circuits

Duration: 60 Minutes | Target Audience: Diploma Electrical Engineering Students
Reference: Unit 2.6, Experiment 8, Suggested Project 9

1. Hook & Introduction (5 Minutes)

” The Architect vs. The Builder”
Good Morning, Engineers!

Let’s start with a thought experiment. Imagine an architect draws a beautiful blueprint for a
house. It has precise measurements and calculations. But if the construction worker cannot
read that blueprint, the house will never get built.

In the last few lectures, you acted as the Architect. You used Boolean Algebra and De
Morgan’s Laws to write perfect mathematical equations (blueprints). Today, you switch
hats. You become the Builder.

We are going to take those math equations—like Y = AB 4+ C—and convert them into
actual wiring diagrams using Logic Gates. This is the most critical step in digital design
because this diagram tells the technician exactly how to wire the chips on the Printed Circuit
Board (PCB).

Thought Question: If your equation has a multiplication sign (4 - B), which
physical component do you pick up from the shelf? (Answer: The AND Gate IC
7408).

2. Core Concepts: The “AOI” Method (40 Minutes)

The Strategy: Order of Operations Just like in regular math (BODMAS), logic circuits have an
order of construction. We call this AOI Logic (And-Or-Invert).

1. Inverters (NOT): Handle the single variable bars first (Z).
2. AND Gates: Handle the product terms (A - B).
3. OR Gates: Handle the sum terms (4 --- +).

Let’s practice this with a specific example from your Suggested Project List.

Example 1: The Mixed Logic Circuit

Equation: Y = AB+AB+C

Step-by-Step Construction:

1. Draw the Input Lines:

o Draw three vertical lines on the left side of your paper. Label them A, B, and
C. These are your power rails/inputs.
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2. Step 1: The Inverters (NOT)
o Look at the equation. Do we need inverted inputs? Yes, we need AandB.

Draw a wire from Line A into a NOT Gate. The output is now A.

O
o Draw a wire from Line B into a NOT Gate. The output is now B.
O

Tip: In complex drawings, engineers often draw a “NOT rail” next to the
normal rail so they can easily tap into A anytime.

The Products (AND)

We have two product terms: (A . E) and (Z . B).

Gate 1: Place an AND Gate. Connect Input A and the output of the B-inverter
(E). Output = AB.

Gate 2: Place a second AND Gate. Connect Input B and the output of the A-
inverter (Z). Output = AB.

The Sum (OR)

Now we need to add everything together: (Term1) + (Term2) + C.

Place a 3-Input OR Gate (or two 2-input OR gates).

Connect the output of Gate 1 (AE).

Connect the output of Gate 2 (ZB).
Connect the direct wire from Line C.

Final Result: You have created a Logic Diagram!

e Visual Check: You should see 2 Inverters, 2 AND gates, and 1 OR gate. This is exactly
what you will build in Experiment 8.

Rules for Clean Drawings (Diploma Level Best Practices):

1. Left-to-Right Flow: Inputs always on the left, output (Y) on the right.

2. The “Dot” Rule: If two wires cross, they are NOT connected unless you draw a big
black DOT at the intersection. No dot = No connection (they are just passing over
each other).

Labeling: Always label the output of every gate, not just the final one. It makes
troubleshooting easier.

3. Real-World / Industry Applications (10 Minutes)

From Paper to Silicon In the industry, we don’t draw these by hand anymore. We use
software tools like the ones mentioned in your syllabus: Tinkercad, Proteus, or Multisim.

1. Schematic Capture: When you work for a company like Hitachi or Schneider Electric,
you will type the Boolean equation into the software, or drag-and-drop these gates.
The software then converts your drawing into a “Netlist” —a set of instructions for a
machine to print the copper wires on a PCB.

. Troubleshooting: Imagine a control panel fails. You open the manual and see the
“Logic Diagram.” If you know that Y should be ON, but it is OFF, you can trace
backwards. “Is the OR gate broken? Or is the AND gate feeding it failing?” This skill is
called Traceability.
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4. Summary & Q&A (5 Minutes)

Key Takeaways:

¢ Inputs Left, Output Right.

e Order: NOT — AND — OR (AOI).

e Crossing Wires: Use a DOT for connections; jump over for non-connections.
e Practical: This connects directly to Suggested Project 9 (Y = AB + AB + C).

Typical Student Doubt:

e Student: “Sir, can | use a NAND gate instead of AND+OR?”

e Answer: “Excellent question! Yes, but that requires converting the equation first
(using De Morgan'’s). For this specific topic (2.6), we stick to the basic AOI (AND-OR-
INVERT) form to keep it simple. We will do the NAND conversion in the lab.”

5. Mentor’s Career Tip

“Students, this lecture bridges the gap between ‘Theory’ and ‘Practical.’

In your future career, you might face a situation like the Staircase Light Problem mentioned
in your Project List. You will have to figure out the logic first (Truth Table), write the math
(SOP), and then draw the circuit (2.6).

Mastering this translation skill makes you a Design Engineer, not just an operator. A
machine can follow instructions, but only an engineer can draw the instructions. Next week,
bring your geometry boxes; we will be drawing complex circuits for 4-variable equations!”
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Here is a Student Al Toolkit designed specifically for Unit—2: Logic Gates & Boolean Algebra.
These prompts are “copy-paste ready” to help you use Al (like ChatGPT or Gemini) as your
personal tutor.

Student Al Toolkit: Unit—2 Logic Gates & Boolean Algebra

Usage Guide:

e Step 1: Choose a prompt based on what you want to study.

e Step 2: Fill in the brackets [ ... ] with the specific topic you are studying (e.g.,
“NAND Gate” or “De Morgan’s Laws”).

Step 3: Paste it into the Al and get an instant, personalized explanation.

A. Low-Level Prompts (Remember & Understand)

Best for: Revision, clarifying definitions, and learning the “Alphabet” of the unit.

1. “Explain the function and truth table of the [insert Gate Name, e.g., XOR Gate] in
simple language. Treat me like a beginner in electronics.”
“What is the difference between Positive Logic and Negative Logic? Please give me a
simple comparison table.”

“l am confused about [insert Topic, e.g., Universal Gates]. Can you explain why they
are called that in just 3 sentences?”

“List the standard Boolean Algebra Laws | need to memorize for a Diploma level
exam, and give a one-line example for each.”

“Create a mnemonic or memory trick to help me remember the Truth Table for the
[insert Gate Name, e.g., NOR Gate].”

“What are the standard IC numbers for basic logic gates like AND, OR, and NOT?
Please list them in a table.”

“Define [insert Term, e.g., De Morgan’s Theorem] and show the mathematical
formula clearly.”
“Quiz me on the symbols of logic gates. Describe a shape, and | will try to guess
which gate it is.”
“What does the ‘bubble’ (circle) at the output of a logic gate represent physically and
mathematically?”

. “Generate 5 simple ‘True or False’ questions about [insert Topic, e.g., Basic Logic
Gates] to test my basic knowledge.”

B. Moderate-Level Prompts (Apply & Analyze)

Best for: Homework help, solving derivations, and understanding “Why” things work.

19. “I have the Boolean expression [insert expression, e.g., Y = A + AB]. Step-by-step,
show me how to simplify this using Boolean laws.”

20. “Show me how to prove that a NAND gate can be used to build an OR gate. Provide
the logical steps and the final boolean equation.”

21. “Compare TTL and CMOS logic families. Which one is better for low-power battery
circuits and why?”
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. “l am designing a circuit where an alarm rings only if ‘Switch A is ON’ AND ‘Switch B
is OFF’. Write the Boolean expression and suggest which gate to use.”

. “Verify De Morgan’s First Theorem for two variables (A, B) by generating a side-by-
side Truth Table for both sides of the equation.”

. “Analyze this scenario: ‘A staircase light is controlled by two switches (top and
bottom)’. Explain why an XOR gate is the perfect solution for this problem.”

. “Convert the following Boolean expression into a Logic Circuit diagram description:
[insert expression, e.g., Y = (A+B)C]. Tell me which gates to draw and how to
connect them.”

. “Explain the concept of ‘Universal Gates’ by using an analogy of building blocks or
Lego bricks.”

. “What are the advantages of simplifying a Boolean function before building the
circuit? Explain in terms of cost and complexity.”

. “Generate 3 practice problems on Simplifying Boolean Expressions using De
Morgan’s laws, ranging from easy to medium difficulty.”

C. High-Level Prompts (Design & Create)

Best for: Project work, scoring distinction marks, and real-world engineering skills.

26. “Act as a Senior Engineer. | need to design a ‘Burglar Alarm’ system using only NAND
gates. Walk me through the design logic, the truth table, and how to implement it on
a breadboard.”
. “I need to construct a logic circuit for a ‘Safe Lock’ that opens only when 3 specific
keys out of 5 are inserted. Help me derive the Truth Table and the SOP expression.”

. “Create a ‘Troubleshooting Guide’ for a logic circuit. If my physical circuit on the
breadboard isn’t working according to the Truth Table, what are the top 5 things |
should check?”

. “Design a micro-project idea for my Digital Electronics class that uses Logic Gates to
solve a simple daily life problem (like water level control). Give me the problem
statement and the required logic.”

. “Explain how | can use a software tool like Tinkercad or Proteus to simulate a [insert
circuit name] before | build it. What are the steps to set up the simulation?”
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Mastery Check: Unit-2 Logic Gates & Boolean Algebra

This section is designed to consolidate your understanding of digital logic, sharpen your
technical vocabulary, and prepare you for both theory exams and practical viva-voce
sessions.

1. Key Definitions / Glossary

Essential vocabulary for Unit-2. Memorize these for 2-mark definitions and Viva questions.

1. Logic Gate: A physical electronic device that makes logical decisions based on one or
more inputs to produce a single output.

Boolean Algebra: A branch of mathematics where variables have only two possible
values: true (1) and false (0).

. Truth Table: A tabular representation showing all possible input combinations and
the corresponding output for a logic gate or circuit.
Positive Logic: A logic system where the higher voltage level represents Logic ‘1’
(High) and the lower voltage represents Logic ‘0" (Low).
Negative Logic: A logic system where the lower voltage level represents Logic ‘1’ and
the higher voltage level represents Logic ‘0.
Universal Gate: A gate (specifically NAND or NOR) that can be used to construct any
other logic gate or digital circuit.

Inverter: Another name for a NOT gate, which reverses the logic state of its input (0
becomes 1, 1 becomes 0).

De Morgan’s Theorems: Two fundamental rules in Boolean algebra used to simplify
expressions by converting ANDs to ORs and vice versa using inversion.
XOR (Exclusive-OR): A logic gate that outputs High (1) only when the inputs are
different (odd number of 1s).

. XNOR (Exclusive-NOR): A logic gate that outputs High (1) only when the inputs are
the same (equality detector).

. Fan-in: The number of inputs a logic gate can handle.

. Fan-out: The maximum number of standard logic inputs that the output of a gate
can drive reliably.

. Propagation Delay: The time taken for a signal to pass from the input of a logic gate
to the output.

. Combinational Circuit: A digital circuit where the output depends only on the
present input values (no memory).

. Duality Principle: A rule where a Boolean expression remains valid if operators
(AND/OR) and identity elements (0/1) are swapped.

2. FAQ & Assessment Section
A. Multiple Choice Questions (MCQs)
Test your conceptual clarity. (Answer Key provided at the bottom)

1. In a positive logic system, logic state ‘1’ corresponds to: A) Zero Voltage B) Lower
Voltage Level C) Higher Voltage Level D) Negative Voltage
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2. Which gate is known as the “Universal Gate”? A) XOR B) AND C) NAND D) OR

3. The output of a 2-input NOR gate is High (1) only when: A) Both inputs are High B) Both
inputs are Low C) One input is High and the other is Low D) At least one input is High

4. The Boolean expression A + 1 is equal to: A) AB)0C) 1 D) A

5. According to De Morgan’s first theorem, A - Bisequalto: A)A-BB)A+ B C)A + B D)
A+B

6. An XOR gate with inputs A and B produces a High output when: A)A =0,B =0B) A =
1,B=1C)A+#BD)A=B

7. Which logic gate is represented by the IC 7404? A) AND B) OR C) NOT D) NAND

8. The logic expression Y = A - B + A - C can be simplified using which law? A) Associative
Law B) Commutative Law C) Distributive Law D) Inversion Law

9. How many NAND gates are required to construct an OR gate? A)2B)3C)4D) 1

10. The dual of the expression A + 0 = Ais:A)A-1=AB)A-0=0C)A+1=1D)A+
A=A

11. Which gate is effectively an “Inequality Detector”? A) XNOR B) NAND C) XOR D) AND
12. The Boolean function A + AB simplifiesto: A) A+ BB) ABC)ABD)A + B

13. In Boolean Algebra, the idempotent law statesthat: A)A+ A =24AB)A-A=AC)A+
1=1D)A-A=0

14. A bubble at the input of an OR gate makes it function equivalent to a: A) NOR Gate B)
NAND Gate C) AND Gate D) XNOR Gate

15. If a 3-input AND gate has inputs 1, 1, and 0, the output is: A) 1 B) 0 C) High Impedance
D) Undefined

16. Which of the following is a basic gate? A) NAND B) XOR C) OR D) XNOR

17. The expression A + B is equivalentto: A)A+ BB)A-BC)A-BD)A+B

18. To implement the expression Y = A, how should a 2-input NAND gate be connected?
A) Connect input A to one input and 1 to the other. B) Connect both inputs together to A. C)
Connect input A to one input and 0 to the other. D) It is not possible.

19. Which logic family is typically found in the 7400 series ICs? A) CMOS B) ECL C) TTL D)
NMOS

20. In a logic circuit, if you need an output to be HIGH only when all switches are closed,
you use: A) OR Logic B) AND Logic C) NOT Logic D) XOR Logic

B. Short Answer / Viva Questions

Common questions asked by external examiners during practical exams.

1. Q: Why are NAND and NOR gates called “Universal Gates”?
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A: Because any other logic gate (AND, OR, NOT, XOR, etc.) or any digital circuit can be
constructed using only NAND gates or only NOR gates, without needing any other
type of gate.

Q: State De Morgan’s Theorems in words.

A: Theorem 1: The complement of a product is equal to the sum of the complements
(AB = A + B). Theorem 2: The complement of a sum is equal to the product of the
complements (A + B = A - B).

Q: What is the difference between an XOR gate and an OR gate?

A: An OR gate outputs HIGH if any or all inputs are High. An XOR gate outputs HIGH
only if the inputs are different (it excludes the case where both are High).

Q: How do you realize a NOT gate using a NOR gate?

A: By connecting both input terminals of the NOR gate together and applying the
single input signal to this common point.

Q: Explain the concept of “Positive Logic”.

A: In positive logic, the more positive voltage level (e.g., +5V) is assigned to the
binary value ‘1’, and the less positive level (e.g., OV) is assigned to ‘0.

Q: What is the practical use of an XNOR gate?

A: It is used as a digital comparator or equality detector to check if two binary digits
are identical.

Q: Simplify the expression Y = (A + B)(A4 + C).

A: Using the Distributive Law, Y = A + BC.

Q: Which IC number would you ask for if you needed four 2-input AND gates?
A: 1 would ask for the IC 7408.

Q: What is the “Absorption Law” in Boolean Algebra?

A: The law states that A + AB = A. It effectively “absorbs” the redundant term AB.

. Q: Can we use a NAND gate as an inverter? If yes, how?

A: Yes. By tying all the input pins of the NAND gate together to a single input signal, it
functions as a NOT gate.

Answer Key (MCQs)

Q.No

Answer | Q.No | Answer Answer Answer

1

C 6 C C c

7

8

2
3
4
5

c c A B
B c B B
c 9 B B c
B A B B
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Digital Resource Library: Unit—2 Logic Gates & Boolean Algebra

This library is curated to support your self-study, practical simulation, and revision needs. It
integrates specific resources mentioned in your GTU syllabus along with widely recognized
educational tools.

1. Al Tools & Digital Learning Tools

These tools allow you to move beyond textbook diagrams and “build” circuits virtually. They
are essential for visualizing how Os and 1s actually move through a system.

1. Tinkercad Circuits (Web-Based Simulator)

Source: Recommended in Syllabus.

Purpose: Virtual Breadboarding & Simulation.

How it helps: It allows you to drag and drop realistic components (ICs like 7408,
7432, 7404) onto a virtual breadboard and wire them up. This is perfect for
preparing for Experiment 7 & 8 (Verifying De Morgan’s & Logic Realization) before
you touch real wires in the lab.

2. CircuitVerse (Interactive Logic Simulator)

Source: Recommended in Syllabus.
Purpose: Fast Logic Design & Visualization.

How it helps: Unlike Tinkercad which simulates physical chips, CircuitVerse focuses
on the logic symbols. You can quickly build complex circuits (like the “Staircase Light”
project ) using drag-and-drop gates to verify your Truth Tables instantly.

3. Virtual Labs (vlab.co.in - IIT Roorkee/Bombay)

Source: Recommended in Syllabus.

Purpose: Curriculum-Aligned Experiments.

How it helps: These are government-standardized virtual experiments. You can
perform specific tasks like “Verification of Truth Tables” or “Realization of Universal

Gates” exactly as they appear in your practical manual, complete with step-by-step
guides and quizzes.

4. Wokwi (loT & Logic Simulator)

Source: Recommended in Syllabus.
Purpose: Project Simulation.

How it helps: Excellent for the Suggested Projects (e.g., Project 9 & 10). It is
lightweight and allows you to simulate how logic gates interact with sensors or
microcontrollers if you expand your project later.

5. Al Assistants (Gemini / ChatGPT)

Purpose: Concept Simplification & Boolean Algebra Solver.
How it helps: Use these to simplify complex Boolean expressions. For example, you

can paste an equation like Y = AB + AB and ask the Al to “Explain the steps to
simplify this” or “Generate the Truth Table for this equation.”
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2. Video Learning Repository

This table maps your Unit-2 topics to specific, high-quality video content. These selections

prioritize clarity and Diploma-level depth.

Topic Name

Recommended
Channel / Source

Search Keywords (Copy-Paste these)

Logic Gates & Truth
Tables (2.1)

Neso Academy or All
About Electronics

Neso Academy logic gates truth table OR
ALL About Electronics logic gates
introduction

Universal Gates
(NAND/NOR) (2.2,
2.3)

NPTEL (IIT Kharagpur)

NPTEL digital circuits universal gates
ORrealization of basic gates using
NAND gate

Boolean Algebra
Laws (2.4)

All About Electronics

Boolean algebra lLaws and rules
explanation OR idempotent Law boolean
algebra

De Morgan’s
Theorems (2.5)

Technoplants (Great
for Diploma)

Technoplants De Morgan's theorem proof
ORDe Morgan's theorem practical
verification

Logic Circuit
Realization (2.6)

GTU Lectures (Official)

GTU digital electronics logic circuit
realization OR convert boolean
expression to logic circuit

K-Map Introduction
(Unit 3 Prep)

Neso Academy

Karnaugh map introduction 2 variable OR
K map grouping rules

Note for Students:

For Official GTU Lectures, use the direct link provided in your syllabus reference:

https://lectures.gtu.ac.in/.

For Lab Preparation, search for “Digital Electronics Practical Verification of Logic
Gates” on YouTube to see physical connections on a breadboard.
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Predicted Question Bank: Unit-2 Logic Gates & Boolean Algebra

This question bank is designed based on the syllabus structure, weightage (21%), and
standard Diploma Engineering examination trends. It focuses on the core outcomes:
realizing logic circuits, minimizing Boolean expressions, and understanding universal gates.

1. Most Repeated / High-Probability Questions (Theory & Derivation)

These questions are fundamental to the unit and appear frequently in end-semester
examinations. They typically range from 3 to 7 marks.

2-Marks (Short Answer / Definitions)

1. Define Positive Logic and Negative Logic. State the voltage levels associated with
Logic ‘0O’ and Logic ‘1’ in each system.
Draw the symbol and truth table for the following logic gates:
o EX-OR (XOR) Gate
o NAND Gate
o NOR Gate
State De-Morgan’s Theorems. Write the mathematical expression for both
theorems.
Why are NAND and NOR gates called “Universal Gates”?
5. State the Duality Theorem in Boolean Algebra with a simple example.

3-4 Marks (Descriptive / Derivations)

6. Realize the basic gates (AND, OR, NOT) using only NAND gates. Draw the necessary
logic diagrams.
Realize the basic gates (AND, OR, NOT) using only NOR gates. Draw the necessary
logic diagrams.
Prove De-Morgan’s First Theorem (ﬁ =A+ E) using a Truth Table for two
variables.
Simplify the following Boolean expressions using Boolean Laws:
o Y=A4(A+B)
o Y=A+AB
o Y=(A+B)A+C0)
10. Draw the Logic Circuit for the given Boolean expression using basic gates:
o Y =AB + AB + C (AOI Logic)

7 Marks (Long Answer / Design)

11. State and Prove De-Morgan’s Theorems for 2 variables using Truth Tables and Logic
Circuit diagrams.

12. Construct an EX-OR gate using only NAND gates. Show the step-by-step derivation
or logic diagram.

13. Design a logic circuit to implement the expression Y = (A + B) - C using:

o
(a) Basic Gates (AND, OR, NOT)

(b) Only NAND Gates (Universal Gate realization)
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2. Application & Logical Thinking Questions

These questions test your ability to apply concepts to real-world scenarios or analyze
systems, often required for higher grades (Distinction).

Q1. Industrial Safety Interlock (Logic Design)

e Scenario: A stamping machine should operate only when the Safety Guard is Closed
(Input A=1) AND the Operator presses the Start Button (Input B=1). If the Emergency
Stop (Input C=1) is pressed, the machine must stop regardless of A and B.

Question: Write the Boolean expression for the Machine Output (Y) and draw the
logic circuit using basic gates. * Hint: Think about which input should force the
output to 0 (AND with NOT).

Q2. The “Staircase” Switch (Analysis)

e Scenario: A light bulb needs to be controlled by two switches (one at the bottom of
the stairs, one at the top). Toggling either switch should change the state of the light.
e Question:
o
(a) Prepare the Truth Table for this requirement.

(b) Identify which standard logic gate performs this specific function (XOR
or XNOR).

(c) Draw the logic symbol and implementation using basic gates.
o (Ref: Syllabus Suggested Project 17)

Q3. Digital Comparator (Concept Application)

e Scenario: You need a digital circuit that outputs a HIGH signal only when two 1-bit
binary numbers (A and B) are exactly equal.

Question: Which single logic gate performs this function? Draw its symbol and Truth
Table. If you didn’t have this specific gate, how would you build it using an XOR gate
and an Inverter?

Q4. Troubleshooting Logic Circuits (Analysis)

e Scenario: You have built a circuit for Y = A - B. However, the output is always LOW
(0), even when both inputs A and B are connected to +5V (High).

e Question: List three possible hardware faults that could cause this behavior (e.g.,
specific IC pin issues, power supply, or ground connections).

Q5. Universal Gate Efficiency (Optimization)

e Scenario: A design engineer wants to implement the logic Y = A + B (OR function).
They have two options:

o Option 1: Buy one IC 7432 (OR Gate).

o Option 2: Use a spare IC 7400 (Quad NAND Gate) that is already on the board
and has 3 unused gates.
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e Question: Which option is more cost-effective and why? Demonstrate how to
implement the OR function using the 3 spare NAND gates.
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Based on the Gujarat Technological University (GTU) syllabus provided for the course
“Fundamental of Digital Electronics” (Code: DI02000161), | have designed three practical
laboratory exercises tailored for Unit—2 (Logic Gates & Boolean Algebra).

These exercises align directly with the Suggested Course Practical List (Items 4, 5, and 7)
and are designed to use the equipment listed in the syllabus (Digital Logic Trainer Kit,
Breadboards, and 74xx Series ICs).

Practical Exercise 1: Verification of Logic Gate Truth Tables

Referenced from Syllabus Practical List Item No. 4: “Verify the truth tables of the different
Logic Gates.”

1. Objective: To identify physical Integrated Circuits (ICs) for basic logic gates (AND, OR,
NOT) and derived gates (NAND, NOR, XOR), and to experimentally verify their functional
truth tables using a Digital Logic Trainer Kit.

2. Task / Activity:

e Step 1 (Identification): Locate the specific ICs from your kit: 7408 (AND), 7432 (OR),
7404 (NOT), and 7486 (XOR). Read the datasheet to identify Pin 7 (GND) and Pin 14
(Vce).

Step 2 (Connections): Place the IC 7408 on the breadboard/socket. Connect +5V to
Pin 14 and Ground to Pin 7.

Step 3 (Input/Output): Connect Input Switch A to Pin 1 and Input Switch B to Pin 2.
Connect the Output Pin 3 to an LED indicator.

Step 4 (Verification): Toggle the switches for all binary combinations (00, 01, 10, 11)
and record the LED status (ON=1, OFF=0) in your observation table.

e Step 5: Repeat the procedure for the OR (7432) and XOR (7486) gates.
3. Viva-Voce Questions:

6. Q: What is the specific IC number for the quad 2-input AND gate, and why do we
need to connect Vcc and Ground?
Q: If an input pin is left “floating” (not connected to OV or 5V) in a TTL logic gate,
what logic level does it usually act as?
Q: Looking at your results, how does the output of the XOR gate differ from the OR
gate?

Practical Exercise 2: Realization of Basic Gates using Universal Gates (NAND)

Referenced from Syllabus Practical List Item No. 5: “Build and test basic Gates using NAND
Universal Gate.”

1. Objective: To demonstrate the “Universality” of the NAND gate by constructing NOT,
AND, and OR logic functions using only NAND gates (IC 7400).

2. Task / Activity:

e Step 1 (NOT Logic): Insert IC 7400 (Quad NAND). Short-circuit Input Pins 1 and 2
together to make a single input. Connect this to a switch and the output (Pin 3) to an
LED. Verify that the output inverts the input.
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e Step 2 (AND Logic): Connect a standard NAND gate (Pins 1 & 2 inputs, Pin 3 output).
Then, connect Pin 3 into the “NOT” circuit you built in Step 1. Verify that the final
output behaves like an AND gate.

Step 3 (OR Logic): Build two “NOT” circuits (using NANDs) to invert Input A and Input
B separately. Feed these inverted signals into a third NAND gate.

Step 4: Verify the final truth table matches the standard OR gate logic (0 + 0 =
00+1=11+0=114+1=1).

3. Viva-Voce Questions:

9. Q: Why is the NAND gate referred to as a “Universal Gate” in digital electronics?
10. Q: According to your experiment, how many minimum NAND gates are required to
build a single OR gate?

11. Q: In an industrial circuit board design, why might an engineer choose to use only
NAND chips instead of mixing AND and OR chips?

Practical Exercise 3: Experimental Verification of De Morgan’s Theorems

Referenced from Syllabus Practical List Item No. 7: “Build the logic circuit on breadboard to
verify De Morgan’s theorems.”

1. Objective: To experimentally prove De Morgan’s First Theorem (A- B = A + B) by
comparing the outputs of a NAND gate circuit against a “Bubbled OR” circuit.

2. Task / Activity:

e Step 1(L.H.S- NAND): Wire up one gate of IC 7400 (NAND). Connect inputs A and B
to switches and the output to LED 1. This represents the Left Hand Side (4 - B).
Step 2 (R.H.S - Bubbled OR):
o Use IC 7404 (NOT) to invert input A (4) and input B (B).
o Feed these inverted signals into IC 7432 (OR).
o Connect the output of the OR gate to LED 2. This represents the Right Hand
Side (4 + B).
Step 3 (Simultaneous Testing): Apply the same inputs (00, 01, 10, 11) to both circuits
simultaneously.

Step 4: Observe that LED 1 and LED 2 turn ON and OFF at exactly the same times,
proving the circuits are equivalent.

3. Viva-Voce Questions:

12. Q: State De Morgan’s First Theorem in your own words based on what you observed
with the LEDs.

13. Q: If we wanted to verify the Second Theorem (A + B = A- E), which two physical
gates would we compare?

14. Q: How does De Morgan’s theorem help in simplifying complex logic circuits for
fabrication?
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Differentiated Learning Plan: Unit-2 Logic Gates & Boolean Algebra

Based on the GTU Diploma Engineering Syllabus (Code: DI02000161), this unit carries a
significant 21% weightage. The following plan segregates the content into a “Passing
Strategy” for slower learners and a “Distinction Strategy” for high achievers.

A. Remedial Learning Plan (The “Passing” Track)

Target Audience: Slow learners or students aiming to secure passing marks (minimum
competency). Goal: Master the 5 easiest and most frequently asked topics to secure ~10-12
marks out of the unit’s total weightage.

1. Logic Gate Symbols & Truth Tables (The “Must-Know”)
e Focus: Memorize the Symbol, Truth Table, and Boolean Expression for 7 gates: AND,
OR, NOT, NAND, NOR, XOR, XNOR.
e Exam Strategy:
o Don’t worry about internal circuits. Just memorize the shape and the table.
o Tip: For NAND, write the AND table and reverse the output (051,150).
e Sample Question: “Draw the symbol and write the truth table for a 2-input NOR
gate.”

2. De Morgan’s Theorems (The “Guaranteed Question”)
e Focus: Memorize the two statements and their equations:
1. A-B = A + B (Break the bar, change dot to plus)
2. A+ B = A - B (Break the bar, change plus to dot).

e Exam Strategy: Practice verifying this using a simple Truth Table (L.H.S = R.H.S). This
is a standard 3 or 4-mark question.

e Sample Question: “State and prove De Morgan’s first theorem.”
3. Basic Universal Gate Realization
e Focus: Learn how to make the three basic gates (NOT, AND, OR) using only NAND
gates.
e Exam Strategy:
o NOT =1 NAND (inputs tied).
o AND =2 NANDs.
o OR =3 NANDs.
o

Visualization: Draw these three diagrams 5 times each. Do not attempt the
complex XOR realization; stick to these three.

e Sample Question: “Realize AND gate using only NAND gates.”
4. Drawing Logic Circuits from Expressions
e Focus: Converting a simple equation (e.g., Y = AB + () into a diagram.

e Exam Strategy: Follow the “AOI” rule: Draw Inverters (NOT) first, then AND gates,
then OR gates.

e Sample Question: “Draw the logic circuit for Y = AB+C.”

5. Basic Boolean Laws

e Focus: Only memorize the identity laws that simplify circuits quickly:
o A+1=1
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o A-0=0
o A+A=1
e Exam Strategy: Use these to solve 2-mark short questions.
e Sample Question: “Simplify the expression Y = A(A + 1).” (Answer: A - 1 = A).

B. Advanced Learning Track (The “Distinction” Track)

Target Audience: High achievers aiming for full marks (Evaluation Levels: Application,
Analysis, Create). Goal: Master logic optimization, design, and complex problem-solving.

1. Advanced Universal Gate Design (XOR/XNOR)

e Focus: Realizing XOR and XNOR gates using only NAND or NOR gates. This requires 4
or 5 gates and specific structural knowledge.

Differentiation: While average students memorize AND/OR realizations, toppers

must derive the XOR realization: A@ B=A-B-A-B.
¢ Industry Application: Minimizing the “Gate Count” in IC fabrication to reduce cost.

2. Complex Boolean Simplification & Proofs

e Focus: Solving 4-variable Boolean expressions using advanced laws like:
o Consensus Theorem: AB + AC + BC = AB + AC
o AbsorptionLlaw: A+ AB = A+ B
Differentiation: Ability to simplify equations without expanding them fully, choosing
the most efficient path.
e Challenge: “Simplify Y = AB + AC + ABC(AB + C) to its minimum literals.”
3. Word Problem to Logic Conversion (Design Thinking)

e Focus: Translating a real-world paragraph into a Boolean expression and circuit.

e Syllabus Link: Refer to Suggested Project 17 (Staircase Light) & 18 (Safe Lock).

e Challenge: “Design a logic circuit for a bank vault that opens only if the Manager (M)
is present AND either the Cashier (C) OR the Security Guard (S) is present. (i.e., Y =
M- (C+Y5)).”

Differentiation: High achievers should simulate this on Tinkercad to verify “Fail-
Safe” conditions.

4. Multi-Level Logic Synthesis (NAND-NAND Logic)
e Focus: Converting a standard AOI (And-Or-Invert) circuit directly into an All-NAND
circuit using the “Bubble Pushing” or “Double Inversion” technique.
Differentiation: Instead of redrawing the whole circuit from scratch, learn to visually
replace AND-OR structures with NAND-NAND structures for faster design.
5. Logic Families & Electrical Characteristics (Contextual Understanding)

e Focus: Although briefly mentioned in references, understanding the electrical
difference between TTL (74xx series) and CMOS (40xx series) separates a technician
from an engineer.

Challenge: “Why can’t we leave a CMOS input floating? What is Fan-out and how
does it affect the number of gates | can connect to my output?” (Viva-voce
dominance).
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Digital Logic 101: A Visual Guide to Gates & Boolean Algebra

The Building Blocks:
Meet the 7 Key Logic Gates

Digital Logic is the “Brain”
of Modern Electronics
It uses simple ON (1) and
OFF (0) signals to make
complex decisions.

NAND

AND symbol with a
bubble at the output |

Output is 0 only

if ALL inputs are 1.

XOR

OR symbol with a
double curve at input
Output is 1 only if
inputs are DIFFERENT.

OR

Curved, arrowhead-
like shape

Output is 1 if ANY
inputis 1.

NOT

\ Triangle with a

bubble at the tip
Inverts the input
(0 becomes 1,
1 becomes 0).

NOR

OR symbol with a
bubble at the output
Output is 1 only if
ALL inputs are 0.

XNOR

XOR symbol with a
bubble at the output
Output is 1 only if
inputs are the SAME.

The Rules of the Game: From Blueprint to Reality:
Boolean Algebra & Simplification Designing a Circuit in 3 Steps

2 What are Universal Gates? 1. Start with the Boolean Expression

| NAND and NOR gates are A D
“universal" because any other Y = A = B + C
gate can be built using them.

This is the mathematical “blueprint” for
your circuit (e.g., Y =A-B + C).

2. Impiement with Gates in Order (AOI)

De Morgan's Theorems:
The “Magic Wand”

for Simplification

These rules let you convert
AND logic to OR logic,

and vice-versa. Firxt, draw Inverters (NOT), then ANDs

for products, then ORs for sums.

3. Create the Final Logic Di
The Core Principle: B S s

“Break the Bar, Change the Sign” A—

B—
Ci=1

Connect the gates from left (inputs) to
right (output) to show the circuit's flow.

A NotebookLM
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Unit 3 — Boolean
Function

Implementation




Hello there! Welcome to the Digital Electronics classroom. As your Electrical Engineering
mentor, | am thrilled to guide you through one of the most practical and high-scoring units
in your syllabus: Unit 3: Boolean Function Implementation.

Think of this unit as the “Cost-Cutting Department” of Digital Electronics. In Unit 2, you
learned how to create logic circuits. In Unit 3, you will learn how to make them smaller,
faster, and cheaper using a powerful visual tool called the Karnaugh Map (K-Map).

For a Diploma engineer, this is a critical skill. Whether you are designing a control panel for
an industrial machine or a simple alarm system, you need to know how to optimize your

logic.

Here is your comprehensive study plan, aligned with the GTU Diploma Syllabus and OBE
principles.

€ Unit 3: Boolean Function Implementation — At a Glance

Syllabus Weightage: 15% (Approx. 10-12 Marks in Exam)

Total Lecture Hours: 05 Hours

Course Outcome (CO): CO3 - Apply Karnaugh map for optimized circuit
implementation.

Bloom’s Levels: Understanding (U) & Application (A)

Detailed Study Plan & Logical Sequencing

This plan breaks down the 5 hours into manageable chunks, moving from the concept of
standard forms to the application of K-Maps.

Seq.

Syllabus
Ref.

Topic / Sub-
topic

Learning Objective
(OBE)

Type

Relevance

1

3.1,3.2

The
Foundation:
Canonical
Formse Need
for
simplificatione
SOP (Sum of
Product)e POS
(Product of
Sum)

Define SOP and POS
terms
(Minterms/Maxterms)
and convert equations
into standard forms.

Core
Concept

Exam:
Definition/Conversion
(2 Marks)Base:
Essential for K-Map
entry.

Visualizing
Logic:2 & 3
Variable K-
Mapse
Structure of K-
Mape Gray
Code orderinge
Mapping 1s
and Os

Construct 2-var and 3-
var maps; identify
adjacent cells and
grouping rules (Pairs,
Quads).

Core Skill

Exam: 3-Var
simplification
problems are
common.

Advanced
Optimization: 4
Variable K-
Mapse 16-cell

Solve complex boolean
expressions using 4-
variable K-maps to find

Application

Exam: High probability
of a 4-7 mark
question.Practical:
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Syllabus Topic / Sub- Learning Objective

Ref. topic (OBE) Relevance

structuree the minimal SOP/POS Used in complex
Grouping equation. circuit design.
(Octets)e
Overlapping &
Rolling groups

The “Joker” Utilize “Don’t Care” Application Exam: Critical for
Card: Don’t conditions to further “Design” type
Care simplify logic circuits questions.
Conditionse (e.g., BCD to 7-
Concept of segment logic).
Don’t Care (X)e
Using X to
enlarge groups

& Faculty Coaching Notes: How to Master Each Section

1. Standard Forms (SOP & POS)
e The “Why”: Explain that before we can put data into a map, we need a standard
format.

Concept Check: Ensure you understand the difference between Y m (Sum of
Minterms -> SOP) and ITM (Product of Maxterms -> PQOS).

e Tip: Minterms look for output 1, Maxterms look for output 0.
2. The Karnaugh Map Method (2 & 3 Variables)
e The “Why”: Boolean algebra laws (Unit 2) are hard to memorize. K-Maps are a visual
puzzle—if you can circle groups of numbers, you can solve the circuit!

Critical Rule: The numbering of rows/columns follows Gray Code (00, 01, 11, 10).
Emphasize that ‘11’ comes before ‘10’. If you get this wrong, the whole map fails.

e Grouping Strategy: Always look for the largest group first (Octet = Quad — Pair).
3. 4-Variable K-Map & Don’t Care Conditions

e The “Why”: Real-world problems (like the Safe Lock project mentioned in the
syllabus ) often involve 4 inputs.
Don’t Care: Think of “Don’t Care” (X) as a “Wildcard” or a “Joker” in cards. You can
use it to complete a group if it helps, but you can ignore it if it doesn’t.
Syllabus Note: The syllabus specifies “Basic Problems” for this section. Stick to
straightforward grouping exercises rather than overly tricky logical conundrums.

$& Connecting Theory to Lab & Projects

As per the Suggested Practical List and Project List in your syllabus, here is how Unit 3
applies to real work:

e Lab Experiment 9: Simplify a Boolean expression using a K-map and physically build
the circuit using basic gates.

Lab Experiment 10: Same as above, but using Universal Gates (NAND/NOR). Note:
This connects Unit 2 and Unit 3.

Micro-Project Idea:
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Staircase Light Logic: A classic 2-switch problem solvable via K-Map (XOR
logic).

The “Safe Lock”: A 5-key lock system (as detailed in syllabus project #18)
requires simplified logic to determine which executives can open the safe.

[ Assessment Strategy (Exam Prep)

To score full marks in this unit, focus on these question types:

1. R-Level (Remember): Define SOP, POS, Minterm, Maxterm.

2. U-Level (Understand): Draw the structure of a 3-variable or 4-variable K-map.
Explain Gray code usage.
A-Level (Apply):
o Question: “Simplify the following function using K-Map: F(4,B,C,D) =
ym(0,1,3,5,7,...)"
o Question: “Design a logic circuit for a truth table with Don’t Care conditions.”

Next Step for You: Would you like me to generate a set of practice problems (with
solutions) specifically for “4-Variable K-Maps with Don’t Care conditions” to help you
prepare for the A-Level questions?

Here is the comprehensive lecture content for Unit 3, Topic 3.1, designed specifically for
Diploma Electrical Engineering students.

¥ Lecture: The Art of “Less is More” — Need for Boolean

Simplification

Subject: Fundamental of Digital Electronics Unit 3: Boolean Function Implementation Topic:
3.1 Boolean Expression: Need for simplification Duration: 60 Minutes Target Audience:
Diploma Engineering Students (Sem 1)

1. A The Hook: Introduction (05 Minutes)

“Good morning, future Engineers!

Imagine you are the owner of an electronics company. You have to manufacture 10,000
units of a digital security alarm. Your design engineer brings you a circuit diagram that
requires 50 logic gates to work. Each gate costs money, consumes battery, and takes up
space on the circuit board.

Now, imagine a second engineer comes in and says, ‘Boss, | can do the exact same job—
same input, same output—using only 5 gates.’

Who would you promote? The second engineer, right? Why? Because in engineering,
complexity is the enemy.
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Today, we are starting Unit 3: Boolean Function Implementation. We aren’t just learning
math; we are learning how to save money, save power, and increase speed. We are going to
learn why we need to simplify Boolean expressions.”

2. Core Concepts: The “Why” and “How” (40 Minutes)

A. What is Boolean Simplification?

In Unit 2, you learned about logic gates (AND, OR, NOT) and Boolean laws. You know that a
digital circuit is represented by an equation, like:

Y = ABC + ABC + ABC

This equation works, but it is “raw.” Simplification is the process of using mathematical rules
(and later, visual tools like K-Maps ) to reduce this long equation into its shortest possible
form without changing the output.

B. The 4 Main Reasons for Simplification (The “Needs”)

Let’s break down why we do this.
1. Cost Reduction (The Economic Factor)

e Concept: Every term in an expression represents a gate or a connection. More terms
= More ICs (Integrated Circuits) required.

Example: If you need three 7408 ICs (AND gates) for the unsimplified circuit, but only
one after simplification, you’ve just cut your component cost by 66%.

2. Space and Complexity (The PCB Factor)

e Concept: More gates mean a larger PCB (Printed Circuit Board) and more wiring.

e Analogy: Think of “Spaghetti wiring.” If you have too many wires, debugging is a
nightmare. Simplified logic leads to clean, small, and neat circuit boards.

3. Power Consumption (The Battery Factor)

e Concept: Every logic gate consumes a tiny amount of power (current).

e Impact: In mobile phones or battery-operated devices (like the project kits you might
build ), using 50 gates instead of 5 will drain the battery 10 times faster.

4. Propagation Delay (The Speed Factor)

e Concept: Signals don’t travel instantly. It takes a few nanoseconds for a signal to pass
through a gate. This is called Propagation Delay.

Impact: If a signal has to pass through 10 layers of gates, it arrives late. By
simplifying, we reduce the number of “stops” the signal has to make, making the
computer or controller faster.

C. A Practical Example: The “Magic” of Simplification
Let’s look at a simple equation. Expression:
Y = AB + AB

Visualizing the “Before”: > [Image Description for Board Work]: > Draw a circuit with two
inputs, A and B. > 1. Line A goes into an AND gate. Line B goes through a NOT gate into the
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same AND gate. > 2. Line A and Line B go into a second AND gate. > 3. The outputs of both
AND gates go into an OR gate. > Total: 2 AND gates, 1 NOT gate, 1 OR gate.

Now, let’s use the Boolean Algebra rules you learned in Unit 2:

1. Take common term A out:
Y =A(B +B)
2. We know that (B + B) = 1 (OR Law):
Y =AQ)
3. Result:
Y=A

Visualizing the “After”: > [Image Description for Board Work]: > Draw a single wire
connecting Input A directly to Output Y. > Total: O Gates.

Impact: We just replaced 4 chips with a piece of wire! That is the power of simplification.

3. i Real-World Applications (10 Minutes)

“So, where do we actually use this?”

1. The ‘Safe Lock’ Project: Your syllabus mentions a project about a Safe Lock with 5 keys. If
you design that logic without simplification, the wiring will be so thick the safe won’t close!
By simplifying, you create a security system that fits on a tiny chip.

2. Consumer Electronics: Think of your smartphone processor. It has billions of transistors. If
engineers didn’t simplify the logic functions during the design phase, your phone would be
the size of a brick and overheat in 5 minutes.

3. Automotive Industry: Modern cars use ECUs (Electronic Control Units) to manage
engines. Minimizing the logic gates ensures the car reacts faster to braking or acceleration
inputs—literally saving lives by reducing delay.

4. [ Summary & Q&A (05 Minutes)

Recap:

e Simplification is mandatory, not optional.
e [t reduces Cost, saves Space, saves Power, and increases Speed.
e We use Boolean Laws (Unit 2) and K-Maps (Unit 3) to achieve this.

Common Student Doubt:

e Student: “Sir, if we remove terms, won’t the output change?”

e Answer: No! That’s the beauty of it. We are removing redundancy (useless
repetition), not logic. The truth table remains exactly the same.
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W Mentorship Note: The “Optimization Mindset”

“As you move forward in your Diploma and eventually your career, remember this: Any
engineer can build a bridge that stands, but it takes a great engineer to build a bridge that
barely stands.

What | mean is—efficiency matters. Whether you are coding in the future, designing a
power system, or building a circuit, always ask yourself: ‘Can | make this simpler?’

In the next lecture, | will teach you a ‘cheat code’ for simplification that is much easier than
algebra—the Karnaugh Map (K-Map). Please revise your Gray Codes from Unit 1 before
coming to class!”

Here is the detailed lecture content for Unit 3, Topic 3.2, tailored for your Diploma
Engineering classroom.

4 Lecture: Speaking the Language of Logic — SOP & POS

Subject: Fundamental of Digital Electronics Unit 3: Boolean Function Implementation Topic:
3.2 Sum of Product (SOP) and Product of Sum (POS) expressions Duration: 60 Minutes
Target Audience: Diploma Electrical Engineering Students (Sem 1)

1. A The Hook: The “Universal Grammar” of Circuits (05 Minutes)

“Welcome back, class!

In our last session, we talked about why we simplify circuits (to save money and power).
Today, we are going to learn how to write the equations so they are ready for simplification.

Imagine you go to a hardware store to buy screws. If you say, ‘Give me the pointy metal
things,” the shopkeeper will be confused. But if you say, ‘l need a 5mm Phillips Head,” you
get exactly what you need.

In Digital Electronics, we have a similar problem. You can write a logic equation in a million
messy ways. But to build it efficiently—or to feed it into a computer program—we need a
standard format. We call these the Canonical Forms: SOP and POS.

Think of SOP and POS as the ‘Grammar’ of digital logic. If you master this, you can turn any
truth table into a working circuit in seconds.”

2. Core Concepts: Decoding SOP and POS (40 Minutes)

A. What are Standard Forms?

To use the K-Map method (which we will learn next), our equation must be in a standard
structure. We have two main types:

1. SOP (Sum of Products)
2. POS (Product of Sums)
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B. Deep Dive: Sum of Products (SOP)

This is the most popular form used in industry.

e Structure: It is a group of AND terms (Products) combined by an OR gate (Sum).

e The Logic: It basically says, “The output is HIGH (1) if Condition A is true OR if
Condition B is true.”

Minterms (m): In SOP, we look at the rows in the Truth Table where the output is 1.
Each of these rows is called a Minterm.

o Rule: If a variable is 0, we write it as a complement (4). If it is 1, we write it as
normal (4).

o Example: If inputs A = 1, B = 0 produce an output of 1, the minterm is AB.

Description for Board Work: Draw two AND gates on the left. Their outputs feed
into a single OR gate on the right. Label this “AND-OR Logic.”

C. Deep Dive: Product of Sums (POS)
This is the reverse of SOP.

e Structure: It is a group of OR terms (Sums) combined by an AND gate (Product).
e The Logic: It says, “The output is HIGH only if Requirement A is met AND
Requirement B is met.”
Maxterms (M): In POS, we focus on the rows where the output is 0.
o Rule (The Tricky Part): This is opposite to SOP! If a variable is 0, we write it as
normal (A). If it is 1, we write it as complement (4).
o Example: If inputs A = 1, B = 0 produce an output of 0, the Maxterm is
(A+ B).

Description for Board Work: Draw two OR gates on the left. Their outputs feed
into a single AND gate on the right. Label this “OR-AND Logic.”

D. Comparison Table (Board Work)

Feature SOP (Sum of Products) | POS (Product of Sums)

Focus Logic 1 (High) Logic O (Low)

Building Block | Minterm (m) Maxterm (M)
Logic Gates AND-OR OR-AND
Notation ym(..) nm(...)

3. i Real-World Applications (10 Minutes)

1. The Staircase Light (Syllabus Project): Your syllabus explicitly lists a project: “A staircase
light is controlled by two switches... Write the logic equation in the SOP form”. When you
solve this, you look at the truth table, find where the light turns ON (1), and write the SOP
equation. This is exactly how electricians and automation engineers design control logic for
buildings.

2. Programmable Logic Arrays (PLAs): In the industry, we have chips called PLAs. Internally,
these chips literally have a huge array of AND gates feeding an array of OR gates. They are
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“hardwired” to think in SOP! If you can’t convert your logic to SOP, you can’t program these
chips.

3. Safety Interlocks: Think of a microwave. It works ONLY if (Door is Closed) AND (Timer is
Set) AND (Start is Pressed). This “ANDing” of conditions is a classic POS (Product of Sums)
mindset—ensuring multiple safety conditions are met before activation.

4. [ Summary & Q&A (05 Minutes)

Key Takeaways:

e SOP = Sum of Minterms (Focus on 1s). Implementation: AND-OR.
e POS = Product of Maxterms (Focus on 0s). Implementation: OR-AND.
e These are the inputs required for K-Maps.

Typical Student Doubt:

e Student: “Sir, why is A = 0 written as A in SOP but as 4 in POS? It’s confusing!”

e Explanation: Great question. In SOP, we want the term to equal 1 (active). If A = 0,
we must invert it (4) to get 1. In POS, we want the term to equal 0 (null). If A = 0,
we leave it alone because it’s already 0!
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# Mentorship Note: The Power of “Standardization”

“Engineers, learning SOP and POS isn’t just about passing the exam. It’s about
Standardization.

In your future career, whether you are writing code for a microcontroller or documenting a
power grid layout, you must follow standards. If every engineer wrote equations their own
way, planes wouldn’t fly, and the internet would crash.

Mastering these standard forms now proves you can think like a disciplined professional.
Next class, we will take these SOP equations and put them into the Karnaugh Map to
perform some magic!”

Here is the detailed lecture content for Unit 3, Topic 3.3, tailored for your Diploma
Engineering classroom.

Lecture: The Map to Simplicity — 2 & 3 Variable K-Maps

Subject: Fundamental of Digital Electronics Unit 3: Boolean Function Implementation Topic:
3.3 Simplification by Karnaugh map method: 2 variable K-map, 3 variable K-map Course
Outcome: CO3 - Apply Karnaugh map for optimized circuit implementation Duration: 60
Minutes

1. & The Hook: The “Staircase” Dilemma (05 Minutes)

“Good Morning, Engineers!

Let’s start with a puzzle from your own Project List: Project 17 - The Staircase Light. Imagine
you are at the bottom of the stairs and turn a switch ON to light the bulb. You walk up. Now,
you are at the top and want to turn it OFF. You flip the top switch. It goes off. Later,
someone else comes downstairs and flips the top switch again. The light must come ON.

This simple 2-switch problem is actually a logic puzzle. If you tried to write the boolean
algebra for this, you’d get something like Y = AB + AB.

Simplifying this using laws can be tedious. What if | told you there is a graphical map—like a
game of ‘Tic-Tac-Toe’—that solves this for you instantly?

Today, we meet the Karnaugh Map (K-Map). It’s the tool that turns complex algebra into
simple visual patterns.”

2. Core Concepts: Mastering the Map (40 Minutes)
A. What is a Karnaugh Map?

A K-Map is a visual arrangement of the Truth Table. Instead of a list of rows, we arrange the
datain a grid.

e The Golden Rule: We group adjacent 1s together.
e The Result: The bigger the group you circle, the simpler your equation becomes.
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B. The 2-Variable K-Map (The Foundation)
A 2-variable system (Inputs A, B) has 22 = 4 possible combinations. So, our map has 4 cells.

e Structure: A square divided into 4 smaller squares.
o Rows: Represent Input A (0 and 1).
o Columns: Represent Input B (0 and 1).
e Addressing: Top-Left is cell 0 (00), Bottom-Right is cell 3 (11).

Board Work Description: Draw a 2x2 grid. Label the Left side ‘A’ (rows 0, 1). Label
the Top ‘B’ (cols 0, 1). Inside the squares, write the minterm numbers: 0, 1 (top
row), 2, 3 (bottom row).

C. The 3-Variable K-Map (The Standard)

This is where it gets interesting. With 3 variables (A, B, C), we have 23 = 8 combinations.
We need 8 cells.

e Structure: A rectangle with 2 Rows and 4 Columns.
e The Gray Code Rule (Crucial!):

Look at the column numbering. You might expect: 00, 01, 10, 11. WRONG! In K-
Maps, we use Gray Code: 00, 01, 11, 10.

o Why? Gray code ensures that between any two adjacent cells, only one bit
changes. This physical adjacency allows us to simplify the logic.

Board Work Description: Draw a 2x4 grid. * Left (Rows): Label ‘A’ (0, 1). * Top
(Cols): Label ‘BC’. Write headers in this specific order: 00, 01, 11, 10. * Mark cell
numbers: Row 0is (0, 1, 3, 2). Row 1is (4, 5, 7, 6). Highlight that columns 3 and 2
are swapped compared to normal counting.

D. The Art of Grouping (Simplification)
Once we plot the 1s from our truth table into the map, we circle them.

3. Pairs (Group of 2): Eliminates 1 variable.
Quads (Group of 4): Eliminates 2 variables.
Wrapping: The map is like a cylinder! The far left column touches the far right
column. You can group edges together.

3. & Real-World Applications (10 Minutes)

1. Industrial Control Panels: In automation, we often have conditions like “If (Sensor A is
ON) AND (Sensor B is OFF) OR (Sensor A is ON) AND (Sensor B is ON)...”. A 3-variable K-Map
allows an engineer to take these sensor inputs and reduce them to a single logic gate, saving
wiring complexity in the PLC (Programmable Logic Controller).

2. Seven-Segment Displays: Every digital clock uses logic to turn numbers into light
segments. Converting a 4-bit binary number into the 7 segments of a display (like in Lab
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Experiment 16 ) relies entirely on K-Map simplification to determine which LED lights up for
which number.

3. Lab Experiment 9: In your upcoming lab, you will “Simplify given Boolean expression
using K-map and design Logic Circuit.” You will physically see that a circuit derived from a K-
Map uses fewer wires than the raw equation.

4. [ Summary & Q&A (05 Minutes)

Key Takeaways:

e 2-Var Map: 4 Cells.
e 3-Var Map: 8 Cells.

e Numbering: Always use 00, 01, 11, 10 (Gray Code). Never use binary order (10
before 11).

e Grouping: Only group in powers of 2 (1, 2, 4, 8). No groups of 3 or diagonal groups!
Typical Student Doubt:

e Student: “Sir, can | circle three 1s together if they are in a line?”
e Answer: No! K-Map groups must be powers of 2 (2! = 2,22 = 4). You cannot make

a group of 3. You would make a group of 2 (Pair) and leave one alone, or overlap
another group to cover it.
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W Mentorship Note: Visual Thinking

“Mastering the K-Map is your first step into System Optimization.

In the real world, whether you are designing a power grid distribution or coding an app
algorithm, the goal is always optimization—getting the result with the least amount of
resources. The K-Map trains your brain to look for patterns rather than just grinding through
math.

Pro Tip for Exams: When drawing a K-Map, always double-check your column numbering
(00, 01, 11, 10). If you swap the last two, your entire answer will be wrong. Practice drawing
the blank grid 5 times tonight!”

Here is the comprehensive lecture content for Unit 3, Topic 3.4, designed for your Diploma
Engineering classroom session.

$8 Lecture: Cracking the Code — 4-Variable K-Maps & The “Don’t
Care” Joker

Subject: Fundamental of Digital Electronics Unit 3: Boolean Function Implementation Topic:
3.4 4-variable K-map and Don’t-Care conditions (Basic Problems) Course Outcome: CO3 -
Apply Karnaugh map for optimized circuit implementation. Duration: 60 Minutes

1. A The Hook: The “Safe Lock” Challenge (05 Minutes)

“Welcome back, Engineers!

Today, | have a challenge for you. It’s straight from your syllabus Project List. Imagine a bank
safe protected by 5 locks (v, w, %, y, z) distributed among 5 executives. To open the safe,
you need specific combinations of keys.

If you try to design this circuit using just your intuition or basic algebra, you’ll end up with a
mess of wires that fills a whole room. But what if | told you that in real life, sometimes we
simply don’t care what the output is for certain inputs?

It sounds lazy, right? ‘l don’t care.” But in Digital Electronics, ‘Don’t Care’ is actually a
superpower. It allows us to turn a complicated machine into a tiny chip.

Today, we conquer the big boss of Unit 3: the 4-Variable K-Map and the magical Don’t Care
(X) condition.”

2. Core Concepts: The Power of 16 (40 Minutes)

A. The 4-Variable K-Map Structure

Up until now, we’ve handled 2 variables (4 cells) and 3 variables (8 cells). Now, we double it.

e Inputs: A, B, C,D.
e Combinations: 2% = 16.
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e The Grid: A 4x4 square matrix.

Visualizing the Map: > **** > Board Work Instructions: Draw a large 4x4 grid. > * Left Side
(Rows): Label variables AB. Number rows: 00, 01, 11, 10. > * Top Side (Columns): Label
variables CD. Number columns: 00, 01, 11, 10. > * Numbering Strategy: Remind them of the
Gray Code rule. The last two rows and columns are swapped (11 comes before 10). > * Cell
Indices: Row 0 (0,1,3,2), Row 1 (4,5,7,6), Row 3 (12,13,15,14), Row 2 (8,9,11,10). Note: Row
3 is physically below Row 2!

B. Grouping in 4-Variable Maps

The rules remain the same, but the groups get bigger.

Octet (Group of 8): Eliminates 3 variables. (Very powerful!)
Quad (Group of 4): Eliminates 2 variables.

. Pair (Group of 2): Eliminates 1 variable.

. The “Rolling” Map: Explain that the map is a sphere. Top edge touches Bottom edge.
Left edge touches Right edge. You can group corners together! (e.g., Cell 0, 2, 8, 10
form a Quad).

C. The “Don’t Care” Condition (X or d)
Sometimes, certain input combinations never happen or the output doesn’t matter.

e Example: In a BCD (Binary Coded Decimal) system, we use numbers 0-9. What
happens if the input is 1010 (10) or 1111 (15)? It’s an invalid code. We call this a
“Don’t Care.”

e Symbol: marked as an X or d in the K-Map cell.
The Golden Rule of Don’t Care: Treat X as a Joker card in a game.

Can you use it to complete a larger group? YES. Treat it as a 1.
Is it alone or not helpful? IGNORE IT. Treat it as a 0.

Do not group X’s just for the sake of covering them. Only group them if they help
cover areal 1.

Solved Example (Board Walkthrough):

e Problem: Simplify F(A,B,C,D) = Y¥m(1,3,7,11,15) + d(0,2,5).
e Step1l:Filllsat1,3,7, 11, 15. Fill XsatO, 2, 5.
e Step 2: Look for the biggest group.
o Wehave 1s at 3, 7, 11, 15. This is a vertical Quad (Column CD=11). Term: CD.
o We havealatcell 1. We can group it with X at 0, X at 2, and 1 at 3 to form a
Quad (Row 0). Term: AB.
Notice: We used the Xs at 0 and 2 to make a Pair into a Quad. We ignored the
X at 5 because it didn’t help.

e Final Equation: Y = CD + AB.

3. i Real-World Applications (10 Minutes)

1. BCD to 7-Segment Decoders (Lab Exp 16): Your syllabus lists “Build and test the 4-bit
Decoder circuit”. When you design the chip that shows numbers on a digital clock, inputs
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10-15 are impossible. We use “Don’t Care” conditions there. If we didn’t, the chip would be
twice as big and expensive.

2. Elevator Controllers: Imagine an elevator in a 4-story building. Logic inputs representing
“Floor 15” are impossible (Don’t Care). Engineers use these Xs to simplify the control wiring,
making the elevator controller cheaper and more reliable.

3. The Safe Lock Project (Project 18): The project asks you to find the “minimal number of
executives”. This is literally a K-Map grouping problem. The “minimal number” corresponds
to the largest group you can circle on the map.

4. [2 Summary & Q&A (05 Minutes)

Key Takeaways:

e 4-Variable Map: 16 Cells. Rows AB, Columns CD.
e Order: Remember Row 3 is at the bottom, Row 2 is second from bottom.

e Don’t Care (X): Use it to make groups bigger. If it doesn’t help make a group bigger,
pretend it’s a 0.

e Corner Grouping: Corners (0, 2, 8, 10) are neighbors!
Typical Student Doubt:

e Student: “Sir, do we have to cover all the Xs?”

e Answer: Absolutely not! You only must cover all the 1s. The Xs are just volunteers. If
an Xisn’t needed to help a 1, leave it alone.
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#- Mentorship Note: The “Resourceful Engineer”

“Engineers, the ‘Don’t Care’ condition teaches us a valuable life lesson: Focus on what
matters.

In your future projects—whether it’s the Safe Lock project or a final year innovation—you
will face constraints. You won’t have infinite time or money. You need to identify which
parts of the problem are critical (the 1s) and which parts are flexible (the Xs).

A good engineer solves the problem. A great engineer uses the flexibility of the system to
solve it efficiently. Now, for next week’s lab, please practice drawing a blank 16-cell K-Map
so we can start designing circuits immediately!”

Here is the Student Al Toolkit specifically designed for your Diploma Electrical Engineering
students. This toolkit provides copy-paste-ready prompts to help them master Unit 3:
Boolean Function Implementation using Al tools like ChatGPT or Gemini.

The prompts are categorized by learning level to guide students from basic understanding to
advanced application.

107 |Page



$& Student Al Toolkit: Unit-3 (Boolean Function Implementation)

How to use this toolkit:

10. Select a Prompt: Choose a prompt based on your current study goal (learning a
definition, solving a problem, or designing a project).

11. Fill in the Brackets: Replace the [Bracketed Text] with the specific topic or
equation you are studying.

12. Paste & Learn: Paste it into your Al tool and engage with the answer.

@) A.Low-Level Prompts (Remember & Understand)

Use these prompts to grasp definitions, understand basic terms, and build a strong
foundation.

1. “Act as a Diploma Engineering tutor. Explain the concept of [Topic Name, e.g., Sum
of Products (SOP)] in simple English using a real-life analogy suitable for a beginner.”
“What are the main differences between [Concept A, e.g., SOP] and [Concept B,
e.g., POS]? Please provide the answer in a simple comparison table.”

“I am studying Digital Electronics. Create a glossary of the top 10 key terms for Unit
3: Boolean Function Implementation with one-line definitions for each.”
“List the standard, step-by-step rules for converting a Truth Table into a [Specific
Form, e.g., Boolean Equation].”
“Explain the ‘Gray Code’ numbering rule used in Karnaugh Maps and why it is critical
for simplification. Explain it as if you were teaching a fellow student.”
“What is the difference between a ‘Minterm’ and a ‘Maxterm’? Provide one simple
numerical example for each.”
“Generate a checklist of 5 key concepts | must memorize about [Topic Name, e.g., 3-
Variable K-Maps] before my exam.”
“Why is it necessary to simplify Boolean expressions before building a circuit? List 3
main technical and economic benefits.”
“Create a simple ‘Fill in the Blanks’ quiz with 5 questions to test my basic knowledge
of [Topic Name, e.g., K-Map Grouping Rules].”

. “Summarize the rules for grouping 1s in a Karnaugh Map (Pairs, Quads, Octets).
What are the forbidden groupings | should avoid?”

Q) B. Moderate-Level Prompts (Apply & Analyze)

Use these prompts to practice solving problems, analyze circuits, and prepare for standard
exam questions.

11. “I have this Boolean expression: [Insert Equation here]. Can you walk me through
the step-by-step simplification process using a K-Map?”

12. “Generate 3 distinct practice problems for simplifying a 3-variable Boolean function
using K-Maps. Do not give the solution immediately; let me solve them first.”

13. “l am confused about ‘Don’t Care’ conditions. Can you show me a specific example
where using a ‘Don’t Care’ (X) term helps reduce the number of logic gates?”

14. “Compare the hardware complexity of this unsimplified equation [Insert Equation]
versus its simplified version. Calculate how many logic gates are saved.”
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. “Explain how to physically draw a 4-Variable K-Map. Describe the row and column
numbering (00, 01, 11, 10) and where to place the minterms.”

. “l keep making mistakes in identifying ‘Overlapping Groups’ in K-Maps. Can you
analyze this common mistake and explain how to identify overlaps correctly?”

. “Translate this real-world logic statement into a Boolean expression: ‘The machine
turns ON if Switch A is ON and Switch B is OFF, OR if Switch C is ON.” Then, convert it
to standard SOP form.”

18. “Create a ‘True or False’ quiz with detailed explanations for the topic: [Topic Name,
e.g., Don’t Care Conditions in K-Maps].”

19. “How would you determine if a given Boolean expression is in ‘Canonical Form’ or
just ‘Standard Form’? Explain the difference with examples.”

20. “Act as an exam paper setter. Ask me a 5-mark application-level question about
[Topic Name, e.g., 4-Variable K-Map] and grade my answer if | type it here.”

 C. High-Level Prompts (Design & Create)

Use these prompts for projects, tricky “distinction-level” exam questions, and deep
conceptual understanding.

21. “Design a logic circuit for a [Scenario, e.g., Voting System with 3 judges] where the
output is High only if the majority vote Yes. Show the Truth Table construction, K-
Map simplification, and the final Boolean equation.”

. “I need to control a [Device, e.g., Digital Lock] using 4 inputs. Explain how | can use
‘Don’t Care’ conditions for invalid input combinations (like 10-15 in BCD) to optimize
the design.”

. “Propose a unique idea for a ‘Micro-Project’ for Diploma students that uses
Karnaugh Maps to solve a simple household automation problem. List the inputs,
outputs, and logic required.”

. “Analyze the given K-Map grouping strategy: [Describe your grouping, e.g., ‘l made
two pairs instead of one quad’]. Is this the most optimized solution? If not, explain
why a different grouping would be better.”

. “Connect the concept of Boolean Simplification to modern PLC (Programmable Logic
Controller) programming. How does simplifying logic on paper help in writing better
Ladder Logic for industrial automation?”

EJ Coach’s Note for Students: > “Al is a powerful tool, but it works best when you know the
basics. Always cross-check the K-Map numbering (Gray Code 00-01-11-10) provided by Al, as
it can sometimes make formatting errors. Use these prompts to verify your manual work, not
to replace it!”

To help you assess student understanding and reinforce the technical vocabulary for Unit 3:
Boolean Function Implementation, here is a comprehensive Mastery Check section. This
content is designed to be directly usable for quizzes, revision sheets, or viva preparation.
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[ Mastery Check: Unit-3 Boolean Function Implementation

This section is designed to consolidate your learning, reinforce technical vocabulary, and
prepare you for both theory exams and practical vivas.

1. Key Definitions / Glossary

Essential technical terms you must know for exams and interviews.

1.

Boolean Function: A mathematical expression representing the relationship
between binary input variables and a binary output using logic operations (AND, OR,
NOT).

Canonical Form: A standard way of expressing Boolean functions where every term
contains all the variables of the function (either in normal or complemented form).
SOP (Sum of Products): A Boolean expression format where several product (AND)
terms are summed (OR-ed) together (e.g., AB + AC).

POS (Product of Sums): A Boolean expression format where several sum (OR) terms
are multiplied (AND-ed) together (e.g., (A + B) (A4 + C)).

Minterm: A product term in a Boolean function that includes all variables,
corresponding to a single row in the truth table where the output is 1.

Maxterm: A sum term in a Boolean function that includes all variables,
corresponding to a single row in the truth table where the output is O.

Karnaugh Map (K-Map): A graphical tool used to simplify Boolean equations by
arranging truth table values in a grid where adjacent cells differ by only one bit.
Gray Code: A binary numeral system where two successive values differ in only one
bit; used for labeling K-Map rows and columns to enable simplification.

Adjacent Cells: Cells in a K-Map that are next to each other (physically or by
wrapping around edges) and differ by exactly one variable.

. Pair: A group of two adjacent 1s in a K-Map, which eliminates one variable from the

final simplified expression.

. Quad: A group of four adjacent 1s in a K-Map, which eliminates two variables from

the final simplified expression.

. Octet: A group of eight adjacent 1s in a K-Map, which eliminates three variables

from the final simplified expression.

. Don’t Care Condition (X or d): An input combination for which the output state (0 or

1) is not specified or irrelevant; used as a “wildcard” to help form larger groups in K-
Maps.

. Redundant Group: A group in a K-Map whose 1s are all already covered by other

necessary groups; these should not be included in the final expression.

. Standard Form: A simplified Boolean expression (like minimal SOP) where terms may

not necessarily contain all variables, unlike canonical forms.
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2. [ FAQ & Assessment Section
A. Multiple Choice Questions (MCQs)

Test your conceptual clarity. Select the most appropriate answer.

1. Which code is used for labeling the rows and columns of a Karnaugh Map?

a) Binary Code
b) BCD Code
c) Gray Code
d) Excess-3 Code
In a 3-variable K-Map, how many cells are present?

a) 4
b) 8
c) 16
d) 32
. A “Minterm” corresponds to which output value in a truth table?

a) LogicO
b) Logic1
c¢) Don’t Care
d) High Impedance
. Which Boolean form is represented by >m(0,1,3)?

a) Product of Sums (POS)
b) Sum of Products (SOP)
c) Product of Maxterms
d) Standard POS
Grouping a “Quad” (4 adjacent 1s) in a K-Map eliminates how many variables?

a) 1
b) 2
c) 3
d) 4
. What is the correct representation of the “Don’t Care” condition in a K-Map?

a) 1

b) 0

c) X

d) z
In a 4-variable K-Map, the cell corresponding to minterm 15 (1111) is adjacent to
which other cell due to wrapping?

a) Cell 0 (0000)
b) Cell 7 (0111)
c) Cell 14 (1110)
d) All of the above
. The expression Y = (A + B)(A + C) is an example of:
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a) Canonical SOP
b) Standard SOP
c) Standard POS
d) Canonical POS
. Which of the following is NOT a valid group size in a K-Map?

a) 2
b) 4
c) 6
d) 8
. In SOP form, how is the input A = 0 represented?

a) A
b) A
c 1
d 0
. Ideally, “Don’t Care” conditions in a K-Map should be treated as:

a) Always1
b) Always 0
c) 1ifit helps form alarger group, otherwise 0
d) Oifit helps form a larger group, otherwise 1

. A 4-variable K-Map has variables A, B, C, D. Which term represents the corner
group (Cells 0, 2, 8, 10)?

a) BD
b) AC
c¢) BD
d) AC
. Why do we prefer using K-Maps over Boolean Algebra rules?

a) Itis more mathematical

b) Itis a systematic visual method that reduces error
c) It can handle infinite variables

d) It avoids using logic gates

. For a function F(4, B, C), the term ABC represents minterm number:

a) 1
b) 2
c) 3
d) 7
. The POS form uses which logic gate structure for implementation?

a) AND-OR
b) OR-AND
c) NAND-NAND
d) NOR-NAND
. Which of the following K-Map groups has the highest priority?

a) Pair
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b) Quad
c) Octet
d) Single 1
17. If all cells in a K-Map are 1, the output equation is:

a) Y=0
b) Y=1
c) Y=ABCD
d Y=A+B+C+D
18. In Gray code ordering for a K-Map, the sequence for two variables is:

a) 00,01, 10, 11
b) 00, 10, 11,01
¢) 00,01, 11,10
d) 11, 10,01, 00
19. Simplifying a logic circuit mainly reduces:

a) Voltage level

b) Current rating

c) Cost and complexity

d) Human effort in operation

20. Which logic function does a “Pair” in a 2-variable K-Map representing diagonal 1s
(like cell 1 and 2) signify?

a) AND

b) OR

c) XOR

d) No simplification possible (unless using XOR specific patterns)

B. Short Answer / Viva Questions
Be prepared to explain these verbally or in short written form.
1. “Why is Gray Code used in K-Maps instead of normal Binary Code?”

Reasoning: Explain the concept of “Adjacency.” In Gray code, only one bit changes
between adjacent states, which allows us to identify variables that can be eliminated
(e.g., A and A cancel out).

“Differentiate between Canonical SOP and Minimal SOP.”

Concept: Canonical SOP sums all minterms (long equation). Minimal SOP is the result
after K-Map simplification (shortest equation).

“What is the significance of a ‘Don’t Care’ condition? Give a practical example.”

Application: It represents an impossible input state. Example: In a BCD-to-7-segment
decoder, inputs 1010 to 1111 (10-15) never occur, so we mark them as ‘X’ to simplify
the logic.

4. “Can we wrap the K-Map? Explain with an example.”
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Visualization: Yes. The map is topologically a torus (donut shape). Cell 0 (top-left) is
adjacent to Cell 2 (top-right) in a 2-variable map, or Cell 8 (bottom-left) in a 4-
variable map.

“If you have a group of four 1s (Quad) and a group of two 1s (Pair) that are
completely covered by the Quad, should you circle the Pair?”

Optimization: No. That is a “Redundant Group.” We only circle groups that cover at
least one “new” 1 that hasn’t been covered yet.

“How many variables are eliminated by an Octet (group of 8) in a 4-variable map?”
Math: An Octet eliminates 23 = 3 variables, leaving only 1 variable in the term.

“Convert the minterm m; (in a 3-variable system A,B,C) into its Boolean
expression.”

Calculation: 5 in binary is 101. InSOP, 1 = 4,0 =B, 1 = C.So, ms = ABC.

“Why is the number of cells in a K-Map always a power of 2?”

Theory: Because digital logic is binary. n variables create 2™ possible combinations.
“Explain the relationship between Minterms and Maxterms.”

Theory: They are complementary. If a minterm is at index i, the maxterm is also at
index i, but M; deals with logic 0 while m; deals with logic 1. ¥m(i) = ITM(i).

. “In a practical exam, if you are asked to design a circuit using ‘Universal Gates’ after

K-Map simplification, what extra step is needed?”

Design: After getting the minimal SOP (AND-OR logic), you must convert the AND-OR
structure to NAND-NAND logic (or NOR-NOR for POS) using De Morgan’s theorem.

&3 Answer Key (MCQs)

Q. No

Answer Q. No Answer

1

c) Gray Code 11 c) 1if it helps...

b)8 12 a) BD

b) Logic 1 13 b) Systematic...

b) SOP 14 )3

b) 2 15 b) OR-AND

o)X 16 c) Octet

c) Cell 14 17 b)Y =1

Standard POS | 18 c) 00,01, 11, 10

VI IN|]oaojun ] ]|W]N

19 c) Cost and complexity

=
o

c)
c)
b)

6
A 20 d) No simplification...

Here is a comprehensive Digital Resource Library tailored for Unit-3: Boolean Function
Implementation. This collection connects the theoretical syllabus with practical digital tools
and high-quality video content to support self-paced learning and revision.
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LI Digital Resource Library: Unit-3 (Boolean Function Implementation)

1. (® Al Tools & Digital Learning Tools

These tools are selected based on the “Suggested Learning Resources” in your syllabus and
modern educational best practices. They allow you to move from calculating on paper to
simulating on a screen.

Tool Name

Purpose & Use-Case

How it Helps in Unit-3

Syllabus
Reference

CircuitVerse.org

Interactive Logic
SimulationBrowser-based tool
to drag-and-drop logic gates
and see inputs/outputs change
in real-time.

Perfect for verifying your SOP/POS
circuits. After simplifying an equation
using a K-Map, build the circuit here to
prove it works with fewer gates.

Tinkercad
Circuits

Realistic Breadboard
SimulationSimulates physical
wiring, IC chips (7408, 7432),
and power supplies just like in
the lab.

Use this to practice for Lab
Experiment 9 & 10. You can place 74-
series chips and wire your simplified 3-
variable logic before touching real
hardware.

Virtual Labs (1IT)

Remote Laboratory
ExperimentsVirtual
experiments for Digital
Electronics hosted by IIT
Kharagpur/Roorkee.

Offers specific modules on
“Simplification of Boolean Functions”.
Great for practicing the exact lab
procedures mentioned in the syllabus
without needing physical equipment.

K-Map Solver
(Web/App)

Instant VerificationVarious free
online calculators where you
input a truth table and get the
K-Map grouping.

A self-correction tool. Solve the 4-
variable K-Map homework manually
first, then input the values here to
check if your grouping
(Pairs/Quads/Octets) was optimal.

N/A
(General
Tool)

ChatGPT /
Gemini

Concept Tutor & Problem
GeneratorAl text assistants.

Ask: “Generate 5 practice problems for
4-variable K-Maps with Don’t Care
conditions.” or “Explain the rule of
Gray Code numbering in K-Maps
simply.”

N/A
(General
Tool)

2. (?,7 Video Learning Repository

A curated list of high-quality video lectures. These channels are chosen for their clarity and
suitability for Diploma-level engineering students.

Note for Students: Copy and paste the “Search Keywords” directly into YouTube
or the platform search bar to find the exact video.

Recommended Channel / Lecturer Search Keywords

Neso Academy SOP and POS
Minterm Maxterm

Topic Name

Basics of SOP & POS
(Canonical Forms)

Neso Academy(Highly detailed,
standard for electronics)

K-Map Introduction (2
& 3 Variables)

All About Electronics(Excellent
visuals, very clear voice)

ALL About Electronics K map
introduction 3 variable

4-Variable K-Map &
Grouping Rules

Gate Smashers(Hindi/English mix,
great for exam tricks)

Gate Smashers K Map 4
variable grouping rules

Don't care condition in K
map digital electronics

Technocratz or Neso
Academy(Focuses on
Diploma/Degree basics)

Don’t Care Conditions
in K-Map
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Topic Name

Recommended Channel / Lecturer

Search Keywords

SOP vs POS Circuit
Implementation

Engineering Funda(Prof. Hitesh
Dholakiya)

Implementation of Boolean
Function using Logic Gates
SOP POS

Digital Logic Virtual
Lab Demo

Virtual Labs (Official Channel)

Virtual Labs IIT Kharagpur
Digital Electronics Lab Demo

@ Curator’s Tip for Success

“Visualize before you Memorize.” Unit 3 is highly visual. Do not just read the textbook.

1. Watch a Video to understand how to circle the groups.

2. Use Tinkercad to build the circuit virtually.
3. Finally, use the Virtual Labs to perform the experiment formally.

Based on the syllabus provided, here is the Predicted Question Bank for Unit-3: Boolean
Function Implementation.

This unit holds 15% weightage, meaning you can expect approximately 10-12 marks in the
final theory exam. The focus is heavily on the application of Karnaugh Maps (K-Maps) and
understanding standard forms (SOP/POS).
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% Predicted Question Bank: Unit-3 (Boolean Function Implementation)

1. Most Repeated / High-Probability Questions (Theory & Concept)

These questions are based on standard Diploma exam trends and the “R” (Remember) and
“U” (Understand) levels specified in the syllabus.

Short Answer Questions (2 Marks)

1. Define Minterm and Maxterm.
o Tip: Write the notation (Ym vs [IM) and a small example (e.g., m; = ABC).
State the need for simplification of Boolean expressions.
o Key Points: Reduces cost, power consumption, space, and propagation delay.
. What is a “Don’t Care” condition? Give its symbol.

o Tip: Mention that it represents invalid inputs (like 10-15 in BCD) and is
denoted by ‘X’ or ‘d’.

Differentiate between SOP (Sum of Products) and POS (Product of Sums).

o Tip: Use a table comparing logic gates (AND-OR vs OR-AND) and focus (1s vs
0s).
. Why is Gray Code used in Karnaugh Map labeling?
o Tip: Mention “Unit Distance” or “Adjacency” property which allows
simplification.
Draw the structure of a 3-variable K-Map and label the cells.
o Key Check: Ensure column numbering is 00, 01, 11, 10.

Descriptive Questions (3-4 Marks)

7. Explain the rules for grouping in a Karnaugh Map.
o Include: Pair, Quad, Octet, Overlapping, Rolling (wrapping), and Redundant
groups.
8. Convert the following Boolean expression into Canonical SOP form: Y = A + BC.
o Method: Multiply missing variables by (X + X).
9. Simplify the following expression using Boolean Laws (NOT K-Map): Y = AB +
A(B+C)+ B(B + ().
o Note: Although Unit 3 focuses on K-Map, some exams ask for algebraic
simplification to compare methods.

10. Explain how “Don’t Care” conditions are utilized to simplify logic circuits with an
example.

2. Application & Logical Thinking Questions (High Scoring)
These questions test “A” (Application) level outcomes. They are crucial for scoring full marks.
Long Answer / Design Questions (4-7 Marks)

11. Simplify the following function using a K-Map and realize the circuit using Logic
Gates:

F(A,B,C,D) = ¥m(0,1,2,4,5,6,8,9,12,13,14)

o Exam Strategy: This is a classic “Quad” and “Octet” hunting question.
o Diagram:
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12. Design a logic circuit for the following function using Universal Gates (NAND/NOR)
only:

F(W,X,Y,Z) =Ym(1,3,7,11,15) + d(0,2,5)
o Twist: Includes Don’t Care (d).
o Step 1: Simplify using K-Map.
o Step 2: Convert the final AND-OR equation to NAND-NAND logic.
13. Real-Life Scenario (Safe Lock Project):

“A bank safe has 4 locks (A, B, C, D). The alarm should ring (Y = 1) ONLY if:

Lock A is Open AND Lock B is Closed
OR if Lock Cis Open and Lock D is Open.”
Task: (i) Write the Boolean Equation. (ii) Plot it on a K-Map. (iii) Find the
minimal circuit.
o Relevance: Similar to the syllabus Project #18.
14. Standard Form Conversion:

“Convert the given POS function to SOP form:”
F(A,B,C) =1M(0,2,4,5,7)

o Hint: If Maxterms are 0, 2, 4, 5, 7, then Minterms are the missing numbers: 1,
3,6.50, F = Ym(1,3,6).
15. Staircase Light Logic (Syllabus Specific):

“Design a circuit for a staircase light controlled by two switches. The light should be
ON when the switches are in different positions.”

o Task: Derive Truth Table = K-Map — Logic Circuit (XOR gate).

@ Exam Strategy Tip

e Always Draw the Map: Even if the question looks simple, drawing the K-Map
structure (boxes) gets you marks for “Step-wise working.”
Check the Syllabus: The syllabus explicitly mentions “Basic Problems” for 4-variable
maps. Do not waste time on extremely complex “Prime Implicant” theory tables;
stick to graphical K-Map grouping.

Based on the GTU Diploma Engineering Syllabus (Course Code: DI02000161), specifically
Unit-3: Boolean Function Implementation, here are three practical laboratory exercises
designed to bridge the gap between K-Map theory and real-world circuit building.

These practicals directly map to Course Outcome 3 (CO3): Apply Karnaugh map for
optimized circuit implementation.
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& Practical Exercise 1: The “Optimization Challenge” (Basic Gates)

Aligned with Syllabus Practical No. 9: Simplify given Boolean expression using K-map and
design Logic Circuit using basic logic gates.

1. Objective: Students will be able to demonstrate the efficiency of K-Map simplification by
physically building two circuits: one representing a complex unsimplified equation and one
representing the simplified K-Map result, proving that they produce the exact same output
with fewer components.

2. Task / Activity:

e Problem Statement: You are given the function Y = ¥m(0,1,3,2).

e Step 1 (Theory): Plot these minterms on a 2-variable K-Map. Group the 1s to derive
the simplified Boolean expression (Hint: The result should be Logic 1 or a single
constant, but let’s use a slightly more complex one like Y = Y:m(0,1,2) which
simplifies to A + B i.e., NAND logic).

Step 2 (Simulation/Hardware):

o Circuit A (Unsimplified): Build the circuit for the raw expression AB + AB +
AB using NOT (7404), AND (7408), and OR (7432) gates on a breadboard or
simulator (Tinkercad/CircuitVerse).

o Circuit B (Simplified): Build the circuit for the simplified expression (NAND or
NOR equivalent) derived from the K-Map.

e Step 3 (Verification): Connect LEDs to the outputs of both circuits. Toggle switches A
and B. Verify that both LEDs turn ON/OFF exactly in sync, proving the K-Map works.

3. Viva-Voce Questions:

e “In your K-Map, you grouped adjacent 1s. What is the physical meaning of
‘adjacency’ in terms of digital bits?” (Expected Answer: Only one bit changes state
between neighbors—Gray Code property).

“If you left one minterm ungrouped, how would that affect the hardware cost of
your final circuit?”

“Why is the K-Map method preferred over Boolean Algebra rules for this specific
experiment?”

& Practical Exercise 2: Universal Logic Implementation (NAND/NOR)

Aligned with Syllabus Practical No. 10: Simplify given Boolean expression using K-map and
design Logic Circuit using Universal gates.

1. Objective: Students will acquire the competency to implement any K-Map derived SOP
(Sum of Products) equation using only Universal Gates (NAND), a standard industry practice
to reduce inventory costs (using one type of chip instead of three).

2. Task / Activity:

e Problem Statement: Design a logic circuit for a 3-variable function: F(4,B,C) =
Ym(0,2,4,6).
Step 1 (Map it): Plot on a 3-variable K-Map. Identify the Rolling/Wrapping groups
(Corners).
o Simplification: The grouping of corners (0,2,4,6) should yield C.
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o (Alternative Example for more gates): Use F = Y m(0,1,2,5).
e Step 2 (Convert): Derive the simplified SOP expression. Convert this AND-OR logic
into NAND-NAND logic using De Morgan’s theorem concepts.
e Step 3 (Build):
o Use IC 7400 (Quad 2-Input NAND).
o Wire the entire logic using only NAND gates.

o Test the truth table outcomes using the Digital Trainer Kit inputs and observe
the LED output.

3. Viva-Voce Questions:

e “Why do we call the NAND gate a ‘Universal Gate’? Can you demonstrate how to
make a NOT gate using a NAND gate?”
“When converting a standard SOP expression to NAND logic, why don’t we need to
invert the inputs between the two layers of gates?” (Expected Answer: The double
inversion cancels out).
“If we used NOR gates instead of NAND, which standard form (SOP or POS) would be
easier to implement directly?”

& Practical Exercise 3: Real-World Design — “The Staircase Switch”

Aligned with Syllabus Project Item 17: K-map based Logic Circuit Implementation Problem:
A staircase light is controlled by two switches.

1. Objective: Students will apply “Design Thinking” to translate a verbal real-life problem
into a digital truth table, simplify it using a K-Map, and realize a working control system.

2. Task / Activity:

e Scenario: You need to automate a staircase light. It has two switches: one at the
bottom (A4) and one at the top (B). The light (Y) should toggle state whenever any
switch is flipped.

Step 1 (Logic Formulation):
o Create a Truth Table where Y = 1 when switches are different (01 or 10).
o Plot the 1s on a 2-variable K-Map. (Note: This will result in a “Checkerboard”
pattern where no grouping is possible).
Step 2 (Implementation):
o Derive the equation: Y = AB + AB.
o Identify this as the XOR relationship.

o Build the circuit using IC 7486 (XOR Gate) OR implement it using basic gates
(AOI logic) as derived from the raw K-Map equation.

e Step 3 (Validation): Simulate the “walking up the stairs” action by toggling Switch A,
then Switch B, verifying the light turns On/Off appropriately.

3. Viva-Voce Questions:

e “In this specific K-Map, why were we unable to group the 1s into a Pair? What does a
‘Checkerboard’ pattern usually indicate?” (Expected Answer: XOR/XNOR logic).

e “If we added a third switch (e.g., a Master switch in the bedroom) to this system,
how many cells would your K-Map need?”
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e “How does this digital logic circuit compare to the actual electrical wiring of a 2-way
switch used in homes?”

Based on the GTU Diploma Engineering Syllabus (Fundamental of Digital Electronics),
specifically Unit-3: Boolean Function Implementation and the Suggested Project List, here
are two simple, exam-oriented mini-project ideas.

These projects are designed to be implemented using basic hardware (Breadboards, LEDs,
ICs) or free simulators like Tinkercad / CircuitVerse, making them cost-effective and safe.

& Mini-Project 1: Smart Staircase Lighting System

(Based on Syllabus Project Item 17)
1. Objective & Working Principle:

e Objective: Design and build a circuit where a single light bulb can be turned ON or
OFF from two different locations (e.g., bottom and top of stairs).

e Working Principle: The system uses two switches (A and B). The light (Y) turns ON
only when the switch positions are different (i.e., one is ON, the other is OFF). If both
are ON or both are OFF, the light stays OFF. This is the classic application of XOR
logic.

2. Application of Unit-3 Concepts:

e Truth Table Formulation: Students must create a truth table for 2 inputs (A4, B)
where output Y is High for inputs 01 and 10.

K-Map Simplification: Students plot these values on a 2-variable K-Map. Since the 1s
are diagonal, they cannot be grouped, leading to the equation Y = AB + AB.

Implementation: Students realize this equation using either basic gates (AND-OR-
NOT) or a specific XOR IC (7486).

3. Cross-Disciplinary Relevance:

e Civil / Architectural Engineering: Understanding building automation and electrical
layout planning.
e Electrical Engineering: Basics of 2-way wiring logic used in residential electrification.

4. Skills Developed:

e Translating a verbal problem into a Truth Table.
e Recognizing logic patterns (Checkerboard pattern = XOR).
e Hardware troubleshooting on a Breadboard.

(9 Mini-Project 2: Industrial Safety Interlock System

(Simplified variation of Syllabus Project 18)
1. Objective & Working Principle:

e Objective: Create a safety control circuit for an industrial machine (represented by
an LED/Motor) that runs ONLY when specific safety conditions are met.
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Working Principle: The machine operates based on 3 inputs: Master Switch (M),
Safety Guard Sensor (S), and Operator Seat Sensor (O).
o Logic: The machine runs (Y = 1) only if the Master Switch is ON AND (The
Guard is Closed OR The Operator is Seated).
o Equation:Y =M - (S+ 0).

2. Application of Unit-3 Concepts:

e SOP & POS Forms: Students write the logic statement and convert it into a Standard
SOP form.

3-Variable K-Map: They plot the conditions on a 3-variable K-Map to prove that the
simplified equation (MS + MO) requires fewer gates than the non-simplified version.

Logic Minimization: Demonstrates how simplification saves hardware (reducing the
number of 74-series chips required).

3. Cross-Disciplinary Relevance:

e Mechanical / Industrial Engineering: Understanding automated safety protocols and
machine guarding logic.

e Instrumentation: Logic interfacing with binary sensors (Limit switches, Proximity
sensors).

4. Skills Developed:

e Design Thinking: Creating a logic system for safety.

e Simulation: Using tools like Tinkercad to simulate inputs without risking physical
machinery.

e Cost Analysis: Understanding that fewer gates = lower cost.

Based on the GTU Diploma Engineering Syllabus (Course Code: DI02000161) for Unit-3:
Boolean Function Implementation, here is a differentiated learning plan tailored for two
distinct student groups. This unit carries 15% weightage, making it a high-yield unit where
mastering the technique (K-Map) guarantees marks.

@) Track A: Remedial Learning Plan (For Slow Learners)

Goal: Secure minimum passing marks (approx. 5-7 marks from this unit). Strategy: Focus on
“R-Level” (Remember) and basic “U-Level” (Understand) questions. Master the structure of
the K-Map so mistakes are minimized in the setup phase.

1. The “Big 5” Essential Topics

1. Standard Forms (Definitions):
o Focus: Memorize the difference between SOP (},m - Sum of Minterms) and
POS (IIM - Product of Maxterms).
Exam Tip: If the question says }m(1,3,5), know that you must place 1s in
those cells.
2. K-Map Structure (Gray Code Numbering):
o Focus: Practice drawing the 3-variable and 4-variable grid.
o Critical Rule: Memorize the row/column order: 00, 01, 11, 10. (Slow learners
often write 10 before 11, which gets 0 marks).
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3. Plotting Minterms:

Focus: Correctly placing the 1sin the correct boxes based on the cell
numbers (0-15).

Self-Study: Use a blank K-Map template and practice filling numbers 0-15 in
the corner of each box until it is automatic.

3. Basic Grouping (Pairs & Quads):

o Focus: Identify adjacent 1s. Learn that a Pair (2 ones) removes 1 variable, and
a Quad (4 ones) removes 2 variables.

o Simplification: Avoid diagonal grouping (a common error). Only vertical or
horizontal.

4. Logic Gate Implementation:
o Focus: Draw the final result using basic AND, OR, NOT gates.
o Exam Tip: Even if your simplification is slightly wrong, drawing the circuit for
your final equation gets you step marks.

#2 Teacher’s Instruction for Track A:

e Drill Pattern: Do not teach Boolean Algebra rules (Unit 2) for this unit. Focus entirely
on the visual K-Map method.
Visual Aid: Use colored pens to circle groups. “Red circle for Quads, Blue circle for
Pairs.”

ﬂ Track B: Advanced Learning Track (For High Achievers)

Goal: Score full marks (Distinction level). Strategy: Focus on “A-Level” (Application) and
“Design” capabilities. Master optimization and translation of real-world problems into K-
Maps.

1. Advanced Concepts & Differentiators

1. 4-Variable K-Map with “Don’t Care” Conditions:

o Focus: Solve problems where d or X (Don’t Care) is used to create Octets (8
ones) or larger Quads.

Differentiation: Know when to ignore a Don’t Care (treat as 0) versus when to
use it (treat as 1) to minimize the literal count.

2. Product of Sums (POS) Simplification:
Focus: Most students only learn SOP. High achievers must master POS
mapping (grouping 0s) and writing the result as (4 + B)(...).
Technique: Alternatively, find the SOP of F (grouping 0s) and invert the final
equation using De Morgan’s to get POS.
2. Word Problem Translation (Design):
o Focus: Translate verbal constraints into Truth Tables.
o Case Study: The “Safe Lock” problem (Project 18 in syllabus) or “Staircase
Switch” (Project 17).
o Task: “Design a circuit that opens a safe only when Executive A and B are
present, or Cand D are present.” — Truth Table - K-Map — Circuit.
3. Universal Gate Realization (NAND/NOR Logic):

o Focus: After K-Map simplification, do not stop at AND-OR logic. Convert the
circuit to NAND-NAND (for SOP) or NOR-NOR (for POS) logic.
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o Why? This is how industry actually implements circuits (reducing IC
inventory).
4, Redundant Group Elimination:
o Focus: Identify and remove redundant groups (groups whose 1s are
completely covered by other essential groups).
Exam Tip: A “clean” answer with no redundant terms differentiates a topper

from an average student.

X Teacher’s Instruction for Track B:

e Challenge Problem: Give them a K-map with “Checkerboard” pattern (diagonal 1s)
and ask them to implement it using XOR gates (7486) instead of basic gates.
Hardware constraint: “Simplify this 4-variable function and implement it using ONLY
two 7400 ICs (Quad 2-input NAND).” This forces optimization.

Here is the complete compilation of all Unit 3 content (Study Plan, Lectures, Toolkit,
Assessments, Resources, Questions, Practicals, Projects, and Learning Plans) formatted as a
single, clean document. You can copy the content inside the code block below, paste it into
Notepad or a Markdown editor, and save it to convert into a Word document.
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Unit 4 —Basic
Combinational Circuits




Hello! It is a pleasure to assist you again. Acting as your Departmental Lecturer and Mentor,
| have analyzed the syllabus for Course Code DI02000161: Fundamental of Digital
Electronics.

We are looking at Unit—4: Basic Combinational Circuits.

lecturer’s Opening Remarks

“Team, listen up! This is arguably the most ‘scoring’ unit in your syllabus.

o Weightage: It carries a massive 28% weightage despite only being allocated 08
lecture hours.
Impact: This is where you move from just ‘knowing’ logic gates to ‘building’ actual
functional circuits like calculators and displays.
Goal: By the end of this plan, you won’t just memorize truth tables; you will be
designing the brain of a digital system.”

Strategic Study Plan: Unit—4 Basic Combinational Circuits

Total Allocated Time: 08 Hours Course Outcome (CO) Mapping: CO4 - Build simple
combinational circuits based on simplified Boolean expressions. Bloom’s Level:
Understanding (U) & Application (A).

The Learning Roadmap (Logical Sequence)
1. Arithmetic Operations: We start here because it connects directly to the binary
math you learned in Unit 1.

Data Selection (Mux/DeMux): Once we can calculate, we need to learn how to route
data signals.

Code Conversion (Encoder/Decoder): Finally, we learn how to interface machines

with humans (keyboards and displays).

Detailed Topic-Wise Breakdown

Session

Syllabus
Topic ID

Topic & Sub-
Topics

Content Depth
(Diploma Level)

Exam
Importance

Practical
Relevance

1&2

4.1

Arithmetic
Circuits (Adders)e
Half Adder & Full
Addere Block
Diagram, Truth
Table, Logic
Diagram

e Core Concept:
Understanding the
carry bit.e
Derivation: Getting
SOP expressions for
Sum & Carry.e
Circuit: Draw using
basic gates.

Critical (High
probability
of long
questions)

Essential for
ALUs
(Calculators).

Arithmetic
Circuits
(Subtractors)e
Half Subtractor &
Full Subtractor

e Core Concept:
Understanding the
‘Borrow’ bit.e
Comparison:
Compare HA vs. HS
logic.

Basic computing
operations.

Multiplexers
(Data Selectors)e
2:1, 4:1, 8:1 Muxe

¢ Concept: “Many
to One”.e
Application:
Implementing

Very High
(Often asked
to
implement

Used in
communication
systems & signal
routing.
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Syllabus Topic & Sub- Content Depth . Exam Practical

Sessi . . .
ession Topic ID Topics (Diploma Level) Importance Relevance

Applications of boolean functions logic using
Mux using a Multiplexer Mux)
(very popular exam
question).

Demultiplexers ¢ Concept: “One to Medium Signal

(Data Many”.e Relation: distribution.
Distributors)e 1:2, | Explain it as the
1:4, 1:8 DeMux reverse of Mux.

Decoders & ¢ Concept: Binary to . LED Displays,
Display Driverse decimal/human Seven-Segment
2:4, 3:8 Decodere readable.e Focus: indicators.

BCD to 7-Segment | specifically the BCD
Decoder to 7-segment for
driving LED displays.

Encoderse Octal to | ® Concept: Human Medium Keyboards &
Binary (8:3)e input (decimal) to keypads.
Decimal to BCD machine language
(binary).

Faculty & Student Execution Guidelines

1. For Classroom Teaching (Faculty View)

e The “Black Box” Approach: Start every topic with a Block Diagram. Show inputs and
outputs before showing the internal gates. This helps Diploma students visualize the
“function” before getting lost in the wiring.

The Trinity Rule: For every circuit (Adder, Mux, Decoder), ensure students can
produce three things:

1. Truth Table (The Logic)
2. Boolean Expression (The Math - simplified using K-Map from Unit 3)
3. Logic Diagram (The Circuit)
Visual Aid Trigger: When explaining the BCD to 7-segment decoder, use a visual of a
digital clock to make it relatable.
2. For Student Self-Study (Examination Focus)

e Study Hack: Don’t memorize the circuit diagram! Memorize the Truth Table. If you
know the Truth Table, you can derive the equation (SOP) and draw the circuit on the
spot.

Key Differentiation: Be prepared to answer “Difference between Half Adder and Full
Adder” or “Difference between Multiplexer and Demultiplexer”.
Don’t-Skip Topic: Full Adder implementation using two Half Adders. This is a classic
conceptual question.

3. Suggested Practical & Lab Work

e Based on the provided Practical List:
o Lab Session 1: Build/Test Half Adder & Full Adder (Sr. No 11, 12).
o Lab Session 2: Build/Test Half Subtractor & Full Subtractor (Sr. No 13, 14).
o Lab Session 3: Multiplexer/Demultiplexer logic (Sr. No 15).
o Lab Session 4: Decoders and Encoders (Sr. No 16, 17).
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Next Step for You

We have the roadmap. To proceed with creating the content, would you like me to:

1. Draft the Lecture Notes for the first topic (Half & Full Adders) including the
definition, truth table, and circuit explanation?
Generate a “Question Bank” for Unit 4 with answers modeled on the “Suggested
Specification Table” (R/U/A levels)?

3. Create a Lab Manual Draft for the “Full Adder” experiment?

Just let me know which direction serves your curriculum development best!
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Here is the detailed lecture content for Unit 4.1: Half Adder and Full Adder, designed for
your Diploma Electrical Engineering students.

Lecture 4.1: The Brain of the Calculator — Half & Full Adders

Course: Fundamental of Digital Electronics (DI02000161) Duration: 60 Minutes Topic:
Arithmetic Combinational Circuits

1. The Hook (5 Minutes)

(Lecturer Activity: Walk in and hold up a basic calculator or smartphone.)

“Good morning, engineers. Quick question: When you type ‘5 + 5’ into this calculator, it
instantly gives you ‘10’. But this machine doesn’t have a human brain. It doesn’t know what
‘5% is. It only knows ‘High’ (1) and ‘Low’ (0).

So, how does a pile of plastic and silicon actually do math?

Today, we are going to build the ‘brain’ of a calculator. We are moving from Unit 2—where
we learned unconnected logic gates—to Unit 4, where we combine them to do useful work.
By the end of this hour, you will be able to design the exact circuit that performs binary
addition. We call these circuits Adders.”

2. Core Concepts (40 Minutes)

Part A: The Half Adder (HA) “Let’s start small. Imagine we want to add two single binary
bits, let’s call them A and B.”

(Lecturer Note: Write the 4 possible cases of binary addition on the board)

e 0+0=0
e 0+1=1
e 1+0=1
e 1+ 1=10(Inbinary, 2is ‘10’. We write 0 as sum and carry 1).
“Notice something? In the last case, we have two outputs: a Sum bit and a Carry bit. This

gives us our definition: > Half Adder: A combinational circuit that adds two input bits and
produces two outputs: Sum (S) and Carry (C).”

Visual 1: The Truth Table (Draw a table with columns: Inputs A, B | Outputs S, C)

e A=0,B=0-5=0, C=0
e A=0,B=1-S=1,C=0
e A=1,B=0-S=1,C=0
e A=1,B=1-5=0,C=1

“Look at the Sum column. It’s high only when inputs are different. Does that ring a bell from
Unit 2? Exactly—it’s an XOR gate. Now look at the Carry column. It’s high only when both A
AND B are 1. That’s an AND gate.

So, the boolean expressions are:
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Carry=A-B

Visual 2: The Logic Diagram (Describe drawing: Place an XOR gate and an AND gate parallel.
Feed inputs A and B into both. The XOR output is ‘Sum’, the AND output is ‘Carry’.)

Part B: The Limitation & The Full Adder (FA) “The Half Adder is great, but it has a major
flaw. It’s like a calculator that can only add single digits. What happens if we are adding big
numbers, like 11 + 117? In the second column, we have a ‘carry’ coming in from the right.
The Half Adder has no input pin to accept that carry! It’s ‘half’ a job.

Enter the Full Adder. > Full Adder: A circuit that adds three bits: Input A, Input B, and a
Carry-In (C;;,) from the previous position.”

Visual 3: Full Adder Block Diagram (Describe drawing: A box with 3 inputs on the left (A, B,
Cin) and 2 outputs on the right (Sum, C,,;).)

Deriving the Logic: “If weadd 1 + 1 + 1 (A, B, and C;;, all High), the answer is 3, which is
11,. So, Sum=1 and Carry=1. Based on the truth table, the expressions become:

Sum=A@BDC,
Carry=A-B+B-Cin+A-Cin

We usually build a Full Adder by chaining two Half Adders together using an OR gate for the
final carry.”

HALF ADDER (HA) FULL ADDER (FA)

P
(Carry-Out)

3. Real-World Applications (10 Minutes)

“Why do we care about this?

4. The ALU (Arithmetic Logic Unit): Every processor, from your digital watch to the
Intel Core i9 in your laptop, has an ALU. The Adder is the heart of the ALU. It’s not
just for addition—subtraction is just addition using 2’s complement (which we saw in
Unit 1).
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5. Ripple Carry Adders: In real life, we chain these Full Adders together. To add two 8-
bit numbers (a byte), we line up 8 Full Adders. The carry out of the first one ripples
into the input of the second. This is how 8-bit, 32-bit, and 64-bit computing works!”

4. Summary & Q&A (5 Minutes)

Key Takeaways:

1. Half Adder: Adds 2 bits. Inputs: A, B. Outputs: Sum (XOR), Carry (AND).
2. Full Adder: Adds 3 bits. Needed for multi-bit addition.
3. Circuit: You can build a Full Adder using two Half Adders + 1 OR gate.

Common Student Doubt:

e Student: “Sir, why is it called ‘Half’ Adder?”

e Answer: Because it’s incomplete! It cannot handle the carry from a previous step, so
it’s only useful for the very first bit of a binary number (the LSB). For all other bits,
you need the ‘Full’ version.

Mentorship Note: The “So What?” for Your Career

“Listen, team. In your upcoming practicals, you will wire this up on a breadboard. But look at
the bigger picture. If you want a career in VLSI Design (Chip Design) or Embedded Systems,
this is your alphabet. Companies like NVIDIA or Texas Instruments don’t just ‘code’; they
design hardware logic. Understanding how to optimize an adder—making it faster and using
fewer gates—is a real engineering problem that pays high salaries. Master this logic, and
you master the foundation of all computing hardware.”
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Here is the detailed lecture content for Unit 4.2: Half Subtractor and Full Subtractor,
tailored for your Diploma Electrical Engineering students.

Lecture 4.2: The Art of Taking Away — Half & Full Subtractors

Course: Fundamental of Digital Electronics (DI02000161) Duration: 60 Minutes Topic:
Arithmetic Combinational Circuits

1. The Hook (5 Minutes)

(Lecturer Activity: Draw a simple subtraction problem on the board: 15 — 7)

“Welcome back, class! Last session, we successfully taught our silicon chips how to add
using logic gates. Today, we tackle the opposite: Subtraction.

Think back to primary school. When you did 0 — 1 in the ones column, what did you do?
You couldn’t do it, so you ‘knocked on the door’ of the next number and borrowed 1. That
concept of ‘Borrow’ is the only thing standing between a simple calculator and a useless
piece of plastic.

In Unit 1, we learned how to do binary subtraction on paper. Today, we are going to wire up
that logic using the gates you mastered in Unit 2. By the end of this hour, you will
understand exactly how a CPU handles negative results.”

2. Core Concepts (40 Minutes)

Part A: The Half Subtractor (HS) “First, let’s look at the simplest case: subtracting one bit (B)
from another (4).

e Minuend (4): The number being subtracted from.
e Subtrahend (B): The number to subtract.

The Truth Table Logic: Let’s build the table together. We have inputs A and B, and outputs
Difference (D) and Borrow (Bo).

4. 0 — 0 = 0 (Diff=0, Borrow=0)
5. 1 -0 =1 (Diff=1, Borrow=0)
6. 1—1 = 0 (Diff=0, Borrow=0)
7. The Tricky One: 0 — 1.
o We can’t subtract 1 from 0. So, we borrow 1 (Borrow output goes HIGH).
o With the borrowed 2 (since binary is base-2), 2 — 1 = 1. So, Difference is 1.

The Boolean Expression: Look at the Difference column. It is High when inputs are different.
Just like the Adder, this is an XOR Gate.

D=A®B

Now look at the Borrow column. It is High only when A = 0 and B = 1. This means we need
to invert A and AND it with B.

Visual Description 1 (Logic Diagram):
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To Draw: Place an XOR gate and an AND gate.
Inputs: Feed A and B into the XOR (Output = Difference).

The Twist: Feed B directly into the AND gate, but put a NOT gate on line A before it
hits the AND gate. (Output = Borrow).”

Part B: The Full Subtractor (FS) “Just like the Half Adder, the Half Subtractor has a fatal flaw.
It assumes we are doing the very first subtraction. But what if a previous column borrowed
from us? We need a Full Subtractor that handles three inputs:

8. A (Minuend)
9. B (Subtrahend)
10. Bin (Borrow In - from the previous stage)

Logic & Construction: We don’t need to memorize a massive truth table. We can build a Full
Subtractor using two Half Subtractors and an OR gate.

e Step 1: Use a Half Subtractor to do A — B.

e Step 2: Take the Difference result and subtract Bin from it using a second Half
Subtractor.

e Step 3: The final Borrow is the logic combination of both steps.”
Visual Description 2 (Block Diagram):

e To Draw: A rectangular box labeled ‘Full Subtractor’.
o Left Side (Inputs): Arrows for A4, B, and Bin.
¢ Right Side (Outputs): Arrows for Dif ference and Bout.

HALF SUBTRACTOR (HS) FULL SUBTRACTOR (FS)

A >
) Half >
(Minuend) —> D .| Subtractor > D

B (Difference) D (Difference)
(Subtrahend) B
Bin

(Borrow-In) B

B out
—> Doyt
(Borrow-Out)

out Half
> Subtractor

—> Bout
(Borrow-Out)

3. Real-World Applications (10 Minutes)

“You might be thinking, ‘Does my laptop really have millions of these subtractor circuits?’
Actually... No.

This is an industry secret: Efficiency. In the real world (ALU Design), we rarely build
dedicated Subtractors. Instead, we use Adders combined with 2’s Complement logic (which
we studied in Unit 1.5).

e A — B is technically the same as A + (—B).
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e So, computers use logic to invert B, add 1, and then feed it into an Adder.

However, you must learn the Subtractor circuit because it teaches you how to design logic
that handles conditional dependencies (like the Borrow bit). This logic is used in:

11. Comparators: Circuits that decide if Number A < Number B (used in thermostats).
12. DSP Chips: Digital Signal Processing for audio noise cancellation.”

4. Summary & Q&A (5 Minutes)

Key Takeaways:

e Half Subtractor: Subtracts 2 bits. Equation: Dif f = A @ B, Borrow = A - B.
e Full Subtractor: Subtracts 3 bits (4, B, Bin). Used for multi-bit subtraction.

e Practical Lab: Next week, you will build this using IC 7486 (XOR), 7408 (AND), and
7404 (NOT) on your breadboards.

Typical Student Doubt:

Student: “Sir, in the Half Subtractor equation, why is the ‘NOT’ on A and not on B?”

Answer: Great question. We only need to borrow when A4 is smaller than B (0 — 1). If
Ais 1and B is 0, we don’t need to borrow. The NOT gate detects that specific ‘small
minus big’ condition.

Mentorship Note: The “Engineer’s Mindset”

“Here is a tip for your future projects: Don’t reinvent the wheel—optimize it. We learned
today that a Full Subtractor is just two Half Subtractors chained together. In engineering, we
call this Modularity. When you write code in Python or C++ next year, or when you design a
power system, break the big, scary problem down into small ‘Half Subtractors’. If you can
solve the small module, you can solve the whole system. That is how complex engineering
gets done.”

135| Page



Here is the detailed lecture content for Unit 4.3: Multiplexers (Data Selectors) — 2:1 and 4:1
Mux, designed for your Diploma Electrical Engineering students.

Lecture 4.3: The Digital Traffic Controller — Multiplexers (MUX)

Course: Fundamental of Digital Electronics (DI02000161) Duration: 60 Minutes Topic:
Transmission Combinational Circuits

1. The Hook (5 Minutes)

(Lecturer Activity: Draw a simple railway track junction where two tracks merge into one.)
“Good morning, future engineers!

Imagine you are a railway controller. You have four trains coming from different cities—
Mumbai, Delhi, Surat, and Rajkot—but you only have one main track leading into the
station. If you let them all go at once, what happens? Crash.

You need a switch. You need a device that selects one train at a time to pass through to the
main track.

In digital electronics, we have the exact same problem. We often have many data sources
(like sensors, microphones, or memory blocks) trying to send data to a single destination
(like a CPU). We need a digital switch to select which data gets through. We call this device a
Multiplexer, or MUX for short. It is also known as a Data Selector.”

2. Core Concepts (40 Minutes)

Part A: The Concept of “Many to One” “A Multiplexer is a combinational circuit that has
Maximum inputs (2"*), One Output, and ‘n’ Select Lines. The ‘Select Lines’ are the boss—
they decide which input gets connected to the output.

Part B: The 2:1 Multiplexer Let’s start with the simplest version.

e Inputs: Dy, D,
e Select Line: S (Because 2! inputs require 1 select line)
e Output:Y

Visual 1: 2:1 MUX Block Diagram (Describe drawing: A trapezoid block with the wider side
on the left containing inputs Dy and D;, and the narrow side on the right with output Y. A
control line S enters from the bottom.)

The Logic (Truth Table):

e When Select (S) is 0, the output connects to Input 0 (Y = D).
e When Select (S) is 1, the output connects to Input 1 (Y = D,).

The Equation & Circuit: We can write this as a Boolean expression:
Y=S-Dy+S-D,

(Lecturer Note: Explain this simply—If S is Not True, take DO. If S is True, take D1.)
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Part C: The 4:1 Multiplexer “Now, let’s scale up. What if we have 4 inputs (D,, Dy, D,, D3)?
We need more control. With 1 bit, we can only count to 1. To count to 3 (00, 01, 10, 11), we
need 2 Select Lines (S;, Sp).

Visual 2: 4:1 MUX Truth Table (Describe drawing: A table with columns Select Inputs (S1,S,)
and Output (Y).)

13.00->Y =D,
14.01-Y =D,
15.10->Y =D,
16.11-Y =D,

Visual 3: Logic Diagram (Describe drawing: Four AND gates. Each AND gate receives one
Data input and a specific combination of Select lines (using NOT gates). All four AND outputs
feed into a single OR gate.)

The Golden Rule: For a 2™: 1 MUX, you always need n select lines.

e 8inputs? You need 3 select lines (23 = 8).
e 16 inputs? You need 4 select lines (2% = 16).”

MULTIPLEXER (MUX) CONCEPTS & BLOCK DIAGRAMS
2:1 MULTIPLEXER (MUX) 4:1 MULTIPLEXER (MUX)

Do —
Do —
D1 —
b

D1 — D2 —

D3 Select Inputs | Output

(S1.5) | (1
S 0 0

— S1 Sy 0 1
| Y =8"Dg + S:Dy | (MSB)(LSB) 1 0
1 1

Y =854'Sg" Do + $1'Sp'Dq + S$1Sp""D2 + $1S¢-D»

3. Real-World Applications (10 Minutes)

“Where will you see this as an Electrical Engineer?

17. Communication Systems: Think of a telephone tower. Thousands of people are
talking, but we only have one fiber-optic cable connecting cities. A MUX takes
samples from thousands of calls and sends them one by one down the single wire.
This is called Time Division Multiplexing.

. Parallel to Serial Conversion: Inside your computer, data moves in 8-bit or 16-bit
chunks (Parallel). But USB (Universal Serial Bus) cables only have one data wire. A
MUX takes those 8 parallel bits and sends them out one by one serially.

. The Multimeter: Look at the rotary dial on your Digital Multimeter. When you turn
the knob to select ‘Volts’ or ‘Amps’, you are mechanically acting as the ‘Select Line’,
telling the internal ADC which sensor to listen to.”
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4. Summary & Q&A (5 Minutes)
Key Takeaways:

e Definition: MUX = Data Selector. “Many Inputs — One Output.”
e Select Lines: The most important part. n lines select from 2" inputs.
e Logic: It uses AND gates to ‘enable’ one input and an OR gate to collect the result.

Typical Student Doubt:

e Student: “Sir, what happens to the other inputs that are not selected? Do they
disappear?”

e Answer: “No, they are still there at the input pins! They are just blocked. The AND
gate for that input is effectively ‘turned off’ because the Select line is making it zero.
It’s like a closed door—the person is outside, but they can’t get in.”

Mentorship Note: Career Connection

“Understanding Multiplexers is your gateway to Telecommunications and VLSI Design. In
the industry, we rarely place individual logic gates anymore. We use massive blocks of
MUXes to route data inside processors. If you understand how to control data flow using
Select lines, you understand the fundamental architecture of every microcontroller you will
use in your final year project. For your practicals, you will be using IC 74151 (8:1 MUX) or
74153 (Dual 4:1 MUX). Don’t just wire it—understand how changing the ‘Select’ pin
instantly changes the output!”
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Here is the detailed lecture content for Unit 4.4: 8-to-1 Multiplexers and Applications,
designed for your Diploma Electrical Engineering students.

Lecture 4.4: The Industrial Switch — 8:1 Multiplexers & Their Power

Course: Fundamental of Digital Electronics (DI02000161) Duration: 60 Minutes Topic:
Transmission Combinational Circuits

1. The Hook (5 Minutes)

(Lecturer Activity: Pretend to look at a security monitor.)

“Imagine you are the security head of a large shopping mall. You have 8 CCTV cameras
installed in different corners, but your desk only has one monitor. How do you check all the
cameras?

You don’t buy 7 more monitors (that’s expensive and takes up space). Instead, you use a
switch to cycle through them: Camera 0, then Camera 1, up to Camera 7.

This is exactly what an 8:1 Multiplexer does. In our last lecture, we handled 2 or 4 signals.
Today, we scale up to 8 inputs. But more importantly, we are going to learn a ‘magic trick’:
how to use this single chip to replace a whole board full of logic gates. This is why the
syllabus specifically highlights Applications for this topic.”

2. Core Concepts (40 Minutes)
Part A: The 8:1 Multiplexer Architecture “Let’s define the specifications for an 8-to-1 MUX.

¢ Inputs: 8 Data Lines (D, to D).

e Output: 1 (Y).

e Select Lines: We need to count from 0 to 7. How many bits do we need?
o 2™ = 8inputs » n = 3 Select Lines.
o Let’slabel them S,,S;, S, (where S, is the MSB).

Visual 1: Block Diagram (Description for notes: Draw a large rectangle. Left side: 8 input
lines labeled DO—D7. Bottom: 3 select lines S2, S1, SO. Right side: 1 output line Y. Top: An
‘Enable’ or ‘Strobe’ pin active low).

Part B: The Truth Table & Logic “The brain of the Mux is the Select Lines. They follow a
binary count:”

S1 | Sy | Output (Y) Connected To...
0|0
0|1

111

“Inside the chip (like the standard IC 74151 mentioned in your lab list ), there are 8 AND
gates and 1 OR gate.
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e If you set Select to 101 (5), the internal logic ‘opens’ the door only for input D5 and
blocks the rest.

Part C: The “Magic Trick” — Mux as a Universal Logic Circuit “This is the most critical
concept for your exams. A Multiplexer can implement ANY Boolean function of n variables.
You don’t need NAND or NOR gates. You just need a Mux.

Example: Implement F(4,B, C) = ¥m(1,2,4,7)

20. Connect Inputs: Connect your variables 4, B, C to the Select Lines S5, S1, Sp.-
21. Hardwire Data Lines: Look at the function list (1, 2, 4, 7).
o Connectinputs D;, D,, D,, D; to Logic 1 (5V).
o Connect all other inputs (D, D3, Ds, Dg) to Logic 0 (Ground).
22. Result: When ABC = 001 (Binary 1), the Mux selects D;. Since D, is tied to 5V, the
output goes HIGH. Exactly what the function asked for!

This turns a complex logic problem into a simple wiring job.”

8:1 MULTIPLEXER (MUX)
lE or Strobe

S S1 Sp
(MSB) (LSB)

Y = (5581S0Dg + $,81S0'D1 + S281S¢'D, + $281S0'D3 + S,81Sy'Dyg + S251Sp'Ds + $281S¢Dg + S,81Sp'Dy) - E

3. Real-World / Industry Applications (10 Minutes)

“Why do we use the 8:1 Mux in the real world?

23. Parallel-to-Serial Converters: In communication, we often have 8 bits of data (a
byte) sitting in a register (like inside a microcontroller). To send this over a single
WiFi or USB wire, we connect the byte to the 8 inputs of a Mux. We then cycle the
select lines (000 — 111) very fast. The 8 parallel bits shoot out the output one by
one.

. Waveform Generation: By hardwiring the 8 inputs to a specific pattern of 1s and Os
(e.g.,1 1 1 @ @ @ 1 1)and cycling the select lines continuously, the Mux output
generates a custom digital waveform or pulse train.

. Logic Function Generator: As we just discussed, in FPGA (Field Programmable Gate
Array) chips, millions of tiny Multiplexers are used to create the logic circuits you
design.”
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4. Summary & Q&A (5 Minutes)

Key Takeaways:

e 8:1 Mux: 8 Inputs, 1 Output, 3 Select Lines (23 = 8).

e |IC 74151: The standard 8-channel Mux IC you will use in the lab. It often has an
active-low Enable pin (E).
Application: It is the most efficient way to implement Boolean functions without
using discrete logic gates.

Typical Student Doubt:

e Student: “Sir, in the exam, if they ask to implement a function using 8:1 Mux, do we
need to draw the internal gates?”

o Answer: “No! Unless specifically asked, just draw the Block Diagram. Label the inputs
Dy — D5, connect 4, B, C to Select lines, and show which D-inputs are tied High (5V)
or Low (GND).”

Mentorship Note: The “Swiss Army Knife” Strategy

“Here is a tip for your future projects and perhaps your final year project: When you are
designing a circuit on a PCB, space is money. If you need to implement a complex logic
condition (like ‘If sensor A is on AND sensor B is off OR sensor Cis on...”), don’t buy 3
different chips (AND, OR, NOT). Just buy one 8:1 Multiplexer. By simply wiring the inputs to
5V or Ground, you can program it to be any logic gate you want. Mastering the Mux makes
you a ‘smart’ designer, not just a ‘hardworking’ one. In your next lab session (Sr. No 15 ), try
to make the Mux act like an XOR gate—it’s a great challenge!”
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Here is the detailed lecture content for Unit 4.5: Demultiplexers (Data Distributors),
tailored for your Diploma Electrical Engineering students based on the provided syllabus.

Lecture 4.5: The Digital Sorter — Demultiplexers (DeMUX)

Course: Fundamental of Digital Electronics (DI02000161) Duration: 60 Minutes Topic:
Transmission Combinational Circuits

1. The Hook (5 Minutes)

(Lecturer Activity: Sketch a single water pipe splitting into four garden hoses with valves on
each.)

“Good morning, engineers! In our last session, we looked at the Multiplexer (MUX), which
acted like a traffic cop allowing many cars onto one road. Today, we put the car in reverse.

Imagine you are at an Amazon distribution center. A single truck arrives filled with packages
(Data). These packages need to be sorted into different delivery vans going to North, South,
East, and West. You need a system that takes One Input and routes it to One of Many
Outputs.

This device is called a Demultiplexer, or DeMUX. It is the digital world’s ‘Data Distributor’.
Without it, your computer wouldn’t know which memory chip to save your file to.”

2. Core Concepts (40 Minutes)

Part A: The Definition (One-to-Many) “A Demultiplexer performs the exact opposite
operation of a Mux.

e Input: Always 1 Data Line (D;;,).
e Outputs: Maximum 2" Lines.
e Select Lines (n): The control signals that decide which output gets the data.

Part B: The 1-to-2 Demultiplexer “Let’s build the smallest one.

e 1lnput(D;,)
e 1 Select Line (S,): Because 21 = 2 outputs.
e 2 Outputs (Y, Y;)

The Logic:

o |If Select (Sy) is 0, the Data flows to Yj,.
e If Select (S,) is 1, the Data flows to Y;.

The Circuit: We use AND gates. Why? Because an AND gate only outputs ‘1’ if all inputs are
1. We use the Select line to ‘enable’ one specific AND gate.

Y0=S_0'Din

Y, =50 Din

(Lecturer Note: Draw two AND gates. Feed D;,, to both. Connect S, directly to the second
gate, and via a NOT gate to the first.)”

142 | Page



Part C: The 1-to-4 Demultiplexer “Now, let’s scale up.

e Outputs: 4 (Y, to Y3).
e Select Lines: We need to count to 3, so we need 2 Selects (51, 5,).

Truth Table Walkthrough: | Select (5;S,) | Active Output | | :— | :— | | 00 | Y, receives
Data | | 01| Y; receivesData | | 10 | Y, receives Data | | 11 | Y5 receives Data |

(Visual Description: Four AND gates arranged vertically. Inputs D;,, goes to all four. S; and S,
are connected through NOT gates to create unique binary combinations for each gate.)”

Part D: The 1-to-8 Demultiplexer “Finally, the big one—often found in labs as IC 74138.

e It has 3 Select Lines (S,, S, Sy) to choose between 8 Outputs (Y, — Y-).

e Lab Tip: In the 74138 IC, the outputs are usually ‘Active Low’ (bubbles on the
output), meaning the selected output goes to 0 while others stay at 1. Watch out for
this in your practicals!”

DEMULTIPLEXER (DEMUX) CONCEPTS & BLOCK DIAGRAMS

1-to-2 DEMULTIPLEXER 1-to-4 DEMULTIPLEXER 1-to-8 DEMULTIPLEXER
(e.g., IC 74138)

Din — i — Yo Din —> Yo

> Y4 B
—> Y,

:D_ Rk > Y

—> Y3 ] —> Y4

S

ma

Active Output Active Output L > Y
Yo [ Y , Yo |Y1|Y2[Ys ]

Yo |Din| O Din| O 0 —> Y7
Y1 | 0| Din 0 0

0

0
0|0 ([Dn| O Note: Outputs Yo-Y7
ololo are Active Low

3. Real-World Applications (10 Minutes)

“Where is this used? It’s hidden everywhere in your computer architecture.

26. Chip Select (Memory Decoding): Your computer has gigabytes of RAM, split across
multiple chips. When the CPU wants to ‘Write’ data, it sends the data on a bus. A
DeMUX uses the address lines (Select lines) to turn on only the specific RAM chip
that needs to store the data.

27. Security Systems: A single alarm signal can be routed to different offices (Fire
Station, Police, or Maintenance) depending on the type of emergency code selected.

28. Serial-to-Parallel Converter: Data coming from a single USB wire (Serial) is fed into a
DeMUX which distributes it into 8 parallel wires to be read by the processor.”

4. Summary & Q&A (5 Minutes)

Key Takeaways:
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DeMUX = Data Distributor. One input = Many outputs.
Relation to MUX: It is the reverse operation. A MUX selects inputs; a DeMUX selects
destinations.

e Syllabus Check: We covered 1:2, 1:4, and 1:8 types.

Typical Student Doubt:

e Student: “Sir, is a DeMUX the same as a Decoder?”

o Answer: “Excellent observation! They are almost identical circuits. A 1:4 DeMUX is
actually a 2:4 Decoder with an ‘Enable’ input. If you treat the ‘Data Input’ as an
‘Enable’ pin, the DeMUX becomes a Decoder. We will study Decoders in detail in
topic4.7.”

Mentorship Note: The “System Architect” View

“Engineers, mastering the DeMUX is crucial for anyone interested in Embedded Systems or
loT (Internet of Things). When you design a smart home system using an Arduino or
Microcontroller, you often run out of pins. You might want to control 16 different LEDs but
only have 4 control pins. A DeMUX allows you to expand your reach—using just a few pins
to control many devices. This concept of ‘Port Expansion’ is a standard interview topic for
junior hardware engineers. In your upcoming lab (Sr. No 15), you will physically build this
using IC 74138. Pay close attention to the Enable pins—they are the key to making it work!”
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Here is the detailed lecture content for Unit 4.6: Encoders, designed for your Diploma
Electrical Engineering students.

Lecture 4.6: The Translator — Encoders

Course: Fundamental of Digital Electronics (DI02000161) Duration: 60 Minutes Topic:
Arithmetic and Logical Combinational Circuits

1. The Hook (5 Minutes)

(Lecturer Activity: Walk to the whiteboard and draw a calculator keypad).

“Good morning, engineers. We have spent the last few lectures talking about how
computers think (Adders/Subtractors) and how they move data (Mux/DeMux). Today, we
answer a simpler question: How do we talk to the computer?

When you press the number ‘7’ on your calculator or the letter ‘A’ on your keyboard, you
are pressing a switch. That switch is a human signal. But the processor only speaks Binary
(1s and 0s). It doesn’t know what a ‘switch’ is.

We need a translator—a circuit that takes a human input (like a button press) and converts
it into a binary code. That circuit is called an Encoder. Without it, your keyboard is just a tray
of plastic buttons.”

2. Core Concepts (40 Minutes)

Part A: What is an Encoder? “An Encoder is a combinational circuit that performs the
reverse operation of a Decoder.

e Input: 2" (or fewer) input lines. Only one input line is active (High) at a time.
e Output: n output lines (Binary code corresponding to the active input).

Part B: Octal to Binary Encoder (8 to 3) “As per our syllabus, let’s start with the 8-to-3
Encoder.

e Inputs: 8 lines (D, to D), representing Octal digits 0-7.
e Outputs: 3 lines (X, Y, Z), representing the 3-bit binary equivalent.

The Truth Table: Imagine Ds is pressed (High). The output should be the binary for 5, which
is 101.

e If Dy is High = Output 000
e If D, is High = Output 111

(Visual Description: Draw 8 horizontal input lines. Draw 3 vertical output lines. Use OR gates
to connect them. For example, Output Z (LSB) is High if D,, D3, Ds, OR D~ is High.)

The Logic Expression: Using OR logic (because the bit is ‘1’ if any relevant input is pressed):
Z =D+ D3+ D5+ D,
Y =Dy, + D3 + Dg + D,
X =D4y+ D5+ Dg + D,
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Part C: Decimal to BCD Encoder “Now, let’s look at the most common type used in real life:
The Decimal to BCD Encoder.

Inputs: 10 lines (D, to D), representing the decimal numbers we use daily.
Outputs: 4 lines (4, B, C, D) to represent the BCD code (0000 to 1001).

Note: Since we have 10 inputs, we technically have ‘unused’ inputs up to 16 (2% =
16). We only use the first 10.

The Circuit: It follows the same logic as the Octal encoder but with 4 OR gates.

e Output D (MSB, weight 8) is High if input 8 or 9 is pressed.
e Output A (LSB, weight 1) is High for inputs 1, 3,5, 7,9.”

Part D: The “Priority” Problem “Here is a critical thinking question: What happens if | press
‘3’ and ‘6’ at the exact same time? A basic encoder will get confused and output garbage.
To fix this, real chips (like the 74147 listed in your lab resources ) are Priority Encoders. They
only encode the highest number pressed. If you press 3 and 6, it ignores the 3 and outputs
6.”

ENCODER CONCEPTS & BLOCK DIAGRAMS
PART A: WHAT IS AN ENCODER? (Definition) PART B: OCTAL TO BINARY ENCODER (8-to-3)

N n
Do —F~>| —> Yo —» Z (LSB)

D(N-1) = — Y(n-1)

> X (MSB)

D1 ——p —> Y1 lD_
}-
]

Only ONE input Binary Code X = D4+Ds+Dg+D7
active at a time — Reverse of Decoder & Output Y = D2+D3+Dg+D7
Z =D1+D3+Ds+D7

PART C: DECIMAL TO BCD ENCODER (10-to-4) PART D: THE PRIORITY PROBLEM (Basic vs. Priority)
MSB s s
: =) A Basic Encoder ———-V——P"(‘:j;, 5’:2‘;;’6"

»>B Ds—bDo} D3 —»{D3

(HIGH) Undefined /
> C Ds —»{ Ds Garbage
(HIGH)
» D De (Higher) is prioritized,
D3 is ignored

— 110
De —»{Ds¢ (Binary 6)

3. Real-World Applications (10 Minutes)

29. Keyboards & Keypads: Every time you type a message, an encoder (or a scanning
matrix acting like one) is converting your keypress into an ASCII or scan code.

30. Position Encoders: In robotics (a field you might enter), “Rotary Encoders” are
attached to motor shafts. They convert the mechanical angle of the motor into a
digital binary code so the robot knows where its arm is.

31. Interrupt Handling: Inside a microcontroller (like Arduino), if multiple sensors trigger
an alarm, a Priority Encoder decides which alarm is most urgent for the CPU to
handle first.

4. Summary & Q&A (5 Minutes)

Key Takeaways:
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Function: Converts Active Input — Binary Output.

Types: Octal to Binary (8 inputs, 3 outputs) and Decimal to BCD (10 inputs, 4
outputs).

e Logic: Built using OR gates.
e Lab: You will build a 4-bit Encoder in Practical No. 17.

Typical Student Doubt:

e Student: “Sir, what happens to D,? It's not connected to any OR gate in the
diagram.”

e Answer: “Sharp eye! D, corresponds to output 800. Since 000 is the default state
when nothing is generated, we often don’t need to wire D, explicitly in a simple
circuit. It’s implied.”

Mentorship Note: The “Interface” Engineer

“As you move toward your final year projects, you will realize that the hardest part of
engineering isn’t the processing—it’s the Interface. How do you get data in and out?
Mastering Encoders means you understand Data Acquisition. Whether you are designing a
voting machine or a digital speedometer, you are effectively designing an Encoder. If you
can master the interface between the ‘Real World’ and the ‘Digital World,” you will always
be in demand in the automation industry.”
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Here is the detailed lecture content for Unit 4.7: Decoders (2-to-4 and 3-to-8), designed for
your Diploma Electrical Engineering students.

Lecture 4.7: The Code Breaker — Decoders

Course: Fundamental of Digital Electronics (DI02000161) Duration: 60 Minutes Topic:
Arithmetic and Logical Combinational Circuits

1. The Hook (5 Minutes)

(Lecturer Activity: Hold up a sealed envelope labelled “011”.)

“Good morning, class! Imagine you are a spy. You receive a secret binary message: ‘011’. To
the average person, it’s just numbers. But to you, it refers to a specific location—maybe
‘Safe House #3'.

In the digital world, your processor is that spy. It constantly sends out binary codes
(addresses) to talk to specific devices—memory chips, displays, or printers. But these
devices don’t ‘speak’ binary directly. They need a device to ‘crack the code’ and wake up the
correct chip.

That device is the Decoder. It takes a coded binary input and activates one specific output
line. If Encoders (which we studied last time) are the ‘translators’ from human to machine,
Decoders are the ‘translators’ back from machine to action.”

2. Core Concepts (40 Minutes)

Part A: What is a Decoder? “A Decoder is a combinational circuit that converts binary
information from n input lines to a maximum of 2™ unique output lines.

e Key Rule: At any given time, only one output is Active (High). All others are Inactive
(Low).
e Relationship: It is the exact opposite of an Encoder.

Part B: The 2-to-4 Decoder “Let’s start simple.

e Inputs: 2 (4, B).
o Outputs: 22 =4 (Yo, Yl' Yz, Y3)
e Enable Pin (E): A master switch. If E = 0, the whole circuit is off.

The Truth Table: Let’s decode the inputs:

32. Input 00: Activates Y.
33. Input 01: Activates V;.
34. Input 10: Activates Y,.
35. Input 11: Activates Ys.

The Logic Circuit: We build this using AND gates and NOT gates.

e Todetect ‘00’ (A = 0,B = 0), we invert both inputs and feed them to an AND gate.
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L] Yz = A . B
e Y,=A B
(Visual Description: Draw 2 vertical input lines A and B. Add NOT gates to create A and B

lines. Draw 4 AND gates horizontally. Connect the appropriate lines to each gate to match
the equations above.)”

Part C: The 3-to-8 Decoder “Now, the industry standard—the 3-to-8 Decoder (often sold as
IC 74138).

e Inputs:3(4,B,C).
e Outputs: 23 = 8 (Y, to ¥,).

How it works: If the input is 101 (Binary 5):
e The decoder looks at the inputs.

e It activates ONLY line Ys.
e LinesY, through Y, and Yg, Y; remain Low.

Building Larger Decoders: “Here is a common exam question: ‘Construct a 4-to-16 Decoder
using two 3-to-8 Decoders.’ Trick: Use the Enable pin!

e Connect the first 3 input bits to both decoders.

e Use the 4th bit (MSB) to toggle the Enable pins.

e When MSB=0, the Top Decoder is ON (Outputs 0-7).

e When MSB=1, the Bottom Decoder is ON (Outputs 8—15).

This is called Cascading.”

DECODER CONCEPTS & BLOCK DIAGRAMS

PART A: WHAT IS A DECODER? (General Definition) PART B: 2-TO-4 DECODER (Logic Diagram & Truth Table)
A
A —4

Outputs

n 2[1 00

n——*— DECODER |—F— E 1
Only ONE output 0
active at a time. | -AB' i 0

(Reverse of Encoder) 0

PART C: 3-TO-8 DECODER (e.g., IC 74138) PART C: CASCADING DECODERS (4-to-16 from two 3-to-8s)

Yo A — Yo
A— b—— Y+ B 3-to-8 8
B — O— > C DECODER :
Cii—oI 3-to-8 D—— Y3 l: E — Y7
DECODER p— VY RV

p—Ys 3-t0-8 TR
E—qE O— Y6 DECODER .

b— 7 D (MsB) —-{>o—{E — Y&-Y1s

Note: Outputs YO-Y7 are Active Low. E is Active Low Enable. MSB (D) selects between Top (0-7) and Bottom (8-15) decoders.

3. Real-World Applications (10 Minutes)

“Where do we actually use this?
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36. Memory Addressing (RAM): This is the #1 use case. Your computer has millions of
memory cells. When the CPU asks for data from ‘Address 100’, a Decoder activates
only the chip at row 100 so it can be read.

37. Instruction Decoding: Inside a CPU, the ‘Control Unit’ reads an opcode (like ADD or
MoV). A decoder reads this binary code and turns on the specific adder or register
circuits needed to do the job.

38.1/0 Port Selection: If you have a printer, a mouse, and a keyboard connected, the
CPU uses a decoder to ‘select” which device it wants to talk to at any millisecond.”

4. Summary & Q&A (5 Minutes)

Key Takeaways:

e Definition: n Inputs —» 2™ Outputs.

e Active High vs. Low: Standard logic diagrams show ‘Active High’ outputs. However,
real ICs like 74138 usually have Active Low outputs (meaning the selected pin goes
to OV, others stay at 5V).

e |C: We will use IC 74138 in our lab.
Typical Student Doubt:

e Student: “Sir, isn’t this the same as a Demultiplexer?”

e Answer: “You are very sharp! A Demux is just a Decoder with a ‘Data’ input. If you
take a Decoder and use the ‘Enable’ pin as a ‘Data’ input, it behaves exactly like a
Demultiplexer. They are chemically the same structure, just used differently.”

Mentorship Note: The “Addressing” Mindset

“Team, understanding Decoders is the key to understanding Computer Architecture. If you
ever wonder how a microcontroller ‘knows’ which pin to turn on when you write
digitalWrite(13, HIGH), it’s because of an internal address decoder. For your project, if
you want to build a giant LED display or a home automation system with 100 switches, you
don’t need 100 wires. You can use a few wires and a handful of Decoders to control them
all. This is efficient engineering. In your next lab (Sr. No 16), you will wire up a 4-bit Decoder.
Watch the LEDs light up one by one—it’s satisfying to watch logic in action!”
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Here is the detailed lecture content for Unit 4.8: BCD to Seven Segment Decoder, tailored
for your Diploma Electrical Engineering students.

Lecture 4.8: Making Numbers Visible — BCD to 7-Segment Decoder

Course: Fundamental of Digital Electronics (DI02000161) Duration: 60 Minutes Topic:
Arithmetic and Logical Combinational Circuits

1. The Hook (5 Minutes)

(Lecturer Activity: Draw a digital figure ‘8’ on the board using 7 distinct lines.)

“Good morning, class! Look at the digital watch on your wrist, the timer on a microwave
oven, or the floor indicator in an elevator. What do they all have in common? They display
numbers using a specific font made of straight lines.

We call this the Seven Segment Display.

But here is the problem: Your microcontroller or digital circuit thinks in Binary (0s and 1s). It
doesn’t know how to draw a shape. If the computer calculates ‘7, it holds the value 8111. If
you send 9111 directly to a display, nothing readable happens.

We need a translator. We need a chip that takes that 4-bit binary code and decides exactly
which of the 7 LED lines to turn on to make the number ‘7’. That translator is the BCD to 7-
Segment Decoder.”

2. Core Concepts (40 Minutes)

Part A: The Anatomy of the Display “Before we build the decoder, we must understand the
destination. A 7-segment display is just 7 LEDs arranged in a figure-8 pattern.

e Labeling: We label them a, b, ¢, d, ¢, f, g starting from the top and going clockwise,
with g in the middle.

o Logic: To display the number ‘1’, we need to turn on segments b and c. To
display ‘8’, we turn on all segments (a through g).”

Part B: The BCD to 7-Segment Decoder “This is a specific type of decoder mentioned in your
syllabus.

e Input: 4 lines representing a BCD (Binary Coded Decimal) digit. Let’s call them
A B,C,D.
e Output: 7 lines (a, b, c,d, e, f, g) to control the display segments.

Visual Description 1 (Block Diagram): (Draw a box. Left: 4 inputs labeled A, B, C, D. Right: 7
outputs labeled a-g. Connect these outputs to a drawing of a 7-segment display.)

Part C: The Logic (Truth Table) “Let’s trace the logic for the number 3:

39. Input: The circuit receives BCD 9011 (Decimal 3).

40. Required Image: A ‘3’ looks like segments a, b, ¢, d, and g are lit. Segments e and f
must be dark.
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41. Decoder Action: The internal logic gates make outputs a, b,c,d, g HIGH and e, f
LOW.

Part D: The Hardware — IC 7447 “In your laboratory, and specifically in suggested activity
#11, you will use the IC 7447.

e Important Practical Note: There are two types of displays: Common Anode (Logic 0
turns it ON) and Common Cathode (Logic 1 turns it ON).

The IC 7447 is usually designed for Common Anode. This means the outputs are
Active Low. It sends a ‘0’ (Ground) to light up an LED. If you connect it wrong, your
numbers will look inverted!”

BCD TO 7-SEGMENT DECODER & DISPLAY SYSTEM

PART A & B: BLOCK DIAGRAM & DISPLAY ANATOMY

BCD Inputs
A (MSB) —p
( ) BCD to

B —; 7-Segment
C > Decoder
(e.g., IC 7447)
D (LSB) —p]

Segment Outputs

Jb

18

O 0 0 0 0 O O
VYVYVVVYYVYY

d

PART C: LOGIC TRUTH TABLE (Example) PART D: HARDWARE - COMMON ANODE CONFIGURATION

BCDInput | o . | Segment Outputs Veo (+5V)
BICID) dle S JRVA JAVA-JAVA VA N

0

1 IC 7447
0 Output

0
0
0
0 3 0 0 1
. - ) IC 7447 provides Active Low outputs to sink current,
Note: ‘0" = ON, 1" = OFF for Active Low (Common Anode) turning ON LEDs in a Common Anode Display.

3. Real-World Applications (10 Minutes)

“This component is the face of digital electronics.

42. Digital Meters: The Digital Multimeter you use in the lab uses these decoders to
show you the voltage reading.

43. Timers and Clocks: Traffic lights with countdown timers use large-scale 7-segment
displays driven by these decoding circuits.

44. User Interfaces: In industrial machines, error codes (like ‘Err 5’) are often shown on
simple 7-segment displays because they are cheaper and more rugged than LCD
screens.”

4. Summary & Q&A (5 Minutes)

Key Takeaways:

e Function: Converts 4-bit BCD (0 — 9) into 7-bit control signals (a — g).
e Standard IC: 7447 (BCD to 7-Segment Decoder/Driver).
e Segments: Labeled a to g. Know the pattern!

Typical Student Doubt:
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e Student: “Sir, BCD only goes up to 9 (1001). What happens if | send 1111 (15) to the
decoder?”

e Answer: “Great question. Standard BCD decoders are designed only for 0-9. If you
send binary 10-15, the display usually shows nonsense symbols or turns off.
However, some advanced ‘Hex Decoders’ can display letters like A, b, C, d, E, F.”

Mentorship Note: The “Human Interface”

“Engineers, this topic teaches you a crucial lesson: Usability. You can design the most
complex processor in the world, but if it can’t communicate the result to the human
operator, it is useless. The BCD to 7-Segment decoder is the bridge between ‘Machine Logic’
and ‘Human Understanding.” As you work on your projects—like the ‘common anode 7
segment display circuit’ suggested in your syllabus —pay attention to how crisp and
readable your output is. In the real world, the quality of the display often defines the quality
of the product in the customer’s eyes.”
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Hello! | am your Student Success Coach & Al Mentor.

Based on the detailed syllabus for Unit—4: Basic Combinational Circuits (Course Code:
DI02000161), | have designed this Student Al Toolkit.

These prompts are “ready-to-use.” You can simply copy and paste them into ChatGPT,
Gemini, or Claude to get instant help with your studies. They cover everything from the
basic definitions of Adders to designing complex Multiplexer systems.

Student Al Toolkit: Unit—4 (Basic Combinational Circuits)

A. Low-Level Prompts (Remember & Understand)

Best for: Quickly getting definitions, truth tables, and basic explanations before an exam.

1. “Define ‘Combinational Circuit’ in simple terms and list three examples from
everyday electronics (like calculators or displays). How is it different from a
Sequential Circuit?”

“Create a simple study table for Half Adder and Full Adder. The columns should be:
Definition, Number of Inputs, Number of Outputs, and Truth Table.”
“I am a Diploma Engineering student. Explain the concept of a Multiplexer (MUX)
using a real-world analogy, like a railway switch or a traffic controller.”
“Generate the Truth Table and Boolean Expressions (Sum and Carry) for a Full Adder
circuit. Explain why we need the ‘Carry-In” input.”
“What is the main difference between a Multiplexer and a Demultiplexer? Explain it
in one sentence suitable for a viva question.”
“List the standard IC numbers for 8:1 Multiplexer, 3:8 Decoder, and BCD to 7-
Segment Decoder. Briefly state what each IC does.”
“Explain the function of an Encoder. How does it convert a decimal key press (like on
a calculator) into a binary number?”
“Draw (or describe) the logic symbol and write the truth table for a 2-to-4 Decoder.”
“What is the specific role of the ‘Select Lines’ in a 4:1 Multiplexer? What happens if
| change the select input from 00 to 017?”

. “Describe the working of a Half Subtractor. What are the two outputs called, and
what are their Boolean equations?”

B. Moderate-Level Prompts (Apply & Analyze)

Best for: Solving homework problems, understanding circuit connections, and lab
preparation.

11. “I have a Boolean function F(4, B,C) = ¥m(1,3,5,7). Explain step-by-step how | can
implement this function using an 8:1 Multiplexer without using individual logic
gates.”

12. “Compare a Full Adder and a Full Subtractor. Create a comparison chart showing
their Block Diagrams, Equations, and which logic gates are used to build them.”

13. “Why do we use a BCD to 7-Segment Decoder (like IC 7447)? Explain how it connects
a binary counter to a visual display unit.”

14. “Act as a lab instructor. Explain how to connect two Half Adders and an OR gate to
build a Full Adder. Describe the wiring connection.”
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. “Analyze the circuit of a 1-to-4 Demultiplexer. If the Data Input is High (1) and Select

Lines are 10, which Output line goes High and why?”

. “What is a Priority Encoder? How is it different from a simple Octal-to-Binary

Encoder? Give an example of a situation where two keys are pressed at once.”

. “Explain the concept of ‘Active Low’ outputs in a 3-to-8 Decoder (IC 74138). How

does this affect how | connect LEDs to the output?”

. “I need to design a circuit that subtracts two binary bits. Walk me through the K-Map

simplification to derive the Difference and Borrow equations for a Half Subtractor.”

. “How can a Decoder be used as a Demultiplexer? Explain the relationship between

the ‘Enable’ pin of a Decoder and the ‘Data Input’ of a Demux.”

. “ldentify the commercial applications of a Multiplexer. How is it used in

communication systems or parallel-to-serial conversion?”

C. High-Level Prompts (Designh & Create)

Best for: Exam distinction questions, design projects, and deep conceptual mastery.

21. “Design Challenge: | need a 16:1 Multiplexer but | only have 4:1 Multiplexer ICs

available. Explain the logic diagram of how to cascade the smaller ICs to build the
larger system.”

. “Create a ‘Troubleshooting Guide’ for a Full Adder circuit on a breadboard. List 3

common reasons why the circuit might not work (e.g., loose ground, floating inputs)
and how to fix them.”

. “Propose a logic circuit design for a ‘Voting Machine’ using a Multiplexer. There are

3 judges (A, B, C). The output should be High only if the majority (2 or more) vote
‘Yes’. Show the truth table and Mux wiring.”

. “Explain the internal architecture of a BCD to 7-Segment Decoder. Derive the

Boolean expression for just Segment ‘a’ using a K-Map based on the BCD inputs.”

. “Synthesize a logic circuit that takes a 3-bit binary number as input and outputs High

only if the number is a Prime Number (2, 3, 5, 7). Which combinational circuit
(Decoder or Mux) is most efficient for this, and why?”

How to Use This Toolkit

For Study Notes: Copy a “Low-Level” prompt into Al to generate clear definitions for
your notebook.

For Lab Prep: Use “Moderate-Level” prompts #14 and #17 before your practical
session to understand the wiring.

For Exams: Use “High-Level” prompt #21 to prepare for “Design/Create” type
guestions (Bloom’s Level C) which are often asked in GTU exams.
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Hello! Acting as your Departmental Examiner and Educator, | have designed this Mastery
Check for Unit—4: Basic Combinational Circuits.

This section is crafted to help Diploma Electrical Engineering students consolidate their
learning, master the technical vocabulary, and prepare for both theory exams (GTU format)
and viva-voce sessions.

The content is strictly aligned with the syllabus provided in DI02000161 Fundamental of
Digital Electronics.

Part 1: Key Definitions / Glossary

Essential technical vocabulary for Unit-4. These 15 terms are frequently asked in “Define the
following” sections of exams.

1.

Combinational Circuit: A digital logic circuit where the output depends only on the
present state of the inputs, with no memory or feedback loops.

Half Adder: A combinational circuit that adds two single-bit binary numbers and
produces two outputs: Sum and Carry.

Full Adder: A circuit that adds three binary bits (two inputs plus a carry-in from a
previous stage) to produce Sum and Carry outputs.

Half Subtractor: A circuit that subtracts one binary bit from another, producing two
outputs: Difference and Borrow.

Multiplexer (MUX): A data selector circuit with multiple input lines and a single
output line, where the output is determined by select lines.

Demultiplexer (DeMUX): A data distributor circuit with one input line and multiple
output lines, routing the signal to a specific output based on select lines.

Encoder: A combinational circuit that converts an active input signal (like a decimal
number) into a coded binary output (like BCD).

Decoder: A circuit that detects the presence of a specific binary code at the input
and activates one specific corresponding output line.

Select Lines: The control inputs in Multiplexers and Demultiplexers that determine
which data path is active.

. BCD to 7-Segment Decoder: A specific decoder that takes a 4-bit Binary Coded

Decimal input and activates the specific segments (a-g) to display a decimal digit.

. Truth Table: A tabular representation showing all possible input combinations and

their corresponding outputs for a logic circuit.

. Block Diagram: A simplified graphical representation of a system showing inputs,

outputs, and the functional unit as a box, hiding internal wiring.

. Active Low: A logic state where the circuit is activated or “ON” when the signal is

Logic 0 (Low), commonly used in Decoder outputs (e.g., IC 74138).

. Cascading: The process of connecting multiple smaller combinational circuits (like

two 4:1 Muxes) together to create a larger one (like an 8:1 Mux).

. Priority Encoder: An encoder designed to handle the issue where two inputs are

pressed simultaneously by only encoding the input with the highest priority.
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Part 2: FAQ & Assessment Section
A. Multiple Choice Questions (MCQs)

Test your conceptual clarity. (Time limit: 20 Minutes)

1. A Half Adder circuit consists of which logic gates? A) Two AND gates B) One XOR and one
AND gate C) One OR and one AND gate D) Two XOR gates

2. How many inputs and outputs does a Full Adder have? A) 2 Inputs, 2 Outputs B) 2 Inputs,
3 Outputs C) 3 Inputs, 2 Outputs D) 3 Inputs, 3 Outputs

3. The Boolean expression for the ‘Difference’ output of a Half Subtractoris: A) A - B B)
ADBCA+BD)A-B

4. A Multiplexer is also known as a: A) Data Distributor B) Data Selector C) Encoder D)
Decoder

5. How many select lines are required for an 8-to-1 Multiplexer? A) 1B)2C)3 D) 8

6. Which combinational circuit is considered the “inverse” of a Multiplexer? A) Encoder B)
Decoder C) Demultiplexer D) Comparator

7. A 2-t0-4 Decoder has an enable input. If the enable input is inactive (Off), what is the
status of the outputs? A) All outputs are High B) All outputs are Low (or inactive) C) One
output is High D) The outputs float

8. Which IC number corresponds to a standard 8:1 Multiplexer? A) 74138 B) 74151 C) 7447
D) 7486

9. The BCD to 7-Segment Decoder is used to drive: A) LED Matrices B) LCD Screens C)
Common Anode/Cathode Displays D) CRT Monitors

10. To implement a Full Adder using Half Adders, you need: A) 1 Half Adder and 1 OR gate
B) 2 Half Adders and 1 OR gate C) 2 Half Adders and 1 AND gate D) 2 Half Adders and 1 XOR
gate

11. In a 4:1 Mux, if the Select lines S;S, = 10, which input is selected? A) D, B) D, C) D, D)
D3

12. An Encoder has 2" input lines. How many output lines will it have? A) n B) 2n C) n? D)
le

13. Which logic gate is used to determine the “Carry” in a Half Adder? A) XOR B) OR C)
NAND D) AND

14. A 1-to-4 Demultiplexer requires how many AND gates for its internal structure? A) 1 B)
2C)4D)8

15. If a Decoder has 3 inputs, how many maximum outputs can it have? A)3B)6 C) 8 D) 9
16. The decimal number ‘7’ in BCD is: A) 0011 B) 0111 C) 1000 D) 1110

17. What is the function of the “Enable” pin on a decoder IC like 74138? A) To select the
data B) To activate or deactivate the entire chip C) To provide power supply D) To invert the
output

18. Which circuit is used to convert a decimal keyboard input into binary code? A) Decoder
B) Multiplexer C) Encoder D) Full Adder
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19. In a Half Subtractor, the ‘Borrow’ output is High when: A)A =0,B=0B)A=1,B=0
C)A=1B=1D)A=0,B=1

20. Why is a Full Subtractor needed instead of a Half Subtractor? A) To subtract larger
numbers B) To handle the borrow from a previous position C) To increase speed D) To
reduce the number of gates

B. Short Answer / Viva Questions

Prepare these for your practical viva-voce or 2-mark theory questions.

1. Question: “State the fundamental difference between a Combinational and a
Sequential circuit.”

o Answer: A combinational circuit’s output depends only on current inputs (no
memory), whereas a sequential circuit’s output depends on current inputs
and past outputs (has memory/feedback).

Question: “Why do we call the Multiplexer a ‘Universal Logic Circuit’?”

o Answer: Because an 8:1 Mux can be used to implement any 3-variable
Boolean function and a 16:1 Mux can implement any 4-variable function
without needing separate logic gates.

Question: “Draw the block diagram of a Full Adder and name the inputs and
outputs.”

o Answer: (Student should draw a block with inputs A, B, C;;, and outputs Sum,
COUL’)'

Question: “Explain why a Demultiplexer is often called a ‘Data Distributor’.”

o Answer: Because it takes data from a single source (Input) and distributes it

to one of many destinations (Outputs) based on the selection control.

Question: “What is the specific application of a BCD to 7-Segment Decoder (IC
7447)?"

o Answer: It is used to convert the 4-bit binary output of digital systems (like
counters) into a format that can light up a numeric display (0-9) for human
reading.

Question: “If you need to build a 4:16 Decoder, but you only have 3:8 Decoder ICs
(74138), how many do you need and how do you connect them?”

o Answer: You need two 3:8 Decoders. You connect the MSB (Most Significant
Bit) of the input to the ‘Enable’ pins (one inverted, one direct) to switch
between the two chips.

Question: “What is the boolean equation for the Sum of a Full Adder?”

o Answer:Sum =A@ B @ C;,

Question: “Define ‘Priority Encoder’. Why is it better than a simple Encoder?”

o Answer: A simple encoder generates errors if two keys are pressed at once. A
Priority Encoder solves this by only generating the code for the highest-value
input.

Question: “In a 4-to-1 Multiplexer, what logic gates are inside the chip?”

o Answer: It contains 4 AND gates (to select inputs), NOT gates (for select
lines), and 1 OR gate (to collect the output).

. Question: “What is the difference between an Active High and an Active Low output
in a Decoder?”
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o Answer: Active High means the selected output goes to Logic 1 (5V). Active
Low means the selected output goes to Logic 0 (Ground/0V), which is

common in commercial ICs like 74138.

Answer Key (For MCQs)

Q2

Q3

Q4

Q5

Q6

Q7

C

C

C

B
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Hello! Acting as your Digital Learning Curator and Educator, | have compiled this Digital
Resource Library for Unit—4: Basic Combinational Circuits.

This collection connects you with the best digital tools and video content to visualize
abstract logic, simulate circuits before hitting the lab, and revise complex topics like
Multiplexers and Decoders effectively. The resources selected are aligned with the Diploma
curriculum and the suggested learning resources.

1. Al Tools & Digital Learning Tools

Recommended tools to visualize, simulate, and practice digital logic design.

1. CircuitVerse / CircuitLab
o Type: Online Logic Simulator (Browser-based).
o Purpose: To build and test combinational circuits (like Adders and Mux)
without installing software.
How it helps in Unit-4: You can drag-and-drop logic gates to build a Full
Adder or 4:1 Multiplexer. It shows real-time signal flow (wires light up when
High), helping you “see” how data routing works in Mux/DeMux circuits.
2. Tinkercad (Circuits)
o Type: 3D Virtual Breadboard Simulator.
o Purpose: To practice wiring actual ICs (Integrated Circuits) on a breadboard
virtually.
How it helps in Unit-4: Perfect for preparing for practicals (e.g., wiring IC
7483 or IC 74151). You can place chips, connect power rails, and wire
inputs/outputs exactly as you would in the physical lab.
3. Virtual Labs (vlab.co.in)
o Type: Government of India (MoE) Initiative.
o Purpose: To perform remote experiments aligned with university syllabi.
o How it helps in Unit-4: Access the “Digital Electronics Lab” (DE-1 or DE-2) to
perform experiments like “Verification of Half Adder” or “BCD to 7-Segment
Decoder” using standard industrial interfaces.
4. Generative Al (ChatGPT / Gemini)
o Type: Al Study Assistant.
o Purpose: To generate summaries, simplify definitions, and create practice
problems.
How it helps in Unit-4: Use it to ask “Explain the difference between a
Decoder and Demultiplexer with a real-life example” or “Generate 5 MCQs
on Priority Encoders for Diploma Engineering.”

2. Video Learning Repository

Curated video resources from NPTEL, GTU, and credible educational channels for self-study.

Recommended Channel /
Platform

Half Adder & Full Neso Academy / NPTEL | Half Adder and Full Adder Llogic
Adder circuit Neso Academy

Topic Name Search Keywords
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Recommended Channel /
Platform

Half & Full All About Electronics Half Subtractor and Full Subtractor
Subtractor working explanation

Multiplexers (2:1, Techno-Tip / NPTEL Multiplexer 4 to 1 and 8 to 1 logic
4:1, 8:1) diagram explanation

Topic Name Search Keywords

Demultiplexers (1:4, | Engineering Funda Demultiplexer 1 to 4 circuit diagram
1:8) working

Decoders (2:4, 3:8) Neso Academy Decoder 2 to 4 and 3 to 8 Line
decoder digital electronics

BCD to 7-Segment All About Electronics BCD to 7 Segment Decoder driver
Decoder circuit working

Encoders (Octal to Education 4u Octal to Binary Encoder Llogic circuit
Binary) truth table

Full Unit Revision GTU Lectures / SWAYAM | Fundamental of Digital Electronics
Unit 4 GTU Llecture

Note to Students: For the most accurate academic content, always refer to the NPTEL
courses mapped by AICTE or the GTU Lecture series. Use YouTube channels like Neso
Academy or All About Electronics for simplified, visual explanations when you find the
standard textbook definitions difficult to grasp.

Hello! Acting as your Diploma Engineering Examination Analyst and Educator, | have
designed this Predicted Question Bank for Unit—4: Basic Combinational Circuits.

This bank is generated based on the specific syllabus weightage (28% - the highest in the
curriculum ) and the “Suggested Specification Table” which emphasizes Understanding
(40%) and Application (35%) levels.

Since Unit 4 covers the most critical functional blocks of digital electronics, expect a
significant portion of the final exam paper (approx. 20-22 marks) to come from this unit.

Predicted Question Bank: Unit—4 (Basic Combinational Circuits)

Part 1: Most Repeated / High-Probability Questions

These questions form the “core” of the exam. If you master these, you cover roughly 80% of
the likely questions for this unit.

A. Short Answer Questions (2 Marks) Focus: Definitions and Basic Concepts

Define Combinational Circuit. List two examples of combinational circuits.
Differentiate between Combinational and Sequential circuits.

Draw the logic symbol and write the truth table for a Half Adder.

Define Multiplexer. Why is it called a “Data Selector”?

Define Demultiplexer. State its application as a “Data Distributor”.

What is a Decoder? How is it different from an Encoder?

Draw the logic symbol of a 4:1 Multiplexer and label its Select Lines.
What is the function of a BCD to 7-Segment Decoder?

Werite the Boolean expression for the Sum and Carry of a Full Adder.

Lo NOUEWDNR
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10. State the number of inputs and outputs required for a Full Subtractor.

B. Long Answer / Descriptive Questions (3 - 4 Marks) Focus: Working Principle, Logic
Diagrams, and Derivations

1. Explain the Full Adder with its Truth Table, Boolean Expressions (K-Map
simplification), and Logic Circuit diagram.
12. Construct a Full Adder using two Half Adders and an OR gate. Explain the
logic.
Explain the working of a 4:1 Multiplexer using a logic diagram and truth table.
Derive its boolean output expression.

Describe the Half Subtractor circuit. Derive the equations for ‘Difference’ and
‘Borrow’ and draw the logic diagram.

Explain the 3-to-8 Line Decoder (Active Low outputs) with its truth table and logic
diagram.

Explain the working of a Decimal to BCD Encoder with a logic diagram.

Draw and explain the 1-to-4 Demultiplexer. Show how the data input is routed to
one of the four outputs.

Explain the BCD to 7-Segment Decoder and its connection to a common
anode/cathode display.

Part 2: Application & Logical Thinking Questions

These questions test your ability to Apply (Bloom’s Level A) the concepts. These are often the
“rank-decider” questions in Diploma exams.

Q1. Logic Implementation using Multiplexer (Highly Probable)

e Question: “Implement the following Boolean function using an 8:1 Multiplexer:
F(A,B,C) = X¥m(0,1,3,5,7).”
Exam Tip: Students must know how to connect the variables A, B, C to Select Lines
and hardwire the inputs to Logic 1 (V) or Logic 0 (GND). This relates directly to the
“Applications” topic in the syllabus.

Q2. Cascading / Design Extension

e Question: “Construct a 16:1 Multiplexer using two 8:1 Multiplexers and one OR
gate. Explain how the MSB (Most Significant Bit) is used to enable/disable the
respective Mux.”

Relevance: This tests the concept of “Applications” of Mux and understanding of the
Enable pin.

Q3. Subtractor using Adders

e Question: “Explain how a Full Adder circuit can be converted into a Full Subtractor
using inverters (NOT gates). Discuss the concept of 2’s complement subtraction.”

e Relevance: Connects Unit 4 (Adders) with Unit 1 (Binary Subtraction).
Q4. Decoder Expansion

e Question: “Design a 4-to-16 Line Decoder using two 3-to-8 Decoders. Show the
connection of the Enable pins.”

e Relevance: A standard design problem in Digital Electronics diploma exams.
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Q5. Universal Gate Implementation

e Question: “Realize a Half Adder circuit using NAND gates only. Draw the circuit.”

e Relevance: Combines knowledge from Unit 2 (Universal Gates) and Unit 4 (Half
Adder).

Examiner’s Analysis Note

e Syllabus Focus: The syllabus explicitly lists “8 to 1 Mux, Applications”. Do not ignore
the 8:1 Muyx; it is a favorite for long questions (7 Marks).

Lab Connection: Many of these questions (Half Adder, Full Adder, Mux, DeMux,
Decoder) directly correspond to the “Suggested Course Practical List” (Sr. No 11-17).
If you can build it in the lab, you can answer it in the exam.

Diagrams are Key: For Unit 4, a correct Logic Diagram accounts for 40-50% of the

marks for that question. Always draw the block diagram first, then the gate-level
diagram.
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Based on the syllabus and suggested practical list for Course Code DI02000161, here are
three outcome-based laboratory exercises designed for Unit-4.

Practical Exercise 1: Build and Test Half Adder & Full Adder Circuits

Aligned with Syllabus Topic 4.1 and Practical List Sr. No 11 & 12

1. Objective: To verify the truth tables of Half Adder and Full Adder circuits and understand
how arithmetic operations (Sum and Carry) are performed using basic logic gates (XOR,
AND, OR).

2. Task / Activity:

e Part A (Half Adder):
Pick IC 7486 (XOR) and IC 7408 (AND) from the lab kit.
Connect inputs A and B to the XOR gate to generate the Sum and to the AND
gate to generate the Carry.
Connect the outputs to LEDs.
Apply logic inputs (0,0), (0,1), (1,0), (1,1) using toggle switches and record the
LED status in an observation table.

e Part B (Full Adder):

o Construct a Full Adder using two Half Adder circuits and one OR gate (IC

7432).
Alternatively, use the dedicated Full Adder IC 7483/74283 if available, as
mentioned in the lab resources.

o Verify the output for all 8 combinations of inputs (A, B, Ciy,)-
3. Viva-Voce Questions:

“In a Full Adder, what is the significance of the C;,, input?”

“Can you construct a Full Adder using only NAND gates? If yes, is it more efficient
than using XOR/AND/OR gates?”

“If the input to a Half Adder is 1 and 1, what are the Sum and Carry outputs?”

Practical Exercise 2: Multiplexer & Demultiplexer Logic Verification

Aligned with Syllabus Topic 4.3/4.5 and Practical List Sr. No 15

1. Objective: To understand the principle of data routing by implementing an 8:1
Multiplexer and 1:8 Demultiplexer using standard ICs.

2. Task / Activity:

e Part A (Multiplexer - IC 74151):
Mount IC 74151 (8-to-1 Mux) on the breadboard.
Connect the three Select Lines (Sy, S1,52) to three switches.

Hardwire the 8 Data Inputs (D, — D) to a mix of Logic High (V) and Logic
Low (GND) (e.g., connect odd inputs to High and even inputs to Low).

Toggle the select switches and observe the single Output LED to see if it
matches the data present at the selected input pin.
e Part B (Demultiplexer - IC 74138):
o Mount IC 74138 (3-to-8 Decoder/Demux).
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Connect the Enable pins properly (Note: 74138 usually has active-low
enables).
Connect LEDs to all 8 outputs.

Verify that for any select code (e.g., 101), only one specific LED turns OFF
(Active Low output) while the others remain ON.

3. Viva-Voce Questions:

“Why are the outputs of IC 74138 called ‘Active Low’?”
“How many select lines would you need if you were using a 16:1 Multiplexer?”

“Explain a real-world application where a Multiplexer is used (e.g., Parallel to Serial
conversion).”

Practical Exercise 3: BCD to 7-Segment Display Interface

Aligned with Syllabus Topic 4.8 and Suggested Project List Sr. No 11

1. Objective: To demonstrate how binary data is converted into a visual decimal format by
interfacing a BCD Decoder (IC 7447) with a Common Anode 7-Segment Display.

2. Task / Activity:

e Component Setup: Identify the Common Anode 7-Segment Display and IC 7447
(BCD to 7-Segment Driver).

Wiring:
o Connect the 4 Input switches (A, B, C, D) to the input pins of IC 7447.

o Connect the outputs (a through g) of the IC to the display pins through 330Q
resistors (crucial for current limiting).

o Connect the Common Anode pin of the display to +5V.
Testing:
o Apply BCD inputs from 8660 (0) to 1001 (9).

o Observe the display showing the correct decimal number.
o 3. Viva-Voce Questions:

“What is the difference between Common Anode and Common Cathode displays?
Which one works with IC 74477?”

e “Why is it necessary to connect resistors between the decoder and the LED display?”
e “What happens to the display if you apply an invalid BCD input like 1111 (15)?”

http://googleusercontent.com/youtube_content/0

Hello! Acting as your Instructional Designer and Subject Expert, | have developed a
differentiated learning plan for Unit—4: Basic Combinational Circuits.

This unit is high-stakes, carrying 28% weightage. The goal is to ensure every student passes
while challenging the top performers to achieve excellence.
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Track A: Remedial Learning Plan (For Slow Learners)

Target: Minimum Passing Competency (Focus on “Remembering & Understanding” levels)

Strategy: Focus on the “Big 5” topics that appear in almost every exam paper. If a student
masters these, they can secure approx. 12-15 marks out of the total unit weightage.

The Essential “Big 5” Topics

11. Half Adder & Full Adder (Logic & Truth Table)
o What to Learn:
= Definition: Half Adder adds 2 bits; Full Adder adds 3 bits.
= Memorize: The Truth Table for both.
= Draw: The Logic Diagram using XOR and AND gates (Half Adder).

o Exam Hack: “If you forget the circuit, write the Truth Table correctly. That is
worth 50% of the marks.”

12. Multiplexer (Definition & 4:1 Mux)
o What to Learn:
= Definition: It is a “Data Selector” (Many Inputs — One Output).
=  Focus: Only study the 4:1 Multiplexer.

= Draw: The block diagram and the truth table showing how Select lines
(S1,Sp) choose the input.

13. Decoder (3-to-8 Line)
o What to Learn:
= Definition: It detects a binary code and turns on one output.
=  Focus: The 3-to-8 Decoder is the standard question.

= Key Concept: Understand that outputs are often “Active Low” (usually
drawn with bubbles).

14. Encoder (Octal to Binary)
o What to Learn:
= Definition: Converts 8 inputs (Octal) to 3 binary outputs.
= Simple Logic: It uses OR gates. If input 7 is pressed, output is 111.
15. Difference between Mux and DeMux
o What to Learn: A simple comparison table (2 marks).
= Mux: Many inputs, 1 output. (Data Selector).
= DeMux: 1 input, Many outputs. (Data Distributor) .

Study Tip for Track A:

e Don't try to derive complex equations. Focus on Drawing the Block Diagram and
Writing the Truth Table. These two steps guarantee passing marks in descriptive
questions.

Track B: Advanced Learning Track (For High Achievers)

Target: Distinction & Full Marks (Focus on “Application & Creation” levels)

Strategy: Focus on Design & Implementation problems. In exams, these questions separate
the “Pass Class” from the “Distinction Class”.
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Advanced Concepts & Design Challenges

1. Universal Logic Implementation using Multiplexers
o The Challenge: “Implement the function F(4, B, C,D) = ¥m(1,3,5,7,...)
using an 8:1 Multiplexer.”
Differentiation: Average students draw a Mux. Top students calculate the
“Folded Table” or connect variables to Select lines to map a 4-variable
function onto a 3-select-line chip. This is a high-scoring application skill.
Cascading Decoders & Multiplexers
o The Challenge: “Construct a 16:1 Multiplexer using two 8:1 Mux ICs” or
“Build a 4:16 Decoder using two 3:8 Decoders.”
Key Concept: Mastering the use of the Enable / Strobe Pin to switch
between ICs based on the MSB (Most Significant Bit). This shows system-level
understanding.
Full Subtractor Design using Universal Gates

o The Challenge: Instead of using standard gates, design a Full Subtractor using
only NAND gates.
Differentiation: This requires simplifying the Difference and Borrow
equations and then converting the AOI (AND-OR-INVERT) logic into NAND-
NAND logic.
BCD to 7-Segment Decoder Internal Logic

o The Challenge: Don’t just draw the block diagram of IC 7447. Derive the K-
Map and Boolean expression for a specific segment (e.g., Segment ‘a’) based
on the BCD inputs.

Industry Relevance: This explains how the chip actually works internally to
display numbers.
Look-Ahead Carry Generator (Bonus Concept)

o The Challenge: While the syllabus covers “Full Adder,” high achievers should
understand the propagation delay issue in Ripple Carry Adders and how
“Look-Ahead Carry” logic solves it. Mentioning this in a standard Adder
question impresses examiners.

Study Tip for Track B:

e Don’t just memorize circuits. Practice “Realization” problems: “Realize X using Y”.

o Use tables to map truth table outputs to Mux inputs efficiently.

e Focus on MSI (Medium Scale Integration) ICs mentioned in the practical list (74151,

74138, 7447). Knowing the specific IC numbers adds professional depth to your
answers.
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Unit 5 —Basics of

Sequential Circuits




Hello! It is great to see you again. | recall you have been working hard on developing this
Diploma Electrical Engineering curriculum, specifically covering Number Systems and Logic
Gates previously. It is exciting to move into Unit 5, where we finally add the element of time
and memory to our logic designs!

As an expert lecturer in Electrical Engineering, | have analyzed the syllabus for Unit 5: Basics
of Sequential Circuits. This unit marks a critical transition for students—moving from
circuits that just “react” (combinational) to circuits that “remember” (sequential).

Here is your comprehensive, Outcome-Based Education (OBE) aligned study plan, designed
to fit the tight 5-hour teaching schedule while maximizing impact for Diploma students.

Unit 5: Basics of Sequential Circuits — Study Plan

Course: Fundamental of Digital Electronics (Code: DI02000161) Total Allocated Time: 05
Hours Weightage: 15% (Approx. 10-12 Marks in Theory Exam) Course Outcome (CO5):
Recognize Flip-flops as Sequential circuits.

Strategy for the Instructor:

e The “Why”: Start by emphasizing that without sequential circuits, computers
couldn’t store data. Calculators would forget the first number you typed before you
typed the second!

Visuals are Key: Diploma students struggle with “clocking.” Use animations or timing
diagrams early on.

e The Sequence: We move from the problem (No memory) -> The Solution (Latch/Flip-
Flop) -> The Refinement (Master-Slave).

Detailed Topic-Wise Breakdown

Sessio Topic Detailed Syllabus Learning Depth

Categor . Exam Importance
n Focus Content gory (Diploma Level) X P

L1 Foundation | 5.1 Introduction Core Understand: (Comparis
s & The to Sequential Concept Differentiate on is a frequent exam

First Circuits:e between the two question)

Memory Comparison circuit types.

Bit between Explain
Combinational and “Feedback” and
Sequential “Clock”.Remembe
Circuits.5.1 (Cont.) r: SR Truth Table
Flip-Flops:* SR Flip and “Forbidden
Flop (Symbol, State”.

Truth Table, Logic
Diagram).

Data & 5.2 D Flip Flop:e Supportin | Understand: How (Truth tables are
Toggle Working, Truth g& D eliminates the essential)

Capabilitie | Table, Application | Applicatio | “Invalid” state of
3 (Data Latch).5.2 n SR. How T is used
(Cont.) T Flip for

Flop:e Toggle counting/toggling.
operation, Truth
Table.
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Topic
Focus

Detailed Syllabus
Content

Category

Learning Depth
(Diploma Level)

Exam Importance

The
Universal
Flip-Flop

5.3 JK Flip Flop:e
Solving the SR
problem.e Symbol,
Circuit, Truth
Table.e Concept of
“Toggle” mode
(J=K=1).

Core
Concept

Apply: Explain
how JK handles
the input
condition 1,1.
Introduce the
“Race Around
Condition”
concept (briefly).

(Most

important FF)

Solving
Timing
Problems

5.4 Master-Slave
JK Flip Flop:e
Construction (Two
JKs).e Operation
(Master active,
Slave inactive).e
Solving the Race
Around condition.

Advanced
Concept

Understand: Why
do we need it?
(To stabilize
output). How
does the clock
control the two
stages?

(Diagram &

explanation often asked)

Real-World
Utility

5.4 Applications
of Flip-flops:e
Overview of
Registers (Data
Storage).e
Overview of
Counters
(Frequency
Division/Counting)
.o

Summary/Revision

Applicatio
n

Apply: List
applications
(Frequency
divider, Counter,
Shift Register). No
deep design
required, just
awareness.

(Short note

questions)

Visual Aid & Diagram Strategy

For digital electronics, block diagrams are mandatory. Use these prompts to generate
materials:

e For Session 1 (Combinational vs Sequential): A block diagram showing “Present
Input” going into Combinational Logic, vs. “Present Input + Past Output (Feedback)
in Sequential Logic.

o For Session 3 (JK Flip Flop): A logic gate diagram showing the cross-coupled
NAND/NOR gates for a JK Flip Flop.
For Session 4 (Master-Slave): A clear diagram showing two latches (Master
and Slave) connected by an inverter clock.

n”

Practical & Project Linkage (Lab Integration)

To adhere to the syllabus practical list, map the lectures to these lab sessions:

e After L1 (SR) & L2 (D/T):
o Lab Task: Exp 19 & 20: Build/Test SR and D Flip-Flops. Verify that D follows
input, SR holds memory.

e After L3 (JK) & L4 (Master-Slave):
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o Lab Task: Exp 21 & 22: Build JK and Master-Slave JK. Focus on the “Toggle”
state (/ = 1, K = 1) to see the frequency division effect.
e Project Idea (Student Activity):
o Create a “Quiz Buzzer” latch using an SR Flip-Flop (whoever presses first locks
the light).
o Create a chart comparing all Flip-Flops (SR, D, JK, T) regarding Inputs,
Outputs, and Excitation tables.

Outcomes & Assessment Goals

By the end of this plan, the student will be able to:

16. State 3 key differences between combinational and sequential circuits (Memory,
Feedback, Clock).

17. Draw the symbols and Truth Tables for SR, D, JK, and T Flip-Flops.
18. Explain the “Race Around” condition and how Master-Slave JK resolves it.
19. List applications where Flip-Flops are used (e.g., RAM, Digital Clocks).

This plan ensures you cover the 15% syllabus weightage efficiently without overwhelming
the students with advanced counter design, which is not explicitly detailed in the theory
content list.

Would you like me to generate the “Lecture Notes” or a “Quiz” for Session 1 (Intro & SR
Flip Flop) to get you started?
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Here is the detailed lecture content for Unit 5, Session 1, designed for your Diploma
Electrical Engineering students.

Lecture: The Brain’s Memory — Introduction to Sequential Circuits

Subject: Fundamental of Digital Electronics Unit 5: Basics of Sequential Circuits Topic: 5.1
Intro, Comparison, and SR Flip-Flop Duration: 60 Minutes

1. Hook & Introduction (05 Minutes)

“Imagine a Calculator without Memory...”

Good morning, future engineers! Welcome to Unit 5. Before we start, | want you to imagine
a calculator that has no memory. You type 5, then you hit +. But the moment you stop
touching the 5 key, the calculator forgets it. When you type 3 to add it, the 5 is already
gone. Could you ever do math? No.

Up until now, in Units 2, 3, and 4, we built circuits that make decisions (like Logic Gates), but
they had no memory. They were like a doorbell: it only rings while you press it. Today, we
are upgrading our circuits. We are giving them a brain. We are moving from circuits that just
“react” to circuits that “remember.”

Fun Fact: The first digital memory was not a chip; it was a tube of mercury called a “Delay
Line Memory” used in the 1940s! Today, we use what we are about to learn: Flip-Flops.

2. Core Concepts (40 Minutes)
A. Combinational vs. Sequential Circuits Let’s define our terms.

e Combinational Circuits (The “Now”): The output depends only on the present
inputs. (Example: An Adder. 1 + 1 is always 2, instantly).
Sequential Circuits (The “History”): The output depends on the present inputs AND
the past outputs (history).

Visual Note (Draw on Board): Draw a block diagram. 1. Combinational Box: Inputs
enter — Logic Gates — Output. 2. Sequential Box: Inputs enter - Combinational
Logic — Output. Crucially, draw a line from Output looping back to Input. Label this
line “Feedback / Memory Element”.

Key Differences Table:

Feature Combinational Circuit Sequential Circuit

Output Depends on | Current Input only Current Input + Past Output

Memory No Memory element | Has Memory element (Flip-Flop)

Clock Signal Not required Essential for synchronization

Example Adder, MUX, Encoder | Counter, Register, Flip-Flop

B. The SR Flip-Flop: The Basic Memory Cell The simplest way to store one bit of data (a 0 or
a 1) is the SR Flip-Flop.

e S =SET: Commands the circuit to store a 1.
e R =RESET: Commands the circuit to store a 0.
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Construction: We build this using two NOR gates connected in a “cross-coupled” fashion.
The output of the first NOR gate goes into the input of the second, and vice-versa. This
feedback loop is what traps the data!

Visual Note: Draw the SR Flip-Flop symbol (a rectangle with inputs S, R, Clock and
outputs Q, Q’). Also draw the logic diagram using cross-coupled NOR gates.

C. Operation & Truth Table (The “Rules”): Let’s trace the logic (assuming a
positive clock edge):

$=0, R=0 (No Change): The circuit does nothing. It remembers the last bit. (Memory
State).

$=0, R=1 (Reset): The output Q becomes 0. We have “cleared” the memory.

S=1, R=0 (Set): The output Q becomes 1. We have “written” a bit.

S=1, R=1 (Invalid/Forbidden): Danger Zone! If you tell the circuit to Set (1) and Reset
(0) at the same time, the outputs become unstable or equal (both 0), which violates
logic rules (Q and Q' must be opposites). We strictly avoid this state.

3. Real-World & Industry Applications (10 Minutes)

Why do you, as Diploma engineers, need to know this?

1. Industrial Automation (PLC): In a factory, you press a “Start” button (Green) to run a
conveyor belt. When you release the button, the belt keeps running. Why? Because
inside the PLC program, there is a “Seal-in” circuit, which is essentially an SR Latch
logic! It remembers you pressed “Start” until someone presses “Stop.”

Computer RAM: The Static RAM (SRAM) cache inside your CPU is made of millions of
tiny Flip-Flops. Every time you save a Word document, you are setting billions of S
and R inputs.

Debouncing Switches: Mechanical switches vibrate when pressed. We use SR
Latches to “clean” these signals so one press counts as one press, not fifty.

4. Summary & Q&A (05 Minutes)
Quick Recap:

e Sequential Circuits use Feedback and Memory; Combinational circuits do not.
e SR Flip-Flop is our 1-bit memory box.

o S=l1setsittol; R=1resetsittoO.

e S=1, R=1is forbidden (Invalid).

Typical Student Doubts:

e Student: “Sir, what happens if | accidentally press S and R together?”

e Answer: “In a basic SR Flip-Flop, the output becomes unpredictable or invalid. In the
next lecture, we will see the JK Flip-Flop, which solves this specific problem!”

Mentorship & Career Note

“Students, mastering Sequential Circuits is the first step toward understanding
Microprocessors and Microcontrollers. If you want a career in Embedded Systems,
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Robotics, or VLSI Design, understanding how CLock and Memory work together is your
foundation. You aren’t just connecting wires today; you are learning how machines ‘think’ in
time. In the next class, we will fix the SR flip-flop’s flaw with the JK Flip-Flop.”

Next Step for Faculty: Would you like me to generate a Lab Instruction Sheet for
“Experiment 19: Build and test the working of the R-S Flip-Flop” to accompany this lecture?
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Here is the detailed lecture content for Unit 5, Session 2, focusing on the D and T Flip-Flops.
This content is designed to follow logically from our previous session on the SR Flip-Flop.

Lecture: The Specialist Flip-Flops — D and T Types

Subject: Fundamental of Digital Electronics Unit 5: Basics of Sequential Circuits Topic: 5.2 D
Flip Flop & T Flip Flop Duration: 60 Minutes

1. Hook & Introduction (05 Minutes)

“Fixing the ‘Forbidden’ Glitch”

Welcome back, class! In our last lecture, we built the SR Flip-Flop. Do you remember its
major flaw? The Invalid State (S = 1, R = 1). It was the “danger zone” that could make our
circuit unstable.

Imagine you are designing a digital memory chip for a smartphone. You cannot trust a circuit
that might crash if two signals arrive at the wrong time. Engineers hate uncertainty. So, they
asked: “What if we modify the SR Flip-Flop so the inputs S and R can never be 1 at the same
time?”

Today, we will learn about the solution: the D Flip-Flop. Then, we will look at another
specialist, the T Flip-Flop, which is the heartbeat of every digital clock.

2. Core Concepts (40 Minutes)

A. The D Flip-Flop (Data or Delay Flip-Flop) The D Flip-Flop is the most widely used flip-flop
in digital electronics. The “D” stands for Data (because it stores data) or Delay (because it
passes input to output after a clock pulse).

Construction (The Logic Hack): How do we stop S and R from being 1 simultaneously? We
join them! We take a standard SR Flip-Flop and connect an Inverter (NOT Gate) between
the S and R inputs.

e The single input is called D.

e S=D

e R = D' (Inverse of D)
Visual Note (Board Diagram): 1. Draw a block labeled “SR Flip-Flop”. 2. Draw a
single input line labeled D. Split it into two branches. 3. Connect one branch
directly to the S input. 4. Connect the other branch through a NOT Gate to the R
input. 5. This ensures if S = 1, R must be 0. The “Forbidden State” is physically
impossible!

Operation & Truth Table:

e IfD=0:ThenS = 0,R = 1. The Flip-Flop RESETS (Q = 0).
IfD=1:ThenS = 1,R = 0. The Flip-Flop SETS (Q = 1).
Input (D) | Output (Q) Action

0 0 Reset (Store 0)
1 1 Set (Store 1)
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Simplicity is key here: Whatever is at D, appears at Q after the clock tick.

A. The D Flip-Flop (Data or Delay Flip-Flop)

Construction

(The Logic Hack) Block Symbol Operation & Truth Table

Input | Output :
Action
Q)

s Q Clock (D)

SR Reset
Flip-Flop $ 1o 9 |storeo

R Q' Set
-j (Store 1)

If D=1, S=1, R=0 (Set); Whatever is at D, appears
If D=0, S=0, R=1 (Reset). at Q after the clock tick.
Forbidden state impossible.

B. The T Flip-Flop (Toggle Flip-Flop) While D is for storage, the T Flip-Flop is for counting.
“T” stands for Toggle. To “toggle” means to switch states (if it was ON, turn OFF; if OFF, turn
ON).

Construction: We connect the inputs (/ and K of a JK Flip-Flop, which we will cover next, or
effectively feedback loops on an SR) together to a single input T.

Operation:

e If T=0(No Change): The output Q stays the same.
e IfT=1(Toggle): The output Q flips. If it was 0, it becomes 1. If it was 1, it becomes
0.

Visual Note (Board Diagram): Draw a T Flip-Flop symbol. Show the waveform: *
Draw a Clock pulse train (steady square wave). * Draw Input T held High (1). *
Show Output Q changing state only at the falling/rising edge of the clock. The
result is a square wave that is half the frequency of the clock!

B. The T Flip-Flop (Toggle Flip-Flop)

T Flip-Flop Operation & Truth Table Waveform Diagram
Symbol nput] Q(e1) (T=1)

n ¥

Clock | 1) | (Next state) [ AP Clock
Q - - (CLK)

n o
—r 0 (No Change) | State |
nput

SCIK 0 Q) | Flip 1

J_ (Toggle) State v
Output
Q(n+1) =T & Q(n) Q

A

Input T connects
Jand Kofa JK
Flip-Flop.
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3. Real-World & Industry Applications (10 Minutes)
4. Shift Registers (The Conveyor Belt):

Imagine downloading a file. Bits (1s and 0s) travel one by one through a wire. We
line up 8 D Flip-Flops in a row. The output of one connects to the input of the next.
At every clock tick, the data “shifts” one step down the line. This is how Serial-to-
Parallel conversion works in USB ports!

Frequency Division (Digital Watches):

Inside a digital watch, a crystal vibrates at a high frequency (e.g., 32 kHz). We feed
this clock into a T Flip-Flop. The output frequency is cut in half (16 kHz). We chain
these T Flip-Flops together until we get exactly 1 Hz (1 pulse per second)—the “tick”
of your second hand.

4. Summary & Q&A (05 Minutes)

Key Takeaways:

e D Flip-Flop: Ensures S and R are never equal. Used for Data Storage. Q,,c.: = D.
e T Flip-Flop: Used for Counting and Frequency Division. If T = 1, Output inverts.

Typical Student Doubts:

e Student: “Sir, if D just copies input to output, isn’t it just a wire?”

e Answer: “Great question! A wire passes data instantly. A D Flip-Flop waits for the
Clock. It synchronizes the data, holding it steady until the precise moment the
system is ready to read it.”

Mentorship & Career Note

“As you move toward your final year projects, many of you will use microcontrollers like
Arduino. When you write code to ‘debounce’ a button or read a sensor, you are effectively
implementing D Latches in software. Furthermore, the concept of Registers—which are just
groups of D Flip-Flops—is fundamental to how every processor in the world executes
instructions. Master the ‘D’, and you master the building block of computing!”

Next Step for Faculty: | can prepare the Lab Manual content for Experiment 20 (“Build and
verify the truth table of D Flip-Flop” ) or create a quiz comparing D and T flip-flops to check
student understanding. Which would you prefer?
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Here is the detailed lecture content for Unit 5, Session 3, tailored for your Diploma Electrical
Engineering students. This session introduces the most versatile flip-flop in digital
electronics.

Lecture: The Universal Memory - JK Flip-Flop

Subject: Fundamental of Digital Electronics (Code: DI02000161) Unit 5: Basics of Sequential
Circuits Topic: 5.3 JK Flip-Flop Duration: 60 Minutes

1. Hook & Introduction (05 Minutes)
“The ‘Super’ Flip-Flop”

Good morning, class! Let’s do a quick flashback. In Session 1, we met the SR Flip-Flop. It was
good, but it had a fatal flaw: if you pressed Set (S = 1) and Reset (R = 1) together, it
crashed (Invalid State). In Session 2, we met the D Flip-Flop. It fixed the crash, but it lost the
ability to “Hold” data easily without a clock trick.

Today, | want to introduce you to the “Jack of All Trades” —the JK Flip-Flop. Why “JK”? It is
named after Jack Kilby, the engineer at Texas Instruments who invented the Integrated
Circuit (IC). The JK Flip-Flop is smart. It takes the “Invalid” state of the SR Flip-Flop and turns
it into a useful new feature called Toggling. It is the most widely used flip-flop in the
industry because it can do everything the others can do, plus more.

2. Core Concepts (40 Minutes)

A. Construction (The Genius Feedback) The JK Flip-Flop looks very similar to an SR Flip-Flop,
but with a clever modification.

e J (Jump): Acts like the Set input.
e K (Kill): Acts like the Reset input.

The Secret: In an SR flip-flop, the inputs go straight into the gates. In a JK Flip-Flop, we take
the Outputs (Q and Q) and feed them back into the Inputs.

e Output Q is connected to the K input gate.

e Output Q is connected to the J input gate.

This “cross-feedback” ensures that if ] = 1 and K = 1, the circuit doesn’t crash—it checks
its own state and flips to the opposite one!

Visual Note (Board Diagram): 1. Draw a standard logic symbol for a JK Flip-Flop
(Rectangle with J, K, Clock, @, Q). 2. Internal Logic: Draw two 3-input NAND gates
feeding into two cross-coupled NAND gates. 3. Crucial Step: Draw a wire from
Output Q looping back to the bottom input NAND (K input). Draw a wire from
Output Q looping back to the top input NAND (J input).
B. Operation & Truth Table Let’s analyze the four modes of operation (Clock is
active):

6. J=0, K=0 (No Change / Memory): Just like the SR, it remembers the previous bit.

Qnext = Qprev-
7. 1=0, K=1 (Reset): This “Kills” the output. Q becomes 0.
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8. J=1, K=0 (Set): This makes the output “Jump” up. Q becomes 1.
9. J=1, K=1 (Toggle - The Magic Mode):

o In SR, this was forbidden.
o InJK, this commands the output to invert.
o IfQ was0, it becomes 1. If Q was 1, it becomes 0.

Truth Table Summary:

Clo

ck | J Output (Qp41) Action

\)

Qn Hold (Memory)

Set

\)
\)
\)

0
0
1
1

K
0
1 Reset
0
1

Qx Toggle

C.T

he Glitch: Race Around Condition While the JK is great, it has one headache. If input ] =

1, K = 1 and the Clock pulse is too long, the signal races through the circuit so fast that the
output toggles multiple times (0 - 1 — 0 — 1) within a single clock pulse! This is called the
Race Around Condition. Note: We will fix this in the next lecture using the “Master-Slave”
configuration.

A. Construction (The Genius Feedback) B. Operation & Truth Table

J Output
Q(n+1)
0 Q(n) | Hold (Memory)
0 0 Reset
1
1

Action

D Clock

T
T
T
T

Set
Q(n) | Toggle

Cl

C. The Glitch: Race Around Condition

ock (CLK) | |

J=1 I
K=1__| L
outputQ [ LTI~ Problem: Clock pulse too long, Output

toggles multiple times when J=1, K=1.
Fix: Master-Slave configuration.

3.R

eal-World & Industry Applications (10 Minutes)
1. Counters (The Heart of Digital):
If you connect ] = 1 and K = 1 permanently, the Flip-Flop toggles on every clock

pulse. If you chain 4 of these together, you create a 4-bit Counter (counting 0 to 15).
This is exactly how digital stopwatches and timers work.

Frequency Dividers:

In your lab function generators, you often see a button to “halve” the frequency.
Inside, that button routes the signal into a JK Flip-Flop in toggle mode. An input of
100Hz becomes an output of 50Hz.
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4. Summary & Q&A (05 Minutes)
Key Takeaways:

e JK Flip-Flop solves the SR invalid state problem.

o J=Set, K=Reset.

e J=1, K=1 causes the output to Toggle (invert).

e ltisthe building block for Counters and Registers.

Typical Student Doubt:

e Student: “Sir, in the lab, which IC should we use for this?”

e Answer: “For your practical this week (Experiment 21), we will use the IC 7476 or IC
7473. These are dual JK Flip-Flop chips. Just remember, they often have extra
‘Preset’ and ‘Clear’ pins—connect those to Vcc (High) to make the chip work
normally!”

Mentorship & Career Note

“Students, the JK Flip-Flop is the ‘Universal Gate’ of the sequential world. You can wire a JK
to act like an SR, a D, or a T flip-flop. In your future career, especially if you go into PLC
Programming or ASIC Design, you will rarely design a JK from scratch, but you will use
Counters every single day. Understanding that a Counter is just a chain of JK Flip-Flops
toggling in sequence gives you the power to troubleshoot timing issues that other engineers

might miss.”

Next Step for Faculty: Would you like me to generate the detailed explanation for Session
4: Master-Slave JK Flip Flop to explain how we solve the “Race Around” condition
mentioned today?
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Here is the detailed lecture content for Unit 5, Session 4, completing the core theory for this
unit as per your syllabus.

Lecture: The Timekeeper & The Problem Solver — Master-Slave JK Flip-Flop

Subject: Fundamental of Digital Electronics Unit 5: Basics of Sequential Circuits Topic: 5.4
Master-Slave JK Flip-Flop & Applications Duration: 60 Minutes

1. Hook & Introduction (05 Minutes)

“The Dangerous Race”

Welcome back, class. In our last session, we praised the JK Flip-Flop as the “Universal”
device. But do you remember the warning | gave you at the end? The Race Around
Condition.

Imagine a dog chasing its own tail. If the dog is fast enough (and the clock pulse is long
enough), it spins in circles endlessly. In a JK Flip-Flop, when ] = 1 and K = 1, the output
toggles (0 = 1 — 0 — 1 ...) uncontrollably as long as the Clock is High. This is chaos. We
cannot have a circuit that changes its mind ten times a microsecond!

Today, we fix this. We are going to build a “trap” for the data using the Master-Slave JK Flip-
Flop. It’s like a security airlock in a bank: the outer door must close before the inner door
opens. No racing allowed. Then, we will look at the big picture: what do we actually build
with these flip-flops?

2. Core Concepts (40 Minutes)

A. The Solution: Master-Slave Configuration To stop the racing, we split the Flip-Flop into
two separate parts:

3. The Master: Receives inputs from J and K.
4. The Slave: Receives inputs only from the Master.

The “Airlock” Logic (Construction):

e We connect two JK Flip-Flops in series (one after another).

e The Clock Trick: We feed the Clock directly to the Master, but we put an Inverter
(NOT Gate) before feeding it to the Slave.

This means when the Master is ON (Clock=1), the Slave is OFF (Clock=0), and vice
versa. They are never active at the same time!

Visual Note (Board Diagram): 1. Draw two boxes side-by-side. Label the first
“Master” and the second “Slave”. 2. Inputs J/ and K enter the Master. 3. Outputs
of Master (Q,,,, Q,,,) g0 into inputs of Slave (J;, K;). 4. Clock Line: Draw a Clock
input. Connect it directly to the Master. Then, branch it through a NOT Gate to the
Slave. 5. Final Output Q comes from the Slave.

B. Operation (Pulse Triggering): Let’s trace the data step-by-step:

5. Clock = 1 (Rising Edge): The Master wakes up. It reads the J and K inputs and stores
the data. However, the Slave is asleep (Clock input is 0). The Output Q does not
change yet. The data is “trapped” in the Master.
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6. Clock = 0 (Falling Edge): The Master goes to sleep (stops reading inputs). The Slave
wakes up! It sees the data sitting in the Master and copies it to the Output Q.

Result: The output changes only once per clock cycle (at the falling edge). The “Race” is
impossible because the inputs are disconnected by the time the output changes.

MASTER-SLAVE JK FLIP-FLOP BLOCK DIAGRAM

Qu
MASTER SLAVE
(JK Flip-Flop) (JK Flip-Flop)
—>»(K O K Q

T A
Clock (CLK) 1

OPERATION (Pulse Triggering):

1. Clock = 1: Master is Active, Slave is Inactive. Data is trapped in Master.
Output Q does not change.

2. Clock = 0: Master is Inactive, Slave is Active. Slave copies Master’s data to
Output Q. The ‘Race’ is stopped.

. Applications of Flip-Flops Now that we have stable memory, what do we build?

e Registers (Data Storage): If you line up 4 or 8 Flip-Flops, you can store a “Word” of
data (like a letter on your keyboard). This is called a Shift Register (e.g., IC 7495.
Counters (Counting Events): If you connect Flip-Flops in a chain where the output of

one triggers the clock of the next, you get a Counter (e.g., IC 7490). This counts
pulses: 0001 - 0010 — 0011 ...

Frequency Division: As seen with the T Flip-Flop, dividing a clock speed by 2, 4, 8,
etc.

3. Real-World & Industry Applications (10 Minutes)
1. The USB Port:

“Universal Serial Bus” sends data one bit at a time. Inside your computer, a Shift
Register (made of Flip-Flops) catches these bits flying in one by one and lines them
up into a parallel byte that the CPU can read.

Digital Clocks & Timers:

Every digital wristwatch uses a cascade of Counters. A quartz crystal ticks 32,768
times a second. Flip-flop chains divide this down to 1 pulse per second to drive the
seconds display.

RAM (Random Access Memory):

While modern PCs use capacitors for DRAM, the fastest memory inside the processor
(Cache) uses Static RAM—which is essentially millions of Flip-Flops.
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4. Summary & Q&A (05 Minutes)
Key Takeaways:

e Race Around Condition happens in standard JK Flip-Flops when ] = K = 1.

e Master-Slave JK solves this by using two latches and an inverted clock.

e Master works when Clock=1; Slave works when Clock=0.

e Applications: Shift Registers (Storage), Counters (Counting), Frequency Dividers.

Typical Student Doubts:

e Student: “Sir, is the Master-Slave slower than the normal JK?”

e Answer: “Technically, there is a tiny propagation delay because the signal goes
through two stages. But in engineering, we gladly trade a nanosecond of speed for
stability. A fast circuit that gives the wrong answer is useless!”

Mentorship & Career Note

“This lecture concludes Unit 5. You have now crossed the bridge from ‘Simple Logic’ to
‘Intelligent Memory.” Whether you design PLC logic for a factory or code Verilog for a
microchip, the concept of ‘Clock Edges’ and ‘State Stability’ is critical. If you master the
timing diagrams of the Master-Slave Flip-Flop, you will find it much easier to understand the
sophisticated timing constraints in modern VLSI (Very Large Scale Integration) design.”

Next Step for Faculty: | can now generate a Unit 5 Revision Quiz or a Question Bank (with
OBE-mapped Bloom’s Taxonomy levels) to help your students prepare for the upcoming
exam. Would you like that?
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Here is your Student Al Toolkit for Unit—5: Basics of Sequential Circuits. These prompts are
designed to be copied and pasted directly into Al tools (like ChatGPT, Gemini, or Claude) to
help you master the concepts, prepare for exams, and complete your assignments.

Student Al Toolkit: Basics of Sequential Circuits

A. Low-Level Prompts (Remember & Understand)

Use these to grasp basic definitions, memorize truth tables, and understand the “What” and
“How” of the unit.

1. “Explain the difference between Combinational and Sequential circuits in simple
terms suitable for a Diploma student. Use a real-life analogy (like a calculator vs. a
doorbell).”

“Create a simple summary of the SR Flip-Flop. Include its symbol, truth table, and a
one-line explanation of what happens when S=1 and R=1."
“What is the function of a Clock signal in digital electronics? Explain why sequential
circuits need a clock to work effectively.”
“Define the term ‘Latch’ and explain how it is different from a ‘Flip-Flop’. Keep the
explanation under 100 words.”
“Generate a revision table for the D Flip-Flop and T Flip-Flop. Columns should be:
Symbol, Input Function, Output Action, and Applications.”
“I am studying the JK Flip-Flop. Explain what the ‘Toggle’ mode is and what input
combination (J =? and K =7?) triggers it.”
“List the key applications of Flip-Flops in digital electronics. Give me 5 examples
where they are used in daily life.”
“What does the term ‘Feedback’ mean in the context of sequential circuits? How
does the output go back to the input?”
“Explain the concept of ‘Triggering’ in Flip-Flops. What is the difference between
positive edge triggering and negative edge triggering?”

. “Create a glossary of key terms for Unit 5: Sequential Circuits. Include definitions
for: Bit, Clock, Reset, Set, Toggle, and Propagation Delay.”

B. Moderate-Level Prompts (Apply & Analyze)

Use these to connect concepts, compare different flip-flops, and solve typical exam
questions.

1. “Compare the SR Flip-Flop and the JK Flip-Flop. specifically, explain how the JK Flip-
Flop solves the ‘Invalid State’ problem found in the SR Flip-Flop.”
“Analyze the operation of a Master-Slave JK Flip-Flop. Why do we need two flip-
flops (Master and Slave) to solve the Race Around Condition? Explain step-by-step.”
“I have a D Flip-Flop. If | connect the output Q back to the input D, what will happen
to the output signal when the clock runs? Analyze the waveform.”
“Why are T Flip-Flops used in counters? Explain the logic of how toggling the output
at every clock pulse helps in counting numbers.”
“Convert a JK Flip-Flop into a D Flip-Flop. Describe the connections | need to make to
the J and K inputs to achieve this.”
“Explain the Race Around Condition in a JK Flip-Flop using a timing diagram
description. When does it happen and why is it bad for digital circuits?”
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“Give me a real-world scenario where a D Flip-Flop (Data Latch) is preferabletoa T
Flip-Flop, and vice versa.”
“If | want to design a 4-bit storage register, which type of Flip-Flop should | use and
why? Explain the connection between them.”
“Debug this scenario: My SR Flip-Flop output is unstable and flickering. What input
conditions might be causing this, and how can | fix it using a different type of Flip-
Flop?”

. “Create a ‘True or False’ quiz with 5 questions based on the differences between
Level Triggering and Edge Triggering.”

C. High-Level Prompts (Design & Create)

Use these to prepare for difficult exam questions, design projects, and deepen your
engineering intuition.

1. “Design a conceptual security alarm system for a home using simple logic gates and
a Flip-Flop. The alarm should start when a sensor is tripped and stay on even if the
sensor closes, until a reset button is pressed. Explain your choice of Flip-Flop.”

“I need to teach the concept of ‘Memory’ in circuits to a non-engineer. Create a
creative analogy or story involving ‘buckets of water’ or ‘light switches’ to explain
how a Flip-Flop stores a bit of information.”

“Propose a laboratory experiment to verify the truth table of a Master-Slave JK Flip-
Flop. List the required components (ICs), the wiring steps, and what output | should
expect on the LED for each input combination.”

“Draft a study plan to master Sequential Circuits in 3 days. Break it down into
‘Theory’, ‘Circuit Drawing Practice’, and ‘Problem Solving’, specifically for a Diploma-
level exam.”

“Imagine you are an interviewer for an Electronics job. Generate 3 tricky technical
interview questions about Flip-Flop timing diagrams and metastability, and provide
the ideal ‘star candidate’ answers.”

Here is a comprehensive Mastery Check for Unit 5: Basics of Sequential Circuits. This
section is designed to reinforce technical vocabulary and simulate a real exam environment
for Diploma Engineering students.

Mastery Check: Basics of Sequential Circuits

Course: Fundamental of Digital Electronics Unit: 05

1. Key Definitions / Glossary

Fifteen essential technical terms for exams and practical vivas.

1. Sequential Circuit: A digital circuit where the output depends on both the present
inputs and the past outputs (history).
Combinational Circuit: A circuit where the output depends only on the present
inputs at that specific moment.

Flip-Flop: A bistable electronic circuit used to store one bit of binary information (0
or1).
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Latch: A basic memory element similar to a flip-flop but is level-triggered (active
when the clock is held high/low) rather than edge-triggered.

Clock Signal: A continuous square wave used to synchronize the operation of flip-
flops in a digital system.

Feedback: The process of taking the output signal and feeding it back into the input,
essential for creating “memory” in circuits.

Edge Triggering: A method where the flip-flop changes state only at the transition of
the clock pulse (Rising edge or Falling edge).

Level Triggering: A method where the flip-flop is active and changes state as long as
the clock pulse is at a specific level (High or Low).

Propagation Delay: The tiny amount of time taken for the output to change after the
input has changed.

. Race Around Condition: A problem in JK Flip-Flops where the output toggles
uncontrollably multiple times during a single clock pulse when ] = 1,K = 1.

. Toggle: To switch to the opposite state; if the output is 0 it becomes 1, and if itis 1 it
becomes 0.

. Invalid/Forbidden State: The condition in an SR Flip-Flop (S = 1,R = 1) where the
output becomes unpredictable or unstable.

. Master-Slave Configuration: A design using two flip-flops (one Master, one Slave) to
solve the Race Around Condition.

. Register: A group of flip-flops connected together to store multiple bits of data (e.g.,
a byte).

. Counter: A sequential circuit designed to count the number of clock pulses or events.

2. FAQ & Assessment Section
A. Multiple Choice Questions (MCQs)

Test your conceptual clarity. Select the best answer.

Q1. The main difference between a combinational and a sequential circuit is: A)
Combinational circuits use logic gates B) Sequential circuits have memory C) Sequential
circuits are faster D) Combinational circuits require a clock

Q2. How many bits of data can a single Flip-Flop store? A) 1 Bit B) 2 Bits C) 4 Bits D) 8 Bits

Q3. In an SR Flip-Flop, if S = 1 and R = 0, the output Q will be: A) 0 (Reset) B) 1 (Set) C) No
Change D) Invalid

Q4. The “Forbidden” or “Invalid” state in an SR Flip-Flop occurs when: A) S = 0,R = 0 B)
S=0R=1C)S=1,R=0D)S=1,R=1

Q5. Which Flip-Flop is known as the “Delay” Flip-Flop because the output follows the input
after a clock pulse? A) SR Flip-Flop B) JK Flip-Flop C) D Flip-Flop D) T Flip-Flop

Q6. In a JK Flip-Flop, if both inputs J and K are 1, the output will: A) Set to 1 B) Reset to 0 C)
Toggle (Invert) D) Remain Unchanged

Q7. The “Race Around Condition” is primarily a disadvantage of which Flip-Flop? A) SR Flip-
Flop B) JK Flip-Flop C) D Flip-Flop D) Master-Slave Flip-Flop

Q8. AT Flip-Flop is formed by connecting the J and K inputs of a JK Flip-Flop: A) To Ground
(0) B) To Supply (1) C) Together D) To separate clocks
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Q9. Which circuit is used to eliminate the Race Around Condition? A) D Flip-Flop B) Master-
Slave JK Flip-Flop C) SR Latch D) Buffer

Q10. In a Master-Slave JK Flip-Flop, when the Clock is HIGH (1): A) The Master is active, Slave
is inactive B) The Master is inactive, Slave is active C) Both are active D) Both are inactive

Q11. If a T Flip-Flop is in toggle mode, the frequency of the output signal is: A) Same as the
clock frequency B) Double the clock frequency C) Half the clock frequency D) Zero

Q12. Which logic gate is used to convert an SR Flip-Flop into a D Flip-Flop? A) AND Gate B)
OR Gate C) NOT Gate (Inverter) D) XOR Gate

Q13. A register typically consists of a group of: A) Logic Gates B) Flip-Flops C) Multiplexers D)
Encoders

Q14. Which of the following is NOT a sequential circuit? A) Counter B) Shift Register C)
Encoder D) Flip-Flop

Q15. The output of a sequential circuit depends on: A) Present inputs only B) Past outputs
only C) Both present inputs and past outputs D) Neither inputs nor outputs

Q16. What is the value of output Q in a D Flip-Flop if D = 0 and the Clock triggers? A) 1 B) 0
C) Toggle D) High Impedance

Q17. Which Flip-Flop is best suited for designing a Counter circuit? A) SR Flip-Flop B) D Flip-
Flop C) T Flip-Flop D) Latch

Q18. The “Hold” or “No Change” condition in a JK Flip-Flop occurs when: A) ] = 0,K = 0 B)
J=1,K=1C)J=1K=0D)J=0,K=1

Q19. Which component provides the “Feedback” path in a basic Latch circuit? A) The Clock
B) The Input C) The connection from Output to Input D) The Power Supply

Q20. Master-Slave Flip-Flops are usually triggered on: A) Positive Level B) Negative Level C)
Pulse Width D) Pulse Edge (Transition)

B. Short Answer / Viva Questions

Common questions asked by external examiners during practicals.

16. Differentiate between Combinational and Sequential Circuits.
o Key Point: Combinational depends only on current inputs (no memory);
Sequential depends on current inputs + past history (has memory).
17. Why do we need a Clock signal in sequential circuits?

o Key Point: To synchronize the changes in state so that all flip-flops update at
the exact same time.

18. Explain the “Race Around Condition”.

o Key Point: In a JK Flip-Flop, when /] = 1, K = 1 and the clock pulse is long, the

output toggles continuously (0-1-0-1) creating an unstable output.
19. How does the Master-Slave Flip-Flop solve the Race Around problem?

o Key Point: It isolates the input from the output using two stages. The Master
captures input when Clock is High, and the Slave updates output when Clock
is Low.

20. What is the function of the D Flip-Flop?
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o Key Point: It is used for data storage or delay. It ensures S and R are never
equal by using an inverter (S = D,R = D).
21. Why is the condition S = 1, R = 1 called “Forbidden” in an SR Flip-Flop?
o Key Point: It forces both outputs Q and Q to be logic 0 (or unstable), which
violates the rule that Q and Q must be opposites.
22. What is a “Toggle” action?

o Key Point: Changing the output to the opposite state (0 becomes 1, 1
becomes 0).

23. List two applications of Flip-Flops.

o Key Point: Frequency Division (Counters), Data Storage (Registers), Data
Transfer.

24. What is the difference between a Latch and a Flip-Flop?
o Key Point: Latches are Level-Triggered (work when Clock is ON); Flip-Flops are
Edge-Triggered (work only at the rising/falling edge).
25. If  want to build a 4-bit Counter, how many Flip-Flops do | need?
o Key Point: 4 Flip-Flops (1 Flip-Flop stores 1 Bit).

Answer Key (MCQs)

Q1 Q2 Q3
A
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Here is the Digital Resource Library for Unit 5: Basics of Sequential Circuits. This collection
is curated to support self-paced learning, visual understanding of flip-flop timing, and
practical simulation, directly aligned with the syllabus references.

1. Al Tools & Digital Learning Tools

These tools are selected to help you move beyond static diagrams and see how “Time” and
“Clock signals” affect digital circuits.

e CircuitVerse / TinkerCAD

o Purpose: Online Digital Logic Simulators.

o How it helps: Sequential circuits are hard to understand on paper because
they change states over time. These tools allow you to drag-and-drop Flip-
Flops, connect a clock, and watch the LEDs toggle in real-time. You can build
the Master-Slave JK Flip-Flop and actually see how the data moves from
Master to Slave.

Recommended Action: Use the “Sequential Logic” menu to drop an SR or D
Flip-Flop and attach a “Clock” input to see edge-triggering in action.

e Virtual Labs (IIT Kharagpur/Bombay)

o Purpose: Remote Laboratory Simulation (Ministry of Education, Govt. of
India).
How it helps: Provides ready-made experiments for SR, D, JK, and T Flip-
Flops. It mimics the exact lab equipment (breadboard, ICs, wires) you use in
college. It is perfect for preparing for your practical exams (Experiments 19-
22).
Recommended Action: Visit the “Digital Logic Design Lab” section to perform
the “Analysis of Sequential Circuits” experiment.

e Gemini / ChatGPT (Al Assistants)

o Purpose: Concept Explainer & Personal Tutor.

o How it helps: Use these to generate analogies or simplifications. If you are
stuck on Why the “Race Around Condition” happens, ask the Al to “Explain
the Race Around Condition in JK Flip-Flop using a simple analogy like a
spinning door.”

Recommended Action: Use it to generate “Viva Questions” or “Quiz
Questions” to test yourself before the exam.

e Falstad Circuit Simulator

o Purpose: High-fidelity electronic visualization.

o How it helps: This tool shows the flow of current (as moving yellow dots)
through the wires. It is excellent for visualizing the internal gate-level
structure of a Flip-Flop (e.g., how the cross-coupled NAND gates actually
latch data).

2. Video Learning Repository

This table organizes high-quality, free video content. These resources cover the specific
topics listed in your Unit 5 syllabus.
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Topic Name

Recommended
Channel / Lecturer

Search Keywords

Introduction to Sequential
Circuits (Difference between
Combinational & Sequential)

Neso Academy
(Varun Sir)

Neso Academy introduction to
sequential circuits combinational
vs sequential circuits difference

Latches & Flip-Flops Basics (SR
Flip-Flop & Internal Circuit)

All About
Electronics

SR Latch and Flip Flop explained
difference between Latch and flip
flop ALL About Electronics

D & T Flip-Flops (Working &
Truth Table)

Neso Academy

D flip flop working truth table
Neso T flip flop working toggle
mode

JK Flip-Flop & Race Around
Condition

Gate Smashers or
Techno-Tips

JK flip flop working Gate
Smashers Race Around Condition in
JK Flip Flop in Hindi/English

Master-Slave JK Flip-Flop (The
Solution to Racing)

NPTEL (Prof. S.
Srinivasan - lIT
Madras)

NPTEL digital circuits master
slave JK flip flop Master Slave
JK flip flop working animation

Applications: Registers &
Counters (Overview)

Engineering Funda

Shift Registers basics
Engineering Funda Asynchronous
Counter basics

Note for Students:

For Quick Revision: Use Gate Smashers or Techno-Tips (they often use simple

language/Hindi).

For Deep Understanding: Use Neso Academy or All About Electronics (excellent

animations).

For Syllabus Mapping: Refer to NPTEL for authoritative, professor-led explanations
aligned with university standards.

Next Step: Would you like a “10-Minute Rapid Revision Sheet” that condenses all Unit 5
Flip-Flop truth tables and excitation tables into a single printable page?
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Based on the detailed analysis of the “Fundamental of Digital Electronics” (Code:
D102000161) syllabus, specifically Unit 5: Basics of Sequential Circuits, | have compiled this
Predicted Question Bank.

Since the syllabus explicitly allocates 15% weightage to this unit (approx. 10-12 marks in a
70-mark paper), the questions are categorized by typical mark distribution found in Diploma
Engineering exams (e.g., 2-3 marks for definitions/short notes, 4-7 marks for detailed
explanations).

Predicted Question Bank: Basics of Sequential Circuits

Course: Fundamental of Digital Electronics (DI02000161) Unit: 05 (Weightage: 15%)

1. Most Repeated / High-Probability Questions

These questions directly target the core syllabus topics and are statistically most likely to
appear in theory exams.

A. Short Answer / Definitions (2-3 Marks)

26. Define Sequential Circuits. How do they differ from Combinational Circuits regarding
memory?
27. Differentiate between Combinational and Sequential Circuits. (List at least 3
points).
o Key Focus: Memory, Feedback, Clock, Dependence on past outputs.
28. Draw the Logic Symbol and Truth Table of the following Flip-Flops:
o SR Flip-Flop
o D Flip-Flop
o JKFlip-Flop
29. Define “Race Around Condition” in JK Flip-Flop.
30. State the function of the “Preset” and “Clear” terminals in a Flip-Flop.
31. List four applications of Flip-Flops in digital systems.

B. Descriptive / Long Answer (4-7 Marks)

11. Explain the working of SR Flip-Flop using NAND/NOR gates with its logic diagram
and truth table. Explain why the state S = 1, R = 1 is forbidden.

12. Explain the working of JK Flip-Flop with a neat logic diagram and truth table. How
does it eliminate the invalid state of the SR Flip-Flop?

9. Explain the Master-Slave JK Flip-Flop with a block diagram or logic circuit.
Explain how it solves the Race Around Condition.

o Exam Tip: This is a very high-probability question for 7 marks.
10. Explain the construction and working of D Flip-Flop. Why is it called a
“Delay” or “Data” Flip-Flop?
13. Explain the T Flip-Flop and its “Toggle” mode operation. Show the input and output
waveforms (timing diagram).
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2. Application & Logical Thinking Questions

These questions test “Understanding (U)” and “Application (A)” levels as per the syllabus
specification table.

13. Logic Conversion:

“Sketch the circuit to convert a JK Flip-Flop into a T Flip-Flop. Explain the logic behind
connecting J and K inputs together.”

o Context: Tests understanding of how specific Flip-Flops (T) are derived from
universal ones (JK).

. Timing Analysis:

“Given a D Flip-Flop with a clock frequency of 1 kHz. If the input D is connected to
the Q output (feedback), determine the frequency of the output signal Q and draw
the waveform.”

o Context: Tests the concept of frequency division, a key application mentioned
in the syllabus.

. Reasoning (The “Why”):

“Why is a Clock signal essential in Sequential circuits but not in Combinational
circuits? Explain the role of the clock in synchronization.”

o Context: Tests the fundamental definition of sequential logic.

. Troubleshooting/Analysis:

“In an SR Flip-Flop, what happens to the output if both inputs S and R are switched
to ‘1’ simultaneously? Justify your answer using the internal gate logic.”

o Context: Deepens the understanding of the “Invalid State”.

. System Application:

“You are designing a Digital Counter to count people entering a room. Which type of
Flip-Flop (SR, D, or T) would be most suitable for the toggling action required in a
binary counter? Justify your choice.”

o Context: Links the component (Flip-Flop) to its application (Counters).

Exam Strategy Note for Students:

Diagrams are Crucial: For every Flip-Flop question (SR, JK, D, T, MS-JK), marks are
heavily dependent on a clean, labeled logic diagram and a correct Truth Table.
Focus on the “Fix”: Understand the progression: SR (Basic) — D (Fixes Invalid state)
— JK (Fixes Invalid state + Adds Toggle) — Master-Slave (Fixes Timing/Racing).
Syllabus Alignment: The syllabus specifically lists “Comparison,” “SR, D, T, JK,” and
“Master-Slave”. Ensure you cover these five core topics thoroughly.
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Here are three practical laboratory exercises for Unit 5: Basics of Sequential Circuits,
explicitly designed for Diploma Engineering students. These exercises are aligned with the
provided syllabus and the official practical list.

Experiment 1: The Basic Memory Cell (SR Flip-Flop)

Syllabus Mapping: 5.1 SR Flip Flop & Practical List Item 19

1. Objective: To construct and verify the truth table of an SR (Set-Reset) Flip-Flop using basic
logic gates (NAND/NOR) and standard ICs, understanding the fundamental concept of
“latching” or storing a bit of data.

2. Task / Activity:

e Circuit Build: Construct an SR Latch using two cross-coupled NAND gates (IC 7400)
on a breadboard.
Connection: Connect two push-button switches to inputs S and R, and two LEDs to
outputs Q and Q.
Verification Steps:
o Set Condition: Apply Logic 0 to Set and Logic 1 to Reset. Observe the LED at
Q turning ON (High).
Reset Condition: Apply Logic 1 to Set and Logic 0 to Reset. Observe the LED
at Q turning OFF (Low).
Memory Condition: Apply Logic 1 to both inputs (for NAND latch). Observe
that the output remains in its previous state (Memory).

Invalid Condition: Apply Logic 0 to both inputs to demonstrate the
“Forbidden State” where both outputs might go High (violating logic rules).

3. Viva-Voce Questions:

e “Why is the input condition S = 1,R = 1 (or 0,0 for NAND) called ‘Forbidden’ or
‘Invalid’ in this circuit?”
“What is the difference between this Latch you built and a Flip-Flop? (Hint: Clock
signal).”
“If you disconnect the power supply, will this circuit remember the stored bit?
Why?”

Experiment 2: Reliable Data Storage (D Flip-Flop)

Syllabus Mapping: 5.2 D Flip Flop & Practical List Item 20

1. Objective: To construct a D (Data) Flip-Flop to demonstrate reliable data storage and
verify that the output follows the input only during the clock transition, eliminating the
invalid state problem of the SR flip-flop.

2. Task / Activity:

e Logic Conversion: Modify the previous SR circuit or use a D Flip-Flop IC (e.g., 7474). I
building from gates, connect a NOT gate (IC 7404) between the S and R inputs so
thatS=DandR = D.

Clocking: Connect a manual clock pulse (using a push button or low-frequency
function generator).
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e Observation Task:
o Hold Data input D = 1. Toggle the Clock. Verify Q becomes 1.
o Change D to 0 while the Clock is static. Does Q change? (It should not).
o Toggle the Clock again to verify Q updates to 0.
o Simulate: Use TinkerCAD/CircuitVerse if ICs are unavailable to visualize the
timing diagram.

3. Viva-Voce Questions:

“Why is the D Flip-Flop also known as a ‘Delay’ Flip-Flop?”

“In this experiment, does the output change the instant you change input D? What
signal is it waiting for?”

“Where is the D Flip-Flop commonly used in computers? (Hint: Registers/RAM).”

Experiment 3: The Universal Toggle (JK & Master-Slave Flip-Flop)

Syllabus Mapping: 5.3 JK Flip Flop, 5.4 Master-Slave & Practical List Items 21, 22

1. Objective: To verify the “Toggle” mode of the JK Flip-Flop and demonstrate how the
Master-Slave configuration enables “Frequency Division” and prevents timing errors (Race
Around Condition).

2. Task / Activity:

e IC Setup: Use a standard JK Flip-Flop IC (e.g., 7476 or 7473). Connect V. (+5V) and

Ground.
Toggle Mode Test: Connect both J and K inputs to Logic High (+5V).
Frequency Division Activity:

o Connect a slow clock signal (approx. 1Hz) to the Clock input.

o Connect one LED to the Clock signal and another LED to the Output Q.

o Observe: The Output LED should blink at exactly half the speed of the Clock

LED. This visualizes frequency division (fyut = fin/2)-

Master-Slave Verification: If using simulation software, build the Master-Slave block
diagram to see how data is “trapped” in the Master latch while the clock is high and
released to the Slave when the clock goes low.

3. Viva-Voce Questions:

e “What is the ‘Race Around Condition’ and how does the Master-Slave design inside
this IC prevent it?”
“If | feed a 100Hz clock signal into this JK Flip-Flop in Toggle mode, what will be the
frequency at the output?”
“What are the ‘Preset’ and ‘Clear’ pins on the IC 7476 used for in a practical circuit?”
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Here are two simple, exam-oriented mini-project ideas for Unit—5: Basics of Sequential
Circuits. These projects are designed to be built on a standard breadboard or simulated on
free platforms like TinkerCAD, making them perfect for Diploma Engineering students to
bridge the gap between “Flip-Flop Theory” and real-world utility.

Project 1: “Fastest Finger First” (Electronic Quiz Buzzer)

A classic application of the “Memory” and “Interlock” properties of Sequential Circuits.

1. Objective & Working Principle: The objective is to build a circuit for a quiz competition
where three contestants have buttons. The system must light up the LED of the first person
who presses their button and simultaneously “lock out” the other two buttons so their LEDs
do not turn on. A “Master Reset” button clears the memory for the next round.

e Working: The circuit uses the “Latching” property. When a button is pressed, it sets
a specific Flip-Flop. The output of that Flip-Flop is fed back to disable the inputs of
the other Flip-Flops, creating an electronic interlock.

2. Application of Unit—5 Concepts:

e SR/ D Flip-Flop Application: This project directly demonstrates the working of the
SR Latch or D Flip-Flop (Syllabus 5.1 & 5.2).

Memory State: It visually proves that a sequential circuit “remembers” an event
(button press) even after the finger is removed, unlike a combinational circuit which
would turn off immediately.

Feedback: Students effectively use the “Feedback” concept to create the locking
mechanism.

3. Cross-Disciplinary Relevance:

e Electrical Engineering: This logic is identical to “Motor Interlocking” in industrial
control panels (e.g., ensuring a motor cannot run in Forward and Reverse
simultaneously).

Computer Engineering: Demonstrates “Interrupt Handling” and priority arbitration
in microprocessors.

4. Skills Developed:

e Circuit Troubleshooting: Debugging feedback loops which are prone to wiring errors.
e System Logic: Understanding how one output can control another input (Cascading).
e Components: Usage of IC 7400 (NAND Latch) or IC 7474 (D Flip-Flop).

Recommended Tool: TinkerCAD (Simulation) or Breadboard + IC 7400/7474.

Project 2: 4-Bit Binary Event Counter

A visual demonstration of Toggling and Frequency Division.

1. Objective & Working Principle: The objective is to build a digital counter that counts from
0 to 15 (0000 to 1111 in binary) and displays the count on 4 LEDs. The count increments
every time a manual button is pressed (simulating an object passing on a conveyor belt) or
automatically via a clock pulse.
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e Working: The circuit uses Flip-Flops in “Toggle Mode”. The output of the first Flip-
Flop feeds the Clock input of the second, and so on (Asynchronous/Ripple Counter).

2. Application of Unit-5 Concepts:

e JK / T Flip-Flop Application: This utilizes the JK Flip-Flop (Syllabus 5.3) connected in
Toggle Mode (] = 1, K = 1) or the T Flip-Flop (Syllabus 5.2).
Master-Slave Configuration: Demonstrates why Master-Slave JK Flip-Flops (Syllabus
5.4) are preferred to avoid timing errors (glitches) during counting.

Clocking: Visualizes the concept of “Negative/Positive Edge Triggering” —the LEDs
will change state specifically when the button is released (or pressed).

3. Cross-Disciplinary Relevance:

e Maechanical / Civil Engineering: Basis for Digital Tachometers (measuring RPM),
turnstiles in subways, or product counters on manufacturing conveyor belts.

Instrumentation: Fundamental to how Digital Multimeters and Frequency Counters
work.

4. Skills Developed:

e Sequential Logic: Understanding how data ripples from LSB (Least Significant Bit) to
MSB (Most Significant Bit).

Timing Analysis: Visualizing how frequency is divided by 2 at each stage (f, f/2,
f/4).
e Components: Usage of IC 7476 (Dual JK Flip-Flop) or IC 7473.

Recommended Tool: CircuitVerse (for clean timing diagrams) or Breadboard + IC
7476.
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Based on the syllabus for Fundamental of Digital Electronics (Code: DI02000161),
specifically Unit 5: Basics of Sequential Circuits, | have designed a differentiated learning
plan. This unit carries 15% weightage, making it crucial for both passing and scoring high.

Differentiated Learning Plan: Unit 5

Subject: Fundamental of Digital Electronics Unit Focus: Basics of Sequential Circuits (5 Hours
/ 15 Marks)

Track A: Remedial Learning Plan (The “Passing” Track)

Target Audience: Slow learners or students struggling with logic concepts. Goal: Secure 8-10
marks by mastering the “Must-Know” definitions and diagrams. Strategy: Focus on “What it
does” (Function/Truth Table) rather than “How it works inside” (Internal Gate Circuitry).

The 5 Essential Topics (Minimum Passing Competency)

1. Comparison: Combinational vs. Sequential Circuits
o Focus: Memorize a simple 3-point comparison table.
o Key Points:
= Combinational = No Memory (Output depends only on present input).
= Sequential = Has Memory (Output depends on input + past history).
= Example: Adder (Combinational) vs. Flip-Flop (Sequential).
o Exam Tip: This is a frequent 2-3 mark question.
2. SR Flip-Flop (Symbol & Truth Table)
o Focus: Learn the symbol and the 4 conditions of the Truth Table.
o Key Concept:
= §$=1,R =0 - Set(Output1).
= S$=0,R=1- Reset (Output 0).
= §$=0,R =0 - NoChange (Memory).
= §$=1,R =1 - Invalid (Don’t use!).
o Simplification: Do not stress about the internal NAND gate connections;
focus on the black-box behavior.
3. JKFlip-Flop (The “Toggle” Concept)
o Focus: Understand that JK is the “better” version of SR.
o Key Concept: It works exactly like SR, but fixes the “Invalid” state. When | =
1and K = 1, it Toggles (flips the output).
Exam Tip: If asked to explain JK, writing the Truth Table correctly guarantees
50% marks.
4. D Flip-Flop (Data Latch)
o Focus: The simplest flip-flop.
o Key Concept: “D stands for Data or Delay.” Whatever input you give at D
appears at Q after the clock.
o Why learnit? It’s the easiest logic to remember: Input = Output.
5. Applications of Flip-Flops (List Only)
o Focus: Memorize the names of 3 common applications.
o Key Points:
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= Data Storage (Registers).
=  Frequency Division.
= Counting (Counters).
o Exam Tip: A simple list often appears as a 2-mark question.

Track B: Advanced Learning Track (The “Distinction” Track)

Target Audience: High achievers and students aiming for 100% scores. Goal: Demonstrate
“Application (A)” and “Understanding (U)” levels to score full marks on descriptive
guestions. Strategy: Focus on Timing Analysis, Internal Logic, and Design Issues.

Advanced Concepts & Differentiation Areas

1. Deep Dive: Master-Slave JK Flip-Flop & The “Race Around”
o The Challenge: Don’t just define the “Race Around Condition”; explain why it
happens (propagation delay < clock pulse width).
differentiation: An average student draws the block diagram. An expert
student draws the Timing Diagram showing the output toggling
uncontrollably, then draws the Master-Slave timing showing how the output
changes only at the falling edge (Post-Clock).
o Visual Trigger:
Internal Circuit Realization (NAND/NOR Logic)
o The Challenge: Draw the internal structure of Flip-Flops using Universal Gates
(NAND/NOR).
o Differentiation: Be able to explain the “Cross-Coupled” feedback loop. For
the D Flip-Flop, show how the Inverter is physically connected between S and
R to prevent the invalid state.
Edge Triggering vs. Level Triggering
o The Challenge: Distinguish between a Latch (Level Triggered) and a Flip-Flop
(Edge Triggered).
Differentiation: In exam answers, explicitly sketch the Clock symbol with a
“Triangle” (Edge) vs. “Plain line” (Level) to show you understand the strict
definition of a Flip-Flop.
. T Flip-Flop: Frequency Division Analysis
o The Challenge: Analyze the output frequency relative to the clock.
o Differentiation: If the clock is 1kHz, mathematically prove that the output of
a T Flip-Flop (Toggle Mode) is 500Hz. Sketch the square waves aligned
perfectly to show the period doubling. This connects theory to the
“Frequency Division” application.
. Application Logic: Registers & Counters Overview
o The Challenge: Move beyond the list. Explain how connecting flip-flops in a
chain creates a Shift Register or a Ripple Counter.
Differentiation: Briefly sketch a 4-bit block diagram (4 Flip-Flops in a row) to

illustrate a “Register”. This visual addition proves you understand the
“Application” aspect of the syllabus.
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Summary of Learning Outcomes

Feature

Remedial Track (Track A)

Advanced Track (Track B)

Primary Goal

Pass the Unit (Secure ~6-8 Marks)

Master the Unit (Secure ~12-15 Marks)

Key Focus

Truth Tables, Symbols, Basic Definitions

Timing Diagrams, Race Around Fix, Internal
Gates

Exam
Strategy

Write standard definitions, draw clear
symbols.

Use waveforms to justify answers, explain
llWhyH'

Visual Aid
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MODEL QUESTION
PAPERS




Here are three full-length Model Question Papers specifically for Unit-5: Basics of
Sequential Circuits.

These papers are generated strictly using the GTU Question Paper Format and selected
guestions from the provided Question Bank (Chapter 4: Sequential Circuits) , which
corresponds to the Unit-5 syllabus.

Model Question Paper —Set 1

GUJARAT TECHNOLOGICAL UNIVERSITY Diploma Engineering - SEMESTER-II -
EXAMINATION Subject Code: DI02000161 Subject Name: Fundamental of Digital
Electronics Topic: Unit-5 (Basics of Sequential Circuits) Time: 2 Hours 30 Minutes | Total
Marks: 70

Instructions:

Attempt all questions.

Make suitable assumptions wherever necessary.
Figures to the right indicate full marks.

English version is authentic.

(a) | Write the truth table for J-K flipflop.

(b) | Compare combinational and sequential circuit.

(c) | Explain working of Master Slave J-K flipflop with necessary diagrams and truth table.

(a) | State the four basic types of shift registers.

Explain working of D- flip/flop using circuit diagram & truth table.

(c) | Explain decade counter with circuit and necessary waveforms.

OR

(c) | Explain Modulo-8 counter with necessary diagrams, waveforms and counting sequence.

(a) | Write four application of shift register.

Draw the logic circuit for R-S flip-flop and write its truth table.

(c) | Explain the race around condition in JK Flip-Flop and list the methods to overcome it.

OR

(c) | Explain 4 bit Decade counter with necessary block diagram and waveforms.

(a) | Write four application of Counters.

Compare Static RAM & Dynamic RAM.

(c) | List various types of Shift register and explain 4 bit shift left register using JK flip flop.
OR

(c) | Draw and explain block diagrams of combinational circuit and sequential circuit.

(a) | Give differences between RAM and ROM.

Explain working of clocked T - flip/flop with truth table.

(c) | Explain 4-bit Asynchronous down counter also write the count sequence.
OR

Draw the logic circuit of JK flip flop, write its truth table and explain Race around
condition.

(c)
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Model Question Paper — Set 2

GUJARAT TECHNOLOGICAL UNIVERSITY Diploma Engineering - SEMESTER-II -
EXAMINATION Subject Code: DI02000161 Topic: Unit-5 (Basics of Sequential Circuits) Time:
2 Hours 30 Minutes | Total Marks: 70

Q.1 | (a) | Write the truth table of R-S Flip-Flop.

(b) | Draw the logic circuit for CLK D-Flip-flop & write its truth table.

(c) | Explain J-K flip flop with logic circuit & truth table.

(a) | State the application of counters.

Compare sequential and combinational circuit.

Give types of Counters. Explain Decade Counter (Modulo 10) with the help of Logic
Diagram, truth table and waveforms.

OR

(c)

Explain the race around condition in JK flip flop and master slave JK flip flop as methods
to overcome it.

Write three applications of Shift Registers.

Describe 4-bit shift left register.

What is flip-flop? Explain (i) J-K flip-flop using NAND gate (ii) D flip-flop.
OR

Explain Modulo-16 counter with necessary diagrams, waveforms and counting sequence.

Compare Static ROM with Dynamic ROM.

Explain Bidirectional shift register.

Draw the RS flip flop using NOR gate. Explain it with Truth Table.
OR

State the types of shift register. Explain Serial in Serial out shift registers with necessary
logic circuit.

How racing condition of flip flop can be prevented?

Explain in brief types of ROM.

Explain working of T flipflop with necessary diagrams and truth table.

OR

Explain shift register. Explain (i) Serial in Serial out and (ii) Parallel in Parallel out shift
registers.
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Model Question Paper — Set 3

GUJARAT TECHNOLOGICAL UNIVERSITY Diploma Engineering - SEMESTER-II -
EXAMINATION Subject Code: DI02000161 Topic: Unit-5 (Basics of Sequential Circuits) Time:
2 Hours 30 Minutes | Total Marks: 70

Q.1 | (a) | Write application of Counters.

(b) | Draw and Explain 4 bit shift right register with JK flip flop.

(c) | Explain Modulo 8 counter with circuit, wave form, truth table etc.

(a) | Race around condition in JK flip flop.

Write the types of RAM & ROM memory & write the application of different memories.

(c) | What is flip-flop? Explain (i) R-S flip-flop using NAND gate (ii) D flip-flop.
OR

Give the types of counter. Explain decade counter with the help of logic diagram & wave
form.

(c)

(a) | Write the truth table for CLOCKED R-S Flip/Flop.

Draw JK flip flop using NAND gate and write its truth table.

(c) | List all the types of Shift register & explain any one in detail.
OR

(c) | Compare combinational circuit and sequential circuit.

(a) | Define volatile and non volatile memory.

Give classification of RAM and give difference between static RAM and dynamic RAM.

(c) | Draw circuit of Master Slave JK Flip Flop.
OR

(c) | Draw the Logic circuit of JK flip flop and briefly explain its working.

(a) | Write any two applications of ROM and RAM each.

State various type of shift register and explain any one.

(c) | Explain 4 bit Decade counter with necessary block diagram and waveforms.

OR

(c) | Explain J-K flip flop with logic circuit & truth table.
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