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Energized Text Books facilitate the students in understanding the concepts clearly, accurately and effectively.
Content in the QR Codes can be read with the help of any smart phone or can as well be presented on the Screen with
LCD projector/K-Yan projector. The content in the QR Codes is mostly in the form of videos, animations and slides,
and is an additional information to what is already there in the text books.

This additional content will help the students understand the concepts clearly and will also help the teachers in
making their interaction with the students more meaningful.

At the end of each chapter, questions are provided in a separate QR Code which can assess the level of learning
outcomes achieved by the students.

We expect the students and the teachers to use the content available in the QR Codes optimally and make their
class room interaction more enjoyable and educative.

Let us know how to use QR codes

In this textbook, you will see many printed QR (Quick Response) codes, such as E&%‘%

Use your mobile phone or tablet or computer to see interesting lessons, videos, documents, etc. linked to the QR code.

Step| Description
A. |Use Android mobile phone or tablet to view content linked to QR Code:

1. |Click on Play Store on your mobile/ tablet.
2. |Inthe search bar type DIKSHA.
3
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MORE INFO

will appear on your screen.

Click Install

After successful download and installation, Click Open

Choose your prefered Language - Click English

Click Continue

Select Student/ Teacher (as the case may be) and Click on Continue
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On the top right, click on the QR code scanner icon & and scan a QR code

& printed in your book

OR
and type the code printed below the QR code,

Click on the search icon
in the search bar ()
10. |A list of linked topics is displayed

1. |Click on any link to view the desired content

Use Computer to view content linked to QR code:

Go to https://diksha.gov.in/telangana

Click on Explore DIKSHA-TELANGANA

Enter the code printed below the QR code in the browser search bar ( Q)
A list of linked topics is displayed
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Click on any link to view the desired content

LEARNING OUTCOMES

CLASS 8
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® Generalizes properties of addition, subtraction, multiplication and

division of rational numbers through patterns.
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® Proves divisibility of 2,3,4,5,6,9 and 11 by using algebraic

methods and solves puzzles/ daily life problems.

® Solves problems using exponential laws in daily life.
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different methods.
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Foreword

Education is a process of human enlightenment and empowerment. Recognizing the
enormous potential of education, all progressive societies have committed to the
Universalization of Elementary Education with an explicit aim of providing quality education
to all. Asthe next step, universalization of Secondary Education has gained momentum.

The secondary stage marks the beginning of the transition from functional mathematics
studied upto the upper primary stage to the study of mathematics as a discipline. The logical
proofs of propositions, theorems etc. are introduced at this stage. Apart from being a specific
subject, it is to be treated as a concomitant to every subject involving analysis as reasoning.

I am confident that the children in our state of Telangana learn to enjoy mathematics,
make mathematics a part of their life experience, pose and solve meaningful problems,
understand the basic structure of mathematics by reading this text book.

For teachers, to understand and absorb critical issues on curricular and pedagogic
perspectives duly focusing on learning rather than of marks, is the need of the hour. Also
coping with a mixed class room environment is essentially required for effective transaction of
curriculum in teaching learning process. Nurturing class room culture to inculcate positive
interest among children with difference in opinions and presumptions of life style, to infuse life
in to knowledge is a thrust in the teaching job.

The afore said vision of mathematics teaching presented in State Curriculum Frame
work (SCF -2011) has been elaborated in its mathematics position paper which also clearly
lays down the academic standards of mathematics teaching in the state. The text books make
an attempt to concretize all the sentiments.

The State Council for Education Research and Training Telangana appreciates the hard
work of the text book development committee and several teachers from all over the state
who have contributed to the development of this text book at different levels. I am thankful to
the District Educational Officers, Mandal Educational Officers and head teachers for making
this mission possible. I also thank the institutions and organizations which have given their
time in the development of'this text book. I am grateful to the office ofthe Commissioner and
Director of School Education, (T.S.) and Vidya Bhawan Society, Udaipur, Rajasthan for
extending co-operation in developing this text book. In the endeavor to continuously improve
the quality of our work, we welcome your comments and suggestions in this regard.

Place : Hyderabad Director
Date : 03 December 2012 SCERT, Hyderabad
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Preface

The government of Telangana has decided to revise the curriculum of all the subjects
based on the State Curriculum Framework (SCF-2011) which recommends that life of children
in schools must be linked to their life outside the school. Right to Education (RTE-2009)
makes mandatory that every child entering school should acquire the necessary abilities
prescribed at each level up to the age of 14 years. Therefore introduction ofa syllabus based
on National Curriculum Framework-2005 and SCF-2011 was necessary. The position paper
on mathematics teaching brought out by the NCERT in 2006 and the position paper on the
same subject by SCERT Telangana (and AP) 2011, pointed out that fear of mathematics
makes many children drop out of school. It is because of this that it becomes important to
make the school and classroom experience especially in mathematics more pertinent and
comprehensible. The syllabus and material must be aligned to the national and state perspective
on mathematics education and prepare our students with a strong base in mathematics and

science without burdening them with too much information and/or memorization.

The strength of a nation lies in its commitment and capacity to prepare its people to
meet the needs and aspirations of a progressive technological society. The need therefore is to
prepare students who understand concepts, can learn on their own using textbooks and other

materials as well as through interactions with colleagues and life situations.

The syllabus in mathematics for three stages i.e. primary, upper primary and secondary
is based on structured and spiral approaches. The teachers of secondary school mathematics
have to look at the syllabus of classes 8 to 10 with this background. They must widen and
deepen the understanding and application of concepts learnt by pupils in primary and upper

primary stages.

The syllabus ofupper primary classes is based on the structural approach, laying emphasis
on the discovery and understanding of basic mathematical concepts and generalizations. The
text book has been written on the basis of curriculum. It has emerged after a thorough review
of'the previous books and books of equivalent states. The approach in curriculum, the syllabus,
textbooks and hence in classroom processes is to encourage the pupils to participate, discuss

and take an active part in the classroom processes.
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Being the final stage of the elementary education, mathematics of class 8 is a bridge to
mathematics of class 9 which deals with abstraction and more complex mathematical ideas and

moving into beginning of formal mathematics.

The textbook attempts to give ample opportunities and space for children to engage in
tasks and attempt problems based on the concepts included in the syllabus. For instance tasks
like Do this' and "Try this' have been included in between that involves thinking, reflecting and
doing. The teacher and the students are supposed to pause and do these before moving forward

and only give support, if needed.

The chapters are arranged in a spiral manner that children revisit each set of concepts of

different areas at different times in the course of the year.

The syllabus has been divided broadly into six areas namely, (1) Number System (2)
Algebra (3) Arithmetic (4) Geometry (5) Mensuration and (6) Data Handling.

Description of the chapters:

There are three chapters related to numbers and their properties. The chapter on rational
numbers engages with problems dealing with multiplication and division operations on rational

numbers. It also generalizes the properties of numbers to include rational numbers.

There are four chapters focusing on operations and properties ofalgebraic expressions
and equations to build a base for operations on linear equations with one or more variable.
Children will learn to use graphs to analyze the nature of changes in quantities in linear relationships
as well as solve contextualized problems represented in the form of tables and equations. In
this way children would be able to identify quantitative relationships among variables and constants

using mathematical models.

There are two chapters that relate to ratio and proportion and their application. In these
the students engage with problems involving comparison of quantities using proportion like
percentage, profit and loss, discount, tax, simple and compound interest. These chapters although
distinct in the quantities that they use, are conceptually interrelated. They build on each other

and hence can be used in a spiral manner to build an understanding of comparing quantities.
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Children learn about geometrical figures and patterns at an early stage. Now they have
to learn to give a logical explanation for relationships in the frame of an argument. To understand
the relationship between geometrical figures children have been introduced to the construction

of geometrical figures with the help of some operations and their properties.

In mensuration, two chapters deal with the areas of plane figures and the surface areas
and volumes of 2-Dimensional and 3-Dimensional objects. Areas of some shapes have been

calculated as sum of areas of basic shapes like rectangles and triangles.

The syllabus discusses about different forms of representation of mathematical data in
various ways such as graphs and frequency tables to signify the importance of organization

and comprehension of data.

Therefore it is expected that the teachers will bring a paradigm shift in the classroom
processes from routinely solving the problems in the exercises to build basic conceptual

understanding and solving problems with ingenuity.

- Text Book Development Committee
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Highlights from History

George Polya (1887 - 1985)

Over the years, many have thought about the question whether the art of
problem solving can be taught or is it a talent possessed by only a few?
An effective and definite answer was given by the late George Polya.
He maintained that the skill of problem solving can be taught.

Polya was born in Hungary in 1887 and received his Ph.D. in mathematics
from the University of Budapest. He taught for many years at the Swiss
Federal Institute of Technology in Zurich.

Among the numerous books that he wrote he seemed most proud of
‘How to Solve It’ (1945) which has sold nearly one million copies and George Polya
has been translated into 17 languages. (1887-1985)

Polya’s Four principles of Problem solving

I. Understand the problem

This principle seems so obvious that it need not be mentioned. However students are often
stymied in their efforts to solve a problem because they don’t understand it fully or even in part.
Teachers should ask students such questions as

e Do youunderstand all the words used in stating the problems? Ifnot, look them up in the index,
in a dictionary or wherever they can be found. e What are you asked to find or show can you
restate the problem in your own words. e Is there yet another way to state the problem ¢ What
does (key word) really mean? ¢ Could you workout some numerical examples that would help
make the problem clear? e Could you think of a picture or diagram that might help you to
understand the problem. e Is there enough information to enable you to find a solution. e Is there
extraneous information? e What do you really need to know to find a solution.

I1. Devise a plan

Devising a plan for solving a problem once it is fully understood may still required substantial
effort. But don’t be afraid to make start you may be on the right track. There are often many
reasonable ways to try to solve a problem and the successful idea may emerge only gradually
after several unsuccessful trials. A partial list of strategies include.

e guess and check e look forapattern e make anorderly list o draw a picture

o think ofthe problem as particularly solved e think ofa similar problem already solved

o climinate possibilities e solve simpler problem e solve an equivalent problem

e solve an analogous problem e use symmetry e use a model econsider special cases

e work backward e use direct reasoning e use a formula e solve an equation e be ingenious

III. Carryout the plan

Carrying out the plan is usually easier than devising the plan. In general all you need is care and
patience, given that you have the necessary skills. If a plan does not work immediately be
persistent. Ifit still does n’t work, discard it and try a new strategy. Don’t be misled this is the
way mathematics is done, even by professionals.

IV. Look back

Much can be gained by looking back a completed solution to analyze your thinking and ascertain
just what was the key for solving the problem. This is how we gain “Mathematical power”, the
ability to come up with good ideas for solving problems never encountered before.
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Mathematics

VIII Class
Contents
Chapter Contents Syllabus to be Page No.
No. Covered during
1 Rational Numbers June 1-36
2 Linear Equations in One Variable June, July 37-61
3 Construction of Quadrilaterals July 62-83
4 Exponents and Powers July 84-98
5 Comparing Quantities using August 99-124
Proportion
6 Square Roots and Cube Roots August 125-150
7 Frequency Distribution Tables September 151-183
and Graphs
8 Exploring Geometrical Figures September, October 184-201
9 Area of Plane Figures October 202-233
10 Direct and Inverse Proportions November 234-250
11 Algebraic Expressions December 251-269
12 Factorisation December 270-284
13 Visualizing 3-Din2-D January 285-299
14 Surface Area and Volume January, Febrauary 300-313
(Cube-Cuboid)
15 Playing with Numbers Febrauary 314-339
16. Revision March
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- Rabindranath Tagore

Jana-gana-mana-adhinayaka, jaya he
Bharata-bhagya-vidhata.
Punjab-Sindh-Gujarat-Maratha
Dravida-Utkala-Banga
Vindhya-Himachala-Yamuna-Ganga
Uchchhala-jaladhi-taranga.
Tava shubha name jage,

Tava shubha asisa mage,

Gahe tavajaya gatha,
Jana-gana-mangala-dayaka jaya he
Bharata-bhagya-vidhata.

Jaya he! jaya he! jaya he!
Jayajaya jaya, jaya he!!

- Pydimarri Venkata Subba Rao

“India is my country. All Indians are my brothers and sisters.
I'love my country, and I am proud of'its rich and varied heritage.
I shall always strive to be worthy ofit.

I shall give my parents, teachers and all elders respect,
and treat everyone with courtesy. I shall be kind to animals
To my country and my people, I pledge my devotion.

In their well-being and prosperity alone lies my happiness.”

(x)



Chapter 1

o L
R&61813

Rational Numbers

1.0 Introduction

Salma wants to buy three pens at five rupees each. Her friend
Satheesh wants to buy two similar pens. So they go to a

wholesale shop. The shopkeeper says that a packet of five
pens costs T 22. How much does each pen cost? We can

easily calculate the cost of each pen to be ?2—52 . Is there any

natural number to represent this cost? Is there any whole
number or integer to represent this? This number can not be
represented by a whole number. We need a fractional number
to represent this quantity.

Consider one more example.

Observe the following various readings of temperature recorded on a particular day in Simla.

Timings 10.00 am. | 12.00 Noon | 3.00 p.m. | 7.00 p.m. | 10.00 p.m.
Temperature 11 °C 14 °C 17 °C 10 °C 5°C
In each case what is the change in temperature per hour?
) ) 14°C-11°C 3,
Case | Morning hours : change in temperature perhour= ——— = 5 C/hrs.
(10.00 A.M. - 12.00 Noon)
. 17°C-14°C o
Case II Afternoon hours: change in temperature per hour = - 1 °C/hrs.

(12.00 Noon - 3.00 PM.)

: , 10°C-17°C -7,
CaseIll  Evening hours : change in temperature per hour = ——————— = — "C/hrs.

4 4
(3.00 PM. - 7.00 PM.)

) . 5°C-10°C -5,
CaseIV  Night hours : change in temperature per hour = —3 3 Chhrs.
(7.00 PM. - 10.00 P.M.)
.3 0 o~ _" o -5 0
In the above cases we come across numbers like — °C, 1°C, — °C, — "C.

2 4 73
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2 [ MethenmteoviIl |

3 -7 =5
The numbers used in these temperature are 5 1, T, T . What can be call these

numbers? These numbers include both positive and negative fractional numbers and can be
. P .. .
written as ;, where g # 0 and p can be positive or negative.

Let us see some more such numbers.
3 7 —_10 3 2013

Z) 9) 177__2, m, .................

: : P .
The numbers which are expressed in the form of ;, where p and ¢ are integers and g # o, are

called ‘Rational Numbers’ and the set of all rational numbers is denoted by ‘Q’. These are also

called Quotient numbers.
Observe the following
' 5 10 15
We can express any natural number in ;, form, for ex. 5 as T Or 5 OF e
. 0O 0 O

Similarly we can also express the whole number 0 as 1 OT SOy s

: . P -3 -6
We can also express an integer in ; form, for ex. -3 as TS

. )4 15 0 -6 , )

That is all the above ; forms 305 and - are rational numbers. So all integers are also

included in rational numbers. From the above observation we can conclude that all natural numbers,
all whole numbers and all integers are rational numbers.
Do This

1 -33 4
Consider the following collection of numbers 1, =, -2, 0.5, 4-, —, 0, 7,

3
2 277
22, -5, % , 0.125. Write these numbers under the appropriate category.
[A number can be written in more than one collection]
(1)  Natural numbers
(i)  Whole numbers
(i) Integers

(v) Rational numbers

Would you leave out any ofthe given numbers from rational numbers?

Is every natural number, whole number and integer a rational number ?

_ Free Distribution by T.S. Government 2021-22 _




| RotonalNumbers | 3 [

Try These

5
1.  Hamid says 3 is a rational number and 5 is only a natural number.

Sakshi says both are rational numbers. Who do you agree with?
2. Give an example to satisfy the following statements.
(1)  Allnatural numbers are whole numbers but all whole numbers need
not be natural numbers.
(i)  Allwhole numbers are integers but all integers are not whole numbers.

(i)  Allintegers are rational numbers but all rational numbers need not be
ntegers.

We have already learnt basic operations on rational numbers in earlier classes. Let us explore

some properties of operations on rational numbers.

1.1 Operations on Rational numbers

We have already discussed addition and subtraction of Rational numbers in 7th class. Let us

recall them by doing the following problems.

Solve
9 -13 3 2
i — 4| — i 1=+4=
DT ( 8 j W 5T
' ;7_[;9) . —_U_(Lj
@ 7620 VI O
. e ) -7 1 =3
v) Find the additive inverse of the following numbers : 10 1’ 8

1.1.1 Multiplication of Rational Numbers

Now, we learn how to multiply the rational numbers. In class 7 we have learnt how to multiply
fractional numbers. We follow a similar process for multiplication of rational numbers also.

2 5
Consider the rational numbers g and 7 . These are also fractional numbers.

L2 5
We multiply = and 7

3
2 y 5_2x5_10 Product of numerator
3 7 3x7 21 Product of denominator

Free Distribution by T.S. Government 2021-22



[ Methenmtoovi

-2
N ider —x =
ow consider 3 5
W t—2><5_—_10
eet T T
Letusd 1_—10><ﬂ
et us do one more example o1 35

2
-10 14 _-10x14 M0 _-28 4

21 25 21x25 5 105 15

05

Or we can do like this also.

0 A
%/f % 15

Do this

5 EX__B : __7><__1
@ 11 45 @ 770
) —105 18 : 13 100
(i) 72 15 ™ 150" 16

1.1.2 Division of Rational Numbers

Observe the following
—x—=1
2.1y
11 -9
Here we notice that the product is “1°. If the product of any two rational numbers is ‘1’ are called
2 5 -9
the multiplicative inverse of each other. Here 5 and CXRTI and — are multiplicative inverse

of each other.
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| RatonalNumbers | 5 [

-3 9 1
Write multiplicative inverse of TR 11, AT In class 7 we have learnt to divide fractional

numbers. We follow a similar process for division of Rational numbers.

Consider the rational number Z and H . These are also fractional numbers.

We d 'di 'thl
edevide o with 7.

11
7

3 7 3 o
2.1 Z x (Multiplicative inverse of ﬁ

4 11

_3x11 33 s

C 4x7 28 28

Let’s do the following examples :

i _—S*i—ixi Multiplicative i f—
1) o 1" 973 (Multiplicative inverse o 4)
_5x4_ 20
9%x3 27

-12 (2 AN >
(ii) 71 '[_7)_ %/( X[ 7 j 4 =2 (Multiplicative inverse of _—7)

Do this

O 573 @ %1%

o -125 50 D g SS12 . —1024

@ e 16 (v Divide —pmwith =7

1.2 Properties of Rational numbers

1.2.1 Closure property

(1)  Whole numbers and Integers
Let us recall the operations under | Ifthe sum of two whole numbers is also a whole

which the whole numbers and integers are | number, then, we say that the set of whole numbers
satisfy closure property under addition.

closed.

Free Distribution by T.S. Government 2021-22




6 [ MsthemmteoviIl |

Complete the following table with necessary arguements and relevant examples.

Numbers Operations
Addition Subtraction Multiplications | Division
Whole numbers | Closed since Not closed Closed Not closed
at+bisawhole | since 5-7=-2|since — — — | since5 +8=
5
number forany | whichisnot 3 which
two whole awhole number| - — — isnota whole
numbers a and b number.
example — —
Integers Closed Not closed
Sincea—bisanf — - - since
integer for any
two integersa | — — — - - -
- - - and b example.
(i) Rational numbers - Closure Property
(a) Addition
. . 2 5
Consider two rational numbers 7s g
2 N 5 1643  _ Sl
78 56 56
51 .
The result 5 sagaina rational number
-19 ) )
8+ > )= [s it a rational number?
€ belongs to,
2 2
7 + - = Do you get arational number? | Let A= {1, 2, 3}
Check this for few more in the following pairs. The element 3 is in Aand it is written
5 1 7 92 as 3 €A and we read it as 3 belongs
3+=, 0+—, —+— .
7 2 207 oA

We observe that the sum of any two rational numbersis | V for all

again a rational number. Thus we can say that rational | v/ js the symbol for all or for every.
numbers are closed under addition. Hence (a+b) isa
rational number for any two rational numbers a and b,
ie.Va,be Q; (a+b) e Q.
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If we write ¥ a, b €Q, it means
foralla, b of Q




(b) Subtraction:

5 3
Consider two rational numbers 9 and 1
™ 5 3 (5x4)-G6x9  20-27 _ -7
94 36 T 36 36
Again we got arational number ;_6 (since—7, 36 are integers and 36 is not a zero, hence
-7 :
3¢ 1sa rational number).
Check this in the following rational numbers also.
i 2 -2 kB2 Is it a rational number ?
() 3 7 1 = s 1t a rational number ?
48) 11 : .
(i) o) 18 Is it a rational number?

We find that the difference is also a rational number for any two rational numbers.

Thus rational numbers are closed under subtraction.

Hence (a—b) is a rational number for any two rational number ‘a’ and ‘b’, ie.,Va,b € Q, (a—
b) €Q
(¢) Multiplication

Observe the following
3><l:é
2 2
6, -1l _ =66 _ =33
5 2 10 5
3 5 2 19
— X — = . —_ X — =
7 ’ 1 13

We can notice that in all the cases the product of two rational numbers is a rational number.

Try for some more pairs of rational numbers and check whether their product is a rational number
or not . Can you find any two rational numbers whose product is not a rational number?

We find that rational numbers are closed under multiplication

For any two rational numbers a and b, axb is also rational number. i.e., V a,b € Q,axb e€Q
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(d) Division

Consider two rational numbers.

27
378
Th 2.7 Exﬁ_ﬁ hich i tional numb
en > * g 3 7 5 Whichis arational number
Check this for two more example.
5 5 2 5 1 5
J— - 2 = — = — = —_ X —_- = —
7 7 1 7 2 14
2.6 _ _
3011 - -
VAN R A _ _
13 1 13
From all the above, we observe that when we divide two 5 .
. . Why — isnot defined ?
rational numbers,we get arational number. Now can we 0

) Do the division 5 + 0=7?

say that the closure property holds good for rational numbers? Or 0)5(?

Let us check the following: 0, 5 are rationalnumbersand | Can you complete the division?

5 What is the quotient? You may

0 is not defined. Thus collection of Rationalnumbers Qis | have observed that multiplication
) o of any number with ‘0’, the

not closed with respect to division. product will be ‘0.

If we exclude zero from Q then the resulting collectionis | Thus division isnot possible, with

closed under division. ‘0’ as divisor.

Try These

Ifwe exclude zero from the set of integers then is it closed under division?

Do This
Fill the blanks in the table

Nurrbers Closure property under

Addition Subtraction | Multiplication|  Division

Natural numbers Yes — _ _
Whole numbers — — — No
Integers — Yes _ _

Rational numbers — — Yes —

_ Free Distribution by T.S. Government 2021-22 _




| RatonalNumbers | 5 [

1.2.2. Commutative Property:

Let us recall the commutative property with different

operations for both whole numbers and Integers.

Complete the following table.

(i) Whole numbers

[ The commutative property states )
that the change in the order of two
numbers on binary operation does
not change the result.

atb= b+a
axb=Dbxa
here binary operation could be any
one of the four fundamental

operations i.e., +, —, X, +
.

Operation Example Remark

Addition 2, 3 are whole numbers Addition is commutative
2+3=5and3+2=5 in W.
L2+3=3+2

Subtraction Is3 -2 equalto 2 -3? Subtraction is not commutative

Multiplication |  ------ | —mm-m-

Division 4+2=9 2+4=27 | -------
Is 4+2 =2+47

(ii) Integers

Operation Example Remark
Addition --- Addition is commutative
in Integers.
Subtraction 2,3areintegers | ...
2-3)=73)—-2=?
Is2-3)=3)-2=?
Multiplication | ... | ...
Division | ... Division is not
Commutative in Integers
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(iii) Rational Numbers

(a) Addition
) 5 =3

Take two rational numbers 5, T and add them

5, (-3)  2x5+1x(-3)  10-3 7

2 4 4 4 4
-3 Ix(=3)+2x5 —3+1

g 3 x(5) _ 3410 7
4 2 4 4 4
5 -3 -3 5

2 (4} 42

Now check this rule for some more pairs of rational numbers.

5 1

i —+ = Z 4+ —

Consider >3 and -ty
LLlysos 1,
27777

Did you find any pair of rational numbers whose sum changes when we reverse the order of
numbers ? So, we can say that a+b=b + a for any two rational numbers a and b.

Thus addition is commutative in the set of rational numbers.

. Va,beQ,atb=b+a

7
(b) Subtraction: Take two rational numbers 3 and 3
2 7 _16-21 -5 d1_2_21—16_i
3 8 24 24 % g3 24 24
So E_Z;ﬁz _2
3 8 8 3
Check the following.
5 5
2-= == -29
Is 4 4 !
S I B
2 5 5 2
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Thus we can say that subtraction is not commutative in the set of rational numbers .

a—b = b-—a foranytwo rational numbers a and b.

5
(c) Multiplication: Take two rational numbers 2, >

-5 -10 -5 -10 5 -5

2X— = —— . —Xx2=—— Ix—— = —x2
7 T 5 7 therefore 2x 2 7

L2 (3).(2
Is 54 4 2 )’
Check for some more rational numbers .
We can conclude that multiplication is commutative in the set of rational numbers.

Itmeans ax b=D>b x a for any two rational numbers a and b.

iLe.Va,beQ, axb=bxa

(d) Division

S S S C R
3 9 9 3
1 3 2 1
7.4 7 9 3 4 7 _M 3 _2
379 T3 AT ™M g3 TS
1 2 3 1
7 14 14 7
379 "9 73
Thus we can say that division of rational numbers is not commutative in the set of rational
numbers .

Do This

Complete the following table.

Numbers commutative with respect to
Addition Subtraction | Multiplication Division
Natural numbers Yes No Yes —_—
Whole numbers —_— — - No
Integers _ — _ -
Rational numbers _ — - No
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1.2.3 Associative Property

The associative property states that
if you have to add three numbers, you
can add the first two numbers and
then add the third or you add the
second and third number in the

Recall the associative property of 4%
whole numbers with respect to four
operations, i.e. addition, subtraction,

multiplication & division beginning and then add the first to
) the sum. The result will be the same
ie. 3+2)+5 or 3+(2+5).
(i) Whole numbers
Complete the table with necessary illustrations and remarks.
Operation Examples with whole numbers Remark
Addition Is2+(3+0)=2+3)+07?

2+(3+0)=2+3=5
2+3)+0=5+0=5 _—
=2+B3+0)=Q2+3)+0 _— —
at(b+c)=(at+b)+c

for any three whole numbers a, b, ¢

Subtraction 2-3)-2=7, 2—-(3-2)="? Subtraction is not
Is 2-3)—2 =2-(3-2)? associative
Multiplicaton | — — — — — — Multiplication is
—————— associative
Division [s2+(3+5)=(2+3)+5?

3 5 10 . .
2+ (3+5)=2+ 3° 2x 33 Division is not associative
(2+3)+5:%+5=gxl:£

3 3 5 15

2 +(3+5) # (2+3) +5

(ii) Integers
Recall associativity for integers under four operations.

Complete the following table with necessary remarks.
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Operation Integers with example Remark
Addition Is2+[(-3)+5]=[2+(3)]+5?
2+[(-3)+5]|=2+[-3+5]=2+2=4 - —
[2+(-3)]+5=[2-3]+5=-1+5=4

For any three integers a, b and ¢

at(b+c)=(at+b)+c

Subtraction Is6-(9-5=6-9-5? | ———— —
Multiplication Is2x[7x(-3)]=(2x7) x (-3) ? ~ - @
Division 10 + [2+ (=5)] = [10 = 2]+(-5) ?
T (25)] = 10s T2 —10x 2 =
10 +[2+(-5)] =10+ S0 — =25
Now
10 5
(10+2) +{-5) =7 +(-5) =5+(-H) =— =1

Thus 10 + [2+(—5)] * [10+2] - (_5)

(iii) Rational numbers
(a) Addition

2 1
Let us consider three rational numbers 7,5,— and verify whether

2 e (0 |
e 2 o (Y] 212 ] e

s - [ 2]

1 37 1 74+7 81
2 7 2 14 14

L.H.S. = R.H.S.
Find L + [i"‘i} and [l + 3}4‘(&}
2 7 3 2 7 3
Are the two sums equal?

Take some more rational numbers and verify the associativity.
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We find rational numbers satisfy associative property under addition.
a+(b+c) = (a+b)+c for any three rational numbers a, b and c.

iLe,VabceQ, at(b+tc)=(a+b)+c

(b) Subtraction

-5
Let us take any three rational numbers 27 and e

st [

L.H.S. # RH.S.

We find subtraction is not associative in the set of rational numbers. Thatisa-(b-c) #(a-b)-cforany
three rational numbers a, b, c.

(c) Multiplication

_ 2 4 -
Take three rational numbers 3 70 7
e [5(3)--8)-3)
e 37177\ 377 7 )"
2 ﬂx(i) _g[—_zo}_ﬂ
LHS =73715"17 31749 | 147

LH.S=RH.S
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Check the following.

Find 2x|Lx3] and (2xljx3
2 2
Is 2><(1><3J= (2 lex?)?
2 2

We can find in all the above cases L.H.S=R.H.S
Thus multiplication is associative in rational numbers
a x (b x ¢)=(a x b) x c for any three rational numbers a, b, c.

Le,VabceQ, ax(bxc)=(axb)xc

(d) Division

;[Llj_z;(ixlj_z;é_%xi_i
\4 3 W4 1) 3 4 321 63

2.3 .1 (2. 4). 0 _(8).1_8 7_56
RHS. =137 "771373) 777 9)7779"T 79

2

3

L.H.S _ €
-n-_3

L.H.S. # R.H.S.
Thus a +(b +¢) # (a + b) + ¢ forany three rational numbers a, b, c.

So, division is not associative in rational numbers.
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Do This

Complete the following table

Associative under
Numbers
Addition | Subtraction Multiplication | Division
Natural numbers Yes No |  ..... | .....
Whole numbers | ..... | ..... |  ..... No
Integers |  ..... No Yes | .....
Rationalnumbers| ..... | ..... | ..... | .....

1.2.4 The Role of Zero

1
Can you find a number, when it is added to ) gives the same number ) ?
When the number ‘0’ is added to any rational number, the rational number remains the same.
For example '
l+0=1and 0+1 =1

-2+0=-2 and0 +(-2)=-2

1 1 1 1
-+ 0== - = =
> 2and0+2 5

For this reason we call ‘0’ as an identity element of addition or “additive identity”.
If a represents any rational number then a+0=a and O+a = a

Does the set of natural numbers have additive identity ?

1.2.5 The Role of 1

Fill in the following blanks :
3x [ ]1=3 and C1x3 =3
-2x[] =-2 and ] x 2=-=2
7 7 7 7
g 7y "% %

What observations have you made in the above multiplications?
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You will find that when you multiply any rational number with ‘1°, you will get the same rational
number as the product.

We say that ‘1 is the multiplicative identity for rational numbers
What is the multiplicative identity for integers and whole numbers?
We often use the identity properties without realizing that we are using them.

15
For example when we write 50 in the simplest form we may do the following.

E_ 3x5 _i
50 10x5 10

xéz—xlz—
5

3
When we write that 10 x1= 0 Here we used the identity property of multiplication.

1.2.6 Existence of Inverse

() Additive inverse:
3+(-3) =0 and -3+3 =0
-5+5 =0 and 5+ (-5)=

g+‘7 =0 d +2—0
3 ! = and 3—

(oreo (L
> +?2=0 and 7+ 5) =

Here -3 and 3 are called the additive inverses of each other because on adding them we get
the sum ‘0’ i.e. the additive identity. Any two numbers whose sum is ‘0’ are called the additive

inverses of each other. In general if a represents any rational number then a + (—a) =0 and (—
a)+a=0.

Then ‘a’, ‘—a’ are additive inverse of each other.

The additive inverse of 0 is only 0 as 0 +0=0.

(i) Multiplicative inverse:

2
By which rational number F is multiplied to get the product 1 ?

€ c¢an s€c 7 2— an D) 7
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Fill the boxes below-

2 X =1 and x 2 =1
-5 x =1 and x5 =1
-17 | 4 -17 |
-7 _ « —L _
19 ~ an 19

1 x ?2 =1

-1 x ? = 1

Any two numbers whose product is ‘1’ are called the multiplicative inverses of each other.

1 1
For example, 4 x % =1 and 2 x 4=1 therefore the numbers 4 and 2 are the

multiplicative inverses (or the reciprocals ) of each other.
c . C e e
We say that a rational number 7 is called the reciprocal or the multiplicative inverse of

a ¢

a
ther rational — if —x—=1
another rational number b P

Think, discuss and write

W

1. Ifaproperty holds good with respect to addition for rational numbers, whether it holds
good for integers? And for whole numbers? Which one holds good and which doesn’t
hold good?

2. Write the numbers whose multiplicative inverses are the numbers themselves

3. Canyou find the reciprocal of ‘0’ (zero)? Is there any rational number such that when it is
multiplied by ‘0’ gives ‘1°?

x 0= 1 and 0 x =1

1.3 Distributivity of multiplication over addition

13
274

: EIN R A I e I LR I I B )
Let us verify whether 575 " 5 > 5 4
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2
Take three rational numbers g,



2 6 _4+6 10 1

2 (1,2 ,(3).2,6 _4+6_10 1
RHS =575 (4) 10 20" 20 20 2

Thus

L3330

)

This property is called the distributive law of multiplication over addition.

Now verify the following

2 1 3 2 1y 2 3
s =X |=——=|==X|=|—-—=Xx|=

5 2 4 5 2) 5 4
What do you observe? Is L.H.S =R.H.S?

This property is called the distributive law over subtraction.
Take some more rational numbers and verify the distributive
property
For all rational numbers a, band ¢
We can say-

a(b+c) =abtac

a(b—c) = ab—ac

Try these: find using distributivity

oF(B
) {% y 3} + {%x (—19)}

Do These
' Complete the following table.
Additive properties
Numbers
Closure | Commutative | Associative | Existence | Existence
ofIdentity | ofInverse

Rational Numbers | Yes —— —— —— —_——
Integers Yes — —_ —_ —_—
Whole Numbers | — — —— —— Yes No
Natural Numbers | Yes —— —— —— —_—
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Complete the following table
Multiplicative properties
Numbers - — » B
Closure | Commutative | Associative | Existence |Existence
of Identity |of Inverse
Rational Numbers |  Yes —_—— —— —— — G
Integers — Yes — —_ _
Whole Numbers | — — —— Yes —— ——
Natural Numbers | — — —— —— Yes ——

2
Example 1. Simplify g+% + [

5

-6

HEeY

Solution: Rearrange the given fractions keeping like fractions together.
2 3 [—6) [—13] 2 3 6 13
=4 | — |+ | — | === ==
5 7 5 7 5 7 5 7
2 6 3 13 . .
=373 + 777 (by commutative law of addition)
2-6  3-13
5 7
-4 10 -4 10
- — 4 — = —
5 7 5 7
_ (Ax7)-(10x5) 28-50 78
- 35 35 35
Example2:  Write the additive inverses of each of the following rational numbers.
: 2 : -1 7 -2
O R
: L 2 2
Solution : 1) The additive inverse of o s
2. (212222
because 7 7 7
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. o -11 . -11) 11
(i1) The additive inverse of 5 I |7 5

. o T 7 -7 7
(ii1) The additive inverse of s | —|=—=—"—
-13 -13) -13 13

| . —2._(7‘_2}__2
(v) The additive inverse of 3 873 3

Example3: Find - X—+——

Solution :

(by the commutative law of addition)

23

Il
W | N
7\
\o||_
N—
+
7\

|
of L
N

X
B
Pk
z|
S

+ = + = 0 (bythe additive inverse law)
180 180 180

(23] 23 -23 23

Example 4: Find the product of the reciprocals of _7 ' 18 and add the additive inverse of

-4
(?J to the product. What is the result?

-9 . =2
Solution : The reciprocal of B3 is o5

Th i 1 fi .
e reciprocal of 1o 15 —

2

Product of reciprocals = 5 5

9
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—4 4
The additive inverse of (?J 1S g

-4 4
Thus the product + the additive inverse = 3 + 3 = 0 (the additive Inverse property)

Exercise - 1.1

1 Name the property involved in the following examples
8 3.1 3 1
—+0=—-=0+— 21=+=|=2|= —
0 fro-gon o (53] (30
2 B=2n(3
—xl===1x— - =" = =
(i) ) |3 5
2, 01,2 P, 3_15
M 5737375 ™M 2771
.. 1
(vii) 7a+(-7a) =0 (vii) xx —=1 (x 20)
X

(X) (2xx)+(2x6) =2x(x+6)
2. Write the additive and the multiplicative inverses of the following.

- 7
0 < (ii) 1 (i) 0 ) 3 (v) -1

3. Fillinthe blanks

) w3

S0V _(_p.3

(111) 1 x ——11 (IV) —12+( +7j ( 12+6j+(—)
1 1) (3 1) (3

o 53] )

N L _-l6

M) == —=7
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11.
12.

13.

2 _
Multiply 11 by the reciprocal of m

_ _ ' 2 7 1 4
Which properties can be used in computing 3 x| 5x 5 + 3 X | 3x—

Verify the following and write the property used
5 -1 -3 5 -1 -3
St —t—=—==+|—+—
4 2 2 4 2 2

3 7 (2 -2
Evaluate 3 + 3_+ = + 73 ) after rearrangement.

Subtract

.
(1)4 om 3 (i1) 3 from (iii) — om =

-5 -3
What number should be added to g soas to get EX ?

The sum of two rational numbers is 8 If one of the numbers is %5 find the other.

Is subtraction associative in rational numbers? Explain with an example.
Verify that — (—x) =x for
-13

o2 )
(1) " 15 (i1) XZF

Write-
(1)  The set of numbers which do not have an additive identity
(i)  The rational number that does not have any reciprocal

(i) The reciprocal ofa negative rational number.

1.4 Representation of Rational numbers on Number line.

Gayathri drew a number line and labelled some numbers on it.

&

I I I |
1 2 3 4 5 6

What set of numbers are marked on the line?
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Sujatha said “They are Natural numbers”. Paramesh said “They are rational numbers” Whom
do you agree with?

< | l | | | | |
I I I I I I I I I -
0 1 2 3 4 5 6

Which set of numbers are marked on the above line?

Are they whole numbers or rational numbers?

v

N__
ot
-
o

| |
| |
0 1

— e

5 4 3 2 -
Which set of numbers are marked on the above line?
Can you find any number between —5 and 3 on the above line?

Can you see any integers between 0 and 1 or —1 and 0 in the above line?

, inthe middle

N | =
N | W

Numbers in the middle of 0 and 1 is % ;  inthe middle of 1 and 2 is 1

1
of 0and -1 is —5 and in the middle of — 1 and -2 is —1% = —%.

These above rational numbers can be represented on the number line as follows:

1

l >
I
2

oW ——

|
|
=3 1
2

Example 5: Identify the rational numbers shown as A and B that are marked on the following
number line.

|

N | | | | | | | |
0 1

7

Any rational number can be

. . T . t th line.
Solution: Here aunit, 0 to 1 is divided into 7 equal parts. A represented on the number line

. . Notice that i tional numbe
is representing 3 out of 7 parts. So, Arepresents oteeThat i a rationat fiuber

the denominator tells the

= and B represents — . number of equal parts in which

7 7

the each unit has been divided.
The numerator tells ‘how many’

of these parts are considered.
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Example 6: Represent g on the number line.

0

Solution:

o | L ——
R
v

8
;| -, &
— is aproper fraction, it lies between 0 and 1.

8
So divide the number line between 0 and 1 into 8 equal parts.

5
Then mark 5th part (numerator) T counting from O is the required rational

5

number g

29
Example7: Represent o on the number line.

29

Solution: S
| |

T T
5

v

A

4

29 5 5
— = 4— = 4+ = This lies between 4 and 5 on the number line

6
Divide the number line between 4 and 5 into 6 (denominator) equal parts.
Mark 5th part (numerator of rational part) counting from 4.
5 29

This is the place of the required rational number 4 +% = 4g =

| Try These
Write the rational number for the points labelled with letters, on the
number line
A B C D E B

S R Q P
—— s
(i1) -7 9 2 -1 ? -2 ? 0

Do This

13
(1) Represent — S on the number line.
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1.5 Rational Number between Two Rational Numbers

Observe the following

The natural numbers between 5 and 1 are 4, 3, 2.

Are there any natural numbers between 1 and 2?

The integers between —4 and 3 are -3, -2,-1,0, 1, 2.

Write the integers between —2 and —1.Did you find any?

We cannot find integers between any two successive integers.

But we can write rational numbers between any two successive integers.
Let us write the rational numbers between 2 and 3.

a+ .
We know if @ and b are any two rational numbers then (and it is also called the mean

2
: : 243 5. . L
ofa and b) is a rational number between them. So S o s a rational number which lies
exactly between 2 and 3.
S | | N
Thus 2< 5 <3. < T —
2 5 3
2
5 9
. 5.%2%5 5 9 1 9
Now the rational number between 2 and = is = £ = —Xx=— = —,
2 2 2 2 2 4
hus 2 2 < 2 <3 | | | |
Thus2< 7< 5 T >
2 2 5 3
4 2
2+491 147 17
Again the mean of 2, i > = EY = ry
< I | | [
N L | | ¢
2179 5 3
8 4 2
So 2< ﬂ < 2 < é <3
© § 4 2

In this way we can go on inserting rational numbers between any two numbers. Infact, there are
infinite number of rational numbers between any two given rational numbers.
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Another Method :

9

5
Can you write hundred rational numbers between 10 and 10 in mean method?

You may feel difficult because ofthe lengthy process.

Here is another method for you.

We know that  — <~ < - < <
CEOWHE 10 710 10 10 10
| | | | [
N | | | | | ¢
> 6 7 8 9
10 10 10 10 10
. 5 9
Here we wrote only three rational numbers between 10 and 10
G5 S0 9 %0
ut if we consider = 7oand 1= 100
Now the rational numbers bet 20 d %
ow the rational numbers between 1 and T are
5 50 51 52 53 89 90 9
— = < < < <o <——<—=—
10 100 100 100 100 100 100 10
| | | | | | |
~ | | | | | | | i
5_50 5152 53 88 89 9 90
10 100 100 100 100 100 100 10 100
Similarly, when we consider
S0 9w
10~ 1000 ™ 10 ~ 1000
5 500 501 502 503 899 900 9

So —=———F<—<—/—— < ——<veeriunn..

= < < < < < < =
10 1000 1000 1000 1000 1000 1000 10

| | | | | | | |
T T T T T T -

] 1
5 500 501 502 503 897 898 899 900 9
10 1000 1000 1000 1000 1000 1000 1000 1000 10

<

In this way we can go on inserting required number of rational numbers.
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Example 8:  Write any five rational numbers between —3 and 0.

Soluti _ X d 0= 9

olution: -3 = 10 an = 10 SO
_29 _28 _27 _2 _ L s bet 3 and 0
105 107 109 ~~~~~~~~~ s 109 10 €S between -5 an .

Exercise - 1.2

1. Represent these numbers on the number line.

L9 7
OF (i) —
2. Represent _3’ i’ =2 onthe number line.
13 13 13

5
3. Write five rational numbers which are smaller than g .

4. Find 12 rational numbers between -1 and 2.

3

5. Find a rational number between g and Z

[Hint : First write the rational numbers with equal denominators. |

5

6. Find ten rational numbers between — Z and g

1.6  Decimal representation of Rational numbers

We know every rational number is in the form of 2 where g = 0 and p, g are integers. Let us
q

see how to express a rational number in decimal form.

To convert a rational number into decimal by division method.
25

Consider a rational number E .
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Stepl:  Divide the numerator by the denominator 16 )25 (1
Step2:  Continue the division till the remainder left is less than the divisor. 16
9

Step3:  Put a decimal point in the dividend and at the end of the quotient.

Step4:  Put azero on the right of decimal point in the dividend as well as right of 16 125.0 (

1.
the remainder. 16
Divide again just as whole numbers. 90
Step 5:  Repeat step 4 till either the remainder is zero or requisite number of decimal places
have been obtained
2
Therefore 1_2 —1.5625 16)25.0000 (1.5625
16
17
Consider 5 90
80
5)17.0 (3.4 100
s 9%
20 40
20 32
0 i
80
17 0
Therefore = 34
1 13 8 1974 . , .
Tryto express <> =Z» ~nz» .~ indecimal form and write the values.

272571257 10
We observe that there are only finite number of digits in the decimal part ofthese decimal numbers.
Such decimals are known as terminating decimals.

Non terminating recurring decimals:

Consider the rational number g
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By long division method we have 3)5.000 (1.666

v

3
5 20
Therefore g = 1.666... 18
20
s 5 =z . : L .. 18
We write this as 3 = 1.6 the bar on ‘6’ in the decimal part indicates it is TO
recurring. 18
We observe that in the above division the same remainder is repeating itself 2
and the digit 6 in the quotient is repeated.
Consider the rational numb L
onsider the rationalnumber S 7 )10.00000000(0.14285714
By long division method ;0_
28
20
14
60
56
40
35
50
D _
10
7
1 30
— =0.142857142857....
7 28

2
1 : L . :
s 0.142857 . The bar on decimal part 142857 indicates that these digits are repeating

in the same order.

The above examples are illustrating the representation of rational numbers in the form of non-

terminating recurring decimals or we call them as non-terminating repeating decimals.

Tryt LI T ot 2 indeciimal &
ryoexpress3, 6°9 an 19lIl cCimal 1orm

17 11 20

6 9 19
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When we try to express some rational numbers in decimal form by division method, we find that
the division never comes to an end.This is due to the reason that in the division process the
remainder starts repeating after a certain number of steps.In these cases in the quotient a digit or
set of digits repeats in the same order.

For example 0.33333------ =03
0.1275757 5= =0.1275
123.121121121121------=--- = 123121
5.678888----------- = 5.678 etc.

Such decimals are called non-terminating and repeating decimal or non-terminating recurring

decimals.
The set of digits which repeats in non-terminating recurring decimal is called period.
For example
In0.3333 ......= 0. 3 the period is 3
In0.12757575 .... = 0.1275 the period is 75
The number of digits in a period of non-terminating recurring decimal is called periodicity.
For example

In 0.3333 ......= 0.3 the periodicity is 1

In0.12757575 ....=0.12 75 the periodicity is 2

The period 0f0.23143143143....... = periodicity =
The period 0f 125.6788989 ......... = periodicity =
Think and Discuss:
1. Express the following in decimal form.

7 3 23 5 17 22

O 5 e 03 6T
(i)  Which ofthe above are terminating and which are non-terminating decimals ?
(i)  Write the denominators of above rational numbers as the product of primes.

(iv) Ifthe denominators of the above simplest rational numbers has no prime divisors
other than 2 and 5 what do you observe?
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1.7 Conversion of decimal form into rational form

1.7.1 Converting terminating decimal into rational form
Consider a decimal number 15.75

Find the number of places after the decimal point in the given number. In 15.75 there are 2
decimals places.

1575
100

Therefore 15.75 can be written as . Now

1575 1575+5 3155 63

100 1005 20=5 4

63
T is the rational form of 15.75.

p
Example 9:  Express each of the following decimals in the ; form

(1) 0.35 (i) —8.005 (i) 2.104
35
Solution: (1) Since 0.35 has two places after decimal point. It is written as 0.35 = 100"
35 35+5 7
035=—= =—
Now, 100 100+5 20
.. - — + -1601
(i) -8.005 = 8005 _ -8005+5 _ 60
1000 1000+5 200

2104  2104+4  526+2 263
1000 1000=4  250=2 125

(i) 2.104 =

1.7.2 Converting a non-terminating recurring decimal into rational form

Let us discuss the method of conversion by following example.
Example 10: Express each ofthe following decimals numbers in the rational form.
M 0.2 (i) 054 (i) 4.7
Solution (i): 0.4
let x=04
= x=0444 ... - (1)

here the periodicity of the decimal is one.
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So we multiply both sides of (i) by 10 and we get

Subtracting (i) from (ii)
10x=4.444......

9x = 4.000......

X =—=

9
4

Hence 0.4=—
9

Solution (ii): (54

let x= (54
s x = 0.545454.... (i)

here the periodicity of the decimal is two.

So we multiply both sides of (i) by 100, we get
100x = 54.5454.... (i1)
On subtracting (i) from (ii)

100x = 54.5454 ......

x= 0.5454 ...
99x =54.0000......

5 — 54

=—_ H 054 =—
X ence 99
Solution (iii) : 4.7

let x=47
x=4.777.... ==mmmmmmmmmmmm- (1)

here the periodicity of the decimal is one.
So multiply both sides of (i) by 10, we get
10x = 47.777.... ====-mmmmmmmmmm- (i)
Subtracting (i) from (ii) we get

10x =47.777 .....

9x =43.000....

Free Distribution by T.S. Government 2021-22




43 = _43
=B 47="2,
5 Hence 9
Alternative Method: 47 = 4407
9
3 Ox4+7
B 9
47 = 2
' 9

: . . — . P
Example 11: Express the mixed recurring decimal 15.732 in ; form.

Solution:  Let x=15.732
x =15.7323232.... ---mmmmmmeee (1)
Since two digits 32 are repeating therefore
the periodicity of the above decimal is two.
So multiply (i) both sides by 100, we get
100 x = 1573.2323.... -—=--m-mmmm-- (i)
Subtracting (i) from (ii), we get
100x = 1573.232323....

X = 15.732323....

9x = 1557.50000

1557.5 15575

99 990
B 15735 = 15575
B ' 990
Think Discuss and Write

Convert the decimals 0.9, 14.5 and 1.24 to rational form. Can you find any easy method
other than formal method?
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Exercise -1.3

p
Express each of'the following decimal in the ; form.
(i) 0.57 (i) 0.176 (iii) 1.00001 (iv) 25.125
: . . : p
Express each ofthe following decimals in the rational form ( ; ).

(i) 0.9 (i) 057 (i) 0.729 (iv) 12.28

Find (x +y) = (x —y)if

: x—é —_i 1 x_l _E
(1) > y 4 (11) 1 y >

. 13 12 13 1
Divide the sum of - and £ by the product of S and R

If % ofanumber exceeds 1 ofthe same number by 36. Find the number.
7

Two pieces of lengths 2% mand 3 % m are cut off from arope 11 m long. What is the

length of the remaining rope?

2 3
The cost of 75 meters of cloth is IZZ . Find the cost per metre.

Find the area of a rectangular park whichis 18 Sm long and 8 3 mbroad.

33 11
What number should T be divided by to get 7 ?

If 36 trousers of equal sizes can be stitched with 64 meters of cloth. What is the length

of'the cloth required for each trouser?

When the repeating decimal 10.363636 .... is written in simplest fractional form § , find

the value of p +g.
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What we have discussed

1. Rational numbers are closed under addition, subtraction and multiplication.

2.  The addition and multiplications are
(1) Commutative for rational numbers
(i) Associative for rational numbers

‘0’ is the additive identity for rational numbers.

[,
-

‘1’ is the multiplicative identity for rational numbers. M7E1D

Arational number and its additive inverse are opposite in their sign.

The multiplicative inverse ofarational number is its reciprocal.

= S kD

Distributivity of rational numbers a,b and c,

a(b+c)=ab+acanda(b-c)=ab-ac

ge

Rational numbers can be represented on a number line

9.  There are infinite rational numbers between any two given rational numbers.
The concept of mean help us to find rational numbers between any two
rational numbers.

10. The decimal representation of rational numbers is either in the form of
terminating decimal or non-terminating recurring decimals.

Can you find?

Guess a formula for a,. Use the subdivided unit square below to give a visual justification of

your conjecture.
L
4
L
! 2 1
1 |16
8
1
SRR B U SRS U0 U0 U U DR §
ln . 1— ’ 2—2 4’ 3 2 4 8 ......... n 2 2"
1 1 1
a =1 ,a2=1 ,a3—1—§ ......... thenag =2
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Chapter

2

Linear Equations in One Variable

2.0 Introduction

Sagar and Latha are playing with numbers. Sagar tells Latha “I think
of anumber. IfIdouble itand take 7 away I get 35. Can you tell the
number that I thought of ” ?

Latha thinks for a while and tells the answer. Can you too tell the
answer?

Let us see how Latha told the answer.
Let the number be ‘x’. By doubling it we get ‘2x’

Next 7 was taken away i.e., 7 was subtracted from ‘2x’. After subtraction

the resulting number is 2x —7 Trick

But according to Sagar it is equal to 35 Take the final result. Add 7 to
L 2x_7=135 it and then halve the result.
2x =135+ 7 (Transposing 7 to RHS) |Note
2x =42 When we transpose terms

42 ‘+” quantity becomes ‘-’ quantity
LoX = 7 (Transposing 2 to RHS) |~ quantity becomes ‘+ quantity
Cx =21 ‘x” quantity becomes ‘+” quantity
‘+’ quantity becomes ‘x’ quantity

-. The number that Sagar thought of is 21.

We learnt in earlier classes that 2x — 7 =35 is an example of an equation. By solving this
equation in the above method, Latha was able to find the number that Sagar thought of.

In this chapter we will discuss about linear equations in one variable or simple equations, technique

of solving such equations and its application in daily life problems.

LHS RHS

Let us briefly revise what we know about equations:

(1) Analgebraic equation is equality of algebraic expressions
involving variables and constants
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(i) Ithasan equality sign 2x —7 = 35istrue
(iii) The expression on the left of the equality sign ‘for T 21 only
is called the L.H.S (Left Hand Side) of the equation lf}'i;f * ; ilc _q
(iv) The expression on the right of the equality sign = 9x2] -7
is called R.H.S (Right Hand Side) of the equation = 35
(v) Inan equation, the values of LHS and RHS are equal. = RHS

.. Solutionis x = 21

This happens to be true only for certain value of the

Variable. This value is called the solution of the equation.
2.1 Linear Equations

Consider the following equations:
(1) 2x=7=35 (2) 2x+2y=48 (3) 4x—1=2x+5 (4) x¥’+y=z

Degree of each equation (1), (2) and (3) is one. So they are called linear equations. While
degree of equation (4) is not one. So it is not a linear equation.

So equations (1), (2) and (3) are examples of linear equations. Since the degree of the fourth
equation is not one, it is not a linear equation.

Do This:

Which of the following are linear equations:

(i) 4x+6=38 (ii) 4x—5y=9 (i) 5x° + 6xy — 41> =16
(1v) xy+yz+zx=11 V) 3x+2y—-6=0 (vi) 3=2x+y

(vil) 7p+6q+13s=11

2.2 Simple equations or Linear equations in one variable:

Consider the following equations:
(1) 2x-7=35 (i)4x—1=2x+5 (iii) 2x +2y =48

We have just learnt that these are examples of linear equations. Observe the number of variables

in each equation.
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(1) and (i1) are examples of linear equations in one variable. But the (iii) equation has two variables

‘x” and ‘y’. So this is called linear equation in two variables.

Thus an equation of the form ax + b =0 or ax = b where a, b are constants and a # 0 is called

linear equation in one variable or simple equation.

Do This:

Which of the following are simple equations?

(i) 3x+5=14 (i) 3x—6=x+2 (i) 3=2x+y

X
(iv) 3 +5=0 V) x> +5x+3=0 (vi) 5Sm—6n=0

(vii) Tp+6q+13s=11  (viii) 13t—26=39

2.3 Solving Simple equation having the variable on one side

Letus recall the technique of solving simple equations (having the variable on one side). Using

the same technique Latha was able to solve the puzzle and tell the number that Sagar thought of.

Example1: Solve the equation 3y +39=8 Say True or false? Justify

Solution: Given equation : 3y +39=38 your answer?
3y = 8—39 (Transposing 39 to RHS) SRS Sehmi e e.quatlon
Kavya does the following:
X 2l 3x+x+5x=72
<L Ox=72, x=72x9=648

Ve 3 (Transposing 3 to RHS)

11 Where has she gone wrong?
. The solution of 3y +39=81is y= = Find the correct answer?

Do you notice that the solution (T ) is arational number?

31
Check: LHS=3y+39=3 (—=)+39=-31+39 =8 RHS

7
Example2: Solve 1 p=11

7
Solution: e p=11
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7 7
-p=11 7 (Transposing 1 to RHS)

447 Transpose p from LHS to RHS and find
p =
4 the value of p.
37 Is there any change in the value of p?

37
SPp=- 7 (Multiplying both sides by —1)

7 37 7437 44

7 37. 7
: L A A W L — " —11=RHS
Check: LHS 4p4(4)44 1

4

Exercise - 2.1

Solve the following Simple Equations:

0 6m=12 @) 14p= —42
(i) —5y=30 ) —2x=—12
) 34x=-51 i) %=—3
. 2x
oi) =18 (vil)) 3x+1=16
) 3p-7=0 ® 13-6n=7
(x) 200y — 51 =49 i) Hn+1=1
5
(i) Tx—9=16 (civ) Bx+=13
5 4 1
4x->=9 D x4e =3
() 4x— i) X+ =32
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2.3.1 Some Applications:

Consider the following examples:

Example 3:

Solution:

Example 4:

Solution:

If 7 |l m, find the value of *x’?

\

\
3

Here [ || m and p is transversal.

Therefore (3x+20)°+(5x—8)°=180° (sum of the interior angles on the

same side of a transversal)
3x +20°+5x — 8° =180°
8x+12° =180°
8&x =180°-12°

8  =168°
168°
4 —21°
YT g

Sum of two numbers is 29 and one number exceeds another by 5. Find the
numbers.

We have a puzzle here. We don’t know the numbers. We have to find them.
Let the smaller number be ‘x’, then the bigger number will be ‘x+5°.
But it is given that sum of these two numbers is 29

=>x+tx+5=29

= 2x+5=29

2x =29-5

2x =24

x = (Transposing ‘2’ to RHS)
x = 12.
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Therefore smaller number : x=12 and

Bigger number: x+5=12+5=17.
Check: 17 exceeds 12 by 5 and their sum =12+ 17 =29.
Example5: Fourtimes a number reduced by 5 equals 19. Find the number.
Solutions: If the number is taken to be ‘x’

Then four times of the number is ‘4x’

When it is reduced by 5 it equals to 19

= 4x-5=19

4x=19+5 (Transposing -5 to RHS)
4x =24
24 )
LXETT (Transposing 4 to RHS)
= x=06

Hence the required number is 6
Check: 4 times of 6 is 24 and 24 —5=19.

Example 6: The length of a rectangle shaped park exceeds its breadth by 17 meters. Ifthe
perimeter of the park is 178 meters find the dimensions of the park?

Solution: Let the breadth of the park be =x meters
Then the length of the park = x + 17 meters
.. perimeter ofthe park = 2 (length + breadth)
= 2 (x+ 17 + x) meters
=2 (2x + 17) meters
Butit is given that the perimeter of the rectangle is 178 meters

2(2x+17) = 178

4 +34 = 178
4x = 178 - 34
4x = 144
LY

4
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Therefore, breadth of the park = 36 meters
length of the park = 36+ 17 =53 meters.
Try and Check it on your own.
Example7: Two supplementary angles differ by 34. Find the angles
Solution: Let the smaller angle be x°
Since the two angles differ by 34°, the bigger angle = x +34°
Since the sum of the supplementary angles is 180°

We have x+ (x+34) = 180°

2x+34 = 180°
2x=180-34 = 146°
146°

- = 73°
YT

Therefore smaller angle =x =73°
Bigger angle = x+34=73+34=107°

Example8: The presentage of Vijaya’s mother is four times the present age of Vijaya. After
6 years the sum of their ages will be 62 years. Find their present ages.

Solution: Let Vijaya’s present age be ‘x’ years

Then we can make the following table

Vijaya Vijaya’s mother
Present age X 4x
Age after 6 years x+6 4x + 6
~. Sum of their ages after 6 years =(x+6)+(4x+0)
=x+6+4x+6
=5x+12

But it is given that sum of their ages after 6 years is 62

= 5x+12 = 62

5x = 62-12
5x = 50

= &—10
x = 5 =
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Therefore, pppresent age of Vijaya=x =10 years

Example9:

Solution:

Example 10:

Solution:

Present age of Vijaya’s mother =4x= 4 x 10 =40 years

There are 90 multiple choice questions in a test. Two marks are awarded for
every correct answer and one mark is deducted for every wrong answer . If
Sahana got 60 marks in the test while she answered all the questions, then how
many questions did she answer correctly?

Suppose the number of correctly answered questions be ‘x’, then number of
wrongly answer questions =90 —x .

It is given that for every correct answer 2 marks are awarded.
. Number of marks scored for correct answers =2x
And it is given that for every wrongly answered questions ‘1’ mark is deducted

Number of marks to be deducted from the score
= 90-x)x1=90-x
Total score = 2x — (90 —x) =2x—-90 + x=3x—90
But it is given that total score is 60
= 3x—-90= 60

3x= 60+90

3x =150
U

xX=5=

Number of questions answered correctly =x =150
7/ BANISZ(

/ %\
Fa

Ravi works as a cashier in a bank. He has currency of
denominations ¥ 100,3 50,3 10 respectively. The ratio
of number of these notes is 2 : 3 : 5. The total cash with
Raviis ¥4,00,000.

How many notes of cash of each denomination does he
have?

Let the number of ¥ 100 notes = 2x
Number of T 50 notes =3x

and Number of ¥ 10 notes = 5x
. Total Money = (2x x 100) + (3xx50) + (5xx 10)
200x + 150x + 50x = 400x

Note that 2x : 3x: 5x
issameas?2:3:5
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But according to the problem the total money is Rs.4, 00,000.

= 400x = 4, 00,000

L 404000000 1000
Therefore number of¥100 notes = 2x = 2 x 1000=2000
Number of X 50 notes = 3x = 3 x 1000 =3000
Number of I10 notes = 5x = 5 x 1000 = 5000

Exercise - 2.2

1. Find ‘X’ inthe following figures?
() A (i)

(x + 16’
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10.

I1.
12.

13.

14.

Mathematics VIII

The difference between two numbers is 8. If2 is added to the bigger number the result
will be three times the smaller number . Find the numbers.

What are those two numbers whose sum is 58 and difference is 287

The sum of two consecutive odd numbers is 56. Find the numbers.

The sum of three consecutive multiples of 7 is 777. Find these multiples.
(Hint: Three consecutive multiples of 7 are ‘x’, ‘x+7’, ‘x + 14”)

A man walks 10 km, then travels a certain distance by train and then by bus as far as twice
by the train. Ifthe whole journey is of 70km, how far did he travel by train?

Vinay bought a cake and cut it into three pieces. When he weighed \
the first piece he found that it was 7g lighter than the second piece | aﬁ{ \ﬁ;g;
and 4g heavier than the third piece. Ifthe whole cake weighed '

300g. How much did each of the three pieces weigh?

(Hint: weight of first piece be ‘x * then weight of second piece is ‘x .
+ 7°, weight of the third piece is ‘x-4")

The distance around a rectangular field is 400 meters.The length of the field is 26 meters
more than the breadth. Calculate the length and breadth of the field?

The length of a rectangular field is 8 meters less than twice its breadth. Ifthe perimeter of
the rectangular field is 56 meters, find its length and breadth?

Two equal sides of a triangle are each 5 meters less than twice the third side. If the
perimeter of the triangle is 55 meters, find the length of'its sides?

Two complementary angles differ by 12°, find the angles?

The ages of Rahul and Laxmi are in the ratio 5:7. Four years later, the sum of their ages will
be 56 years. What are their present ages?

There are 180 multiple choice questions in a test. A candidate gets 4 marks for every
correct answer, and for every un-attempted or wrongly answered questions one mark is
deducted from the total score of correct answers. If a candidate scored 450 marks in the
test how many questions did he answer correctly?

A sum of T 500 is in the form of denominations of I 5 and< 10. Ifthe total number of
notes is 90 find the number of notes of each denomination.

(Hint: let the number of 5 rupee notes be ‘x °, then number of 10 rupee notes = 90—x)
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15. A person spent3 564 in buying pens and
pencils if cost of each pen is¥ 7 and each [ |I'
pencil is ¥ 3 and if the total number of things "

bought was 108, how many of each type did he buy?

16.  The perimeter of a school volleyball court is

177 ft and the length is twice the width. What are the
dimensions of the volleyball court?

17.  The sum of the page numbers on the facing pages of a
book is 373. What are the page numbers?
(Hint :Let the page numbers of open pages are
xandx + 1)

2.4 Solving equation that has variables on both the sides:

We know that an equation is the equality of the values of two expressions. In the equation
2x—7 =135, the two expressions are 2x-7 and 35. In most examples that we have come across
so far the RHS is just a number. But it need not be always. So, both sides could have expressions
with variables. Let us see how this happens.

Consider the following example

Example 11: The present ages of Rafi and Fathima are in the ratio 7 : 5. Ten years later the
ratio of their ages will be 9 : 7. Find their present ages?

Solution: Since the presen ratios of ages of Rafi and Fathimais 7:5,
We may take, Rafi’s age to be 7x and the Fathima’s age to be 5x
(Note that ratio of 7x and 5x is 7x : 5x and which is same as 7:5)
After 10 years Rafi’s age="7x+ 10
and Fathima’sage = 5x+ 10
After 10 years, the ratio of Rafi’s age and Fathima’s age is 7x+10: 5x+ 10
But according to the given data this ratio is equal to 9 : 7
= Tx+10:5x+10=9:7
ie., 7 (7x+10)=9 (5x + 10)
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Example 12:

Solution :

= 49x+70 =45x+90.

Did younotice that in the above equation we have algebraic expressions on both
sides.

Now let us learn how to solve such equations.

The above equation is 49 x + 70 =45x + 90

= 49x —45x =90 —70 (Transposing 70 to RHS and 45x to LHS)
4x =20

20

725

X =

Therefore Rafi’sage= 7x=7 x 5=35 years

And Fathima’s age =5x=35 x5=25years

Solve 5(x+2)-2B3—-4x)=3(x+5)—-4(4—x)
Sx+10-6+8x = 3x+15-16+4x (removing brackets)
13x+4=T7x-1 (adding like terms)
13x —7x= —1 -4  (transposing 4 to RHS, 7x to LHS)

(transposing 6 to RHS)

Exercise - 2.3

Solve the following equations:

1.

2.
3
4
5.
6
7
8

Tx—5=2x

Sx-12=2x-6
Tp- 3=3p+8
8m+9="Tm+8
Tz+13=2z+4
99 +5=15y-1
3x+4=5x2)

3(t-3)=5(2t—1)
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5-3)=3{P-2)
5(+3)=42z+1)
I5x-1)+4(x+3)=2(7+x)
3G5z-7)+2(9z—-11)=48z-7)-111
8(x—3)-(6-2x)=2(x+2)-5(5-x)
3(n—4)+2M@n-5)=5Mn+2)+16

2.4.1 Some more applications

Example 13:

Solution:

Example 14:

Solution:

In the figure /|| m, and p atransversal find the value of ‘x’?

p

A F Sx'B

>/
/éx+24)°
U
C G D
H

Itis given that/||m and p is a transversal.

A

A

Therefore ZEFB=ZFGD (corresponding angles)
Therefore 5x° = (2x +24)°

Sx —2x=24
3x=24
24

_ 27 _qo

X 3 8

Hema is 24 years older than her daughter Dhamini. 6 years ago, Hema was
thrice as old as Dhamini. Find their present ages.

Let the Present age of Dhamini be ‘x’ years, then we can make the following
table.

Dhamini Hema
Present age X x+24
6 years ago x—06 (x+24)—-6=x+24-6=x+18

Free Distribution by T.S. Government 2021-22



50 Mathematics VIII

Example 15:

Solution:

Example 16:

But as given that 6 years ago Hema was thrice as old as Dhamini
T x+18 =3(x-6)
x+18=3x—-18
x—3x = -18—-18
—2x = 36
x =18.
Therefore present age of Dhamini =x = 18 years
Present age of Hema =x + 24 = 18 + 24 =42 years

In a two digit number the sum of the two digits is 8. If 18 is added to the number
its digits are reversed. Find the number.

Let the digitat ones place be ‘x’
Then the digit at tens place =8 —x (sum of'the two digits is 8)
Therefore number 10 (§ —x) +x=80—-10x +x=80-9x —— (1)
Now, number obtained by reversing the digits = 10 x (x) + (8 —x)
= 10x+8—x=9x+8

Itis given that if 18 is added to the number its digits are reversed
- number + 18 = Number obtained by reversing the digits
= (80-9x)+18=9x+38

98 —9x = 9x + 8

98-8 = 9x+9x

90 = 18x
_ 0
X=1g°

By substituting the value of x in equation (1) we get the number
. Number =80 -9 x 5=280—-45=35.

A motorboat goes down stream in a river
and covers the distance between two

00000f,
.&% //////

coastal towns in five hours. It covers .
this distance upstream in six hours. If —_— /
the speed of the stream is 2 km/hour ' =
find the speed of the boat in still water.
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Solution: Since we have to find the speed of the boat in
still water, let us suppose that it is
x km/h.

This means that while going downstream the
speed of the boat will be (x + 2) kmph
because the water current is pushing the boat
at 2 kmph in addition to its own speed
‘x’kmph.

Now the speed of the boat down stream = (x +2) kmph

= distance covered in 1 hour = x +2 km.
distance covered in 5 hours =5 (x +2) km
Hence the distance between Aand B is 5 (x +2) km
But while going upstream the boat has to work against the water current.
Therefore its speed upstream will be (x — 2) kmph.
= Distance covered in 1 hour = (x —2) km
Distance covered in 6 hours =6 (x —2) km
distance between Aand B is 6 (x —2) km
But the distance between A and B is fixed
2S5(x+2)=6(x-2)
= Sx+10=6x—12
= Sx—6x= -12-10
—x =-22
x=22.
Therefore speed of the boat in still water is 22 kmph.

Exercise- 2.4

1.  Find the value of ‘x’ so that /|| m.

[ m
= > P

2x + 15°
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2.5

Solution:

Mathematics VIII

Eight times of a number reduced by 10 is equal to the sum of six times the number and 4.
Find the number.

A number consists of two digits whose sum is 9. If 27 is subtracted from the number its
digits are reversed. Find the number.

A number is divided into two parts such that one part is 10 more than the other. Ifthe two
parts are in the ratio 5:3, find the number and the two parts.

When I triple a certain number and add 2, I get the same answer as I do when I subtract
the number from 50. Find the number.

Mary is twice older than her sister. In 5 years time, she will be 2 years older than her
sister. Find how old are they both now.

In 5 years time, Reshma will be three times old as she was 9 years ago. How old is she
now?

Atown’s population increased by 1200 people, and then this new population decreased
11%. The town now had 32 less people than it did before the 1200 increase. Find the
original population.

Reducing Equations to Simpler Form - Equations Reducible
to Linear Form:

Example 17: Solve f_l :£+l
2 4 3 2
x 1 x 1
—
2 4 3 2
Nfokwy) Transposing - to L.H.S. and — to RS
2 3 37% (Transposing 3to H.S. an 4‘[0 H.S))
3x—2x 241 _ )
5 = 4 (LCMof2and3is6;2and 4 is 4)
x_3
6 4
3 :
X = 1 x6 (Transposing 6 to R.H.S.)
9
X=—
2
9 . : : :
SoX= 5 s the solution of the given equation.
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E le18: Sol x—4_x+4_x+3
xample 18: Solve 7 s 7

x—4 x+4_ x+3
7 5 7

Solution :

S5(x—-4)-T(x+4) x+3
35 7

S5x-20-7x-28 B x+3

35 7
—2x—-48 x+3
35 7
+
x—4g =13 3
= 2x—-48=(x+3)x5
= —2x—48=5x+15
= —2x—5x=15+48
—7x = 63
8
x=—7=9
Example 19: Solve the equation > = == 1
xample 19: Solve the equation 13 7 —1)
Solution: Letus multiply both sides of the given equation by 2x + 3. This gives

5x+2
2x+3

12
x(2x+3):7x(2x+3)

12
5x+2:7><(2x+3)
Again multiply both sides of the equation by 7. This gives

12
7><(5x+2):7><7><(2x+3)
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Example 20:

Solution:

= Tx(5x+2)=12x(2x+3) —
35x+14=24x+36
35x—24x =36—-14

11x=22
22

x=—=2
11

Now look at the given equation i.e., (1) and equation (2) carefully.

Given equation Simplified form of the given equation

5x+2_2 Tx(5x+2)=12x(2x+3
rei3 7 x(5x+2)=12x2x+3)

What did you notice? All we have done is :

1. Multiply the numerator of the LHS by the 5x+3 12
denominator of the RHS 2y +3 N 7
2. Multiply the numerator of the RHS by the
denominator of the LHS. 5x+3 >< 12
2x+3 N 7

3. Equate the expressions obtained in (1) and (2)
Tx(5x+2)=12x(2x+3)

For obvious reasons, we call this method of solution as the “method of cross
multiplication”. Letus now illustrate the method of cross multiplication by examples

Solve the equation —————= =
olve the equation == =-
By cross multiplication, we get
+ 4 x(Bx+16 X7 2
X = X = —
TGt (3x+16) 3x+16 7

Tx+49=12x + 64
Tx—12x=64 - 49
—Sx=15

x=-3

Free Distribution by T.S. Government 2021-22



Example 21:

Solution:

Example 22:

Solution:

Linear Equations in One Variable 55

Rehana got 24% discount on her frock. She paid ¥ 380 after discount. Find the
marked price of the frock.

Let the marked price of the frock be T x a® g J
Then the discount is 24% of x é ﬂ _
She paid x —24% ofx i.c. 380 T T ganti
x —24% of x = 380 45\

24
= x—— x x=380

100
100x —24x 380
=~ 100
76x =380
100
~380x100
T 76
x =500

. Marked price =% 500

Four fifths of a number is greater than three fourths of the number by 4. Find the
number.

Let the required number be ‘x’,

4
then four fifths of the number = g X

3
And three fourths of the number = Z X

4 3
It is given that gx is greater than Zx by 4

4 3
—x—-——x=4

57 4
16x—15x:4

20

= 2 -4 =x=80
20

Hence the required number is 80.
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Example 23:

Solution:

Example 24:

Solution:

John sold his watch for I 301 and lost 14% on it. Find the cost price of the
watch.

Let the cost price of the watch =3 x

14x

14
Thelossonit=14% of ‘x’ = W

—XXx =
100

Selling price of the watch = Cost price — Loss

=301= x—14—x
100
301 = 100x —14x
100
301 = 86_x
100
301x100
_— X
86
350 =x

Therefore the cost price of the watch =3 350.

A man had to walk a certain distance. He covered two thirds of
itat4kmph and the remaining at 5 kmph. If the total time taken is
42 minutes, find the total distance.

Let the distance be ‘x’ km.

First part Second part
4 2 2x o ) 2x X
Distance covered 3 of ‘x’= EY Remaining distance = X — = = 3
Speed 4 kmph 5 kmph
2 X
' 3% 2x 3 X
Time taken 3 _“*hr 3_*hr
4 12 5 15
Therefore total time taken = —+ - h
erefore total time taken = - 15 br
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Solution:

Linear Equations in One Variable 57

2x X
—+—) hr =42 min.
= TR
2x X 42
—+—) hr=—nr.
= STRETL 60
2x x 42
_— =
12 15 60
10x+4x_£
60 60
= 14x = 42
= x= 3

Total distance x =3 km.

The numerator of a fraction is 6 less than the denominator. If 3 is added to the

2
numerator ,the fraction is equal to 3 find the original fraction

Let the denominator of the fraction be ‘x’ then
Numerator of the fraction=x— 6

. x—06
Therefore the fraction = T

If 3 is added to the numerator , it becomes —

3
x—6+3_£
= X 3
x—3_g
X 3
= 3x-9=2x
x=9
. Fraction = =2 -2-6_3
.. Fraction = . T 9 7%

Therefore original fraction is 9"
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Example 26:

Solution:

Example 27:

Solution:

Sirisha has< 9 in fifty-paisa and twenty five paise 4
coins. She has twice as many twenty five paise (&
coins as she has fifty paise coins. How many

coins of each kind does she have?
Let the number of fifty paise coins =x

Therefore the number of twenty five paise coins =2x

. . ) 50x X
Value of fifty paise coins = x x 50 paisa=I— =% =
100 2
. . . 25
Value of twenty five paise coins = 2x x 25 paisa= 2x X 100
1 X
=2xx— =% —
4 X 2

X X
Total value ofall coins= I [E + Ej

But the total value of money is X9

= —+—=9
2
2x
2
x=9

Therefore number of fifty paise coins=x=9
Number of twenty paise coins =2x=2 x 9=18.

A man driving his moped at 24 kmph reaches his destination 5 minutes late to an
appointment. Ifhe had driven at 30 kmph he would have reached his destination
4 minutes before time. How far is his destination?

Let the distance be ‘x’ km.

X
Therefore time taken to cover ‘x” km. at 24 kmph = o hr.

X
Time taken to cover ‘x’ km. at 30 kmph = 30 hr.

Free Distribution by T.S. Government 2021-22



Linear Equations in One Variable

9
Butit is given that the difference between two timings =9 min= — hr.

60
x_x_9
24 30 60
5x—4x _i
120 60
x_9
= 120 60

9

x=—x120=18
= 760

Therefore the distance is 18 km.

Exercise - 2.5

X

X
i —-—Z=14
W 37
z z z ) 2p p 2
24223 2E_F_11=Z
(i) 3737% (iv) 57=5 =113
91— _ll . E_i+£+3_x—l
V) 25 =r=13 V) 37575 073
Lox 1 ox 1 L. 2x-3 2
Vi) F=7=345 (vill) 3775 =3
. 8p—5:—_2 Ty+2 6y—35
) 7,51 4 T
ox+5 x+1 x+3 o 3t+1 2t-3 t+3 3t-1
(x1) - = (xi1) - =

+
6 9 4 16 7 8 14

What number is that of which the third part exceeds the fifth part by 4?
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10.

I1.

12.

13.

Mathematics VIII

The difference between two positive integers is 36. The quotient when one integer is
divided by other is 4. Find the integers.

(Hint: If one number is ‘x’, then the other number is ‘x—36)

The numerator of a fraction is 4 less than the denominator. If 1 is added to both its

. ) I . :
numerator and denominator , it becomes 5 Find the fraction.

Find three consecutive numbers such that if they are divided by 10, 17, and 26 respectively,
the sum of their quotients will be 10.

x x+1 x+2

(Hint: Let the consecutive numbers =x,x+ 1,x+2,then —+ B + ¥ =10)

In class of 40 pupils the number of girls is three-fifths of the number of boys. Find the
number of boys in the class.

After 15 years , Mary’s age will be four times of her present age. Find her present age.

Aravind has a kiddy bank. Itis full of one-rupee and fifty paise coins. It contains 3 times
as many fifty paise coins as one rupee coins. The total amount of the money in the bank is
% 35. How many coins of each kind are there in the bank?

A and B together can finish a piece of work in 12 days. If ‘A’ alone can finish the same
work in 20days , in how many days B alone can finish it?

If a train runs at 40 kmph it reaches its destination late by 11 minutes . But if it runs at
50 kmph it is late by 5 minutes only. Find the distance to be covered by the train.

One fourth of a herd of deer has gone to the forest. One third of the total number is
grazing in a field and remaining 15 are drinking water on the bank of a river. Find the total
number of deer.

By selling a radio for 903, a shop keeper gains 5%. Find the cost price of the radio.

Sekhar gives a quarter of his sweets to Renu and then gives 5 sweets to Raji. He has
7 sweets left. How many did he have to start with?
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ﬁ What we have discussed

1. Ifthe degree of an equation is one then it is called a linear equation.
If a linear equation has only one variable then it is called a linear equation in one
variable or simple equation.

3. The value which when subsitututed for the variable in the given equation makes
L.H.S.=R.H.S. is called a solution or root of the given equation.

4. Justas numbers, variables can also be transposed from one side of the equation to

the other side.

A magic Diamond

Find numbers to put in the circles so
that the total along each line of the
dimond is the same.

Hint : The number will be of the form
a=x,b=5+x, c=3+x, d=11+x

where x is any number and the total along each line will be 20 + 2x
forexampleifx=1,thena=1,b=6, c=4, d=12 and each line total will be 22.
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Chapter 3

Construction of Quadrilaterals

3.0 Introduction

We see fields, houses, bridges, railway tracks, school
buildings, play grounds etc, around us. We also see kites,
ludos, carrom boards, windows, blackboards and other
things around. When we draw these things what do the /
figures look like? What is the basic geometrical shape in
all these? Most of these are quadrilateral figures with

four sides.

Kamal and Joseph are drawing a figure to make a frame of measurement with length 8 cm and
breadth 6cm. They drew their figures individually without looking at each other’s figure.

Kamal Joseph
8 cm 8 cm
6 cm 6 cm 6 cm 6 cm
8 cm 8cm
Are both the figures same?

You can see that both of these figures are quadrilaterals with the same measurements but the
figures are not same. In class VII we have discussed about uniqueness of triangles. To construct
unique triangle you need three sides or two sides and one included angle or two angles and a
side. How many measurements do we need to construct a unique quadrilateral? By a unique
quadrilateral we mean that quadrilaterals made by different persons with the same measurements

will be congruent.

Free Distribution by T.S. Government 2021-22



3.1

In the given Figure, ABCD is a quadrilateral with vertices A, B, C, D
andsides; AB, BC, CD, DA . The angles of ABCD are /BAD,

ZADC, ZDCB and ZCBD and the diagonals are AC, BD.

Construction of Quadrilaterals 63

Do This:

Take a pair of sticks of equal length, say 8 cm. Take A 8 cm D
another pair of sticks of equal length, say, 6 cm. Arrange
them suitably to get a rectangle of length 8 cm and breadth
6 cm. This rectangle is created with the 4 available
measurements. Now just push along the breadth of the
rectangle. Does it still look alike? You will get a new

6 cm 6 cm

B

@

shape of arectangle Fig (i1), observe that the rectangle Sem D
has now become a parallelogram. Have you altered the

lengths of the sticks? No! The measurements of sides ¢ ™ e
remain the same. Give another push to the newly
obtained shape in the opposite direction; what do you
get? You again get a parallelogram again, which is
altogether different Fig (iii). Yet the four measurements 5 8 cm D
remain the same. This shows that 4 measurements of a

quadrilateral cannot determine its uniqueness. So, how 6 cm 6 cm
many measurements determine a unique quadrilateral?

Let us go back to the activity! 8 cm

You have constructed a rectangle with two sticks each
of length 8 cm and other two sticks each of length 6 cm.
Now introduce another stick of length equal to BD and

6 cm 6 cm

putitalong BD (Fig iv). If you push the breadth now,

does the shape change? No! It cannot, without making B S om
the figure open. The introduction of the fifth stick has (iv)
fixed the rectangle uniquely, i.e., there is no other quadrilateral (with the given lengths
of sides) possible now. Thus, we observe that five measurements can determine a
quadrilateral uniquely. But will any five measurements (of sides and angles) be sufficient
to draw a unique quadrilateral?

Quadrilaterals and their Properties
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Mathematics VIII

Do This

Equipment

You need: aruler, a set square, a protractor.

Remember:

To check if the given lines are parallel, slide the set

square from the first line to the second line

as shown in adjacent figures.

Now let us investigate the following using proper instrumer

For each quadrilateral.
(a) Check ifopposite sides are parallel.
(b) Measure each angle.

(c) Measure the length of each side.

7
/7
= )
N

3

6 7
9 >
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Record your observations and complete the table given below.

2 pairs of | 2 pairs of | 2 pairs
2pairsof | 1pairof | 4right| opposite [ opposite of
Quadrilateral | parallel |parallelsides| angles sides angles |adjacent| 4 sides
sides equal equal sides equal
equal
1 X x x X x v X
2
3
4
5
6
7
8
9
10

Parallelogram is a quadrilateral with 2 pairs of parallel sides.
(a)  Which shapes are parallelograms?
(b) What are the other properties does a parallelogram have?

Rectangle is a parallelogram with four right angles.

(@)  Which shapes are rectangles?

(b) What properties does a rectangle have?

Rhombus is a parallelogram with four equal sides .

(a) Which could be called a rhombus?

(b)  What properties does a rhombus have?

Square is arhombus with four right angles .

(a) Which shapes are squares?

(b) What properties does a square have?

Trapezium is a quadrilateral with at least one pair of parallel sides.
(a)  Which of the shapes could be called only a trapezium ?
(b) What are the properties of a trapezium ?
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Quadrilaterals 1 and 8 are kites. Write down some properties of kites.
We can classify quadrilaterals based on the properties you have observed.

) / \ v
Quadrilateral

One pair of opposite sides
are parallel

Trapezium
l Two pair of opposite sides Kite
are equal and parallel
Each angle is 90°
Parallelogram Rectangle
Adjacent sides Adjacent sides
X are equal are equal
Each angle is 90 . A A
>
Square
Rhombus
Think - Discuss and write : %
1.  Iseveryrectangle a parallelogram? Is every parallelogram a rectangle?

2. Uma has made a sweet chikki. She wanted it to be rectangular shaped In how many
different ways can she verify that it is rectangular?

Do This
& Can you draw the angle of 60°
\ Allowed Not allowed
(0)
)
\

Compass A straight edge Scale (Ruler) Protractor
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Observe the illustrations and write steps of construction for each.

()

B

(b)

A

ZAOR =30°

(iif) /
L ]

— R
-
P S Q
\ /RSP =90°
R
() ’\ ”<” 7
-
P S Q ] ] ]
R
| _ T
</, P S | Q
ZQST = 45°
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3.2  Constructing a Quadrilateral

We would draw quadrilaterals when the following measurements are given.
1. When four sides and one angle are given (S.S.S.S.A)

2. When four sides and one diagonal are given (S.S.S.S.D)

3. When three sides and two diagonals are given (S.S.S.D.D)

4. When two adjacent sides and three angles are given (S.A.S.A.A)

5. When three sides and two included angles are given (S.A.S.A.S)

3.2.1 Construction : When the lengths of four sides and one angle are given (S.S.S.S.A)

Example 1: Construct a quadrilateral PQRS in which PQ =4.5 cm, QR =5.2 cm,
RS=5.5cm, PS=4cmand £ RQP =120°.

Solution :

Step 1 : Draw arough sketch of the required quadrilateral and mark

the given measurements. Are they enough ?

Step 2 : Draw APQR using S.A.S
Property of construction, by
taking PQ = 4.5 cm,
ZRQP=120°and QR =5.2 cm.

4.5cm Q
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Step 3 :

Step 4 :

Construction of Quadrilaterals 69

To locate the fourth vertex

‘S’, draw an arc, with centre P R
and radius 4cm (PS = 4 cm) S
Draw another arc with centre R
and radius 5.5 cm (RS=5.5cm)
which cuts the previous arc at S. 52¢m
120°
P 4.5cm Q

Join PS and RS to complete the
required quadrilateral PQRS.

4.5cm Q

Example 2 : Construct parallelogram ABCD given that AB =5 cm, BC = 3.5 cm and

Z A=60°.

Solution : D C

Step 1:

Steps 2:

Draw a rough sketch of the parallelogram (a special 5 »
type of quadrilateral) and mark the given o —em

measurements. 60°

Here we are given only 3 measurements. But as the
ABCD is a parallelogram we can also
write that CD=AB=5cmand AD =
BC=3.5cm. (How?)

(Now we got 5 measurements in total). N
Draw ABAD using the measures

AB = 5cm, ZA = 60° and
AD=35cm.

A S5cm B
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Steps 3: Locate the fourth vertex
‘C’ using other two
measurements BC=3.5cm
and DC =5 cm.

B
Step 4 : Join B, C and C, D to Scm \C

complete the required
parallelogram ABCD.

3.5¢

3.5cm
60°
A B

S5cm

(Verify the property of the parallelogram using scale and protractor)
Let us generalize the steps of construction of quadrilateral.
Step 1: Draw arough sketch of the figure .

Step 2 : Ifthe given measurements are insufficient, analyse the figure. Try to use special properties
of the figure to obtain the required measurements

Step 3 : Draw a triangle with three of the five measurements and use the other measurements to
locate the fourth vertex.

Step 4: Describe the steps of construction in detail.

Exercise - 3.1

Construct the quadrilaterals with the given measurements. And write steps of construction.

(a) Quadrilateral ABCD with AB =5.5 cm, BC =3.5 cm, CD =4 cm, AD =5 cm
and ZA =45°.

(b) Quadrilateral BEST with BE = 2.9 cm, ES =3.2 cm, ST = 2.7 cm, BT = 3.4 cm
and /B=75°.

(c) Parallelogram PQRS with PQ =4.5 cm, QR =3 cmand ZRQP = 60°.
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(d) Rhombus MATH with AT =4 cm, /MAT = 120°.
(e) Rectangle FLAT with FL=5cm, LA=3 cm.

() Square LUDO with LU=4.5 cm.

3.2.2 Construction : When the lengths of four sides and a diagonal is given (S.S.S.S.D)

Example 3 : Construct a quadrilateral ABCD where AB = 4 cm, BC = 3.6 cm,
CD=42cm,AD=4.8cmand AC =5 cm.

Solution : X
4.2
Step 1: Draw arough sketch of the quadrilateral ABCD with the given - C
dota . . . . A8em s 3.6cm
(Analyse if the given data is sufficient to draw the '
quadrilateral or not . A o

If sufficient then proceed further, if not conclude that the data is not enough to draw the

given figure).
Step 2: Construct AABC with AB =4 cm, BC =3.6 cm C
and AC=5cm
Sem 3.6cm
A 4cm B
Step 3: We have to locate the fourth vertex ‘D’. It would D
be on the other side of AC. So with centre A
and radius 4.8 cm (AD =4.8 cm) draw an arc
and with centre C and radius 4.2 cm (CD =4.2 <
cm) draw another arc to cut the previous arc
atD.
Sem 3.6cm
A 4cm B
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Step 4: Join A, D and C, D to complete the quadrilateral D

ABCD. — ]
4.2cm
C
4.8cm
Sem 3.6cm
A 4cm B
Example4: Constructarhombus BEST withBE=4.5cm and ET=5cm
Solution : T S
Step 1 : Draw arough sketch of the rhombus (a special type of
quadrilateral). In which all sides are equal. So Jg’@
BE = ES = ST = BT = 4.5 cm and mark the given
measurements.
: B 4.5cm E
Now, with these measurements, we can construct
the figure. T
Step 2 : Draw ABET using SSS property of construction
with measures BE=4.5cm, ET=5cm and
— S N
BT=4.5cm 9 e,
v
B 4.5cm E
Step 3 : By drawing the arcs locate the
fourth vertex ‘S’ ,with the remaining S
two measures ES = 4.5 cm and
ST=4.5cm.
B E

4.5cm
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Step 4 : JoinE, Sand S, T to complete the
required rhombus BEST. T 45cm S
IS 3
W l’%§
¢
B 4.5cm E

Try These

1.  Canyoudraw a parallelogram BATS where BA=5 cm, AT =6¢cm and
AS=6.5cm? explain?

2. Astudent attempted to draw a quadrilateral PLAY given that
PL=3cm, LA=4cm AY=45cm,PY=2cmand LY =6 cm.
But he was unable to draw it why ?

Try to draw the quadrilateral yourself and give reason.

Exercise - 3.2

Construct quadrilateral with the measurements given below :

(a) Quadrilateral ABCD with AB =4.5 cm, BC = 5.5 cm, CD =4 cm, AD = 6 cm
and AC= 7cm

(b) Quadrilateral PQRS with PQ = 3.5 cm, QR =4 cm, RS =5 cm, PS = 4.5 cm
and QS = 6.5 cm

(c) Parallelogram ABCD with AB = 6cm,AD=4.5cmand BD=7.5cm

(d) Rhombus NICE withNI=4 cmand IE=5.6 cm

3.2.3 Construction: When the lengths of three sides and two diagonals are given
(S.S.S.D.D)

Example 5 : Construct a quadrilateral ABCD, given that AB = 4.5 cm, BC = 5.2 cm,
CD =4.8 cm and diagonals AC=5cmand BD=5.4 cm.
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Solution :

Step 1: We first draw a rough sketch of the quadrilateral ABCD.
Mark the given measurements.

(It is possible to draw AABC with the available
measurements)

Step 2: Draw AABC using SSS Property of construction
with measures AB = 4.5 c¢m, BC = 5.2 cm and
AC=5cm

Step 3: With centre B and radius 5.4 cm and with
centre C and radius 4.8 cm draw two arcs

opposite to vertex B to locate D.

A 4.5¢cm B

Step 4: Join C,D, B,D and A,D to complete the
quadrilateral ABCD.
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Think, Discuss and Write : @%:%
’ .

Rl

1.  Canyou draw the quadrilateral ABCD (given above) by constructing AABD first and
then fourth vertex ‘C” ? Give reason .

2. Construct a quadrilateral PQRS with PQ=3 cm, RS=3 cm,PS=7.5cm, PR=8cm
and SQ =4 cm. Justify your result.

Exercise - 3.3

Construct the quadrilateral with the measurements given below :

(a) Quadrilateral GOLD; OL=7.5cm, GL=6cm,LD=5cm, DG=5.5 cm and
OD=10cm

(b) Quadrilateral PQRS PQ = 4.2 cm, QR = 3 cm, PS = 2.8 cm, PR = 4.5 cm and
QS=5cm.
3.2.4 Construction : When the lengths of two adjacent sides and three angles are known

(S.A.S.A.A)

We construct the quadrilateral required as before but as many angles are involved in the
construction use a ruler and a compass for standard angles and a protactor for others.

Example 6 : Construct a quadrilateral —
PQRS, given  that The angles such as 0%, 30, 45", 60°, 90°,

PQ =4 cm, QR = 4.8 cm 120° and 180° are called standard angles.

ZP=75° 2Q =100° and
/R =120°.

Solution :

Step 1: We draw a rough sketch of the
quadrilateral and mark the given
measurements. Select the proper
instruments to construct angles.

Step 2: Construct APQR using SAS °

property of construction with measures Re
PQ=4 cm, ZQ=100° and QR =4.8 cm
7
Y
(Why a dotted line is used to join PR ? This //
can be avoided in the next step). // 100
P 4cm
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Step 3: Construct Z/P=75°and draw Py

[Do you understand how 75° is
constructed?

(a) An arc is drawn from P. Let it
intersect PQ at P’ . With center P’
and with the same radius draw two
arcs to cut at two points A, B which
give 60° and 120°respectively.

(b) From A,B construct an angular
bisector. Which cuts the arc at C,
making 90°.

(c) From A, C construct angular
bisector (median of 60° and 90°)
whichis 75°.]

Step 4: Construct ZR = 120° and draw
RZ to meet PY atS.

PQRS is the required quadrilateral.

4cm
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Think, Discuss and Write : %
L \_‘:

Rl

1. Canyou construct the above quadrilateral PQRS, if we have an angle of 100° at P instead

of 75° Give reason.
2. Can you construct the quadrilateral PLAN if PL=6 cm, LA=9.5cm, £P=75°,
/L =15%nd ZA=140°

(Draw a rough sketch in each case and analyse the figure) State the reasons for your

conclusion.

Example 7 : Construct a parallelogram BELT, given that BE = 4.2 cm, EL = 5 cm,
LT =45°,

Solution :

Step 1: Draw arough sketch of the parallelogram BELT

and mark the given measurements. (Are they are

sufficient for construction ?) s

B 4.2cm

Analysis :

Since the given measures are not sufficient for construction, we shall find the required

measurements using the properties of a parallelogram.
As “Opposite angles of a parallelogram are equal” so ZE= £T =45° and

“The consecutive angles are supplementary” so /L =180° —45°=135°.

Thus /B= /L=135° X
Step 2 : Construct ABEL using SAS property of .
construction model with BE = 4.2 cm,
ZE=45° and EL =5 cm ‘.' R
! % <
’I
I
1
1
1
I 459
L
B 4.2cm E

Free Distribution by T.S. Government 2021-22



78 Mathematics VIII

Step 3 : Construct /B =135%and draw BY

X

45"
B 4.2cm E

Step 4 : Construct ZL=135° and draw LN tomeet BY atT.

BELT is the required quadrilateral (i.e. parallelogram)

X

Y
N. \T N~ L
VA

45

B 4.2cm E

Do This

Construct the above parallelogram BELT by using other properties of parallelogram?

Exercise - 3.4

Construct quadrilaterals with the measurements given below :

(a) Quadrilateral HELP with HE =6cm, EL=4.5 cm, ZH=60°, ZE=105°and /P=120°.
(b) Parallelogram GRAM with GR=AM =5 cm, RA=MG=6.2cmand /R =85°.

(c) Rectangle FLAG with sides FL=6cmand LA=4.2 cm.
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3.2.5 Construction :When the lengths of three sides and two included angles are
given (S.A.S.A.S)

We construct this type of quadrilateral by constructing a triangle with SAS property. Note
particularly the included angles.

Example 8 : Construct a quadrilateral ABCD in which AB =5cm, BC=4.5cm, CD=6 cm,
/B =100° and ZC =75°.

Solution : D oo 75" ‘
Step 1 : Draw arough sketch, as usual and mark the measurements 5
given (Find whether these measures are sufficient to construct N
a quadrilateral or not? Ifyes, proceed) A _ 1% A
cm

Step 2 : Draw AABC with measures AB=5cm,
/B =100° and BC = 4.5 cm using
SAS rule.

S5cm

Step 3 : Construct £C = 75° and
Draw CY

A S5cm B
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Step 4 : With centre ‘C’ and radius
6 cm draw an arc to
intersect CY at D. Join
A, D. ABCD is the required
quadrilateral.

Scm

Think, Discuss and Write : %
N o \__‘:

N

Do you construct the above quadrilateral ABCD by taking BC as base instead of AB ? If So,
draw a rough sketch and explain the various steps involved in the construction.

Exercise - 3.5

Construct following quadrilaterals-

(a) Quadrilateral PQRS with PQ =3.6cm, QR =4.5 cm,RS=5.6 cm, ZRQP =135° and
ZSRQ =60°.

(b)  Quadrilateral LAMP with AM=MP=PL=5cm, /M =90°and /P=60°.

(c) Trapezium ABCD in which AB || CD, AB =8 cm, BC = 6¢cm, CD=4cmand ZB = 60°.

3.2.6 Construction of Special types Quadrilaterals :

(a) Construction of a Rhombus :

Example9: Drawarhombus ABCD in which diagonals B
AC=45cmand BD=6cm.
Solution : 3cm
Step 1 : Draw arough sketch of thombus ABCD and mark the given ;l C
measurements. Are these measurements enough to construct 4'503";m
the required figure ?
To examine this, we use one or other properties of thombus to ¥

construct it.
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Analysis: The diagonals of a rhombus bisect each other perpendicularly,
AC and BD are diagonals of the rhombus ABCD. Which

Step 2:

Step 3:

Construction of Quadrilaterals 81

bisect each other at ‘O’. i.e. ZAOB=90° and

Now proceed to step 2 for construction.

Draw AC =4.5cm (one diagonal of the rhombus
ABCD) and draw a perpendicular bisector XY of
it and mark the point of intersection as ‘O’.

As the other diagonal BD is Perpendicular to AC,
BD is a part of XY . So with centre ‘O’ and
radius 3 cm (OB = OD = 3cm) draw two arcs on
either sides of AC to cut XY atB and D.

o
a

Jrm

3cm

Drm

3cm

Y
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Step 4: Join A,B;B,C;C,Dand D,A tocomplete the A%
rhombus. B

Think, Discuss and Write :

1. Canyou construct the above quadrilateral (rhombus) taking BD as a base instead of AC?

Ifnot give reason.

2. Suppose the two diagonals of this thombus are equal in length, what figure did you obtain?

Draw a rough sketch for it. State reasons.

Exercise - 3.6

Construct quadrilaterals for measurements given below :
(a) Arhombus CART with CR=6 cm, AT=4.8 cm
(b) A rhombus SOAP with SA=4.3cm, OP=5cm

(c) Asquare JUMP with diagonal 4.2 cm.
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2. Aquadrilateral can be constructed uniquely, if
(a) The lengths of four sides and one angle are given

(b) The lengths of four sides and one diagonal are given

-

(c) The lengths of three sides and two diagonals are given BGECSL

(d) The lengths of two adjacent sides and three angles are given
(e) The lengths of three sides and two included angles are given

3. Thetwo special quadrilaterals, namely rhombus and square can be constructed when
two diagonals are given.

Teachers Note:

Angles constructed by using compass are accurate and can be proved logically, where as the
protractor can be used for measurement and verification. So let our students learn to construct
all possible angles with the help of compass.

Fun with Paper Cutting

Tile and Smile

Cut a quadrilateral from a paper as shown in the figure. Locate
the mid points of'its sides, and then cut along the segments joining
successive mid points to give four triangles T, T,, T;, T, and a
parallelogram P.

Canyou show that the four triangular tiles make a parallelogram.
How does the area of the parallelogram compare to the area of
the original quadrilateral?

Just for fun :

Qudrilateral + Quadrilateral = Parallelogram?
Fold a sheet of paper in half, and then use scissors to cut a pair of congruent quadrilaterals.
Cut one of the quadrilateral along one of the diagonals, and cut the second quadrilateral along
the other diagonal. Show that four triangles can be arranged to form a parallelogram.
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Chapter

Exponents and Powers

4.0 Introduction

We know that 3 x 3 x3x3x3x3 =3° and
3X3X3X3X3X i, (mtimes) = 3™
Observe the following examples:
(1) The estimated diameter ofthe sunis 1,40,00,00,000 m and
(i) Mass of the sunis 1, 989, 100, 000, 000, 000, 000, 000, 000, 000, 000 kg
(ii1) The distance from the Sun to Earth is 149, 600, 000, 000 m.
(iv) The universe is estimated to be about 12,000,000,000 years old.
(v) The earth has approximately 1,353,000,000 cubic km of sea water.

In a chess board there are 64 boxes. Let us fill each square of a chess board is filled with
grain like this. First box is filled with one grain and remaining boxes are filled in such a way
that number of grains in a box is double of the previous box. Do you know how many
number of grains required to fill all 64 boxes? It is 18,446,744,073,709,551,615.

Can we read, write and understand such large numbers?
Try to recall how we have written these kinds of numbers using exponents
1,40,00,00,000 m = 1.4x10” m.

9— Exponent
We read 10° as 10 raised to the power of 9 1 O
Power«— —

-Base

Do This

1. Simplify the following-
()37 x 3° ()4 x4x4x4x4 (i) 3*x4°

2. Thedistance between Hyderabad and Delhiis 1674.9 kmby rail. How would
you express this in centimeters? Also express this in the scientific form.
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4.1 Powers with Negative Exponents

Usually we write

Diameter of the sun = 1400000000 m= 1.4 x 10’ m
Avagadro number = 6.023 x 10

These numbers are large numbers and conveniently represented in short form.
But how we represent very small numbers even less than unit? for example
Thickness ofhair = 0.000005 m

Thickness of micro film=0.000015 m

Let us find how we can represent these numbers that are less than a unit.

Let us recall the following patterns from the earlier class

10°=10x 10 x 10 = 1000

As the exponent decreases by 1, the value becomes

10 =10 x 10 =100 = 1000/10 one-tenth of the previous value.
1 T — =
100 =10=100/10
10° =1=10/10
10" =2
. a1
Continuing the above pattern we can say that 10™ = 10
Simikrly 102 = = 510 - L x Lo L _ L
Y 10 10 10 100 10°
S RS BN TS B
100 © 100 10 1000 10°
. . . 1 —n 1 n
From the above illustrations we can write T =10"" or 10—,,,=10

Observe the following table:

1 kilometre| 1 hectometre |1 decametre 1 metre |1 decimeter |1centimetre |1 millimetre

1 1 1
1000m 100m 10m 1m B m E m m m
10°m 10°m 10'm 10°m 10'm 102m 10°m
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Do This

What is 1071° equal to?

Observe the pattern-
H 8 = 2x2x2 = 2’
.8 2
1 —_— = = =
(i) > 4=2x2 2
i = = 2-2
i) 5 = 2=

.2 0
(v) 5 = 1=2

L _ 5

©» 5 =

L _
VM 5= 2 ?

—m

1
In general we can say that for any non zero integer ‘a’, a = = —,-, whichis the multiplicative

a
inverse of " . (How ?)

Thatisa” xa™ = a™ ™ = 4"=1

Do This

Find the multiplicative inverse of the following

Qo 37 i 47 (i) 77* ) 77
—n i 1 .
V) x (Vi) il (vii) i
Look at this
distance

We know that, speed = —
time

Writing this symbolically , s = % . When distance is expressed in meters (m) and time in

seconds(s), the unit for speed is written as m x st Similarly the unit for acceleration is ﬁz ,

N

. -2
which can also be expressed asm x s~ ~.
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We can express the numbers like 3456 in the expanded form as follows :
3456 = (3 x 1000) +(4x100) +(5x10)+(6x 1)
3456 = (3 x 10%) + (4 x 10%) + (5% 10)+ (6 x 10°)

Similarly 7405 = (7 x 10%) + (4 x 10%) + (0 x 10) + (5 x 10%)

Now let us see how we can express the decimal numbers like 326.57 in the expanded form by
using exponentials.

(We have
5 7
326.57=(3><102>+(2x10>+<6X10°>+(EJ+(W) L_10eL -107

_2=

10

=(3x10°)+(2x10)+ (6 x 10°) +(5 x 10™) + (7 x 10?)

6 8 4
Also 734.684 = (7 < 10%)+ (3% 10) + (4 x 10°) + (EHWHWJ

=(7x102)+(3x10)+ @ x 10°) + (6 x 1071) + (8 x 1072) + (4 x 107)

Do This

Expand the following numbers using exponents

(i) 543.67 (i) 7054243 (iii) 6540.305  (iv) 6523.450

4.2  Laws of Exponents

m n

. -+, ¢
We have learnt that for any non-zero integer ‘a’, a” x a" = a™ " ; where ‘m’ and n’ are

natural numbers.

Does this law also hold good for negative exponents?

Let us verify : g i |
. ; 2 o4
(i)  Consider 37 x 3 a = o for any non zero integer ‘a’
1 ~ >
We know that 3= 3
am m-—n )
. ) 1 32 | Weknow that —-=a" ", wherem>n
Therefore 3°x 37 =37 x 3 = F a J
_ 324 32
ie, 3*x3%= 37

(i) Take (-2)° x(-2)™

(-2)7x (-2 =
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B 1
(-2

1
= 27 (v~ =a™

Therefore (<2)7 x (=2)*=(=2)""
(111) Let us take (—5) 2y (_5)—5

8% (_8y S = (L8)y2x«
S = 69

(e
= (5" e

Therefore (=5)2x (=5) =(=5)"° (We know 2+(=5)=-3)

. . +
In general, we can infer that for any non-zero integer ‘a’, a” xa"=a™"; where ‘m’ and a ‘n’
o

are integers.

Do This

Simplify and express the following as single exponent.
@) 2°%x27% () 7x7 (i) 3*x37  (iv) Px7*x 7

v) mxm ' (Vi) (=5) 7 x (=57

Similarly, we can also verify the following laws of exponents where ‘@’ and ‘b’ are non zero
integers and ‘m’ and ‘n’ are any integers.

1 — =4""
an
2. (d"Y'=d™
3. (@"xb")=(ab)" You have studied these laws in
lower classes only for positive
exponents
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5. d=1
Do you find any relation between ‘m’ and ‘n’ if a”'= o", where ‘a’ is a non zero integer and
a #1,a #-1. Let us see: Why a =17
a” o ) Ifa=1,m=7and n=6then
Let d"=4d" then — =1 ( Dividing both sides by ") 17 =16
a
. m-n m—n 0 = 7=6
Thatis " "=1. a "=a is it true ?

som=n=0 soa #1

If a=—1, then what happens?

Thus we can conclude that if a” =" then m =n.

1
Example1: Find thevalueof (i) 572 (i) >3 (iii) (-5)°
, L 1 1 1
Solution: (i) 5° = (5)2 T 5x5 25 (oa” :a_’”)
N 5 1
() o5 = 20 =2x2x2x2x2 (v —=a")
a
2° =32
(iii) (-5)* =(=5) (=5) = 25
Example 2 : Simplify the following
4 (35)’
D (=5 4 _5 6 i T 2 3—6
) (=5 x (=57 (i) 7 (i) Sk
Solution: Q) (=5 x (=5 (oa™xa"=a™™m)
= (5= (-5
1 1 1 L]
57 (x5 25 (oam=m)
4 a” _
@ o7 (0 — = d"™")
=474 =43 =64
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Y
(i (—J .30
3

_ (35—3)5 % 376 a  _

( (am)n =amn)

=310 % 370=3%=3]

Example 3:  Express each of the following with positive exponents.

1 4)* 7
(i 47 (i) "5+ (i) (7) (V) -

1
Solution : i 47 (Weknow a™ =—)

a

7—4
p=3
_ 746)

(v)

_ g6 2

Example4: Express 27 *asa power with base 3

Solution : 27 can be written as 3 x 3 x 3= 3°
Therefore 27+ =(3%)™

_ 312

(... (am)n — amn)
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ExampleS: Simplify

(1Y)
(1) (2—7j><2

1 _
0 [2—7}23

Solution :

(i) 4*x 1672 x 4°

27 can be expressed as 3 x 3 x 3= 33

1Y s 1,
— (X277 =—x2
So, (27) 3

"6 216
() 4% x 1672 x 4°
— 4 % (@2 x 4
— 4ty 44w 40
_ 44470 _ 40
=1
Example 6: Can you guess the value of ‘x’ when
27=1
as we discussed before a’ = 1
Obviously 2* =1
2r =20

Solution:

= x=0

Example 7 : Find the value of ‘x’ such that

(i) 25 x 5° =58 (ii)

(iii) (3%)* =3 12% (iv)

(o d”" x b™=(ab)")

(o @"y'=a™

( am > an=am+n)

1
— x 72x =78

(_2)x+1 % (_2)7= (_2 )12
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Solution : (i) 25 x 5°=5° as 25=5x5=5°
52x 5 =58 But " x d"=a"""
527% = 58 Ifd"=d" = m=n
2+x =8
X =6
@ x7r 7
49
%x72x =7" (- aim: a™)
72 5 72— 78
72-2_ 48

As bases are equal, Hence

2x -2 =8
2x=8+2
2x =10
x=£=5

2

T x=5
(i) (36)4=312x [ (@)'=d"™]

324 _ 3l

As bases are equal, Hence

24 = 12x
Ll
. X = 12 =

) (7 (2 =(2)"
(_2) x+1+7 — (_2)12
(_2)x+8 — (_2)12
As bases are equal, Hence
x+8 =12
x=12-8=4
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Example 8 :
Solution 25 5x5 5°
ion: — = =
" 4 2x2 22
-3 2 3 2\ 2
2 257 (2 5 o mn
5) 7)) "G 7 (- ) -
3 4 m
_5_3X2_4=53—4X24—3 AS_n=am_n
2 5 a
2
_ g1 1_ =
5 x2 5
> 1y (1Y’
Example9: Simplify {(EJ _(EJ - (gj }
o |5 G) -6 g =
Solution: 3 5 5 (- g _bm
_ 1—3 1—3 1—2 1 1
37 3T 52 ( _m—a—mand a’ =a7)
RIESrANE _[2_§]_25
P P 1? 1 1
19
=(27-8)+25= s
2 —4
3 2
Example 10: If x= (Ej X(gj find the value of x 2
3V 2\
_— _ |12 &=
Solution: X ( 2) ( 3j

74
37

3)-

X

NEE-
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32 34 32+4 36 ( 3 j6

R b

=

-12 3—12 212 ) 12
BRI

Exercise - 4.1

1. Simplify and give reasons

3 -3
047 @E i) [;) ) (-3)™

2. Simplify the following :

Ny Y
(0 @ x (gj x (gj (i) (-2)" % (-2)" x (-2)°

5)* 5° 3
(iii) 4* x (Zj (iv) | 5% | S ) (3)* = 74
. . . 2 32 —1 .. —1 —1 -1
3. Simplify (i) 2 x?x3 (i) 4 x3 7 )+6

4.  Simplify and give reasons

1 1 1y 1y’
pursrend a0

i) 271 +37+47h) x % (iv) %x 3° -3

(v) 1+27"+37+4° (vi) [G) ]
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2
5. Simplify and give reasons (1) [(32 -2%) + %} (i) (5% x 5*) +5°

6.  Findthe value of ‘n’ in each ofthe following :

 (5)-3)-6)
M |3 3) (3
(i) (=3)""" x (=3 =(-3)"*

(iii) 72" +49=7°

L1
7. Find X if 23=§

i (3] +(5) ()
8. Simplify 4] "5 5
9. If m=3andn=2 find the value of
() 9m’—10n° (i) 2m’n® (i) 2m’ +3n’—5m’n  (iv) m"—n™
4 -5 7 -7
10.  Simplify and give reasons (7j X (Zj
4.3  Application of Exponents to Express numbers in Standard Form

In previous class we have learnt how to express very large numbers in standard form.

For example 300,000,000 m=3x 10° m
Now let us try to express very small number in standard form.

Consider, diameter of a wire in a computer chip is 0.000003m

0.000003m = 1000000 ™

3

106 ™
=3 x 10°%m

Therefore, 0.000003 m=3 x 10°m
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Similarly consider the size of plant cell which is 0.00001275m

0.00001275m = 2B
' ™ 7100000000 ™
10°
=1275x— m
10°
= 1275 x10° m
Do This
1. Change the numbers into standard form and rewrite the statements.

(1) The distance from the Sun to earth is 149,600,000,000m
(i) The average radius of Sunis 695000 km
(ii1) The thickness of human hair is in the range of 0.08 mm - 0.12 mm
(v) The height of Mount Everest is 8848 m
2. Write the following numbers in the standard form

(i) 0.0000456 (i) 0.000000529 (i) 0.0000000085
(iv) 6020000000 (v) 35400000000  (vi) 0.000437 x 10*

4.4 Comparing very large and very small numbers

We know that the diameter of'the Sun is 1400000000 m. and earth is 12750000 m. If we want
to know how bigger the Sun is than the Earth, we have to divide the diameter of Sun by the
diameter of the Earth.
1400000000

12750000

This is difficult to do but if we write these diameters in standard form then it is easy to find how

Le.

big the Sun in comparison to the Earth.
Diameter of the Sun= 1400000000 m = 1.4 x 10° m
Diameter of the Earth= 12750000= 1.275x 10'm

Diameter of the sun 1.4x10% x10’
Therefore we have, — = -
Diameter of the earth 1.275%10
~ 1.4x10°
1.275

= 10> = 100 (Approximately)
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Thus the diameter of the Sun is approximately 100 times the diameter of the Earth.

i.e. The Sunis 100 times bigger than the Earth.

Let us consider one more illustration

The mass of the earth is 5.97 x 10** kg and the mass ofthe moon is 7.35 x 10% kg.

What is their total mass?
The mass ofthe earth = 5.97 x10°* kg
The mass ofthe moon =7.35 x 1022kg
Total Mass =5.97 x 10** Kg+7.35 x 10%2 kg

= (5.97 x 10*> x 102 Kg) +7.35 x 10 kg

= (5.97 x 10> +7.35) x 10%* kg
(597 +7.35) x 10%2kg

604.35 x 10 kg

6.0435 x 10 kg

Example 11 : Express the following in the usual form.

(i) 4.67 x 10* (ii) 1.0001 x 10’

When we have to add numbers
in the standard form we convert
them in numbers with same
exponents

(iii) 3.02 x 107°

Solution: (H 4.67 x 10 = 4.67 x 10000 = 46700

() 1.0001 x 10°
(i) 3.02 x 107°

1.0001 x 1000000000 = 1000100000
3.02/10° = 3.02/1000000 = 0.00000302

Exercise - 4.2

1. Express the following numbers in standard form.
(i) 0.000000000947 (i) 543000000000
(iii) 48300000 (iv) 0.00009298

2. Express the following numbers in usual form.
(i) 4.37 x 10° (i) 5.8 x107
(v)3789 x 107 (vi) 24.36 x 10>

3. Express the following information in standard form

(1)  Size of the bacteria is 0.0000004 m

(i)  The size ofred blood cells is 0.000007mm

(iii) 32.5 x 107*

(v) 0.0000529

(iv) 3.71529 x 107
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(i) The speed of light is 300000000 m/sec
(v) The distance between the moon and the earth is 384467000 m(app)
(v)  The charge ofan electron is 0.00000000000000000016 coulombs

(vi) Thickness of a piece of paperis 0.0016 cm
(vii) The diameter ofa wire on a computer chip is 0.000005 cm

4.  Inapack, there are 5 books, each of thickness 20 mm and 5 paper sheets each of thickness
0.016mm. What is the total thickness ofthe pack.

5. Rakesh solved some problems of exponents in the following way. Do you agree with the
solutions? Ifnot why ? Justify your argument.

3

() ¥ xxZ=x® (i) & =x* (i) (2 = 2@ =
X
N P
(V) x?= Jx (v) 3x! =3
Project :

Refer science text books of 6th to 10th classes in your schooland collect some scientific facts
involving very small numbers and large numbers and write them in standared form using exponents.

What we have discussed

S7V550

1. Numbers with negative exponents holds the following laws of exponents

(@) a" xa"=d"" (b) a': =g""= nl_m (c) (™)'= da™
a a

moopm_ m 0 _ ﬁ _(a "

(c) a”" x b"= (ab)" (d)a” =1 (@) i (bj

2. Very small numbers can be expressed in standard form using negative exponents.
3. Comparison of smaller and larger numbers.

4. Identification of common errors.
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Comparing quantities
using Proportion

5.1 Introduction

In our day-to-day activities, some times we need to compare
quantities. We learnt that ratio and percentages are used to
compare quantities. Let us consider the following example.

Voting was conducted for class mentor, in a class of 40 students.
Snigdha became first mentor by getting 24 votes and Siri became
second mentor by getting 16 votes. So the ratio of votes polled
to Snigdha and Siri is 24 : 16. After simplification, what is its
ratio? Itis 3:2.

Inversely the ratio of votes polled to Siri and Snigdha is 2:3. Can
you say what a ratio is?

A Ratio is an ordered comparison of two quantities.

Count the number of teeth of the chain wheel and the number
of teeth of the sprocket wheel.

{number of teeth of }: {number of teeth }
the chain wheel of Sprocket wheel J.
This is called gear ratio. Write the number of times the

Sprocket wheel turns for every time the chain wheel rotates. Golden Ratio in the Human body

2 Human beings are no exception to
Chain wheel the golden ratio. In fact, our body
{Haks = architecture is one of the most

perfect examples of this ‘Divine

proportion’.

Consider the following:

o Height : length between naval
point and foot

e Length between shoulder line:
length of the head.

e Length between finger tip to
elbow: length between wrist

<

SQtoc\i W]ee 5

2. Collect News Paper cuttings related to percentages of any and elbow _
. . . e Length between naval point to
five different situations. knee:length between knee and

foot. 1.615:1 is Golden ratio.
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Compound Ratio

Some times we have to express two ratios as a single ratio. Why? Let us consider the following
example to understand this.

Ramayya and Gopalam started a business with an investment of ¥ 2000 and¥ 3000. At the end

ofthe year in what ratio would they have to divide the annual profit obtained?
Ratio of investments = 2000: 3000
=2:3

Investments throughout the year are given below.

o |f 0| & = || £ &R | |1 |
SISRISISRIGRRISE
s (e | (e |2 i@ [ | [ | |2 [ [ |
SISHSISISISI SIS
SRRERRRERE S

Ratio of their shares =24: 36

= 2: 3 and ratio of time period = 1:1

What do you observe? Ratio of investments is equal to ratio of shares when time period is the
same. So they will divide the profit in the ratio of their shares. So annual profit is to be divided in
the ratio of 2:3

In the above example,

Case 1 : Suppose they both started the business with the same amount of ¥ 5000, but Ramayya
did business for a period of 12 months and Gopalam for a period of 9 months. How do they
share the same profit? Do you say that because they started the business with the same amount,

they have to divide the profit in the same ratio at the year ending?
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Ratio of their investments = 5000: 5000=1:1

Month Jan | Feb | Mar [Apr [May| Jun | Jul [Aug [Sep |Oct |Nov [ Dec | Total
shares

EanRAEREEEEEGERE
s e[ e e el [ [ [°

Ratio of shares = 12: 9 =4:3 and Ratio of time periods =12: 9=4:3

Their investment is the same, so they share the profit in the ratio of their shares i.e. ratio of their
time period.

Case 2 : Further suppose Ramayya invested an amount of ¥ 2000 for 12 months and Gopalam
invested an amount of ¥ 3000 for 9 months. In what ratio they have to divide the annual profit?
Is it the ratio of investments or ratio of time period? Ramayya invested less amount but for more
period. Gopalam invested more amount but for less period. Here we have to give importance for
their investments as well as their investment periods. How to do that?

Ratio of investments =2000: 3000 =2:3
Ratio of time periods = 12: 9 =4:3

e[ e e e e
el elelelelele 117
e i e ¢

Ratio of shares= 24 : 27 =8:9
=(2%x12):(3%9)=28:9 (observe above table)

Here the ratio of investments is 2:3 and the ratio of time period is 4 : 3. So the ratio of shares is
(2 x 12): (3 x 9)=28:9. Hence they have to divide the annual profit in the ratio of 8:9. Do

you find any relation between ratio of investment and time period and ratio of shares?
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The ratio of shares can be writtenas 8 :9= 2:3 :: 4:3
I#—I

Productof  Product of
antecedents consequents

Two simple ratios are expressed in the form of single ratio as the ratio of product of antecedents
to product of consequents and we call it Compound ratio of the given two simple ratios i.e.
ratios are compounded by multiplying together the fractions which denote them.

a:bandc:dare any two ratios, then their compound ratio is % X % = % i.e. ac: bd.

| Try These

1. Find the compound ratios of the following.
(a)3:4and2:3 (b)4:5and4:5 (c)5:7and2:9

2. Give examples of compound ratio from daily life.

Percentage:

Consider the following example.

M. K. Nagar high school students decided to sell tickets of a charity show. Class VIII students
have 300 tickets to sell and class VII students have 250 tickets to sell. One hour before the
show, eighth class students sold 225 tickets and seventh class students sold 200 tickets.

Which class students were closer to the goal of selling all their tickets?

To figure out which class students were closer to their goal, you may try to compare the ratios
225:300 and 200:250. For eighth class students the ratio is 3:4 and for seventh class students the
ratio is 4:5. Do you compare and say? It is difficult to have a meaningful comparison, hence we
can’t say directly, we need to have equivalent ratios of both which can be compared.

One way to compare quantities is to change them into percentages.

A percentage (%) compares a number to 100. The word percent means “per every hundred”

100
or “out of every hundred”. 100% = —— . Itis also a fraction with denominator 100.

100
Percentage of tickets sold by eighth class students = 3 X 100 = KR =75%
4 100 100
Percentage of tickets sold by seventh class students = 4 X 100 = 50 =80%
5 100 100
From this we understand that seventh class students were closer to the goal of selling all their

tickets.

Percentage is number of parts out of 100. So the denominator is to be made 100 for which we
are multiplying both numerator and denominator with 100.
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We can use percentage as a common scale.

In the introductory part, we compared the number of votes polled to Snigdha and Siri by ratio.
We can compare the same by percentages also.

The votes polled to Snigdhaare || By other method

24 out 0of 40 or 3 out of 5 in the Out of 40 votes, number of votes for Snigdha are 24.

simplified form. So out of 100 votes, number of votes polled to Snigdha

So percentage of votes are _ %xIOO ~ 60

3

—x100% = 60%
5 Out of 100 votes 60 are for her, so percentage of her
votes = 60%

Since all the students voted,

Percentage of votes for Snigdha + percentage of votes for Siri = 100%
60% + percentage of votes for Siri = 100%

Thus percentage of votes for Siri = 100% — 60% = 40%

5.2  Finding the increase or decrease percent

Consider the following situation.
® C(lass sizes have increased by 10%.
® House prices have dropped by 12%.
® CO, emissions need to fall by 25% by the year 2020.

Changes in quantities are often expressed as a percentage of the original quantity.

There are two different methods which can be used to solve increase or decrease in percentage
problems. Let us see the following examples to understand this.

(1) Asales manager asked his team to increase the sales by 35% over previous

month’s sales which was I 98,700. What is the target sales ?

Sales in the previous month =% 98,700. Unitary method.
35 % i

35% of % 98,700 = 1_ x 98,700 35% increase means,

_ ?%04545 3 100 increased to I 13.5..
Target sales for the month How much 98,700 will increase to?

=3 98,700 + 34,545 135

; ’ I dsales =% ——x 98,700
21,33, 245, ncreased sales 100
=3 1,33,245.

Decrease percentage in price would imply the actual decrease followed by its subtraction
from the original price. Let us consider one example to understand this.
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The original price of shoes is I 550. They are for sale with a reduction of 10%. What is the new

sale price of the shoes? ‘
Original price of shoes =¥ 550. Unitary method:
0 .
Reduction =10% of T 550 10% reduction means
10 < 100 reduced (decreased) to X 90
" 100 X330 =%'55. Ho much decrease of 550

New sale price = original price —reduction 90
P i new sale price = —— %550 =% 495
=% 550 - 55 =3 495. 100

Think, Discuss and Write

1. Two times a number is 100% increase in the number. If we take half the number what

would be the decrease in percent?

2. Bywhatpercent isZ 2000 less than ¥ 24007 Is it the same as the percent by which I 2400
is more than ¥ 2000?

Exercise - 5.1

1.  Findtheratio of the following

(1)  Smita works in office for 6 hours and Kajal works for 8 hours in her office. Find the
ratio of their working hours.

(i)  One pot contains 8 litre of milk while other contains 750 milliliter.
(1) speedofacycleis 15km/h and speed of the scooter is 30km/h.
If the compound ratio of 5:8 and 3:7 is 45:x. Find the value of x.

If the compound ratio of 7:5 and 8:x is 84:60. Find x.

The compound ratio of 3:4 and the inverse ratio of 4:5 is 45:x. Find x.

e G Wl

In a primary school there shall be 3 teachers to 60 students. If there are 400 students
enrolled in the school, how many teachers should be there in the school in the same ratio?

6. Intheadjacent AABC, write all possible ratios by taking measures A
of sides pair wise.

(Hint : Ratio of AB: BC=8:6)

8cm 10cm

Free Distribution by T.S. Government 2021-22




Comparing Quantities using Proportion ER{X _

7. If 9 out of 24 students scored below 75% marks in a test. Find the ratio of student scored
below 75% marks to the student scored 75% and above marks.

8. Find the ratio of number of vowels in the word” MISSISSIPPI’ to the number of consonants
in the simplest form.

9. Rajendraand Rehana own a business. Rehana receives 25% of the profit in each month. If
Rehana received I 2080 in particular month , what is the total profit in that month ?

10. In triangle ABC, AB = 2.2 cm, BC = 1.5 cm and AC = 2.3 c¢m. In triangle XYZ,
XY=4.4cm,YZ=3cmand XZ=4.6 cm. Find the ratio AB : XY, BC:YZ,AC : XZ.
Are the lengths of corresponding sides of AABC and AXYZ in proportion?
[Hint : Any two triangles are said to be in proportion, if their corresponding sides are in the
same ratio]

11. Madhuri went to a super market. The price changes are as follows. The price of rice
reduced by 5% jam and fruits reduced by 8% and oil and dal increased by 10%. Help
Madhuri to find the changed prices in the given table.

Item Original price/kg Changed price
Rice < 30
Jam < 100
Apples < 280
Oil <120
Dal I 80

12.  There were 2075 members enrolled in the club during last year. This year enrolment is
decreased by 4% .
(a) Find the decrease in enrolment.
(b) How many members are enrolled during this year?

13. Afarmer obtained a yielding of 1720 bags of cotton last year. This year she expects her
crop to be 20% more. How many bags of cotton does she expect this year?

14. Points Pand Q are both on the line segment AB and on the same side of its midpoint. P
divides AB in the ratio 2 : 3, and Q divides AB in the ratio 3 : 4. If PQ =2, then find the
length of the line segment AB.

5.3 Finding discounts

In big shops and super markets we see price tag of the articles. Do you know what do we call
them? This is called marked price (M.P.) of the article. Prices of the items are marked according
to the price list quoted by the factory which is called List price or catalogue price or marked
price
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Ravi went to shop to buy a book. Printed price of the book is T 80. But shop owner gave him a

discount of 15%. How much amount has Ravi paid to buy the book?

In our daily life we come across so many situations where we are given a price discount on

the articles.
Price discount is also called Rebate. It is given on marked price or List Price.

Now in the above example Ravi was given 15% discount. Printed price is X 80. Then the discount
15
will be 100 x80=% 12. So the amount he has to pay isT 80 -3 12 =3 68.

Letus see few more examples.

Example:1 A cycle is marked at I 3600 and sold for ¥ 3312. What is the discount and

discount percentage ?
Solution: Discount =marked price —sale price

=3 3600 - I 3312 = T 288

Since discount is calculated on marked price. For
calculating the discount percentage we use M.P.

as the base.
On marked price of ¥ 3600, the discount is I 288

On marked price of ¥ 100, how much will the discount be?

288

i = 100 = 8%
Discount percent 3600 X 0

We can also find discount when discount percent is given.

Example:2  The marked price of a ceiling fan is ¥ 1600 and the shop keeper allows a
discount of 6% on it. Find its selling price.

Solution:
Raju solved it like this. Latha solved it in a different way.
Discount = 6% of I 1600 6% decrease means

- % %1600 = T96 T 100 decreased to 3 94

S0Z 1600 d dto?
Selling Price =Marked price — discount © ecreased to

~Z1600—% 96 Selling price = — x 1600 = 1504
~3 1504, 10
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Item Marked price in I Discount % |Selling price in
450 7%
560 9%
250 5%
15000 15%

Example: 3 Neelima went to a shop to buy a dress. Marked price of the dress is ¥ 1000.
Shop owner gave a discount of 20% and then 5%. Find the single discount
equivalent to these two successive discounts.

Solution: Marked price of the article =% 1000.

20% discount means < 100 is

Percentage of first discount=20% decreased to Z 80.
First Discount =20% of 1000 59 discount means 100 is
_ 20 %1000 = Z 200 decreased to X 95.
Price after first discount=3% 1000 —% 200 - Netselling p8r(1)ce o5
=7 800. = 1000 x — x ——
100 100
Percentage of second discount = 5% — F760
Second discount = 5% of I 800
5
= —x800 =
100 340

Price after second discount =3 800 —3 40 =3 760.
Net selling price =% 760.
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Single discount equivalent to given discounts = I 1000 — 760 =% 240.
For ¥ 1000 the discount amount is I 240

244
Percentage of discount given atatime= —7 —> X 1/96 =24%
& & 14 00

What do you observe? Is the given single discount percentage is equivalent to
the percentage of two given successive discounts.

Think, Discuss and Write

Preeti went to a shop to buy a dress. Its marked price is ¥ 2500. Shop owner gave 5% discount
on it. On further insistence, he gave 3% more discount. What will be the final discount she
obtained? Will it be equal to a single discount of 8%? Think, discuss with your friends and write
it in your note book.

5.4  Estimation in percentages

Your bill in a shop is T 477.80 and the shop keeper gives a discount of 15%. How would you
estimate the amount to be paid?

Round off the bill to the nearest tens.I 477.80 are rounded off toI 480. Then find 10% of
this amount. ItisT 48. Take half of this. ItisT 24. So discount amountisI 48 +324 =3 72.
Amount to be paid approximately around I 410.

, | Try These

(i  Estimate 20% of I357.30 (i1) Estimate 15% of ¥375.50

5.5 Profit and Loss

Prices related to buying and selling (Profit and Loss)

Observe the following situations.
. Sita bought a chair forI 750 and sold it for I 900.

. Mary bought 10g of gold for X 25000 in last year and sold it for I 30,000 in this
year.

. Rahim bought a bicycle for¥ 1600 and next year he sold it for ¥ 1400.
. Anitha purchased a car for I 4.8 lakh and sold it for I 4.1 lakh after 2 years.

. Hari purchased a house for< 9 lakh and incurred an expenditure of ¥ 1 lakh for its
repairs. He sold it for ¥ 10.7 lakh.
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In the first four examples profit or loss is known by finding the difference between cost price and
selling price.

But in the last example, what is the profit obtained by Hari? Is it ¥ 1.7 lakh? Obviously not. He
incurred some additional expenditure on it before selling. What do we call such expenditures?

Some times the shop keeper has to spend on additional expenses like transportation, maintenance,
labour, repair, commission, rent of godown etc. in addition to the price paid to buy an article.
Such additional expenses are called overhead expenses and are to be added to the Cost
price. Profit or loss is always calculated on this resultant cost price.

Think, Discuss and Write

What happens if cost price = selling price. Do we get any such situations in our daily life?

It is easy to find profit % or loss % in the above situations. But it will be more meaningful if we
express them in percentages. Profit % is an example of increase percent of cost price and
loss % is an example of decrease percent of cost price.

Let us see some more examples.

Example:4  Radhika deals with second-hand goods. She bought a second hand refrigerator
for ¥ 5000. She spends ¥ 100 on transportation and I 500 on its repair. She
sells the refrigerator for< 7000.

Find (i) the total cost price of the refrigerator (ii) profit or loss percent.
Solution: (1)  Total cost price =purchasing price+ transportation charges+ repair charges
= ¥ (5000 + 100 + 500) =% 5600
So the total cost price is I 5600.

() Selling price is ¥ 7000. Here Selling price > cost price, so there is a
profit.

Profit = selling price — cost price =3 7000 —Z 5600 =% 1400.
On cost price of T 5600 profitis I 1400
If cost price is T 100, profit will be?

Profi = ﬂ><100 =25%
rofit percent = 5600 = ()

Example:5  Vinay bought a flat for ¥ 4,50,000. He spent X 10,000 on its paintings and
repair. Then he sold it for ¥ 4,25,500. Find his gain or loss and also its percent.

Solution: Total cost price = purchasing price+ repair charges.
=% (4,50,000 + 10,000) =¥ 4,60,000.
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Example:6

Solution:

Example:7

Selling price is X 4,25,500. Here we can observe Selling price < cost price. So

there is a loss.
Loss = cost price —selling price
= 3 4,60,000 - 4,25,500 =< 34,500.
For cost price of ¥4, 60,000 loss is¥ 34,500 ifits cost price is < 100 what will

the loss percentage be?

34,500

%500 100 =7 50
4.60.000 7:5%

Loss percent =

Venkanna purchased 50 dozen bananas for ¥ 1250. He incurred transportation
charges of I250. He could not sell five dozen bananas as they were spoiled.
He sold the remaining bananas at < 35 for each dozen. Will he get a profit or a

loss? Find profit or loss percent.
Total cost price = Cost price of bananas + Transportation charges
=3 1250 +% 250 =% 1500.

Number of dozens of bananas sold = Number of dozens purchased — number of

dozens rotten
=50-5=45
Selling price =% 35 x45=% 1575
Clearly selling price > cost price so it is a profit.
Profit = selling price — cost price = 1575 -3 1500 =% 75
On cost price of I 1500 profitis I 75

The profit on the cost price of X 100 is the percentage of profit.

x 100 = 5%

7
Therefore, profit percent = 1500

Malik sells two tables for ¥ 3000 each. He gains 20% on one table and on the

other he loses 20%. Find his gain or loss percent on the whole transaction.
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Solution:
For first table For second table
Selling Price = ¥ 3000 Selling price = I 3000
Profit percent =20% Loss percent =20%
profit percent means increased percent on || Loss percent means decreased percent on cost
cost price price
Selling priceis I 120 when Cost price is |[Selling price is ¥ 80 when cost price is
<100 <100
When selling price is¥ 3000 what will be the || When selling price is 3000 what will be the
cost price? cost price?
Cost price =X 100 x 3102%0 = 2500 Cost price = ¥ 100 x 3230 = ¥ 3750

Total cost price on two tables =X 2500 + 3750 =% 6250
Total selling price on two tables = 3000 + 3000 =< 6000.
Since cost price > selling price. So there is a loss

Loss = cost price — selling price =% 6250 —% 6000 =3 250
On cost price of ¥ 6250 loss isI 250

On cost price of ¥ 100 what will be the loss?

0
= 4%

= X —
Loss percent =250 6250

So there is a loss 0f 4% on the whole transaction.

Think, Discuss and Write

A shop keeper sold two TV sets at 9,900 each. He sold one at a profit of 10% and the other

at aloss of 10%. On the whole whether he gets profit or loss. If so what is its percentage?

5.6  Sales Tax/Value Added Tax (VAT)

Government collects taxes on every sale. This is called VAT. Shop keepers collect this from the
customers and pay it to the Government. Why does the government charge taxes like this? Do

you know? With the taxes collected, government does several welfare activities.
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Sales tax is levied on the sale of movable goods. VAT is imposed on goods only and not services
and it has replaced sales tax. The percent of VAT is different for different items. In general, on the
essential commodities, there is an exemption from VAT, 1% on bullion and precious stones, 5%
on industrial inputs and capital goods and items of mass consumption. For all other items it is
14.5%. ( Rates were fixed by Government of India in 2012).

VAT is charged on the Selling Price of an item and will be included in the bill. VAT is an increase
percent of selling price. Observe the following VAT added bill.

Ganapati went to a medical shop to buy medicines for his mother. The shop keeper gave the
bill which appears like this. Bill amount was I 372.18. It contains 5% VAT.
(1) Find the bill amount before VAT was added.

Tax Invoice No. : 2012?301549007214 Date : 15-09-2012 20:48:31

Name : Ganpathi Age:35 Gender: M Doc: Dr.Aiman  Do.Reg. No.:

Cus.ID:20121301549000617 Add: Sainathpura)

S. Product Mfgr Sch  Batch Exp. MRP. Rate Qty Amount
1 BETATROP TAB SUN H BSK4198 12-14 5.9 59 60 318.60
2. ECOSPRIN 150 MG TAB USV H 04004652 05-14 0.4242857  0.38 42 16.04
3. LASIX 40 MG TAB AVENTIS H 0212016 03-16 0.44733334 0.40 15 6.04
4. ELDERVIT PLUS CAD ELDER C  SE0022008 08-13 2.3333333  2.10 15 315
Amount saved : 41.35 VAT ON R 354.45 @ 5% =17.72 Total : 372.18

Rounded Total : 372.00

From the bill copy it is clear that the actual bill amount =3 354.45 and VAT @ 5% =%17.72

Example:8  The cost of a pair of shoes is T 450. The sales tax charged was 6%. Find the bill
amount.

Solution: On< 100 the sales tax paid is X 6.
On < 450 the tax to be paid is?

Sales tax paid =% 6 x 450 =% 27.
100

Bill amount = Cost of item + sales tax = ¥450+327=3477.

5.7 Goods and Service Tax (GST)

It is a single indirect tax on the supply of goods and services. It was introduced in July
2017 by abolishing a variety of taxes such as sales tax and excise prevailed in India. Under GST,
tax is imposed on the basis of value addition at each stage of the movement of goods and
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services. Different slabs of tax rates such as 3%, 5%, 12%, 18% and 28% are imposed on

almost all the goods and services. This slab is same throughout the country. In prescribed slabs

50% of the amount goes to central government and the other 50% goes to state government.

Example:9 Vignesh went to a general store to buy some items for his family. The shop keeper
gave the bill which appears as follows.

Name of Item Quantity Rate Per kg Amount })
Rice 10 100 1000
Washing Powder 3 100 300

Pulses 6 150 900
TOTAL 2200

Bill amount was < 2200. It contains 18% GST. Find the bill amount before GST was added and
Also find CGST and SGST share amount in GST?

Solution: Bill amount including GST =%2200
Value of GST in the bill amount = 2200 x % =396
Total Bill amount before GST =% 2200 — ¥396 = ¥ 1804
The percentage of CGST in GST =50%
The percentage of SGST in GST =50%

. 50
The value of CGST in GST amount= 396 x 100~ 7198

Similarly the value of SGST in GST amount = 396 x — =% 198
Example: 10 The cost of a pair of shoes isT1000. The GST charged was 5%. Find the bill
amount.
Solution: On ¥ 100 the GST paidis¥ 5.
On ¥ 1000 the tax to be paid is?
GST tax paid = ?i x1000 =350
Bill amount = Coét ofitem + GST =%1000 +350 =% 1050.

Exercise - 5.2

1.  Intheyear 2012, it was estimated that there were 36.4 crore Internet users worldwide. In
the next ten years, that number will be increased by 125%. Estimate the number of Internet
users worldwide in 2022.

2. Anowner increases the rent of his house by 5% at the end of each year. If currently its rent
is 2500 per month, how much will be the rent after 2 years?
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3. OnMonday, the value of a company’s shares was < 7.50. The price increased by 6% on
Tuesday, decreased by 1.5% on Wednesday, and decreased by 2% on Thursday. Find
the value of each share when trade opened on Friday.

4. With most of the Xerox machines, you can reduce or enlarge your original by entering a
percentage for the copy. Reshma wanted to enlarge a 2 cm by 4 cm drawing. She set the
Xerox machine for 150% and copied her drawing. What will be the dimensions of the
copy of the drawing be?

5. The printed price of a book is ¥ 150. And discount is 15%. Find the actual amount to be
paid.

6.  Themarked price of a giftitem is ¥ 176 and sold it for ¥ 165. Find the discount percent.

7. Ashop keeper purchased 200 bulbs for I 10 each. However 5 bulbs were fused and put
them into scrap. The remaining were sold at ¥ 12 each. Find the gain or loss percent.

8. Complete the following table with appropriate entries (Wherever possible)

S. No.| Cost Price| Expenses | Selling Profit| Loss Profit Loss
(C.p) Price(S.P.) Percentagq Percentage
1 % 750 | ¥ 50 < 80
2 I 4500 3 500 31,000

3 < 46,000 < 4000 60,000

4 I 300 I 50 12%

5 I 330 I 20 10%

9.  Atablewassold for < 2,142 atagain of 5%. Atwhat price should itbe sold to gain 10%.

10.  Gopi sold a watch to Ibrahim at 12% gain and Ibrahim sold it to John at a loss of 5%. If
John paid % 1,330, then find how much did Gopi sold it?

11. Madhu and Kavitha purchased a new house for I 3,20,000. Due to some economic
problems they sold the house for ¥ 2, 80,000.
Find (a) The loss incurred (b) the loss percentage.

12. A pre-owned car show-room owner bought a second hand car for % 1,50,000. He spent
<20,000 on repairs and painting, then sold it for ¥ 2,00,000. Find whether he gets profit
or loss. If'so, what percent?

13. Lalitha took a parcel from a hotel to celebrate her birthday with her friends. It was billed
with ¥ 1,450 including 5% VAT. Lalitha asked for some discount, the hotel owner gave

8% discount on the bill amount. Now find the actual amount that lalitha has to pay to the
hotel owner
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14. IfGSTisincluded in the price, find the actual price of each of the following.

S. No.| Item GST% | Billamount(in<) Original Price(in%)
(i) Diamond 3% < 10,300
(ii) Pressure cooker [ 12% 3 3,360
(iii) Face powder 28% I 256

15.  AcCellphone Company fixed the price of a cellphone as ¥ 4500. A dealer purchased a cell
phone on which he paid 12% GST. additionally. How much did the dealer paid as GST?
What is the purchase price of Cellphone?

16. A Super-Bazar prices an item in rupees and paise so that when 4% sales tax is added, no
rounding is necessary because the result is exactly in ‘n’ rupees, where ‘n’ is a positive
integer. Find the smallest value of ‘n’.

5.9 Compound interest

Interest is the money paid by bank or post office when money is deposited with them. Also it is
paid by the borrower to the person or organisation that lent money. Interest is the extra amount
paid on principal amount with a year marked percent.

But how do we calculate this interest? When the interest is calculated uniformly on the original
principal throughout the loan period, what do you call such interest calculation? Yes! It is
called simple interest. It is also an increase percent on the Principal. Let us see an example to
understand this.

Example:11 A sum of 2500 is borrowed at a rate of 12% per annum for 3 years. Find the
simple interest on this sum and also the amount to be paid at the end of 3 years.
Solution: Here P = %2500, T =3 years, R =12%
_ PTR
100

B 2500x3x12
100

As 1

Interest for 3 years =3 900.
Amount to be paid at the end of 3 years = Principal + Interest
=3 2500 +3 900 =< 3400.
PxTxR ( T x Rj
—— =P| 1+
100 100

We see that Amount = Principal + Interest = P +

R
When T = lyear, AmountA=P [1 + m}
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S. No. | Principal (P) | Time(T) Rate of interest | Interest (I)= %
in% in years p-a.(R)in % in%
1 3000 3 6
2 2 5 50
3 1875 12 675
4 1080 2.5 90

Ramesh borrowed an amount of 100 at the rate of 10% p.a. (per annum) from Sreenu as hand
loan. After 2 years he went to Sreenu to repay his debt. Ramesh gave an amount of I 120 and
Sreenu said he has to pay ¥ 1 more. To find out the difference in their calculations, both of them
did their calculations on a paper as shown below.

Ramesh’s method Sreenu’s method
1% year | Principal amount <100 1% year | Principal amount 100
Interest @ 10% 10 Interest @ 10% X 10
Total amount X110 Total amount X110
2" year | Principal 100 2" year | Principal T110
Interest @ 10% X 10 Interest @ 10% I 11
Amount to be paid | = Principal + Amount to be paid <121
attheend of 2™ | Intereston at the end of 2" year
year 1% year +
Interest on
2" year
=100+10+10
=%120

The difference in the two methods is I1. Why there is a difference in both the methods? You can
easily observe that while doing the calculation of interest for 2nd year Ramesh took principal
amount as X 100 whereas for doing the same Sreenu took ¥ 110. We call the interest calculated
by Ramesh as Simple interest. Do you know what we call the interest calculated by Sreenu? In
case of Sreenu, the interest is calculated on amount accumulated till then. It is called compound
interest.. So Compound interest allows you to earn interest on interest. Which type of interest
would you prefer and why ?
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5.10 Deducing a formula for Compound interest

In the above example, we observe that Sreenu calculated compound interest. If it is a year or
two, it is easy to do the calculations like that. But if we have more than two years, should we
calculate in the same way? Is there a shorter way for finding compound interest? Let us consider
an example and try to find out.

R
When t=lyear Amount (A)=F (1 + mj with simple interest

Let P,=%10,000 and R = 12% per annum

Sreenu’s method Generalisation of same method.
1" year | Principal P,| 10,000 Principal B
AmountA 10000(1+£j 1% AmountA,| A="P (1+i)
mountA 100 year mount A, [ A= P, 100
=
=10000 100
=3 11,200
R
2" year PrincipalP, | 311,200 2" year | Principal P, =1 (l + E)
12 R
Amount A, | 11200| 1+ — AmountA, [ A, =P,| 1+—
100 100
—11200(£j =P (HRJ[HRJ
B 100 I 100 100
2
= 312,544 =P, (1+ij
100
R n
Proceeding in this way the amount at the end of ‘n’ years willbe A =P, (1 + mj

n
Thus the amount on compound interest A=P [1 + %}

But by using this we get only the amount to be paid at the end of ‘n’ years. How do we get compound

interest? Yes it is so simple. From the final amount subtract principal to get compound interest.
n
. Cl= P(l+£j - P
100

So what is the difference between simple interest and compound interest? Simple interest remains

the same every year . But compound interest increases over time.
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Example:12 What will be the amount and compound interest, if ¥ 5000 is invested at 8% per
annum 2 years?
Solution: P= ¥5000; R=8% and n=2 years

n
A =P [1+i)
100

2
= 5000(1 +—8 j
100

5000 98, 108 5 sg3n
2P 700 T 100 :

Interest earned = Amount — Principal
=3 5832 -3 5000
=3 832

Do These

1.  How much compound interest is earned by investing I 20 000 for 6 years at
5% per annum compounded annually. ?

2. Find compound interest on ¥ 12600 for 2 years at 10% per annum
compounded annually.

5.11 Interest compounded annually or Half yearly (Semi Annually)

You may observe that in the previous problems we are using the word ‘compounded’ annually.
Does it have any significance? Yes, it has. Because we can also have interest rates compounded
halfyearly or quarterly.

When interest is not compounded annually what do we call the time period after which interest is
added to principal? It is called Conversion period. When interest is compounded half yearly, there
are two conversion periods in a year each after 6 months. In such a case, the interest will be half of
the annual rate and the number of times that interest is compounded is twice the number of years.

Example:13 Calculate Compound interest on ¥ 1000 over a period of 1 year at 10% per
annum if interest is compounded half yearly.

Solution: As interest is compounded half'yearly, so there will be 2 conversion periods in a
year.

Son=2

1
Rate of interest for 6 months rate = 5 x10% = 5%
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n
A=P[l+ij
100

2
A= 1000(1+—5 j
100

to0o123)
100
1102.50
Compound interest=A—P=1102.50 — 1000 =% 102.50

Do These

Find the number of conversion times the interest is compounded and rate for each

1
1.  Asumtaken for 1 5 years at 8% per annum is compounded half yearly.

2. Asumtaken for 2 years at 4% per annum compounded half yearly.

Think, Discuss and Write

What will happen if interest is compounded quarterly? How many conversion periods will be there?
What about the quarter year rate- how much will it be of the annual rate? Discuss with your friends.

1
Example:14 What amount is to be repaid on a loan of ¥ 12000 for 1 o year at 10% per

annum if interest is compounded half yearly.
Solution: As interest is compounded half yearly, so number of conversion periods in

1
15 years is 3,So n=3

1
rate for halfyear = 5% 10% = 5%

n
A= P[1+£j
100

5 3
A= 12000(1+—j
100

oo (125
- 100

= 3 13891.50
Compound interest = A—P
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= 13891.50 — 12000
= X 1891.50

1
Example:15 Yadaiah for his family needs borrowed ¥ 5120 at 12 5 % per annum compounded

annually. How much amount he has to pay to clear the debt at the end of two
year nine months? Also find total how much interest he has paid?
Solution: Reshma tried to solve the problem like this

9 3
She first converted the time in years. 2 year 9 months =2 1o Year= 2 7 years

3

27
She tried to substitute this in the known formula A=5120 [1 + 22750) !

Now she was stuck. She asked her teacher, how would she find a power which
is fractional?
The teacher gave her a hint. First find the amount for the whole part. Then use

3
this as principal to get simple interest for 1 year

n
So A=P[1+£]
100

A—512O(1+2—5]2
a 200

e
4 200

= 36480

25 3 1
Interest for remaining 9 months = 6480 x > X 2 X 100 =3607.50.

So Yadaiah has to pay at the end of 2 year 9 months
= 6480+ 607.50 =% 7087.50

So total compound interest= 7087.50 — 5120= ¥ 1967.50
5.12 Application of Compound Interest formula

Where do we use this compound interest formula? Not only for calculating interest, but it can
also beused in different cases . For example,

. Increase (or decrease) in population
. The growth of bacteria if the rate of growth is known
. The value of an item, ifits price increases (or decreases) in the intermediate years.
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Example:16 The population ofa village is 6250. It is found that the rate of increase in population

is 8% per annum. Find the population after 2 years.
Solution: Here P = 6250 R=8% T =2 years

n
Population after 2 years A= P (1 + ij
100
g\
- aso(1+5]
A 6250[ 100
- oso )
- 100

= 7290

Example:17 A rubber ball is dropped from a certain height. It is found to rebounce only
90% ofits previous height. If it is dropped from the top of a 25m tall building, to
what height would it raise after bouncing on the ground two times.

Solution: The ball rises to a height of 90% at the first bounce. So at each bounce the loss
in heightis 10%
So taking R =-10% the problem can be solved.
P=25mandn=2

The height to which it raises after bouncing two times on the ground

n
A= P[l+£j
100

A s[1-2)
- 100

. 25(2)2
B 100

= 20.25m

Exercise - 5.3

1. Sudhakar borrows < 15000 from a bank to renovate his house. He borrows the money at

9% p.a. simple interest over 8 years. What are his monthly repayments?
2. ATV wasboughtat aprice of I21000. After 1 year the value of the TV was depreciated
by 5% (Depreciation means reduction of the value due to use and age of the item). Find

the value of the TV after 1 year.
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3. Find the amount and the compound interest on I 8000 at 5% per annum, for 2 years
compounded annually.

4.  Find the amount and the compound interest on < 6500 for 2 years, compounded annually,
the rate of interest being 5% per annum during the first year and 6% per annum during the
second year.

5. Prathibhaborrows I 47000 from a finance company to buy her first car. The rate of simple
interest is 17% and she borrows the money over a 5 year period. Find: (a) How much
amount Prathibha should repay the finance company at the end of five years. (b) her equal
monthly repayments.

6.  The population of Hyderabad was 68,09,000 in the year 2011. If it increases at the rate of
4.7% per annum. What will be the population at the end of the year 2015.

7. Find Compound interest paid when a sum of ¥ 10000 is invested for 1 year and 3 months
at8 5 % per annum compounded annually.

8.  Ariftook aloan of ¥ 80,000 from a bank. If the rate of interest is 10% per annum, find the
difference in amounts he would be paying after 1 % years, if the interest is compounded
annually and compounded half yearly.

9.  Iborrowed X 12000 from Prasad at 6% per annum simple interest for 2 years. Had
I borrowed this sum at 6% per annum compounded annually, what extra amount would
I have to pay?

10. Inalaboratory the count of bacteria in a certain experiment was increasing at the rate of
2.5% per hour. Find the bacteria at the end of 2 hours if the count was initially 5, 06,000

11. Kamala borrowed I 26400 from a bank to buy a scooter at a rate of 15% per annum
compounded yearly. What amount will she pay at the end of 2 years and 4 months to clear
the loan?

12.  Bharathi borrows an amount of ¥ 12500 at 12% per annum for 3 years at a simple interest
and Madhuri borrows the same amount for the same time period at 10% per annum,
compounded annually. Who pays more interest and by how much?

13.  Machinery worth I 10000 depreciated by 5%. Find its value after 1 year.

14.. Findthe population of a city after 2 years which is at present 12 lakh, if the rate of increase
is 4%.

15. Calculate compound interest on ¥ 1000 over a period of 1 year at 10% per annum, if

interest is compounded quarterly?
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What we have discussed

1. Two simple ratios are expressed like a single ratio as
the ratio of product of antecedents to product of
consequents and we call it Compund ratio of the given

two simple ratios. a:b and c:d are any two ratios,

then their compound ratio is D& = €56 achd.
b d bd

2. Anpercentage (%) compares a number to 100. The word percent means

“per every hundred” or “out of every hundred”. 100% = 100 itisalsoa

fraction with denominator 100.
3.  Discountis a decrease percent of marked price.

Price reduction is called Rebate or discount. It is calculated on marked
price or List Price.

4.  Profitorloss is always calculated on cost price. Profit is an example of
increase percent of cost price and loss is an example of decrease percent
of cost price.

5. VAT will be charged on the Selling Price of an item and will be included in
the bill.

VAT is an increase percent on Selling Price.

6.  Simple interest is an increase percent on the Principal

PxTxR

7. Simpleinterest (1)= 0

where P= principal T = Time in years

R =Rate of interest.

8. Amount=Principal + Interest=P + 10 P 100

9. Compount interest allows you to earn interest on interest.

PxTxR ( Tij
=p|1+

R n
10.  Amountat the end of ‘n’ years using compound interestis A=P (l + mj

11.  Thetime period after which interest is added to principal is called conversion
period. When interest is compounded half yearly, there are two conversion
periods in a year, each after 6 months. In such a case, half year rate will be
half of the annual rate.
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Do you Know?

In ancient Greece, artists and architects believed

there was a particular rectangular shape that

looked very pleasing to the eye. For rectangles
of this shape, the ratio of long side to the short
side is roughly 1.615:1. This ratio is very close

to what is known as Golden ratio. The famous
Greek temple the Parthenon, made entirely of
white marble in the 5th century C.E. was built
according to the Golden Ratio. The Taj Mahal in
India is also an example of architecure for

Golden ratio.

Addition of Equal Ratios

. 1234 100
1. Whatis the sum of 346787 9200?
can we add like this?
1_2_3_4_ _100 _ 1+24+3+4+...+100
2 4 6 8 U 200 24+4+6+8+.....+200
_ 5050 _ 1
2 x 5050 2
If PL_P2_Ps_  _Pu then Pttt Pyt tPy P
4 4 q, G+g,+q3+...+q, q
7 4_C ; at+b _c+d
b d1ff b J (b,d >0)
1_3 oo 142 _346
276 M 6
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Square Roots and Cube Roots

6.0 Introduction

Let us make square shapes using unit squares

. A unit square is a square whose side is 1 unit
and observe the number ofunit squares used.

S.No. Figure Length ofthe side inunits | No.of unit squares used

1 [] 1 1

Similarly make next two squares.
Can you guess how many unit squares are required for making a square whose side is 6 units?
From the above observations we could make square shapes with 1,4, 9, 16,25 ... unit squares.

These numbers 1,4, 9, 16, 25, ... can be expressed as

1=1x1=1°

4=2x2=2°

9=3x3=3"

16=4x4=4 Observe the pattern of
25=...... X . = e factors in each case
36=....... X i = e

m=nxn= n’> where m, nare integers.

- _ Free Distribution by T.S. Government 2021-22 - -



126

You might have observed in the given pattern that the numbers are expressed as the product of
two equal factors. Such numbers are called perfect squares.

Observe the following perfect square numbers

Ex: () 9= 3x3 (i) 49 = 7x 7 (i) 1.44=12x12
s lsxls 9 3.3 42 2

= X —_——— — e — E—

(iv)  225=15x1. M 16~ 37 M) 1225735 35

In case (i) and (ii)) we have noticed the perfect square numbers 9 and 49 are integers. The
general form of such perfect square numbers is m=n X n(where mand n are integers).

In case (iii), (iv) and (v), (vi) the perfect square numbers are not integers. Hence, they are not
square numbers.

Ifan integer ‘m’ is expressed as n? where nis an integer then ‘m’ is a square number or ‘m’ is a
square of ‘n’.

Perfect square : A rational number that is equal to the square ofanother rational number.
Square number : An integer that is a square of another integer. Thus

“All square numbers are perfect squares™ but all perfect squares may not be square numbers.

Ex: 2.25 is a perfect square number because it can be expressed as 2.25 = (1.5)2 =1.5x1.5,it
is not square of an integer. Therefore, it is not a square number.

Is 42 a square number?

We know that 6> =36 and 72 =49, if42 is a square number it must be the square of an integer.
Which should be between 6 and 7. But there is no such integer between 6 and 7.

Therefore 42 is not a square number.

Observe the perfect squares in the given table

@ 2 3 @ 5 6 7 g8 | @ | 10
11 12 | 13 14 15 17 [ 18 |19 | 20
21 2 | 23 | 24 | @) | 26 27 | 28 |29 | 30
31 32 | 33 | 34 35 37 | 38 | 39 | 40
41 2 | 43 | 44 45 | 46 47 | 48 50
51 52 | 53 | 54 55 | 56 57 | 58 | 59 | 60
61 62 | 63 | 6D | 65 | 66 67 | 68 | 69 | 70
71 72 | 73| 74 75 | 76 77 | 718 | 79 | 80
82 | 83 | 84 85 | 86 87 | 88 | 89 | 90
91 92 | 93 | 94 95 | 96 97 | 98 | 99

Are there any other square numbers that exist other than the numbers shown in the table.
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Do This:
‘| 1. Find the perfect squares between (i) 100 and 150 (ii) 150 and 200

2. Is 56 aperfect square? Give reasons?

6.1 Properties of square numbers :

Observe and fill the following table.

Number | Square Number | Square Number | Square
1 1 11 121 21 441
2 4 12 144 20 (™ .........
3 9 13 | ... 23 529
4 16 14 19 | | ... 576
5 25 15 225 25 625
6 | 16 | e | s
7 49 17 289 || s |
8 64 18 324 | | s |
........ 81 19 361
10 100 20 400 | | e |

Observe the digits in the units place of the square numbers in the above table. Do you observe all
these numbers end with 0, 1,4, 5, 6 or 9 at units place, none of these end with 2, 3, 7 or 8 at
units place. “The numbers that have 2, 3, 7 or 8 in the units place are not perfect squares.”

Can we say that all numbers end with 0, 1,4, 5, 6 or 9, at unit place are square numbers? Think

about it.

Y Try These:
1. Guess and give reason which of the following numbers are perfect
squares. Verify fromthe above table.
(i) 84 (i)) 108 (i) 271 (iv) 240 (v) 529

Write the squares of 1, 9, 11, 19, 21

Have you noticed any relationship between the units digit of numbers and their squares?

We observe that if a number has 1 or 9 in the units place, then the units digit in its square number
isonly 1.

Ifa number has 4 or 6 in the units place, then the units digit in its square is always 6

Similarly, explore the units digit of squares of numbers ending with 0,2,3, 5, 7 and 8.
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Try These:

1. Which ofthe following have 1 inits units place?

@) 126> (i) 179> (i) 281° (iv) 3632
2. Which of'the following have 6 in the units place?

() 116> (i) 228 (i) 324 (iv) 3637

Think, Discuss and Write:

=

Vaishnavi claims that the square of even numbers are even and that of odd are odd. Do you agree
with her? Justify.
Observe and complete the table:
Numbers No.of digits in its square
(Minimum) (Maximum)
1-9 1 2
10-99 | 4
100-999 X N ...
1009-9999 7 8
ndigits | ... | L

y Try These:

1.  Guess, How many digits are there in the squares of

(1) 72 (i1) 103 (ii)) 1000
2. 0 10 20 30
< A— } <— 1 } > Number
7 Y | ~
/7 /7 ~ ~
7 Ve | ~
/ 4 | >SS
P L// L// 1 1 \Il 1 1 1 |\\ N\ 1 SN C d
(u) IOO T T 400 T T T T 900 + orrésponding squares
27 lies between 20 and 30

27 lies between 207 and 307
Now find what would be 27% from the following perfect squares.

()329 (i) 525 (iii) 529 (iv) 729
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6.2. Interesting patterns in square:

1. Observe the following pattern and complete.

1=12 143 =4 =22 1+3+5=9=32 143+5+7 =16=4°
1=1=12
1+3=4= 2

1+3+5=9= 3

1+3+5+7=16= 4
1+3+5+7+9=25=5"
14+3+5+7+9+11=.......... =()?
1+3+5+7+9+11+13=.......... =()?

From this, we can generalize that the sum offirst ‘n’ odd natural numbers is equal to ‘0.

2. Observe the following pattern and find the missing numbers
(11)* =121
(101)>=10201
(1001)%= 1002001

(10001)%=..............
(1000001)* =...............
3. Observe the pattern and complete it
4 = 1 : )

5 A palindrome is a word; phrase, a
11 - 121 sentence or a numerical that reads the same
1112 = 12321 forward or backward.

1112 = 1234321 Ex. NOON, MALAYALAM, MADAM
Rats Ii il star.
M2 = i, ats five Onno evizstar
5 15651
N

These numbers are called palindromic numbers or numerical palindrome
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4.  Fromthe following pattern find the missing numbers
12422492 =32

224132 4 62 =72 Observe the sum of the squares:

324424122 =132 Do you find any relation between the bases of squares ?
How the base of the third number is related to the base of first
and second square numbers?

52+ ( )2 +30° = ( )2 How the base of the resultant square number is related to the
62+ 7% + ( )2 = ( )2 base of the third square number?

£+5+()=21°

5. Find the missing numbers using the given pattern

msmj

2_o0=
) 52—1+52+1
5°=25=12+13 > >
7% =49 =24 + 25 ( + )
) 112—1+112+1
I =121=.....+.... > >
152=225=...+.... ( + )
From this, we can conclude that the square of any odd number say n can be expressed as the
) (n2-1 n>+1)
sum of two consecutive numbers as L 5 + 5

6.  Numbers between successive square numbers:

Observe and complete the following table

Successive squares | Numbers between the successive |Relation

square numbers
12= 1; 22=4 2,3 (2 numbers lies between 1 and 4)| 2xBase of first number 1, (2x1=2)
22=4; 3%=9 5,6, 7, 8 (4 numbers lies between | 2xBase of first number 2, (2x2=4)
4 and 9)
32=9; 4°=16 10,11,12,13,14,15 (6 numbers lies) | 2xBase of first number 3 (2x3=6)

between 9 and 16)

4% = 16; 52205 | e, 2xBase of first number 4, (2x4=8)

52=25; 6°=36
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From the above table have you observed any relation between the successive square numbers

and numbers between them?

With the help of the above table, try to find the number of non square numbers between n”and
(n+ 1)2. There are ‘2n’ non square numbers between n” and (n+ 1)2.

Do This:

1. How many non perfect square numbers are there between 9% and 10°?

2. How many non perfect square numbers are there between 15% and 16%?

y Try These:

Rehan says there are 37 non square numbers between 9%and 11% Ishe right?
Give your reason.

Exercise - 6.1

1. What will be the units digit of the square of the following numbers?
(1) 39 (i) 297 (i) 5125 (iv) 7286 (v) 8742

2. Which ofthe following numbers are perfect squares?
(1) 121 (i) 136 (i) 256 (iv) 321 (v) 600

3. The following numbers are not perfect squares. Give reasons?
(1) 257 (i) 4592 (i) 2433 (iv) 5050 (v) 6098

4.  Find whether the square of the following numbers are even or odd ?
(1) 431 (i) 2826 (ii)) 8204 (iv) 17779 (v) 99998

5. How many numbers lie between the square of the following numbers
(1) 25;26 (i) 56; 57 (i) 107;108

6. Without adding, find the sum of the following numbers

@) 1+3+5+7+9=
(i) 1+3+5+7+9+11+13+15+17=
(i) 1+3+5+7+9+11+13+15+17+19+21+23+25=
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6.3 Pythagorean triplets:

Consider the following

i 3*+4*>=9+16=25= 5

() 5°+122 =25+ 144=169 = 13?

The numbers (3, 4, 5) and (5, 12, 13) are some examples for Pythagorean triplets.

Generally a, b, ¢ are the positive integers. If a’ +b” = ¢? then (a, b, ¢) are said to be
pythagorean triplet.

Ifthere are no common factors other than ‘1’ among a,b,c then the triplet (a,b,c) is called
primitive triplet.

Do This
| 1. Check whether the following numbers form Pythagorean triplet
(1 2,3,4 (i) 6,8,10  (iii) 9,10, 11 (iv) 8, 15,17

2.  Take aPythagorean triplet. Write their multiples. Check whether these multiples
form a Pythagorean triplet.

6.4  Square Roots

Observe the following squares and complete the table.

A=4 A=9 A=16 A=125
Area of the square (in cmz) Side of the square (in cm)
A) ()
4=2x2 2 The number of unit squares
9=3x3 3 ina row/ column represents
the side of a square.
16=4x4
25=5x%5
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Do you find any relation between the area of the square and its side?

We know that the area of the square = side X side = side?

If the area of a square is 169 cm’. What could be the side of the square?

Let us assume that the length ofthe side be “x’ cm.

= 169 = x*

To find the length of the side, it is necessary to find a number whose square is 169.

We know that 169 = 13%. Then the length of the side =13 cm.

Therefore, if a square number is expressed, as the product of two equal factors, then one the
factors is called the square root ofthat square number. Thus, the square root of 169 is 13. It can
be expressed as /169 = 13 (symbol used for square root is J - Thusit is the inverse operation

of squaring.

Example 1: 32 =9 therefore square root of 9 is 3(1/9 =3) 25dis Sthe square of both 3
4% = 16 therefore square root of 16 is 4( J16 = 4) ;r}ller;f(;re, the square root of
5% =25 therefore square root of 25 is 5(v/25 =5) | 25 is 5 or —5.

If y* = x then square root of x is y (\/; = y) But in this chapter we are

\/Z =2 because 2° = 4
2. \/E — 4 because 4° =16
3. /225 =15 because 152 =225 etc.

confined to the positive
Example2: 1. ) p.
square root which is also
called principal square root.

It is written as

- 25 =5.

Complete the following table:

Square Square roots
1= V=1
22=4 Ja =2
32=9 Jo =3
42=16 Ji6 =4
52 =25 V25 =
6% =36 J36=........
TP = s NI
8 =....... o=
9= J o=
10°=....... g =
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6.5 Finding the Square root through subtraction of successive odd numbers:

We know that, every square number can be expressed as a sum of successive odd natural

numbers starting from 1.

Consider, 1+3 = 4 = 2?
1+3+5 =9 = 32
1+3+5+7 = 16 = 4
1+3+5+7+9 = 25= 5°

Finding square root is the reverse order of'this pattern.

For example, find /49
Stepl: 49-1=48 (Subtracting of first odd number) | Observe we know

Step2: 48-3=45  (Subtracting of2" odd number) |1 +3+5+7+9+11 +13 =77=49
49—-[1+3+5+7+9+11+13]=0

Step3: 45-5=40 (Subtracting of 346dd number)

Hence 49 is a perfect square.

Step4: 40-7=33
Step5: 33-9=24
Step6: 24-11=13
Step7: 13-13=0

From 49, we have subtracted seven successive odd numbers starting from 1 and obtained zero
(0) at 7t step.

s 49 =7

Note: If the result of this process is not zero then the given number is not a perfect square.

Do This:

| 1) By subtraction of successive odd numbers find whether the following numbers
are perfect squares or not?

(i) 55 (i) 90 (i) 121

It is easy to find the square roots of any square numbers by the above subtraction process. But
in case of bigger numbers such as 625, 729.......... it is time taking process. So, Let us try to find
simple ways to obtain the square roots.
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There are two methods of finding the square root of the given numbers. They are

(1)  Prime factorization method

(i)  Division method

6.6 Finding the Square Root Through Prime Factorisation Method: i ﬂ
Let us find the square root of 484 by prime factorization method. 2] 242
Step 1: Resolve the given number 484 into prime factors, we get Eﬂ
484=2x2x11x 11 N I
Step 2: Make pairs of equal factors, we get 1
484 =2 x 2) x (11 x 11) 484 =2 x 11) x 2 x 11) =2 x 11)°
Step 3: Choosing one factor out of every pair NITYRE J@2x11)?
By doing so, we get z ;; 1
J484 =2 x 11=22
Therefore, the square root 0f484 is 22.
Now we will see some more examples
_2 [12%
Example 3 : Find the square root of 1296 by Prime Factorization _2 | 648
Solution : Resolving 1296 into Prime factors, we get %i’_z;‘
1296 = (2 % 2) x (2 x 2) x (3 x 3) x (3 x 3) 3 s
J1296 =2x2x3 %3 31 27
% - % —t
S
Example 4 : Find the square root 02025
5 |20s
Solution : Resolving 2025 into Prime factors, we get s | 405
2025=(3 x 3) x (3 x 3) x (5 X 5) 3 81
J2025 =3%x3x5 i__zg
2025 = 45 ENEE)
1

Free Distribution by T.S. Government 2021-22



136

Example5: Find the smallest number by which 720 should be multiplied to get a perfect

square.
2 | 720
Solution : Resolving 720 into Prime factors, we get > 1360
720=(2%2) x (2% 2) x (3% 3) x5 2 | 180
We see that 2, 2, 3 exist in pairs, while 5 is alone 2 90
So, we should multiply the given number by 5 to _3 1 4
3 15
t fect . -]
get a perfect square . 5
Therefore, the perfect square so obtained is |
720 x 5 =3600

Example 6: Find the smallest number by which 6000 should be divided to get a perfect

square and also find the square root of the resulting number. 2 16000
Solution : Resolving 6000 into Prime factors, we get 2_%
6000=2x2x2x2x3x5x5x5 2 [1500
We can see that, 2, 2, and 5 exists in pairs while 3 and 5 2_L0
do not exists in pairs 2—?—;2
So, we must divide the given number by 3 x 5 =15 5 25
Therefore perfect square obtained = 6000 + 15 =400 EZ
400 =2x2x2x2x5x5 1
The square root 0f 400 is 2| 400
J300 = J@x2)x(2x2)x(5x5) 2 2%
= 2x2x5 2] 1
- 20 2] 0
5 25
5 5
N
\" =\ A e Exercise - 6.2
1. Findthe square root of the following numbers by Prime factorization method.
(1) 441 (i) 784 (iii) 4096 (iv) 7056
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2. Find the smallest number by which 3645 must be multiplied to get a perfect square.

Find the smallest number by which 2400 is to be multiplied to get a perfect square and also
find the square root of the resulting number.

4.  Find the smallest number by which 7776 is to be divided to get a perfect square.

5. 1521 trees are planted in a garden in such a way that there are as many trees in each
row as there are rows in the garden. Find the number ofrows and number of trees in each
TOW.

6. A school collected X 2601 as fees from its students. If fee paid by each student and
number students in the school were equal, how many students were there in the school?

7. The product of two numbers is 1296. If one number is 16 times the other, find the two
numbers?

8. 7921 soldiers sat in an auditorium in such a way that there are as many soldiers in arow as
there are rows in the auditorium. How many rows are there in the auditorium?

9.  Theareaofasquare field is 5184 m?. Find the area ofa rectangular field, whose perimeter
is equal to the perimeter of the square field and whose length is twice of'its breadth.

6.7 Finding square root by division method :

We have already discussed the method of finding square root by prime factorisation method. For
large numbers, it becomes lengthy and difficult. So, to overcome this problem we use division
method.

Let us find the square root of 784 by division method.

784 Step 1 : Pair the digits of the given number, starting from units place to the left.
Place a bar on each pair.

2|784|2 Step 2 : Find the largest number whose square is less than or equal to the first
pair or single digit from left (i.e. 2). Take this number as the divisor

_ and the quotient.
217842
4 Step 3: Subtract the product of the divisor and quotient (2 x 2 =4) from first
3 pair or single digit (i.e. 7—4=3)
2| 784 |2
_ Step 4: Bring down the second pair (i.e. 84) to the right of the Remainder
384 (i.e. 3). This becomes the new dividend (i.e. 384).
2| 784 |2 S _ T e o 3
tep 5: From the next possible divisor double the quotient (i.e 2 x 2 =4)
1 Dl _;1 ” | and write a box on its right.
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> | 773 | o Step 6:  Guess the largest possible digit to fill the box in such a way that
4 the product of the new divisor and this digit is equal to or less
AR 384 than the new dividend (i.e. 48 x 8 =384).
384
0
> | 753 | o Step 7: By subtracting, we get the remainder zero. The final quotient 28,
4 is the square root of 784
48| 384 784 =28
—384
0

Think, Discuss and Write

example?
4) 384 (9 4) 384 (8
36 32
24 64
81 =92 64 =8

Now, we will see some more examples.

Example7:  Find the square root 01296

Solution: Step 1

1296
Step 2 _
311296 |3
9
Step 3 _
311296 |3
-9
Step 4 1906
3 ‘ 19296 3 Observe
6| 396
6i396 6
Step 5 36 (
311296 |36 36
-9 36 =6
66| 396 0
- 396
0
o A1296 =36
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Example8: Find the square root 0f 8281 Observe
Solution: 0| 5237|091 18? 31 (1
-81 18
181 181 1
-181 1 =1
0 Therefore /8281 = 91 0
E le9: Findth test f igit hich i rfect -
xample ind the greatest four digit number which is a perfect square o | 5559 | 99
Solution: Greatest four digit number is 9999 -81
. 189| 18 99
We find square root 0f 9999 by division method. 17 01
The remainder 198 shows that it is less than 9999 by 198 198
This means if we subtract 198 from 9999, we get a perfect square.
9999 — 198 = 9801 is the required perfect square.
Example 10: Find the least number which must be subtracted from4215 6| 72215 | 64
to make it a perfect square? 36
Solution: ~ Wefind by division method that L 615
124 -4 96
The remainder is 119 119
This means, if we subtract 119 from 4215. We get a perfect square.
Hence, the required least number is 119.
6.8 Square root of decimal numbers using division method :
Let us begin with the example ./17.64
Step 1:  Place the bars on the integral part of the number i.e. 17 in the _
usual manner. Place the bars on every pair of decimal part from ‘1 7-64‘
left to right
Step 2: Find the largest number (i.e. 4) whose square is less than or 4| 177 644
equal to the first pair of integral part (i.e. 17). Take this number 16 ’
4 as a divisor and the first pair 17 as the dividend. Get the - 1
remainder as 1.
Divide and get the remainder i.e. 1 4| 7 |4
Step 3:  Write the next pair (i.e. 64) to the right of the remainder to get -16
164, which becomes the new dividend. 1.64
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Step4:  Doublethe quotient (2 X 4=8) and writeitas 8intheboxonits 4 | 1757 | 4
right. Since 64 is the decimal part so, put a decimal point in the 16

quotient (i.e. 4) 01~ 164

Step 5:  Guess the digit to fill the box in such a way that the productofthe 4 | 17.64 | 4.2

new divisor and the digit is equal to or less than the new dividend -16
164. In this case the digit is 2. Divide and get the remainder. 8[2] 164
-164
Step 6:  Since the remainder is zero and no pairs left. 0
V17.64 =4.2

Now, let us see some more examples.
Example 11: Find the square root 0f42.25 using division method.

Solution: Step 1 : ‘E . 2_5‘

Step 2 :

6| 4225 |65

Step 3 : 6]-36
125] 625
-625

SN42.25 =6.5.

Example 12: Find ./96.04

Solution: 9| 96.04 |9.8
9 | -81
188 1504
-1504
0

Therefore /96.04 =9.8
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6.9 Estimating square roots of non perfect square numbers :

So far we have learnt the method for finding the square roots of perfect squares. If the numbers
are not perfect squares, then we will not be able to find the exact square roots. In all such cases
we atleast need to estimate the square root.

Let us estimate the value of /300 to the nearest whole number.
300 lies between two perfect square numbers 100 and 400
. 100 <300 <400
10% < 300 < 20°
ie. 10< /300 <20
But still we are not very close to the square number. we know that 17 =289, 18>=324
Therefore 289 <300 <324

17 < 300 <18
As 289 is more closer to 300 than 324.
The approximate value of /300 is 17.

Exercise - 6.3

1. Findthe square root of the following numbers by division method.
(1) 1089 (i) 2304 (iii) 7744 (iv) 6084 (v) 9025

2. Find the square root ofthe following decimal numbers.
(i) 2.56 (i) 18.49 (iii) 68.89 (iv) 84.64

3. Find the least number that is to be subtracted from 4000 to make it perfect square
4.  Find the length of the side ofa square whose area is 4489 sq.cm.

5. A gardener wishes to plant 8289 plants in the form of a square and found that there were
8 plants left. How many plants were planted in each row?

6.  Findthe least perfect square with four digits.
7. Find the least number which must be added to 6412 to make it a perfect square?

8. Estimate the value ofthe following numbers to the nearest whole number

M o7 (i) V250 (i) /780
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Cubes and Cube Roots

6.10 Cubic Numbers

We know that a cube is a solid figure with six identical squares as its faces.

Now let us make cubic shapes using these unit cubes

S.No. Figure Length ofthe side | No.ofunit cubes used
1 1 1 1
1
1
2 2 8
2
2
2

27

NI
NNANAN

W

3

Can you make next cube? Guess how many unit cubes are required to make a cube whose side

1S 5 units?
So, werequire 1, 8,27,64 ........ unit cubes to make cubic shapes.
These numbers 1, 8,27,64 ...... are called cubic numbers or perfect cubes.
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As 1=1x1x1=1°
§=2x2x2=2°
27=3x3x3=3°

So, a cube number is obtained when a number is multiplied by itself for three times.

. . 3
That is, cube of a number ‘x’ is x X x X x =Xx

Is 49 a cube number ? No, as 49 =7 x 7 and there is no natural number which when multiplied
by itself three times gives 49. We can also see that 3 x 3 x 3 =27 and 4 x 4 x4 = 64. This
shows that 49 is not a perfect cube.

@ .| Try These

1. Is 81 a perfect cube?
2. Is 125 a perfect cube?

Observe and complete the following table.

Number Cube
1 P=1x1x1=1
2 22=2x2x2=38
3 32 =3x3%x3=27
4 $=4x4x4=64
5 53=5x5%x5=125
6 6>=6X6X6=........
7 = e
8 8 = = eeeeerenen,
9 = = e,
10 103= = e,

Think, Discuss and Write

(1) How many perfect cube numbers are present between 1 and 100, 1 and 500, 1 and 1000?

(i1) How many perfect cubes are there between 500 and 1000 ?
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Following are the cubes of numbers from 11 to 20

Number Cube
11 1331
12 1728
13 2197
14 2744
15 3375 Do you find anything interesting
16 4096 in the sum of the digits in the
17 4913 cubes of 17 and 18 ?
18 5832
19 6859
20 8000

From the table, we can see that cube of an even number is always an even number. Do you think

the same is true for odd numbers also?

We can also observe that, ifa number has 1 in the units place, then its cube ends with 1.

Similarly, what can you say about the units digit of the cube of a number having 0,4, 5, 6 or 9 as

the units digit?

Try These:

1. Find the digit in units place of each of the following numbers.

i 75° i) 123° i) 1577 (iv) 198° (v) 206°

6.11 Some interesting patterns:

1.

Adding consecutive odd numbers

Observe the following patterns.

1
3+5
7+9+11

13+15+17+19 = ... =

=1 = 0
=8 = 2
= 27 = 3

Can you guess how many next consecutive odd numbers will be needed to obtain the sum as 5%9
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2. Consider the following pattern

217 = 1+2x1x3 = 7
33-2% = 1+3x2x3 = 19
-3 = 1+4x3x3 = 37
3 _43 = —

Using the above pattern find the values of the following

(1) 10°=9° (i) 15° —14° (ii)) 26 —25°

3. Observe the following pattern and complete it

1 =
1°+2° =

1?+23 +33

P+2) +3+4> =

12
(1+2)°=(3)
(1+2+3)P%=()

()
(1+2+3+...+10)

Hence we can generalize that,

The sum of the cubes of first ‘n’ natural numbers is equal to the square of their sum.

ie. P+ 22+33+ ...

+n’= (1+2+3+...+n)

6.12 Cubes and their Prime Factors:

Consider the numbers 64 and 216

Resolving 64 and 216 into prime factors

64 = 2x2x2x2x2x2

216

2x2x2x3x3x3

In both these cases each factor appears three times. That is the prime factors can be grouped in

triples.

Thus, if a number can be expressed as a product of three equal factors then it is said to be a

perfect cube or cubic number.
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Is 540 a perfect cube? 2] 540

. . . 21270
Resolving 540 into prime factors, we get AT
540=2x2x3x3x3x%x5 3| 45
Here, 2 and 5 do not appear in groups of three. 311
5 5

Hence 540 is not a perfect cube.

Do These

1. Which of'the following are perfect cubes?
(1) 243 (i) 400 (iii) 500 (iv) 512 (v) 729

Example 13: What is a smallest number by which 2560 is to be multiplied so that the product
is a perfect cube?

2 | 2560

Solution : Resolving 2560 into prime factors, we get EAE 280
2560 = 2X2X2X2x2X2 X2X2%X2X5 2] 640

. 2 20

The Prime factor 5 does not appear in a group of three. 7%60

So, 2560 is not a perfect cube. 51 %0

Hence, the smallest number by which it is to be multiplied 2 40

to make it a perfect cube is 5 X 5 =25 i 20

2 10

5

Example 14: What is the smallest number by which 1600 is to be divided. so that the quotient
is a perfect cube?

2 | 1600

Solution:  Resolving 1600 into prime factors, we get 2| 800
1600=2x2x2x2x2x2 x5x5 2| 400

: ) 2| 200

The prime factor 5 does not appear in a group of three =1 =

2| 100

factors. So, 1600 is not a perfect cube. ST 30

Hence, the smallest number which is to be divided 51 25

to make it a perfect cube is 5 x 5 =25 5
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Exercise - 6.4

1. Findthe cube of'the following numbers
(1) 8 (i) 16 (i) 21 (iv) 30
2. Test whether the given numbers are perfect cubes or not.
(1) 243 (i) 516 (i) 729 (iv) 8000 (v) 2700

3. Find the smallest number by which 8788 must be multiplied to obtain a perfect cube?

What smallest number should 7803 be multiplied with so that the product becomes a
perfect cube?

5. Find the smallest number by which 8640 must be divided so that the quotient is a perfect
cube?

6.  Ravimade a cuboid of plasticine of dimensions 12cm, 8cm and 3cm. How many minimum
number of such cuboids will be needed to form a cube?

7. Find the smallest prime number dividing the sum 3 st

6.13 Cube roots

We know that, we require 8 unit cubes to forma cube of side 2 units (23 = 8) similarly, we need
27 unit cubes to form a cube of side 3 units (33 =27)
Suppose, a cube is formed with 64 unit cubes. Then what could be the side ofthe cube?
Let us assume, the length of the side to be ‘x’
64 = x°
To find the side of a cube, it is necessary to find a number whose cube is 64.
Therefore, finding the number whose cube is known is called finding the cube root. It is the

inverse operation of cubing.
As, 43 = 64 then 4 is called cube root of 64

We write 3/64 =4 . Thesymbol 3/ denotes cube root. Hence, a number ‘x”is the cube root

of another number y, if y = 3 then x= %/; ) // // // //
/S 7
S /S 7 //
y A4 %
% L
“
L/ % y
d %
d %
//
/
(1 unit cube) (2 unit cube) (3 unit cube) (4 unit cube)
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Complete the following table:

Cubes Cube roots

[\
mw Aw ww w
I I I I
[—
[©) N \S
[\®) oo
O P
» w w
—_ w %)
D] N «l
S Bl Q| * S‘
I I I I
0 N O W EAN W N =

Sk

6.14 Finding cube root through Prime Factorization method:

Let us find the cube root of 1728 by prime factorization method. i 1;2

Stepl : Resolve the given number 1728 into prime factors. > am
1728 =2x2x2x2x2x2 x3x3x3

Step2: Make groups ofthree equal factors: 2| 216

1728 = (2 x 2 x 2) x (2 x 2x2) x (3% 3 x 3) 2| 108

Step 3: Choose one factor from each group and multiply by doing so, we get 2 >4

1728 = 2x2x3=12 3| %7

Let us see some more examples 3 z

Example 15: Find the cube root 0f 4096 ?
Solution : Resolving 4096 into Prime Factors, we get

4096 = (2Xx2x2)x(2x2%x2) x(2x2x%x2)%x(2%x2x2)
34096 = 2x2x2x2=16
34096 =16

(oo pfefef el
—
[\
o0
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6.15 Estimating the cube root of a number

Ifwe know, the given number is a cube number then to find its cube root the following method
can be used.

Let us find the cube root 0£9261 through estimation.
Stepl:  Start making groups of'three digits starting from the unit place.
ie. 9 261

second  first
group group
Step 2:  First group i.e. 261 will give us the units digit of the cube root. As 261 ends with 1, its
cube root also ends with 1. So, the units place of the cube root will be 1.

Step 3: Now, take second group i.e. 9.
We know that 2° < 9 <37,

As the smallest number is 2, it becomes the tens place of the required cube root

- 39261 = 21

Exercise - 6.5

1. Findthe cube root ofthe following numbers by prime factorization method.
(1) 343 (i) 729 (i) 1331 (iv) 2744
2. Find the cube root of the following numbers through estimation?
(1) 512 (i) 2197 (iii) 3375 (iv) 5832
3. State true or false?
(i)  Cube ofan even number is an odd number
(i.) A perfect cube may end with two zeros
(i) Ifanumber ends with 5, then its cube ends with 5
(iv) Cube ofa number ending with zero has three zeros at its right
(v)  The cube of a single digit number is a single digit number.
(vi)  There is no perfect cube which ends with 8
(vii) The cube ofa two digit number may be a three digit number.

4.  Find the two digit number which is a square number and also a cubic number.
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What we have discussed

»  Estimating number of digits in square of a number.

*  Square numbers written in different patterns. W 3 11K 3

a, b, c are positive integers and if a’ +b%>=c’ then (a, b, ¢) are said to be Pythagorean

triplets.
*  Finding the square roots by prime factorisation and division method.
*  Square root is the inverse operation of squaring.
»  Estimating square roots of non perfect square numbers.
*  Ifanumber is multiplied three times by itself'is called cube number.
»  Finding cube root by prime factorisation method.
»  Estimating cube roots of a number.

*  The square of integer is an integer and a square number, where as square of rational
number is a perfect square, not a square number.

Eternal triangle

The formulau that give sides ofa right - angled triangle have been known since the time
of Diophantus and the early Greeks. They are

one side X=m’—n’
second side Y=2mn : < S
Hypotenuse Z=m” +n’ < “n2
The numbers m & n are integers which may be >
arbitarily selected. A
_.2 2
Example X=m"—n
m n X=m’-n’ Y =2mn Z=m’+n’
2 1 3 4 5
3 2 5 12 13
5 2 21 20 29
4 3 7 24 25
4 1 15 8 17

Free Distribution by T.S. Government 2021-22




Chapter 7

Frequency Distribution Tables and Graphs

7.0 Introduction

Jagadeesh watching sports news. A visual appeared on the T. V. screen showing the details of

medals won by different countries in Olympics 2012.

Olympics 2012 - Medals Tally

Rank | Country Gold | Silver |Bronze| Total
1 United States | 46 29 29 104
2 China 38 27 23 88
3 Great Britain | 29 17 19 65
4 Russia 24 26 32 82
5 Korea 13 8 7 28

The above table provides data about the top five countries that got the highest number of medals

in the olympics 2012 as well as the number of medals they won.

Information, available in the numerical form or verbal form or graphical form that helps in taking

decisions or drawing conclusions is called Data.
e Which country has got the highest number of medals ?
e Which country has got the highest number of bronze medals ?

e Write three more questions based on data provided in the table .

Try This

Give any three examples of data which are in situations or in numbers.
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152 Mathematics VIII

7.1  Basic measures of central tendency

Usually we collect data and draw certain conclusions based on the nature of data. Understanding

its nature, we do certain computations like mean, median and mode which are referred as measures
of central tendency. Let us recall.

7.1.1 Arithmetic Mean

It is the most commonly used measure of central tendency. For a set of numbers, the mean is
simply the average, i.e., sum of all observations divided by the number of observations.

Arithmetic mean of xl , xz, x3, x4, ....... xn 1S le‘ represents the sum of
Asithmets Xt Xyt +x, all x, where i takes the
ctictnean = N values from 1 to n. And N
- le. . is the total number of
x = . o
N (short representation) M scrvations.
Example 1:  Ashok got the following marks in different subjects in a unit test. 20, 11,21, 25,
23 and 14. What is arithmetic me