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In this dynamic 9th-grade mathematics textbook, I embrace the evolving world of education by
utilizing the CPA (Concrete, Pictorial, Abstract) Approach. This method ] ed in concrete
examples, pictorial representations, and abstract concepts ca carning styles,

making mathematics accessible and engqgl \3—, iges’ and real-life examples
transform mathematical theorl 1nto vi t@) s, enhancing understanding and
enjoyment.

The book enog%@%%éd\lre learmng through "Test Yourself" sections, classroom activities
promoting collaboration and critical thinking, and insightful "Teacher's Footnotes" for effective
content delivery. Rich in interactive color images, it offers a visually stimulating learning
environment, breaking the monotony of traditional texts.

With a variety of examples, worksheets, and video lectures, the textbook provides
comprehensive practice and learning opportunities. Additionally, simulations allow hands-on
exploration of concepts, deepening understanding. This textbook is more than an educational
tool; it's a journey designed to instigate a deep appreciation for mathematics, connecting the
subject with the rhythm of the modern educational landscape.
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CHAPTER

Real Number System

- Did you know that real numbers are super important for sending rockets into s pace and g other planets?

Imagme we want to send a spacecraft to Mars Scientists use real n get the spacecraft

£S0a ; W got miss Mars. They also use

‘ d where they want it to, even though

‘ miillions of miles away! Real numbers help scientists

plan the spacecraft’s path thr s it'ean safely reach Mars, orbit around it, or land on its surface. This

planning is what ble or us to send robots and even humans to explore space, showing just how
cool and powerﬁ\\@at can be in helping us learn more about the universe.




Students’ Learning Outcome

Explain, with examples, that civilizations throughout history have systematically studied
living things (e.g., the history of numbers from Sumerians and its development to the

present Arabic system.) 0
€O

Describe the set of real numbers as a combmatlon of ratiomna

taking), tempera
expenditu;

Knowledge /I @

@ Historical Development
The historical development of number systems through various civilizations.
@) Classification of Numbers
The classification of numbers, including real, rational and irrational numbers.
(3) Properties of Addition and Multiplication
The properties of addition and multiplication for real numbers including closure,
identity element, inverse element, commutativity, associativity and distributivity.
@ Properties of Equality
The properties of equality for real numbers, including reflexive, symmetric and
transitive properties etc.
(5) Properties of Inequality

The properties of inequality for real numbers n@ludlfl% @Kﬁhﬂbéﬁy@nf

additive, multiplicative, cancellaﬁmil;p}()%ertlps/ tc' ()

© Exponents and Radicals x
The concepts of indices ( on \ @adic/ 1s, radicands and surds.

@ Lawsof EXWN’M\J\‘
The laws of ‘indices and the interrelationship between radicals and exponents.
©) Real Life Problems
The real-world applications of rational numbers, especially in situations related to
banking, gains and losses, temperature conversions, inventory management etc..

//

@) Identifying and differentiating between different types of numbers (rational,
irrational, real).

@) Applying the mathematical properties of addition and multiplication for real
numbers.

@) Verifying the properties of equality and inequality for real numbers.

@) Applying the concept of indices and the laws of indices.

K]

@) Transforming expressions between radicala
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Pre & Post Requisite

Class 6
Chapter # 2
Integers

—

Class 7
Chapter # 1

Rational Number
—]

Class 8
Chapter # 1

Real Numbers
—m

Class 9
Chapter # 1
Real Number Systems
"
Class 10

\ A Chapter # 1

5 U Complex Numbers
a

P
Class 11

Chapter # 1
Complex Number

®) Understanding and applying the concept of radicals and radlcands a @@m
@) Rationalizing the denominators of radical expre@mn EE ﬁw
O L

@) Simplifying expressions usi

© Applying mathematical conc meal—world problems, specifically using
rational nuwwm Stich as banking, gains and losses.



Chapter 1

Introduction

Welcome to the fascinating world of mathematics! Within this
chapter, we will embark on an exploration of the evolution of
number systems, unravel the mysteries of real, rational and
irrational numbers, uncover t ?@tional properties of addition

iplicati hrough the complex realms of
m nd the practical integration of rational

Mathematical Evolution Across
I LR Rl Civilizations and Different
Numeral System

1.1.1 Evolution of Mathematics

) 0 Throughout history, the integration of mathematical number
Sebudent Leauning Oixfconies systems with the study of living things has been a hallmark of
- various civilisations, reflecting a deep understanding of numbers

e EERpAin, Sritt SXample, that about the natural world. Here are critical historical highlights

civilizations throughout history have

systematically studied living things Early Civilizations: Egyptian bylonian number systems
(e.g., the history of numbers from facilitat e sis of natural phenomena. For
Sumerians and its development to the i e\ _E} ns applied geometry for land measurement

present Arabic system). Q

A clay disc featuring a sketch of a Hieroglyphs on the temple at ancient

square, its diagonals, and markings that bos, near modern Kawm Umbu,

f @O Bgypt

the

approximate the s

s

Greek Mathematics: Greek contributions, notably from Euclid
and Pythagoras, were crucial in describing natural patterns.
Pythagoras explored the relationship between numbers and musical
harmonies, while Euclid's work in geometry provided foundational

Euclid (325 BC-265 BC) knowledge.




Indian and Chinese Mathematics: Introducing concepts like zero
and negative numbers in India and China enriched the
mathematical analysis of nature. Indian mathematicians advanced
in astronomical calculations, while Chinese scholars developed
methods for solving complex equations

mathematical understandmg, 1nﬂuenc1ng\ thﬁ/su\d)f Qﬁ (hylﬁg U v
organisms. His work in algebra and algomﬂig\ﬁi& RQC es fe/dvto

more systematic and precise s%eg'fwsg dies — .

Pythagoras of Samos (570 BC-495 BC)

Renaissance Era: The ééil\eflopment of calculus by figures like
Newton and Leibniz revolutionized the understanding of natural
phenomena. Newton's laws of motion and gravity unified the study
of celestial and terrestrial bodies, offering a comprehensive
mathematical framework for the natural world.

1.1.2 Different Numeral Systems Throughout History
Throughout history, civilizations have systematically studied living
things, leading to the development of numeral systems for practical
purposes like counting animals, managing households, and
overseeing agricultural tasks. This drive for quantification resulted
in diverse mathematical systems across cultures, from ancient
Egyptian hieroglyphics for record-keeping to Roman numerals for
commerce and the binary system for modern computmg These"x, ‘
advancements underscore the 1ntegra1 role of mathemaffcs ik, )\ = L
communication and understanding our' ”rid hngﬂé}mng the
deep-rooted connection between ?ug t]uast 0 quantlfy life and the

evolution of mathematlcal \ﬁ)kaétlces This narrative demonstrates V <

how the systematic study of the natural world has been a constant

Sumerians Numerals

endeavor, shaping the mathematical tools and systems we use today. Ll
Sumerian Numerals (c. 4000-3000 BCE)
The early Sumerian civilization in Mesopotamia developed a base-
60 (sexagesimal) numeral system, using cuneiform script for < Y
record-keeping, trade and astronomy.
Egyptian Hieroglyphic Numerals (c. 3000-2000 BCE) 36000 216000
Ancient Egyptians employed a decimal system, with hieroglyphs Multiplication in Sumerians numerals
representing numbers. They used basic symbols for 1-9 and unique 3600 x10=36000 3600 x 60=216000
symbols for powers of 10, primarily for counting and practical A /\“\\)

> (/“ \ \,\\ U
calculations. - - \ ( - ( \ o Lo\

% 1 “ U U U &,
N
1 10 100 1,000 10,000 100,000 1,000,000

Egyptian Hieroglyphic Numerals



Example of a Calculation in Egyptian Hieroglyphic numerals

Discovery of Zero

Zero originated in Sth-centu: Sg l{)ﬁ
a dot, evolving 1nto<cl] JQ\IJQ hJ ¢ Arab
world. It became paﬁ of the Hindu-Arabic
numeral system, spreading to China and the
Middle East. Fibonacci introduced zero to
Europe around 1200 AD. The name 'zero'
transformed linguistically from its South
Asian origin to 'Sift' in the Middle East,
'Zefero' in Italy and 'Zero' in English,
reflecting a collective achievement shaped
by various cultures over centuries

LT

WS0)'? 510,
\) \ +5(10,000) + 2 (100,000) = 258458

Babylonian Numerals (c. 1800-1700 BCE)

Like the Sumerians, the Babylonians employed a base-60
(sexagesimal) numeral system. They used two symbols, one for 1
and another for 10. This system excelled at handling fractions and
found applications in trade, astronomy and mathematics.

Greek Numerals (c. 800 BCE - 399 CE)

Ancient Greeks used letters for numbers, associating the first nine
with 1-9, the following nine with tens and the subsequent nine with
hundreds, serving various purposes in Greek text.

Roman Numerals (c. 1st millennium BCE - 16th century CE)
Roman numerals, including I for 1, V for 5, X for 10, L for 50, C
for 100, D for 500 and M for 1 900 wel:&e‘mplgyed in trade and
record-keeping, but notabl{v laeigged \fepresentation for zero in
matheméﬁcsr

JndmmNynherﬁts (c 5th century CE)

"Indlaﬁ civilization invented the decimal number system with
digits 0 to 9 and positional notation, forming the basis for the
modern numeral system.

Arabic Numerals (c. 9th century CE — present)

Derived from the Indian decimal number system, Arabic
numerals, 0 to 9, with positional notation, revolutionised math,
commerce and science in the Islamic Golden Age and became the
global standard.

1.1.3 The Evolution and Impact of Arabic Numerals in
Europe

Al-Khwarizmi and Al-Biruni's contrlbutlon /\1; fined the Hindu-
Arabic numeral system, 1ntro é}p,t f zero and place
values. T e1r urope but also marked a
.\ ig- 1{ /f}, @ma\w npjmerals to Arabic numerals. Today,
erals stand as a testament to the enduring legacy of

blc characters and their profound impact on mathematics and
science worldwide.
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Babylonian Greek Roman Indian Arabic B Westerl:/_\ —,’—’I emn/ )ﬁ tnati”()ri
@ \ \ 0 \§ \- 0 fidut Hisfory, different cultures
2 U\ A \/r‘\ ‘\ Q ‘\\\ \ ha&yfe developed unique numeral

—~\\ V /\ \\ \
\ RSA! systems to count, trade, and record

U I\ ‘-\ \ \ N
I \' \ (\g \\ \\ 3 1 information. From the ancient
s b Al Egyptians’ hieroglyphics to the Roman
’ '\ —\) Y numerals and the binary system used in

modern computers, these systems
reflect the evolution of mathematics
and communication. Let's explore the
fascinating journey of numeral systems
across civilizations and time periods

III
1Y
\Y
VI
VII
VIII
IX
X

Comparison of Numeral Systems: Babylonian, Greek,- Romcmyllndmn Alablc an
Western Numelals
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-  Activity NIERBARBR=
This clay tablet o m Bb{hirhonian C1v1hzat10n measures the square root
of 2 using th\e\ﬂﬂ othl ofasquare. As depicted in the picture, the numbers 1,
24,51 and 10are inscribed along the diagonal line. These numbers belong to
the sexagesimal system, based on a base 60. We will calculate the square
root of 2 from this clay tablet and determine the difference between the
value obtained through this ancient numeral system and that derived using a
modern-day calculator.

To understand how this number approximates the square root of
2, let's break down the sexagesimal number:

O "1"is in the 'ones' place,

O "24"is in the 'sixtieths' place (like 'tenths' in decimal),

O "51" is in the 'three-thousand-six-hundredths' place (like T
'hundredths' in decimal),
A~
O "10" is in the 'two-hundred-and-sixteen-thousandths' place o~ ~EAN

(like 'thousandths' in decimal).
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&
Student Learning Outcomes —@

Describe the set of real numbers as
combination of rational and irrational
numbers.

Concreate-Pictorial-Abstract (CPA) Approach

Dﬂ Note

Rational numbers may have equivalent
forms (e.g., %= %) but we prefer the
simplest form, where the numerator and

denominator share no common divisors
except 1.

So, the number 1245110 in sexagesimal translates to:

24 51 10

o L

60 60° 60

Converting this to decimal to see how 1mox1mates the square

root of <2). ﬁ@ @

1+

“@@@ 10 1414213
oxm 60 3600 216000

The sexagesimal number 1245110, when converted to decimal,
equals approximately 1.414213. The actual square root of 2 is
approximately 1.414214. The difference between these two values
is about 0.0000006, which is extremely small. This demonstrates
that the ancient approximation of the square root of 2 in the
sexagesimal system was remarkably accurate.

Knowledge 1.2 Introduction to Real
Numbers

Navigating the world of real numbers, we dissect it into rational
and irrational components. Th1s explor sheds light on how
these elements intera ght into the intricate

jﬁ@lonal Number

he collection of rational numbers, denoted by QQ , derives its name

from 'ratio’ and 'quotient’. All numbers in the form of 2 where p
q

and g are integers and g is not equal to zero, are called rational

numbers, i.e.,Q = {x |x = £;p, qeZ N q# 0} . For example, —25
q
. 25
can be written as = here p=-25 andgq =1.

1.2.2 Terminating Decimals

A terminating decimal refers t % a dem‘wgm a finite number of

digits in-jts =0.25 andg =0.375.

mmatmg Recurrmg Decimals

A non-terminating recurring decimal is a decimal number that goes
on indefinitely without ending and has a repeated sequence of digits
after the decimal point. For example, 0.666...,1.34343434....
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These types of decimals can be written with a bar or the dots
after the repeated digits, i.e., 0.6 = 0.66666..., 1.34=1.343434....
All non-terminating recurring decimals are rational, as they can be

converted to a fraction through just a few simple steps. (/ @ @@@
O

Let's consider an example to illustrate this concept. O T\@@
o\ 4

m Convert the norﬂé\r@@éﬁ}e}\lﬁring decimal 0.2 into a
o

fractio
> tion

Step 1: Let x=0.121212... ... (i)

Step 2: Multiply by 100 to shift the decimal two places right
(for two recurring digits).

100%=12.121212... wsssn (i)
Step 3: Subtract (i) from (ii) to eliminate the recurring part.
100x—x=12.121212...-0.121212...
99x =12
Step 4: Divide both sides by 99 to solve forx.
p 4:Div y v . ~GTTR

[ \
_ ge\\:é%\ ( @\\Q&v\\j \l L

\J

Q\

=\ \
AN DL
e fseton.

= \ \\ \ B

~ r‘\jNN o I 4
QNN )
W =1

So, the non-terminating recurring decimal 0.121212... is equal

Step 5: Simplify

to the fraction i .
33

Hence, we can say that, “Every non-terminating, recurring
decimal can always be expressed as a rational fraction.”

== Teacher’s Guidelines
Bring a thermometer: Show a digital or traditional thermometer.

C
C Explainreal numbers: Discuss how real numbers include integers, fractions, and decimals.

¢ Demonstrate temperature readings: Show temperatures as whole numb €. gf 5“” , @@1@% °C)or
decimals (e.g.,25.5°C) O Q& ©
Relate to real-life: Discuss how differenttempe e@a ity life.

e e

Engage with examples: Ask students %&e s from their experiences, identifying them as whole
o

numbers, fractions, or W

aNa)
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4 —Interesting Information
The groundbreaking discovery of
irrational numbers in the 5th century BCE,
notably the square root of 2 derived from
the hypotenuse of a unit isosceles right
triangle, posed a significant challenge to
the prevailing belief among Pythagoreans
that all numbers were rational{_Hi

of Metapontum, a membe T@i\\l
Pythagorean s i ited with
this revelation. ever, the unveiling of

1.2.4 Irrational Numbers

The numbers which cannot be expressed as quotient of integers are
called irrational numbers. The set of irrational numbers is denoted

AL @@@
KX&@@@@@ Y RAS Z/\q;tO}
For example, the numbers 2 \/— 5 are irrational numbers.

1.2.5 Non-terminating, Non-recurring Decimal

this truth led to controversy within the
Pythagorean community, and legend has it
that Hippasus faced dire consequences,
possibly meeting a tragic end for
challenging established mathematical

A non-terminating, non-recurring decimal features an infinite
repetition of random digits after the decimal point. For example,
0.3457812...,4.5675... .. In non-recurring decimal, digits are
repeated randomly hence they can’t be converted into fractions,

for example, V2 =1.414213... , 7=3.1415926535...,
e=2.71828182845904...

doctrine.

Activity

Take a string make a circle of it. find the
Hlameter using a.meter mie, Divide the m Write three irrational numbers between 4
circumference (length of string) with and 4.5 e \
diameter, you will get a non-terminating, i ti ’@\ \
non-recurring decimal called 'Pi’ (7 ). S 0N AT \\‘{‘?‘\ k ,t\}%) o\ﬁ?
T=3.14159265358979323846. . 0\ A\ \i W \We have to find some numbers in between 4
& f: \ N and 4.5 that are non-terminating and
Q PR i R P '\l“. B
&, - = \ \LJ - non-recurring 4.124534...,4.45321213...,
S Nm,g/ —
o K W\j N v 4.2586268268... . The square roots /16.2 ,
¢ \
4 .&(@fi ‘ } \/18,+/17 are also non-recurring and lies
] D% @a@% 4 between 4 and 4.5,
‘\\A' A ,’
4
Eg‘ NOt(\E N @ 4

e Square root of all prime numbers is irrational.
e Squareroot of any rational number which is not a perfect square is always irrational.

e Rational and irrational number are two disjoint sets (they have nothing in common).

Addition/Subtraction of irrational number with any number can be rational or irrational.

2 X 3 @@@ multiplication with 0, the
resultis 0 (Rational number)]. o
Irrational X Irrational: The result canbe raf@‘w@a plen?2 \/_ =2, whichisrational, but,

TXA2= 7[\/_ whlchlslrrat1®

e Multiplication:
Irrational x Rational: The result will be irrational. For example,

o Division:
Irratlona Wh% result will be irrational. For example, V> \/_ [Except for division with 0, the result is
undeﬁned \/7
\/7 \/_ 2, whichis rational,

but 7 is 1rrat10nal.

-
o



Chapter 1

1.2.6 Real Numbers

Considering the various types of numbers, we can conclude that the
numbers we use in daily life are either rational or irrational. These

numbers, which can be plotted on a number line as you have studied ] @ @©m

in your previous classes, are known as reg

__—Integers

— Whole numbers

—~ Natural or
counting
numbers

21od oy [so5]
7
) —skin1.1
< Identifying and differentiating

The relationship of various types of numbers.

Real numbers can be defined as the union of rational and irrational between dlfferen“ of numbers |
numbers, i.e., R=Q U Q’. 5 @

.
1. Identify the followm em in the circles accordingly.

(If a number falls in more than one group, placed it in every appropriate group).

i. 3 ii. 24++/5  iii. -876 iv. % v. 0.176767... vi. 2.718281... vii. x viii. 71

22
ix. 7 x. 0.8652 xi. 12 xii. 47 xiii. \/6—4 Xiv. \/% XV. —6«/5 XVi. 4—”

RV
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2. Convert the following rational fractions into decimal form.
.17 3 .. 11

. — fii. — iv. —

IL—
29 8 23

3. Convert each of these decimals into its simplest rational fraction form.

i. 6.7 ii. 0.056 iii. 0.276 @ @@@428
ng,

4. Give any three random rational nu"w @mo 1
L2 and 2 RX/X andl
4 9

5. Give a raﬁom%‘ber between the following, (Hint: Find the average of the two numbers)

i. l and l ii. 2 and E iii. —5 and —4
3 4 6 12

iii. 3.15 and 4.5

6. Give any two irrational number between the following,

i. 3and 4 ii. 10 and 11 iii. 19 and 20

7. Convert the following recurring decimals into rational numbers in the form of P2 , where p and ¢q are
integers and g #0.

i. 0.5 ii. 0.67 i, 1 34

Student Learning Outcomes - ,,:“'7\{4\\\'\"\ k \ N
VLU »{n this section, we will cover the properties of real numbers, a
< Demonstrate an }}W p;'c;[\)emes fundamental aspect of mathematical systems. The real number
of equality \*ﬁ 'inequality of real | system includes real numbers and operations like addition,
| numbers. | subtraction, multiplication and division, and the corresponding

properties are known as the properties of real numbers.

Operation Property Description/Example
Closure is derived from word closed, if the participants and
Closure Property their resultant belongs to the same set then they are said to be
closed.

The sum of two real numbers is am a real number.

Addition
a+beR VabeR W@ﬁ@a
: @

Q
it e (va duct of two real numbers is always a real number.
X R \bgé’R Example: 7x3 =21 is a real number.
%QJJ I\ I\J\"k

Associative Property

Associativity is to link three participants in any order but
resultant remains the same.
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When three real numbers are added, it makes no difference
which two are added first.

bR Example: (1+5)+8 1+<5+8ﬂ @0(\\@
Uy 6 \3&
RGOt /e

Addition (a+b)+c=a+(b+c)

A

\Q{N,M X ‘When three real numbers are multiplied, it makes no
Multiplication ( ax b)x = ax ( bx c) difference which two are multiplied first.

Example: 4(3>< 5) = (4>< 3)5

Yab,ceR
4x15=12x5
60= 60
Identity Element A unique element in a set that, when added to or multiplied by
any other element, does not change its value, is referred to as
an 'identity element'
The sum of zero and a real number equals the number itself.
Addition a+0=a Example: 0+5=5 N A \\‘jj"“‘;
VaeR Note: O is an a(td\ltlve 1d¢’T1‘$¥x‘ /0 Vo2
B
QJJ\‘I NN The product of one and a real number equals the number
T ' itself.
Multiplication axl=a
VaeR Example: 1x5=35
Note: 1 is a multiplicative identity.
Inverse Element For every real number, there exists a unique real number such
that when they are operated upon, they yield the identity.
a+d = Identity
ax a' = Identity
a and @' are said to be inverse en they are
added, the @s@@@ﬂ E jbﬁ re multiplied, the result
ilans
\A sum of a real number and its opposite is zero.
o +
Addition a+(y Example: 5+(-5)=0 (Additive identity)
VaeR

So, 5 and —5 are additive inverses of each other.

The product of a real number and its reciprocal is 1.
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Multiplication @@W%wﬁve identity)
Vae m
Ri& So, 5 and — are multiplicative inverses of each other.

r\l"f\f\h

If changing the order of operation in two elements does not

Commutative Propert . .
perty alter the resultant, they are said to be commutative.

Two real numbers can be added in either order.
Addition a+b=b+a Example: 1+5=5+1
Ya,beR 6=6

Two real numbers can be multiplied in either order.
Multiplication gxp=bxa Example —2x8=8x-2

Va,beR —16— ’% @Q\Q&\5

Q
7 \10 S
fﬁﬁ N@E ere are three elements and two operations, one

Dist P
' rlbutlve\fr\(ﬁ) é \ - operation can be distributed to the other two.
RN NN
Multlpllcatl(%@)%%utes over addition.
VabceR Example: 2(3+6):2>< 3+2x6
a(b+c)=ab+ac (Left distributive) 2(9)=6+12
(a+b)c=ac+be (Right distributive) 18=18

Multiplication distributes over

subtraction. Example: (3- 6) x2=3x2-6x2
‘v’a,b,ceR 3x2=6-12
-6=-6

a(b - c) =ab—ac (Left distributive)

el

(a—b)c=ac—bc (Right distributive) w d
o
m—m frorst
Subtra t1 n and d1v1510 ition and multiplication. Subtractionis a—b=a+ (-b) divisionisa+
However ion by 0 is undefined. Subtraction and division do not possess commutative and associative
properties.
Let's solve some examples to understand the properties of real \

numbers and how they're used.
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Identify the properties of real numbers that correspond to each
statement. (Note: @ and b represent real numbers.)
1
(3) PRk 6(—j=1
AN 6

+4
iv. —3+(2+b):(—3+2)+b o ¥ ((\bJraV’&%E(O»\Q@@)
> Solution: g\
D )

i. 9x5=5x9 ii. 4(a+3)=4(a)

i. This stat st echy the “commutative property of multiplication”.
ii. J S ent is justified by the “left distributive property of multiplication over
addition”.

iii.This statement is justified by the “multiplicative inverse property”.
iv. This statement is justified by the “associative property of addition”.
v. This statement is justified by the “additive identity property”.

Example ,JI

Complete each statement using the specified property of real numbers.
i. Multiplicative identity property: (4a)1 =

ii. Associative property of addition ( a+ 9) +1=

iii. Additive inverse property: 0= 5c+
iv. Distributive property: 4xb+4x5=

> Solution: L oA
i (4a)1=42 OO0\ W a\+9)é~1 M
iii. 0= qu»ﬁ(w@f IS b+ 4x5=4(b+5)

\\“

1.3.1 Properties of Equality of Real Numbers

In this section we will discover the key rules that guide equality
among real numbers, unraveling the foundations of mathematical
relationships with clarity and simplicity

Property

1. Reflexive
Property

2. Symmetric

Property

Notation & Example Description

YaecRa=a Every value equals itself, a

g ﬁ ncept in
Example: 2=2,x ,%C Q\\/ fiﬂ\bﬁdtlcg&;roofs
é\mvv \db Al Equal values maintain
€\

their equality even when

Wj/\ o ixample: 2=x = x =2 the order is reversed,
making it essential for

equations and relationships.
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3. Transitive
Property

Ya,bece Ra=band b=c =a=c
ﬂrIQ

M\ \l @l

x+38% é
ﬁf%ﬂ

/%equalities
fac111tat1ng problem-
solving.

. gV

\\\ié)bceRa band a=c=>b=c

Example:

Allows replacing variables
with equivalent values

Property In x+2=10, we know that x=8, we without altering the truth
can use the substitution property to of an equation.
replace 'x’ with '8 resulting in 8+2=10.
Va,b,ce R ifa=b, then a+c=b+c Adding the same number
5. Additive Example: In x—5=10, we can add 5 to both sides: to both sides of an
Property X—5+5=10+5 equation preserves its
truth.
= x=15

6. Multiplication
Property

Ya,bce Rifa=b,thenaxc=bxc

Mult1ply1ng both sides of

Example: In 2x 10, we can multlply bot(h SIdes/~ (0 aﬁ equatlon by the same

A \ \|»

\ y L

|/ (/

2 l2)€%*""10><

\
(3\ /

~hon-zero number

maintains its validity.

7. Cancellation
Property for
Addition

Ya,b,ce Rifa+c=b+cthen a=b
Example: 2+ y=8
Since " y" is being added to " 2 " we can remove "2

" from the left side without changing the equation's
truth:

24+y=2+6 = y=6

Eliminate common terms
from both sides to
simplify equations and
solve for unknowns.

8. Cancellation
Property for
Multiplication

YV a,b,ce R if ax c=bx cthen a=b
Example:3x=15

We can remove "3" from the left side of the
equation without changing its t

2 3 W
NS >

Dividing both sides of a
multiplication equation by
%e non-zero number

&9’ f“/’@ hi“’@)\);aserves its validity.

NN

(’\\w‘ -

Let's solve%&i&amples using the properties of equality of real numbers:
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Solve the equation: 3( y— 4) =15
> Solution:

property of equality: 3y—12=15

Step 2: To isolate the variable term se th ad\dm
equality by adding 12(\ to both \ﬂv f'& \A
4\ \3 g\@@ﬁﬁm_ =)
WW\NO\ Do 3y=27

Step Solve for y, by dividing both sides by 3,
2y _=21
3 3

So, the solution to the equation is y=9.

1.3.2 Properties of Inequality of Real Numbers

Inequality is a mathematical relationship between two values that
indicates one value is greater than, less than, or not equal to the
other value. It is denoted by symbols such as "<" (less than), ">"

Step 1: Distribute ‘3’ on the left side using the multiplication

m

(greater than), "<" (less than or equal to), ">" (greater than or equal P | 150\ (G

to), or "#" (not equal to).

“\%W%xample

Property
1. Trichotomy ,\WJ& BER=a<bora=h or a>b
Property

hxample: Let's consider"a" =3 and "b" =7.

a < b: In this case, 3< 7 because 3 is strictly less

Description

For any two real
numbers "¢" and "b "
exactly one of the

than 7 following three
a=b: Here, 3 is not equal to 7, so this condition does relat10nsh1ps holds:
not apply "a" is greater than "b"or
a > b : Since 3 is not greater than 7, this condition g i ;:quatlhto '{?b |
does not apply either. i ISssifinetn
2. Transitive Property Va,bceR, If a relation holds
() a<bandb<c =a<c n\a first and

(ila>b and b >c\
Examplt‘/Let use&inﬂl%t\@-

We e %\%@\L&ng inequalities:
WNN\M%% (5<10)and b< ¢ (10 < 15)
According to the transitive property:

If a<b and b<c,
then a < ¢ (5 < 15).

\bi\t \9 As

@ \(seeénd element and also

between the second and
third element, it
automatically holds
between the first and
third element without
the need for direct

comparison.
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3.Additive Property

Y a,bceR
()a<b=>a+c<b+c
(ii)a>b=>a+c>b + ¢

Adding or subtracting
the same value from
both sides of an

. inequality does not

Example: Con51der3< 7ﬁ /;j (\Jf\\\&\J change its validity,

e ‘O facilitatin
y@qd g\z\xtq\\b@&d g
v mathematical
o) et \ /+) 2<T+2 :
\\ \ problem-solving.
Th1s simplifies to:
W\W\Nj 5<9
The inequality 5<9 remains true.
4.Multiplication a.Va ,b,ce Randc >0 (Positive)
Property
(i) fa>b= ac>bc
(ii) fa<b= ac<bc
b.Va ,b,ce R andc < 0 (Negative) Multiplying both sides
of an inequality by a
(i) Ifa>b=ac<bc positive number
(ii) If @ < b= ac > be preserves the direction
-\ of the inequality,

" while multiplying by a
negative number
reverses it.

The inequality —6 > —14 is true, as —6 is greater than
-14.
S5.Multiplicative V a,be Rwherea#0,b#0

Inverse Property

(Reciprocal of an
Inequality)

\\
W\J ﬂ(ﬁ\\vé have _4< 2, and we reciprocate both sides, we
get

1 1
(i) ac<bs—> 5 (when a and b both are positive or Taking the reciprocal
a

of both sides of an
inequality reverses the
direction if the values
have the same sign,

Example: If we have 3<6, and we rec1procate thh( A\ a1.1d rn'aln‘falns e
(Cl ONWY direction if they have

s1dgs we ggt \{ ,“@ e

n ‘\\\//F\/ﬁl\ \,1;
‘F \\(\\\\ \\\\ V.’f) 6

negative)

1 1
(ii) a>be —< 5 (when a and b have opposite signs)
a

opposite signs. Avoid
division by zero, as it
leads to undefined
results.

11
_<_
49
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Note
’ Anti-reflexive Property: Va €ER, a <« aanda # a
Anti-symmetric Property:

VabeR if a<b,thenbZa.If a>b, then b }a. @o@@m
o Sy
%r@n

Let’s consider a few examples to explore-and a
of inequality in solving mathematical p

1.6 d@@ﬁﬁm\b{openy used in each step of the
following inequality simplification:
3x+5<2x+8

> Solution:

Step 1:Subtract 2x from both sides:
3x+5-2x<2x+8-2x

Step 2:Simplify both sides: x+5<8

Step 3:Subtract 5 from both sides:
x+5-5<8-5

Step 4:Simplify both sides: x < 3

In this example, the addition and subtraction prope \X\
steps 1 and 3 to manipulate the 1nc@uah(tx “ﬁy\\ﬁ{% (@O
0\ yAWAY /F\ \ )

\VAVWNMD

m Use the ‘Trans1t1 \Pl\@é& /\tercompare the following
1neq\u]a%wﬂl

> Solution:

By the ‘Transitive Property,” if 2x<8 and 8<3x, then we can
directly compare 2x and 3x:

2x <8 and 8< 3x

2x <8< 3x
2x < 3x

Remember to carefully identify and apply the correct property in
each step when solving inequalities. Practicing with more examples
will help solidify your understanding of these properties.

Real World Application

The properties of real numbers are vitati
applications. They enable solvmg equaﬁi i ing expressions,
and making decisions in a culus;statistics, economics, and

engineering, being 1 for mathematical reasoning and
problem-solving in various disciplines.
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40}_ Skill 1.2
< Applying addition and multiplication properties for real numbers.

< Verifying equality and inequality properties for real numbers.

—)

n —— Exercise 1.2 -~
12 2\ ot
1. Identify the property of real numbel\’s ug@d(lﬁ foll @&iﬁg §press10ns
i x+9=9+x ii. \\ \\ @Gﬂr\ﬁ& X+ i, (x+y)+3=x+(y+3)
NI\\'“\ -
e (Syx(1) voo (2)z=x(y2) i (xS)(T4x)= (0 5)x(7) +(x+5)x( x)

vii. (y+2)+(-y-2)=0

2. Match the number sentences in column A with the corresponding properties of equality or
inequality for real numbers in column B.

Column A Column B
i If 8+2<14 and 14 < 20 then 8+2< 20 Addition property of equality
ii. If (m—n)<(p+q) and r>0, then (m—n)r<(p+ q)r-;\ A [“Multiplication property of
Na o 1(,‘\& N AL equality
iii. If m the %M\/JU i Multiplication Property of
d%ﬁ inequality
iv. \l N NFY ‘g+r=15 ,then 15=q+r Transitive Property of inequality
V. If 15y =75 then 3y =15 Symmetric Property
3. Fill in the following blanks by stating the properties of real numbers.
3x+3(y—x)
A =3x+3y-3x_____ p)=3x-3x+3y
¢) =043y d) =3y
4. The area of rectangle PORS is 6(x+ 3) can be expressed as e \jﬁé\aﬁeas of the two smaller
rectangles, 6x+ 6( 3) The fact that 6§x+%7ﬁx\-@6§ %r )\ ﬂlu tra e”s which property?
a) The Distributive Property” \V\ \\@ \\ I\ \ x 3 R
b) The Ass0c1We\\g§H%1é}tfof Addition.
¢) The Commutative Property of Addition. 6
d) The Transitive Property.
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Knowledge 1.4 Indices

The word ‘index’ (plural indices) has many meanings in real life )
including a list of names, the index for a book and a price index,  Student Learmng Outc, —@

but the focus in this chapter is, of course, related to numbers. @

ices to s1mp11fy

Index (Exponent) notation is a shorthand Way of wri B ichllexpressions.

For example, 3x3x3x3 can be wrltter[ja i

called index or exponential (Power ;g;i\i or an index,

is used to write a prod ry compactly. I Index =4

To simplify any exponent-form, one should write it in its )

basic constituents. | = 3x3x33
Base=3

2 (1Y 1Y Base =
Example: i. 8° :[83j =((23)3J =22=4 3x3x3%3

1.4.1 Laws of Exponents

Exponents are a fundamental concept in mathematics tlegt al m @ @
us to express repeated multiplication in a conci \ﬁ;\

dealing with exponents, certain ru

established to simplify and streamline 101S. These laws
provide a framework ing- with expressions involving

powers or exponents.

(a) Product of Exponents (Law No. 1)

If you multiply two powers with the same base, you can add the
exponents, i.e.,

(b) Quotient of Exponents (Law No. 2)

If you divide two powers with the same base, you can subtract the
exponents, i.e.,

(c) Power of an Exponent (Law No. 3) &@@@W

If you raise a power to a power, you m

WWW
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1.8 || Simplify the expression:

() x(x')

Now the expression is

o
AN

5
=5 — 52 ond (xz) = ¥ = 0

12 1
(x xxo)

7
X

Next, apply the product of powers rule to the numerator,

12, 10 12+10 22
Xxx =x"=x

So, our expression is now,

Cherefore,
Nk

Test Yourself

Convert the following areas using
exponent laws:

a) Find the number of square meters in 1
square kilometer (1 km?).

b) Find the number of square meters in
one million square centimeters (10°cn2).
¢) Find the number of square millimeters
in one million square centimeters
(10°cm?).

d) Find the number of square centimeters
in 1 square kilometer (1 kms?).

(d) Zero Power Rule (Law No. 4)

Any non-zero number to the power of 0 is 1, i.e.,

a’ =1 (where a #0)
We know that when dividing exponents with the same base, we
subtract the powers. So, if we have something like 2° divided by
2*  using the rule, we subtract the exponents to get,

@@e r?gév@@)
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(2]
> Solution:
(32) sy
(—2y4122)2 (-2)7 V@g &@m
3_
WW)O@%W 387 81ty

1. Why do you add the exponents to
simplify 3% x 3%, butmultiply

the exponents to simplify the expression
32)47 @

fference between a
nt of powers and a power of a
quotient?
b) What is the difference between a
product of powers and a power of a\

product?

(f) Distributive Law of Exponents over Multiplication (Law
No. 6)

It states that when raising a product to a power, you can distribute the
exponent to each factor, i.e.,

(ab)" <a'xb”

1.10( | Simplify 16x*y°z"
> Solution: vo
@)
16x4y8212 (%%@_Y§xy2z )4

=2
mNNSW ;

AU

oY

(g) Distributive Law of Exponents over Division (Law No. 7)

It states that when raising a quotient to a power, you can distribute
the exponent to both the numerator and the denominator, i.e.,

aY a’
J— Q_
3] =5

E&' Note

1. If the bases a and b are negative then
powers m and n must be integers for
laws 1-3 and 5-6 to be always valid.

2. Laws 4 is also true if base a is
negative.

1.11

Simplify (ij
y

> Solution:
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O

WWO

Index =n

\ 4

= G
N

Radical \/_

Eg[ Note

The term "surd" originates from the
Latin word for "deaf" or "mute."
Historically, Arabian mathematicians
classified numbers into two categories:
audible (rational) and inaudible
(irrational). They referred to irrational
numbers as "asamm" in Arabic, which
was later translated into Latm as
"surdus," giving rise to the t

in English forthese irrati

Knowledge 1.5 Radicals

A radical is a symbol tha epr oot of a number. The

m@t c e square root symbol (\/_ )
00ts ex1st such as the cube root (\/_ ) fourth root

etc. The radicand is the number or expression

underneath the radical.

For example, in the expression /16 , the radical is the square root

symbol (\/_ ) and the radicand is 16. Index is the power of radical

which is 2 in this case.

1.5.1 Surd

A surd is a specific type of radical expression. It refers to a root of
a number that cannot be simplified to a whole number. For

example, V2 isas F@{i g\@mre root of 2 does not

WQ i;/ owever 4 is not a surd, because

K\Y ﬂ/\ g\r@i’?\j he wh ole number 2.

Hence, the radical \/d is a surd if, a is rational such that the result

(/d 1s irrational.

e.g., \/5 g%@ {‘/ﬁ are surds, but \/; and 2+«/ﬁ are not

surds because 7 and 2+ \/ﬁ are not rational.

1.5.2 Operations on Surds

Operations on surds involve manipulating unsimplified radical

expressions, such as V2 or V5, using addition, subtraction,
multiplication and division. This helps simplify and solve complex

mathematical problems
@@m

S@H‘ ractlon of Surds
ards, i.e., surds having same irrational factors, can be

added or subtracted into a single term. But remember,

Ja+b#Ja+b and a—-b=Ja-b.
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1.5.4 Multipli

We can multiply and divide surds of the same order, i.¢.,

Ja_

1.13

Rationalizing surd
making it rational
like the conjugate.

1.5.5 Rationalization of Surﬁgﬁﬂ %@@%&

Chapter 1

Simplify by combining similar terms,

43327 +2475.
> Solution:

43-327+2475
= 443 —3J9% 3+ 2/25x 3

e

=43-93+10\3
=(4-9+10)/3=53

w&@‘

cation and Division of Surds

= —and\/—x/_ Jab

Jb
. {2
Simplify ———
iy R @ \\\K
N2
> Solution: \\ \\ Q

Y

Types of Surds

Pure Surd: A surd that can't be
simplified further is called a pure surd.

For exa nd \7 are
@ﬂher

an't simplify
Mixed Surd: A surd that can be
broken down into a rational number is
called a mixed surd. For instance,

\/ﬁ can be simplified to 3\/5 ,

making it a mixed surd.
On basis of Number of Terms

Monomial surd: A single term under
a root, like V2 or 3+/5.

Binomial surd: Two under root terms
added or subtracted, like V3 +
V2 or \/_ 2\/_

¥ooll
ree under root

bdded or subtracted, like V2 +
V3 + /5 or 247 — 3v3 + 4V2.

Fors \til\ejﬁ\c M of orders 2 and 3 is 6.
e

Thus, 3 = 3)"2 = 3)*° = {/3° = {27 and
%/5 _ (2)1/3 _ (2)2/6 _ {,/@ _ Q/Z .
Hence,

B2 Vva WS

Its simplest form is,
jZ ~ (l jZ/ﬁ
3

1
of| —
€

12 \ﬁ
108 9

(1 Jl/:i \/T
— 3 —

s in m es roots from the denominator,

by multiplying with an appropriate expression,

SR o
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1.5.6 Conjugate of a Surd

The conjugate of a surd is derived by changing the sign in the
middle of a binomial sur%zg; @@@ an expression of the form

a-@’ W @@/ real numbers and \/E 1s a surd, then
%@ f this expression would be a — \/E

Oﬁ T

For example, if you have J3+2 , its conjugate would be _/3 1 2,

1.5.7 Rationalizing a Denominator

Conjugates are particularly useful when rationalizing the
denominator of a fraction. When the denominator of a fraction
contains a surd, it's often desirable to eliminate it by multiplying
the fraction by the conjugate of the denominator. This process is
called rationalizing the denominator.

Letus consider an example to understand the concept of

rationalization
. ( \ /\—\
UL
1.14|| Simplify _2 A~ Dan(a \\\r ' /O \ \\/
3 + \/g ‘\f‘"v /‘7?2.\ f;.. l‘\ l‘\ \J “\, \v, \\ '/\ J
\ \// \\ \'\‘\ U \\o~ T =
\

rq‘\ ~A\ S
(> \ (\ ,W. .\\ "'.\\_/ ) "

, >Mwlw

To rationalize this, we will multiply the numerator and

denominator by the conjugate of the denominator, which is 3 — NER
Remember, to get the conjugate, we simply change the sign
between the terms.

2 ___ 2 3-45
B4af5 345 35

Multiplying out the numerator, we get

Mulnpél\i ou;\?ﬁ @ &ﬁf@%ﬁ@ Om

W 0, the rationalized fraction is
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1.15

1.16

Find rational numbers x and y such that,
4+ 3\/§ —x+y \/g
4-345
Solution: \ & \( \
1 2.
44345 Q @@
We have,
—3J§DK&E§§i§¥Z§X
WNMM@‘Q £36)
42 3J_ 44345 () @vg)
1642435445 61+244/5
16—45 -29
-61 24
=———+/5=x+yJ5
9 2 J5=x+ 5

By comparing both sides, we get

...

297" 29
TR
ANGOM
AT

Simplify Auve

e V@f'“& (@%\ !
>w‘{w\J\J )

First, we shall rationalize the denominators and then simplify.
We have,

6 6 4B
23-v6 \B+2 Jo-2

6 246, 6 I a3 62
2\/_\/_2\/§+\/_\/§+\/_\/—\/—\/_\/_\/_+\/—

_6(2ﬁ+J€)+J€(J§—J§)_4ﬁ(J€+J§)

O 12-6 39

123606 JoE-EVT ¢
6 1

L)
=23 +6+342
©)

N
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7z

¢+—Skill 1.3
| < Applying the concept of indices and the laws of indices.
< Understanding and applying the concept of radicals and ra @\ i < i}
a S.

<> Rationalizing the denominators of radlcalﬁ @
%@i@& Exercise 1.3 ————

|
1. Expressww 2J_ 1nt0 simplest from.
2. Simplify
i (3++3)(3-43) i, (3J§+2J§)2
iii. (V12++3)(v3+2) iv. (V3 ) (Vo =y )(x p)(x+ 5?)
3. Find conjugate of the following surds.
i. 7-/6 ii. 9++/2 iii. 4—+/15

4. Rationalize the denominator of the following expressions.

4 5 Y\
i. ! NCT] (:,lgi/]__:v ) (\\E\J
1-+/98 NIEE
iv. = Q Vi. /6

1++/5 \f\ﬂ J6-3

NJ
5 Slmphf)\\JW\

: 1++2 . 1-2 L2 4
BNV INEENC] "Bl B2
i, 2 13 v 2

V5443 \B+42 5442 V243 V2-1

2
6. i. ifx:2—\/§ find the value of x—l and (x—lj )
X

ii. ifx:M find the value of x+l,x2+L2 and x3+i3.
J5+2 X x x m
7. i. Find the value of x* + 4x+4 when x= 2 SQ@O@@
y=NZ-2

ii. Find the value of 2)@
8. Find the rational n Qgé

. (S—Wb«/_ i M:amﬁ i */5”1+*/§+1=a+b\/§




9. Write the following in the form a+ bc .
142 i, 3V 26
3-42 3+4/5 é 5 \@\@4

10. The area of a rectangle is V125 cm?. Tg\ @f\g rlﬁa X/as (2+\/— 5)
cm. Calculate the width of the % t i{%}@&{l\/ te/Bf the rectangle. Express (3+\/2_) cm

ere a and b are integers.

your answer in the fo &
WWN

11. Find the length of segment AB in the given figure (see figure 1.1).

12. A square has sides of length x cm and diagonals of length 12 ¢m. Use 3 #\/2_) cm
Pythagoras’ theorem to find the exact value of x and work out the area of the Figure 1.1
square. I

13. An equilateral triangle has sides of length \J5cm. Find the height of the triangle
and area of triangle in its simplest surd form.

14. A ladder 13 m long is placed on the ground in such a way that it touches the 12";@“
top of a vertical wall 12 m high. Find the distance of the foot of the ladder from the
bottom of the wall.
) H—
A /,\t;\:\ NRRARS! ground

1.5.8 Exponential and Radical Form

While exponents and radicals
they are closely related.

Inverse Op ?QKW\'\\. “ -

Exponents and radicals are inverse operations, reversing each other

2
to return to the original number. For example, (\/Z ) =a.

Interchangeable Notation
Both operations can be expressed interchangeably, a radical in

exponent form and vice versa. The nth root of a number x, (4/; )

1

: = 1 ¢ 12 :
can be written as x” and x to the power of — (xn) can be written
n

as the nth root of x (4/;) )
Properties of Radicals \[/ ?o @O(ﬂ
(@)
i. If two or more radicals are multlphed withn th %& @m
can take the radical once and §1dv the

radicals, i.e., \ \/
\N JX,
ax \/— Yaxb
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ii. If two radicals are in division with the same index, you can take
the radical once and divide the numbers inside the radicals, i.e.,

Ja

b

b
N fﬁmm

1.17

QF

T

w

Dg‘ Note

It is just as important to remember that
we do not have a sum or difference rule
forradicals. That is, in general,

Javb#a+b
JaB 2o

This is because multiplication and
division are closely linked to exponents
and radicals, while add@i\on\iﬁﬁ
subtraction lack a dire tgﬂm*k tl\dn {o
tﬁgw\mwicanon and
volve repeated
multiplication and its reverse, whereas
addition and subtraction don't naturally
split or combine under radicals in the

these opera
division

same way.

iii. Radical of a radical is the same radicand with index multiplied,

Lo

For example, \/

iv. Any\powp;r d%f)@;l gs@q‘ua?l to the radicand whole power
{ \dy\( %5@ mdex&f e radical, i.e.,

NN TS - ( j

| —

For example, ( x )3 {x j

v. If power of radicand and radical are same the result is radicand
without any power, i.e.,

wﬁ\@ﬁﬁ%@w

o
tion:

QJSolu
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1.19|| Decide which statement is true and which is false.

(a) V4 ++12 =416 ()63 =418

> Solution:

(a)is false, because

VB 4TE =T B3 = 24 @W"@O%@
(b) s true, becausfiﬁﬁ @

1.20|| Simplify 3+/425+44/68

> Solution:

Decompose 425 and 68 into prime factors using synthetic division,

J425=4/5-5-17 J68=+2-2-17
J425=5\17 J68=217
S0, 3425+ 4768 =3( 517 )+ 4(2417) = 15V17 +8417 = 2317

/‘\. — 6 W (\\ \
\”\ \' [ \ Q‘Q\J
(A

T\/’/(‘) (A \\f\ ‘\l \\\\, wwj szourself
N\ \\\ >\ \J A ] Roots or Powers.
\m\\ \\,\ { \u\ \ B Which of the following
\WW

\ J\ expressions are equivalent?
4
a) (V) by ¥

4

o It d) 15

O

N,
—— Skill 1.4 W VI\N'\J\

<> Transforming expressions between radical and exponent forms.
< Simplifying expressions using the laws of exponents. |

I\

g Exercise 1.4 ——— =
1. Evaluate each of the following
4 7 6 i
i. 1253 ii. 512° iii. 243° iv.512 °

34 2 3
2. Write each radical expression in exponential notat@ @@ﬁ@ @ <§fon in radical
notation. “
2
m v. (8) 3 Vi. ( 8 j3

27

i (%) i 3fy*
() y
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3. Simplify
i (x5 )3 ii. (x3)2><x32 iii. x° +x’ iv. \/_ V. (x’3 )5
vi. i/x_6 vii. (x_1 x x2 V@ ” _4 Xs \/9x8y‘4><%/8x6y‘3
4. Simplify
i «/—+\/—Wu 24x —:/81x iii. 34y° 312)° iv. i/?%
3|— vi. 16°
1000

5. Find integers x and y if 2xx3y = 6
6. Find the value of x.

2
3 16 7 % 7?
i (%]:3)‘ ii.(74 72) =7 ik 4*:i4 iv. 2 =0.125
b4 =
o

6
7. Given that gifz;); =23"x°. Find a, b, c. 8. Given ft %% X yb. Find a and b.
Y
Eb‘E QLN gi\
4 a@\ AN

9. Given that value of x and y.

a y=4
10. Given that (szx b—y =a’h*. Find the value of x and y.
a

1

11. Simplify (1+x)2 —(1+x)2.

12. Simplify
5 i3
; [32x-6y*‘z JE o (243)5(32)‘l oo P (27)§x(60)%
| 625xtyz ' 1
% (180) 2x 3x(9)4

196
iv % (25)% @% + \/63613132 \/27c15bc3 )
| \/(216) (0.04) 2 1 “%m@%g@w J126a*b’c* +\Tabc’
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Applications of Rational
Knowledge 1.6 Numbers in Financial
Arithmetic

Rational numbers are vital for everyday problem-SOI% @é@m é
i

fields, including inventory management;t

banking, finance and percentage c (gg uting to  Student Learning Outcomes
effective decision-makin nagement.

<> Apply concepts of rational numbers to

real word problems (such as inventory
(stock taking), temperature, banking,
measures of gain and loss, sources of
Inventory management is like smartly organizing and keeping track income and expenditure).

of stuff a business has. It helps make sure there's enough, but not
too much, so things run smoothly and costs stay low

Inventory Management

121 A bookstore received a shipment of 1,000 books. After selling 65%
) of them, they found that 150 books were damaged and had to be
discarded. What percentage of the books is left in the store?

> Solution:

W
Let's break this problem dow@@

Books Sold: §
h lﬁ % of the 1,000 books.

So, the number of books sold

_ 95 1,000 =650 books
100

Books Discarded:

The number of discarded books is 150.
Books Left:

The number of books left in the store = Total books — Books sold — Books discarded
So, books left = 1,000 (Total) — 650 (Sold) — 150 (Discarded) = 200 books
Percentage of Books Left: @@

The percentage of books left i 0 OOkS o x100
% Total number of books
So, ft =
1000

Hence, 20% of the books remain after selling 65% and discarding
150 damaged books.

x 100 = 20%
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Temperature Conversions

110°C 373.15K
Temperature conversions b @@@@ Fahrenheit and Kelvin
37°C 310.15K  use spe ﬁm
21°C O : ‘ 9
ahrenhelt °F Celsms (°C)>< 3 j+ 32
0°C ©
Fahrenheit to Celsnus:
273.15°C Celsius (°C) = (Fahrenheit(°F) = 32)>< =
°C °F K Celsius to Kelvin:
Celsius Fahrenheit Kelvin

Kelvin(K) = Celsius(°C) + 273.15
Kelvin to Celsius:
Celsius(°C) = Kelvin(K) —273.15

Fahrenheit to Kelvin:
Kelvin(K) = (Fahrenheit(°F) + 459.67)>< -

Kelvin to Fahrenheit:

@W@Q 7 459 67
1.22|| Con e%\%&@q&e&’belsms to Fahrenheit and Kelvin.
o

Solution:

Fahrenheit (°F) = (100x %)+ 32=212°F

Kelvin (K) =100 + 273.15 = 373.15 K

Profit and Loss

Profit and loss are vital in finance and business. Gain is the positive
difference (profit) between selling and cost prices, while loss is the
negative difference. Both can be Wd as percentages with

these formulas, ;\\W @
K@%@ clling Price — Cost Price

Loss = Cost Price — Selling Price
Profit Percentage:

Profit

Profit Percentage = ( X
Cost Price

jx 100%




Loss Percentage:

Loss Percentage = (

Chapter 1

_Jo8S jx 100%
Cost Price

1.23

A retailer, Zahid, owns a clothing store in Pakistan. He bought various clothing items
from different suppliers and sold them to customers. Calculate hiwgerall profit or loss

\ (,:ff\\\\\\u
aa o WY " /?, AO\/K

_\ 0 |
1. Zahid bought 10 shirts at 1,500, P)%xeadfku -ﬁ‘ Zahld sold 7 shirts at 2,000 PKR each.
2. He bought 20 trousgys \gt@ 006 PKR'¢ach. 4. He sold 15 trousers at 3,000 PKR each.
Zahid also W %550(} PKR for transportation costs related to the purchases.
CalculatQ total profit or loss in rupees and as a percentage of his total investment.

based on the following transactions:

> Solution:

O Cost Price of Shirts: 10 shirts X 1,500 PKR = 15,000 PKR

O Cost Price of Trousers: 20 trousers X 2,000 PKR = 40,000 PKR
O Selling Price of Shirts: 7 shirts X 2,000 PKR = 14,000 PKR

O Selling Price of Trousers: 15 trousers X 3,000 PKR = 45,000 PKR
O Transportation Charges 500 PKR

Total Cost Price:

15000 PKR (shirts) + 40,000 PKR (trousers), 500 ?KR
(transportation) = 55,500 PKR -, O yLE]

Total Selling Price:
14,000 R;KIR @lﬁdsg + 45,000 PKR (trousers) = 59,000 PKR
Now, we can calculate the profit or loss:

Profit/Loss = Total Selling Price — Total Cost Price
Profit/Loss = 59,000 PKR — 55,500 PKR = 3,500 PKR

Since the selling price is higher than the cost price, Zahid made a
profit of 3,500 PKR.

Profit

Profit Percentage = = X
Cost Price

jx 100%

N ()
_ < (1< \ fC} Q)\
Profit Percentage = 3,500 x 100 %63 W;ﬁ \\' | @;o&.
55,500 ) f/(\./ A \\\jv&\-i U )

)
.\\</¥

O\‘\n\\\\\
\\\

Compound Interest \w \N\ o

Compound interest calculates interest on the initial principal
and any accumulated interest, leading to increased total interest
over time. Compounding at regular intervals (e.g., annually,
monthly) significantly affects the total amount of interest.
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N

=== Simple interest

nt
The formula for compound interest is: 4 = P(l + 1) ,
n

e Compound interest
where:

A: Final amount with %?I @@Xgp@ucipal amount

equency per year

Amount

: Investment/borrowing time in years

0 Year l@“
Compound interest m 1 % S
cxponcntiallw g over time,
whereas simplE interest leads to linear

growth, with values increasing through
straightforward addition.

1.24|] A sum of PKR 500,000 is deposited in a bank account which
offers an annual interest rate of 4% compounded annually. How
much will the amount be after 3 years?

> Solution:

r=4%=0.04, n =1 (as interest is compounded annually) ¢ = 3 years
Substituting these into the formula, we get:

0.04 N —~ ) (\A‘E\P\
— ' A 2 ( ,.\(\ \U
A 500,000(1"' 1 j “_{\ ) ‘/‘/ \ \| '/C) \ \\_,)\k_///
O \ \ \ ) é}

A =500,000(1, 04)’\ 54 FBK g‘\gﬁé 432

X\ \ \\\\)
So, afteﬂ 3\ yeirs the | the dinotnt will be PKR 562.432.64.

7)—skil 1.5

| Applying mathematical concepts to solve real-world problems,

specifically using rational numbers in contexts such as banking,‘
gains and losses etc.

Visualize how compound interest varies

exponentially.

Working: Drag the red point and see the

variation. O ——— Exercise |l.5—— n

1. Abookstore in Lahore started with 5000 Urdu novels. In the first month, it sold d of its stock. During

1
the next month, it sold — of the remamlnésto m@ﬁ?@% in the bookstore?

2. A supermarket in Islami a an\i t ory of 1500 kg of Basmati rice. During Ramzan, it sold

it of its SW

now?

2
an, they restocked 3 of the sold quantity. How many kg of rice do they have



is left after 7 days?

@@m/@

ay, they sell 7% of
the remaining toyﬁﬁg%@ ew toys to their stock. How many toys
are left after one week and how many toys they had sold in one week?

. A scientist is working with a temperature of 310 K. Convert
this temperature to Celsius and Fahrenheit.

. A toy store initially has 2 5

. The mean temperature for January in Muree is —1 degree Celsius, while in July
it's 18 degrees Celsius. In Kashmir, the mean temperature for January is 56
degrees Fahrenheit, while in July it's 104 degrees Fahrenheit. Calculate these
temperatures in the opposite scale and determine which city has a larger ‘

temperature range. , m 2

o (1< @ 7,
\T\ rwl )\ \(‘/ﬂ\\\\/\\| 1! @\S O\v/
. Samina has a checking accounftﬂbgl/ggce\(\)ﬁ 2@ OQLDim\ng %ﬂe month, she
wrote checks for PKR 15 75 an\d\ a@e osit of PKR 7,500. She also used
her debit card for m s fo\thiﬁrg PKR 1,250. What is her account balance

at the end of tﬁ@\&

. Jamil borrowed PKR8,000 from his friend and promised to repay PKR 9,500 after a year. Calculate the
simple interest rate.

. Fatima takes a loan of PKR 500,000 from a bank that charges 7% annual interest, compounded annually.
If she wants to repay the loan in 5 years, how much will she have to pay in total?

10.Ahmed invests PKR 10,000 in a bond that pays 8% simple interest annually. How much will he earn in

interest over a 4-year period?

11. A Businessman took a loan of PKR 30 00 om @\J/ nnual interest. If He plans to repay
the loan in 5 equal annuall ch installment be?
12. A property wﬁé@uﬁh& or PKR 750,0000, and after some improvements costing PKR 950000, it was sold

for PKR 1,200,0000. Calculate the gain percentage.
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13. A retailer bought 100 units of a product at PKR 50 each. The retailer sold 70 units of the product at a price
of PKR 80 each and the remaining 30 units at a clearance price of PKR 30 each. Calculate the overall profit
or loss percentage for the retailer. j = ’W\r \)

AN \'rk?;\o\‘/

Q (—\(\ \\l'm\ \ \\\ ? Jn
14. Fatima earns PKR 510 QQU\ (ermm{th/ é%e\\spﬁnﬁs“133 000 PKR (30% of her income) on rent, 127,500
PKR (25% of her inco é) n\\fq&i 5‘1%00 PKR (10% of her income) on transportation and 102,000 PKR
(20% of heqﬂ@éi éﬂ'[er bills. How much money does Fatima save each month Also write your answer

in Percen\a\e of the total income.

Review Exercise 1

1. Identify True or False
i. For any real numbers a and b the trichotomy property asserts that exactly two of the following is true:
a>bora=bora<h.

ii. The commutative property of multiplication and addition means that the order in which numbers are added
or multiplied does not affect the result.

iii. Rational numbers can always be expressed as a non- telmlnatmg, non repeatmg dfgmmal expansion.
- \ \ \k/ v

iv. The power rule for exponents can be exprp§sed as {am)ﬂ \

tat"\s that (he subtractlon of any two real numbers is always a real

v. The closure property of I;e)ati‘ numbers‘
number. \\

vi. Slmphfymgq{epqé@sxdhs 1ﬁv01v1ng nth roots and radical expressions with variables involves adding the
exponents t$gether

(=1

vii. The additive property of inequalities allows you to add the same quantity to both sides of an inequality

without changing its direction.

viii. Rationalizing denominators of radical expressions involves making the denominator a rational number
by removing any radicals.

ix. The symmetric property of real numbers asserts that if a is greater than b, then b must also be greater thana.

x. The inverse elements for addition and multiplication in real numbers are the opposite and the reciprocal,
respectively.

2. Four every question, there are four options, choose the right one\ . /,\ \\ (\\

<
i. Real numbers consist of: A O\ \C\ \\{ /\?»AOK
s \ -
a. Only rational numberso\/\ /\C\ \\ F) ‘jv\ “b. Only irrational numbers
\\ v'\
c¢. Both rational and 1rrat19r@?1‘ pqmber§‘ - d. Neither rational nor irrational numbers
Ao

ii. Both addl?ﬁbh multlphcatlon in Z are

a. Commutative b. Associative c. Distributive d. All of these
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: . 63 .
iii. The decimal expansion of 18
72%x175
a. terminating b. non-terminating  c. non-terminating and repeating  d. None of these

) 1 :
iv. A rational number between 5 and 7 1s

1 ] @O@@ms
o @@@w o
v. The number 1.10100100010 W {gxmm“

a natural number W b. a whole number

c. arational number d. an irrational number

vi. Out of the four numbers

. LY (o 1057 (e . . .
(1) [\/__ﬁj (11)2.123123 (111)2.100100... (1v)(2\/§—x/5)(2\/§+x/2_),the1rrat10nalnumber1s

a. (i) b. (ii) c. (iii) d. (iv)
vii. If a=b and a #0, b #0, which of the following is true? .
\\
n Lo Ja)com
a. —= 3 by the division property of equality. O b, \- \;a \\\l}e" ﬁibtr ction property of equality.
a4 A~ \\ [/ \‘ C) a\ - ,\/, ’
1 %\ \{ '\ \\ WIS I
- 3\
c.a= » by the reflexive propertx Jegf 'eéluahty - d. None of the above.
viii. x = 3% x 23 then x*=
a. 3 x2’ b. 3°x 2’ c. 3¥x2° d. 3*x12"

ix. Suppose x + 5 =y + 5 and y = z. What property would allow you to say thatx + 5=z + 5?

a. Substitution Property b. Reflexive Property
c. Symmetric Property d. Transitive Property
3

X. =

e rRueol)
274345 L 27— 3\/— @#@@/ al 3
a —— b.
4 RY@ 76 3 45
xi. A store sells a product fW%ﬂlt The cost of the product is PKR 30 per unit. If the store has
100 units in inventory and sells 60 units, what is the store's gross profit?
a. PKR 1200 b. PKR 2000 c. PKR 3000 d. PKR 4000
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xii. The cost price of 20 articles is the same as the selling price of x articles. If the profit is 25%, then the
value of x is

a.25 b. 18 c. 15 d. 16
xiii. According to the Multiplicative Identity, (x + 7) X = . Which choice shows the correct blank

entries (in order)?
@@m d 1,1

a. 0,(x+7) b. 0,0

A 5@@7@0
xiv. Given that a #0 and b # ?\ﬁ&ﬁi‘%@ Y an we infer about a and b?

aa=>» Wwoﬁ.a=—b c.a>b d.a<b

xv. If p, g, r are real numbers and p > q > r > 0, which is the smallest?

b. l c. l d. None of the above
r

1
a. —
P q

3. Find the value of x in each of the follow

i. 27" =128 ii. { == iii. 37 =81 iv. 87" = L
47 2 4
362y~5 62y—1
4. Solve the following expression for y ———= -
S < JA0
6 N\ O
: 1 5\ CO
5. Simplify (1+x)2x (1+ x) c /O g\‘\f\V \\V\& . (
Tﬁ/\L g
6. Simplify each of the fol ‘g \)\ / =
2
. \/X_ il Lo xAlx _(Bxy) xyxty°
i /xx—— i, ——— iii. : iv. Pt
% 8 ~ % 2 (Zx y )
)
7. Express 6(1++/3 in the form a+b\3 , whereaand b are integers to be found.
p

8. Find the area and perimeter of the triangle. Find your answer inthe 4

form of a+b«/§.
3+V2

=

X

© c
T
. =+/2-
. 1 W\)\WO R | s , 1
iox+— il x—— iii. x”+— iv. x* ——

X X X X




——Student Review Check List——
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f.

==

. 1) Historical Development of Number

Systems o
Understand the evolution through "\ \Lr/\\ \(
civilizations. Q\\ \( 0 \\ \\\ N \,) ~

\ \\ “\\ '. ‘\,
) Classifi umber's
i

Real Numbers (Includes all rational
and irrational numbers)

Rational Numbers (can be expressed as
% and a,h £ & where h=1))

Irrational Numbers (cannot be
expressed as a simple fraction)

() Properties of Real Numbers:

Closure (a+b and ab are real for a.b €
R)

Identity Element (& + 0= a,ax 'ﬁ, a )ﬁ) /,_4

Inverse Element (u@ .

NJAR!
, for a;éO)\ \ l ‘\\ J I\J N N INJ o
Commutat1v1ty (a+h=h+a ab=ha)

Associativity
[u +h)+e=a+(b+ i-‘-],[iﬂ'-h}{' = al be)

Distributivity afb+c)=ab+ac

) Properties of Equality for Real
Numbers
Reflexive (a=a)
Symmetric (If a=#4, then b=ua)
Transitive (If a=4 and h=¢ then O
e n ~ \‘ \' fi\ \'\"
w=) OT ('\ v“/\/ \\\\ \/\/V\\ \\\\
Substitution (If f'x ,\’thegt a\can

replace bg\ﬁm&k\pﬂ&s’lé

5.0 Propgrtles pi') &(iuphty for Real
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%a.\\f’ Transmve (If a=h and h>¢, then
a=g)
b. Trichotomy (a<h, a=h,or a=h)
C. Additive (If @ =&, then a+¢=h+e)
d. Multiplicative (If @ =& and .¢ =10 ., then
ac>be and if <0 then ac < be)
e. Cancellation (if ¢ +c¢<b+c then a<e |
if ac<he ,then a<h)
6. CJ  Concepts Related to Exponents and
Radicals
a. Indices (Exponents: al)
b. Radlcals ( la ) \

N\ C, .,f/ Rhﬂidaﬁd)s (The value 1n51de the radical
\ /symbel)

7d. Surds (Roots that result in irrational
numbers)

€. Conjugate (Changing the sign of
radical)

f. Rationalizing a Surd (multiplying the

fraction with conjugate of denominator )
7. O Laws of Indices and Relationships

a. Product Rule (a" xa*=a™™)
2y
C. Power Rule
A (/'7%,\ )
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A, Understand applications in various contexts
like banking, temperature conversions, etc.




