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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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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 VIl 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.
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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. Asbefore 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 —

(a)

(b)

()
(d)

(e)

()
(@

(h)
@
0)

(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 (1)

is solved when x = 11, because this value of x satisfies the given equation. The solution
11 is a natural 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 “)
5x+7=0 ®)
for which we cannot find a solution from the integers. (Check this)
3 _
We need the numbers 3 to solve equation (4) and 5 to solve
equation (5). This leads us to the collection of rational numbers.

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

2022-23
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2 W 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 nota ‘Whole numbers are not closed
whole number. under subtraction.
Multiplication | 0 x 3 =0, a whole number Whole numbers are closed
3x7=....Isitawhole number? | undermultiplication.
In general, if a and b are any two
whole numbers, their product ab
is a whole number.
Division 5+8= 3 which is 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, an integer Integers are closed under
Is—7+ (-5) an integer? addition.

Is 8 + 5 an integer?
In general, a + b 1s an integer
for any two integers a and b.

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

—5 x (- 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

. 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
: . 26 :
and g # 0 is called a rational number. For example, —5 , 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 + ")) N 15+(=32) =.. Is it arational number?

8 5 40 '
4 6 . .

7 ﬁ =.. 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 1 (arational number)
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4 [ 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 i = _—8; 3 X % = i (both the products are rational numbers)
3 5 15 7 5 35
- i X _—6 = Is it arational number?
s = ?
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 - § =... . Isitarational number? ? - T =.... 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
Natural numbers No
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1.2.2 Commutativity
(i) Whole numbers

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

following table.
e X 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 5 (—2} 1
—+—=—and—+| — |=

37 210 7 \3) 21
2 5 5 (=2
So, A s
y 37 7 (3j
Also, _—6+ _—8 = and_—8+(_—6j=...
5 (3 3 s
AL
5 (3 3 5
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6 W MATHEMATICS

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°
|
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.

(¢) Multiplication

‘We have, _—7><§=_—42=§><(_—7
3 5 15 5 3

8 (-4) -4 (-8
Is —X|—|=—x%x|— |2
H(F)7+(5)

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:

RaTioNAL NumBERs @ 7

N
Operation Numbers Remarks
Addition [ ... 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)+3I] +(=4)?
Is(=6) +[(=4) + (-5)]
=[(=6) +(=H]+(=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
=[5 x (=D x(-8)?
Is (=4) X [(= 8) X (=5)]
=[x (=8)]x(-5)?
For any three integers a, b and ¢
ax((bxc)=(axb)xc
Division Is [(-10) + 2] + (-5) Division is not associative
= (— < = (= 9
L (-10) + [2 = (= 5)]? )
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(iii) Rational numbers
(a) Addition

-2 13 (-5 -2 (- =27 -9
Wehave —+|—+| — | |=—+| —= |=——=—
3 |5 L6 3 \30) 30 10

Find _—1+§+_—4 and_—1+§+_—4 Are th al?
mn > 7 3 5 7 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, b and c, a+ (b +c)=(a+b) + c.

(b) Subtraction
You already know that subtraction is not associative for integers, then what

about rational numbers.

W 2= 2 =11,
3 5 2 3 5 2

Check for yourself.

Subtraction is not associative for rational numbers.
(¢) Multiplication
Letus check the associativity for multiplication.

(5,2 T, M0 _-70_35
3 4 9 3 36 108 54
(—7 5) 2
— X — — =
3 4) 9
‘We find that _—7>< g><z = _—7><§ ><z
3 4 9 3 4) 9
2 (-6 4 2 -6) 4
Is —X| —X—|=| =X— |[x="?
AT

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 ¢, a X (b x ¢) = (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;[i;%}_ l{—_l) L2
Letusseelfz- 35 2713 i

1(-1.2 l;(—_lxé) . 2.5
We have, LHS = 5~ - =573 73 (reciprocal of 5 is 2)

()2 2.2
= 5 1 . 5 = 5 .5 =4

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 )

e 1: it 24(22Jo(2)4(2)

Example 1: Find 7T 1 29
1 o 34_(__6}4_(—_8}4_(1}

Solution: 711 1 »

198 (252 -176 105
+ ( ) + ( ) + ( ) (Note that 462 is the LCM of
462 462 462 462

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
| — |+ — |[+—
7 11 21) 22
3 (=8| [-6. 5
= _7"‘ 51 + ﬁ"‘ ” (by using commutativity and associativity)
[9+(=8)] [-12+5
= 21 + 2 (LCMof7and 21 is 21; LCM of 11 and 22 is 22)
i_{i} 22-147 _-125
21 \22) 7 462 462
Do you think the properties of commutativity and associativity made the calculations easier?
-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 7 16 9
[ 4x3 y 15%(—14)
L 5x7 16 %9
-12 o -35)_ -12x(=35) _ 1
35 "\ 24) 35x24 2
We can also do it as.

4 3 15 (-14
— X=X—X| —
577716 ( 9 )

-4 15 3 -14
=| = X7 |% 7 X1 =5 || (Using commutativity and associativity)

5 16 9
2(2).
T4 3)° 2
1.2.4 The role of zero (0)
Look at the following.
2+0=0+2=2 (Addition of 0 to a whole number)
-54+40=..+..=-5 (Addition of 0 to an integer)
-2 -2\ 2 .. .
3 +.=0+ ENk - (Addition of 0 to a rational number)

2022-23



RaTioNAL NumBers @ 11

You have done such additions earlier also. Do a few more such additions.

What do you observe? You will find that when you add 0 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.

1.2.5 The role of 1

We have,
Sx1=5=1x5 (Multiplication of 1 with a whole number)
2 -2
T Xl=x. =
3., 3.3
gX=lxg=7¢
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?

B 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 Negative of a number

While studying integers you have come across negatives of integers. What is the negative
of 1?7Itis— 1 because 1 + (- 1)=(-1)+1=0

So, what will be the negative of (—1)? It will be 1.

Also, 2 + (-2) =(-2) + 2 =0, so we say 2 is the negative or additive inverse of
—2 and vice-versa. In general, for an integer a, we have,a+ (—a) =(-a) +a=0;s0,a
is the negative of — a and — a is the negative of a.

2
For the rational number — , we have,

3
g{_g) _2+(D_,
3 3 3
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2\ 2
Also, (——) +- =0 (How?)

|
© 0¢]
I
+
VR
|
ol
N—
I
[e)

Similarly, —+..

In 1, fi ional number —, weh £+(—£)—(—£)+£—0W
general, or arational number b , wenave, b b b b . ywesay

a a a a
that — 5 is the additive inverse of b and b is the additive inverse of (— Z) .

1.2.7 Reciprocal

8
By which rational number would you multiply -, to get the product 1? Obviously by

21

21 . 8 21
—, since — X —=1.

8 8

- -5 _ N 7
Similarly, 3 must be multiplied by 5 soas to get the product 1.

21 : . : =

We say that ik the reciprocal of o1 and —5 s the reciprocal of e

Can you say what is the reciprocal of O (zero)?
Is there a rational number which when multiplied by O gives 1? Thus, zero has no reciprocal.

c
We say that a rational number — is called the reciprocal or multiplicative inverse of

d
) a__a ¢
another non-zero rational number E if E X E =1,
1.2.8 Distributivity of multiplication over addition for rational
numbers
. . ) -3 2 -5
To understand this, consider the rational numbers —, — and ? .

—_3x{z+(—_5)} _ —_3x{(4>+(—5>}
4 3 6 4 6

-3 (—1) 31
=—X|— | = —=—
4 6 24 8

Al 3.2 _-3x2_-6_-I
0 4737 4x3 12 2
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And ] - > Distributivity of Multi-
4 6 8 plication over Addition
Theref (_3 2) (_3 _5) -1 N 5 1 and Subtraction.
erefore — XD X — | =TT Q For all rational numbers a, b
4 3 4 6 2 8 8 and .
=3 2 -5 -3 2 -3 -5 a(b+c)=ab+ ac
Thus, TX{E"'?}:(TXE)"'(T ?) a(b-c)=ab-ac

TRY THESE
28
+

12

7

5

7 5
Find using distributivity. (i) {g X (

Example 3: Write the additive inverse of the following:

12

9 4 9

16

~~

=

When you use distributivity, you

_X_
16 12

. __7 .. ﬁ split a product as a sum or
@ 19 (i) 112 difference of two products.
Solution:
O S A A A/ 1
() 19 1s the additive inverse o 19 ecause 19 +19 =19 0=
ii) The additive 2L g2 Check!
(i) e additive inverse o 2810 (Check!)
Example 4: Verify that — (— x) is the same as x for
13 |
(1) X = 17 (11) 31
o 13
Solution: (i) We have, x = 17
e additive inverse of x= |7 is—x=" 5 since 15 17 .
13 (=13 o -13 . 13
The same equality —= +| ——= | = 0, shows that the additive inverse of —— is —
17 17 17 17
-13) 13
or 7 —17,1.6, -x)=x
o Additive fx_—_21. 21 21 21
(ii) itive inverse o 31 1S —x= 31 since —1+§_
Th li _—+2—0 h hat the additive i fg' 21
e same equality 313 , shows that the additive inverse o 318 30

ire.,—(—x)=x.
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Example 5: Find —X ————2x>

xample o: Hnd 90T T 7S

Solution: zxﬁ—i—gxg zxﬁ—gxz_i ..

olution: s T T 7555577 755 11 (by commutativity)
2 -3 (—3) 31
= =—X—+|— |[x=—-—
5 7 7 5 14
—_3(%+§)_i o
=7\ 5"5) 14 (by distributivity)
-3 1 -6-1 -1
:_x1_———=—

7 14 14 2

B EXERCISE 1.1

1. Using appropriate properties find.

) 2 3 5 3 1 2 3y 1 3 1 2
O "3%57575%% o x{(=3)-e 3
2. Write the additive inverse of each of the following.
L2 I .. 0 2 19
O 3 @ 5 (@) —5 &) Vv
3. Verify that — (- x) = x for.
) 11 . 13
@ x=735 @ *==17
4. Find the multiplicative inverse of the following.
. . 13 o] =5 3
@ -13 @ 9 (i) 3 V) —o X
v -1 X_?z vi) -1
5. Name the property under multiplication used in each of the following.
o Thasixto o 2.2,
5 5 5 17 7 7 17
w102
29 -19

6. Multiply 6 by the reciprocal of il .

13 1
7. Tell what property allows you to compute % X (6 X g) as (% X 6) X g .
8. Is 9 the multiplicative inverse of —1§ ? Why or why not?

1
9. Is0.3 the multiplicative inverse of 35 ? Why or why not?
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10. Write.
(1) The rational number that does not have a reciprocal.
(@) The rational numbers that are equal to their reciprocals.
@) The rational number thatis equal to its negative.
11. Fillin the blanks.
(1) Zerohas reciprocal.

(i) The numbers and are their own reciprocals
@) The reciprocal of —51is

1
@iv) Reciprocal of P where x #0 is

(v) The product of two rational numbers is always a
(vi) The reciprocal of a positive rational number is

1.3 Representation of Rational Numbers on the
Number Line

You have learnt to represent natural numbers, whole numbers, integers
and rational numbers on a number line. Let us revise them.

The line extends
indefinitely only to the
right side of 1.

Natural numbers
i >
® 1 2 3 4 5 6 17 The line extends indefinitely
to the right, but from 0.
‘Whole numbers There are no numbers to the
.. left of 0.
(ii) —_
0 1 2 3 4 5 6 7 8
Integers The line extends
indefinitely on both sides.
(iii) — s Do you see any numbers
3 2 -1 0 1 2 3 4 between -1, 0; 0, 1 etc.?
Rational numbers
(v) ¢ — >
-1 -1 0 1 1 The line extends indefinitely
2 2 on both sides. But you can
now see numbers between
«—eo } } } o—> -1, 0;0, 1 etc.
V) o 1 ¥ t
3

The point on the number line (iv) which is half way between 0 and 1 has been

labelled % .Also, the first of the equally spaced points that divides the distance between

1
0 and 1 into three equal parts can be labelled 3-ason number line (v). How would you

label the second of these division points on number line (v)?
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The point to be labelled is twice as far from and to the right of 0 as the point

1 2

1
labelled 3 Soitis two times 3 1e., 3 You can continue to label equally-spaced points on

the number line in the same way. In this continuation, the next marking is 1. You can

see that 1 is the same as % .

7
Then comes %, %, (or2), 3 and so on as shown on the number line (vi)

W | N

(vi) <

78
3 3

wlan + N

1
3 4 5
3 3 3

wleo ¢ =
W= +
W +
wle + w
ul; )

Similarly, to represent 5, the number line may be divided into eight equal parts as

shown: «—4+—+——"F—+—+—+—+—+—
’ 1
We use the number g to name the first point of this division. The second point of

3
division will be labelled g , the third point g , and so on as shown on number

line (vii)

(vii) «——"F——"F—"F—"F+—F+—+—
0 1L 2 3 4 5 6 7
8§ 8 8 8 8 8 8
Any rational number can be represented on the number line in this way. In a rational
number, the numeral below the bar, i.e., the denominator, tells the number of equal
parts into which the first unit has been divided. The numeral above the bar i.e., the

numerator, tells ‘how many’ of these parts are considered. So, a rational number

e T =

such as g means four of nine equal parts on the right of O (number line viii) and

= 1
for 5 owe make 7 markings of distance 1 each on the /left of zero and starting

from 0. The seventh marking is _T [number line (ix)].

S
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TRY THESE

Write the rational number for each point labelled with a letter.

0 A B C D E
1
o 2 3 ?? 6 7 7 7 101 12
5 5 5 5 5§ 5 5 5§
.. J I H G F
(i)
__129__10__99‘)__69__4__39__12
6 6 6 6 ° 6 6 ° 6 6

1.4 Rational Numbers between Two Rational Numbers

Can you tell the natural numbers between 1 and 5? They are 2, 3 and 4.
How many natural numbers are there between 7 and 9? There is one and itis 8.
How many natural numbers are there between 10 and 11? Obviously none.
List the integers that lie between —5 and 4. They are —4,—-3,-2,-1,0, 1,2, 3.
How many integers are there between —1 and 1?
How many integers are there between —9 and —10?
You will find a definite number of natural numbers (integers) between two natural
numbers (integers).

How many rational numbers are there between % and % ?
4 5 6
You may have thought that they are only 10°10 and 10
) 30 7 70 31 32 33

But you can also write 10 * Too and 10 * 100" Now the numbers, 100’ 100" 100

68 3 7 ) )
100" 100" are all between 10 and 10 The number of these rational numbers is 39.

3000 7 7000

Also E can be expressed as 10000 and E as m Now, we see that the

rational numbers 3001 , Sk w 4 6998 , 6999 are between i and l These
10000 10000 10000 10000 10 10

are 3999 numbers in all.

. . . . 3
In this way, we can go on inserting more and more rational numbers between I

and % . So unlike natural numbers and integers, the number of rational numbers between

two rational numbers is not definite. Here is one more example.

-1 3
How many rational numbers are there between 10 and 0 ?
0

Obviously 10’10 10 &¢ rational numbers between the given numbers.
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-1 —~10000 3 30000

If we write E as m and E as 100000 °

—-9999 —9998 —-29998 29999 -1 3
between — and —

100000 100000 100000 ~ 100000 ° 10 10°

You will find that you get countless rational numbers between any two given
rational numbers.
Example 6: Write any 3 rational numbers between —2 and 0.

-2 0
Solution: -2 can be written as 1—00 and 0 as E .

we get the rational numbers

Thus we have _19, —18 s il _16’ -
10710 710 " 10 710

You can take any three of these.

. _—1 between —2 and 0.
10

b b

5

Example 7: Find any ten rational numbers between %5 and 3

- S
Solution: We first convert — and — to rational numbers with the same denominators.

6 8
-5x4 20 5x3 15
6x4 24 W g%3T 4
19 -18 — =20 15
Thus we have 19 N7 , 14 as the rational numbers between EYE and -

247247 24 77 24
You can take any ten of these.

Another Method

3
Let us find rational numbers between 1 and 2. One of themis 1.5or 1 % or E . This is the

mean of 1 and 2. You have studied mean in Class VII.

We find that between any two given numbers, we need not necessarily get an
integer but there will always lie a rational number.

We can use the idea of mean also to find rational numbers between any two given
rational numbers.

1
Example 8: Find a rational number between 1 and 5

Solution: We find the mean of the given rational numbers.

(l+l)+2:(£)+2zéxl:§ 1. 1\ ,_3
42 4 472 8 4t2)727%

1

A
g lies between Z and E < . 1
4

This can be seen on the number line also.
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I 1 3
We find the mid point of AB which is C, represented by ( 4 2) +2 = 3
1

1 3
We find that 15357

. a+b
If a and b are two rational numbers, then

is a rational number between a and

a+b
b such that a < ) <b.

This again shows that there are countless number of rational numbers between any
two given rational numbers.

1
Example 9: Find three rational numbers between % and —

>
Solution: We find the mean of the given rational numbers.

s given in the above example, the mean is g and ;< ¢o<7. 2 3 2
. 1 3 \ .
‘We now find another rational number between Z and g . For this, we again find the mean
1 3 1 3 51 5
—and — i —+ - |+2 ==Xx—=—
of4 8.Thatls, (4 8) 872" 16
1 N 153 1
4 16 8 2 4 16 8 2
Now find th fganleh (§+1)42 7><1 7
ow find the mean o g 5 Wehave, | % 5]+ 2= s 7= 16
TH t1<5 3<7<1 S e
usweget — < — < —-<—<—, 15 3 71
4 16 8 16 2 % 16 8 16 2
Th Rl E l he thr 1 bers b la dl
U, 163 16 are the three rational numbers between 1 5
This can clearly be shown on the number line as follows:
1.3 -3 2 _(3,.1).
(4+8)_2_16\ /16_(8+2) ?
0 1 3 1 3 1
4 8 2 4

In the same way we can obtain as many rational numbers as we want between two
given rational numbers . You have noticed that there are countless rational numbers between
any two given rational numbers.
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B EXERCISE 1.2

7 _
1. Represent these numbers on the number line. (1) 1 (i1) 5

-2 -5 -9
2. Represent 10O the number line.

3. Write five rational numbers which are smaller than 2.

-2 1
4. Find ten rational numbers between ? and 5

5. Find five rational numbers between.
-3 5 1 1

2 4 3 5 11
() 3 and 5 (i1) ) and 3 (iii) 1 and 3

6. Write five rational numbers greater than —2.

7. Find ten rational numbers between % and %

— WHAT HAVE WE DISCUSSED? —

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.

a a
5. The additive inverse of the rational number E is — E and vice-versa.

6. The reciprocal or multiplicative inverse of the rational number % is 2 if % X 2 S

7. Distributivity of rational numbers: For all rational numbers a, b and c,
albb+c)=ab+ac and a(b-c)=ab-ac

8. Rational numbers can be represented on a number line.

9. 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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Linear Equations in
One Variable

2.1 Introduction

In the earlier classes, you have come across several algebraic expressions and equations.
Some examples of expressions we have so far worked with are:

S5x,2x=3,3x+y,2xy+ 5, xyz+x+y+ 2z, x>+ 1,y +)?

. 5 37
Some examples of equations are: 5x=25,2x-3=09, 2y + PRI 6z+10=-2

You would remember that equations use the equality (=) sign; it is missing in expressions.

Of these given expressions, many have more than one variable. For example, 2xy + 5
has two variables. We however, restrict to expressions with only one variable when we
form equations. Moreover, the expressions we use to form equations are linear. This means
that the highest power of the variable appearing in the expression s 1.

These are linear expressions:

5
2&2x+L3y—Zl2—5az(X—®+10

These are not linear expressions:
X+, y+y, 1+z+22+72 (since highest power of variable > 1)

Here we will deal with equations with linear expressions in one variable only. Such
equations are known as linear equations in one variable. The simple equations which
you studied in the earlier classes were all of this type.

Let us briefly revise what we know:

. . . . the :
(@) An algebraic equation is an equality variable equality
involving variables. It has an equality sign.

The expression on the left of the equality sign 2x-3=7 % equation
is the Left Hand Side (LHS). ‘The. express'10n r—3=LHS
on the right of the equality sign is the Right 7 — RHS

Hand Side (RHS).
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(b) Inanequation the values of x =5 is the solution of the equation
the expressions on the LHS 2x—-3=7.For x=5,
and RHS are equal. This LHS =2 x5—3 =7 =RHS
happens to be true only for

. ) On the other hand x = 10 is not a solution of the
certain values of the variable. equation. For x = 10, LHS =2 x 10 -3 = 17.

These values are the This is not equal to the RHS
solutions of the equation.

(c) How to find the solution of an equation?

We assume that the two sides of the equation are balanced.
We perform the same mathematical operations on both
sides of the equation, so that the balance is not disturbed.
A few such steps give the solution.

2.2 Solving Equations which have Linear Expressions
on one Side and Numbers on the other Side

Let us recall the technique of solving equations with some examples. Observe the solutions;
they can be any rational number.

Example 1: Find the solution of 2x—3 =7

Solution:
Step 1 Add 3 to both sides.
2x-3+3=T7+3 (The balance is not disturbed)
or 2x =10
Step 2 Next divide both sides by 2.
2 _10
2 2
or x=5 (required solution)
Example 2: Solve 2y +9=4
Solution: Transposing 9 to RHS
2y =4-9
N : -5 :
Dividing both sides by 2, y=5 (solution)
To check the answer: LHS =2 (_75) +9 =-5+9=4=RHS (as required)

Do you notice that the solution (_75) is arational number? In Class VII, the equations

we solved did not have such solutions.
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Example 3: Solve =+ = —>

xample 3: Solve 7+— =~
Solution: Transposing > to the RHS 228

olution: Transposing  to the sweget = =—"—5="7

= 4
or 3 =-
Multiply both sides by 3, x=-4x3
or x=-12 (solution)
12 5 5 -8+5 3 )

Check:LHS = ——+—-=—4+—-= =—= RHS (as required)

3 2 2 2 2
Do you now see that the coefficient of a variable in an equation need not be an integer?

15
Example 4: Solve — - 7x=9

4
15
Solution: We have il 7x=9
15 15
or —Tx=9- . (transposing ~ 4 toRHS)
o2l
or —Ix = 1
21
or X =y =) (dividing both sides by —7)
_3x7
of YT 4T
3 .
or x="7 (solution)
1_5_7 (__3) 1_5+2—§—9 :
Check: LHS = 4 4 )=ty T 7= RHS (asrequired)
B EXERCISE 2.1
Solve the following equations.
1. x-2=17 2. y+3=10 3. 6=z+2
3 17 t
4,7x7 5. 6x=12 6.5
2x Y
—_— = 18 = — —9Y=
3 8. 1.6 s 9. 7x-9=16
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X
10. 14y-8=13 11. 17+6p=9 12. §+1=—

2.3 Some Applications

We begin with a simple example.

Sum of two numbers is 74. One of the numbers is 10 more than the other. What are the
numbers?

We have a puzzle here. We do not know either of the two numbers, and we have to
find them. We are given two conditions.

(1) One of the numbers is 10 more than the other.
(i) Theirsumis 74.

We already know from Class VII how to proceed. If the smaller number is taken to
be x, the larger number is 10 more than x, i.e., x + 10. The other condition says that
the sum of these two numbers x and x + 10 is 74.

This means that x + (x + 10) = 74.

or 2x+10=74

Transposing 10 to RHS, 2x=74-10

or 2x =64

Dividing both sides by 2, x = 32. This is one number.
The other number is x+10=32+10=42

The desired numbers are 32 and 42. (Their sum is indeed 74 as given and also one
number is 10 more than the other.)

We shall now consider several examples to show how useful this method is.

—7 3
Example 5: What should be added to twice the rational number 3 to get 7 ?

_7 _ _
Solution: Twice the rational number 3 s 2 X (?7) = % . Suppose x added to this

number gives 7 i1.e.,

(—14) 3
x+|l— | ==
3 7
43
or 3 =7
3,14 IR
or x=o+3 (transposing 3 to )
B3x3)+14x7) 9+98 107

21 21 21°

2022-23




LiNeEaR EquaTiONs IN ONE VARIABLE M 25

107 =7 .3
Thus o1 should be added to 2 X 3 to give 7

3
Example 6: The perimeter of a rectangle is 13 cm and its width is 2 — c¢m. Find its

4
length.
Solution: Assume the length of the rectangle to be x cm.
The perimeter of the rectangle = 2 x (Ilength + width)
3
= 2=
2x(x+ 1 )
4
The perimeter is given to be 13 cm. Therefore,
11
2 X+— | =
[+5) =
11 13 N .
or x+ 1= (dividing both sides by 2)
131
or X=5"7
26 11 1
_26 1115 53

T4 4 4 4

The length of the rectangle is 3% cm.

Example 7: The present age of Sahil’s mother is three times the present age of Sahil.
After 5 years their ages will add to 66 years. Find their present ages.

Solution: Let Sahil’s present age be x years.

( . )
We could also choose Sahil’s age Sahil | Mother| Sum
5 sffl?rsdlate,:: to bf X etrgll [irocee?d. Present age x 3x
y COR TR By 1t thal way? ége 5 years later | x + 5 3x+5 | 4x+ 10/

It is given that this sum is 66 years.

Therefore, 4x + 10 =66
This equation determines Sahil’s present age which is x years. To solve the equation,
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we transpose 10 to RHS,

4x = 66— 10
or 4x = 56
56 )
or x=,= 14 (solution)

Thus, Sahil’s present age is 14 years and his mother’s age is 42 years. (You may easily
check that 5 years from now the sum of their ages will be 66 years.)

Example 8: Bansi has 3 times as many two-rupee coins as he has five-rupee coins. If
he has in all a sum of % 77, how many coins of each denomination does he have?

Solution: Let the number of five-rupee coins that Bansi has be x. Then the number of
two-rupee coins he has is 3 times x or 3x.
The amount Bansi has:
(1) from 5 rupee coins, T 5 X x =% S5x
@) from 2 rupee coins, T2 X 3x =T 6x

Hence the total money he has =3 11x Rs 5 fe2
But this is given to be ¥ 77; therefore,
1lx="77
77
or X = H N
Thus, number of five-rupee coins=x = 7
and number of two-rupee coins = 3x = 21 (solution)

(You can check that the total money with BansiisZ 77.)

Example 9: The sum of three consecutive multiples of 11 is 363. Find these
multiples.

Solution: If x is a multiple of 11, the next multiple is x + 11. The next to this is
x+ 11+ 11 or x +22. So we can take three consecutive multiples of 11 as x, x+ 11 and

x+22.
0 11 22 e X x+11 x+22
Itis given that the sum of these consecutive
multiples of 11_15 363. This will give the Alternatively, we may think of the multiple
following equation: of 11 immediately before x. Thisis (x— 11).
x+ (x+11) + (x + 22) =363 Therefore, we may take three consecutive
or x4x4+ 11 +x422=363 multiples of 11 as x— 11, x, x + 11.
In this case we arrive at the equation
or 3x+33 =363
3 = 363 — 33 (x=11)+x+ (x+ 11)=363
or 3x =363
or 3x =330
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or X = 230 or x=3= 121. Therefore,
- 110 x=121,x-11=110,x+ 11 =132

Hence, the three consecutive multiples are

Hence, the three consecutive multiples 110, 121, 132.

are 110, 121, 132 (answer).
We can see that we can adopt different ways to find a solution for the problem.

Example 10: The difference between two whole numbers is 66. The ratio of the two
numbers is 2 : 5. What are the two numbers?

Solution: Since the ratio of the two numbers is 2 : 5, we may take one number to be
2x and the other to be 5x. (Note that 2x : Sxis sameas 2 : 5.)

The difference between the two numbers is (5x — 2x). It is given that the difference
1s 66. Therefore,

5x —2x =66
or 3x =66
or x=22

Since the numbers are 2x and Sx, they are 2 x 22 or 44 and 5 x 22 or 110, respectively.
The difference between the two numbers is 110 —44 = 66 as desired.
Example 11: Deveshi has a total of ¥ 590 as currency notes in the denominations of
50,320 and? 10. The ratio of the number of ¥ 50 notes and T 20 notes is 3:5. If she has
atotal of 25 notes, how many notes of each denomination she has?
Solution: Let the number of % 50 notes and % 20 notes be 3x and 5x, respectively.
But she has 25 notes in total.
Therefore, the number of ¥ 10 notes =25 — (3x + 5x) =25 - 8x
The amount she has
from ¥ 50 notes : 3x x 50 =% 150x
from ¥ 20 notes : 5x x 20 =% 100x
from ¥ 10 notes : (25 — 8x) x 10 =% (250 — 80x)

Hence the total money she has =150x + 100x + (250 — 80x) =% (170x + 250)
But she has ¥ 590. Therefore, 170x + 250 = 590

or 170x =590 — 250 = 340
340
or X = m =2
The number of ¥ 50 notes she has = 3x
=3x2=6

The number of T 20 notes she has=5x=5x%x2 =10
The number of T 10 notes she has =25 — 8x
=25-(8x2)=25-16=9
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B EXERCISE 2.2

Sl AR L

10.

11.

12.

13.

1 1
If you subtract 0 from a number and multiply the result by % , you get re Whatis

the number?
The perimeter of a rectangular swimming pool is 154 m. Its length is 2 m more than
twice its breadth. What are the length and the breadth of the pool?

4 2
The base of an isosceles triangle is 3 cm . The perimeter of the triangle is 4 5 cm,

What is the length of either of the remaining equal sides?
Sum of two numbers is 95. If one exceeds the other by 15, find the numbers.

Two numbers are in the ratio 5:3. If they differ by 18, what are the numbers?
Three consecutive integers add up to 51. What are these integers?
The sum of three consecutive multiples of 8 is 888. Find the multiples.

Three consecutive integers are such that when they are taken in increasing order and
multiplied by 2, 3 and 4 respectively, they add up to 74. Find these numbers.

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

The number of boys and girls in a class are in the ratio 7:5. The number of boys is 8
more than the number of girls. What is the total class strength?

Baichung’s father is 26 years younger than Baichung’s grandfather and 29 years
older than Baichung. The sum of the ages of all the three is 135 years. What is the
age of each one of them?

Fifteen years from now Ravi’s age will be four times his present age. What is Ravi’s
present age?

5 2
A rational number is such that when you multiply it by 3 and add 3 to the product,

you get — % . What is the number?

14. Lakshmi is a cashier in a bank. She has currency notes of denominations
%100, % 50 and % 10, respectively. The ratio of the number of these
notes is 2:3:5. The total cash with Lakshmi is ¥ 4,00,000. How many
notes of each denomination does she have?

15. I have a total of ¥ 300 in coins of denomination¥ 1,%¥ 2 and < 5. The
number of % 2 coins is 3 times the number of % 5 coins. The total number of
coins is 160. How many coins of each denomination are with me?

16. The organisers of an essay competition decide that a winner in the
competition gets a prize of T 100 and a participant who does not win gets
a prize of ¥ 25. The total prize money distributed is ¥ 3,000. Find the
number of winners, if the total number of participants is 63.
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2.4 Solving Equations having the Variable on
both Sides

An equation is the equality of the values of two expressions. In the equation 2x—3 =7,
the two expressions are 2x—3 and 7. In most examples that we have come across so
far, the RHS is just a number. But this need not always be so; both sides could have
expressions with variables. For example, the equation 2x— 3 = x + 2 has expressions
with a variable on both sides; the expression on the LHS is (2x — 3) and the expression
on the RHS is (x + 2).

® We now discuss how to solve such equations which have expressions with the variable

on both sides.

Example 12: Solve 2x -3 =x+2

Solution: We have

2x=x+2+73

or 2x=x+5
or 2x —x=x+ 5 —x (subtracting x from both sides)
or x=5 (solution)

Here we subtracted from both sides of the equation, not a number (constant), but a
term involving the variable. We can do this as variables are also numbers. Also, note that
subtracting x from both sides amounts to transposing x to LHS.

7 3
Example 13: Solve 5x + aCKE 14

Solution: Multiply both sides of the equation by 2. We get

2x(5x+z) = 2X(§x—14)
2 2

(2 % 5x) + (2x%) - (2x%x)—(2x14)

or 10x + 7 =3x - 28
or 10x - 3x+7=-28 (transposing 3x to LHS)
or Ix+7=-28
or Tx=-28-17
or Tx =-35
=35 )
or X="0 or x=-5 (solution)
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B EXERCISE 2.3

Solve the following equations and check your results.

1. 3x=2x+18 2. 5t-3=3t-5 3. 5x+9=5+3x
4. 4z+3=6+22 S. 2x-1=14-x 6. 8x+4=3x-1)+7
7. x:i(x+10) 8. E+1:B+3 9. 2y+§:§—y

5 3 15 3 3

8
10. 3m=5m—§

2.5 Some More Applications

Example 14: The digits of a two-digit number differ by 3. If the digits are interchanged,
and the resulting number is added to the original number, we get 143. What can be the
original number?

Solution: Take, for example, a two-digit number, say, 56. It can be written as
56 =(10x%x5) +6.
If the digits in 56 are interchanged, we get 65, which can be written as (10 x 6 ) + 5.

Let us take the two digit number such that the digit in the units place is . The digit
in the tens place differs from b by 3. Let us take itas b + 3. So the two-digit number
is10(b+3)+b=10b+30+b=11b + 30.

oy .. ) . . Could we take the tens
With interchange of digits, the resulting two-digit number will be place digit to be
106+ (b+3)=11b+3 (b —3)? Try it and see
what solution you get.
If we add these two two-digit numbers, their sum is yore

(116 +30)+ (116 +3) =11b+ 116+ 30+ 3 =22b + 33
Itis given that the sum is 143. Therefore, 22b +33 =143

or 22b =143 -33
Remember, this is the solution
or 22b =110 when we choose the tens digits to
be 3 more than the unit’s digits.
110 What happens if we take the tens
or = — digit to be (b —3)?
22
or b=5

The units digitis 5 and therefore the tens digitis 5+ 3
which is 8. The number is 85.

The statement of the
example is valid for both 58
and 85 and both are correct
answers.

Check: Oninterchange of digits the number we get is
58. The sum of 85 and 58 is 143 as given.
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Example 15: Arjunis twice as old as Shriya. Five years ago his age was three times
Shriya’s age. Find their present ages.

Solution: Let us take Shriya’s present age to be x years.

Then Arjun’s present age would be 2x years.

Shriya’s age five years ago was (x—5) years.

Arjun’s age five years ago was (2x —5) years.

Itis given that Arjun’s age five years ago was three times Shriya’s age.

Thus, 2x-5=3(x-5)
or 2x-5=3x-15
or 15-5=3x-2x
or 10=x

So, Shriya’s present age = x = 10 years.

Therefore, Arjun’s present age = 2x =2 x 10 =20 years.

B EXERCISE 2.4

5
1. Amina thinks of a number and subtracts 0 from it. She multiplies the result by 8. The

result now obtained is 3 times the same number she thought of. What is the number?

2. Apositive number is 5 times another number. If 21 is added to both the numbers,
then one of the new numbers becomes twice the other new number. What are the
numbers?

3. Sumof the digits of a two-digit number is 9. When we interchange the digits, it is
found that the resulting new number is greater than the original number by 27. What
is the two-digit number?

4. One of the two digits of a two digit number is three times the other digit. If you
interchange the digits of this two-digit number and add the resulting number to the
original number, you get 88. What is the original number?

5. Shobo’s mother’s present age is six times Shobo’s present age. Shobo’s age five
years from now will be one third of his mother’s present age. What are their
present ages?

6. There is a narrow rectangular plot, reserved for a school, in Mahuli village. The
length and breadth of the plot are in the ratio 11:4. At the rate T100 per metre it will
cost the village panchayat ¥ 75000 to fence the plot. What are the dimensions of
the plot?

7. Hasan buys two kinds of cloth materials for school uniforms, shirt material that
costs him ¥ 50 per metre and trouser material that costs him ¥ 90 per metre.

2022-23




32 I MATHEMATICS

For every 3 meters of the shirt material he buys 2 metres
of the trouser material. He sells the materials at 12%
and 10% profitrespectively. His total sale is ¥ 36,600.
How much trouser material did he buy?

8. Half of aherd of deer are grazing in the field and three
fourths of the remaining are playing nearby. The rest9
are drinking water from the pond. Find the number of
deer in the herd.

9. Agrandfather is ten times older than his granddaughter.
He is also 54 years older than her. Find their present ages.

10. Aman’s age is three times his son’s age. Ten years ago he was five times his son’s

age. Find their present ages.

2.6 Reducing Equations to Simpler Form

6x+1 x=3
Example 16: Solve 3 +1= Z
Solution: Multiplying both sides of the equation by 6, Why 62 Because it is the
6 (6x+1) 6(x —3) smallest' multiple (o'r LCM)
L +6x1 = —— of the given denominators.
or 26x+1)+6=x-3
or 12x+2+6=x-3 (opening the brackets )
or 12x+8=x-3
or 12x—x+8=-3
or 1lx+8=-3
or 1lx=-3-8
or I1lx=-11
or x=-1 (required solution)
o(-1)+1 —-6+1 -5 3 5+3 2
Check: LHS = 3 +1= 3 +1:?+§= 3 =?
-H-3 -4 2
RHS= —¢—=¢ =7
LHS =RHS. (as required)

7
Example 17: Solve 5x-2(2x-7) = 2(B3x-1)+ )

Solution: Letus open the brackets,
LHS=5x-4x+ 14 =x+ 14
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7 4
RHS=6x-2+ < = 6x——+z= 6x+3
2 2 2 2
The equationisx + 14 = 6x + B
or 14=6x—-x+ 3
14=5 3
or =5x+ 5
14 3 5 i 3
or -5 =5 (transposing ) )
28-3
or — =5x )
2 Did you observe how we
simplified the form of the given
25 equation? Here, we had to
or 5= 5x multiply both sides of the

equation by the LCM of the
denominators of the terms in the

or X= —X—= i expressions of the equation.
5

) L. 5
Therefore, required solution is x = E )

5 5
Check: LHS = 5X5—2(EX2—7)

S VA D Y ) S Rk B
2 2 2 2 2
5 7 15 2 7 2x13 7 oo
RHS=2|—%x3-1|+—-=2|——-—|+—= +— Note, in this example we
2 2 2 2) 2 2 2 brought the equation to a

simpler form by opening
brackets and combining like
terms on both sides of the
equation.

26+7 33
= =4 W& LHS. (asrequired)

B EXERCISE 2.5

Solve the following linear equations.

x 1 x 1 n 3n 5n 8x 17 5x
1., ———=—+-— 2. ———+—=21 3. x+7——=——
2 5 3 4 2 4 6 3 6 2
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x=5 x-3 3t—-2 2t+3 2 m—1 m—2

4 = e i B

3 5 T4 3 3 ) 2 3

Simplify and solve the following linear equations.
7. 3(t—=3)=52t+1) 8. 15(y-4)2(-9)+5(0+6)=0
9. 35z-7)-2(9z-11)=4(8z-13)-17

10. 0.25(4f-3) =0.05(10f-9)

2.7 Equations Reducible to the Linear Form

x+1

3
Example 18: Solve 2x+3 8
Solution: Observe that the equation is not a linear equation, since the expression on its
LHS is not linear. But we can put it into the form of a linear equation. We multiply both

sides of the equation by (2x + 3),

Note that

x+1 3
(2x+3)><(2x+3) :§X(2x+3) 2x+3#0(Why?)

Notice that (2x + 3) gets cancelled on the LHS We have then,

3(2x+3)
x4l= =

We have now a linear equation which we know how to solve.
Multiplying both sides by 8

8(x+1)=32x+3)

This step can be

or 8x+8=6x+9 directly obtained by
‘cross-multiplication’
or 8x=6x+9-8 | ;
X+
or 8x=6x+1 T3 3
or 8x—-6x=1
or 2x=1
1
or X = )
. 1
The solution is x = E .
1 1+2 3
Check : Numerator of LHS = 0 +1= - = 5

1
Denominator of LHS =2x+ 3 = ZXE +3=1+3=4
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3

3
LHS = numerator + denominator = ) +4 = 5 X

o | W

1
4
LHS =RHS.

Example 19: Present ages of Anu and Raj are in the ratio 4:5. Eight years from now
the ratio of their ages will be 5:6. Find their present ages.

Solution: Let the present ages of Anu and Raj be 4x years and Sx years respectively.
After eight years. Anu’s age = (4x + 8) years;

After eight years, Raj’s age = (5x + 8) years.

Therefore, the ratio of their ages after eight years = ot
Sx+8
Thisis giventobe 5 : 6
4x+8 5
Therefore, 5:18 6
Cross-multiplication gives 6(4x+8)=50Bx+98)
or 24x + 48 =25x + 40
or 24x + 48 — 40 = 25x
or 24x + 8 =25x
or 8 =25x — 24x
or 8=x
Therefore, Anu’s present age = 4x =4 X 8 = 32 years

Raj’s present age = 5x = 5 x 8 = 40 years

B EXERCISE 2.6

Solve the following equations.

8x—-13 Ox Z 4

= =15 =

L —==2 2% 6x 3 7115 9
3y+4_2 Ty+4_ -4
4 96y 5 S T3

6. The ages of Hari and Harry are in the ratio 5:7. Four years from now the ratio of
their ages will be 3:4. Find their present ages.

7. The denominator of a rational number is greater than its numerator by 8. If the
numerator is increased by 17 and the denominator is decreased by 1, the number

3
obtained is 5 . Find the rational number.
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— WHAT HAVE WE DISCUSSED? _

An algebraic equation is an equality involving variables. It says that the value of the expression on
one side of the equality sign is equal to the value of the expression on the other side.

2. The equations we study in Classes VI, VII and VIII are linear equations in one variable. In such
equations, the expressions which form the equation contain only one variable. Further, the equations
are linear, i.e., the highest power of the variable appearing in the equationis 1.

3. Alinear equation may have for its solution any rational number.

4. Anequation may have linear expressions on both sides. Equations that we studied in Classes VI
and VII had just a number on one side of the equation.

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

6. Occasionally, the expressions forming equations have to be simplified before we can solve them
by usual methods. Some equations may not even be linear to begin with, but they can be brought
to a linear form by multiplying both sides of the equation by a suitable expression.

7. The utility of linear equations is in their diverse applications; different problems on numbers, ages,
perimeters, combination of currency notes, and so on can be solved using linear equations.
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CHAPTER

Understanding
Quadrilaterals

3.1 Introduction P P>

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.

Try to recall different varieties of curves you have seen in the earlier classes.

Match the following: (Caution! A figure may match to more than one type).

e N
Figure Type

(a)  Simple closed curve

(0

(b) Aclosed curve that is not simple

2

3) Q (c)  Simple curve thatis not closed

(d) Notasimplecurve

“)

- J

Compare your matchings with those of your friends. Do they agree?

3.2 Polygons

A simple closed curve made up of only line segments is called a polygon.

Curves that are polygons Curves that are not polygons
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Try to give a few more examples and non-examples for a polygon.

Draw arough figure of a polygon and identify its sides and vertices.

3.2.1 Classification of polygons

We classify polygons according to the number of sides (or vertices) they have.

Number of sides Classification Sample figure
or vertices
4 Quadrilateral D
5 Pentagon G
6 Hexagon @
7 Heptagon Q
8 Octagon Q
9 Nonagon O
10 Decagon O
n n-gon
- J

3.2.2 Diagonals

A diagonalis a line segment connecting two non-consecutive vertices of a polygon (Fig 3.1).
D

K

Fig 3.1
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Can you name the diagonals in each of the above figures? (Fig 3.1)
Is PQ adiagonal? What about LN ?
You already know what we mean by interior and exterior of a closed curve (Fig 3.2).

@ L

Interior Fig 3.2 Exterior

The interior has a boundary. Does the exterior have a boundary? Discuss with your friends.
3.2.3 Convex and concave polygons
Here are some convex polygons and some concave polygons. (Fig 3.3)

S L
[T < <KL

Convex polygons Fig 3.3 Concave polygons

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.

3.2.4 Regular and irregular polygons

Aregular polygonis 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
equiangular but not equilateral. Is a rectangle a regular polygon? Is an equilateral triangle a
regular polygon? Why?

T ] H ]
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O T

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?

3.2.5 Angle sum property

Do you remember the angle-sum property of a triangle? The sum of the measures of the
three angles of a triangle is 180°. Recall the methods by which we tried to visualise this
fact. We now extend these ideas to a quadrilateral.

DO THIS

1. Take any quadrilateral, say ABCD (Fig 3.4). Divide
itinto two triangles, by drawing a diagonal. You get
six angles 1,2,3,4,5 and 6.

Use the angle-sum property of a triangle and argue
how the sum of the measures of ZA, /B, ZC and
/D amounts to 180° + 180° = 360°. Fig 34 A

2. Take four congruent card-board copies of any quadrilateral ABCD, with angles
as shown [Fig 3.5 (i)]. Arrange the copies as shown in the figure, where angles
L1, L2, /3, Z4 meet at a point [Fig 3.5 (ii)].

C
DAV A -
For doing this you may
D Q have to turn and match
appropriate corners so
Y that they fit.
A
@

Fig 3.5

What can you say about the sum of the angles £1, £2, /3 and £4?

[Note: We denote the angles by £1, £2, /3, etc., and their respective measures
by mZ1, mZ£2, mZ3, etc.]

The sum of the measures of the four angles of a quadrilateral is

You may arrive at this result in several other ways also.
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3. Asbefore consider quadrilateral ABCD (Fig 3.6). Let P be any
point in its interior. Join P to vertices A, B, C and D. In the figure,
consider APAB. From this we see x = 180° — m/£2 — m/3;
similarly from APBC, y = 180° —m£4 — m/5, from APCD,

z=180°-m£L6 — m/7 and from APDA, w = 180° — m/8
—mZ]1. Use this to find the total measure mZ£1 + m£2 + ...

Fig 3.6
+ mZ8, does it help you to arrive at the result? Remember &
Lx+ Ly+ Lz + ZLw =360°. A B
4. These quadrilaterals were convex. What would happen if the
quadrilateral is not convex ? Consider quadrilateral ABCD. Split it D
into two triangles and find the sum of the interior angles (Fig 3.7).
C
L\
EXERCISE 3.1 iz o6

1. Given here are some figures.
(0 2 3 “4)
o) (©) (7 @®)
Classify each of them on the basis of the following.
(a) Simple curve (b) Simple closed curve
(d) Convex polygon (e) Concave polygon
2. How many diagonals does each of the following have?
(a) Aconvex quadrilateral ~ (b) Aregular hexagon (c) Atriangle
3. Whatis the sum of the measures of the angles of a convex quadrilateral ? Will this property

hold if the quadrilateral is not convex ? (Make a non-convex quadrilateral and try!)
4. Examine the table. (Each figure is divided into triangles and the sum of the angles

(c) Polygon

deduced from that.)
e ™
Figure
Side 3 4 5 6
Angle sum 180° 2 x 180° 3 x 180° 4 x 180°
L =@4-2)x180° | =(5-2)x 180° =(6—2)x180;
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What can you say about the angle sum of a convex polygon with number of sides?
(@ 7 (b) 8 (c) 10 d) n
5. Whatis aregular polygon?
State the name of a regular polygon of
(1) 3sides (@) 4 sides (@) 6 sides

6. Find the angle measure x in the following figures.

(a) (b)
30°
X X
< 10° 60°
(© (d)
7.
(a) Findx+y+z (b) Findx+y+z+w

3.3 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.
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DO THIS

Draw a polygon on the floor, using a piece of chalk.

(In the figure, a pentagon ABCDE is shown) (Fig 3.8).

We want to know the total measure of angles, i.e,
mZl + mZ2 + mZ3 + mZ4 + mZ5. Start at A. Walk
along AB . On reaching 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 move in this manner, until you return J Fig 3.8
to side AB. You would have in fact made one complete turn.

Therefore, mZ1 + m/£2 + mZ3 + mZ4 + 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 3.9.
Solution: x+90°+50°+110°=360° (Why?)
X + 250° = 360°
x =110°

90¢

110°
TRY THESE /U Fig 3.9

Take a regular hexagon Fig 3.10.
1. What is the sum of the measures of its exterior angles x, y, z, p, g, r?
2. Isx=y=z=p=q=r?Why?
3. Whatis the measure of each?
(i) exteriorangle (i) interiorangle

4. Repeat this activity for the cases of .
(i) aregular octagon (i) aregular20-gon Fig 3.10

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 = a5 =

The polygon has 8 sides.
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B EXERCISE 3.2
1. Findxin the following figures.

125° 60°

< 70°
S ase R
(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) Isitpossible tohave 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 aregular polygon? Why?

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

3.4 Kinds of Quadrilaterals

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

W

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

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 3.11).
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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?

3.4.2 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.

0%

These are Kkites These are not Kites

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. ﬁg(é 2:;:
Fold the paper once. congruent .
Draw two line segments of different lengths as shown in Fig 3.12. What do we
Cut along the line segments and open up. infer from
You have the shape of a kite (Fig 3.13). (his?

Has the kite any line symmetry? Fig 3.12 a
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?
Verity (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 3.13
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3.4.3 Parallelogram

A parallelogram is a quadrilateral. As the name suggests, it has something to do with
parallel lines.
A -
/ / AB | DC A B
b ¢ AD I BC m AB||CD
P C D
L M B c
o\ miw | D w2
QSIIPR ol——Ix LOIMN BC|IFE
F E
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 3.14).

P

Strip 1 Fig 3.14 Strip 2

v

Place one strip horizontally and draw lines along
its edge as drawn in the figure (Fig 3.15).
Now place the other strip in a slant position over

the lines drawn and use this to draw two more lines
as shown (Fig 3.16).

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

(Fig 3.17).
/

\ 4

Fig 3.15

v

Fig 3.16 Fig 3.17
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Itis a parallelogram.

A parallelogram is a quadrilateral whose opposite sides are parallel.

3.4.4 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 that youneed 5 B

to remember.
Given a parallelogram ABCD (Fig 3.18).
AB and DC, are opposite sides. AD and BC form another pair of opposite sides.

ZA and ZC are a pair of opposite angles; another pair of opposite angles would be
/B and ZD.

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

Fig 3.18

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 3.19).
’ C/

[ T

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? _ 8
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°
and place them adjacently to form a parallelogram as shown
in Fig 3.20. Does this help you to verify the above property?

You can further strengthen thisidea D C

. 2.3
throughalogical argumentalso. /.7 3
Consider a parallelogram 4
1 E 2 34 S o6 78 9 0N op o1

ABCD (Fig 3.21). Draw A~
any one diagonal, say AC. Fig 3.21 Fig 3.20
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Looking at the angles,
L1=2/2 and Z3=24 (Why?)

Since in triangles ABC and ADC, Z£1=/2, Z3=/4

and AC 1s common, so, by ASA congruency condition,
AABC = ACDA (How is ASA used here?)

This gives AB=DC and BC=AD.
Example 3: Find the perimeter of the parallelogram PQRS (Fig 3.22).

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 3.22

3.4.5 Angles of a parallelogram

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

DO THIS D’

Let ABCD be a parallelogram (Fig 3.23). 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 3.23

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 the diagonalsofthe /" T 3
parallelogram, (Fig 3.24) you find that PR
R el E
— — A
L1=/2 and Z3=24 (Why?) Fig 3.24
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Studying AABC and AADC (Fig 3.25) separately, will help you to see that by ASA
congruency condition,
AABC = ACDA (How?)

I

D —.C

A
Fig 3.25

This shows that Z/B and ZD have same measure. In the same way you can get
mZA =m £C.
Alternatively, Z1 = £2 and £3 = Z4, we have, nZA=ZL1+/£4 = L2+/C m«£LC

Example 4: In Fig 3.26, 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)
7=280° (since Ly, Lzis alinear pair)

We now turn our attention to adjacent angles of a parallelogram.
In parallelogram ABCD, (Fig 3.27).

ZA and ZD are supplementary since D

DC I AB and with transversal ﬂ, these

two angles are interior opposite.

ZA and £B are also supplementary. Can you . B
B Fig 3.27

say ‘why’?

AD I| BC and BA isatransversal, making ZA and ZB interior opposite.

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

Example 5: Ina parallelogram RING; (Fig 3.28) if m£R =70°, find all the other angles.

Solution: Given m£R=70° G N

Then msN =70°

because ZR and ZN are opposite angles of a parallelogram.

Since ZR and /I are supplementary, R 70° I
mZl=180°-70°=110° Fig 3.28

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

Thus, mZR =m4ZN =70° and mLl =mZG = 110°
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B THINK, DISCUSS AND WRITE Ul

After showing mZR = mZN = 70°, can you find mZI and mZG by any other
method?

3.4.6 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.

Dy =C
DO THIS \ _______________ \

Take a cut-out of a parallelogram, say,

S~
s

ABCD (Fig 3.29). Let its diagonals AC and DB meetatO. Fig 3.29

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

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 — : — C
To argue and justify this property isnot very ~— \ v
difficult. From Fig 3.30, applying ASA criterion, it \ 8 ~~~~~~~~~~~~ \
is easy to see that Al 1 : 3 T\ g
AAOB = ACOD (HowisASAusedhere?) Fig 3.30

Thisgives AO=CO and BO=DO
Example 6: InFig 3.31 HELP is a parallelogram. (Lengths are in cms). Given that

OE =4 and HL is 5 more than PE? Find OH. P L
Solution :If OE =4then OP alsois4 (Why?) / * ____________ /
So PE=38, (Why?) /™ 04
Therefore HL=8+5=13 H™ ~E
{ Fig 3.31
Hence OH = Py X13 =6.5 (cms)
B EXERCISE 3.3 Do _c
1. Givena parallelggram ABCD. Complete each \* ::::::: \
statement along with the definitionorproperty used. '\ .~ O e
i) AD=... (i) £DCB= ... A B
@) OC=...... @iv) m ZDAB +m £LCDA = ......
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2. Consider the following parallelograms. Find the values of the unknowns x, y, z.

D C

Y & 50°
S
AlZ W B X Z
® (i1)
; A
D 3 Y
L]
\é / X 809
(iii) (v) W)

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 £C =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. X

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.

Find x and y. (Lengths are in cm) 700

S 709
R — L

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 3.32)

N M D C
‘0
S R
80° 120°
K L A B

Fig 3.32 Fig 3.33 130°

11. Findm£CinFig3.33if AB||DC.
12. Find the measure of /P and /S if SP I E in Fig 3.34.
(If youfind m/R, is there more than one method to find m.ZP?) pv” Fig 3.34

3.5 Some Special Parallelograms

3.5.1 Rhombus

We obtain a Rhombus (which, you will see, is a parallelogram) as a special case of kite
(whichis 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.

/
\

Rhombus

Note that the sides of rhombus 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 arhombus have the same
length, itis 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. Kite
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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 rhombus. 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 3.35). Therefore it is a parallelogram too.

Since diagonals bisect each other, OA=O0C and OB =OD.

We have to show that mZAOD =mZCOD =90°

It can be seen that by SSS congruency criterion Fig 3.35
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 ZCOD =90° Of S0D
Example 7:
RICE is arthombus (Fig 3.36). Find x, y, z. Justify your findings.
Solution: E
x= OE y=0R z = side of the thombus

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

-5 -12 Fig 3.36
3.5.2 Arectangle = e
A rectangle is a parallelogram with equal angles (Fig 3.37).
What s 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 3.37

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 aright 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.

< 2 C D
~, - C
~ -
~, -
-, -
. -
. .
-~ -
~. -
~. -
. -
-, -
~, -
. -
. -
~. -
~. =
e
-
-
-
-
-
-
=
-
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-,
~,
~.,
.
.
.
.
.,
.
~,
..
~.
~,
o

-
5
-
-
-
-
-
-
L
-

: B A t B A t B
Fig 3.38 Fig 3.39 Fig 3.40

This is easy to justify. If ABCD is a rectangle (Fig 3.38), then looking at triangles
ABC and ABD separately [(Fig 3.39) and (Fig 3.40) respectively], we have

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

mZLA=m LB =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 3.41). Its diagonals meet at O. Find x, if
OR =2x+4and OT =3x + 1.

Solution: OT is half of the diagonal TE, Tr- AN
OR is half of the diagonal RN . A
Diagonals are equal here. (Why?) '

So, their halves are also equal. *0
Therefore 3x+1=2x+4 Ao

or x=3 “; .
3.5.3 A square RE Mg
A square is a rectangle with equal sides. Tr : L Fig 3.41

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

S #
B
“‘ '0
O ‘.’
-
0' "‘
% S,
- s,

length.
The square, like the rectangle, has B 1 ' [ E
diagonals of equal length. BELT is a square, BE = EL=LT = TB

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)
(@) are of 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 3.42).
Fold along both the diagonals. Are their mid-points the same?

‘ .
xﬁ 0"
o
o
0" xﬁ
y 5

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

Fig 3.42
We can justify this also by arguing logically: e

ABCD is a square whose diagonals meet at O (Fig 3.43). Dr . C
OA =0OC (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 3.43

.
0
K
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 () 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 =2 D

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 Wl

1. Amason 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
Parallelqgram: (1) Opposite sides are equal.
git(llluez(clzrli?;ierrs; (2) Opposite angles are equal.

opposite sides (3) Diagonals bisect one another.

parallel.

A

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

P 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.

S R
Square: A rectangle
with sides of equal 1L 1 All the properties of a parallelogram,
length. rhombus and a rectangle.

P Q
Kite: A quadrilateral D ) )
with exactly two pairs (I) 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
B mZLA #mZC.
\ J
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4.1 Introduction

Practical Geometry

CHAPTER

0852CH04

You have learnt how to draw triangles in Class VII. We require three measurements

(of sides and angles) to draw a unique triangle.

Since three measurements were enough to draw a triangle, a natural question arises
whether four measurements would be sufficient to draw a unique four sided closed figure,

namely, a quadrilateral.

DO THIS (

Take a pair of sticks of equal lengths, say
10 cm. Take another pair of sticks of
equal lengths, say, 8 cm. Hinge them up

suitably to get a rectangle of length 10 cm B

and breadth 8 cm.

This rectangle has been created with
the 4 available measurements.

Now just push along the breadth of
the rectangle. Is the new shape obtained,
still a rectangle (Fig 4.2)? Observe

8 cm

10 cm

8 cm

10 cm

Fig 4.1

8 cm

10 cm

8 cm

that the rectangle has now become
a parallelogram. Have you altered the
lengths of the sticks? No! The
measurements of sides remain the same.

Give another push to the newly
obtained shape in a different direction;
what do you get? You again get a
parallelogram, which is altogether different
(Fig 4.3), yet the four measurements
remain the same.

10 cm

¢ C
Fig 4.2

8 cm

10 cm

10 cm

Fig 4.3

This shows that 4 measurements of a quadrilateral cannot determine it uniquely.
Can 5 measurements determine a quadrilateral uniquely? Let us go back to the activity!
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You have constructed a rectangle with
two sticks each of length 10 cm and other
two sticks each of length 8 cm. Now 10 cm
introduce another stick of length equal to
BD and tie it along BD (Fig 4.4). If you
push the breadth now, does the shape 8 cm 8 cm
change? No! It cannot, without making the
figure open. The introduction of the fifth B C
stick has fixed the rectangle uniquely, i.e., 10 cm
there is no other quadrilateral (with the Fig 4.4
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?

HEEE THINK, DISCUSS AND WRITE Ul

Arshad has five measurements of a quadrilateral ABCD. These are AB =5 cm,
ZA =50°, AC=4cm, BD =5 cm and AD = 6 cm. Can he construct a unique
quadrilateral ? Give reasons for your answer.

4.2 Constructing a Quadrilateral

We shall learn how to construct a unique quadrilateral given the following
measurements:

®  When four sides and one diagonal are given.

When two diagonals and three sides are given.
When two adjacent sides and three angles are given.
When three sides and two included angles are given.

When other special properties are known.
Let us take up these constructions one-by-one.
4.2.1 When the lengths of four sides and a diagonal are given
We shall explain this construction through an example.

Example 1: Construct a quadrilateral PQRS

where PQ = 4 cm,QR = 6 cm, RS = 5 cm,
PS=55cmand PR =7 cm.

Solution: [A rough sketch will help us in
visualising the quadrilateral. We draw this first and
mark the measurements.] (Fig4.5)
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Step 1 From the rough sketch, it is easy to see that APQR
can be constructed using SSS construction condition.
Draw APQR (Fig 4.6).

Step 2 Now, we have to locate the fourth point S. This ‘S’
would be on the side opposite to Q with reference to
PR. For that, we have two measurements.

Sis 5.5 cmaway from P. So, with P as centre, draw
an arc of radius 5.5 cm. (The point S is somewhere
on this arc!) (Fig4.7).

7 cm

Fig 4.7

Step3 Sis5cmaway from R. So with R as centre, draw an arc of radius 5 cm (The
point S is somewhere on this arc also!) (Fig 4.8).

7 em

Fig 4.8
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Step 4 S should lie on both the arcs drawn.
Soitis the point of intersection of the
two arcs. Mark S and complete PQRS.
PQRS is the required quadrilateral
(Fig4.9).

Fig 4.9
B THINK, DISCUSS AND WRITE UlEEEN

(1) We saw that 5 measurements of a quadrilateral can determine a quadrilateral

uniquely. Do you think any five measurements of the quadrilateral can do this?

@) Can you draw a parallelogram BATS where BA = 5 cm, AT = 6 cm and
AS =6.5cm? Why?

@) Can youdraw arhombus ZEAL where ZE = 3.5 cm, diagonal EL. =5 cm? Why?

(@iv) A student attempted to draw a quadrilateral PLAY where PL=3 cm, LA=4 cm,
AY =45 cm, PY =2 cm and LY = 6 cm, but could not draw it. What is
the reason?
[Hint: Discuss it using a rough sketch].

B EXERCISE 4.1

1. Construct the following quadrilaterals.

(1) Quadrilateral ABCD. @) Quadrilateral JUMP

AB=45cm JU=35cm
BC=55cm UM =4cm
CD=4cm MP=5cm
AD=6cm PI=4.5cm
AC=7cm PU=6.5cm
@i1) Parallelogram MORE @iv) Rhombus BEST

OR=6cm BE=4.5cm
RE=4.5cm ET=6cm
EO=75cm
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4.2.2 When two diagonals and three sides are given

When four sides and a diagonal were given, we first drew a triangle with the available data
and then tried to locate the fourth point. The same technique is used here.

Example 2: Construct a quadrilateral ABCD, given that BC =4.5 cm,AD=5.5 cm,
CD =5 cm the diagonal AC = 5.5 cm and diagonal BD =7 cm.

Solution:

Here is the rough sketch of the quadrilateral ABCD
(Fig 4.10). Studying this sketch, we can easily see
that it is possible to draw A ACD first (How?).

Step1 Draw AACD using SSS
construction (Fig4.11).
(We now need to find B at a distance
of 4.5 cm from C and 7 cm from D). Al 5.5 cm

Fig 4.11

Step 2 With D as centre, draw an arc of radius 7 cm. (B is somewhere
on this arc) (Fig4.12).

5.5 cm

Fig 4.12

Step 3 With C as centre, draw an arc of
radius 4.5 cm (B is somewhere on
this arc also) (Fig 4.13).

55cm

Fig 4.13
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Step 4 Since B lies on both the arcs, B is
the point intersection of the two
arcs. Mark B and complete ABCD.
ABCD is the required quadrilateral
(Fig4.14).

B THINK, DISCUSS AND WRITE Ul

1. Inthe above example, can we draw the quadrilateral by drawing A ABD first and
then find the fourth point C?

2. Canyou construct a quadrilateral PQRS with PQ=3cm,RS=3cm,PS=7.5 cm,
PR =8 cmand SQ =4 cm? Justify your answer.

B EXERCISE 4.2

1. Construct the following quadrilaterals.

(1) quadrilateral LIFT (i) Quadrilateral GOLD
LI=4cm OL=7.5cm
[F=3cm GL=6cm
TL=2.5cm GD=6cm
LF=45cm LD=5cm
IT=4cm OD=10cm

@iii) Rhombus BEND
BN=5.6cm
DE=6.5cm

4.2.3 When two adjacent sides and three angles are known

As before, we start with constructing a triangle and then look for the fourth point to
complete the quadrilateral.

Example 3: Construct a quadrilateral MIST where MI = 3.5 cm, IS = 6.5 cm,
M =75° Z1=105°and £S =120°.
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Solution:

Here is a rough sketch that would help us in deciding our steps of
construction. We give only hints for various steps (Fig 4.15).

Step 1 How do you locate the points? What choice do you make for the base and what
is the first step? (Fig 4.16)

X
S
§
0
&
>
&
\Q
Me 7< 1
3.5cm
Fig 4.16
Step2 Make ZISY =120° at S (Fig4.17).
Y
X
. S
G
§
"
<
>
&
AN 7<
Me 3.5cm I
Fig 4.17
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Step3 Make ZIMZ =75° at M. (where will SY and MZ meet?) Mark that point as T.
We get the required quadrilateral MIST (Fig 4.18).

z
YN

VS

6.5 cm

>

v o
75 @‘7< 1
M 3.5cm
Fig 4.18

HEEE THINK, DISCUSS AND WRITE UlEEEN
1. Canyou construct the above quadrilateral MIST if we have 100° at M instead
of 75°?

2. Canyou construct the quadrilateral PLAN if PL=6 cm, LA =9.5 cm, £ZP=75°,
/L =150° and ZA = 140°? (Hint: Recall angle-sum property).

3. Inaparallelogram, the lengths of adjacent sides are known. Do we still need measures
of the angles to construct as in the example above?

B EXERCISE 4.3

1. Construct the following quadrilaterals.

(1) Quadrilateral MORE (i) Quadrilateral PLAN

MO =6¢cm PL=4cm
OR=45cm LA=6.5cm
ZM =60° £ZP=90°
Z£0 =105° ZA=110°
ZR =105° N = 85°

@) Parallelogram HEAR @iv) Rectangle OKAY
HE=5cm OK=7cm
EA=6cm KA=5cm
ZR =85°
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4.2.4 When three sides and two included angles are given

Under this type, when you draw a rough sketch, note carefully the “included” angles
in particular.
6.5 cm

Example 4: Construct a quadrilateral ABCD, where b C
AB =4 cm, BC=5cm, CD = 6.5 cm and ZB = 105° and 80°
ZC =80°.

§
Solution: A
We draw a rough sketch, as usual, to get an idea of how we can \Q‘} B
start off. Then we can devise a plan to locate the four points A 4 cm
(Fig4.19). Fig 4.19

Step 1  Start with taking BC =5 cm on B. Draw an angle of 105° along BX. Locate A
4 cm away on this. We now have B, C and A (Fig 4.20).

X

5cm

Fig 4.20

Step 2 The fourth point D is on CY which is inclined at 80° to BC. So make ZBCY =80°
atCon BC (Fig4.21).

w v

<
7\105° 809
B *C

5cm

Fig 4.21
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Step 3 Disatadistance of 6.5 cm on CY. With
C as centre, draw an arc of length 6.5 cm.
Itcuts CY at D (Fig 4.22).

w v

w §9

<
7\1050 80°
s C

5cm

Fig 4.22

Step4 Complete the quadrilateral ABCD. ABCD is the required quadrilateral (Fig 4.23).

5cm

Fig 4.23

HEEE THINK, DISCUSS AND WRITE Ul

other starting points?

and /B = 80°.

and ZS =110°.

data for construction of a quadrilateral.

1. Inthe above example, we first drew BC. Instead, what could have been be the
2. We used some five measurements to draw quadrilaterals so far. Can there be
different sets of five measurements (other than seen so far) to draw a quadrilateral?
The following problems may help you in answering the question.
(1) Quadrilateral ABCD withAB=5cm,BC=5.5cm,CD=4cm,AD=6cm

@) Quadrilateral PQRS with PQ =4.5 cm, ZP =70°, ZQ = 100°, ZR = 80°

Construct a few more examples of your own to find sufficiency/insufficiency of the
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B EXERCISE 4.4

1. Construct the following quadrilaterals.

(1) Quadrilateral DEAR (@) Quadrilateral TRUE
DE=4cm TR=3.5cm
EA=5cm RU=3cm
AR=4.5cm UE=4cm

ZE =60° ZR =75°
LA =90° £ZU =120°

4.3 Some Special Cases

To draw a quadrilateral, we used 5 measurements in our work. Is there any quadrilateral
which can be drawn with less number of available measurements? The following examples
examine such special cases. Rough figure

Example 5: Draw a square of side 4.5 cm. D 43 em C

Solution: Initially it appears that only one measurement has been given. Actually
we have many more details with us, because the figure is a special quadrilateral,
namely a square. We now know that each of its angles is a right angle. (See the
rough figure) (Fig4.24)

This enables us to draw A ABC using SAS condition. Then D can be easily
located. Try yourself now to draw the square with the given measurements.

4.5 cm
4.5 cm

>
=

4.5 cm
Example 6: s it possible to construct arhombus ABCD where AC =6 cm Fig 4.24
and BD =7 cm? Justify your answer.

Solution: Only two (diagonal) measurements of the rhombus are given. However,
since it is arhombus, we can find more help from its properties. Rough figure

The diagonals of arhombus are perpendicular bisectors
of one another.

So, first draw AC =7 cm and then construct its perpendicular bisector.
Let them meet at 0. Cut off 3 cm lengths on either side of the drawn
bisector. You now get B and D.

Draw the rhombus now, based on the method described above
(Fig4.25). A

TRY THESE

1. How will you construct arectangle PQRS if you know X
only the lengths PQ and QR?

2. Constructthe kite EASY if AY =8 cm,EY=4cm  E S
and SY =6 cm (Fig 4.26). Which properties of the
kite did you use in the process? A Fig 4.26
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EEE EXERCISE 4.5

Draw the following.

1.

The square READ withRE=5.1 cm.

2. Arhombus whose diagonals are 5.2 cm and 6.4 cm long.
3.
4. Aparallelogram OKAY where OK =5.5 cm and KA =4.2 cm. Is it unique?

A rectangle with adjacent sides of lengths 5 cm and 4 cm.

— WHAT HAVE WE DISCUSSED? —

N

Five measurements can determine a quadrilateral uniquely.

A quadrilateral can be constructed uniquely if the lengths of its four sides and a diagonal is given.
A quadrilateral can be constructed uniquely if its two diagonals and three sides are known.

A quadrilateral can be constructed uniquely if its two adjacent sides and three angles are known.
A quadrilateral can be constructed uniquely if its three sides and two included angles are given.

J
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Data Handling

5.1 Looking for Information
In your day-to-day life, you might have come across information, such as:
(@) Runs made by a batsman in the last 10 test matches.
(b) Number of wickets taken by a bowler in the last 10 ODIs.
(c) Marks scored by the students of your class in the Mathematics unit test.
(d) Number of story books read by each of your friends etc.

The information collected in all such cases is called data. Data is usually collected in
the context of a situation that we want to study. For example, a teacher may like to know
the average height of students in her class. To find this, she will write the heights of all the
students in her class, organise the data in a systematic manner and then interpret it
accordingly.

Sometimes, data is represented graphically to give a clear idea of what it represents.
Do you remember the different types of graphs whic<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>