Rational Numbers

bers. whole numbers. integers and
tional numbers. n this chapter

In our previ .
ous >
fraCUonps_ i ‘]J)Sd slasls we have studied about natural num
we shall stndy th f also studied about various operations on ra
properties of these operations on rational numbers.

Ratlonal numb
er a
s The numbers of the form . where a and b are Integers and b # 0, are called

rational numbers.

EXAMPLES 5 -3 7 -6
Each of the numbers . —Z j—lg and =¥ is a rational number.

Posit
ive rationals A rational number (s said to be positive {f its numerator a
are either both positive or both negative.

nd denominator

5 -2
Thus, = and 3 are both positive rationals.

Negative rationals A rational number S said to be negative if its numerator and denominator

are of opposite signs.

-4 5
Thus, ry and 12 are both negative rationals.

Three Properties of Rational Numbers:
a axm

a
IIB is a rational number and m is a nonzero integer then s oy
) Nm

Property 1.
- - -3)> -3)x4
I o L (x4 _
4 4 x2 4x3 4x4
3 -6 -9 -12
nas —=— = - 22
4 8 12 16
umbers are calle

d equivalent rational numbers.

Such rational n

r and m is a common divisor of @ and b, then b bam :
) ¢

a
Property 2. U—B is a rational numbe
Tl it -32 -32+ g -~
_we can write. =~ o e 83
s, W € 40 40 = 8 5
Standard form of a rational number
jers having no cornmen

A rational number% is said to be in standard form if a and bare inte

divisor other than 1 and b is positive.
1

——E
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e ol form.
\Press in standard
EXAMPLE Express Y r
43 33 Vx.(’-—']] N ~~J§
D VR P
The greatest common divisor of 33 and 44 g o
I—33 (-33) =11 -3

4 #4114

fence .. (in standard form).
Hence, 11

a ¢ a
a S ) al numbers, Then, @ _ ¢ S laxd) <, .

Property 3. Let b and P be two ratior b g (bx ¢ b~ ::

(]

Ax g,
COMPARISON OF RATIONAL NUMBERS h )
[t1s clear that:
(i) every positive rational number is greater than 0,

(1) every negative rational number s Jess than 0.

GENERAL METHOD OF COMPARING RATIONAL NUMBERS

Step 1 Express each of the two giv
Step 2: Take the L}

¢n rational ny

Step 3: Express each ra
Step4: The number having the greater numerator g greater.

EXAMPLEZ.  Which of the numpers % or % is greater?

Solution First we write each of the given numberg With positiye denominator
3 Sx(-1) _3 .
Onenumber=~=\=\‘
-4 (-4q)x -1) 4
The other Number = %5 .
LCM of 4 and g = 12,
=3 (-3)x3 -9 S (-5)x9 -10
4 43 Ty and 6 6x2 =gy
Clearly, -9 » -10. ;9 -1\0
127 19
Hence, i > ;5 ie., i > é
6 -4 6
EXAMPLE 3, = =
Arrange the Numbers 5 E and 5 in ascending order,
Sol i
Oition  pypqy we writt; ea(cl;)of the givep Numbers wit}, Positive denominatoy. We have;
= \X i = =7
10 oy T
Thus, the given Numbers are ﬁ = and = :
510 8
LCm of5, 10 and 8 is 4.
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. 3 (3)-«n e .
Nn\\_ ,4‘ ’ , ‘ 21 7 ‘ /| v 4 IR ‘ [ ,
y S8 10 10 104 ‘0 an) l‘l B
Clearly, 28 25 -2
10 40 7!()
Hence, Ly r? 3 I 7 4 5
§ s 3oy o i s

EXERCISE 1A

. I‘:.\Np]'(“gc —3
L HS (l r
5 a rational number with denominator

.

(1) 20
(1) -30 (itt) 35 {iy) -40

s 4

Expres -
V) 88 ———o as
as a f 2 & PN
98 a rational number with denominator 7.

3. Express e
. SS ——— as ars
60 a rational number with denominator 5.

4. E\l)] C5S8
ol 58S ¢cac Ol ‘ 10 f
3 h l ‘ ()"JWIHL’ 'd“()nrl‘ "l"nb(‘l S in S‘dn(‘«" d lOl m:

-12
1) —— -14 2: -36
30 (i) ’4() (111) —J 3 (iv) -~ }(
6. Which of the t - . o -
X ¢ two rational numbers is greater in the glven palr?
1) = -2 ~
) 8orO ) —or0 (ilf) ~--30r !
-5 -4 ) o
(iv) — or — 2 .3 ol
7 (v) '3— [0)§ ZI (vl) 2 or ~1|
6. Whicl:1 of the two rational numbers is greater In the given palr?
- -8
(i) — or — 7 -5 -1 4
if) —or — — or —
Sé 77 (i) o or 3 (141) 3 or —
(iv) —or — v I, -12 :
13 -12 (v) =o' 7g () == or =3
7. Fill in the blanks with the correct symbol out of >, = and <:
., 3 6 5 -35
(i) —eree—3 i) ——— e s
7 13 (ii) =501 (iif) =2 ...... -E—
-2 5 -3 -8
(V) — e g (v) O0....o == (vi) — =
3 -8 5 9 710
8. Arrange the following rational numbers in ascending order:
4 -5 7 -2 = -
n= 2= aw 22—
9'12'-18 3 4'-12"16 -24
3 -7 -11 -13 = = =
M) = S e i e
5'10" 15 20 7 14" -28 42
9. Arrange the followin rational numbers in descending order:
g g
-13 8 1 3 7 -11 17
(i) —21 gl =g = (ii) O ) v
6 -3 3 10’ -15" 20 -30
5 -7 -13 23 _10 -19 -23 -39

(lv) "4'—_’—_‘—’-“'
11722 33 44

) — 75
6 12" 18 -24
ts are true and which are false?

10. Which of the following statemen
(i) Every whole number is & rational number.

(ii) Every integer is a rational number.
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N OF RATIONAL NUMBERS ON THE REAL LINE
jearnt how to represent ntegers on the ey line

Let us review It | |
a point O on 1. Call 1t 0 (zero). Set off equal distances o) the rig
: 5 ” e

Draw any line. Take
on the left of 0. Such

represent th
the integers ~1.-2.-3. -4 and

a distance 1s known as a unit length. Clearly, the points A, 1y '8, vel) e

§ respectively and the points A, B ¢ ) and I*"J'r ) ang .
- ( M
Pree,

¢ Integers 1, 2.3, 4 and
.[”

-5 respectively.

£ 0 C B A O A B ¢ p g
5 -4 3 2 -1 0 t 2 3 4 4

Thus, we may represent any integer by a point on the number line. Clearly. eye
lies to the right of O and every negative Integer lies to the left of O = Every POsIfy. Int,
) ' - ey

Similarly we can represent rational numbers,
Consider the following examples.

EXAMPLE 1.

Solution

EXAMPLE 2,

Solution

1 1
Represent 3 and - 5 on the number line,

Draw a line. Take a point O on {
t.Letit
to the right and to the left of 0] respectivreelgresenl 0. Setoff M lengths 0OA
: 1dnd Opr

Then, A
represents the integer 1 ang 4 represents the integ
“ger -1,

A p
0] p £

Represent g =
3 and —E on the number |ine

e
03 equal
parts. Let o
the poj P be th
point p Tepresents the Iationa] p € Segment ShOWlng 2 parts :
umber > OUt of 3. They,
A
1 : . P A
Again g - 0 23
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EXAMPLE3. Re @
present ——E
| 5 and 5 on the number line.
Solution Draw
" a line. Take a i
point O on it. Let it re
l O\V‘E=2§_2L3 present O.
N = e =2

From O, se
. set it di
Band @ repfeﬁ;:nntltudxstances OA. AB and BC to the right of O. Clearly. the points A.
and divide the thu—dm mtcgers 1. 2 and 3 respectively. Now. take 2 units OA and AB.
unit BC into 5 equal parts. Take 3 parts out of these 5 parts to

reach at .
a point P Then, the point P represents the rational number E .

5
c’ . . ‘
—t b B A 0 A 83 p C
135 - t T 4  ———
-1 0 1 2 135 3

ain
I:tgc ﬂ?om 0. set off unit distances to the left. Let these segments beOA’.A'B".B'C'.
} en. clearly the points A, B’ and C' represent the integers -1, -2.-3

respectively.
Now. -_ﬁ =_(2+§).
o \ 5

Take 2 full unit lengths to the left of O. Divide the third unit B'C’ into 5 equal parts.

Take 3 parts out of these 5 parts to reach a point P".

Then. the point P’ represents the rational number :}E
5

Thus, we can represent every rational number by a point on the number line.

EXERCISE 1B
1. Represent each of the following numbers on the number line:
i 2 3 2
(i) = ii) = i) 1— d
3 - (i) 17 (iv) 23
1 b 2
(v) 3— i - i) 4=
5 (vi) 57 (vii) 3 (viii) 8
2. Represent cach of the following numbers on the number line:
-1 -3 2 1
(i) — if) — ii) -1- iv) =3—
3 (ii) A ( 3 (iv) -3 =
3 5 7
(v) -4 (vi) -2 (vii) -3 viii) -2—
5 6 e 8

3. Which of the following statements are true and which are false?

(i) :—E lies to the left of O on the number line.
o]

-12
—_1—_: lies to the right of 0 on the number line.

{
1
(iii) The rational numbers 5 an

(ii)
d :;3 are on opposite sides of 0 on the number line.

~

-18 X
(iv) The rational number — lies to the left of 0 on the number line.

RS
———
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ADCHTION OF RATIONAL NUMBE RS

1 P ia

ad o - BPE N L WA
W Ciover Meniie s rave Bame e

3] ¢ ia el
Poy Hinin 9 s Yy TN o h b ';
Faad oo Flinet T " !
' . v 1) i
) i )
Sastaathisdy We Timwvy
/ )i 7 ! !
{1 2 a 6 Q
{ Brl{-1 9
(14}
N R IR E IR B
P R 3 81:3 -5
¢ ) & -
TR TEARE T 2 H
CASE 2 When Denominators of Given Numbers are Unequal:
Method In thin case e take the 1LOM of thelr denominators and CXpress each Of the loer,

numbers iith this 1o as the common denominator. Now, 1ee cieled these Ay,
A nher

as shown above,
. 5 4
EXAMPLE 2 Fad the sume: 3 '
) :
The denominators of the given ratfonal numbers are 6 and 9 respectively,

LEM ol 6 and 9 - (3«2 +3) - 18,

Solutton

ala
5 (53 15 4 42 8 J_’Jf.’;j_{
Now, 6 6-3 18 i 9 9x2 18 12, 3
-5 49 -16 8 (-15)+8 -7
@ —— g —— Rl et nnetrens . BL] eem— ¢
(_u 'u) (18 18) 18 18
Short-Cut Method
-9 5
- Find the sum; =+ -=-.
EXAMPLE 3 Find the sum T 012
Solutton LCM of 16 and 12 = (4 x4 x 3) = 48. 4|16, 12
-9 5 3x(-9+4x5 (-27)+20 -7 TE
o e o ZT e = =—-
16 12 48 48 48

PROPERTIES OF ADDITION OF RATIONAL NUMBERS

Property 1 (Closure Property): The sum of two rational numbers is always a rational number.

a c a c
It ; and  Are any two rational numbers, then (-l; + E) Is also a rational number.
" [¢

EXAMPLES (1) Consider the rational numbers l and —3~ - Then,
(.‘ ; .3,) 4+9) 13

-~ = —,which is a rational number.
3 4 12 12 l
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(1) Constder the rational numbers - > and : Then,
3 -

) \ 3 9
S A B (VRN ) )
3 g’ = . which s a ratlonal number,
. 9 15 15

() Consider the rational numbers 2 and = . Then.
12 :

=R
(—i’f‘) (-5:(-3) -8 2
12 4

S = -— = _which is a ratlional number.
12 12 3

Property 2 (Commutative Law):  Two rational numbers can be added in any order.

Thus for any two rational numbers -

SN

(23

EXAMPLES (i) (143) 2+3) 5 3 1) B3+2) 5
2 4 4 —4 an

263

3 -5 : -t
(1) {5*?} ©+C200 -l g {r’

and — ., we have
b d’

24 24
5 3)- (3
8" 6 645].

.z -2 - 4 3)} -7
(m)(JJr_z) 344y 7 (2 1) {(=4)+(-3)

(-l —2) -2 —1)
—_—t— = —+— |
2 3 3 2
Property 3 (Associative Law):
any order.

6 6
While adding three rational numbers, they can be grouped (n
ac e
Thus, for any three rational numbers 5’ d and 7 we have
a c) e a (c e
—+—|+t—=—+|=+=
G&5i(es)
: : -2 5 1
EXAMPLE Consider three rationals 37 and — - Then,
(2 5) 1 (-14 +15) 1} (1 1) 2+7 9 3
=+ == —+ +— =— = —
3 7) 6 21 6 21 6 42 42 14
-2 (5 1 -2 (30+7)} (—2 37\ (-28+37) 9 3
and{—+|=-+=|p =97+ =l —t— ===
3 \7 6 3 42 3 42 42 42 14
3 7) 6/ |3 \7 6

Property 4 (Existence of Additive Identity): O is a rational number such that the sum of any
rational number and 0 is the rational number itself.

Thus, (% + 0) = (0 + %) = %, for every rational number % .

0 is called the additive identity for rationals.
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" B0y (1)
EXAMPLER (1) (“ '“} (n ! ,,) f

0 (0 3‘) J
(n'”){ ol

/ 2 Y/
S 20y (240 ’)';lml hlmllmly,(‘)' 'SJ J g
“”( ) '“] (:; ':nJ g J

9 ] P
L () ’ J , )
( 3 4()) [ 9 4

- (

f | )
2 aned stitlnely, (U f : J B
[4 ) [

{
Mhere Cxlgle
)

far(a} o g,
1 o ) - e
pop 1 sueh that] 2 428 J .- O aned .';(Iﬂl(ﬂfl]/,( ~42)
number 5 h b b ) ) h)=0,
‘a a a aJ
o ) 0.
lhnm.(b [ b J ( b b

a Ll
s called (the additive tnverse of h .

q q {41 o (‘4 4J“
. =0 and simflarly, | b | =,
EXAMPLE (74 7 ) ” 7 y 7'y

35 ') (] ;'-'J 0,
7 7) 7"

(I "4
Thus, 7 and 7 are additjve Inverses of cach other,

SUBTRACTION OF RATIONAL NUMBERS

a
For rational numbers -

o k
and -, we define:
b d

[(‘ . c.) g2 0 __'CJ =2, (addltive inverse of CJ
b d) b |da) p d

SOLVED EXAMPLES
EXAMPLEY.  Find the addltive tnperse of:
5 -15 9 -6
(1) -- i) —-= i)— gy =2
)9 (1i) 3 ()-:ll (lU)h
5 -5
Solution (1) Additive inverse of = i e
~ 1R
(1) Additive inverse of —13 is !85 .
. 9 -9
(iil) In Standard form, we write —T- as —.
~-11 11

Hence, jts additive inverse is _g

11
(V) We may wrige. " il Ch 6
/4

~f

Hence, ji5 additive inverse s “? »

{
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i
DAY (Ko 1
(a ) 12 19
(i ' )i 3
. & A
s | e additive tnverse of
3 L ’y
8 ) b J
LK - additive nverse of - I8
14225 1)
R R
EXANME R e s = .
A X,h sum ‘." 1o h:((mml ”“"“»Y"\. i -5 “ one of them is B ifrlff the ather
<~ ’
Soduton J :
ik Let the other mamber be v Then,
cal 13 i i 130
Foo e -8 s xo- -B e additive inverse of
w \ B
1A 5 13) (30 +13)
> Xm0+ -1 X
\ 6 l 8 O
17
> X
0
Hence, the ¢ ol
enee, the required number s - 6
)

-

" - 4
EXAMMLEL  What number should be added to T’ to get -9-?

Selution Let the required number to be added be x. Then.
i 4 4 -7
--"' sx=— = x=—+ additive inverse of ~L\|
S N 9 \ 8
(4 7)) 82+63) 95
= xX=|—t+=|=——7r="
\9 8 72 72

95
Hence, the required number ls e

7 -11 -2

3
EXAMPLES.  Ervaluate —3 Jrye Suree o
5 3 5] 3

Using the commutative and associative laws, it follows that we may arrange the

Solution
terms in any manner suitably. Using this rearrangement property. we have:
3 7 -11 (3 —11\ v _Ow
:*'*T‘*—‘ |_ PRa i
5 3 5 3 \b k3 3
3 (—11)} {7+(-2} -8 5
+ = — 4 —
5 3 5 3
_(24+25) 1
15 15
{ -8 - \
EXAMPLES.  Simplify: | é +—+ -5 & i
\7 9 21 3)

Solution Using the rearrangement property. we have:
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3 ~ 5 3 ] R !
l 1 \ 3
" )
\ ! 04 ‘
-! ) i A ‘ }
Uuam g v Wheat Mowld be subiracted s i
Qs Thenin Let the reguired aumber be x Then
':\ . } R ;‘\ . ,
sy : 1 .“
2
Hence. the required number is ~
EXERCISE 1C
1. Add the tollowing rational munbers:
-2 4 -5 4 11 s
t - and _ (1) and (i - and
S D 11 i1 8 S
-7 1 5 - R
(v} - and (vl :.md - vt} —— and .
- 3 6 6 15 15
2. Add the following rational numbers:
3 N ; Sy s \‘ l H
(i) —and = ) =3 . ) — and -2
1 5 (i1} 3 and 2 {1t 9 and ~
-5 7 4 \ 1 2
(tv) — and — V) —— 3 < 1) —— and .=
16 2% (v) 18 nd 27 {vi 13 and o
3 -5 0
(vii) -l and = (vitl) 2 and —> (ix) 0 and -=
4 4 3
3. Verify the following:
12 2 2 -12 -9 -9 _3
(M) —=+S=2.2< i =+ =22,
7 7 L5 § 13 13 §
-7 -7 2 2 2 2
(iii) 3+ —=—+3 (iv) —+ 12 = 12 Foi
4. Verily the following:
3 __2 __7 [ -7 {7 9\ I ), 7o &\
(i) (_+__)+__:§+L_2+*I\i (ii).‘l*:*l““l\):“"‘* ;’_-;1‘:
4 5/ 10 4 5 10/ [\ 8 G-t 22 11 (-5 92
(iii) -I+(~_—2-+;3~ :f l+£jr_—
3 / L 3 / 4
5. Fill in the blanks.
(-3 '—12\ (=123 -2
(i) L-—-)J% = —+(..... ) i) -9+ ——= 1< (-9
17 ) K 5 } & 5 J ( ( ) S ( ...... L
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& Vindd the achidiiive ITIERE.

R} ‘ o |
a 1Y : - y
'( & iy s
(v ' )
) ) i) (V41 d
t i uit O pe
7. Subltacy
3
(i from l D I H g 9
1 4 1 from (1 from Hi) idslie
‘ 0 3 ] 5 7
15
(V] 13 32 b $
N from 1 (vi) 5 from 0O (vIl) |’ fromm (yity -7 from
{ 3 5 7

8. Using the rears
ing the rearrangement property find the sum:

4 3 9 ) o
() =¥ ‘. 11 " H,f‘;l“['
S TS T H 3 4 £ B8
13 11 5 7 - 5 4 _15
(1) ) | g \ 7 (1v) _6 . 5 ’ 1 .
20 14 7 10 7 6 9 7

S

9. The sum of two rational numbers 1S _2. If one of the numbers is —— . find the other.
9

-1 5
10. The sum of two rational numbers is -é— .1If one of the numbers is . {ind the other.
5

i

-5 .
11. What number should be added to Y so as to get —r—;}‘?

-~

5
12. What number should be added to -1 so as to get -7
i

- -
13. What number should be subtracted from 3 to get 7
0

.

14. (1) Which rational number s s own additive inverse?

(11) Is the difference of two rational pumbers a rational number !
(111) Is addition commulative on ratlonal numbers?
(lv) Is addition assoclative on rattonal numbers?
(v) Is subtraction commulative on rattonal numbers?
(vi) Is subtraction assoclative on ratfonal numbers?
(vil) What 1s the negative of a nepative rational number?
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MULTIPLICATION OF RATIONAL NUMBERS

.
Fe

a | (
sal e
iy W rationals B

e

we defline
b {
a C fﬂ . C)
b od  (bod)
SOLVED EXAMPLES
y wdricts:
Nrved q(hrﬂfhrjnunanq]Wn £ 1
fx‘"ﬂgq rl”f: 4 *7 -3 ({l’) —,I:) " «.3
e = (1) — = - 4 8
3 7 o0
lutto We have:
Solutton 2 5 9 *[-5) _-10 ‘
(1 3°7 773 7 o]
7,3 _t0x3_-21
W5 5s 40
15,8 _1-15)51-3) 45
(i) —= 87 arh 32
EXAMPLEZ  Find each of thefollowlng products:
(1) -3 14 (10) 13 218 (iti) -1 , o1
75 6 91 9 44
Solution We have:
m 3,14 (-3)x142 _-6
75 7x5 "5
13 -18 13x(-18 _ga x18°%) -3
) —x——=_29x[-18) =—.
T 6x91 " (gxor,) =7
-11 _51 1% (-51) 31!y 5117 17
ifi) — , 27 _ — v _ =—.
() 3 T Toa 9,344, 12
PROPERTIES OF MULTIPLICATION OF RATIONAL NUMBERs
Property 1 (Closure Property): The product of tyo rational Numbers g always 4 tiony
number,
a c ) a c
If b and pl are any two rational numbers then ( b X EJ is also g rationg] Number.
EXAMPLES (i) Consider the rationa] Numbers é and g - Then,
(lyﬁ” _({Ix5) _5
\2 ‘7J"(2x71‘

e which is 5 rationa] Number,
(i) Consider the rationa] numb

ers -73 and % - Then,
(ﬁ,i]g—s’xs:i@

\ 7 7x14

(iit) Consider the ratj

98 " which js rationa] Number,
~4. o
onal Numbers ? and ?7 * Then,
(-4 _5 I_=4)x(=7) 28
— x| — 7 _ 45
L5 3 } 5x3 15

» Which js g rationa] Number,
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Property 2 (Commutative Law):

Tio rafional numbers can b ety liwed 1% Yy e

T 0 1
Thus, for any rattonal numbsers - and wr b
;V 41
T oa

Zq,c‘_
b d d b

EXAMPLES (1) Let us consider the rational numbers o nd © T
A 7
'3 .5, 1B3x35 15 5 3. H+3 15
\d 212 g and |- ~ 2 —
T 7 4xn 28 7 4 7~4 28
(3.5} (5 3
\a"7)=5%
-2 A
() Let us consider the rational numbers — and = Then.
5 -
f‘2 6 (-2)«6 12 6 -2 6~1-20 12
E "Bl Ron = and i =*x—i="7"% % as
A 5 ) Qx/ 35 7 5) f «O Ao
(=2 6"
LT”Q‘;:~§, -2
° 7, 7T 5
(ili) Let , 2 5 ..
us consider the rational numbers S and — - Then
(=2) (-5 (=21=(-5) 10 Y (-2 -5)x(-2) _10
\ 3 )X 5= -=— and | — X IT T3 T gy
\3) 7)) 3x7 21 { 3 7 x 8 2
(-2} (-5 (-5 [-2)
| —— | X{ — =] — e
\ 3 ) \7,) \ 7 ‘\3

Property 3 (Associative Law): While multiplying three or more rational numbers. they can be
grouped in any order.

Thus, for any rationals % % and <. we have
(a c\ e a c e
— X — | X— = — X —X— -
b d' f b d f.

5 -7 .1
EXAMPLE Consider the rationals —23 —11— and 5 - We have

=2 —ry 1 Jeakxd 11 /35 1) _B5x1) _35
— X — | X—=4———————X—p =] —X—|= =—
\ 2 4) 3 | 2x4 3] (8 3/ $8x3 24
-5 (-7 1) -5 (-7xl1 -5 -7 (-9)x(-7) 35
and — x| —x— = —x =l —X— = = —
L4 372 4x3 2 12 @2x12) 24

(-5 -7\.1_-5 (-7 1)

—_—X— | X—=—X! —X—_

2 4) 3 2 (4 3

Property 4 (Existence of Multiplicative Identity):

a { \
For any rational number —. we have 2a|={1x2]=2.
b \b / \ b’ b

1 is called the multiplicative identity for rationals.

EXAMPLES (i) Consider the rational number E - Then. we have

(3 ) (3 1) Bxl) 3 3\ /1 3) @x3) 3
“xl'='”‘X—|= =— and |[lx—j{={-x—1i= =—-
4°7)7471) @dx) 4 U4/ U0 4 x4 4
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Proparty 5 (Existence of Multiplicative Inverse):  FUe7Y

EXAMPLES ({) Reciprocal Or;"? i
7

REMARK

(11) Rr('lprnr,ul of 8 s -, 5"1((" e
9 s

-1
a
We denote the reciprocal ofg- by(~) :
-1
Clearly, (E) _b .
“\b

h

7

'Hmc,.’v a b , ,b " a - 1.
b a a b

multiplicative fnoerse

/

b a
~ 15 called the reclprocal of -
a “ b

Clearly, zero has no rectprocal.
l?lf(‘{,)rr)(al Q’ 1 is 1 and the ”;((pn)cﬂl Uf

4k - )
since | — > = |
\ 7

Jisg

Lo 8/

(1) Reetprocal of -3 1s . since
3

: ’ -1 -3
[ 32 ) o ) Sl 2 ;md[ =y -3) -(3 g 'r) = Sy,
L g S ’ 3o

1 w-l x3 3

b

a

non zero

(1) is (-1

rationel Mmby,

).

Property 6 (Distributive Law of Multiplication Over Addition): For any three rational num ber @

EXAMPLE

and £ we h
—., we have
J

sas)6 (67

= -5
Consider the rational numbers —3: L and re We have

b

A Lo e
e

4

Again, (ﬁjx3=“3’>‘2-:§—i and

3 4x3 12 2

)32
o ({222

(-4+5)
—

_(-3)x(-5)

4x%x6

QO |
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14 Mathematics for Class 8

(Bx1)e1x2). 2. \

1 1 ‘

-9
. Y e «have
(1) Consider the rattonal numbel = I'hen, we ha

[®

i -9 1 -9 L%
:? X l] = ' .“‘9 X I_) = (jg)_\ l I ?9 n"d (l X l'} ) - ( l X IA")' ] o~ l)\ ‘ S)) i '()
13 ) lls' 1) 13x1 13 ‘ : TR

Iy~
-9 ] ( JJ) 9
‘._xl = l\-‘__ g3 e s
(13 t 13 13

, a
Property 5 (Existence of Multiplicative Inverse): Every nonzero rattonal number &

b
multiplicative (nverse - - l
a

Tllus.(gxé):(-b—x—q):l.
b a a b

b
p (s called the reciprocal of !g
’]

Clearly, zero has no reciprocal.
Reciprocal of 1 is 1 and the reciprocal of (<1) is (~1).

EXAMPLES (i) Recy 9.7 Dl e Il §)=1.
CProcaJor7lss.since 7x5 5‘7

(ii) Reciprocal of? is 39 since (?8 & —QJ - [— : —) -t

(iii) Reciprocal of -3 is _?l since

~1) (-8 -1} (-3)x(-1) 3 (-1 )_('_1 ~3j_(~1)><(~3
. g T = e e ) O BTN e SRR | I x— = )
( x3)(1x3) 1x3 3 (3 1) 3=

-1
REMARK We denote the reciprocal of % by ( %) :
-1

i Clearly, (EJ -8,
| b a
| Property 6 (Distributive Law of Multiplication Over Addition): For any three rational numberg &
e .
and —, we have
J

C
b'q
Sx(£+£]=(sx£)+(sx5 .
b \d f) b da)'|b'F

EXAMPLE Consider the rational numbers ;—3 éz—and :6§ - We have

(‘—3) {2 —5} (—3) {4 +(—5)} (—3) (—IJ (=3)x(-1) 3
— Xy —+—>} =] — |x el B R Rl e
4 3 6 4 6 4 6 4x6 24 8

Again, (LS)XQZ“3”‘2=;6:—1 o (ﬁ)x(;)z(—s)x(—m_gj
4
(

4x6 24 8§

(-3 2} SB) (B _(-1.5) (-4+5) 1

]U)xs I[mh?;’}‘!?’ﬁ)“ 8 8
Hence !’.——3\“\}(2"';51 =x1';§}xgt+<('/:§}x[/:§)}
L4/ {3 6] (\4/ 3] |\4){6)
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JI— Rational Numbers

7 >
(Muliplicative Property of 0): Every rational number multiplted with 0 glves 0.

T . ) i ) ‘ 8 . a
hus, for any rattonal number . we have: | & ‘0] o \ - 0.
b \b . b

| 5 |
EaWPLES (1) vo]. 1 8 0) B0 0 (. 5)
W18 s T 181~ 18 0. Stmdlarly | Ty
{ ‘12 o . 0
0| >3 o). 212 OV 2N 0oy 0 12y o
\ 17 !\ 17 « 1 . "'_‘7‘\‘“ : l’:;’ =0, bllll“‘“‘l_\.\[ N 17
SOLVED EXAMPLES
EXAIP\E 1. Pt“d tht‘ r‘pClPh\‘nl Qr (‘n(.h (?’ ”"v"‘n“”uy("g:
< n ~14
(012 (i) -8 (i - (1) o
16 17
Solutton (1) R(‘(‘lpr(\(\\] of 12 is l
12
(i) Reciprocal of -8 s = i.c =1
g g
-
(it1) Reclprocal of > 5 29
16 5
(iv) Reciprocal of -4 S L6 :_1_"
7 -14 y
EAMPLEZ  Verify that:
: 2 6) -14
(3 8) (8 -3 2 (6 —“)_@9
W} —=x—=l=| —x— (1) = x{ 3 —s,\_|\
16 15 \15\1LJ- 3 Lr 15/ \3 7/ 15
. 3 i x B
aw 32277 (82 (8 )
6 5 10/ 6 5 .16 10

(-3 8) (-3)x8 -24 -l
Sotution (1) LHS ={ 15 12 1 15015 240 10
{8 -3\ Bx(-3) -2¢4 -1
RHS =115 16 ) 15«16 240 10
LHS = RHS.
(-3 8) (8 :
Hence, v X i ¥ v =
‘6 -14) 2 6x(-14) 2 -84
() LS = S x| o x = | = ox 5 g SxT
2x(-4) -8
375 " 3x5 15
6) -14 (@2x6) -14 12 -14
215 @7 15 21 15

4 -14 4~x(-14) -56 -8

-3\
= |-

[ 3]

o
P
| ke

T S

= 15~ 7.15) 105 15

H 2 6 -14 2 6) -14
(‘n-‘(‘_ - X — X --:—4 = : x : X —:—
8 \7 15/ \3 15
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Muthe mefiga for | jees P

16
" N B R B R T
) | -
' £ i {
ED B3 646 o) o670 ) 6 10
5 3 S 66

62 62 12 4
(}‘, 1 \' {5 ‘ 7
|

i ¥
G610

<(-4) G57(7 -20 -3 ,
: 30 60 8 12

RHES - f; 5

(w ) 610

-8 (-7) -15 ')

12 12 |

LHS = RHS.

5 -4 -7\ 5 -4 '3 7}

Hencee, x(A - J[ el R ,
6 5 10

EXERCISE 1D
L. Find cach of the following products:

Py o
- x_; (i) i29 ,% (111] —1~3—)/ —j
(iv) ?zxg v) %2%% () %/~fo
i) -18x2;o52 (vili -1153 —2265 = -1261'§
(x) §x24 (xi) 2_‘7;)((_48) (xdi) ”5 7 (-10])
2. Verify each of the following:
(1) =x ——5=_?5x§ (u):;xg’ﬁ%x%s
'lzx_;:%x‘?m (i) —sx‘%;:_l—f’w(—sy

3. Verify each of the following:

5 12 7 5 (12 7 . =13 [(-12 33 =13 -12 33
(i) X—=—x| —x — (ii) X | =] X — v ol
7 13 18 7 (13 18 24 | 5 36 24 ) 23
(iii) (-——gx—_longzﬁx —‘leﬂ
5 3 -4 5 3 -4
4. Fill in the blanks:
18 18 -7 -7
) x === x(...... i) -38x — =—x(......
. 17 *35 =35 () e Y Tl
15 =91y = = -12 (- 5) (-12 4°
(iii) [—X )X—§=( ...... ) (EX—S) (iv) 12x;i_x o = } x — ix(...
7 6 10 6 5 15 -16 S5 13
5. Find the multiplicative inverse (i.e.. reciprocal) of:
13 -17 =
W - (i) —- (iif) ﬁ (iv) 18
-3 2
(vi) — (vii) -1 (viii) — (ix) — X
-5 2 -9
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P T —

e Ratinnial Numbers
_\\ﬁ—ms A oo
6. Find the valye of.
") . v kR
‘” | | “" | ‘
S (1 =y vy ! -
3 9 (i) -7 3
y \e H[:V ”\C ff)“()“-‘n[!;
M 3x[2,12) (3 5y (3 4y
7 16 13, -7'6,‘;“;;"13’,
1) :-1—?1 } ‘_12 N ‘:15 3y /-15 -12
PN I i
/ ~ ‘
i | —+Z18) 5 (-8 5% /43 5
512671378 12 G
(iv) i]—(ézf—l LIy _(-16 -8 16 -7

=l || 228 T
‘9 817 "9t s

N . -
8. Name the Property of multiplication Illustrated by cach of the following statements:

(i) fﬁ,;lzzll\z7:15
8 7 78
(il:fzxz\!fg:ﬁxfzv;‘%\
9) 5 3 \9 5
/_ ,
) 25,7 (3, 5y (3 7
\6 8) |4 GJ \4 8
“V) Xl:l —16=ﬁ
9 9

(vl) —T7X0 :O
o]

9. Fill in the blanks:
(i) The product of a rational number and its reciprocal is ...... :
(i) Zerohas...... reciprocal.

(1if) The numbers...... and...... are their own reciprocals.
(lv) Zerois...... the reciprocal of any number.
(v) The reciprocal of a, where a 20, is....... .

(vi) The reciprocal of l wherea #0,is ...... .
a

(vif) The reciprocal of a positive rational number is ...... .
(viif) The reciprocal of a negative rational number is ...... .

DIVISION OF RATIONAL NUMBERS
a c c a-c a d
If —and - ) =! Ine, {—a — | =| —x—|:
If 7, ana p are two rational numbers such that d # 0, we define (b d) (b X c)
When % is divided by % then % is called the dividend; % is called the divisor and the result is

known as quotient.

Scanned with CamScanner



18

—

EXAMPLE 1.

So!un'on

EXAMPLE 2,

Squtlon

EXAMPLE 3,

Solution

- (laga B
Mathemntics for Claas
SOLVED EXAMPLES
-9 i
N : L (lv) -~ Iy =3
by —Gb(/ . (tit) 7 by 3 v .
Vighg by’
WC hﬂvc:
9 5 9 8 9x8 _ —7_2 } _9-
(”1\6‘52‘];)(5‘16)(5 80 10
-6 3 _g 5 _ (—6}x5= -30 __;E
" %5753 %3 "7 " 11
IJ —5 11 —8__3;8*:‘-88_;_%5_'
Mo 8 24" 5 " 3xis " 1120
~9 -3 —9 8 _(‘—9))(8 :;72.=§
(iv) ‘E 3 :EX 5 _40”—3) 2 .S

~4
-28 umbers (s — Jind ;
The product of (g numbers is —=-f one of the n 9 he Othe,

Let the other number be y, Then,

vx—— _ =28

9 "7
‘28 -4 _28 9 _ (—28))(9 - M
= W???m ~
287 x g! 7
=5 Ve ./
2/?3x4’1 3

27 -15
Fill in the py () =2
anlcs 16 fasesnnsd] 3
27 ra -15
Let=l . [a =5 .
6 (b) 3 Then
27 b -15 b -5 16 —]0
TAX—=_"Y — = — = —
16 ¢ 8 = a 8 27 9
a 9 -9
= —=- _ Y
b -10 1

PROPERTIES OF DIvisioN

Property 1 (Closure Property):

Property 2 (Property of 1):

c
If g and dE are any tyyo rationql numbers sycp that d #0 then

a cy ,
5 + E / IS also q rationql numbper,

For every rationg] numbper Ea' we haye:
a 4
rai i S
(b /b

.
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Ratienal Nt s

property 31 K o
N W ever 2-' N2 Rt \
S . whioral number e haee
Q ; o) ' h' LN N
\b b
1. Stmplify. EXERCISE U
" 4 - =d
t — @ . . W
9 12 w8 "‘ TEAETR
18] ‘
-1 -8
(V) — + \ ; ‘
" : = af 87 ) ‘\
10 A ) 18 A i e '\
\ RE) 14 1 (
2. Verify whether
< ‘.\(Em‘ the given statement is true or falses
W D, 26 13 \
5 10 W0 s w0 ‘l (-0
-8 - .
SUES M i, P . a U
< 3 R \ ¥ "
S LI T

3. Verify whethe .
¥ whether the aiven statement s trae ov false:

\n

5 1\ 5 §
(2. 1,.8.5,1.5) | 61, 0w {8
: aQ = SRy b pey S 3 ¢ - ) ¢ ¢
\9 8/ 2 9 \3 2 (W }\‘ 16) m’m ‘ 15wl
a [ S222) 2 S (22, 1)

\5 35 14 5 (8

4.

.

5. The product of two rational numbers is ‘ 2
C

e -15 5
6. By what rational number should we multiply _ o toget ?
YO (

.

(A )

. -8 1
7. By what rational number should - s be multiplied to obtain -«
3t 24

-

-33 -11
8. By what number should —== be divided to get — =%
- 13 -12 =31 1
9. Divide the sum of — and = by the product of - and - -
7 %

i -

6D
10. Divide the sum of Y‘;

8 .
and . by their difference.

u

11. Fill in the blanks:

o -3 7Y 10
— =l = 1) B PR, ) — | -
m o=t e (i) ks‘ e
=3 "
(i) (... )= =72 (V) =120+ (o) =
15 5

12. (i) Are rational numbers always closed under division?

numbers always commutative under division?

(ii) Are rational
always associative under division?

(iii) Are rational numbers
(iv) Can we divide 1 by 0?

Tl
—
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The product of two rational numbers is -9, 1{ one of the numbers s =12, {indd the othey,

10 . ) 4
L2 1f one of the numbers s g Nnd the other,
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N
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& X
" v %
N 3 . o
2 )
N
il B 2 .
¥ ol Be rrapenihge N e hetween A -
. e
¥ e, N ;
L O S R g
% i ¢
NNz et detweswe R et & ., P |
x wTUwY | ~ e .
Ton 3 . .
2 Daran :
" <
N
2 2 - 3 - | 3 '
W . & -
= B - — a 2 .
3 S DN TwmYen p, | ‘_..-,'.! R & gy .
> . S
- - - - . -
N . - , r yQ
i D4 i et Lat
. . - _» - ey
- ~ s - %
- - - - b
\ g ~ » -y 1 - . - .;
SURL mavewad a - . d
PREEUET oetween - and 4 R -
~ s 3 0 3
- - - - - .
. - . h ] 15 "ne
2 - ' iy i
e = - N -
~ -~ S Y -
- - - - <
13 - .
? N P -~
&K — _—
-— »
R Ve RN
B »- 4 <
e
= e N yoa - -
SIIKR. he g N K y S
» WK TeQuirea noesk - Ay . . A
I numbers are — . — and
» 2 .
= - -

ALTERNATIVE mstuon oe

CIVEN RATIONAL Numssng | ONG LARGE NUMSER OF RATIONAL NUMBERS BETwen,

DtaweLs 3

> -
Jodumon

EXaum sy

Solution

3 14
24"y’

Find 20 rationar > —-— -
"attonal numbers betireen —> and >
A T T W g
P 2 .
LM of G and R e :
tMoand 8is 21,
5 S o &
n e -9 x4 -20 3 S
Now. —=—"7_~90 _.5_5x3 L)
o) Ex4 24 U878 -
< << o 23 24
“::Q—v»}‘ —-w—..)-\e S b p -5 S
S SSDOCTS Ving between S ans 2 S
Ving T — aldd — an
‘ 6 8
-19 -18 17 _i6 1
ié 10 = 0 1 2
294 T 0 * . b M, S
24 247 247 22 24 24 247 2¢4°
i = -T &
Qut of these 2
¢ {aese 20 may be taken.
- _
cind 135 rane
itonal num e .
numbers between -2 and Q.

We may write, -2 - =< =
10 1
Rational numbers Iving between -2 and o are
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Ristional Numbers -

719 -18 -17 -16 -15 -14 -13 -12 -1I o
1071010 10" 10" 10 " 10 1010 10’
8~7~6 5»4_3 -2 -1
10°10°10° 10" 10" 10" 10" 10

Out of these 15 may be taken.

EXAMPLES.  Write 9 rational numbers between 1 and 2.

Solutlon We may write ] = 10 and 2= 20
10 -

rational numbers between 1 and 2 are
1112 13 14 15 16 17 18 3,

10° 10'10°10'10°10'10° 10" 10

REMARK Suppose we have to write 99 rational numbers between 1 and 2.
Then, we may wri -100 . - 200
y le,1 = 1 2 100
rational numbers between 1 and 2 are
101 102 103 198 199
100" 100" 100" "' 100" 100
EXERCISE 1F
1. Find a rational number between % and %
2. Find a rational number between 2 and 3.

3. Find a rational number between _3—1 and %

4. Find two rational numbers between -3 and -2.
5. Find three rational numbers between 4 and 5.

2 3
6. Find three rational numbers between 3 and Z .

-3 5
7. Find 10 rational numbers between Z and 6

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

WORD PROBLEMS
EXERCISE 1G

3 3
1. From arope 11 mlong, two pieces of lengths 2 — 5 mand 3 10 m are cut off. What is the lengtt
of the remaining rope?

2. Adrum full of rice weighs 40 kg If the empty drum weighs 13 kg find the weight of ric
in the drum.

3. A basl\et contains three types of fruits weighing 19 kg in all. If 8 kg of these be apple:

3 5 kg be oranges and the rest pears, what is the weicht of the pears in the basket?
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qpes B
r Clns# )
carnings he Spent? g "\\

\lalh"'"““m‘ o (
2 ! his B On \
22 . T 160 out of paw. How much did ,, f;;’ le. -'1
4. On one day a rickshaw puller e alrs of the ricks? v ) , Y
snacks, T 50 5 on food and ?165 on rep? h
2
day? ¢ 63§ per metre-
5. Find the cost of 3 metresof cloh 21274 w much distance It
| 5 f 60g kow/br- Ho ('("/r,
ced O '
6. A car is moving at an average Sp 5 b e !
6 — hours? 3 ng and 16 =M _
X hich is 36 2 ™ i 3
. Fi ¢ -ectangular park wil ! ' s 8- metres,
7. Find the area of a rectang s e meastire =
wh :

4 litres of petrol?

3 cosl
9. One litre of petrol costs ¥ 63 - - What Is the will it cover i 4 1
4 h distance = hg
our. How muc 6,

the cost of one metre of clotho

8. Find the area of a square plot of land [3
0

10. An aeroplane covers 1020 km In an h

1 Z . What is
11, 1 : 7166
1. The cost of 32 metres of cloth is 4 gth. What is th, ley
gl

s of equal len
12. A cord of length 71% m has been cut into 26 plece

cach plece? 7 hat is its lengtho
L metres, W g
13. The area of a room is 65% m 2. If its breadth is 5 — metr
is 9, find the other-,
The product of two fractions is 95§ -If one of the fractions 7

Is, find the numbe
15. In a schoo), 8§ of the students are boys. If there are 240 gir el boy in

the school.
After reading§7 of a book, 40 pages are left. How many pages are there in the books

emalnder o

14,

16.
17- Rita had ¥ 300. She spent L of her money on notebooks and = of the 1
3

Stationery jtenyg. How much money is left with her? .
— of the
0 remainder o

18. Amitearps 7 32000 per month, He spends %of his income on food; 1
house rent and — of the remainder on the education of children. How mucp Money "
left with him? .

3
19. If 5 of a number exceeds jts g by 44, find the number.

20. Ata cricket test : 5 "
match - of the spectators were in a covered Place while 15000 were in gpy,

Find the tota] Number of spectators,

—
EXERCISE 1H
OBJECTIVE QUESTIONS
Tick (v ) the Correc
t answer ip {
| :‘/:§ *7 } €ach of the followmg:
16 12 /=7
' 7
(a} —;8_ (b) l =
24 e} 48 A

(5]
o
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