
Rational Numbers3
intRoDuction

So far we have been dealing with integers and fractions. The fractions were numbers of the form 

q

p  where p is a whole number and q is a natural number. We found equivalent fractions, compared 

two fractions and studied the four basic operations of addition, subtraction, multiplication and 
division	on	them.	But	there	is	a	need	to	extend	the	number	system	further.	For	example,	if	a	profi	t	
of ₹ 500 is denoted by the integer 500 then a loss of ₹ 300 is denoted by the integer – 300; if a 
distance of 27 km to the right of a place is denoted by 27 then a distance of 35 km to the left 
from the same place is denoted by – 35. Similar situations arise that involve fractional numbers. 
If we represent a height of 600 m i.e. 

5
3  km above sea level by 

5
3  then a depth of 600 m i.e.

5
3  km below sea level should be denoted by – 

5
3 . Note that the number – 

5
3  is neither an integer 

nor a fraction, such a number is called a rational number.
In this chapter, we shall learn about rational numbers, their equivalent form, standard form, positive 
and negative rational numbers, their representation on a number line, comparison of two rational 
numbers, rational numbers between two rational numbers and the four basic operations of addition, 
subtraction, multiplication and division on them.

Rational numbeRs

Any number that can be expressed in the form 
q

p , where p, q are integers and q ≠ 0, is called a 
rational number.
Thus, 

5
4  is a rational number. Here p = 4 and q = 5.

 
7
3−  is a rational number. Here p = – 3 and q = 7.

 
3

5
−

 is a rational number. Here p = 5 and q = – 3.

 
11
6

−
−  is a rational number. Here p = – 6 and q = – 11.

Remarks
	The word ‘rational’ comes from the term ‘ratio’. We know that ratio like 3 : 5 can be 

written as 
5
3 . Thus, the ratio of two natural numbers p and q i.e. p : q can be written 

as 
q
p , which is a rational number.

	Every integer (positive, negative or zero) can be written as 
q
p  where q = 1.

	 For example, 5 = 
1
5 , – 3 = 

1
3− , 0 = 

1
0 .

 Hence, every integer is a rational number.
	Every fraction is a rational number.
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	 For example, 
8
3 , 

5
13 , 

70
10  and 4

3
1  i.e. 

3
13  are all rational numbers.

	 Thus, the system of rational numbers include all integers and all fractions.

	Since division by zero is not allowed, so 
0
1  is not a rational number.

	The decimal numbers that we have read so far are all rational numbers.
	 For example, 0.6 = 

5
3 , 0.28 = 

25
7 , 2.5 = 

2
5  and 0.375 = 

8
3  are all rational numbers. 

Such decimal numbers are called terminating decimals.

	We write 
3
2−  as 

3
2− , 

50
10−  as 

50
10−  etc.

Equivalent rational numbers
Two (or more) rational numbers are called equivalent rational numbers if they have the same 
value.

Basic property of rational numbers
The value of a rational number does not change if both the numerator and the denominator of a 
rational number are
	 (i)	multiplied by the same (non-zero) integer.
	 (ii)	divided by the same (non-zero) integer.

Test for equality of two rational numbers

Two rational numbers 
q

p  and 
s
r  are equal, written as 

q

p  = 
s
r ,

if and only if p × s = q × r.
Note. If the denominator of a rational number is negative, then we multiply its numerator and 
denominator by – 1 to get an equivalent rational number with a positive denominator. 

	Example 1. Find four rational numbers equivalent to each of the following rational numbers:

	 (i)	
7
2− 	 (ii)	

3
5

−
	 (iii)	

9
4

−
− .

Solution. We have:

	 (i)	
7
2−  = 

7 2

( 2) 2

#

#−  = 
7

( 2)

3

3

#

#−  = 
7

( 2)

4

4

#

#−  = 
7

( 2)

5

5

#

#−

	 	⇒ 	
7
2−  = 

14
4−  = 

21
6−  = 

28
8−  = 

35
10− .

		 Thus, four rational numbers equivalent to 
7
2−  are 

14
4− , 

21
6− , 

28
8−  and 

35
10− .

	 	In fact, we can write infinitely many rational numbers equivalent to the given rational 
number.

	 (ii)	
3

5
−

 = 
( 3)

5
2

2
#

#

−
 = 

( 3)
5

3
3
#

#

−
 = 

( 3) 4
5 4

#

#

−
 = 

( 3)
5

5
5
#

#

−

	 	⇒ 	
3

5
−

 = 
6

10
−

 = 
9

15
−

 = 
12

20
−

 = 
15

25
−

.

		 Thus, four rational numbers equivalent to 
3

5
−

 are 	
6

10
−

, 
9

15
−

, 
12

20
−

 and 
15

25
−

.

	(iii)	
9
4

−
−  = 

( ) ( )

( ) ( )

9 1

4 1

#

#

− −
− −  = 

( ) ( )

( ) ( )

9 2

4 2

#

#

− −
− −  = 

( 9) ( 3)

( 4) ( 3)

#

#

− −
− −  = 

( 9) ( 4)

( 4) ( 4)

#

#

− −
− −

	 	⇒ 	
9
4

−
−  = 

9
4  = 

18
8  = 

27
12  = 

36
16 .

q

p

s
r
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		 Thus, four rational numbers equivalent to 
9
4

−
−  are 	

9
4 , 

18
8 , 

27
12  and 

36
16 .

	Example 2. Write each of the following rational numbers with positive denominator:
		

7
5

−
, 

6
23
−

, 
11
9

−
− .

Solution. Multiply the numerator and the denominator of each rational number by – 1.

	 (i)	
7

5
−

 = 
( 7) ( 1)

5 ( 1)

#

#

− −
−  = 

7
5−  ⇒ 

7
5

−
 = 

7
5− .

	 (ii)	
6

23
−

 = 
( 6) ( 1)

23 ( 1)

#

#

− −
−  = 

6
23−  ⇒ 

6
23
−

 = 
6
23− .

	(iii)	
11
9

−
−  = 

( 11) ( 1)

( 9) ( 1)

#

#

− −
− −  = 

11
9  ⇒ 

11
9

−
−  = 

11
9 .

	Example 3. Write the next four rational numbers in each of the following patterns:

	 (i)	
5
3− , 

10
6− , 

15
9− , 

20
12− , ….	 (ii)	

7
2

−
, 

14
4− , 

21
6− , 

28
8− , …

Solution. The next four numbers in the given pattern are:
	 (i)	

25
15− , 

30
18− , 

35
21− , 

40
24−

	 (ii)	
35
10− , 

42
12− , 

49
14− , 

56
16− .

	Example 4. Which of the following pairs of rational numbers are equal?

	 (i)	
35
15−  and 

12
8− 			   (ii)	

15
24−  and 

5
8

−
.

Solution.
	 (i)	Given rational numbers are 

35
15−  and 

12
8− .

		 We have: (– 15) × 12 = – 180
		 and 35 × (– 8) = – 280
		 As – 180 ≠ – 280, (– 15) × 12 ≠ 35 × (– 8)
	 	⇒ 

35
15−  ≠ 

12
8− .

	 (ii)	Given rational numbers are 
15
24−  and 

5
8

−
.

		 We have: (– 24) × (– 5) = 120
		 and 15 × 8 = 120
	 	⇒ (– 24) × (– 5) = 15 × 8

	 	⇒ 
15
24−  = 

5
8

−
.

Positive and negative rational numbers
A rational number is called a positive rational number if its numerator and denominator are either 
both positive integers or both negative integers.

For example, each of 
7
5 , 

3
17 , 

8
3

−
−  and 

6
23

−
−  is a positive rational number.

Note that 
8
3

−
−  = 

8
3  and 

6
23

−
−  = 

6
23 .

A rational number is called a negative rational number if its numerator and denominator are such 
that one of them is a positive integer and the other is a negative integer.

–15 –8
35 12

–24 8
15  –5
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For example, each of 
5
3− , 

8
15− , 

11
7

−
 and 

13
37

−
 is a negative rational number.

Note that 11
7

−  = 11
7−  and 

13
37

−
 = 13

37− .

Standard form of a rational number 
A rational number is said to be in the standard form (or simplest form) if its denominator is 
positive and the numerator and the denominator have no common factor other than 1.

Thus, a rational number 
q

p  is said to be in standard form if q > 0 and p and q have no common 
factor except 1.

Reduction of a rational number to standard form
In order to reduce a rational number in its standard form, first convert it to a rational number with 
positive denominator (if need be) and then divide its numerator and denominator by their HCF 
(ignoring the negative sign, if any).

	Example 5. Reduce each of the following rational numbers to standard form:
	 (i)	

45
18− 	 (ii)	

24
36

−
	 (iii)	

108
72

−
− .

Solution.
	 (i)	The given rational number is 

45
18− .

		 Its denominator is positive.
		 HCF of 18 and 45 is 9.
		 So, divide its numerator and denominator by 9.

		 ∴ 	
45
18−  = 

45 9

( )18 9

'

'−  = 
5
2− .

		 Thus, 
45
18−  = 

5
2− , which is in the standard form.

	 (ii)	The given rational number is 
24

36
−

.

		 Its denominator is negative. To make it positive, multiply its numerator and denominator by 
– 1.

			
24

36
−

 = 
( 24) ( 1)

36 ( 1)

#

#

− −
−  = 

24
36− .

		 HCF of 36 and 24 is 12.
		 So, divide its numerator and denominator by 12.

		 ∴ 	
24
36−  = 

24 12

( 36) 12

'

'−  = 
2
3− .

		 Hence, 
24

36
−

 = 
24
36−  = 

2
3−  i.e. 

24
36

−
 = 

2
3−  (standard form)

	(iii)	The given rational number is 
108
72

−
− .

		 Its denominator is negative. To make it positive, multiply its numerator and denominator by 
– 1.

			
108
72

−
−  = 

( 108) ( 1)

( 72) ( 1)

#

#

− −
− −  = 

108
72 .

		 HCF of 72 and 108 is 36.
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		 So, divide its numerator and denominator by 36.

		 ∴ 	
108
72  = 

108 36
72 36

'

'  = 
3
2 .

		 Hence, 
108
72

−
−  = 

3
2 , which is in the standard form.

Exercise 3.1

1.	 Which of the following are positive rational numbers?
	

8
5 , 

11
3− , 

5
0 , 7, – 4, 

13
3

−
− , 

6
17

−
− , 

20
9

−
.

2.	 Which of the following are negative rational numbers?

	
7
5− , 

3
4

−
, 

11
3

−
− , – 6, 9, 0, 

5
28− , 

7
31.

3.	 Find four rational numbers equivalent to each of the following rational numbers:
		  (i)	

5
2− 	 (ii)	

7
3

−
	 (iii)	

4
13− 	 (iv)	

9
5

−
− .

4.	 Write each of the following rational numbers with positive denominator:
		  (i)	

9
4

−
	 (ii)	

33
17

−
	 (iii)	

38
15

−
− 	 (iv)	

4
41

−
− .

5.	 Write next four rational numbers in each of the following patterns:
		  (i)	

4
1− , 

8
2− , 

12
3− , 

16
4− , …	 (ii)	

3
2

−
, 

6
4− , 

9
6− , 

12
8− , …

6.	 Which of the following pairs of rational numbers are equal?

		  (i)	
7
3

−
−  and 

35
15 			   (ii)	

8
6−  and 

15
10

−
			   (iii)	

10
6

−
 and 

20
12−

7.	 Which of the following pairs represent the same rational number?
		  (i)	

21
7− , 

9
3 			   (ii)	

20
16− , 

25
20

−
			   (iii)	

3
2

−
− , 

3
2

		  (iv)	
5
3− , 

20
12− 			   (v)	

5
8

−
, 

15
24− 			   (vi)	

3
1 , 

9
1−

8.	 Fill in the blanks:
		  (i)	

4
5  = ...

16
 = ...

25  = 
...
15− 	 (ii)	 7

3−  = ...
14  = ...

9  = ...
6−

9.	 Reduce each of the following rational numbers in standard form:

		  (i)	
30
45− 	 (ii)	

36
16

−
	 (iii)	

15
3

−
− 	 (iv)	

119
68

−
	 (v)	

275
195

−
.

Representation of rational numbers on number line
To represent rational numbers on a number line, we proceed as under:
1.	 Draw a straight line and mark arrows on both sides of the line to show that the line continues 

indefinitely in both directions.
2.	 Mark a point on it and label it as O. It represent 0 (zero).
3.	 Select a unit of length. Mark points on the line at unit length intervals from each other on both 

sides of O.
4.	 Label the points to the right of O successively as 1, 2, 3, … and the points to the left of O 

successively as – 1, – 2, – 3, ….

	 Thus, every integer can be represented by some point on the line. Note that the positive integers 
are marked on the right of 0 and negative integers are marked on the left of 0.

– 5 – 4 – 3 – 2 – 1 10

O

2 3 4 5
l l l l l l l l l l l


