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RATIONAL NUMBERS

RATIONAL NUMBERS

A number which can be written as 22 , Where p, q, are integers and q ' 0, is called a rational number
q

Thus, an integer divided by a non-zero integer is called rational number.

Ex. 237 17 -3,0, 10,4.33, 7.123123123.........

3’15719 °

p
[ In rational number —, p is called first integer or numerator and q the second integer or denominator.

(1) Positive rational numbers : A rational number is said to be positive, if its numerator and denominator are
either both positive or both negative

5 -2
Ex. - and —; are both positive rational numbers.
()  Negative rational numbers : Arational number is said to be negative, if its numerator and denominator are of

—4 5
opposite sign 5 and 1z are negative rational numbers,
. . a . . y . a axm
()  Equivalent rational numbers : If b is a rational number and m is a nonzero integer then b = bxm
E i_f3><2_73><3_
X =TT A T ax3 o
3 -6 -9 . ; ;
iy = 2 = Such rational number are called equivalent rational numbers.
NUMBERS
o | TRRATIONAL NUVBERS
FRACTIONS INTEGERS
NEGATIVES WHOLE NUVBERS
7FRO NATURAL NUMBERS
(@) Natural Numbers (N) : The counting numbers 1, 2, 3, ..... are known as natural numbers.
N=(1,2,3,4,...)
D!
O}J)

The set N is infinite i.e. it has unlimited members.

(i) N has the smallest element namely '1'.

(i) N has no largest element. i.e., give me any natural number, we can find the bigger number
from the given number.

(iv) N does not contain '0' as a member. i.e. '0' is not a member of the set N.
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(b) Whole Numbers (W) : The number'0' together with the natural numbers 1, 2, 3, .... are known as
whole numbers.

W=(01,2 3,4, ....)

The set of whole number is infinite (unlimited elements).

(i) This set has the smallest members as '0'. i.e. '0' the smallest whole number. i.e., set W contain
0
as a member.
(iii) The set of whole numbers has no largest member.
() Every natural number Is a whole number. (V) Non-zero smallest whole number s 1.
(¢) Integers (lorZ2) : Allnatural numbers, 0 and negative of natural numbers are called integers.

I={-¥, ... -3,-2,-1,0,1,2,3.... ¥}
:(1,2,3,4,....); Negative integers :(..—4,-3,-2,—1)

(i) This set Z is infinite.
(i) It has neither the greatest nor the least element.
(iii) Every natural and every whole number is an integer.
tivy Fhe-setofnon-regativeinteger=-{0-+234—
[ ) The set of non-positive integer ={......—4, — 3-—_2 -1, 0} ]

NATURAL NUMBERS, WHOLE NUMBERS, INTEGERS AND FRACTION AS RATIONAL NUMBERS

aninteger

. . n
(i) Since a natural numbern= — = 2
1 anon - zero mteger

every natural number is a rational number.

0
(i) Now,0= - , and is therefore a rational number.
anynon - zero mteger

b All natural numbers and 0 being rational numbers imply,

all whole numbers are rational numbers.

(iii)  Anyinteger (... -3,-2,-1,0,1,2, 3, ..... ) can be written as p_.

q
where p is the given integer and q = 1 is the non-zero integer.

Thus, every integer is a rational number.

X
(iv) Afraction = ; , where x and y are natural numbers i.e., positive integer.
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an integer

Thus, every fraction = and is a rational number.

a nonzero integer

(@) Every natural number, whole number and integer is a rational number.
(i) Every terminating decimal is a rational number.
(iii) Every non-terminating repeating (recurring) decimal is a rational number.

[—(w)—mm there are an infinite number of rational numbers.
This.property.is.known.as.the.density of rational numbers.

PROPERTIES OF RATIONAL NUMBERS

) 12 and < are two rational numbers then - +< = 242
U] p, and ; are two rational numbers then -+~ = od
) If = and - are two rational numbers then - x - = ~——
(1 p, and ; are two rational numbers then - x - = bxd
) 1f L and < (' 0) are two rational numbers, then + < = 2 x4 = 24
(im L an d( ) are two rational numbers, en L.y T h QY
IV) if =, and < are three rational numbers then — (°+e) (ax°)+[axe] d
a = c eV (ATl R vl S BV
(v) i p +q and 7 arethree rational numbers then i F b4 b <) an
Z x(i—i) _(ixi)_(ixij Distribut rty of multiplicati ddition and subtracti
b PR Al S b T (Distributive property of multiplication over addition and subtraction)
a C a C
(V) If — and — be two rational number then — = — baxd=bxc
b d b d
[ (VI)  Absolute value of a rational number |=—|=— and [_|= ]
Yy Y|y

RECIPROCAL OR MULTIPLICATIVE INVERSE AND ADDITIVE INVERSE

a b

(i) Reciprocal : Every non-zero rational number b has its multiplicative inverse

a

b a
Thus aybi_f(b,a), 1 b — is called the reciprocal of -
b a a b a b

-1

Clearly [2] =2
earyb —a

a —a
(iii) Additive Inverse : For every rational number —, there exists a rational number o

(i)  Multiplicative inverse : We denote the reciprocal of % by [%J

h that [Lij_m_i_o q (_1+3j_0
Suc a b = = = an b b =
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a
—% is called the additive inverse of E

4 4) @ecan 0 " (ﬁ ij_
Ex. [7+7j— = - =0and similarly, | = *= | =0

3)-(
\ 7 7)1 17 =0

4 —4
Thus, = and - are additive inverses of each other.

-8
Ex. Find the Reciprocal of -3 and 5 since

[_3x1]=[ﬁxijzwzzz1
3 1 3 1x3 3

. -8 . -9 -8 -9 -9 -8
and Reciprocal of 7 is ?, since | —x— | = | —x—| =1
Ex. Find the additive inverse of :

5 -15 -6
(a) 9 (b) e (c) -

5 —
Sol. (a) Additive inverse of 5 is —

9
L -15 15
(b)  Additive inverse of LTS
U . w2 — —-
(c) We may write, R . Hence, its additive inverse is 7
DO YOUR SELF
. AN -10 4 -2 15
s Write the additive inverse of (a) 31 (b) s (c) = (d) 9
; ; . 5 -14 0
—ax. Find the reciprocal of each of the following : (a) 12 (b) —]8 (c) T3 (d) 17 (e) >

ADDITIVE IDENTITY AND MULTIPLICATIVE IDENTITY

(i) Additive identity : O is a rational number such that the sum of any rational number and 0 is the rational
number it self.

a

a a a
—+ =(0+—| = — i
Thus [b Oj ( bj b for every rational number b

0 is called the additive identity for rationals.

a a
(ii)  Multiplicative Identity : For any rational number b we have (FX lj = [l x %J = %
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1 is called the multiplicative identity for rationals.

E i 3+0—i+9-id"ll 0+i-i
x. (i) 3 =373 = 5 and similarly, 575

) 2 0 a — —2 -
(i) [?+Oj = [?+§] = (23+0) = ?2 and similarly, [04_?) = ?2

3
Ex. (i) Consider the rational number e Then, we have

) () i) (2 8220
4 471) @x1) 4 4 174) (x4) 4

-9
(ii) Consider the rational number — . Then, we have

13
_9x1=[ﬁxl)=m=_9_ and [1x=2 =[Lxﬁj=(1)x(9)=_9
13 13 1 13 x1 13 13 1 13 1x13 13
13 ) U 713) 13

PROPERTIES OF ADDITION, SUBTRACTION, MULTIPLICATION & DIVISION OF RATIONAL NUMBER

Properties

Addition

Subtraction

Multiplication

Division

Closure property

(x+y)is always
a rational number

(x —y)is always
a rationalnumber

X Xyisalways
a rationalnumber

Xx+yandyx0
then isalways a
rationalnumber

Commutative
property

x+ty=y+x

x-y)=y-x)

X Xy=yXx

X+y#£Yy+X

Associative property

x+{yt+tz)=x+y+z

X-(-)=E-y -z

X x(y x2)= (x Xy) ¥z

X+(+2)zX+y)+2z

Note : X, y & z are rational numbers.

a C +
@ ADDITION OF RATIONAL NUMBERS : We define (;+;) = %
Ex. Findthe sum:
7 - 8 3
M35+ @ =7 * 1
Sol. Wehave
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i 7 -1l _T+El) 4

L

L8 8xeD) 8

(")I'(—ll)x(_l) 1

N T )
N S /A o S /A I S

PROPERTIES OF ADDITION OF RATIONAL NUMBERS

a C
(@) (Closure property ) : The sum of two rational numbers is always a rational number. If b and 4 areany
a

two rational numbers, then (b +%j is also a rational number.

1 3
Ex. Consider the rational number ; and k Then

1.3) _(4+%9) 13 . _
Sol. 374512 —E,whlchlsaratlonalnumber.

-2 4
Ex. Consider the rational number EN and 5 Then,

Sol [ﬁij_w_i hich is a rationalerll
ol. 3 5 = 15 —15,WIC IS a rational numbper.

(b) (Commutative law) : Two rational numbers can be added in any order. Thus for any two rational

bers ® and & wehave |2+ ) =2
numbers b an d,we ave b d = d b

13 243 5 3 1 3+2 5
e 0 [55)- 00 = Tana )02 -5

(-6

. -1 -2 —3)+(-4 -7 -2 -1 C4)+ (=3 -7
(ii) 7 + T = % = ? and (—3 +—2 j = {—{( );( )}} = _6
\ (i+ﬁj = 2+=L| pLHs = RHS
23 )" (T+7) B

(c) (Associative law) : While adding three rational numbers, they can be grouped in any order.
. a C € a Cc e a C €
thus for any three rational number —, — and — wehave | —*— | + — = — + | —t—
b d f b d b f

f

-2 5 1
Ex. Consider three rational numbers ?, 7 and g then,

Sol. {(izjg_} e (Liem s 3
3 7)) 6 21 6 21 6 42 42 14

o ﬁ{;ij [iw}[iﬂ}wii

3 \7 6 3 42 3 42 42 42 14
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Ex.

Sol.

Ex.

Sol.
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\ {[ﬁ+3j+l} = {ﬁ{LLJ} b LHS = RHS
3 76 715 77

SUBTRACTION OF RATIONAL NUMBERS :
For rational numbers 2 and E,we define a cj-a(z¢)-2, (additive inverse ofij
b d b d b d b d
. 3 2 . -5 -2
(i) Subtract — from — (ii) Subtract — from —
4 3 7 5
2 3 2 3 - _
(i) (;Zj = % + (additive inverse of%j = [§+Tj = w = é

2 (=5 ) o -5
T =\ == additive inverse of —
(i) { 5 [ 7 j} 5 ¢ [ 7 j

= i+i Q additive inverse ofi is S
7 7 7

_ (14+25) 11
35 35

-13
The sum of two rational numbers is -5. If one of them is T. Find the other

Let the other number be x. Then,

13 _
X+ 176 =-5

b X=-5-— (additive inverse of _2—3J

13] (75 13j (-30+13)
= _5+_ - _+_ =
P X( 1 6 6

17 17
b X = 5 Hence, the required number is v

PROPERTIES OF SUBTRACTION OF RATIONAL NUMBERS

a [ i
— — — is a rational number.

a C
(@) (Closure property) : If b and  areany two rational numbers, then b~ d

2 1
Ex. Consider the rational number ; and g

Sol. T -c=—F—"=

(b) (Commutative law) : The subtraction of rational numbers is not always commutative. That is for any

1

two rational n mberiand£ Wehae3 c_2
Wi i u > 4 ve - - T

2e

1

e 2 2
X. 3— 3

A=

1
4
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2 1 8-3 5 1 2 3-8 -5 2 1 1
. 7 - —=—=— b ——-FT=—-=—7Db 7 -—"1—-
Sol. T -4 "1z 473 12 127 374 473
5 5 L . .

b 12 #* 1z (Subtraction is not commutative for rational numbers.) LHS ' RHS
2 3 3 2 2 3 8-15 -7 3 2 15-8 7
F P B — —_——— —= —— = — —_——_ = = —

Bx -4 ' 77 5P5s 177 0o P 47520 T 20
2 111 zb—Lii(Sbtr tion is not commutative for rational numbers.)
5-2'7°53 207 50 (Subtractionis not commutative for rational numbers.

(c) (Associative law) : The subtraction of rational number is not associative i.e. for any three rational

a C e a ¢ e a cC e
numbers b’d and — we have [—-—) 12 _ [___j

d f bd)"f b \df
£ (g_i] 1 _[IO—IZJ L, 2 L _A-1s -9
X3 5)7570 15 )73 15 2 30 30

[\
|
7\
| &~
|
| —
N—
I
I
|
VO
o0
|
(%]
N——
T
(IS
W
[\
(=)
|
O
—_
|>—a

2 4 1 2 4 1
=] [———j -3 ! 3~ (;‘E) (Subtraction is not associative for rational numbers.)

(d) (Existence of right Identity) : The rational number O is the right identity. That is, for any rational number

3whv1 0—1
b,eaeb =3
I RO
X. 5 —0=73

MULTIPLICATION OF RATIONAL NUMBER :

a c

C a axcg
H — — ' . — X — —
For any two rational numbers b and 4 we define : [b dj = (b < dj

2 -5 13
Ex. (|)§><— (||)?x§

Sol. Wehave:

£ 3 14 13 18

2 oL 222
x. (i) 7 5 (i) o o1
Sol. Wehave:
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13 -18 _ 13x(-18)

13 _3
M X9 T Texo1 7
PROPERTIES OF MULTIPLICATION OF RATIONAL NUMBERS

(@) (Closure Property) : The product of two rational numbers is always a rational number.

a C
If b and q are any two rational numbers than (% X %j is also a rational number.

1 5
Ex. (i) Consider the rational numbers 5 and 7 Then,

lxi = (x5) = i , which is a rational number.
@x7) 14

-3 5
(ii) Consider the rational numbers - and 17" Then,

3.3 (3)x5 _ 15
—Xx— | = = R .
( 7 14] Tx14 08’ which is a rational number.

(b) (Commutative law) : Two rational numbers can be multiplied in any order. Thus, for any rational number
a
— and E.Wehave A8 =) 5x2
b d b d d b
. . . 3 5
Ex. (i) Letus consider the rational numbers Y and 7 Then,
3 x5 1 53 5x3 1
ixi = ( )=—5 and [—X—): ( X ) =—5
47 @x7) " 28 7 (7x4) 28

35 5 3
\ “X7|=|5%, | PLHS =RHS

-2 6
(ii) Let us consider the rational numbers 5 and 7 Then,

(_2ng _xe) 12 [gx_zj _6x€2) -2
57 5x7 35 775 7x5 35

\ [ﬁxéj = (EX_S_Z) b LHS = RHS

5 7 7
(c) (Associative law) : While multiplying three or more rational numbers, they can be grouped in any order.

Thus, f tional numbers =, < and <, we h (ixijxi—ix[ixij
us, Tor any rational numbpers b’ d an f,,We ave b d f = b d f

-5 7 1
Ex. Consider the rational numbers EXre and 3 We have
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Sol (ixijxl__ (5)x(7)x1}_(3_5x1j_w_3_5
ok 37 2x4 3 T\873) T 8x3) T 24

-5 [7XLJ _ S eDx1 (_lej _ 65X 35

and -3 75T g T 272) T ek T
35 35

22 _ 22 bHS=RH

24 24 S=RHS

) (Distributive law of multiplication over addition) :

a C
For any three rational numbers b d and Ef,

a c e a_ ¢ a_e
—X | —+— | =| —X— |+ | —X—
we have b (d f] [b dj [b fj

-3 2 -5
Ex. Consider the rational numbers T’ ; and ? . We have

(3]} ()59 (), 0 2
"4 3 6/ 4 6 | L4 6 )  4x6 24 8

Again, (—3] 2 _@ya 61 (73) ) (?5] _)x(5) 15 _ 5

-3 2 -5 -3)2 (3} [5)
Hence, | — | X y=+— = <| —|x=¢ + | — |X| —
4 3 6 4 )3 4 6
(g9) (Multiplicative property of 0) : For any rational number z ,

b
We have (ixu)?f'u xi) =0
b b

Ex. () [-xo0 =(ix9]=M=i=o.Similar|y, 0x=| =0
8 18 1) U8x1) 18 8

- (-12
(W) \17

1 (12 01 (12)x0 0 [ =12\
)—\17 1) - 17 x1 - 17 = U. Simiiarty, LU 17 J =U

P

DO YOUR SELF

9 12

' . , 7 11y 2 7 (11 2 3(2 1)y 3 2 3 1
gﬂ Verify the following statements : (@) | o -5 )+ 7==—-|75*+5) b) 7|5 —7)= —x7-——%x—
SJ‘ 3.9 4 3 4
A [£+ij+l:%+(i+lj a2 31303

—A ©\375) 7737 (T 7y) @Find ox—m=rr=oy
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@® DIVISION OF RATIONAL NUMBERS :

a C C
If E and E are two rational numbers such that — ' 0,

d
defi (3+3j—[3xﬂj hen — is divided by —, then — is called the dividend: — is called th
we deftine b d = b c WeanS Ivide: yd, enblscae e divi en,dlscae e
divisor and the result is known as quotient.
Ex. Divide,
N by it =2 by > iy 1L gy = ) = by =
() 75 bY g (i) 55 by (Fil) > by (iv) 75 by 3
Sol. (i) 2= 8 _9x8 72 _9 6.3 _ 6 5 _ (6)x5 _ 30 2
oL () 16 8165 ~Toxs 80 _ 10 ) 575 5253 25x3 ~ 75 5

5 11 8 11x8 88 —-11 -9 3 -9 8 “9)x8 -72 3
x = -

o115 11 _-ir 2.8
) s ™24 5 4y —120 15 ™M 307 740 3 T40x63) T 120

-28 —4
Ex. The product of two numbers is EYEE If one of the numbers is o Find the other.

Sol. Letthe other number be x. Then,

4 28
X — = —
X* 9 T 7
-28 -4 -28
b X= —+— = X i

27 9 27 -4

28)x9 _ —(28x9)

b =
27x(4)  —Q7x4)

o _28x9 7
X=9%7xa T3¢

7
Hence, the other numberis —.

3
27 -15
Ex.3 Fill in the blanks : —=¢(.... )=——-
16 8
A - _ =10
Sol. | Let T *| 7| =—"".Then, )
27 b -15 b -15 16 -10 a 9
—X—:—p—: X—:—b—:—
16 a 8 a 8 7 9 b -10

Hence, the missing number is ﬁ

PROPERTIES OF DIVISION OF RATIONAL NUMBERS

a C C
Closure property : If b and  areany two rational numbers such that q 10 then %+% is also a rational

numbers.
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-6 15

9 18

A ALt
VAASAR=VAS]

(The quotient|is also a rational number.)

But

The answer is not defined, so rational numbers are not closed under division.

Ex.

Sol.

Ex.

Sol.

Ex.

da a
(A) Forany rational number Lo we have (B) For every non-zero rational number —, We have

3028 g teen= 2 -i.i_ix2_1--i.[2j_ixb_1
b by T U S el (s

Remark : The division of rational number is neither commutative nor associative.

REPRESENTATION OF RATIONAL NUMBERS ON THE NUMBER LINE

We have learnt how to represent integers on the number line.

Draw any line. Take a point O on it. Call it 0 (zero). Set of equal distances on the right as well as on the left of
0. Such a distance is known as a unit length. Clearly, the points A, B, C, D represent the integers 1, 2, 3, 4
respectively and the point A', B', C' D' represent the integers —1, -2, -3, —4 respectively

E D C B A O A B C D E
- 4 3 2 -1 0 1 2 3 4 5

Thus, we may represent any integer by a point on the number line. Clearly, every positive integer lies to the right
of O and every negative integer lies to the left of O.

Similarly we can represent rational numbers.

1 1
Represent > and by on the number line.

Draw a line. Take a point O on it. Let it represent 0. Set off unit length OA and OA' to the right as well as to the
left of O.

The, Arepresents the integer 1 and A' represents the integer —1.

Al P' O P A
-1 —1/2 0 +1/2 1

Now, divide OAinto two equal parts. Let OP be the first part out of these two parts.

&

1
Then, the point P represents the rational number 5

Again, divide OA' into two equal parts. Let OP' be the first part out of these 2 parts. Then the point P’

1
represents the rational number—;

4
Represent 7 on number line.

4
Divide the line segment between 0 and 1 into 7 equal parts (because 7 lies between 0 and 1)

—1 1
0 1/7 2/7 377 |ﬂ| 5/7 6/7 /7

-9
Represent 5 on number line.
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-9 4
Sol,— =_1—
S S \
Divide the line segment between —1 and -2 (because —1% lies between —1 and —2) into 5 equal parts
) —1
~10/5 |9/5| —8/5 -7/5 —-6/5 -5/5 -4/5 -3/5 -2/5 —1/5 _0
COMPETITION WINDOW
2.4
() Terminating decimals : 2.4+ [TITT TIT T T TTITT[TTITITTTT] >
-1 (0] 1 2 3

(ii) Non terminating & repeating decimals : Visualize 4.26 on the number line, up to 4 decimals places.
426 =4.262626...

v

~
~

a
.
-,

49

.___,
Ol’
K
S
.
v

Uil

b
a B : u A e )
s,
o

"
.

LA L T
.
.
Y NN en e
oo
426 AR IR R N 4.27
<+ < .
P Y -
BERRERREER ]
N o
o [ B o j
.20, S . 209
- e

F . —

DO YOUR SELF
ﬂ?j\ Represent each of the following numbers on the number line :
1
Q Al

(i) %1 (i) ;—3 (iii) 4% (iv) % (v)-3 (vi) 25—3

FINDING RATIONAL NUMBER BETWEEN TWO NUMBERS

+
(A) 1tmethod : Find a rational number between x and y then, X2—y is a rational number lying between x and y.

(B)  2"method : Find n rational number between x and y (when x and y is non fraction number)
then we use formula.

| x(n+1) y(n+1)
n+1 > n+1
(C) 3" method : Find n rational number between x and y (when x and y is fraction Number)

then we use formula

_by-x)

n+1
then n rational number lying between x and y are (x + d), (x + 2d), (x + 3d) .....(x + nd)
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Remark: x = First Rational Number, y = Second Rational Number, n = No. of Rational Number

1 1
Ex. Find one rational number between ;and?

243 5

N | —

Sol. x= 2 T T ex2 12

W | =

Ex Find 4 rational numbers between 4 and 5.
Sol. x=4,y=5n=4

xx(@m+1) _4x@+1)_4x5 _20
n+1  4+1 5 5

yxm+1) 5x@+1) 5x5 25

n+1 4 +1 5 5

s ] H

20 [21 22 23 &} 25

5 5’57575 |5
. . 6 7
Ex Find 3 rational number between E’E
7
1. = — = — =
Sol. x 3 Y 5 n=3
7.6 (7-6
5 5

xedody 24l 25
T5 20 20 20

6 1 24 +2 26
x+2d=;+2xﬁ= ==

2.0 20

6 3 24 +3 27
X*3=T 0T 0 T 20
24 2826 27]28
20’ 120720720 20
DO YOUR SELF
(i) Find a rational number between —2 and 6. )

-2 1
(ii) Find 29 rational numbers between ?andg

1 1
(i) Insert 5 rational numbers between —gandg

(iv) Find two rational numbers between — 3 and — 2.
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©BeIYDBDBVE FWé.esB e

[ o:aBreody Hodry BB oh WLdgevgw B wBesreom \

Do ederbIreoes w3eizes w3 e3€3 Bicoemdd p oy OHRRESE) HRBwDcoms w3 Xy B3 (B Ecordde). Do 3gEiTEos: wIeizes w3 2363
Bicocd P SBTocosdd e I e383e3 p e3e23bIe3 e

x ifx >0

—x ifx <0

x.0 IO = 7, 131 = 3, 2xee.

@ =

o8 o ¥ ing O g = 1

X el g g =19

23%3 xy = @
BNy B 0 wBesrsOnm
(9 1231 = 103
() leded = 181 e
al | al
ol 7ol

(®) 1840 < 1281 4+ el
Does ;b3 @3 eTEed&ITed oubiey @IEIH 8023 cooes a3 wed of 38323 o 3R, edbw
() oS3<go=>lxldse

(aw) R0y =>0zx<sleoliee =2l ld<o+x

Vv DO YOUR SELF )
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EXERCISE-2 (FOR SCHOOL EXAMS)
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EXERCISE-3 (FOR SCHOOL EXAMS)
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EXERCISE-4 (FOR COMPETITIVE EXAMS)
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Important Notes
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