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Rational Numbers

In our previous class we have studied about natural numbers, whole numbers, integers and
fractions. We have also studied about various operations on rational numbers. In this chapter
we shall study the properties of these operations on rational numbers.

Rational numbers The numbers of the form %, where a and b are integers and b # 0, are called

rational numbers.

5 -3 7 —
EXAMPLES Each of the numbers —, —3 ——and - is a rational number.
8 14 -15 -11
Positive rationals A rational number is said to be positive if its numerator and denominator

are either both positive or both negative.

Thus, § and % are both positive rationals.

Negative rationals A rational number is said to be negative if its numerator and denominator
are of opposite signs.

Thus, —_gi and —% are both negative rationals.

Three Properties of Rational Numbers:
axm

g a
} i d m is a nonzero integer then — = .
If 5 58 rational number an g 22

Property 1.

3 (-3)x2 _(B)x3 _(B)x4 _

EXAMPLE Z_z 4><2 4><3 4 x4
3 -6 -9 -12

= 3 g 12 16
Such rational numbers are called equivalent rational numbers.
mber and m is a common divisor of a and b, then % 2=

Property 2. If% isa rational nu s
-32 -32+8 j _

Thus, we can Wilte, 55" = %58 "5

ational number

Standard form of a r
is said to be in standard_form if a and b are integers having no common

a
Arational number 5

divisor other than 1 and b is positive.
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33 .
— tandard _form.
EXAMPLE 1. Express ) in sta
33  33x(-1) _-383
Solution ——“_44 = (—44) x (—1) 44
The greatest common divisor of 33 and 44 is 11.
-33 (-33)+11 _—_ﬁ.
44 44+11 4
-33 -3 .
Hence, . (in standard form).
a c , a_kt (axd =(bxc) G><:c
Property 3. Let b and 4 be two rational numbers. Then, o d = = - ;
ax d == b X C

COMPARISON OF RATIONAL NUMBERS
It is clear that:

(1) every positive rational number is greater than O,
(ii) every negative rational number is less than O.

GENERAL METHOD OF COMPARING RATIONAL NUMBERS

Step 1: Express each of the two given rational numbers with positive denominator.

Step 2: Take the LCM of these positive denominators.

Step 3: Express each rational number (obtained in Step 1) with this LCM as the common
denominator.
Step 4: The number having the greater numerator is greater.

EXAMPLE2.  Which of the numbers % or :E? is greater?

Solution First we write each of the given numbers with positive denominator.
One number = 5 - _9XED -3
-4 (-4)x(-1) 4
The other number = % .
LCM of 4 and 6 = 12.
-3 (3)x3 -9 — =
3 _ -2 nd _5=(5)><2=—10.
4 4x%x3 12 6 6x2 12
Clearly, -9 > 10, P )
12 192
. Hence, ——3 > ;5, i.e., —3— > i
4 6 -4 6
EXAMPLE 3. Arrange the numpb =8 e, 2
ers 5" 1o and g 't ascending order.
Solution First we write each of
7 7xl) thtiglven numbers with positive denominator. We have
=TT =,
10 (-10)x(-1) " 10
Thus, the given numbers are =5 =7 and -5
5 .
LCM of 5, 10 and 8 is 40. 10 8

i

£
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Rational Numbers

-3 _(3)x8 -24 -7 (-7)x4 _-28 -5 _(-B)x5 =25

Now, = - = = d = =
5 Bx8 40 10 10x4 40 ¢ 87 8x5 40
Clearly, =28 . =25 _ =24
20 20 <20
7 =B -8 7 5 -3
Henee, — ¢ ~— & — i@, — & —-
10 5% 10°8 °5

EXERCISE 1A

-3
1. Express ? as a rational number with denominator
(i) 20 (ii) -30 (iii) 35 (iv) -40

—42
2. Express _SE as a rational number with denominator 7.

—-48
3. Express E— as a rational number with denominator 5.

4. Express each of the following rational numbers in standard form:
o L .. —14 L. 24 .. —36
(1) 30 (ii) T (iii) o (iv) 63
5. Which of the two rational numbers is greater in the given pair?
. (i) g or 0 (ii) _9—2 or 0 (iii) _ZS or%
| ~ —4 2 -1
; (iv) 75 or —- W) 3 OF % (vi) - OF -
| 6. Which of the two rational numbers is greater in the given pair?
| (i) o 17§ (ii) % or _35 (i) %1 or _4—5
| 9 7 4 -7 . -12
| : . - S P _— -3
| (iv) o or —5 v) 5 or 10 (vi) 5 or
l = Till in the blanks with the correct symbol out of >, = and <:
. - =35 -
| W =25 Gy ——....232 (i) ~2 ... 22
| 7 ~13 | -13 91 5
—2 5 -3 . -8 -9
iv) — — s (4 [ S, = (VL) —— e —
(iv) 3 . (v) e ) 5 o
8. Arrange the following rational numbers in ascending order:
1 _ -2. .. -3 b -7 9
: (i) __4___ __é’ _———7 ’——% (n) ] ST
{‘ 9’12’ -18" 3 4 -12 16 -24
| 3 -7 -11 -13 -4 -9 13 -23
| (i) —, — == 50 W) — 11 ' 13
-5"10" 15 20 14 -28 42
| 9. Arrange the following rational numbers in descending order:
| -13 8 1 .. =3 7 =11 17
(1) —z,J—,—,— (i) —, ——, y
6 -3’3 10 -15 20 -30
‘ -5 -7 -13 23 ., —-10 -19 -23 -39
| (iil) —, —, == 51 (iv) , ; !
6 12" 18 -24 11 ' 227 337 44

10. Which of the following statements are true and which are false?
(i) Every whole number is a rational number.
(ii) Every integer is a rational number.

L
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4 -
ﬂ/ but it is not a rational number.

(jii) Oisa whole number

[ |
—_————

REPRESENTATION OF RATIONAL NUMBERS ON THE REAL LINE
In the previous class we have learnt how to represent integers on the number line.
n

Let us review it. ‘ et ol A distances on the right

line. Take a point O on it. Call it O (zero . Seto equal dis on the right as well 5
oDrl;Thveafgt of O. Such a distance is known as a unit length. Cl§arIy, }thelpo}nts: A B, C,Dandg
represent the integers 1, 2, 3; 4 and 5 respectively and the points A', B, C’, D" and E’ represent
the integers -1, -2, -3, -4 and -5 respectively.

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

1]

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.
Consider the following examples.

1
EXAMPLE1.  Represent % and 3 on the number line.

Solution Draw a line. Take a point O on it . Let it represent 0. Set off unit lengths OA and OA'
to the right and to the left of O respectively.

Then, A represents the integer 1 and A’ represents the integer —1.
NP o koA
4 -2z 0 112

Y

Now, divide OA into two equal parts. Let OP be the first part out of these two parts.
Then, the point P represents the rational number i .
2

Again, divide OA’ into two equal parts. Let OP' be the first part out of these 2 parts.
Then, the point P' represents the rational number 1
2

2
EXAMPLE2.  Represent 3 and ~§ on the number line.

Solution Draw a line. Take a point O on it. Let it repr e ora
, - ' esent 0. F es OA
and OA'’ to the right and left of O respec tPi’de. rom O set off unit distanc

Divide OA into 3 equal parts. Let OP be the segment showing 2 parts out of 3. Then,
the point P represents the rational number 2 :

Al p' o P A
— f : ' - -
-1 213 0 2/I3 1| j
ain divi '
Ag vide OA'into 3 equal parts. Let OP' be the segment consisting of 2 parts out
of these 3 parts.

Then, the point p* Tepresents the rational number -}
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13 —
EXAMPLE3.  Represent 5 and % on the number line.

Solution  Dr awle.'lB line. Take a point O on it. Let it represent O.
! NOW, = 2§ = §. .

From O, set off unit distances OA, AB and BC to the right of O. Clearly, the points 4,
| B and_C- represent the integers 1, 2 and 3 respectively. Now, take 2 units OA and AB,
| and divide the third unit BC into 5 equal parts. Take 3 parts out of these 5 parts to

. 13
reach at a point P Then, the point P represents the rational number =

- . E
135

L
oo
-t
N @

P
135 3

Again, from O, set off unit distances to the left. Let these segments be OA’, A'B', B'C’,
’ etc. Then, clearly the points A, B’ and C' represent the integers -1, -2, -3

; respectively.
} NOW,_—IS=—(2+§).
| 5 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 _?13

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:
(1) % (i) % (i) 1% (i) 2%
1 -] A2
= 5— (vii) 4— (viii) 8
(v) 3 2 (vi) 5 m
| 2. Represent each of the following numbers on the number line: .
-1 L =3 2 . 1
(i) = (ii) Y (iii) -1 3 (iv) -3 =
> ) 22 vii) -3 viif) 2~

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

(1) = Jies to the left of O on the number line.

(ii) i Jies to the right of O on the number line.
7

1 -5 o ol :
(iii) The rational numbers 3 and N are on opposite sides of O on the number line.

-18
i i —— lies to the left of O on the number line.
(iv) The rational number =

| -
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MBERS
ADDITION OF RATIONAL NU ‘ -
If two rational numbers are to be added, we should convert each of them into a rational numbe,
with positive denominator.

CASE 1. When Given Numbers have Same Denominator:
. i a 5 c) _ (a+c) _
In this case, we define P
EXAMPLE1.  Find the sum:
L7 =11 (i1 8 5 i
Wg+t—g 1111

Solution We have:
7 -11 7+(-11) -4

W9 =9 ~5

8 __8x(-1) -8
-11 (-1)x(=1) 11

8 3)_ —8+3 _=8+3 -5
RYRETURIEE! 11) 11 11

CASE 2. When Denominators of Given Numbers are Unequal:

(i)

Method In this case we take the LCM of their denominators and express each of the given

numbers with this LCM as the common denominator. Now, we add these numbers
as shown above.

EXAMPLE2.  Find the sum: _6—5 +§ .

Solution The denominators of the given rational numb

ers are 6 and 9 respectively.
LCMof6and 9 =(3x2x3)=18.

5 (- _ 3|6, 9
NOW,—5=(5)X3=—§ and f}:—=4-X2=§_.
6 6x3 18 9 9x2 18 2, 3
(5+3)-(32+8)- 1048 _7
6 9 18 18 18 18

Short-Cut Method

EXAMPLE3.  Find the sum: —2. .0

—_— .

16 12
Solution LCM of 16 and 12 = (4 x 4 x 3) =48,

4|16, 12
9.5 _3x9+4x5 (-27)499 _n 4 3
16 ' 12 8 T g Tag |
PROPERTIES OF ADDITION OF RATIONAL NUMBERs

roperty (Closure roperty)' he sum two t mbel
P 1 P N 0 mber. T
f ational numb Sis always arational nu :
If= and — are an

- y two rational Numbers, then (
EXAMPLES (i) Consider the rational numbers —1-

3
Sandz-Then,
(l+§ _4+9 13
3 4)

a c
3 + E) is also a rational number.

12 1 which is 5 rationa] Number,



Rational Numbers

(ii) Consider the rational numbers = and = - Then,
(—_2 +3J _(10+12) 2

3 5 15 15

(i) Consider the rational numbers - and =1 Then,

(—5+—1) {-5+(-8)}_ -8 -2
12 4 12 12

, which is a rational number.

, which is a rational number.

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

Thus for any two rational numbers < and E, we have
a c c a
+
55)-(5+5)

EXAMPLES (i) (%+%}=(Z+3)=§ —_ (3 1J=(3+2) 5

4 4 4 2 4 4
(1 3) 3 1
—4—|==+=].
2 a4) a2

-5] {9+(20)} -11 5 3] _{20+9} -11
(11){8 6}_ 24 oq 2md {6 5} 24 924

(2 _65) (65%)'

-1 -2 _{(—3)+(—4)}_—_7 -2 -1} {4+(-3)} -7
(111)(2+3) _ and (?Jr?J_*_—

6 6 6 T 6

2223)

Property 3 (Associative Law): While adding three rational numbers, they can be grouped in
any order.

Thus, for any three rational numbers %, % and %, we have
fa c) e _a (c e
e o = — + — -
(b d) S b [d fJ
. -2 5 1
EXAMPLE Consider three rationals A and 5 Then,
£+§J+l}={w+l}=(i+lj=‘2+7’=i=£
3 7) 6 21 6] \21°6 42 42 14
| 1 -2 (30+7 3 _
Ry
\ 3 (7 6 3 42 3 42 42 22 " 1a

- 22422

‘ Property4(Existence of Additive Identity): O is a rational number such that the sum of any

rational number and 0O is the rational number itself.

Thus, [% % 0] B (0 * %J = %, for every rational number % .

0 is called the additive identity for rationals.
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3 3
2 3,0)_8+0)_3 i ilarl,(0+——)=—-
EXAMPLES (i) (5 +0) (5 5) 5 5 and sim y 5 5

(3o)-o+)-5

. -2
-2 -2 0} (2+0)_ -2 and similarly, (O + ——2-) = e
(ii) (—4—0] [3 +§ = 3 =3 3 3

2 2\_-2.

o) for3)-3
Property 5 (Existence of Additive Inverse): For every rational number —, there extsﬁs a C:attonal
—a] {a+(a)} O

=—= larly, | — +—|[=0.
number—b—such that(-5+? =——b—_b—0and31m1 Yy el

a —a -a a
—t—|=|—+—=1=0.
Thus,(b+ b] (b +b)

-a L. a
? is called the additive inverse of E .

4 -4\ {4+-=4} o -4 4)
—+—|=————=—=0 and similarly, | — + 0.
EXAMPLE (7 + - ) - - an 1m y ( 7 7

4 -4 -4 4
—+—\|=|—=—+=|=0.
7 7 7 7

-4
Thus, % and 7 are additive inverses of each other.

SUBTRACTION OF RATIONAL NUMBERS

For rational numbers —g and —2, we define:
a ¢y a (-¢) a i c
——— — + —_— | = — —_— .
(b dj b ( 1 J b +(add1twe tnverse of d]

SOLVED EXAMPLES
EXAMPLE 1. Fmd the additive mverse of:
s S ~6
(i) = (ii) —— i) — iv) —
8 (iii) 1 (iv)

Solution (i) Additive inverse of é is é
(ii) Additive inverse of —— 85 is 182

(iii) In standard form, we write —g— as — —

Hence, its additive inverse is ﬂ

(iv) We may write, = = (——GM
=7 Nx(-1

L
7

Hence, its additive inverse is —6—

h.
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EXAMPLE 2

Solution

EXAMPLE 3.

Solution

EXAMPLE 4.

Solution

EXAMPLE 5.

Solution

EXAMPLE 6,

Solution

3 2 = =
. (i) Subtract Zfrom 3 (ii) Subtract 75f"0m =

2
5

(2 3) 2 3
(i) 3~ 2= 3 + [additive inverse of Z]

=[3+:§)={8+(—9)}=~1

3 4 12 12
-2 (-5 -2 !
(ii) {_5“ - (—7—} =— +(additive inverse of 75)
-2 5 -5 5
=l —=+= |- ive i — is =
[ 5 7) [ additive inverse of = is 7}
_l4+25 11
35 35

The sum of two rational numbers is —5. If one of them is %, find the other.

Let the other number be x. Then,

-1 -
X+ (?‘?’j =-b5 => x=-5+ (additive inverse of %3)

[ 13] [—5 13) (-30 +13)
= |l | ok L2 | = TR
6 1 6 6

= X=—-
6
: . —17
Hence, the required number is -

-7 4
What number should be added to ry to get 5?

Let the required number to be added be x. Then,

:Z.,.x:é = x=£+(additive inverse of ;7]
8 9 9 8
_(2,7)_©2+63 95
= *TleTs)T 2 T72

.95
Hence, the required number is >

3. 7,11, =2
Evaluate 5 + 3t 75 3
Using the commutative and associative laws, it follows that we may arrange the
terms in any manner suitably. Using this rearrangement property, we have:

11 - _11) (7 -2
3.7, 11+_2=(§+_j+(..+_)

5 3 5 3 5 5 3 3
_B+C10) {7+(2) -8 5
5 3 5 3
(-24+25) _ 1
15 15

4 -8 5 1
Simplify: [7*“?““5*'5 '

Using the rearrangement property, we have:

T Y )

" g ——
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-8 - -5 -8 1
4+__8.+._§ l-: -4—-‘+—_J+(—_‘+§)
7 9 21 3 \7 21 9
_Q2+(5)} -8+3)
21 9
7 -5)_{21+(:85) _~-l4 -2
—(§]+?§ =7 63 63 9
= t-1?
EXAMPLE7. What should be subtracted from —7— to ge
Solution Let the required number be x. Then,
-5 -5
——Xx=- —=x-1
7 x=-1 = -
5.4 (-6+7) _2
= &= (7 L
. 2
Hence, the required number is 7
EXERCISE 1C
1. Add the following rational numbers:
-2 -4
(1) r and % (ii) £ and Tl (iii) -——; = and 9
(iv) —and = ~and == =1
1)3 3 (v)6an 5 (vi) = andls
2. Add the following rational numbers:
4 5 8 12 (iid) g and—
5 5 7 8
(iv) — and - (v) —ang -2 i 1 2
— d e
16 ;4 -18 27 ) s T
ii) — B -5 .
(vii) 1and4 (viii) Zandz (IX)Oandgz
3. Verify the following:
-12 2 2 -12
(i) —+===4+=2 . —D -9 -9 _5
(ll) — 4t —=_— —
5 7 7 5 8 "13 " 13 + =
(iii) 3 + 7. 3 2 1
12—12+ (iv) ‘%4‘*—2 =———12 .;.3
7 -85 35" 7

4. Verify the following:

(ii)

5. Fill in the blanks.

) [22),.(-12) _(-12
w (17]+(§—J=(—5—)+( ...... )

() -9+72L _
8




e

-18 - — -6
(v) —from 1 (vi) ﬁ from O (vii) —32 from — (viii) -7 from —
9 13 5 7

8. Using the rearrangement property find the sum:

(i) £+§+—_3+_—11 i) ——t—t=
3 5 3 5 3 4 6 8
13 11 -5 7 . -6 5 -4 -15

=t ) —— ot =—

(iii) 55 +14+ = *1G (iv) —tet9 7

Rational Numbers 11
o (=8 -13 3 (-13
(iii) (13 +7J+(—4—]=( ______ ) [.% (TH
) 7 -9 7
iv) 12+ —+—=|=| — 2
( [12+1J ( 12+12J+( ...... )
19 — o
(v)—+(—3 = 12 o2
_5 11 8 _5 ...... 8
-16 _
() = oo 5, e o0
7 7 7
6. Find the additive inverse of each of the following:
o1 23 -17 15
1 i 22 = s s iy
W 3 (ii) 5 (1) -18 () —= W =
. —16 -3 19 -8
5 (vii) T (viii) O (ix) 8 (x) 7
7. Subtract:
L 3 1 — - - -
(i) — from — (ii) —Sfroml (iii) —§from—3 (iv) ——g-from -1
3 6 3 5 7

9. The sum of two rational numbers is —2. If one of the numbers is _—éi find the other.

-1 5
10. The sum of two rational numbers is 5 If one of the numbers is 5’ find the other.

-5 -3
11. What number should be added to 5 088 to get ?‘?

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

-2 -1
13. What number should be subtracted from 3 to get g?

(i) Which rational number is its own additive inverse?
(ii) Is the difference of two rational numbers a rational number?
(iii) Is addition commutative on rational numbers?
(iv) Is addition associative on rational numbers?
(v) Is subtraction commutative on rational numbers?
(vi) Is subtraction associative on rational numbers?
(vii) What is the negative of a negative rational number?

14,

—
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MULTIPLICATION OF RATIONAL NUMBERS

a c !
For any two rationals m and r we define:

(EXE—)z(aXCJ‘
b d) (bxd)

SOLVED EXAMPLES

EXAMPLE1.  Find each of the following products:

2 -5 =7 3 .. —15 :g
(i _x7 (u)gxg (iii) 2 X 3
Solution We have:
2 -5 2x(-5) -10

7 3 (-7)x3 _-21
8 5 8x5 40
15 -3 (-15)x(-3) _45

8 4 %8 32

EXAMPLE2.  Find each of the_ following products:

-3 14 13 -18 -11 51
Y ek £2) — "i
W75 W91 M =9™*4q
Solution We have:
-3 14 (-3)x14> -6
M) —x— =
7 5 A %5 5
ap 13,018 _18x(18) -08'x18°% -3
6 91 6x91 (B, x9%,) 7
_ _ o - 1 17
i)~ 51 _(-11)x(-51) M'x51" 17
9 " 44 9 x 44 B, x44, 12

PROPERTIES OF MULTIPLICATION OF RATIONAL NUMBERS

Property 1 (Closure Property): The product of two rati ) _
—— f ational numbers is always a rational

a c
If —and — i £ o
. 3 are any two rational numbers then (—5 X EJ is also a rational number.

EXAMPLES (i) Comsider the rational numbers l and —5- - Then

(lxﬁ _ (x5 5 S
i 2x7) _l_lI,WhICh 1S a rational number,

(ii) Consider the rational numbers =3 and 3 - Then
(ﬁxi _(8)x5 -15 ,
7

)= el = 38— which is a rational number,
(iii) Consider th i " -7
€ rational numbers ? and — - Then,
(jx—_?J _E4)x(=7) 28

- = T T which is a rational number.
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Property 2 (Commutative Law): Two rational numbers can be multiplied in any order.

Thus, for any rational numbers % and E, we have

(a cJ ( cC a

— x — e —— x g .

b d d b

Let us consider the rational numbers E and E Then,

(gx 5) Bx5) 15 [5 3) Gx3) 15
- an —X— = i
4°7) @4x7) 28 (7x4) 28

7 4
( 3 5)_(5 3
477)7\77%)
(ii) Let us consider the rational numbers —2 and 5. Then

(—_2ng_(~2)><6_~12 q (8,2)_6x(2) -12
5°7) Bx7 35 B " 7x5 85

7 b5
[—2 6) 6 —2)
—_x— — X—— -
5 7 7 5
(iii) Let us consider the rational numbers _?2 and ﬁ - Then,
=23, (B)_ x5 10 (5] —_2)_(—5»4—2)_&
3)\7) 3x7 21 7 3) 7x3 2l
-2\ (-5 (-5} (-2]
— [ X|— =] — (x| — |-
3 7 7 3

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

EXAMPLES (i)

c
Thus, for any rationals E, and —, we have

b d
EXEJXE=EX(£XEJ.
b d/ f b \d f
. -5 -7 1
EXAMPLE Consider the rationals ?, z— and 5 - We have
-5 -7\ 1_ ('5”‘("7)xl} (3_5 1)=(35x1)=§
[?xfjxg' ox4 3/ \873)  8Bx3 24
-5 (=7 1 -5 (-7)x1 -5 -7 _(—5)><(—7)_35
and 5" 3775)7 2 “axs (2 “12)7 @x12) 24
2 4 3 2 4x3 (2 x )

e -5 (-7 1
:é X —7— X l =— [_ x —) :
2 2)'3 2 (43
Property 4 (Existence of Multiplicative Identity):

a a - a1
For any rational number 5 We have (g % 1) = (1 x _] -

1 is called the multiplicative identity for rationals.

i b e Then, we have
EXAMPLES (i) Consider the rational number 2 Then,

3 3,11_8x1_38 ( §J=(l ﬁ)..?x_m_ﬁ.
[g"l) (4 IJ_(4><1) 2 ()Y e e
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(ii) Consider the rational number I—B - Then, we have
- 1 -9) 1x(-9 -9
-9 -9 1) (9x1 -9 i _Q)___(_x__)= _-8
(EXI) (13 1) e 13 2 M) 7 013 118 T8

-9 1_1x__9 ___9.
137 )7 *13) 7 13

a
Property 5 (Existence of Multiplicative Inverse): Every nonzero rational number 5 has its

multiplicative inverse — -

Thus, (Exgj =(2x2) =1
b a a b

— is called the reciprocal of %-
a

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

EXAMPLES (i) Reciprocal of é is »7— since E X Z Z X E =1
7 b5 7 5 5 7

. = -8 _ -9 -
(ii) Reciprocal of ?8 is ?9 since (—9— X ggj = (—9 X —§J =1.

(iii) Reciprocal of -3 is —_371 since
(_Bx;ljz(ﬁx;lj=im__n=§=land O N o VA P LG
3 1 3 1x3 3 3 3 1 3x1

-1
REMARK We denote the reciprocal of - by [g) .

=1
Clearly, (%J 2
a

Property 6 (Dlstrlbutlve Law of Multiplication Over Addition):
and —, we have
F

28| _(a.e) (a_e
EXAMPLE Consider the rational numbers ﬂ, E and :§ - We have
6

D RGeS RE NS
o ()53 e () Been e s

()3 2) (2. et
it RCEREN

For any three rational numbers

4

Tl
Qlo
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Property 7 (Multiplicative Property of 0): Every rational number multiplied with 0O gives 0.

Thus, for any rational number —Z—, we have: (% XOJ - (0 ) %) =0

EXAMPLES [1)(1_8_on (5 0)2(5><0) 0

. 5)
18 71 18x1) _E_O' Similarly, [OXEJ—O.
Ly (12 -12 0 — ,
(11)( % Jz( x_jz( 12)x0 0 _ oo -12Y _
17 17 71 _~_17><1 l7—O.Slmllarly, 0 x i =0.

SOLVED EXAMPLES

EXAMPLE1.  Fiind the reciprocal of each of the following:

(ii) (iii) 6 (iv) 7

Solution (i) Reciprocal of 12 is L.
12

(ii) Reciprocal of -8 is L, ise:, =
-8 8
(iii) Reciprocal of % is — 16
(iv) Reciprocal ofﬁ— is 1—7 ie., ﬂ
17 -14 14

EXAMPLE2.  Verify that:
-3 8 8 -3 926, 714) _(2_6) -14
(i) — s R (i) =x| —s0—= | =| Z 52
16 °15) (15 “16 377" 15 3°7)" 15
5. (=2, 7\_(5,* +(§x;7)
x5 *10)= 65 )" 6% 10
-3 8}_(—3)x8_—24_—1

16 15) 16x15 240 10

8 -3)_8x(3)_ =24 -1
RHS = ( “16) " 15x16 240 10

Solution (i) LHS =[

15 16
LHS = RHS.

ence (22 B 8.9
Hence, (16 15) \15 16

[6 _14)_2 6x(-14) 2 -84

7715 )73  7x15 37105
—4 2x(-4) -8

(ii) LHS = %

2

E 5 3x5 15

[ ) 14 _(2x6) -14 12 -14
2.

7

% = X
15 @Bx7) 15 “21” 15
-14 4x(-14) -56 —8
15  (7x15) 105 15

' 2 (6 -14)_(2 6) -14
Hence.gx(:}x 15 3°7) 15

RHS




16

Mathematics for Class 8

L ——————

- Find the multiplicative inverse (i.e., reciprocal) of:

5 (-4 -7)\_° (:_S_)_jtj_)- :éx—-—l-—gl
(iii) LHSzgx(—+i-6)=gx 10 6 10

5x(-4) 5x(-7)_—20 -85 & =
6x5  6x10 30 60 3 12
(-8)+(7) -15 -5

12 12 4
LHS = RHS.
5 —4_‘__7 = éxj +(§x———zj
Hence,gx 5 T10)° 6" 6 10
EXERCISE 1D
1. Find each of the following products:
3 9 -9 b5 ... -6 -5
. = _r = _ - ___.X_——
(i) =%g (ii) 5“2 i 11 3
-2 -12 10 25 3
Wy M5 s ™) 2™ 10
(vil) — ﬁ (viii) ﬁ ﬁ (ix) 16 l’%
-18 20 15 26 -21 5
- 7
(x) —x24 (xi) ﬂx(—48] (xii) % (-10)
. Verify each of the following:
s i . -8 13 13 -8
W7 9 =97 W 7y =9 7
o127 7 12 . -13 -13
M) " 36~ 86 5 W) =81 =1 X9
. Verify each of the following:
5 12 7
(i) [;xﬁjxﬁzgxﬁ—gx%j ‘ (id) ﬂx[—lzxﬁj_(hlS -12Y 35
24 "5 "36) (24 "5 ) 36
(1) (ﬁxﬁjxﬂ=ﬁx ~10 21
5 3 -4 b5 3 -4
. Fill in the blanks:
-23 18 18

(i) fo%:—?gx( ...... )

13
(i) — (ii) -17 o —7
vi) — o
5 (vil) -1 (vid) 2 2 -1
2 (ix) = x) —
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6. Find the value of:

() (5]_1 —d -1 . ;
1 — -~ = . _ ‘
8 ) ( 9 ) (iti) (-7)7 (iv) (__3)

7. Verify the following:
3 (5 12
® —x(—+_)=(§x§ (3,12
7 \6 13) \776) (7 13
-15 - _
(i) X(§+—lgj=(“15x§.+ -15 -12
4 7 5 2 7 T
-8 -1 -8 .
mn(——+. 3]x§= —8,5),(-18 5
3 12)°6 \376) (12 6
-16 (-8 -7 _ _ g ~
X('—-I-—J: _16X_8 n 16)(_7
8. Name the property of multiplication illustrated by each of the following statements:

. —15 -12 -12 -15
{1] X = X
8 7 7 8

3 9) 5 3 (9 5
(i) ﬁx(ﬁ+zjz[“_3x£]+(—_3xlj
4 6 8 4 6 48
-16 -16 -16
(iv) 5 x1 S
W) -11 15 15 x—ll
X = =
i 15 -11 -11 15
-7
vi)i —x0=0
(vi) 5 X

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

(ii) Zero has...... reciprocal. .
(iii) The numbers...... and...... are their own reciprocals.

(iv) Zerois...... the reciprocal of any number.
(v) The reciprocal of a, where a =0, is ...... .

1 .
(vi) The reciprocal of = where a #0,is...... .

The reciprocal of a positive rational number is ...... .

(vii) : ;
The reciprocal of a negative rational number is ...... }

(viii)

—_—

DIVISION OF RATIONAL NUMBERS
- < e | 2l | s @
If; and % are two rational numbers such that p # 0, we define, (b : d) = (b i
When 2 is divided by £ then % is called the dividend; % is called the divisor and the result is

known as quotient.
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SOLVED EXAMPLES

EXAMPLE 1. Divide: 5 5
{ —9—b § (u)——gb (m)——by»E (w)z(-)—by—S-
W™y 5

Solution We have:
9 5 9 8 9x8 72

) 5*5°167°5 16x5 80

-6 3 -6 5 (-6)x5 _-80 _-2

M) So+e =953 25x3 75 5

11 -5 _11 8 _ 11x8 gs -11

04 8 24 "5 T 24x(-5) -120 1

9 3 9 8 (9x8 _-72 _3

(iv) —+—=—F"X—"FZ=7-" 7 o —a
40 8 40 -3 40x(-3) 120 5

|
ole

(iii)

—28 L —4
EXAMPLE2.  The product of two numbers is 3—277— .If one of the numbers 1s == find the other.

Solution Let the other number be x. Then,
-4 -28
XX— =——
9 27

98 -4 -28 9 (-28)x9 _-(28x9)

= x:-—+——:———><—‘_ =
27 9 27 " —4 27x(-4) -@27x4)
28" x9* 7

= X = = —
27, x4, 3

EXAMPLE3.  Fill in the blanks: ZZ+( ...... ):ﬁ.
16 8
g 27 (a) -15
olution 16 (b] P Then,
27 b -15 =
275 15 _ b_-16.16_-lo
16 a 8 a 8 27 9
- 2_9 9
b -10 10

Hence, the missing number is 3
10

PROPERTIES OF DIVISION

Property 1 (Closure Property): If — and :
. 2 o ; ,
b d re any two rational numbers such that < # 0 then
d

a c¢
(E = E) is also a rational number.

Property 2 (Property of 1): For every rational number = we h
— ave:

Oee
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Property 3:  For every nonzero rational number %, we have:

(5-5)

EXERCISE 1E
1. Simplify:
4 -5
(i) 9 19 (ii) _S_E (iii) — +(~18)
-1 -8
(iv) — =+ = -16  -15 , 285 .13
10 5 ) 35 T2 M T 7
2. Verify whether the given statement is true or false:
. 13 26 26 13 3 3
(l e e S ij) "9 =+ — = — = (-
) 5 10" 10" W —9+y =g+
.y "8 -4 -4 -8 - B
(iij) —+—=—+ — (iv) lTi=i_l
9 3 3 9 24 -16 -16 24
3. Verify whether the given statement is true or false:
5 1Y 5 5 (1 5 8] -9 6 -9
i) | == |+—=—+| = +— ij -16)+ =+ —=(-16)+ =+ —
i (9 3] 2" 9 (3 2] ) {( ) 5} 10~ 19 {5 10}
an (2.712). 182 1)
s 735 )14 5 35 14

The product of two rational numbers is -9. If one of the numbers is —12, find the other.

' -4
The product of two rational numbers is -If one of the numbers is =" find the other.

-15 -5
By what rational number should we multiply 5 to get 7?

-8 _— !
By what rational number shguld 39 be multiplied to obtain 56 ?

-33 s ~11
By what number should - be divided to get 5 7

and L
-2

12

= -31
L5 - by the product of ER

Divide the sum of ? and

& and gby their difference.

6
10. Divide the sum of E

11. Fill in the blanks:

......

(iv) (-12)=(...... )= 5

(iii) (..... )+ (=

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

(ii) Are rational numbers always commutative under division?
(iii) Are rational numbers always associative under division?

(iv) Can we divide 1 by 0?

12

ro————
—
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An Important Result:

1 ; ;
If x and y be two rational numbers such that x < y then — (x + y) is a rational number between

x and y.

1

1
EXAMPLE1.  Find a rational number lying between 3 and h

__l__
213 2
_1(2+8) _ lxéjzi
"ol 6 ) \276) 12
1

1
Hence, 1% is a rational number lying between 5 and 5"

1/1 1
Solution Required number = —( )

EXAMPLE2.  Find three rational numbers lying between 3 and 4.

1 7
Solution A rational number between 3 and 4 is 5(3 +4) = 5
Then,3<—;—<4.
A rational ber betwee 321nd7—1 3+z\—l §+Zj
rational number between 2= 75 5) 3179
_1(6+7) (1 18) 13
"9l 2 ) 272 4
A rational nﬁmber between Z and 4 = l Z +4 | = l Z + é
2 2\ 2 2\2 1
L{7r8) (L1815
ol 2 ) 27 2) 4
3<E<Z<E<4. |
4 2 4
Hence, the required numbers are E g and % .

ALTERNATIVE METHOD OF FINDING LARGE NUMBER OF RATIONAL NUMBERS BETWEEN TWO
GIVEN RATIONAL NUMBERS

EXAMPLE 3. Find 20 rational numbers between ? and § .

Solution LCM of 6 and 8 is 24.
-5 Bx4 -20 5
Now, — = = and — =
6 6x4 24 d 8

5X3_15
8x3 24

Rational numbers lying between ? and D are

-19 -18 -17 -16 -1 0 1 2 3 14

24724724 24°7724°24°24° 24" 24" """ 94
Out of these 20 may be taken.
EXAMPLE4.  Find 15 rational numbers between -2 an& 0.

Solution We may write, -2 = :1—202 and 0 = g

Rational numbers lying between -2 and 0 are
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—19,—18 —17 -16 -15 -14 -13 -12 -11 1.2 -9
10 " 10 " 10’ 10 ' 10" 10 "10 " 10 " 10"’ 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 rationg] numbers between 1 and 2.

Solution We may write 1 = 10 and 2= 20
10 10

rational numbers between 1 and 2 are

REMARK Suppose we have to write 99 rational numbers between 1 and 2.
Then, we may write, 1 = 0 and 2= 200,
100 100
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 i and %

2. Find a rational number between 2 and 3.

1

-1
3. Find a rational number between ? and oK

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

5. Find three rational numbers between 4 and 5.

3

2
6. Find three rational numbers between 5 and T

-3 5
7. Find 10 rational numbers between ra and 8

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

WORD PROBLEMS
EXERCISE 1G

3 3
1. From arope 11 m long, two pieces oflengths 2 — 5 m and 3 1o mare cut off. What is the length

of the remaining rope? i 5
2. A drum full of rice weighs 40 — kg. If the empty drum welghs 13 — kg. find the weight of rice

in the drum.
3. A basket contains three types of fruits weighing 19— kg in all. If 8 kg of these be apples,

3 kg be oranges and the rest pears, what is the weight of the pears in the basket?
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10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

—

3
i i t¥26—on tea
On one day a rickshaw puller earned 7 160. Out of his earnings he spen 5 and
1 £ i i ] h did he save on th
snacks, 50 = O food and Y16 ion repairs of the rickshaw. How muc at

day? . 5
Find the cost of 3—5— metres of cloth at 3 63 ) per metre.

2 . ST . )
A car is moving at an average speed of 60 E km/hr. How much distance will it cover in
6 l hours?
4

) 2
Find the area of a rectangular park which is 36 - m long and 16— m broad.

Find the area of a square plot of land whose each side measures 8 7 metres.

. One litre of petrol costs X 63% .What is the cost of 34 litres of petrol?

. 1
An aeroplane covers 1020 km in an hour. How much distance will it cover 11 4 E hours?
The cost of 3% metres of cloth is ¥ 166% . What is the cost of one metre of cloth?

A cord of length 71 2] m has been cut into 26 pieces of equal length. What is the length of
each piece? 2

; 7 v 3
The area of a room is 65% m 2. If its breadth is 5 5 metres, what is its length?
3
The product of two fractions is 9% . If one of the fractions is 9 7 find the other.

In a school, 2 of the students are boys. If there are 240 girls, find the number of boys in
the school.

After reading 9 of a book, 40 pages are left. How many pages are there in the book?

1
Rita had ¥ 300. She spent 3 of her money on notebooks and 1 of the remainder on
stationery items. How much money is left with her?

1
Amit earns ¥ 32000 per month. He spends 1 of his income on food; k) of the remainder on

house rent and o1 of the remainder on the education of children. How much money is still
left with him?

If % of a number exceeds its % by 44, find the number.

At a cricket test match 7 of the spectators were in a covered place while 15000 were in open.
Find the total number of spectators.

EXERCISE 1H

OBJECTIVE QUESTIONS

Tick (/) the correct answer in each of the Jollowing:

.

(_—5'+1] =7?
16 12

(a) et (b) 1 13

48 24 ©) 5 (d) %
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10,

11.

12,

13,

O
15 3)=°?
28
(a) — (b) =28 —4
15 15 (c) — (d) -4
( 7 IE 5 15
26 39,7
11
@ 78 (b) -?1; (c) il (d) -1
+3) ” :
3+— =9
-7
-16
(a) T (b 18 (c) =26 -8
7 = (d) —
31 —5] g
_._+__ =
-4 8
67
(a) — o7 -57 iy
8 (b) 8 (c) _8_ (d) %
. What should be added to -~ —&
o 12 to get 15 ?
17 =17 7 -7
(a) 20 (b) 50 (c) 20 (d) T

-1 -4 -13 _7
(a) — b) —
5 (b) 15 (c) 60 . (d) —30

-4
. The sum of two numbers is 5" If one of the numbers is -5, what is the other?

=11 11 -19 19
— b — ek 19
(a) 3 (b) 3 (c) 3 (d) =
-5 -2
What should be added to - to get ??
-29 29 1 -1
- —_— (c) — d) —=
@ 51 k) 51 21 @ 35
-5 5
What should be subtracted from 5 to get E?
5 2 L -5
-1
)"
’ 7 3
/ — (c) = (d) none of these
bers i _—28-Ifoneofth bers i Eth the oth
The product of two rational numbers 1S 31 e numbers is 5= en the other
one is
= 2 3 -3
(a) ?2 () 3 © 3 @ 5
16 -15
The product of two numbers is 35 - If one of the numbers is R ﬂ;e other is
8 32 (d) —
3

(a) %2 (b) 15 (c) 75
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-3
14. What should be subtracted from 5 to get —27?

7
¥ ~13 13 (d) —
-10 .
: i —— n the other one is
156. The sum of two rational numbers is 3. If one of them is 3 the
13
-13 -19 l (d) —=
—_ b) — (c)
(a) 3 (b) 3 3 3
16. Which of the following numbers is in standard form?
- (b) 22 () = il
@ 26 71 16 -105
-9 8)
_x._. -
(3
-3 -4 -9 -
— —— = d) =
@ o (b) 15 © 55 (d) 5
-5 2
—_— :?
18 (9 3]
5 -5 -10 -
SENRE b —_ -V =
(a) 5 . (b) 6 (c) T (d) =
4 -8
19 57?_E
-32 -8 9 =
20. Additive inverse of _3515
-9
— 5
(a] 5 (b) 0] (C) 5 [d) g
21. Reciprocal of _zsis
4 3
(a) = (b) 2 j
° B el 3 (d) 0
22. Arational number between %2 and 1 is
5
@32 (b) =2 5
12 — -
12 © 2 (@ =2

23. The reciprocal of a negative rational number

(a) is a positive rational numper
((b; Is a negative rationa] number
C) can be either 5 positive i
(@ dome e - Or a negative rational number

=
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.

,V'Thing‘sr to Rémgm}:;er"

1. The numbers of the form %, where a and b ar.

2. (i) A rationg] number is said to be positive if its numer ator and denominator are either Sath
Positive or both negative,

(i) A rationql Numberis s

e integers and b # 0, are called rational numbers.

aid to be negative if its numerator and denominator are of opposite signs.

a . ‘
3. () Ifg is a rational numper and m is a nonzero integer then & = Z 2.
xm

. a. . ;
(i) If 5 1S a rational number gnd M is a common divisor of both a and b then

E a+m_
b b+m

is said to be in standard form ifa and b are integers having no common divisor

4. Arational number &
b
other than 1 and p is positive,

5. %:2 only when (a x d)=(bx¢).

- To compare two or more rational numbers, express each of them as rational number with positive
denominator. Take the LCM of these positive denominators and express each rational number with
this LCM as denominator. Then, the number having the greater numerator is greater.

7. If % and % are any two rational numbers then

(i) [% + g) is also a rational number. [closure property]

(ii) % +§ =§ +% - [commutative law of addition]
a c¢ e a c e S .
—+—|+—==—=+|=+—=|- [associative law of addition]
w (54 7 b (d fJ
a a a
—+0=0+"2==-.
(iv) 5 + b-D

0 is called the identity element for addition of rational numbers.

a -a -a a
—+—|=|—+—|=0.
@ (5+3)-(5+3)
T a
-2 is called the additive inverse of %
b

g _gx
d bx

(o

a d < e any two rational numbers then £
8. If —and — ar b

o8

9. If 2 and £ are any two rational numbers then
’ d

§
4

(i) (E x EJ is also a rational number. |[closure property]
b d

(i) (g " E] =(£ 52 EJ - [commutative law of multiplication]
b d '

in (&€& =EX[£XEJ- lassociative law of multiplication)]
iy f b \d f

——
d

b

a
(iv) (%x 1) =(1X%J=E.

1 is called the multiplicative identity for rationals.

b a)_
@ (3e2)-(ax5)"

, a
b is called the multiplicative inverse or reciprocal of =

a
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(vi) % X (2— + %J = (% X é) +(% X ?] . [distributive law]

(vti) [&m):(od):o.
b b
&

10. If 2 and £ are two rational numbers such that < =0 then Bl =(9— X E) .
b d d b d) (b ¢

a
11. () If - and % are two rational numbers and 2 #0 then [% + 2) is also a rational number.

(it) For every rational number %, we have (% + 1) =% and (% = ﬁ) =1.

12. If x ‘;nd Y be two rational numbers such that x < y then 2l(x +y) is a rational number betwee
x and y.
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TEST PAPER-1

A. 1. Find the additive inverse of: ( 5

1< (id)
~10 11 5

The sum of two rational numbers is -4. If one of them is _?11 find the other.

What number shoulqg be added to %31 to get z‘P’

3
What number should be subtracted from —TS to get i?
Find the multiplicative inverse of: (1) _4—3 (ii) 14—1

The product of two numbers is -8. If one of them is —-12, find the other.

Evaluate:
-3 10 -5\
i —x s - sas g -1
()5 = (u)(SJ (iii) (-6)
8. Name the property of multiplication shown by each of the following statements:
L —12 3 3 -12 L =8 -8
(i) —x=—==—x——= (i) —x1=—
5 4 4 5 15 15
-2 7Y -5 -2 (7 -5 -2
i) | 2 L 22 (L, 2 iv] —x0=0
[1u)(3x8Jx7 SX(SXTJ (1)3><

DG
M?{?Ho 575 )7 510

-1 1
9. Find two rational numbers lying between ? and 8

B. Mark (/) against the correct answer in each of the following:

-3 -1
10. What should be added to = to get —?

3

(a) % (b) 1% (c) % (d) %
11. What should be subtracted from ~_32 to get 2?

(a) % (b) _1—123- (c) %5 (d) %
12, (—4_5j =7 5 3

(a) % (b) :Sé Ly (@
13. The product of two numbers is -:—} - If one of them is % then the othe; is

@2 o 2 (€5 @2




T EO— R —— e AR,
R R T A oo AT

28 Mathematics for Class 8

5 -2
14, (6 3)

4
-5 5 —4 d) =
(a) 1 (b) 1 (c) 5 ( 5
4 -5
15, —+?2=—
3 2 g
-8 8 "_8 (d) —
(a) ? (b) g (c) 15 15
. ~7 |
16. Reciprocal of 5 is
(a) g (b) - (c) £ (d) none of these
7 ¥ 9
. =2 1,
17. A rational number between — and 5 is
-1 -1 -5 5
a— _ - d —
f (a) 5 (b) 5 (c) = ( )6
C. 18. Fill in the blanks.
25
(1) ? o P )=-10
-8 -2
(11) ? X ( ...... ) = ? .
-2
iii) (-1 +(...... =—.
(iii) (1) + ( ) 5
1
(iv) 3 - (...... ) = T

D. 19. Write ‘T’ for true and ‘F’ for false Jor each of the following:

(i) Rational numbers are always closed under

(ii) Rational numbers are always closed under
(iii) 1+ 0 =0.

Subtraction,
division,
(iv) Subtraction is commutative on rationg] numbers

-7\ 7 .
o3

8 8




Exponents

Let us recall that for positive integers a and n, we have:
a”, wh i
ca) when n is even
—a", when n is odd.

EXAMPLES (1) (-2)* = (~2)x (-2) x (~2) x (-2) =16 = 24,
(i) (-2)° = (-2)x (-2) x (-2) = -8 = -2,
In this chapter, we shall be dealing with the exponents of rational numbers.

Positive Integral Exponent of a Rational Number

Let % be any rational number and n be a positive integer. Then,

a\" a a
- =—X—X
(b) b b
n a"
Thus, (E) = —- for every positive integer n.

b ? 3\? -3)* -2)°
EXAMPLE1.  Evaluate: (i) (EJ (ii) (—4—) (iii) (?)
Solution We have: )

L (8) 3% _ 27
(1) [E) 53 125
o (-3\'_ 3t 8t _ 81
(ii) [‘ZJ = 44 4% 9256
2)° (2® -2° -32
(s} [’3‘) ~T3% 35 243

Negative Integral Exponent of a Rational Number

axaxax...n times a“

..n times = .
Koot © bxbxbx .n times b"

Sl <!

Let 2 be any rational number and n be a positive integer.
b

-n b n
Then, we define a = (_) )
i) ’ b a

e () )

0
Also, we define, [EJ =1.

b 29
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EXAMPLE2,  Evaluate: ” 0
2 -3 : 1 h i ) .g
() (EJ (1) 47 (i) [g (| 3
Solution We have:
(2 (ﬁ T8
3) \2) 28 8
(11) 4__2 = (_%J—z — (l)z o i — L
1) "la) a2 16
-2 2
(iii) (1) = (QJ =62=36
6 1
0
(iV) [%J =1
LAWS OF EXPONENTS
Let % be-any rational number, and m and n be any integers. Then, we have:
(i] (EJITI X(EJI’I =(gjm+n .
b b b
(i) [E)T +(2Jn ("
b b b
(iii) (Ejm . g mn .
b b/
(iv) fﬂxf_]" 2['&)” x[g}” and{(g_/p_)}” _lam"
b d | b d. (c/d) (c/d)"
v) Ej‘n =[£’—Jn,v§here n is a positive integ -
b . ; a : > ! 1 ger. .
s
(vi) %J -1,
SOLVED EXAMPLES
EXAMPLE1.  Evaluate:
(i)573 (ii) 1 ™ (iii 5\72 - i
3 tit) 5 (iv) (~2)-5 (v) ( :_3_)
Solution We have 4
Ms3-L _ 1

rm
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EXAMPLE2.  Evaluaqte:

B W W e

Solution We have:

SRS
b

EXAMPLE3.  Evaluate 5 N X(é
! valua 3 5

Solution We have:

| 82 5% (64 125) 125
| 132743 )79 62 )" 9
32 4 9 " 64 9

_4 2
) -5
EXAMPLE4.  Evaluate (—7‘) 2 j ’

Solution We have:

CORGRCRC]
o
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X sz ¥ oo 4 -2 ) §
B L B K A (o (7t 7 and (-5)? =5
ot 77 27’
77«57 49x25 1225
T oo2b 16 16
) R 2
EXAMPLES. Evaluate | - ‘f-
4 4
Solution We have:
Y 2 N \
\’ —]' ¥ =3 = 4 k = “”1 :’((_4]2
4 4 -1 -1
S (—4) Y 2 -4)f = -4 =-1024.
EXAMPLES  Eraluate E
Salution We have:
-3 2. (-3 ‘ = . 2P
2) [ '2 T2 -3
-2 2" 2" 64
B B 3% 729
EXAMPLE 7 Simplify:
/ 2\ =&
MHER'x5Nyt.g! (4 '+8NM+ =
3
Salution We have:
1 1
mei»s 4! ,l‘_. +
2 5 1
» ‘] ) l - 10 1
10 3+ 4] ry
1
10- - =10 <4) - 40
N ]
‘ ) -
(1) (4 - H 7) i : ,‘] o
3 40N 9
i2 1) $ s !‘ ;:{"_'g\ 1
L) 2 M9 Iy § | 1
, [ S B 1
EXAWPLE E Sunplify . v -
2 3 -1

Solutton We hisve

N
o
-

EXAMPLES. By what number s} (1 : i -4
er should !\2/“ be multiplied so thay the product Is (—_5.) 2
4

2\ (8% ray?
] {1l r{l

“ha)=(4+9, 16) = 29,
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Solution . Let the required number be x. Then,
| e
xx|=| =2
(2] [ 4 J

= Xx

— | N

S
-5 = X =—

Hence, the required number is %2 :

=9 -2
] 9
EXAMPLE10. By what number should [_ZEJ be divided so that the quotient is (Z) 4
Solution Let the required number be x. Then
=)
IO
i = —_ = — XX
X 4 3 9

(-2)° 42 -8 16
= = XX = —=—X
3% 92 27 81
-8 81 -3
= X=|—7X— s | =—
27 16 2

Hence, the required number is _?3

EXERCISE 2A
1. Evaluate:
1) 47° w (L) ay (2] (i) (-3 () (;ZJ—S
(i) 4 (ii) (5) (iii (3) =
2. Evaluate:
5> 5y .. (5\° .5t .. (2)® (2)? (9 (9)?
oG G w6 wE) G wE) 6
3. Evaluate:

v (g)‘zx(g‘sx@)o W (_?SJ4 x(_?zjz (111 (%%)Sx(;_zjz

6. Evaluate {(g)* _@“}".

7. Evaluate [(57'x37)"' +67
8. Find the value of:

Sl o (1Y? (1Y (1Y)
@) 2°+37)x3> (i) @' x37) =22 (i) [5) +[§) +(4)
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10.

11.

12,

13.

5 -4 5 -5 5 3x
Find the value of x for which (g) X (—3—) = (gj ;

4 4 4 -7 4 2x-1
Find the value of x for which (gj X [5] = [5) ;

By what number should (- 6)~! be multiplied so that the product becomes 97'?
=)

-3
By what number should [;:3—2} be divided so that the quotient may be (EJ &

If 52**1 £ 95 =195, find the value of x.

NUMBERS IN STANDARD FORM A number written as (m x10") is said to be in standard form

if m is a decimal number such that 1< m<10 and n is either a positive or q

negative integer.

I. EXPRESSING VERY LARGE NUMBERS IN STANDARD FORM

EXAMPLE 1.

SOLVED EXAMPLES

Express each of the_following numbers in standard form:
(i) 6872 (ii) 140000 (iii) 15360000000

Solution We may write:

EXAMPLE 2.

(i) 6872 = 6.872 x1000 = (6.872x10%).
(i) 140000 =14 x10000 = (1.4 x10x10*) = (1.4 x10°5).
(iii) 15360000000 = 1536 x 10000000 = (1.536 x 1000 x107)
=(1.536x10° x107) = (1.536 x10°).

The diameter of the sun is (1.4x10°)m and the diameter of the earth is
(1.2756 x107) m. Show that the diameter of the sun is nearly 100 times the

diameter of the earth.

Solution We have:

EXAMPLE 3.

diameter of thesun _ 1.4x10°  1.4x10% 14000
diameter of the earth  1.2756x107  1.2756 12756 100 =100 (nearly)-

(diameter of the sun) =100 x (diameter of the earth).

In a stack there are 4 books each of thickness 24 mm and 6 paper sheets each of
thickness 0.015 mm. What is the total thickness of the stack in standard form?

Solution Total thickness of the stack

=(24 x4) mm + (0.015 x6) mm
= 96 mm + 0.090 mm = (96.090) mm

— (96.09) mm = 2899 m - [9:609x1000
100 160

)

_(9.609x10°
102
Hence, the total thickness of the stack is (9.609 x 10) mm.

J mm = (9.609 x10) mm.
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EXAMPLE 4. Th
eassizf—ladm,ﬁ between sun ancsl earth is (1.496 x10'") m and the distance between
earth and s oon is (3'8.4 x10%) m. During solar eclipse moon comes in between
un. At that time what is the distance between moon and sun?

Solution Required distance
=1(1.496 x10'!) - (3.84 x10%)} m

_ [1496x1011
10°

={(1496x108)-(3.84 x10%)} m
=1(1496 -3.84)x108} m = (1492.16 x108) m.
Hence, the distance between moon and sun is (1492.16 x10%) m.

J— (3.84 x 108)} m

EXAMPLE 5. Write each (5)f the Jollowing numbers in usual form:
(i) 4.61x10 (ii) 2.514 x107 (iii) 2.0001x108

Solution We have:

461x10°
= - 461x1065-2)

(i) 4.61x10° =@X105
100 102
=(461x10°) = (461 x 1000) = 461000.
" 2514 2514 x107
(ii) 2.514 x107 = 2= 4107 =222 %Y _ (7-3)
1000~ TE 2514 x10

= (2514 x10%) = (2514 x 10000) = 25140000,

8
(iii) 2.0001x108 = 20001 ;o8 _20001x10°
10000 0

= (20001 x10*) = 200010000.

=20001x10®%

Il. EXPRESSING VERY SMALL NUMBERS IN STANDARD FORM

EXAMPLE6.  Express each of the following numbers in standard form:
(i) 0.00002 (ii) 0.000000061 (iii) 0.00000000837

Solution We may write:
2 -
(i) 0.00002 =5 =2 x107°).

. 000000061 = 61 3 6.1x10 3 6.1
(1) O. T10° 0 10° 108

837 8.37x100 8.37x102

=(6.1x107%).

(itf) 0.00000000887 = - = == — ===
8.37 837 .
:10(11_2] = 109 =(8.37x10 ).

The size of ared blood cell is 0.000007 m and that of a plant cell is 0.00001275 m.

EXAMPLE 7. o
Show that a red blood cell is half of plant cell in size.

Solution We have: -
Size of a red blood cell = 0.000007 m = Sem= (7x107%) m.

1275 1.275x10°3
Size of a plant cell = 0.00001275 m = 10° m =( 10° J m

- %f% - -11—22—5 m = (1.275x107) m.
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; -6 (-6+8)  7x107"
Size of a red blood cell _ __7_><iQ___5 _ Zj_}_(;TZ_S__, e
Size of a plant cell 1.275x10 1.
e _____7————— = ___7——— = —7—- (neaIIY)
=1.275x10) 12.75 13
= % (approximately)-
1 .
size of a red blood cell = 5 x (size of a plant cell).
EXAMPLES.  Express the following numbers in usual form: 6
(i) 2x107° (ii) 6.32x107* (iii) 1.596 x 10
Solution We have:
2 2
i) 2x107° = = = 0.00002.
W 2> 105 100000
; 632 1 632 632
ii) 6.32x107* = = =
) BEEX 100 10° 102x10* 10°
= —Eﬂ— = 0.000632.
1000000
-6
(1) 1,506 x10-¢ = 1396x107 _ 1596 1898 _ 90001596
1000 103 x10° 10
/ EXERCISE 2B
1. Write each of the following numbers in standard form:
) 5738 (i) 3500000 (i) 273000
(1) 168000000 (v) 4630000000000 (vi) 345x105
} 2. Write each of the following numbers in usual form:
- 5 ”
.(1) 3.74 ><12 (ii) 6.912)(1(;8 (iii) 4.1253 %107
(iv) 2.5x10 (v) 5.17x10 A

3. (i) The height of Mount Everest is 8848 m. Write it in standard form

(ii) The speed of light is 300000000 m/sec. Express it in standard form

(iii) The distance from the earth to the sun is 149600000000 m_ Write it in standard form

4. Mass of earth is (5.97 x 10 **) kg and mass of moon i o
of the two? oon is(7.35 x10**) kg. What is the total mass

Hint. Total mass =((5.97 x102 x10%2 +(7.35 x1022)) kg
=[(6597x10%) +(7.35x10%%)] kg = [(597 +7.35)x 1022
5. Write each of the following numbers in standard form:
(i) 0.0006 (ii) 0.00000083 |

(iv) 0.0027 (v} 0.00000165

1 kg,

(iii) 0.0000000534
(vi) 0.00000000689

1
1—00—000—0 m. Express it in standard form.
(ii) Size of a bacteria = 0.000000
_ (iii) Thickness of a Paper =
7. Write each of the following n
(i) 2.06x107°
(iv) 5.673x107*

6. (i) 1 micron =

4 m. Express it in standard form

0.03 mm Express it i
. in standar
umbers in usual form: @ form.

(ii) 5x10~7

] 1.8 i (iii) 6.82x10-6

(vi) 4.129x10-3

|
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EXERCISE 2¢

OBJECTIVE QUESTIONS

Tick (V) the correct answer in each of the Jollowing:

1.

10,

11,

2 -3
The value of [_J is

5
(a) ——— (b) 2_5_ 1_2§
125 4 (c) g
The value of (-3)~% is
(@ 12 (b) 81 o L
12
The value of (-9)-5 ig
(a).-32 (b) ;—; (c) 32
275 +22) -9
1 -1 1
@) 128 ®) 158 © -3
The value of (37! +471)-1 .51 45
7 60 7
(a) 10 (b) e OF=
1\72 12 1 —2_?
(EJ +[§) “{4) -
144
@) ) =2 (©) 29
= -3 -3
1 S_H (5] =7
3 2 4
27 64
() g (b) == © 75
-1
2y 2
47T
2
(a) — - (b) 16 © 16
16 7 -4 7 3x 7)51
3 —_— =| — , 1S
The value of x for which [er "[ng (12
(@) -1 (b) 1 () 2
If (231 110)+ 7 = 6, then x is equa].to o1
(a) -2 (b) O ¢
2 0
= =9
) N
c
l (b) 5
(a) 5 3

d) —

(d)

(d)

(d)

(d)

(d)

(d)

(d)

(d)

(d)

(d)

16
25

-16
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12. [— | =°?
3) 3
5 3 - (d) none of these
o b) = () —
(a) 3 _( ) 5 5
3
13. (-5) =?
& 1
-1 1 l (d) -
2
14. [_BJ =97
4 16
-9 9 16 —
— b) — c) — (d) —
®) 16 ®) 16 g 9
15. 3670000 in standard form is :
(a) 367 x10* (b) 36.7x10° (c) 3.67x10° (d) none of these
16. 0.0000463 in standard form is
(@) 463x10~7 (b) 4.63x107° (c) 4.63x107° (d) 46.3x107°
17. 0.000367 x10* in usual form is
(a) 3.67 (b) 36.7 (c) 0.367 (d) 0.0367

[———— |
e

€Th1ngs to Reme?nber

L Let
b

be any rational number, and m and n be any integers. Then, we have:
(a)m (aJn (ajmm

=] x )

b

" e HORGECE
SOISCR (s
5. {(ﬁf_@} _(a/b)

(c/d)

af “icar - (3) ()"
7. (&] -1.

ol R
~—
=]

X
o™
o
A

EXAMPLES (1) 160000 =(1.6 x 10°5)

€ Or a negative Integer. i
(i1) 1548000 =(1.548 x 108)
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1. Evaluate:

37 (i) (-4)°

—92\3 ke
2. Evaluate: {[?) } 3

3. Simplify: 37! + 67!y + [%)—1_

—2\78
4. By what number should (?) be divided so that the quotient is (%J

TEST PAPER-2

. -5
(iii) (%) (iv) (:32—)

6. Express each of the following in standard form:

(i) 345

(ii) 180000

(iii) 0.000003

. Mark (/) against the correct answer in each of the following:

7. The value of (-3)72 is

(a) —27 (b) 9

333
8. The value of [Z) is

—97 64
9.@£+3)=?
(a) 372 (b) 32

-1
(c) 27

(c) —

(c) 3°1°

-4 3x 5
10. If 2 % i) _—_(-5—] ,then x =7
12 12 12

11. (ﬁ)o _o
5
(a)% (b) g
-1
12, (_5—6) =7
-6
(alg ol 5
13' (ijs =?
3
1
(a) 51 ®) 5
g

(c) 2

()1

5
(c) 5

-2

?

5 0
“(7)

By what number should (-3)™! be multiplied so that the product becomes 67 ?

(iv) 0.000027

(d) =

(d) —

(d) 310

(d) 3

(d) O

(d) —

(d) 57-
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C. 14. Fill in the blanks.

(i) 360000 written in standard form is ...... .

(ii) 0.0000123 written in standard form is ...... .

2
(1) (‘—2J —
3

(iv) 3 x1072 in usual form is ...... )
(v) 5.32 x107* in usual form is ...... )

e



Squares
and

Square Roots

SQUARES

Square The square of a number is the product of the number with the number itself.
For a given number x, the square of x is (x x X), denoted by x?

EXAMPLES () 4% = (4 x4) =16 and we say that the square of 4 is 16,
(i) 92 = (9% 9) = 81 and we say that the square of 9 js 81.

PERFECT SQUARES OR SQUARE NUMBEHS

A natural number is called a perfect square or q Square number if it is the square of some
natural number.

FXAMPLES  We know that1=1%4=2%9=3216=42. 95 5%, and so on.
Thus 1, 4, 9, 16, 25, etc., are perfect squares.

Test: A perfect square number is always expressible gs the product of pairs of equal
Jactors.

EXAMPLE1.  Is 196 a perfect square? If so, find the number whose square is 196,
Solution Resolving 196 into prime factors, we get

_2]196
196 =2x2x7x7. o[ o8
Thus, 196 can be expressed as a product of pairs of equal factors. _7] 49

196 is a perfect square. 7 '17

Also,196 = (2% x7%) = (2x7)? = 14)2,
Hence, 14 is the number whose square is 196.
EXAMPLE 2 Show that 1764 is a perfect square. Find the number whose square is 1764.

Solution  Resolving 1764 into prime factors, we get

2] 1764
1764 =2x2x3x3x7x7. —5l 5t
Thus, 1764 is the product of pairs of equal factors. __g ;12 ;
1764 is a perfect square. . . _j_ I
Also,1764 = (2% x3?x7%) = (2x3x7)2 = 42)2, = 2
Hence, 42 is the number whose square is 1764. ] 1

41
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2]
[\
©
[\

|

EXAMPLE3.  Show that 6292 is not a perfect square.
Solution Resolving 6292 into prime factors, we get
6292 = 2x2x11x11x13 = (2% x11% x13).
Thus, 6292 cannot be expressed as a product of
Hence, 6292 is not a perfect square.

EXAMPLE4. By what least number should 3675 be multiplied to geta perfect square number?
Also, find the number whose square is the new number.

|

p—
— N[O
— (O
U=
~J [
wio

= =
QO |t
—
(g ¥l %]

|
|

pairs of equal factors.

Solution ~ Resolving 3675 into prime factors, we get _3| 3675
3675 =3xB5xBx7x7 = (3x52x 7). — 25

Thus, to get a perfect square number, the given number j 49

should be multiplied by 3. _7 7

1

New number = 32 x52 x72) = (3x5x7)* = (105)*
Hence, the number whose square is the new number = 105.

By what least number should 6300 be divided to get a perfect square number?

EXAMPLE 5.
Find the number whose square is the new number.
3| 6300
Solution Resolving 6300 into prime factors, we get 3| 2100
6300 =3x3x7xBx5x2x2 =32 x7x5%x2%), _7]__700
Thus, to get a perfect square number, the given number % 188
should be divided by 7. ) 4
New number obtained = (32 x52 x2%) = (3x5x2)? = (30)* “o| 2
Hence, the number whose square is the new number = 30. 1
EXERCISE 3A
1. Using the prime factorisation method, find which of the following numbers are perfect
squares:
(i) 441 (ii) 576 (iii) 11025 (iv) 1176
(v) 5625 (vi) 9075 (vii) 4225 (viii) 1089

Show that each of the following numbers is a perfect square. In each case, find the number
whose square is the given number:
(i) 1225 (ii) 2601 (iii) 5929 (iv) 7056

(v) 8281
By what least number should the given number be multiplied to get a perfect squart

3.
number? In each case, find the number whose square is the new number.
(i) 3675 (ii) 2156 (iii) 3332 (iv) 2925
(v) 9075 (vi) 7623 (vii) 3380 (viii) - 2475

4. By what least r.mmber should the given number be divided to get a perfect square number’
In each case, find the number whose square is the new number.
(i) 1575 (i) 9075 (iii) 4851 (iv) 3380
(v) 4500 (vi) 7776 (vii) 8820 (viii) 4056
5. Fmg the largest number of 2 digits which is a perfect square.
6. Find the largest number of 3 digits which is a perfect square.

pr—




Property 1.

EXAMPLES

Property 2.

EXAMPLES

Property 3.

EXAMPLES

Property 4,

EXAMPLES

Property 5.

EXAMPLES

Property 6.

EXAMPLES

Property 7.

EXAMPLE

Property 8.

EXAMPLES

Property 9.

EXAMPLES

Property 10 (Pythagorean Triplets):
Pythagorean triplet (m, n, p) ifm%+n

Squares and Square Roots 43

PROPERTIES OF PERFECT SQUARES

A number ending in 2, 3, 7 or 8 is never a perfect square.
The numbers 82, 93, 187,

248 endin 2, 3, 7, 8 respectively.
So, none of them is a perfe

ct square.

A number ending in an odd number of zeros is never a perfect square.

The numbers 160, 4000,
respectively.

So, none of them is a perfect square.

900000 end in one zero, three zeros and five zeros

If a number when divided b

y 3 leaves a remainder 2, then it is not a perfect
square.

170, 578, 617, 722, etc.

If a number when divided by 4 leaves a remainder 2 or 3, then it is not a perfect
square.

578, 654, 798, 1002, etc.

The square of an even number is always even.

2% =4,4% =16,6% =36, 8% = 64, etc.

The square of an odd number is always odd.

12 =1,8% =9,5% =25,72 =49, 9% = 81, etc.

The square of a proper fraction is smaller than the fraction.
4 4 4

@ -(3+2)-gamay

For every natural number n, we have

< g,since 4 x3)<(9x2).

n+1)2-n?=mn+1l+n)n+1-n)={n+1)+n}. ;
{(n+1)? n?}={(n+1)+n} :
(1) {(36)* - (35)} = (36 + 35) = (1) {(89)* - (88)%} = (89 +88) =177.

For every natural number n, we have
2
sum of .first n odd natural numbers =n”.

(i) {1 +3+5 +7+9) =sum of first 5 odd numbers =52,
(ii) {1 +3+5+7+9+11+13 +15} = sum of first 8 odd numbers =82

Three natural numbers m, n, p are said to form a
2 2
)= p~©.

An Important Result For every natural number m>1, we have 2m,m?-1,m?+1) as a

EXAMPLES (i) Puttingm =4 in (2m, m
(ii) Puttingm =5 in 2m, m

Pythagorean triplet.

2.1, m +1), we get (8, 15, 17) as a Pythagorean triplet.
2 -1, m® +1), we get (10, 24, 26) as a Pythagorean triplet.

Property 11. Between two consecutive square numbers n?and (n +1)?, there are 2n non-perfect

square numbers.
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EXAMPLE 1.

Solution

EXAMPLE 2,

Solution

EXAMPLE 3.

Solution

EXAMPLE 4.

Solution

EXAMPLE 5.

Solution

EXAMPLE 6,

Solution

EXAMPLE 7.

Solution

EXAMPLE 8,

SOLVED EXAMPLES

Give reason to show that none of the numbers given below is a perfect square.
(i) 2162 (ii) 6843 (iit) 9637 (iv) 6598

We know that a number ending in 2, 3, 7 or 8 is never a perfect square.

Hence, none of the numbers 2162, 6843, 9637 and 6598 is a perfect square.

Give reason to show that none of the numbers 640, 81000 and 3600000 is

perfect square.

We know that a number ending in an odd number of zeros is never a perfect square,

So, none of the numbers 640, 81000 and 3600000 is a perfect square.

State whether the square of the given number is even or odd:
(i) 523 (ii) 654 (iii) 6776 (iv) 7025

We know that the square of an odd number is odd and the square of an even number
is even.

(i) 523 isodd = (523) is odd.

(ii) 654 iseven = (654)? is even.
(iii) 6776 iseven = (6776)2 is even.
(iv) 7025 is odd = (7025)? is odd.

Without adding, find the sum:
(i)l+3+5+7+9+11) ({f)1+3+5+7+9+11+13+15+17)
We have
(i) A +3+5+7+9+11) =sum of first 6 odd numbers = 62 = 36.
() A+3+5+7+9+11+13 +15 +17) = sum of first 9 odd numbers = 92 = 81.
Express:
(i) 64 as the sum of 8 odd natural numbers.
(ii) 121 as the sum of 11 odd natural numbers.

We know that n? is equal to the sum of first n odd natural numbers.
(i) 64 =82 = sum of 8 odd natural numbers = (1+3+5+7 +9+11+13 +15).
(ii) 121 = 1 1)®> = sum of first 11 odd natural numbers

=0+3+5+7+9+11+13+15+17+19 +21).
Find the Pythagorean triplet whose smallest member is 19.

For every natural number m > 1, (2m, m? -1, m? +1) is a Pythagorean triplet:
Putting 2m =12, we get m = 6.

Thus, we get the triplet (12, 35, 37).

Evaluate ((337)% - (336)2].

We have (n +1)> -n?2 =(n +1) +n.

Taking n = 336 and (n +1) = 337, we get
(337)% - (336)2 = (337 +336) = 673.

Using the identity (a+ b)? = (a® +2ab + b?), evaluate:
(1) 609)% (i) (725)2
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Solution

EXAMPLE 9.

Solution

We have:
(1) (609)° = (600 +9)2 = (600)2 +2 x 600 x 9 + (9)?
= (360000 +10800 +81) = 370881.
(i1) (725)2 = (700 +25)2 = (700)2 + 2 x 700 x 25 + (25)?
= (490000 + 35000 + 625) = 525625,

Using the identity (a - b)? = (a® — 2ab + b %), evaluate:
() 491)* (i) (289)2
We have:
(i) 491)% = (500 - 9) = (500)2 - 2 x 500 x 9 + (9)
= (250000 - 9000 +81) = 241081.
(if) (289)® = (300 -11)2 = (300)%2 =2 x 300 x 11 + (1 1)
= (90000 — 6600 +121) = 83521.

PRODUCT OF TWO CONSECUTIVE ODD OR CONSECUTIVE EVEN NUMBERS

EXAMPLE 10,

Solution

Evaluate (i) 49 x51 (ii) 30 x 32.

We have:
(i) 49x51=(50-1)x (50 +1)
=[(60)% —12%] = (2500 - 1) = 2499.
(ii) 30x32=31-1)x(31+1)
=[(31)? -12%] = (961 -1) = 960.

10.

PN DU W N

SUMMARY
PROPERTIES OF PERFECT SQUARES

. A number ending in 2, 3, 7 or 8 is never a perfect square.

A number ending in an odd number of zeros is never a perfect square.
The square of an even number is even. i
. The square of an odd number is odd. ‘ _
The square of a proper fraction is smaller than the fraction.
For every natural number n, we have {(n + 1)® —r;z} ={(n+1)+n}.
Sum of first n odd natural numbers = nZ.
If m, n, p are natural numbers such that (m? +n2) = p?, then (m, n, p)is called a
Pythagorean triplet.

For every natural number m >1, (2m, m 2_1,m?2+1)isa Pythagorean triplet.

(i) (@ +b)? =(a@® +b2+2ab) (i) (@a-b? =(a?+b%-2ab)

1. Give reason to sh
(i) 5372
(v) 360

EXERCISE 3B

ow that none of the numbers given below is a perfect square:
(ii) 5963 (iii) 8457 (iv) 9468
(vi) 64000 (vii) 2500000

2. Which of the following are squares of even numbers?

(i) 196

(i) 441 (ili) 900 (iv) 625

(v) 324




S REENUCE YN

-

e i P R S e e Bt 0 S Ve dbca Sk i S

Mathematics for Class 8 - —
46
d numbers?
3. Which of the following are squares of odd 1 396 (iv) 8649
(1) 484 (i) 961 (1ii)
(v) 4225
+ Without adding find the 40 i) 1+3+5+7+9 +114+13+15+17+19)
() Q+3+5+7+9+11+13) (i) ( ;
(i) Q+3+5+7+9+11+13+15+17 +19+21+23)
5. (i) Express 81 as the sum of 9 odd numbers.
(ii) Express 100 as the sum of 10 odd numbers. -
6. Write a Pythagorean triplet whose smallest member isS a0
W 6 (if) 14 (i) 16 (iv)
7. Evaluate: ) 5
() (38)% -(37) (it) (75)* -(74)* ) 92)° ~( 1)1 7?
(iv) (105)* —(104)® (v) (141)? -(140)* (vi) (218)° -(217)
8. Using the formula (a + b)? = (@ + 2ab + b®), evaluate: ,
(i) 310)2 (ii) (508)® (iii) (630)
9. Using the formula (a—b)? = (a® - 2ab + b?), evaluate: )
(i) 196)% . (ii) (689)> (iii) (891)
10. Evaluate: (i)69x71 (ii) 94 x106.
11. Evaluate: (i) 88x92 (ii) 78 x 82.
12. Fill in the blanks:
(i) The square of an even number is ...... ;
(ii) The square of an odd number is ...... .
(iii) The square of a proper fraction is ...... than the given fraction.
(iv) n? = the sum of first nn ...... natural numbers.
13

1. Column method for squaring a two
Let the given number have the tens di
Then, we have to Square this number

Step 1.

Step 2.

Write (T) for true and (F) for false for each of the statements given below:
(i) The number of digits in a perfect square is even.

(ii) The square of a prime number is prime.

(iii) The sum of two perfect squares is a perfect square.

(iv) The difference of two perfect Squares is a perfect square,
(v) The product of two perfect Squares is a perfect square,

I

SHORT-CUT METHODS FOR SQUARING A NUMBER
-digit number

git = a and the units digit = p.

.

Make three columns,

I, Iand III, h 2
Write the values of g2 Tpsabya’,

»@xaxb)and b? in coly

In Column III, und

erline the units digi 2
Column II and add oL B

and - .
it to the value of (2 x  x ), carry over the tens digit of it 10



——

Step 3.

Step 4.

EXAMPLE 1.

Solution

Squares and Square Roots 47

In Column 11, gnderline the units digit of the number obtained in Step 2 and carry
over the tens digit of it to Column I and add it to the value of aZ2.

’Ti‘lnderline tpe number obtained in Step 3 in Column I.
he underlined digits give the required square number.

Find the square of (i) 47 (ii) 86.

(1) Given number = 47, (ii) Given number = 86.

a=4andb=7. .. a=8andb =6.

I i III I I III
a* |'@xaxb) | b2 a? | @xaxb) | b2
16 56 49 64 96 36
+6 +4 +9 +3
29 60 73 99

47)2 =2200. . (86)% =7396.

2. Diagonal method for squaring a number

EXAMPLE 2.

Solution

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Find the square of 39 by using the diagonal method.

The given number contains two digits. So, draw a square and divide it into 4
subsquares as shown below. Write down the digits 3 and 9, horizontally and
vertically, as shown below.

Multiply each digit on the left of the square with each digit on the top, one by one.
Write the product in the corresponding subsquare.

If the product is a one-digit number, write it below the diagonal and put 0 above the
diagonal.

In case the product is a two-digit number, write the tens digit above the diagonal and
the units digit below the diagonal.

Starting below the lowest diagonal, sumn the digits diagonally.
If the sum is a two-digit number, underline the units digit and carry over the tens

digit to the next diagonal. _
Underline all the digits in the sum above the topmost diagonal.

The underlined digits give the required square number.

(39)2 = 1521.

T — —————
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EXAMPLE3.  Find the square of 72 by using the diagonal method.
7 2
Solution
7 4 1
/ 9 4
4»‘511 2 1 0
5 / 4 4
) / /
8 4
(72)*> =5184.
EXAMPLE4.  Find the square of 527 by using the diagonal method.
Solution 5 2 7
ok 1 3
/ 5 0 5
2 2l 1 0 1
/ ] 4 4
z ;| 3 1 4
/ i ‘ ’
6 / / /
/ K
z 16 12 9

527)2 = 277729.

EXAMPLES.  Find the square of 689 by using the diagonal method.
6 8 9

4 5

32 /
+2
z / /
b 12 1
27
(689)% = 474721,
' EXERCISE 3C
F;:d(;l;ezvalue of each of the Jollowing, using the column method:
. (23) 2. (35)2 3. (52)2 4. (96)2
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R
Find thezvalue of each of the following, using the diagonal method:
5. (67) 6. (86)2 7. (137)2 8. (256)®
| r———————— |
SQUARE ROOTS

Square root The square root of a number x is that number which when multiplied by itself
gives x as the product.
We denote the square root of a number x by +/x.

Clearly, V4 =2, /9 =3, /16 =4, +/25 =5, etc.
Square Root of a Perfect Square by the Prime Factorisation Method
When a given number is a perfect square, we find its square root by the following steps:
Step 1. Resolve the given number into prime factors.
Step 2. Malkee pairs of similar factors.

Step 3. Take the product of the prime factors, choosing one factor out of every pair.

ILLUSTRATIVE EXAMPLES

EXAMPLE1.  Find the square root of 324. 2]|324
21162
Solution By prime factorisation, we get 3 81
324 =2x2x3x3x3x3. g Zg
J3924 =(2x3x3)=18. 3 3
1
EXAMPLE2.  Fiind the square root of 1764. 2] 1764
I 2| 882
Solution By prime factorisation, we get 3] 441
—2x2x3x3x7x7. _ 3| 147
1764 =2x2XoXoxX XL = o
«/1764=2><3x7=42. =z 7
1
EXAMPLE3,  Epaluate +4356. __2/4356
; 2] 2178
Solution By prime factorisation, We get 3] 1089
- 3x11x11. __ 3] 363
4356 =2x2x3X9IX11X22 11] 121
4356—_-(2x3><11)=66- _11] li
SaMPLEs,  Epaluate 11025 _g%ggg_
Solution By prime factorisation, We get 3] 441
_ 3] 147
11025 =5x5x3x3x7x7. 7 49
L 7

— 7) =105.
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Long-Division Method for Finding Square Roots

Step 1.

Step 2.

Step 3.

Step 4,

Step 5.

EXAMPLE 1.

Solution

EXAMPLE 2,

Solution

Group the digits in pairs, starting

- with the digit in the units place. Each pair and
the remaining digit (if any) is called a period.

Thiflk of the largest number whose square is equal to or just less than the Sfirst
period. Take this number as the divisor and alsa as the quotient,

Subtract the product of the divisor and the quotient from the first period and bring

down the next period to the right of the remainder. This becomes the new
dividend.

Now, the new divisor is obtained by taking two times the quotient and annexing
with it a suitable digit which is also taken as the next digit of the quotient, chosen
in such a way that the product of the new divisor and this digit is equal to or just
less than the new dividend.

Repeat steps (2), (3) and (4) till all the periods have been taken up.
Now, the quotient so obtained is the required square root of the given number.

SOLVED EXAMPLES
Find the square root of 784 by the long-division method.

Marking periods and using the long-division method, we have:

2| 7 84(28
ed
48| 384
-384
X

Evaluate +5329 using long-division method.
king periods and using the long-division method, we have:
1

Mar
7| 53 29 (73
49
143 | 429
-429
X

V5329 =75

o
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EXAMPLE3.  Evaluate +16384. 1 we have:
ing periods and using the long-division methoc,
Solution Marking periods an
1| 163 84(128
-1
22 63
-44
248 1984
-1984
X
v16384 =128.
EXAMPLE4.  Evaluate v10609.
: ivisi have:
Solution Marking periods and using the long-division method, we
1| 106 09 (103
-1
203 609
-609
X
410609 =108.
EXAMPLES.  Evaluate +/66049.
Solution Marking periods and using the long-division method, we have:
2| 6 60 49 (257
—4
45 260
-225
507 3549
-3549
X
V66049 =257,
EXAMPLES.  Find the cost of erecting a fence around g square field if
wh i es!
Jencing costs ¥ 35 per metre. J 0S€ area is 9 hectar
Solution Area of the square field = (9 x 10000) m * = 90000 1 2
Length of each side of the field = 90000 m = 300 .
Perimeter of the field = 4x300)m = 1200 m.
Cost of fencing = ¥ (1200 x 35) =¥ 42000.
EXAMPLE 7.

What least number must

: be subtracted Jrom 7250 to
Jind the square root of thi

get a perfect s ?Alsa
S perfect square. Bey TEEeE
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Solution

EXAMPLE 8.

Solution

EXAMPLE 9,

Solution

EXAMPLE 19,

Solution

Let us try to find the Square root of 7250.

8| 72 50 (85
64
165 | 850
825
25

This shows that (85)2 is less than 7250 by 25.

So, the least number to be subtracted from 7250 is 25.
Required perfect square number = (7250 — 25) = 7225.
And, V7225 =85,

Find the greatest number of four digits which is a perfect square.

Greatest number of four digits = 9999.
Let us try to find the square root of 9999.

9| 99 99 (99
-81
189 | 1899
~1701
198

This shows that (99)? is less than 9999 by 198.
So, the least number to be subtracted is 198.
Hence, the required number is (9999 -198) = 9801.

What least number must be added to 5607 to make the sum a perfect square?
Find this perfect square and its square root.

We try to find out the square root of 5607.

7| 56 07 (74
49
144 | 707
-576
131

We observe here that (74)2 < 5607 < (75).
red number to be added = (75)% - 5607 = (5625 - 5607) = 18.

The requi
Clearly, the required perfect square = 5625 and v5625 = 75.
Find the least number of six digits which is a perfect square. Find the square root

of this number.
The least number of six digits = 100000, which is not a perfect square.

e least number which when added to 100000 gives a perfect
is the required number.

root of 100000.

Now, we must find th
square. This perfect square

Now, we find out the square
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3| 10 00 00 (316
-5
61 100
-61
626 3900
-3756
144
Clearly, (316)% < 100000 < (317)2.
the least number to be added = (317)% —100000 = 489.
Hence, the required number = (100000 +489) =100489.
Also, 4100489 = 317.
EXERCISE 3E
Evaluate:
1. 576 2. V1444 3. /4489 4. V6241
5. /7056 6. /9025 7. 11449 8. 414161
9. /10404 10. /17956 11. 19600 12. 492416

13.

14.

15.

16,

17.

18.

19.

Method:

Find the least number which must be subtracted from 2509 to make it a perfect square.

Find the least number which must be subtracted from 7581 to obtain a perfect square
Find this perfect square and its square root,

Find the least number which must be added to 6203 to obtain a perfect square. Find this
perfect square and its square root.

Find the least number which must be added to 8400 to obtain a perfect square. Find this
perfect square and its square root.

Find the least number of four digits which is a perfect s

quare. Also find the square root of
the number so obtained.

Find the greatest number of five digits which is a perfect Square. Also find the square root of
the number so obtained.

The area of a square field is 60025 m?. A man cycles along its boundary at 18 km/h. In how
much time will he return to the starting point?
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SOLVED EXAMPLES

EXAMPLE1.  Evaluate 42 .95
Solution Using the division
method we may find th
shown below. v fin € square root of the given number as
6| 42.25 (6.5
-36
125 625
-625
X
‘V4225 = 6.5
EXAMPLE2.  Fuvaluate /1 .96,
Solution Using the division method we may find the square root of the given number as
shown below.,
1| 1.96(1.4
-1
24 96
-96
X
Vv1.96 =1.4
EXAMPLE3.  Evaluate /6.4009.
Solution Using the division method we may find the square root of the given number as
shown below.
2| 6.4009 (2.53
-4
45 | 240°
-225
503 1509
—-1509
’ X
6.4009 = 2.63
EXAMPLE4.  Evaluate +0.4225.
Solution Using the division method we may find the square root of the given number as

shown below.

6| 0.42 25 (.65
-36
125 625
-625

X

m =0.65

To find the value of square root correct up to certain places of decimal
fthe g t is required correct up to two places of decimal, we shall find it up to 3 places of
quare roo

decimal and then round it off up to two places of decimal.

oot is required correct up to three places of decimal, we shall find it up

Sirnilarly, if the square r d then round it off up to three places of decimal, and so on,

0 4 places of decimal an
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EXAMPLE5,  Evaluate <2 correct up to two places of decimal.

Solution  Using the division method we may find the value of V2 as shown below.

1| 2.000000 (1.414
-1
24 | 100
96
281 | 400
~281
2824 | 11900
~11296
604

V2 =1.414 = /2 =1.41 (correct up to 2 places of decimal)

EXAMPLE6.  Evaluate 0.8 correct up to two places of decimal.

Solution Using the division method, we may find the value of ¥v0.8 as shown below.

8 | 0.80 00 00 (0.894
64
169 | 1600
~1521
1784 7900
~7136
764

v0.80 =0.894 = /0.8 = 0.89 (correct up to 2 places of decimal)

EXERCISE 3F

Evaluate:
1. v1.69 2, +33.64 3. J/156.25 4. J75.69
5. +/9.8596 6. +10.0489 7. ¥1.0816 8. v0.2916

9. Evaluate \/3 up to two places of decimal.
10. Evaluate 2.8 correct up to two places of decimal.
11. Evaluate v0.9 correct up to two places of decimal.

12. Find the length of each side of a square whose i
area is f
length 13.6 metres and breadth 3.4 metres. equgl to the area of a rectangle

|

SQUARE ROOTS OF FRACTIONS
For any positive numbers a and b, we have:

(i) ab = (V& x/B) ua\/g:iﬁ.
b



EXAMPLE 1.

Solution

EXAMPLE 2.

Solution

EXAMPLE 3.

Solution

EXAMPLE 4,

Solution

Evaluate 441
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57

SOLVED EXAMPLES

96
We have 441 \/:174-‘
961  Jo961 .
Now, we find the Square roots of 441 and 961, as shown below.
2| 42121 3| 961 (31
-4 -9

41 41 61| 61

—41 e

X X

Thus, v441 =21 ang V961 =31

441 V441 21
961 /961 81
Find the square root of 1 20
56 225
160 169"

\/1 56 \/225 _ <225

169

169
We find the square roots of 225 and 169 separately, as given below.

- J169

1| 225(15 1| 16913
-1 =]
25 | 125 23| 69
-125 -69
X x

2

w/22 =15 and «/16

243 '
Find the value of /363

We have
Jz4 243 _ [81 _ _9.
363 121 11

Find the value of ¥45 x ~20.

Weh,afv5ex~/20 J45x20 = =J3x3x5x2x2x5

— [3x3%x2x2x5x5 =(3x2x5) =30,
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EXERCISE 3G
: 25
Evaluate _ = ) -
= 2 vVoor 3. 15z 729
* a1 925 9256
13 73 7 3 _:i?_- 8. 8005
> \°36 6 %322 289 J4
1183
o 10. 98 x /162
2023
EXERCISE 3H
OBJECTIVE QUESTIONS

Tick (V) the correct answer in each of the following:

1. Which of the following numbers is not a perfect square?

(a) 7056 (b) 3969 (c) 5478 (d) 4624
HiInt. The number 5478 ends in 8.

Which of the following numbers is not a perfect square?
(a) 1444 (b) 3136 (c) 961

(d) 2222
Hint. The number 2222 ends in 2.
3. Which of the following numbers is not a perfect square?
(a) 1843 (b) 3721 (c) 1024 (d) 1296
Hint. The number 1843 ends in 3,
4. Which of the following numbers is not a perfect square?
(a) 1156 (b) 4787 (c) 2704 (d) 3969
Hint. The number 4787 ends in 7.
5. Which of the following numbers is not a perfect square?
(a) 3600 (b) 6400 (c) 81000 (d) 2500
Hint. The number 81000 ends in an odd number of zeros,

Which of the following cannot be the u

nit digit of a perfect s

i 8 b) 1 o o quare number?
7. The square of a proper fraction is @ 8
(a) larger than the fraction
(b) s '
(c) equal to the fraction (d) nI:r? Ile; than the fraction
8. If nis odd, then (1 +3 +5+7+... ton terms) is EQuai(t) these
(o}
(@ n*+1 . (b) 2% -y () 2
9. Which of the following is a Pythagorean triplet? (d) @n? +1)
o ) i2.8,5) b) (5,7, 9) © (69 1
3 at least number mygt be Subtracteq from 17¢ 't 1) (d) (8, 15, 17)
(a) 16 (b) 10 © 0 make it a perfect square?
11. What least number must he added tqo 526 t 7 (d) 4
(a) 3 (b) 2 O make it a perfeey Square?
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12. What least number muygt be added to 15370 to make. it a perfect square?
(a) 4 (b) 6 (c) 8 (d) 9
13 09 =9
0.
(a) 0.3 (b) 0.03 (c) 0.33 (d) 0.94
14, 401 =7
(a) 0.1 (b) 0.01 (c) 0.316 (d) none of these
15. ¥0.9 x+/16 =?
(a) 0.12 (b) 1.2 (c) 0.75 (d) 12
Hint. V09 x+16 =144 =19 .
/288
16. =?
128
V3 3
@) X3 (b) = 2
5 7 (c) 5 (d) 1.49
V288 288 _ 9 _3
Rt 158 Vi W/%'E'
17, ok Zo
4
1 1 1
(a) 2= (b) 15 (c) 1Z (d) none of these

2
V' 4 4 2 2

18. Which of the following is the square of an even number?

(a) 196 (b) 441 (c) 625 (d) 529
19. Which of the following is the square of an odd number?
(a) 2116 (b) 3844 (c) 1369 (d) 2500
——
((Lhings to Remember )

1. The square of a number is the product o{ the number with the number itself.
Thus, square of x =(x x x), denoted by x~.
. A natural number n is a perfect square if n =m? for some natural number .

2
3. A number ending in 2,3, 7 or 8 is never a perfect square.
4. A number ending in an odd number of zeros s never a perfect square,
5. (i) The square of an even number is even.
(1) The square of an odd number is odd.
8. For any natural number n, we have
n? = (sum of the first n odd natural numbers).

7. For any natural number m greater than 1, (2m, m2-1,m?2+ 1)is o Pyhuigorean triglet
8. The square rootof a number x Is that number which when multiplied by itself gives x as the product.
and we denote the square root of x by Jx.

t square, resolve it into prime factors; make pai
the square root of a perfec ; patrs of
9. ‘I; nf;;if} ;g t'(j;i,-r;dand tc?ke the product of prime factors, choosing one out of every pair.

Lo
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‘ imal places ep
10. For finding the square root of a decimal fraction, make the number ergjflgtuttill?lg the dei? l
. affixing a zero, if necessary; maric the periods, and find out thz square ) m
point in the square root as soon as the integral part is exhausted.
11. For positive numbers a and b, we have:

Ja
(i) vab=+axb (ii) \/%2_.

SOME INTERESTING PATTERNS (JUST FOR FUN)

PATTERN1.  (11)%2 =121

101)? =10201

(1001)%? =1002001

1ooon? = ...

(100001)? = ...

(1000001)? = ...

(L0000001)? = ... ..
Solution Clearly, we have:

(10001)? =100020001

(100001)? =10000200001

(1000001)* =1000002000001

(10000001)* =100000020000001
PATTERN2. (11)2 =121

101)% =10201

(10101)* =102030201
(1010101)* =1020304030201
(101010101)% = ...

Solution Clearly, we have 5 ones, So, we take counting up to 5 ang then in reverse order
putting O in between each pair.
(101010101)2 = 10203040504030201.
PATTERNS. 1% 122 192 _g32
22432162 =72
3% +42 +(12)% = 13)2
42 452 4 =

............

Solution We have a® + b2 4 ¢2 = ¢ +1), where
4% +52 1 (20)2 = 21)2
52 +62 +(30)2 = (31)2
6% +72 1 (42)2 = (43)2

C=axbh.

PATTERN4,  (1)2

= 1

(11)? = 121
1112 = 123921
t111)2 = 1234392]
11112 = 1234543921
(111112 12345654391

I1111111)2 =

.......
..............
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Solution In the given number we h
Teverse order up to 1.

(11111111)% =12345678765439 1.
PATTERNS.  (7)2 = 49
67)% = 4489
(667)* = 444889
(6667)* = 44448889

(66667)° = 4444488889
(666667)2 =

in
ave 8 ones, so we write numbers from 1 to 8 and then i

Solution Clearly, we have (5 sixes and one seven).

So, the square must have 6 fours 5 eights and 1 nine.
(666667)° = 444444888880,

=

——— ]
—
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TEST PAPER-3
A. 1. Evaluate +11236. |

2. Find the greatest number of five digits which is a perfect square. What is the square rog

of this number?

3. Find the least number of four digits which is a perfect square. What is the square root of

. this number?
4. Evaluate +/0.2809.

5. Evaluate +/3 correct up to two places of decimal.
V48
\243

B. Mark (/) against the correct answer in each of the following:

6. Evaluate

7. Which of the following numbers is not a perfect square?

(a) 529 (b) 961 (c) 1024 (d) 1222
4
(a) ol (b) 1+ (c) i (d) none of these
2 4 2
9. Which of the following is the square of an €ven number?
(a) 529 (b) 961 (c) 1764 (d) 2809
10. What least number must be added to 521 to make it a perfect square?
(a) 3 (b) 4 (c) 5 (d) 8
11. What least number must be subtracted from 178 to make it a perfect Square?
(a) 6 (b) 8 (c) 9 (d) 7
12. 72 x /08 =2
(a) 42 (b) 84 (c) 64 (d) 74
C. 18. Fill in the blanks. '

(i) 1+3+5+7+9+11+13=(
(ii) V1681 =

......




