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1. CHAPTER INTRODUCTION

In mathematics, a Number System is a structured way of representing numbers using a consistent set of symbols
and rules. It forms the absolute bedrock of all mathematical calculations, measurements, and algebraic reasoning.
Rather than treating numbers as isolated values, a number system classifies them into distinct families based on
their mathematical properties and behaviors.

Understanding how different types of numbers interact is critical for mastering algebra, geometry, and calculus. The
Class 9 Number System expands your mathematical horizon from basic counting numbers to complex, non-
repeating infinite decimals (Irrational Numbers), filling the gaps on the continuous geometric line known as the
Real Number Line.

_________________________________________________________________________________________________________________

';Y' REAL-WORLD APPLICATION SUMMARY

« Computer Science & Systems: Advanced computing architectures rely on binary, octal, and
hexadecimal number systems to encode data, compress media, and run algorithms smoothly.

» Engineering & Design: Precise measurements require irrational numbers like 1t (Pi) and v2 to calculate
structural loads, curved geometry, and circular dimensions cleanly.

_________________________________________________________________________________________________________________
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2. DETAILED EXPLANATION OF CONCEPTS

Numbers are organized in a strict nesting pattern, where each new set expands upon the previous one. Let us
review the numbers in logical order:

I Core Classifications

1. Natural Numbers (N)

These are the traditional counting numbers that begin from 1 and go up to infinity. They do not include zero,
fractions, decimals, or negative numbers.

N={1, 2, 3, 4,5, ...}

2. Whole Numbers (W)

When the number zero (0) is included in the collection of natural numbers, the resulting set forms the whole
numbers.

w={0, 1, 2, 3, 4, ...}
Core Relationship: Every natural number is a whole number, but not every whole number is a natural number

(since 0 is uniquely a whole number).

3. Integers (2)

A complete collection of whole numbers and their negative counterparts. The symbol Z comes from the German
word “zahlen”, which means "to count".

z={..., -3, -2, -1, 0, 1, 2, 3, ...}

4. Rational Numbers (Q)

Any number that can be written as a fraction where the top and bottom are whole numbers, and the bottom is not
zero. The symbol Q comes from the word Quotient.

A number r is called a rational number if it can be written in the form p/q , where p and q are integersand q # 0.

We assume that p and q are co-prime integers (sharing no common factors other than 1).

5. Irrational Numbers (T or Q?)

Numbers that cannot be written as a simple fraction of integers. When written out as decimals, they go on forever
without establishing a repeating pattern. Examples include v2, V3, V5, and the mathematical constant .

6. Real Numbers (R)

The master set containing all rational and irrational numbers combined. Every single point on the number line
represents a unique real number, and vice versa.
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I Decimal Expansions of Real Numbers
Looking at a number's decimal expansion is the fastest way to determine its classification:

1. Terminating Decimals (Rational): The decimal expansion stops completely after a finite number of steps
because the remainder becomes zero during division. (e.g., 7/8 = 0.875)

2. Non-Terminating Repeating / Recurring Decimals (Rational): The decimal values continue infinitely, but a
specific block of digits repeats in a predictable pattern because the remainder begins to cycle. (e.g., 3/11 =
0.272727... = 0.overline(27))

3. Non-Terminating Non-Repeating Decimals (Irrational): The decimal expansion continues infinitely without
establishing any repeating pattern. (e.g., V2 = 1.41421356...)
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3. IMPORTANT TERMS & DEFINITIONS

TERM MATHEMATICAL DEFINITION EXPLANATION

Co-prime A pair of integers p and g such that HCF(p, Numbers that don't share any common

Numbers q)=1. dividing factors except 1.

Terminating A decimal expansion containing a finite A decimal that stops clean, like 0.25 or

Decimal number of digits. 0.875.

Recurring A decimal expansion where a block of digits A decimal that goes on forever but loops

Decimal repeats infinitely. the same digits.

Radicand The value that sits completely underneath a The number inside the root sign. In V5, 5 is
radical symbol. the radicand.

Rationalisation The algebraic process of eliminating a root Multiplying to shift roots from the bottom
from a denominator. line to the top line.
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4. NCERT KEY POINTS

* The Zero Factor: O is a highly unique value. It is a Whole Number, an Integer, and a Rational Number (since
0/1 is valid). However, it is not a Natural Number.

* Infinite Denseness Property: Between any two given rational numbers on a number line, there are infinitely
many rational and irrational humbers.

* The Rational Density Exception: The sum, difference, product, or quotient of two irrational numbers is not
always irrational. It can result in a clean rational value (e.g., V3 x V3 = 3).

¢ HIGHLIGHTED COMBO RULES

L

The sum, difference, product, or quotient of a rational number and an irrational number is always irrational
(assuming non-zero multipliers for multiplication/division).
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5. TABLES & FLOWCHARTS

REAL NUMBERS (R)
/ RATIONAL NUMBERS (Q) IRRATIONAL N
INTEGEéS (2)
WHOLE éUMBERs (W)
NATURAi NUMBERS (N)
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6. MEMORY TRICKS & SHORTCUTS

The Nesting Mnemonic: "Now Winter Is Quite Real"

To remember the sequence of number sets from smallest to largest, memorize this short phrase:

¢ Now — Next/ Natural Numbers (N)

e Winter — Whole Numbers (W)

e Is - Integers (2)

* Quite — Quotient / Rational Numbers (Q)

* Real —» Real Numbers (R)
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7. COMMON MISTAKES STUDENTS MAKE

I\ MISTAKE 1: MISCLASSIFYING N AS RATIONAL

The Error: Students see 1t = 22/7 and think it's a rational fraction.

The Correction: 22/7 is only an approximation. The actual decimal expansion of 1 is non-terminating and
non-repeating, making it strictly Irrational.

I\ MISTAKE 2: ASSUMING ALL SQUARE ROOTS ARE IRRATIONAL

The Error: Classifying numbers like V25 as irrational simply because they sit inside a root sign.

The Correction: Simplify the radical first. Since V25 = 5, it is a whole number and therefore **Rational**.
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8. LAST-MINUTE QUICK REVISION & SUMMARY

» Denominator Rule for Terminating Decimals: A rational fraction p/q will terminate if and only if the prime
factorization of q contains only the prime factors 2 or 5 (i.e., 22 x 53).

« Conjugate Pair Trick: The conjugate multiplier for (vVa + vb) is simply (Va - vb). This changes the middle sign to
utilize the identity (a+b)(a-b) = a2 - b2.

Chapter 1: Number Systems

— Decimal Expansions

— Terminating - Rational

— Non-Terminating Repeating - Rational

L— Non-Terminating Non-Repeating -EE Irrational
— Laws of Exponents

— a’p - a’q = a’(p+q)

— (a*p)”*q = a”(pq)

— (ab)Mp = arp - bAp

I Exam Execution Advice

When asked to rationalize expressions, double check that you applied the sign change correctly across both the

top and bottom lines. Simplify terms before guessing their final set identity; for example, v80 / V5 simplifies to V16,
which is exactly 4 (Rational).
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