MATHEMATICS

Chapter 9: Rational Numbers
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Rational Numbers

X .
1. The numbers of the form > where x and y are natural numbers, are known asfractions.

2. A number of the form S[q x 0], where p and q are integers, is called a rational
number.
3. Everyinteger is a rational number and every fraction is a rational number.

4. Arational number E is positive if p and q are either both positive or both negative.

5. A rational number E is negative if one of p and q is positive and the other one is
negative.
6. Every positive rational number is greater than O.

7. Every negative rational number is less than 0.

pxm
gm are

, , , , p pxm p
8. |If g is a rational number and 'm' is a non-zero integer, thena X e Here,aand

known as equivalent rational numbers.

9. If % is a rational number and 'm' is a common divisor of p and g, then gx

m m
P Here,2and &
gxm q gxm

are known as equivalent rational numbers.

10. Two rational numbers are equivalent only when the product of numerator of the first
and the denominator of the second is equal to the product of the denominator of the
first and the numerator of the second.

11. A rational numberg is said to be in standard form if g is positive and the integers p

and g have no common divisors other than 1.

12. If there are two rational numbers with a common denominator then the one with the
largernumerator is greater than the other.

13. Rational numbers with different denominators can be compared by first making their
denominators same and then comparing their numerators.

14. There are infinite rational numbers between two rational numbers.

15. Two rational numbers with the same denominator can be added by adding their
numerators, keeping the denominator same.
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16. Two rational numbers with different denominators are added by first taking the LCM
of the two denominators and converting both the rational numbers to their equivalent
forms having the LCM as the denominator.

17. While subtracting two rational numbers, we add the additive inverse of the rational
number to be subtracted to the other rational number.

r " . r
X = X gx (additive inverse of;)

Q |T
7

18. To multiply two rational numbers, we multiply their numerators and denominators
product of numerators

separately, and write the product as
P Vs P product of denominators

19. Reciprocal of% is %.

20. To divide one rational number by the other non-zero rational number, we multiply the
firstrational number by the reciprocal of the other.

Rational Numbers

A rational number is defined as a number that can be expressed in the form

p

q

, Where p and g are integers and g=0.

In our daily lives, we use some quantities which are not whole numbers but can be
expressed in the form of

p

q

Hence we need rational numbers.
Equivalent Rational Numbers

By multiplying or dividing the numerator and denominator of a rational number by a same
non zero integer, we obtain another rational number equivalent to the given rational
number. These are called equivalent fractions.
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6
and
1
3

are equivalent fractions.
15 15:5 3

25 2%:5 5

15
a5
and

3

5
are equivalent fractions.

Rational Numbers in Standard Form

A rational number is said to be in the standard form if its denominator is a positive integer
and the numerator and denominator have no common factor other than 1.

Example: Reduce

=
':Cl|.p.

Here, the H.C.F. of 4 and 16 is 4.
> % =% =T
—1

4

is the standard form of

4
16

LCM

The least common multiple (LCM) of two numbers is the smallest number (#0) that is a
multiple of both.

Example: LCM of 3 and 4 can be calculated as shown below:
Multiples of 3: 0, 3, 6,9, 12,15

Multiples of 4: 0, 4, 8, 12, 16

LCM of 3 and 4 is 12.

Rational Numbers between Two Rational Numbers
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There are unlimited number (infinite number) of rational numbers between any two
rational numbers.

Example: List some of the rational numbers between -35 and -13.
Solution: L.C.M. of 5and 3 is 15.

= The given equations can be written as

| 2 5
Lﬂﬂ_ml'.ﬂ

1

[2a)

= -615, -715, -815 are the rational numbers between -35 and -13.

Note: These are only few of the rational numbers between -35 and -13. There are infinte
number of rational numbers between them. Following the same procedure, many more
rational numbers can be inserted between them.
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Properties of Rational Numbers

» Closure Property
Sum, difference and product of two rationals is again a rational
number. So, Rational numbers are closed under addition,
subtraction, multiplication but NOT under division.

« Commutativity Property
For any two rational numbersaand ba*b="b=+a.

« Rational numbers are commutative under addition and
multiplication but NOT under subtraction and division.

L1 I 1 1 4
Example:= + - = - and - + - = -

25 _ W _ 5 45 25

3 X g - ® o pdldg x3=3

1 3 1 3 1 1

3 3= Fbuti-—s5=1

T .5 & 5 .1 1

FT3=ghuty =%

» Associative Property
For any three rational numbers a,band ¢, (a*b)*c=a=* (b*c).
» Addition and multiplication are associative for rational numbers,
but subtraction and division are NOT associative for rational
numbers.

Example: (1 + E) +

1
5 7 ETIT 5

15 i 1 5
3
2
2
5

01 4

B bue £
2
5

>
it

5T

T s
s o b ool
e | w o=

L S
I

| ks b =] tn
I

15
== but

Addition of Rational Numbers

« Case I: Adding rational numbers with same denominators:
] T
Example : — + —

(WY 12
- 5 — 5

+ Case 2: Adding rational numbers with different denominators:

.1, 2
Example : — + 3
LCM of 7and 3 is 21
3 9 2 14
SD,T:HﬂndE:E

O A IS
:'21"_21_ n - mn

Subtraction of Rational Numbers
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s To subtract two rational numbers, add the additive inverse of
the rational number that is being subtracted, to the other

rational number.
» Example: Subtract % from %.

%+ Additive Inverse of (%)

()

- (1'" ‘E) {+LCM of 9 and 5 is 45}

45

17

45

Multiplication and Division of Rational Numbers

Multiplication of Rational Numbers

« (Case I: To multiply a rational number by a positive integer,
multiply the numerator by that integer, keeping the
denominator unchanged.

3 I=T n
5 x(N=—===

» Case 2: Steps to multiply one rational number by the other
rational number:
Step 1: Multiply the numerators of the two rational numbers.
Step 2: Multiply the denominators of the two rational numbers.

Step 3: Write the product as
Product of Numerators
Product of Denominators

(-5 0y  Sx(0) 45
—(T)X(T)— 7<8 56

Division of rational numbers

« To divide one rational number by the other rational numbers we

multiply the rational number by the reciprocal of the other.

.21
Example: — + -
Tﬂ x Reciprocal of ;l
- Tﬂ x T {7 Reciprocal of% =T}
14

-3

Negatives and Reciprocals



I ——
RATIONAL NUMBERS

« Rational numbers are classified as positive and negative rational
numbers.
(i) When both the numerator and denominator of a rational
number are positive integers or negative integers,
then it is a positive rational number.

3. y o . 3 3.
Example: - is a positive rational number. — = - isalso a

positive rational number.

(ii) When either numerator or denominator of a rational
number is a negative integer, it is a negative rational number.

. -3 _ 3. . : 1 _ 3.
Example:— = — = is a negative rational number. — = —< is

Iso a negative rational number.

« If the product of two rational numbers is 1 then they are called
reciprocals of each other.
3

L2 . . 2 3
Example : § is reciprocal of 5, since 3 x 3 =1

Note : The product of a rational number with its reciprocal is
always 1.

Additive Inverse of a Rational Number

s Additive Inverse of a rational number % is the number that,
when added to E, yields zero.

o . 3. -3
Example: Additive Inverse of a rational number ¢ is — and

3

. . 3.
addtive inverse of —is -

. 1 3
Since E+?_ﬂ

Rational Numbers on a Number Line
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« In order to represent a given rational number =, where a and

are integers, on the number line :

Step 1: Divide the distance between two consecutive integers

into n parts.
. . 3 .
For example : If we are given a rational number -, we divide th

space between 0 and 1, 1 and 2 etc. into four parts
Step 2: Label the rational numbers till the range includes the
number you need to mark

e The following figure shows how fractions %, % and % are
represented on a number line.

» Divide the portion from 0 to 1 on the number line into four
parts.
Then each part represents %th portion of the whole.

Iy

o
i e I
=N T
& T

Comparison of Rational Numbers

» Case 1: To compare two negative rational numbers, ignore their
negative signs and reverse the order.

o 3 2
Example: Which is greater: o or — 7
3 2,03 2
Compare g and =: ¢ > =

i

-

e
T
» Case 2: To compare a negative and a positive rational number,
we consider that a negative rational number is to the left of zero
whereas a positive rational number is to the right of zeroon a
number line. So, a negative rational number will always be less

than a positive rational number.
3 < 2
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Important Questions

Multiple Choice Questions :

Question 1. The numerator of the rational number ﬁ is
(a) 100

(b) 1

(c) 10

(d) 99

Question 2. The denominator of the rational number% is
(a) 7

(b) 4

(c)3

(d) 11

Question 3. The denominator of the rational number é is
(a) 13

(b) 7

(c)6

(d) 91

Question 4. The numerator of the rational number —% is
(a)-3

(b) 3

(c) 4

(d) -4

Question 5. The numerator of the rational number —% is
(a) -2

(b) 2

(c) -9

(d) o

Question 6. The denominator of the rational number _13 is
(a) 5

(b) -3
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(c)3

(d) 8

Question 7. The denominator of the rational number _17 is
(a) 7

(b) -7

(c)3

(d) -3

Question 8. The numerator of the rational number :—z is
(a) 2

(b) -2

(c)5

(d) -5

) ) -5,
Question 9. the numerator of the rational number = is

(d)3

Question 10. The denominator of the rational number :—j is
(a) -2

(b) 2

(c)9

(d) -9

Question 11. The denominator of the rational number :—z is
(a) 6

(b) -6

(c)5

(d) -5

Question 12. The denominator of the rational number :—ﬁ is
(a)-13

(b) 13

(c) 11
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(d)-11

Question 13. The numerator of the rational number O is
(a)0

(b) 1

(c) 2

(d)3

Question 14. The denominator of the rational number 0 is
(a) 0

(b) 1

(c)-1

(d) any non-zero integer

Question 15. The numerator of a rational number 8 is
(a) 2

(b) 4

(c) 6

(d) 8

Very Short Questions :

1. Find three rational numbers equivalent to each of the following rational
numbers.

o 2
(i) -
.\ 3
(ii) >

2. Reduce the following rational numbers in standard form.
. 35
() =/

iE

3 -3 :
3. Represent 5 and - on number lines.

4. Which of the following rational numbers is greater?
A3 1
(I) Z;E
.. 3 -3
(ii) X

5. Find the sum of
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3 7 9 5]
N 43,97 . 9 5
() 1 + 12 (it) 13 + 3
6. Subtract:
. =D -7 . 1 1
(£) 5 from ) (i1) 25 from 36

Short Questions :
1. Find the product:

- 1 . 1 3
(@) 65 X (_5E] (it) (—31) X (—2 Z]

. . -9 . -4
2. If the product of two rational numbers is P and one of them is 1—:, find the other
number.

3. Arrange the following rational numbers in ascending order.

142 . 246 1
@) -5, =1 5=

@-3379 3’5'7 8

4, Insert five rational numbers between:

@) _; and -1 (ii) —% and ?

5. Evaluate the following:

-12 7 -5 22
— e o —
-5 -3 14 7

6. Subtract the sum of%5 and —1 % from the sum 2 % and —6%.

Long Questions :
1.

C 3 -6} (1.5 -1 1
Stmplify: [?x B)T(3x6]+ 2 5
2. Divide the sum of —2 i—: and 3 % by their difference.

3. During a festival sale, the cost of an object is X 870 on which 20% is off.
The same object is available at other shops for X 975 with a discount of

6§ %. Which is a better deal and by how much?

4. Simplify:

1
215 + 5—§of(20.5— 55)+ 0.5 x 85
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5. Simplify:

2.3-[1.89-{3.6-(2.7- 0.8-0.03)}]

—4 5 7
Ifx = 9 ¥ = 2 and z = E,ﬁnﬂthevalueﬂf

o [55a)elis )
ANSWER KEY -

Multiple Choice questions :
1. (b)1
(a)7
(a) 13
(a)-3
(a) -2
(b) -3
(b) -7
(b) -2
(a)-5
(d)-9
. (d)-5
. (d)-11
. (da)o
. (d)-1
15. (d) 8

© 9O N o U s W N

[ N O =
A W N B O

Very Short Answer :

1.
=222
5 5x2 10
-2 -2x3_-6
5 5x3 15

-2 -2x4 -8

5 5x4 20
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Hence, the required rational numbers are
-4 _Ga d—S
10’15 ‘
3x2 6
TTx2 14
3x3 9
T 7x3 21
I3x4 12
Tx4 28

Hence, the required rational numbers are

(it)

~1jca =31|co =-1|co
i

[~ HCF of 35 and 15 = 5]

i =36 _ 36 _ 36+36 1
"' T916 T 216  216+36 6

[+ HCF of 36 and 216 = 36]

bl @
b
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) 31

(1) We have 42
LCMof4and2=4

I3x1

*

*

[ N A
n
B |

o | b

-3 -3
it) We have —, —
(it) 24
LCMof2and4=4

5. Find the sum of

3 1 9 5
. _4_ 2_ 'y ——— —
WLt Wt

Il
||
|
I
I
| on
e
i
||
-]
+
o | en

—7><3+5><4
8x3 6x4

-21 20 -21+20 -1

[LCM of 8 and 6 = 24]

1 1 1 1 -19 11
i) 2= from —3= = 8- -92- = ——~ _ 2=
(@) 500" 36 25 6 5

-19x5 11x6
6x5  B5x6 [LCM of 6 and 5 = 30]

-95 66 -95-66
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Short Answer :

1.
2 1 20 81
© 63 “(“515) = ?"[‘EJ
- Ex(_ﬂj
1 4
@=20+4 E -81 =-81+3 -27
16 16+4 4’ 3 3+3 1
-5 x 27 -135 3
T 1x4 4 _‘331
. 1 3 13 11
{“}[ 34}{ 24)'("4'])((_?)
13 11 13 =11
'“X“x(aixf]' ix4
143 15
_E—B_l-é [ (=) x (=) = (+)]

2. Lettherequired rational number be x.

. “(j) 2

15 16
_ 2 (A). 2,
YT\ 15) 7 16 4
[Reciprocal of —i=E]
15 -4

_-9x15 185 _ 7

~ _16x4 64 64

7
Hence, the required rational number = 2 61"
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) 1 4 -2
(i) We have —E, E, ?
LCMof3,3and 9=9
- -1x3 -4x3 -2x1
" 8x37 3x37 9x1

[Converting denominators as same number]

-3 -12 -2
= 9’9’79
Since E{_—E{_—E
! 9 "9 9
4 1 -2
—— e i
3° 3 9
. 2 46 1
(zz) We have 3’578
LCM of 3, 5, 6 and 7 = 210

- -2xT70 4x42 6x30 -1x35
3xT70 '5x42’ Tx30 6x35

[Converting the denominators as same
numbers]

140 168 180 -35
210’ 210" 210”7 210

-140 -35 168 180
< < <
210 210 210 210
-2 -1 4 6

<
3 6 5 T

Since
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(i) ?2 and -1 = FE and Tl
LCMof3and1=3
-2x1 -2 -1x3 3
3x1 3 " Ix3 T3
We know that there is no integer between

-2 and -3.
. Multiplying and dividing by 5 + 1 = 6 to
each of the rational numbers, we have
-2x6 -12 -3x6 -18

3x6 18 "9 3x6 ~ 18
Here, integers between —12 and —18 are —13,
-14,-15,-16 and —17.

. The required rational numbers are

-13 -14 -15 -16 =17
, , , and
18 18 18 18 18
je, 28 —T =5 =8 11
T 1897679 18
1 -3
aw = d_
(1i) 2.=:~u'1 2

Since, the denominator are same and there
is only one integer between -1 and -3.

. Multiplying and dividing by 5 + 1 =6 to
each of the rational numbers, we have
-1x6 -6 -3x6 -18

2x6 12 2x6 12
Here, the integers between —6 and —18 are
-7,-8,-9,-10,-11

.. The required rational numbers are

-7 -8 -9 -10 -11

12'12°12° 127 12
-7 -2 -3 -5 —11

3336 12
5.
12,7 5 22
-5 314 7
_12.7_ 5 22
5 3 14 7

[LCM of 5, 3, 14, 7 = 210]
12 12x42 504
5 5x42 210
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-7 =7x70 _-490
3 ~ 3x70 210
-5 -5x15 -75
14 ~ 14x15 210

22 22x30 _ 660
7 T 7x30 210
522

14 7

504 490 75 660
210 210 210 210
504 ~ 490 - 75 + 660
210
1164 - 565
210

599 21?9
210 ~ 210

12 7
05737
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-5 3
SumofE and '1'5
N NET .
6 5/ 6 5
_-5x5_8}<6
T 6x5 5x6
[LCM of 6 and 5 = 30]
_"25 48
30 30
_ -25-48 -T3
B 30 ~ 30
2 2
Sum of 25 and -G-g
2 2 8 32
22462 =222
= 3+[ 5J 3 5
8xbH 32x3
=3%5 Bx3 [LCM of 3 and 5 = 15]
.40 96 40-96 -56
T15 15 15 15
.. Required difference is (ﬁ] - (-_7%)
15 30

-56 173 73 56 T3x1 bH6x2

15 730 30 15 30x1 15x2
73 112 73-112 -39 13

T30 30 30 30, 10

Long Answer :
1. We have
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(2)- (22|22
()G

N —15
56 8 lﬂ
_AB 8 LT
- 56 25 10
[ absolute value of —a= a]
_ ;2_7+l_ -27=x5+Tx14
T 28 10 140
[LCM of 28 and 10 = 140]
B -135+ 98 3 -37
B 140 ~ 140
2.
(Given rational number —JE d 3i
ers are 17 an 34

Sum of the given numbers
15 5 -49 107

B TARCYIRIE T vy
—49><2+10Tx1
1T = 2 34 x1
—98+107 -98 + 107 9

34 34 34 34

5 15 ]
3— |2
Difference of the given numbers = 34 ( 17

107 49 107x1 49x2 107 98

- —

34 17 " 34x1 17x2 _ 34 34
107+98 205
- 34 T 34
As per the question, we have
Sum of the numbers + Difference of the numbers
9,206 _ 9 3 9
34 34 34 205 205

[LCM of 17 and 34 = 34]

I

9
H th i ivision = —— .
ence, the required division 905
3. The cost of the object =X 870
Discount = 20% of X870 =—= x 870 = X174

Selling price =X 870-%174 =696
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The same object is available at other shop =X 975

Discount = ﬁ%% of T 975
= %xlﬁ]&;’ xﬁ?ﬁ”gﬁﬁ -765
Selling price =X975-%65=%X910
Since X910 >X 696
Hence, deal at first shop is better and by X910-X696 =214
4. Using BODMAS rule, we have

21.5+5— § of (20.5—5.5) + 0.5 x 8.5
- 21.5+5—%of 15 + 0.5 x 8.5

=21.5><%—%x15+0.5><8.5

=43-3+4.25
=4.3+4.25-3
=8.55-3
=5.55

5. Using BODMAS rule, we have
2.3-[1.89-{3.6-(2.7-0.77)}]
=2.3-[1.89-{3.6-1.93}]
=2.3-[1.89-1.67]
=2.3-0.22
=2.08

6. Using BODMAS rule, we have
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o) ()

1
=x+y —[——y(4]—{yz+zx+x:v}]
xy
=x+y [—L-éy-yz-zr—ry}
' xy

1
=x+y - E+4y+yz+zx+xy

x 1
———+4dy+ yz+zx+ xy
xy

Yy
Putting x = %,y = 1—52 and z = i%,we get
-4
.9 1 i)
BIEE
12 9 2
) w)(5)3)- G )
Hl=ll=I+l=I|l=|+|=|| =
12)\18 18/1 9 9 /\12
2,12 1 5,3 1 5
9 5



