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Exploring the foundations of  
Abstract Algebra 

A Journey through 
isomorphism 

Theorems , Group 
Theory, and More



UNDERSTANDING ISOMORPHISM 
             THEOREMS

समरूपता प्रमेय समूह संरचनाओं को समझने में महत्वपूर्ण हैं वे समूहों और उपसमूहों के  बीच संबंधों का वर्णन करते हैं यह
दर्शाते हुए कि समूह उनके  संचालन के  संदर्भ में समतुल्य हो सकते हैं, जबकि उनके  प्रतिनिधित्व में भिन्नता है, इन प्रमेयों की

सेवा करते ह�

महत्वपूण� अवधारणाएं
वर्गीकरण: ये प्रमेय शोधकर्ताओं को जटिल समूहों को सरल, समतुल्य संरचनाओं पर मैप करने की अनुमति देकर समूहों के

अध्ययन को वर्गीकृ त और सरल बनाने में मदद करते हैं। 



TRANSITIONING TO 
GROUP THEORY



CYCLIC GROUPS VS. 
PERMUTATION GROUPS



01

सदस्य नियमित रूप से संवाद और
बातचीत करते हैं, चाहे आमने-
सामने ह� या आभासी माध्यम से।

02

संरचना 

समूह अपने सदस्यों का मार्गदर्शन
करने के  लिए भूमिकाएँ (विशिष्ट
कार्य/पद) और मानदंड (स्वीकार्य
व्यवहार मानक) विकसित करते

हैं।

एकजुटता

03

समूह के  सदस्यों के  बीच एक दूसरे के
प्रति और समूह के  प्रति आकर्षण की
वह मात्रा, जो "पूर्णता" और अपनेपन
की भावना को बढ़ावा देती है।

KEY CHARACTERISTICS OF
GROUPS

पारस्प�रक संपक�





FUNDAMENTAL CONCEPTS OF
RING THEORY 

रिंग सिद्धांत अमूर्त बीजगणित की एक शाखा है 
जो दो द्विआधारी संक्रियाओं (जोड़ और गुणा)

 से सुसज्जित गणितीय
 समुच्चय� पर क� ��त है।

ये संरचनाएं, जिन्हें रिंग के  नाम से जाना जाता है,
 पूर्णांक जैसी संख्या 

प्रणालियों की अवधारणाओं का सामान्यीकरण करती हैं,
 जहां अंकगणितीय संक्रियाएं की जाती हैं, लेकिन 
गुणात्मक �ुत्क्रम (भाग) क� गारंट� नह� होती है।



एक वलय दो द्विआधारी संक्रियाओं—जोड़ और
 गुणा—से सुसज्जित एक समुच्चय है 
जो विशिष्ट बीजगणितीय गुणों

 (सहयोगिता, जोड़ की 
क्रमविनिमयता, वितरणशीलता)

 को संतुष्ट करता है। इसके  विशिष्ट
 उदाहरणों में पूर्णांक (Z), 

बहुपद R[x], और n×n आव्यूह शा�मल ह�।

ILLUSTRATIVE EXAMPLE OF RING 



IDEAD THEORY IN RINGS

आदर्श (Ideal) वलय �स�ांत (Ring Theory) म� एक �वशेष
प्रकार का उपवलय (Subring) है, जो किसी वलय (Ring) के  तत्वों द्वारा

 गुणा किए जाने पर अवशोषण (Absorption) का गुण दर्शाता है। 
यह समूह �स�ांत (Group Theory) म�

सामान्य उपसमूह (Normal Subgroup) के  समान भूमिका निभाता है,
 जिससे भागफल वलय (Quotient Ring) का �नमा�ण �कया जाता है।



VECTOR SPACES AND THEIR PROPERTIES 
एक वेक्टर स्पेस (Vector Space), जिसे हिंदी में 'सदिश समष्टि' 

भी कहा जाता है, गणित
 (विशेषकर रैखिक

 बीजगणित/Linear Algebra)
 की एक अत्यंत 

महत्वपूर्ण संरचना है। 
सरल शब्दों में, यह सदिशों 

(vectors) का एक ऐसा संग्रह है 
जिन्हें आपस में जोड़ा जा सकता है 

और किसी संख्या (अदिश/scalar) से गुणा किया जा सकता है। 



वेक्टर �ेस क� प�रभाषा
एक सेट 

 को एक क्षेत्र (Field) 
 पर वेक्टर स्पेस कहा जाता है, 

यदि इसमें दो 
ऑपरेशन—वेक्टर योग और अदिश 
गुणन—परिभाषित हों और 
वे निम्नलिखित नियमों 

(स्वयंसिद्धों) का पालन करें: 

वेक्टर के गुण
किसी सदिश का परिमाण और दिशा। 
नीला तीर सदिश a को दर्शाता है।

 सदिश के  दो मुख्य गुण, परिमाण और दिशा
 , क्रमशः लाल पट्टी 

और हरे तीर �ारा दशा�ए गए ह�।



LINEAR TRANSFORMATIONS EXPLAINED 
एक रेखीय रूपांतरण दो सदिश स्थानों के  बीच एक ऐसा फलन है 

जो सदिशों को नए सदिशों में रूपांतरित करता है, 
साथ ही सदिश योग और अदिश गुणन को संरक्षित रखता है, 

रेखाओं को सीधा रखता है 
और मूल बिंदु को स्थिर रखता है। 

ये रूपांतरण रेखीय बीजगणित के  मूलभूत तत्व हैं, 
जिन्हें अक्सर मैट्रिक्स-सदिश गुणन के  रूप में दर्शाया जाता है| 



EXPLORING APPLICATIONS OF LINEAR
TRANSFORMATIONS 

रेखीय रूपांतरण गणित के  मूलभूत उपकरण हैं
 जो सदिशों को एक सदिश स्थान से दूसरे 
सदिश स्थान में स्थानांतरित करते हैं,

 साथ ही सदिश योग और अदिश गुणन को भी संरक्षित रखते हैं। 
इन्हें मैट्रिक्स द्वारा दर्शाया जाता है,

 जिससे ज्यामितीय वस्तुओं का हेरफे र, डेटा विश्लेषण 
और जटिल समीकरणों का हल संभव हो पाता है। 



अमूर्त बीजगणित को दृश्य रूप में प्रस्तुत करने से 
अमूर्त समूह, वलय और क्षेत्र सिद्धांतों को दृश्य उपकरणों के  

माध्यम से मूर्त और सहज
 संरचनाओं में बदला जा सकता है। प्रमुख विधियों में समूह 

संरचनाओं को देखने के  लिए 
कै ली ग्राफ, बहुभुज जैसी वस्तुओं की ज्यामितीय समरूपता 

और रूपांतरणों को मैप
 करने के  लिए जियोजेब्रा या पास्कगैलोइस

 जैसे सॉफ़्टवेयर शामिल हैं। ये दृश्य निरूपण बीजगणितीय 
अवधारणाओं को स्पष्ट, सुगम और यादगार 

संरचनाओं म� रूपांत�रत करते ह�।

VISUALIZING ABSTRACT ALGEBRA  CONCEPTS



SUMMARY  AND FUTURE INSIGHTS 
गणित संरचना, स्थान और परिवर्तन की मूलभूत भाषा है, 
जो विशुद्ध सैद्धांतिक तर्क  से विकसित होकर तकनीकी 

नवाचार और डेटा विश्लेषण का एक आवश्यक चालक बन गई है। 
गणित का भविष्य कृ त्रिम बुद्धिमत्ता (एआई), मशीन लर्निंग और

 क्वांटम कं प्यूटिंग से गहराई से जुड़ा हुआ है, और एक ऐसे युग की ओर 
अग्रसर है जहाँ मानव अंतर्दृष्टि को स्वचालित, उच्च

 गति वाली गणनात्मक प्रमाण �न
र्माण �ारा बढ़ाया जाएगा—और कभी-कभी चुनौती भी द� जाएगी।



Thank you 

For watching  this presentation 

We hope you found this presentation on abstract algebra insightful.
Questions and discussions are welcome!
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Cyclic Groups

.Used in cryptographytosecure digital

communication.

. Applied in modular arithmetic such as clock

calculations.

.Used in coding theory and error detection in

computer science.

.Helps in understanding repeating patterns in

mathematics.

CYCLIC GROUP



Cyclic groups are widely used in modern cryptography to secure digital

communication and protect information.

They are also used in modular arithmetic, such as clock calculations and

repeating number systems.

In computer science, cyclic groups help in coding theory and error detection

techniques.

They are useful in understanding repeating patterns and structures in

mathematic



Applied in computer algebra

systems for simplifying

calculations.

.Useful in abstract algebra

research

and mathematical modeling.

HOMOMORPHISM
Ring homomorphisms are used to

study relationships between

different algebraic structures.

They help mathematicians simplify

complex algebraic problems by

mapping one ring to another.

This concept is applied in coding

theory, cryptography, and computer

algebra systems.

It is also important in abstract

algebra research and mathematical

modeling.



1. GPS & Mapping: Calculating your precise position, direction, and speed

relative to a destination.

 2.Search Engines: Converting words into "word vectors" to find relevant

results based on how similar they are in meaning.

 3. Computer Graphics: Rendering 3D shapes, shadows, and movement in

video games and movies.

 4. Streaming Recommendations: Representing your movie/music tastes as a

point in a vector space to find nearby matches you might like.

 5. Digital Imaging: Storing and editing photos, where each pixel’s color and

position are treated as vector coordinates.

 6. Structural Engineering: Balancing competing forces (gravity, wind, tension)

to ensure buildings and bridges remain stable.

 7. AI & Facial Recognition: Mapping facial landmarks (distance between eyes,

nose shape) into a coordinate system to identify individual.

Vector space 



Uses of vactor space 
1.Projectile motion:
when a fruit falls from a tree or a bird dives ,its motion (velocity and
acceleration)is analyzed using vector component (horizontal and
vertical) to determine its path.2.Engineering and construction:
vectors determine the forces , torques, and stress acting on structure like
bridges, enabling stable design.
3.Electromagnetic feilds:
Earth’s magnetic field is a vector quantity with components parallel an
purpendiculer to the surface electric and magnetic fields in nature are
re-presented as vector spaces to calculate their force on object
4.Computer graphics and Gaming:
vectors are used to map 3D object defind lighting and calculate
movement within virtual environment and video games



Linear transformation 
Linear transformation is used in computer graphics to rotate,

resize, and move images and objects. It is important in

robotics, engineering, and physics for changing coordinates

and analyzing motion. Linear transformations are also used in

image processing, data science, and machine learning to

transform and analyze large amounts of data.
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Cyclic Group 
Cyclic Groups
.Used in cryptographytosecure digital
communication.
. Applied in modular arithmetic such as clock
calculations.
.Used in coding theory and error detection in
computer science.
.Helps in understanding repeating patterns in
mathematics.

Presented By Babli Patel



Cyclic groups are widely used in modern cryptography to secure digital
communication and protect information.

They are also used in modular arithmetic, such as clock calculations and
repeating number systems.

In computer science, cyclic groups help in coding theory and error detection
techniques.

They are useful in understanding repeating patterns and structures in
mathematics.



Homomorphism
Ring Homomorphism :- Used in
coding theory and cryptography.

.Helps to study relationships
between different algebraic
structures.

Applied in computer algebra
systems for simplifying calculations.

.Useful in abstract algebra research
and mathematical modeling.

Presented by Babli Patel 



Ring homomorphisms are used to study relationships between
different algebraic structures.

They help mathematicians simplify complex algebraic problems by
mapping one ring to another.

This concept is applied in coding theory, cryptography, and computer
algebra systems.

It is also important in abstract algebra research and mathematical
modeling.



Presented by Babli Patel

 Finite-dimensional vector space:-

.Used in computer graphics and 3D modeling.

.Applied in machine learning and data analysis.

.Important in physics and engineering calculations.

.Used in signal processing and image processing.

 Vector space 



Finite dimensional vector spaces are widely used in computer graphics and 3D modeling to
represent objects and transformations.

They are also important in machine learning and data analysis where data is represented as
vectors.

In physics and engineering, vector spaces are used to describe physical quantities and solve
mathematical models.

They are also used in signal processing and image processing.



Presented by Babli Patel

Rank Nullity Theorem use in daily life:-

.Help in solving systems of linear equations.

.Used in matrix analysis and linear transformations.

.Applied in computer graphics and data science.

.Important in engineering and applied mathematics.

Rank Nuilty 



The rank–nullity theorem is used in linear algebra to understand the relationship between the rank and nullity of a
linear transformation.

It helps in solving systems of linear equations and analyzing matrices.
This theorem is applied in computer graphics, data science, and engineering mathematics.

It is also useful in studying the structure of vector spaces and linear transformations.



Thank You
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RING HOMOMORPHISM

CONTENT

VECTOR SPACE 

CYCLIC GROUPS

LINEAR TRANSFORMATION 



Cyclic groups are widely used in
modern cryptography to
secure digital
communication and protect
information.
They are also used in modular
arithmetic, such as clock
calculations and
repeating number systems.
In computer science, cyclic
groups help in coding theory
and error detection
techniques.
They are useful in
understanding repeating
patterns and structures in
mathematic

Cyclic Groups
.Used in cryptographytosecure digital
communication.
. Applied in modular arithmetic such as clock
calculations.
.Used in coding theory and error detection in
computer science.
.Helps in understanding repeating patterns in
mathematic

CYCLIC GROUPS



Ring homomorphisms are used
to

study relationships between
different algebraic structures.

They help mathematicians
simplify

complex algebraic problems by
mapping one ring to another.

This concept is applied in coding
theory, cryptography, and

computer
algebra systems.

It is also important in abstract
algebra research and

mathematical modeling.

Ring Homomorphism :- Used in
coding theory and cryptography.
.Helps to study relationships
between different algebraic
structures.

APPLIED IN COMPUTER ALGEBRA
SYSTEMS FOR SIMPLIFYING

CALCULATIONS.
.USEFUL IN ABSTRACT ALGEBRA

RESEARCH
AND MATHEMATICAL MODELING.

HOMONORPHISM



VECTOR
SPACE 

Fluid Flow and Water): Meteorologists use
vector fields to map wind direction and speed
across the globe. Similarly, the velocity of water
flowing in a pipe or river is treated as a vector
field.
Electromagnetic Fields: Earth’s magnetic
field is a vector quantity with components
parallel and perpendicular to the surface.
Electric and magnetic fields in nature are
represented as vector spaces to calculate their
force on objects.
Projectile Motion: When a fruit falls from a
tree or a bird dives, its motion (velocity and
acceleration) is analyzed using vector
components (horizontal and vertical) to
determine its path.
Material Strength: The internal forces and
stresses in natural materials like rock or wood
under pressure can be analyzed using tensor
analysis, which relies on vector space, to explain
phenomena like landslides or tree snapping.



LINEAR TRANSFORMATION 
Photo Editing: Filters in applications like
Photoshop use matrices to manipulate pixel
data for rotating, flipping, resizing, or
adjusting brightness.
Dimensionality Reduction (PCA): In
data science, Principal Component Analysis
(PCA) uses linear transformations to reduce
the number of variables in a dataset while
retaining essential information.
Machine Learning: Neural networks use
matrix multiplication at each layer (a linear
transformation) followed by an activation
function to learn complex patterns.
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Isomorphism
Theorems and
Vector Spaces
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Overview of Topics
Key concepts in algebraic structures

Isomorphism Theorems

Isomorphism theorems explore
structure-preserving maps, illustrating
how cyclic and permutation groups
relate, essential for understanding
group theory and applications in
mathematics.

Ideals in Rings

Ideals are crucial subsets in rings,
fields, and integral domains, acting
as building blocks for understanding
algebraic structures and their
properties in various mathematical
contexts.

Vector Spaces

Vector spaces consist of vectors and
scalars, showcasing properties like
closure under addition and scalar
multiplication, providing foundational
concepts for linear algebra and
numerous applications.
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Isomorphism Theorems
Explained
Understanding Structure-Preserving Maps

An isomorphism is a structure-preserving map between groups, allowing
us to understand their relationship. Studying isomorphism theorems reveals
fundamental insights into the behavior of cyclic and permutation groups.



First Isomorphism Theorem: Relates kernel
and image of a homomorphism.
Second Isomorphism Theorem: Connects
intersection and product of subgroups.
Example: Cyclic groups are isomorphic to
groups generated by rotations.

Isomorphism
Theorems
Overview



Understanding
Permutations in
Groups

Permutations rearrange elements in a group,
showcasing the essence of symmetry. This
fundamental concept forms the basis for many
applications in mathematics, including group
actions and structure preservation.
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Ideals in Algebra
Understanding Rings, Fields, and Domains

A ring is a set equipped with two operations, while a field has multiplicative
inverses. An ideal is a special subset that absorbs products from the ring,
essential for structure.



Prime ideals are fundamental in ring theory and
algebra.
Maximal ideals lead to simple quotient
structures in algebra.
Zero ideal serves as a basic example in
integral domains.

Types of Ideals
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Vector Spaces Defined
Understanding Vectors and Scalars

Vector spaces consist of vectors and scalars, where vectors can be
added together and multiplied by scalars, ensuring closure under these
operations and forming the foundation of linear algebra.
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Linear Transformations
Understanding Their Fundamental Properties

Linear transformations are crucial in mathematics, as they preserve vector
addition and scalar multiplication, ensuring consistent structure across
vector spaces through concepts like kernel and image.



Computer Graphics: Transformations enable
realistic visual effects and animations.
Engineering: Analyze stress and strain using
mathematical modeling techniques.
Robotics: Coordinate transformations facilitate
robotic movement and navigation.

Daily Life
Applications



Data science utilizes transformations for
efficient dimensionality reduction.
Robotics employs transformations for precise
coordinate adjustments.
Both fields rely on abstract concepts for real-
world applications.

Practical Uses of
Linear
Transformations



Exploring Mathematics in Everyday Life

Thank You



DAILY USES OF MY
CURRICULUM

B.SC. 4TH
SEMESTER



Contents



UNIT 1 – Isomorphism Theorems, Cyclic and Permutation Groups



Real-world applications of Isomorphism Theorems, Cyclic and Permutation Groups:

Practical Uses of Unit 1 Concepts



Permutation Groups: Applications in Data Routing, Robotics & Puzzles



UNIT 2 – Ring, Fields, Integral Domains, Ideals



Practical Uses of Unit 2 Concepts:



UNIT 3 – Vector Spaces



Practical Uses of Vector Spaces



UNIT 4: Linear Transformation



Practical Uses of Linear Transformation:



Summary of Key Points



THANK YOU!

QUESTIONS ARE
WELCOME!



    
    

     

    
    

      
   

    

Submitted By :- Aarti
Class :- bsc.4th semester
Subject :- ( DSC ) mathematics

Submitted to :- Shri
Raj Kishor Patel sir

ist :- mahasamund ( C.G )
overnment College ‘Saraipali ’
ate :-Raja Virendra Bahadur Singh



Name of assignment topic :-
daily use of my curriculum 

Unit 1 :- isomorphism theorems, cyclic
and permutation groups 
Unit 2 :- ring, field and integral domain
ideals 
Unit 3 :- vector space
Unit 4:- linear transformation 



Introduction :-



Unit 1 :- isomorphism theorems ,cyclic
and permutation groups 

1. Clock system ( example of
cyclic group ) :-





2 . Rubik's cube ( example of
permutation groups ) :- 





3 . Password and security system :- 





4 . Timetables scheduling :-



5 .Netwark structures ( example of
isomorphism ):-





Unit 2 :- ring , field and integral domain ideals 

1. Digital communication :-





2. Error direction and error
correction :-



3. Cryptography and encryption :- 





4. Computer algorithm :- 



5. Network security :-





Unit 3 :- vector space

1. Physics application:-





2. GPS and navigation
system's :-



3. Computer graphics :- 



4. Robotics :-



5. Weather forecasting :-





Unit 4 :- linear transformation 

1. Image processing :-



2. Computer animation :- 





3. Robotics movment:-



4. Machine learning :-



5. Satellite image analysis :- 



Conclusion :- 



Thankyou 🙏
..............................
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1

2

3

4

Isomorphism theorem , Cyclic and permutation groups

Ring field and integral domain ideals

linear transformation

 vector space



uses of isomorphism 
isomorphismi is  a way of saying two things are structurally

the same even if they look different . it aloows us to solve a

hard problem by translating it into a simpler ,isomorphic

one . 

Graph / network matching: 
used in computer vision and social network analysis

(e.g. recognizing if two different looking graphs or

network are actually the same just with different labels 

Chemistry (molecular structure):  

chemist use graph isomorphism to match chemical

structures against data bases to identify

compounds.



Digital circuit verification : 

in electronic  design  it is used to check if two

different representation of a circuit are

functionally equivalent.

social media filter:

filters that change your face by rearranging or

adding element (permutation) often use

isomorphism to map the new image back to a

structure the computer understand.



Uses of permutation 
A permutation is used when we need to arrange objects or items in a

specific order . it has many practical applications in everyday life in

different fields

main uses of permutation
1.seating arrangement: used to find the number of ways people can sit in a

row , around a table,or in a classroom

2.password and security 
purmutation help calculate the number of

possible password or pin combination to security

in phones , bank ,and computer

3.License plate number

goverrment create unique vehicle numbers using different

arrangement of letters  and digits 



Cyclic group are common in our daily life. A cyclic group is a group

with an element that has an operation applied that produce the whole

set

cyclic group can be used in fun puzzles such as the Rubik cube or

in protecting sensitive information such as through cryptography

12-hours clock: the numbers 0-11(or 1-12)on a clock cycle,

returning to the start after 12 hours. this is the most common

example of finite cyclic groups.

musical octaves :- the frequency of musical notes cycles; for

example ,an octave doubles the frequency ,and the ear hears it as

the same note

uses of cyclic group



uses of ring, field and integral domain and ideals

Pattern formation(symmetry fields):
 the pattern on sea creatures (phylum echinodermata), such as starfish

or sand dollars,exhibit dihedral symmetry, which can be described by

algebraic group.

Biology

crystalline structure(Rings):
material science: the atomic structure of crystle can be modeled using

ring theory to predict how they interact with light or

x-rays, as atoms are arranged in repeating , highly

symmetric patterns.

(integral domains):
natural growth: the study of polynomial rings ,a type of  integral

domain,is used in modeling the growth patterns of plants

and the branching of trees, which often follow recursive

algebraic rules



uses of vector space

4.Computer graphics and Gaming:
vectors are used to map 3D object defind lighting and calculate

movement within virtual environment and video games

2.Engineering and construction:
vectors determine the forces , torques, and stress acting on structure like

bridges,  enabling stable design. 

3.Electromagnetic feilds:
Earth’s magnetic field is a  vector quantity with components parallel an

purpendiculer to the surface electric and magnetic fields in nature are

re-presented as vector spaces to calculate their force on object

1.Projectile motion:
when a fruit falls from a tree or a bird dives ,its motion (velocity and

acceleration)is  analyzed using vector component (horizontal and

vertical) to determine its path. 



linear Transformation

1.Economic modeling and supply chain 
businesses use linear transformation to manage resources . if a bakery

makes bread and cakes, and each requires a specific amount of flour and

sugar , the relationship between “product made” and “ingredients used” is

a linear transformation. 

2.Machine learning:
neural networks use matrix multiplication at each layer (a linear

transformation ) followed by an activation function to learn complex

patterns

3.Photo Editing
filters in applications like photoshop use matrices to manipulate

pixel data for rotating , flipping, resizing ,or adjusting

brightness.  



THANK YOU

Claudia Alves
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Overview
Key Concepts in Abstract Algebra

This presentation covers essential topics in abstract algebra, including
isomorphism theorems, cyclic and permutation groups, rings, fields, integral
domains, vector spaces, and linear transformations.



Unit 1-
Isomorphism
Theorems 

Functional programming languages like Haskell
and Scala leverage isomorphisms to establish
code equivalence proofs, enhancing software
reliability and enabling more efficient algorithm
design through structured abstractions.



Applications of Cyclic Groups



Cyclic Groups — Broader Applications



Applications of
Permutation
Groups

The states of a Rubik’s Cube can be represented
as a permutation group, showcasing the
mathematical relationships between its positions.
Understanding these groups aids in solving and
optimizing cube configurations effectively.



Unit 2 - Rings,
Fields & Integral
Domains

Rings play a vital role in cryptography, CPU
arithmetic, CRC checks, and image filters,
providing a mathematical foundation for secure
communications, data integrity, and efficient
computational processes across various
technologies.



Unit 3 - Vector Spaces



Unit 4-  Linear
Transformations

Linear transformations are crucial in AI and deep
learning. They utilize weight matrices to adjust
inputs, enabling models like transformers to
understand and process complex data effectively
and efficiently.



Abstract Algebra
in Action

Abstract algebra is essential in modern technology,
influencing encryption, artificial intelligence, and
scientific modeling. It provides a framework for
understanding complex systems while connecting
theoretical concepts to practical applications.



Questions and reflections welcome

Thank You
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Isomorphism Theorems
These theorems are the ultimate data compression and 

simplification tools. They tell us when two seemingly
 
di�erent systems are actually identical in structure. 


• System Design: Engineers use them to swap a complex 

system for a simpler “equivalent” one without losing 

functionality.


• Error Correction: In digital communication (like 5G or 

satellite signals), they help map data to “check-sums” to 

ensure your Netflix stream doesn’t glitch



Isomorphism
The Isomorphism Theorem tells us that two mathematical systems can
look 
di�erent but have the same structure and rules. In daily life, this
idea appears when 
we convert units like meters to centimeters or
rupees to paise  numbers 
change, but the relationship stays the same. It
is also seen in time formats, such as 
12-hour and 24-hour clocks, which
represent the same time di�erently. When we 
simplify equations in
mathematics, the form changes but the meaning remains the 

same. This concept helps us understand that di�erent representations
can still 
follow the same structure and logic.



Cyclic Group
A cyclic group is something that repeats in a fixed pattern. 

In daily life, we see this in clocks — after 12, it starts again 

from 1. Days of the week repeat every 7 days, and months 

repeat every year. This repeating system follows cyclic 

rules. Cyclic patterns are also used in modular arithmetic, 

like finding remainders (for example, time calculations 

such as “3 hours after 10 PM”). Calendar planning, shift 

rotations, and timetable scheduling also follow cyclic 

patterns. So, cyclic group ideas help us understand 

repetition, rotation, and periodic systems in everyday life.



Permutation Group
• These handle shu�ing and rearrangement. 

  Data Routing: Every time you send a request over the internet, permutation 

 groups help determine the most e�cient path for data packets to travel 

through routers.

• Robotics & Molecules: In chemistry, they describe how atoms can rotate in
a 
molecule. In robotics, they define the “configuration space”—basically, all 

the ways a robotic arm can move without hitting itself.

• Puzzles: The Rubik’s Cube is the most famous physical example of a 

permutation group; every move is a permutation of the cube’s facets.



Ring
In algebra, a ring is an important mathematical structure 

used in many fields. It helps in solving polynomial equations 

and studying number properties. The concept of rings is also 

used in computer science, cryptography, and coding theory 

to secure data and detect errors in digital communication 

systems used in daily technology.

• In daily life, rings from abstract algebra work behind the scenes 

to keep digital data secure and functional. The most common 

application is in cryptography, where ring theory (specifically 

polynomial rings and modular arithmetic) I the encryption 

that secures your online banking and private messagyond



Field
• Finite fields are essential for RSA encryption, which secures 

online banking and browsing. They are also used in error

correcting codes (e.g., CRC codes in file downloads, QR codes, 

and satellite communication), allowing devices to detect and fix 

data errors, say Quora users.

A field in algebra is useful in many daily technologies. It 

helps in making correct calculations in science, engineering, 

and computers. Fields are also used to protect information 

on the internet, like online banking and passwords. They 

help in sending and receiving data correctly in mobile 
phones, computers,
and digital communication.



Integral Domain
• As a generalization of integers, these are used to study divisibility 

and in polynomial rings. They form the backbone of constructing 

fields, crucial for structured data analysis, explains a 

ScienceDirect topic.

An integral domain in algebra helps in doing accurate 

calculations without errors in multiplication. It is useful in 

computer science, coding theory, and cryptography. These 

concepts help protect digital information and improve data 

transmission. Integral domains are also used in mathematics, 

engineering, and computer systems to solve problems and 

design reliable technologies.



Ideals
In algebra, ideals help in simplifying complex calculations and 

solving equations. Their concept is used in computer science, 

coding theory, and cryptography to protect digital 

information. Ideals also help in designing error-correcting 

codes used in mobile communication, computers, and data 

storage systems to make data transmission more accurate and 

reliable.
• Algebraic Structure Analysis: Prime and maximal ideals are used 

to form quotient rings, which are foundational for creating new, 

smaller fields and rings in number theory and coding.


• Polynomial Manipulation: In computational algebra, ideals help 

   manage sets of polynomials in polynomial rings.



Vector Spaces
• Vector spaces are the silent engines behind much of our modern 

technology. In digital imaging, photos are treated as vectors where 

each pixel’s color value is a coordinate, allowing software to resize or 

filter images without losing data integrity. Search engines and 

streaming services use vector spaces to power recommendation 

algorithms; by representing your interests as points in a high-

dimensional space, they can mathematically calculate which movies 

or websites are “closest” to your preferences. Additionally, in signal 

processing, vector spaces allow your phone to isolate your voice from 

background noise by treating sound waves as vectors and subtracting 

the unwanted frequencies.



Vector space is used in many areas of daily life and modern 


technology. It helps in computer graphics to create images and 


animations, in physics to describe forces and motion, and in 


engineering for designing machines and structures. Vector 


spaces are also used in data science, signal processing, and 


communication systems.



Linear Transformation

Linear transformation is used in computer graphics to rotate, 

resize, and move images and objects. It is important in 

robotics, engineering, and physics for changing coordinates 

and analyzing motion. Linear transformations are also used in 

image processing, data science, and machine learning to 

transform and analyze large amounts of data.



Linear transformations are everywhere in our daily digital 

interactions, primarily through computer graphics and image 

processing. When you resize a photo, rotate a video, or apply a filter 

on social media, the software uses matrices to map original pixel 

coordinates to new ones, ensuring the image scales or shifts 

accurately. They also power recommendation engines like those on 

Netflix or Spotify, which project your preferences into a multi-

dimensional space to find “nearby” content you might like. Even the 

GPS on your phone relies on these transformations to to translate 

satellite signals into your specific location on a 2D map.



Reference
01. Source Internet
02.www.Reddit.com
03. www.scrubs.com
04. www.brilliant.org
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Introduction (परिचय)
Mathematics के वल theoretical subject नहीं
है बल्कि इसका उपयोग हमारे दैनिक जीवन और आधुनिक
तकनीक में भी होता है। Abstract Algebra के
concepts जैसे groups, rings, vector

spaces और linear transformations का
उपयोग computer science, cryptography,

engineering और physics में �कया जाता है।
इस assignment में Unit I से Unit IV तक पढ़े गए
topics के  practical uses को समझाया गया है।



Unit I – Groups and Isomorphism

Group एक algebraic structure
है जिसमें एक set और एक binary
operation होता है जो closure,
associativity, identity और
inverse properties को satisfy
करता है।

Definition



Daily Life Applications
Cryptography (Data Security)
Online banking और password encryption में group

theory का उपयोग होता है।
Rubik’s Cube Solving

Rubik’s cube को solve करने में permutation group का
उपयोग होता है।

Symmetry in Design
Architecture और art में symmetry group का प्रयोग किया
जाता है।

Computer Algorithms
कई algorithms group theory के  principles पर आधारित होते
हैं।



Unit II – Rings, Fields and
Integral Domains

Ring एक algebraic structure है जिसमें
addition और multiplication
operations defined होते ह�।

Definition



Daily Life Applications
Coding Theory

Error detection और correction codes rings और fields पर
आधा�रत होते ह�।

Cryptography
RSA encryption algorithm fields और modular arithmetic का
उपयोग करता है।

Computer Arithmetic
Computer calculations modular arithmetic और ring theory
पर आधा�रत होती ह�।

Digital Communication
Data transmission में polynomial rings का उपयोग �कया जाता है।



Unit III – Vector Spaces

Vector space वह mathematical structure है जिसमें
vectors और scalars के  बीच operations defined होते ह�।

Definition 



Daily Life Applications
Computer Graphics

3D animation और video games में vector spaces का उपयोग होता है।
Physics

Force, velocity और displacement vectors से represent �कए जाते ह�।
Machine Learning

Data को vector form म� represent करके analysis �कया जाता है।
Navigation Systems

GPS technology vectors का उपयोग करती है।



Unit IV – Linear
Transformations

Definition 

Linear transformation एक function है जो एक vector space
से दूसरे vector space म� vectors को map करता है।



Daily Life Applications

Image Processing
Image rotation, scaling और reflection linear transformations से होती है।

Computer Graphics
3D objects को move और rotate करने में matrix transformations का उपयोग
होता है।

Engineering Simulations
Mechanical systems के  analysis म� linear transformations उपयोगी ह�।

Robotics
Robot arms की movement coordinate transformations से control होती
है।



Importance of Abstract Algebra
in Modern life 

Cyber security
Computer science
Artificial intelligence
Engineering design
Data science



Conclusion (निष्कष�)

Abstract Algebra के  concepts जैसे groups, rings,
vector spaces और linear transformations आधुनिक
विज्ञान और तकनीक में महत्वपूर्ण भूमिका निभाते हैं। ये concepts
के वल mathematical theory तक सीमित नहीं हैं बल्कि real-

life applications में भी उपयोगी ह�।



THANKYOU‌  



Real-World Mathematics: 
Applications of Semester IV 
Curriculum
Exploring how abstract algebra, linear algebra, and mathematical structures 

power our everyday digital world

Guided by: Raj Kishore Patel Submitted by: Arti Kar
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Unit 1: Groups & 
Isomorphisms
Symmetry in Art and Music

Group theory reveals the mathematical beauty underlying artistic patterns and 

musical compositions. Rotational symmetries in mandalas, frieze patterns in 

architecture, and even chord progressions in music all obey group axioms.

Isomorphisms connect seemingly different structures, showing that a Bach fugue 

and an Islamic geometric pattern share identical underlying mathematical 

relationships.

https://gamma.app/?utm_source=made-with-gamma


Unit 1: Groups & Isomorphisms
Error Correction in Digital Data

01

Data Encoding

Messages transformed using group operations into redundant 

codewords

02

Transmission

Data sent through noisy channels with potential bit flips

03

Syndrome Calculation

Group theory identifies error patterns using parity checks

04

Correction

Original message reconstructed using group inverse operations

From QR codes to satellite communications, group theory ensures reliable data transmission across billions of devices daily.

https://gamma.app/?utm_source=made-with-gamma


Unit 2: Rings & Fields
Cryptography and Secure Communication

Modular Arithmetic

Finite fields form the foundation of 

RSA encryption, enabling secure 

online banking and e-commerce 

transactions.

Elliptic Curves

Ring structures enable modern 

cryptography with smaller keys 

providing stronger security for 

cryptocurrencies and digital 

signatures.

https://gamma.app/?utm_source=made-with-gamma


Unit 2: Rings & Fields
Building Computer Processors

Logic Gates

Boolean rings model AND, OR, NOT 

operations at the hardware level

Binary Arithmetic

Finite fields enable efficient addition, 

multiplication, and division circuits

ALU Design

Arithmetic logic units built using ring 

homomorphisms and field properties

Every CPU in smartphones, laptops, and servers relies on ring and field theory to perform billions of calculations per second.

https://gamma.app/?utm_source=made-with-gamma


Unit 3: Vector Spaces
3D Graphics and Computer Vision

1
Model Space

3D objects represented as vectors in R3

2
Transformations

Rotation, scaling, translation using linear maps

3
Projection

Perspective mapping to 2D screen coordinates

Video games, CGI films, and augmented reality all depend on vector space 

operations to create immersive visual experiences.

https://gamma.app/?utm_source=made-with-gamma


Unit 3: Vector Spaces
Data Analysis and Machine Learning

Feature Vectors

Datasets mapped to high-

dimensional spaces where each 

dimension represents a measurable 

attribute

Principal Component 
Analysis

Dimensionality reduction using 

vector space projections to identify 

patterns and correlations

Netflix recommendations, medical diagnostics, and fraud detection systems all 

leverage vector space mathematics to extract meaningful insights from massive 

datasets.

https://gamma.app/?utm_source=made-with-gamma


Unit 4: Linear 
Transformations
Image Processing and Filters

1 Original Image

Pixels as vectors in colour space

2 Convolution Kernel

Linear transformation matrix applied

3 Filtered Output

Enhanced edges or blurred effects

Smartphone cameras, medical imaging, and photo editing software use linear 

transformations for sharpening, blurring, edge detection, and noise reduction in 

real-time.

https://gamma.app/?utm_source=made-with-gamma


Unit 4: Linear Transformations
Engineering Design and Simulations

Finite Element Analysis

Structural stress simulations 

transform complex geometries into 

solvable matrix equations for 

aerospace and automotive design

Weather Forecasting

Atmospheric models use linear 

transformations to predict 

pressure, temperature, and wind 

patterns across millions of grid 

points

Civil Engineering

Bridge and building designs 

analysed using transformation 

matrices to calculate load 

distributions and structural 

integrity

https://gamma.app/?utm_source=made-with-gamma


The 
Ubiquitous 
Power of 
Advanced 
Mathematics
100%

Connected 
Devices

Use group theory for 

error correction

99.9%
Data Security

Enabled by ring-based 

cryptography

3D
Graphics Pipeline

Relies on vector space 

transformations

From the smartphone in your pocket to global financial systems, the abstract 

mathematics of Semester IV underpins the technological infrastructure of 

modern civilization. What seems theoretical in the classroom becomes 

indispensable in the real world.

Questions & Discussion

https://gamma.app/?utm_source=made-with-gamma
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 Isomorphism—meaning structural similarity—allows us
to simplify complex problems by treating different
systems with the same rules as equivalent. Common
examples include using maps to navigate, blueprints for
buildings, recognizing that different chess sets have the
same rules, or applying the same strategies to similar
games

 Uses of Isomorphism in our daily life 



A subway map is an isomorphic representation of the physical tracks, 
focusing on connectivity (station order) rather than exact distance.

 Navigation and maps:

A phrase in English and its direct translation in Spanish are isomorphic; 
they share a different structure (words) but hold identical meaning.

 Language and Transport: 

 A digital clock app is isomorphic to a physical clocks .
The user interface differs, but both display 

the same underlying temporal structure.

 Digital Interfaces :

Many board games or puzzles are identical in strategy 
despite having different themes, such as various card games.

Game Mechanics:



Bell Ringing: "Method ringing" is a way of ringing church
bells in specific, repeating sequences that cycle through

all permutations, utilizing a cyclic structure for the
performance.

12-Hour Clock System: A 12-hour
clock operates as a cyclic group (
), where hours (1–12) act as elements
and addition is defined modulo 12.

Real life uses Of Cyclic groups 



Ring Field And Integral
Domain Ideals 

1. Fields: The Foundation of Reliable Data
A Field is a set where you can add, subtract, 
multiply, and divide (except by zero).
2. Rings: Dealing with Clockwork and Integers

A Ring is a bit looser than a field .
Clock Arithmetic (Modular Arithmetic): The most common ring is 
. Every time a computer calculates a hash function
 (like for a digital signature) or a checksum, it is operating within a ring.

3. Integral Domains: Keeping Data Unique
An Integral Domain is a ring where you can't multiply

two non-zero things and get zero (no "zero divisors").Add
a subheading



Vector Space uses in our daily
life 

Vector spaces are the language of linear combinations.
Any time you blend different "ingredients" (data, colors,

forces) to get a specific result, you are using a vector
space. 

Pixels as Vectors: Each pixel is a vector in a 3D space
(Red, Green, Blue). A 12-megapixel photo is just a single

vector in a 36-million-dimensional space.

Structural Analysis: Engineers treat forces (gravity,
wind, weight) as vectors. To ensure a building stands,

the vector sum of all forces at every joint must be zero
(equilibrium). 



Linear Transformation uses in
our daily life 

Linear transformations are essentially "rules" for moving
or changing data while keeping its internal relationships

(like straight lines and proportional distances) intact.
intact. In practice, if you can represent a problem as a

matrix, you are likely using a linear

Geometric Editing: Every time you rotate a photo, zoom
in (scaling), or tilt it (shearing) in an app like Instagram or

Canva, you are applying a transformation matrix to the
pixels.

A Robotic Arm Picking up a Cup
Imagine a robot in a factory. To pick up a cup, it has to

deal with three different "points of view" (called
Coordinate Frames):



THANK YOU
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Isomorphism theorems (First, Second, Third, and Fourth) are

foundational tools in algebra used to simplify complex

structures by showing they are essentially the same (isomorphic)

as simpler quotient structures. They are used daily to identify,

analyze, and compute with groups, rings, and modules. 

Isomorphism theorems (First, Second, Third, and Fourth) are
foundational tools in algebra used to simplify complex

structures by showing they are essentially the same (isomorphic)
as simpler quotient structures. They are used daily to identify,

analyze, and compute with groups, rings, and modules. 

Daily uses of isomorphism theoremsDaily uses of isomorphism theorems



Passwords & PINs: Calculating the number of

possible codes and strengthening security by
increasing the number of possible arrangements.

License Plates & Phone Numbers: Generating unique

identification numbers by permuting letters and

digits.

Passwords & PINs: Calculating the number of
possible codes and strengthening security by
increasing the number of possible arrangements.
License Plates & Phone Numbers: Generating unique
identification numbers by permuting letters and
digits.

02

Scheduling: Organizing race results, tournament

brackets, or tasks in an specific order.

Computer Sorting Algorithms: Used for organizing

data sets efficiently.

Scheduling: Organizing race results, tournament
brackets, or tasks in an specific order.
Computer Sorting Algorithms: Used for organizing
data sets efficiently.

1

Daily uses of permutation groupsDaily uses of permutation groups

2



03

Clock Arithmetic: 12-hour clocks are a standard

cyclic system where 12, 1, 2...11, 12, 1... repeat

indefinitely.

Jewelry/Craft Design: Creating unique necklaces or

bracelets with beads, where flipping the necklace

over means the same, or rotating the necklace is the

same.

Clock Arithmetic: 12-hour clocks are a standard
cyclic system where 12, 1, 2...11, 12, 1... repeat
indefinitely.
Jewelry/Craft Design: Creating unique necklaces or
bracelets with beads, where flipping the necklace
over means the same, or rotating the necklace is the
same.

Round Table Seating: Arranging guests at a round

table or arranging items on a carousel.

Data Structure/Coding: Using cyclic shifts in

computer algorithms (e.g., Fisher–Yates shuffle) for

generating random sequences.

Round Table Seating: Arranging guests at a round
table or arranging items on a carousel.
Data Structure/Coding: Using cyclic shifts in
computer algorithms (e.g., Fisher–Yates shuffle) for
generating random sequences.

Daily uses of cyclic theorems



04

Rubik’s Cube & Puzzles: Each turn on a Rubik’s cube

is a permutation of the colored squares. The overall

goal of returning to the original state involves finding

a cycle.

Rubik’s Cube & Puzzles: Each turn on a Rubik’s cube
is a permutation of the colored squares. The overall
goal of returning to the original state involves finding
a cycle.

Network Routing: In communication networks, data

is often routed using permutations to optimize

speed and security. 

Network Routing: In communication networks, data
is often routed using permutations to optimize
speed and security. 

Daily uses of cyclic and permutation groups



05

Vector spaces are fundamental in modeling and

solving problems across science, engineering, and

technology by representing data as 
-dimensional vectors. Key applications include

computer graphics (3D modeling), machine learning

(data representation, PCA), quantum mechanics,

signal processing, and engineering (structural

analysis, circuit design). 

Vector spaces are fundamental in modeling and
solving problems across science, engineering, and
technology by representing data as 
-dimensional vectors. Key applications include
computer graphics (3D modeling), machine learning
(data representation, PCA), quantum mechanics,
signal processing, and engineering (structural
analysis, circuit design). 

Real life uses of vector spaces



06

Linear transformations are used daily in computer

graphics (rotating/scaling images on screens), data

science (reducing dimensionality with PCA), and

machine learning (neural network layers) to

efficiently process and transform data points. They

allow for geometric operations like rotation, scaling,

and shearing. 

Linear transformations are used daily in computer
graphics (rotating/scaling images on screens), data
science (reducing dimensionality with PCA), and
machine learning (neural network layers) to
efficiently process and transform data points. They
allow for geometric operations like rotation, scaling,
and shearing. 

Daily uses of linear transformation



Fields and integral domains are foundational

algebraic structures used daily in computer science,

cryptography, and engineering. Fields (e.g., real

numbers 
, complex numbers 

) enable division, essential for solving linear

equations. Integral domains (e.g., integers 
, polynomial rings) support factoring and canceling

without division, fundamental to number theory and

coding. 

Fields and integral domains are foundational
algebraic structures used daily in computer science,

cryptography, and engineering. Fields (e.g., real
numbers 

, complex numbers 
) enable division, essential for solving linear
equations. Integral domains (e.g., integers 

, polynomial rings) support factoring and canceling
without division, fundamental to number theory and

coding. 
07

Daily uses of field and integral domain



Ring ideals are foundational to modern technology

and mathematics, serving as specialized subsets of

rings (like integers or polynomials) that enable

structured operations. They are used daily in coding

theory for error detection, cryptography for secure

communication, and in digital image segmentation

algorithms to process pixels. They also generalize

prime numbers and factorization, allowing unique

factorization in algebraic number theory. 

Ring ideals are foundational to modern technology
and mathematics, serving as specialized subsets of
rings (like integers or polynomials) that enable
structured operations. They are used daily in coding
theory for error detection, cryptography for secure
communication, and in digital image segmentation
algorithms to process pixels. They also generalize
prime numbers and factorization, allowing unique
factorization in algebraic number theory. 

08

Real life uses of ideals and ring



CONCLUSION

Abstract algebra is fundamental to modern daily

technology, powering secure communications, data

storage, and digital signal processing through

concepts like groups, rings, and fields. It enables

daily tasks by securing online transactions

(cryptography) and correcting data errors in digital

storage like CDs, hard drives, and streaming. 

Abstract algebra is fundamental to modern daily
technology, powering secure communications, data

storage, and digital signal processing through
concepts like groups, rings, and fields. It enables

daily tasks by securing online transactions
(cryptography) and correcting data errors in digital

storage like CDs, hard drives, and streaming. 
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INDEX

 Isomorphism theorem, Cyclic and permutation groups

 Ring, Field and lntegeral Domain ideas

 Vector space

 Linear transformation



UNIT 1:- Uses of theorems

Isomorphism theorem- uses

 Help in understanding when two
algebraic structures are essentially the
same.

 Used to simplify complex groups into
easier forms.

 Used in coding theory for error detection
and correction.



Cyclic groups - uses

 Used in modular arithmatic.

 Helps in studying periodic phenomena.

 Used in computer science for designing

algorithms.



Permutation groups – uses:-

 Used to study arrangements.

 Applied in Rubik’s cube and

puzzle solving.

 Used in cryptography and

coding theory.



UNIT 2:- Ring, field and integral domain 

Basic idea (Concept) :-

 A ring is a set with addition and multiplication
operation.

 A field is a ring where division is possible.

 An integral domain is a ring with no zero divisors.



Uses of ring, field and integral domain:-

 Coding theory

 Computer science 

 Number theory 

 Digital communication

 Physics and engineering 

 Algebraic geometry



Coding theory:- Computer science:-



Number theory:- Digital communication:-



Unit 3:- Vector space

 Computer graphics 

 Data science 

 Quantum mechanics

 Engineering problems

 Economics

Uses of vector space:-



Computer graphics:- Data science:-



Quantum mechanics:- Engineering problems:-



Unit 4:- Linear transformation

 Computer graphics

 Image processing

 Machine learning 

 Physics and engineering

 Cryptography

Uses of linear transformation:-



Computer graphics:- Image processing:-



Machine learning:- Cryptography:-
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Abstract algebra in daily life

 Abstract Algebra क्या है? (परिभाषा)
 English:

 Abstract Algebra is a branch of mathematics that studies algebraic 

structures like groups, rings, and fields.

 Hindi में:
 अमूर्त बीजगणिर् गणिर् की वह शाखा है जजसमें समूह (Group), वलय (Ring), औि क्षते्र

(Field) जैसी सिंचनाओं का अध्ययन ककया जार्ा है।



Unit:-1 isomorphic theorems cyclic 

and permutations group

 1. Cyclic Group (चक्रीय समूह) का उपयोग
 Idea: Repeat होने वाली चीजें
 Examples:

 Clock system

 12 के बाद किि 1 → cycle बनर्ा है
 Days of week

 Monday → Sunday → किि Monday

 Traffic signal

 Red → Yellow → Green → repeat

 Conclusion:

 जहााँ भी कोई चीज repeat (cycle) होर्ी है, वहााँ cyclic group use होर्ा है



 2. Permutation Group (परिवर्तन समूह) का उपयोग
 Idea: Arrangement / order change

 Examples:

 Class seating arrangement

 Playing cards shuffle

 Password / PIN combinations

 Competition ranking (1st, 2nd, 3rd)

 Conclusion:

 जहााँ भी arrangement या order change होर्ा है, वहााँ permutation group use होर्ा है



 3. Isomorphism (समरूपर्ा) का उपयोग
 Idea: Same structure in different forms

 Examples:

 Clock (mod 12) औि numbers (mod 12)

 Different systems but same pattern

 Computer data structures mapping

 Conclusion:

 यह हमें बर्ार्ा है कक अलग-अलग चीजों में same structure हो सकर्ा है



 4. Isomorphism Theorems का उपयोग
 Idea: Complex system को simple बनाना
 Examples:

 Data compression

 Encryption systems (security)

 Coding theory (error detection)

 Computer algorithms simplify किना
 Conclusion:

 यह theorems हमें complex problems को आसान बनाने में मदद किर्े हैं



Unit :- 2 Ring field and tntegral

domain ideals 

 Unit–2 का Daily Life में उपयोग
 1. Ring (वलय) का उपयोग
 Idea: Addition + Multiplication दोनों होर्े हैं
 Examples:

 Banking system

 (जमा + ब्याज calculation)

 Computer arithmetic

 (binary operations: +, ×)

 Accounting system

 (profit-loss calculations)

 Conclusion:

 जहााँ दो operations (जोड़ औि गुिा) होर्े हैं, वहााँ ring concept use होर्ा है



 2. Field (क्षेत्र) का उपयोग
 Idea: हि non-zero element का inverse होर्ा है (division possible)

 Examples:

 Engineering calculations

 Computer graphics & coding

 Cryptography (encryption/decryption)

 Conclusion:

 जहााँ division जरूिी होर्ा है, वहााँ field use होर्ा है



 3. Integral Domain (समाकलन क्षेत्र)

 Idea: No zero divisors

 Examples:

 Accurate calculations

 (जहााँ गलर्ी avoid किनी हो)
 Data integrity systems

 Secure computations

 Conclusion:

 जहााँ error-free calculation चाहहए, वहााँ integral domain useful है



 4. Ideals (आदशत) का उपयोग
 Idea: Substructure जो ring के अंदि special property िखर्ा है
 Examples:

 Coding theory

 (error detection & correction)

 Cryptography systems

 Signal processing

 Conclusion:

 Ideals का use system को simplify किने औि security बढाने में होर्ा है



Unit:- 3 vector space 

 Vector Space का Daily Life में उपयोग
 1. Physics (भौतर्की) 
 Idea: Direction + magnitude

 Examples:

 Velocity (वेग)

 Force (बल)

 Wind direction

 ये सब vectors हैं → इसललए vector space use होर्ा है



 2. Computer Graphics 

 Idea: 2D/3D objects बनाना
 Examples:

 Video games

 Animation movies

 Mobile graphics

 Screen पि जो images हदखर्ी हैं, वो vectors से बनर्ी हैं



 3. Navigation (हदशा तनर्ातिि) 

 Examples:

 Airplane direction

 Ship navigation

 Google Maps

 Location औि direction vector की मदद से find होर्े हैं



 4. Data Science & AI 

 Idea: Data = vectors

 Examples:

 Machine learning

 Recommendation systems (YouTube, Instagram)

 AI models

 हि data point vector की र्िह treat होर्ा है



 5. Engineering 

 Examples:

 Bridge design

 Machine forces

 Structure analysis

 Engineers forces औि motion को vectors से solve किर्े हैं



 6. Signal Processing 

 Examples:

 Mobile signals

 Audio processing

 TV signals

 Signals को vectors की र्िह represent ककया जार्ा है



 7. Economics & Statistics 

 Examples:

 Income, cost, profit data

 Graphs औि analysis

 Multiple values को vector form में represent ककया जार्ा है



Unit:-4 linear transformatio

 Linear Transformation का Daily Life में उपयोग
 1. Computer Graphics 

 Idea: Image को change किना (transform किना)
 Examples:

 Rotation (घुमाना)
 Scaling (छोटा-बड़ा किना)
 Reflection (mirror image)

 Video games, animation, mobile apps में यही use होर्ा है



 2. Image Processing 

 Examples:

 Photo edit किना
 Brightness/contrast change किना
 Filters लगाना
 ये सब linear transformations से होर्े हैं



 3. Engineering 

 Examples:

 Structure design

 मशीनों का motion analysis

 Signal conversion

 Input को output में बदलना → transformation



 4. Physics 

 Examples:

 Coordinate system change किना
 Motion को different axes में देखना
 Force transformation

 Vector को नए form में convert ककया जार्ा है



 5. Data Science & AI 

 Examples:

 Data transformation

 Feature scaling

 Machine learning models

 Data को एक form से दसूिे form में बदलना



 6. Robotics 

 Examples:

 Robot arm movement

 Direction change

 Position control

 हि movement एक transformation होर्ा है



 7. Economics & Statistics 

 Examples:

 Graph transformation

 Data normalization

 Trend analysis

 Data को समझने के ललए transform ककया जार्ा है



Thank you
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UNIT 1

Cryptography (Group Theory)

Use 1: End-to-End Encryption: WhatsApp
messages ko secure karne ke liye Cyclic
Groups aur Isomorphism ka use hota hai.

Use 2: Digital Signatures: Online banking
mein password security ke liye Group
Homomorphism mandatory hai.



Robotics & Symmetry (Permutation
Groups)

Use 1: Robot Movements: Robot ke joints
aur movements ko Permutation Groups ke
sequence se control kiya jata hai.

Use 2: Molecular Symmetry: Chemistry
mein naye medicines banane ke liye
molecules ki symmetry ko Group Theory se
study karte hain.



UNIT 2

Data Recovery (Finite Fields)

Use 1: Error Correction: QR Codes
aur scratched CDs se data recover
karne ke liye Galois Fields ka math
use hota hai.

Use 2: Satellite Communication:
Space se aane wale signals mein
"noise" hatane ke liye Field theory
algorithms use hote hain.



Use 1: Cryptocurrency: Bitcoin aur Ethereum ki
security Ring Theory aur Polynomial Rings par
based hoti hai.

Use 2: Checksum Verification: Jab koi file
download hoti hai, toh Quotient Rings verify
karti hain ki data sahi hai ya corrupt.

BLOCKCHAIN & CODING
(RINGS & IDEALS)



Use 1: JPEG Compression: Hamari photos ka
size kam karne ke liye unhe ek Vector Space se
lower dimension mein transform kiya jata hai.

Use 2: Instagram Filters: Filters pixels ko Basis
Vectors ki tarah treat karke unka color aur
brightness change karte hain.

Use 1: JPEG Compression: Hamari photos ka
size kam karne ke liye unhe ek Vector Space se
lower dimension mein transform kiya jata hai.

Use 2: Instagram Filters: Filters pixels ko Basis
Vectors ki tarah treat karke unka color aur
brightness change karte hain.

UNIT 3
Image Processing (Vector Spaces)



Use 1: Google PageRank: Google internet
ke billions of pages ko ek vishal Vector
Space mein rank karta hai.

Use 2: Recommendation Engines:
YouTube aur Netflix aapke interest ko
vectors ki tarah calculate karke
"Suggested Videos" dikhate hain.

Use 1: Google PageRank: Google internet
ke billions of pages ko ek vishal Vector
Space mein rank karta hai.

Use 2: Recommendation Engines:
YouTube aur Netflix aapke interest ko
vectors ki tarah calculate karke
"Suggested Videos" dikhate hain.

SEARCH ENGINES (BASIS &
DIMENSION)



UNIT 4

Use 1: 3D Game Physics: Characters ka move hona
ya rotate hona Matrix Multiplication aur Linear
Transformation hai.

Use 2: Movie Visual Effects: Marvel ya Avatar jaisi
movies mein CGI characters ko real dikhane ke liye
matrices ka use hota hai.

Use 1: 3D Game Physics: Characters ka move hona
ya rotate hona Matrix Multiplication aur Linear
Transformation hai.

Use 2: Movie Visual Effects: Marvel ya Avatar jaisi
movies mein CGI characters ko real dikhane ke liye
matrices ka use hota hai.

Gaming & CGI (Linear Transformation)



Use 1: Face Recognition: Mobile face-
unlock features images ka Rank
calculate karke face identify karte hain.

Use 2: MRI/CT Scans: Doctors jab scan
dekhte hain, toh computer raw data ko
Linear Maps ke through image mein
badalta hai.

Use 1: Face Recognition: Mobile face-
unlock features images ka Rank
calculate karke face identify karte hain.

Use 2: MRI/CT Scans: Doctors jab scan
dekhte hain, toh computer raw data ko
Linear Maps ke through image mein
badalta hai.

AL & MEDICAL IMAGING
(RANK- NULLITY)
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Unit:-1 Isomorphism Theorems uses

1. प्रोग्राम िंग भाषा और टाइप थ्योरी

प्रथ आइसो ॉर्फि ज् प्र ये यह दर्ािता है र्ि फिं क्र्न इनपुट
िो आउटपुट  ें िैसे  ैप िरते हैं; “िनेल” िो अनदेखा र्िया
जाता है, “इ ेज” ही  ायने रखती है। इसिा उपयोग
िायाित् ि प्रोग्राम िंग भाषाओिं (हास्िेल, स्िाला)  ें यह साबित
िरने िे मलए र्िया जाता है र्ि दो अलग-अलग िोड सिंरचनाएिं
स ान रूप से व्यवहार िरती हैं।



2 इिंजीननयररिंग  ें प्रणाली स तुल्यता

दो ववद्युत पररपथ जो एि स ान व्यवहार िरते हैं, स रूपी िहलाते हैं – इिंजीननयर
इसिा उपयोग जटटल पररपथों िो सरल स तुल्य पररपथों से िदलने िे मलए िरते
है।

3. सिंरचनात् ि इिंजीननयररिंग

द्ववतीय स रूपता प्र ेय इ ारतों और पुलों िे जटटल स रूपता स ूहों िो प्रििंधनीय
उपस ूहों  ें ववभाजजत िरने  ें  दद िरता है।



चक्रीय स ूह – वास्तववि जीवन  ें उपयोग
■ घडी िा स य (Clock Arithmetic/Modular System):                                                        

12-घिंटे या 24-घिंटे िी घडी एि फाइनाइट (finite) चक्रीय स ूह िा सिसे अच्छा उदाहरण है।
उपयोग: स य िी गणना िरने  ें (जैसे- 10 िजे िे 5 घिंटे िाद 3 िजना: (10+5)

(mod 12)=3)।

■ डडजजटल सुरक्षा और र्क्रप्टोग्राफी (Cryptography):

■ आधुननि एजरक्रप्र्न तिनीिें , जैसे Diffie-Hellman Key Exchange, डटेा िो सुरक्षक्षत रखने िे
मलए चक्रीय स ूहों िा उपयोग िरती हैं।

■ ये स ूह “डडस्क्रीट लॉग ररद स स्या” (discrete logarithm problem) पर आधाररत होते हैं, 
जजसे सुलझाना िहुत िटिन है, जजससे यह सुरक्षक्षत हो जाता है।



■ पैटनि और घूणिन (Patterns and Rotations)

■ स रूपता (Symmetry): र्िसी भी वस्त,ु जैसे र्ि एि पिंखे िी पिंखुडी या एि वगि, 
िो एि ननजचचत िोण पर घु ाने पर वह वापस अपनी  ूल जस्थनत  ें आ जाती है।

■ िेल ररिंगग िंग (Bell Ringing): घिंटटयों िो िजाने िे पैटनि जो िार-िार दोहराए जाते हैं, 
चक्रीय स ूहों िे क्र पररवतिन (permutations) िा उपयोग िरते हैं।



क्र चय स ूहों िे वास्तववि जीवन  ें उपयोग
■ 密码 (Password) और सुरक्षा: साइिर सुरक्षा और एजरक्रप्र्न  ें, 
पासवडि या वपन (PIN) िा चयन अक्षरों और सिंख्याओिं िे ववमर्ष्ट
क्र चय होते हैं। यह सुननजचचत िरता है र्ि डटेा सुरक्षक्षत रहे।

■ पहेली और खेल (Puzzles & Games): रूबिि क्यूि (Rubik’s Cube) 

िो हल िरने िे मलए क्र चय स ूहों िे एल्गोररद िा उपयोग र्िया
जाता है।

■ सिंगीत (Music Theory): सिंगीत िे सुरों (scales) और रागों (chords) 

िी व्यवस्था  ें स रूपता (symmetry) िा अध्ययन।



Unit:-2 Ring, Field and Integral Domain, Ideals

■ र िंग (Ring Theory) के उपयोग:

■ डटेा सु क्षा (Data Security): किं प्यूट 0 औ 1 (binary) प काम क ते हैं। र िंग
थ्यो ी का उपयोग बाइन ी स्ट्रिंग्स (binary strings) के साथ काम क ने के लिए
ककया जाता है, जो डडस्टजटि सिंचा में डटेा को सु क्षक्षत  खने में मदद क ता है।

■ फील्ड (Field Theory) के उपयोग:

■ किप्टोग्राफी (Cryptography – सािंकेततक भाषा): जब आप इिंट नटे प पासवडड
डािते हैं या WhatsApp प सु क्षक्षत सिंदेश भेजते हैं, तो एलिस्टप्टक कवड
किप्टोग्राफी (Elliptic Curve Cryptography) औ RSA जैसे एल्गोर दम, फील्ड
थ्यो ी (ववशेष रूप से फाइनाइट फील््स) का उपयोग क ते हैं।



■ इिंटीग्रि डोमने (Integral Domain) के उपयोग:

■ सिंख्या लसद्ािंत (Number Theory): इनका उपयोग पूर्ाांकों (Integers) के गुर्ों
का ववश्िेषर् क ने के लिए ककया जाता है, जो डडस्टजटि लसग्नचे औ 
ऑथेंटटकेशन (Authentication) में महत्वपूर्ड हैं।

■ आइडडयल्स (Ideals) के उपयोग:

■ भागफि र िंग (Quotient Rings): आइडडयल्स की मदद से बड़ी र िंग्स को छोटी, 
प्रबिं्ऩीय र िंग्स (Quotient Rings) में तोडा जाता है, जो जटटि डटेा सिं चनाओिं
को स ि बनाता है।



Unit:-3 Vector Spaces uses

■ भौततकी (Physics) में: वेग (velocity), त्व र् (acceleration), वव्थापन
(displacement), औ बि (force) जैस़ी  ालशयों को दशाडने के लिए, स्टजनमें
पर मार् औ टदशा दोनों होते हैं, सटदश ्थान का उपयोग ककया जाता है [Source: 

Unacademy, Quora]।

■ किं प्यूट ग्राकफक्स औ गेम्स: 3ड़ी ऑब्जेक्ट, पोज़ीशन औ रािंसफरममेशशन ( ोटेशन, 

रािंसिेशन, ्केलि िंग) की गर्ना वेक्ट ्पेस ऑप ेशिंस का उपयोग क के की जात़ी
है, अक्स स्ट्िब्ड िीतनय ऑप ेट तकऩीकों के माध्यम से।



■  ैखखक सम़ीक र्ों को हि क ना: सटदश ्थान सम़ीक र्ों की प्रर्ालियों ( ) के
समा्ान खोजने के लिए ढािंचा प्रदान क ते हैं

■ , जो समरूप समा्ानों के लिए उप-्थानों को पर भावषत क ते हैं।



Unit:-4 Linear Transformation uses

■ किं प्यूट ग्राकफक्स औ इमेज प्रोसेलसिंग: इनका
उपयोग 3D मरडि को घुमान,े ्केि क न,े लशय क ने
औ 2D ्िीन प प्रोजेक्ट क ने के लिए ककया जाता है।

■ ज्यालमत़ीय रूपािंत र्: 2D या 3D अिंतर क्ष में प ावतडन, 

अपरूपर् औ घूर्डन जैस़ी कियाओिं का क ना, जहािं स़ी़्ी  ेखाएिं स़ी़्ी  हत़ी हैं औ 
मूि बबिंदु स्ट्थ  हता है।



■ डटेा ववश्िेषर् औ मश़ीन ितनांग: वप्र िंलसपि किं पोनेंट एनालिलसस (प़ीस़ीए) 

डटेा की ववमा को कम क ने के लिए  ैखखक रूपािंत र्ों प तनभड क ता है।

■ कनमेशि औ छवव: मैटरक्स के शून्य ्थान (कनमेशि) औ ्तिंभ ्थान (छवव) का
ववश्िेषर् यह तन्ाडर त क ने में मदद क ता है कक रूपािंत र् ्थान को कैसे
सिंप़ीडडत या मैप क ता है।

■ लस्टम मरडलि िंग: भौततक व्यवहा को मरडि क ने के लिए डडफ ेंलशयि
सम़ीक र्ों औ तनयिंत्रर् प्रर्ालियों में  ैखखक ऑप ेट ों का उपयोग ककया
जाता है।
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01
Introduction
Math Beyond The Blackboard



Mathematics: The Invisible Architecture of Daily Life

The Common Misconception

Students often think topics like Isomorphisms or Vector 
Spaces are only for textbooks. They feel it has no use in real 
life.

The Reality

This math is the engine behind WhatsApp encryption, Google 
Search, Spotify songs and robot arms in factories.

A Daily Experience

Face unlock (Linear Algebra), WhatsApp message (Group 
Theory), YouTube search (Vector Spaces) — all use Semester 
IV math.

The Goal of This Presentation

To show exactly where each unit of our syllabus appears in 
real daily life — from clocks to computer chips.



02
UNIT - 01
Groups & Isomorphisms — The Science of Symmetry

Modern Cryptography

The Math Clock



Modern Cryptography: WhatsApp & Banking

Topic

Cyclic Groups and Finite Groups

Application

End-to-End Encryption

Explanation

When you send a message on WhatsApp, it gets locked using 
group theory. It creates a 'one-way' math function — easy to 
lock, very hard to break. Only the receiver can open it. Your 
UPI payment and net banking also use the same idea.

End-to-End Encryption



The Math Clock: Modular Arithmetic

Topic

Cosets and Lagrange's Theorem

Application

Timekeeping and Scheduling

Explanation

Our 12-hour clock is a cyclic group. After 12, it starts from 1 
again — that is group theory. If today is Monday and your 
exam is after 10 days, you can find the day using the same 
'clock math'. Even train and bus schedules work this way.

Timekeeping and Scheduling



03
UNIT - 02
Rings & Fields — The Science of Data Integrity

QR Codes & Scratched CDs

Computer Hardware & Logic Gates



QR Codes & Scratched CDs

Topic

Polynomial Rings — Reed-Solomon Codes

Application

Error Correction in QR Codes and CDs

Explanation

When a QR code is dirty or partly torn, it still works. 
Polynomial rings are used to fill in the missing data. The same 
math helps a scratched CD still play music without skipping —
the missing sound is calculated and filled in automatically.

Error Correction in QR Codes and CDs



Computer Hardware & Logic Gates

Topic

Fields — Binary Field {0, 1}

Application

Microchip Design

Explanation

Every computer chip — phone, laptop, calculator — works on 
just two values: 0 and 1. This is the simplest field in 
mathematics. AND, OR, NOT gates are all field operations. 
Without ring and field theory, no computer chip could be 
designed.

Microchip Design



04
UNIT - 03
Vector Spaces — The Science of Data Representation

Google Search & Digital Imaging

Spotify & Noise-Cancelling Headphones



Google Search & Digital Imaging

Topic

Basis, Dimension and Subspaces

Application

Search Engines and Screen Colors

Explanation

Google stores every webpage as a vector. When you search 
something, it finds the 'closest' vector to your query. Also, 
every color on your screen is made by mixing Red, Green and 
Blue — three basis vectors of color space. That is why it is 
called RGB.

Search Engines and Screen Colors



Spotify & Noise-Cancelling Headphones

Topic

Vector Subspaces and Linear Span

Application

Music Recommendation and Sound Cancellation

Explanation

Spotify saves your music taste as a vector. It then finds songs 
that are 'mathematically close' to your taste in a Song Space. 
Noise-cancelling headphones detect outside sound as a 
vector and create an opposite vector to cancel it. This is all 
vector space math.

Music Recommendation and Sound Cancellation



05
UNIT - 04
Linear Transformations — The Science of Motion

Computer Animation

Robotics & Automated Factories



Computer Animation: 3D Games & Movies

Topic

Linear Transformations and Matrices

Application

3D Character Movement

Explanation

In games like BGMI or Free Fire, when your character runs, 
jumps or turns — all of that movement is done by linear 
transformations. The character's position is a vector, and the 
transformation moves it to a new position. Pixar and Disney 
movies also use the same math.

3D Character Movement



Robotics & Automated Factories

Topic

Rank-Nullity Theorem and Transformation Matrices

Application

Robotic Arm Precision

Explanation

In car factories, robot arms weld and paint exactly without 
any human help. To move the arm to the right spot, the 
computer solves a system of linear transformations. Even the 
camera in your phone adjusts its angle using linear 
transformation math.

Robotic Arm Precision



Thank You

"Pure Mathematics is, in its way, the poetry of logical ideas."

— Albert Einstein
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Data compression & Encryption: Mapping complex
data into simpler structure without losing information.
pattern matching: used in computer vision to recognize
that two different -looking shapes are structurally the
same.
chemical databases: identifying identical molecular
structure regardless of how they are drawn

USE OF ISOMORPHISM



Timekeeping: the 12 - hour clock and 7-day week
reset to 1 after reaching their limit (modular
arithmetic)
Music : the 12- tone scale (octaves) where notes
repeat in a fixed , circular patterns.
power grids : three phase electric power cycles
through phases to maintain a steady flow of energy.

USES OF CYCLYC GROUP



Digital security: password and PINs, where the specific
order of the same characters creates a inique identity.
Sheduling: Organizing flight paths or delivery routes to
find the most efficient sequence.
Gaming : Shuffling cards or solving a rubics cube , which
are essentially exercises in manipulating permutation
groups.

PERMUTATION
GROUP



Cryptography: modern encryption (like AES) treats data as
elements of a ring to scramble sensitive info.
3D Graphic: matrix ring allows computers to calculate rotations
and lighting in video game and movies.
Qr codes: use “finite fields” to build in error correction , allowing
the code to be read even if it’s dirty or torn.
satellite TV: corrects “ noise” in he signal during storms using
reed.

RING,FIELAD



GPS & Mapping: calculating your precise position , direction,
and speed relative to a destination.
structural engineering:balancing competing forces
(gravity,wind , tension) to ensure buildings and bridges
remain stable.
AI & Facial Recognition : mapping facial landmarks (distance
between eyes, nose shape ) in to a coordinate system to
identify individuals.

USES OF VECTOR SPACE



Digital photos : scaling (resizing), rotating , and flipping
images .
Search engines: orgnizing and ranking web pages based
on relevance using  vector - based algorithms.
Audio processing : adjusting volume or applying
equalizers to music files.
Social media filters: applying effects that distort or adjust
facial features in real time

LINEAR
TRANSFORMATION
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Unit I 
– Daily Uses of Isomorphism Theorems and Groups 

Daily life uses of isomorphism theorems

💻 1. Data Representation
Same data can be written in binary, decimal, or
hexadecimal
Structure and operations remain the same
Helps in easy conversion and processing in computers

💱 2. Currency Systems
Different currencies follow same arithmetic rules
Exchange rates map one system to another
Makes international trade and comparison easier

️ 3. Maps and Navigation
Maps preserve structure of real-world locations
Distances and connections remain consistent
Helps in accurate GPS navigation



Unit I
– Daily life uses Isomorphism Theorems and Groups

Topic:- Daily life uses of group theory

Our 12-hour and 24-hour clocks are "Additive Groups"
modulo Even planning weekly schedule is an application of Group Theory.

Clock System
Time follows a cycle (mod 12 or 24) After 12 → comes back to 1
👉 Used in: Watches Time calculations 📅 Weekly Routine
Days repeat every 7 days Your study, gym,

Topic: Cyclic Groups and Finite Groups.

Application: End-to-end encryption.
Every arrangement of digits is a permutation Security depends on

number of permutations

👉 Example:
1. 4-digit PIN → 10⁴ combinations
2. Seating Arrangements 🪑
3. Shuffling Cards 🃏
4. Sorting Algorithms💻



Unit II

– Daily Uses of Rings, Fields, and Integral Domains

Daily Life Uses of Rings:
1. Digital Systems & Computers💻
Integers used in computers form a ring
Operations like addition and multiplication
follow ring rules
👉 Example:
Memory calculations
Address computations
2. Modular Arithmetic (Remainder system)
Used in clocks, coding, and calculations
Example: mod 10 (digits), mod 12 (clock)
👉 Used in:
OTP systems
Cyclic counters



Unit II
– Daily Uses of Rings, Fields, and Integral Domains 

Daily Life Uses of Fields:

1. Finance & Calculations 💰
Real numbers (a field) used in:
Interest calculation
Profit/loss
Investments
👉Without division, finance wouldn’t work properly

2. Physics & Engineering⚙️
Measurements (speed, force, voltage) use real
numbers
Calculations require division

3. Computer Graphics 🎮
2D/3D graphics use fields (real numbers)
Used in:
Animation
Game physics
Rendering



Unit III 
– Daily Uses of Vector Spaces 

🪑 1. Navigation & Maps
Direction + distance = vector
GPS uses vectors to track movement
👉 Example:
“Go 5 km north, then 3 km east”
= vector addition

✈️ 2.Airplanes & Wind Direction
Plane direction + wind direction = final path
👉 Pilots use vector addition to adjust routes

🎧 3.Sound & Music Processing
Audio signals are vectors
Used in:
Noise reduction
Equalizers
👉 Your earphones improve sound using vector math



Unit III 
– Daily Uses of Vector Spaces 

4. Electricity & Physics
Voltage, force, velocity = vectors
Engineers use vector spaces to solve
circuits

5. Data & Statistics
Each data point = vector
Used in:
Graphs
Predictions
Analysis

6. Driving & Motion
Speed + direction = velocity vector
Turning = changing vector direction



Unit IV 
– Daily Uses of Linear Transformations  

🎮 1. Games & Animation
Objects are moved, rotated, scaled using transformations
👉 Used for:
Character movement
Camera rotation
Zoom in/out
👉 Example:
Rotating a character = rotation transformation
Increasing size = scaling

📸 2. Image Editing & Filters
Images are transformed using matrices
👉 Used in apps like:
Photoshop
Snapchat



Unit IV
– Daily Uses of Linear Transformations 

🪑 3. Maps & GPS Systems
Real-world locations →map coordinates
👉 Transformations help:
Convert 3D Earth → 2D map
Adjust scale and orientation

🪑 4. Machine Learning & AI
Data is transformed to extract features
👉 Used in:
Face recognition
Recommendation systems

🔊 5. Sound & Signal Processing
Audio signals transformed for clarity
👉 Used in:
Noise reduction
Equalizers
Voice enhancement



Summary of Daily Uses Across Units I-IV

GROUP THEORY

Symmetry in art and architecture, encryption
for secure communication, and scheduling
problems using permutation groups.

RING & FIELD THEORY

Digital error detection and correction,
encryption for mobile and internet security,
and reliable banking transactions.

LINEAR TRANSFORMATIONS

Image manipulation in computer graphics,
robotics coordinate systems, and machine
learning feature transformations.

VECTOR SPACES

Modeling physical forces and velocities, data
science representations, and audio signal
processing applications.



SUBMITTED BY :  ARMAN SINGH
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Introduction to Abstract Algebra�

● Beyond Arithmetic: Moving from solving for x to studying underlying
structures.�

● The Study of Sets and Operations: Defining the "rules of the game" for any
system.�

● The Power of Abstraction: Stripping away specific numbers to reveal
universal patterns.�

● The Blueprint of Science: Providing the mathematical language for
physics, chemistry, and computing.�



1) Isomorphism Theorems (The Science of Mapping)�
● Concept: Identifying when two seemingly different systems are
structurally identical.�

● Daily Use: Data Compression & File Formats.�

● When you zip a file or convert a .wav to an .mp3, the Isomorphism
Theorems provide the framework to ensure the "essence" of the data
remains intact even if the "form" changes.�

● Analogy: It’s like translating a book into another language; the words
change, but the story (the structure) remains exactly the same.�



2) Cyclic Groups (The Math of Repetition)�

● Concept: Groups generated by a single element that repeats
in a fixed cycle.�

● Application :-�
● Digital Clocks: Timekeeping operates on"Modular
Arithmetic," a fundamental cyclic group .�

● Cryptography: The security of many "Public Key" systems
relies on the difficulty of finding the generator in a large
cyclic group.�

● Music Theory: The Circle of Fifths is a perfect
representation of a cyclic group.�



3) Permutation Groups (The Math of Arrangement)�

● Concept: Focused on the different ways to rearrange a set of objects.�

● Application :-�
● Data Sorting: Sorting algorithms in your computer use permutation
theory to organize files.�

● Quantum Chemistry: Predicting the arrangement of electrons in
atoms based on symmetry groups.�

● Logistics: Optimizing delivery routes and assembly line sequences.�



4) Rings (The Math of Arithmetic)�

●Concept: Structures that allow both addition and
multiplication (like the set of Integers).�

●Application:-�
●Polynomials in Coding: Polynomial rings are used to
create the error-correction codes in your Wi-Fi signal.�

●Digital Signal Processing: Filtering out background
noise in phone calls using ring-based algorithms.�

●Rings allow us to perform "algebra" on objects that
aren't just simple numbers.�



5) Fields (The Math of Precision)�

● Concept: A ring where every non-zero element has amultiplicative
inverse (allowing for division).�

● Application :Finite Fields (Galois Fields): The backbone of the AES
(Advanced Encryption Standard) that protects your passwords.�

● QR Codes: Uses Field theory to ensure the code can be read even if
30% of it is damaged.�

● Real-World Impact: Without Fields, secure online shopping would be
impossible.�



6) Vector Spaces (The Math of Direction)�

● Concept: Systems that allow for scaling and combining "arrows"
or "data points."�

● Application :�
● Computer Vision: Facial recognition software treats your face as a
collection of vectors in a high-dimensional space.�

● Economic Modeling: Predicting market trends by treating different
variables as dimensions in a vector space.�

● Physics: Calculating the forces on a bridge or the flight path of an
airplane.�



7) Linear Transformations (The Logic of Change)�

● Concept: Functions that move vectors from one space
to another while keeping lines straight.�

● Application :�
● Image Editing (Instagram Filters)�
● When you brighten a photo or change its hue, you are
applying a linear transformation to the pixel vectors.�

● Facial Recognition.Your face is mapped as a set of
vectors; the computer "rotates" and "scales" that map
to match it against a database.�



Abstract Algebra is
not "Abstract"�

It is the concrete foundation of
our digital lives.�
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real world.

Name:- Babli Behera

Class:- BSC 4th Semester  

Guided by:- Raj Kishor Patel Sir 



Introduction:-

The Big Idea:- Abstract Algebra isn’t just 
symbols on a chalkboard, it is the “logic of 
structure” that governs our digital and 
physical world.

Core concepts

Symmetry (group) 

Data encoding (rings)

Space and movement (vector space)

Linear transformations 



Unit:-1 
Cyclic 
Groups:- The 
math of cycle 

Definition:-A group generated by a single 
element where operation eventually repeat.

Daily lifes Uses:-

1. Time keeping:- Clock operate on modular 
arithmetic (a cyclic groups).

2. Music:- The 12-tone scale in western 
music is a cyclic groups. Shifting a song to 
a different key is essentially a group 
operation.

3. Scheduling:- Employee shift rotations 
and round-robin tournament brackets.



Group 
homomorphis
m and 
isomorphism:-

The concept:-

Homomorphism:-A structure preserving 
map between two groups.

Isomorphism:- A perfect 1 to 1 
correspondence where two different 
looking system are actually identical in 
behaviour. 



Daily life uses 
of group 
homomorphis
m and 
isomorphism 

Digital Audio:- When you press a key on 
a digital piano,the physical movement is 
mapped to a digital frequency.

Encryption:- Converting a plain text 
message into a scrambled code. If the 
decryption works perfectly,the
relationship between the message and 
the code is isomorphic.

Architectural models:- A scale model is a 
“homomorphism" of the real building it 
preserve the structural relationship at 
different scale.



Permutation 
Group:-

Definition:- A group whose elements are 
bijection from a set to itself under the 
operation of functions composition.

Symmetric group:- Sn Donotes the 
group of all the permutations of n 
elements.

Key operation:- cycles, transpositionand
parity.



Daily uses of 
permutations 
group 

Puzzle solving:- The mechanics of a 
“Rubik cube” are entirely governed by 
the group S54.

Chemistry:- Studying  the symmetry of 
molecules and isomers.

Scheduling:- Round rubin tournament 
scheduling and task allocation.

Data science:- Ranking algorithnms and 
sorting process.



Unit:-2
Ring 
homomorphis
m subring 

Definition:- Ring homomorphism and 
subring are the invisible mathematical engine 
behind data security, digital communication 
and even simple arithmetic shortcuts.

Daily uses:-

1. Protecting credit card information 

2. Error free communication 

3. Arithmetic shortcuts (divisibility rules)

4. Digital image processing



Polynomial 
rings:-

Definition:- A set of the polynomial where 
you can add, subtract and multiply.

Daily life uses:

Error correction:- Your netflix stream 
doesn’t “glitch” because of reed solomon
codes(based on polynomial rings). They “full 
in” missing data packets.

QR code:- Those square you scan use 
polynomial division to ensure the link open 
even if the code is slightly smedged.

Cryptography:- Modern security relies on 
operation within finite fields of polynomial.



Unit:-3 
Vector space :-
The math of 
dimensions 

Definition:- A collection of object (vector) 
that can be scaled or added together.

Daily life uses:-

Colour grading:- Every colour on your 
phone screen is a vector in an RGB vector 
space (R,C,B).

Search engines:- Google views a webpage 
as a “vector” of keywords. When you search, 
it finds the vector closest to your query 

Physics:- Calculating the face of the wind 
on a bridge or the flight path of an airplane.



Graphic and Gaming:- Imagine designing a 
video game characters vector space helps 
moves rotate and scale them in 2D/3D 
space. Game like Fortnite use these 
concepts for smooth animation and realistic 
movement.

Data Analysis and ML:- vector space 
making handling huge data easier like, 
Netflix uses them to recommend shows 
based on your watch history. Principal 
component analysis is another example 
reducing data dimensions while keeping hey 
info.



Unit:-4
linear 
transform-
ation

Definition:- A mapping between vector space that 
preserve the operation of addition and scaling.

Daily life uses:-

 Computer graphics:- Every time you “zoom", 
"rotate” or “skew” a photo on Instagram, you are 
applying a linear transformation .

 3D Animation:- Pixar movie are essentially 
billion of linear transformation per second to 
move character in 3D space.

 Ai and Machine:- Neutral network use linear 
transformation to turn input data into a 
prediction.



Rank and 
nullity of a 
linear 
transformatio
n 

Rank represent the useful information or 
the output we actually achieved.

Nullity represent the redundancy or the lost 
/ hidden parts of a system.

Daily life uses:-
Search engines:-

Rank:- The Rank  of the matrix helps 
determine the importance of a Webpage. If a 
matrix has a high rank, it means there is a lot 
of unique, non reduntant information linking 
different sites together.
Nullity:- Help filter out noise or circular links 
that don’t add value to your search history.



Summary 
table :-

Concepts Key application Benefits to you

Cyclic groups Clock/calendar Organization of 
time 

Isomorphism Data encryption Secure online 
banking 

Polynomial rings Error correction Smooth video 
streaming 

Vector space Colour/Imaging High-quality 
digital photos

Linear 
transformation 

CGI/AI Modern 
entertainment 
and technology 



Conclusion:-

Final thought:- Abstract Algebra is the 
“invisible architecture” of the 21st

century.

Take away:- Every time you send a text, 
watch a movie or check the time ,you are 
using the power of groups, rings and 
spaces.
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CONTENTS

• Uses of isomorphism theorems , cyclic and permutations groups.

• Uses of ring , field and integral domain , ideals.

• Uses of vector spaces.

• Uses of linear transformation.



UNIT 1

1. ISOMORPHISM THEOREMS 
• These theorems are the ultimate data compression and 

simplification tools. They tell us when two seemingly 
different systems are actually identical in structure. 

• System Design: Engineers use them to swap a complex 
system for a simpler “equivalent” one without losing 
functionality.

• Error Correction: In digital communication (like 5G or 
satellite signals), they help map data to “check-sums” to 
ensure your Netflix stream doesn’t glitch.



2. CYCLIC GROUP 

• These represent repetition and circularity. 

• Cryptography (The “Lock”): Most secure websites (HTTPS) use 
cyclic groups. The difficulty of solving the “Discrete Logarithm 
Problem” within a large cyclic group is what keeps your credit 
card info safe from hackers.

• Scheduling: Anything that resets—clock time, days of the week, 
or “round-robin” tournament scheduling—is managed by cyclic 
group logic



3. PERMUTATION GROUPS

• These handle shuffling and rearrangement. 

• Data Routing: Every time you send a request over the internet, permutation 
groups help determine the most efficient path for data packets to travel 
through routers.

• Robotics & Molecules: In chemistry, they describe how atoms can rotate in a 
molecule. In robotics, they define the “configuration space”—basically, all 
the ways a robotic arm can move without hitting itself.

• Puzzles: The Rubik’s Cube is the most famous physical example of a 
permutation group; every move is a permutation of the cube’s facets. 



UNIT 2

1. RING

• In daily life, rings from abstract algebra work behind the scenes 
to keep digital data secure and functional. The most common 
application is in cryptography, where ring theory (specifically 
polynomial rings and modular arithmetic) enables the encryption 
that secures your online banking and private messages. Beyond 
security, rings are essential for error-correction codes used in 
CDs, DVDs, and satellite communications to fix data corrupted 
during transmission. Even the digital signals in your smartphone 
rely on ring structures to process audio and video efficiently. 



2. FIELDS 

• Finite fields are essential for RSA encryption, which secures 
online banking and browsing. They are also used in error-
correcting codes (e.g., CRC codes in file downloads, QR codes, 
and satellite communication), allowing devices to detect and fix 
data errors, say Quora users.



3. INTEGRAL DOMAINS

• As a generalization of integers, these are used to study divisibility 
and in polynomial rings. They form the backbone of constructing 
fields, crucial for structured data analysis, explains a 
ScienceDirect topic.



4. IDEALS

• Algebraic Structure Analysis: Prime and maximal ideals are used 
to form quotient rings, which are foundational for creating new, 
smaller fields and rings in number theory and coding.

• Polynomial Manipulation: In computational algebra, ideals help 
manage sets of polynomials in polynomial rings. 



UNIT 3

1. VECTOR SPACES 
• Vector spaces are the silent engines behind much of our modern 

technology. In digital imaging, photos are treated as vectors where 
each pixel’s color value is a coordinate, allowing software to resize or 
filter images without losing data integrity. Search engines and 
streaming services use vector spaces to power recommendation 
algorithms; by representing your interests as points in a high-
dimensional space, they can mathematically calculate which movies 
or websites are “closest” to your preferences. Additionally, in signal 
processing, vector spaces allow your phone to isolate your voice from 
background noise by treating sound waves as vectors and subtracting 
the unwanted frequencies. 



UNIT 4 

1. LINEAR TRANSFORMATION 

• Linear transformations are everywhere in our daily digital 
interactions, primarily through computer graphics and image 
processing. When you resize a photo, rotate a video, or apply a filter 
on social media, the software uses matrices to map original pixel 
coordinates to new ones, ensuring the image scales or shifts 
accurately. They also power recommendation engines like those on 
Netflix or Spotify, which project your preferences into a multi-
dimensional space to find “nearby” content you might like. Even the 
GPS on your phone relies on these transformations to translate 
satellite signals into your specific location on a 2D map. 



THANK YOU •
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Isomorphism and Group theory are used in everyday life Primarily in 

symmetry rotation , solving puzzles  (such as the Rubik’s Cube) , and 

encrypting data . They simplify  problems by explaining the behaviour 

of seemingly different objects through mathematical structure.

1. Isomorphism & Group:-

• Rubik’s cube:- All possible ways to Rotate a Rubik’s cube 

from a group . Algorithms for solving The  puzzle are 

created using the Principles Of this group.

• Symmetry:- Group theory is used to explain why mirrors , 

tile patterns, Or objects look the same when rotated.

• Computer gracious:- Graph isomorphism is used to rotate or 

scale 3D objects revealing that two different graphs or 

shapes have the same structure.

Use in daily life 



• Data encryption ( Cryptography) :-  In modern security system (such 

as bank transactions) information is encrypted using group theory.

• Understanding isomorphism :- if you understand two different 

systems with the same structure ( e.g., The way a gear rotates), a 

solution for one may also apply to the other.



Ring and fields are fundamental Concepts of abstract algebra that are used in 

everyday life in digital security, data transmission, and coding theory Fields are 

used to secure data in Cryptography ( such as RSA encryption), while rings are 

used to design error- correcting codes, which are used in CD/DVD and satellite 

communication.

2. Rings & Field 

Major uses of rings and fields in everyday Life :- 

• Cryptography and data security:- Modern encryption, such as the 

RSA algorithm, which protects banking and personal information on  

the internet relies on finite fields.



• Error correction:- When you are CDs/DVDs or receive signals from satellites, error- correcting 

codes(such as reed- Solomon codes, which use rings / fields) detect and correct error in the 

data .

• Digital Communication :- Finite fields are used to handle error in scanning QR codes and 

barcodes.

• Signal Processing (Fourier Analysis):- The discrete Fourier transform uses abelian group and 

ring properties, which is important in audio / image processing. 

• Computer programing:- The principles of rings and fields are used to define data types and 

their operations, such as the integer or real types.



3. Vector space 

Vector spaces are fundamental mathematical structures used daily to model, analyse, and manipulate 

data by defining rules for adding vectors and scaling them. Key applications include computer 

graphics (transforming 3D objects), GPS navigation (calculating distance/vectors), machine learning 

(representing data), and engineering (analyzing structural forces). 

Here are key examples of vector space use for a mathematics assessment:

..Navigation and Location: -Vectors define locations and movement. A navigation system uses vectors 

to calculate the quickest path, such as “3 miles North and 2 miles East,” representing a vector space 

of positions.

.Computer Graphics and Video Games: -3D graphics represent objects using vectors to define shape 

and position, using matrix transformations to rotate, scale, or move images on a screen.

 



.Data Analysis and AI: -Recommendation systems, such as Netflix, use high-dimensional 

vector spaces to map user preferences, where "thought vectors" represent similarities 

between movies or products.

.Engineering and Physics:-Engineers use vectors to map physical forces. For example, 

calculating how a bridge sustains weight involves calculating forces that operate within a 

vector space.

.Image Filtering:-Photo editing apps use linear transformations within a vector space to rotate, 

shear, or filter image



Linear transformations are used in everyday life primarily in computer graphics (e.g., rotating or 

resizing objects in gaming or animation), image processing, data analysis, and engineering 

calculations. Quora and Mankar college, Scribd.

Examples of Daily life of Linear transformations:-

• Computer Graphics and Animation:- In Video games or movies, when a character is rotated, 

scaled, or mirrored, a linear transformation matrix is used for all these transformations.

• Image Processing :- Rotating , zooming, or stretching the pixels of a digital photo are examples of 

linear transformations.

4. Linear transformation



• Temperature/unit converter :- For example F=9/5c+32, using a temperature converter to convert 

Celsius to Fahrenheit, or kilometres to Miles, this is a linear mapping.

• Engineering & Modelling:- In structural engineering, linear transformations are used to understand 

the deformation of bridges or building. When they are subjected to loads .

• Data Science/ Graphics:- Rotation and projection are used to visualise large sets of data, which is 

based on linear mapping.



Thank you 
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Isomorphism is a way of saying two things are
"structurally the same" even if they look different. It
allows us to solve a hard problem by translating it
into a simpler, isomorphic one.
Graph/Network Matching: Used in computer
vision and social network analysis (e.g., recognizing if
two different-looking graphs or networks are actually
the same, just with different labels).
Chemistry (Molecular Structure): Chemists use
graph isomorphism to match chemical structures
against databases to identify compounds.
Digital Circuit Verification: In electronic design,
it is used to check if two different representations of a
circuit are functionally equivalent.
Social Media Filters: Filters that change your face,
by rearranging or adding elements (permutations),
often use isomorphism to map the new image back to
a structure the computer understands.
.

Uses of isomorphism in day today life



Permutations deal with situations where
the order of elements matters, such as
arrangements, sequencing, and.
Arrangements: Scheduling tasks,
planning travel itineraries (arranging
stops), and organizing seating charts (e.g.,
weddings, conferences) use permutations
to determine the best sequence.
Sports Team Line-ups:Managers use
permutations to determine the batting
order in baseball or the sequence of
shooters in soccer.
Digital Data Processing: Computers
use permutation algorithms in sorting and
searching databases, as well as in
encryption techniques like Fast Fourier
Transforms.
Cooking Recipes: The specific order of
adding ingredients (permuting the steps)
ensures the correct taste and texture.

Uses of permutation in our day today life



.
Cyclic groups involve patterns that repeat
or rotate, returning to their original
position. WordPress.com +1
12-Hour Clocks: The numbers 0-11 (or
1-12) on a clock cycle, returning to the
start after 12 hours. This is the most
common example of finite cyclic groups.
Bell Ringing: "Method ringing" or
scientific bell ringing uses permutations,
but the overall structure of the sequence
is cyclic, returning to the original pattern.
Musical Octaves: The frequency of
musical notes cycles; for example, an
octave doubles the frequency, and the ear
hears it as the same note.
Symmetry in Nature:Many natural
objects, such as jellyfish, sea urchins,
flowers, and snowflakes, exhibit radial
symmetry, which is modeled using cyclic
groups.

Uses of cyclic groups in our day today
life



.Uses of ring , field and integral domain and ideals
Chemistry: Chemists classify molecules
based on their symmetry using group theory,
which is a key component of ring theory. The
symmetry of molecules determines their
behavior in chemical reactions.

Pattern Formation (Symmetry Fields):
Biology: The patterns on sea creatures
(phylum Echinodermata), such as starfish or
sand dollars, exhibit dihedral symmetry,
which can be described by algebraic group .

Crystalline Structure (Rings):
Material Science: The atomic structure of
crystals can be modeled using ring theory to
predict how they interact with light or x-rays,
as atoms are arranged in repeating, highly
symmetric patterns.

(Integral Domains):
Natural Growth: The study of polynomial
rings, a type of integral domain, is used in
modeling the growth patterns of plants and
the branching of trees, which often follow
recursive algebraic rules.



Fluid Flow andWater):Meteorologists use
vector fields to map wind direction and speed
across the globe. Similarly, the velocity of water
flowing in a pipe or river is treated as a vector
field.
Electromagnetic Fields: Earth’s magnetic
field is a vector quantity with components
parallel and perpendicular to the surface.
Electric and magnetic fields in nature are
represented as vector spaces to calculate their
force on objects.
Projectile Motion:When a fruit falls from a
tree or a bird dives, its motion (velocity and
acceleration) is analyzed using vector
components (horizontal and vertical) to
determine its path.
Material Strength: The internal forces and
stresses in natural materials like rock or wood
under pressure can be analyzed using tensor
analysis, which relies on vector space, to explain
phenomena like landslides or tree snapping.

Uses of vector spaces



Uses of linear transformation in day
today life

Photo Editing: Filters in applications like
Photoshop use matrices to manipulate pixel
data for rotating, flipping, resizing, or
adjusting brightness.
Dimensionality Reduction (PCA): In
data science, Principal Component Analysis
(PCA) uses linear transformations to reduce
the number of variables in a dataset while
retaining essential information.
Machine Learning: Neural networks use
matrix multiplication at each layer (a linear
transformation) followed by an activation
function to learn complex patterns.



Cryptography & Security:Modern cryptographic systems (like RSA) rely on number
theory and group theory to encrypt sensitive data, ensuring secure internet transactions.
Coding Theory (Error Correction): Algebraic coding theory uses finite fields to
detect and fix errors in digital storage (CDs, hard drives) and telecommunications.
Chemistry & Physics (Symmetry): Group theory classifies molecular structures,
analyzes molecular vibrations, and helps predict physical properties.
Computer Science & Algorithms: Abstract algebra is used in algorithm design, such
as in Fast Fourier Transforms (FFT) for signal processing and 3D computer graphics.
Physical Puzzles: The movements of a Rubik's Cube can be modeled and solved using
permutation groups.

What is abstract algebra ?

Abstract algebra is a branch of mathematics studying algebraic structures like
groups, rings, and fields rather than specific number calculations.

https://www.urbanpro.com/algebra/what-are-some-real-life-applications-of-abstract
https://www.quora.com/What-are-some-real-life-applications-of-abstract-algebra
https://blog.keithmcnulty.org/one-of-the-most-elegant-and-practical-applications-of-abstract-algebra-0e6c8853ab0f
https://www.geeksforgeeks.org/maths/real-life-applications-of-abstract-algebra/
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Introduction 
Math Beyond The Blackboard 

Mathematics is the "Operating System" of the modern 

world. It is the language of patterns, structures, and 

logical relationships

To peel back the layers of abstract theory and reveal the 

mathematical engines driving our daily technology, 

nature, and art.



Modern Cryptography: Whatsapp & Banking

Topic: Cyclic Groups and Finite Groups.

Application: End-to-end encryption.

Explanation: Group theory allows us to 

create "one-way" mathematical functions. 

Your messages are locked using group 

operations that only the receiver can reverse.



The Math clock : Moduler Arithmetic

Topic: Cosets and Lagrange’s Theorem.

Application: Timekeeping and Scheduling.

Explanation: Our 12-hour and 24-hour clocks 

are "Additive Groups" modulo Even planning 

weekly schedule is an application of Group 

Theory.



QR Codes & Scratched CDs



Computer Hardware & Logical Gate 



Google Search & Digital Imaging 



Artificial Intelligence 



Computer Animation

Application: 3D Character Movement.

Explanation: In video games, characters move 

by

transforming their coordinates 

from "Model Space" to "World 

Space"

using Linear Transformations.



Robotics & Automated Factoriesic 
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uses of isomorphism 
isomorphismi is  a way of saying two things are structurally

the same even if they look different . it aloows us to solve a

hard problem by translating it into a simpler ,isomorphic

one . 

Graph / network matching: 
used in computer vision and social network analysis

(e.g. recognizing if two different looking graphs or

network are actually the same just with different labels 

Chemistry (molecular structure):  

chemist use graph isomorphism to match chemical

structures against data bases to identify

compounds.



Digital circuit verification : 

in electronic  design  it is used to check if two

different representation of a circuit are

functionally equivalent.

social media filter:

filters that change your face by rearranging or

adding element (permutation) often use

isomorphism to map the new image back to a

structure the computer understand.



Uses of permutation 
A permutation is used when we need to arrange objects or items in a

specific order . it has many practical applications in everyday life in

different fields

main uses of permutation
1.seating arrangement: used to find the number of ways people can sit in a

row , around a table,or in a classroom

2.password and security 
purmutation help calculate the number of

possible password or pin combination to security

in phones , bank ,and computer

3.License plate number
goverrment create unique vehicle numbers using different

arrangement of letters  and digits 



Cyclic group are common in our daily life. A cyclic group is a group

with an element that has an operation applied that produce the whole

set

cyclic group can be used in fun puzzles such as the Rubik cube or

in protecting sensitive information such as through cryptography

12-hours clock: the numbers 0-11(or 1-12)on a clock cycle,

returning to the start after 12 hours. this is the most common

example of finite cyclic groups.

musical octaves :- the frequency of musical notes cycles; for

example ,an octave doubles the frequency ,and the ear hears it as

the same note

uses of cyclic group



uses of ring, field and integral domain and ideals

Pattern formation(symmetry fields):
 the pattern on sea creatures (phylum echinodermata), such as starfish

or sand dollars,exhibit dihedral symmetry, which can be described by

algebraic group.

Biology

crystalline structure(Rings):
material science: the atomic structure of crystle can be modeled using

ring theory to predict how they interact with light or

x-rays, as atoms are arranged in repeating , highly

symmetric patterns.

(integral domains):
natural growth: the study of polynomial rings ,a type of  integral

domain,is used in modeling the growth patterns of plants

and the branching of trees, which often follow recursive

algebraic rules



uses of vector space

4.Computer graphics and Gaming:
vectors are used to map 3D object defind lighting and calculate

movement within virtual environment and video games

2.Engineering and construction:
vectors determine the forces , torques, and stress acting on structure like

bridges,  enabling stable design. 

3.Electromagnetic feilds:
Earth’s magnetic field is a  vector quantity with components parallel an

purpendiculer to the surface electric and magnetic fields in nature are

re-presented as vector spaces to calculate their force on object

1.Projectile motion:
when a fruit falls from a tree or a bird dives ,its motion (velocity and

acceleration)is  analyzed using vector component (horizontal and

vertical) to determine its path. 



linear Transformation

1.Economic modeling and supply chain 
businesses use linear transformation to manage resources . if a bakery makes bread
and cakes, and each requires a specific amount of flour and sugar , the relationship
between “product made” and “ingredients used” is a linear transformation. 

2.Machine learning:
neural networks use matrix multiplication at each layer (a linear transformation )
followed by an activation function to learn complex patterns

3.Photo Editing
filters in applications like photoshop use matrices to manipulate pixel data
for rotating , flipping, resizing ,or adjusting brightness.  
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02

 Modern Cryptography 

 The clock math



Modern Cryptography: Whatsapp & Banking

Topic: Cyclic Groups and Finite Groups.

Application: End-to-end encryption.

Explanation: Group theory allows us to 

create "one-way" mathematical functions. 

Your messages are locked using group 

operations that only the receiver can reverse.



The Math clock : Moduler Arithmetic

Topic: Cosets and Lagrange’s Theorem.

Application: Timekeeping and Scheduling.

Explanation: Our 12-hour and 24-hour clocks 

are "Additive Groups" modulo Even planning 

weekly schedule is an application of Group 

Theory.



UNIT -02
03

 QR Codes & Scratched  CDs

 Computer Hardware & Logical Gate



QR Codes & Scratched CDs



Computer Hardware & Logical Gate 



UNIT -03
04

 Google Search &  Digital 

Imaging

 Artificial  Intelligence 



Google Search & Digital Imaging 



Artificial Intelligence 
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05

 Computer Animation 

 Robotics & Automated  

Factories



Computer Animation

Application: 3D Character Movement.

Explanation: In video games, characters move 

by

transforming their coordinates 

from "Model Space" to "World 

Space"

using Linear Transformations.



Robotics & Automated Factoriesic 



Pure Mathematics is, in its way, the poetry of logical 

ideas.

— Albert 
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UNIT - 1
   Isomorphism :-- 

The Isomorphism Theorem tells us that two mathematical systems can look 
different but have the same structure and rules. In daily life, this idea appears when 
we convert units like meters to centimeters or rupees to paise — the numbers 
change, but the relationship stays the same. It is also seen in time formats, such as 
12-hour and 24-hour clocks, which represent the same time differently. When we 
simplify equations in mathematics, the form changes but the meaning remains the 
same. This concept helps us understand that different representations can still 
follow the same structure and logic.



Cyclic :--

A cyclic group is something that repeats in a fixed pattern. 
In daily life, we see this in clocks — after 12, it starts again 
from 1. Days of the week repeat every 7 days, and months 
repeat every year. This repeating system follows cyclic 
rules. Cyclic patterns are also used in modular arithmetic, 
like finding remainders (for example, time calculations 
such as “3 hours after 10 PM”). Calendar planning, shift 
rotations, and timetable scheduling also follow cyclic 
patterns. So, cyclic group ideas help us understand 
repetition, rotation, and periodic systems in everyday life.



Permutations :--

Permutations are used in daily life whenever we arrange things 
in different orders. For example, seating arrangements in a 
classroom or at a wedding depend on different possible orders 
of people. Passwords and PIN codes are based on different 
arrangements of numbers and letters. Shuffling cards in a game 
creates different permutations each time. In exams, roll 
numbers can be arranged in many ways. Tournament schedules 
and team line-ups also use permutations. Even arranging books 
on a shelf or choosing outfits in different combinations involves 
permutations. So, permutations help us understand how many 
possible arrangements are possible in real life.



UNIT - 2

In algebra, a ring is an important mathematical structure 
used in many fields. It helps in solving polynomial equations 
and studying number properties. The concept of rings is also 
used in computer science, cryptography, and coding theory 
to secure data and detect errors in digital communication 
systems used in daily technology.

Ring:-



Fields:-

A field in algebra is useful in many daily technologies. It 
helps in making correct calculations in science, engineering, 
and computers. Fields are also used to protect information 
on the internet, like online banking and passwords. They 
help in sending and receiving data correctly in mobile 
phones, computers, and digital communication. 



Integral Domains:-

An integral domain in algebra helps in doing accurate 
calculations without errors in multiplication. It is useful in 
computer science, coding theory, and cryptography. These 
concepts help protect digital information and improve data 
transmission. Integral domains are also used in mathematics, 
engineering, and computer systems to solve problems and 
design reliable technologies. 



Ideals:-

In algebra, ideals help in simplifying complex calculations and 
solving equations. Their concept is used in computer science, 
coding theory, and cryptography to protect digital 
information. Ideals also help in designing error-correcting 
codes used in mobile communication, computers, and data 
storage systems to make data transmission more accurate and 
reliable. 



UNIT - 3
Vector Space:-

Vector space is used in many areas of daily life and modern 
technology. It helps in computer graphics to create images and 
animations, in physics to describe forces and motion, and in 
engineering for designing machines and structures. Vector 
spaces are also used in data science, signal processing, and 
communication systems. 📐💻📡



Linear Transformation:-

UNIT - 4

Linear transformation is used in computer graphics to rotate, 
resize, and move images and objects. It is important in 
robotics, engineering, and physics for changing coordinates 
and analyzing motion. Linear transformations are also used in 
image processing, data science, and machine learning to 
transform and analyze large amounts of data.
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Unit:-1 Isomorphism Theorems uses

1. Programming Language & Type Theory
First Isomorphism Theorem mirrors how functions map inputs to 
outputs — the "kernel" is what gets ignored, the "image" is what 
matters Used in functional programming languages (Haskell, 
Scala) to prove that two different code structures behave identicall

2.   System Equivalence in Engineering
Two electrical circuits that behave identically are isomorphic —
engineers use this to replace complex circuits with simpler equivalent 
ones

3.    Structural Engineering
The Second Isomorphism Theorem helps decompose complex 
symmetry groups of buildings and bridges into manageable subgroups



Cyclic Groups — Real Life Uses

1. RSA Cryptography & Internet Security
Every https:// website uses arithmetic
RSA encryption: encode message M as Mᵉ mod n — security depends on the cyclic structure of 

(ℤ/nℤ)*
Diffie-Hellman key exchange — shared secret computed using generators of cyclic groups
Protects: Gmail, WhatsApp, online banking, Netflix logins

2. Bitcoin & Blockchain
Bitcoin uses Elliptic Curve Cryptography (ECC) — the curve points form a cyclic group
Your Bitcoin wallet address is derived from a generator point of a cyclic group of order ~2²⁵⁶
Transaction signing uses the discrete logarithm problem in cyclic groups
Also used in: Ethereum, digital passports, Apple Pay, Google Pay

3. Music & the 12-Tone Scale
The 12 musical notes form ℤ₁₂ — a cyclic group of order 12
Chord progressions, inversions, and modulations all follow cyclic group arithmetic



4. Signal Processing & Fast Fourier Transform (FFT)
Powers: MP3/AAC audio, JPEG images, 5G networks, WiFi, MRI machines,  radar

5.  QR Codes & Error Correction
Reed-Solomon error correction uses cyclic algebraic structures (finite fields)
A QR code can be 30% destroyed and still scan correctly
Data is encoded as elements of cyclic polynomial rings
Used in: QR codes, barcodes, CDs, DVDs, Blu-ray, satellite TV, deep space communication



6. Calendars & Time
Days of the week: ℤ₇ — "What day is 100 days from Wednesday?" = pure cyclic 
arithmetic
Hours on a clock: ℤ₁₂ or ℤ₂₄
Calendar calculations, scheduling recurring events, leap year cycles all use cyclic 
group arithmetic

7. Chemistry — Molecular Rings
Benzene (C₆H₆) has cyclic symmetry group C₆ — used in designing plastics, dyes, 
pharmaceuticals



Permutation Groups — Real Life Uses

1.  Rubik's Cube & Puzzles
All Rubik's Cube states form a permutation group — a subgroup of S₄₈
Total states: ~43 quintillion = the order of the Rubik's group

2.  DNA & Genetics
DNA strand operations — replication, transcription, and mutation are modeled as 
permutations of base pairs
Comparing genome sequences uses permutation distance metrics
Protein folding symmetries are analyzed using permutation groups
Helps identify which genetic mutations are structurally equivalent

3. Robotics & Manufacturing
A robot arm with n joints — all reachable configurations form a permutation
Assembly line scheduling: arranging n tasks in optimal order = permutation optimization



Topic Application Area Specific Real Use

Rings Cryptography Post-quantum Ring-LWE encryption

Hardware CPU integer overflow arithmetic

Data integrity CRC checks in USB/Ethernet

Graphics Image convolution, filters

Fields Encryption AES in GF(2⁸)

Communication 5G OFDM, Reed-Solomon codes

Navigation GPS trilateration

Finance Black-Scholes option pricing

Physics Quantum field theory

Unit:-2 Ring ,Field and Integral Domain , 
Ideals 

Post-quantum Ring-LWE encryption



Integral 
Domains

Cryptography RSA unique factorization security

Engineering Polynomial system modeling

CAD Geometric intersection computation

Ideals Post-quantum crypto CRYSTALS-Kyber (NIST standard)

Robotics Inverse kinematics solving

Coding theory Cyclic codes as ideals

Computer vision 3D reconstruction from photos

Chemistry Reaction network equilibria



Field Vector Space Use Real Example

AI / NLP Word embeddings
Google Search, 
ChatGPT

AI / ML Neural network layers GPT, image recognition

Gaming 3D transformations Unity, Unreal, PS5

Graphics Ray tracing, lighting Pixar, RTX GPUs

Audio
Fourier basis 
decomposition

MP3, noise cancellation

Images DCT compression JPEG, Netflix streaming

5G MIMO beamforming Wireless networks

Unit:-3 Vector Spaces uses



Medicine MRI reconstruction Hospital imaging

Genomics Gene expression vectors Cancer diagnosis

Quantum Hilbert space states Quantum computing

Engineering FEA stress analysis Bridges, aircraft

Finance Portfolio optimization Hedge funds

Climate
Atmospheric state 
vectors

Weather forecasting

Crypto Lattice hard problems Post-quantum security

Search PageRank eigenvector Google



Domain Linear Transformation Specific Application

AI / Deep Learning Weight matrix multiplication ChatGPT, image recognition

Transformers Q, K, V projections BERT, GPT, Claude

Graphics MVP matrix pipeline Unity, PS5, Unreal

Animation Bone skinning transforms Pixar, game characters

Image Processing Convolution, DCT JPEG, Instagram filters

Audio DFT, convolution MP3, noise cancellation

Video DCT per block Netflix, YouTube, Zoom

MRI Inverse Fourier transform Medical imaging

Unit:-4 Linear Transformation uses



CT Scan
Inverse Radon 
transform

Cancer diagnosis

5G / WiFi
MIMO channel 
matrix

Wireless communication

OFDM DFT / IDFT pair 4G, 5G, WiFi

Robotics
Homogeneous 
transforms

Robot arms, SLAM

Autonomous 
Cars

Homography, 
projection

Tesla, Waymo

Navigation
Kalman filter 
matrices

GPS, autopilot

Quantum 
Computing

Unitary gate matrices IBM Quantum, Google

Structural Eng. Stiffness matrix Ku=f Bridges, aircraft

Optics ABCD ray matrices Camera, telescope design

Homography, projection
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Isomorphism Theorems (Structural Mapping):

Data Compression & Encryption: Mapping complex data into
simpler structures without losing information.
Pattern Matching: Used in computer vision to recognize that
two different-looking shapes are structurally the same.
Chemical Databases: Identifying identical molecular
structures regardless of how they are drawn.

 DAILY LIFE USES OF- 

Unit 1 - Isomorphism theorems, Cyclic and permutation Group 



Cyclic Groups (The "Repeating" Principle)

Timekeeping: The 12-hour clock and 7-day week
reset to 1 after reaching their limit (Modular
Arithmetic).
Music: The 12-tone scale (octaves) where notes
repeat in a fixed, circular pattern.
Power Grids: Three-phase electric power cycles
through phases to maintain a steady flow of
energy.



Permutation Groups (The "Ordering" Principle)

Digital Security: Passwords and PINs, where the
specific order of the same characters creates a
unique identity.
Scheduling: Organizing flight paths or delivery
routes to find the most efficient sequence.
Gaming: Shuffling cards or solving a Rubik’s Cube,
which are essentially exercises in manipulating
permutation groups.





Rings (Addition + Multiplication)
Cryptography: Modern encryption (like AES) treats data as elements of a ring
to scramble sensitive info.
3D Graphics: Matrix rings allow computers to calculate rotations and lighting
in video games and movies.
Modular Arithmetic: The math behind barcode/ISBN validation relies on ring
structures to catch typing errors.

Fields (Division + Total Flexibility)
QR Codes: Use "Finite Fields" to build in error correction, allowing the code
to be read even if it's dirty or torn.
Mobile Networks: 5G and Wi-Fi signals use field arithmetic to pack data into
radio waves without interference.
Satellite TV: Corrects "noise" in the signal during storms using Reed-

Unit 2 - Ring, Field andr integral Domain, Ideals



Integral Domains (Consistency + No Zero-Divisors)
Secure Keys: The RSA algorithm relies on the properties of
integral domains to ensure that unique decryption keys
exist.
Data Integrity: Guarantees that if a calculation starts with
non-zero data, it won't "vanish" or become zero during
processing.
Ideals (Subsets for Filtering)
File Verification: Used in Check-sums to verify that a
downloaded file is identical to the original.
Data Compression: Helps "map" complex data into smaller,
simplified sets (Quotient Rings) for faster storage.
Robotics: Polynomial ideals help calculate the range of
motion for robotic arms in factories.



Unit 3 - Vector Spaces 
GPS & Mapping: Calculating your precise position, direction, and speed
relative to a destination.
Search Engines: Converting words into "word vectors" to find relevant
results based on how similar they are in meaning.
Computer Graphics: Rendering 3D shapes, shadows, and movement in
video games and movies.
Streaming Recommendations: Representing your movie/music tastes as a
point in a vector space to find nearby matches you might like.
Digital Imaging: Storing and editing photos, where each pixel’s color and
position are treated as vector coordinates.
Structural Engineering: Balancing competing forces (gravity, wind, tension)
to ensure buildings and bridges remain stable.
AI & Facial Recognition: Mapping facial landmarks (distance between eyes,
nose shape) into a coordinate system to identify individuals.



Unit 4 - Linear transformation 

Digital Photos: Scaling (resizing), rotating, and flipping images.
Computer Graphics: Rendering 3D characters and
environments onto a 2D screen.
Social Media Filters: Applying effects that distort or adjust
facial features in real-time.
GPS & Maps: Converting spherical Earth coordinates into flat,
readable maps on your phone.
Search Engines: Organizing and ranking web pages based on
relevance using vector-based algorithms.
Audio Processing: Adjusting volume or applying equalizers to
music files.
Data Compression: Shrinking file sizes (like JPEGs) while
maintaining image quality.



Linear Transformations
Linear transformations are key mathematical tools
that stretch, rotate, and project data
representations, allowing for flexible manipulation
in various applications such as graphics and
machine learning.



Linear transformations allow us to
manipulate images effectively,
showcasing the differences
between raw data and its
transformed state for enhanced
clarity and comprehension.

Before and After
Transformations
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