Chapter 1

Rational Numbers

1.0 Introduction

Salma wants to buy three pens at five rupees each. Her friend
Satheesh wants to buy two similar pens. So they went to a
wholesale shop. Shopkeeper said that a packet of five pens
costs T 22. How much does each pen cost? We can easily

22
calculate the cost of each pen¥ 5 Is there any natural number

to represent this cost? Is there any whole number or integer to
represent this?

® Consider one more example.

Observe the following various readings of temperature
recorded on a particular day in Simla.

Timings 10.00 a.m. { 12.00 Noon | 3.00 p.m. | 7.00 p.m. | 10.00 p.m.
Temperature 11 °C 14 °C 17 °C 10 °C 5°C
In each case what is the change in temperature per hour?
. . 14°C-11°C 3,
Case I ~ Morning hours : change in temperature per hour ) C/hr.
(10.00 A.M. - 12.00 Noon)
. 17°C-14°C o
Case Il  Afternoon hours : change in temperature per hour 3 - 1°C/hr.
(12.00 Noon - 3.00 P.M.)
. . 10°c-17°c -7,
Case Il  Evening hours : change in temperature per hour 4 1 C/hr.

(3.00 PM. - 7.00 PM.)
5°C-10°C -5,
Case IV Night hours : change in temperature per hour — 3 C/hr.
(7.00 PM. - 10.00 P.M.)
7. -5,

In the above cases we come across numbers like > °C,1°C, vy °C, 3 C.
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3 -7 =5
The numbers used in these temperature are 5 1, T, T . What do you call these

numbers?
Here we find the need of different types of numbers to represent these quantities.

Let us discuss such types of numbers.
37 -10 3 2013

4797 17 —2° 2014°

p
The numbers which are expressed in the form of ; , where pand gare integers and g # o, are

called ‘Rational Numbers’ and rational numbers are represented by ‘Q’. These are also called
Quotient numbers.

Observe

5 10

We can express any natural number, ex. 5 as T OT S s

0 0

Similarly we can express any whole number, ex. 0 as T O s

-3 -6
We can express any integer ex. —3 as T Or Ty s From the above observation we can

conclude that all natural numbers, all whole numbers and all integers are also rational numbers.

Do This

1 -33 4
Consider the following collection of numbers 1, 5 -2, 0.5, 45, T , 0, 7 ,

2
0.3, 22, -5, 9 0.125. Write these numbers under the appropriate category.
[A number can be written in more than one group|
(1  Natural numbers

@)  Whole numbers

(1) Integers

(iv) Rational numbers

Would you leave out any of the given numbers from rational numbers?

Is every natural number, whole number and integer is a rational number ?




5
Hamid says = is arational number and 5 is only a natural number.

Shikha says both are rational numbers. With whom do you agree?

Give an example to satisfy the following sentences.

not be natural numbers.

| Try These
l. 3
2.
®
(ii)
(111)
integers.

All natural numbers are whole numbers but all whole numbers need

All whole numbers are integers but all integers are not whole numbers.

All integers are rational numbers but all rational numbers need not be

We have already learnt basic operations on rational numbers in earlier classes. We now explore

some properties of operations on rational numbers.

1.2 Properties of Rational numbers

1.2.1 Closure property

(1)  Whole numbers and Integers

Let us recall the operations under

which the whole numbers and integers are

closed.

If the sum of two whole numbers is also a whole
number, then, we say that the set of whole numbers
satisfy closure property under addition.

Complete the following table with necessary arguements and relevant examples.

Numbers Operations
Addition Subtraction Multiplications | Division
Wholenumbers | Closed since Not closed Closed Not closed
a+bisawhole | since 5-7=-2|since — — — | since5 +8=
5
number forany | whichisnot 3 which
two whole awhole number| - — - isnota whole
numbers a and b number.
example — —
Integers Closed Not closed
Sincea-bisan |- — - since
integer for any
twointegersa |- — — - - -
- - - and b example.

®
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(i) Rational numbers - closure law
(a) Addition

2 5
Consider two rational numbers 7 g

2 N 5 le+3 51
78 56 56
51 .
The result 5 isagaina rational number
-19 _ _
8+ - )= Is it a rational number? € belongs to, v for all
o LetA={1,2,3}
7 T 7 =____ Doyougetarationalnumber? | The clement3isin A is denoted by
Check this for few more in the following pairs. 3 €Aandweread itas 3 belongs
to A.
5 1 7 2
34—, O0+—, —+— '
7 2 2 7 v 1s symbol for all or for every.
We can observe sum of two rational numbers is againa | [fwe write V g, b €Q, it means
rational number. Thus rational numbers are closed under | for every element a, b of Q
addition. (a+ b) is a rational number for any two rational

® numbersaand b, i.e. Va,b € Q; (a+b) € Q. ®

(b) Subtraction:

3
Consider two rational numbers 9 and 1
Th 5 3 _ 5x4-3x9  20-27 _ T
O 36 T 36 36
Again we got a rational number ;_6 (since—7, 36 are integers and 36 is not a zero, hence
7 s oo nummb
3¢ \sarationalnum er).

Check this in the following rational numbers also.
2 3 14-9

. < _ 2 _ 187 _ . . 0
) 3 7 o1 Is it a rational number ?

48) 11
(1) 9 ) 18 = Is it a rational number?

We find that the difference is also a rational number for any two rational numbers.
Thus rational numbers are closed under subtraction.

a—b is a rational numbers for any two rational number ‘a’ and ‘b’, i.e., Va,b € Q, (a—b) €Q




(c)  Multiplication

Observe the following
3><l:i
2 2
6 -l11 —66 -33
—_ X — = — -
5 2 10 5
3 5 2 19
_— X —_ = . —_ X _— =
7 2 — 1 13

We can notice that in all the cases the product of two rational numbers is a rational number.

Try for some more pairs of rational numbers and check whether their product is a rational number
or not . Can you find any two rational numbers whose product is not a rational number?

We find that rational numbers are closed under multiplication

For any two rational numbers a and b, axb is also rational number. i.e., Va,b € Q,axbeQ

(d) Division

Consider two rational numbers.

® 2 7 ®

378
Then 2 % , 2 X 5 = L6 which is arational number?
3 8 N 21
Check this for two more example.
S oo ey _ S 1 _ 5
7 7 1 7 2 14
6
=8t o & — =
3+1—7 = 3 + 1—7 = = =
13 1 13

From all the above, we observe that when we divide two

rational numbers,we get a rational number.Now can we say
that the closure property holds good for rational numbers ?

5
Letus check the following: 0, 5 are rational numbers and 0

is not defined. Thus the collection of Rational numbers Q is
not closed with respect to division.

Thus we can say, if we exclude zero from Q then the
collection is closed under division.

5
Why 0 is not defined ?

Do the division5 +0 0)5(?
Can you complete the division?

What is the quotient? You may
observe multiplying any number
with ‘0’ the product is ‘0.
Thus division is not possible, with
‘0’ as divisor.
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Try These

If we exclude zero from the set of integers is it closed under division?

Check the same for natural numbers

Do This
Fill the blanks in the table

Numbers Closure property under

Addition Subtraction | Multiplication | Division

Natural numbers Yes — L .
= = No
Integers — Yes _ -

‘Whole numbers —

Rational numbers " — Yes —

[ The commutative property states )
that the change in the order of two

numbers on binary operation does
Let us recall the commutative property with different | ot change the result.

1.2.2. Commutative Property:

operations for both whole numbers and then Integers. a+tb= b+a

aXb=bXa

here binary operation could be any

Complete the following table. one of the four foundamental

(1  Whole numbers . operations i.e., +, —, X, +
Operation Example Remark

Addition 2, 3 are whole numbers Addition is commutative
2+3=5and3+2=5 nWw.
SL2+3=3+2

Subtraction Is 3 -2 equal to 2 -3? Subtraction is not commutative

Multiplication |  ------ | —mmee-

Division 4+2=9 2+4=9 |  cemeee-
Is 4+2 =2+47?




(i) Integers

Operation Example Remark
Addition --- Addition is commutative
in Integers.
Subtraction 2,3 areintegers | ...

2-(3)=2(3)-2="
Is2-(3)=(3)-2=7?

Multiplication | ......... | ...
Division is not

Divison | .......

Commutative in Integers

@iii) Rational Numbers

(a) Addition

5
Take two rational numbers 5 3 T and add them

® 5, (3) | 2x5+1x(-3) _ 10-3 _ 7
2 af F 4 4 4
d(—3)+§ _IX(=3)+2x5 3410 7
W2 4 4 4

(2 e
2 | 4 4 2
Now check this rule for some more pairs of rational numbers.

C id l+§ d = +—1 l+§_§+
0ns1er2 7 an 7 282 7—7

_ _ 4 _
Is _2 + _4 = Q + _2 9
3 5 5 3
Did you find any pair of rational number whose sum changes, if we reverse the order of
numbers ? So, we can say thata +b=b + a for any two rational numbers a and b.

Thus addition is commutative in the set of rational numbers.

- Va,be Qatb=b+a
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(b) Subtraction: Take two rational numbers 3 and 3

21-16 5
24 24

Check the following.

5 5
2——===29
Is 4 4 !

1 3 1

—— = = = =9
152 5 5

Thus we can say that subtraction is not commutative in the set of rational numbers .

a—b # b—a forany two rational numbers a and b.

5
(c) Multiplication: Take two rational numbers 2, 5

-5 -10 -5 -10 B s
® 2X7:T : 7x2=? therefore 2><75 = 7><2 ®

(3B
BT )7 % ) 2 )
Check for some more rational numbers .
We can conclude that multiplication is commutative in the set of rational numbers.

Itmeans axb=b X a for any two rational numbers a and b.

ie.Va,be Q, axb=bxa

(d) Division

R SRS U
309 9 3
1 3 2 1
7. 14 7.9 3 4 7 M4 3 2
3790 T3 T2 M g3t TS
1 2 3 1
7 14 14 7
379 7 9 73
Thus we say that division of rational numbers is not commutative in the set of rational
numbers .




Do This

Complete the following table.

commutative with respect to
Numbers
Addition Subtraction | Multiplication Division
Natural numbers Yes No Yes —_
Whole numbers _ _ _ No
Integers —_— —_— _ _
Rational numbers _ _ _ No

1.2.3 Associative Property

Recall the associative property of
whole numbers with respect to four
operations.i.e addition, subtraction,

The associative property states that
in addition if, you have to add three
numbers, you can add first two
numbers and then third or you can
add second and third numbers first

multiplication & division. and then the first number. The result
will be the same i.e. (3+2)+5 or
3+(2+9). @
(i) Whole numbers
Complete the table with necessary illustrations and remarks.
Operation Examples with whole numbers Remark
Addition Is2+(3+0)=2+3)+07?
2+(3+0)=2+3=5
2+3)+0=5+0=5 —_— —
=2+3B+0)=2+3)+0 _— —
at(b+c)=(@+b)+c
for any three whole numbers a, b, ¢
Subtraction (2-3)-2=? 2—-(3-2)="? Subtraction is not
Is 2-3)-2 =2-(3-2)? associative
Multiplicaton | — — — — — — Multiplication is
—————— associative
Division Is2+(3+5)=2+3)+5?

3 5_10 . .
2+(3+5)=2+ i 2X 33 Division is not associative
(2+3)+5=g+5=le:£

3 3 5 15
2+(3+5) #(2+3) +5

®
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(i) Integers
Recall associativity for integers under four operations.

Complete the following table with necessary remarks.

2+ (=5)] =10+ 2=10x > = —
10 +[2+ (=5)] =10+ S=10x—=-25

Operation Integers with example Remark
Addition Is2+[(-3)+5]=[2+(3)]+5?
2+[(-3)+5]=2+4[-3+5]=2+2=4 —
[2+(-3)]+5=[2-3]+5=-1+5=4
For any three integers a, band ¢
at(b+c)=(a+b)+c
Subtraction s6-9-5=6-99-5? | —— —— —
Multiplication Is 2X[7X(-3)]=(2X7) X (-3) ? —_— —— —
Division 10 + [ 2+ (=5)] =[10 + 2]+(-5) ?

® Now
10 5

10 +2) +(-5)=—=+5=5+5==-=1
(10+2) +(-5)= & 5
Thus 10 + [2+(—5)] #* [10+2] + (—5)

(iii) Rational numbers - Associativity

(a) Addition

. . 2 1 )
Let us consider three rational numbers 7,5,5 and verify whether

e (G

g+”5+ 22, [, 1] o2 [lo+1]_4+77 _s1
LHS. =271 2)| 7770 2777 2 14 14
2 L (L) f(2e3s)] 137, 1 7447 _81
RHS. = 1|7 2 7 2 7 2 14 14

L.H.S. = RH.S.




(b)

o 3o [o{3) w331

Are the two sums equal?

Take some more rational numbers and verify the associativity.

We find rational numbers satisfy associative property under addition.
a+(b+c) = (a+b)+c for any three rational numbers a, b and c.

ie,Vab,ceQ, at(b+c)=(a+b)+c

Subtraction

-5
Let us take any three rational numbers 27 and Y

w3 [ (F B
LHS. =5 - B_(—fﬂ ¢ %

_ 1, 174 _ 3
T2 2 2 @
L 3 (=2 Ix2-3 ) 5 (1,3
RHE 2 4) |4 ) 4 4 |4 | 4
s _ 4,
4 4
1 [3 (=5 1 3 -5
—_— _ ] — i_____
2 |4 | 4 2 4 4
LHS.# RHS.

We find subtraction is not associative in the set of rational numbers. That is a-(b-c) # (a-b)—c
for any three rational numbers a, b, c.

©

Multiplication

) 2 4 -5
Take three rational numbers E’ 7, 7

R
-3

LHS = 3
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@

ws =573 ) i (5) 3

3 7 7 21 7 147
LHS =RHS

Check the following.

Find 2><(1><3)and (2Xl)x3
2 2
1 1
Is 2><(—><3)= (2 x—)x3 ?
2 2
S (37 5.3 )7
F1nd3 775 and 377 5

5 3 7
sz X|5%X%|= §><E xz?
3 7 5 377 5

We can find in all the above cases LHS =RHS
Thus multiplication is associative in rational numbers
a X (b X ¢)=(a X b) X ¢ for any three rational numbers a, b, c. ®

ie,VabceQ, ax(bxc)=(axb)xc
Division
Take any three rational numbers

2 (3.0 (2.3) .1
IS 3. 4. 3.4 -7.

2 3 1 2 3 7 2 21 2 4 8
LHS. = ] - —|=—=x]|—-X—-—]=—=—tt—=—=X— = —

(23 )L (2041
RHS. = 1374177713737

L.H.S. # RH.S.

Thus a+(b +c) #(a + b) + ¢ forany three rational numbers a, b, c.

b

W N
|~

AW

So, division is not associative in rational numbers.




Do This
Complete the following table
Associative under
Numbers
Addition | Subtraction Multiplication | Division
Natural numbers Yes No |  ..... | .....
Whole numbers | ..... | ..... |  ..... No
Integers | ..... No Yes [ ...
Rationalnumbers| ..... | ..... | ..... | .....

1.2.4 The Role of Zero

1
Can you find a number, which when added to a number 5 gives the same number 5 ?
When the number ‘0’ is added to any rational number, the rational number remains the same.
For example o
I+0=1and 0+1 =1

—2+0=-2and 0 +(-2)=-2

1 1 1 1
—+0=- —= =
> 2a1nd0+2 5

For this reason we call ‘0’ as an identity element of addition or “additive identity”.
If a represents any rational number then a+0=a and O+a =a

Does the set of natural numbers have additive identity ?
1.2.5 The Role of 1

Fill in the following blanks :

3X[1=3 and 1 x3 =3
-2X[ ] =-2 and X =2==2
7.7 ; 1T
8 I:l_g an C 1] 8 _8

What observations have you made in the above multiplications?
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You will find that when you multiply any rational number with ‘1°, you will get the same rational
number as the product.

We say that ‘1’ is the multiplicative identity for rational numbers
What is the multiplicative identity for integers and whole numbers?

We often use the identity properties without realizing that we are using them.

15
For example when we write 50 in the simplest form we may do the following.

15  3x5 3.5
— = :—xg:—xlz—

50 10x5 10

3 3
When we write that 10 X1 = 0 We used the identity property of multiplication.

1.2.6 Existence of Inverse

() Additive inverse:
3+4(-3)=0 and -3+3=0
S +5 =0 and S5+ (-5)=

z+‘7 i d +g
T i 3

() e o)

Here —3 and 3 are called the additive inverses of each other because on adding them we get
the sum ‘0’. Any two numbers whose sum is ‘0’ are called the additive inverses of each other. In
general if a represents any rational number then a+ (—a)=0and (—a)+a=0.

Then ‘a’, ‘—a’ are additive inverse of each other.

The additive inverse of O isonly O as 0+0=0.

(i) Multiplicative inverse:

2
By which rational number 7 is multiplied to get the product 1 ?

7

We can see 7><— =1 and

xgzl
2 7

N




Fill the boxes below-
2 X =1 and X 2 =1
-5 % =1 and X 5 =1
SN SR
19 o 19
1 x?2=1
-1x?=1

Any two numbers whose product is ‘1° are called the multiplicative inverses of each other.

1 1 1
For example, 4% i l and 1 X4=1 therefore the numbers 4 and 7 e the multiplicative

inverses (or the reciprocals ) of each other.

c
We say that a rational number P is called the reciprocal or the multiplicative inverse of

a ¢

a
another rational number b if PR

Think, discuss and write .? :ﬁ

1. Ifaproperty holds good with respect to addition for rational numbers, whether it holds
good for integers? And for whole numbers? Which one holds good and which doesn’t
hold good?

2. Write the numbers whose multiplicative inverses are the numbers themselves

Can you find the reciprocal of ‘0’ (zero)? Is there any rational number such that when it is
multiplied by ‘0’ gives ‘1°?

X 0= 1 and 0 X =1

1.3 Distributivity of multiplication over addition

>

13
2" 4

. 2 (1, 3)(2) (D)2 )« [2
Letus verify whether i C 5 > 5 4

| ® B

2
Take three rational numbers ga




LHS—ZX l+é :zx E :Zxézﬂzl
5702 4] 57 4 ) 574 20 2
2 (1) 2, (322,06 _4+6_10_1
RHS =5 X217 4 10720 20 20 2
LHS=RHS
2o (L 3 (2 (1) (23
Thus 5712 "4 sN2) 154

This property is called the distributive law of multiplication over addition.

Now verify the following Try these: find using distributivity
2 (1 3y 2 (1)y2 (3 7 L=3 7 9

Is = X|==>|==x|= |-= x|= R T R Rt
5 |2 4) 5 (2)5 |4 5 110 5 10

What do you observe? Is LHS = RHS?

9 9
) {E X 3}+ {Ex—w}

This property is called the distributive law over subtraction.

Take some more rational number and verify the distributive
property
For all rational numbers a, b and ¢
We can say-
a(b+c) =ab+ac
a(b—c) = ab—ac

Do These
; Complete the following table.
Additive properties
Numbers
Closure | Commutative | Associative | Existence | Existence
of Identity | ofInverse

Rational Numbers [ Yes — - - .
Integers Yes — — S _
Whole Numbers | — — —— —— Yes No
Natural Numbers | Yes — - . o




Complete the following table
Multiplicative properties
Numbers - — : -
Closure | Commutative | Associative | Existence | Existence
of Identity |of Inverse
Rational Numbers | Yes - —— —— —
Integers — Yes —_ — —
Whole Numbers | — — — Yes — —
Natural Numbers | — — —— —— Yes —_

2 3 —6 -13
E lel. Simplify —+—=+|—|+|—
xample implify - (5) ( - )
Solution: Rearrange the given fractions keeping similar fractions together.
23 —6 -13y 2 3 6 13
S+ | — |+ ===+ -=-=
5 7 5 7 5 7 5 7
® ®
2 6 3 13
=157 5 + 777 (by commutative law of addition)
~2-6 3-13
. 7
w4 -10_-4 10
5 7 5 T
~ —A4XT7-10x5 _ -28-50 _ 78
- 35 35 35
Example2:  Write the additive inverses of each of the following rational numbers.
o2 a1 2
O oz @ = @) o5 W 5
. o 2 2
Solution : (@) The additive inverse of 5 s
2 (2222
because 7 - 7
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. o —-11 | —-11 11
(11) The additive inverse of S = |7<

o 7. 7 -7 7
(11) The additive inverse of S| —]=—=—
—13 -13) -13 13

. o 2 _(#2)._2
(@) The additive inverse of 387 3 3

Example3: Find - X—+ — —

2 -1 23 1.3 2 -1 1_3 23

ion : Ix—F+ = - oxZ = Ix——-—xZ + =
Solution: = X T e T T T 5 9 7977 T 180

(by the commutative law of addition)

1(8+15 23
+ @ (by the distributive law)

= + = 0 (by the additive inverse law)
180 180 180

1 23) 23 -23 23
+

-9 5 —4
Example 4: Multiply the reciprocals of ERAT and add the additive inverse of (?) to

the product. What is the result?

-9 =2
Solution : The reciprocal of B} is o5

Th i lof R,
ereciprocal of 7o is

2
><K 4

Product of reciprocals = -2
9 5 5
1




—4 4
The additive inverse of (?) is g

-4 4
Thus product + the additive inverse = S + 5 = 0 (the Inverse property)

4+ &
% Exercise - 1.1
- i

Name the property involved in the following examples

8 4_8_,.8 ; 3.1, (3 !
.
(iii) —X1=%:1X— (iv) (%)xlz—:lx(%)
2, 1. 1.2 > 315
M 5737375 W) X771
1 ®
(Vi) 7a+(=7a) = 0 (vii) %=1 (x 0)

(x) (2xx)+Q2X6) = 2% (x+6)

Write the additive and the multiplicative inverses of the following.

0 (if) 1 (i) 0 (iv) g W) -1
Fill in the blanks
Y _12) (- 5 5
@) (ﬁ)+(7)=(7)+(ﬁ) () 5+ =3
iyl x == (i) _12+(g+§)=(-1z+%)+( )

® |



2 —
4. Multiply 1 by the reciprocal of 14

) ] ) 2 7 1 4
5. Which properties can be used in computing 5 X 5X 5 + 3 x| 3% 11

6.  Verify the following

3 7 (2 -2
7. Evaluate t 71| = || 5 |afterrearrangement.

3 5 3
8. Subtract
N D B I .
(1) 4 from 3 (11) 3 from (11) —7 from 7
-5 -3
9.  What numbers should be added to g soas to get EX ?

10. The sum of two rational numbers is 8 If one of the numbers is %5 find the other.

11.  Issubtraction associative in rational numbers? Explain with an example.
12.  Verify that— (—x) =x for

: 2 3 -13
1) X=— ) x=——
( 15 (i) x T

13.  Write-
(1)  The set of numbers which do not have any additive identity
(i)  The rational number that does not have any reciprocal

(1) Thereciprocal of a negative rational number.
1.4 Representation of Rational numbers on Number line.

Gayathri drew a number line and labelled some numbers on it.

|
I I I I I
1 2 3 4 5 6

Which set of numbers are marked on the line?




Sujatha said “They are Natural numbers”. Paramesh said “They are rational numbers” Whom
do you agree with?

Which set of numbers are marked on the above line?

Are they whole numbers or rational numbers?

v

<
i
o
.
ro
—_
o
—_
ro
w
S
e

Which set of numbers are marked on the above line?

Can you find any number between —5 and 3 on the above line?

Can you see any integers between 0 and 1 or —1 and 0 in the above line?

Numbers in the middle of 0 and 1 is 5 y

3 1
land2is 1 :5 , Oand-11is ——,

2 ®

®
N | =

— land -2 is —ll = —i
2 2

These rational numbers can be represented on number line as follows:

| rd

2

1

NS}
NS}

o | —

O | W

Example 5: Identify the rational number shown A and B marked

on the following number line. Any rational number can be

A B represented on the number line.

< : : I I I I I I I > [Notice that in a rational number
0 1 the denominator tells the

(: ;) number of equal parts in which

the each unit has been divided.

Solution: Here a unit, 0 to 1 is divided into 7 equal parts. A | The numerator tells “how many”
is representing 3 out of 7 parts. So, A represents [of these parts are considered.

7 and B represents 7
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5
Example 6: Represent g on the number line.

Solution:  _ | | | | |
0

OO | N

8
5 —_
§ lies between 0 and 1. ( 8 )

So divide the number line between 0 and 1 into 8 equal parts.

5
Then mark 5th part (numerator) g counting from 0 is the required rational

ber >
number o .
29 .

Example7: Represent 5 o the number line.
Solution: ZGTQ

< | | | | | | | S

€ I 1 I N T >

4 5

29 5
— =4—= 4+ % . This lies between 4 and 5 on the number line

. . .
Divide the number line between 4 and 5 into 6 (denominator) equal parts.
Mark 5th part (numerator of rational part) counting from 4.

2

? .

AN | W

5
This is the place of the required rational number 4 + 3 =4

| Try These
Write the rational number for the points labelled with letters, on the
number line
A B © D I F

() 9 9 3 i 9 9 ﬁ 9 P 2 9
5 5 5 5 5
S R Q P
e e e @& @ @
(11) i P 9 1 P —_2 9 0
4 4
Do This

13
(1) Represent — 5 on the number line.




1.5 Rational Number between Two Rational Numbers

Observe the following
The natural numbers between 5 and 1 are 4, 3, 2.
Are there any natural numbers between 1 and 2?

The integers between —4 and 3 are -3, -2, —1, 0, 1, 2. Write the integers between —2 and
—1.Did you find any? We can not find integers between any two successive integers.

But we can write rational numbers between any two successive integers.

Let us write the rational numbers between 2 and 3.

We know if a and b are any two rational numbers then (and it is also called the mean

2
: : 243 . ; .
of aand b) is a rational number between them. So = 5 isa rational number which lies
exactly between 2 and 3.
5 | [
Thus 2< = <3, % | | -

® 2 )

l\.)|u:__
o

5 9

5 _ _
Now the rational number between2and = is __ 2 _ 2 _ 2><1 — 2
2 2 4

2 272
- | | L
Thus | | | |
2 2 i 3
4 2
2<2<§<3
4
20 17
Againthemeanof2, — is _ 4 _ 4 _ 2/
4 2 2 8
< | I | | S
11 | >
21795 3
8 4 2
TR T 4T

In this way we can go on inserting between any two numbers. Infact, there are infinite rational
numbers between any two rational numbers.
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Another Method :
: : 9 .
Can you write hundred rational numbers between m and 1o Inmean method?
You may feel difficult because of the lengthy process.
Here is another method for you.
crmowthat 1610 10 “10 " 10
< | | | | | S
I I I I I
S 60 7T 89
10 10 10 10 10
9
Here we wrote only three rational numbers between 0 and 0
5 S0 9 %0
utif we consider =1 and 75 =150
Now the rational bers bet — and o
® ow the rational numbers between T+ and 7o vare ®
5 50 51 52 53 89 90 9
—=—<%—F4 = &7 <= <=
10 100 100 100 100 100 10 10
| | | | | | |
-~ I I I I I I I -
5 S0 SLos2 sy 88089 9%
10 100 100 100 100 100 100 10 100
Similarly, when we consider
5 _ 00 9 9w
10~ 1000 " 10 ~ 1000
5 500 501 502 503 899 900 9

So = < < < <
10 1000 1000 1000 1000

< < =
1000 1000 10

<

1 1 1 1
5 500 501 502 503

101000 1000 1000 1000

I I I -

I
897 898 899 900 9
1000 1000 1000 1000 10

In this way we can go on inserting required number of rational numbers.




Example8:  Write any five rational numbers between —3 and 0.

Solution: 3= _E and 0= E SO
—g —§ —2 —i —il' bet 3and0
109 107 103 """""" 5 107 10 1€S between -5 an .

We can take any five of these.

u‘_m Exercise - 1.2

1. Represent these numbers on the number line.

L9 L1
i > (i)~
2. Represent — 2 , i, - on the number line.
13 13 13
. . ’ 5
@ 3. Write five rational numbers which are smaller than —. @

6

4. Find 12 rational numbers between -1 and 2.

3

5. Find a rational number between g and Z .

[Hint : First write the rational numbers with equal denominators. |

5

6. Find ten rational numbers between — Z and g

1.6 Decimal representation of Rational numbers

: - p .
We know every rational number is in the form of ; where g # 0and p, gare integers. Let us

see how to express a rational number in decimal form.

To convert a rational number into decimal by division method.

25

Consider a rational number E .
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Stepl:
Step2:

Step3:

Step4:

Step 5:

Divide the numerator by the denominator 16)25 (1
Continue the division till the remainder left is less than the divisor. 16
9

Put a decimal point in the dividend and at the end of the quotient.

Put a zero on the right of decimal point in the dividend as well as right of 16Y25.0 (1

the remainder.
16

Divide again just as whole numbers. 90

Repeat step 4 till either the remainder is zero or requisite number ﬁ
of decimal places have been obtained 16)25.0000 (1.5625

16
90
25
Therefore 6~ 1.5625 80
100
. 17
Consider 3 96
40
517.0 (3.4 32
( ®
15 80
20
& 0
0
17
Therefore 5 34
1 13 8 1974 . .
Trytoexpress => —2»> == in decimal form and write the values.

272571257 10

We observe that there are only finite number of digits in the decimal part of these decimal numbers.

Such decimals are known as terminating decimals.

Non terminating recurring decimals:

Consider the rational number —

3




¢ |

_'_

| RatomalNumbers 27 |

By long division method we have S 3)5.000 (1.666
3
20
Therefore % = 1.666... 18

5 —
We write this as ' 1.6 the bar on ‘6’ in the decimal part indicates it is -

20
recurring. 18
We observe that in the above division the same remainder is repeating itself 2
and the digit-6 in the quotient is repeated.
Consider the rational numb 1
onsider the rational number X 7)10.00000000(0.14285714
By long division method %
28
20
14
® - ®
56
40
35
50
49
10
7
1 30
= =0.142857142857....
7 28
2

1
- = 0.142857 . The bar on decimal part 142857 indicates that these digits are repeating
in the same order.

The above examples are illustrating the representation of rational numbers in the form of non-

terminating recurring decimals or we call them as non-terminating repeating decimals.

I 17 11 20

Try to express 3°%6°9 and 1o and in decimal form

L 17 1 20
3 6 9 19
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When we try to express some rational numbers in decimal form by division method, we find that
the division never comes to an end.This is due to the reason that in the division process the
remainder starts repeating after a certain number of steps.In these cases in the quotient a digit or
set of digits repeats in the same order.

For example 0.33333------ =03
0.12757575--=------ =0.1275
123.121121121121-====mm-- = 123121
5.678888---------—- = 5.678 etc.

Such decimals are called non-terminating and repeating decimal or non-terminating recurring

decimals.
The set of digits which repeats in non-terminating recurring decimal is called period.
For example
In0.3333 ......= 0.3 the period is 3
In0.12757575 ....= 0.1275 the period is 75 @
The number of digits in a period of non-terminating recurring decimal is called periodicity.
For example
In0.3333 ...... =0.3 the periodicity is 1
In0.12757575 ... =0.12 75 the periodicity is 2
The period 0f 0.23143143143....... = periodicity =
The period of 125.6788989 ......... = periodicity =

Think and Discuss: '@

1. Express the following in decimal form.

7 3 23 5 17 22

O 57 1003 67
(i)  Which of the above are terminating and which are non-terminating decimals.
(i)  Write the denominators of above rational numbers as the product of primes.

(iv) Ifthe denominators of the above simplest rational numbers has no prime divisors
other than 2 and 5 what do you observe?




1.7 Conversion of decimal form into rational form

1.7.1 Converting terminating decimal to rational form

Consider a decimal 15.75
Step 1: Find the number of decimals in the given number. In 15.75 there are 2 decimals places.

Step 2: Take 1 annexed with as many zeros as the number of decimal places in the given
decimal.

Step 3: Multiply and divide the given decimal with this number. (Number arrived in step 2)

100 1575

15.75 % ﬁ = —100

Step 4: Reduce the above rational number to the simplest form.

1575 _1575+5 _315+5 _ 63
100 100+5  20+5 4

] . , P
Example9: Express each of the following decimals in the ; form

® (1) 0.35 (11) —8.005 (ii1) 2.104 ®
35 35+5 7

ion: ) 035=—= =—

Solution: (1) 100~ 100=5 _ 20

—8005 —-8005+5 -1601

(i) -8.005 = = =
1000 1000+ 5 200

2104  2104+4  526+2 263
1000 1000+=4  250+2 125

(iii) 2.104 =

1.7.2 Converting a non-terminating recurring decimal into rational form

Letus discuss the method of conversion by following example.
Example 10: Express each of the following decimals in the rational form.
(0 03 (ii) 054 (iii) 4.7

Solution (i): (¢4
let x=024
= x=0444 . - (1)

here the periodicity of the decimal is one.
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So we multiply both sides of (i) by 10 and we get
10x = 4.44 ... ----mmmmmeee- (11)
Subtracting (i) from (ii)

10 x=4.444.....

Hence 0.4=

NN

Solution (ii): (54

let x= (054

= x=0.545454.... —memememeee (1)

here the periodicity of the decimal is two.

So we multiply both sides of (i) by 100, we get
® 100x = 54.5454.... (ii) ®

On subtracting (ii) — (1)

100x = 54.5454 ......

x= 0.5454 ...
99x = 54.0000......
— 54
=—_ H 054 =—
b ence 99
Solution (iii) : 4.7
let x=147
x=47T7....  ==mmmmmmmmmmee- (1)

here the periodicity of the decimal is one.
So multiply both sides of (i) by 10, we get
10x = 47.777.... —===-mmmmmmmmmm- (i1)
Subtracting (1) from (ii) we get
10x=47.777 .....




43 5_43
B 47=22
5 Hence 9
AlternativeMethod: 47 = 4407
_ 44
9
B Ox4+7
B 9
_ 43
47 = ?

. P
Example 11: Express the mixed recurring decimal 15.732 in — form.

Solution : Let x=15.732

X =15.7323232.... --mmememmeeee (1)
Since two digits 32 are repeating therefore
® the periodicity of the above decimal is two. ®
So multiply (i) both sides by 100, we get
100 x = 1573.2323.... —-----mmmmmm- (i)
Subtracting (1) from (ii), we get
100x = 1573.232323....
X = 15.732323....
9x = 1557.50

1557.5 15575

99 990
- 573 = 15575
B ' 990

Think Discuss and Write w

Convert the decimals 0.9, 14.5 and 1.24 torational form. Can you find any easy method
other than formal method?
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— 7 i
% Exercise - 1.3
I — ]

p
Express each of the following decimal in the ; form.

(1) 0.57 (ii) 0.176 (iii) 1.00001 (iv) 25.125
. . . . p
Express each of the following decimals in the rational form ( — ).

@ 0.9 (i) 0.57 (i) 0.729 (iv) 12.28

Find (x+y) ~(x—y)if

M X—i —_E 11 X_l _é
(1) 2 y 4 (11) e y >
. 13 12 13 1
Divide the sum of ——= and E\ by the product of e and 5
5

If % of anumber exceeds 1 of the same number by 36. Find the number.
7

Two pieces of lengths 2% mand 3 % m are cut off from arope 11 m long. What is the

length of the remaining rope?

2 3
The cost of 7 3 meters of clothisT12 7 Find the cost per metre.

Find the area of a rectangular park which is 18 Sm long and 8 3m broad.

33 11
What number should — If be divided by to get — ” ?

If 36 trousers of equal sizes can be stitched with 64 meters of cloth. What is the length

of'the cloth required for each trouser?

When the repeating decimal 0.363636 ... is written in simplest fractional form g , find the

sum p+ q.




What we have discussed

e

I
A
v -

=

1. Rational numbers are closed under the operations of addition, subtraction
and multiplication.

2. The operations addition and multiplications are

(1) Commutative for rational numbers

(i)) Associative for rational numbers

‘0’ s the additive identity for rational number.

‘1’ is the multiplicative identity for rational number

A rational number and its additive inverse are opposite in their sign.

The multiplicative inverse of a rational number is its reciprocal.

N ey o

Distributivity of rational numbers a,b and c,

a(b+c)=ab+acanda(b—c)=ab-—ac

ge

Rational numbers can be represented on a number line

9. There are infinite rational numbers between any two given rational numbers.
The concept of mean help us to find rational numbers between any two
® rational numbers. ®

10. The decimal representation of rational numbers is either in the form of
terminating decimal or non-terminating recurring decimals.

Can you find?

Guess a formula for a,. Use the subdivided unit square below to give a visual justification of

your conjecture.
1
4
1
13 T
1|16
8
1
Hint e Ll ae
sy =—, Ay =—+—, Ay =—+—+—........ n = A~ T T A
int: @ 27T BT 2 4 2"
1 1 !
a=1-—, a,=1-—, a, l—g ......... thena =?
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