Chapter 12

EXPONENTS

You already know that 3 x 8 x 3 x 3 x 3 can be written as 3°. Here 3 1s the base and 5

is the exponent or index. 3° is read as ‘3 raised to the power 5 or ‘3 to the power 5 or
simply ‘3 power 5. In general, we have :

If a is any real number and n is

a natural number, then a” = @ X a X a.... n times

where a is called the base, n is called the exponent or index and a" is the Uanentzal
form. a" is read as ‘a s ‘a raised to the power n’ or ‘a to the power n’ or simply

‘a power n’.

For zero power, we have : a® = 1 (where a # 0).

For example :

0
(@) 70 =1 (i1) (—%] 1 i) (T =1
For negative powers, we have :
a™" = iﬂ and ——E = a" (where a # 0).
a a

For example :
: 1 1
S = — =t
2 5 125

iii) -21—5 _ 95 = 39

For fractional indices, remem
1

1
2q = @ and Ya™ = (@™

For example :

1
(i) 3 = 32 (ii) 38

LAWS OF EXPONENTS

e 4__ I
B \ (-3t 81
(10N _7}__3 = (=7)% = —243
bér 1:]:_1313 :
)n — a_;l-
L
= 83 (iii) 45° =

If @ and b are any two real numbers and m and n are any two integers, then the following

results hold :
l.a"xa”=a™""

o ~ 8. (@) = am

/2. a” ~a*=a™" " (a#0)
A. (ab)™ = a™b™

6. a" = a” = n = m, provided a > 0 and a # 1

(-ay = (1 x " = (-1ya" = {

/If a is any real number and n is a natural number, then

a" if n i1s even

—a"if n is odd
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Example 1. / Use the laws of exponents to simplify the following :

(i) [(29)]5 Gi) [3° = 34 (iii) (299 x 2 x 3°
(oY I :
(iv) (1) x 85 @) 5] g [5] (0i) (3= x 5.
\.
Solution. (i) [(29)4]5 = [28*4]5 = [22] = Q12x5 = 260,

(ii) [36 = 34]3 = [36-4]® = [32]® = 323 = 38,
(ii1) (22)2 x 2 % 30 = 21 % 2Lix 1 =9 =i
Gv) (B1) 1 %3P =(B8)1x3=8*x& =37 =38"=8.

oY - (2Yf 1 1
(U)[§]+[§} =1+—2=1+—=]_+

1 9 13
— =1 e =
2 9 4 T
(3 A8 el
(UI) (3—2 % 53)4 — (3—2)4 % (53)4 — 3~2x 4 % 53 x 4 = 3—8 % 512-
Example 2. ;» Simplify the following :
o N=2)P I @2 o (2 %8 x B Rl i) =
(Z) . (1) E (i) =t
12 x 3 60 x (- 2) 2
: N 2P x (%2 (9P x3P%2 28 W310
Solution. L = = =N
o B e ox2x3x3" _C¥Tx3

= 252 30-8d _ 935 32=_8x9=-72
23 x 343 x (- 5)°

(i) @RI x (5% 2P x3 x5
60 x (- 2)° M Ix 3Ix5x(=2%  —22x3x5x2°
L 9I-2-5 4 312-1 4 B3-1 — 92 5 311 y 52
L . A8 o=5
(iii) @Y x2 2 2 " x2 = -8+ (-5)=(-6) = Q=T 1 o= i

0
928 5 32 4 (<11)2 + 25+ 28 _ {_3]

5

=8x9+1124+25-8_1=T72+ 121 +2° -1~
=72 + 121 + 8 — 1 = 200

=2x2x2x%x5x5=23%x 5%

Simplify the following :

0
Solution. 23 x 32 + (-11)* + 2°+ 2% — [ 2)

3
: 3x4y3 . - 2x2 -+ 5J‘I+2 o 5ﬂ+1
7 3:c4y3 3 x y? 1 . 1 x
olution. ) —d o = .o S m e phed gd =0 O SRS R
Solu () 1Bx3y5 18 xa ,}'5 6 o 4 B X 6:#'2
3
2 . 2:3 6
Gy | 22| =eap. Sn =2
y (") y
(i) 52 — prt  phBE et BNER —60). 255 20 g

Fni3 = 57 53 = TngE - T Sgp e M
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' Simplify and express the following in positive indices only :

L 3"5><5'7><(—2)3 - veen @%b e x d®
(7) (it) (42 x 3-8) <+ 64 il =1
3% x 572 x (-2 il ) G a ' xb?xed xd®

-5 -7 3
s°'ut"on‘ (i) 3 X 5 X {_ 2} - 3—4'}-*1 % 5—7—(—2! % (_2)3-1-3]
B 0 59 % (-2
39 x 55 x (<2)f = —2
=9 X O X \- = .
gl 3 x 5°

1 472)2 y (373)2 44 %38 92)-4 3~ 6
(D) (A9 % 80P & G4 = 2L X0 ) : s X

- 2 x 34 94 y g4
= 9-8=(Diy Q6-(4) _ 9-4 4 -2 _ 1 :
24 « g2

-4 =7 -3 3

0 X e R 4

(LII) T Hg 3 3 — a""d"'t"?} x b_f _{—9: x 0“3—3 x dS"ﬂ
g X X xd

3 . 3.2 3.2
: a0 %1 a’b
a® X b xc®xd = 5 ==,

C c
N ) ' 5ﬁ+2_6x5H+1
Example 6. Simplify :
p y 13)(5”_2}{51‘1-!*1

ght2 _ g x 5™t 5" x 52 — 6 x 5" x 5% 5°(52 —6x5)  25-30

5
Solution. - X 5\ = e
- o hill 13 x 5" - 2 x 5"'+1 13 x 5™ - 2 x|’ Kﬁ1 5" (13 -2 x5H) 13 - 10 3
m+n nill 7 l+m
N ﬂ in;‘ ) i =
xm m+n x” n+l ii’;_‘ m
Solution. {._n] b [—f] b :i}:. =(xm—n)m+n 5 (In—f)n-ri' . (x.’-m)f+m
X .I
- xr:rlz—ﬂE ‘xnﬂ—fz ‘xfz—mz - xm2 —nd 4 nt 1% —m*
=x=1
Simplify the following :
3 16 -3/4
(i) (27) (i) (125) (iid) (5] .
3xg
Solution. (1) (272 =(3%3)»=3 3 =32=09.
3“[' %) 1 1
HD128) =6 =5H =0 = =S

e (27 _(2f] _zpld)_peple @ _x
(lll) [ﬁ] =[3—‘] = [3) =(§] =[§] —STS == 23 T

12
AR Simplify : 7° + Y32 + (27)%° + %_6 - [16] .

—1/2
Solution. 70 4+ 832 + (2723 + I3° — (lzg]

' 1 _2 1 4
2g ™ =14+ (2°5 + (3% 3 + (3°)3 - [[—5-



Example 10#

Solution.

Example 11_

Solution.

=12 +

WO | -

Find n so that 21 + 25 = 28 x 22 -1,

Gi"i.?en 211 - 25 — 2‘3 % 22n—1

—x Qul-5 - 9-3+2n~1
- 26 = 92n-4 = 6 =2n — 4
= 6+4=2n=2n=10= n =29

Hence, n = 5.

Determine (8x)* if 9 +2 = 240 + 9 &

Given 9*+2 = 240 + 9 SJ
= Fx9P -9 =240= é@’- 1) = 240
80 x 9* 2 % . == =3
80

(3% =383 = 31 = 2 = 1

LUl

-'Exl

1 |
Brr = (8x1)7 = 4 = @)= 2772

10—.
36
at*=a®>=n =1
R e
l a* =gt =>n=m







" If ¢ is any real number and n is a natural number, thena" =a xa xa .. n times
where a is called the base, n is called the exponent or index. |

In particular, ¢’ =1 and a™ = 1,, , ;H = a" (where a # 0).
a

1 i m
= For fractional indices : Ya = a» and Ya™ = @™)" = a" (a > 0).
* Laws of exponents
If @ and b are any two real numbers and m and n are any two integers, then
Jd g xa =am*" Q grsar=am"(a=0)

J (am)n = a™ 2 (ab)m - ambm&
a)" i

o} (_) =E._(b¢0) Q aﬂ:-am@=m,pmvideda}ﬂandutl.

b b™
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