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Binary and Decimal Conversions:

Binary to Decimal Conversion Steps:

1]. Write down the binary number.
2]. Assign powers of 2 to each bit, starting from 2%n
the right.
31. Multiply each bit by its corresponding power of 2.
41. Add all the results to get the decimal value.
(101D2=(1x2%) + (0x22)+ (1x2") + (1x2°)
=8+0+2+1
=110

Decimal to Binary Conversion Steps:
11. Divide the decimal number by 2.

2]. Write down the remainders.
31. Repeat until the quotient is O.
4]. Read the remainders in reverse order.
Example: Convert (45),, to binary:
45:2=22 (1) LSB
22:2=11(0)
11:2=5 (1)
5:2=2 (1)
2:2=1(0)
1:2=0 (1) MSB
Binary: 101101 2
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What is Number System?

In digital electronics, a number system is a means of encoding and
manipulating numerical values for use in digital circuits.
While binary logic (0s and 1s) is the primary operation of digital
systems, a variety of number systems are used to simplify design,

analysis, and data representation.

NUMBER SYSTEM

Decimal  Binary Octal Hexadecimal
(0_9) (071) (0_7) (0—97A:B9C3D9E9F)

Decimal (Base-10): Commonly used by humans, uses
digits 0-9.

Example: (125)10 =(1117101) 2

Binary (Base-2): Uses 0 and 1, essential for digital
circuits.

Example: (1010)2 =(10)10

Octal (Base-8): Uses digits 0-7, simplifies binary
grouping (3 bits = 1digit).

Example: (101011) , =(53)¢

Hexadecimal (Base-16): Uses 0-9 and A-F, compact
representation of binary (4 bits = 1 digit).

Example: (11111111) 2=(FF) ¢
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UNIVERSAL GATES:

# Any Logical Function can be implemented
using Universal Gates (NAND or NOR Gates)

I NAND Gate (NOT + AND)

What It Does: It works similarly to an AND gate, but
the output is flipped (inverted).

Example in Real Life: A system that turns off if both
conditions are met, such as a safety alarm that
activates unless both switches (safe position) are
OFF.

Symbol: )
Y
=D

Logical Expression: Y=(A.B)’
Truth Table:
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Simplifying Digital Elecironics for Beginner
By V. S. Pawar
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Karnaugh Map (K-Map)

Definition: A visual approach to simplifying
Boolean expressions.

Purpose: Minimizes logic functions to reduce
circuit complexity.

Steps for Writing a K-Map:
Step 1]. Determine the number of variables.
Determine the size of the K-Map according to the number of variables:
Two variables: a 2x2 grid. N XE 5
Three variables in a 2x4 grid. E E
Four variables in a 4x4 grid.
Step 2]. Draw the K-map:
Create a grid with each cell representing a minterm or maxterm. N > °° 01 11 10
Use Gray Code to label rows and columns based on variable 1
combinations.

Step 3]. Fill the K-map:

From the truth table or a Boolean function:

Place 1 for minterm (for SOP).

Place 0 for maxterms (for POS).

Mark "Don't Care" conditions with an X, where appropriate.

Step 4]. Group Adjacent Cells:
Group neighboring 1s (or Os for POS) into groups of 2", where nis an
integer.
Depending on the grid size, groups can consist of 1, 2, 4, 8, or 16 cells
each.
Step 5]. Write the Simplified Expression:
Derive the expression by writing terms for each group:
o For SOP: Write the product term (AND) for each group.
o For POS: Write the sum term (OR) for each group.
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What is 1's Complement?

A binary number's 1's complement can be found
by inverting each bit in the binary number.
In other words, converting 0 to 1and 1+to O.

Steps for Finding 1's Complement:
Step 1: Write the binary number.
Step 2: Invert every bit (1 = 0, 0 = 1).

For example,
Determine 101010's 1's complement.
Step 1: 101010 was the first binary number.
Step 2: Invert all bits: 010101
1?1T1T
10101

b

The 1's complement of 101010 is O10101.
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What are Logic Gates?

Logic gates are tiny decision-makers inside electronic
devices. They take one or more inputs (Os and 1s) and
output a single value (0 or 1). Consider them the brains of

every computers, smartphones, and digital devices!

Logic Gates:
The term "logic’ refers to making
decisions based on specific conditions.
'Gates' behave like a switches, allowing
or blocRing signals. Together, logic
gates are tiny circuits that accept Os
and 1s as input and output a result based
on simple principles.

Logic Gate

L
Basic Gates Universal Gates Special/Derived
AND GATE(7408) NAND GATE(7400) Cates
OR GATE(7432 NOR GATE(7402 EX-OR GATE
(7432) (7402) (7486)
NOT GATE(7404)
EX-NOR GATE

(7408)
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Truth Table Representation :

Truth Table:

A truth table is a tabular representation of a digital circuit's
possible input combinations and corresponding output values.
The truth table for n input variables will have 2"rows, covering
all Os and 1s.

Structure of the Truth Table:

Input Variables: Columns for each variable (e.g. A, B, C, etc.).
Output (F): A column displaying the output for each input
combination.

Decimal Representation: Each row is uniquely recognized by
its decimal equivalent.

#STEPS TO GENERATE BINARY NUMBERS WITH A TRUTH TABLE

1]. Label Columns: For n variables, label them as 2n_1, 2n_2 ....... 20 (from
MSB to LSB).
2]. Fill the columns:
In 2° ,
20:’], each row alternates between O and 1.
In2'
21 =2, repeat each value (O or 1) twice.
In2° ,
2 0 repeat each value four times.
31. Write the Decimal numbers starting from O, 1, ..... .
A% B (2" C 2% Decimal Equivalent

For Example:
(for 3 Variables)

walala|la|lo|lo|o]|e
alalo|lo|a|=]|o]|eo
NEAARSINNEE

N & u & w N = o
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~ Exclusive NOR ( XNOR) Gate

What It Does: Outputs HIGH (1) only when inputs are
the same (both 0 or both 1).

Example in Real Life: A password match system
that allows access only when both codes match.
Symbol:

A —

B Y=AoB

Logical Expression: Y= A.B + A".B'
Truth Table:
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How are complements used to perform
subtraction?

Subtraction in binary is done by converting the subtraction
operation to addition through complements.

To accomplish A-B:

Take the 2's complement of B (invert all bits and add 1).
Add it to A.

Discard any carry-outs. The end result is the answer.

For example,
Perform 5 - 3 in binary.
Step 1: Represent 5 and 3 in 4-bit binary as 0101 and 0011.
Step 2: Determine the 2's complement of 3.
1s complement of 0011 equals 1100.
Add 1 — 1101.
Step 3: Combine 0101 (5) with 1101 (2's complement of 3):
0101 +1101 =10010.
Step 4: Remove the carry (leftmost bit); the result is 0010
(2 in binary).
Thus, 5 -3 = 2. This method simplifies subtraction in digital
systems.
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Table of Content:

« Introduction to Digital Electronics
What are Signals?
Types of Signals: Analog and Digital
« Number Systems
Decimal, Binary, Octal, and Hexadecimal Systems
Conversions Between Binary and Decimal Number Systems
. Truth Tables and Binary Numbers
Representation of Truth Tables
Generating Binary Numbers Using Truth Tables
. Boolean Algebra
Laws and Operations
De Morgan's Law
. Boolean Expression Representation form
SOP and POS with Examples
. Logic Gates
Basic, Universal, and Derived Gates
. Karnaugh Map (K-Map)
Steps and Simplifications with Examples
. Complements in Binary
One's Complement
Two's Complement(With a Trick to solve in 1 step)
Complements used to perform binary Substraction
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What is Boolean Algebra?

Boolean algebra is a branch of mathematics that deals with
binary variables and logical operations.

It is used in digital electronics to design and analyze digital

circuits.

Boolean variables only have two possible values: 1 (True) or O

(False).
BASIC OPERATIONS:

e AND (.): Multiplies the inputs.
e OR (+): Adds the inputs.

¢ NOT (A’): Inverts the input.
Laws of Boolean Algebra:

1.ldentity Laws:

o A+0=A 5. Commutative Laws:

o A-1=A o A+B=B+A
2.Null Laws: oA-B=B-A

o A+1=1 6. Associative Laws:

cA-0=0 o (A+B)+C = A+(B+C)
3.ldempotent Laws: o (A-B):C=A-(B-C)

o A+A=A 7. Distributive Laws:

o A-A=A o A-(B+C)=(A-B)+(A-C)
4.Complement Laws: o A+(B-C) = (A+B) - (A+C)

o A+A =1

o A-A'=0
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BASIC GATES:

1. AND Gate

What It Does: Gives a HIGH output (1) only when all
inputs are HIGH (1).

Example in Real Life: Consider a Door that only
opens when you enter both the key AND the secret
PIN.

Symbol: A .
B

Logical Expression: Y=A.B
Truth Table:
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DERIVED GATES:

1 Exclusive OR ( XOR) Gate

What It Does: It returns HIGH (1) only when the
inputs are different (one 0 and one 1).

Real-life example: A room light that turns on only
when one of the switches is flipped, not both.

Symbol:

5 Y=AoB

Logical Expression: Y= AB' + A'.B
Truth Table:
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What is 2's Complement?

# Short Cut

[METHOD 2]

Step 1: Start from LSB (Least Significant Bit)
continue same bit till you get 1.

Step 2: After 1 write the Complement of rest.

For Example,

Find the 2's complement of 101010

101010

e

I
After 1 write 01 011 0

Complement:

The 2's complement of 101010 is O10110.

Continue same
bit till you get
1

How can | validate a 2's complement?
Add the original number to its 2's complement. If
the result is entirely zeros (not including the
carry), the complement is correct.
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What are Signals?
A signal is simply a way to transport information from one

location to another. Signals are used in electronics to send

data, control devices, or represent actions.

SIGNAL TYPES:

There are two major types of signals:
1]_Analog Signals

-They are continuous.

-They change throughout time, just like a wave.
-For Example: The sound of your voice on the

phone or Sinusoidal AC Voltage.

2]. Digital signals

-These are not continuous. They have only two
states: ON (1) and OFF (0).

- Digital signals appear as square steps.
Example: A Computer Signal or a Blinking LED

or Direct Current.

Why Digital Signals Are Important:
- Reliability: Digital signals are less sensitive to noise (unwanted
interference) than analog signals.

- Simplicity: They are easier to process and store.

- Universality: Digital signals are the foundation of modern

electronics such as computers, cellphones, and digital watches.






OEBPS/image_rsrc86.jpg
Boolean Expression Representation Forms:

Sum of Products (SOP):

A Boolean expression is represented as the sum (OR) of
product terms (AND literals).

Each product term, known as a minterm, represents a single
combination where the output is 1.

Example:
11.F=AB+A'B
i,e When AB=1orA'.B=1thenF=1
2]. F(A,B)=1for minterms 0,3.
#DERIVED FROM THE TRUTH TABLE WHERE THE OUTPUT IS ‘1'.

SOP: F=A"-B'+A-B

Product of Sum (POS):
A Boolean expression is represented as the product (AND) of
sum terms (OR literals).
Each sum term, known as a maxterm, represents a single
combination with an output is 0.
Example:
11.F=(A+B)-(A"'+B)
i,eWhen A+B=Tand A+ B=1thenF=1

2]. F(A,B)=0 for maxterms 1,2.
#DERIVED FROM THE TRUTH TABLE WHERE THE OUTPUT IS ‘0’.

POS: F=(A+B')(A'+B)
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~ OR Gate

What It Does: Outputs HIGH (1) if at
least one input is HIGH (1).

Example in Real Life: A lamp that lights
up if you press either the wall switch OR

the remote switch .

Symbol: A N
B

Logical Expression: Y=A + B
Truth Table:
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FOR A 3-VARIABLE SYSTEM (A,B,C), THE TRUTH TABLE FOR AN
ARBITRARY FUNCTION F IS:

Decimal A B C F Minterm (SOP) Maxterm (POS)
0 0 0 0 0 (A+B+0C)
1 0 0 1 1 ABC
2 0 1 0 0 (A+B+0)
3 0 1 1 0 (A+B+0)
4 1 0 0 1 ABC
5 1 0 1 0 (A+B+0)
6 1 1 0 1 ABC
7 1 1 1 0 (A+B+0)
For SOP:
From the above truth table, F=1 for rows 1,4,6.
e Row 1: ABC
e Row 4: ABC
» Row 6: ABC
SOP Expression:

F=ABC+ABC+ABC

For POS:
From the above truth table, F=0 for rows 0,2,3,5,7.
e Row 0: (A+B+C)
e Row 2: (A+B+C)
e Row 3: (A+B+C)
e Row 5: (A+B+C)
e Row 7: (A+B+C)
POS Expression:
F=(A+B+C).(A+B+C).(A+B+C).(A+B+C).(A+B+C)
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- NOR Gate (NOT + OR)

What It Does: It works similarly to an OR gate, but
the output is inverted.

Example in Real Life: A child-safe switch that
allows toys to function only when neither button is
pressed.

Symbol:

A
B

Logical Expression: Y=(A+B)’
Truth Table:

= - 0 0O | P>
R O, O |
O 00 R |
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Rules for K-Map Simplification:
1.Grouping Rules:
o Groups must contain 2"cells (33274787 etich):
o Groups can wrap around the edges of the K-Map.

o Overlapping groups are allowed.
o Create the largest possible groups for simplification.
2.Don't Care Conditions:
o Use "Don't Care" conditions (X) to form larger groups
for more simplification.
3.Unique Groups:
o Ensure every 1is included in at least one group.
o Avoid unnecessary overlapping for clarity.
4 Minimized Terms:
o Each group eliminates variables that change within
the group.

Example: 3—Variable K-Map (SOP with Don't Cares)
Function: F(A B,C)=2(1,3,7),D={5}

BC
Steps: \N2001 110
11. For 3 Variables, Draw a 2x4 K-Map for A B,C. ?EBEE

2]. Fill cells with 1 for minterms 1,3,7 and X for 5.
BC

00 01 11 10  «==+» # See the Variables that are
Constant Vertically and
horizontally

3]. Group adjacent 1s and include X to maximize groups.
4]. Simplified expression: F=C
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What is 2's Complement?

The 2's complement of a binary number is
determined as follows:

Find the binary number's 1's complement.
Adding one to the least significant bit (LSB).

[METHOD 1]
Step 1: Find the 1's complement (invert every bit).
Step 2: Add one to the result.

For Example,
Find the 2's complement of 101010.
Step 1: Find the 1's complement, O10101.
Step 2: Add one. 010101 + 1= O10M10.
The 2's complement of 101010 is O10110.
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9. NOT Gate

What It Does: flips the input. If you give it O, you
get 1, and vice versa.
Real-world example: a night lamp that turns on

when it's dark and off when it's bright.

A—DQ—Y

Logical Expression: Y=A'
Truth Table:

Symbol:

A
0 1
1 0

# It is the only Gate with Single Input
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What Is Digital Electronics?

In digital electronics, information is processed
using binary values (0s and 1s).
It is the building block of gadgets like cellphones,

laptop computers, and even smart refrigerators.
Real-Life Examples

/l Digital Watches: A digital watch processes binary
signals to display the time. It uses combinational
and sequential logic to count and display numbers.

() Traffic Lights: Digital systems manage the
£—. sequence of red, yellow, and green lights based on
pre-programmed logic.

7)  Elevators: Digital controllers determine which
v Js floor an elevator should go to based on

button inputs.

For Example,

Consider a Light Switch with only two possible
]

N ’
cases: -‘ ’-

ON =1 (Electricity flowing, light is turned ON). =
OFF = O (there is no electricity, light is turned
kR,
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SUM OF PRODUCTS (SOP) REPRESENTATION
The SOP form is a Boolean expression that uses a sum (OR)
of product terms. Each product term corresponds to a row
where F=1.
Steps to Write SOP Expression:

1.Identify all rows where F=1in the truth table.

2.Write a product term for each of these rows:

o Use the variables in their uncomplemented (K) or
complemented (A) form, based on whether the input
is 1orO.

3.Combine all product terms using OR (+).

PRODUCT OF SUMS (POS) REPRESENTATION

The POS form is a Boolean expression that uses a product
(AND) of sum terms. Each sum term corresponds to a row
where F=0

Steps to Write POS Expression:
1.Identify all rows where F=0 in the truth table.
2.Write a sum term for each of these rows:
o Use the variables in their complemented (A) or
uncomplemented (A) form, based on whether the
input is 0 or 1.
3.Combine all sum terms using AND (- ).






