Chapter-1 Rational Numbers

Learning Objective: Everybody should be able to apply the properties of
rational numbers for performing various operations on rational numbers.

The chapter has been divided into four modules:

Module I: We will learn the properties of the rational numbers (Closure and
Commutativity).

Module IIl: We will learn the properties of the rational numbers (Associativity
and role of zero and 1).

Module Ill: We will learn Negative of number Reciprocal and Distributivity of
multiplication over addition for rational numbers.

Module IV: Representation of Rational Numbers on the Numbers Line and
Rational Numbers between two rational numbers.

1.1 Introduction
In Mathematics, we come across simple equation to be solved. E.g x +7 = 12
The solution x = 5 is a natural number.

On the other hand for the equation x + 3 = 3 the solution x = 0 is a whole
number.

Let us take some equations and try to find what solutions we are getting.

For example: The equation x +5 = 2, the solution x = —3is not a whole
number but is an integer ( Integers are positive and negative).Note that the
positive integers correspond to natural numbers.

And the equations 7x + 5 = 8 and 11x + 5 = 2 have the solutions
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x =z and x = o are rational numbers.

In earlier classes you have learnt that:
+* Counting numbers are known as Natural numbers. E.g: 1,2,3, ...

¢ All natural numbers together with 0 form whole numbers. E. g: 0,1,2,3,...



«» All natural numbers, 0 and the negatives of natural numbers form the
collection of integers. E. g: ... —4,—3,—-2,—-1,0,1,2,3 ...

¢ The numbers in the form ofg where p and g are integers andg # 0
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are known as Rational numbers. E. g: —3,—2,0,1,2 IR

» Rational numbers include natural numbers, whole numbers and
integers.

You have already done basic operations on rational numbers in class VII. Let us
explore some properties of operations on different types of numbers seen so
far.

1.2 Properties of Rational Numbers

1.2.1 Closure

i) Whole numbers:

Addition

0 + 7 = 7 is awhole number

6 + 8 = 14 is a whole number

So, we can say that whole numbers are closed under addition.

In general, for any two whole numbers a and b, (a + b) is a whole number.
Subtraction

5 —11 = —6, is not a whole number. So, we can say that whole numbers are
not closed under subtraction.

Multiplication

0 x9 =0, is awhole number

3 X4 =12, isawhole number

So, we can say that whole numbers are closed under multiplication.

In general, for any two whole numbers a and b, (a X b) is a whole number.



Division

5+7= ;, is not a whole number, so we can say that whole numbers are not

closed under division.

ii) Integers:

Addition

94+ 7 =16,is an integer

—6 + (—8) = —14,is an integer

3+ (—5) = —2,isaninteger

So, we can say that integers are closed under addition.

In general, for any two integers a and b, (a + b) is an integer.

Subtraction

5—11 = —6, is aninteger.

—6 — (—8) = 2,isaninteger

—8 — (—6) = —2, is an integer

So, we can say that integers are closed under subtraction.

In general, for any two integers a and b, (a — b) is an integer.
e (b—a)isalsoaninteger.

Multiplication

5 X 9 =45, is an integer

—3 X4 =-12,isaninteger

—3 X (=5) = 15, is an integer

So, we can say that integers are closed under multiplication.

In general, for any two integers a and b, (a X b) is an integer.



Division

5 . : .
5+7= =S not an integers. So, we can say that integers are not closed under
division.

iii) Rational numbers:

Addition

3 . -2 214+(-10) _ 11 :

-+ — =———=—,isarational number

5 7 35 357

-3 . =2 =274(-16) _ —43 . ,

== (718) _ , is rational number
8 9 72 72

So, we say that rational numbers are closed under addition.

In general, for any two rational numbers a and b, a + b is also a rational

number.

Subtraction

-2 21—-(-10) _ 31 ,
_2_ 210 — , is a rational number
7 35 35

vl w

8 9 72

-3 -2 —27—-(-16 -11 .
— = (716) _ s rational number

So, we say that rational numbers are closed under subtraction.

In general, for any two rational numbers a and b, a — b is also a rational

number.

Multiplication

3. -2 3x(=2) -6 . .

=X == = — , is a rational number
- X~ 2 35,saaoaube

-3 -2 -3x(-2) 6 1 . .
— X — = ——= = — = —, is rational number
8 9 72 72 6

So, we say that rational numbers are closed under multiplication.

In general, for any two rational numbers a and b, a X b is also a rational

number.



Division
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7 21 . .
X - = isa rational number

%3 + 0 = not defined. [Asyou know that for any rational number

a,a =+ 0isnot defined]
So, rational numbers are not closed under division.

e However, if we exclude zero then the collection of all other rational
numbers is closed under division.

To sum up-
Numbers Closed under
addition | subtraction | multiplication | division

Rational Number v Vv Vv

Integers Vv v Vv X

Whole numbers v X v X

Natural Numbers v X Vv X
1.2.2 Commutativity

i) Whole number

Addition: 0+5=54+0=35, 3+48=8+3=11

In general, for any two whole numbers aand b, a+b=b +a

Subtraction: 11 —-7=4, 7—11 = —4 hence 11 -4 +4—-11

In general, for any two whole numbers aand b, a—b # b —a

Multiplication: 3x5=5%x3=15, 7X4=4x7=28

In general, for any two whole numbersaand b, aXb=b X a
Division: 15+3 =5 and 3+15=§ hence 15+3 # 3 + 15

In general, for any two whole numbers aand b, a+~b +# b + a



So, we can say that whole numbers are commutative under addition and
multiplication but not commutative under subtraction and division.

ii) Integers

Addition: -7+5=5+(-7)=-2, 3+48=8+3=11
In general, for any two integers aand b, a+b =b+a

Subtraction: 12—-7 =5, 7—12= -5 hence 12—-7#7—-12

In general, for any two integers aand b, a—b #b —a

Multiplication: 3x5=5x%x3=15, 7X4=4x7=28
In general, for any two integers aandb, aXb=b Xa

Division: 15+3 =5 and 3+15=§ hence 15+ 3 # 3 + 15

In general, for any two integers aand b, a+~b ¥ b +a

So, we can say that integers are commutative under addition and
multiplication but not commutative under subtraction and division.

iii) Rational numbers

Addition — Let us add two rational numbers.

Hence §+§—§+§
Hence %3+%=%+%3

In general, for any two rational numbersaand b,a+ b =b + a

Thus, we can that addition is commutative for rational numbers.

) 2 1 10-3 7 1 2
Subtraction- = —==—=— and-—-"=—=——
3 5 15 15 5 3

Hence2 1¢1 2
’3 5 5 3



In general, for any two rational numbersaand b,a—b # b —a

Thus, we can say that subtraction is not commutative for rational numbers.

Multiplication — Let us take two rational numbers and find their product

2 5 10 5 2 10
=X-=— and - X-=—
377 21 73 21
2 5 5 2
Hence = X =-==X -
377 773
-3 5 -—15 5 -3 -15
And —X=-=— and =X—=—
8 9 72 9° 8 72
- 5 5 -3
Hence — X —-=-X —
9 9 8

In general, for any two rational numbersaand b,a X b =b X a

Thus, we can say that multiplication is commutative for rational numbers.

Division-

4 3 4.5 20 3.4 3_7 21

—+=-==-X-=— and -+-==-X-=—

7 5 73 21 5 7 5 4 20
4 3 ,3 4

Hence,;vgigf;

So, we can say that division is not commutative for rational numbers.

Now try to fill in the boxes with (v OR x)

Numbers Commutative for
addition | subtraction | multiplication | division
Rational Number Vv

Integers

Whole numbers

Natural Numbers

Thank you.




