MATHEMATICS

TEXTBOOK FOR CLASS IX
Semester - 1
ENGLISH - TAMIL VERSION

Sl
LUESSZY
© Government of Andhra Pradesh, Amaravati
First Published 2023
New Impression - 2024, 2025, 2026

DISCLAIMER
Any form of copying of the content, information and illustrations
from this textbook is a punishable offence.

All rights reserved

No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means

without the prior permission in writing of the publisher, nor be otherwise circulated in any form of binding or cover other

than that in which it is published and without a similar condition including this condition being imposed on the subsequent

purchaser. The copyright holder of this book is the Commissioner of School Education, Amaravati, Andhra Pradesh.
This book has been printed on 70 GSM, SS Maplitho. Title Page 220 GSM and White Art Card.

ANDHRA PRADESH

Published by Samagra Shiksha& SCERT - Government of AndhraPradesh, Amaravati.



Vande Mataram

Vande Mataram!

Sujalam, suphalam, malayaja shitalam,
Shasyashyamalam, Mataram!

Vande Mataram!

Shubhrajyotsna pulakitayaminim,
Phullakusumita drumadala shobhinim,
Suhasinim sumadhura bhashinim,

Sukhadam varadam, Mataram!

Vande Mataram, Vande Mataram!

=Bankimchandra Chatterji

abB8%» LDISIID

ab@% LDMSBTID!

SFEBEOMD FrLIONID 1DEVUISS FHEOTLD
FEOUIAPUITIDEVMLD, LDMZGTID!

ab@% 1DMHTID!
apNITSCUNHevalT Yeodsumdailb,
b GH NS SHHIDHw Capmiafid
FanTeaib FosTuTaianiid
FHBHMD @ITSHTID, IDTHTID!

ab6x» asIb! ab6s TSIID!

- WBIBID FHFT FHLLTSS

Printed in India
at the A.P. Govt., Textbook Press,
Amaravati, Andhra Pradesh.




Our National Anthem | @palu Hz1d

Jana-gana-mana-adhinayaka jaya he
Bharata-bhagya-vidhata
Panjaba-Sindhu-Gujarata-Maratha
Dravida-Utkala-Banga
Vindhya-Himachala-Yamuna-Ganga
uchchala-jaladhi-taranga
Tava Subha name jage,
tava subha asisa mage,
gahe tava jaya-gatha.
Jana-gana-mangala-dayaka jaya he
Bharata-bhagya-vidhata.

Jaya he, Jaya he, Jaya he,
jaya jaya jaya jaya he.

- Rabindranath Tagore
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Pledge | 2 gpusdsnomy)

India is my country. All Indians are my brothers and sisters.
I love my country and I am proud of its rich and varied heritage.
I shall always strive to be worthy of it.
I shall give my parents, teachers and all elders respect,
and treat everyone with courtesy. I shall be kind to animals.

To my country and my people, I pledge my devotion.

In their well-being and prosperity alone lies my happiness.
- Pydimarri Venkata Subba Rao
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LEARNING OUTCOMES

~

Chp.

CHAPTER NAME

Specific LOs mapped

Number System

After Completion of this lesson every student will be able to

Acquire knowledge on rational and irrational numbers, their ex-
istence and operations on those numbers

Can place any number of rationals & irrationals between any
two rationals and irrationals

Can convert decimals into p/q and vice versa.

Can rationalize the given irrational using rationalizing factor
Utilize the laws of exponents and Number Systems in real life

situations effectively.

Polynomials

After Completion of this lesson every student will be able to

Distinguish between a multinomial and polynomial and can sepa-
rate polynomials out ofthe given algebraic expressions

Find the co-efficient and degree ofa polynomial

Factorise given polynomial with factor theorem

Find the remainder using remainder theorem

Utilize the concept of polynomials in real life situations and ap-

preciate its significanace

Co-ordinate geometry

After Completion of this lesson every student will be able to

Express what a cartesian plane is? and its history

Distringuish which point belongs to which quadrant

Plot any point on the cartesian plane

Name any point on the cartesian plane

Utilize the concept of co-ordinate geometry in real life situa-

tions and appreciate its significanace

Linear equations in two

variables

After Completion of this lesson every student will be able to

Express any linear equation in two variables in standard form
Find any number of solutions to any sort of linear equation in
two variables

Check whether the given pair of co-ordinates is a solution to
the given equation or not.

Utilize the concept of Linear Equations in two variables in real

life situations and appreciate its significanace
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LEARNING OUTCOMES

~

Chp.

CHAPTER NAME

Specific LOs mapped

Introduction to Euclid's
Geometry

After Completion of this lesson every student will be able to

Recognize various geometry related problems in real life which
are inferences of Euclid's Geometry

Identify the axioms and postulates used in solving geometrical
problems.

Utilize appropriately the axioms and postulates of Euclid in fu-
ture endeavours of gemoetry.

Appreciate Euclid and Other Mathematicians who strived

through out their life in pursuit of everlasting geometry.

Lines and Angles

After Completion of this lesson every student will be able to

Recognize different basic geometric shapes and can name them
with their apt nomenclature

Identify and solve problems related to vertically opposite angles,
linear pair of angles, adjacent angles etc.,

Identify the parallel and intersecting lines in a plane and solve
problems related to both the cases.

Utilize exactly the knowledge on different angles and different
types of lines in exploring real life problems related to them.

Appreciate the concepts of Lines & Angles in real life usage
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NUMBER SYSTEMS
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CHaPTER 1

NUMBER SYSTEMS
I

1.1 Introduction

In your earlier classes, you have learnt about the number line and how to represent various types

1 2 3

o i _ 1
3 2 1 -§O

of numbers on it (see Fig. 1.1).

N[
to|— 4

Fig. 1.1 : The number line
Just imagine you start from zero and go on walking along this number line in the positive

direction. As far as your eyes can see, there are numbers, numbers and numbers!

Now suppose you start walking along the number line, and collecting some of the numbers.

Get a bag ready to store them!
Mathematics

Class 9
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NUMBER SYSTEMS

You might begin with picking up only natural numbers like 1, 2,
3, and so on. You know that this list goes on for ever. (Why is this
true?) So, now your bag contains infinitely many natural numbers!
Recall that we denote this collection by the symbol N.

Now turn and walk all the way back, pick up zero and put it into
the bag. You now have the collection of whole numbers which is
denoted by the symbol W.

Now, stretching in front of you are many, many negative integers. Put all the negative integers
into your bag. What is your new collection? Recall that it is the collection of all integers, and
it is denoted by the symbol Z.

Z comes from the

German word

) . ) 1 3
Are there some numbers still left on the line? Of course! There are numbers like 37 or

-2005 . o .
2006 If you put all such numbers also into the bag, it will now be the collection of

rational numbers.

cven

Class 9 4 Mathematics
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NUMBER SYSTEMS

The collection of rational numbers is denoted by Q. ‘Rational’ comes from the word ‘ratio’,

and Q comes from the word ‘quotient’.
You may recall the definition of rational numbers:

Anumber ‘7’ is called a rational number, if it can be written in the form g , where p and ¢

are integers and g # 0. (Why do we insist that g = 0?)

Notice that all the numbers now in the bag can be written in the form g , where p and ¢ are
. . =25
integers and g # 0. For example, —25 can be written as y._ here p =-25 and g = 1. Therefore,

the rational numbers also include the natural numbers, whole numbers and integers.

You also know that the rational numbers do not have a unique representation in the form g ,

. 1 2 10 25 47
where p and ¢ are integers and g # 0. For example, &= 0 " 50" 92 and so on. These

are equivalent rational numbers (or fractions). However, when we say that g is a rational
number, or when we represent g on the number line, we assume that g # 0 and that p and g have
no common factors other than 1 (thatis, p and g are co-prime). So, on the number line, among

. . . . 1 . 1
the infinitely many fractions equivalent to 5, we will choose 5 to represent all of them.

Now, let us solve some examples about the different types of numbers, which you have

studied in earlier classes.

Example 1 : Are the following statements true or false? Give reasons for your answers.

(1) Every whole number is a natural number.

(11) Every integer is a rational number.

(111)  Every rational number is an integer.

Solution : (i) False, because zero is a whole number but not a natural number.

(11) True, because every integer m can be expressed in the form ? , and so it is a rational number.

3. .
(111)  False, because 3is not an integer.

Class 9 6 Mathematics
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NUMBER SYSTEMS

Example 2 : Find five rational numbers between 1 and 2.
We can approach this problem in at least two ways.

Solution 1 : Recall that to find a rational number between »and s, you can add » and s and divide

. +s . 3.
the sum by 2, that is % lies between r and s. So, — 1s a number between 1 and 2. You can

2
proceed in this manner to find four more rational numbers between 1 and 2. These four numbers
5 11 13 7
e — —>»— and —_
4 8 8 4

Solution 2 : The other option is to find all the five rational numbers in one step. Since we want

. . ) . . 6
five numbers, we write 1 and 2 as rational numbers with denominator 5+ 1,1.e., 1 = P and 2=

12 7 8 910 11
— . Then you can check that — and — are all rational numbers between 1 and 2. So,

43(561616

the five numbers are 37 E -

Remark : Notice that in Example 2, you were asked to find five rational numbers between 1
and 2. But, you must have realised that in fact there are infinitely many rational numbers between
1 and 2. In general, there are infinitely many rational numbers between any two given

rational numbers.

Let us take a look at the number line again. Have you picked up all the numbers? Not, yet.
The fact is that there are infinitely many more numbers left on the number line! There are gaps
in between the places of the numbers you picked up, and not just one or two but infinitely many.

The amazing thing is that there are infinitely many numbers lying between any two of these gaps

too! o
N '

So we are left with the following questions:

1. What are the numbers, that are left on the number line, called?

2. How do we recognise them? That is, how do we distinguish them y | g |

from the rationals (rational numbers)?

These questions will be answered in the next section.

Class 9 8 Mathematics
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NUMBER SYSTEMS

EXERCISE 1.1

1. Is zero arational number? Can you write it in the form g , where p and g are integers and
q#0?

2. Find six rational numbers between 3 and 4.

3. Find five rational numbers between % and %.

4. State whether the following statements are true or false. Give reasons for your answers.
(1) Every natural number is a whole number.

(i1) Every integer is a whole number.

(111) Every rational number is a whole number.

1.2 Irrational Numbers

We saw, in the previous section, that there may be numbers on the number line that are not
rationals. In this section, we are going to investigate these numbers. So far, all the numbers you
have come across, are of the form £, where p and ¢ are integers and ¢ # 0. So, you may ask: are
there numbers which are not of this form? There are indeed such numbers.

The Pythagoreans in Greece, followers of the famous mathematician
and philosopher Pythagoras, were the first to discover the numbers
which were not rationals, around 400 BC. These numbers are called
irrational numbers (irrationals), because they cannot be written
in the form of a ratio of integers. There are many myths surrounding
the discovery of irrational numbers by the Pythagorean, Hippacus

of Croton. In all the myths, Hippacus has an unfortunate end, either Pythagoras

for discovering that 2 is irrational or for disclosing the secret (569 B?j:‘ ;‘;9 BCE)
ig. 1.

about 2 to people outside the secret Pythagorean sect!

Let us formally define these numbers.
A number ‘s’ is called irrational, if it cannot be written in the form g, where p and ¢ are
integers and g # 0.
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NUMBER SYSTEMS

You already know that there are infinitely many rationals. It turns out that there are infinitely
many irrational numbers too. Some examples are:

2. 3. 15, 7 0.10110111011110...

Remark : Recall that when we use the symbol /~, we assume that it is the positive square
root of the number. So /4 = 2, though both 2 and -2 are square roots of 4.

Some of the irrational numbers listed above are familiar to you. For example, you have
already come across many of the square roots listed above and the number 7.

The Pythagoreans proved that ./, 1s irrational. Later in approximately 425 BC, Theodorus
of Cyrene showed that /3, /5, V6, 7, V10, V11, 12, {13, J14,+/15 and /17 are also irrationals.
Proofs ofirrationality of /7 , /3, /5, etc., shall be discussed in Class X. As to T, it was known
to various cultures for thousands of years, it was proved to be irrational by Lambert and Legendre
only in the late 1700s. In the next section, we will discuss why 0.10110111011110... and w are
irrational. .

Let us return to the questions raised at the end of the previous
section. Remember the bag of rational numbers. If we now put all
irrational numbers into the bag, will there be any number left on

the number line? The answer i1s no! It turns out that the collection
of all rational numbers and irrational numbers together make up
what we call the collection of real numbers,
which is denoted by R. Therefore, a real number is either rational or irrational. So, we can say
that every real number is represented by a unique point on the number line. Also, every
point on the number line represents a unique real number. This is why we call the number
line, the real number line.

In the 1870s two German mathematicians, Cantor and
Dedekind, showed that : Corresponding to every real
number, there is a point on the real number line, and
corresponding to every point on the number line, there
exists a unique real number.

R. Dedekind (1831-1916) G C 1845-1918
Fig. 1.4 . Cantor ( -

Fig. 1.5
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R.CLGLem&6wr® (1831-1916)

G.G&6u0TLIT (1845-1918)

UL 1.4 uLib 1.5
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NUMBER SYSTEMS

Let us see how we can locate some of the irrational numbers on the number line.

Example 3 : Locate +/2 on the number line.

: : : . C B
Solution : It is easy to see how the Greeks might have discovered /2 . Consider 2
a square OABC, with each side 1 unit in length (see Fig. 1.6). Then you can see by o : N
the Pythagoras theorem that OB = /1> + 1> = 2. How do we represent 2 on Fig. 1.6
the number line? This is easy. Transfer Fig. 1.6 onto the number line making sure

that the vertex O coincides with zero (see Fig. 1.7).

C B
p
2/ N2
1 1 1 1 1 lzgl 1
T T T 1) T o T
3 2 1L o4 A 2 3
Fig. 1.7

We have just seen that OB = /7 . Using a compass with centre O and radius OB, draw an arc
intersecting the number line at the point P. Then P corresponds to /2 on the number line.

Example 4 : Locate /3 on the number line.

Solution : Let us return to Fig. 1.7.

do

|
[\

|

[\)l._a__
—
@)
>
-

e
[\
w

Fig. 1.8
Construct BD of unit length perpendicular to OB (as in Fig. 1.8). Then using the Pythagoras

theorem, we see that OD = (\5 )2 +1> =+/3 Using a compass, with centre O and radius OD,

draw an arc which intersects the number line at the point Q. Then Q corresponds to /3 .
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NUMBER SYSTEMS

In the same way, you can locate ./;; for any positive integer n, after \/n — 1 has been located.

EXERCISE 1.2

1. State whether the following statements are true or false. Justify your answers.
(1) Every irrational number is a real number.
(i1) Every point on the number line is of the form /m , where m is a natural number.
(111)  Every real number is an irrational number.

2. Are the square roots of all positive integers irrational? If not, give an example of the

square root of a number that is a rational number.
3. Show how ./5 can be represented on the number line.

4. Classroom activity (Constructing the ‘square root
spiral’) : Take a large sheet of paper and construct the ‘square
root spiral’ in the following fashion. Start with a point O and
draw a line segment OP of unit length. Draw a line segment
P P, perpendicular to OP, of unit length (see Fig. 1.9). Now

draw a line segment P P, perpendicular to OP,. Then draw a  Fig. 1.9 : Constructing
square root spiral

line segment P.P, perpendicular to OP,. Continuing in this
manner, you can get the line segment P_ P_by

drawing a line segment of unit length perpendicular to OP__. In this manner, you will
have created the points P, P.,...., P ,... ., and joined them to create a beautiful spiral

depicting 2, \/3, V/4,...

1.3 Real Numbers and their Decimal Expansions

In this section, we are going to study rational and irrational numbers from a different point of
view. We will look at the decimal expansions of real numbers and see if we can use the expansions
to distinguish between rationals and irrationals. We will also explain how to visualise the

representation of real numbers on the number line using their decimal expansions. Since rationals
07 1

are more familiar to us, let us start with them. Let us take three examples : FRTIER

Pay special attention to the remainders and see if you can find any pattern.
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Example 5 : Find the decimal expansions of ?

Solution :

3[10
9

10
9

10
9

10
9
1

3.333...

0.875

7.0
64

60
56

40
40

0

7
,gan

1
d;.

1.0
7
30
28
20
14
60
56
40
35
50
49
1

0.142857...

NUMBER SYSTEMS

Remainders: 1,1, 1, 1, 1...Remainders : 6,4,0 Remainders:3,2,6,4,5,1,

Divisor : 3

What have you noticed? You should have noticed at least three things:

Divisor ; 8

3,2,6,4,5,1,...

Divisor : 7

(1) The remainders either become 0 after a certain stage, or start repeating themselves.

.. . . . . . . . . 10
(11) The number of entries in the repeating string of remainders is less than the divisor (in Y
one number repeats itself and the divisor is 3, in 7 there are six entries 326451 in the
repeating string of remainders and 7 is the divisor).

(111) If the remainders repeat, then we get a repeating block of digits in the quotient
(for 3 3 repeats in the quotient and for 7, we get the repeating block 142857 in the

quotient).

Class 9
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NUMBER SYSTEMS

Although we have noticed this pattern using only the examples above, it is true for all rationals
of the form g (g # 0). On division of p by g, two main things happen — either the remainder
becomes zero or never becomes zero and we get a repeating string of remainders. Let us look
at each case separately.

Case (i) : The remainder becomes zero

7 . .
In the example of g0 ve found that the remainder becomes zero after some steps and the decimal

. 7 1
expansion of e 0.875. Other examples are 5= 0.5, % = 2.556. In all these cases, the

decimal expansion terminates or ends after a finite number of steps. We call the decimal
expansion of such numbers terminating.

Case (ii) : The remainder never becomes zero

10 1 . . . .
In the examples of EY and -, we notice that the remainders repeat after a certain stage forcing

the decimal expansion to go on for ever. In other words, we have a repeating block of digits in

. . .- T . 10
the quotient. We say that this expansion 1s non-terminating recurring. For example, e 3.3333..

and % = 0.142857142857142357...

. . . 10 . .. = e
The usual way of showing that 3 repeats in the quotient of 31 to write it as 3.3. Similarly,

. .. . . 1 .1
since the block of digits 142857 repeats in the quotient of -, we write 73S 0142857 where
the bar above the digits indicates the block of digits that repeats. Also 3.57272... can be written

as 3.572. So, all these examples give us non-terminating recurring (repeating) decimal
expansions.

Thus, we see that the decimal expansion of rational numbers have only two choices: either they
are terminating or non-terminating recurring.

Now suppose, on the other hand, on your walk on the number line, you come across a number
like 3.142678 whose decimal expansion is terminating or a number like 1.272727... that s,

1.27 , whose decimal expansion is non-terminating recurring, can you conclude that it is a rational
number? The answer is yes!
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We will not prove it but illustrate this fact with a few examples. The terminating cases are easy.
Example 6 : Show that 3.142678 is a rational number. In other words, express 3.142678 in the

form g, where p and ¢ are integers and g # 0.

. 142 . )
Solution : We have 3.142678 = % > and hence is a rational number.

Now, let us consider the case when the decimal expansion is non-terminating recurring.

Example 7 : Show that 0.3333... = 03 can be expressed in the form g, where p and g are
integers and g # 0.

Solution : Since we do not know what 03 is, letus call it ‘x” and so
x=0.3333...
Now here is where the trick comes in. Look at
10 x = 10 x (0.333...) = 3.333...
Now, 3.3333...= 3 + x, since x = 0.3333...
Therefore, I0x=3+x
Solving for x, we get

; 1
9% =3,1e.,x= 3

Example 8 : Show that 1.272727... = 127 can be expressed in the form g, where p and g are

integers and g # 0.
Solution : Let x =1.272727... Since two digits are repeating, we multiply x by 100 to get
100 x = 127.2727...

So, 100 x = 126 + 1.272727... = 126 + x
Therefore, 100 x —x =126, 1.e.,, 99 x =126

- 126 14

Le., X T
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14 _
You can check the reverse that T 1.27.

Example 9 : Show that 0.2353535... = 0.235 can be expressed in the form g, where p and ¢

are integers and g # 0.

Solution : Letx= 0.235. Over here, note that 2 does not repeat, but the block 35 repeats. Since
two digits are repeating, we multiply x by 100 to get

100 x = 23.53535...

So, 100 x = 23.3 +0.23535... =233 +x
Therefore, 99 x=23.3

- B e 233
1.e., 99 x = 0’ which gives x 990

233 —
You can also check the reverse that o =0.235.

So, every number with a non-terminating recurring decimal expansion can be expressed in the

form g (g # 0), where p and ¢ are integers. Let us summarise our results in the following form

The decimal expansion of a rational number is either terminating or non-terminating
recurring. Moreover, a number whose decimal expansion is terminating or non-terminating

recurring is rational.

So, now we know what the decimal expansion of a rational number can be. What about the
decimal expansion of irrational numbers? Because of the property above, we can conclude that

their decimal expansions are non-terminating non-recurring.
So, the property for irrational numbers, similar to the property stated above for rational numbers,
18

The decimal expansion of an irrational number is non-terminating non-recurring. Moreover,
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a number whose decimal expansion is non-terminating non-recurring is irrational.

Recall s =0.10110111011110... from the previous section. Notice that it is non-terminating
and non-recurring. Therefore, from the property above, it is irrational. Moreover, notice that
you can generate infinitely many irrationals similar to s.

What about the famous irrationals ./, and n? Here are their decimal expansions up to a certain
stage.

J2 = 1.4142135623730950488016887242096...
n = 3.14159265358979323846264338327950...

22 . 22
(Note that, we often take — asan approximate value for 7, but ©t # El )

Over the years, mathematicians have developed various techniques to produce more and more
digits in the decimal expansions of irrational numbers. For example, you might have learnt to
find digits in the decimal expansion of /> by the division method. Interestingly, in the Sulbasutras
(rules of chord), a mathematical treatise of the Vedic period (800 BC - 500 BC), you find an
approximation of /7 as follows:

1 I 1 I 1 1
=1l+—+|—x—|—-| —x—x—|=14142156
V2 3 (4 3] (34 4 3]
Notice that it is the same as the one given above for the first five decimal places. The history of
the hunt for digits in the decimal expansion of 7 is very interesting.

The Greek genius Archimedes was the first to compute digits in
the decimal expansion of n. He showed 3.140845 < &t <
3.142857. Aryabhatta (476 — 550 C.E.), the great Indian
mathematician and astronomer, found the value of & correct to

four decimal places (3.1416). Using high speed computers and

advanced algorithms,  has been computed to over 1.24 trillion Archimedes (287 BCE — 212 BCE)

decimal places! Fig. 1.10

Now, let us see how to obtain irrational numbers. | 5
Example 10 : Find an irrlational number between 7 and —.
Solution : We saw that 7 = 0142857. So, you can easily calculate % =0.285714.

. ) i 1 . . .
To find an irrational number between 7 and 7, we find a number which is

Class 9 26 Mathematics



GTG0T  OIEMLDLIL|FHEIT

850& wWehT LGHUTeL LIssHD BbHbHE s =0.10110111011110... eT6sTLIENS [Beweviey &ars.
85 WaDNgHemel GeYILD &LP6d S6TTMD AHDMEn6Y. GLOMHESETTL LIGTTNL DeISHE BenS
eNBHAPOT 6T6t0r  6T60TEOMD. 5 &3 GUIM6D  eTetuTETvflHEMHWDD  NBFHUPMT  ETETTHEMET  [HITLD
©_([HEUMTESEVILD.

J2 bOMIb © & ubhn eteitenT SamIBOMI? Heubmledr & Letreid @M SO
6T606M6EVEUEMT H\SHTBSHSHLILIL (BEITET60T.

J2 =1.4142135623730950488016887242096...
n =3.14159265358979323846264338327950...
. . . . 22 . . . 22
(@I BMD 7 60T CHMumu DSLienL — o6 SHUNGBCDMD. Sp6oTTed T +# =)

&IT6VLD &IT6VLDITES &6u0fle GLDENSS6IT 6NBHLPMIT eT6v0TSH6ITletT SFID LNEGITETISHHED 2_61T6IT 6T6TTHEWENT
SEVTLNIWI LI6O WISEEH6mEDT eMSHWITEIITL6TTT. _SHT6V0TLDNS /2 63T HFD LN6TTevTs6m8 SH600T(BLIled:d
GSH560 (Wpewmenw 2 LGwndsgeot. (800 BC - 500 BC) Geug smevgdeo /o 61 Gsmumu

dliemL &mevr auLefled eflfemwt LILGTLIBSD6TT. AHSmeug)
1 1 1 I 1 1
bt | —x— | = | —x—x=|=14142156
V2 +3+(4X3] (34X4X3]
855 eienL GG ML eflewLufed (PpFEO WHFH S&FD 6ETEOUSHET RHS(HLLIENS
SIEWTEONID. Tt 63T SFIDeTTTHENET &HewiBLless HLBHS GeaulenLufledt eugeonm WSHS

sfimiefimiLLITeTg).

WP  (PFHEIED DpiTEBEIDL 60 1601  HCTSHS  6fllighepmenf]
ST 1631 HFID LN6TTENHWS SO (LPEWEDIBSITT. SHeuIT
3.140845 < m < 3.142857 61607  SMLIQEDIMT. SpflwLCLT eT6dTD LSsLI
ewrfw @rdul senfls GeNs LDHMID CUMETT FMeVST CUELEYIEDTT
n 67 WPHUewL BTG SFLD erevoremiled &) 6060lWIDTS
SEISHSLLIT. DibG el6tor 3.1416. Wls GeusLbmen sevvflesflemiu
LwetTLIBSS n 60T bSLiemL 1.24 1erfledliest S&ID eT6vuTaErHL 60T
SITEUOTEVITLD.

(287 BCE - 212 BCE)
uLib 1.10
SUBUNg B NSSAPDT ETETTHEN6IT ETEUGTN) CILIMI6NS| 6T60T8 SHT6voTGLILD.

1 . 2. . . . .
TBSHIBHTL® 10 : 7 LDHMILD PG LB 2 6o flBGHApmN 616001 REITEWM SH6vorBLIR?

. o . . 2 . o2 . .
Sivey : = = 0142857 etemr uM&GSMLD eT6oTG6 - et LD§|J6:D|J7 =0.285714 61601 S6UOTSEL6OITLD.

1 .2, . . c oo .
7 LDHMILD - 66 LW 2 _siTen 61BHLPMIT 6TETTTHENOT SHIT6TT Seupmest GewLCwl 2_eTer

WPReDNs SH(HDL QUINS SEFLD 6T60T6N6wT SHiTevor Geuesor(BLD.

9 opb sy 27 SaoiSHLD



NUMBER SYSTEMS

non-terminating non-recurring lying between them. Of course, you can find infinitely many
such numbers.

An example of such a number is 0.150150015000150000...

EXERCISE 1.3

1. Write the following in decimal form and say what kind of decimal expansion each

has :

|
(i) = (i) - (iif) 3‘;%
. 3 2 N

2. You know that % = 0142857 . Can you predict what the decimal expansions of %, %, ;, %,
g are, without actually doing the long division? If so, how?
[Hint : Study the remainders while finding the value of % carefully.]

3. Express the following in the form g, where p and ¢ are integers and g # 0.
(1) 06 (11) 047 (iii) 0.001

4. Express 0.99999 .... in the form g . Are you surprised by your answer? With your teacher

and classmates discuss why the answer makes sense.

5. What can the maximum number of digits be in the repeating block of digits in the decimal
expansion of % ? Perform the division to check your answer.

6. Look at several examples of rational numbers in the form g (¢ #0), where p and g are
integers with no common factors other than 1 and having terminating decimal

representations (expansions). Can you guess what property ¢ must satisfy?
7. Write three numbers whose decimal expansions are non-terminating non-recurring.

. . . ) 5
8. Find three different irrational numbers between the rational numbers 1 and 19—1 .

9. Classify the following numbers as rational or irrational :

(i) V23 (ii) 235 (iii) 0.3796
(iv) 7.478478... (v) 1.101001000100001...
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1.4 Operations on Real Numbers

You have learnt, in earlier classes, that rational numbers satisfy the commutative, associative
and distributive laws for addition and multiplication. Moreover, if we add, subtract, multiply or
divide (except by zero) two rational numbers, we still get a rational number (that is, rational
numbers are ‘closed’ with respect to addition, subtraction, multiplication and division). It turns
out that irrational numbers also satisfy the commutative, associative and distributive laws for
addition and multiplication. However, the sum, difference, quotients and products of irrati(\)}%g.l
numbers are not always irrational. For example, (JE ) + (_JE ) Y (\/5 ) - (\/5 ) (\B )(\B ) and Wl
are rationals.

Let us look at what happens when we add and multiply a rational number with an irrational
number. For example, /3 is irrational. What about2 + /3 and 2+/3 ? Since /3 has a non-
terminating non-recurring decimal expansion, the same is true for 2 + /3 and 2+/3 . Therefore,
both 2 ++/3 and 24/3 are also irrational numbers.

7
" 4
Solution : /s =2.236..., [, =1.4142..., n=3.1415...

Example 11 : Check whether 7./5, 2 +21,m - 2 are irrational numbers or not.

7 TS5 TS
Then 745 = 15.652..., 5 = 5—@:7[ =3.1304...

V2 +21=224142...,n—2=1.1415...

All these are non-terminating non-recurring decimals. So, all these are irrational numbers.

Now, let us see what generally happens if we add, subtract, multiply, divide, take square roots
and even nth roots of these irrational numbers, where 7 is any natural number. Let us look at

some examples.

Example 12 : Add 242 + 543 and /2 — 3./3.
Solution : (2\/§+5\/§)+(\/§—3\/§) = (2\/5+\/5) +(5\/_—3\/§)
= Q2+DV2+(5-3)V3=3/2+23
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Geyb 2 ++/3 WHMID 23 Beweo et6tTnI? 3 EIHILG WPLEYDT SFD 6T6wT. ETETG6N
2++3 OO 231D ABSWON 6165 SHGSLD.

aBdSHbITG 11: 7./5, %\/5 +21, =2 et6oTLI6NT ENBHAPMHIT  ETEVTHOTT?  QEVEEOWIT
eTetTLIENS CandHgHg L.

Siey : J5 =2.236..., 2 =1.4142..., t=3.1415...

75 s
eteor@eu 7./5 = 15.652..., NN N =3.1304...
V2 +21=224142...,n-2=1.1415...
Bmel JMSHID (PIRSYDT GDEYLD &LPEL SHETEMDWIDD SFLD ETETTSH6T 6T6rTG6U Bew6
SNMESHGHID 6NBHAPMIT 6T6TIH6IT. 6HBHUPMIT 6TETNHEN6IT Fal IQ6BITEV, SHLOGHSHTEV, CILIHEHSEVIT6V,
UGSHSITE0 DH6VEVG| 6UTHS ELPEOLIBHBEUTTE0, N LIQ ELPEOIRISGET Dh&HB6uTTe0 6T60T60r [BHLDSBME
eTetTLIENS dled eTBSSHIGTLBSHET eLPEOLD LIMTESEVITLD.
ABSHHIBBTEG 12 : 242 + 53 OHOID /2 - 338 FaL .
Siven : (22 +5V3) + (V2 -343) = (22 + 12} + (5V3 - 343

= Q2+DV2+(5-3)V3=3/2+23

9 opb eIy 31 SHETBHLD



NUMBER SYSTEMS

Example 13 : Multiply ¢./5 by 2./5 .
Solution : 65 X 25 =6 x2x J5 x /5 =12x5=60

Example 14 : Divide 8/15 by 2./3 .

Solution : 815 + 23 = M — 45
23
These examples may lead you to expect the following facts, which are true:
(1) The sum or difference of a rational number and an irrational number is irrational.

(11) The product or quotient of a non-zero rational number with an irrational number is irrational.

(111)  If we add, subtract, multiply or divide two irrationals, the result may be rational or
irrational.

We now turn our attention to the operation of taking square roots of real numbers. Recall
that, if a is a natural number, then /4 = » means b>=qa and b > 0. The same definition can be
extended for positive real numbers.

Let a > 0 be a real number. Then /; =b means »’ =a and b > 0.

In Section 1.2, we saw how to represent ./, for any positive integer » on the number line. We
now show how to find /; forany given positive real number x geometrically. For example, let
us find it for x = 3.5, i.e., we find /3.5 geometrically.

Fig. 1.11

Mark the distance 3.5 units from a fixed point A on a given line to obtain a point B such that AB
= 3.5 units (see Fig. 1.11). From B, mark a distance of 1 unit and mark the new point as C. Find
the mid-point of AC and mark that point as O. Draw a semicircle with centre O and radius OC.
Draw a line perpendicular to AC passing through B and intersecting the semicircle at D. Then,

BD=35.
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aBSHHHTEG 13 : 65 8 25 O OUBSS.
Sirap 1 645 X 245 =6x2x 5 x J5 =12x5=60

aBHHIBHTE®G 14 : 8/15 &8 2.3 60 auG&s.

83 x5
=445
pNE) vs
GhseL aBSSISTGa6efled QmHe HID LN6TaUHD (PIREYSHES 6UTEOMLD.
(1) @wm eNdswpm eetor OHMID R NBHLPOT eTevtr SEUDNIET Falled 060G SHLOESS560
eTLIOLIMW&ID @ 6SNSpmm erevor.
(i1) LR Dieveons H el pml 6T6tor HMID ENLHLPOM 6T6t0T BEUDMIEIT 6ILITHESHED
Oi6060T| UGSSTHEO @1H NLHLPON 616701 SH@LD.
(iii) @i eflBspmT eTettiseflelT Falled, &HLHGHE0, EILIHHSHED WOHMID USHSD R(b
eBs5pmI eTeTTemTTEHEGEUT Di6d6vs NP eTevuTevoTTHGoUT G([HESHEOILD.

Siay : 815 + 243 =

D QUGG WUl etsvurserfledn auiss: cpeomisefles OFWessT SNBSS
umiGUMD. a @ Quied etetor etefled o =b» Sigmeug b’ =a Gweyd b > 0. 6
EUEDTIENEDD LSlWS CIDUI 6TEMTHEBSHSLD GWIMIBHSILD.

a>0 88 @wm 6l eewr eteslled /g =b Sigmeug b* = a Gweyd b > 0.

1.2 uaduied n er6dTLIZ aTHTEUG R LGens (P eTetor GaD /; 2 GCamligesr L&
Qeueumm &ML eT6s: SHevTGLALD. BT GUIGUNE X 61601 eIHMeUg @ LSens DU
eTOTeING +/x 6T6TLIENS 6uIQESIUIEd ELPEOLD 6TLILIQ SHT6TOTLIZ| 6T6vT LIMTLIGLIMLD.
TBSSHISTLNS X = 3.5 616518, [BMD /3.5  eT6iTLIEns 6eulpefluied pewmuiled SmevorGLITLD.

uL 1.11

@wm G Gamigett g Aetettn Lserflulled Sapbgl 3.53i60@ SedHe0 Beretim Lsierflemu
&M. AB = 3.5 SeoglLD 115 & sael) B uled Qmbs 1 Sog smmsdsd Ceesin
yereflemw @njl. AC et ewwwiliseflenw seor@Bllgds dsne O eeor awwfi@. O &
eowions weussH OC rsgiLen @ Siewr al'Llb ey AC & OFmEGsHsns B
auflwng eFseybL GHTE euenrs. SUeung BD = 3.5,
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More generally, to find x , for any positive real number x, we
mark B so that AB = x units, and, as in Fig. 1.12, mark C so that BC
= 1 unit. Then, as we have done for the case x =3.5, we find BD =

Jx (see Fig. 1.12). We can prove this result using the Pythagoras
Theorem. A

Fig. 1.12

x+1

Notice that, in Fig. 1.12, A OBD is a right-angled triangle. Also, the radius of the circle is

units.

Therefore, OC = OD = OA = XT” units.

x+1]_x—1

Now,OB=x—( )

So, by the Pythagoras Theorem, we have

BD?=0D? OBz—[x+1j2—(x_lj2—4—x—x
B B ™) 2 ) 4

This shows that BD = /.

This construction gives us a visual, and geometric way of showing that ./ exists for all real

numbers x > 0. If you want to know the position of /y on the number line, then let us treat the
line BC as the number line, with B as zero, C as 1, and so on. Draw an arc with centre B and

radius BD, which intersects the number line in E (see Fig. 1.13). Then, E represents v/x .
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OUNZIENTS: eISMaIg 6IDUI 66T X && Vr & &auEgss
Geuetor®BLD etevfled AB =x lev@ 2 eteeunm B yeerflemw @nl.
Geytb LILLD 1.12 60 &Llp 2 emerLip BC =1 Sleog 2 sitemeummy
C etetrp Leiterflemws @M. mbd UGUMg x = 3.5 60 SLIQUILIQ
(UL 1.12 & um®) BD = Vx & &6wT(BLIIg&&60MD.  LGN&Tev A
GahmHems LWETLIESS HMD Bbs WLenL BerhLIss60MLb.

uLb 1.12 60 A OBD @@ 618mGsnestr (psEHTeuonD. 6UL L SH60T SpILD % S60GS6TT.

X

+1 .
AHOGS6TT.

161Gy OC=0D=0A = 5

. x+1 x—1
@IJGIJITQ]OBZX_( 5 j= 5
Uenemsiv Capnades Lie

BD?=0D? OBz—[x+1j2—[x_lj2—4—x—x
B Y ™) 2 ) 4

Jo BD = \/;

Sb5 UMILPEDD [HLD&ES 6eulgeluied wpemwmuiled |/ eT6iTLIG S(BLILIENS 2 ewIigSHBng. x > 0
6T63TI) 6T6DEOIT GILDUI ETEUTEMIHSID G OWINBHGID. 61600 GHMLIgedT 5g /x 607 [Bewevemul
B A Geusvor@eesfieo BC & etevor GaLns eiBsgis a\amenGeund. B & Ly@efluibnseld
Ce 1 Opsaibd shUme 6\FUIgG O&Ter. GuGung B e enwwins eneusg BD SpussiLesr
ULLD 1.13 60 &milouiLilp & efled euemns:. gl etevor CamienL Eev QeuGémg. SLGuns)
E aietiug) Vx 2 GHsEns.
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We would like to now extend the idea of square roots to cube roots, fourth roots, and in
general nth roots, where 7 1s a positive integer. Recall your understanding of square roots
and cube roots from earlier classes.

What is 3/g ? Well, we know it has to be some positive number whose cube is 8, and you must
have guessed 38 =2. Let ustry {243 . Do you know some number b such that 5> =243? The
answer 1s 3. Therefore, §/243 =3.

From these examples, can you define ¢/, fora real number a > 0 and a positive integer n?

Let a > 0 be a real number and n be a positive integer. Then i/, = b, if b" = a and
b > 0. Note that the symbol /> used in /2, 3/8, #/a , etc. is called the radical sign.

We now list some identities relating to square roots, which are useful in various ways.
You are already familiar with some of these from your earlier classes. The remaining ones
follow from the distributive law of multiplication over addition of real numbers, and from
the identity (x +y) (x —y) = x? —)?, for any real numbers x and y.

Let a and b be positive real numbers. Then
(1) ab =ab (ii) \/%:%
(iii) (Va +b) (Na -\b)=a-b  (iv) (a+b)(a=b)=a’~b
) (Va +b) (Ve +d) = Jac+ Nad +be +Jbd

(Vi)(\/g+\/3)2=a+2\/£+b

Let us look at some particular cases of these identities.

Example 15 : Simplify the following expressions:

G) (5+v7)(2+5) (i) (5+5)(5-5)
(iii) (V3 +7) (iv) (VIT=7) (V1T +47)
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8BS HHSWS LIWGTLGSS 6UTHSELPEOLD, SHEUTELPEVLD, [HTESTEGLIQELPeOLD GLOaYID 7
L epeold (BmiG 1 WensUPW) SH60TBLIIRSSE0MD. (PHmSW auGLILS6fed HID ShHm
QUTS&ELPEOLD LDHMILD SH6VT CLPELGHENS [BED6TTe) Falis.
33 et6tTLIg) 6T6tTEOI? @& RH WS el6tor. et Hevid=8. GLIGLNG 5 BewevraHpLLImL
I3 =2 er6tim). @G5 GLIMEDL /243 6TEIILIENS &Hmevar (LPWIDE OVFIUL. b° =243 eT6dT SH&HESLDLIQ
b 6T63TD 6TETITEMETIT SHTETAT (LPIQUILDT? BF6tT eflemL 3 eteot@eu /243 =3
b5 TBSHIGHMIgE0 SBHG 1 6T60TD THMEUG @ Wewd wWwWsHS a > 0 erevfled 1/
6160TLISNS 6UEMTWIENM &ab (LPIQU|LDT?
a>(0 et6dTLIZ] GWDUI 61607 LDMMILD 7 6T6ITLIZH| LN6WS (P eT6dtas. BUIBLING iz = b 6o
b"=a Gweayb b>0. ‘' ’etetim &M 2,38, t/a e16tTLIBEO LWISTLGSSLIL BTG DS
eLPEOSGSM  6T60TLIIT.

BID SUCUTEH U6 euens:s6afled LWETLLE SalQul 6UT&HS  ELPEOMHISEHL 63T
OBMLTLeDLW  &l6o PpHEOMMIHEMD&emeT LmTLGUMD. Geupniedo Hleoeunenm ermaeorGeu
OGBS0 LUMSIG Ueworfled umis@HMD. X  WMHMID ) 6)DUI  6ET6TTa:6T  6T6vfled
PHEDTGBEDD (X +Y) (X —y) =X — )’ SbSID.
abOmId b Uens EWDUI eT6TuTS:6IT 6T6vfleD

(1) ab =+ab (ii)\/%:%
(iii) (Va +~b)(Va-b)=a-b (iv) (a+b)(a=b)=a"~b
v) (Va +b) (Ve + ) = Jac+Jad +lbc + Jbd

(vi) (\/Z+\/E)2 =a+2Jab +b
Seaupned oo WPHEODMIHEMIDSET LDM LIMTLIGLIMLD.
ABHBHIBHTLEDB 15 : SDHSHEL. CHTEMEUHENET &(HSHES.

() (5+47)(2+5) (i) (5+5) (s =5)

(iii) (V3 +7) (v) (VIT=7) (Vi1 +47)
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Solution : (i) (5++7)(2+5)=10+5J5+ 27 +35

(i) (5+V5) (5 —+5)=5 ~(V5) =25 -5=20

(i) (V3 + V7) =(V3) + 24337 + (V7) =3+ 221 + 7 =10+ 2421
(v) (VIT=V7) (V11 +7) = (V1) =(V7) =11-7=4

Remark : Note that ‘simplify’ in the example above has been used to mean that the expression
should be written as the sum of a rational and an irrational number.

1
We end this section by considering the following problem. Look at Ned Can you tell where it

shows up on the number line? You know that it is irrational. May be it is easier to handle if the
denominator is a rational number. Let us see, if we can ‘rationalise’ the denominator, that is, to
make the denominator into a rational number. To do so, we need the identities involving square
roots. Let us see how.

1
Example 16 : Rationalise the denominator of N

Solution : We want to write 3 asan equivalent expression in which the denominator is a

2
: o .1\
rational number. We know that /> . /> is rational. We also know that multiplying 7z by 7

will give us an equivalent expression, since N 1. So, we put these two facts together to get

11 2 V2
2 R 2

1
In this form, it is easy to locate 7z on the number line. It is half way between 0

and V2.
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Sivan : (i) (5+7) (2+5) =10+ 55 + 27 + /35

(i) (5++5)(5-+5) =5’ —(ﬁ)2 =25-5=20

(iii) (ﬁ+ﬁ)2 =(\B)2 +2ﬁﬁ+(ﬁ)2 =3+4221+7=10+221

(iv) (VIT =) (VIT 47 ) = (VIT) = (¥7) =11-7=4

@iy : GG GMILILIL eTBSEIST G660 &(He:Es 6601 Famluig Gamemaienul eflHswpm
O NBHAPOT eTevnig:efleln FaBHeons erLgl 6160 CIIMH6IT O\&eiTem Geuevor(BLD
SDHEWIL  HEWISSLET LMLSHeT QULGHemuwl  wpipliGLIMLD. %& seuesll. Qg erevor
GaLgetT 5G| 6IMhIG 2 6Teng) elevddam (pRUIDT? @& @b eNSswpmn 66T  eTewt
2 e15@ 65D, Bs6ir LGS eNdswpm eewrenms SbHE SHHITO B0s SOILILS
eterflg). BMD @ICLING LiGSHeml eTevsumm) 6SH5pm| 6T600T600TTS LDMDHMIEUS| 6T60TLI LIMTLIGLIMLD.
Bms \FWIW [HD 6UT5HS CLPEOMISEHSHS SMLALEDLI APHEDMIHENLDEHNET LILETLIBSS

GeuetoT(BLD. eTeN6UNM) 6T6oTLl  LIMTLIGLIMLD.
1 :
aBHBIBHIG 161 o 6 LeSow eldBpn eeewINS DNHDIS.

1
Siiay : N 61 LGPHemw efldsipml eretorenins LDAHD G LGS LDHMID 6\STSIHemi

J2 6 6LmeEs Geuewr®d. | & B8sUESSHID smewil |/, 66 BD&HSG S,
EE - R — T S
NG & NA 60 6ILI([H&SE0TTED &FLDMET (GHMEMEY SHEMLHGLD. 661601601160 N 8m5
Sren® efldsener LWETUGSS

11 2 2

TR 2
1
8b5 eugefled Nk eTOTGHMLIged GMILILIG eterllgl. @& 0 &L /2 SSW U

SMISS60 2_6Terng).
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1
Example 17 : Rationalise the denominator of PN

1
Solution : We use the Identity (iv) given earlier. Multiply and divide 2103 by 2 - /3 to get

I 2-3_2-3_
2+ 2-3 432f

5
Example 18 : Rationalise the denominator of NG

Solution : Here we use the Identity (ii1) given earlier.

5 s B3as S(VE+AS)
So. oo EeR T i )

1
E le 19 : Rationali i :
xample ationalise the denominator of " N;)

Solution :

1 [7—3&]_7—36_7—3&

1
= X = =
T+3J2 7+3J2 (7-3J2) 49-18 31

So, when the denominator of an expression contains a term with a square root (or a number
under aradical sign), the process of converting it to an equivalent expression whose denominator
1s a rational number is called rationalising the denominator.

EXERCISE 1.4

1. Classify the following numbers as rational or irrational:

(i) 2-+/5 (i1) (3 + \/>) \/73(111) 2?

(1v) % (v)2rm
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1
aBHHIGSTEG 17 : 57 73760 UGSmw eABsipmI eretems; bIHmis.

1
Siia) : BMD PhG WHODMHDD (1v) &8 LW6TLIESSIGaurLD. 21 3 1 esTes LDMHMILD

LUSBmW 2 — 3 Sped OILBHES

1 Xz—\/§:2—\/§:2_\6
243 2-3 4-3 :

5
aBHHIBSTEG 18 : 5 56l uedomw efldswpn) eeimemms mhs.

Sita) : BMD @G WPHODTHeHD (iii) & LweTLGSHSHIG6uTD

5 5 Bz S(V3+E) s
BT R R R s s )

1
TBSBIBHMG1Y : ——— \/5'68T LGBenW NBSPM) ETETTERITS LDMTHMIS.

BT

I I [7—3&}_7—3&_7—3&

QI: = X = =
7+3J2 7+3J2 (7-3J2) 49-18 31

er60TC6) ([ CHTMAUUNET LGS UTEHSCLPL 2 MILIL|GHEN6IT (Di6d60G] 6UT6HS LPes GMlemiL)

QUM BHESTL LSS  6lBHApm 6l6wuTemins: LDIHMINNS LGS E5wpmi
6T600T6UOTITS 56D 6TEDTLIIT.

uufbHa 1.4

1. SpsevrLeunniev eflBsupml HMID eNLHPOT eretvraenet LNflez 6TLIS.

(1v) % (v)2m
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2. Simplify each of the following expressions:
(i) (3+3)(2+v2) (i) (3+V3)(3-3)
(iii) (V5 + V2 iv) (V5 -2) (V5 +42)
3. Recall, mis defined as the ratio of the circumference (say c) of a circle to its diameter

(say d). That1s, = 3 This seems to contradict the fact that it is irrational. How will

you resolve this contradiction?

4. Represent +/9.3 on the number line.

5. Rationalise the denominators of the following:

() (i) 7
1 1
(i) 5575 ) 53

1.5 Laws of Exponents for Real Numbers

Do you remember how to simplify the following?

1 177.17°= (i1) (5%’ =
230 . 303
(iii) 7 (iv) 7.9
Did you get these answers? They are as follows:
1) 172.17°=17 (i1) (5%)7=5"
(iif) 2 =25° (iv) 7. 9% =63

To get these answers, you would have used the following laws of exponents, which you have
learnt in your earlier classes. (Here a, n and m are natural numbers. Remember, a is called the
base and m and » are the exponents.)

(1) a".a"=a""" (11) (@™)'=a™

(iii) Z— =a""",m>n (iv) amb™ = (ab)"
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2. SD&HeIL CHTEMEUBEMET F(HHS 6T(DSH!S.

0 (e B)(eE) i (245) (- )
(iii) (V5 +v2) (iv) (V5 —V2) (V5 ++2)

3. meetLg R QULLSDETT SDmerney(c) HMID AHgehr e LId(d) SaubPihe SBewL Gl
2 oo eflfsLd n=§- 6T60T  EUEDIWIMISHCDTID. Sp6uTTed T eT6dTLS R NBFHpmm
616007 6T6TSGMMD. @b& (LPIETOTLIMLEDL 6TLILIQ STLILIMII?

4. 93 @ eretor GamLigest 158 GSMSE SMBS.

5. SpserLeubniest LiGHemw el pml eT65oTewnng LDMHM)IS:.

0 (i) 7
1 1
(i) 5175 i) 55

1.5 oupul eradIBaiar ANBdHSHe O MNBBHEIT:

SLDHEWILOUDEDM 6TLILIQ F(HHSEUT 6160 2 6816 6\SIflum?

() 172.175= (ii) (52 =
L 230 ey &
(iii) 7 (iv) 7.9
SLpseoTLeuTm)| 6MeMLSEWONT [BITLD 6ILIDEOITLD.
O 172.17°=17 (ii) (537 = 5"
(iif) % =23 (iv) 73 . 9° = 63°

b5 dlemLenw U BD Spsewi. HEHESGSN eidsemer LWeTLUGSS 2 6TGermLb.
s BT WPhomsw auGLiLseafled LsHmLTTasT @mi& a, n DDHMID m GUIEd 6TETTE6T.
‘@ 601G HIQLDITEVTLD, 711 LDMHMILD 71 eT6ITLIEN6Y HBEHESS6I)

(1) am . an — am+n (11) (am)n — amn

(iii) Z— =a"" m>n (iv) a"b™ = (ab)"
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What is (a)°? Yes, itis 1! So you have learnt that ()’ = 1. So, using (iii), we can get S

We can now extend the laws to negative exponents too.

So, for example :

(i) 177-17°=17" = % (i) 57 =5"
L. 2310 . S e 5
(111) 7 =23 (IV) (7N~ -(9)” =(63)

Suppose we want to do the following computations:

N 201 oo (Y
(i) 2.2 (ii) (3}
1
LT . Lo
(iii) — (1v) 135 -17°
73

NUMBER SYSTEMS

—n

How would we go about it? It turns out that we can extend the laws of exponents that we have

studied earlier, even when the base is a positive real number and the exponents are rational

numbers. (Later you will study that it can further to be extended when the exponents are real

numbers.) But before we state these laws, and to even make sense of these laws, we need to first

3
understand what, for example 42 is. So, we have some work to do!

We define :/, for a real number a > 0 as follows:

Let @ > 0 be a real number and n a positive integer. Then 2/, = b, if b" = a and

b>0.

1

- 1
In the language of exponents, we define 2, = a". So, in particular, 3/2 = 23 . There are now

3
two ways to look at 42.
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(a)’ 6t1 DBLIL| eT6iTEOI? DHDMD g 1. eleoiGeu HMD (a)’ = 1 eT6vr BHHMISHESHTEGUIGLITLD.
P - . . .
Sp5Geu 6fld (111) & LWIETLIGSS PrE ". et6sT GWM6VTLD. Bevll Gewm eTeTTTEHE 6T IHBEHSSM)

efldgemerm  LIMTLIGLIMLD.

TBSHISSM LIS :
: - 51 .
(i) 177-17° =177 =17 (i) (57 =5"
L. 2310 : S e 5
(ii1) 7 - (iv) (7)7 - (9)7 = (63)

SpserTLOIDEDn Siiss BeuetTBEIDesled MHTLD 6eretTent A& Geuetor(BLD?
(i) 2.2 (ii) (35]

T a4
(iii) — (1v) 135 .17
’73

IBID QeWg 6TLILIQ Q\FUIEUH? IQIDNETID L6eWs 6D 6TERTERIMEHOYD HBHSSH6T
eNBspMI eT6TTTEMMSHEYD 2_6TaTauNenn SNBSS &GN elHHemen LIWGTLGESS Ses wLplRULD
6T60T [HMD (PHeMSW euGLIL &6 M6 LiesgIeTCemmD (DIB&HES GM&H6T 6IDUI  ETEIT&H6NTS
BmHEsTe0 Sleuhenn ereueunm) sfleufliLg) eeTLINS SNBSS LiGHulled LIMTIGLITLD) Sp6eurmed
850& weity Bd efidsener Lfibg 6&nemer Geustor@BLD. (PpFHeded HMD erewg Lfibg)
e\&meiter Geuetor(BLb.

TBSHSHISML LTS 4% 8860 mHMD Heveubemn OFWIL GeuetorBD. LGS 1.4 60 1/; eredTLISed
a>0 6WDUI 6T6T0T 6T6TTLING 6UHTWIMISESMID. 7 6T6tTLg] LSlews . GaId iy =b SH6d
b"=a Gweyw b>0.

1 1
| DBEE® &Y sfidue tfq = a"etev1 euEMIWMISHIGTGENLD. eT6urGou 32 =2° GUGLNE)
42 661 Siiemey Bewor® euGerfled LIMT&SE0MLD.

1\3
= (42] =2’ =38

3 1

42 = (#) = (64)% =8

N | W

4
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Therefore, we have the following definition:

Let @ > 0 be a real number. Let m and n be integers such that m and » have no common
factors other than 1, and n > 0. Then,

We now have the following extended laws of exponents:
Let a >0 be a real number and p and ¢ be rational numbers. Then, we have

(1) @ .a?=a'" (i1) (a")1 = a1
(i) Z— e (iv) @b = (aby’

You can now use these laws to answer the questions asked earlier.
2 1 I
Example 20 : Simplify (i) 23 .23 (i1) (35 J

s P
(i) — (1v) 135 -175
73
Solution :

N = P LR
(1) 23.23=2 ¥ =23=2"=2 (i) (35J =33

1
7g 11 3-5 ) 1 1 1 1
503

(i) =7 =715 =7% (iv) 135175 = (13 x17)5 = 2215
.
Exercise 1.5
1. Find: (i) e (i) 3¢ (i) 125°
2. Find: () o (i) 0 Gi) 16 () 125
3. Simplify: () 2.2 (i) (4] (i) L ) g
4 g g7 11

(A)O (B) g4 (C) g™ (D) None of these
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eT60TG6U SLDSHETVTLOUMN)]| CUEHIUIEDD 6FUIUIEOLD.
a>0 el6518. a @b 6WDUI 6l6vor. 71 LDMMILD 71 6TGITLIE (LPDSHSH6IT. BouHMIHG 6LINg)
sngevofl 1 DLBG er6drs. HMID 72> 0

m

an — (4/5)'” — n am
Bevfl BMD SpHIL. BHS NHHEMET CUEDTWENMD EIFUILIEONLD.

a>0 et6t18. a Q@H 6WDUI 6T6T0T. p LDMHMILD g 6TGITLIEST ENBHAPM) ETETTSHET 6T6ufl60

(1) a’.a%=a’"1 (i1) (a?)? = a1
P
(iif) Z— =g (iv) @b’ = (aby
855 ddsemst RsDG w6t CalL CaeTeilaensd efemLweflss LweTLGSS60MLD.
21 1\
aBSHBHTEG 20 : sHHSs. (1) 23 -2} (i1) [35]
1
e . 1 1
(i) — (1v) 135 175
73
BT :

. 2 l (g+l) g .. l 4 i
0 2320 (o] -4

1

7§ (l_lj 3-5 =2 1 1 1 1
() —=77 V=715 =715 (iv) 13°-17° = (13 x17)° = 221°
73
wiiha 1.5
1. wéiyseer sean@lg (1) 6F (i) 32 (i) 125°
2. wasmer san®lg () 9 Gi) 325 (ili) 160 (iv) 125°
3. smees: () 2.2 (i) (L] Gi) T () e
11¢
4. 187 -8

(A)O (B) g (C) g (D) Qeubnled axgifleoened
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5. Which of the following statements is true?
A) 340 + 320 = 340+2O
B) 312 x 310 = 312><10
C) 314H414= (3+4)"
D) 320 X 32 — (32) 11
1.6 Summary
In this chapter, you have studied the following points:

1. Anumber ris called a rational number, if it can be written in the form g , where p and ¢ are

integers and g # 0.

2. Anumber s is called a irrational number, if it cannot be written in the form g , where p and

q are integers and g # 0.

3. The decimal expansion of a rational number is either terminating or non-terminating
recurring. Moreover, a number whose decimal expansion is terminating or non-terminating

recurring is rational.

4. The decimal expansion of an irrational number is non-terminating non-recurring. Moreover,

a number whose decimal expansion is non-terminating non-recurring is irrational.
5. All the rational and irrational numbers make up the collection of real numbers.

. . o« . 3 . . r
6. If ris rational and s is irrational, then » + s and » — s are irrational numbers, and s and N

are irrational numbers, r #0.

7. For positive real numbers a and b, the following identities hold:

(i) Vab =arb (ii) ﬁ:@
(i) (V7 +B) (7 ~F) = a—b (iv) (ds D] (a—F) ="

(V) (\/;+\/3)2 =a + 2Jab + b

8. To rationalise the denominator of % we multiply this by Ja - b where a and b are

a+b Ja-b

integers.
9. Let a > 0 be areal number and p and ¢ be rational numbers. Then
() & .al=a""1 (i1) (a?)? = a1

(iii) Z e (iv) @b = (aby
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5. Qetreuepd sapmisefleo e1g slwimesrg?
A) 340-}- 320: 340+20
B) 312X 310: 312><10
C) 314+ 41= (3+4)"
D) 320 ><32: (32)11

1.6 asnsiy :

8b5 IANSHLMUSHEO BD SPHEWIL SHHSHIHEN6T HDHMIGTEETITLD.

1. @ etevor 7 e160TLIGI NBFHLPM 61600 6163160 WS g augefled erps (Wpleujd GegId p
LDMMILD g 6T6dTLIETT (Lp(p&&6T. Gegd g # 0.

2. 6T ET6TOTEM6TT g augefled 6T pRWIMEAILLMEd DG 6T6tor s 6NBSHAPMIT 6T6voT
eTeuTLILBLD. @M@ p MWD g 6T60TLIEN (Wp(P&&:6T Gsgib g # 0

3. @ eldswpm erevenflesr eflifleun&sd 601G (PIROYN) SEFLD 6T600T GUIQAILD H6VEVS)
WPREYDIT &LPED HEFLD 616007 GUIQOILD DhGLD. (B 61600 (PN S&FID 6T6v0r EuleefIGeor
D) WD &ped S&FD 66T GUIRENIGEVT 6T(DS (LPIQULDITEBITED MBS 6Tevor 6flBFHLpmI
6T600T  6T6OTLILIQLD.

4. o eNBswppn eeorenilest H&b eflfleun&sbd wpreDIHmen. GEYLD  &LP6D
SETEMDWDHDSTEH DHSHGSLD. 6T 616001 (LPIESYDT LDMMILD &LPD HEMEWDWIDM HEFLD
KesTen QuIeNSMS LIDMIBHESTE0 b 6Tetor 6flBHAPMHT 6T6v0T ETEOTLILIBLD.

5. eteveon efldsupm eTevOTHET DHMID ABHAPOT eTevorSH66tT EYSMGSLIL| CIDUI 6T6TOTS6rfl6T
O\SMGSLILINGLD.

6. rsreurug,j @ 6NBs5LpMm) eT6vor ngw S 6160TLIG| (5 sﬂeﬂg@mn 616007 eT6ufl60 7+ S

LD!DQ]LDI” S eT60TLI6UT 651BSHAPMIT 6T6TTTEHET SpSLD. CLOAYILD 7S LD!DQ]LD eT6vTLI6OT 1B LPOIT
etevTS6m @G 7 = 0.

7. a HmID b eT6dTLIEHT L6WS EIDUI 6T6TITSHEIT 61601160 SLDHSETIIL. (LPMHEDMTIHEDLDSET _6TOTEMLD
6T60TEVILD.

(i) ab ~avs (i) 2=
(ii1) (\/Z+\/ZZ)(\/7—\/3)=a—b (iv) (a+«/3)(a—\/3)=a2—b
v) (\/;+\/3) —a+2Vab + b

. \/gl b 6T LUGFemw eflBsWpm) eT6wTenIS MHD, BN %sb 6ILH5S Beuetor(BLD.

8mIG a DOHMID b 6165TLIETT (LPLDSES6IT.
9. p OMID g er6dTLIE EABHAPMI 6T6toTSH6T. GEYD a > 0 erevfled
(1) a.at=a""1 (i1) (a?)1 = a1

(i) L = a7 (iv) @’b” = (aby

9 ©p1b aisIiy 49 SHENIHLD



POLYNOMIALS

DZHET9
CHAPTER 2
POLYNOMIALS
I y

2.1 Introduction

You have studied algebraic expressions, their addition, subtraction, multiplication and division
in earlier classes. You also have studied how to factorise some algebraic expressions. You may

recall the algebraic identities :

(x+yP=x+2p+)y

(x—y)y=x'—2xp+ )y
and X=y=x+ty -y
and their use in factorisation. In this chapter, we shall start our study with a particular type of
algebraic expression, called polynomial, and the terminology related to it. We shall also study
the Remainder Theorem and Factor Theorem and their use in the factorisation of polynomials.

In addition to the above, we shall study some more algebraic identities and their use in
factorisation and in evaluating some given expressions.

2.2 Polynomials in One Variable

Let us begin by recalling that a variable is denoted by a symbol that can take any real value. We
use the letters x, y, z, etc. to denote variables. Notice that 2x, 3x, — x, —%x are algebraic

expressions. All these expressions are of the form (a constant) x x. Now suppose we want to
write an expression which is (a constant) x (a variable) and we do not know what the constant is.
In such cases, we write the constant as a, b, ¢, etc. So the expression will be ax, say.

However, there is a difference between a letter denoting a constant and a letter denoting a
variable. The values of the constants remain the same throughout a particular situation, that is,
the values of the constants do not change in a given problem, but the value of a variable can keep
changing.
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LEX3F 9

SiSHwmuid 2|

LUOIMILILS BB TDAIBEIT
I
2.1 SIlapasiIb

et eugLiysefled Bramer Quihsenfls Cameneuser GHISHID SeubMedT FalLed,
s05560, EILBHSHSHED WOHMID CuGHHemeowd Ligdglemafii. Geyld oo Guibhsewfls
GHTEMEUSHEMET  TeUUNN)]  STITILILGSGHIEUS 661U SHSHID Ligggieerfi. SpaHaHevorL
Buihsemfls WPHEMMTIHEDLD&EENET [Ben6sTa)] Falis.

(x+yy=x+2xy+y’
(x—y)P=x=2xy+)*

LDHDILD X =y =xdy) (x-y)

Goeyd sMrewllLGsSsiaHe Beubniledt LWSTLUTLEDL HDBHSI&HOSTOTCLID. Db
SisFumusPHed SOILNALL euemswner BubsHenlls GComeneusHer DiSmeug LIEOSYMILILIS
GaHTEMEUSHET E\SMLITLIEWL QFTHEOMMLITSEET SMISGHID LieliGumD. Gayd Hmbd &g GsmmLd
OMID &nrewfls GsHMID  GMISSHID  LONILILES CoHTensusieneT STIenLLGSSI6USHE0
Sleupmlest LweTUn® SMSHID LeGUD. GLEYD GubHsewlls WHODTHEDLDSEIT
SMIenlILGSSHIS6060 LIWIETLIBSEMe0U|LD LIMTLIGLIMLD.

2.2 @ wamuico DImiDbs LoIMIIS BHTanaBHe6iT

R LMY TG VB GHUIE apeod Siflweombd. Goeyb @Es GHUWIG aBHs S
6WDUI eTevuTendfledT LDPLIEHLLID HEWLW|LD 6T63TLIENS; [Bemenre) daiGeunb. LDMpjlsemer &ml&s

X, Y, Z 616011 6T(DSSHISHEM6IT LILISTTLIBEHS60MLD. 2., 3x,—x,—%x 6T60TLIEOT @UI&6t01ls CaHmeneus6i
ETEITLIENS S6U6w115:5. BHe CHTEMOUSET HMEISHGID M6l X x 67601 SeWDLILN6D 2_6iT6rT6nT.
SUGUNg BTD gsmaus R GComemesnul 6ps Geuewr®D erevfled meS X bm)  ereor
e1W&IGeumd. @@ LNledlsEeneT a, b, ¢ el6vIeD, LDMNHEWET X, ), Z 6T6UTOYLD  6T(LDSEITLD.
e160TG6u B&HMEM6Y (X ETEMLISTSLD.

Spered LoMIl, omfledsEemar GNGGLD eTWsgisefleo eflgHungd 2 ewor®. ¢ LMNeSlulesr
I @B SOIINL &wWpedled MMMDEd SH&HGSD. Sigmeug rledlulledt S HbS
SEWTEHSNED DM Sheormed Lmmgerfledt DAL MHMD HEWLBGISHOSHTEWICL BHSHGLD.
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POLYNOMIALS

Now, consider a square of side 3 units (see Fig. 2.1). What is its 3

perimeter? You know that the perimeter of a square is the sum of the
lengths of its four sides. Here, each side is 3 units. So, its perimeteris 4 3 3

x 3, 1.e., 12 units. What will be the perimeter if each side of the square is

10 units? The perimeter is 4 x 10, i.e., 40 units. In case the length of each 3
Fig. 2.1

side 1s x units (see Fig. 2.2), the perimeter is given by 4x units. So, as the
length of the side varies, the perimeter varies.

Can you find the area of the square PQRS? It is x X x =x? square units. g X R

x? is an algebraic expression. You are also familiar with other algebraic
expressions like 2x, x* + 2x, x* — x> + 4x + 7. Note that, all the algebraic  ~ x

expressions we have considered so far have only whole numbers as the

exponents of the variable. Expressions of this form are called polynomials X

in one variable. In the examples above, the variable is x. For instance, x° Fig.2.2
—x?+4x + 7 is a polynomial in x. Similarly, 3y* + 5y is a polynomial in

the variable y and #* + 4 is a polynomial in the variable 7.

In the polynomial x? + 2x, the expressions x> and 2x are called the terms of the polynomial.
Similarly, the polynomial 3)” + 5y + 7 has three terms, namely, 3)7, 5y and 7. Can you write the
terms of the polynomial —x* + 4x* + 7x — 2 ? This polynomial has 4 terms, namely, —x°, 4x2, 7x
and 2.

Each term of a polynomial has a coefficient. So, in —x* + 4x* + 7x — 2, the coefficient of x°
is—1, the coefficient of x° is 4, the coefficient of x is 7 and -2 is the coefficient of x° (Remember,
x°=1). Do you know the coefficient of x in x> —x + 7? It is —1.

2 is also a polynomial. In fact, 2, -5, 7, etc. are examples of constant polynomials. The
constant polynomial 0 is called the zero polynomial. This plays a very important role in the
collection of all polynomials, as you will see in the higher classes.

. . . 1
Now, consider algebraic expressions such as x + — Jx +3and iy + »*. Do you know that
X
you can write x + T +x7'? Here, the exponent of the second term, i.e.,
x'is —1, which is not a whole number. So, this algebraic expression is not a polynomial.

1 .1 C
Again, /x + 3 canbe written as x?> + 3. Here the exponent of x is 3 which is not a whole
number. So, is v/x + 3 a polynomial? No, it is not. Whatabout 3/y +)?? Itis also not a polynomial
(Why?).
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BUGUNE 3 JOG U&HS SleTey OSTUL KRB FHISMS
TBSHZIH\&M6T (LLLD 2.1). Dig6etT &hmerey er6iten? &INSHS60 SHDMmerTey
E160TLIG)| [BT60TE LIS SHereseriletr aBgHe0 6I60TLIS| 2 MhisEheS 6L
BHIG REUCIAUTIH LGS D66y 3 AHOGH6T. 6160TG6r BHET SHMeTe)
4x3, gneug) 12 eo@s61. FHISST @M Uss Hemb 10 MHeoGseiT
eTevlled Digett &merney ereueueney? 4 x 10 Sevser. dsmeug 40
SN0 GH6T. RHBeUWET FHISHET @ LSHBHDHE [BETD X HOSSH6IT
eT6vfled (LILLD 2.2), Sig et HDM6NTEY 4x S0GEe.  eTeCe FGITSH60T
LSS 66| LDMINEDITed SHhHMemeyd LDIMILD.

W

W
W

W

LILLD 2.1

ggimd PQRS-601 upliLenemsy seooT(®BLgsH&  (WplQuibn?  LIgLILIeTe) !
X X x =x*Fg0 616\)@&56?1 X eevTug @ Qubsenfls Gamemey. S = R
2 MIBEHHS 2X, x>+ 2x, X3 x2+4x+7(8urr68rg1) Bunsenfle CoHmeneussit
G&Mss Osflub. @geuens HID UMES Cameneusst éismsmg,gum x X
@Cr MWD, D6 HBHGSSH6T (PLD ETEVTEWIMSHEID 2666w
BeauamswneT GCsmemeissT @@ WIMUIed Siembhg  LISdaMILIL]
Camemeusert GTGDTQJ SNWPSSLILGETMET. GLDMNE600TL a(Bg,gjaaaam_Lgs\) .
wmfl x. Gweyid x° — x> + 4x + 7 etetrug X g MOWINSG 6)SHTevOTL LD 2.2
ueoMILILs Camemer. @CHBumed 3)” + S5y eletiug ¥ & Mlwing
Q\&MeTTL  LioymILILS: Gsmemeu. GeYID #° + 4 et6dTLIg) f & LDmpLINS
C\HTeTTL. LIOQYMILILIS GSHTeme.

x* + 2x et6dtp  LISbeYMILILS  Basmemeuudled x” DMHMILD 2x 6T6dTLINT 2 MILIL|SET  6T6dTLILIBLD.
86s8umed 3y* + S5y + 7 etedtp  LOYMILILS CHTemeuuNed epedim 2 MILIL|GH6T 2 _6iTerTeuT.
Sieweu 3)°, S5y OMID 7 eredrLien. LIOMILILIS Gsmemey —x® + 4x* + Tx — 2 60 2 eiten
2_MILIL|SHEM6IT _63T6TTE0 61(LDS, (LPIQULDN? @b LieveymiLiLis: Gasmemeuuied —x°, 4x%, 7x DHMILD
—2 6160 4 2_MILIL|SH6IT D666,

LieosQMILILE: Gameneuuiesrt @aiaeun d 2 NILIHGLD Qb GewIsHD 2 6Tengl. —x° + 4x* +
Tx — 2 etetrp  Gamemeuuded x° 661 G6vordHd —1, x? 601 @evorsld +4, x 601 @evorad 7, x° edr
Geoursld —2 (x° =1 er6tTLeNS Beweviey Falis). x> —x + 7 el6dim LOYMILILIS Gamemeuuiied
X 651 G60T&HLD 616016017 NG| —1 DbSLD.

2 e16tTUSID @@ LIedamILIL|g: Gsmemed. 2, -5, 7... eterLient MMHIeN LoeyMILIL| CaHTenausS
TBSSHSSMLNGD. WIHledl LeoamIs GCsmemey ‘0 & LRl LoamILs: Gsmene
e16oTHGOMD. @) LioamILILig: Camensuseflesr S\5m@GLILNed W& (pSHBUIDTeT B 5608 LSS
Sens HraseT Goed 6).|@|'J|j]6i) LU Srigei.

IBITLD @u(%urrgu X+ \/_ +3 pmib 3fy +y GuTely Bwibsells GareveuseT

ummaGuUmD. x + — —x+x eT6TLE) 2 6016 S bn? @hie SrevoLneug 2 mit X
SipsS —1 e%@u: 88 WP e16mwr Sisvev. eTerTGel BB BuIhsewllEs Gsmeneu
LioQMILILES B&Temer <Di606v.
1
@YD /x +3 8 x? +3 6160 6[(PHEOMD. BBIG X 60T AHBEHS 1 6D (P 6T6vor
Di606v. TEITGEU \/x + 3 6TEITLIG LISdEQMILILE: GaMemey Sp@Lon? @evemeo. 3y +)7 & ubm) B
eT6tTenT [BemetHAMML? SFHIOID LISOYMILILES Bsmeneu Disdev? (e16517).
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POLYNOMIALS

If the variable in a polynomial is x, we may denote the polynomial by p(x), or g(x), or
r(x), etc. So, for example, we may write :

px)=2x*+5x-3
q(x) =x*—1
ry) =y +y+1
s(u) =2 —u—u*+ 6u’
A polynomial can have any (finite) number of terms. For instance, x'** + x' + ..

+x?+x + 1 is a polynomial with 151 terms.

Consider the polynomials 2x, 2, 5x3, —5x%, y and u*. Do you see that each of these
polynomials has only one term? Polynomials having only one term are called monomials
(‘mono’ means ‘one’).

Now observe each of the following polynomials:
PO =x+1, g@=¥-x =Yl ()=
How many terms are there in each of these? Each of these polynomials has only two

terms. Polynomials having only two terms are called binomials (‘bi’ means ‘two’).

Similarly, polynomials having only three terms are called trinomials
(‘tri” means ‘three’). Some examples of trinomials are

px)=x+tx*+m, qx) =2 +x—x%
ru)= u+tu*-2, (y)y=y*+y+5.

Now, look at the polynomial p(x) = 3x7 — 4x°® + x + 9. What is the term with the highest
power of x ? It is 3x7. The exponent of x in this term is 7. Similarly, in the polynomial g(y) =
5y° — 4y? — 6, the term with the highest power of y is 5y° and the exponent of y in this term
1s 6. We call the highest power of the variable in a polynomial as the degree of the polynomial.
So, the degree of the polynomial 3x” — 4x® + x + 9 is 7 and the degree of the polynomial 5y°
—4y?> — 6 is 6. The degree of a non-zero constant polynomial is zero.

Example 1 : Find the degree of each of the polynomials given below:

(1) x> —x*+3 (i) 2 —y?—y* + 28 (iii) 2
Solution : (1) The highest power of the variable is 5. So, the degree of the polynomial is 5.
(11)The highest power of the variable is 8. So, the degree of the polynomial is 8.

(ii1) The only term here is 2 which can be written as 2x°. So the exponent of x is 0. Therefore,
the degree of the polynomial is 0.
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@@ UeMILILEG: Comeneuuileo 2 eimem MM X el6vfled HMD LILEYIMILILIS CoHTemeusmIL
P(x) DH6v6d g(x) Dl6vevg) (x) GuUTetTH 666D 6TLPSEVMLD.

TBSSHIHSHMLLNS: px) =2x*+5x -3
q(x) =x* -1
ry) =y +y+l

s(u) =2 —u—u*+ 6w

QM UamILEs: GCsmemeiuied egsemen (GUILLILL) 2 miliLseT GeuewrGLOTEUTTEYILD
BmEHEE0MD. T@SHSHMLNG X' + X' + .+ x* + x + 1 et6d1ugy 151 2 MILILS6T E\&HmevorL
LIOSYMILILE CaTeme.

2x, 2, 5x°,—5x%, y hmIb u* Gumestn LidoaMILILIE CoHmeneudener seuesll. Geubneo GT
@@ 2 Ml WLBD 2 6Temems seauaflssmun? @Gr @ 2 milenu LG Q\&Temnr®eTer
GameneusHeneT QRBMILILIS CamemeussT (monomials) eredruir. (Gom@esrm (mono) eredrmmed 1
61637 E\LIM(HEML(BLD)

etraupld LioaMILILE: CaHmemeus:ener &euet:

P =x+1,  q=r-x, =R )=t

aeenm Comemauuiaybd 6556meT 2 MILILISET 2 6Termen? QeueeuTelTmID BIetor®
2 _mILL|GemeT 6\&MesTBeiTemenr. @(h LdamitiLs Camemer @rewor® 2 miLiL|&Hene DL BLD
C\ETETTIRIHHSTE0 SHS LIYMILILIS Gsmensusnul FHMILILE Csmemeu eesrLm. SBs5GLIM6D
(5 LeomILILE: GHHmeme eLpedTm] 2 MILILGHEM6IT DLBLD E)STeTTIHESTEd SHEUDEDD eLPEUNILILIE
Gsmemeu 6163TLIM. epaUMILILIS CHMemausE 1BSSHISSHTLG:

p(x)=x+x*+m, qx) =2 +x—x7,

ru)= u+tu*-2, (y)=y"+y+5.

p(x) =3x"—4x°+x + 9 etetim LONMIILIG CHMEMEUEHW SHeuedll. X 651 e IHBHLILEF
SIBHS O\HMewIL 2 ML 61817 gl 3X’ eITLSTSLD. BhS 2 MILILN6D X 65T HBHS 7 SbSLD.
8Bs8umed g(y) =5)°—4y*>— 6 et6d1m LiLQYIMILIL|E Bamemeuuied y 61 e HPBLILF HBHS
2 eitem 2 mliy 5)°. GEYLD ¥ 60T SB&HS 6. @B LOIMILILS Camemeuuied mjlullesr e
SPHLLE JBSHmS HND b LoQMILILEe CoHmemeuudesr Lip eresrBGmmD. eteor@eu 3x’ —
4x° + x + 9 etedrp  LIOQMILILE Camemeuulest Lip 7 Sp&LD. Geyd 5)° — 4y — 6 eredtTm
LisosmILIL|S Gamemeuufledr Lig 6 Sp@Lb. Lommledl 2 milienL e\&mesorL. LieveyimiLiL|g: Cameneuudest
g LpERefD ShGSLD.
aBHHIHHTEG 1 : S OSMESHSLILLL LdaMILILS CHmeneuserlesn LigahensT 61LDgIs.

(i) ¥ —x*+3 (i) 2—y*—)y* +2)* (iii) 2
Sitay : (1) omuiest AHBHLLE SIB&HS 5. 661G LieoeyMILILs Gamemeuuledsr Lig 5.
(ii) ompfufest HBHLILF IB&ES 8. eTeniGeu LivamILiLgs: CoHmemeuudledr Lig 8.
(iii) @Beaieiter @COWITH 2 M| 2. Bews 2x° 61601 ETLPSHEOMD. X 651 AHB&HS 0. er6v1G6N
855 ueoamiLiLs Commeneuuilen Lig 0.
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Now observe the polynomials p(x) =4x + 5, g(y) = 2y, r(t) = t + 2 and s(u) =3 — u. Do
you see anything common among all of them? The degree of each of these polynomials is one.
A polynomial of degree one is called a /linear polynomial. Some more linear polynomials in
one variable are 2x — 1, +/2 y+ 1, 2 —u. Now, try and find a linear polynomial in x with 3 terms?
You would not be able to find it because a linear polynomial in x can have at most two terms. So,
any linear polynomial in x will be of the form ax + b, where a and b are constants and a # 0
(why?). Similarly, ay + b is a linear polynomial in y.

Now consider the polynomials :
2x*+5, Sx*+3x+m, x*and x* + %x

Do you agree that they are all of degree two? A polynomial of degree two is called a quadratic
polynomial. Some examples of a quadratic polynomial are 5 —3?, 4y + 5)? and 6 — y —*. Can
you write a quadratic polynomial in one variable with four different terms? You will find that a
quadratic polynomial in one variable will have at most 3 terms. If you list a few more quadratic
polynomials, you will find that any quadratic polynomial in x is of the form ax* + bx + ¢, where
a# 0and a, b, c are constants. Similarly, quadratic polynomial in y will be of the form ay? + by
+ ¢, provided a # 0 and a, b, ¢ are constants.

We call a polynomial of degree three a cubic polynomial. Some examples of a cubic
polynomial in x are 4x°, 2x* + 1, 5x° +x?, 6x* —x, 6 — x°, 2x* + 4x*> + 6x + 7. How many terms
do you think a cubic polynomial in one variable can have? It can have at most 4 terms. These
may be written in the form ax® + bx? + cx +d, where a # 0 and a, b, ¢ and d are constants.

Now, that you have seen what a polynomial of degree 1, degree 2, or degree 3 looks like, can
you write down a polynomial in one variable of degree n for any natural number n? A polynomial
in one variable x of degree # is an expression of the form

ax'+a x'+...+ax+a
n n—1 1 0

where a, a,,a,, ...,a areconstantsanda #0.

In particular, if @, = a, =a,=a,=...=a, =0 (all the constants are zero), we get the zero
polynomial, which is denoted by 0. What is the degree of the zero polynomial? The degree of
the zero polynomial is not defined.

So far we have dealt with polynomials in one variable only. We can also have polynomials in
more than one variable. For example, x* + ) + xyz (where variables are x, y and z) is a polynomial
in three variables. Similarly p* + ¢'° + r (where the variables are p, ¢ and r), u® +v? (where the
variables are u and v) are polynomials in three and two variables, respectively. You will be
studying such polynomials in detail later.
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POLYNOMIALS

EXERCISE 2.1

1. Which of the following expressions are polynomials in one variable and which are not?
State reasons for your answer.
() 42— 3x + 7(i) 1+ 3 (i) 3Wi+na (V) y+ =
(v) x10+ 33 + £° y

2. Write the coefficients of x? in each of the following:
() 2+x2+x (ii)2-x2+x* (iii) gxz +x (iv) V2x-1
3. Give one example each of a binomial of degree 35, and of a monomial of degree 100.
4. Write the degree of each of the following polynomials:
(1) 55 +4x*+7x  (i1)4 —)? (iii) 5t — 7 (iv) 3
5. Classify the following as linear, quadratic and cubie¢ polynomials:

(1) x*+x (i) x — x3 (i) y+y2+4  (@v) 1 +x
(v) 3¢ (vi) r? (vii) 73
6. IfP(x)=2x%+7x°> +3 and O (x) = 755 + x3 41 are polynomials, then the degree of
P(x) + O (x)is
(A) 11 (B)6 ) 8 (D) 19

2.3 Zeroes of a Polynomial
Consider the polynomialp(x) =  5x* — 2x> + 3x — 2.
If we replace x by 1 everywhere in p(x), we get
p(1) =5x (1) =2x (1 +3x(1)-2
=5-2+3-2
=4
So, we say that the value of p(x) at x =1 is 4.
Similarly,  p(0) =5(0)° — 2(0)* + 3(0) -2
=-2
Can you find p(-1)?
Example 2 : Find the value of each of the following polynomials at the indicated value of
variables:
(i) p(x)=5x>-3x+T7atx=1.
(i1) g(y) =3y —4y + 11 aty =2,
(i) p(t)y =4t* +5F -~ + 6 att=a.
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uuiHa 2.1
1. SpsaeoiL LidaMILILS GoHTeneuseafled @ LDMflemuis \&TETIL LIamILILis Gameneu
Sl6VeONBG) 6187 2 6TEIEmL 6flemL&E STIEWID Fam).
(i) 42— 3x+73Gi) ¥+ 3 (i) 3+ (V) y+ %
(V) x!° + 33 + 50
2. SDGHHEWIL REUCICUTETNIEYILD X 63T GS6CTTHIRIGENET 6T(LDESIS.
(i) 2+x2+x (i)2-22+x (i) T +x (V) V2x-1
3. 35 g LQWINg 6\&MelIL @@ FHBMILILS Gsmemey, 100 & LIQUINS GOS0 QIHMILILIS
GanemeusE REUCSNN(H 2 STT6WID \&T®.
4. SpSHHEUIL LOYMILILS CHMTenel 66ueeUTeTI6 LIQEHeneT 61(LDSIS.
(1) 5x° +4x> +7x (i)4 —y* () 5¢t— 7 (v) 3
5. SpsseLaubmled QLI @bLIQ, WPLILIQ LISOIMILILE CHTeneusHensT euensLILIBSS!S.
(1) x*+x (i) x — x3 (i) y+y2+4  (iv) 1 +x
(v) 3¢ (vi) r? (vii) 7x°
6. P(x) = 2x6+7x° +3 womud O (x) = 7x° 4 x> +1 SpBiet LOQIMILIL|SECHTEDEUSHET
etesfled P (x) + O (x) o1 L
(A) 11 B)o6 (C) 8 (D) 19
2.3 ucoquimiings Csramausafian L,SBellunmiser
p(x) = 5x° — 2x* + 3x — 2 etetim LOQMILILIS CHTemeUHW  6IBSHSHSESTET. X SHSHSLD
BLeHe0 1 & 1 NgHudLmev,

BMD ELIMIEUE), pl)=5x(1)y-2x 1)y +3x(1)-2
=5-2+3-2
=4

eTeoT@eu p(x) 661 LI x = 1 et6vfled 4 SpLD.
86sGumed, p(0) =5(0)* — 2(0)* + 3(0) -2
=-2

Briugst p(—1) 6o PHemL SHesorBLeLISTEHETT?
TBSHBNIHBTG 2: SDEHHIL  Qauaeun(h UoOILLsS Gameneusseflesr LbFLiemLILD
QaM@ssIULL ruilel WHINDESG abhmeunn s6TBLIRSSHLD.

(1) p(x)=5x*-3x+7. @60 x =1

(i) g() =3y° — 4y + J11. @860 y =2

(ii)) p() =4 + 5 - £+ 6. @Be0 t=a
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Solution : (i) p(x) = 5x* — 3x + 7
The value of the polynomial p(x) at x = 1 is given by
p(1)=5(1)>-3(1)+7
=5-3+7= 9
(i) q(») =3y -4y + Ji1
The value of the polynomial ¢(y) at y = 2 is given by
g(2) =32 —4(2) + J11 =24 -8+ J11 =16 + 11
(i) p(f)y=4t'+5f -~ +6
The value of the polynomial p(¢) at t = a is given by
pla)=4a*+5a—a*>+6
Now, consider the polynomial p(x) =x — 1.
What is p(1)? Note that : p(1)=1-1=0.
As p(1) =0, we say that 1 is a zero of the polynomial p(x).

Similarly, you can check that 2 is a zero of g(x), where g(x) = x — 2.

POLYNOMIALS

In general, we say that a zero of a polynomial p(x) is a number ¢ such that p(c) =0.

You must have observed that the zero of the polynomial x — 1 is obtained by equating it to 0,
1.e.,x — 1 =0, which gives x = 1. We say p(x) = 0 1s a polynomial equation and 1 is the root of
the polynomial equation p(x) = 0. So we say 1 is the zero of the polynomial x — 1, or a root of

the polynomial equation x — 1 = 0.

Now, consider the constant polynomial 5. Can you tell what its zero is? It has no zero because
replacing x by any number in 5x° still gives us 5. In fact, a non-zero constant polynomial has
no zero. What about the zeroes of the zero polynomial? By convention, every real number is a

zero of the zero polynomial.

Example 3 : Check whether -2 and 2 are zeroes of the polynomial x + 2.

Solution : Let p(x) =x + 2.
Then p(2)=2+2=4, p(-2)=-2+2=0
Therefore, -2 is a zero of the polynomial x + 2, but 2 is not.

Example 4 : Find a zero of the polynomial p(x) =2x + 1.

Solution : Finding a zero of p(x), is the same as solving the equation

px)=0
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x = 1 etepb@Ug p(x) et6dTD LIdQYIMILILIS CaHmemeuufledt LDSLIL
p(l) =5(1y*-3(1)+7
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(i) g0 =3y -4+ Jn
y =2 ereqio@ungy, g(y) etettm LEOYMILILS CoHmeneuuiledr LDSLIL
g(2) =327 —4(2) + V11 =24 -8+ Ji1 =16+ V11
(iii) p()=4t'+5f -~ +6
t = a eeD@UNE), p(f) eT6dTM LiOYIMILILS CHHmemenulesr LDSLIL]
pla)=da*+5a°—a*+6
SUGBung LeMILILE Cameme p(x) =x — 18 aBSSHISHESTeTEaITLD.
@360 p(l) et P etstrent? p(1)=1—1=0 eteor seuerllaameyd. p(1) = 0. p(x) eretrm
LIeOsYMILILIS Gamemeuuflest Lpzeefluild 1 61637 [HITLD  FaMEOILD.
BCsGumev, 2 et6d1LIg| g(x) eTetTn LisosamILILg Camemeuuiledt Lpgesluild Sp@Lom FflummiGumD.
BHG q(x) =x-2.
QUITGIeINs, Q@ LoamILiL|s Gamemer p(x) 65T LpEeedLILD 6T63TLIS)I 6(H 616001 ¢ ShGSLD. BrhiGCs
p(c) =0 etevflev ¢ & p(x) 661 Lpz2eflul LDSLIL| eT63TLIIT.

x —1 et wSewu HevoTGLIRLILSNG X — | &8 0 && &IDID 6160 SN BOUSHET  ELPEOLD
eumeord. Sigmeug x — 1 = 0 eevfled x = 1. @M@ p(x) = 0 er6dTLg LIOYMILILIE Gameney
FTUMB ShGWD. Geyd p(x) = Osrsz'rrgp uei)@muqés G&Mem6)  FLDEITLIML Q60T %gggﬂu_ub 1
C%@LD eTeorGeu 1 23 x — 1 et60TM ue\)wuqas Gamemeuulev %gggglu_lm ersvrau.o 3160608

—1=0 et6t1n LIOQYMILILIS CSHMTEMEU FLDEITLITLIQEN ELPEOLD 6TETTOYLD S EDMLD.

BMD @UGumg mpledl LIMILILES: CHmemel 5 & 61BS5GIH O\HMETGAMD. BS6nI6emL L
LpR2UILD 6T60TEOTEV6UETM)| 2_6BTEDITED SaD (LPIQUILDT? @FNES LEZReAWID SHemLwing). er6\evevflev
X 5& Leons; 6bS ETEVITEWETITE: Qaan@§g,rr@@ 5x° etr &Y 5 WLGEED sn@Lb eT6oT 6N
Lp2RZSWILD Si6v6vg LDMANeS] LIS CaTeneus:& L\b&gﬂu_lLD @6\)60)6\) Lhezeslw um@muq&,
Gamemeuufled LpzaefluID 6T60TLIS| 6T63TE0I? REUEGUM(H GIDUI Grsovr@um Lyl LIedsyIMILILIS
Gameneuufledt Lpzeefluild SH&SLD.

TBHHIGHTLB 3: —2 DHMILD 2 eT6dTLI6nT X + 2 616010 LIOSYMILILIS Cameneuuiledt Lpgesluirmisent
eteoT GFMESF I LI,
Hiray : p(x) =x + 2 erevra.
@Gwayb p(2)=2+2=4p(-2)=-2+2=0
6160186 —2 6T6TLIG) X 1 2 61601 LIOSMILILS Gahmemeuuiledr Lpgaedluild Sh@LD. Sheummed 2, p(X)&x&
LHZ2BUID DB
aBSHHHHTEG 4 : p(x) =2x + 1 et6ttn LOYMILILISG CHmemeuulsdr LpRefluisems sevorBLR?
Sita) : p(x) = 0 er601 HOTBLIRSSHENS BLMTEOBe p(x) 66T Lpz3efll DSLIemL &6wTBLIISS60ITLD.
p(x) 2 0 & &FwwnHs Ceuevor(BLD.
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POLYNOMIALS

. 1
Now, 2x+1=0g1vesusx=—5
1. .
So, - 5 Isazero of the polynomial 2x + 1.

Now, if p(x) =ax + b, a#0, 1s a linear polynomial, how can we find a zero of p(x)? Example
4 may have given you some idea. Finding a zero of the polynomial p(x), amounts to solving the
polynomial equation p(x) =0.

Now, p(x) = 0 means ax+b=0,a+#0
So, ax =—

. b
ie., xX=-—-

b . .
So, x = - s the only zero of p(x), 1.e., a linear polynomial has one and only one zero.
Now we can say that 1 is the zero of x — 1, and -2 is the zero of x + 2.

Example 5 : Verify whether 2 and 0 are zeroes of the polynomial x* — 2x.

Solution : Let px) =x*—2x
Then p2)=2"-4=4-4=0
and p0)=0-0=0

Hence, 2 and 0 are both zeroes of the polynomial x> — 2x.
Let us now list our observations:
(1) A zero of a polynomial need not be 0.
(11) 0 may be a zero of a polynomial.
(111) Every linear polynomial has one and only one zero.

(iv) A polynomial can have more than one zero.

EXERCISE 2.2
1. Find the value of the polynomial 5x —4x* + 3 at
(i) x=0 (i) x =-1 (i) x =2
2. Find p(0), p(1) and p(2) for each of the following polynomials:
) p)=y*—y+1 Q) pt)y=2+t+2¢-¢
(iii) p(x) = x* (iv) px) =(x - 1) (x + 1)
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. 1 .
SUGung 2x + 1 =0 erevlled x = 3 OHSLD.

1 . . : . .
eT65TG6N 3 eresTLg) 2x + 1 et6tim LIOEYMILILIS Comeneuudlest Lp32luilD ShSLD.

BriGung p(x) =ax + b @b a # 0 er6dtm (B'II)I'ﬂu.I usi)gguqéa Gameneuuflesr LpzRefluisems
IBILD  6T6)6MM)] &,suar(sl_‘ﬂmuug]? a@g@a&;m@ 4 65T EpeVlD 2 MISEH&HES dl6v m@l@smg_r)asm
YfibSme@LD. us\)@@juqas Gamener p(x) 6 LpREUISHens STewr LIOsmILILES: Gsmene
getun® p(x) = 0 eretiLens St GeuetoTBLD.

BCung) p(x) =0 etevfledo ax + b=0,a#0
LR e) ax=-b
SiFneus) X= - b

a

er6oTG6u p(X) 607 LpZeefll DAL — % WLBGD SHG. Coifl LevsymiLiLs Cameney @GT @
LRSS WLBD OUDBIHSHGSLD 6T6ITLIS).
1 etedtgy) x — 1 661 LpEzedluid Goeyid —2 eTedTLg X + 2 65T Lp2ReSlIlD 616318 FameILD.
TBSHHIHHTB 5:2 DHMILD O 6T6dTLIETT LIOsYMILILIS BEHiTeneu x° — 2x 65T LpZReUIRISH6T Sh@ELDIT?
i@y : p(x) =x*—2x eT6TIHEISHMTEIT.

SuBung, p2)=2°-4=4-4=0

LDMMILD p(0)=0-0=0
e16o1@6), X> — 2x 651 Lpeeflimhige 2 DHmID 0 Sh@SLD.
Bgleueny HTD SMIHSeme :

(1) @m usamiLs: Camenauuilst Lygzflul WAL LpReuIbns: SHsHs Geuetrioul
SleuSwIL 60660

(i1) ®m ueoayMILILE: Gommeneuuiledr LpRzuid 0 Shs B(HESHEOMLD.
(ii1) Gmflu uedeyMILILEG: Camemey @CIOWIN Lh2ReSulsHems LG OUDIIHESSLD.
(iv) @@ uamILILE GsMenal @R6TMIHES GMLILL Lpzfluinisanar OLDHEHSELD.
uuiHa 2.2
1. Sweiter i serfled Sx —4x> + 3 et6tTn LisoQMILILIE Comemeuulstr oHliemL sevorGLIR.
(1) x=0 (i) x=-1 (i) x =2
2. Swesitem @euceuNH LILQIMILILISG Cameneusi&Ld p(0), p(1) HmIb p(2) 661 LDBLIL|GHemerT
S6uT(BLIIR.
(1) po)=y*—y+1 (i) p()y=2+t+2F -7

(i) p(x) = x° (V) px)=(x-1) (x+1)
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POLYNOMIALS

3. Verity whether the following are zeroes of the polynomial, indicated against them.

(i) po) =3x+ 1, x= — (ii) pr)=5x -, x= 2

(iii) p() =2’ =1, x=1,-1 (iv) p)=(x+ 1) (x=2), x=—1,2
V) px)=x*, x=0 Vi) p(x)=Ikx+m, x= _%

(vii) p(x) =3x* - 1, x = —%% (viii) p(x) = 2x + 1, x=%

4. Find the zero of the polynomial in each of the following cases:
(1) px)=x+5 (1) p(x)=x—-35 (i11) p(x)=2x + 5
(1v) p(x) =3x -2 (v) p(x) = 3x (vi) p(x)=ax,a#0

(vi)p(x) =cx +d, c # 0, c, d are real numbers.

2.4 Factorisation of Polynomials

Let us now look at the situation of Example 10 above more closely. It tells us that since the
remainder, ¢ (—%) =0, (2t + 1) 1s a factor of g(¢),1.e., g(¥) = (2t + 1) g(¢)
for some polynomial g(#). This is a particular case of the following theorem.
Factor Theorem : If p(x) 1s a polynomial of degree n > 1 and a is any real number, then
(1) x— ais a factor of p(x), if p(a) = 0, and (i1) p(a) = 0, if x — a 1s a factor of p(x).
Proof: By the Remainder Theorem, p(x)=(x — a) g(x) + p(a).
(1) If p(a) = 0, then p(x) = (x — a) g(x), which shows that x — a is a factor of p(x).
(11) Since x — a 1s a factor of p(x), p(x) = (x — a) g(x) for same polynomial g(x). In this case,
p(a) =(a—a)g(a) =0.
Example 6 : Examine whether x + 2 is a factor of x*> + 3x? + 5x + 6 and of 2x + 4.
Solution : The zero of x + 2 is 2. Let  p(x) =x* + 3x* + 5x + 6 and s(x) =2x + 4
Then, p(=2) = (-2 +3(-2)+5-2)+6
=-8+12-10+6
=0

So, by the Factor Theorem, x + 2 is a factor of x* + 3x> + 5x + 6.
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3. SipsserL LML CaHTemeusEhsHd 6\STBSHSLILIL BT X 60T DS L eeSirhiserT
D&M 61601 FflLIMT.

(NN

(i) p()=3x+ 1, x= —% (i) p(r)=Sx—m, x=
() px)=x>—-1, x=1,-1 W) px)=x+1Hx-2), x=-1,2

V) px)=x*, x=0 Vi) px)=Ikx+m, x= _?

.. a2 __ 1.2 _ _ 1
(vil)) p(x) =3x*—1, x N (viil)) p(x) =2x+ 1, x 5

4. Aetreupld LdQIMILILES Camensuseriies Lygedluimisener seorGLQ.
(1) px)=x+5 (1) p(x)=x—-5 (i11) p(x) =2x + 5
(1v) p(x) =3x -2 (v) p(x) = 3x (vi) p(x)=ax,a+#0
(vii) p(x) =cx +d, c # 0 GeyLD ¢, d EIDUI 6T6TOTEHEIT

2.4 ucoImIiigs CHTanasaan HTTAUNILGSHHIH6D

1
8UBUE aGSSHISHSTLG 10 & B RHPEDD Sallbg SHeusl. o 158 q(—zj =0

eTedTLIGMeL (21 + 1) etettigy q(¢) 6o &npevofl DpBm&. Sismeug q(f) = (2t + 1) g(1), ¥ g(?)
eT60TLIG eIFMeNg @(h LieoamiliLis Camenel. g SpssaL CahnesSnefiu @ e&uleD.
smmanil BHDHMID : p(X) eredtugl 1 > 1 LIQWINS O\&MTelTL @(H LoamILiL|s Gsmemer LbHMILD
a er6tiLg ICSHEMID @@ 6GWDUI efevor e1601s. (1) p(a) = 0 erevfled (x — a) etedTLZ p(x) 65T @B
sngen§l ShGWD. GEYD @56i LbmFeneons (i) (x — a) etettugl p(x) && smrevofl erevfleo

p(a) = 0 Sp&Lb.

BersLiewd © 1585 Capmgdeine, p(x)=(x — a) q(x) + p(a)
(1) p(a) =0 eretim SaHEBDH TBSHSHISHEHTETILTED p(x) = (x — a) g(x) Sph&. GLOEYILD
pP(x) 8& (X —a) 9@ smenl &S
(i) @&BaGumev, (x —a) et6dTLg] p(x) & @M SMTewfwnesamed p(x) = (x — a) g(x).

eveunm) .. p(a) = (a—a) gla) =0. (x—a) e6d1UG p(x) & R Snmewll erevfled

p(a) = 0 Sp&LId.
FABSHIHHTEB 6 : x + 2 eredrug) x° + 3x> + 5x + 6 poub 2x + 4 && sMrewlwnGLon?
Siray :x +2 6br LpRefuid 2. @i p(x) =x° +3x* + 5x + 6 HMID s(x) = 2x + 4 e16vI&HE\SIT6T.

p(=2)=(2)y +3(-2)*+5(-2)+6
=-8+12-10+6
SUCLNg), =0

ereorGeu Fnrevofly; GaHpmSPettLe x° + 3x* + 5x + 6 &G x + 2 eT6tTLg Q1H HMI6wNl ShGLD.
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Again, §(-2)=2(-2)+4=0

So, x +2 is a factor of 2x + 4. In fact, you can check this without applying the Factor Theorem,
since 2x + 4 = 2(x + 2).

Example 7 : Find the value of &, if x — 1 is a factor of 4x* + 3x* —4x + k.

Solution : As x — 1 is a factor of p(x) =4x* + 3x* —4x + k, p(1)=0

Now, p(1) =41 +3(1)*-4(1) + k
So, 4+3-4+k= 0
1e., k= -3

We will now use the Factor Theorem to factorise some polynomials of degree 2 and 3. You are
already familiar with the factorisation of a quadratic polynomial like
x* + Ix + m. You had factorised it by splitting the middle term Ix as ax + bx so that
ab=m. Then x*+ Ix + m = (x + a) (x + b). We shall now try to factorise quadratic polynomials
of the type ax® + bx + ¢, where a # 0 and a, b, ¢ are constants.

Factorisation of the polynomial ax? + bx + ¢ by splitting the middle term is as follows:

2

. 3
Let its factors be (px + ¢g) and (rx + s). Then 2% — 3y = first term of quotient
X

ax*+bx+c=(px+q)(rx+s)=prx*+ (ps+qr)x+gs
Comparing the coefficients of x2, we get a = pr-.
Similarly, comparing the coefficients of x, we get b = ps + gr.
And, on comparing the constant terms, we get ¢ = gs.

This shows us that b is the sum of two numbers ps and gr, whose product is
(ps)(gr) = (pr)(gs) = ac.

Therefore, to factorise ax? + bx + ¢, we have to write b as the sum of two numbers whose
product is ac. This will be clear from Example 13.

Example 8 : Factorise 6x* + 17x + 5 by splitting the middle term, and by using the Factor
Theorem.

Solution 1 : (By splitting method) : If we can find two numbers p and ¢ such that
ptq=17 and pqg=6x5=30,then we can get the factors.

So, let us look for the pairs of factors of 30. Some are 1 and 30,2 and 15, 3 and 10, 5 and 6. Of
these pairs, 2 and 15 will giveusp +¢g=17.
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GLsyILb, §(-2)=2(-2)+4=0

er60G6u (x +2) eT6tTLIg) 2x + 4 65T (H SHMIetell SH&LD. SMIeveils CHHMSEMS LILIGTLIGSSTLDE6D
Bewg BraseT BerpLigae0mD. ereueunm) erevsfled 2x + 4 = 2(x + 2)

aBSHHIHHTLEG 7 : (x— 1) et6t10g) 4x° +3x? —4x + k 61 Hnyevoll etevfled £ 607 DS 1ML SH6vorBLIIQ
ey : (x — 1) etedrugy p(x) =4x> + 3x* — 4x + k et &npevoll eretTLIST6D, p(1) =0

SUCuIg), p(1)=4(1) +3(1)*—4(1) + k
S5GC6, 44+3-4+k=0
SiFneug., k=-3

L 2 WOMID LR 3 A&TeiL &leo LeOMILILE: GCamenauseamer sMIenlllLGsSs smaewf
GaHHMSmE LILISTLGSSHIGUMD. eIne:enGe BT @pLie GHTeneusensm SMIemiLILIBSSH|SHEm60
SINBHHSEENTSH6T. 2 HMyevorons x° + [x + m i1 ewbwl 2 ML Ix & 1Nflgg ax + bx eredtmLb,
8860 ab =m eletiMID O\&MEGU® x> + [x + m = (x + a) (x + D) et601 SHMIEOOALILIBSS60MLD. [BILD
SuBumg ax® + bx + ¢ etetip  euigefled 2 6iTem @b LIOIMILILIS  BHTEHEUSEW6IT
snrenllLLGSSIGeaunD. @i a # 0 Gy a, b, ¢ eedTLen LANledlseT.
ax* + bx + ¢ eedin LOAIMILILS GoHMTeweuuNedir ewLW 2 MILIEDL  SLDES6T0TL UMD
SMI6vollLILIBSS60ILD.
Stsupmlest sngewllseT (px + ) GLAYD (7x +5) TEUTEHESHT6ITE.
ai6oT@6u ax> + bx t c=(px+ q) (rx +8)=prx*+ (ps+ qr)x + gs
x* 661 GevHmIBemaT QLIBLLEUNG| a = pr 6168 SewLHHMDG).
BCHBLIM6D, X 601 GewIsHmisenaT QUIAGLEUNE b = ps + qr e160r SeOLSEMS).
@Gweyb nledlsEensT RUIIGLGUNSI ¢ = gs 616018 HemL&HHMS).
B\ (Bb&I LD b 61681 ps LDHMILD gr 6165Tn Bh eTevnrgerflett FaBHe0 616 HMLGMILD.
Beupmletr OGS (ps)(gr) = (pr)(gs) = ac.
ereor@6u ax” + bx + ¢ eTetTLENS HNIEWILILBES b e6TLENS QM erevnseaflen FaBHeons
6P Couetor(BD. Db QH eTevrTSerlledt CIITHSHSMHLIVET ac.
TBSHSHHHTB 13 651 epeold Bews &Fiflwns Lfbgis 6smeTeneonLD.
aBSHIHHTLEG 8 : sngewll CsOHMSME LWTLUGSSWD, ewww 2 mitewu  Nflggib
ox* + 17x + 5 & snrenllLGSgis.
SHiay 1: (ewww 2 miienu NflaSD wpewm) : Sreor® eTewrssT p HMID g 60 p +g =17
eTevTeylD pg = 6 X 5 =30 eT6vTOYLD QUIHLDITEVTITED [HLDEE HMTewSH6T HewLSHGSLD. erevT@eu 3065
snpevvflseflesr Ggmeemwt &mevor@umd. (1,30) , (2,15), (3,10) (5 ,6) @bs Gxmmesefleo
(2,15) erettuemen p + g = 17 ettim)  6uBHBME.
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So,6x> +17x+5= 6>+ 2+ 15x+5
= 6x>+2x+ 15x+5
=2x(Bx+ 1)+ 5Bx+ 1)
=Bx+1)(2x+95)

Solution 2 : (Using the Factor Theorem)

6x*+17x+5= 6(362 + %x + %) =6 p(x), say. If a and b are the zeroes of p(x), then

6x*+ 17x +5=6(x — a) (x — b). So, ab = % Let us look at some possibilities for a and b.

They could be + ,ig,ig,il.Now, p[lj =l+£[1] +§ # 0. But

»
4  6\2

_ 1
P(?lj =0. So, (x " 5] is a factor of p(x). Similarly, by trial, you can find that (x " gj s
factor of p(x).

Therefore, 6x>+17x +5=06 [x + %) (x + gj

- 6(3X3+1](2x2+ 5]

=Bx+1)(2x+9)

For the example above, the use of the splitting method appears more efficient. However, let us
consider another example.
Example 9 : Factorise > — 5y + 6 by using the Factor Theorem.

Solution : Let p(y)=)*—5y + 6. Now, if p(y) = (v — a) (y — b), you know that the constant term
will be ab. So, ab = 6. So, to look for the factors of p()’), we look at the factors of 6.

The factors of 6 are 1, 2 and 3.
Now, p(2)=22—-(5%x2)+6=0

So, y—2isa factor of p(y).
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eT65TG6) 6x*+17x+5 =6x>+ 2+ 15)x +5
=6x>+2x+ 15x+5
=2x(B3x+ 1)+ 5Bx+ 1)
=Bx+1)(2x+95)

Siey 2 : (sngevoll CHHMESMNS LIWLETLGSSHISHE0)

6x*+ 17x+5= 6(x2 + %x + %) = 6 p(x) erevr&E\BMET. a, D et6dTLI6wT P(X) 63T LpeR2LIMhIS6IT

eteufled 6x° + 17x + 5= 6(x — a) (x — b). Spewawned ab = % QUCung a, b && deo

FNSHSWSFMISENET LIMTLIGLILD,

1, 1,5 5 . . . 1 1 17(1 5
T+, x>, 2,41 . €] —|==+—|=|+=#0.
Sleme iy Es 61601 (H&SHE0MD. GLICLITE) p(zj 4+ 6(2]+6
— 1
O460TIT6D p(?lj = (), et6v1G6U (x +§] eTetTLIG] p(X) 601 @h &npevofl pGW. SBHBLITeL
pwpdlssneo (x+§j ETEOTLIGID 6(H SMIevofl 61601 HMLIGOMLD.

OHEMESILIMTED, 6x* +17x +5 = 6(x+%j (x+§j

- 6(3X3+1](2x2+ 5]

=Bx+1)(2x+9)

GhseirL e1BSEIHSHTLIeNHHES oww 2 niienu LNfls@n wenn Wseb eeflsrerane
61601 SHnwieonid. eTevfllemId WHMID PIT TBSSHISHHTLEHL  SHT6ToTGLITLD.
aBSHHHTEG 9 @ )? — S5y + 6 2 sngenll CaHmHms LWTUGSS SMIeilILGSSIs.

Siay : p(y)=)y*—5y+ 6. eev1a. p(y) =(y—a) (y— b) erevlleo @aetr wMMIEN 2 mi| ab.
eTe01@eu ab = 6. p(y) 61 snpevllsemen HevorBLIRSS LpS6e0l6d 6 61 snrevvflsemer sHevorBLIgEs
Geueuor(BLD.
6 601 smyewfgeT 1,2,3 WHMID 6.
SuBung p(2)=2*—-(5x2)+6=0
eTeoT@6u () — 2) et6drLIgy p()) 661 Smmevofl
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Also, p(3)=3*-(5%x3)+6=0

So, y—3isalsoa factor of y> — 5y + 6.

Therefore, »*—-5y+6=(-2)(y—3)

Note that y* — 5y + 6 can also be factorised by splitting the middle term —5y.

Now, let us consider factorising cubic polynomials. Here, the splitting method will not be

appropriate to start with. We need to find at least one factor first, as you will see in the following

example.

Example 10 : Factorise x* — 23x* + 142x — 120.

Solution : Let p(x) = x*—23x*+ 142x— 120

We shall now look for all the factors of —120. Some of these are £1, £2, £3,

+4, +£5,+6,+8, +10, £12, £15, £20, +24, +30, £60.

By trial, we find that p(1) =0. So x — 1 is a factor of p(x).

Now we see that x* — 23x? + 142x — 120 =x° — x* = 22x> + 22x + 120x — 120
=x*(x—1)—22x(x= 1)+ 120(x— 1) (Why?)
=(x—1)(x¥*—-22x+120) [Taking (x — 1) common]

We could have also got this by dividing p(x) by x — 1.

Now x?—22x + 120 can be factorised either by splitting the middle term or by using the Factor
theorem. By splitting the middle term, we have:

x2—=22x+120=x>—12x — 10x + 120
=x(x—12) - 10(x — 12)
= (x—12) (x - 10)

So, xP—23x*—142x — 120 = (x — 1)(x — 10)(x — 12)
EXERCISE 2.3
1. Determine which of the following polynomials has (x + 1) a factor :
() ¥*+x*+x+1 ) x*+x*+x*+x+1
(iil) x* + 3x* + 3x2 + x + 1 (iv) X —x?— (2+2)x+2
2. Use the Factor Theorem to determine whether g(x) is a factor of p(x) in each of the
following cases:

(1) px)=2x"+x*—2x—1,g(x)=x+1
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8CzxGumed, p(3)=3*-(5x3)+6=0
eTeoT@6u () — 3) eTedTLIgID V* — Sy + 6 661 @ Smyevofl.
SpemaWmeo, 1> — Sy +6=(—2)(y—3)

V*—5y + 6 etettLzetT embW 2 ML —5y & LMSEID SnenflliLBSS6e0MD eT6iTLInS Seuevfss.
Y —5y+ 660 ewpw 2 muin] —Sy & LMgaedlsir cpeoG SMIERlLLGESSHIHED HEOLOLIDMS)
eT6tTLIENS [Bemeurefleva\smeit. SUIGLITG| (PLILIQ LIOQYIMILILIE CHTeneusieneT SMTenflLILI(Bss)560
eteueumm)| et6or LIMTLIGUMD. @il Nflsse0 @pewmenw LweTUGSSI6NS Sileunng). HLD
WPFE0l6d GMDBSLLFD @ SMIevoiiimelg SeorGLIQLILG Heudwbd. Rens SLDE&HSETL
TBSHIGHSGITLIQED LIMTEHSEOITLD.
a®HHIBSTEG 10 : x° —23x* + 142x — 120 &2 snyenfliLiLGESSis.

Hiran : p(x) =x* —23x* + 142x — 120 er6t18.

SUBUTE —120 65T 6T6060M SHMT6TOIlGEMOTWID [HTLD LIMTLIGUMD. SHeubnileo Seo =+1, +2, +3,
+4, +5, £6,+8, £10, 12, +£15, £20, £24, £30, +60.

Pwhdlsseo wpempuiled p(1) =0 ereitLens seTLBIBEESMD. erevr@eu (x — 1) e163TLISI P(X) HS
&I SMy6votl

SuBung) x° —23x* + 142x — 120 = x° — x> — 22x* + 22x + 120x — 120
=x(x—1)—22x(x= 1)+ 120(x — 1) (eetr?)
=(x—1)(x*-22x+120) (x— 1 & OungUNS TBSHS)

p(x)@x—1 Sp6d uGHSWD CUIFHID WS HMD Emeomd. x> — 22x + 120.

SUBung) x> —22x + 120 etedim  @apLip LIOYMILILIG CHmemenemut embwl 2 milienLl LNflgg)
&MIevoliLIBS&IGeurLD.

x?—22x +120 = x* — 12x — 10x + 120
= x(x —12) - 10(x — 12)
= (x—12) (x - 10)
eieorGey, x> —23x? —142x — 120 = (x — 1)(x — 10)(x — 12)

uuima 2.3
1. SpsaetorL LeoeyMILL] Gamemeusserfled (x + 1) g2 sMeniilng 6\smewTLeme eTeney eT6st
&Se0oT(BLIIREB6LD?
) ¥*+x2+x+1 (1) x*+x¥*+x*+x+1
(i) x*+3x° + 32 +x+ 1 (iv) ¥ —x2— (2+2)x+42

2. Sps&aewiL  QeueleumsiHIaD g(x) eTedTLGl p(X) 65T SMIewfllm  eTedTLIEns  SMyevofl
Gahmsems LIWeTLIBSS SHeuor®Lilg.
() px)=2x"+x*—2x—1,g(x)=x+1
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(1) p(x)=x*+3x*+3x+1,g(x)=x+2
(1) p(x)=x*—4x*+x+6,g(x)=x—-3
3. Find the value of £, if x — 1 is a factor of p(x) in each of the following cases:
(1) px)=x*+tx+k (1) p(x) =2x*+t kx + /2
(iii) p(x) = kx* — Jox + 1 (iv) p(x)=kx* - 3x+ k

4. Factorise :

(1) 12x*—7x + 1 (ii) 2x> +7x + 3
(iii) 6x* + 5x — 6 (iv) 3x*—x—4

5. Factorise :
() ¥*—2x*—x+2 (1) ¥* = 3x*=9%x -5

i) x* + 13x%+ 32x + 20 iv) 2P +97 -2y —1
V' Y

2.5 Algebraic Identities

From your earlier classes, you may recall that an algebraic identity is an algebraic equation that
is true for all values of the variables occurring in it. You have studied the following algebraic
identities in earlier classes:

Identity I : (x +y)>=x2+2xy+)?

Identity I : (x — y)* = x> =2xy +)?

Identity III: x> —y* = (x+ y) (x — »)

Identity IV: (x + a) (x + b) =x>+ (a + b)x + ab

You must have also used some of these algebraic identities to factorise the algebraic
expressions. You can also see their utility in computations.

Example 11 : Find the following products using appropriate identities:
Hx+3)E+3)>A) x-3)(x+5)
Solution : (i) Here we can use Identity I : (x + y)> = x> + 2xy + ). Putting y = 3 in it, we get
(x+3) (x+3)= (x +3)*=x*+ 2(x)(3) + 3)’
=x*+6x+9
(i1) Using Identity IV above, i.e., (x + a) (x + b) =x>+ (a + b)x + ab, we have
x-=3)(x+5)=x>+(-3+5x+ (-3)5)
=x>+2x—15
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(1) p(x)=x*+3x*+3x+1,g(x)=x+2
(i) p(x) =x* —4x? +x + 6, g(x) =x - 3
3. SwpaseniLeunmled p(x) et snpevoll x — 1 erevfled k 6t1 DPLiewL SHevorBLIL.
(1) px)=x*+x+k (1) p(x) =2x*+t kx + /2
(iii) p(x) = kx* — ox + 1 (iv) p(x)=kx* - 3x+ k
4. sMrenluBGSsIS.
(1) 12x*—7x + 1 (i) 2x* +7x +3
(iii) 6x> + 5x — 6 (iv) 3x*—x—4
5. snrenfiu@sgis.
(1) ¥*—2x*—x+2 (1) x* = 3x>-9% -5
(i) x* + 13x2+ 32x + 20 (iv) 2)° +y2 =2y —1

2.5 Sunasals PNHADTHENIDHET :
BuUbseRlls WPHEDIEED LIS R BUDHERRES ST I aUBD MISEHES 6Ths
P dleflesmegd g sfns SHSSGID 6I6ILENS BRiBET LPeiT USLILIE6TE0 Ligs5ems,
Bewevte) Famrhise. LSS0 GUINS6U01S LPDEYDIHEMLDSEDAT [HhissT eIt Ligg 6ol TidsesiT.
whemmmenw I ¢ (x +y)> =x*+ 2xy + )2
woemngenw I1 @ (x — y)P=x? — 2xy +57
wphaprmenn HI: x* —32=(x +y) (x —y)
whemmmend IV: (x+a) (x +b)=x*+ (a+ b)x+ab
Bubsenils Camenaugienst SHMIewlLGSHS GLMHSEMIL (LPHEDMTIHEDLDSHENT LIL6TLIBSS
SoUiTasT. SHeuhniett LweiTUM 6wl 6L LIMBAISET.
aBHBIHHTLE®G 11: WPOODTIHEDLDEEDAT LUWEHTLHES SLpsston_eubiletT 6L (HEHDLE0En6sT F6U0T(BLIe
DE+3)E+3)A) x-3)(x+5)
Siay : (1) BpMD @mGsH wWheOWMmHEnD I (x +y)* =x? + 2xy +)? 8 uweTU@SS Geustor(BLD.
8mi@ y =3 eteor LNgPHuilLmed
(x+3) (x +3) = (x +3)?=x* + 2(x)(3) + (3)°
=x*+6x+9
(i) BMD @miGs wWheDmmenD [V (x +a) (x +b)=x>+(a+ b)x +ab & LweTLBSS GouetorBLD.
SBung) (x —3) (x +5)=x*+ (-3 +5)x + (-3)(5)
=x>+2x—15
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Example 12 : Evaluate 105 x 106 without multiplying directly.

Solution : 105 x 106 = (100 + 5) x (100 + 6)
= (100)* + (5 + 6) (100) + (5 x 6), using Identity IV
= 10000 + 1100 + 30
= 11130

You have seen some uses of the identities listed above in finding the product of some given
expressions. These identities are useful in factorisation of algebraic expressions also, as you
can see in the following examples.

Example 13 : Factorise:

(i) 492> + 70ab + 25b° (i) 2% -2

-
Solution : (i) Here you can see that 4 9
494> = (7a)?, 25b* = (5b)?, 70ab = 2(7a) (5b)
Comparing the given expression with x* + 2xy + 1%, we observe that x = 7a and y = 5b.
Using Identity I, we get
494> + 70ab + 25b* = (7a + 5b)* = (7a + 5b) (7a + 5b)
>

2 2
(i1) We have 24—5x2 - % = (i x] 3 (1)

Now comparing it with Identity III, we get
5
4 9 2 3

_ d[éx xl Y
3
So far, all our identities involved products of binomials. Let us now extend the Identity I to a
trinomial x + y + z. We shall compute (x + y +z)* by using Identity I.

Letx +y=t. Then,
(xtytz)P=(@+z)
=£+2tz+ 17 (Using Identity I)
=x+yP+2(x+yz+2z? (Substituting the value of 7)
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aBHHBHTEG 12 : OLGBSse0 e\ewmoed 105 x 106 e wdlienu seor@Lilie.

From 105 x 106 = (100 + 5) x (100 + 6)

(100)2+ (5 + 6) (100) + (5 X 6), (pHODTEHED [V £ LIWETLGSS)
10000 + 1100 + 30

= 11130

O&MEHESUILLL Bunsenils GCsmeneusefledt CILIHSHSHMLIOIEHET S&T6TT  (LPHEDTIHEDLDSEDEIT
LweTU@ESSWend UMisHCsHMD. BHF WHODTHEMDSEET BuDsewnls GaHmeneusener
SMIenlLBSSHEID LweiTLBeNend SGD SHTeuoreorib.

TBHHNGHHTLEG 13 : SMIeniuGSS!s.
(i) 492 + 70ab + 25b? (ii) 2t %
Siray : (1) G 49a* = (7a)?, 25b* = (5b)*, 70ab = 2(7a) (5b)
QBMBSaLILILL Gamemauenwl x* + 2xy + )* erettuglLett QUIALLTEd HMD Oumieug x = 7a
HmID y = 5b.
WPHeDMHe | & LweTLGSS
4942 + 70ab + 25b* = (Ta + 5b)* = (T7a + 5b) (7Ta + 5b)

2 2 2
(i) B y_ (ixj _ (2)
4 9 2 3
Bems WpoewmHend 111 2 L6t Uil Lmeo
2 2
285, ¥ _ (ixj _(zj
4 9 2 3
g
-2 3)\2 3

Sgeuenr FHOILILS GCHmameusemsT WHODMHEDD 2 geflujLe SisesHmb. GuGUng)
phOwnmenw | & epaynii Gsmemer x + ) + z el6dTLSD eT6ueUTN) LIWIGTLIBGSSI6US| 6T60T
umriGUMD. (x + y + z)? eledTUenSWD WPHOWMHeDD [ & LweTu@ss efiifleyuBGEsIGeumL.
BhGx+y=t 665,
(x+y+zP=(@+z)7
=2+ 2z + 1P (pHewTmenD 1 LisgorL))
=(x+y)P+2x+y)z+ 7 (¢ 6t SlemU L NTSuNLLT6L)
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=x>+2xy+)y*+2xz+2yz+2z*>  (Using Identity I)
=x?+)? + 22+ 2xy + 2yz + 2zx(Rearranging the terms)
So, we get the following identity:
Identity V: (x +y+2)*=x2+)* + 22 + 2xpy + 27 + 22x

Remark : We call the right hand side expression the expanded form of the left hand side
expression. Note that the expansion of (x + y + z)* consists of three square terms and three
product terms.

Example 14 : Write (3a + 4b + 5¢)? in expanded form.
Solution : Comparing the given expression with (x +y +z)?, we find that
x=3a,y=4band z=5c.
Therefore, using Identity V, we have
(3a +4b + 5¢)* = (3a)* + (4b)* + (5¢)* + 2(3a)(4b) + 2(4b)(5¢) + 2(5¢)(3a)
= 9a* + 16b*> + 25¢* + 24ab + 40bc + 30ac
Example 15 : Expand (4a —2b —3c¢)*.
Solution : Using Identity V, we have
(4a —2b—3c)* = [4a + (-2b) + (-3¢))?
= (4a)’ + (-2b)* + (-3¢)* + 2(4a)(-2b) + 2(-2b)(-3¢) + 2(-3c)(4a)
= 16a*> + 4b* +9¢* — 16ab + 12bc — 24ac
Example 16 : Factorise 4x> + )2 + z2 — 4xy — 2yz + 4xz.
Solution : We have 4x>+)? + 72— 4xy — 2yz + 4xz = (2x)* + (-v)> + (2)* + 2(2x)(—)
+2(=p)(2) + 2(20)(2)
= [2x+ (—y) +z]*  (UsingIdentity V)
=2x—y+z)=2x—y+z)2x—y+2)
So far, we have dealt with identities involving second degree terms. Now let us extend Identity
I to compute (x + y)*. We have:

(x+y)y=(x+y) @+yy
= (xF )+ 20+ %)
= x(x* + 2xp + %) + y(* + 2xy + )
= x>+ 2x% + 02 + X%y + 207 +)?
= x>+ 3x% + 3% +)?

=x )y +3(x+y)
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=x*+2xy+y*+2xz +2yz+ 22 (pHOMMEHEWLD | 661 Lig)

=x+y*+ 22+ 2xy + 2yz + 2zx (2 miiiserflesr euflenaem LDMHMIEUSTEL)
eT60TB6) [HLD&E Li6tTau(hLD (PHEOMMIHENLD SHeDLSSME).
WwHODTHEmD Vi (x +y+ ) =x*+y* + 22+ 2xy + 27 + 22x
sflenasid : eueogILM Cameneuenw DLHLD Cameneuuiesr eflifleunssd ersorGomb. (x +y +
z)* er6dTLIg 60T efifleun&aiD eLpeiTm) 6uTeHs 2 MILIL|SHEMEITUILD CLPEITM] CILITHE:EHE0 2 MILILSHENETUILD
6\SHITEUOT(BEITEITEOT.

a®BHHIBSTE®G 14 : (3a+4b+ 5¢)* 6o efleunsagsemns Hevor@LIY.
Siia) : OBMESSLILLL Gameneusnw! (x +y +2)* 2 LetT @UAGLEUNS)
x=3a,y=4b, z=5c
WPHODMHEOLD V & LIWTLGSHS!S.
(Ba +4b + 5¢)* = (3a)* + (4b)* + (5¢)* + 2(3a)(4b) + 2(4b)(5¢) + 2(5¢)(3a)
= 9a® + 16b*> + 25¢* + 24ab + 40bc + 30ac
aBHHBST® 15: (4da —2b — 3¢)* 2 efleunss.
Sita) : POHODMHEOD V & LwesTLIBSHS 606D,
(4a —2b—3c)* = [4a + (-2b) + (-3¢)]?
= (4a)’ + (-2b)* + (-3¢)* + 2(4a)(-2b) + 2(-2b)(-3¢) + 2(-3c)(4a)
= 16a*> + 4b*> +9¢* — 16ab + 12bc — 24ac
aBSHHHHTEG 16 : 4x> + )2 + 22 — dxy — 2yz + 4xz & SMIenllLBSSIS.
Sivay : 4x*+y* + 722 —dxy—2yz + 4xz = (2x)* + (—p)* + (2)* + 2(2x)(—)
+2(-p)(2) + 2(2x)(2)
= [2x + () + z]* (pDeOWNHE®L V & LweTLBSI6ume0)
=2x—y+z)=2x—y+z)2x—y+z2)
Bz6uemr HMD QPreiG HBHS ST  (LPHEDMIHEMLDEEDST LD  LIMT&ESTLD.
SUBUng wWhHeDNHemD | &2 LweTLIBSS (x + 1) & eteueunm) effleyLIBSS UG 6T6esT LIMTLIGLIMTLD.
(x+y)=@+y) (x+y)
= (x+ )+ 2xy +y?)
= x(x* + 2xy + ) + p(x* + 2xp + )7)
= x>+ 2x%y + x)* + X%y + 2x)% +)?
= x>+ 3x% + 3x)* +)°
= x4y’ + 3xp(x +y)
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So, we get the following identity:
Identity VI: (x +y)’=x*+)y*+3xy (x +y)
Also, by replacing y by —y in the Identity VI, we get
Identity VII :(x —y)* = x* —y* - 3xp(x —y)
= x* - 3x%y + 3xy*—y?
Example 17 : Write the following cubes in the expanded form:
(i) Ba + 4b)’ (i) (5p — 3¢)°
Solution : (i) Comparing the given expression with (x + y)?, we find that
x = 3a and y = 4b.
So, using Identity VI, we have:
(3a + 4b)* = (3a)’ + (4b)*> + 3(3a)(4b)(3a + 4b)
= 274 + 64b> + 108a*b + 144ab?
(i1) Comparing the given expression with (x — y)?, we find that
x=5p,y=3q.
So, using Identity VII, we have:
(5p —39)* = (5p)’ — B3q)* - 3(5p)(39)(Sp — 39)
= 125p° — 27¢> — 225p*q + 135pq®
Example 18 : Evaluate each of the following using suitable identities:
(1) (104)° (11) (999)°
Solution : (1) We have
(104)* = (100 + 4)*
= (100)°* + (4)* + 3(100)(4)(100 + 4)
(Using Identity VI)

1000000 + 64 + 124800
1124864

(i1) We have
(999)° = (1000 — 1)*
(1000)* — (1)’ — 3(1000)(1)(1000 — 1)
(Using Identity VII)

1000000000 — 1 — 2997000
= 997002999
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616086 [BLDEE SDSHSHEIL (PHODTIHEDLD HenLESDG.
whemmmenn VI (x+y)=x3+p* +3xp (x +y)
8CsGumed WhHODNHEWD VI 60 y LIPeorns —) &2 LWeTLBSHETED [FLD&E SHewLLILIG)
whenmsnn VIL: (x - p)* =x° - p* = 3xp(x ~ y)
=x-3x% + 3xy’—y*
aBHHIBHTEG 17 : SpsseoL (LU Gameneusenst eNifleuBss 6Twais.
(i) 3a + 4b)’ (i) (5p — 3¢)°
Siray : (1) esn@ssurL Gameneuenw (x + )’ 2 LetT @UIIGLEUNS
X = 3a womib y = 4b.
eTeoT@ey, pHEOMHEND VI g2 LwesTLBGSSeurmed
(Ba +4b)* = (3a)® + (4b)* + 3(3a)(4b)(3a + 4b)
= 27a* + 64b° + 108a’b + 144ab?
(i) e&M@ESsLILLL CHmeneusnul (X — )’ 2 LetT QUIIBLLELNG)
x=35p, y=13q.
ereoiGeu, (WpHOWMHEMD VII g2 LweLGSSeotmeo
(5p —39) = (5p)’ — (39)’ - 3(5p)(39)(S5p — 3¢)
= 125p3 = 27¢° — 225p%q + 135pg>
ABHSHIHHTG 18 : WPHODTHEDLLSEET LWETLIGSS Shsscreunenn sfifleyu@sd alienL

SHITE00TS.
(1) (104)3 (i1) (999)°

Siray : (1) (104)> = (100 + 4)

= (100)° + (4)* + 3(100)(4)(100 + 4)
(wphewnmend VI & LweLGss)

= 1000000 + 64 + 124800
= 1124864

(i1) (999)° = (1000 — 1)°

(1000)* — (1)’ — 3(1000)(1)(1000 — 1)

(wphewnmenn VI & LweLGss)
1000000000 — 1 — 2997000
997002999
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Example 19 : Factorise 8x* + 27)° + 36x%y + 54x)?
Solution : The given expression can be written as
(2x)* + (3y)* + 3(4x*)(3y) + 3(2x)(9?)
= (2x)* + (3y)* + 3(2x)’(3y) + 3(2x)(3y)’
= (2x + 3y)*  (Using Identity VI)
= (2x + 3y)(2x + 3y)(2x + 3y)
Now consider (x +y + z)(x* + y*+ 22 — xy — yz — zx)
On expanding, we get the product as
x(x> +y?+ 22 —xy—yz—zx) + y(x2 +y* + 22 —xy — yz — zx)
+z(*+ )y + 22 —xy—yz—zx) =X+ xp? + x2> — X}y —xyz — zx* + X%y
+y +y2 -y —yz—xyz + Xz +y’z + 22 — xyz —yz? = xz*
=x*+y*+2° - 3xyz (On simplification)
So, we obtain the following identity:
Identity VIII : x* +y? + 22 - 3xyz = (x + y + 2)(x* + y* + 22 — xy — yz — 2X)
Example 20 : Factorise : 8x* +)° + 2723 — 18xyz
Solution : Here, we have
8x* +y°* +272° — 18xyz
=(2x)° +)° + (32)’ = 3(20)(»)(32)
= (2x+ y# 3220 + 37 + (328 — (200) - (7)(32) — (29)(32)]
=(2x +y +3z) (4x> + y* + 922 — 2xy — 3yz — 6xz2)

EXERCISE 2.4

1. Use suitable identities to find the following products:

() (x+4) x+10) (i) (v + 8) (x — 10)(iii) 3x + 4) (3x - 5)

) 0?3073 MG -20 (G +2)
2. Evaluate the following products without multiplying directly:
(1) 103 x 107 (i1) 95 x 96 (ii1) 104 x 96

3. Factorise the following using appropriate identities:

2

(i) 9x + 6xy + 2 (i) 42 =4y + 1 (i) ¥ - ;o
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aBSHZBHTEG 19 : 8x° +27)° + 36x% + 54y’ &8 snpevnllLBHgIs.
Siia] : OSMESHSLLILL GHTeneusml UM 6T(LDSEDITLD
= (20)* + (3y)* + 3(4x*)(3y) + 3(2x)(9°)
= (2x)’ + 3y)* + 3(2x)*(3y) + 3(20)(3y)’
= 2x+3yy (woewrmenn VIetr L)
= (2x + 3y)(2x + 3y)(2x + 3y)
SUBUNg (x +y +2)(x* +)*+ 22 — Xy — yz — 2X) eIILEDS TBSHSHIHE\BITE.
Bzement eifleyLuBsHS O LIHSSevTTeL.
x(x> +y?+ 22 —xy—yz —zx) + y(x2 + y* + 22 — xy — yz — zx)
+z(2+ Y+ 22 —xy—yz—zx) =x> + x)? + xz2> — X’y —xyz —zx* + x%y
+y +yZ—xyt—yz—xyz+xz+y2z+2z —xyz = yz? — xz*
=x’+) + 2 - 3xyz (G@mSSevmed SewLLILG))
6T60TG6), [HLDGHES SLDSHBEVIL (LPHOYDIIHENLD HEOLSEME).
apmeypmgemd VIIL : X3+ + 22 = 3xyz = (x + y + 2)(x* + y* + 22 — Xy — yz — 2x)
a®HHEHHTEG 20 : 8x° + )7 + 2723 - 18xyz & snpenfllu@sgis.
H1a) : &MESHSUULL GCamene
83+ + 2720 — 18xyz
= (2x)° + y*+ (32 = 3(20)(»)(32)
= (2x+y F3[20P 4 22 + (320 - (200) — ()(32) - (26)(32)]
= (2x+y+3z) (4x* +)* + 922 — 2xy — 3yz — 6x2)

uuilbHa 2.4

1. 58bS WPHODMTIHENLDSENET LILIGTLIESHS SLDESHS6TTLOUDNMIET SILITHSSHDLIEOSDETT SHIT6T0TS:.
(1) (x+4) (x+10) (i) (x +8) (x—10)  (iii) B3x +4) Bx—-5)

(V) (7 +)07-3) V) (-2 (3 +2v)
2. SDEHHEVILEUDEND CILIHHSHE0 CIFUILIMDED LDSLIL|HEN6T SHITEHoTs.
(1) 103 x 107 (ii) 95 x 96 (iii) 104 x 96
3. S&HEIILEUDEND EILITIHSSIDTET (LPHEMTIHENLDSHENET LILTLUGSS SHMIeuoiliiLGEss.

2

(i) 92 + 6xy + 12 () 42 —4y+1 (i) 22— 1%
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4. Expand each of the following, using suitable identities:
(1) (x + 2y +4z)? (i) 2x —y + z)? (i)  (2x + 3y + 2z)?
(iv) (3a — Tb — c)? V) (2x + 5y =32 (vi) Ba Lpe 1}
5. Factorise:
(1) 4x* +9? + 162* + 12xy — 24yz — 16xz
(1) 2x*+y? + 82 — 2\2xy + 42 yz — 8xz
6. Write the following cubes in expanded form:

() x+1F (i) Qa—3b) (iii) BxHT (iv) {x_gyT

7. Evaluate the following using suitable identities:

(1) (99)° (i1) (102)* (111) (998)°
8. Factorise each of the following:
(1) 8a® + b* + 12a°b + 6ab? (i1) 8a* — b* — 12a°b + 6ab?
(1) 27 — 125a° — 135a + 225a*  (iv) 64a’ — 27b° — 144a*b + 108ab?
RS R
V27" = 515 =57 P

9. Verify: () X¥* +)°=(x+y) (x> —xp +)?) (i) ¥ -y’ =@x-y) P +txy+)?)
10. Factorise each of the following:
(1) 27y* +12523 (i) 64m’—343n}
[Hint : See Question 9.]
11. Factorise : 27x* + )3 + 2> — 9xyz

12. Verify that x* +y* + 23— 3xyz = %(x +y+2) [(x -+ (-2 +(z - x)z]
13.1f x + y + z =0, show that x* + ) + z* = 3x)z.
14. Without actually calculating the cubes, find the value of each of the following:
(i) (12 + (7 + (57
(11)(28)* + (-15)* + (-13)*

15. Give possible expressions for the length and breadth of each of the following rectangles,
in which their areas are given:

Area ;254> —35a + 12 Area] 35y*+13y-12
(i) (if)
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4. QOLINHSSLDNET WPHEODIIHENLDSHENET LIWTLBSS SpssetrLeupenn efifleunsgs.
(1) (x +2y +4z)? (i) 2x—y +z)? (iii))  (—2x + 3y + 2z)?
(iv) 3a — Tb — c)? V) (2x + 5y =32 (vi) Ba Lpe 1}

5. snmrenflu®Gsss.
(1) 4x* + 9% + 162* + 12xy — 24yz — 16xz
(1) 2x*+y? + 82 — 2\2xy + 4/2yz — 8xz

6. SsseviL (pLiLIgsemeT 6Mifleuns@s.
() Qx+ 17 (i) Qa—3b) (iii) Bx N 1} (iv) [x -2 y}
7. QLN HSSLDTENT (LPHODTIHEBLDSENET LIUIGTLIBES SLDSSH6IM6UDNN6IT LDSLIL|SHEWEIT SHTE00Ts:

(i) (99)° (ii) (102)? (iii) (998)°
8. SpsseniLeunenn SMIelLGSSHIS:
(i) 8a® + b* + 12a*b + 6ab? (ii) 8a*>~ b* — 12a%b + 6ab?
(iil) 27 — 125a® — 135a + 225a*  (iv) 64a® — 27b° — 144a*b + 108ab?
W) 27p' = o= 20" + 5

9. eflumis@eyd: (i) x* +)° = (x +y) (P =xy+)7) (i) ¥ =)’ =(x-y) (P +xy+)?)
10. Spsseeubhenn SMrewlLGSHS!s:
(i) 273 + 12523 (ii) 64m’ —343n°

(@MY : 91D Gaemeflewws LIMT]
11. 27x° +y* + 22 = Oxyz & SNpewfu@SSS.
12. gflumm @ x° +)° +2°— 3xpz = %(x +y+2) [(x—yf +(y-2"+(z —x)z]
13. xty+z=0eesfleo x*+)° +z° = 3xyz erev1HHMG.
14. SipsaeniL sevmseaflesn SIS WPHODTIHEDLDSMET LLGTLGSS Sresors.

(1) 12+ (7) + (5)

(11) (28)> + (=15)* + (-13)?

15. VetreupdD BCaNeweusen @@ 6O\FaueusHSHetT UTLILIeTE 66esfled HeuHMHS
OWIMBSSIDNES BT, DHHED HETEYHEM6T SH6uoTBLI.

uglinerey: | 25a* —35a + 12 uglinerey: | 35y + 13y —12
@ (i)
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16. What are the possible expressions for the dimensions of the cuboids whose volumes are
given below?

Volume :| 3x% — 12x Volume :| 12ky* + 8ky — 20k

) (ii)
17. A girl is playing with a toy building block. The volume of the block is
Vix)= x> +4x% +4x
What are the three dimensions of the block?

2.6 Summary

In this chapter, you have studied the following points:

1.

ol B AR G ol o

10.

11.
12.
13.
14.

A polynomial p(x) in one variable x is an algebraic expression in x of the form

— n n—1 2
px)=ax"+a x"'+...tax'tax+ta,

where a, a,a, ..., a areconstants anda #0.

a,a,a, ..., a arerespectively the coefficients of x°, x, x*, . . ., x", and n is called the
degree of the polynomial. Eachof a x",a_ x", ..., a,, witha # 0, is called a term of the
polynomial p(x).

A polynomial of one term is called a monomial.

A polynomial of two terms is called a binomial.

A polynomial of three terms is called a trinomial.

A polynomial of degree one is called a linear polynomial.

A polynomial of degree two is called a quadratic polynomial.
A polynomial of degree three is called a cubic polynomial.

A real number ‘a’ is a zero of a polynomial p(x) if p(a) = 0. In this case, a is also called a
root of the equation p(x) = 0.

Every linear polynomial in one variable has a unique zero, a non-zero constant polynomial
has no zero, and every real number is a zero of the zero polynomial.

Factor Theorem : x — a is a factor of the polynomial p(x), if p(a) = 0. Also, if x —a is a
factor of p(x), then p(a) = 0.

(x+y+zyP=x2+y"+22+2xy + 2yz + 2zx

(x+y) =x"+y 4 3xp(x + )

(x—y)y=x" =y = 3xy(x - y)
X¥Hy+2-3xyz=(x+y+z) (P +)y*+z22—xy—yz—zx)
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16. 8CGp a6 C\FuauTmIZ6N6tT H6vT DleTEUSHET O\HTHHSLILL(B6T6ER. HUDHIDS
EIIMBSSLDTETT HEMESHEDET SH6vor(BLIIQ.
&6t Aerrey: | 3x— 12x &6t Aertey ;| 12ky* + 8ky — 20k
(i) (i)
17. @® dnull searsasaas ealgal SLRLOSTSGS 6LMDDDW 61&Te®
eflememUTGEDTET. HSET SH6vTS6ITe
V(x)=x" +4x* +4x

eT6ufled DiG6tT eLpedTM) LITILDMETTRISHEET 6T(LD&IS.
2.6 BMD BHMENEM :
8b5 ANsHwmusHed BN Spsseueunenn LDl efleundgEsiD.
1. @ bl x 60 1 6ugl LIQ C\&TetIL LeoeymILIL|E: Gsmemer p(X) 63T 6N 6IAILD,
px)=ax"+a x"'+.. . +ax’+tax+a; SpS.

8mS a,a,a, ..., a eeiuer wmmedlast, a =0

a,a,,d,,. ..,a e16TLesT ApemMBILX’, X, X, .. ., X" 60T G6UuTaTs6iT. GLDEYILD 71 6T60TLIE| LISDMILILS:

Gamemeuufledr Lig. a x",a  x"", ..., a, SbSwest LIS Camenauuilett 2 MILILS6IT SHGSLD.

@ 2 miiemL WLGGD O\&mevTL LeoaymiliLs Gsmemer QmmILLES Gsmensy eT6sTLILIBLD.

8y 2 miLiLisemerT LDLGED E\ST6tolL LISeymILILs Gamemey FHMILILIE GaTeney eT6oTLILKBLD.

eLPESTMI & MLIL|FH6merT UGG 61ST6to LISosymiLiL s Gememey eLpeymili] Gasteme T6vmILIBLD.

L 1 & 6smevorL LedemILLs: Gamemey @@pUe LiosymiliLs Gsmemer () Coiilw

LieoYMILILE Bsmemel  eT6oTLILIBLD.

L 2 & 6\&merL LeoamiLiLs: GCsmemer @pLe LIOYMILILES Gsmeme ereoTLILIBLD.

LR 3 & 6\&mewiL LIeosmILiLs: GoHmemer pLiLIle LIOSYMILILIS Gsmenel eTeutLiLiBLD.

8. p(x) eremid LOYMILILIS CaHmemeuuied eIFmeus @ 6\l efewr a && p(a) = 0 etesfled a
& JN&Commemeuullet Lp@edluib erettr. GeueunCGm a &2 LeveyMILILIS Camemen p(x) =0 &&
CLPEVLD 6TESTMILD FermeIT.

9. @@ mlenw O\&TemTL séveom CoIfl LisdaMILILIS CHTEnEUSHEBLD H6ufl5s LpReluIsHemns
OBMEWNRHSEGID. @B LpRPBubOHD WIMedenw &ML LeOaMILLS Gsmene
LHRIAISENS 6\SHTETOTQNTG).

10. sngewfl CsmmID: p(a) = 0 etevfled x — a etediiug p(x) 661 @@ Sngewll SpGLD. GCDEYLD
X —a ee1ug) p(x) & sngenfl eresfled p(a) =0 SpGLD.

1. (x +y + 2z =x>+ )+ 22+ 2xp + 2yz + 2zx

12. (x+y)y =x*+ )+ 3xp(x + )

13. (x =)’ =x" =" = 3xp(x - y)

14. 3+ +22-3xyz=(x+y+z) (P +)? + 22— xy — yz — 2x)

ANl o

&
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17K ZF 3

CHAPTER 3

COORDINATE GEOMETRY
I F 4

What’s the good of Mercator’s North Poles and Equators, Tropics, Zones and Meridian Lines?’
So the Bellman would cry; and crew would reply ¢ Theysare merely conventional signs!’
LEWIS CARROLL, The Hunting of the Snark
3.1 Introduction

You have already studied how to locate a point on a number line. You also know how to describe
the position of a point on the line. There are many other situations, in which to find a point we
are required to describe its position with reference to more than one line. For example, consider

the following situations:

I. In Fig. 3.1, there is a main road running in the East-
West direction and streets with numbering from West to East.
Also, on each street, house numbers are marked. To look for
a friend’s house here, is it enough to know only one reference

Street 3
Street 5
— N W B W
Street 7
—_— DN W KA W

— N W B W

Street 1

— N W B~ W

point? For instance, if we only know that she lives on Street

2, will we be able to find her house easily? Not as easily asgy, B

when we know two pieces of information about it, namely,

the number of the street on which it is situated, and the house

Street 4
Street 6
[0, T U S T NS BTN

[, TN SO UO T NS I

number. [f we want to reach the house which is situated in the

[, T S 'S T O IS
Street 8
WD B W N =

= Street 2

2" street and has the number 5, first of all we would identify
the 2™ street and then the house numbered 5 oniit. In Fig, 3.1,
H shows the location of the house. Similarly, P shows the Fig. 3.1
location of the house corresponding to Street number 7 and

House number 4.
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CO-ORDINATE GEOMETRY

I1. Suppose you put a dot on a sheet of paper [Fig.3.2 (a)]. If we ask you to tell us the
position of the dot on the paper, how will you do this? Perhaps you will try in some such manner:
“The dot is in the upper half of the paper”, or “It is near the left edge of the paper”, or “Itis very
near the left hand upper corner of the sheet”. Do any of these statements fix the position of the
dot precisely? No! But, if you say “ The dot is nearly 5 cm away from the left edge of the paper”,
it helps to give some idea but still does not fix the position of the dot. A little thought might
enable you to say that the dot is also at a distance of 9 cm above the bottom line. We now know
exactly where the dot is!

Scm

9cm

(a) (b)
Fig. 3.2

For this purpose, we fixed the position of the dot by specifying its distances from two fixed
lines, the left edge of the paper and the bottom line of the paper [Fig.3.2 (b)]. In other words, we
need two independent informations for finding the position of the dot.

Now, perform the following classroom activity known as ‘Seating Plan’.

Activity 1 (Seating Plan) : Draw a plan of the seating in your classroom, pushing all the desks
together. Represent each desk by a square. In each square, write the name of the student occupying
the desk, which the square represents. Position of each student in the classroom is described
precisely by using two independent informations:

(1) the column in which she or he sits,
(11) the row in which she or he sits.

If you are sitting on the desk lying in the 5" column and 3™ row (represented by the shaded
square in Fig. 3.3), your position could be written as (5, 3), first writing the column number, and
then the row number. Is this the same as (3, 5)? Write down the names and positions of other
students in your class. For example, if Sonia is sitting in the 4™ column and 1% row, write S(4,1).
The teacher’s desk is not part of your seating plan. We are treating the teacher just as an observer.
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1 2 3 4 5 6 7 & 9 10

Columns

Fig. 3.3

CO-ORDINATE GEOMETRY

7 T shows teacher’s desk
S shows Sonia’s desk

In the discussion above, you observe that position of any object lying in a plane can be

represented with the help of two perpendicular lines. In case of ‘dot’, we require distance of the

dot from bottom line as well as from left edge of the paper. In case of seating plan, we require

the number of the column and that of the row. This simple idea has far reaching consequences,

and has given rise to a very important branch of Mathematics known as Coordinate Geometry.

In this chapter, we aim to introduce some basic concepts of coordinate geometry. You will

study more about these in your higher classes. This study was initially developed by the French

philosopher and mathematician René Déscartes.

René¢ Déscartes, the great French mathematician of the
seventeenth century, liked to lie in bed and think! One day,
when resting in bed, he solved the problem of describing the
position of a point in a plane. His method was a development
of the older idea of latitude and longitude. In honour of
Déscartes, the system used for describing the position of a
point in a plane is also known as the Cartesian system.

René Déscartes (1596 -1650)
Fig. 3.4

EXERCISE 3.1

1. How will you describe the position of a table lamp on your study table to another person?

2. (Street Plan) : A city has two main roads which cross each other at the centre of the

city. These two roads are along the North-South direction and East-West direction. All
the other streets of the city run parallel to these roads and are 200 m apart. There are 5
streets in each direction. Using 1cm =200 m, draw a model of the city on your notebook.

Represent the roads/streets by single lines.

Class 9 90
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CO-ORDINATE GEOMETRY

There are many cross- streets in your model. A particular cross-street is made by
two streets, one running in the North - South direction and another in the East - West
direction. Each cross street is referred to in the following manner : If the 2™ street
running in the North - South direction and 5" in the East - West direction meet at some
crossing, then we will call this cross-street (2, 5). Using this convention, find:

(1) how many cross - streets can be referred to as (4, 3).

(1) how many cross - streets can be referred to as (3, 4).

3.2 Cartesian System

You have studied the number line in the chapter on ‘Number System’. On the number line,
distances from a fixed point are marked in equal units positively in one direction and negatively
in the other. The point from which the distances are marked is called the origin. We use the
number line to represent the numbers by marking points on a line at equal distances. If one unit
distance represents the number ‘1°, then 3 units distance represents the number ‘3°, ‘0’ being at
the origin. The point in the positive direction at a distance  from the origin represents the
number 7. The point in the negative direction at a distance » from the origin represents the
number —. Locations of different numbers on the number line are shown in Fig. 3.5.

One unit One unit

distance distance
,../< Origin ,-/<
50413 2 A1 0 1 2 3 4 5
Fig. 3.5

Descartes invented the idea of placing two such lines perpendicular to each other on a plane,
and locating points on the plane by referring them to these lines. The perpendicular lines may

be in any direction such as in Fig.3.6. But, when we choose

(a) (b) (c)
Fig. 3.6
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CO-ORDINATE GEOMETRY

these two lines to locate a point in a plane in this chapter, one line will be
horizontal and the other will be vertical, as in Fig. 3.6(c).

These lines are actually obtained as follows : Take two number lines, calling
them X'X and Y'Y. Place X"X horizontal [as in Fig. 3.7(a)] and write the numbers
on it just as written on the number line. We do the same thing with Y'Y except 4}
that Y'Y is vertical, not horizontal [Fig. 3.7(b)].

S

W
+

o
"
t

0+ Origin
14
24
34
—44
Origin
X’ —t——————————+— X N
-5 -4=-3=2=1 0 1 2 3 4 5 Y’
(a) (b)
Fig. 3.7

Combine both the lines in such a way that the

two lines cross each other at their zeroes, or origins - . \{
(Fig. 3.8). The horizontal line X'X is called the x- |
axis and the vertical line YY" is called the y - axis. :
The point where X'X and Y'Y cross is called the 2
origin, and is denoted by O. Since the positive Negativer-axis 17 Positive x -axis
numbers lie on the directions OX and OY, OX and 65431 ol 12345 ¢ .
OY are called the positive directions of the x - 2
axis and the y - axis, respectively. Similarly, OX' ;-
and OY' are called the negative directions of the ]
x - axis and the y - axis, respectively. e Y’ .
Fig. 3.8
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CO-ORDINATE GEOMETRY

You observe that the axes (plural of the word ‘axis’) divide X
the plane into four parts. These four parts are called the quadrants
(one fourth part), numbered I, II, III and IV anticlockwise from Quadrantl | - Quadrant
OX (see Fig.3.9). So, the plane consists of the axes and these

X’ - >X
: §)
quadrants. We call the plane, the Cartesian plane, or the
. adrant 111 | Quadrant IV
coordinate plane, or the xy-plane. The axes are called the Quadan Juadran
coordinate axes.
v
Fig. 3.9

Now, let us see why this system is so basic to mathematics, and how it is useful. Consider
the following diagram where the axes are drawn on graph paper. Let us see the distances of the
points P and Q from the axes. For this, we draw perpendiculars PM on the x - axis and PN on the
y - axis. Similarly, we draw perpendiculars QR and QS as shown in Fig. 3.10.

Y L
4
5N P
2
" 1
4 G K h B IOl Ty (SR ATE X
| h M
14
S
A4
o
Fig.3.10

You find that

(1) The perpendicular distance of the point P from the y - axis measured along the positive
direction of the x - axis is PN = OM = 4 units.

(11) The perpendicular distance of the point P from the x - axis measured along the positive
direction of the y - axis is PM = ON = 3 units.
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CO-ORDINATE GEOMETRY

(111) The perpendicular distance of the point Q from the y - axis measured along the negative
direction of the x - axis is OR = SQ = 6 units.

(1iv) The perpendicular distance of the point Q from the x - axis measured along the negative
direction of the y - axis is OS = RQ = 2 units.

Now, using these distances, how can we describe the points so that there is no confusion?

We write the coordinates of a point, using the following conventions:

(1) The x - coordinate of a point is its perpendicular distance from the y - axis measured
along the x -axis (positive along the positive direction of the x - axis and negative along
the negative direction of the x - axis). For the point P, it is + 4 and for Q, it is — 6. The x
- coordinate is also called the abscissa.

(11) The y - coordinate of a point is its perpendicular distance from the x - axis measured
along the y - axis (positive along the positive direction of the y - axis and negative along
the negative direction of the y - axis). For the point P, it is + 3 and for Q, it is —2. The y
- coordinate is also called the ordinate.

(111) In stating the coordinates of a point in the coordinate plane, the x - coordinate comes
first, and then the y - coordinate. We place the coordinates in brackets.

Hence, the coordinates of P are (4, 3) and the coordinates of Q are (— 6, — 2).

Note that the coordinates describe a point in the plane uniquely. (3, 4) is not the same as
(4, 3).

Example 1 : See Fig. 3.11 and complete the following statements:

(1) The abscissa and the ordinate of the point B are =~ and |, respectively.
Hence, the coordinates of Bare (_ , ).

(i1) The x-coordinate and the y-coordinate of the point Mare ~ and |, respectively.
Hence, the coordinates of Mare (_ , ).

(111) The x-coordinate and the y-coordinate of the point Lare =~ and |, respectively.
Hence, the coordinates of Lare (_ , ).

(iv) The x-coordinate and the y-coordinate of the point Sare ~ and | respectively.
Hence, the coordinates of Sare (_ , ).
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(i) y- DHedeO\pBEI Lisiterl Q6T Q\FHIGSS SHMILD X601 GewD Hedletr L5g| DiemaeLILIBLD
gMyib OR&@ &b OR = SQ = 6 SH0GS6T.

(iv) x- DNFSeONBBGI Lsiterll Q6T Q\FhIGSHS S VedT Gewm Hedletr g HenasLILBLD
g OS 6@ &Wwib OS =RQ = 2 SH0GS6T.

8B SleTesemeTll LweTLUGSS GSLPLILD @eoeoriped LisTerfleaeaner suenmumiliiig) eriLie?

SPHEWIL UPSBLILIQ LeTerflufedT Dhuld 61HTEHE0EmE 6T(LDSEVILD.

(1) ®wm yeteflulletr x Sig&s MO ¥ AHESNBHG AHS60T OFHGSSH SNID, BGI X HF&H
afuing (xer Wens Ssdled GEHT SpHOID X- GWD 580 e Sewsuleo e
AHeID) HeTsSILEL. Lsefl Pe& @& + 4 womib yetell Qeflhe &g -6.

(i) @ yereflules y SiFs HMOD x ANFHOBHE NS0T OFHGSSH SMID, B
Y SiFs auPlwns (yeir Wews Dsdled GHIT Sp&HaD V- GOm H&dled adim Hemauiled
adi SpHaD) enssLLEL. Letefl P&g @ + 3 whmib yetefl Qefibhe &3
-2 pGID. Y e er6tiLg| Y-DIE8 6T6eveflD HeWLP&SLILIBLD.

(iii)) @@ yerefluledT Spwis 61FTemEd DIEdH: GNIhSHMETSH SMSHSD GUTEH LpS56e0l6v
X-9iga DG Y- DiFs SMITHISenaTD 61LpsIGauMD. Saumemnm HemLLifed &Ml ®
SuewneH@&D RewLCw @& &) epeold CaumILIBSP S BGGeurb. ereoT@eu Pulledr
ONg& GNImSeT (4,3) OHMID Qeflelr Digd FNOTRIGET (-6, -2) RIH HNSHHO &8
SMImseT @ Seoflgs Leteflenw WwIGED &M&swn (3, 4) eewug (4, 3) &
FLDLD6V6V. (REMeus6T QUetuT(BLD HleueUGaUMTETTEN6).

aBHHIBBTLEG 1: ULID 3.11 & seauedfl. 1ID& S OSMBSHSLIL FadmISEnsT Lpisd O&FUl..

(i) yemefl B 601 x-DiF& WOMID y-HFS GNOTRISET e6diiiemey (pedmGW  OHmID

eTeoTLI6oT. 6160TG6u B uflest SiFe gmomuser ().

(i) yerefl M 601 x-Di&s DOMID y-DHE& GNOTRISET eTetTLIensN (PpedMGW  DOHMID

eTeoTLI6oT. 6160TG6 M ufledt Dig&H gnomseT ( , ).

(iyemerfl L 631 x-DigFs WOMID y-NHEFS GNOTRIGET eledLener (pedmGuw  OHmID

ereoTLIeoT. eT6or@eu L ullett SiFs gnomuger ().

(iv)yeefl S 66T x-DiFg OHOID V- D& FNITRISET eT6iLEDE WeDCW __ _ DHMID

eTeoTLI6OT. 6160TCG6U S ufledt DiF&H FNoTRSET (_ , ).
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CO-ORDINATE GEOMETRY
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Solution: (i) Since the distance of the point B from the y - axis is 4 units, the
x - coordinate or abscissa of the point B is 4. The distance of the point B from the
x - axis is 3 units; therefore, the y - coordinate, i.e., the ordinate, of the point B is 3. Hence, the
coordinates of the point B are (4, 3).

Asin (1) above :

(11) The x - coordinate and the y - coordinate of the point M are —3 and 4, respectively. Hence,

the coordinates of the point M are (-3, 4).

(111) The x - coordinate and the y - coordinate of the point L are —5 and — 4, respectively. Hence,

the coordinates of the point L are (-5, — 4).

(iv) The x - coordinate and the y- coordinate of the point S are 3 and —4, respectively. Hence,

the coordinates of the point S are (3, — 4).
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uab. 3.11
Siran : (1) yetefl B 61 o y - SHsSeOlpbg 4 HOGSSHET 6IILISTE0 BSH60T X - &8s
o 4. Ueimefl B 6t GNOD X - NSO (BHSH 3 HOGSH6T 6ITLIFHTE0 BFHET ) - &8
g 3. eteor@eu Lsiterfl B(4, 3) ereurliLI(BLD.
(i1) x - SF& WOHMID Y - SsdedT FNUMmSET WPeOOHEW -3 OHMID 4 eedTLSTeD LisiTerf]
M etestigy (-3,4).
(iii) yeiterl Ledt x - Sig& OHMID y - H&dledr GnomssT wpewp@Gw -5 wWHmId -4
eTetTLISMeL Lieiterfl L etedtugy) (-5,-4) et6urd GSMIS&LILIEBLD.
(iv) yeiterfl Setr x - AH&& WOMID ¥ - SNFS6dT HMOMISET WeHOGW 3 HMID -4 ET6TLISTED
yeterfl S etetTIgy (3,-4) 616018 GSMSHSLILIEBLD.
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CO-ORDINATE GEOMETRY

Example 2 : Write the coordinates of the points marked
on the axes in Fig. 3.12.

Solution : You can see that :

N W
vs]

(1) The point A is at a distance of + 4 units from the y -axis

and at a distance zero from the x - axis. Therefore, the X<
x - coordinate of A is 4 and the y - coordinate is 0.
Hence, the coordinates of A are (4, 0).

(11) The coordinates of B are (0, 3). Why?
(i11) The coordinates of C are (— 5, 0). Why? Y’

D

[V N S

(iv) The coordinates of D are (0, —4). Why?
2 Fig.3.12
(v) The coordinates of E are (? 0] . Why?

Since every point on the x - axis has no distance (zero distance) from the x - axis, therefore,
the y - coordinate of every point lying on the x - axis is always zero. Thus, the coordinates of any
point on the x - axis are of the form (x, 0), where x is the distance of the point from the y - axis.
Similarly, the coordinates of any point on the y - axis are of the form (0, y), where y is the
distance of the point from the x - axis. Why?

What are the coordinates of the origin Q7 It has zero distance from both the axes so that its
abscissa and ordinate are both zero. Therefore, the coordinates of the origin are (0, 0).

In the examples above, you may have observed the following relationship between the signs
of the coordinates of a point and the quadrant of a point in which it lies.

(1) If a point is in the 1st quadrant, then the point will be in the form (+, +), since the 1st

quadrant is enclosed by the positive x - axis and the positive y - axis.

(11) If a point is in the 2nd quadrant, then the point will be in the form (—, +), since the 2nd

quadrant is enclosed by the negative x - axis and the positive y - axis.

(111) If a point is in the 3rd quadrant, then the point will be in the form (—, —), since the 3rd

quadrant is enclosed by the negative x - axis and the negative y - axis.

(iv) If a point is in the 4th quadrant, then the point will be in the form (+, —), since the 4th
quadrant is enclosed by the positive x - axis and the negative y - axis
(see Fig. 3.13).
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aBHBIHBTEG 2: ULD 3.12 0 dAF&seflenr Bg)
SMssLILLGeTeT Lsierllseflett Digs: SMHISEWeT 61LDSIS.
ST 4
(1) A ettt Leiterfl Y-N56dlpHg 4 SNe0Gs6iT
SMIsHad WHMID X- HeHeOlHHEH O SH0Gs6T .
SMISHRID 2 _eiTeng). er6or@eu X- &S HMUD +4 To-6-5-4-3-2-100 1 2 5 4 S
OMID Y-Ng& b O eteniGeu Lsiterfl A etedrLig ’
(4, 0) etev18 GSMSHBLILIBLD..

i
(i) B eo1 Sig& g (0,3) exedr?

(111) C et1 &6 (-5, 0) eT6dr? Y’

(1v) D et1 SigaaseT (0,- 4) e7601?
2

(V) E 601 DHg&as6eT (ga 0] 676017 uLib. 3.12

X- Sgdlett bgleen e6lbs @ LisTefiulesr Y- Diga: 615memeve) Lpgagdilild Sh@LD. eTentGe
X- Oigs bgleiten embg @ LeTeflud (x,0) 6Tt GSMISGSULGBL. SHIGH X eletiLg)
Y-Sigd16lpbagl LeTerfl 2 etemr gnud Sp@D. @6 Gumed Y- gdlett geiem ebs QBLI
yeierfluyd (0,y) etevrss Gnile&LILGLD. @BhiGs y etettLg X- Si&Sledlapbgl Lieiterfl 2_siterm gmmiD.
676017

SpPlieefl O etettug X HOMID Y SFfellpbg Ly HTSHeNHSSLD.  ereor@e
SpPuyeerflemus (0, 0) erevrds GMNLIGLIMLD.

GohseiL aT@ESHHHSTLROBGHE @M yeraflullesr @Muith&d Siliyerer
SEMDHSBHSSD SMHLGSHEBSSD SHSHSWD OFLiTenU B seueflgSmumi.

() e yetefl wpged &med LGSUTed SpHSTe0 NG (+, +) 161 6uigeled BIHSBSLD.
EI6160TEB160 (LPHEV HiT6D LGP X- H&dletr Lolews eTevrg:eT LDMHMILD Y- HFSledr Lems
STETEHET JHLMBIBU LGS Dh&LD.

(i) @@ yeiterfll wpsed 2618 LGHUld SHHESTEO G (-, +) 160D 6Gugefled BHSHSLD.
eT6\euTenfled BIevorLeNg SM60 LGS X- ANFS6ir Gemm 6T6wrgen MmID Y- DHgdledr
Llews 6TTTEHET IHLMSW LGS Sh@&W. LLD 3.13g2 U

(iil) @m Yeiterll wpa6ed 3eug LGSUNDL SHHBESTEO gl (-, -) 6161 6ugeled SHSHGSLD.
eT6\6vTenfled eLpetTDTeNs) HT6d LGP X- D586t Gemm eletoraseT DOHMID Y- H&edt
GSOD ETEOTEHET JHLBIBW UGS Sp@&LD. UL 3.138 L.

(iv) @ yetefl wpse0 46ug LGHUTL QMHHSTEO NG (+, -) 61651 6ulReled SHIHSLD.
er6\evTevfled HIetTHMEUG HM6d LGP X- Fdler Lens eTevtiasT DOMID Y- Si&sledr
GSEDD ETEOTEHET JHLBIBW UGS Sp@&LD. UL 3.138 L.
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CO-ORDINATE GEOMETRY

(77 +) 2 1 (+., +)

.
Fig: 3.13

Remark : The system we have discussed above for describing a point in a plane is only a
convention, which is accepted all over the world. The system could also have been, for example,
the ordinate first, and the abscissa second. However, the whole world sticks to the system we
have described to avoid any confusion.

EXERCISE 3.2

1. Write the answer of each of the following questions:

(1) What is the name of horizontal and the vertical lines drawn to determine the position
of any point in the Cartesian plane?

(11) What is the name of each part of the plane formed by these two lines?
(111)  Write the name of the point where these two lines intersect.
2. See Fig.3.14, and write the following:
(1) The coordinates of B.
(11) The coordinates of C.
(111)  The point identified by the coordinates (-3, -5).
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uLib. 3.13

@wliny : Bmbd efleuflgs GohaeniL FngeLl Lstaflenw GM&ED (PenD 2 605D (LP(LPEUSHILD

2 MIGETTEL DM ESTETOMILLL DI SpSD. Y SiE&H  (PSHEONSHLD

X Oigs

SUILIOISTSHS Sl QUBSIHHHEVMD SHeTTed AHG GLLULSMS 2 (HeunsHESL. erenrGe
8h% GLUUSmsSL Gunss 2 eo&sb wpipaugild BD sleflss Sembly  wennGul

LWeTUGSSILGSDS).

DA 3.2

1. SpaevoiL eflevasEhs@ efemLwerl.

(1) smmesdlwetr ForsPHed @ LeTafluiesr SLFHewg Biicworulss 2 gayb HoL&ECHTH

DONID G556 CHTE euDMIesT GILIWIT eT6dTenT?

(i) @bs GCandsenmed FHegHen g 2 hHaUNGLD QReUOITH LGHUTET CILILITHED6T

61(LDSIS.

(iil) BBs Bm CaHMBsEHL QUG LsTeaflulledr QLWenT 6rpsis.

2. ULD 3.14 & UMSg SLDSELOUNEDD 6T(DSHIS.

(1) yerrerfl B 61 Siga gmob
(i) yerrerl C s gnmbd
(iii) (-3, -5) SiF&s oD GSM&SID Lsimerflullesr .
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(iv)  The point identified by the coordinates (2, —4).
(v)  The abscissa of the point D.

(vi)  The ordinate of the point H.

(vii)) The coordinates of the point L.

(viii) The coordinates of the point M.

CO-ORDINATE GEOMETRY

3. Acaris located at the point P(2,5) on amap. From P it travels 3 units towards east and

reaches Q. What are the new coordinates of the car's location at Q?

A) (5,8) B) (5,5)

O) (-1,5) D) (-1, 8)
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(iv) (2, -4) OiFs gob &MSGLD Leterflullest awwir.
(v)  yeitefl D o1 X SiF& oD

(vi)  yemefl H 61 X D& g

(vil) L yererflulletr Sigs gmob

(viil)) yerefl M 601 g8 HMOLD

I
I
I
I
X i t } i } f X

-5 4 32 O 1 2 3 405

I | ~1+ I I

I I I I

I I I I

I I -2 | |

I I | I

H"‘““‘““‘:B" I I

| I I

| 1 ____ |

| —4 LG |

I I

E"““‘:S “““““““ *C
v’
uLib. 3.14

3. @ e, @ euenTULSSe g P(2,5) etenid Lserflufled 2 eiterngy. g P Lsiterflufedimpba
3 Sev@seT Bpsd Sewsemwl Crrsd BEMbBSH Q Lsaflenw HewLBmg. SHEUNG ST
SlewwpgleTer Q LeTeflulesr SHFsgnmisener sevor@GLil.

A) (5,8) B) (5.5)

O) (-1,5) D) (-1, 8)
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CO-ORDINATE GEOMETRY

3.3 Summary

In this chapter, you have studied the following points :

1.

10.

11.

To locate the position of an object or a point in a plane, we require two perpendicular lines.
One of them is horizontal, and the other is vertical.

The plane is called the Cartesian, or coordinate plane and the lines are called the coordinate
axes.

The horizontal line is called the x -axis, and the vertical line is called the y - axis.

The coordinate axes divide the plane into four parts called quadrants.

The point of intersection of the axes is called the origin.

The distance of a point from the y - axis is called its x-coordinate, or abscissa, and the
distance of the point from the x-axis is called its y-coordinate, or ordinate.

If the abscissa of a point is x and the ordinate is y, then (x, y) are called the coordinates of
the point.

The coordinates of a point on the x-axis are of the form (x, 0) and that of the point on the y-
axis are (0, y).

The coordinates of the origin are (0, 0).

The coordinates of a point are of the form (+, +) in the first quadrant, (—, +) in the second
quadrant, (—, —) in the third quadrant and (+, —) in the fourth quadrant, where + denotes a
positive real number and — denotes a negative real number.

Ifx #y, then (x, y) # (y, x), and (x, y) = (y, x), if x = .
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3.3 asa@Giny:

b5 UNLGHed> SSEILeunenn SHEMILD.

1. Fwgengdei g @ LeTafl Debeog OLNmHEmeT SM&sH SITIB C\FhHIGSHS

GamBaHeT CoHemer. Heubnled RetTM HwLEHEHTG HODTSTN &SH&IHCHTE.

2. FDGATD SMTeerdlledT FHOTD 6TeTCMT 6LV DpHUIS CIFHTEMEVS SHED 6eTesTEMIT

OIeBLPSHSLILIBLD.

3. BWLEHCHMB X - &5 61607 HWWPSHSLILGBLD OHMID SS5SHHCHTB Y - Di&& 661

OILPSHSLILIBLD.

4. S O\HMENED NHEFHGHET FLDSETSHEMS [ FLODNEI &HT6d LiGSeHens Lifledesiment.

5. Sgaseaflett QeuL@L Letafl SpPliemefll erenr SHewp&HSLILGSEDG).

6. Y - SgAedlmbg Lisiterfludett HMusems x— Dige FMILD eT6vtad X ~AHFembgI LeTerflullest
SMISENS y - AHFS FNID 666D HeWPSHSILGSEDS).

7. @@ el SiFs HNIsems (X,y) 66T SMISHCONID. X 6160TLH X NFSH HNISMSWID Yy
ET60TLIS| Y DIES FNISMSU|D SMSHSLD.

8. X - Olgdletr ogyeitem Leimerilgeit (x, 0) eT6tTn 6culpeeyId Y - Sngdlett gleimen Lsierflaer
(0,y) e165TD 6IQ6HI6L QMHSHGSLD.

9. IpBuyeredl (0, 0) er6v18 GSMSHSHLILGBLD.

10. @pged &med LIGHUN6D (+, +) eleviayd, QUevorLid &med LiGHuiled (-, +) eTevrayld, eLpesTMITLD
&m0 LGHuleo (-, -) elevrald, [BIETSHMD &Med LGHuleo (+,-) eteoreyd Ljemerflseir
SMISSLILIGLD.

11. x # y etevfled (x, ) # (v, x), DOOID x = y 6r6vfled (x, y) = (v, X)
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LINEAR EQUATIONS IN TWO VARIABLES

-

VIEEL

CHAPTER 4

LINEAR EQUATIONS IN TWO VARIABLES
I 4

The principal use of the Analytic Art is to bring Mathematical"Problems to Equations
and to exhibit those Equations in the most simple terms.that can be.

—FEdmund Halley

4.1 Introduction

In earlier classes, you have studied linear equations in one variable. Can you write down a linear

equation in one variable? You may say thatx +1=0,x+ 2 =0and 2y + /3 =0 are
examples of linear equations in one variable. You also know that such equations have a unique
(i.e., one and only one) solution. You may also remember how to represent the solution on a
number line. In this chapter, the knowledge of linear equations in one variable shall be recalled
and extended to that of two variables. You will be considering questions like: Does a linear
equation in two variables have a solution? If yes, 1s it unique? What does the solution look like
on the Cartesian plane? You shall also use the concepts you studied in Chapter 3 to answer these
questions.

4.2 Linear Equations

Let us first recall what you have studied so far. Consider the following equation:
2x+5=0

Its solution, 1.e., the root of the equation, is —g . This can be represented on the number line

as shown below:
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- 67TL°LD6voTL" QDITES]

4.1 SIepsLb :
85h& WPhmsw eau@LLsefed BhseT & LM ST  UBLIQF &FL6TLITBESET
GSMSG LIgSSTSH6T. @@h LDNNNG E\HMEWIL (BLIQE FLDCTLITBEHET Q66NN 2 _63T6ITed 6T(LDS
apieuyon? x +1=0,x+ 2 =0 whoIb 2y + /3 =0 ei6tTueT @ MG OISHMEIIL QHLIQS
FOSTLNBSHEDHS Fl60 IBSHISHHTBEHET 61601 [B 61FTE06V6VNID. BGHHMBUI FLDEHTLIML NG
@6 (unique) Sie) WLGGCL 2 6orE ETLMSWID B Hneumil. Qbs Sieweu  erewor
Gamiigedr L5g) eTLiLe GSMILILG eTeTLIEnSWD Bewettey LIBSS&HSM6T. @Bl LITLSHO (b
LDMASS E)BMETOTL. (PHLIQE FLDGTTLINBSHET GSMlsg ! LIQUIGLIMD. SLpasetor.. efennaseme GNls s
AP IILMT. @BUevor® LDMHISHET E\HTEITL 6(BLIQEF FSTLMLRNG Sie)] 2 66orLn? Splb
ereafled g @Cr Sieun? Smmedliedt FGNTGH0 b Siey 6Ll BHHSD? BHSHMSHW
eNevI&ESHEHSHES 6flebl &Mewr LMLLD 3-60 LISHseuhenn LWGTLIGSDS 6\&e6T.

4.2 QBUIRF FIDITUTBDHE :

Baeuenr B Lgsseuhenn et B BenertaILGSHS O\HM6T. SLPHSHEMIL  FLDESTLITL 6L
s6u6vfl
2x+5=0

85601 e DFTeug @G0T CLPEVLD 6T6ITLIG) —g BNG SLDHSHEWILOUTN)] ETEO0TGSHTL Q6T
eLP6OLD
f

/

1551 SNSSHISHSTLLEOMLD.

M M
< T T

”
4 352 -1 0 1 2 3 4
2

LILLD. 4.1
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LINEAR EQUATIONS IN TWO VARIABLES

While solving an equation, you must always keep the following points in mind:

The solution of a linear equation is not affected when:

(1) the same number is added to (or subtracted from) both the sides of the equation.
(11) you multiply or divide both the sides of the equation by the same non-zero number.

Let us now consider the following situation:

In a One-day International Cricket match between India and Sri Lanka played in Nagpur, two
Indian batsmen together scored 176 runs. Express this information in the form of an equation.

Here, you can see that the score of neither of them is known, i.e., there are two unknown
quantities. Let us use x and y to denote them. So, the number of runs scored by one of the
batsmen is x, and the number of runs scored by the other is y. We know that

x+y=176,
which is the required equation.

This is an example of a linear equation in two variables. It is customary to denote the variables
in such equations by x and y, but other letters may also be used. Some examples of linear
equations in two variables are:

1.2s+3t=5,p+4g="7, ru+5v=9and 3= 2 x—7y.

Note that you can put these equations in the form 1.2s +3¢-5=0,p+4g—7=0, tu + 5v
~9=0and +2x—7y—3=0, respectively.

So, any equation which can be put in the form ax + by + ¢ = 0, where a, b and c are real

numbers, and a and b are not both zero, is called a linear equation in two variables. This
means that you can think of many many such equations.

Example 1 : Write each of the following equations in the form ax + by + ¢ =0 and indicate the
values of a, b and ¢ in each case:
() 2x+3y=437 (i)x—4=.3y (iii) 4 = 5x — 3y (iv) 2x=y
Solution : (1) 2x + 3y =4.37 can be written as 2x + 3y —4.37=0. Herea =2, b =3 and
c=-4.37.
(ii) The equation x —4 = /3y can be writtenasx— 3y —-4=0. Herea=1,
b=-—3 andc=—4.
(111) The equation 4 = 5x — 3y can be written as 5x —3y—4=0.Herea=35, b

=-3 and ¢ =—4. Do you agree that it can also be written as —5x + 3y + 4
=0 ?Inthiscasea=-5,b=3and c =4.
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(b FLOGILINL DL STEGLDCLITG| SLPSHSHEIN. 2_6ToTenLDHEDET HEUTTSHHE0 6T Geuetor(BLD:
QM Q(BLIQ FLDEITLITLIQEN Siiey e IGLMEGEVEOND DMHIMD HEWLWINE)] 6T6vfl6d
1. @G 6T6TOTEMETOT FLDEFTLIMLIQENT @BLMAPLD FaLllesTmGeom Di6vevs sLAGSHTEe0,
2. GLOAYILD FLDESTLIMLIQEHT SBLDSMSUID Lpe2SUILD 6060 6T6T0T6nNTeD 6ILIHESEoTTGE0T
Si6060G]| EUGSSSTE6ON.
SLDHHETL. GLPEWEO [HMD GUIGLING| S6uesfiGLITLD.

BrsLfleo SrHunelbEd Geomienss&D BewLCW HLHBS QMbHHT6T S&Hast
Gumipuilsd Quei® SHAw WLewL elgamemiser Gssg 6(GSHS RULLD 176. Bbs
sfleuIsems 6(H SLDESTLIMLIQES eLpeoldD S\Siflefll.

BhG 6hS Qb LDLEOL elsemeTiles QULAPD OSTEHSLILILEN606me0. Hmeug Sretor®Ld
OBMWNg Slemeyseit. SisumemMm X DHMILD Y eLPeOLD GSMILIGLIMD. 6160166y ([ LDL6WL 6lgamentT
(B85S QULMIGET X 6I60TQYD, DHODIHOUT TBS5S RULIRIGHET y 6TEOYD 6\&HTeTs. eT6rTG6)
[bD&E HMLEGLD FLDESTLING

x+y=176,
85IC6 BD&GSH CHEMOULITET FLDETLNG Sh@SLD.
85 SUeni® LDINSHEDETS ST Q(HLIQ FDETUMLIYNEG @B 2-STIEWID SpGSLWD. X
DHMILD ) 616018 GSMILILG] LDOL. Dheved @ews Gaum| LDMINGET eLPEOLDTSHEID GSNIESHE0MLD.
Sreii® MHISHET C\STEWIL (BLIQ FLO6TUMLIYNE GLaD H6v aTBSHSHISHTLBSH6T:

1.2s +3t=5,p+4q =7, mu+ 5v =9 pmitb 3 = V2 x — 7.
8b5 FGTLITBHEDOT SHDSHSBETITLCUTMILD 6T(LDGEOILD, 1.2s+3t—5=0,p+4qg—-7=0,
mu+5v—9=0 whoud 2x -7y -3 =0
ete0i@e, ax + by + ¢ = 0 er6tin  6uigelled ETWPSHLILIBLD 6THS FLDSTLUNGBLD T6wor® LDI&6iT
C\STETTL. (HLIQ &FLDETUN(H eTeorLILIBLD. @hi@ a, b DHMILD C 6T6TLIEN GIDUI 6T6T0T&6T LDHMILD
a, b @mer Qe Q6T FLWSHD LpRUID BHSSH6HLTE. SCHELTENTM L6
FLSTLNBSH6T SMSSH 1B bHeseomLb.

ABSHHIBHTLEB 1: SLDSHHEWIL 66UE\6UN(TH FLOeTUM emLW|D ax + by + ¢ = 0 etedtp  6uipefed
61(W&| LHMILD a,b,c Geudmledr LDSLIL|GHemeT Reu\GUTETIISID SHevoTBLILR.
(i)2x+3y=437 ()x—4= 3y (iii) 4 = 5x — 3y (iv)2x=y
BT
(1) &wetun® 2x + 3y =4.37 @ews 2x + 3y —4.37 =0 etev1 e1WFHONMD. PG a=2,b =3
HmID ¢ =—4.37
(ii) &wedtun® x — 4 = /3 y e1601L6MS X — 3y —4 =0 ete01 e1WFEOMD. @i a=1,b=—/3
O ¢ =—4
(iii) wesrun® 4 = 5x — 3y etetiliewns Sx — 3y — 4 =0 etevr eTWFHEOMD. @S a = S5, b =3
OHMID ¢ =— 4
Bewa —S5x + 3y + 4 =0 eTevrayld 6IWSHEOMD 6TGITLIENS B RLILSHOSTTHOMLIT?  RrhiS
a=-5,b=3 wHmib c =4
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LINEAR EQUATIONS IN TWO VARIABLES

(iv) The equation 2x = y can be written as 2x — y + 0 = 0. Here ¢ = 2, b = -1 and
c=0.

Equations of the type ax + b= 0 are also examples of linear equations in two variables because
they can be expressed as

ax+0y+b=0
For example, 4 — 3x = 0 can be written as —3x + 0.y +4 =0.

Example 2 : Write each of the following as an equation in two variables:

(i)x=-5 (i) y=2 (i) 2x=3 (iv) S5y =2
Solution : (i) x=-5canbewrittenas l.x+0.y=-5,or l.x+0.y+5=0.

(i1) y=2canbe writtenas 0.x + 1.y =2, or O.x+1.y—-2=0.

(111) 2x = 3 can be written as 2x + 0.y —3 =0.

(iv) 5y =2 can be written as 0.x + 5y —2=0.

EXERCISEA4.1

1. The cost of anotebook is twice the cost of a pen. Write a linear equation in two variables
to represent this statement.

(Take the cost of a notebook to be T x and that of a pen to be X y).

2. Express the following linear equations in the form ax + by + ¢ = 0 and indicate the
values of a, b and ¢ in each case:

()2x+3y=0935 (i) x-— % ~10=0 (iii) 2x+3y=6 (iv) x=23y

(v) 2x = -5y (vi) 3x+2=0 (vii) y—-2=0  (vii) 5=2x

4.3 Solution of a Linear Equation

You have seen that every linear equation in one variable has a unique solution. What can you say
about the solution of a linear equation involving two variables? As there are two variables in the
equation, a solution means a pair of values, one for x and one for y which satisfy the given
equation. Let us consider the equation 2x + 3y = 12. Here, x =3 and y = 2 is a solution because
when you substitute x = 3 and y = 2 in the equation above, you find that
2x+3y=2x%x3)+(3x2)=12

This solution is written as an ordered pair (3, 2), first writing the value for x and then the

value for y. Similarly, (0, 4) is also a solution for the equation above.
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(iv) setiIn® 2x = et6dniens 2x —y + 0 =0 et6or 61LpFHOOMD. @hig a =2, b=—1 wibmib ¢ =0.
ax+b=0 er6d1D EUMHSWINEST FLDETLINBSHEHD G(H LDINISH6IT CIHTEWIL (HLIQR FLDSTLTH
6T60T60MLD.  6T6\6uT6ufl6d Steumemm ax + 0.y + b = 0 e16vr 6T(LDS6OMLD.

TB5&IHSM LTS 4— 3x = 0 erettLeng —3x + 0.y + 4 = 0 eT607T 6T(LDSHEOITLD.

ABHBHIBHTB 2 : SDSHHEVITL. 66)66UTEITEDDILD BT600TB LDMINSHET 6VHTETOTL. FLDGTLIN(BEH6TTS
61L&
(i) x=-5 (i) y=2 (iii) 2x =3 (iv) 5y =2

Siray : (1) x =-5 eredruens 1.x + 0.y =5, Seveogy 1.x +0.y +5 =0 et6v1 61(LPSHE0MLD.
(i) y =2 eretiuiems 0.x + 1.y =2, Sieveogy 0.x + 1.y —2 = 0 et601 611LPSEOMLD.
(iii) 2x = 3 erevteng 2x + 0.y — 3 = 0 61601 €T(LPSEOMLD.
(iv) 5y =2 etetiuems, 0.x + 5y — 2 = 0 67607 6T(LDS6OITLD.

uuida 4.1
1. @ CHILEBLU LUsssssen eened @@ Gueeile eflemevenwill GLITed @ LDLMHIGS.
855 sapon GNss: SIUE LDANISET C\GMEIL @0 (HLIQEF SFLDETLIT ML
61L&
(CHTBL Lssss360T eflened X x aenteyd GLerrmeflsir eflemed T ) eTemTOD C1&TETS).
2. SpsseIL QHUIRF FDeTUNBSeWeT ax + by + ¢ = 0 etetim  6ulpefed  eTWDGIS.
REUCGUTETIIAYILD a, b, ¢ 63T LDSLILSEWET 6T(LDEIS.
(i)2x+3y=0935 (i) x-— % ~-10=0 (ili)) 2x+3y=6 (iv) x=23y
(V) 2x =5y (vi) 3x+2=0 (vii) y—-2=0 (viii) 5=12x

4.3 QBUIRF FIDITUTBSMN HTHSID WpaD :

Q@b LMD E\BMEwIL 6(BLIQ FDTLM NG 96T @@ Siey WLBGL 2 6wi® eeiams b
Sinfeunil. SIewr® LDINNGET E\HMEWIL (BLIQ FLDETUML NG HiT6y eT6dTedr 616dTLIS SMISEI
1B 6T6tTen Q\FMELSMTUI? FLDETTLIML Q6D STetor® LommlseT GapLILSTeL Siayd @b Geameuins
BHBHGWD. X H& @@ WPHIYWD, ¥ & @b WPHULWD eer @ Cxme PHLILSH6T SHSHSLD.
2x + 3y =12 et6drp FDGTLIM WL SH6uerll. @i x =3 HMID ¥ =2 61651 SiTe] BeOLSSMS).
FLDTLIM 160 @hS LI |sHeneT LAgHudLmev,
2x+3y=2x3)+(3x2)=12

8bg Sienel (3,2) e165TN GRMQUITS 6I(LDSEVILD. (LP&6OleD x 65T LS IeWLILLD, ETEToTLTeUSTS
Y 601 &lemLud erps GeustorBLd. BCHELIMed (0, 4) er6iTUGID GLOMHESHETL  FLDESTLIML QD&
M S SpGLD.
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LINEAR EQUATIONS IN TWO VARIABLES

On the other hand, (1, 4) is not a solution of 2x + 3y = 12, because on putting
x=1and y=4we get 2x + 3y =14, which is not 12. Note that (0, 4) is a solution but not (4, 0).

You have seen at least two solutions for 2x + 3y =12, 1.e., (3, 2) and (0, 4). Can you find any
other solution? Do you agree that (6, 0) is another solution? Verify the same. In fact, we can get
many many solutions in the following way. Pick a value of your choice for x (say x =2) in 2x +
3y =12. Then the equation reduces to 4 + 3y =12, which is a linear equation in one variable. On

. . 8 8) . . . .
solving this, you get y = 3 So | 2, — | is another solution of 2x + 3y = 12. Similarly, choosing
x =-135, you find that the equation %ecomes —10 + 3y =12. This gives y = 23—2 So, K_s, 2) 1s
another solution of 2x + 3y = 12. So there is no end to different solutions of a linea equ3a 10n
in two variables. That is, a linear equation in two variables has infinitely many solutions.

Example 3 : Find four different solutions of the equation x + 2y = 6.

Solution : By inspection, x =2, y = 2 is a solution because forx =2,y =2
x+2y=2+4=6

Now, let us choose x = 0. With this value of x, the given equation reduces to 2y = 6 which has

the unique solution y = 3. So x =0, y = 3 is also a solution of x + 2y = 6. Similarly, taking y =

0, the given equation reduces to x = 6. So,x =6, y =0 is a solution of x + 2y = 6 as well. Finally,

let us take y = 1. The given equation now reduces to x + 2 = 6, whose solution is given by x =4.

Therefore, (4, 1) is also a solution of the given equation. So four of the infinitely many solutions
of the given equation are:

(2,2),(0,3),(6, 0) and (4, 1).
Remark : Note that an easy way of getting a solution is to take x =0 and get the corresponding

value of y. Similarly, we can put y = 0 and obtain the corresponding value of x.

Example 4 : Find two solutions for each of the following equations:

(1) 4x+3y=12

(i1)2x +5y=0

(iii) 3y +4=0
Solution : (1) Taking x = 0, we get 3y = 12, i.e., y = 4. So, (0, 4) is a solution of the given
equation. Similarly, by taking y =0, we get x = 3. Thus, (3, 0) is also a solution.
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(1, 4) etetrigy 2x + 3y = 12 1601 FDSILINLIYNS SiT6y Devev. eT6levrenilev, x = 1 DHMILD
y =4 etettn S G LgHuLmed swestLn® 2x + 3y = 14 eteor QUMISGMLD, eT6v1G6U
(1, 4) eretrigy Sitey Devev. (0, 4) eredrLgy Siiey Spevrmed (4, 0) eredTLg Sii6y 60O
ETEOTLIENS &6U6Df.

2x+ 3y =12 et6tin FETUMIYHS SEODHSSH BTG STeusHeT Fmeug) (3,2) DHMILD
(0,4) eteorl LMGGHMD. Goum) FMeug Siewer L eirevrmed &HevuBLIESHS  (LpiUILDT? (6,0)
eT60TLIg) LMONH Siiey eT6iiLens B ahmis QO&meTSpmUT? Qeng UMt SLpS&e6wTL
auflpedLILIY L6 SeysHemen [BND SHTEOEOND. X && 2 6dlenenwl eflpLILILILIQ  &(h
wdlemu NgHuN®. 2x + 3y = 12 et6dtn FLDeSTLIM Q6D X =2 6T60T LATHuNLmed, gy 4 + 3y— 12
eT6tTn 6(H LMMUTEd QBLIRF FIDETLIMLTS GOMPEME. DeWG &(HHBHETEd ) = — 6T60r
BOLESMG).  e160TC6Y zg ET6OTLIGID LDHODTH SiT6)  ShSLD. @Gg@una) xX=- 5 6T60T
T(BSHSI5H61SITETOTLTED &Loszrrurr@ —10 + 3y =12 etet1 SpBwz1. BFH ¥ = ? 6T63TD  LDSLIEDLIS
O&MTBHEME. er6oTC6 _5,_ er6oTLg) 2x + 3y = 12 eted1Lgest WHODTH Hiey ShGSLD.
QU wWpieflevevmped 5&6‘4?560)617 STBLNeS5SIS 6\&TeorGL  GumseonD. ereorGey  G(h
LDMNIIS6T E\HTETTL. 6(H (LIS FLDGTLIMLIYNS (pigefeon Hieyser 2 6vor(B.

aBHBHIBHTEG 3 : X +2y =06 61651 FDSTLMLIDS H6tIS 6\eueuGoum) Siieysemer SeuorBLILQ.
Sira) : FfluMigEHe0 epeold X = 2 MMILD ¥ = 2 6T63TE0MLD.

ageleutesiled x =2,y =2 DIIBEHSS x+2y=2+4=06

BUGUg| x =0 et601 TBSZHIHHTETEAUMLD. X H& BHS PHLenu LgHuiLmed Feorun® 2y
=6 e1601 SpPMg). eTeMIB6U ) = 3 AbemsWmey, x =0, y =3 er6dTLIG) X + 2) = 6 616N FLDSTLIMLYMNS
b Siey Sh&. BC5BLMEL =0 61607 61(BHSHISHEIHMETTLT6L FLDTUN® X = 6 61607 HeWLHSMG.
er6u1@6u x =6, =0 eT6dTLIG) X + 21 = 6 6T6TTM FLDEFTLIMLIQET LDHODM(H SiT6) Db@SLD. HewLAWNS
y =1 eret1 1BSHZIHOSHMTGRUMD. &FoedUNG x + 2 = 6 etéo1 OWMIBCMID. eT6vTC6U X = 4
Spem&IWTeD, (4, 1) 6TITUGID OSMBSHSLILLL FDETUM NG Si6y Sh@LD. eTeniGeu pigeflevm
Sieysefleo seor@LlgsslLLL BeiG Sieysst (2, 2), (0, 3), (6, 0) wbmib (4, 1) eredrLieor.
@iy eaefl el ercirenreleuestOIed X = 0 16018 E&MEvOTB ) LDSLIeWLIWD, ¥ = 0 616018
6\&MevoT(® X LDSLIMLILILD &SH6uoTBLIRLILISTESLD.

TBHBHIBBTLG 4 : SDSHHEVL. QR6UCGUT(H FLDSTLMLIRNGSD BII® Siieysener seuorBLILQ.

(1) 4x+3y=12
(i1)2x +5y=0
(i) 3y +4=0

Siey : (1) x = 0 etevr 1BSSHIBESMETOILIEO 3y = 12 Dgneug) ¥ = 4 eteviGeu (0, 4) er6diLZ QH
Siiey. @Bs8LMed y = 0 e1601 1BSZIHESHMETITLT60 X = 3 et601@6u (3, 0) 6T63TLIZHI LDHODIH SiTey
SpSLD.
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LINEAR EQUATIONS IN TWO VARIABLES

(1) Taking x =0, we get 5y =0, 1.e., y=0. So (0, 0) is a solution of the given equation. Now, if
you take y = 0, you again get (0, 0) as a solution, which is the same as the earlier one. To get

. . .2
another solution, take x = 1, say. Then you can check that the corresponding value of y is s

So (1, —%) 1s another solution of 2x + 5y = 0.

4
(111) Writing the equation 3y +4=0as 0.x + 3y +4 =0, you will find that y = -3 for any value

of x. Thus, two solutions can be given as (0, —gj and (1, —%} .

EXERCISE 4.2
1. Which one of the following options is true, and why?
y=23x+5has
(1) aunique solution,  (ii) only two solutions,  (ii1) infinitely many solutions
2. Write four solutions for each of the following equations:
() 2x+y=7 ()mx+y=9 (i) x =4y
3. Check which of the following are solutions of the equation x — 2y =4 and which are not:
(1) (0, 2) (i1)(2, 0) (iii) (4, 0)
(iv) (vV2,42) 1, D
4. Find the value of &, if x =2, y = 1 is a solution of the equation 2x + 3y =£.

4.4 Summary

In this chapter, you have studied the following points:

1. An equation of the form ax + by + ¢ =0, where a, b and c are real numbers, such that a and b
are not both zero, is called a linear equation in two variables.

2. A linear equation in two variables has infinitely many solutions.

3. Every point on the graph of a linear equation in two variables is a solution of the linear
equation. Moreover, every solution of the linear equation is a point on the graph of the linear
equation.
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(if) x = 0 eteor a1 BSHFHIHOSHMEHOILTED 5 = 0. Sgneug y = 0 erevr@eu (0, 0) @ ey SpGLD.
SiB5GLIM6L y =0 61601 61(BEGIHESHMETILITEL X = ) HeWLESME. Hmeug (0,0) Siieuns: HemLsHDE).

85 wettemLLl GumeoBeu GHLILIGTEL X = 1 61601 TBSHIHEHMENT. ) 65T LDLIL] s ODLEWSILITED

Siiey (1, —%) eTETONSM ).

(iii) 3y + 4 = 0 eretruems 0.x + 3y + 4 = 0 e1601 eT(WSH6OND. X && 6HS LS| Sleflssmad

4 ) 4 . 4 i . .
y=—7 etem BeL&HGLD. 6160166 [0,—5} LDMHMILD [L_ﬂ 61601 QUETI(B STEUSHENAT 6T(LDSEVMLD.

uuiHa 4.2
1. SpsserLeunnied 615 2 _6ToTemD? 6T65T?
y=3x+5 e16d1n ST IRMS
(i) @Cr @wm Siey 2 oG (i) Sueor® SieyseT WLBEL 2 6vor®
(iii) gpigefleon Srieyse 2 etor®
2. SDHHEWIL QUGN FLDETLMLIQNGLD [HI6iT@ SiTeySHeneT SHevorBLILY.
(i) 2x+y=7 (i)mx+y=9 (i) x=4y
3. SpsseurLeunmIeT X —2) =4 eT6dTD FLDEFTLITLIQEN Siieyd6iT eT6meu? Hiiey HEOEOTGHeme
6T6m6?
(1) (0,2) (i1) (2, 0) (iii) (4, 0)
(iv) (vV2,42) () (1, 1)
4. x=2,y=1 etetiemen 2x + 3y = k 61601 FLDGTLINL Q6T SiTeyselT eTevfled k 651 LS I6wLI
&6uoT(BLIIQ.

4.4 azsniiy :

SUUMLSH60 S(W6iTem HHGHSHIHET SMESH HDBGHIS E\SHTEGrGLITLD.

1. ax + by + ¢ = 0, etedtp  euigeflegisiter  FOETUTE Sretor® LDMHOIGHET O\SHTETOTL  (HLIQ
FLOETUND 61607 HeWPSHSLILIBLD. @b @, b LDHMILD ¢ 6TESTLIEN CIDUI 6T6v0T&:6T LDMMILD @, b
eT6tTLI6NT RGCT FLOWISHED Lpg32dlid @e06nsv.

2. @eooi® LAMSHET E\HTETOTL E(BLIQ FLDETLIMLIQMNE SH600Tehd60 LIRS LI6d SiTeys6T 261

3. @@BLIQ FLDETTLIMIQE euewTLLSS6T LgieTen euaeum s LeTefld Hbg SFLDESTLIML Q65
STeYSH6IT SHGLD. R6UEIQUM(H SiTEYD HLIQ FLDETTLIML Q6T 6ueHILILSSH60T LigleTen Lismerflaerr
SpSLD.
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INTRODUCTION TO EUCLID’S GEOMETRY

PABEHS

CHaPIER S

INTRODUCTION TO EUCLID’S GEOMETRY
L ¥ 4

5.1 Introduction

The word ‘geometry’ comes form the Greek words ‘geo’, meaning the ‘earth’, and ‘metrein’,
meaning ‘to measure’. Geometry appears to have originated from the need for measuring
land. This branch of mathematics was studied in various forms in every ancient civilisation,
be it in Egypt, Babylonia, China, India, Greece, the Incas, etc. The people of these civilisations
faced several practical problems which required the development of geometry in various
ways.

For example, whenever the river Nile overflowed, it wiped
out the boundaries between the adjoining fields of different
land owners. After such flooding, these boundaries had to be
redrawn. For this purpose, the Egyptians developed a number
of geometric techniques and rules for calculating simple areas
and also for doing simple constructions. The knowledge of
geometry was also used by them for computing volumes of
granaries, and for constructing canals and pyramids. They also
knew the correct formula to find the volume of a truncated
pyramid (see Fig. 5.1).You know that a pyramid 1s a solid
figure, the base of which is a triangle, or square, or some other

polygon, and its side faces are triangles converging to a point
at the top. Fig. 5.1 : A Truncated Pyramid
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upbefipanr anpaiuico SIjlapasib I@I,&;,a_‘julrruui)—5
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5.1 &imlapasib

(geometry) eTenld ©)&mev BGwm (geo) wmHmId ewLledr (metrein) SpHuw Prevor® SCr&HS
QEMH&HEMET BEWEWIHZH 2 HOUTSHSLLILLSI. Gwm (geo) ereirpmed Lpusl WHmID WL edr
(meterin) eT6aTMTEd HENTSS60 6T6TTOUD ELITIHETUGLD. Bbs 6ulefllied eTENID H(HSEI BE0SENS
Slemlughsne Seuflwid gourLCung LIDbEsg. senlssdenr @ms Lifley, LevremLW
Brsfsmasenren erBlgl, LMiGeonesfluwim, oo, @pduim, Siferv, Gedraermev SpHGWIMTTEL
SpImMUILILL ). @S Bisfeasdet smiseflenr sumpsileo LisoGaum SuieoLimes LATEFeneataenerT
aPesnerLBUTE g ueveaudsefleo eugeflied LDMIW GCaMLTBS6T  euerTTaHulanLi
RINDIGEH)

TBSSHISHMLLTS, eDHEL HHUND C6UeTeNTD EILITHEEHBSHS)
gleul GuIg SipBayeTen aulev eflewemBeomiserleir eT6deMELSH6IT
SifsgE GFeveOLILILLEN. E6u6TaTD GODHS LIDGS,
eflemenBeorhigerfleir eT60EMELSEIT LB6TIT(BLD 6UETIUIM)SELILIL L 60T.
BFHENS, BLSWIMSHET eerflll LITLILISED6T 2 (HeUTEHE6USNHESLD,
aeflil  SLLEWLILSEMET 2 (HUNSHGSOUSDGD 6TewT6mTHm
auIQEluIEd HIETISHEHMHIGENETUD, HPHENATIID 2 (HeuTSHSerT,
sneflus Geflweoseflett T SleTeysHeneT HeUTHSLLD,
SeLEUMLIGST DHMID LIMBGsHEmaT SLLMDLILGNHESLD 6ulpsfiLicd

upPiw  AHnjlewey LWETLBSSEIT.  SHIWNESHSLILILL  LIL6nL
gaubLserletr (MSIBE6T) SHEOIH6EITEM6N SHITETTLISNG, HIEOEOWILDITEOT L ib 5.1 : S@mpdsiurL NG
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INTRODUCTION TO EUCLID’S GEOMETRY

In the Indian subcontinent, the excavations at Harappa and Mohenjo-Daro, etc. show that the
Indus Valley Civilisation (about 3000 BCE) made extensive use of geometry. It was a highly
organised society. The cities were highly developed and very well planned. For example, the
roads were parallel to each other and there was an underground drainage system. The houses
had many rooms of different types. This shows that the town dwellers were skilled in mensuration
and practical arithmetic. The bricks used for constructions were kiln fired and the ratio length
: breadth : thickness, of the bricks was foundtobe 4 :2: 1.

In ancient India, the Sulbasutras (800 BCE to 500 BCE) were the manuals of geometrical
constructions. The geometry of the Vedic period originated with the construction of altars (or
vedis) and fireplaces for performing Vedic rites. The location of the sacred fires had to be in
accordance to the clearly laid down instructions about their shapes and areas, if they were to be
effective instruments. Square and circular altars were used for household rituals, while altars
whose shapes were combinations of rectangles, triangles and trapeziums were required for
public worship. The sriyantra (given in the Atharvaveda) consists of nine interwoven isosceles
triangles. These triangles are arranged in such a way that they produce 43 subsidiary triangles.
Though accurate geometric methods were used for the constructions of altars, the principles
behind them were not discussed.

These examples show that geometry was being developed and applied everywhere in the
world. But this was happening in an unsystematic manner. What is interesting about these
developments of geometry in the ancient world is that they were passed on from one generation
to the next, either orally or through palm leaf messages, or by other ways. Also, we find that in
some civilisations like Babylonia, geometry remained a very practical oriented discipline, as
was the case in India and Rome. The geometry developed by Egyptians mainly consisted of the
statements of results. There were no general rules of the procedure. In fact, Babylonians and
Egyptians used geometry mostly for practical purposes and did very little to develop it as a
systematic science. But in civilisations like Greece, the emphasis was on the reasoning behind
why certain constructions work. The Greeks were interested in establishing the truth of the
statements they discovered using deductive reasoning (see Appendix 1).

A Greek mathematician, Thales is credited with giving the first known
proof. This proof was of the statement that a circle is bisected (i.e., cut into
two equal parts) by its diameter. One of Thales’ most famous pupils was
Pythagoras (572 BCE), whom you have heard about. Pythagoras and his group
discovered many geometric properties and developed the theory of geometry

to a great extent. This process continued till 300 BCE. At that time Euclid, a
teacher of mathematics at Alexandria in Egypt, collected

Thales
all the known work and arranged it in his famous treatise (640 BCE — 546 BCE)
Fig. 5.2

Class 9 122 Mathematics



updbaiipar anpaiuwicd Fapasid

SHHU  GEWEWIS SHELEHD EUDN&HEHFSTEIT HOMID empluur Gunetn GLrhisefled
GubesmeTerLLL Sispangmugdseter L, dbg el Brafasdent @ &.wp. 3000)
SUREHLIENED  EIEUGEUNS; uweTLGSPeonT. @& ApLuns BieudssiurL @ FepsD é&,@m
B&IhRIGST BHeil® S OuL® Spuuns mmn&é]usng,gsm a@g@aaaaﬂl.l.ﬂ&;, FTEW60S6IT
REMMSHESHTETN] REDETTLINSHEYD, LINSHTOT FTSHSHEDLE6IT c916lDLDE:E:IJIJI_(BLD B(HHS60T. QQIG).I(SQJQ]
EUDEBSHETE0 LIS HWMSET 6\&HMeRIL iB&6T SLULLULILQBHSE. Q& AHTeiBSHET HMID C\FUIed
alge)  ETEITSENNSSH0 BHT eundlaeT HAwbs Snemest UDMHBSET  6IETLIENS  HTLBSBME!.
HBE GSHG FLL OFRSHHMETCW LWeTLUGS ST Seubhmlesr Hermb, Gigeo HmIb 2 wigb
wpeomBuw 4:2:1 et6ttn eNBH5HH0 S(HHSEVT.

LILDMRISIT60 @,r_r,,su_msﬂlsn seoLgSImev @.up. 800emBEH &H.p. 500 euemn) 616D
QUIAIMRISHENET S LEMIDLILIGDSETEN en&LILATHSH6T S(HHS60T.

Caugsner FLMIGHMET BeomGabniasne — sLLULCL uedl SLmuser wHmID Yeslls
SNG&601  G6VTLITIS6IT c%a‘}u.lemg)@su augeflied Sinley uwsmu@gguuLLg,] @ng)smg) é]muun&,suu:
6[6Tﬂ60)LDu.IrT656)|LD smasu.ln@ajgg)@, yeofls Sisesll Siemould @ngg)@ L eiemg)gf)]sur ngemu:
UpLILeTeS6T  STibS 6\serfloute GSMUILLGET GUPRIGLLLLEN. @BDUD &ihs FLHRGHEDSHES
FHIOID, UL eugaNhiG6fled 2 6o Digevfl GevorLhisHeme LILIeTLIBSS6uTT, HCHELITEID), 6)F6U6usLD,
WPp&BsTewTD, Fiileusd SpBuleuD6s QHHISEnenIHS ulgarhiHeafled 2 6o g6l G6vuTLmIgen6rT
oung afLM' G FLHIGSEHSHES LW6TLGSS60TT.

ub embdmb Sriyanthra (Sigiiewemr Geugsded O@HMBHSHILLLE) 66iILg 2 LLDLDNE
QTN &HE\HTEITM)] HesteorliL'L. O @HEDLSS WHCHTemImST6E SHeoene SpG&W. BBbs
WpaCamemmhseT @wm Funer  euflensuled HeWWLSHUILLG 43  HEDewT (PG GSHTEMIhISED6IT
o _mansgdeipes. udiLmssT, Letlls dsell GewLmssT Spdweupmien  sLLenLUNDSG
glevedlwibment  6ulpeflLied (LPEDMSHENST LILIGTLGESHSAID HeuhPIih@ OSTLALEDLW &SHSIhiS6T
&Misgl eflandsaiuLeleoeneo. COHSTEDID eBSSIHHT-Baelledhbl euesilieie sHbsg 2 608D
Q,p@ajgjm g effbg LWETUBSSUILLLETS OS5MEDg. Sheumed Semer cuemTLPeDMUT6ITI
RUMRISHN BBHSOT. UPRSTOSH0 Bbs eugelue smSH Hamer Lpslulesr @
&,r_F,,g;,éuﬁlsurrﬂl_Lﬂ@‘r_F,gj LDHOYDIT(H &g,gﬁuﬁ]eo'r@a':@ aumuewmy) euflwinsGeur, peneossaaie culpeflGeor
Slevevg LI auflseflGeor Q&meor® GsissUIULLE Wsah umImiGsefiwg / dAnliysafug.
umiGeonesfiwir, @bHwr, Gump prardamseteo euesfluied aseflen Guleoume eumpsenauilst
G SIMISHDTSECE SHbBSE. eTSLBWITSH6ET eugsfuielsd ebLBGSSW euemigslufed Seumid wpigeserfiedt
FahMIS6ET SHHSE. BHS (PIREUSEMET CILIMIOUSDSHTS EIIMGI6UTEN eNHHENET HEUTSHET 2 _([HOUTEHS
eflebemed. 2 evoremibuflev, LM IGeomssflwiiaer, erSLBWITS6N culgsfluiemed SW6OLITETT  [HEWL(LPEMM
LwetTUML N385 AHBHD LILeTLGSD60T. @&60T cpeold Sinfleflwed &sniibs eueniedlsd Snfsene
pwuhdl QswWseT. Speumed, HCrHs mrsfesdent AHesme sSLLmsefer 2 mduns
SLLEWDLILISSHTE  SHMICIIMBIGENeT SHIMIISNES wWPeHBWsSsHeUD Seflsgernt. SCrssnseT b
Se0TLNIES 2 _ectotemibsene 6flfeflevsd LG&GSsM wpewmuiled eTBSSHIenISs SpiTeuLD
SITLIQ6uTT. (@ewevorLiL] 1 g3 L)

R aIlLGBehT efllLD alLsms BHhIpsEsanGEng @ren®G &b
LIMSRISEITTE) 61601 2 608MN& WPpS6iT (Wpaeons BpLss SCress &enllsGems
Gzevsiv Apeunit. GFeverdledt (pasSw FLiisefled @meunnenr ewuFTHTeL (.19,
572 upnl GasemelllILLRBLUITSEET. MOUSTEISHD DHours GWeld wLeoGsaum)
aueflied LIsTuTL|&HemenT SHewILMbg eulgsfluied Capmmsefleo ol Siemsfled
LDMDMrhIGEDET ClTeuI(® eurbgen. &.19.300 6uenr BE61GFLIEOWPEDN OSTLABSE!.
ST &LDu.lg,,ésu adldesr Seevsarerefluinemes &g SHewlls  SpSAfwir
upsefll  ereiTuauT  Sleweors g  eulgefluied 5@§§w60&,6mmu4m CeaMSSl (g pcr-si6BCE)
WpempLLGSS ewd eedlaeniev (Elements) elemid  Spuieyss Genguins ULtb. 5.2
eeuerfluicLmir.

9 opb eIy 123 SHaNBHID



INTRODUCTION TO EUCLID’S GEOMETRY

called ‘Elements’. He divided the ‘Elements’ into thirteen chapters,
each called a book. These books influenced the whole world’s
understanding of geometry for generations to come.

In this chapter, we shall discuss Euclid’s approach to geometry
and shall try to link it with the present day geometry.

Euclid (325 BCE -265 BCE)
5.2 Euclid’s Definitions, Axioms and Postulates Fig. 5.3

The Greek mathematicians of Euclid’s time thought of geometry as an abstract model of the
world in which they lived. The notions of point, line, plane (or surface) and so on were derived
from what was seen around them. From studies of the space and solids in the space around
them, an abstract geometrical notion of a solid object was developed. A solid has shape, size,
position, and can be moved from one place to another. Its boundaries are called surfaces. They
separate one part of the space from another, and are said to have no thickness. The boundaries
of the surfaces are curves or straight lines. These lines end in points.

Consider the three steps from solids to points (solids-surfaces-lines-points). In each step
we lose one extension, also called a dimension. So, a solid has three dimensions, a surface has
two, a line has one and a point has none. Euclid summarised these statements as definitions. He
began his exposition by listing 23 definitions in Book 1 of the ‘Elements’. A few of them are
given below :

1. A point is that which has no part.

A line is breadthless length.

The ends of a line are points.

A straight line is a line which lies evenly with the points on itself.
A surface is that which has length and breadth only.

The edges of a surface are lines.

NS kRN

A plane surface is a surface which lies evenly with the straight lines on itself.

If you carefully study these definitions, you find that some of the terms like part, breadth,
length, evenly, etc. need to be further explained clearly. For example, consider his definition of
a point. In this definition, ‘a part’ needs to be defined. Suppose if you define ‘a part’ to be that
which occupies ‘area’, again ‘an area’ needs to be defined. So, to define one thing, you need to
define many other things, and you may get a long chain of definitions without an end. For such
reasons, mathematicians agree to leave
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INTRODUCTION TO EUCLID’S GEOMETRY

some geometric terms undefined. However, we do have a intuitive feeling for the geometric
concept of a point than what the ‘definition” above gives us. So, we represent a point as a dot,
even though a dot has some dimension.

A similar problem arises in Definition 2 above, since it refers to breadth and length, neither
of which has been defined. Because of this, a few terms are kept undefined while developing
any course of study. So, in geometry, we take a point, a line and a plane (in Euclid ‘s words a
plane surface) as undefined terms. The only thing is that we can represent them intuitively, or
explain them with the help of ‘physical models’.

Starting with his definitions, Euclid assumed certain properties, which were not to be proved.
These assumptions are actually ‘obvious universal truths’. He divided them into two types: axioms
and postulates. He used the term ‘postulate’ for the assumptions that were specific to geometry.
Common notions (often called axioms), on the other hand, were assumptions used throughout
mathematics and not specifically linked to geometry. For details about axioms and postulates,
refer to Appendix 1. Some of Euclid’s axioms, not in his order, are given below :

(1) Things which are equal to the same thing are equal to one another.

(2) If equals are added to equals, the wholes are equal.

(3) If equals are subtracted from equals, the remainders are equal.

(4) Things which coincide with one another are equal to one another.

(5) The whole 1s greater than the part.

(6) Things which are double of the same things are equal to one another.

(7) Things which are halves of the same things are equal to one another.

These ‘common notions’ refer to magnitudes of some kind. The first common notion could
be applied to plane figures. For example, if an area of a triangle equals the area of a rectangle
and the area of the rectangle equals that of a square, then the area of the triangle also equals the
area of the square.

Magnitudes of the same kind can be compared and added, but magnitudes of different kinds
cannot be compared. For example, a line cannot be compared to a rectangle, nor can an angle be
compared to a pentagon.

The 4th axiom given above seems to say that if two things are identical (that is, they are the
same), then they are equal. In other words, everything equals itself. It is the justification of the
principle of superposition. Axiom (5) gives us the definition of ‘greater than’. For example, if
aquantity B is a part of another quantity A, then A can be written as the sum of B and some third
quantity C. Symbolically, A > B means that there is some C such that A =B + C.
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INTRODUCTION TO EUCLID’S GEOMETRY

Now let us discuss Euclid’s five postulates. They are :

Postulate 1 : 4 straight line may be drawn from any one point to any other point.

Note that this postulate tells us that at least one straight line passes through two distinct
points, but it does not say that there cannot be more than one such line. However, in his work,
Euclid has frequently assumed, without mentioning, that there is a unigue line joining two
distinct points. We state this result in the form of an axiom as follows:

Axiom 5.1 : Given two distinct points, there is a unique line that passes through them.

How many lines passing through P also pass through Q (see Fig. 5.4)? Only one, that is, the
line PQ. How many lines passing through Q also pass through P? Only one, that is, the line PQ.
Thus, the statement above is self-evident, and so 1s taken as an axiom.

NVERY%
7N

Postulate 2 : 4 terminated line can be produced indefinitely.

Fig. 5.4

Note that what we call a line segment now-a-days is what Euclid called a terminated line. So,
according to the present day terms, the second postulate says that a line segment can be extended
on either side to form a line (see Fig. 5.5).

Fig. 5.5
Postulate 3 : A circle can be drawn with any centre and any radius.
Postulate 4 : All right angles are equal to one another.

Postulate 5 : If a straight line falling on two straight lines makes the interior angles on
the same side of it taken together less than two right angles, then the two straight lines, if
produced indefinitely, meet on that side on which the sum of angles is less than two right
angles.
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INTRODUCTION TO EUCLID’S GEOMETRY

For example, the line PQ in Fig. 5.6 falls on lines AB and CD
such that the sum of the interior angles 1 and 2 is less than 180° on
the left side of PQ. Therefore, the lines AB and CD will eventually
intersect on the left side of PQ.

A

Fig. 5.6

A brief'look at the five postulates brings to your notice that Postulate 5 is far more complex
than any other postulate. On the other hand, Postulates 1 through 4 are so simple and obvious
that these are taken as ‘self-evident truths’. However, it is not possible to prove them. So, these
statements are accepted without any proof (see Appendix 1). Because of its complexity, the
fifth postulate will be given more attention in the next section.

Now-a-days, ‘postulates’ and ‘axioms’ are terms that are used interchangeably and in the
same sense. ‘Postulate’ is actually a verb. When we say “let us postulate”, we mean, “let us make
some statement based on the observed phenomenon in the Universe”. Its truth/validity is checked
afterwards. Ifit is true, then it is accepted as a ‘Postulate’.

A system of axioms is called consistent (see Appendix 1), if it is impossible to deduce
from these axioms a statement that contradicts any axiom or previously proved statement. So,

when any system of axioms is given, it needs to be ensured that the system is consistent.

After Euclid stated his postulates and axioms, he used them to prove other results. Then
using these results, he proved some more results by applying deductive reasoning. The statements
that were proved are called propositions or theorems. Euclid deduced 465 propositions in a
logical chain using his axioms, postulates, definitions and theorems proved earlier in the chain.
In the next few chapters on geometry, you will be using these axioms to prove some theorems.

Now, let us see in the following examples how Euclid used his axioms and postulates for
proving some of the results:

Example 1 : If A, B and C are three points on a line, and B lies between Aand C
(see Fig. 5.7), then prove that AB + BC=AC.
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INTRODUCTION TO EUCLID’S GEOMETRY

Solution : In the figure given above, AC coincides with AB + BC.

Also, Euclid’s Axiom (4) says that things which coincide with one another are equal to one
another. So, it can be deduced that

AB+BC=AC

Note that in this solution, it has been assumed that there is a unique line passing through two
points.

Example 2 : Prove that an equilateral triangle can be constructed on any given line segment.

Solution : In the statement above, a line segment of any length is given, say AB
[see Fig. 5.8(1)] C C

(1) (i) (iii)

Fig. 5.8

Here, you need to do some construction. Using Euclid’s Postulate 3, you can draw a circle with
point A as the centre and AB as the radius [see Fig. 5.8(i1)]. Similarly, draw another circle with
point B as the centre and BA as the radius. The two circles meet at a point, say C. Now, draw the
line segments AC and BC to form A ABC [see Fig. 5.8 (ii1)]

So, you have to prove that this triangle is equilateral, i.e., AB=AC =BC.
Now, AB = AC, since they are the radii of the same circle (D)
Similarly, AB= BC (Radii of the same circle) (2)

From these two facts, and Euclid’s axiom that things which are equal to the same thing are equal
to one another, you can conclude that AB=BC=AC.

So, A ABC is an equilateral triangle.

Note that here Euclid has assumed, without mentioning anywhere, that the two circles drawn
with centres A and B will meet each other at a point.

Now we prove a theorem, which is frequently used in different results:
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INTRODUCTION TO EUCLID’S GEOMETRY

Theorem 5.1 : Two distinct lines cannot have more than one point in common.

Proof : Here we are given two lines / and m. We need to prove that they have only one point in
common.

For the time being, let us suppose that the two lines intersect in two distinct points, say P
and Q. So, you have two lines passing through two distinct points P and Q. But this assumption
clashes with the axiom that only one line can pass through two distinct points. So, the assumption
that we started with, that two lines can pass through two distinct points is wrong.

From this, what can we conclude? We are forced to conclude that two distinct lines cannot
have more than one point in common.

EXERCISE 5.1

1. Which of the following statements are true and which are false? Give reasons for your
answers.

(1) Only one line can pass through a single point.

(11) There are an infinite number of lines which pass through two distinct points.
(111) A terminated line can be produced indefinitely on both the sides.

(iv)  Iftwo circles are equal, then their radii are equal.

(v) InFig. 5.9,if AB =PQ and PQ = XY, then AB = XY.

Fig. 5.9

2. Give a definition for each of the following terms. Are there other terms that need to be
defined first? What are they, and how might you define them?

(1) parallel lines (i1) perpendicular lines (111)  line segment
(iv) radius of a circle (v) square
3. Consider two ‘postulates’ given below:

(1) Given any two distinct points A and B, there exists a third point C which is in between
AandB.

(11) There exist at least three points that are not on the same line.

Do these postulates contain any undefined terms? Are these postulates consistent?
Do they follow from Euclid’s postulates? Explain.
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INTRODUCTION TO EUCLID’S GEOMETRY

4. If a point C lies between two points A and B such that AC = BC, then prove that
AC= %AB Explain by drawing the figure.

5. In Question 4, point C is called a mid-point of line segment AB. Prove that every line
segment has one and only one mid-point.

6. InFig. 5.10,1f AC =BD, then prove that AB = CD.

B D
A C

Fig.5.10

7. Why is Axiom 5, in the list of Euclid’s axioms, considered a ‘universal truth’? (Note
that the question is not about the fifth postulate.)

5.3 Summary

In this chapter, you have studied the following points:

1. Though Euclid defined a point, a line, and a plane, the definitions are not accepted by
mathematicians. Therefore, these terms are now taken as undefined.

2. Axioms or postulates are the assumptions which are obvious universal truths. They are not
proved.

3. Theorems are statements which are proved, using definitions, axioms, previously proved
statements and deductive reasoning.

4. Some of Euclid’s axioms were :
(1) Things which are equal to the same thing are equal to one another.
(2) If equals are added to equals, the wholes are equal.
(3) If equals are subtracted from equals, the remainders are equal.
(4) Things which coincide with one another are equal to one another.
(5) The whole 1s greater than the part.
(6) Things which are double of the same things are equal to one another.
(7) Things which are halves of the same things are equal to one another.
5. Euclid’s postulates were :
Postulate 1 : A straight line may be drawn from any one point to any other point.
Postulate 2 : A terminated line can be produced indefinitely.
Postulate 3 : A circle can be drawn with any centre and any radius.

Postulate 4 : All right angles are equal to one another.
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LINES AND ANGLES
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CHAPTER 6

LINES AND ANGLES
I A

6.1 Introduction

In Chapter 5, you have studied that a minimum of two points are required to draw a line. You
have also studied some axioms and, with the help of these axioms, you proved some other
statements. In this chapter, you will study the properties of the angles formed when two lines
intersect each other, and also the properties of the angles formed when a line intersects two or
more parallel lines at distinct points. Further you will use these properties to prove some
statements using deductive reasoning (see Appendix 1). You have already verified these statements
through some activities in the earlier classes.

In your daily life, you see different types of angles formed between the edges of plane
surfaces. For making a similar kind of model using the plane surfaces, you need to have a
thorough knowledge of angles. For instance, suppose you want to make a model of a hut to keep
in the school exhibition using bamboo sticks. Imagine how you would make it? You would keep
some of the sticks parallel to each other, and some sticks would be kept slanted. Whenever an
architect has to draw a plan for a multistoried building, she has to draw intersecting lines and
parallel lines at different angles. Without the knowledge of the properties of these lines and
angles, do you think she can draw the layout of the building?

In science, you study the properties of light by drawing the ray diagrams.
For example, to study the refraction property of light when it enters from one medium to the
other medium, you use the properties of intersecting lines and parallel lines. When two or
more forces act on a body, you draw the diagram in which forces are represented by directed
line segments to study the net effect of the forces on the body. At that time, you need to know
the relation between the angles when the rays (or line segments) are parallel to or intersect
each other. To find the height of a tower or to find the distance of a ship from the light house,
one needs to know the angle formed between the horizontal and the line of sight. Plenty of

Class 9 138 Mathematics



CxIBoH6T IDDMID BHTEIBIBET

I"-"IEA?RE

SisBumubd 6

CaTBDHem IDDHMID GHITAOIMEISD T
L
6.1 warapian :

B Can® aImIasSHES @mgpg,gg,j Qe Letefleer Gaeme ETEITLIENS ﬁ",rmasm
ASHWUMUD 5 60 Ligsgeerfiiseir. GLDEYILD SseiL6tT dleo EleueTflLILIEHL 2 _6TuTeHLDSEHETILILD
Brasst spmyeefiser. @bs eueflliLen 2 ewremuler 2 geflujeir oo &agpgaasmmuw
BepLlgSiaer. Qhs ANSHUMLSDD Srein® CHTESHET RETEHDONWITETN HEULRESHTETEHLD
Gung) 2 man@lD Gsmewmmhigefledr LIGwILsemeTd - Geyd @ (Bg,rr&;(%&;rr@ Sreir®
Sieoe0g) NGNS GLHLLL Gewewr CanBaenen cleuaiGoumn) LicTeriisefled 616Ul aHESTETEDLD
Gurgy ggpu(BLD GamevvimigerfletT LIGTOTL|SH6061T ug)gﬁ]um &MHBUIMLD. Gmgw BRIS6T LGSSM
W epeold dlev Fapmisens BIBLLSHE WPSITET SHSEDSILI LITTILIGED6T FabmIsens
ansenGey [BraseT Wheaw euGLiysefled afumisgismertiser.

2 MRISEBHEDLIL HTDML GuMLDS6n&ITsd FLogenmhiserietr eflerfiLbLigerbe:RenL Gl LsdGaun)
eflgipeor CamemhissT 2 (Heurs S(BLILIEDS umgmLiiiasr. Qeveumoest 2 heu onPrfsener
2_[peunss GatewimhigsT DML (ppenbwites Sl CsmaILILGSNSI. RECaemerT TBIRIG6T
PHIBEL  GFFsHemern LWeTUGSS Giens 2 Geunmdil  Qeilenn OFWg ueTeflagaLL
Qurr@.&m.eﬂuﬁ]e\) w6USS  CoUETTBEIDEITDITED HeWS  6eTeueUTN|  OFUISBLLIMITEET 61601
ShUemeT CFWFILMT. d6o  GFdaeT QEMNISESHTEN  PenewTUTSHED, Feo  GS&s6iT
FMIGITSED  EISSBLLNTHET. HLRLEHME BT IHESHSDME  SHLIQLHISE6T
SLEOUSHSHTET H'L CUDILILIISET EUHITESBLILNS GLELITIPSTEUS| LIMMSESSISTILT? Sieubpieo
usu(%snguuu_ Gamevorhiserfleo  dleo  CammB&H6IT @msmu.lrr&,snw oo GxmMBs6T @ga‘:@
QQULLMSOD SUEDTWLILILIRHSGSID. BS5FHE0HU CoHMBS6IT LD[DQlLD Ganevormhigerfledr LIevoTL|s6T
upBlw asefley Bt SNBSS GlUIIBLIL] SUL EUEDILILMHISEMET 6UEDIUILPLQULDIT? 61601
[Bem6UTSSHILILINIHRISET.

SiMeilwed unrLgdeo @eafisadi amibg Qefluller uewmysemer LMD
LIRSS hSHS6ITGID. BSIHIHSHMLLIS @b 2oL &6H60IBHI! LDHEWDH 2o &55HNS @aﬂaaaagrr
gsmgguw(gurrgu @erfluflesr ATuBLEOIIL| LIToTLIewes Ligés D SewerGamBa6iT HDILD

ges@aasm_@aa Gan@aerfledr ListorLsener uwsvru@ggua‘}(‘sgpnm @ ewungeflesr g @ewr®
é{ms\)g,j APMG Sidsinen eflensss 61FLIOLBLLEUTE Hbs sflensseflei O\SMGSLITene
SHEAID, 6hS R cHlenauist LLSDSID HD CHIGCHNGH SHTTBSHETTED GHISRETEDITLD.
AHCg CHISSD [BraimelT HBiia6T Sieveog CHTEEET QETEMDENLITEIDI 616U LeS6)HTETEBLOCLING
grgpu@u: GaHTETOTRISHET  LDHIDLD @wm@m@ BewLuled 2 siter anLnsmu SNBGIOSTeTe
CoueturBLD. R CHTISI6N 2 TSNS HEMEHSLOID H6060g! HEOmGHED] 6ilemsdedlbha
QM SLLO 2 6TeT GNIHMS SHeiLMiwed LmTemer GsMlMH@&LD HewLblL GHMRMHELD
SoLBW ghUBL CHmeursmgd HMw GeustorBLD.

9 opib aIGy 139 HahgHLD



LINES AND ANGLES

other examples can be given where lines and angles are used. In the subsequent chapters of
geometry, you will be using these properties of lines and angles to deduce more and more
useful properties.

Let us first revise the terms and definitions related to lines and angles learnt in earlier
classes.

6.2 Basic Terms and Definitions

Recall that a part (or portion) of a line with two end points is called a line-segment and a part
of a line with one end pointis called a ray. Note that the line segment AB is denoted by AB, and
its length 1s denoted by AB. The ray AB is denoted by AR, and a line is denoted by ag . However,
we will not use these symbols, and will denote the line segment AB, ray AB, length AB and
line AB by the same symbol, AB. The meaning will be clear from the context. Sometimes small
letters /, m, n, etc. will be used to denote lines.

If three or more points lie on the same line, they are called collinear points; otherwise
they are called non-collinear points.

Recall that an angle is formed when two rays originate from the same end point. The rays
making an angle are called the arms of the angle and the end point is called the vertex of the
angle. You have studied different types of angles, such as acute angle, right angle, obtuse angle,
straight angle and reflex angle in earlier classes (see Fig. 6.1).

§

(i) acute angle : 0° <x <90° (ii) right angle : y=90° (ii1) obtuse angle : 90° <z<180°

A |

(iv) straight angle : s = 180° (v) reflex angle : 180° < ¢ <360°

Fig. 6.1 : Types of Angles
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LINES AND ANGLES

An acute angle measures between 0° and 90°, whereas a right angle is exactly equal to
90°. An angle greater than 90° but less than 180° is called an obtuse angle. Also, recall that a
straight angle is equal to 180°. An angle which is greater than 180° but less than 360° is called
a reflex angle. Further, two angles whose sum is 90° are called complementary angles, and
two angles whose sum is 180° are called supplementary angles.

You have also studied about adjacent angles in the
earlier classes (see Fig. 6.2). Two angles are adjacent, if
they have a common vertex, a common arm and their non- D
common arms are on different sides of the common arm.
In Fig. 6.2, £ ABD and £ DBC are adjacent angles. Ray

BD is their common arm and point B is their common

>
Cd

vertex. Ray BA and ray BC are non common arms. B e
Moreover, when two angles are adjacent, then their sum is

Fig. 6.2 : Adjacent angl
always equal to the angle formed by the two non-common ' jacentangies

arms. So, we can write
Z ABC=~/ABD + ZDBC.

Note that £ ABC and £ ABD are not adjacent angles.
Why? Because their non-common arms BD and BC lie on

the same side of the common arm BA.

&+

If the non-common arms BA and BC in T A B (

v

Fig. 6.2, form a lll’le thel’l lt Will lOOk like Flg. 6.3. Il’l thlS Fig. 6.3 : Linear pair ()fangles
case, Z ABD and £ DBC are called linear pair of angles.

You may also recall the vertically opposite angles
formed when two lines, say AB and CD, intersect each
other, say at the point O (see Fig. 6.4). There are two pairs
of vertically opposite angles.

B
One pair is ZAOD and ZBOC. Can you find the other

pair? Fig. 6.4 : Vertically opposite

angles
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LINES AND ANGLES

6.3 Intersecting Lines and Non-intersecting Lines

Draw two different lines PQ and RS on a paper. You will see that you can draw them in two
different ways as shown in Fig. 6.5 (1) and Fig. 6.5 (ii1).

P Q
TR S
(1) Intersecting lines (i1) Non-intersecting (parallel) lines

Fig. 6.5 : Different ways of drawing two lines

Recall the notion of a line, that it extends indefinitely in both directions. Lines PQ and RS
in Fig. 6.5 (1) are intersecting lines and in Fig. 6.5 (i1) are parallel lines. Note that the lengths of
the common perpendiculars at different points on these parallel lines is the same. This equal
length is called the distance between two parallel lines.

6.4 Pairs of Angles

In Section 6.2, you have learnt the definitions of some of the C
pairs of angles such as complementary angles, supplementary
angles, adjacent angles, linear pair of angles, etc. Can you think
of some relations between these angles? Now, let us find out
the relation between the angles formed when a ray stands on a

line. Draw a figure in which a ray stands on a line as shown in A o B’
Fig. 6.6. Name the line as AB and the ray as OC. What are the Fig. 6.6 : Linear pair of angles
angles formed at the point O? They are £ AOC, £ BOC and £

AOB.

Can we write £ AOC + 2 BOC = £ AOB? (1)
Yes! (Why? Refer to adjacent angles in Section 6.2)

What is the measure of £ AOB? Itis 180°. (Why?) (2)
From (1) and (2), can you say that £ AOC+ £ BOC=180°? Yes! (Why?)

From the above discussion, we can state the following Axiom:
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LINES AND ANGLES

Axiom 6.1 : If a ray stands on a line, then the sum of two adjacent angles so formed is 180°.

Recall that when the sum of two adjacent angles is 180°, then they are called a linear pair
of angles.

In Axiom 6.1, it is given that ‘a ray stands on a line’. From this ‘given’, we have concluded
that ‘the sum of two adjacent angles so formed is 180°’. Can we write Axiom 6.1 the other way?
That is, take the ‘conclusion’ of Axiom 6.1 as ‘given’ and the ‘given’ as the ‘conclusion’. So it
becomes:

(A) If the sum of two adjacent angles is 180°, then a ray stands on a line (that is, the non-
common arms form a line).

Now you see that the Axiom 6.1 and statement (A) are in a sense the reverse of each others.
We call each as converse of the other. We do not know whether the statement (A) is true or not.
Let us check. Draw adjacent angles of different measures as shown in Fig. 6.7. Keep the ruler
along one of the non-common arms in each case. Does the other non-common arm also lie
along the ruler?

600 60

30° ) 80 )
0 £ 0 £
() (i)

o/N\55° B

+ M
TTH[TTH[TTTT[‘TTTT“TTT[HTT[THT[TTH[TTTHHH“TH‘[HH“HHHH

(iii)

Fig. 6.7 : Adjacent angles with different measures
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LINES AND ANGLES

You will find that only in Fig. 6.7 (ii1), both the non-common arms lie along the ruler, that is,
points A, O and B lie on the same line and ray OC stands on it. Also see that Z AOC+ £ COB =
125° +55°=180°. From this, you may conclude that statement (A) is true. So, you can state in
the form of an axiom as follows:

Axiom 6.2 : If the sum of two adjacent angles is 180°, then the non-common arms of the
angles form a line.

For obvious reasons, the two axioms above together is called the Linear Pair Axiom.
Let us now examine the case when two lines intersect each other.

Recall, from earlier classes, that when two lines intersect, the vertically opposite angles
are equal. Let us prove this result now. See Appendix 1 for the ingredients of a proof, and keep
those in mind while studying the proof given below.

Theorem 6.1 : If two lines intersect each other, then the vertically opposite angles are equal.

Proof : In the statement above, it is given that ‘two lines
intersect each other’. So, let AB and CD be two lines
intersecting at O as shown in Fig. 6.8. They lead to two

pairs of vertically opposite angles, namely,

(i) £« AOC and Z BOD (ii) £ AOD and
ZBOC.

We need to prove that £ AOC= £ BOD and £ AOD =~/
BOC.

C B

Fig. 6.8 : Vertically opposite angles

Now, ray OA stands on line CD.
Therefore, £ AOC + £ AOD=180° (Linear pair axiom) (1)
Can we write £ AOD + £ BOD = 180°? Yes! (Why?) 2)
From (1) and (2), we can write

Z AOC+ £ AOD =/ AOD + ZBOD
This implies that £ AOC=2ZBOD (Refer Section 5.2, Axiom 3)
Similarly, it can be proved that ZAOD = ZBOC

Now, let us do some examples based on Linear Pair Axiom and Theorem 6.1.
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OWINBSSLDTEN SMTTewISSM&NS GeayeTer Brevor® QeueflLiLienL 2 _6wTenLD&HENEITLD
Gssg ChiisGasTG Gmme AeuefliLenL 2 6vuremid eeTHGMLD.

Breani® CHT&ECHTBS&HET RETEMMEWITETN| OCULIRESTETEBLD GLITE Seweu ereueunm)
BmHBGD eTetTLemg LfEFeOLGLILD.

Bren® CrisCHMBSH6T Q6NN QUL IREESTETEHEUSTED STHLIBLD GSHOSSIT
GSHTETTRIGZSIT FLDLD 6T6TTLIENS (PHEMSW UGLILSeTled SHmens Bemestey samirkigeT LIPS
85651 (Wigaiseme [BepLtsHNG Coemuineeunenn L6t Sewmeworii 160 LIMT&SHLD.
S1p2_eneneumenm BebLIILSHES Seubenn Benestefled C\HMT6TEBHHRISBET.

BxmHMID 1 : Breoi® CaMBa6T QETepDEWITEITN (I ISSTETaISTE0 aHLEBL GS56\SST
G&HITETITRISHET FLDLD.

BHUEDTLD 1 : GeyeTer damnlsd Buei@ CHBasT
RETHOOWTTN QUL RSEOSHTETHETMET 6760
O&MTE&HSULLBETOTE. OpeDSHUWTEO LLLDE6.8 Q61
smLiuwieumm) AB Hmid CD elenild @rewi(BD  CaHTBS6iT
O 6fl6d QUL IRHE\BMETHETMENT -~ 616515,  Diemey  QTevor(®
Gz G&55PHT CamemmiseT ghUBSSID SeuDMhG
(i) £ AOC wimib/ BOD (ii) £ AOD wmib/ BOC erewt
euwrfiBeurmd. Bmd @UBumg LAOC = ZBOD wihmid
ZAOD = ZBOC eteor [BepLils Geuetor(Bd.  SUOLITDS
CD etemild  G&nLigedt L5g OA, BT 2 eiteng). eleiGeu £
AOC + Z AOD = 180° G&m(® Gamevor Geme SeuefliliuenL  ULD 6.8 1 G5658MCs e hiseT
©_eTuTemLD (1)

Z AOD + Z BOD = 180°? eT601 61(p& (Lplgujlbm?  (2)
(1) wHoId (2) eSlaHSI
Z AOC + £ AOD = £ AOD + £ BOD
B30 mbg £ AOC=~2BOD (Aifley 5.2 euefllenL 2 ewremd 322 LIM)
BCzBunestm LAOD = ZBOC eT601  [BerhLI8&60MLD.

C B

Suewunwg GamGGzme ceusflliLenL, 2 ewremd WOHMID CHOHMD 6.182 SHQLILIEDLWINSS
eaneiL oo TBSHHIHHMBSHSHEMET FUIGEUMLD.
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LINES AND ANGLES

Example 1 : In Fig. 6.9, lines PQ and RS intersect each other at
point O. If £ POR : ZROQ =5 : 7, find all the angles.

Solution : £ POR +Z£ ROQ = 180°

(Linear pair of angles)

But ZPOR:ZROQ=5:7 “‘ ’
(Given) “

R
> Q
Therefore, Z POR = I x 180° =75°
Fig. 6.9
. 7

Similarly, Z ROQ = T x 180° = 105°

Now, Z POS = ZROQ = 105° (Vertically opposite angles)

and Z SOQ = ZPOR = 75° (Vertically opposite angles)

Example 2 : In Fig. 6.10, ray OS stands on a line POQ. Ray OR and ray OT are angle bisectors of £ POS
and £ SOQ, respectively. If £ POS = x, find £ ROT.

Solution : Ray OS stands on the line POQ.

Therefore, Z POS + £ SOQ = 180° d S

But, ZPOS =x T
Therefore, x+ £ S0Q = 180° P 0 Q
So, Z SOQ = 180° — x Fig. 6.10

Now, ray OR bisects £ POS, therefore,

1
ZROS = - x £ POS
1 X
= — X = —
2 YT
o 1
Similarly, £80T = — x £50Q
L 180
= — X o _
S x (180°—)
=90°-2
2
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aBSHHIHHTEG 1 : ULD 6.9 @0 PQ OHMID RS eTen)d
Gan® &6 €9 65T 60 (D 61 I IT 60T M) O yereflufieo
QelLp&sasTeTdermen. ~LPOR: £ ROQ =5 : 7 erevfled
SNME G CHTETHIGENETUILD SH6oTBLNLQ.
SHiray: « POR +~/ ROQ = 180°

(Cam@® GCsmevor Ggarme)

9hevtev./ POR : / ROQ =

(O BMBHSBLILLLEM6Y)
5 .
Sp5Ceu Z POR = I x 180°="175° LILLD 6.9
. 7
SeueunGm ZROQ = T x 180°=105°
uewnws £ POS = ZROQ = 105° (@565PNT CHMETIHIGHET)
LDHMILD £ S0Q = ZPOR = 75° (6361881 B&TEwIThIS6IT)

TBHHHBTEG 2: UL 6.10 @60 POQ etenild GaHMLIQE 551 OS eTenID HHT HeWIDHS6TENE).
&d&eT OR OHMID OT er6srLest (wWpewmGW £ POS bpmId £ SOQ SpBweunmlett Gsmevor
BHFDEEULREET ShGLD. £ POS = x é16vfled £ ROT sevorBLillg.

Sitay : POQ eremib GaLigedt 15g) OS TEID &ST HewbgleTeng).

D5G6 Z POS + / SOQ = 180° T
: . P 0 Q
DH60TITED /£ POS =x i 6.10
SH5C6x x+ £ S0Q = 180°
e1601(G6Y Z SOQ = 180° —x
Suewnipg BT OR, Shetig £ POS 8 B(HF&SaMBEDE.
1
ZROS = = x £ POS
T
= — X XxX= —
% 2
345861 ZSOT = ? x /£ SOQ
= 5 X (180°—x)
=90°-2
. 2
SeueunGm Z/ ROT = £ ROS + £ SOT
= X900 - =
2 2
= 90°
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Now, ZROT=~ZROS+ ~ZSOT
=Z4900-Z
2 2
=90°
Example 3 : InFig. 6.11, OP, OQ, OR and OS are four rays.
Prove that £ POQ + £ QOR + Z SOR + Z POS =360°.

Solution : In Fig. 6.11, you need to produce any of the rays
OP, OQ, OR or OS backwards to a point. Let us produce ray
OQ backwards to a point T so that TOQ is a line (see Fig.
6.12).

Now, ray OP stands on line TOQ.

Therefore, ~ZTOP+~ZPOQ=180° (1)
(Linear pair axiom)

Similarly, ray OS stands on line TOQ.

Therefore, £ TOS+Z£S0Q=180° " (2)

But ZS0Q=~ZSOR+ £ZQOR

So, (2) becomes
Z TOS+ 2 SOR+ 2 QOR = 180°
Now, adding (1) and (3), you get
Z TOP+ 2 POQ+ £ TOS+ £ SOR + £ QOR =360°
But ZTOP+ ZTOS= £ZPOS
Therefore, (4) becomes

ZPOQ+ Z£QOR+Z£SOR+ZPOS= 360°

EXERCISE 6.1

1.In Fig. 6.13, lines AB and CD intersect at O. If
Z AOC + « BOE = 70° and £ BOD = 40°, find
2 BOE and reflex £ COE.
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ABHHIGBBTBG 3: UL 6.11860 OP, 0Q, OR OHMID OS 6eT6dTLIEwT
BIeti® SPisem erevfled LPOQ + £ QOR + £ SOR + £ POS = 360°
ereor [BerpLal.

Sia@) : uLD 6.11860 OP, OQ, OR Sievevg OS SpBweumnilev
agGaeID @6iTemn @@ LjeiTerfl euemy LNedTMDNS [BLIQSHSLD.
ad1 0Q & Teuewd LNedTLmIDNS BLipssa|D. eTentGeu TOQ

T8 b 6.12 S
GEMsGsMG (LD 6.12g8 umm) L 611
Suewnpg OP Spenig TOQ GHLIgetT GLDED HEWLDIHGI6TETS).
D56 ZTOP + ZPOQ =180° (1)

(Gam @ GsmevorGzme 6euefllILEnL 2 _6v0TenLD)

Sevaun@m &M OS, Sperig TOQ GHMLIedT BGLDEL SHEWLDIHGI6ITENS)

Dp5G6 ZTOS + £ S0Q=180°  (2)

460160 ZS0Q =/ SOR + £ QOR
er6orG6u (2) 60laHBE,
Z TOS + / SOR + Z QOR = 180° 3)

Suewunpsl (1) OHMID (3) & SLL [HMD eILMeIS

Z TOP + £ POQ + £ TOS + £ SOR + £ QOR = 360° 4)
Oh6UTITED Z TOP + £ TOS = £ POS
er6T@6x (4) eN\(BBS,

Z/ POQ + Z QOR + £ SOR + £ POS = 360°

wuHa 6.1

1. UL 6.13 60 AB DOHMILD CD G&MB&H6T O 60

QUL IREESTETHETET. £ AOC + £ BOE = 70° LDHMILD £ BOD =
40° etevfled ~ BOE DMMILD  L6Teuemerney Gamewrd ~ COE
&evoT(BLIIQ. D
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LINES AND ANGLES

2. InFig. 6.14, lines XY and MN intersect at O. If
ZPOY =90°anda:b=2:3,findc.

¢
N
Fig. 6.14
3. In Fig. 6.15, Z PQR = £ PRQ, then prove that P
2/ PQS=/PRT. /\
< IS Q R -1'-\ rd
Fig. 6.15

4. InFig. 6.16,ifx +y=w+ z then prove that AOB
isaline.

5. InFig. 6.17,POQisaline. Ray OR is perpendicular
to line PQ. OS is another ray lying between rays S
OP and OR. Prove that

1
ZROS = ) (£ QOS—-ZPOS).

6. Itisgiven that £ XYZ=64°and XY is produced
to point P. Draw a figure from the given
information. Ifray YQ bisects £ ZYP, find Z XYQ Fig. 6.17
and reflex ZQYP.

=+
e)
O+
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2. UL 6.14 @ XY bOMID MN etemd B&HB&6eT O 60
eI 1p&ETETHEMET. £ POY = 90° LDMMILD a: b=2 :3 eTevfled
C & seoGLlg.

3. UL 6.15 @0 £ PQR=~/PRQ P
2 PQS =/ PRT etevr [BerpLo.

4 4
< 7

S Q R T

LILLD. 6.15

4. ULID 6.16 @O x+y=w+z elevfled AOB el65TLIEH (B
GB&CsMTE er6iilens BerbLd.

UL 6.16

5. uL. 6.17 eo POQ etetTLgy R CHISHECHTE. &HBT OR
er6tTLIg| PQ GHMLING C\EHIGSHSTSH 2 _6Teng). OS eI6sTLIS)
OP bHmId OR &PM&5EHHS BWLCW 2 61T LHEDMTH < , >

. I
&8t @D LROS = = (£QOS — £ POS) rewr BepL9.

6. /XYZ=64° et6v1 O\BNBSSHILLB6T6NE LDHMID XY 22 P 61651 LD 6.17

yeterfleuemn Blig euenns. QSTESSLILLL eNeuIThisEHHES
ghpenm ULD eiemrs. &M YQ Speorg LZYP &
BmHFsFaNE8ng eefled ~ XYQ HmID  Leirelsmere)
Ganewrd /£ QYP & sevor(®BLIIg.

9 opib aIGy 155 HahgHLD



LINES AND ANGLES

6.5 Lines Parallel to the Same Line

Iftwo lines are parallel to the same line, will they be parallel to each other? Let us check it. See
Fig. 6.18 in which line m || line / and line # || line /.

Let us draw a line ¢ transversal for the lines, /, m and n. It is given that
line m || line / and line 7 || line /.

Therefore, /1=42 and £1=/3 !
(Corresponding angles axiom) [ ,\\1 .

So, /2=/3(Why?) \\2

But £ 2 and £ 3 are corresponding angles and they are equal. " >

Therefore, you can say that \\3 R

n
Line m || Line n \
(Converse of corresponding angles axiom) Fig. 6.18
This result can be stated in the form of the following theorem:
Theorem 6.6 : Lines which are parallel to the same line are parallel to each other.

Note : The property above can be extended to more than two lines also.

Now, let us solve some examples related to parallel lines.

Example 4 : In Fig. 6.19,1fPQ || RS, Z MXQ =135° and £ MYR =40°, find £ XMY.

135°

I 400 I
R Y S
Fig. 6.19 Fig. 6.20

Solution : Here, we need to draw a line AB parallel to line PQ, through point M as shown in
Fig. 6.20. Now, AB || PQ and PQ || RS.
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6.5 b CxHTPNHG SMHEOIUITH D 6itan BHTBHET

Breoi® CaMBseT @ CHMLIYNG NG SIHHSTEL HEMEUSHET RE0TMSH6\SHTEITN)]
Bewewring: QHHSWLM? Pews FAumMTIGUMD. ULD 6.18g umi m |/ WoMmID ||/ 66
S»&G&WLM| [, m HDID 7 eenId CHTEHEWT CUDIHE NFeor g ¢ eaId GNISHS
C\QULIQEMUI 6U6DT&. m || [ DHMID 7 ||/ eT6dTLSH OSTBSHSLILILBETETs).

Spemawed £ 1= /2 whmib £ 1= 23 ’

(568 Ganermseflenr QeuaflliLenL 2 etoremLD) , ,\\l R
et6o1G6u £ 2= £ 3 (eI6017?)

Sp6uTTEL £ 2 IDHMILD £ 3 SpBWIeneN @55 CHTeTTMmIS6T LDHMILD ,,

2
Sleme) &FLDLD. \\
OhBwiemneu " \: S

m||n 61607 SQMEOMLD.

(255 Ganewmiseflen GeuefliliLenL 2 _6TTemD&6IT LDIM)SH6me)

. . . . . uLLD 6.18

8601 (pigemey Llesteupd GHMMLDITE S MEVLD.

BxpmHmID 6.6 : @ CHTHCHM NS Reneroruing 2_smem CHTBHET QETMISHEHTEITN] S6m6uor

SpSID.

soiiy : CHGMILIILL UeLmeg Gueriend GmulL CHMB&HEHD FfLMT&HS wLpLU|LD.
SUeILINg SeneTCHTBSHEHLET ASMLILMLL H6d TGSHISHHMBaHemeT STGLIMLD.

BxMMID 4 : UL 6.1960 PQ || RS, £ MXQ = 135° LbHmID £ MYR =40°, eTevfled £ XMY sevor®BLIlQ.

P X Q

135°

) 40° )
R Y S

LLLD 6.19 LILLD 6.20

Sial : BHIG 6.20 oo sMLpueunn PQ GCamlhe Sewewnins M eeobd Leterfl eufGw
AB eiepId G&miemL euempuwl GeustorBLD GUOWIMipg AB || PQ wibmid PQ || RS.
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LINES AND ANGLES

Therefore, AB| RS (Why?)
Now, Z QXM+ 2« XMB = 180°
(AB || PQ, Interior angles on the same side of the transversal XM)

But Z QXM= 135°

So, 135°+ £ XMB = 180°

Therefore, Z XMB = 45° (1)

Now, ZBMY=2ZMYR (AB| RS, Alternate angles)

Therefore, ZBMY = 40° (2)

Adding (1) and (2), you get
Z XMB + ZBMY = 45° + 40°
That is, Z XMY = 85°

Example 5 : If a transversal intersects two lines such that the bisectors of a pair of corresponding
angles are parallel, then prove that the two lines are parallel.

Solution : In Fig. 6.21, a transversal AD intersects two lines PQ and RS at points B and C
respectively. Ray BE is the bisector of £ ABQ and ray CG is the bisector of £ BCS;
and BE | CG.

We are to prove that PQ || RS. /\\P/E

It is given that ray BE is the bisector of £ ABQ. o _ o
Therefore, £ ABE= % Z ABQ (1) G
Similarly, ray CG is the bisector of £ BCS. R c\ S
Therefore, £ BCG = % Z BCS (2) ’

But BE || CG and AD is the transversal.
Therefore, £ ABE=2/BCG

(Corresponding angles axiom) 3)
Substituting (1) and (2) in (3), you get
1 1
5 Z ABQ= 5 ZBCS
That is, Z ABQ= ZBCS
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OHEMSHUIMED AB | RS (eget1?)
ueunws £ QXM+ £ XMB = 180°

(AB | PQ, XM e16tinD &Mi&E& O6UL1R5S RCT LSSSIH6TOT CHTETTHISHENT)

O460TIT6D Z QXM = 135°

6160TG6) 135°+ £ XMB = 180°

D56 Z XMB = 45° (1)
Suenes) ZBMY = Z MYR (AB || RS, @etmefliL 2 1'G5Metormisei)
OHEDSHLIITED Z BMY = 40° ()

(1) OMID (2) & Fel'L [HID EWLIMI6US)
Z XMB + Z BMY = 45°+ 40°

SF6eus) Z XMY = 85°

ABSHHIHHTEG 5: SIei® CHIGECHTBSMET QF GNIHGSEEILR CICILIQETTE IhHLIBLD
055 Conewimiseflesr CoHmewr @MHFLDECULIRSET BEVEWILING BHHITEO HbS Brevor®
GBT&CaHTEsEHLD Bewewor er6vr [HerpLl.

GxiTa] : ULLD 6.21@60 AD eTenld SMISS6aILle PQ pmId RS etenib B ipmid C Lsiterflgerfleo
Qe BBms. &P BE el6tiLig £ ABQ 651 Gamevor @hEDeeullp HmID CG etedTLg £ BCS 66t
Gamevor @ahFLDEGIL e HMID BE || CG. AVE

IBMD PQ || RS 661 [BerpLil&a

p B Q

&P BE e16o1Lg £ ABQ 60T S(H&FAGULIY 61607 E\STBSHSLILILB6TETS) G
SpemaILINEd .~ ABE = % Z ABQ (1) |
Beueun@m CG er6d1LIG £ BCS 601 GHFDOOULIR SphGSLD. : (D\ >
OhemEWImed ~ BCG = % Z BCS ()
Speormev BE || CG opmib AD @@ SMISE& 6Ll ULt 621
Spemawmed £ ABE = £ BCG

(2568 Ganewmmhiserfler ceueflliLemL 2 emremip) 3)

(1) bHmID (2) oo TSI BMD (3) & OUMISCLD.
% Z ABQ = % Z BCS

Aigeug| Z ABQ = £ BCS
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LINES AND ANGLES

But, they are the corresponding angles formed by transversal AD with PQ and RS; and are equal.
Therefore, PQ|| RS
(Converse of corresponding angles axiom)

Example 6 : In Fig. 6.22, AB || CD and CD || EF. Also EA | AB. If £ BEF =55°, find the values

of x, yand z.

Solution :y + 55° = 180° . c .

(Interior angles on the same side of the — ;50
transversal ED) D :

Therefore, y =180°—55°=125° 5 /

Again xX=y , , 1
(AB || CD, Corresponding angles axiom) Fig. 6.22

Therefore x=125°

Now, since AB || CD and CD || EF, therefore, AB || EF.

So, ZEAB+ ZFEA=180° (Interior angles on the same

side of the transversal EA)

Therefore, 90° + z +55° = 180°
Which gives z=135°
EXERCISE 6.2

1. InFig. 6.23,ifAB||CD,CD||[EFandy:z=3:7, find x.
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Speriied @eweu AD etepild PQ DOHMID RS etend R6ews CoHTBHEDSHSHTEN R85 GCoHmevr
Gz HGD. GEYD FLDLD.

Spemsned  PQ RS (268 Canewmisefles ceuerflliLiemL 2 emrenioulest LbMIs6EmeD)
ABHHBBTEB 6 : ULD 6.22 @60 AB || CD wpHmb CD || EF, EA L AB Gegib £ BEF = 55°
eT6vfled x,y OHMID z B6dT SLILGemeT SHevorBLILQ.

5&@' : y+ 55°=180° C

(ED eienld SMIS&SQIL 056 Q6T L&HssHey6iTern 550

2 I° GHMetuThIS6N)

OHEDSHLITED y=180°-55°=125°

BeiorBLb r=yp LULLD 6.22
(AB || CD, @55 Gamewmmserfleir QeueflLiLenL 2 evoremid)
OHEMEHUITED x=125°
Suewunwsl AB || CD wpmib CD || EF, @86Smm& AB | EF.
eT60T 86U Z EAB + Z FEA = 130°(e1eIlD SMISGSOQIBES 6T LSssHe6iTerm
©_1" GHM6TOTTRIGEN)
SH5C6x 90° +z+ 55°= 180°
B0 ®ba, z=35°
wins 6.2

1uLb 6.23 @eAB | CD, CD || EF bpmid y:z=3:7 etevolled x & sevor®LIlg.

Ay B
+ ‘) ’ +
C \\ D
' N

E F

LILLD. 6.23
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. InFig. 6.24,ifAB ||CD, EF L CD and £ GED =126°, find £ AGE, £ GEF and £ FGE.

AG F B,
T _] : 7z
C E D

Fig. 6.24

. InFig. 6.25,if PQ || ST, L PQR=110°and £ RST=130°, find £ QRS.
[Hint : Draw a line parallel to ST through point R. ]
S T
P_Q
110°
R

130°

Fig. 6.25
. InFig. 6.26,if AB||CD, £ APQ=50°and £ PRD=127°, find x and y.

Fig. 6.26

. InFig. 6.27, PQ and RS are two mirrors placed parallel to each other. An incident ray AB
strikes the mirror PQ at B, the reflected ray moves along the path BC and strikes the
mirror RS at C and again reflects back along CD. Prove that AB || CD.

D
A
X R C S i
Fig. 6.27

Class 9 162 Mathematics



CxIBoH6T IDDMID BHTEIBIBET

. uLb 6.24e0 AB | CD, EF L CD wimib £ GED =126°, etevfleo £ AGE, £ GEF wmbmid

/FGE & seo@Lilg. NG . 5

. uLb 6.2560 PQ| ST, Z PQR=110° wimub £ RST = 130° erevfléo £ QRS serm®Bilig

(@Ml : 6.260 R yeterflullesr ST 8@ Qemsvoring @m CoHM@® euenns. |

P Q
1103

R
LLID. 6.25

. UL 6.26 60 AB ||CD, £ APQ = 50° bpmib £ PRD =127° etevfled x womid y
R GR A P B

127°

C Qups RD
. UL 6.27 60 PQ opmitd RS er6tTLI60 Q6STMISESTENN) SEWETITLINEG EDEUSSLILILL. FLDSHONT
Spleset. LGEST AB, sbgenr Splip PQ & B yeefluied eism @G edannefisg, BC
eenld eroneflly s&Snms swsem Shle RS & C eremid yerterfluieo axsm-@, CD
admns edannefladng etefleo AB || CD eteor BerpLa.

p B Q

-
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6. If the ratio of the supplement of an angle to the complement of the same angle is 8:3,
the angle is:

A) 36°

B) 45°

C) 54°

D) 60°

7. The sum of the complement and the supplement of an angle is 200°

Find the value ofthe angle.

A) 30°

B) 35°

C) 70°

D) 140°

6.6 Summary

In this chapter, you have studied the following points:

1. Ifaray stands on a line, then the sum of the two adjacent angles so formed is 180° and vice-

versa. This property is called as the Linear pair axiom.
2. If two lines intersect each other, then the vertically opposite angles are equal.

3. Lines which are parallel to a given line are parallel to each other.
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6. @m ePUI'L Canaugde WensBrLiL whmib Bl Casnenmmisefien N8z 8:3
ereofled kg GaHTevoTD
A)36°
B) 45°
C) 54°
D) 60°

7. @wm Gamewigdett Bl wHmID Wews B Csnewmiseflesr ewnggsn 200°
areofled kg GaHTevoTd
A)30°
B) 35°
C) 70°
D) 140°

6.6 asTSGIILY

85 JHHBLnsHe0 Bruser LNetTeudbd SHHSHSHIHHENET LIgSGI6TerlTa6l.

L @@ GHMLIST G @B HSM SiEDLDULDTETED DS6DTITED &@G)JIT@LID SiBsGleTeT
Gamevouseflett Fa(BEHe0 180° SH@&LD HOHMID IHOISIT LDMMed RhS Listor g6 ChisCsHT G
Gamevor QeuarflLiLienL 2 _6TTenLD 160N HEWLPSSLILIBSDE.

2. @uewi® CHMBSH6T RETEMMEWITEITN] CICULIREHESTETEUSTED STDLIBLD &GFHSHT CHITETORISET
&IDID DHGLD.

3. &MEsHSUILLL GaMLHE Gemennnsgs 2 6Tem CHMBSH6T RETMISHEHTEITN] SEDETTUITS
BHSGLD.
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APPENDIX 1

ApPENDIX 1

PROOFS IN MATHEMATICS
L R

A1l.1 Introduction

Suppose your family owns a plot of land and there is

no fencing around it. Your neighbour decides one day {

to fence off his land. After he has fenced his land, you

discover that a part of your family’s land has been

enclosed by his fence. How will you prove to your //

neighbour that he has tried to encroach on your land?
Your first step may be to seek the help of the village
elders to sort out the difference in boundaries. But,
suppose opinion

is divided among the elders. Some feel you are right and others feel your neighbour is right.
What can you do? Your only option is to find a way of establishing your claim for the boundaries
of your land that is acceptable to all. For example, a government approved survey map of your
village can be used, if necessary in a court of law, to prove (claim) that you are correct and your
neighbour is wrong.

Let us look at another situation. Suppose your mother has paid the electricity bill of your
house for the month of August, 2005. The bill for September, 2005, however, claims that the
bill for August has not been paid. How will you disprove the claim made by the electricity
department? You will have to produce a receipt proving that your August bill has been paid.

You have just seen some examples that show that in our daily life we are often called upon
to prove that a certain statement or claim is true or false. However, we also accept many
statements without bothering to prove them. But, in mathematics we only accept a statement as
true or false (except for some axioms) if it has been proved to be so, according to the logic of
mathematics.
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In fact, proofs in mathematics have been in existence for thousands of years, and they are
central to any branch of mathematics. The first known proofis believed to have been given by
the Greek philosopher and mathematician Thales. While mathematics was central to many ancient
civilisations like Mesopotamia, Egypt, China and India, there is no clear evidence that they used
proofs the way we do today.

In this chapter, we will look at what a statement is, what kind of reasoning is involved in
mathematics, and what a mathematical proof consists of.

Al.2 Mathematically Acceptable Statements

In this section, we shall try to explain the meaning of a mathematically acceptable statement. A
‘statement’ is a sentence which is not an order or an exclamatory sentence. And, of course,
a statement is not a question! For example,

“What is the colour of your hair?” is not a statement, it is a question.

“Please go and bring me some water.” is-a request or an order, not a statement.
“What a marvellous sunset!” is an exclamatory remark, not a statement.
However, “The colour of your hair is black™ is a statement.

In general, statements can be one of the following:

o always true

o always false

e ambiguous

The word ‘ambiguous’ needs some explanation. There are two situations which make a
statement ambiguous. The first situation is when we cannot decide if the statement is always
true or always false. For example, “Tomorrow is Thursday” is ambiguous, since enough of a
context is not given to us to decide if the statement is true or false.

The second situation leading to ambiguity is when the statement is subjective, that is, it is
true for some people and not true for others. For example, “Dogs are intelligent” is ambiguous
because some people believe this is true and others do not.

Example 1 : State whether the following statements are always true, always false or ambiguous.
Justify your answers.

(1) There are 8 days in a week.
(i1) Itisraining here.

(111) The sun sets in the west.
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(iv) Gaurtis akind girl.

(v) The product of two odd integers is even.

(vi) The product of two even natural numbers is even.

Solution :

(1) This statement is always false, since there are 7 days in a week.

(11) This statement is ambiguous, since it is not clear where ‘here’ is.

(111) This statement is always true. The sun sets in the west no matter where we live.

(iv) This statement is ambiguous, since it is subjective—Gauri may be kind to some and not to
others.

(v) This statement is always false. The product of two odd integers is always odd.

(vi) This statement is always true. However, to justify that it is true we need to do some work.
It will be proved in Section A1.4.

As mentioned before, in our daily life, we are not so careful about the validity of statements.
For example, suppose your friend tells you that in July it rains everyday in Manantavadi, Kerala.
In all probability, you will believe her, even though it may not have rained for a day or two in
July. Unless you are a lawyer, you will not argue with her!

As another example, consider statements we often \\\
make to each other like “it is very hot today”. We easily
accept such statements because we know the context even - -
though these statements are ambiguous. ‘It is very hot
today’ can mean different things to different people
because what is very hot for a person from Kumaon may

not be hot for a person from Chennai.

But a mathematical statement cannot be ambiguous. In mathematics, a statement is only
acceptable or valid, if it is either true or false. We say that a statement is true, if it is always
true otherwise it is called a false statement.

For example, 5 + 2 = 7 is always true, so ‘5 + 2 = 7’ is a true statement and
5+ 3 =7 1s a false statement.
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Example 2 : State whether the following statements are true or false:

(1)  The sum of the interior angles of a triangle is 180°.

(11) Every odd number greater than 1 is prime.

(111) For any real number x, 4x +x = 5x.

(iv) For every real number x, 2x > x.

(v) Forevery real number x, x*> x.

(vi) Ifaquadrilateral has all its sides equal, then it is a square.

Solution :

(1)  This statement is true. You have already proved this in Chapter 6.

(11) This statement is false; for example, 9 is not a prime number.

(111) This statement is true.

(iv) This statement is false; for example, 2 x (—1) =-2, and — 2 is not greater than —1.
(v) This statement is false; for example, [ljz == and % 1s not greater than %

p,,
(vi) This statement is false, since a rhombus has equal sides but need not be a square.

You might have noticed that to establish that a statement is not true according to mathematics,
all we need to do is to find one case or example where it breaks down. So in (ii), since 9 is not
a prime, it is an example that shows that the statement “Every odd number greater than 1 is
prime” is not true. Such an example, that counters a statement, is called a counter-example. We
shall discuss counter-examples in greater detail in Section A1.5.

You might have also noticed that while Statements (iv), (v) and (vi) are false, they can be
restated with some conditions in order to make them true.

Example 3 : Restate the following statements with appropriate conditions, so that they become
true statements.

(1)  For every real number x, 2x > x.

(ii) For every real number x, x* > x.

(111) Ifyou divide a number by itself, you will always get 1.

(iv) The angle subtended by a chord of a circle at a point on the circle is 90°.

(v) Ifaquadrilateral has all its sides equal, then it is a square.
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Solution :

(1) Ifx>0,then 2x >ux.

(i) Ifx<0orx>1,then x*>x.

(111) Ifyou divide a number except zero by itself, you will always get 1.

(iv) The angle subtended by a diameter of a circle at a point on the circle is 90°.

(v) Ifaquadrilateral has all its sides and interior angles equal, then it is a square.

EXERCISEAL1.1

1. State whether the following statements are always true, always false or ambiguous. Justify
your answers.

(1) There are 13 months in a year.
(11) Diwali falls on a Friday.
(ii1) The temperature in Magadi is 26° C.
(iv) The earth has one moon.
(v) Dogs can fly.
(vi) February has only 28 days.
2. State whether the following statements are true or false. Give reasons for your answers.
(1) The sum of the interior angles of a quadrilateral 1s 350°.
(i1) For any real numberx, x* > 0.
(111) A thombus is a parallelogram.
(iv) The sum of two even numbers is even.
(v) The sum of two odd numbers is odd.
3. Restate the following statements with appropriate conditions, so that they become true
statements.
(1) All prime numbers are odd.
(11) Two times a real number is always even.
(111) For any x, 3x +1 > 4.
(iv) Forany x, x* > 0.
(v) Inevery triangle, a median is also an angle bisector.

A1.3 Deductive Reasoning

The main logical tool used in establishing the truth of an unambiguous statement is deductive
reasoning. To understand what deductive reasoning is all about, let us begin with a puzzle for
you to solve.
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(1) x>0 erevflev 2x > x.

(i) x <0 Steveog) x > 1 erevfled x> .
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(V) @@ BIDSISSHE 616060 LIGSMISHEHD, 616060T 2 L' GHMTEWIMMISGEDHD &I 66fled ig| FSHITLD.
uuiba Al.l
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(1) @ euBLSSE 13 DNFHHIGET 2_6TerTeor.
(i1) Surmeuefl QeueiTerligSpemDUISTT) QUIBHLD.
(iii) wmauiesr QeuliLBemed 26° C
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(V) BMUSeTTed Lm&s (pIQULD.
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2 eiTeniemLUl 6fleML&HG SMIEWILD Sam).
(1) @m BEIHeEIsdHer Slenenss 2 I Csneummiseflen sa®GgHeo 350°.
(i) Slewevrsg| CIDWIOWIETHET X H@SLD X > 0.
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(1) OEWETISHZ LIST 6T6OTSHEBLD RMEDM 6CTCTITSH6T.
(i) e ewpul eTevoTevOllEdT @(HLOLIBISHTEOIS R GBI ML 6T6T0T.
(iii) x @etr erevevrm W IADHGLD 3x +1 > 4.
(iv) x @str erev60m LAIIDSLD x° > 0.
(V) @m wpslaneuisden BOSCHTE 66U Caneummiseafen SmED Qeull.
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BrRiGeT @ LBewr SIS epeold [BMD 6SITLIKIGEOLD.
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You are given four cards. Each card has a number printed on one side and a letter on the
other side.

= V 6 9

Suppose you are told that these cards follow the rule:
“If a card has an even number on one side, then it has a vowel on the other side.”
What is the smallest number of cards you need to turn over to check if the rule is true?

Of course, you have the option of turning over all the cards and checking. But can you
manage with turning over a fewer number of cards?

Notice that the statement mentions that a card with an even number on one side has a vowel
on the other. It does not state that a card with a vowel on one side must have an even number on
the other side. That may or may not be so. The rule also does not state that a card with an odd
number on one side must have a consonant on the other side. It may or may not.

So, do we need to turn over ‘A’? No! Whether there 1s an even number or an odd number on
the other side, the rule still holds.

What about ‘5°? Again we do not need to turn it over, because whether there is a vowel or a
consonant on the other side, the rule still holds.

But you do need to turn over V and 6. If V has an even number on the other side, then the rule
has been broken. Similarly, if 6 has a consonant on the other side, then the rule has been broken.

The kind of reasoning we have used to solve this puzzle is called deductive reasoning. It is
called ‘deductive’ because we arrive at (i.e., deduce or infer) a result or a statement from a
previously established statement using logic. For example, in the puzzle above, by a series of
logical arguments we deduced that we need to turn over only V and 6.

Deductive reasoning also helps us to conclude that a particular statement is true, because it
1s a special case of a more general statement that is known to be true. For example, once we
prove that the product of two odd numbers is always odd, we can immediately conclude (without
computation) that 70001 % 134563 is odd simply because 70001 and 134563 are odd.
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APPENDIX 1

Deductive reasoning has been a part of human thinking for centuries, and is used all the time
in our daily life. For example, suppose the statements “The flower Solaris blooms, only if the
maximum temperature is above 28° C on the previous day” and “Solaris bloomed in Imaginary
Valley on 15th September, 2005 are true. Then using deductive reasoning, we can conclude
that the maximum temperature in Imaginary Valley on 14th September, 2005 was more than 28°
C.

Unfortunately we do not always use correct reasoning in our daily life! We often come to
many conclusions based on faulty reasoning. For example, if your friend does not smile at you
one day, then you may conclude that she is angry with you. While it may be true that “if she is
angry with me, she will not smile at me”, it may also be true that “if she has a bad headache, she
will not smile at me”. Why don’t you examine some conclusions that you have arrived at in your
day-to-day existence, and see if they are based on valid or faulty reasoning?

EXERCISE "Al.2

1. Usedeductive reasoning to answer the following:

(1) Humans are mammals. All mammals are vertebrates. Based on these two statements,
what can you conclude about humans?

(i1) Anthony is a barber. Dinesh had his hair cut. Can you conclude that Antony cut
Dinesh’s hair?

(111) Martians have red tongues. Gulag is a Martian. Based on these two statements, what
can you conclude about Gulag?

(iv) If it rains for more than four hours on a particular day, the gutters will have to be
cleaned the next day. It has rained for 6 hours today. What can we conclude about
the condition of the gutters tomorrow?

(v) Whatis the fallacy in the cow’s reasoning in the cartoon below?

All dogs have tails.
I have a tail.

Therefore I am a
dog.

iV
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APPENDIX 1

2. Once again you are given four cards. Each card has a number printed on one side and a
letter on the other side. Which are the only two cards you need to turn over to check
whether the following rule holds?

“If a card has a consonant on one side, then it has an odd number on the other side.”

B 3 U 8

Al.4 Theorems, Conjectures and Axioms

So far we have discussed statements and how to check their validity. In this section, you will
study how to distinguish between the three different kinds of statements mathematics is built
up from, namely, a theorem, a conjecture and an axiom.

You have already come across many theorems before. So, what is a theorem? A mathematical
statement whose truth has been established (proved) is called a theorem. For example, the
following statements are theorems, as you will see in Section A1.5.

Theorem A1.1 : The sum of the interior angles of a triangle is 180°.
Theorem A1.2 : The product of two even natural numbers is even.

Theorem A1.3 : The product of any three consecutive even natural numbers is divisible by
16.

A conjecture 1s a statement which we believe is true, based on our mathematical understanding
and experience, that is, our mathematical intuition. The conjecture may turn out to be true or
false. If we can prove it, then it becomes a theorem. Mathematicians often come up with
conjectures by looking for patterns and making intelligent mathematical guesses. Let us look at
some patterns and see what kind of intelligent guesses we can make.

Example 4 : Take any three consecutive even numbers and add them, say,
2+4+6=12,4+6+8=18,6+8+10=24,8 +10 + 12 =30, 20 + 22 + 24 = 66.
Is there any pattern you can guess in these sums? What can you conjecture about them?
Solution : One conjecture could be :

(1) the sum of three consecutive even numbers is even.

Another could be :

(11) the sum of three consecutive even numbers is divisible by 6.
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Example 5 : Consider the following pattern of numbers called the Pascal’s Triangle:

Line Sum of numbers

1 1 1

2 1 1 2

3 1 2 1 4

4 1 3 3 1 8

5 1 4 6 4 1 16

6 1 5 10 10 5 1 32

7

8

What can you conjecture about the sum of the numbers in Lines 7 and 8? What about the

sum of the numbers in Line 21? Do you see a pattern? Make a guess about a formula for the sum
of the numbers in line #.

Solution : Sum of the numbers in Line 7 =2 x 32 = 64 =2°
Sum of the numbers in Line 8 =2 x 64 =128 =27
Sum of the numbers in Line 21 = 2%°

Sum of the numbers in Line n =2""!

Example 6 : Consider the so-called triangular numbers T :

©

°

o o
e
o o e © o

® © e o o o 0 o o o
T, T, T, T,

Fig. Al.1

The dots here are arranged in such a way that they form a triangle. Here T, = 1,
T,=3,T,=6,T,= 10, and so on. Can you guess what T, is? What about T,? What about T ?

Class 9 182 Mathematics



Haraiamanmiy 1

aBSHBHTEG 5 : etteuld eravnseafled SlewmLenL TBHGISHOSHT6T. DG LIMEVES60
WP5BHMETTD 6TETLILIBSDE).

euflens erevngerfletr &a(B560

1 1 1

2 1 1 2

3 1 2 1 4

4 1 3 3 1 8

5 1 4 6 4 1 16

6 1 5 10 10 5 1 32

7

8

7 M 8eug euflemsuied 2 6o ersmg:eflel FaBHO LDHBIL 2 _6TENEMLUI HEW)LDTEITLD
eTetTevTONNS: BHSGSLD? 216ug euflensuiled 2 eitem ercmrseflett FaBH60 e6TT6N? GTSTEUS)
SlemDLI 2 606G CameimBman? eufleng 1 60 2 6o etevnigHelled FaBHEO SHMEvOT (B
HHSTSHMS erdUILIMLI.

Sia) : Teug euflenguied 2 emen eretoraefletr sa®BgHeo =2 x 32 = 64 =2°

8eug euflenguiled 2 eiterm erevtigefletr sa®BgHeo =2 x 64 = 128 =27

21615 euflenguied 2 een erevnigeflesr gaBs60 = 22

neug| euflenguiled 2 eitem erevtigafletT FaBEHe0 = 2"

TBHHIHHTLEG 6 : NetreurHd p&Gseuor erenseT T g2 seussilssaiid.

o
)
() L)
o
o ) ° ° °
o [ ) () o o [ I ) ) [ )
T, T, T3 T,
uob. Al.1

8mig yetefleeT wpa&Camemnmd Sewmww|omm) euflensluGssuuGetengl. @mig T =1, T, =
3,T,=6,T,= 10, @etremid w6v. T, 65T LDSLIL| 666U ET6HTMI 2_6TTEVITEL DNBEE WPREMST?
T 6ot wdiy wrg? T eor oy wng?

9 opib aIGy 183 HahgHLD



APPENDIX 1

Make a conjecture about T .

It might help if you redraw them in the following way.

T1 T2 T3 '|'4
Fig. A1.2
. 5x6
Solution :T5= 1+2+3+4+5=15= 5
6x7
T=1+2+3+445+6=21=—
_ nx(n+1)
Tn— —

A favourite example of a conjecture that has been open (that is, it has not been proved to be
true or false) is the Goldbach conjecture named after the mathematician Christian Goldbach
(1690 — 1764). This conjecture states that “‘every even integer greater than 4 can be expressed
as the sum of two odd primes.” Perhaps you will prove that this result is either true or false,
and will become famous!

You might have wondered — do we need to prove everything we encounter in mathematics,
and if not, why not?

Why do I have to
prove everything I
say|
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The fact is that every area in mathematics is based on some statements which are assumed
to be true and are not proved. These are ‘self-evident truths” which we take to be true without
proof. These statements are called axioms. In Chapter 5, you would have studied the axioms and
postulates of Euclid. (We do not distinguish between axioms and postulates these days.)

For example, the first postulate of Euclid states:

A straight line may be drawn from any point to any other point.
And the third postulate states:

A circle may be drawn with any centre and any radius.

These statements appear to be perfectly true and Euclid assumed them to be true. Why? This
1s because we cannot prove everything and we need to start somewhere. We need some
statements which we accept as true and then we can build up our knowledge using the rules of
logic based on these axioms.

You might then wonder why we don’t just accept all statements to be true when they appear
self-evident. There are many reasons for this. Very often our intuition can be wrong, pictures or
patterns can deceive and the only way to be sure that something is true is to prove it. For
example, many of us believe that if a number is multiplied by another, the result will be larger
than both the numbers. But we know that this is not always true: for example, 5 x 0.2 =1, which
is less than 5.

Also, look at the Fig. A1.3. Which line segment is longer, AB or CD?

A%
Line sagmeni A8
Cor C
Line segmant SO
Fig. A1.3

It turns out that both are of exactly the same length, even though AB appears shorter!

You might wonder then, about the validity of axioms. Axioms have been chosen based on our
intuition and what appears to be self-evident. Therefore, we expect them to be true. However, it
1s possible that later on we discover that a particular axiom is not true. What is a safeguard
against this possibility? We take the following steps:

(1) Keep the axioms to the bare minimum. For instance, based on only axioms and five
postulates of Euclid, we can derive hundreds of theorems.
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(1) Make sure the axioms are consistent.
We say a collection of axioms is inconsistent, if we can use one axiom to show that
another axiom is not true. For example, consider the following two statements. We
will show that they are inconsistent.

Statement1: No whole number is equal to its successor.

Statement 2: A whole number divided by zero is a whole number.

(Remember, division by zero is not defined. But just for the moment, we assume that
itis possible, and see what happens.)

From Statement 2, we get — =a , where a is some whole number. This implies that, 1
= 0. But this disproves Statement 1, which states that no whole number is equal to its
successor.

(111) A false axiom will, sooner or later, result in a contradiction. We say that there is a
contradiction, when we find a statement such that, both the statement and its
negation are true. For example, consider Statement 1 and Statement 2 above once
again.

From Statement 1, we can derive the resultthat 2 = 1.

Now look at x* — x*. We will factorise it in two different ways as follows:
(i) x*—x*=x(x—x)and

(1) x*—x*=(x+x)(x—x)

So, x(x —x) = (x + x)(x — x).

From Statement 2, we can cancel (x — x) from both sides.

We get x = 2x, which in turn implies 2 = 1.

So we have both the statement 2 # 1 and its negation, 2 = 1, true. This is a contradiction. The
contradiction arose because of the false axiom, that a whole number divided by zero is a whole
number.

So, the statements we choose as axioms require a lot of thought and insight. We must make
sure they do not lead to inconsistencies or logical contradictions. Moreover, the choice of
axioms themselves, sometimes leads us to new discoveries. From Chapter 5, you are familiar
with Euclid’s fifth postulate and the discoveries of non-Euclidean geometries. You saw that
mathematicians believed that the fifth postulate need not be a postulate and is actually a theorem
that can be proved using just the first four postulates. Amazingly these attempts led to the
discovery of non-Euclidean geometries.

We end the section by recalling the differences between an axiom, a theorem and a
conjecture. An axiom is a mathematical statement which is assumed to be true without
proof; a conjecture is a mathematical statement whose truth or falsity is yet to be established;
and a theorem is a mathematical statement whose truth has been logically established.
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APPENDIX 1

EXERCISEA1.3

. Take any three consecutive even numbers and find their product; for example,

2x4x6=48,4x6x §=192, and so on. Make three conjectures about these products.

. Go back to Pascal’s triangle.

Linel:1=11°

Line2: 1 1=11!

Line3:12 1=112

Make a conjecture about Line 4 and Line 5. Does your conjecture hold? Does your
conjecture hold for Line 6 too?

Let us look at the triangular numbers (see Fig.A1.2) again. Add two consecutive triangular
numbers. For example, T, +T,=4,T,+ T, =9, T+ T, = 16.
What about T, + T, ? Make a conjecture about T +T .
Look at the following pattern:

1°=1

112= 121

1112= 12321

11112 = 1234321

1111172 = 123454321
Make a conjecture about each of the following:

1111112 =

11111112 =
Check if your conjecture is true.

List five axioms (postulates) used in this book.

A1.5 What is a Mathematical Proof?

Let us now look at various aspects of proofs. We start with understanding the difference between
verification and proof. Before you studied proofs in mathematics, you were mainly asked to
verify statements.

For example, you might have been asked to verify with examples that “the product of
two even numbers is even”. So you might have picked up two random even numbers,
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8H5 6LHSHSHE0 LIETSHEHHS 3 SHEIDMEIRISHET HeMLDSSELD.

. LIM6&E60 (pSHCHTEMISHMNS HEWLDSHSHELD.

euflems 1:1=11°
auflems 2: 1 1=11"
auflems 3:1 2 1 =112

auflews 4 HOHMID euflens 5 & sHenllsg 61(W&I%. 2 ciTeniemLl &6eufllL] UMBHSILDT?
auflews 6 &S OMBHSILDT?

. Wp&Gsnevr erevtTdHEmeT (LULLD.A1.2) DMLIQUID IBS&ISSTET. Breoi B HBSHSBSHS

aeTseflett FaBeeme0 seus. absgsemLg, T +T, =4, T +T,=9,T+T,=16.
T,+T, wduy wrg? T  +T oNss @® sewillemu 61wWpg)s.
LfetTeuHLD HeWLDLIEML! SH6uesfl.

1°=1

112= 121

1112 = 12321

11117 = 1234321

11111% = 123454321
LNesTeuHEETTEUDEMD &H6T0llSS) 6T(LDSIS.

1111112 =

1111111% =
© eorenyemLl Sevoflli &flwm eteor &rflum.

SUUNLL L 5585806T6T 5 SgBSHTETHEN6T 61(LDSIS.

Al.5 a0z BIHLIGOILD GTATDTED GTATOT?

BepLemisHe0  LoGaum) [Bemeosemer [HMD  &mevor@UMD. HMD  &lumigsed (verification)
o BerpusIsHDS (prood) PewLBw 2 6t Coumiun@semer  Lflbgs6&meTGeuLD.
senflgsde0 Bepuewrd UMM LIQUUSDES (PST eunsSwmsenst &ilunigss Geuevorie
@& L &LILIL6OMLD.

TBSHIGHHMLNS, Qreooi(® SIUeDL eTevrs6flel OLHHSSHSTens: QI I 6L  6T6v0r

ETEITLIHEMETT 2_SHTIEMNRISEHL60T FfLIMTES 61FTE0EEUITLD.
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say 24 and 2006, and checked that 24 x 2006 =48144 is even. You might have done so for
many more examples.

Also, you might have been asked as an activity to draw several triangles in the class and
compute the sum of their interior angles. Apart from errors due to measurement, you would
have found that the interior angles of a triangle add up to 180°.

What is the flaw in this method? There are several problems with the process of verification.
While it may help you to make a statement you believe is true, you cannot be sure that it is true
in all cases. For example, the multiplication of several pairs of even numbers may lead us to
guess that the product of two even numbers is even. Howeyver, it does not ensure that the product
of all pairs of even numbers is even. You cannot physically check the products of all possible
pairs of even numbers. If you did, then like the girl in the cartoon, you will be calculating the
products of even numbers for the rest of your life. Similarly, there may be some triangles
which you have not yet drawn whose interior angles do not add up to 180°. We cannot measure
the interior angles of all possible triangles.

242 x 3002 =

3248 x 5468 =
726484, even

17760064, even

At age 8 At age 16

12466 x 3474 = 43306884 x 45676
43306884, even =1978085233584, even

At age 36 At age 86
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Moreover, verification can often be misleading. For example, we might be tempted to
conclude from Pascal’s triangle (Q.2 of Exercise A1.3), based on earlier verifications, that 11°
= 15101051. But in fact 11° =161051.

So, you need another approach that does not depend upon verification for some cases only.
There is another approach, namely ‘proving a statement’. A process which can establish the
truth of a mathematical statement based purely on logical arguments is called a mathematical
proof.

In Example 2 of Section A1.2, you saw that to establish that a mathematical statement is
false, it is enough to produce a single counter-example. So while it is not enough to establish
the validity of a mathematical statement by checking or verifying it for thousands of cases, it is
enough to produce one counter-example to disprove a statement (i.e., to show that something
1s false). This point is worth emphasising.

Girls don’t
climb trees.

To show that a mathematical statement is false, it is enough to find a single counter-
example.

So, 7+ 5 =12 1s a counter-example to the statement that the sum of two odd numbers is
odd.

Let us now look at the list of basic ingredients in a proof:
(1) Toprove a theorem, we should have a rough idea as to how to proceed.

(i1) The information already given to us in a theorem (i.e., the hypothesis) has to be clearly
understood and used.
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For example, in Theorem A1.2, which states that the product of two even numbers 1s
even, we are given two even natural numbers. So, we should use their properties. In the
Factor Theorem (in Chapter 2), you are given a polynomial p(x) and are told that p(a) = 0.
You have to use this to show that (x — a) is a factor of p(x). Similarly, for the converse
of the Factor Theorem, you are given that (x — a) is a factor of p(x), and you have to use
this hypothesis to prove that p(a) =0.

You can also use constructions during the process of proving a theorem. For example,
to prove that the sum of the angles of a triangle is 180°, we draw a line parallel to one of
the sides through the vertex opposite to the side, and use properties of parallel lines.

(111) A proofis made up of a successive sequence of mathematical statements. Each statement
in a proofis logically deduced from a previous statement in the proof, or from a theorem
proved earlier, or an axiom, or our hypothesis.

(iv) The conclusion of a sequence of mathematically true statements laid out in a logically
correct order should be what we wanted to prove, that is, what the theorem claims.

To understand these ingredients, we will analyse Theorem A1.1 and its proof. You have already
studied this theorem in Chapter 6. But first, a few comments on proofs in geometry. We often
resort to diagrams to help us prove theorems, and this is very important. However, each statement
in the proof has to be established using only logic. Very often, we hear students make statements
like “Those two angles are equal because in the drawing they look equal” or “that angle must be
90°, because the two lines look as if they are perpendicular to each other”. Beware of being
deceived by what you see (remember Fig A1.3)! .

So now let us go to Theorem A1.1.
Theorem A1.1 : The sum of the interior angles of a triangle is 180°.
Proof : Consider a triangle ABC (see Fig. Al1.4).
We have to prove that £/ ABC+ 2 BCA+ £ CAB=180° (D)

FigA 1.4
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UL A 1.4
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Construct a line DE parallel to BC passing through A. (2)
DE is parallel to BC and AB is a transversal.
So, Z DAB and £ ABC are alternate angles. Therefore, by Theorem 6.2, Chapter 6, they are

equal,i.e. Z DAB=ZABC (3)
Similarly, # CAE = Z ACB (4)
Therefore, ~ ABC+ 2/ BAC+ ZACB=2/DAB+/BAC+ Z CAE &)
But £ DAB +£ BAC+ £ CAE = 180°, since they form a straight angle. (6)
Hence, £ ABC+ ZBAC+ ZACB =180°. (7)

Now, we comment on each step of the proof.
Step 1 : Our theorem is concerned with a property of triangles, so we begin with a triangle.

Step 2 : This is the key idea — the intuitive leap or understanding of how to proceed so as to be
able to prove the theorem. Very often geometric proofs require a construction.

Steps 3 and 4 : Here we conclude that £ DAE = 2 ABC and £ CAE = £ ACB, by using the fact
that DE is parallel to BC (our construction), and the previously proved Theorem 6.2, which
states that if two parallel lines are intersected by a transversal, then the alternate angles are
equal.

Step 5 : Here we use Euclid’s axiom (see Chapter 5) which states that: “If equals are added to
equals, the wholes are equal” to deduce

ZABC+ ZBAC+ £ZACB=ZDAB+/ZBAC+ £ CAE.

That is, the sum of the interior angles of the triangle are equal to the sum of the angles on a
straight line.

Step 6 : Here we use the Linear pair axiom of Chapter 6, which states that the angles on a
straight line add up to 180°, to show that £~ DAB +/ BAC + £ CAE =180°.

Step 7 : We use Euclid’s axiom which states that “things which are equal to the same thing are
equal to each other” to conclude that #/ ABC+ £/ BAC+ Z ACB=2ZDAB +Z BAC+ £ CAE
= 180°. Notice that Step 7 is the claim made in the theorem we set out to prove.

We now prove Theorems Al1.2 and A1.3 without analysing them.
Theorem A1.2 : The product of two even natural numbers is even.
Proof: Letx and y be any two even natural numbers.

We want to prove that xy is even.
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yererfl A 60 BC & Qemevorwinest Gan® DE &2 suenns. (2)
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iR 2: B8 WPsSW Cunsenest. Bbs CHHMSHMS BepLlas: eeuaunm O\SNLHIGES 6T6TLIENS
Gundlgs Ceuetor®BLd. eulgefluied [BerHLICTTRISEHSHE HLDEG EUEDISHE0 /| HeWLDLIL| CHemeuLILIBLD.

uipser 3 wmmitb 4: Gweyld DE etsitig) BCa@ Semewr (SiemibLIL|) 6T60TD S(hEHens 61&metnr®
mmb £ DAE = 2 ABC wimib £ CAE= 2 ACB eresteonid. wpettGu BepLilss CHHMLD 6. 260
gaplwjeer LI, Sreioi® BewetTCHMBSHMET Q(H GMISHSEEUL IR OGUBLDELIMG| 2 6TTLTEGLD
G&HITETVITISHET FLDLD.

uip 5: BAD upsefll HeGsmeT, SiFTeus) FLDLDNEITENEISHEN6T FMETeUHEHNG Fal lQ6vTTed
SMLEHGSLD 6)IDNGS(PLD FIDLD 6TEHTLIENSS C1SHT6wT(D,

ZABC+ ZBAC+ ZACB=2ZDAB+2 BAC+ Z CAE elesr e1pgeomip.
Signeug WPp&Gsnenisdeir 2 61 Cevimenrmseflest FaBHO GHTGHMLIQ6ST L5g6Term
Ganewmmiserflell FaBHeN&HE FLDLD.

LR 6: @IS LMLLD 6 60 2 6iTem SHBSSI6TeN CHTERISHET HBHTENTHSHTITIB, ISTeUT)
M CHIGHMIRed AHewwuwllb Gasneurmiseaflesr sa®Gse0 180° eretTLMSS O&MEvTB
ZDAB+ZBAC+ £ CAE =180° etéor er¢ps6omid.

up 7 ZABC+ ZBAC+ ZACB=2ZDAB +4£ BAC + £ CAE = 180° etevr a1, uypsserfligesr
SPBaeT Asmeug B SeueuGaum OUMBLEET QCT CLINHEHSHES FLDLDTEITE0 HEME
BreiTBLD RETMISESMTENM)| FLDD 6IGITLIENS LILIETTLIBSHSEOILD.

Suewunws Al.2 pmib Al.3 CeHHMMmISENST SHTMUMDED [BerbLil&&He0mLD.
BGxmmib Al.2 : @oevor(® SULenL GUIed 6T6eTuTHEM6IT CILITHSHBHLIEOEIT 6T GBI ML 6T600T.
BeBUEDTID : X LDMHMID ) eT6tTLen CHEID BIetor® I ewL QUIED ETETSH6IT 616315.

Xy et6bTLIg| @ @uUemL etevor etevt [BerpLAGaLILIL Geuetor(BLD.
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APPENDIX 1

Since x and y are even, they are divisible by 2 and can be expressed in the form
x = 2m, for some natural number m and y = 2n, for some natural number 7.
Then xy =4 mn. Since 4 mn is divisible by 2, so 1s xy.

Therefore, xy is even.

Theorem A1.3 : The product of any three consecutive even natural numbers is divisible by
16.

Proof : Any three consecutive even numbers will be of the form 2n, 2n + 2 and
2n + 4, for some natural number n. We need to prove that their product
2n(2n + 2)(2n + 4) is divisible by 16.

Now, 2n(2n +2)2n +4) =2n x 2(n +1) x 2(n + 2)

=2x2x2n(n+ 1)(n+2)=8n(n+ 1)(n+2).

Now we have two cases. Either n 1s even or odd. Letus examine each case.

Suppose 7 is even : Then we can write n = 2m, for some natural number m.

And, then 2n(2n + 2)2n +4) =8n(n + 1)(n + 2) = 16m(2m + 1)(2m + 2).

Therefore, 2n(2n + 2)(2n + 4) is divisible by 16.

Next, suppose nis odd. Then n + 1 is even and we can write n+ 1 = 2r, for some natural number
7.

We then have :2n(2n + 2)(2n +4) =8n(n + 1)(n + 2)
=82r—1)x2rx(2r+1)
=16rQ2r— 1)(2r+ 1)
Therefore, 2n(2n + 2)(2n + 4) is divisible by 16.

So, in both cases we have shown that the product of any three consecutive even numbers is
divisible by 16.

We conclude this chapter with a few remarks on the difference between how mathematicians
discover results and how formal rigorous proofs are written down. As mentioned above, each
proof has a key intuitive idea (sometimes more than one). Intuition is central to a mathematician’s
way of thinking and discovering results. Very often the proof of a theorem comes to a
mathematician all jumbled up. A mathematician will often experiment with several routes of
thought, and logic, and examples, before she/he can hit upon the correct solution or proof. Itis
only after the creative phase subsides that all the arguments are gathered together to form a
proper proof.

It is worth mentioning here that the great Indian mathematician Srinivasa Ramanujan used
very high levels of intuition to arrive at many of his statements, which
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X LDMHMILD ) eT6dTLIENE BT 6ML 6T6T0T 6T60fl60 D6y 2 Shed 6UGSLIBLD. TCSHEMID R Bied
616001 171 & X = 2m, IDDHMILD TCHEVILD (H BUIed 616301 71 &S ) = 21 eulgefled AeuerfiLILIBSg60mLD.
SOWINWG Xy =4 mn e16sTLg] 2 Op60 UGLIBLD. 6T631G6Y, XY STTLGID 2 Dhed eUGLBLD.
eTeoT@6Y, X) 6T6TLIS SILU6WL. 616001 DbGLD.
GxphmIbAL3 : gGseID epeiin SHBS55055 BILEOL cletrgHerfledt EILIIHSHSHDLOOET 16 Sh60
6UGLIBLD.
BebLU@ND: JCHEMID @ Buieverssor 71 6165fl6d, HBSHSBSHS PETM Buleversvorg:ert 21, 2n +2
HMID 21 + 4 et6tin  6uigefled PHSHGSLD. QeubmledT CWih&SDLevest 2n(2n + 2)(2n + 4)
eT60TLIg) 16 Dhed UGLIBLD eTetim) [Berbliss: GeuetrBLD.
uewnwpsl, 2n(2n +2)2n+4)=2n x2(n +1) x 2(n + 2)
=2x2x2n(n+ 1)(n+2)=8n(n+ 1)(n+2).

SueLnwg BSILD SIeor® eudSH6T 2 6TeTeur. Q65Tm) 71 6T60TLS| RMHEDMD 61600 6LV
SorenL erevor. @pevoremLigd  FlumTIGUMLD.
n eTetTLIG| @IU6WL. 616007 6T6ufled, 711 & 1 = 21 61681 6T(LDSEVITLD.
@Geyb, SOwnwsl 2n(2n + 2)(2n +4) =8n(n+ 1)(n + 2) = 16m(2m + 1)(2m + 2).
Op&Bea, 2n(2n + 2)(2n + 4) et6tiug) 16 Sped euGLBLD.
Wm@, 7 e6dTLg QT RMewM et6vor eTevfled n+1 eTedTLz @ BILewL eletor. GLOSYD Hul6d
616001 1 & N+ 1=2r 61631 6I(LDSEVILD.
Sp5Ca, 2n(2n +2)(2n +4) =8n(n + 1)(n + 2)

=82r—-1)x2rx(2r+1)

=16r2r — 1)2r + 1)
616016, 2n(2n +2)(2n + 4) et6tiuig 16 Sp60 6UGSLIBLD.

Op5Ceu, Brevoi® auflsefeyld et HBSSBSS BILEWL 6T60uSH6rT65T CILITHESHMLIEOET
16 Op60 UGLGLD et6ur [BerbLISGSHTLD.

5600115 EUELEYETTITEHET eTEUUMTM) (LPIREDEN HEWTLMHSMTSHET LDHMILD eT6ueuTM)| [BerHLIETISENS
ETLDBEVTTTSH6T ETTLSDSID RewLBW 2 6imem GeumLimigemest LDHNul Feo SIS ErpL 63T
Bbg LML GHemenT (Lples&eomid. GGsd GMILLILLLIQ, QeuaeuTH BeHLSTTAPD @@ e Sl
SN (ReTemmeilL. HPHHLDNS) 2_6tor(®. QReueaUTH SH6wils eueoaymisefer fAbdssd auf
IDOMID  (PIREYSHEDET SHETLMIHED &l AHNener HQLILIEDLUITS CSTETL . &H60iS

SNMEHTHEHSHS [BHLEWID FTEoIS: HOLESSTSWD. R Hewlls HNNEHT HeoTenienL i
ApIREweY Slevevg) Flwimest BerHLIETITEENS c9160)|.611;_5;p@ ueo eufiserfled é]gﬁ&aa(%snsm@m
F1es fHuled Cundlss GeuetoT(BD. 2 FHMIewmhiS6T Lisosunenn HAbdHss GeuetorBLD. 616060

sflensmsEnD ReTons Csibg @wm LHw Beneo CoHMeTnisEe0 BehLIEwID ShLD.
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he claimed were true. Many of these have turned out be true
and are well known theorems. However, even to this day
mathematicians all over the world are struggling to prove
(or disprove) some of his claims (conjectures).

1.

AN LR ol

APPENDIX 1

Srinivasa Ramanujan

(1887-1920)
EXERCISE A14 Fig. A1.5

Find counter-examples to disprove the following statements:

(1) If the corresponding angles in two triangles are equal, then the triangles are
congruent.

(11) A quadrilateral with all sides equal is a square.

(111) A quadrilateral with all angles equal is a square.

(iv) For integers a and b, \Jo* +b* =a +b

(v) 2n*+ 11 is a prime for all whole numbers 7.

(vi) n*—n+41 is a prime for all positive integers 7.

Take your favourite proof and analyse it step-by-step along the lines discussed in Section

A1.5 (what is given, what has been proved, what theorems and axioms have been used,
and so on).

Prove that the sum of two odd numbers is even.

Prove that the product of two odd numbers is odd.

Prove that the sum of three consecutive even numbers is divisible by 6.

Prove that infinitely many points lie on the line whose equation is y = 2x.

(Hint : Consider the point (n, 2n) for any integer n.)

You must have had a friend who must have told you to think of a number and do various

things to it, and then without knowing your original number, telling you what number you

ended up with. Here are two examples. Examine why they work.

(1) Choose a number. Double it. Add nine. Add your original number. Divide by three.
Add four. Subtract your original number. Your result is seven.

(11) Write down any three-digit number (for example, 425). Make a six-digit number by
repeating these digits in the same order (425425). Your new number is divisible by
7,11 and 13.
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Sonornesflel UL SaHMSET 2 6HTEMID 66T
gapLULULLeDE. Slewel SlaumGsSe Camermw
2 _eTeperieflennBev Famlemel eT6iTLIENS [BMD  Fam
AL HEWLILIL GEUEWT(BLD. HEHFaDMISHET HED6U S GILD
2 eTemD 6I6MID, LSHDODHM GCHMDMmISET er6ureyd
Plener, 2 60860 2 6iTem &Hewfls HMEHTSHeT BeTMILD
SlUHMLW SH[HSHSHISHHWET BepLISSaID (DH6060g 1L
eTetTm) BerbLlis&e D ) GUNME QHSMMITSHET.

1.

AR ol

Haraiamanmiy 1

yswewumnm Sidw sewlls Anflep wbBeuns

ubBaig SImoTaNsFLb
(1887-1920)
wuina Al.4 LLb. AL5

NetTeu(hlD uNSSWImIGHEneT EILIMLI et6vr [Berbllshe 6PT 2 SNIETHISEN6T S(HsS.
(1) Sneor® wsCasnewmhiseile @55 GCHMEWIhISET & 66fled, DB
WPSCHTETVITRIGET FIT6U FLDLD.

(i1) 6T6V6OM LIGSHMISEHLD FLDIDMS 2 6T HMDSID @ FHITLD.

(ii1) eT6v6OM GHTEWITHISHEHLD FLDIDTS 266N [HADHSID R S&HITLD.

(iv) QWO WETT&ET a HMID b &&.Ja’ +b> =a+b

(V) wpw eretor 11 MHeWBIGENGLD 2n* + 11 eT6tTLg R(H LST 616307 Sh@LD.

(Vi) eT6d60Om LNEWSBAPID /1 S 1> —1 + 41 e168TLIG RIH LIS 61650 DhGSLD.

2 6015:@ ef(HLILIDTEST [BerhLIENTSmES6\&mer®, Lifley Al.5 60 samuleter euaeu(h

aflowwb Spule] O&FSs. (OSTESSULLLE 6151? BeblisHsGaeameuis e81? 6bs

SleBHM6T&H6IT DHMID CHHMMISHET LWLIGTLGSSLILILB6TET6st DHMID LI6D).

Qe @nhewm elctusaflelt FaBsHO @RH BULenL elevor elevr BerbLi.

BB MmN 6TenTSH6If6 LIHSHSBMLIEVST h UL enL 6l6tor erevr [BerbLi

epeiiml SB55B5S BILeWL ercvuseflein FaBs560 6 Sped aUGUGLD erteor [BerbLa.

Y =2x 16t FLOGILIMIeMSTenT GBIt L5 eTetoremrhm LieimerllgeT 2 eitermeot.

(@M g@5emId @M WP 7 &&. (1, 2n) e6m LUeTefleww e1GS5S5615M615)

2 _6iTEn)IEMLUI [HETITLIEH, D_63TEN6UT T ETEUITEN6TIT [BEDETTSHSIS C\FHM6Tens 61&mevsdl, Lieo

e\FWeLSEemeT O\FUIWLG 6\&FTeed), B [Bewesigs eTetoremenor HNMWIMDGe0, HewmLlufed B

QubDM eflemLemuls Famieuns. Qi BretT® TESHIGSM - BSHET 2_6T6T6rr. HeUDHEHM

grflum.

(1) QAT eT6TTENETIT [BEMEIISZHIHESHTET. HHEWEN G(HLDLMISTS DTDM). RESTLIENS Sal' (.
B Bewesiss eletuTenennid Fal (. cPEIIDNED 61U, [HIeiensd dal®, B Beness
eTevTemenoT SLPl. 2_6iTenIemLI 66Dl (D DbGSLD.

(1) gCHEVILD eLPESTMI 6058 6TETTTEWETT 61(LDG). (TBSSHISSHM LS, 425). HES 6T6v0TamETOT
Sreii® Wedm 61, IpMl B60&S 6l6wTewTs LDIHMI(425425). 2_60Ten)6emLIL
HPwietevor7,11 DMHMID 13 Sp60 6UGSLBLD.
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APPENDIX 1

A1.6 Summary

In this Appendix, you have studied the following points:

1. In mathematics, a statement is only acceptable if it is either always true or always false.

2. To show that a mathematical statement is false, it is enough to find a single counter-example.
3. Axioms are statements which are assumed to be true without proof.
4

. A conjecture is a statement we believe is true based on our mathematical intuition, but which
we are yet to prove.

n

. A mathematical statement whose truth has been established (or proved) is called a theorem.
6. The main logical tool in proving mathematical statements is deductive reasoning.

7. A proofis made up of a successive sequence of mathematical statements. Each statement in
a proof is logically deduced from a previouly known statement, or from a theorem proved
earlier, or an axiom, or the hypothesis.
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Al.6 asTSIY

85 LNetT@enewrliied HMD LNSTOUBLD S(hSHSISHSHEN6T LiIgsaI6TE6ITILD.

1. sellssde0 aUMESWID DH6060G Sapml 6T6iTLS 6TLOLMIPSID 2 _6TT6mD  HEVEVE)
TLIOMIPGID WMUWINg SHHSTe0 WLGGL ebmisasTeTeLLGLD.

2. semfly aunsBwd etetTLgy Ml eteot [BepLiGs @GT @@ a1 2 gnmevord GLITGILD.

3. SIGaeia6T eT6tTLIEMEN 6T6u6MT [BerpLIGTTLSIENN 2 6G0T6mLD 6T63TM)  STHMISHESTETOTLILIL L
FaDMIS6IT.

4. BHGICHTETSHEIT ETEITLIENE [BLDG| 2_6ITEHETITTEN6UNTe0 2_6T0T6emiD 6T60TM) [HLOLILILIL'L S63TE0)ILD
BepLISSULLTS QUTSSWIMISET.

5.2 cooremip  etetTm)  BebLIGSLILILL  SHewfly aumSGSWGD GHMMID  eTedrlIL(BLD.  2_6voTemLD
BepllsaUUG0ECS CshMLD.

6. semflly aunsdugmg Bepliss 2 Fab FHTSSHPMD SLILUNWILD LUSSSD6.

7. egnLigdlunen sewfls Fapmisenens 61&MeorGL BepLIEWID HewSMmE. BerhLIcvuTsS 60t
REUEEUT(H UMSSWPLD (WPetTCL MBS eunsdwrisefledmbagl, wWeitCL [BerbLAsasLILLL
Gapmmisefledlmbag Di6v6og) SBaMeTE6T Di6devg &H(HSICHTeTSTENHHES ETLSLILILL S
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ANSWERS/HINTS

ANSWERS/HINTS

_ e _

EXERCISE 1.1

1. Yes. 0=%

0 0 : .
=5 =3 etc, denominator ¢ can also be taken as negative integer.

2. There can be infinitely many rationals betwen numbers 3 and 4, one way is to take them

21 28 2223 24 25 26 27

3=~ _,4=-=""Thenthe six numbersare ==, =2, = =2 =2 =
6+1 6+1 Tl 777
3 30 4 40 ) 31 32 33 34 35
3. Tk Therefore, five rationals are : F T

4. (1) True, since the collection of whole numbers contains all the natural numbers.
(11) False, for example — 2 is not a whole number.
(111) False, for example % 1s a rational number but not a whole number.
EXERCISE 1.2
1. (1) True, since collection of real numbers is made up of rational and irrational numbers.
(11) False, no negative number can be the square root of any natural number.
(111) False, for example 2 is real but not irrational.
2. No. For example, V4 =2 is a rational number.

3. Repeat the procedure as in Fig. 1.8 several times. First obtain v4 and then 5 .
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GiilGDLaiGiI/ SDIIYBEIT

ML BEIT /| SUILBET
] | I
uuima 1.1

1. Spb. 0=

— o

00 . . . . .
=33 GeYLD LI6V. UGS g & 61BT(&HEMN) (LPLPETEIOTEmNTS GISHTETETEONLD.
2. 3 oMb 4 & BewLCwW wpigefleor efNHHAPMI ETETTHET 2 _6iT6rT60T.

3= 4— 2 aefie> 6 ereiorametr 22,23 24 25 26 27
6+1 6+1 i, O
330 4 40 . . 3,333 34 35
3. c= T o 2bg lBSHWpMI ETENISET I s o

5 505 50 50°50° 50" 50" 50
4. (i) &M gaenesfled wpperetoraaflett GFTLIL| 6T63TLIS SUICOETETITHEMET 61GHTEUITIQIHEGSLD.
(i) saum). TESSHISHMLTS — 2 eT6iILUG] R0 LPLPETETT H6DED.
(iil) euml. TESSHISHML LTS % eT60TLIG) 6MBSHUPM)I 6T6T0T DHEVIMED (LP(LD 6T6T0T HEDED.
uuima 1.2
1. (1) &fl. efldswpm ereirasT WHMID ABHAPON eTetursHelen SMGSLIGL EIDUICLIETITSET.

(i) seuml. eMbEECUTH Buled ereturenollett eNELPMICUTESHELPEOLD 6TSIT 6ET6TOTEIONTE
BH5HNG).

(ii1) geum. 2 eTetTLIg) CIDUIEWIETIT Sp6uTTed 6MPBHLPMIT 6T6v0T Di606V.
2. saum). TESHSSM LIS V4 =2 eleviLg @ eNSHUpMI 6T6vor.

3. UL 1.8 60 QHMESSLILILL pewpuiled LevorBD LB O\FUISTed LpSHedled 4 LNedrL
V5 BemL&ESLD.
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ANSWERS/HINTS

EXERCISE 1.3
. (1) 0.36, terminating. (i) 0.09 , non-terminating repeating.
(iii)  4.125, terminating. (iv) 0230769 , non-terminating repeating.
(V) 0.18 non-terminating repeating.(vi) 0.8225 terminating.

. 2 =2x 1 = 0.285714, 3 =3x 1 = 0.428571, 4 =4 x 1 = 0.571428, 3 5% 1 = 0.714285,
7 7 7 7 7 7 7 7

S _6xl_0857142
7 7

. (i) %[Letx=0.666...Sole=6.666...or,10x=6+x or, x=-==]

... 43 1
(11) % (111) 999

1 [Letx=0.9999...S010x=9.999... or, 10x =9+x or, x =1]

0.0588235294117647

The prime factorisation of ¢ has only powers of 2 or powers of 5 or both.
0.01001000100001. . ., 0.202002000200002. . ., 0.003000300003. . .
0.75075007500075000075. . ., 0.767076700767000767. . ., 0.808008000800008. . .

S A

(1) and (v) irrational; (i1), (i11) and (iv) rational.
EXERCISE 1.4
. (1) Irrational  (i1) Rational  (ii1) Rational (iv) Irrational
(v) Irrational
() 6+432+23+6 (i1) 6 (ii1) 7+ 2410 (iv) 3

. There is no contradiction. Remember that when you measure a length with a scale or any
other device, you only get an approximate rational value. So, you may not realise that either
c or d is irrational.

. Refer Fig. 1.17.

2 V7 +2

(v ¥

C0 Gy i (i)
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@i]GDL&iGi‘I/ SDIIYBEIT

uuima 1.3

. (1) 0.36 gpeym 55D eT6vOr (1) 0.09, PREYDIT GHLPED SHFLD ET6VOT

(iii) 4.125, apeym) & erevor (iv) 0230769 , (PIQEYMIT &LPED HEFLD 6T6TOT
(V) 018 @pigeymm &iped & etevor (vi) 0.8225 weym S&LO erevor

2 ol _oassmia, 2ok lo0dssTi, 2o axlo057mas 2 =5 L= 071408,
7 7 7 7 7 7 7 7

S _6xl_0857142
7 7

(i) = [x=0.666. . ereir.peGaulOx = 6.666. .Sede0g) 10x = 6+ x Sieosogs x = 5 == ]

... 43 1
(11) % (111) 999

1 [x=0.9999. . e160185.245B6u 10 x =9.999. . Stevevgyy 10x = 9+x Slevevgy x =1]

0.0588235294117647
q 61 usm snyewnilEeT Guevneedt BHGHNGM Deveog 5 61 lBHGSH6TIGeom
Si6bevg BetTEeYGLDT B (HSHGSLD.
0.01001000100001. . ., 0.202002000200002. . ., 0.003000300003. . .
0.75075007500075000075. . ., 0.767076700767000767. . ., 0.808008000800008. . .
(i) g (v) eAdsQDr (i), (iii) wHpID (iv) eAdsen

uuima 1.4

. (1) efldawpmn erevor (ii) efldawpm) erevor (iii) eflawpm erevor

(iv) eNBawpmrm erevor (V) NS5O eT6v0T
(1) 6+3v2+23++6 (i) 6 (ii1) 7+ 2v10 (iv) 3

ebS6ilg (LpIeTTLINBLD HemLuwing). Briuse Hemsens SHemaiGamed Sisveog Gauml eTGsenID
S(Hellenl LWISTLIBSS HebSTe0 2 mhigxerhe:8s CHMIMULDTeN 6SlH5wpmI 6T600T SHenLELID.
Sp&Ga ¢ Sl6vevs) d  NlBFHPM 61600 6TEBTSHEFAD (LPIQUILD.

UL 1.17 &8 @UI®Gs.

V5 -2 (iv) V7 +2

3 3

M L Gy e G
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ANSWERS/HINTS
EXERCISE 1.5
1 _1 R _1 y
. (1) 8 (i) 2 (i) 52.(1) 27 (i) 4 (iii) 8 (iv) g{azs) P=(57) 0 =5

. (1) 2% (i) 37! (iii) 11% (iv) 56%

. D 5.D

EXERCISE 2.1

. (i) and (ii) are polynomials in one variable, (v) is a polynomial in three variables,

(iii), (iv) are not polynomials, because in each of these exponent of the variable is not a
whole number.

. B

()1 (i) -1 (1ii) % (iv) 0
. 3x¥ —4; 2y'(You can write some more polynomials with different coefficients.)
. ()3 (i1) 2 (i) 1 (iv) 0
. (1) quadratic (i1) cubic (iii) quadratic  (iv) linear
(v) linear (vi) quadratic (vii) cubic
EXERCISE 2.2
. () 3 (i1) =6 (1) -3
(1) 1,1,3 (i1) 2,4, 4 (i1) 0,1, 8 (iv)—1,0,3
. (1) Yes (i1) No (111) Yes (iv) Yes
(v) Yes (vi) Yes
(vit) —% is a zero, but % is not a zero of the polynomial (viii) No
: . oy =5 )
. (1) -5 (1) 5 (111) > (iv) 3
v) 0 (vi) 0 (vii) -4
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uuima 1.5
. (1) 8 (i) 2 (iii) 52.(1) 27 (i) 4 (iii) 8 (iv) %{025)—; =(53)'5 =5

. Q) om (i) 32 (iif) 11° (iv) s6*
. D 5.D
uuiba 2.1

. (1) omD (11) @ IHledW ST LISdamILIL|S Gsmensusslt (V) 3 bmplemul Q\&mevorL
LISOYIMILIL|E BSHMEmEUS6IT

(iii), (iv) uebeyMILIL &G TEmeUS6T Di6d6v. eT6I6uTeufled LDMINUT6TT SH(BES (LP(LDSTETT Di606V.
()1 (i) -1 (iii) % (iv) 0

. 3x¥ —4; 2" (Cosyid Lied LISdEYMILIL] BHTEHEUSHEWET DIMILILL GEOSHISET G\ T600T(B
6T(LDS6VMLD )

. (i) 3 (ii) 2 (iii) 1 (iv) 0

- () 8wmue (i) epLiig (i) @oue  (iv) RapLIR
(V) @@L (Vi) @uie (vii) apuiLig

P unima 2.2

. ()3 (i) —6 (iii) 3

() 1,1,3 (i) 2,4, 4 (iii) 0,1, 8 (iv)-1,0,3

. (i) Spid (i) @eveweo (iii) Spib (iv) Spib
(V) Spib (Vi) Sbid

(vii) —% 6T60TLIS| Lp2RZSIUILD Sp60TITed % eT60TLIg)|  LIevsQIMILILSGamemeuudedt L gzefuib
Sl6v6v.
(viil) &evemeo
. (i) -5 (ii) 5 (iif) (iv) >

v) 0 (vi) 0 (vii) -4
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ANSWERS/HINTS

EXERCISE 2.3

. (x+1)1s a factor of (1), but not the factor of (i1), (ii1) and (iv).

2. (1) Yes (11) No (111) Yes

3. (i) 2 (i) -(2++2) (i) V2 -1 (iv) 3

4. (i) Gx—1) (@x — D(i)x +3) x + 1) (iii) (2x +3) Bx - 2) (iv)
(x+1) Gx - 4)

5.(0) -2 (x—1) (x+1) (i) (x + 1) (x + 1) (x — 5)
(i)  (c+1)(x+2) (x + 10) (V) (1) (v + 1) 2y + 1)

EXERCISE 2.4
. (i) X2+ 14x + 40(ii) x* — 2x — 80 (iii) 9x2— 3x— 20
(iv)y* -2 (V) 9 — 4%

2. (i) 11021 (ii) 9120 (iii) 9984

3. (i) Gx+y) Gx +y)(i)2y— 1) (2y - 1)(111)[x N %} [x - %}

4. (1) x* +4y* + 162> + 4xy + 16yz + 8xz

(i1) 4x? +y? + 22 — 4xy — 2pz + 4xz

(iii)  4x*+ 9> +4z2 —12xy + 12yz — 8xz
(iv)9a* + 49b* + ¢* — 42ab + 14bc — 6ac
(V) 4x* + 25y% + 922 — 20xy — 30yz + 12xz

(Vi)i+£+1—@—b+g
16 4 4 2

5. (1) x+3y—4z) 2x +3y—4z) (i) (—V2x+y+202z2)(-V2x+y+ 2422)

6. (1) 8x*+12x* +6x + 1 (i) 8a®—27b* —36a*b + 54ab?
8 4x°
(111) %)f + %ﬁ + %x +1 (iv) x* - 2—7)/3 - 2x°y + ald
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uuima 2.3
1. (x + 1) ewsbrus) (i) e smyewfl.  (ii), (iif) wbmib (iv) et smyemil Sievev
2. (i) @b (i) @evemeo  (iii) b
3. (i) 2 (i) -(2++2) (i) V2 -1 (iv) 3
4. () Gx— D) @x—1) (i) (x+3)Q2x+1) (iii) (2x + 3) 3x — 2) (iv)
(x+ 1) Bx—4)
5.(1) (r—2)(x— 1) (x+1) () c+ D) (x+ 1) (x—5)
(i) (x+1)(x+2) (x+10) (V) (v =1) (v + 1) 2y + 1)
uuima 2.4
1. (i) x*+ 14x + 40 (ii) x> — 2x — 80 (iii) 9 — 3x — 20
(iv)y* 2 (V) 9 — 4%
2. (i) 11021 (ii) 9120 (iii) 9984

3. (1) Gx+y) Gx+y) () Q-1 Q@=1) (i) [x + %} [x - %}

4. (1) x*+4y* + 162> + 4xy + 16yz + 8xz
(i1) 4x* +y? + 22 — 4xy — 2pz + 4xz

(iii) 4x* + 9y? + 422 — 12xy+ 12yz — 8xz
(iv)9a* + 49b* + ¢* — 42ab + 14bc — 6ac
(V) 4x* + 25y% + 922 — 20xy — 30yz + 12xz

(Vi)i+£+l—%—b+g
16 4 4 2

5. (1) x+3y—4z) 2x +3y—4z) (i) (—V2x+y+202z2)(-V2x+y+ 2422)

6. (1) 8x*+12x* +6x + 1 (i) 8a®—27b° —36a*b + 54ab?
8 4x°
(111) %)f + %ﬁ + %x +1 (iv) x* - 2—7)/3 - 2x°y + ald
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10.

11.

12.

13.

14.

15.

16.

17.

ANSWERS/HINTS

(i) 970299 (i) 1061208  (iii) 994011992
(i) (2a+ b)2a + b)2a + b) (ii) (2a — b)(2a — b)(2a — b)
(i) (3 - 5a)(3 - 5a)(3 - 5q) (iv)(4a — 3b)(4a — 3b)(4a — 3b)

) [r=g)o-gor -3

(1) By + 52) (9 + 2522 — 15yz)  (i1) (4m — Tn) (16m*+ 49n* + 28mn)
Bx+y+2z) (9x*+y*+ 22— 3xy — yz — 3x2)

Simiplify RHS.

Put x + y +z=0 in Identity VIIL

(1) —1260. Leta=—-12,b="7,c=5. Here a + b+ ¢ = 0. Use the result given in Q13.
(i1) 16380

(1) One possible answer is : Length = 5a — 3, Breadth = 5a — 4

(i1) One possible answer is : Length = 7y — 3, Breadth = 5y + 4

(1) One possible answer is : 3, x and x — 4.

(11) One possible answeris : 4k, 3y +5and y — 1.

x, xt+2 and x+2

EXERCISE 3.1

. Consider the lamp as a point and table as a plane.

25 cm
Choose any two perpendicular edges of the table. Lamp

Measure the distance of the lamp from the longer

30 cm

edge, suppose it is 25 cm. Again, measure the distance

of the lamp from the shorter edge, and suppose it is
30 cm. You can write the position of the lamp as (30,

25) or (25, 30), depending on the order you fix. LV -
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10.

11.

12.

13.

14.

15.

16.

17.

G)ilGnLaiGiI/ SDIIYBET

(i) 970299 (i) 1061208 (iii) 994011992

. (i) 2a+ b)2a + b)(2a + b) (i) (2a — b)(2a — b)(2a — b)

(ii1) (3 — 5a)(3 — 5a)(3 — Sa) (iv)(4a — 3b)(4a — 3b)(4a — 3b)
o -2t

(1) By +52) (9? + 2522 — 15yz)  (ii) (4m — Tn) (16m* + 49n* + 28mn)
(Bx+y+z) (9x*+)*+ 22— 3xy — yz — 3x2)

RHS & &ma@s.

wpoepnmend VIIe x+y+z=0eer NgSuibs.

(1) =1260,a=-12,b=7,c=5 et6t1&. @& a+ b+ c=0. eflevr13 60 2_6iTeT cfMeMLEMWI
o LG,

(i1) 16380

(1) @m Fnsdwnner eflenL, HBerb = 5a — 3, Sseob = Sa —4
(il) @@ FngBuibmen eflenL, Hemb = 7y — 3, Sigeod = 5y + 4
(1) ®m snsdwinen eflewl, 3, x OHMID X — 4.

(i) @ smsdwionesn eflewL, 4k, 3y + 5 womid y — 1.

x, x+2 and x+2

uuima 3.1

25 cm

. GenFemw HemD eretim HHS, efleTHens LjeTer] Lamp

eTMID E\&MeTs:. Gensullest Qi 6\FHRIGSE
pmemsmer aBS5HHOHMETEH. [HeTiDmen
weoeruledmpbg elemsEE 2 6Tem HIISHMS
SeTHEHED. g 25 €O&F.15. e6tis. SeworBLD UJ

30 cm

Geweren Bemb 2 eiterm (pemestuledlrbg eflensa
2 eitem  GnuHems 30 6F.5. etette:.  efengSetr
BLems (30,25) Dleveog (25,30) erevr  [Braiseit
TB555615merL euflenauiled 6TLDS60MLD.
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2. The Street plan is shown in figure given below.

—_ N N <t
N 5 55835 3
N (D] (D] () (D] (0]
8 B B B B
N N L2 vn N
o]
2.5 > Street 5
3,4
{ > Street 4
4,3
:2) > Street 3
>:Street 2
> Street 1
\\Y% >E
C Vv V V V V¥V
v
S

ANSWERS/HINTS

Both the cross-streets are marked in the figure above. They are uniquely found because of
the two reference lines we have used for locating them.

EXERCISE
1. (1)The x - axis and the y - axis  (11) Quadrants

3.2

(111) The origin

2. ()(=5,2) (i)(5,-5) @i)E (V)G (V)6 (vi)—3 (vii)(0,5) (viii) (-3, 0)

3. (B)
EXERCISE 4.1
1. x-2y=0
2. () 2x+3y—935=0;a=2,b=3,c=-935
(i)x-2-10=0;a=1,b= 2 c=-10
(i)  2x+3y-6=0;a=-2,b=3,c=—6

V) 1x-3y+0=0;a=1,b=-3,c=0
V) 2x+5y+0=0;a=2,b=5,c=0
(v)3x+0y+2=0;a=3,b=0,c=2

(vi1) Ox+1y-2=0;a=0,b=1,c=-2
(viiil)  -2x+0.y+5=0;a=-2,b=0,c=5

Class 9 216
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GiilGDLaiGiI/ SDIIYBET

2. 6\5meflleiT HEWIDLIL| SLDHSHETTLOUTMN)] 26O

N —_ N N <t N
N S 85 88 8
2.5 > % 5
< = > 554
< 2 5 5p 3
< > s 1
C v/
v
S

Breni® GNISGS 615HEHSEDBLD (Cross-streets) LLgSegismemeumm GOILLILL L BeTerTeot.
Qoo sevlleg SmerLLGSsiTDE. eT66ui6tlled Seupenn SMLILIL Srevor® CHmBa6i
LwIeSTLIGSSLILIL BeTerTeot.

uufial 3.2
1. (i)x - OiFs LOMID y - s (i1) &m0 LUGDseT  (iil) SpPlieterl
2. ()(=5,2) ()(5,-5) @)E @(v)G (v)6 (vi)—3 (vii)(0,5) (viii) (-3, 0)
3. (B)
uuima 4.1
1. x-2y=0
2. () 2x+3y—935=0;a=2,b=3,c=—935

(i)x—2-10=0;a=1,b= 2 c=-10
(i)  2x+3y-6=0;a=-2,b=3,c=6
V) 1lx-3y+0=0;a=1,b=-3,¢c=0

V) 2x+5y+0=0;a=2,b=5,c=0
(v)3x+0y+2=0;a=3,b=0,c=2

(Vi)  O0x+1y-2=0,a=0,b=1,c=-2

(vii) 2x+0y+5=0;a=-2,h=0,c=5
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ANSWERS/HINTS

EXERCISE 4.2

. (111), because for every value of x, there is a corresponding value of y and vice-versa.
. (1) 0,7),(1,5),(2,3),4,-1)
(11) (19 9 - TE): (0: 9)9 (_19 9+ TE): [2’ OJ
T

(iii) (0, 0), (4, 1), (—4, 1), [2, %)
. () No (i) No (iii) Yes (iv) No (v) No
7
EXERCISE 54

1. (1) False. This can be seen visually by the student.
(11) False. This contradicts Axiom 5.1.
(111) True. (Postulate 2)

(iv) True. If you superimpose the region bounded by one circle on the other, then they
coincide. So, their centres and boundaries coincide. Therefore, their radii will
coincide.

(v) True. The first axiom of Euclid.

3. There are several undefined terms which the student should list. They are consistent,
because they deal with two different situations - (1) says that given two points A and B,
there is a point C lying on the line in between them; (i1) says that given Aand B, you can
take C not lying on the line through A and B.

These “postulates’ do not follow from Euclid’s postulates. However, they follow from
Axiom5.1.

4. AC=BC
So, AC+AC= BC+AC(Equals are added to equals)
1.e., 2AC=AB  (BC+AC coincides with AB)
Therefore, AC= % AB

5. Make a temporary assumption that different points C and D are two mid-points of AB.
Now, you show that points C and D are not two different points.

6. AC= BD (Given) (1)
AC= AB + BC(Point B lies between A and C) (2)
BD = BC + CD(Point C lies between B and D) 3)
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N
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@i]GDL&iGi‘I/ SDIIYBEIT

uuina 4.2

. (iii) ex6revtenfledp x 681 @eUGIEUMTH LDSINDGSLD OSTLITEWLW ) 65T DPLIL 2 60o1B. MBS
Gurmed y 681 eueIeUM[H WHINDGSD OSTLTLeWLU X 65T LDSLIL| 2 6v0T(B.

. () (0,7),(1,5),(2,3), (4,—1)
(i) (1,9—-), (0,9), (-1, 9 + ), [% oj

(iii) (0, 0), (4, 1), (—4, 1), [2, %j
. (i) @evemen (i) @esmeo (ifi) Spd  (iv) Beveed (V) Geoewe
7
uuima 5. 1

1. (i) 6WDUIWI6EDED. LDTETITEUTSEITITEL SHETITETOTITED LIMTEES (LPIQULD.

(i1) 6wpuIuleve. HRBBITET 5.1 && (LPIETOTLITLITEIIS).

(iii) ewput. (er@CameT 2)

(iv) wpul. Uesor® CULLIRIGEITTED GHIPLILILL LiGHeml edTiedT D& Q6T 6meusSTed
Slewel RETCOHTE RETM CILINIHHHID. Sp&HC6U SeUDNI6T EMLDWIMEISHET LDHMILD
SOHNILGSS OWLNHHSHID. SpHG6U SeUDNET SHIMHISET EILINIHHSILD.

(V) ewul. upserfligedr wpsed SHie@sme.

3. LDMTETOTEUTE6NTTED 2 (HEUTSHSLILLL LILQuiled euenILMISSHLILILIS Lid 2 MILILS6T 2 _6TerTeut.
Sleweu  [Bemeowinestenel. eT6\euTenlled Siewey Brevri® CleueuGeaum) & LpiBemevsemer
eanevr®erengl. (i) Yeefl C Spenigy QsnESsLLLL Sresor® Lsterflast A pmid B
&5& DewLufleo AHewU|D eTenTiHsanBng). (ii) yetefl C Dpeog e\enGasuLL Sewr®
yeerflaem A bHmID B & QemLuled SHembuwing elevrssamnSma|.

855 a@Csnenmeng) upseaflestr s@GsmeT 5.1 & NeTLHNIBDS!.

4. AC=BC
D566 AC+AC= BC+AC (swineseney  &LODTETEUNMILETT Sl LLILIL B6iT6rTg))
eT6oTG6U 2AC=AB (BC+AC = AB etét1 6\un@pb518m81)
Y AC= % AB

5. C wmbmib D erestLensy AB et @netor® 6leueuGeumi ewwiLiLjeiTerflssit erenid Sbaemedls
senfllienu e\&meTs. C pmib D eretTLens eueu@aum) Lisiterllssm 1606 eTenr&&L Bs.

6. AC= BD (e&n@ssuurLg)) (D)
AC= AB + BC (B yeiterfl Awpmiid C & SewLulled Siewbujd ) (2)
BD = BC+CD ( C yeitefl B ibpmib D & @ewLufed Siemwuyd ) (3)

9 opb eIy 219 SHaNBHID



ANSWERS/HINTS

Substituting (2) and (3) in (1), you get
AB+BC=BC+CD
So, AB = CD (Subtracting equals from equals)

7. Since this is true for any thing in any part of the world, this is a universal truth.

EXERCISE 6.1

1. 30°,250° 2. 126° 4. Sum of all the angles at a point = 360°
5. ZQ0OS=/SOR+ ZROQand ZPOS=~ZPOR-~ZSOR. 6.122°, 302°

EXERCISE 6.2

1. 126° 2. 126°,36°, 54° 3. 60° 4. 50°, 77°

5. Angle of incidence = Angle of reflection. At point B, draw BE L PQ and at point C, draw
CF LRS.

6. A 7.B

EXERCISE AL1.1
1. (i) False. There are 12 months in a year.
(i1) Ambiguous. In a given year, Diwali may or may not fall on a Friday.
(i11) Ambiguous. At some time in the year, the temperature in Magadi, may be 26° C.
(iv) Always true.
(v) False. Dogs cannot fly.
(vi) Ambiguous. In a leap year, February has 29 days.
2. (i) False. The sum of the interior angles of a quadrilateral is 360°.
(i1) True (i) True (iv) True
(v) False, for example, 7+ 5 =12, which is not an odd number.
3. (i) All prime numbers greater than 2 are odd.
(i1) Two times a natural number is always even. (iii)) Foranyx>1,3x+1>4.
(iv) Forany x>0, x*>0.

(v) Inan equilateral triangle, a median is also an angle bisector.
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(2) whmibd (3) SpBweubenm (1) 60 LAgHuiLmed,
AB+BC=BC+CD
eTeoTG6, AB = CD (#&winememey Fiomesteudmedmbg sL0&860)

7. g6eveflled 2 eoded 6bs LGSSUTIND eTeEMAUDNNGLD B 2 6woremD. B
SNeTLSINBSH 2_6v0T6mLD.

uuima 6.1
1. 30°,250° 2.126° 4. @wm yetefluled ereveorm @amemormuserfleir saBs60 = 360°
5. £QO0S=ZSOR + ZROQ womib £ POS =2 POR - £ SOR.6. 122°, 302°
uuima 6.2
1. 126° 2. 126° 36° 54° 3.60° 4. 50°,77°

5. u@GsnewIDd = efleo® Gamevord. Usitefl B éo BE L PQ 2 eitemeumm BE & Geyd
Lerterfl C 6o CF_L RS 2 _eitemreummy CF gaujib euewnss.

6. A 7.B

uuihal A1.1
1. (1) ewuml, @ aBHLESSHS 12 LDASMHISET
(ii) esefleubmg: OSMESSLLILL QIBLSS6> Sumeusfl eureombd. eugmbsd GLITSHEOMLD.
(ii1) esefleubmg: aumLSS6e0; dleo Fowmhisefled wrsieuiest QeuliLBeneo 26° C b5
B HBHSH6EVLD.
(iv) eTLIOIMIP&ILD 2 _650TemLD.
(V) wumi. mHMUSETTe0 LN&E WPIQWITE).
(vi) e\zerfleubmay: 601 eupLsHe0 Limeul OMTESH6d 29 HLSHET SHSHSLD.
2. (1) ewuml. mrhaIsden 2 eCasnevmmsefler Fa®seo 360°.
(ii) 2_evotemLD (iil) 2_evoTemLD (iv) 2_evoremiD
(V) euml. eiGS&ISSTLLTS 7+ 5 =12 eT60TLIg QRMEDMLIEDL 6T600T 6060
3. (1) 2 6L ewflw SieweTTEHSH LIST 6T6TISHEHLD RMEMMLIEHL  6TETITSH6T.
(1) @ @uied eTevoTetvlledT GIHLOLMRIG ETLIOLIMIDGID QT 6WLLIEDL. 6T6T0T.
(iii) x> 1 etevfled x 61 6B WSIUNDSD 3x + 1 > 4 SpSLbD.
(iv) x 2> 0 erevfled x 661 eTbg LSINDSLD x° > 0 SpSLD.
(V) swuUss WEECHTeEHe HBHCHTH LOLTWEID Cohmewrmiseflen @menaeaiLli.
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ANSWERS/HINTS

EXERCISEA1.2

1. (1) Humans are vertebrates. (i) No. Dinesh could have got his hair cut by anybody
else. (iil) Gulaghasaredtongue. (iv) We conclude that the gutters will have to be
cleaned tomorrow.  (v) All animals having tails need not be dogs. For example, animals
such as buffaloes, monkeys, cats, etc. have tails but are not dogs.

2. Youneed to turn over B and 8. If B has an even number on the other side, then the rule has
been broken. Similarly, if 8 has a consonant on the other side, then the rule has been
broken.

EXERCISEAL3

1. Three possible conjectures are:

(1) The product of any three consecutive even numbers is even. (i1) The product of
any three consecutive even numbers is divisible by 4. (ii1) The product of any three
consecutive even numbers is divisible by 6.

2. Line4:1331=113 Line5:14 64 1=11% the conjecture holds for Line 4 and Line
5; No, because 11° # 15101051.

3. T,+T,=25=5*; T,  +T =n’
4. 1111117 = 12345654321 ; 11111112 = 1234567654321
5. Student’s own answer. For example, Euclid’s postulates.

EXERCISEA14

1. (1) Youcan give any two triangles with the same angles but of different sides.
(11) A rhombus has equal sides but may not be a square.
(111)  Arectangle has equal angles but may not be a square.
(iv) For a = 3 and b = 4, the statement is not true.
(v) For n=11, 2n*+ 11 =253 which is not a prime.
(vi)For n=41,n> —n + 41 is not a prime.
2. Student’s own answer.

3. Let x and y be two odd numbers. Then x = 2m +1 for some natural number m and
y=2n+ 1 for some natural number 7.

x+y=2(m+n+1). Therefore, x + y is divisible by 2 and is even.
4. See Q3. xy=0C2m+1)2n+1)=22mn+m+n)+ 1.
Therefore, x y is not divisible by 2, and so it is odd.
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Luimal Al.2

1. (i) wesfllgissT LM leseT (i) Bevemed. HGevteip WIMflLLD GeueTOT(BLDMEITTEYID (LPLREWU
BH5Ds E\&meTeneonDd (iii) @eons SeUlIBD HT&Hens C\EHTEMIHSHGLD (1V) CURSTEOS6IT
BTED6T &5HD FUWIWLILGLD e163TD (plgefih@ 6uTeonid (V) 6umensvs: 6\&mevorBeTen
616060  LOIHSMISEBLD HIWTS BiHHs Ceueirouieoenso. BRSSHISHTLTS 6I(HE),
SIS, LLEDeTT CLITEITMENE) 6UTEMED CISHMETUTRIHBESTEYD HEMEUSHEIT [HITULISHET Si6060.

2. Brasem B pmib 8 SienLsemen bl GeussorBLd. B ulesr bmLSsD @ILenLLenL
616001 @(HEFTEL 6618 HUDNGLD. B GLITed 8 65T LOMILIGHEHD CIDIEWILDSS S(HHSHTEL
6l SEUDNGSLD.

uuima A1.3

1. ep6eiim SHEBILDTEUITRISET 2_6TET6DT.

(1) gGsenid 3 SIBFH5B5S BILEWL eevusafledl CLHSHSHDLIEOET QI BrLlenL
(i1) agGsenb 3 SNBS5505HS BULEDL 6ITTSHETI6N CIIHSHHDLIEOET 4 Shed eUGSLGLD.
(iii) gGaenID 3 JNBSSBSS SILOL TSN CILBSSHHLEOET 6 Dhed EUGSLIBLD.

2. daug) euflems : 1331 =11° Seugy euflews : 1 4 6 4 1=11%; Dlepionewid 4eug)
aufleng OMID 568 euflewsse OLN@HHIEID. eTerefleo 11° = 15101051

3. T,+T,=25=5*;, T, +T =n"

4. 1111117 = 12345654321 ; 11111117 = 1234567654321

5. wnew&sseflesr sw eflewL6. BSHSSHT LTS upserilieest erGEHTETSH6T.

uufHa Al.4

1. (i) &wWDTEN USSMSET DOHMID WDIMILILL LSSHISHET 2 6Tem aCHemd STetor®

WPSCHTETITHIS6IT
(1) FMUSHITSSENT LGSHISET FLDID. SLEVTTE0 G| SFHITDNS B(H&H:eH CeleTorUIHe06m60.
(iil) O\F6UUSHSHET BHTEWIHISHET FLDLD. SHEVITEL FHTDNS B(H&HS GeUTITQUISEOMED.
(iv)a =3 pmib b =4 etettm WHINDGS Fobdm 2 EToTEMLDOUIEOED.
(v) n=11 etesflev 2n* + 11 = 253 et6dtug) LIST 616007 Di606V.
(vi)n =41 etevfled n* —n + 41 eredTug LS 6T6v0T H6LEV.

2. nevreurgefledr sw LISev.

3. X LDOHMID y eTedTLIEMS  BIOTTB RMEWMD LIEDL. 6T600THET 616318, X = 2m +1. m eledTLg)
QM Buied etevor. y =2n + 1 n etetTUG R(H BwIed 6Tevor.
x+ty=2(m+n+1).x+yeeug 2 Shed UGSUGLD WHMID 6@ SBULEHLLIEHL 6T6T0T.

4. efleotn etevor 3 g2 umi&eyw. xy = 2m + 1)2n+ 1)=2 2mn+m +n) + 1.

XY 6T60TLIG ‘2 She0 QUGSLLNG. Sh5G61 RMEMMLIEHL  6T6T0T.
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ANSWERS/HINTS

5. Let 2n, 2n + 2 and 2n + 4 be three consecutive even numbers. Then their sum is
6(n + 1), which is divisible by 6.

7. (1) Letyour original number be n. Then we are doing the following operations:

n—2n->2n+9—->2n+ 9+n=3n+9—>3”3_+9=n+3—>n+3+4=n+7—>
n+7-n=7.
(i1) Note that 7 x 11 x 13 = 1001. Take any three digit number say, abc. Then

abc x 1001 = abcabc. Therefore, the six digit number abcabc is divisible by 7, 11
and 13.

Cross word puzzle

[ 17

1@
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G)ilGnLaiGiI/ SDIIYBEIT

S. 2n,2n+2 pomib 21 + 4 er6tiLieney et HBS5SBS5S SBULEDLLIEDL ET6U0&H6IT 616315.
SleuniletT saBHe0 6(n + 1) er6dTLIG] ‘6 AHh6d EUGSLIBLD.
7. (1) 2_RGEHEDLW D_6T0T60MLD 6T600T /1 6160185, LINES SHLDSHETIIL 6\FUIE0SHEMET 6IFUIUIEONLD.

n—2n—>2n+9->2n+ 9+n=3n+9 - 3"3+9 =n+3->n+3+4=n+7->
n+7-n=7.

(i1) 7 x 11 x 13 = 1001 eretiLiems &Heuesll. eTGHeMID 3 B6v&s el6tr abc eTBSSIS
ewsets. abc x 1001 = abcabc 45861 ‘6 Bev&s etevor abcabe Spevg 7, 11
OHMID 13 Sp6d EUGLIBLD.

Across
2. polygons having equal sides and angles(7)

4. simple closed polygon made up of three sides(8)

6. pair of angles which their sum of measures of
angles is 90 degrees(13)

7. distance around a circular region of a circle(13)
9. numbers include positive,negative and zero(8)

10. the operation 'of'represents(14)

Down

1. a line that intersects 2 or 3 lines at distinct
points(11)

3. another name to arithmetic mean(7)
5. LHS(12)
8. part of a whole(8)
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FUNDAMENTAL DUTIES

Fundamental duties: It shall be the duty of every citizen of India-
(@) to abide by the Constitution and respect its ideals and institutions, the National Flag and the
National Anthem;

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

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

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

(e) 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;

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

(g) to protect and improve the natural environment including forests, lakes, rivers and wild life,
and to have compassion for living creatures;

(h) 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;

(e
=

e
&

- Constitution of India,

\_ Part IV A (Article 51 A) /

/ Right of Children to Free and Coempulsory Education (RTE) Act, 2009 \
The RTE Act provides for the right of children to free and Compulsory Education to every child
in the age group of 6 — 14 years which came into force from 1 April 2010 in Andhra Pradesh.
Important provisions of RTE Act
* Ensure availability of schools within the reach of the children.
* Improve School infrastructure facilities.
* Enroll children in the class appropriate to his / her age.
Children have a right to receive special training in order to be at par with other children.
* Providing appropriate facilities for the education of children with special needs on par with other children.
* No child shall be liable to pay any kind of fee or charges or expenses which may prevent him or her from
pursuing and completing the elementary education. No test for admitting the children in schools.
* No removal of name and repetition of the child in the same class.
e No child admitted in a school shall be held back in any class or expel from school till the completion of
elementary education.
* No child shall be subjected to physical punishment or mental harassment.
e Admission shall not be denied or delayed on the ground that the transfer and other certificates have not been
provided on time.
e Eligible candidates alone shall be appointed as teachers.
e The teaching learning process and evaluation procedures shall promote achievement of appropriate
competencies.
* No board examinations shall be conducted to the children till the completion of elementary education.
*  Children can continue in the schools even after 14 years until completion of elementary education.
* No discrimination and related practices towards children belonging to backward and marginalized
communities.
e The curriculum and evaluation procedures must be in conformity with the values enshrined in the constitution

and make the child free of fear and anxiety and help the child to express views freely. j
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