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Mathematics—Class IX
1. NUMBER SYSTEMS

(CHAPTER SUMMARY )

. Natural Numbers : Numbers from one onwards are known as natural numbers.

There are infinitely many natural numbers. The collection of all natural numbers
is represented by the symbol N. i.e.,

N=1{1,2,3,4,5, ... }

. Whole Numbers : If we include zero (0) in the collection of all natural numbers
toget 0, 1, 2, 3, 4, 5, ...... , these numbers are called whole numbers. This new
collection of whole numbers is denoted by W and is written as :
w=1{0,1,2,3,4,5, ... }

. Integers : If we include negative numbers in the set of whole numbers, we get
a new set of numbers which is known as set of integers. The set of integers is
denoted by I or Z. Thus

Iz =A... ,—4,-3,-2,-1,0,1,2,3,4, ...}

. Rational Numbers : Numbers of the form , where p and g are integers and g #
0 are known as rational numbers. The collection of such numbers is called set of
rational numbers. It is denoted by @ and is written as :

Q= {%, where p and ¢ are integers and g = 0}

Numbers like 9,43 3 5 - etc.are known as rational numbers.

. A rational number may be positive, negative or zero. A rational number g is
POsitiVe, jf jyoth p and ¢ have the same sign while it is negative if p and ¢ have
opposite signs.

. Every integer is a rational number but every rational number may not be an
integer. The decimal representation of a rational number is either terminating or

non-terminating recurring.

. Terminating decimal representation : For a rational number of the form %

(p, q are integers and g = 0), when we divide p by g, the long division terminates
after a finite number of steps and the remainder becomes zero. Such type of
decimal expansions are known as terminating decimal expansions.

Example : 5 = 0.375, 5 =0.25, 150 = 3.648 etc.

. Non-terminating decimal representation : There are rational numbers such
that when we try to express them in decimal form by division method, we find
that no matter how long we divide there is always a remainder. In other words,
the division process never comes to an end. This is due to the reason that in the
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division process the remainder starts repeating after a certain number of steps.
Such decimals are called non-terminating repeating decimals or non-terminating
recurring decimals.

Example : 5 =0.88888...., O =0.857142857142..... etc.

The set of rational numbers includes natural numbers, whole numbers and
integers. Zero (0) is also a rational number.

If we multiply the numerator and denominator of a rational number by the same
number, then value of the rational number does not change.

To find a rational number between any two given numbers :
First number + Second number

Rational number between two numbers =

Irrational Numbers : A number ‘s’ is called irrational if it cannot be expressed

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

Example : \%2 ,v3, /b, etc. are irrational numbers.

Between two given rational numbers, there are infinitely many rational numbers.
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.

A number is irrational if it has a non-terminating and non-repeating decimal
representation. For example, n© and e are non-terminating non-repeating decimals,
so they are irrational numbers.

Real Numbers : Collection of rational as well as irrational numbers is termed
as the collection of real numbers. Thus, a real number is either a rational real
number or an irrational real number. The collection of real numbers is denoted by
R. Corresponding to each real number in R, there is a point on the number line and
conversely, corresponding to each point on the number line, there is a real number
in R. Since all rational numbers and irrational numbers can be represented on the
number line, so we call the number line as real number line.

Any real number is represented on the number line in its unique point while every
point on the number line represents a unique real number.

For any real number ‘@’
|a | =aifa >0
and |a | =-aifa<0
| @ |, is known as absolute value of a
| @ | = | —a | =aifa is a positive real number.

If ‘7’ is rational and ‘s’ is irrational, then (r+s) and (r—s) are irrational numbers and

if r # 0 then rs and r/s are irrational numbers.

If a and b are two rational numbers which are not perfect squares then irrational

numbers (va +vb) and (va —yb) are known as conjugate of each other and

(i) product of two irrational conjugate numbers is always a rational number.

(i1) a binomial quadratic irrational number can be rationalised very easily by
multiplying it by its conjugate.
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For positive real numbers a and b, the following identities hold :
@ Vab=Vayb (ii) /%=%
Qi) (Va+vVb)Va-vb)=a=b  (v) (a+Vb)a-vb)=a’-b
v (Ja+/bf=a+2/ab+a
i) (Va+vb)(Ve-vd)=vac—yad+ybc-bd

1 _a—vb _a-byx

.. 1 .
(vii) ei /b d—b (viii) arb/e  d b’ where x is a real number.

1 _Vx-y

(ix) Jxtdy -y where x and y are real numbers.

Ja-b

To rationalise the denominator of ﬁ , we multiply this by Ja=b’ where a
and b are integers. a a

Let a > 0 be a real number and p and ¢ be rational numbers. Then :
(i) d”.a%=al" (i) (@) =aP?
p
(iii) %: a’9,p>q (iv) a”.b” = (aby
0

0 and (0)° are undefined.

a®=1ifa=0

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

G o™= ("o )" = "ad" ) "a="""Va?

1.

| TEXTBOOK QUESTIONS |
( Exercise 1.1 )

Is zero a rational number? Can you write it in the form P , where p and ¢q
are integers and q = 0? q

Solution : Yes, 0 is a rational number.

0 can be written in any of the following forms :

0 0 0O
1'-223 -4
Thus, 0 can be written as g, where p = 0 and q is any non-zero integer.

and so on.

Hence, 0 is a rational number.
Find six rational numbers between 3 and 4.

Solution : We know that between two rational numbers a and b, such that a < b.

. . a+tb a+b
There is always a rational number 5 where a < 5 < b.

1
A rational number between 3 and 4 is 3 3 +4),ie. %
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3<%<4.

Now, a rational number between 3 and % is :
1 ( 3 7) 1 6+7_13

2

3

R
A rational number between % and 4 is :

+
log) Lz 1

2\2t%) T9x g3 T
13 7 15
3<p<g<p<4

Further, a rational number between 3 and % is :
l<3 Q) 1 12+13 25

2\°" 1) T2* 4 T @
. 15 )
A rational number between T and 4 1is:
l(EJr 4> _1 15+16 _ 31
2\ 4 =24 T g
. 31 .
A rational number between 3 and 4 is :
LBl Lo 6
2\'8 =278 T 16°

25 13 7 15 31 63

Hence, six rational numbers between 3 and 4 are :

25 13 7 15 31 63

g, Z’ 5, Z’ ? and E . Ans.
Aliter : There can be infinitely many rational numbers between the numbers 3 and 4,
one way is to multiply and divide by 6 + 1 = 7, to get an equivalent fraction like :

7 21
3)(7:7.
7 28
dxg =

We know that 21 < 22 < 23 <24 < 25 < 26 < 27 < 28
= 21 22 23 24 25 26 27 28
7T ST <T<Tm<7T<7<7
Hence, six rational numbers between 3 and 4 are :
22 23 24 25 26 27
7, 7, 7, 7, 7 and 7 . 3 4 Ans.
Find five rational numbers between 5 and 5"

4
Solution : Since, we want 5 rational numbers between %and 5 S0 we write :



