
126 Exponents and surds (Chapter 6)

Example 4 Self Tutor

Find, using your calculator: a 65 b (¡5)4 c ¡74

Answer

a Press: 6 ^ 5
� � � � �

7776

b Press: � � ¡�
5

�
^ 4

� � � � �
625

c Press: � ¡�
7 ^ 4

� � � � �
¡2401

EXERCISE 6A.2

1 Simplify:

a (¡1)4 b (¡1)5 c (¡1)10 d (¡1)15 e (¡1)8 f ¡18

g ¡(¡1)8 h (¡3)3 i ¡33 j ¡(¡3)3 k ¡(¡6)2 l ¡(¡4)3

2 Simplify:

a 23 £ 32 £ (¡1)5 b (¡1)4 £ 33 £ 22 c (¡2)3 £ (¡3)4

3 Use your calculator to find the value of the following, recording the entire display:

a 28 b (¡5)4 c ¡35 d 74 e 83 f (¡7)6

g ¡76 h 1:0512 i ¡0:62311 j (¡2:11)17

Notice that: ² 23 £ 24 = 2£ 2£ 2 £ 2£ 2£ 2£ 2 = 27

²
25

22
=

2£ 2£ 2£ 2£ 2

2£ 2
= 23

² (23)2 = 2£ 2£ 2 £ 2£ 2£ 2 = 26

² (3£ 5)2 = 3£ 5£ 3£ 5 = 3£ 3£ 5£ 5 = 3252

²

µ

2

5

¶3

=
2

5
£

2

5
£

2

5
=

2£ 2£ 2

5£ 5£ 5
=

23

53

These examples can be generalised to the exponent or index laws:

² a
m £ a

n = a
m+n To multiply numbers with the same base, keep the base

and add the indices.

²
a
m

an
= a

m¡n , a 6= 0 To divide numbers with the same base, keep the base

and subtract the indices.

² (am )n = a
m£n When raising a power to a power, keep the base and

multiply the indices.

² (ab)n = a
n
b
n The power of a product is the product of the powers.

²
³

a

b

´n

=
a
n

bn
, b 6= 0 The power of a quotient is the quotient of the powers.

EXPONENT OR INDEX LAWS [1.9, 2.4]B
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Example 5 Self Tutor

Simplify using the laws of indices:

a 23 £ 22 b x4 £ x5

a 23 £ 22 = 23+2

= 25

= 32

b x4 £ x5 = x4+5

= x9

Example 6 Self Tutor

Simplify using the index laws: a
35

33
b

p7

p3

a
35

33
= 35¡3

= 32

= 9

b
p7

p3
= p7¡3

= p4

Example 7 Self Tutor

Simplify using the index laws:

a (23)2 b (x4)5

a (23)2

= 23£2

= 26

= 64

b (x4)5

= x4£5

= x20

Example 8 Self Tutor

Remove the brackets of:

a (3a)2 b

µ

2x

y

¶3

a (3a)2

= 32 £ a2

= 9a2

b

µ

2x

y

¶3

=
23 £ x3

y3

=
8x3

y3

To multiply, keep

the base and add

the indices.

To divide, keep the

base and subtract

the indices.

To raise a power to

a power, keep the

base and multiply

the indices.

Each factor within the

brackets has to be

raised to the power

outside them.
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128 Exponents and surds (Chapter 6)

Example 9 Self Tutor

Express the following in simplest form, without brackets:

a (3a3b)4 b

µ

x2

2y

¶3

a (3a3b)4

= 34 £ (a3)4 £ b4

= 81£ a3£4 £ b4

= 81a12b4

b

µ

x2

2y

¶3

=
(x2)3

23 £ y3

=
x2£3

8£ y3

=
x6

8y3

EXERCISE 6B

1 Simplify using the index laws:

a 23 £ 21 b 22 £ 22 c 35 £ 34 d 52 £ 53

e x2 £ x4 f a3 £ a g n4 £ n6 h b3 £ b5

2 Simplify using the index laws:

a
24

23
b

35

32
c

57

53
d

49

45

e
x6

x3
f

y7

y4
g a8 ¥ a7 h b9 ¥ b5

3 Simplify using the index laws:

a (22)3 b (34)3 c (23)6 d (102)5

e (x3)2 f (x5)3 g (a5)4 h (b6)4

4 Simplify using the index laws:

a a5 £ a2 b n3 £ n5 c a7 ¥ a3 d a5 £ a

e b9 ¥ b4 f (a3)6 g an £ a5 h (b2)4

i b6 ¥ b3 j m4 £m3 £m7 k (a3)3 £ a l (g2)4 £ g3

5 Remove the brackets of:

a (ab)3 b (ac)4 c (bc)5 d (abc)3

e (2a)4 f (5b)2 g (3n)4 h (2bc)3

i

µ

2

p

¶3

j

³

a

b

´3

k

³

m

n

´4

l

µ

2c

d

¶5
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6 Express the following in simplest form, without brackets:

a (2b4)3 b

µ

3

x2y

¶2

c (5a4b)2 d

µ

m3

2n2

¶4

e

µ

3a3

b5

¶3

f (2m3n2)5 g

µ

4a4

b2

¶2

h (5x2y3)3

Consider
23

23
which is obviously 1.

Using the exponent law for division,
23

23
= 23¡3 = 20

We therefore conclude that 20 = 1.

In general, we can state the zero index law: a
0 = 1 for all a 6= 0.

Now consider
24

27
which is

2£ 2£ 2£ 2

2£ 2£ 2£ 2£ 2£ 2£ 2
=

1

23

Using the exponent law of division,
24

27
= 24¡7 = 2¡3

Consequently, 2¡3 =
1

23
, which means that 2¡3 and 23 are reciprocals of each other.

ZERO AND NEGATIVE INDICES [1.9, 2.4]C

1

1

In general, we can state the negative index law:

If a is any non-zero number and n is an integer, then a
¡n =

1

an
.

This means that an and a¡n are reciprocals of one another.

In particular notice that a
¡1 =

1

a
.

Using the negative index law,
¡

2

3

¢

¡4
=

1
¡

2

3

¢4

= 1¥
24

34

= 1£
34

24

=
¡

3

2

¢4

So, in general we can see that:

³

a

b

´¡n

=

µ

b

a

¶n

provided a 6= 0, b 6= 0.
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