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_ CHAPTER 7
POWERS AND ROOTS

7.1 | EXPONENTIAL NOTATIONS (Positive powers only)

If number 3 is multiplied to itself 4 times, we get : 3 x 3 x 3 x 3.
The product of 3 x 3 x 3 x 3 can be written as 34.
3% is called the exponential notation for the product of 3 x 3 x 3 x 3.

In the product 3 x 3 x 3 x 3 = 34 the repeating number 3 is called the base,
whereas 4 is called the exponent (or index or power).
Similarly : (i) in 23, base = 2 and exponent (power) = 3
(i) in (-3)% base = -3 and exponent (power) = 4
2

iy R e s
(i) in x3, base = x and exponent (index) = 3 and so on.

In general, 3* is read as: 3 raised to the power 4 or the fourth power of three.

1. (8)%=-83x-3x-3x-83=81 and -(3)*=—(3x3x 3x3)=-81
2.  For any non-zero number a, a% =1
2 0
ie. 20=1{, (- 5)0 =1, [E] =1 and so on.
3. For any number a, a' = a
24 o B
N s ek i
Le. (-2 2, Dy [3] 3 and so on.
Example 1 :
Evaluate : (i) 32 x 24 fi)2:58= x 2%
Solution : |
() 3 x2*=3x3x2x2x2x2- 14 (Ans.)
([i) 3#*x2°=3x3x20=9x1=9 (Ans.)
Example 2 :

Simplify and express the result in exponential form :

0) 5x2x 33 i 34 x o4
3x3x2x%x5% 23 36
Solution :
(ﬂ 5x2x3° - 7 Bxax@ <5l 3 3

3x3x2x53  3x3x2x5x5x5 - Bx5 52 (Ans.)
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34 24 Ix3XIXIX2X2X2X2

i P9
) 53 36 = 2x2x2x3x3x3x3x3x3  3x3 3 S
Example 3 :
Evaluate : 6a2b® for a=3 and b = 2.
Solution :
6a°b® = 6xaxaxbxbxb
= 6x3x3x2x2x2=432 (Ans.)
The following table will make it more clear :
Number As a product of prime factors In the exponential form
8 Px2x2 23
243 Ix a3 x3.x3 3°
72 2x2x2x3x3 23 x 32
630 PR g ox 7 21 x 32 x 5! x 71
9000 D xIx2x3x3xB5x5x%x5 23 x 32 x 53 24
e EXERCISE 7(A)
1. Fill in the blanks :
(i) In expression x¥, base = ... and exponent = ...............
(i) In expression (=6)%, POWEr = ....c.cccounennnss and base = .............

(i) If base = 8 and exponent = 5, then EXPression = .......cceecerennnaes
(iv) If base = -2 and power = 10, then expression = ........cccocvienunns

2.  Evaluate the following :

i1 4 i as0icgs . 0.
b - ) ) A
(v) lfx=1,then 15X’ = .............. (vij fy=38,theny’ = ...
(vii) Ifa=-2 then4a’= ... (vii) 1f32=1,thena= .......
3. Find the value of :
() (-2)° (i) (=1 0)3 (iiiy 104 (1) T

4. Find the value of :

0 [%]4 (i [-——;—T | i [-%]3 (iv) [g ]4

5.  Simplify and express the result in exponential notation :

i SN2k Px2%x3 35 x 22 i 5x5x5° x 32
(0 3x3Ix3x2 (i) 3Ix3Ix2 3><3>~<52
; 23 x3% x5° & 5% x11°
(V) g2 322 b A PRE%E
6. Evaluate :
" i

33 x(-2) :

| ii) 8%+ 82 (i) (-5)7 + 5*
(i) (_2)5 (ii)
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;5 Evaluate :

(i) adfora=3 (ii) 4b3 for b = 4

(i) 2x3forx=5 (iv) (8x)? for x = 1

(v) (4a)d for a = —1 (vi) 2a%b?fora=2andb =3
(vii) 3x3y* forx=1andy = -1 (viii) abdfora=2andb =-3

(ix) a+b3fora=1andb=2 (x) a8+b3-3abfora=2andb =1

8.  Express each of the following numbers in the exponential form of its prime factors :
(i) 16 (i) 81 (i) 144 (iv) 2700
(v) 3000 (vi) 6075 (vii) 4500

7.2 | PROPERTIES OF EXPONENTS

Property 1 (Product Law) : aMxagh=gMm+n

For example :

(i) adxa2=2a3+t2=735 (ii) 37 x 33 =37+3 _ 310
6 5 11
(iii) (-5)* x (-5)? = (-5)8 (iv) (i) X [%J = (%J and so on.
Property 2 (Quotient Law) :
al'l'l : m 1
:n—=a'“-“,|fm>n and :—n=an_m,ifm<nanda¢0.

For example :

5 3

_ a a 1 1

) = =al g ) == =

() 33 (") 35 aB-—S 8.2

LN ) 3? L] 34 1 1

(iii) o 37-4=33 (iv) o7 greadta and so on.

For both the properties discussed above, the base must be the same.

Property 3 (Power Law) :

(@m)" = gmxn

For example :
(i) (@) =a°*3=gal® (i) (39)° =8=%°= 310 GniiEa o
Also, (i) (a3 x b*° =a%x5 x pb**5 =315 x p20

52 \ 32%3 36
(ii) [2—4] =S¥ ~oiE and so on.

(a x b)® = a5 x b5, but (a + b)5 % a5 + b and (a — b)5 # a5 — b5,

Example 4 :

27 w2’ (B el 8 x4

Using the properties of exponents, evaluate :(i) o6 (ii) o8 (iii) P xat
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23 v 27 23+? 210
= 210-6_24_2x2x2x2=16
(2’ x2" -2°x2’

Solution : (i)

(if)

(Ans.)

[(—2)3=-2>c-2x-2=—2x2x2=—23]

26 2‘5
_210
= SRgIes o8 _ 9 x2%x2x2=-16 (Ans.)
26
el L ¥ 38-6 : gﬁ_ A 3x3 i =2i (e
(iii) TR Bl o T 4 4 4
e N E N ERCISE 7(B)
1.  Fill in the blanks :
(I D8 e = ioirars (BEEESE RS = ... cnicnses R D i
3
5’ PR i, s
AV RS MR AL (V) e e Lok i (vi) T o
6 _ 30 2
(vii) %I I L Lt s (viii) (@3 xb*)2 = e (ix) [?) ks ones
(X) (@2 x5% = ...
2. Using the properties of exponents, evaluate :
34 x 3° - 44 2 x(2)°
s oty W & AT
23 x 5% 52 x 3°
(iv) 54 (V) 33
3. Evaluate : |
4,2
- (9°x(2)* XD e i o
(l) (_2)2 (“) 24)(55 (III) ( ) (

4. Evaluate :
(i) 23-32+4° (i) 52 +22-3%+8°
5. Evaluate :
() ¢ ifx=3 (i) x3y? ifx=2andy=3
(i) x2+y3 ifx=1andy=2
(iv) 3x?y-2xy? ifx=5andy=6

(iv) 3x%y - 2xy? = 3x52x6-2x5x 62
= 3x25x6-10x 36
= 450 - 360 =90

e
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7.3

SQUARES

When a number is multiplied by itself, the product obtained is called the square

of that number.

For example :

(i) Since 4 x 4 = 16, ~. 16 is square of 4, and we write : (4)2 = 16
(i) Since -2 x -2 =4, . 4 is square of —2 and we write : (—2)? = 4
oot R 4 AR P
(ii) Since Pl T w9 Issquare of 3 which is written as (E] =9
(iv) Since 0-2x0-2=004 .. 0-04is square of 0-2 i.e. (0-2)2 = 0-04 and so on.
i*_ Whether the number is positive or negativ:e, its square is always positive.
!' eg. () 8 =3x3=9
| (i) ((3°=-83x-3=9
| (iii) (-5)? = -5 x -5 =25 and so on
Vlore examples :
(i) Squareof 0=02=0
(i) Squareof 5=52=5x5=25
o 2 D Yl 2 4
(i) Square of el = [_E] =L 5] X [ 5] =
. 3 CANE VAR L L b
- = 2— — —— = 0 T S e
(iv) Squareof27 ( 7] [7] > X 29 5‘}”J
1 10 7% 7 7). 48 1
——:-—-3— — ] el — eef, 1 7T T, anit — g TN
(v) Square of :32 ( 2] ( 2) ( 2)x( 2] 2 124
(vi) Square of 2.3 = (-2-3)2 = 2.3 x 2.3 =5.29 and so on.
- — EXERCISEZZ(C)
1. Find the squares of first five natural numbers.
2 Find the squares of first six even natural numbers.
3.  Find the squares of first four odd natural numbers.
4.  Find the squares of first five prime numbers.
5.  Find the squares of : ,
: e 2 : 3
i) 9 (ii) 5 (i) 1 = (iv) 22
6. Find the squares of : :
(i) -3 (i) - £ (iii) 1—2- ' ]
3 Miyie it
i Find the squares of :
(). 28 (i) 06 (i) 0-23
(iv) 0-02 (v) —16 (vi) —0-8
———————————————————————————————
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7.4 | SQUARE ROOT

The square root of a given number, is that number which when multiplied by itself,
gives the given number.

For example :
(i) Square root of 16 = 4, as 4 multiplied by itself = 4 x 4 = 16.
(i) Square root of 25 = 5, as 5 multiplied by itself =5 x 5 =25 and so on.

7.5 | SYMBOL FOR SQUARE ROOT
The square root is denoted by the radical sign |/ .

For example :
| ; 16 _ [16
() 9 means square root of 9; (ii) Square root of —= = ==

(iii). +0-16 means square root of 0-16 and so on.
76| METHODS OF FINDING THE SQUARE ROOT

(a) To find the square root of a number (whole number) using the prime factor
method :
Steps :
1.  Express the given number as the product of its prime factors.
2. Make groups, each consisting of two identical factors obtained in step (1).
3. Take one factor from each group and multiply them together.
4. The product so obtained is the square root of the given number.

Example 5 :

Find the square root of : (i) 144 {220 (i) 900
Solution :

(i) Since 144=2x2x2x2x3x3

. Square root of 144 = 144

= J(2x2)x(2x2)x(3x3)
it P X 3 [Taking one factor from each pair]
= 12 (Ans.)

OR, directly,as 144 = 2x2x2x2x3x3
= (2x2)x(2x2)x(3x3)

. Square rootof 144 = 2x2x 3 = 12 (Ans.)
i | EER 295 = 3 XIXDHXO
= (8 X 3) x (b x 5)
Square root of 225 = 3 x5=15 (Ans.)
(iii) = J2x2x3x3x5x%x5
J900 = V2x2x3x3x5x5 -2x3x5=30 (Ans))
71
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(b) To find the square root of a number in the fraction form :

The square root of a fraction is found by getting the square roots of its numerator
and denominator separately.

: fits numerator . a
Square root of a fraction = Squarerooto. ey elao e & -‘-C
Squareroot of its denominator b Jb

For example :

[22 J3x3x5x5 3><5 15 1
M ogEh o i TR =2"““
X7 7 7
{44 AR KA 3x7 21
e o 100 ‘/2><2><5><5 %5 7 Ao sl
(c) To find the square root of a number in index form :

In general, the square root of a given number in its index form can be obtained only
when its index (power) is an even number i.e. the given number is of the form 20, 38, 54,
etc.

Method : Keeping the base same, divide index (power) by 2.

Example 6 :
Find the square root of : (i) 28 (if88 . - () @ % 5
Solution :
(i) 28 shows that the power of 2 is 8, and half of 8 is 4.
Squarerootof 28 = 24=2x2x2%x2 =16 (Ans.)
OR, directly, V28 = 2¢=2x2x2x2=16 (Ans.)
Similarly .
(ii) V3% =33=3x3x3=27 LR R
(i) v29x52 =22x51'=2x2x5=20 (Ans.)
More examples
(i) Va4 x22x8 = J2x2x11)x(2x11)x(2x2x2)

J@2x2)x (11x11)x(2x2)x(2x2)
2n ¢ T2 =88

and so on.

i) 32 % 36 Fx(2x2)x(3x3) _ 3'x2x3 18
54 52 i3 25

—_ —ee - EXERCISE 7(D)
1. Fill in the blanks :
(i) The square of 7 is (7)3, then a = .............
(i) The square of b is 49, then b = ..............
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(iii) If x is positive and x? = 121, then X = ....ccccceeenee.

(iv) If the square of 0-8 = 0-64, then the square oot o 064 =i e
2.  Find the square root of :

(i) 64 (i) 144 (i) 225 (iv) 324
(v) 441 (vi) 484 (vii) 625 (viii) 729
3. Find the square root of :
s . g
) 3 (M Tg (i) 52
) 1< 1= ) 20
(iv) 13 v) 135 Vi) 259
4. Find the square root of :
(i) 4 x 49 (i) 9 x 81 (i) 100 x 16
, 5 P = nixi121
(iv) 1 x25 x 36 (v) 36 x 64 x (i) 505
5.  Find the square root of :
(i) 98 x 8 (i) 72 x 18 (iii) 8 x 25 x 200
6. Evaluate :
(i) J144x4 (i) V25x400 (i) +100x36
(iv) v9x81x100 (v) V16x25x4x 64 (vi) V81x64x4
196 x 1
(vii) V22 x 42 x 3?2 (viii) V38 x5 x 28 oMY SR
400
28 x 32 kel b L . [81x225
(x) - (xi) 22 (i) V300

T Evaluate :

i) V25 + V16 (i) 49 - V36 (i) v25 x V16

(iv) V144 + V16 ' (v) V49 - V16 + V4 (vi) gi%

7.7 | CUBES

When a number is multiplied by itself three times, the product obtained is called
the cube of that number.

For example :

(i) Since 4 x 4 x 4 = 64, . B4 is the cube of 4, and we write : (4)% = 64

(i) Since2x-2x-2=-8, .. —8isthe cube of -2, and we write : (-2)°=-8
s 82 2 2 8 8 2 b yat se8°
(iii) Since St i is the cube of 3 , and we write : (3] = o

(iv) Since 0.2 x 0.2 x 0.2 = 0.008,
0.008 is cube of 0.2, and we write : (0.2)° = 0.008
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1. The cube of a positive number is always positive. .
eg., (3°=3x3x3=27,(5=5x5x5=125 and so on.

2. The cube of a negative number is always negative.
e.g., (-3)3=-3x-3x-3=-27,(-5)°%=-5x-5x-5=-125 and so on.

3. -a=(-a)
i.e., =23 = (-2)3, -5% = (-5)3 and so on.

s s e

Viore examples :
(i) Thecubeof 0=03=0x0x0=0
(i) The cube of 6 =63=6 x6 x 6 = 216

2 per e 2 2 8
(iii) Thecubeof——s_[ 3] == xS G i s
- 2 (%) rg et g htg Mlmae THi 26
(v) The cube of 2 _(5} -2 3232 2
: 1V oSy @ - 7 A 7
St (g} | SRIKSN A i
(v) The cube of -3 ( 2] ( 2] > X—5 X3 : 421

(vij Thecubeof 1.2=(123=12x12x1.2=1.728 and so on.
AT EXERCISE 7(E) —

T Find the cubes of the first three whole numbers.
2. Find the cubes of each natural number between 3 and 8
3. Find the cubes of each integer between — 3 and 3.
4.  Find the cubes of each integer from — 5 to — 2.
5 Find the cubes of the even natural numbers between 4 and 10.
6. Find the cubes of the odd natural numbers from 3 to 9.
45 Find the cubes of :
(i) £ (ii) 2g (iii) 21 (iv) 3l
5 4 2 9
8. Find the cubes of :
(i) — % (i) — 1% (iii) — 2% (i) 3%—
9. Find the cubes of :
(i) 0.1 (i) 0.5 (i) 1.5 (iv) 0.02
(v) —0.6 (vi) —0.08 (vii) —0.14 (vii) — 1.6

e e e S — g

LEJ CUBE ROOT

The cube root of a given number, is that number which when multipled by itself
three times, gives the given number.

For example :
(i) The cube root of 64 =4, as 4 x 4 x 4 = 64
(i) The cube root of 125 =5, a5 5 X i X S =128
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kel - g™ 2> §75§8
(iiiy The cube root of 7 =3:3853 X3 s =
: 1 1 1 1 1 1
(iv) The cube root of - i 5135~ 5 e " %

(v) The cube root of 0.027 = 0.3, as 0.3 x 0.3 x 0.3 =0.027 and so on.

7.9 SYMBOL FOR THE CUBE ROOT

The symbol for cube root is 3 .

1
That is, the cube root of 243 is written as : Y243 or (243)3

Thus :
(i) The cube root of 64 = 4 = Y64 = 4
. 8 2 8 2
i — g - .| i S p—
(i) The cube root of 27 =3 =9 J; = 3
1 1 1 1
e o e LR e caiadd
(iii) The cuberootof - g ==7 = i o
(iv) The cube root of 0.027 =0.3 = ¥0.027 = 0.3 and so on.

710 | METHODS OF FINDING THE CUBE ROOT

(a) To find the cube root of a number (integer) using the factor method :

Steps :
1.  Express the given number as the product of its prime factors.

2. Make groups [out of the prime factors obtained in step (1)], each consisting

of three identical factors.
3. Take one factor from each group and multiply them together.
4. The product so obtained is the cube root of the given number.

Example 7 :
Find the cube root of : (i) 64 (i) 216 (iii) 729
Solution :

The cube root of a positive number is always positive.

(i) Since, 64 = 2x2x2x2x2X%X2
The cube root of 64 = V64
= Yox2x2x2x2%2
= Y2x2x2)x(2x2x2)
=2 RN2=1q
OR, Since,64=2x2x2x2x2><2
- 2x2x2)x(2x2x2)
The cube rootof 64 = 2x2=4
75
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(ii) Since, 216 = 2x 22 x@%x 3 x 8
= (2% 2 X 2) %(3"X 3% "3}
The cube root of 216 = 2 x 3 =6 (Ans.)
(iii) ointe, 729 = I X BIx 3L TR I XS
= (83x3x3)x(83x3x3)
The cube root of 729 = 3x3 =9 (Ans.)
Example 8 :
Find the cube root of : (i) — 64 (i) — 3375
Solution :

The cube root of a negative number is always negative.

(i) Since,—64 = -2 x2x2%x2x2%?2
= —2x2x Px(2 %2 x 2
The cube rootof -64 = -2 x2=-4 (Ans.)
(ii) Since, — 3375 = -5 x5x5x3x3x3
="— (O™ 6 xg) X{3 % .
The cube root of - 3375 = -5x3=-15 (Ans.)

(b) To find the cube root of a number in the fraction form :

The cube root of its numerator
The cube root of its denominator

The cube root of a fraction =

For example :

8 Cube root of 8

()  The cube root of 57 T Cib 3 ToGL BT D7

. §8-2x2x2and27=3x3x3 ==
3 —_—

3 8 % 2’/2><2><2 E

g 27 W7 Bl
N
The cube root of 0.729 = Zi: = % =0.9
The cube root of — 0.027 = - 235 = -% =-0-3

(c) To find the cube root of a number in index form :

In general, the cube root of a given number, in the index form, is obtained only
when its index (power) is exactly divisible by 3.

Method : Keeping the base same, divide the index (power) by 3.
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Example 9 :

Solution :

Find the cube root of : (i) 2% (ii) 3° (iii) 5°
(i) The cube root of 26 = 26 +3
=22=2x2=4 (Ans.)
g 3;/2#6 =20%9=22=2x2=4 (Ans.)
(i)  The cube root of 3° = 39+3
=3¥=3x3x3=27 (Ans.)
(iiy The cube root of 53 = 53+3
=5'=5 (Ans.)

Example 10 :

Find the cube root of : (i) 25 x 3%  (ii) 5° x 2°

Solution :

Method : Divide the power (index) of each number used by 3.

() The cube root of 26 x 33=26+3 5 33+3

=2x31=2x2x3=12 (Ans.)
(i) The cube root of 56 x 29=56+3 x 29+3
=52x23=5x5x2x2x2=200 (Ans.)
OR, directly,
(i) Y26 x33 = 2243 W
= 2x2x3=12 (Ans.)
(i) Y56 x2% = 52 x 23
= 5x5x2x2x%x2=200 (Ans.)
3 :
The cube root of a*h® = ab and the cube root of % pe %, but the cube root of
a3+55¢a+bandthecube root of a® — b®*#a —b.
More examples :
(i) Y2axa5x25 = Y(2x2x2x3)x(3x3x5)x(5x5)
= J(@x2x2)x(83x3x3)x(5x5x5)
= 2x3x5=30
ks 50x36x75 (5x5x2)x(2x2x3x3)x(3x5x5)
(i) 7S 3 DR L Ixi
(5x5x5)x(2x2x2)x(3x3x3)x5
z 5X(7x7x7)
axexa 30 2
-_— - =4__
7 7 7
____._—_—___——_—_ e - —
P .7 4
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- EXERCISE 7(F)
Fill in the blanks :
(1) The cube.or & 18 5% BN X = o (i) The cube of yis 64, then y = ...........

(iii) If x3 =125, then x = ........... () 1 82 = 27, '1nn g = =l
(v) If cube of 0.5 is 0.125, then cube root of 0.125 = ...........

Find the cube root of :

4y 1 (i) 343 (i) 512 (iv) 3375
Find the cube root of :
(i) -1 (i) —-125 (i) —216 (iv) =512
Find the cube root of :
() —é— @ 33 (i) 2%3— i - %
Find the cube root of :
() 0125 (i) 0.064 (i) 0.001 (iv) 3.875
(v) - 0.008 (vi) — 0.064
Find the cube root of :
(i) 5° (i) 315 (iii) 29 x 312 (iv) 4% x 39 x 212

Revision Exercise (Chapter 7)
Fill in the blanks :

(i) 5°= .. (i) - (<B)= 2.l M) 25 e (e =
(V) (=5)! = ... Wiy =B e Wiy 85= .= - (viii) (-5)% = .......
(%) =55 = i (). B9 =i o e (i) e (Xii) =5° = .coerchie

State true or false :

(i) 28 = a positive number (i) —28 = a positive number
(i) (-2)® = a negative number (iv) 25 = a negative number
(v) —2% = a negative number (vi) (=2)° = a positive number

Verify that
(i) 52— 32 and 42 are equal. (ii) 102 — 82 and 62 are equal.

(i) 122 + 52 and 132 are equal.

Hari planted 324 plants in such a way that there were as many rows of plants as there
were number of columns. Find the number of rows and columns.

Evaluate :
() 64 — 364 (i) 3125 + 81 i)y 327 - Jag + 3216

(i) Write the number whose cube root is 0-6.
(i) Write the number whose cube root is —0-6.

Evaluate :

(i) 80x32+23x5 (i) 52 —-92 + 33 x 120 x 22
(iii) 82 x 60 + 23 x 32 (iv) 62 x 100 — (-5)0 + 4
Evaluate :

(1) \E + V169 (ii) \/.;3 = "IN (iii) J-; + /81
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