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FOREWORD

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

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

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

The National Council of Educational Research and Training (NCERT) appreciates the hard
work done by the textbook development committee responsible for this book. We wish to
thank the Chairperson of the advisory group in science and mathematics, Professor J.V. Narlikar
and the Chief Advisor for this book, Professor P. Sinclair of IGNOU, New Delhi for guiding the
work of this committee. Several teachers contributed to the development of this textbook; we



are grateful to their principals for making this possible. We are indebted to the institutions and
organizations which have generously permitted us to draw upon their resources, material and
personnel. We are especially grateful to the members of the National Monitoring Committee,
appointed by the Department of Secondary and Higher Education, Ministry of Human Resource
Development under the Chairpersonship of Professor Mrinal Miri and Professor G.P.
Deshpande, for their valuable time and contribution. As an organisation committed to systemic
reform and continuous improvement in the quality of its products, NCERT welcomes comments
and suggestions which will enable us to undertake further revision and refinement.

Director
New Delhi National Council of Educational
20 December 2005 Research and Training



Foreword

The Government of Andhra Pradesh has unleashed a new era in school education by
introducing extensive curricular reforms from the academic year 2020-21. The Government has
taken up curricular reforms intending to enhance the learning outcomes of the children with focus
on building solid foundational learning and to build up an environment conducive for an effective
teaching-learning process. To achieve this objective, special care has been taken in designing the
textbooks to achieve global standards. As part of this the Government of Andhra Pradesh has
decided to introduce NCERT Textbooks from class VI onwards.

As a part of the curricularm reform, an effort was made to ensure quality transaction of
textbooks, bilingual method was used. The mathematical concepts in the text book are developed
based on themes like Number System, Arithmetic, Algebra, Mensuration, Geometry and Statistics.
In this text book, concepts are introduced through activities related to daily life situations and
conversations. To strengthen these concepts, individual activities, group activities and whole class
activities are designed. The textbook attempted to enhance this endeavor through incorporating QR
codes in each chapter to enable efficient learning outside the class room.

We are grateful to our Honourable Chief Minister, Sri Y.S. Jagan Mohan Reddy, Andhra
Pradesh for being our source of inspiration to carry out this extensive reform in the Education
Department. We extend our gratitude to our Honourable Minister of Education, Sri Botcha
Satyanarayana, Honourable Minister of Education for striving towards qualitative education. Our
special thanks to Sri. Praveen Prakash, IAS, Principal Secretary, School Education, Sri. S. Suresh
Kumar, 1AS, Commissioner, School Education and State Project Director, Samagra Shiksha
Ms. Nidhi Meena, IAS, Special Officer, English Medium Project for their constant motivation and
guidance.

We convey our sincere thanks to the text book writers, who studied curriculum and best
practices across the globe to reach global standards. Our heartful thanks to Director NCERT in
designing the text book and for issuing copyrights to print the textbooks by the State Government.
We also thank our Coordinators, Editors, Subject Coordinators, Technical team members, Artists,
DTP and Layout designers for their contribution in the development of this text book. We invite
constructive feedback from the teachers, parents and Educationalists for the further refinement of
the text book.

Dr. B. Pratap Reddy
Director
SCERT - Andhra Pradesh

Vi



RATIONALISATION OF CONTENT IN THE TEXTBOOKS

In view of the COVID-19 pandemic, it is imperative to reduce content load on students. The
National Education Policy 2020, also emphasises reducing the content load and providing
opportunities for experiential learning with creative mindset. In this background, the NCERT
has undertaken the exercise to rationalise the textbooks across all classes. Learning Outcomes
already developed by the NCERT across classes have been taken into consideration in this
exercise.

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

Overlapping with similar content included in other subject areas in the same class
Similar content included in the lower or higher class in the same subject
Difficulty level

Content, which is easily accessible to students without much interventions from teachers
and can be learned by children through self-learning or peer-learning

Content, which is irrelevant in the present context

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

vii
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2 NUMBER SYSTEMS

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
of numbers on it (see Fig. 1.1).

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!
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4 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
“zahlen”, which means
“to count”.

] . ] 13
Are there some numbers still left on the line? Of course! There are numbers like 7' or

—2005 . L .
even — - = If you put all such numbers also into the bag, it will now be the collection of

rational numbers.

N

9 8 6721 60
161 \]12

- N

49
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6 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 ‘r’is called a rational number, if it can be written in the form g , Where pand g
are integers and g = 0. (Why do we insist that q = 0?)

Notice that all the numbers now in the bag can be written in the form g , Where pand q are

-25
1
the rational numbers also include the natural numbers, whole numbers and integers.

integers and g = 0. For example, —25 can be written as ; here p =—25and q = 1. Therefore,

You also know that the rational numbers do not have a unique representation in the form 2,
where p and g are integers and g = 0. For example 1-2.0_2_4 and so on The(le
pandg g 47" P =472 T 50 " o4 '
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 q= 0 and that p and q have
no common factors other than 1 (that s, p and g are co-prime). So, on the number line, among

e . . 1 . 1
the infinitely many fractions equivalent to 5 we will choose 7 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.

(i) Everywhole number is a natural number.

(i1) Every integer is a rational number.

(iif)  Every rational number is an integer.

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

(i1) True, because every integer m can be expressed in the form ? ,and so itis a rational number.

3. :
(ii)  False, because c s not an integer.
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8 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 rand s, you can add r and s and divide
: . 3.
the sum by 2, that is r_;s lies between r and s. So, S isa number between 1 and 2. You can
proceed in this manner to find four more rational numbers between 1 and 2. These four numbers
511 13
d —

*28 84
Solution 2 : The other option is to find all the five rational numbers in one step. Since we want

) ) i ) i i 6
five numbers, we write 1 and 2 as rational numbers withdenominator5+1,i.e.,1= ry and 2=

12 7 8 9 10
— . Then you can checkthat -, = and — are all rational numbers between 1 and 2. So,

36 66§ 6
- 1,2 = d—
theflve numbersare 533" 3

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! @

| - ("¢
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 ijg‘
from the rationals (rational numbers)?

These questions will be answered in the next section.



éo:pgéﬁ?éo 9

SRS 211 0050 2 © HHiy 5 ©E5BaH Hogge ErSod.
S50 &8 Doy 89%0 Both Jgrenre PHOBHL).

FED 1 1585w s © Loggg 0t B85 Koggdy EHofPerd o 1 Hdukn s © Szl 2 &b
r+s 3

FPAOBIB, dre % I8 1 B0 s © gy G0tk S°a)é;> 2 O dogy 1 Bk 2 © gy

S0e00d. K & 5363826263660& 1 508050 2 © Eﬁacéag S8 renity @88 éospegeazéa ézﬁﬁs&zééaz} o

P 2128 538° Iwo 2k oE5B5H Dogged BiPdeo HE°8 K)Cg@. & K)cgé’éé’s 50 1 dasw

6 12
2 ok ©E8H%H éospage) ErHost 5+1=6 S50 e Ko éogpéenm o°ro. de 1 = 5 08w 2 = r

10

5 7 8
P B KR0S 5'6'6' 6

oo

11
$000k0 3D 1 H00 2 © iy Ho O essBaD

w| s

7 35 11
éospge». S°a>§ 5323 IRbolovsy) 5 e 1 00w 2 © 2;63(‘55 Ko 08 ©E8B0H éogpagen.

B50%: s 2 S8, it 1 58550 2 306 8 BEH%H Qogged ézéags&éaéo &ME KQoSo8.
=9, a8 1 Hddsw 2 253655 930830 ©88H% éomsmsgdﬁa@ & (580D &oTed. Jrgrdeaorr

DI Bod Qogge Eﬁ:téeg ORI0ERI ©¥5dHd Qogygen eotran.

Dogrg By &8 é@%@cgo. s o) Sogged é@éa&@? B, sose N0 DWeE0E, Qdogrg
3&33_) [OT® TP éos%e» Ad eTnow! o DoTHBDK) éospage) 3;@&) 2;636523 goDen T2 HBA» .88
B Bokd Eﬁﬁ@ﬁa 590, WJ0BOMP TP GIOD. @ré)égéé@é DH0H0 D0, s Bok g Eﬁ:éég e

227

308303 RS éogpgen €700,

D BB yose §°Q) (ol BHPES (DHen WAD enow:

1. éoaﬁ?géaa D DAY 6 Dogged DY DeFL?

2. o0 B e HOF0? ©ol, HI0 B WEBBAFY Ko ﬁg‘
(@8BHH Boggen) der S8 Baird?

& (YD SHd Derisos® Shreeen BIRETO0.



10 NUMBER SYSTEMS

EXERCISE 1.1

1. Iszeroarational number? Can you write it in the form Ep , Where p and g are integers and
q=0?

2. Find six rational numbers between 3 and 4.

3. Find five rational numbers between g 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.

(i1i) 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 g , Where pand g are integers and g = 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 BCFiEg; 3739 BCE)
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 Ep where p and q are
integers and q = 0.
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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. yi5, 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 .

The Pythagoreans provedthat /2 is irrational. Later in approximately 425 BC, Theodorus
of Cyrene showed that /3, /5, /6, /7, 410, V11, V12, V13, /14, /15 and /17 are also irrationals.
Proofs of irrationality of /2, /3, /5, etc., shall be discussed in Class X. As to r, 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 0.1011011101110... and ware
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 is 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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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 : Itis easy to see how the Greeks might have discovered /2 . Consider NG

asquare OABC, with each side 1 unitin length (see Fig. 1.6). Then you can see by o1y
the Pythagoras theorem that OB = /1 + 1 = /2. How do we represent v/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).

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.

D
\\
V3l XN
1 \\ \\ J3
' ' — | 4 ;
3 2 —1%0 APQ 3
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 = ,/(ﬁ)z +12 =+/3 Using a compass, with centre O and radius OD,

draw an arc which intersects the number line at the point Q. Then Q correspondsto /3.
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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.
(i) 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.
(iit)  Everyreal 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
PP, perpendicular to OP. of unit length (see Fig. 1.9). Now
draw a line segment PP, perpendicular to OP,. Thendrawa  Fig. 1.9 : Constructing
line segment P_P, perpendicular to OP,. Continuing in this square root spiral
manner, you can get the line segmentP__ 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, V4, ...

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

Pay special attention to the remainders and see if you can find any pattern.
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