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Foreword

The National Curriculum Framework, 2005, recommends that children’s life at school must be linked
to their life outside the school. This principle marks a departure from the legacy of bookish learning
which continues to shape our system and causes a gap between the school, home and community. The
syllabi and textbooks developed on the basis of NCF signify an attempt to implement this basic idea.
They also attempt to discourage rote learning and the maintenance of sharp boundaries between
different subject areas. We hope these measures will take us significantly further in the direction of a
child-centred system of education outlined in the National Policy on Education (1986).

The success of this effort depends on the steps that school principals and teachers will take to
encourage children to reflect on their own learning and to pursue imaginative activities and questions.
‘We must recognise that, given space, time and freedom, children generate new knowledge by engaging
with the information passed on to them by adults. Treating the prescribed textbook as the sole basis of
examination is one of the key reasons why other resources and sites of learning are ignored. Inculcating
creativity and initiative is possible if we perceive and treat children as participants in learning, not as
receivers of a fixed body of knowledge.

These aims imply considerable change in school routines and mode of functioning. Flexibility in
the daily time-table is as necessary as rigour in implementing the annual calendar so that the required
number of teaching days are actually devoted to teaching. The methods used for teaching and evaluation
will also determine how effective this textbook proves for making children’s life at school a happy
experience, rather than a source of stress or boredom. Syllabus designers have tried to address the
problem of curricular burden by restructuring and reorienting knowledge at different stages with greater
consideration for child psychology and the time available for teaching. The textbook attempts to enhance
this endeavour by giving higher priority and space to opportunities for contemplation and wondering,
discussion in small groups, and activities requiring hands-on experience.

NCERT appreciates the hard work done by the textbook development committee responsible
for this book. We wish to thank the Chairperson of the advisory group in science and mathematics,
Professor J.V. Narlikar and the Chief Advisor for this book, Dr H.K. Dewan for guiding the work of
this committee. Several teachers contributed to the development of this textbook; we are grateful to
their principals for making this possible. We are indebted to the institutions and organisations which
have generously permitted us to draw upon their resources, material and personnel. As an organisation
committed to systemic reform and continuous improvement in the quality of its products, NCERT
welcomes comments and suggestions which will enable us to undertake further revision and refinement.

Director
New Delhi National Council of Educational
30 November 2007 Research and Training
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Rationalisation of Content in the Textbooks

In view of the COVID-19 pandemic, it is imperative to reduce content load on students.

The National Education Policy 2020, also emphasises reducing the content load and

providing opportunities for experiential learning with creative mindset. In this background,

the NCERT has undertaken the exercise to rationalise the textbooks across all classes.

Learning Outcomes already developed by the NCERT across classes have been taken

into consideration in this exercise.

Contents of the textbooks have been rationalised in view of the following:

Overlapping with similar content included in other subject areas in the
same class

Similar content included in the lower or higher class in the same subject
Difficulty level

Content, which is easily accessible to students without much interventions from

teachers and can be learned by children through self-learning or peer-learning

Content, which is irrelevant in the present context

This present edition, is a reformatted version after carrying out the changes given above.
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Preface

This is the final book of the upper primary series. It has been an interesting journey to define mathematics
learning in a different way. The attempt has been to retain the nature of mathematics, engage with the
question why learn mathematics while making an attempt to create materials that would address the
interest of the learners at this stage and provide sufficient and approachable challenge to them. There
have been many views on the purpose of school mathematics. These range from the fully utilitarian to
the entirely aesthetic perceptions. Both these end up not engaging with the concepts and enriching the
apparatus available to the learner for participating in life. The NCF emphasises the need for developing
the ability to mathematise ideas and perhaps experiences as well. An ability to explore the ideas and
framework given by mathematics in the struggle to find aricher life and a more meaningful relationship
with the world around.

This is not even easy to comprehend, far more difficult to operationalise. But NCF adds to this an
even more difficult goal. The task is to involve everyone of that age group in the classroom or outside
in doing mathematics. This is the aim we have been attempting to make in the series.

We have, therefore, provided space for children to engage in reflection, creating their own rules
and definitions based on problems/tasks solved and following their ideas logically. The emphasis is not
on remembering algorithms, doing complicated arithmetical problems or remembering proofs, but
understanding how mathematics works and being able to identify the way of moving towards solving
problems.

The important concern for us has also been to ensure that all students at this stage learn mathematics
and begin to feel confident in relating mathematics. We have attempted to help children read the book
and to stop and reflect at each step where a new idea has been presented. In order to make the book
less formidable we have included illustrations and diagrams. These combined with the text help the
child comprehend the idea. Throughout the series and also therefore in this book we have tried to
avoid the use of technical words and complex formulations. We have left many things for the student to
describe and write in her own words.

We have made an attempt to use child friendly language. To attract attention to some points blurbs
have been used. The attempt has been to reduce the weight of long explanations by using these and the
diagrams. The illustrations and fillers also attempt to break the monotony and provide contexts.

Class VIII s the bridge to Class IX where children will deal with more formal mathematics. The
attempt here has been to introduce some ideas in a way that is moving towards becoming formal. The
tasks included expect generalisation from the gradual use of such language by the child.

The team that developed this textbook consisted teachers with experience and appreciation of
children learning mathematics. This team also included people with experience of research in mathematics
teaching-learning and an experience of producing materials for children. The feedback on the textbooks
for Classes VI and VII was kept in mind while developing this textbook. This process of
development also included discussions with teachers during review workshop on the manuscript.
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In the end, I would like to express the grateful thanks of our team to Professor Krishna Kumar,
Director, NCERT, Professor G. Ravindra, Joint Director, NCERT and Professor Hukum Singh,
Head, DESM, for giving us an opportunity to work on this task with freedom and with full support. I
am also grateful to Professor J.V. Narlikar, Chairperson of the Advisory Group in Science and
Mathematics for his suggestions. I am also grateful for the support of the team members from NCERT,
Professor S.K. Singh Gautam, Dr V.P. Singh and in particular Dr Ashutosh K. Wazalwar who
coordinated this work and made arrangements possible. In the end I must thank the Publication
Department of NCERT for its support and advice and those from Vidya Bhawan who helped produce
the book.

It need not be said but I cannot help mentioning that all the authors worked as a team and we
accepted ideas and advice from each other. We stretched ourselves to the fullest and hope that we
have done some justice to the challenge posed before us.

The process of developing materials is, however, a continuous one and we would hope to
make this book better. Suggestions and comments on the book are most welcome.

H.K. DEwaN
Chief Advisor
Textbook Development Committee
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A Note for the Teacher

This is the third and the last book of this series. It is a continuation of the processes initiated to help the
learners in abstraction of ideas and principles of mathematics. Our students to be able to deal with
mathematical ideas and use them need to have the logical foundations to abstract and use postulates
and construct new formulations. The main points reflected in the NCF-2005 suggest relating mathematics
to development of wider abilities in children, moving away from complex calculations and algorithm
following to understanding and constructing a framework of understanding. As you know, mathematical
ideas do not develop by telling them. They also do not reach children by merely giving explanations.
Children need their own framework of concepts and a classroom where they are discussing ideas,
looking for solutions to problems, setting new problems and finding their own ways of solving problems
and their own definitions.

As we have said before, it is important to help children to learn to read the textbook and other
books related to mathematics with understanding. The reading of materials is clearly required to help
the child learn further mathematics. In Class VIII please take stock of where the students have reached
and give them more opportunities to read texts that use language with symbols and have brevity and
terseness with no redundancy. For this if you can, please get them to read other texts as well. You
could also have them relate the physics they learn and the equations they come across in chemistry to
the ideas they have learnt in mathematics. These cross-disciplinary references would help them develop
a framework and purpose for mathematics. They need to be able to reconstruct logical arguments and
appreciate the need for keeping certain factors and constraints while they relate them to other areas as
well. Class VIII children need to have opportunity for all this.

As we have already emphasised, mathematics at the Upper Primary Stage has to be close to the
experience and environment of the child and be abstract at the same time. From the comfort of context
and/or models linked to their experience they need to move towards working with ideas. Learning to
abstract helps formulate and understand arguments. The capacity to see interrelations among concepts
helps us deal with ideas in other subjects as well. It also helps us understand and make better patterns,
maps, appreciate area and volume and see similarities between shapes and sizes. While this is regarding
the relationship of other fields of knowledge to mathematics, its meaning in life and our environment
needs to be re-emphasised.

Children should be able to identify the principles to be used in contextual situations, for solving
problems sift through and choose the relevant information as the first important step. Once students do
that they need to be able to find the way to use the knowledge they have and reach where the problem
requires them to go. They need to identify and define a problem, select or design possible solutions and
revise or redesign the steps, if required. As they go further there would be more to of this to be done. In
Class VIII we have to get them to be conscious of the steps they follow. Helping children to develop the
ability to construct appropriate models by breaking up the problems and evolving their own strategies
and analysis of problems is extremely important. This is in the place of giving them prescriptive algorithms.

Reprint 2024-25



Cooperative learning, learning through conversations, desire and capacity to learn from each other
and the recognition that conversation is not noise and consultation not cheating is an important part of
change in attitude for you as a teacher and for the students as well. They should be asked to make
presentations as a group with the inclusion of examples from the contexts of their own experiences.
They should be encouraged to read the book in groups and formulate and express what they understand
from it. The assessment pattern has to recognise and appreciate this and the classroom groups should
be such that all children enjoy being with each other and are contributing to the learning of the group.
As you would have seen different groups use different strategies. Some of these are not as efficient as
others as they reflect the modeling done and reflect the thinking used. All these are appropriate and
need to be analysed with children. The exposure to a variety of strategies deepens the mathematical
understanding. Each group moves from where it is and needs to be given an opportunity for that.

For conciseness we present the key ideas of mathematics learning that we would like you to
remember in your classroom.

1. Enquiry to understand is one of the natural ways by which students acquire and construct knowledge.
The process can use generation of observations to acquire knowledge. Students need to deal with
different forms of questioning and challenging investigations- explorative, open-ended, contextual
and even error detection from geometry, arithmetic and generalising it to algebraic relations etc.

2. Children need to learn to provide and follow logical arguments, find loopholes in the arguments
presented and understand the requirement of a proof. By now children have entered the formal
stage. They need to be encouraged to exercise creativity and imagination and to communicate their
mathematical reasoning both verbally and in writing.

3. The mathematics classroom should relate language to learning of mathematics. Children should talk
about their ideas using their experiences and language. They should be encouraged to use their
own words and language but also gradually shift to formal language and use of symbols.

4. Thenumber system has been taken to the level of generalisation of rational numbers and their properties
and developing a framework that includes all previous systems as sub-sets of the generalised rational
numbers. Generalisations are to be presented in mathematical language and children have to see that
algebra and its language helps us express a lot of text in small symbolic forms.

5. As before children should be required to set and solve a lot of problems. We hope that as the
nature of the problems set up by them becomes varied and more complex, they would become
confident of the ideas they are dealing with.

6. Class VIII book has attempted to bring together the different aspects of mathematics and emphasise
the commonality. Unitary method, Ratio and proportion, Interest and dividends are all part of one
common logical framework. The idea of variable and equations is needed wherever we need to
find an unknown quantity in any branch of mathematics.

We hope that the book will help children learn to enjoy mathematics and be confident in the
concepts introduced. We want to recommend the creation of opportunity for thinking individually and
collectively.

We look forward to your comments and suggestions regarding the book and hope that you will
send interesting exercises, activities and tasks that you develop during the course of teaching, to be
included in the future editions. This can only happen if you would find time to listen carefully to children
and identify gaps and on the other hand also find the places where they can be given space to articulate
their ideas and verbalise their thoughts.
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Constitution of India

Part IV A (Article 51 A)

Fundamental Duties

It shall be the duty of every citizen of India —

(@)

(b)

(©
(d)

)

()
(2

()

V)

*(k)

Note:

to abide by the Constitution and respect its ideals and institutions, the
National Flag and the National Anthem;

to cherish and follow the noble ideals which inspired our national struggle
for freedom;

to uphold and protect the sovereignty, unity and integrity of India;

to defend the country and render national service when called upon to
do so;

to promote harmony and the spirit of common brotherhood amongst all
the people of India transcending religious, linguistic and regional or
sectional diversities; to renounce practices derogatory to the dignity of
women;

to value and preserve the rich heritage of our composite culture;

to protect and improve the natural environment including forests, lakes,
rivers, wildlife and to have compassion for living creatures;

to develop the scientific temper, humanism and the spirit of inquiry and
reform;

to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and collective
activity so that the nation constantly rises to higher levels of endeavour
and achievement;

who is a parent or guardian, to provide opportunities for education to
his child or, as the case may be, ward between the age of six and
fourteen years.

The Article 51A containing Fundamental Duties was inserted by the Constitution
(42nd Amendment) Act, 1976 (with effect from 3 January 1977).

*(k) was inserted by the Constitution (86th Amendment) Act, 2002 (with effect from
1 April 2010).
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Rational Numbers

1.1 Introduction

In Mathematics, we frequently come across simple equations to be solved. For example,
the equation x+2=13 (D

is solved when x = 11, because this value of x satisfies the given equation. The solution
11 is anatural number. On the other hand, for the equation

x+5=5 2

the solution gives the whole number O (zero). If we consider only natural numbers,
equation (2) cannot be solved. To solve equations like (2), we added the number zero to
the collection of natural numbers and obtained the whole numbers. Even whole numbers
will not be sufficient to solve equations of type

x+18=5 3)

Do you see ‘why’? We require the number —13 which is not a whole number. This
led us to think of integers, (positive and negative). Note that the positive integers
correspond to natural numbers. One may think that we have enough numbers to solve all
simple equations with the available list of integers. Now consider the equations

2x =3 “
Sx+7=0 (5)
for which we cannot find a solution from the integers. (Check this)

3 _
We need the numbers 3 to solve equation (4) and ? to solve

equation (5). This leads us to the collection of rational numbers.

We have already seen basic operations on rational
numbers. We now fry to explore some properties of operations
on the different types of numbers seen so far.

Reprint 2024-25

CHAPTER

0852CHO1




2 I MATHEMATICS

1.2 Properties of Rational Numbers
1.2.1 Closure
(i) Whole numbers

Let us revisit the closure property for all the operations on whole numbers in brief.

N
Operation Numbers Remarks
Addition 0+ 5 =5, awhole number ‘Whole numbers are closed
4 +7=....Isita whole number? | under addition.
In general, a + b is a whole
number for any two whole
numbers a and b.
Subtraction 5—7=-2, whichis not a ‘Whole numbers are not closed
whole number. under subtraction.
Multiplication | 0x 3 =0, a whole number Whole numbers are closed
3x7=....Isitawhole number? | under multiplication.
In general, if a and b are any two
whole numbers, their product ab
is a whole number.
L 3 N
Division 5+8= e whichis nota Whole numbers are not closed
under division.
whole number.
\_ Y,
Check for closure property under all the four operations for natural numbers.
(ii) Integers
Let us now recall the operations under which integers are closed.
e N
Operation Numbers Remarks
Addition —6+5=-1, aninteger Integers are closed under
Is—7+ (-5) an integer? addition.

Is 8 + 5 an integer?
In general, a + b is an integer
for any two integers a and b.

Subtraction 7—-5=2, an integer Integers are closed under
Is 5—7 an integer? subtraction.
— 6 -8 =—14, an integer
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RaTionAL NumBers M 3

—6—(—8)=2, aninteger

Is 8 — (- 6) an integer?

In general, for any two integers

a and b, a— b is again an integer.
Check if b—a is also an integer.

Multiplication | 5 x 8 =40, an integer Integers are closed under
Is—5 x 8 an integer? multiplication.

—5x (—8) =40, an integer

In general, for any two integers
a and b, a x b is also an integer.

Division 5+8 , which is not Integers are not closed

~ 8 .
under division.

an integer.
- J

You have seen that whole numbers are closed under addition and multiplication but
not under subtraction and division. However, integers are closed under addition, subtraction
and multiplication but not under division.

(iii) Rational numbers
Recall that a number which can be written in the form g , where p and g are integers

2

9
and g # 0 is called a rational number. For example, —g , 7 , _—5 are all rational

numbers. Since the numbers 0, -2, 4 can be written in the form g , they are also

rational numbers. (Check it!)

(@) Youknow how to add two rational numbers. Let us add a few pairs.
§+ (=5) 21+(-40) -19

st 7 56 56 (arational number)

_—3 + ")) . 15+(=32) =.. Is it a rational number?

8 5 40 '
4 6 . .

7 H =.. Is it a rational number?

We find that sum of two rational numbers is again a rational number. Check it
for a few more pairs of rational numbers.
We say that rational numbers are closed under addition. That is, for any
two rational numbers a and b, a + b is also a rational number.
(b) Will the difference of two rational numbers be again a rational number?
‘We have,
=5 2 -5x3-2x7 -29

— 3= o 21 (arational number)
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4 I MATHEMATICS

Is it arational number?

Is it arational number?

Try this for some more pairs of rational numbers. We find that rational numbers
are closed under subtraction. That is, for any two rational numbers a and
b, a—b is also a rational number.

(c) Letusnow see the product of two rational numbers.

2 X 4 = _—8; 3 X 2 =—z  (boththe products are rational numbers)
35 157 5 35
4 -6 . )
BT Isit arational number?
Take some more pairs of rational numbers and check that their product is again
arational number.

We say that rational numbers are closed under multiplication. That
is, for any two rational numbers a and b, a x b is also a rational

number.

(d) We note that _?5 + % = _725 (arational number)
2 5 \ ) -3 -
7 - 5 =....Isitarational number? ? - 7 =....Isitarational number?

Can you say that rational numbers are closed under division?
We find that for any rational number a, a + 0 is not defined.

So rational numbers are not closed under division.
However, if we exclude zero then the collection of, all other rational numbers is
closed under division.

TRY THESE

Fill in the blanks in the following table.

Numbers Closed under )
addition subtraction | multiplication division
Rational numbers Yes Yes No
Integers Yes No
Whole numbers Yes
N Natural numbers No g
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RaTioNAL NumBERs M 5

1.2.2 Commutativity
(i) Whole numbers

Recall the commutativity of different operations for whole numbers by filling the

following table.
N
Operation Numbers Remarks
Addition 0+7=7+0=7 Addition is commutative.
2+3=...4+...=..
For any two whole
numbers a and b,
at+b=b+a
Subtraction | ... Subtraction is not commutative.
Multiplication | ... Multiplication is commutative.
\Division ......... Division is not commutative. )

Check whether the commutativity of the operations hold for natural numbers also.

(ii) Integers

Fill in the following table and check the commutativity of different operations for

integers:
e - N
Operation Numbers Remarks
Additon | ... Addition is commutative.
Subtraction Is5-(-3)=-3-5? Subtraction is not commutative.
Multiplication | ... Multiplication is commutative.
0 Division | ... Division is not commutative. y

(iii) Rational numbers
(a) Addition

You know how to add two rational numbers. Let us add a few pairs here.

-2 5 1 S (=2 1
—+—=—and—+| — |=—
)

3 7 21 7 3
-2 5 5 (=2
So, — =1 —
© 307 7 (:J
Also, _—6+ _—8 =...and_—8+(_—6j:
5 3 3 5
PR
5 3 3 5
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. —_3+1:1+(—_3J?

You find that two rational numbers can be added in any order. We say that
addition is commutative for rational numbers. That is, for any two rational
numbers a and b, a + b = b + a.

(b) Subtraction

I 2552,

° 3 4 4 3°
|

Is 1331,
25 5 2

You will find that subtraction is not commutative for rational numbers.

Note that subtraction is not commutative for integers and integers are also rational
numbers. So, subtraction will not be commutative for rational numbers too.

(c) Multiplication

Wehave, __7x§:__42:§x(__7)
3 5 15 5

-8 (-4) -4 (-8
Is —X|—|=—X%x|— 12
9 (7) 7 (9)

Check for some more such products.
You will find that multiplication is commutative for rational numbers.
In general, a x b = b x a for any two rational numbers a and b.

(d) Division

Is _—5+§=§+ (_—SJ?

You will find that expressions on both sides are not equal.
So division is not commutative for rational numbers.

TRY THESE

Complete the following table:

(" Numbers Commutative for )
addition subtraction | multiplication | division
Rational numbers Yes
Integers No
Whole numbers Yes
Natural numbers No
. J
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1.2.3 Associativity
(i) Whole numbers

Recall the associativity of the four operations for whole numbers through this table:

N
Operation Numbers Remarks
Additon [ .. Addition is associative
Subtraction | ... Subtraction is not associative
Multiplication | Is 7 x (2x5)=(7x2)x5? Multiplication is associative
Is4x(6x0)=(4x6)x0?
For any three whole
numbers a, b and ¢
ax(bxc)=(axb)xc
Division | ... Division is not associative
- J
Fill in this table and verify the remarks given in the last column.
Check for yourself the associativity of different operations for natural numbers.
(ii) Integers
Associativity of the four operations for integers can be seen from this table
e ™
Operation Numbers Remarks
Addition Is(-2)+[3+(—4)] Addition is associative
=[(2)+3)]+(=4)?
Is (=6) + [(=4) + (=5)]
=[=6)+(-4D]+(-5)?
For any three integers a, b and ¢
a+b+c)=(a+b)+c
Subtraction Is5-(7-3)=(5-7)-3? Subtraction is not associative
Multiplication | Is 5 x [(=7) x (- 8) Multiplication is associative
=[5x (=N x(-8)?
Is (=4) X [(= 8) X (=5)]
=[(-4) x (= 8)] x (-5)?
For any three integers a, b and ¢
ax((bxc)=(@axb)xc
Division Is[(-10) +2] = (-5) Division is not associative
\ =(-10)+[2+(-95)]? )
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(iii) Rational numbers
(a) Addition

-2 |3 (—5} -2 (—j 27 -9
Wehave —+| —+| — | |=—+| — |=¥—=—
3 [5 6 3 30 30 10
-2 3 -5\ -1 (-5} 27 -9
[3 5}(6J15 (6) 30 10
ENEM s I Eneiu
So, | = | |z =+ |+ —
3 5 6 3 5 6

Find _—1+ §+(_—4 and _—1+§ +(_—4 Areth al?
mn > 7 3 5 5 3 ) e the two sums equal’/

Take some more rational numbers, add them as above and see if the two sums
are equal. We find that addition is associative for rational numbers. That
is, for any three rational numbers a,band c, a+ (b +c)=(a+b) + c.

(b) Subtraction

You already know that subtraction is not associative for integers, then what
about rational numbers.

s FEABEETE

Check for yourself.

Subtraction is not associative for rational numbers.
(c) Multiplication

Letus check the associativity for multiplication.

ix(i Zj_i 10_-70_-35

3°047°9) 3736 108 54
(—7 5) 2
—X— —_—
37°4)79
‘We find that _—7>< §><g = _—7><§ ><g
371479 37°4)9
2 (=6 4) (2 -6) 4
Is —X| —X— |=| =X— [x="?
S E IR

Take some more rational numbers and check for yourself.

We observe that multiplication is associative for rational numbers. That is
for any three rational numbers a, b and c,a X (b x c) =(a x b) X c.
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(d) Division
Recall that division is not associative for integers, then what about rational numbers?

l;[—_l;%}_ l{—_lj L2
Letus see if > 3 5 S i

1.(-1.2 l;(—_lxé) . 2.5
We have, LHS = 3°5)=2"13 72 (reciprocal of 5 is 2)

l;(‘_lJ .2
RHS =573 5

=[1x‘—3j+3 e
2 1

Is LHS = RHS? Check for yourself. You will find that division is
not associative for rational numbers.

TRY THESE

Complete the following table:

Numbers Associative for )
addition subtraction | multiplication division
Rational numbers No
Integers Yes
Whole numbers Yes
N Natural numbers No y

Example 1: Find %{I_ﬂ{;_ﬂ{%}
Solution: = ( 6){ S}{SJ
e )

-252
462

198
+
462

-176
+ ) ( ) (Note that 462 is the LCM of

7,11, 21 and 22)

198 —252 -176 +105  -125
462 462
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‘We can also solve it as.

3 (-6) (-8) 5
=t — [+ — |+=—
7 (11} (21} 22
3 (-8 -6 5

=17 " (Eﬂ - [H * ﬁ} (by using commutativity and associativity)

} (LCMof7and 21 is 21; LCM of 11 and 22 is 22)

[9+(=8) L [=12+5
-1 21 22

“21 (22 462 462
Do you think the properties of commutativity and associativity made the calculations easier?

1 +(—7j _ 22-147 _-125

-4 3 15 (-14
Example 2: Find —x—x—x(—
5 7 16 9

Solution: We have

4 3 15 (-14
— X=X—X|—
5 77716 ( 9 )

_4x3 « 15 % (-14)

5x7 16 x9
—12){—35 _-12x(=35 1
= 35 24 ) 35%x24 2

‘We can also do it as.

4 3 15 (-14
— X=X— X| —
5 77716 ( 9 )

-4 15 3 _(-14
== X7 |X 7 X1 75 || (Using commutativity and associativity)

1.2.4 The role of zero (0)

Look at the following.
2+0=0+2=2 (Addition of 0 to a whole number)
-5+0=...+..=-5 (Addition of 0 to an integer)
-2 —2) 2 . .
3 +..=0+ =)= - (Addition of 0 to a rational number)
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You have done such additions earlier also. Do a few more such additions.

What do you observe? You will find that when you add O to a whole number, the sum
is again that whole number. This happens for integers and rational numbers also.

In general, a+0=0+a=a, where a is a whole number
b+0=0+b=b, where b is an integer
c+0=0+c=c, where c is a rational number

Zero is called the identity for the addition of rational numbers. It is the additive
identity for integers and whole numbers as well.

1.2.5The role of 1

‘We have,
Sx1=5=1x5 (Multiplication of 1 with a whole number)
2 -2
X=X =
3. 3.3
87T 87 8
What do you find?

You will find that when you multiply any rational number with 1, you get back the same
rational number as the product. Check this for a few more rational numbers. You will find
that, a x 1 =1 x a = a for any rational number a.

We say that 1 is the multiplicative identity for rational numbers.
Is 1 the multiplicative identity for integers? For whole numbers?

HE THINK, DISCUSS AND WRITE Ul

If a property holds for rational numbers, will it also hold for integers? For whole
numbers? Which will? Which will not?

1.2.6 Distributivity of multiplication over addition for
rational numbers

. . ) -3 2 -5

To understand this, consider the rational numbers T’ 5 and ?

V8 P ] 3 J@+(D)
HHIE RN

-3 (—1) 3 1
=—X|— | =z—=—
4 6 24 8

—3X2_—_6_—1

4x3 12 2

Als 3.2
0 43"
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And 3.5 _ S Distributivity of
4 6 8 Multiplication over

Addition and

Therefore (__3 X %) + (__3 X __5) = -1 + &) = 1 Subtraction.

4 3 4 6 2 8 8 For all rational numbers a, b

and c,

Thus _—3X{g+_—5}=(_—3xg)+(_—3 __5) a(+c)=ab+ ac

’ 4 3 6 4 3 4 6 a(b-c)=ab-ac

TRY THESE

. e |7 (-3 7 5 4
Find distributivity. —X|—= |+ X—=
ind using distributivity. (i) {5 (12)} {5 12}

.. {9 } {9 —3}
(i) s =X —p+—XxX—
16 12 16 9

E le 3: Find 2x—-L_3,3
xample 3: Find oX—~17~7
Solution:  ox—-1_ 3,3 _ 2,3 3,3 1 .
olution: ST T 75557 75T (by commutativity)
2 3 (—3) 3 1
=—X—=+|— | X==—
5 7 7 5 14
—_3(E+§)_L R
75" 5) 14 (by distributivity)
=31 _z6-1 -1
7 14 14 2

B EXERCISE 1.1

1. Name the property under multiplication used in each of the following.

4 4 4 132 2 -13
(1) ?Xlzlx?:—g (11) —EX7:7)<7
. —19 29
i) 9 * g~

2. Tell what property allows you to compute % X (6 X g) as (% X 6) X % .

3. The product of two rational numbers is always a
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— WHAT HAVE WE DISCUSSED? —

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

2. The operations addition and multiplication are
(i) commutative for rational numbers.
(ii) associative for rational numbers.
3. Therational number 0 is the additive identity for rational numbers.
4. The rational number 1 is the multiplicative identity for rational numbers.
5. Distributivity of rational numbers: For all rational numbers a, b and c,
ab+c)=ab+ac and a(b-c)=ab-ac
6. Between any two given rational numbers there are countless rational numbers. The idea of mean

helps us to find rational numbers between two rational numbers.
\ J
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CHAPTER

Understanding
Quadrilaterals

S
i

s
3.1 Introduction -E :

You know that the paper is a model for a plane surface. When you join a number of
points without lifting a pencil from the paper (and without retracing any portion of the
drawing other than single points), you get a plane curve.

0852CHO3

3.1.1 Convex and concave polygons
A simple closed curve made up of only line segments is called a polygon.

X =T

Curves that are polygons Curves that are not polygons

Here are some convex polygons and some concave polygons. (Fig 3.1)

Convex polygons Concave polygons
Fig 3.1

Can you find how these types of polygons differ from one another? Polygons that are
convex have no portions of their diagonals in their exteriors or any line segment joining any
two different points, in the interior of the polygon, lies wholly in the interior of it . Is this
true with concave polygons? Study the figures given. Then try to describe in your own
words what we mean by a convex polygon and what we mean by a concave polygon. Give
two rough sketches of each kind.

In our work in this class, we will be dealing with convex polygons only.

3.1.2 Regular and irregular polygons
Aregular polygon is both ‘equiangular’ and ‘equilateral’. For example, a square has sides
of equal length and angles of equal measure. Hence it is a regular polygon. A rectangle is
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equiangular but not equilateral. Is a rectangle a regular polygon? Is an equilateral triangle a
regular polygon? Why?

HEEE |

OO ::

Regular polygons Polygons that are not regular

[Note: Use of " or /"% indicates segments of equal length].

In the previous classes, have you come across any quadrilateral that is equilateral but not
equiangular? Recall the quadrilateral shapes you saw in earlier classes — Rectangle, Square,
Rhombus etc.

Is there a triangle that is equilateral but not equiangular?

B EXERCISE 3.1

1. Given here are some figures.

(D 2 3 “4)
o) (©) (N @®)
Classify each of them on the basis of the following.
(a) Simple curve (b) Simple closed curve (c) Polygon

(d) Convex polygon (e) Concave polygon
2. Whatis aregular polygon?

State the name of a regular polygon of
(1) 3sides (i) 4 sides (i) 6 sides
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3.2 Sum of the Measures of the Exterior Angles of a
Polygon

On many occasions a knowledge of exterior angles may throw light on the nature of interior
angles and sides.

DO THIS

Draw a polygon on the floor, using a piece of chalk.
(In the figure, a pentagon ABCDE is shown) (Fig 3.2). (/q
We want to know the total measure of angles, i.e,
mZl +mZ2 +mZ3 + mZ4 + mZS. Start at A. Walk along
‘AB - Onreaching B, you need to turn through an angle of m/1,
to walk along. BC When you reach at C, you need to turn

through an angle of m£2 to walk along CD . You continue to A
move in this manner, until you return to side AB. You would
have in fact made one complete turn. M Fig 3.2

Therefore, mZ1 + mZ£2 + m£3 + mZL4 + mZ5 =360°.
This is true whatever be the number of sides of the polygon.

Therefore, the sum of the measures of the external angles of any polygon is 360°.

Example 1: Find measure x in Fig 3.3. 90°
Solution: x+90°+50°+110°=360° (Why?)
x +250° = 360°
x =110°

TRY THESE /L‘/“’° Fig 3.3

Take a regular hexagon Fig 3.4.

50°,

1. What s the sum of the measures of its exterior angles x, y, z, p, ¢, r?
2. Isx=y=z=p=q=r?Why?
3. Whatis the measure of each?

(1) exterior angle (i) interior angle

4. Repeat this activity for the cases of .
() aregular octagon (i) aregular20-gon Fig 3.4

Example 2: Find the number of sides of a regular polygon whose each exterior angle
has a measure of 45°.

Solution: Total measure of all exterior angles = 360°
Measure of each exterior angle =45°

360
Therefore, the number of exterior angles = 4—5 =
The polygon has 8 sides.
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B EXERCISE 3.2

1. Find xin the following figures.

125° 60°

x° 70°
s X
(a) (b)
2. Find the measure of each exterior angle of a regular polygon of
(1) 9sides @) 15 sides

How many sides does aregular polygon have if the measure of an exterior angle is 24°?

How many sides does a regular polygon have if each of its interior angles

is 165°?

5. (a) Isitpossibletohave aregular polygon with measure of each exterior angle as 22°?7
(b) Canitbe an interior angle of a regular polygon? Why?

6. (a) Whatis the minimum interior angle possible for a regular polygon? Why?

(b) Whatis the maximum exterior angle possible for a regular polygon?

3.3 Kinds of Quadrilaterals

Based on the nature of the sides or angles of a quadrilateral, it gets special names.

W

3.3.1 Trapezium
Trapezium is a quadrilateral with a pair of parallel sides.

NS
C T >

These are trapeziums These are not trapeziums

Study the above figures and discuss with your friends why some of them are trapeziums
while some are not. (Note: The arrow marks indicate parallel lines).

DO THIS

1. Take identical cut-outs of congruent triangles of sides 3 cm, 4 cm, 5 cm. Arrange
them as shown (Fig 3.5).
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You get a trapezium. (Check it!) Which are the parallel sides here? Should the
non-parallel sides be equal?
You can get two more trapeziums using the same set of triangles. Find them out and
discuss their shapes.

2. Take four set-squares from your and your friend’s instrument boxes. Use different
numbers of them to place side-by-side and obtain different trapeziums.
If the non-parallel sides of a trapezium are of equal length, we call it an isosceles
trapezium. Did you get an isoceles trapezium in any of your investigations given above?

3.3.2 Kite

Kite is a special type of a quadrilateral. The sides with the same markings in each figure
are equal. For example AB =AD and BC=CD.

05

These are Kkites These are not Kkites

Study these figures and try to describe what a kite is. Observe that
(1) Akite has 4 sides (Itis a quadrilateral).
(i) There are exactly two distinct consecutive pairs of sides of equal length.
Check whether a square is a kite.

Show tha
Take a thick white sheet. ﬁgg &;I;(el
Fold the paper once. congruent .
Draw two line segments of different lengths as shown in Fig 3.6. What do we
Cut along the line segments and open up. infer from
You have the shape of a kite (Fig 3.6). (his?

Has the kite any line symmetry? Fig 3.6 o
Fold both the diagonals of the kite. Use the set-square to check if they cut at
right angles. Are the diagonals equal in length?
Verify (by paper-folding or measurement) if the diagonals bisect each other.
By folding an angle of the kite on its opposite, check for angles of equal measure. B D
Observe the diagonal folds; do they indicate any diagonal being an angle bisector?
Share your findings with others and list them. A summary of these results are P
given elsewhere in the chapter for your reference. Fig 3.7
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3.3.3 Parallelogram

A parallelogram is a quadrilateral. As the name suggests, it has something to do with
parallel lines.

A
D/
|
L M B c
.\ miw | < w1
QSIIPR 0 N LOIMN BC || FE
S
These are parallelograms These are not parallelograms

Study these figures and try to describe in your own words what we mean by a
parallelogram. Share your observations with your friends.
Check whether a rectangle is also a parallelogram.

DO THIS

Take two different rectangular cardboard strips of different widths (Fig 3.8).

P

Strip 1 Fig 3.8 Strip 2

v

Place one strip horizontally and draw lines along
its edge as drawn in the figure (Fig 3.9).

Now place the other strip in a slant position over
the lines drawn and use this to draw two more lines
as shown (Fig 3.10).

These four lines enclose a quadrilateral. This is made up of two pairs of parallel lines

(Fig3.11).
[/

v

Fig 3.9

v

Fig 3.10 Fig 3.11
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Itis a parallelogram.

A parallelogram is a quadrilateral whose opposite sides are parallel.

3.3.4 Elements of a parallelogram D C
There are four sides and four angles in a parallelogram. Some of these are / /
equal. There are some terms associated with these elements thatyouneed 4 B

to remember.

Given a parallelogram ABCD (Fig 3.12).

AB and DC, are opposite sides. AD and BC form another pair of opposite sides.
ZA and £C are a pair of opposite angles; another pair of opposite angles would be

ZB and £D.

AB and BC are adjacent sides. This means, one of the sides starts where the other

Fig 3.12

ends. Are BC and CD adjacent sides too? Try to find two more pairs of adjacent sides.
ZA and /B are adjacent angles. They are at the ends of the same side. /B and ZC
are also adjacent. Identify other pairs of adjacent angles of the parallelogram.

DO THIS

Take cut-outs of two identical parallelograms, say ABCD and A'B’C’D” (Fig 3.13).

B pig313 A

B/
Here AB issameas A’B’ except for the name. Similarly the other corresponding
sides are equal too.

A

Place A’B’ over DC . Do they coincide? What can you now say about the lengths

AB and DC? N
Similarly examine the lengths AD and BC . What do you find?

You may also arrive at this result by measuring AB and DC .

Property: The opposite sides of a parallelogram are of equal length.

TRY THESE

Take two identical set squares with angles 30° —60° —90° DN A
and place them adjacently to form a parallelogram as shown
in Fig 3.14. Does this help you to verify the above property?

You can further strengthen thisidea D — C
through alogicalargumentalso. /"7 3
Consider a parallelogram 4 /
ABCD (Fig 3.15). Draw A& B
any one diagonal, say AC. Fig 3.15 Fig 3.14
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Looking at the angles,
L1=/2 and ZL3=44 (Why?)

Since in triangles ABC and ADC, £1=/2, /3=/4

and AC is common, so, by ASA congruency condition,
AABC = ACDA (How is ASAused here?)

This gives AB=DC and BC=AD.
Example 3: Find the perimeter of the parallelogram PQRS (Fig 3.16).

Solution: In a parallelogram, the opposite sides have same length.

Therefore, PQ=SR=12cm and QR=PS=7cm S R
So, Perimeter=PQ + QR + RS + SP / /7 cm
P Q
=12cm+7cm+ 12cm+7 cm =38 cm 12 em
Fig 3.16

3.3.5 Angles of a parallelogram

We studied a property of parallelograms concerning the (opposite) sides. What can we
say about the angles?

DO THIS

Let ABCD be a parallelogram (Fig 3.17). Copy it on
a tracing sheet. Name this copy as A’B’C’D’. Place
A’B’C’D’ on ABCD. Pin them together at the point
where the diagonals meet. Rotate the transparent sheet
by 180°. The parallelograms still concide; but you now
find A’ lying exactly on C and vice-versa; similarly B’
lies on D and vice-versa.

Fig 3.17

Does this tell you anything about the measures of the angles A and C? Examine the
same for angles B and D. State your findings.

Property: The opposite angles of a parallelogram are of equal measure.

TRY THESE

Take two identical 30° — 60° —90° set-squares and form a parallelogram as before.
Does the figure obtained help you to confirm the above property?

You can further justify this idea through logical arguments.

— _ D 7 C
If AC and BD are thediagonalsofthe /" T 3
parallelogram, (Fig 3.18) you find that PR N
AN il B Y
— — A
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Studying AABC and AADC (Fig 3.19) separately, will help you to see that by ASA
congruency condition,
AABC = ACDA(How?)

I

A
Fig 3.19

This shows that /B and ZD have same measure. In the same way you can get
mZA =m £C.
Alternatively, Z1 = £2 and £3 = Z4, we have, m/A = L1+ /44 = L2+ /C m«LC

Example 4: In Fig 3.20, BEST is a parallelogram. Find the values x, y and z.

T
Solution: S is opposite to B.

So, x = 100° (opposite angles property)
y =100° (measure of angle corresponding to £x)
z=280° (since Ly, Zzis alinear pair)

We now turn our attention to adjacent angles of a parallelogram.
In parallelogram ABCD, (Fig 3.21).
ZA and £D are supplementary since D

DC I AB and with transversal ﬁ, these
two angles are interior opposite.

ZAand /B 1 1 .

‘and : are also supplementary. Can you Fig 3.21
say ‘why’?
AD|| BC and BA is a transversal, making A and /B interior opposite.

Identify two more pairs of supplementary angles from the figure.
Property: The adjacent angles in a parallelogram are supplementary.

Example 5: In a parallelogram RING, (Fig 3.22) it m£R =70°, find all the other angles.

Solution: Given mZR =70° G N

Then msN =70°

because ZR and AN are opposite angles of a parallelogram.

Since ZR and /I are supplementary, R 70° I
mZl =180°-70°=110° Fig 3.22

Also, mZG = 110° since ZG is opposite to 1

Thus, mZR =mAN =70° and mZl = mZG = 110°
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B THINK, DISCUSS AND WRITENIEIEGEG

After showing mZR = m4£N = 70°, can you find mZ£I and mZG by any other
method?

3.3.6 Diagonals of a parallelogram

The diagonals of a parallelogram, in general, are not of equal length.
(Did you check this in your earlier activity?) However, the diagonals
of a parallelogram have an interesting property.

D= =-C
Do THIS \n ............... \

.~

Take a cut-out of a parallelogram, say,

ABCD (Fig 3.23). Let its diagonals AC and DB meetatO.  Fig 3.23

Find the mid point of AC by a fold, placing C on A. Is the
mid-point same as O? L L

Does this show that diagonal DB bisects the diagonal AC atthe point O? Discuss it
with your friends. Repeat the activity to find where the mid pointof DB could lie.

Property: The diagonals of a parallelogram bisect each other (at the point of their

intersection, of course!) D_ O : —r C
To argue and justify this property isnot very ~ \ e T
difficult. From Fig 3.24, applying ASA criterion, it \ 6 ~~~~~~~~~~~~ \
is easy to see that AL 3 “tu\g
AAOB = ACOD (HowisASA usedhere?) Fig 3.24

Thisgives AO=CO and BO=DO
Example 6: In Fig 3.25 HELP is a parallelogram. (Lengths are in cms). Given that

OE =4 and HL is 5 more than PE? Find OH. p N
Solution : If OE=4then OPalsois4 (Why?) / * ______________ /
So PE =8, (Why?) /e 0 f[\
Therefore HL=8+5=13 pe=— E
1 Fig 3.25
Hence OH = ) X13 =6.5 (cms)
B EXERCISE 3.3 .
1. Given a parallelogram ABCD. Complete each \* ____________ \
statement along with the definition orpropertyused. '\ . R
i AD=.... (i) ZDCB=.... AT B
@iy OC=.... (iv) m ZDAB+m ZCDA=......
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2. Consider the following parallelograms. Find the values of the unknowns x, y, z.

X C 50°

O
W)
A B X Z

@ (1)

-
5
-
-
-
-
-
-
-
L
-

(iii) @) )
3. Canaquadrilateral ABCD be a parallelogram if
i £ZD+4£B=180°? (i) AB=DC=8cm,AD=4cmand BC=4.4cm?
(i) ZA =70°and ZC =65°?
4. Draw arough figure of a quadrilateral that is not a parallelogram but has exactly two opposite angles
of equal measure.

5. The measures of two adjacent angles of a parallelogram are in the ratio 3 : 2. Find the measure of each
of the angles of the parallelogram.

6. Two adjacent angles of a parallelogram have equal measure. Find the

measure of each of the angles of the parallelogram. Ve P
7. The adjacent figure HOPE is a parallelogram. Find the angle measures ’
x,y and z. State the properties you use to find them.
8. The following figures GUNS and RUNS are parallelograms. R
Find x and y. (Lengths are in cm) " f 700
(0]

® (i)
s 26 N S
3x/ / 8
G U

3y-1

U

K E

S
o ;
<

|‘x':
'Y
W

R 0N
I C

In the above figure both RISK and CLUE are parallelograms. Find the value of x.
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10. Explain how this figure is a trapezium. Which of its two sides are parallel? (Fig 3.26)

N M D C
‘95
S R
- 1200
K L A B

Fig 3.26 Fig 3.27 130°

11. Findm~CinFig3.27if AB||DC.
12. Find the measure of /P and /S if SP || RQ in Fig 3.28.
(If you findm£R, is there more than one method to find m./P?) pV” Fig 3.28

3.4 Some Special Parallelograms

3.4.1 Rhombus

We obtain a Rhombus (which, you will see, is a parallelogram) as a special case of kite
(which is not a a parallelogram).

DO THIS

Recall the paper-cut kite you made earlier.
A A

C — C ||

Kite-cut Rhombus-cut

When you cut along ABC and opened up, you got a kite. Here lengths AB and
BC were different. If you draw AB = BC, then the kite you obtain is called arhombus.

/
\

Kite Rhombus

Note that the sides of thombus are all of same length;
this is not the case with the kite.

A rhombus is a quadrilateral with sides of equal length.

Since the opposite sides of a rhombus have the same
length, it is also a parallelogram. So, a rhombus has all
the properties of a parallelogram and also that of a
kite. Try to list them out. You can then verify your list
with the check list summarised in the book elsewhere.
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The most useful property of arhombus is that of its diagonals.

Property: The diagonals of a rhombus are perpendicular bisectors of one another.

DO THIS

Take a copy of thombus. By paper-folding verify if the point of intersection is the
mid-point of each diagonal. You may also check if they intersect at right angles, using
the corner of a set-square.

Here is an outline justifying this property using logical steps.

ABCD is arhombus (Fig 3.29). Therefore it is a parallelogram too.

Since diagonals bisect each other, OA=0C and OB =OD.

We have to show that mZAOD = mZCOD =90°

It can be seen that by SSS congruency criterion Fig 3.29
AAOD = ACOD

Therefore, m ZAOD =m ZCOD

Since ZAOD and ZCOD are a linear pair,

I

Since AO=CO  (Why?)
AD=CD (Why?)

m ZAOD = m £COD = 90° {H=0D
Example 7:
RICE is arhombus (Fig 3.30). Find x, y, z. Justify your findings.
Solution: .
x= OE y=0R z = side of the rhombus

= OI (diagonals bisect) = OC (diagonals bisect) = 13 (all sides are equal ) R

-5 -12 Fig 3.30
3.4.2 A rectangle = =
A rectangle is a parallelogram with equal angles (Fig 3.31).
What is the full meaning of this definition? Discuss with your friends.
If the rectangle is to be equiangular, what could be x° x°
the measure of each angle? Fig 3.31

Let the measure of each angle be x°.

Then 4x° =360° (Why)?
Therefore, x° =90°

Thus each angle of a rectangle is a right angle.

So, arectangle is a parallelogram in which every angle is a right angle.

Being a parallelogram, the rectangle has opposite sides of equal length and its diagonals
bisect each other.
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In a parallelogram, the diagonals can be of different lengths. (Check this); but surprisingly
the rectangle (being a special case) has diagonals of equal length.

Property: The diagonals of a rectangle are of equal length.

C C D

< -
~, .’
~ -
~, -
“, -
“, -
. -
-~ -
. -
~, -
.. -
~. -
~, -
. -
. -
. -
.o Lo*
~o?

OL2S
PN
-,
- ~,
5 -,
xa .
. .
.
- .
- .
L ~
R -~
.
- ~,
- ..
- .
. .,
- o

B A t B A t B
Fig 3.33 Fig 3.34

This is easy to justify. If ABCD is a rectangle (Fig 3.38), then looking at triangles
ABC and ABD separately [(Fig 3.33) and (Fig 3.34) respectively], we have

AABC=AABD
This is because AB=AB (Common)
BC=AD (Why?)

mZA=m£B=90° (Why?)
The congruency follows by SAS criterion.
Thus AC=BD
and in a rectangle the diagonals, besides being equal in length bisect each other (Why?)

Example 8: RENT is a rectangle (Fig 3.35). Its diagonals meet at O. Find x, if
OR=2x+4and OT =3x + 1.

Solution: OT is half of the diagonal TE, T AN
OR is half of the diagonal RN , '
Diagonals are equal here. (Why?)
So, their halves are also equal. ‘0
Therefore 3x+1=2x+4 o ‘

or x=3 i .
3.4.3 A square RE “lg
A square is a rectangle with equal sides. Tr

This means a square has all the
properties of arectangle with an additional
requirement that all the sides have equal

length.

The square, like the rectangle, has

9,
R
R O N
+ .,

’ 3
0' “
O' ‘5
, N
5 D
BY t = E

diagonals of equal length.

In arectangle, there is no requirement
for the diagonals to be perpendicular to
one another, (Check this).
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In a square the diagonals.
(1) bisect one another (square being a parallelogram)
(@) areof equal length (square being a rectangle) and

(i) are perpendicular to one another.
Hence, we get the following property.

Property: The diagonals of a square are perpendicular bisectors of each other.

DO THIS S 1 R

Take a square sheet, say PQRS (Fig 3.37).
Fold along both the diagonals. Are their mid-points the same?

‘ .
xﬁ 0"
oe
K
0" xﬁ

Check if the angle at O is 90° by using a set-square.
This verifies the property stated above.

Fig 3.36
We can justify this also by arguing logically: o

ABCD is a square whose diagonals meet at O (Fig 3.37). Dr . C
OA =0C (Since the square is a parallelogram)
By SSS congruency condition, we now see that
AAOD=ACOD (How?)
Therefore, mZAOD =mZCOD

These angles being a linear pair, each is right angle. A B
Fig 3.37

.
) {=)
K X
S
N

o' ‘Q

B EXERCISE 3.4

1. State whether True or False.

(a) Allrectangles are squares (e) Allkites are rhombuses.
(b) Allrhombuses are parallelograms (f) Allrhombuses are kites.
(c) Allsquares are thombuses and alsorectangles (g) All parallelograms are trapeziums.
(d) All squares are not parallelograms. (h) Allsquares are trapeziums.
2. Identify all the quadrilaterals that have.
(a) four sides of equal length (b) fourright angles

3. Explain how a square is.
(1) aquadrilateral (@) aparallelogram (i) arhombus (@iv) arectangle
4. Name the quadrilaterals whose diagonals.

(1) bisecteachother (i) are perpendicular bisectors of each other (i) are equal
A )

5. Explain why arectangle is a convex quadrilateral.

6. ABCisaright-angled triangle and O is the mid point of the side
opposite to the right angle. Explain why O is equidistant from A,
B and C. (The dotted lines are drawn additionally to help you). B
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B THINK, DISCUSS AND WRITE WUl

1. A mason has made a concrete slab. He needs it to be rectangular. In what
different ways can he make sure that it is rectangular?

2. A square was defined as a rectangle with all sides equal. Can we define it as
rhombus with equal angles? Explore this idea.
3. Canatrapezium have all angles equal? Can it have all sides equal? Explain.

— WHAT HAVE WE DISCUSSED? —

Quadrilateral Properties
Parallel(?gram: (1) Opposite sides are equal.
A_ quadrllat.eral (2) Opposite angles are equal.
with each pair of ] )
. . (3) Diagonals bisect one another.

opposite sides
parallel. A

R
Rhombus: (1) All the properties of a parallelogram.
A parallelogram with sides (2) Diagonals are perpendicular to each other.
of equal length.

Q
N M

Rectangle: (1) All the properties of a parallelogram.
A. para.llelogr am (2) Each of the angles is aright angle.
with aright angle. K [0, | (3 Diagonalsareequal.

R
Square: A rectangle
with sides of equal All the properties of a parallelogram,
length. rhombus and a rectangle.

Q
Kite: A quadrilateral _ ]
with exactly two pairs (1) The diagonals are perpendicular
of equal consecutive to one another
sides A C | (2) One of the diagonals bisects the other.

(3) Inthe figure m£B =m/D but
mZA #mZC.
\
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CHAPTER

Algebraic Expressions
and Identities

8.1 Addition and Subtraction of Algebraic ol 4
Expressions

In earlier classes, we have already become familiar with what algebraic expressions
(or simply expressions) are. Examples of expressions are:

x+3,2y-5,3x% 4xy + 7 etc.
In the earlier classes, we have also learnt how to add and subtract algebraic expressions.
For example, to add 7x*> —4x + 5 and 9x — 10, we do

Tx>—4x+ 5
+ 9x — 10
x> +5x- 5

Observe how we do the addition. We write each expression to be added in a separate
row. While doing so we write like terms one below the other, and add them, as shown.
Thus 5 + (—-10) =5-10=-5. Similarly, — 4x + 9x = (- 4 + 9)x = 5x. Let us take some
more examples.

Example 1: Add: 7xy + Syz — 3zx, 4yz + 9zx — 4y , —3xz + 5x — 2xy.
Solution: Writing the three expressions in separate rows, with like terms one below
the other, we have

Txy + Syz —3zx

+ 4yz+ 9zx -4y
+ —2xy —3zx + 5x (Note xz is same as zx)

Sxy + 9yz+3zx + 5x -4y

Thus, the sum of the expressions is Sxy + 9yz + 3zx + 5x —4y. Note how the terms, — 4y
in the second expression and 5x in the third expression, are carried over as they are,
since they have no like terms in the other expressions.
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Example 2: Subtract 5x*> — 4y? + 6y — 3 from 7x* — 4xy + 8y* + 5x — 3y.

Solution:
7x* — 4xy + 8y? + 5x — 3y
S5x? — 4y? +6y-3
-) (+) =)
2x* —4xy +12y* + 5x =9y + 3

Note that subtraction of a number is the same as addition of its additive inverse.
Thus subtracting —3 is the same as adding +3. Similarly, subtracting 6y is the same as
adding — 6y; subtracting — 4y* is the same as adding 4y*and so on. The signs in the
third row written below each term in the second row help us in knowing which
operation has to be performed.

B EXERCISE 8.1
1. Add the following.

1) ab-bc, bc—ca,ca—ab @@ a-b+ab,b—c+bc,c—a+ac

@) 2p*q*—3pg + 4,5+ Tpqg - 3p*q* (v) P+ m?, m*+n? n*+ D,
2lm + 2mn + 2nl
2. (a) Subtract 4a—Tab +3b+ 12 from 12a —9ab + 5b -3
(b) Subtract 3xy+ Syz— 7zx from Sxy — 2yz — 2zx + 10xyz
(¢c) Subtract 4p*q—3pq + S5pg*—8p + 7g — 10 from
18 —3p —11q + 5pq — 2pq* + 5p’q

8.2 Multiplication of Algebraic Expressions:
Introduction

(i) Look at the following patterns of dots.

4 2\
Pattern of dots Total number of dots

e © ¢ 06 0 0 0 o o

e © ¢ 6 06 0 0 o o

e © 6 ¢ ¢ o 0o o o 4x9

e © ¢ 06 06 0 0 o o

e © © © 0 o o

e © ¢ 0 0 o o

® © ¢ 0 0 o o

® © ¢ 0 0 o o Sx7

o © ¢ 0 0 o o
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n
/\/\f\ To find the number of
e o 06 0o - - - o o dots we have to multiply
¢ 000~ - - 0 the expression for the
wZ - - - - - - - - = number of rows by the
- - - - - - - - - mXn expression for the
; ; ; ; - - - ; ; number of columns.
mXxn
n+3
~ - N
e e 0606 - — - 0 0 0 0 o
6000 = = =000 0 O Here the number of rows
- - - - - - - - - - - - is increased by
:_l - - - - - - - - - - - - 2,1.e., m + 2 and number
£)_- - _ __ _ - - °--"-°"C (m+2)x(n+3) of columns increased by
e o6 06 6 - - — o 0 0 o o 3,i.e.,n+3.
e e 0606 - — - 0 0 0 0 o
e e 0606 - — - 0 © 0 0 o
o J
(@ii) Canyou now think of similar other situations in which I
two algebraic expressions have to be multiplied? T
b
Ameena gets up. She says, “We can think of area of b-3
arectangle.” The area of arectangle is / x b, where / 1
is the length, and b is breadth. If the length of the R l >

rectangle is increased by 5 units, i.e., (/ + 5) and [+5

breadth is decreased by 3 units, i.e., (b — 3) units,
the area of the new rectangle will be ({+5) x (b—3).

To find the area of a rectangle, we

have to multiply algebraic
expressions like / x b or

(I+5)x(b-3).

@) Can you think about volume? (The volume of a

rectangular box is given by the product of its length,
breadth and height).

(@iv) Sarita points out that when we buy things, we have to

carry out multiplication. For example, if

price of bananas per dozen =% p

and for the school picnic bananas needed = z dozens,
then we have topay =3 p X

Suppose, the price per dozen was less by % 2 and the bananas needed were less by
4 dozens.

Then, price of bananas per dozen =% (p — 2)
and bananas needed = (7 —4) dozens,
Therefore, we would have to pay =X(p-2)x(z-4)
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TRY THESE

Can you think of two more such situations, where we may need to multiply algebraic
expressions?

[Hint: ® Think of speed and time;
¢ Think of interest to be paid, the principal and the rate of simple interest; etc. |

In all the above examples, we had to carry out multiplication of two or more quantities. If
the quantities are given by algebraic expressions, we need to find their product. This
means that we should know how to obtain this product. Let us do this systematically. To
begin with we shall look at the multiplication of two monomials.

8.3 Multiplying a Monomial by a Monomial
Expression that contains only one term s called a monomial.
8.3.1 Multiplying two monomials
We begin with

4 xx=x+x+x+x=4x as seen earlier.
Similarly, 4 x (3x) =3x+ 3x + 3x + 3x = 12x
Now, observe the following products.

Notice that all the three
products of monomials, 3xy,

15xy, —15xy, are also
monomials.

()] xX3y=xx3xy=3xxXxy=23xy
(i) Sxx3y=5xxx3xy=5x3xxxy =15xy
(i) Sx X (-3y)=5%xx%x(-3)xy

=5x(3)xxxy =-15xy

Some more useful examples follow.
Note that 5x4=20

3 2 — 2
w) XX A =X X (xxx) i.e., coefficient of product = coefficient of
= 20 x x* = 20x° first monomial x coefficient of second

(V) Sxx(—4dxyz)=(5x—-4)x (x x N monomial;

and xxx*=x?
=-20 X (x X x X y7) = —20x2yz7 ie, algebraic factor of product
Observe how we collect the powers of different variables = algebraic factor of first monomial
in the algebraic parts of the two monomials. While doing x algebraic factor of second monomial.

so, we use the rules of exponents and powers.

8.3.2 Multiplying three or more monomials
Observe the following examples.
()] 2x X S5y x Tz = (2x x 5y) x 7z = 10xy x 7z = 70xyz
(1)  4dxy x 5x%y? x 6x°y? = (dxy x 5x%y?) x 6x°%y* = 20x°y? x 6x°y* = 120x%y? x x3y?
=120 (® x x*) X (y* x y¥) = 120x° x y¢ = 120x%°
Itis clear that we first multiply the first two monomials and then multiply the resulting

monomial by the third monomial. This method can be extended to the product of any
number of monomials.
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TRY THESE

Find 4x x 5y x 7z
First find 4x x 5y and multiply it by 7z;
or first find 5y x 7z and multiply it by 4x.

We can find the product in other way also.
4xy X 5x% x 6x° y?

=4 x5x6)x (xxx*2xx)X(yxy*xy)

= 120 x%°

Is the result the same? What do you observe?
Does the order in which you carry out the multiplication matter?

Example 3: Complete the table for area of a rectangle with given length and breadth.

Solution: length breadth area
3x Sy 3x x 5y = 15xy
9y N
4ab Sbc | e
L 2Pm 3m* | y

Example 4: Find the volume of each rectangular box with given length, breadth

and height.
f length breadth height )
1) 2ax 3by 5cz
(ii) m’n n’p p’m
5 s
(i) 2q 4q 8q )

Solution: Volume = length X breadth x height
Hence,for (i) volume= (2ax) x (3by) X (5¢z)

=2 %3 x5 x (ax) x (by) x (cz) = 30abcxyz

for (i) volume=m’n x n’p X p’m
=(m*x m) x (n X n*) X (p x p?) = m’n’p?
for (i) volume=2g x 4¢*> x 8¢°

=2x4x8xgxqg*xq’ =64q°

B EXERCISE 8.2

1. Find the product of the following pairs of monomials.

@) 4,7p (i) —4p,Tp iy —4p,Tpq () 4p*, —3p
(V) 4p,0
2. Find the areas of rectangles with the following pairs of monomials as their lengths and
breadths respectively.

(p, q); (10m, 5n); (20x2, 5y%); (4x, 3x?); 3mn, 4np)

Reprint 2024-25




98 M MATHEMATICS

3. Complete the table of products.

First monomial — P 5
X

Sy 3x? — 4xy 7x*y | -9x%y

Second monomial 4
2x 4x?

Sy —15x%y
3x?

— 4xy

Tx%y

04242
Ox?%y )

4. Obtain the volume of rectangular boxes with the following length, breadth and height
respectively.
() 5a,3a* Ta* () 2p, 4q, 8r (i) xy, 2x%y, 2xy* (V) a,2b, 3c
5. Obtain the product of
i) xy,yz, zx i) a,—a*a’ (iii) 2,4y, 8y%, 16y°
@v) a,2b,3c, 6abc (v) m,— mn, mnp

8.4 Multiplying a Monomial by a Polynomial

Expression that contains two terms is called a binomial. An expression containing three
terms is a trinomial and so on. In general, an expression containing, one or more terms with
non-zero coefficient (with variables having non negative integers as exponents) is called
a polynomial.

8.4.1 Multiplying a monomial by a binomial

Let us multiply the monomial 3x by the binomial 5y + 2, i.e., find 3xx Sy +2)=?

Recall that 3x and (5y + 2) represent numbers. Therefore, using the distributive law,
3xx (Sy+2)=0CBxx5y)+ (3Bxx2)=15xy + 6x

We commonly use distributive law in our calculations. For example:
7x 106 =7 x (100 + 6)
=7x100+7x6 (Here, we used distributive law)
=700+42=742
7%x38=7x(40-2)
=7%x40-7x%x2 (Here, we used distributive law)
=280-14 =266
Similarly, (—3x) X (=5y + 2) = (-3x) x (-5y) + (-3x) x (2) = 15xy — 6x
and Sxy x (y* + 3) = (5xy x y*) + (5xy X 3) = 5xy° + 15xy.

What about a binomial x monomial? For example, (5y +2) x3x="?
We may use commutative law as : 7x3=3x7;orin general axb=bxa

Similarly, 5y +2) x3x =3x x (5y +2) = 15xy + 6x as before.
TRY THESE
Find the product (1) 2x (3x + 5xy) () a*>(2ab-5c)

Reprint 2024-25




ALGEBRAIC ExPRESSIONS AND IDENTITIES Il 99

8.4.2 Multiplying a monomial by a trinomial
Consider 3p x (4p* + 5p + 7). As in the earlier case, we use distributive law;
3px@p*+5p+7)=0CBpx4p*)+ Bpx5p)+ BpxT)
=12p* + 15p* + 21p

Multiply each term of the trinomial by the monomial and add products. TRY THESE

Observe, by using the distributive law, we are able to carry out the Find the product:
multiplication term by term.

Ap*+5p+T7)x3p

Example 5: Simplify the expressions and evaluate them as directed:
@O x(x-3)+2forx=1, @ 3yRy-7)-3(y—-4)—63fory=-2
Solution:
i x(x=3)+2=x*-3x+2
For x=1Lx-3x+2=(1)-3()+2
=1-3+2=3-3=0
i) 3yQRy-7)-3(y-4)-63=6y"-21y—-3y+12-63
=6y’ -24y-51
For y=-2,6y>-24y-51=6(-2)"-24(-2)-51
=6x4+24x2-51
=24+48-51=72-51=21
Example 6: Add
() 5m (3 —m)and 6m*—13m ) 4y 3y*+5y—-"7)and 2 (y’—-4y*+5)
Solution:
(i) First expression =5m (3 —m) = (5m x 3) — (Sm xm) = 15m — 5Sm?
Now adding the second expression to it,15m — 5m? + 6m? — 13m = m* + 2m
@) The first expression =4y (3y* + S5y —7) = (4y x 3y?) + (4y x 5y) + (4y x (7))
= 12y% + 20y* — 28y
The second expression =2 (y*—4y*+5) =2y’ + 2 x (-4y?) +2 X 5

=2y’ - 8y*+ 10
Adding the two expressions, 12y? +  20y*-28y
+ 2y} - 8 + 10

14y? + 12y -28y +10
Example 7: Subtract 3pqg (p — q) from 2pq (p + q).

Solution: We have 3pg (p — q) =3p*q - 3pg*> and
2pq (p + q) = 2p%q + 2pq’
Subtracting, 2p’q  +  2pq?
3p’q - 3pg’
— +

-pq + 5pq°
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B EXERCISE 8.3

1. Carry out the multiplication of the expressions in each of the following pairs.
G 4p,qg+r () ab,a-b (i) a+ b, Ta’b? iv) a*-9,4a
V) pg+qr+rm,0

2. Complete the table.

( First expression Second expression Product )

®) a b+c+d

(i) xX+y-5 Sxy

(i) p 6p>=Tp +5

(iv) 4p’q’ P-q

) a+b+c abc
. Y,

3. Find the product.
) -9

() (@) x (2a) x (4a) (i) [5 xy) x (E xzyzj
. 10 5} (6 3
(iii) —?PCI X gPCI iv) xxx>xx>xxt

4. (a) Simplify 3x(4x—5)+ 3 and find its values for (i) x =3 (ii)) x= %
(b) Simplify a(a®>+a+ 1)+ 5 and find its value for (i) a=0, (ii))a=1
(i) a=-1.
5. (@ Add: p(p—q.q(g—r)andr(r-p)
(b) Add: 2x(z—x—y)and 2y (z—y —x)
(¢) Subtract: 3/({—-4m+5n)from 4l(10n-3m+21)
(d) Subtract: 3a(a+b+c)-2b(a—b+ c)from 4c(-a+b+c)

8.5 Multiplying a Polynomial by a Polynomial

8.5.1 Multiplying a binomial by a binomial

Let us multiply one binomial (2a + 3b) by another binomial, say (3a + 4b). We do this
step-by-step, as we did in earlier cases, following the distributive law of multiplication,
(Ba + 4b) x 2a + 3b) =3a x (2a + 3b) + 4b x (2a + 3b)

Observe, every term in one —— = (Ba x 2a) + (3a x 3b) + (4b x 2a) + (4b x 3b)
binomial multiplies every =6a*+ 9ab + 8ba + 12b*

term in the other binomial. — 62+ 17ab + 121> (Since ba = ab)

When we carry out term by term multiplication, we expect 2 X 2 = 4 terms to be
present. But two of these are like terms, which are combined, and hence we get 3 terms.
In multiplication of polynomials with polynomials, we should always look for like
terms, if any, and combine them.
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Example 8: Multiply
1O (x—4)and 2x+3) () (x—y)and (3x+ 5y)
Solution:

N x-4DHhx2x+3)=xx2x+3)-4x2x+3)
=(xx20)+(xx3)—(@x2x)—(4x3)=2x*+3x—8x—-12
=2x*-5x-12 (Adding like terms)

(@ (x—y)x@Bx+5y)=xxBx+5y)—yxBx+5y)
=(xx3x)+(xx5y)—(yx3x)—(yx5y)
= 3x% + Sxy — 3yx - 5y* =3x? + 2xy — 5y* (Adding like terms)

Example 9: Multiply

1 (a+7)and (b-5) (1) (a*+ 2b? and (5a - 3b)
Solution:
N (a@a+7)xB-5=axb-5+T7xb-5)
=ab-5a+7b-735

Note that there are no like terms involved in this multiplication.
(i) (a*+2b%*) x (5a—3b) =a* (5a—3b) + 2b* x (5a — 3b)
=5a® - 3a*b + 10ab? — 6b°

8.5.2 Multiplying a binomial by a trinomial

In this multiplication, we shall have to multiply each of the three terms in the trinomial by
each of the two terms in the binomial. We shall get in all 3 x 2 = 6 terms, which may
reduce to 5 or less, if the term by term multiplication results in like terms. Consider

(a+7) x (@>+3a+5) =ax (@®+3a+5)+7Tx(@+3a+5)
H,_J %,—/ . . . .
binomial trinomial [using the distributive law]
=a*+3a*>+ 5a + 7a* + 21a + 35
=a*+ (3a* +7a*) + (5a + 21a) + 35
=a* + 10a* + 26a + 35 (Why are there only 4
terms in the final result?)

Example 10: Simplify (a + b) 2a—3b + ¢) — (2a-3b) c.

Solution: We have

(a+b)2a-3b+c)=aa-3b+c)+b(2a-3b+c)
=2a*—3ab + ac + 2ab - 3b* + bc
=2a*—-ab -3b*>+ bc + ac (Note, —3ab and 2ab
are like terms)
and (2a-3b) c =2ac —-3bc
Therefore,
(a+b)2a—-3b+c)-2a-3b)c=2a>—ab—3b*>+ bc + ac — (2ac — 3bc)
=2a’* —ab - 3b* + bc + ac — 2ac + 3bc
=2a*>—ab —3b* + (bc + 3bc) + (ac - 2ac)
=2a* - 3b*>—ab + 4bc — ac
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B EXERCISE 8.4

1. Multiply the binomials.
(i) (2x+5)and (4x-3) (i) (y—8)and (3y—4)
(i) (2.5/—0.5m)and (2.5/+0.5m)  (v) (a+3b)and (x +5)
) (2pgq +3¢*) and (3pq - 24°)
(vi) ( a +3b2) and 4(a - Esz
4 3

2. Find the product.

H S-2x) 3B +x) @ (x+7y) (Tx-y)
(i) (a*+b)(a+b?) v) P*-¢)(2p+q)
3. Simplify.
i *=5 (x+5+25 @ @+5®+3)+5

(i) (+s°) @ —s)
@) (@a+b)(c—d)+(a—->b)(c+d) +2(ac+ bd)

V) x+2x+y)+x+20x-y) V) (X +y)°—xy+)°)
(vii) (1.5x—4y)(1.5x+4y +3)—4.5x + 12y
(vi) (a+b+c)a+b-c)

—WHAT HAVE WE DISCUSSED"_

. Expressions are formed from variables and constants.

2. Terms are added to form expressions. Terms themselves are formed as product of factors.

3. Expressions that contain exactly one, two and three terms are called monomials, binomials and
trinomials respectively. In general, any expression containing one or more terms with non-zero
coefficients (and with variables having non- negative integers as exponents) is called a polynomial.

4. Like terms are formed from the same variables and the powers of these variables are the same,
too. Coefficients of like terms need not be the same.

S. While adding (or subtracting) polynomials, first look for like terms and add (or subtract) them;
then handle the unlike terms.

6. There are number of situations in which we need to multiply algebraic expressions: for example, in
finding area of a rectangle, the sides of which are given as expressions.

7. A monomial multiplied by a monomial always gives amonomial.

8. While multiplying a polynomial by a monomial, we multiply every term in the polynomial by the
monomial.

9. Incarrying out the multiplication of a polynomial by a binomial (or trinomial), we multiply term by
term, i.e., every term of the polynomial is multiplied by every term in the binomial (or trinomial).
Note that in such multiplication, we may get terms in the product which are like and have to be
combined.
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CHAPTER

Mensuration

9.1 Introduction

We have learnt that for a closed plane figure, the perimeter is the distance around its
boundary and its area is the region covered by it. We found the area and perimeter of
various plane figures such as triangles, rectangles, circles etc. We have also learnt to find
the area of pathways or borders in rectangular shapes.

In this chapter, we will try to solve problems related to perimeter and area of other
plane closed figures like quadrilaterals.

We will also learn about surface area and volume of solids such as cube, cuboid and
cylinder.

9.2 Area of a Polygon
We split a quadrilateral into triangles and find its area. Similar methods can be used to find
the area of a polygon. Observe the following for a pentagon: (Fig 9.1, 9.2)

Fig 9.2

Fig 9.1
By constructing one diagonal AD and two
By constructing two diagonals AC and AD the perpendiculars BF and CG on it, pentagon ABCDE is
pentagon ABCDE is divided into three parts. divided into four parts. So, area of ABCDE = area of
So, area ABCDE = area of A ABC + area of right angled A AFB + area of trapezium BFGC + area
A ACD + area of A AED. of right angled A CGD + area of A AED. (Identify the

parallel sides of trapezium BFGC.)
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TRY THESE

@1 Divide the following polygons (Fig 9.3) into parts (triangles and trapezium) to find
outits area.

P

LS 0

/\ ﬁ\

N Q
M R

E Fig 9.3

Flis a diagonal of polygon EFGHI NQ is a diagonal of polygon MNOPQR

(i) Polygon ABCDE is divided into parts as shown below (Fig 9.4). Find its area if
AD=8cm,AH=6 cm, AG =4 cm, AF =3 cm and perpendiculars BF =2 cm,
CH=3cm, EG=2.5cm.

C
Area of Polygon ABCDE = area of AAFB +.... /]l:/l_\
1 1
Areaof AAFB = - xAFXBF=-Xx3x2=... , G D

2 2
) (BF+CH)
Area of trapezium FBCH = FH x 5
E .
=B x > [FH = AH — AF]

1 1
Area of ACHD = E x HDx CH = ....; Areaof AADE = E xADxGE = ...
So, the area of polygon ABCDE = .... o)

(i) Find the area of polygon MNOPQR (Fig 9.5) if

MP=9cm,MD=7cm,MC=6cm, MB =4 cm,
MA =2cm

NA, OC, QD and RB are perpendiculars to
diagonal MP.

Fig 9.5

Example 1: The area of a trapezium shaped field is 480 m?, the distance between
two parallel sides is 15 m and one of the parallel side is 20 m. Find the other parallel side.

Solution: One of the parallel sides of the trapezium is a = 20 m, let another parallel
side be b, height =15 m.
The given area of trapezium = 480 m.

1
Areaof atrapezium= < h (a + b)

2
1 480 x 2
So 480=5x15x(20+b) or 5 =20+b

or 64=20+b or b=44m
Hence the other parallel side of the trapezium is 44 m.
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Example 2: The area of a rhombus is 240 cm? and one of the diagonals is 16 cm.
Find the other diagonal.

Solution: Let length of one diagonal d, = 16 cm

and length of the other diagonal = d,
1
Area of the rhombus = 5 d .d,=240
1
So, 5 16-d, =240
Therefore, d,=30cm

Hence the length of the second diagonal is 30 cm.

Example 3: There is a hexagon MNOPQR of side 5 cm (Fig 9.6). Aman and Ridhima
divided it in two different ways (Fig 9.7).

Find the area of this hexagon using both ways.

N
M o
R P

8 cm—i Q
Fig 9.6 Ridhima’s method Aman’s method

Fig 9.7
Solution: Aman’s method:
Since itis a hexagon so NQ divides the hexagon into two congruent trapeziums. You can
verify it by paper folding (Fig 9.8). i
11+5)

Now area of trapezium MNQR = 4 X =2x16=32cm>
N So the area of hexagon MNOPQR =2 x 32 = 64 cm?. T
M 013 ‘" Ridhima’s method: Fig 9.8
5cm A MNO and A RPQ are congruent triangles with altitude
R b 3cm (Fig9.9).
13 em You can verify this by cutting off these two triangles and
Q placing them on one another.
Fig 9.9 1
Area of AMNO = 5 x 8 x 3 =12 cm? = Area of A RPQ
Area of rectangle MOPR = 8 x 5 =40 cm”.
Now, area of hexagon MNOPQR =40 + 12 + 12 = 64 cm”.

— 1m —
HE EXERCISE 9.1 :

1. The shape of the top surface of a table is a trapezium. Find its area
if its parallel sides are 1 m and 1.2 m and perpendicular distance
between them is 0.8 m.

50.8m

_,_
:
i
i
'
i
i
i
i
i
i

=

N
!
i
i
i
i
i
i
i

=
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The area of a trapezium is 34 cm? and the length of one of the parallel sides is
10 cm and its height is 4 cm. Find the length of the other parallel side.
3. Length of the fence of a trapezium shaped field ABCD is 120 m. If
BC=48m,CD =17 mand AD =40 m, find the area of this field. Side
C AB is perpendicular to the parallel sides AD and BC.

4 m
11 m

—24 cm — g

=)
(3]
= 28 cm
[o\|
m

The diagonal of a quadrilateral shaped field is 24 m

and the perpendiculars dropped on it from the 13 m

remaining opposite vertices are 8 m and 13 m. Find 24m

the area of the field.

The diagonals of arhombus are 7.5 cm and 12 cm. Find

its area.

Find the area of a rhombus whose side is 5 cm and whose altitude is 4.8 cm.

If one of its diagonals is 8 cm long, find the length of the other diagonal.

The floor of a building consists of 3000 tiles which are rhombus shaped and each of

its diagonals are 45 cm and 30 cm in length. Find the total cost of polishing the floor,

if the cost per m? is¥ 4. Road

Mohan wants to buy a trapezium shaped field. - — - — - — - — - — - — -

Its side along the river is parallel to and twice

the side along the road. If the area of this field is 100 m

10500 m? and the perpendicular distance ———%4—————————

between the two parallel sidesis 100 m, findthe — =~~~ -~~~ ~—~—

length of the side along the river. River

9. Top surface of araised platform is in the shape of a regular octagon as shown in
the figure. Find the area of the octagonal surface.

10. There is a pentagonal shaped park as shown in the figure.

8m

For finding its area Jyoti and Kavita divided it in two different ways.

u P [ ul [

Joyti's diagram Kavita's diagram

Find the area of this park using both ways. Can you suggest some other way
of finding its area?

11. Diagram of the adjacent picture frame has outer dimensions =24 cm x 28 cm
and inner dimensions 16 cm x 20 cm. Find the area of each section of
the frame, if the width of each section is same.

9.3 Solid Shapes

In your earlier classes you have studied that two dimensional figures can be identified as
the faces of three dimensional shapes. Observe the solids which we have discussed so far
(Fig9.10).
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—> vertex

face

edge ( ) )
Cuboid Cylinder Cone Cube Pyramid

Fig 9.10

Observe that some shapes have two or more than two identical (congruent) faces.
Name them. Which solid has all congruent faces?

DO THIS

Soaps, toys, pastes, snacks etc. often come in the packing of cuboidal, cubical or
cylindrical boxes. Collect, such boxes (Fig 9.11).

Fig 9.11
Cuboidal Box Cubical Box

All six faces are rectangular,

and opposites faces are 0
identical. So there are three = -

pairs of identical faces. @

N “——
All six faces

are squares

Cylindrical Box and identical.

One curved surface
and two circular
faces which are Circular base
identical. and top are
identical

Now take one type of box at a time. Cut out all the faces it has. Observe the shape of
each face and find the number of faces of the box that are identical by placing them on
each other. Write down your observations.

Curved surface
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Did you notice the following:

The cylinder has congruent circular faces that are parallel
to each other (Fig 9.12). Observe that the line segment joining
the center of circular faces is perpendicular to the base. Such
E— cylinders are known as right circular cylinders. We are only >
going to study this type of cylinders, though there are other

Fig 9.12 . . ig 9.
.1g. : types of cylinders as well (Fig 9.13). ‘F?g 913 )
(This is a right (This is not a right
circular cylinder) circular cylinder)

EEE THINK, DISCUSS AND WRITE Ul

Why is it incorrect to call the solid shown here a cylinder?

9.4 Surface Area of Cube, Cuboid and Cylinder

Imran, Monica and Jaspal are painting a cuboidal, cubical and a cylindrical box respectively
of same height (Fig 9.4).

~ [ 3

L
L
-

Fig 9.4

They try to determine who has painted more area. Hari suggested that finding the
surface area of each box would help them find it out.

To find the total surface area, find the area of each face and then add. The surface
area of a solid is the sum of the areas of its faces. To clarify further, we take each shape
one by one.

—]—
9.4.1 Cuboid HBT
Suppose you cut open a cuboidal box 1 e
and lay it flat (Fig 9.15). We can see a [ [
net as shown below (Fig 9.16). - P ml w | v
Write the dimension of each side. &
You know that a cuboid has three S l l
pairs of identical faces. What 4 — b 'I;
expression can you use to find the +—i— = l
area of each face? Fig 9.15 Fig 9.16

Find the total area of all the faces
of the box. We see that the total surface area of a cuboid is area <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>