- Rational Indices -

4+ Let's remember :

Let's remember the laws of rational indices which we have learnt in Std. 7.

® Fill in the blanks :

(1) 5*x 5 =5 Q) 7 a7t
O 15 - o (4) @) =9

5
(5) () =4 © () - %

# Let's learn new :
® Laws of natural indices :

(1) Law of multiplication : In the earlier class we have learnt that 'during

multiplication of two rational indices with same base then their indices are added
with same base.'

Multiplication of
d li[:l(llicels Repeated multiplication Result

22 % 23 2% 2 x2%x2x%x2 25 = Q2%

(=8 (=8)* | (8)x(=8)x(-8) x (-8)x(-8)x(-8)x(-8)| (-8)"=(-8)*

x2 % xt XXXXXXXXX XX x6 = x2*
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- I 3 : Rational Indices I -

Example 1 : Simplify :
(1) (03P (03)'% (03) () (FPxEAY (A ) (-4 x(-4) (%)

— (0.3)2.4.] — (ﬁ)2+7+3 — (_%

= (03) _ (ﬁ)12 _ (_%)25

(2) Law of division : During division of two rational indices with same base

their indices are subtracted at the same base.

Division of indices Repeated multiplication form Result

(3° (XXX DX(IX ()
-3 (=3)X(B)X(=3)x(-3)

() + ()| = W
where m # 0 - (JE)O

Therefore, (i) If m > n and a # 0, then a” + a" = a" "

(ii) If m < n and a # 0, then d” + d" = anl_m

(iii) If @ # 0, then " + a" = " "=’ = 1
For any a # 0, a°= 1.

Example 2 : Simplify :

M (1 G @) Ej;i (3) (-5)7 « (-5)
-1 - G - (97
- ) o= - )
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7

a
(4) 7 x d?
a
a7 a7
First method : 7 % a'?, (a # 0) Second method : =7 x a'?, (a # 0)
a a
B # . B a7><a12
14-7 X a 14
a a
12 7+12
- a_ _a
7 14
a a
127 o
= a = '
-a - g9 14

(5) ¥* =" (v #0)

— 1919
=Y

—_ yO
=1
(3) Law of power of a power :

For taking power of a power, the rational indices are multiplied on the

same base.

Example : (1) (22)} = 223 = 26
(2) [(3)P = (3)*° = (-3)*

® Try yourself :
(1) (B =7 = . () (@) = a~ = ..

Therefore, (a”)" = a™; where a € Rand m, n € N

7 b e
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Example 3 : Simplify :

[(—2)3x(—2>5]2

(1) (a") + (a°), (a # 0) (2) -
(-2)
2
(_2)3+5
— g10%3 4 6%5 _ L ]
-2)’
r 2
8
(=2)
— P g0 _ L ]
-2)’
16
— 3030 _ (=2)
7
(=2)
— CIO_ 1 — (_2)16 7 (_2)9

(4) Law of power of product :
The power of multiplication of two numbers is multiplication of powers of

two numbers.
Example : (1) (3 x 4)° = 3% x 4°
(2) [(=3) x 2]* = (-3)* = 2
Try yourself : (1) (8 x 10)* = 8 x 10~ (2) (a x b) = a x b
Therefore, (ab)" = a'b"; where a, b = Rand n e N

Note : If there is multiplication of more than two numbers, then this law can

be applied.
Example 4 : Simplify :
(1) (-2ab)’ (2) (ab’c)’ (3) (6a’)
= (=2)a’h’ = a’(b*)’c? = (6 x a’)?
= a’b°c? =62 % (a*)?
=36 % a°

= 364°
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(5) Law of power of quotient :

The power of division of two numbers is the division of two numbers with

same power, where divisor is not zero.

pamoie - 0 3" = 35 @) (@ - 5F
® Try yourself : (1) (%)8 - ;— (2) (_72)6 _ (—42) :::
Therefore, b # 0 and a, b € R, then (%)n = Z—:

Example 5 : Simplify :
(1) [@)’ (Y] + [(@) ("], (@ # 0, b # 0)

— [a18b28] - [a18b28]

— 818 p28-28

— °b°

= ] x 1

=]

Gx2)? x2x3)*
(6x7)*

32 x (x2)? x 2t x (%)
(2x3xx%)?

32><x4><24><x12

22 %32 %t

— 24-2 5 12
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afar |

' Practice 1

1. Fill in the blanks :

(3) i—z - -
(5) (3) =
0 -

(9) 12x* + 3x% = ...
2. Simplify :
(1) 27) = (2%)°

14)4 % (a2)3

(a
@’

o

® Negative Rational indices :

(3) : (a #0)

(y7)3
(4) GE ; (v #0)
2a°p°)’ x2a’h*)?
(6) (5a°h)° ; (a, b #0)

For number x except zero according to the law of division of power the indices

are subtracted in the numerator only.

w

x_=x3_1=x2
X
i 2-1 1
_=x_ = X
X
X
o=yl = 0=
X
1 0 _
__x__xOI_xl ( l_xO)
x x
1 11 | 0
e E —_ = — = = = = x 2 = x0
X X x X % XXX 2 X ( I =x")
2 1 1 1 ) 1 -3
Therefore, for any positive real number a, S =a, 2=a, 3 =a
a a

is read as 'because'

'MATHEMATICS |




- I 3 : Rational Indices I -

.. N o1 _ 1 s 1L . 1 el 1 (ay2_ —— _ 1
Similarly (i) a ' = a0 4= oAl = T (i) 5' = 5,( 3)%= [ )
3 13 43 -5 9 7’
l = - 5 = 5 = 3 = 1 2 = - - = ~— <
(i) (1) " = F=F=#=64 ) (3 =5 =73
Therefore, if a # 0 and a € R, then for n € N, [a” = al,,

Besides this, all the laws of rational indices for positive integers are also true for
negative integers.

a b #0, m ne Z, then

(1) at x g = am+n (2) (am)n — g™ (3) % Y
a
n n
no_ AN a)y - 4
(4) (aby' = ab 5) () =35
Example 6 : Simplify :
4 3
(1) 4° @ () @) ()
_ % S U — i3
=, =7 =T —
(3) k34]
_ 1 _ 81 _ _ L
64 = 8 3
5
3 1 -6
4) 2° x (2) )
1y 1y
First method : 2° x (5) % 276 Second method : 23 x (5) x 276
5
=2 (271)5 x 26 =23x;—5x2—16
3
=23 % 25 x 26 - 225X1><61
X2
3
5 2
= 236 - 5+6
3
_ 2
- 8 — F
1 |
=8 = -3
_ 1 L _
~ 256 28 T 256
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Example 7 : Simplify :

a b
(1) (552 % (30) + (150 @) (£]er= (3]
- 3 3 gt x4 A o S
(3x5%xx%)? JE XXXy E
S xa %3 xat? B x4 xxlx yP xyb
32 ><52 Xx2X2 ya Xxb
34><53><x—6+12 4% xbx yb+b
32 %52 x 1™t beya
4.3 .6 b
3 x5 xx X e
= 3%2 x 532 x x& = x b
=32 % 5" x x?
-9 x 5x x?
= 45x°
‘.!""-I
: Practice 2
1. Fill in the blanks by choosing proper options :
(1) 43 = ... [(a) 64, (b) —12, (c) 6—14]
(2) %= ........ [(a) 5%, (b) 52, (c) 5]
3) 812 = ... [(@) 3. (b) 25, (c) 64]
_ 1
(4) a? x 3T [(a) &° (b) & (c) a?]
1 1 > 1
(5) @2 = e [(a) 7, (b) 27, (c) 7]
(6) (V507 + (V507 = oo [(@ V5, ()1, (c) (V5)]

2. Simplify :
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3. [Evaluate :

3
(1) 22x23%x2"  (2) (%] x 32x 3 (3) (82 x 12%) + 272
%

®  Fractional (rational) indices :

Now, from the table
Number| Square |Square root of square .
comparing number and square
1 1 = 2 root of square of the number
\/7 we get,
2 4 Ja = 22
1=
3 9 B = 3 2= 2
4 16 Vi6 = 42 3=\
R d
5 25 N
5= 5?

Now, \/372 =3 Result (1)

Here, 3 is square root of 3.
Now, let's find such indices of 32 such that value is 3.

If, we take such rational indices of 3% which when multiplied with 3, then rational
indices is 1. (Law of power of power)

The reciprocal of two inverse numbers is 1 and so reciprocal of 2 = %
1

= 1
Thus, (3%)2 = 32X2

= 3! =3  Result (2)

Comparing result (1) and result (2) we get,
1

3 -2 - 392

Here, the symbol of square root (/) is denoted by index %

1 1 1 1
Therefore, v2 = 22, /3 = 32, J5 = 52 and Vx = x2; where x is a real positive
number.
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Similarly, for symbol of cube root 3, ¥x = x3, for symbol of fourth root

1 1
4, 4x = x*, for symbol of fifth root ¥, ¥x = x5, for symbol of nth root

|—

1
Y, %x = xn, where n € N.
1

Therefore, if x is a positive real number and # € N, then %x = x» can be
written.
Example 8 : For a = 64, m = %, n= % verify a”"x a"=a""".
LHS. = d" x a" R.HS. = """
3 1 3.1
= (642 x (64)° = (642 3
3 1 11
= (297 % (2%’ = (69)°
6 = 3 6 = 1 q
-2 22 - (%6
=27 % 22 = ol
— 29+2
= 21l Therefore, a” % o' = a™"

Note : To show exponent (indices) form of any number, write that number as

exponent form of prime number.

Example 9 : For a= 64, m = %, n= %, verify (a™)" = a™.

LHS. = (a") R.HS. = g™

21 2.1

= (643)2 = (64)3 2
21 1

= (@372 = (2%}
1 1

= 2%?2 203

— 22 — 22

- 4 - 4
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Example 10 : For a= 27, b= 8, m= L verify (ab)" = a"b"

3
L.H.S. = (ab)" R.H.S. = a"b"
1 11
= (27x8)3 = 273 x83
1 1 1
— Bx2%)3 = 31)32%)3
1 1
= 39)32%)3 )
= 37373 -6

=3x2=060
L.H.S. = R.H.S. Therefore, (ab)” = a™b"™

Example 11 : Simplify : Second method :

1 3 7, =2
: 81 223 (223
(1) 3433 @) (&) (3) (22 32
3 -
1 ST =l 2
= )3 = [} i |’ i (E)g
4 5 32
5 3
3 Sx=2
3% 34X4 2X5 35 5
= 7 i = 52 =
s B 5 2
2
&) /i i
_ 27 s -
125 22 2?
O —
4 4
— 2l -2l
24 2y
.
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Example 12 : Simplify :

= |, where (x > 0).

11 11 11
(x3)3 (x3)2 (x2)3
= 11 X 11 = 11
(x2)3 (x3)2 (x3)3
1.1 1.1 1.1
3 x5 2 23
= 1 X 1.1 = 1.1
—X= Ve =X=
25 ¥3 2 ¥53
1 1 1
15 %10 %6
= 1 % 1 X 1
%10 %6 215
1 1 1
15 %10 X0
= 1 X 1 % 1
15 %10 %0

|~

L —
Example 13 : If x = 64, then find the value of x® + x

1 1 1 1
x0 + x © = 645 + 64 ©

1 1
= (2%64+02%°

-1

1
_ 26><€ +26><_
=20+ 27!

=2 +

L
2
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Example 14 : If x = % then prove (xﬁ)x -

9
_ (9 [0 VE _ 9vavT
(<5) = (343 o= [%J“‘/:
9
_ ixi]“ _ (g)%%
5272 4

Therefore, (x\/Z ))C =

Jrl F

J
Practice 3

1. Evaluate :
(1) 243 (2) 729% (3) (%)% (4) 64%
1
1 =3 5
(5) 6ast (6) (L] (7 (E)° 8) &

814
1 1 1 1
2. Prove that, 5§><(%)3 x@x% = 4,
33 23
1
3. If x = 243, then find the value of x° X x

1
4. Verify : (1) 625 — 5327 — (10002 = 0

1
5

(2) |(81)%+1] |(81)%—1] - 20
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# What did you learn ?

® g b#0andm ne Q

EERE= () @y-am () S
(4) (ab)" = a"b" 5) () = b—

@ Ifag# 0, then o’ =1

1
@ Jfa#£ 0andaes R, thenforne N, a"= —,.

1

® If x is a positive real number and n € N, then #/x = x".

IV LY 1Y L1z
) ) x2 x3 x4 ()0 xx7 x(x3)
2. Simplify : (1) "7 || || 1|, ®=0) (2) 2 1 1
x3 x4 x2 (xz)3 ><(x6)5 xx7
3. Evaluate :
wTr o[£ : 5VE o (276 w (212
49 2 LI P Pl 4 2/ 6 2 2
0) [ = [5x4 o) [ x (@~ (2]
Y08 x4 SV L (92 o (2)
G) e @ & = 3] = ()
Fs
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3

1 1
23 32
4. Provethat : |1 | + 1 =7
23 32
1 1
16 4 4
5. Prove that % + (625)1 — 1 T = 2
(27)3 814 (243)5

6. Prove : [(@Y(@)) = a® (x,y,z e Q)
7. If x = 0and x, y, z e Q and a, b, ¢ are non-zero integers, then prove that

1
c

Q |—

1
1

1)

1
¢ Jc
(x—a] - 1.
X
= .Answerst""'ﬁ]
Practice 1

1. (1)12(2)23B)3@)9((5)1(6)2 4(7) 4,4 (8) (%]O or 1 (9) ? (10) &

Practice 2
1. (1)c (2)a (B)c 4)a (5)b (6)Db
2. (1) 2% (2) a3m + pn (3) a

.My @1 By

Practice 3
L3 @9 (B2 W2 (5 ©2 O 63 3.1
Exercise

L1 @@L @ m @ 1 e (Dsk (82
2. % @1 3mfail (2
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