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Indices

Expressions & Formulae
SPTA Mathematics - Topic Questions with Notes e

Rules of Indices

Basic Rule 1: anything to the power 0 15 equal to 1:
eg °=1 17°=1 35627658" =1, x"=1

Basic Rule 2: anything to the power 1 15 equal to itself:
eg 5 =5 17'=17, 35627658 =35627658, X' =x

Keyv Rule 1: when you multiply two expressions involving powers, vou add the numbers in
the power: a *a =a
+

e.g. % x’ =x_‘7 ylx gyt =y =£

Kev Rule 2: when you divide two expressions involving powers, you take away the numbers
™M
i a
in the power: —=a
ai‘:l

eg @' =@ =a —=m’

Kev Rule 3: when you take one power to the power of another (nested powers). vou multiply

the numbers in the power: (a")" =a™

eg. (XY =x" @) =a*
Example 1
Simplify 2X 5%
+
Solution ‘
31:5;315 = 2:;{‘]‘ (add the powers when multiplying)

= 45" (take away the powers when dividing)



Example 2

Simplify (5x7)" x x°

Solution

(5x7) = x® =25x7 < &F

=25x7

(multiplying the nested powers)

(adding the powers when nultiplying)

Example 3

Simplify 3x7 (x7 + 2x%)

Solution

I (x4 2x7 ) =3xT wxT 43T x 2x°

Exercise 1

1.  Write each of the following in its simplest index form.

a) 3*x3?
e) 75x7

i) x¥xx°
m) b0 x p30
q txt’

u) X30 X X50

2.
a) 28:23
e) 20°5+20
i) X' +x?
m) plz pll
x°
aq) vl
d 20
U) -

(b)
(M
()
(n)
(r)
(v)

(b)
()
()
(n)
(r)

(v)

I 4 6
3’ + 6x
=3+ 6x

2 x 23 (c)
54 x 54 (9)
c2 x ¢° (k)
px p® (0)
f4xf3 (s)
y®xy (w)

Write each of the following in its simplest index form.

54+ 52 ©
8% - 8¢ (9)
2%+ ab (K)
¢’ +cf (0)
a.8

= (s)
L (W)

10° x 102
96 x 92
a? x al?
d? x d*

k x k12

a25 X a65

129+ 126
318+ 33

(d)
(h)
0
(p)
(t)
(x)

(d)
(h)
0
(p)

)

(x)

83 x 8°
68 x 6°
y® x y®
gt x g
750 w 750

bl x ho

711 74
415 - 413
b4 + bt
d4+d

cn|cn
~

=

=



Write each of the following in its simplest index form.

a) (3
e) (4
i) (x4
m)  (b%)°

(b)
(M
()
(n)

(8%)?
(17)?
(v8)°
(p°)°

Write the following without brackets.

a) (2h)?
e) (ab)*
i) (pg?)?
m) (10x?)3

(b)
()
()
(n)

Simplify these expressions.

a) 2a’xb5a®

e) 3yx(2y?)3

) k(K3 + KO)

x° x x*
m) -

X

3X53
g V)

9x°y

Write down the value of

a) 5°
e) 250
i) (mn)°

(b)
(M
()
(n)

(r)

(b)
(M
)

(7a)3
(xy)’

(x*y)?
(2c%)°

7X x 9x8
(40°)? x 50°
m5(m2 _ m3)
(m*)*

m6

(2a2b5)6
(4ab)?

20
1/20

(ab?)°

(c)
(9)
(K
(0)

(c)
(9)
(K
(0)

(c)
(9)
(K

(0)

(s)

(c)
(9)
K)

(10%)?
(12%)°
(@%)7

(k5)20

(3x)*
(wz)°
(a2b3)5
(3ab?)3

12p7 + 4p*
(4c8)3 + 8c?
2X4(x3 + 3x?)

5¢ x 4¢”
2c®

(4p°)’
2p° x8p°

1000
aO
(10x3)°

(d)
(h)
0
(p)

(d)
(h)
()]
(p)

(d)
(h)
0

(p)

)

(d)
(h)
)

(22)°
(5°)°
(m#)*

(z°)°

(2y)°
(st)®
(6a%)?
(4m2k)?

50b12 + 10bs

72212 + (32%)2

5a%(2a? - 3ad)

(39°)° x4q°
6q’

(2ab®)®
3a’b x 4ab®

(=3)°
ko
(16y223)0



Negative Powers and Fractions in Powers

A negative power means dividing. In general, a™ =—

b

—4
a =

1
a x

Example 1 —negative power

. 4 =T . "
Rewrite 3x™ and 537 using positive powers

Solution
3 5
—y and p
x Yy

H
A fraction as a power means a root. In general. @" =i/d

z 2 2 4 1
ez 157 =415 . a’ =+a . O =4fx

Example 2 — fraction power
3
Evaluate 92 and 125

|

Solution
=3 i —4 ]
0T = 39 1257 =3/125 Hint: calculate the root
s first and the power
=3 =5
- second, or the sum may
=27 = (25 prove too hard for vou

Example 3 —negative and fractional powers

¥

Simplify 2 51

Solution -1 1 . :
25 =—— (moving negative power to the bottom)

25°

=t

(changing fractional power into surd)

(sumplifying the surd)

[t | —
| -]
L



Exercise 2

1.

Rewrite the following with positive indices.

a 37 (b) 5% (c) 2° (d) 1073
g a° (h) x= (i) p” @M vy
m Lm0 @ e
X w a C
Rewrite the following with negative indices.
1 1 1 1
a) 3 (b) 5% (c) o (d) o
) = W ) = 0 =
X a P
Simplify the following expressions.
a méxm> (b) X" xx? (c) pexp® (d)
) () @ @©@)° (h) (w?)™ ()
Ky 4k¥+2k?2 (1) 18d+12d* (m) x?(x®+x1) (n)
0) 3a°(2a+3a? (p) Ym?2(4m=3-10mé)  (q)
4h" x3h™ 4¢7° x9c®
r) ot () et ()
Find the value of
a) 16% (b) 8% (c) 36% (d) 272
4)) 25% (h) 81% (i) 1252 () 64%
m) 4% (n) 16% (0) 9’3 (p) 27%
9 16: @ 8 e W (9

y) &) @

(e) 47
(k) 2b3

@ ==

e) —

(K)

adxa> (e)
4b=4 x5b5  (j)
p3(p*—p7)

vixvy®
V—2

5x* x 6x°°
3x™*

(e) 643
(k) 216°
(q) 256 *

(w) 642

(M)
M

(r)

(7

M

(y3)™

20077
10 g

ol

o
<

% Rk

3x6 x 9x 6

()
)

()

10003
16 *

_2
1000 3

100 2



Simplify the following expressions, giving your answers with positive indices.

a)  (x3)° () (p®P (@ (a') (d) (y)* () (g (H (k)

1 2 2 1 8 3
9 (g9 (y M=) ) () G ) K& @) WO ©°)*
1 1 1 2 L 9 7 1
m) X2 x X 2 (n) ydxy? (0) d*xd* (p) s?xs?
L L 1 1 1 1 2 1
g) 3x%x4x? (r) 6x2x2x? () 2x? x5x? (t) 3x® x2x3
1 1 1 1 2 1 1 2
u  x2 =+ x?2 (V) 2x% =+ x? w) 8x3 +2x3 (X) 6x3 +4x3

Write the following in surd form.

a) X (b) y? (c) a* (d y° (e) b* f x
g) c° (h a (i) c? G) z° (K m: 0 ko
W (n x? (0) w? (p) d’

)  Vx (b) ¥Ya © v (d) z° (e) ¥c’ H VX

1 .
3 5 h 5 2 - - = k I
9) ip (h) vm (i) N ) 75 (k) T M) I
1 1 1 1
m o O g @O ® g

Simplify each of the following by: (i) changing rootsigns to fractional powers;
(i) moving x's onto the numerators;
(111) expanding brackets where necessary.

O S (@ KD

13
2 2

a) x%(x4+1) (b) x 2(x

Jx Jx
i XzG_ng 0 xX+3 ® Jx = x 0 (2x +1)

e) i(xz—\/;) (f (x2+%j (9) %(\/;+x) (h) [x+ij

2 3
X XE



Mixed Exercise

7a°b?
a+/b

1. a) Simplify

b) If a=-1 and b =4, find the value of the expression in part (a).
2. Given that y = 2x '3, find y when x = 8.

3. Simplify xé(x§+x’§)

5

4. a) Simplify o
m

-3

b) Evaluate 125

p°x 8p

-3

5.  Express in its simplest form.

6.  Simplify, writing your answer with a positive index: 3a%xa= b

X% x x*

XQ

7. Simplify the fraction, giving your answer in positive index form:

a xa

a—3

8.  Simplify

5
2

9. a) Remowe the brackets and simplify: p% (p2-2).

b) Hence, or otherwise, find the value of p% (pg —2) when p=4.




AnNswers

Exercise 1

1. a) 3°
g 9
m) b40
S) k13

2. a 2°
g) 315
m) p
S)m

K)

P)

)

38
12°
b8

4h?
wWez°

1000x°

10a8
80q10
2x7 + 6x6

69

1

(b)
(h)
(n)
(t)

(b)
(h)
(n)
)

(b)
(h)
(n)

(b)
(h)
(n)

(b)
(9)
M
(9)

(b)
(h)

24 (c)
613 (I)
p* (0)
7100 (u)
52 (c)
42 (i)
1 (0)
1 (u)
8 (c)
525 (l)
pt® (0)
343a3 (c)
s3t3 (i)
32¢?0 (0)

63x°

8c’

10a’ — 15a8

3xy*
1 (c)
1 (i)

107 (d) 88
X8 (J) Cll
d° (P) g%
X80 (V) y20
123 (d) 77
X5 (J) a4
q° (p) d?3
d8 (V) y90
108 (d) 210
X8 (J) y40
klOO (p) 1
81x4 (d) 32ys
p3q° 4) x8y?
27a%b%  (p) 16m*k?
(c) 3p3 (d)
(h) 8z (i)
(m) x° (n)
(r) 4a"p* (s)
1 (d 1

1 G) 1

()
(K
(9)
(w)

()
(K)
(9)
(w)

()
(K)

(K)

5b®
kS + k7

14

4p°

(e)
(K)

a‘b?

alopis

()
)
(0)
)

1

(f) 58
(1) yw
() f7
(x) bt

H 8
() b
(r) a°

0 w”

M 1
(1) mis

M xy’
(1) 36al°

24y’
m7_m8
10c*

8 A 2RK12
sa‘’b

M 1
M 1



Exercise 2

1-5d -3

1
O
L oom L
a X
x® (n) w°
37 (b) 6°
X3 (hy a®
m2 (b) x5
cs @ g
2ks 0
2m>3-5m* (q) Vv*°
2 (b) 2
5 (h) 27
1 1
a0
1 1
RO ET
2 @ ~

(©)

(i)

(0)

(©)
()

(i)

(0)

(u)

(c)
(h)
(m)
(r)

25

w|

16

(d)

()

(p)

(d)
()

p*3

X2 + X

6h™

(d)

()

(p)

(v)

(d)
(i)
(n)
(s)

9

8

O |-

-2

(e) 10°

k) q°

af8
20b

p-p™

() 4

(k) 6

@ —

(w) 16

(M

()

(r)

200’

6as + 9a3

)

(r)

()



Mixed Exercise

1. a)
4 a)
o4

7ab:

— ng

(b) p’*

(h)

(n)
)

(b)

(h)

(n)

(b)

(h)
(n)

(0)
(u)

(©)
(i)

(0)

(d)

()

(p)
(V)

(d)
()

(p)

(d)
),
(p)

(c)
@)

(K)

N |~

4p°®

(€)

(K)

(9)
(w)

(€)
(K)

(K)

(b)

(d)
(h)

Q)

2X

X2

1
" =
k5
1
0 =
(r) 12
3
6
2x3
" U
1
O %
M x
M a*
>+ 2x2
1
+2X2 +x7*
1 1 3
244X 2 +x 2



