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Chapter 3
EXPONENTIALS

EXERCISE 3A

1 a 21 = 2, 22 = 4, 23 = 8, 24 = 16, 25 = 32, 26 = 64

b 31 = 3, 32 = 9, 33 = 27, 34 = 81, 35 = 243, 36 = 729

c 41 = 4, 42 = 16, 43 = 64, 44 = 256, 45 = 1024, 46 = 4096

2 a 51 = 5, 52 = 25, 53 = 125, 54 = 625 b 61 = 6, 62 = 36, 63 = 216, 64 = 1296

c 71 = 7, 72 = 49, 73 = 343, 74 = 2401

3 a (¡1)5

= (¡1)£ (¡1)£ (¡1)£ (¡1)£ (¡1)

= 1£ 1£ (¡1)

= ¡1

b (¡1)6

= (¡1)5 £ (¡1)

= (¡1)£ (¡1)

= 1

c (¡1)14

= 1

d (¡1)19

= ¡1

e (¡1)8

= 1

f ¡18

= ¡(18)

= ¡1

g ¡(¡1)8

= ¡(1)

= ¡1

h (¡2)5

= (¡2)£ (¡2)£ (¡2)£ (¡2)£ (¡2)

= 4£ 4£ (¡2)

= ¡32

i ¡25

= ¡(25)

= ¡32

j ¡(¡2)6

= ¡(¡2)5 £ (¡2)

= 32£ (¡2)

= ¡64

k (¡5)4

= (¡5)£ (¡5)£ (¡5)£ (¡5)

= 25£ 25

= 625

l ¡(¡5)4

= ¡(¡5)£ (¡5)£ (¡5)£ (¡5)

= ¡25£ 25

= ¡625

4 a 47 = 16384 b 74 = 2401 c ¡55 = ¡3125 d (¡5)5 = ¡3125

e 86 = 262 144 f (¡8)6 = 262 144 g ¡86 = ¡262 144

h 2:139 ¼ 902:436 039 6 i ¡2:139 ¼ ¡902:436 039 6 j (¡2:13)9 ¼ ¡902:436 039 6

5 a 9¡1 = 0:1 b
1

91
= 0:1 c 6¡2 = 0:027 d

1

62
= 0:027

e 3¡4 ¼ 0:012 345 679 f
1

34
¼ 0:012 345 679 g 170 = 1 h (0:366)0 = 1

We notice that a¡n =
1

an
and a0 = 1 for a 6= 0.

6 3101 = 34 £ 34 £ 34 £ ::::£ 34| {z }
25 of these

£ 31 But 34 = 81 which ends in a 1

) 34 £ 34 £ 34 £ ::::£ 34| {z }
25 of these

ends in a 1

) 3101 ends in a 3

7 71 = 7, 72 = 49, 73 = 343, 74 = 2401, 75 = 16807

Now 7217 = 74 £ 74 £ 74 £ ::::£ 74| {z }
54 of these so this part ends in a 1

£ 71

) 7217 ends in 1£ 7 = 7.
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EXERCISE 3B

1 a 54 £ 57 = 54+7

= 511
b d2 £ d6 = d2+6

= d8
c

k8

k3
= k8¡3

= k5

d
75

76
= 75¡6

= 7¡1

= 1
7

e (x2)5 = x2£5

= x10

f (34)4 = 34£4

= 316

g
p3

p7
= p3¡7

= p¡4 or
1

p4

h n3 £ n9 = n3+9

= n12

i (5t)3 = 5t£3

= 53t

j 7x £ 72 = 7x+2 k
103

10q
= 103¡q l (c4)m = c4£m

= c4m

2 a 4 = 2£ 2

= 22
b

1

4
=

1

22

= 2¡2

c 8 = 2£ 2£ 2

= 23
d

1

8
=

1

23

= 2¡3

e 32

= 2£ 2£ 2£ 2£ 2

= 25

f
1

32
=

1

25

= 2¡5

g 2 = 21 h
1

2
=

1

21

= 2¡1

i 64 = 32£ 2

= 25 £ 21

= 26

j
1

64
=

1

26

= 2¡6

k 128 = 64£ 2

= 26 £ 21

= 27

l
1

128
=

1

27

= 2¡7

3 a 9 = 3£ 3

= 32
b

1

9
=

1

32

= 3¡2

c 27 = 3£ 3£ 3

= 33
d

1

27
=

1

33

= 3¡3

e 3 = 31 f
1

3
=

1

31

= 3¡1

g 81 = 3£ 3£ 3£ 3

= 34

h
1

81
=

1

34

= 3¡4

i 1 = 30 j 243 = 81£ 3

= 34 £ 31

= 35

k
1

243
=

1

35

= 3¡5

4 a 2£ 2a = 21 £ 2a

= 2a+1

b 4£ 2b = 22 £ 2b

= 2b+2

c 8£ 2t = 23 £ 2t

= 2t+3

d (2x+1)2 = 22(x+1)

= 22x+2

e (21¡n)¡1 = 2¡(1¡n)

= 2n¡1

f
2c

4
=

2c

22
= 2c¡2

g
2m

2¡m
= 2m¡(¡m)

= 22m

h
4

21¡n
=

22

21¡n

= 22¡(1¡n)

= 2n+1

i
2x+1

2x
= 2x+1¡x

= 21

j
4x

21¡x
=

(22)x

21¡x

= 22x¡(1¡x)

= 23x¡1
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5 a 9£ 3p = 32 £ 3p

= 3p+2

b 27a = (33)a

= 33a

c 3£ 9n = 31 £ (32)n

= 32n+1

d 27£ 3d = 33 £ 3d

= 3d+3

e 9£ 27t = 32 £ (33)t

= 33t+2

f
3y

3
=

3y

31
= 3y¡1

g
3

3y
=

31

3y

= 31¡y

h
9

27t
=

32

(33)t

= 32¡3t

i
9a

31¡a
=

(32)a

31¡a

= 32a¡(1¡a)

= 33a¡1

j
9n+1

32n¡1
=

(32)n+1

32n¡1

= 32n+2¡(2n¡1)

= 33

6 a (2a)2 = 22 £ a2

= 4a2
b (3b)3 = 33 £ b3

= 27b3
c (ab)4 = a4 £ b4

= a4b4
d (pq)3 = p3 £ q3

= p3q3

e

³
m

n

´2

=
m2

n2
f

³
a

3

´3

=
a3

33
=

a3

27
g

³
b

c

´4

=
b4

c4

h

³
2a

b

´0

= 1, b 6= 0 i

³
m

3n

´4

=
m4

34 £ n4
=

m4

81n4
j

³
xy

2

´3

=
x3y3

23
=

x3y3

8

7 a (¡2a)2

= (¡2)2a2

= 4a2

b (¡6b2)2

= (¡6)2b4

= 36b4

c (¡2a)3

= (¡2)3a3

= ¡8a3

d (¡3m2n2)3

= (¡3)3m6n6

= ¡27m6n6

e (¡2ab4)4

= (¡2)4a4b16

= 16a4b16

f

µ
¡2a2

b2

¶3

=
(¡2)3a6

b6

= ¡8a6

b6

g

µ
¡4a3

b

¶2

=
(¡4)2a6

b2

=
16a6

b2

h

µ
¡3p2

q3

¶2

=
(¡3)2p4

q6

=
9p4

q6

8 a ab¡2 =
a

b2
b (ab)¡2 =

1

(ab)2

=
1

a2b2

c (2ab¡1)2 = 22a2b¡2

=
4a2

b2

d (3a¡2b)2 = 32a¡4b2

=
9b2

a4

e
a2b¡1

c2
=

a2

bc2
f

a2b¡1

c¡2
=

a2c2

b

g
1

a¡3
= a3 h

a¡2

b¡3
=

b3

a2
i

2a¡1

d2
=

2

ad2
j

12a

m¡3
= 12am3

9 a
1

an
= a¡n b

1

b¡n
= bn c

1

32¡n
= 3n¡2 d

an

b¡m
= anbm

e
a¡n

a2+n
= a¡n¡(2+n)

= a¡2n¡2
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10 a ( 5
3
)0 = 1 b ( 7

4
)¡1 = 4

7
c ( 1

6
)¡1 = 6

1
= 6 d

33

30
= 27

1
= 27

e ( 4
3
)¡2 =

32

42

= 9
16

f 21 + 2¡1 = 2 + 1
2

= 5
2

g (1 2
3
)¡3 = ( 5

3
)¡3

=
33

53

= 27
125

h 52 + 51 + 5¡1

= 25 + 5 + 1
5

= 151
5

11 a
1

9
=

1

32

= 3¡2

b
1

16
=

1

24

= 2¡4

c
1

125
=

1

53

= 5¡3

d
3

5
= 3£ 1

5

= 31 £ 5¡1

e
4

27
=

22

33

= 22 £ 3¡3

f
2c

8£ 9
=

2c

23 £ 32

= 2c¡3 £ 3¡2

g
9k

10
=

(32)k

2£ 5

= 32k £ 2¡1 £ 5¡1

h
6p

75
=

(2£ 3)p

3£ 52

=
2p £ 3p

3£ 52

= 2p £ 3p¡1 £ 5¡2

12 a 53 = 21 + 23 + 25 + 27 + 29 b 73 = 43 + 45 + 47 + 49 + 51 + 53 + 55

c 123 = 133 + 135 + 137 + 139 + 141 + 143 + 145 + 147 + 149 + 151 + 153 + 155

EXERCISE 3C

1 a
5
p
2 = 2

1
5 b

1
5
p
2
=

1

2
1
5

= 2¡
1
5

c 2
p
2 = 21 £ 2

1
2

= 2
3
2

d 4
p
2 = 22 £ 2

1
2

= 2
5
2

e
1
3
p
2
=

1

2
1
3

= 2¡
1
3

f 2£ 3p
2 = 21 £ 2

1
3

= 2
4
3

g
4p
2
=

22

2
1
2

= 2
3
2

h (
p
2)3 = (2

1
2 )3

= 2
3
2

i
1

3
p
16

=
1

3p
24

=
1

2
4
3

= 2¡
4
3

j
1p
8
=

1p
23

=
1

2
3
2

= 2¡
3
2

2 a
3
p
3 = 3

1
3 b

1
3p3

=
1

3
1
3

= 3¡
1
3 c

4
p
3 = 3

1
4 d 3

p
3 = 31 £ 3

1
2 = 3

3
2

e
1

9
p
3
=

1

32 £ 3
1
2

=
1

3
5
2

= 3¡
5
2

3 a
3
p
7 = 7

1
3 b

4p
27 =

4p
33

= 3
3
4

c
5p
16 =

5p
24

= 2
4
5

d
3p
32 =

3p
25

= 2
5
3

e
7p
49 =

7p
72

= 7
2
7

f
1
3p7

=
1

7
1
3

= 7¡
1
3

g
1

4p27
=

1

3
3
4

= 3¡
3
4

h
1

5p16
=

1

2
4
5

= 2¡
4
5

i
1

3p32
=

1

2
5
3

= 2¡
5
3

j
1

7p49
=

1

7
2
7

= 7¡
2
7
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4 a 3
3
4 ¼ 2:28 b 2

7
8 ¼ 1:83 c 2¡

1
3 ¼ 0:794 d 4¡

3
5 ¼ 0:435

e
4
p
8 ¼ 1:68 f

5
p
27 ¼ 1:93 g

1
3p7

¼ 0:523

5 a 4
3
2 = (22)

3
2

= 23

= 8

b 8
5
3 = (23)

5
3

= 25

= 32

c 16
3
4 = (24)

3
4

= 23

= 8

d 25
3
2 = (52)

3
2

= 53

= 125

e 32
2
5 = (25)

2
5

= 22

= 4

f 4¡
1
2 = (22)¡

1
2

= 2¡1

= 1
2

g 9¡
3
2 = (32)¡

3
2

= 3¡3

= 1
27

h 8¡
4
3 = (23)¡

4
3

= 2¡4

= 1
16

i 27¡
4
3 = (33)¡

4
3

= 3¡4

= 1
81

j 125¡
2
3 = (53)¡

2
3

= 5¡2

= 1
25

EXERCISE 3D.1

1 a x2(x3 + 2x2 + 1)

= x2 £ x3 + x2 £ 2x2 + x2 £ 1

= x5 + 2x4 + x2

b 2x(2x + 1)

= 2x £ 2x + 2x £ 1

= 22x + 2x

c x
1
2 (x

1
2 + x¡

1
2 )

= x
1
2 £ x

1
2 + x

1
2 £ x¡

1
2

= x1 + x0

= x+ 1

d 7x(7x + 2)

= 7x £ 7x + 7x £ 2

= 72x + 2(7x)

or 49x + 2(7x)

e 3x(2¡ 3¡x)

= 3x £ 2¡ 3x £ 3¡x

= 2(3x)¡ 30

= 2(3x)¡ 1

f x
1
2 (x

3
2 + 2x

1
2 + 3x¡

1
2 )

= x
1
2 £ x

3
2 + x

1
2 £ 2x

1
2 + x

1
2 £ 3x¡

1
2

= x2 + 2x1 + 3x0

= x2 + 2x+ 3

g 2¡x(2x + 5)

= 2¡x £ 2x + 2¡x £ 5

= 20 + 5(2¡x)

= 1 + 5(2¡x)

h 5¡x(52x + 5x)

= 5¡x £ 52x + 5¡x £ 5x

= 5x + 50

= 5x + 1

i x¡
1
2 (x2 + x+ x

1
2 )

= x¡
1
2 £ x2 + x¡

1
2 £ x1 + x¡

1
2 £ x

1
2

= x
3
2 + x

1
2 + x0

= x
3
2 + x

1
2 + 1

2 a (2x ¡ 1)(2x + 3)

= 2x £ 2x + 2x £ 3¡ 1£ 2x ¡ 3

= 22x + 2(2x)¡ 3

= 4x + 2x+1 ¡ 3

b (3x + 2)(3x + 5)

= 3x £ 3x + 3x £ 5 + 2£ 3x + 10

= 32x + 7(3x) + 10

= 9x + 7(3x) + 10

c (5x ¡ 2)(5x ¡ 4)

= 5x £ 5x ¡ 5x £ 4¡ 2£ 5x + 8

= 52x ¡ 6(5x) + 8

= 25x ¡ 6(5x) + 8

d (2x + 3)2

= (2x)2 + 2£ 2x £ 3 + 32

= 22x + 6(2x) + 9

= 4x + 6(2x) + 9

e (3x ¡ 1)2

= (3x)2 ¡ 2£ 3x £ 1 + 12

= 32x ¡ 2(3x) + 1

= 9x ¡ 2(3x) + 1

f (4x + 7)2

= (4x)2 + 2£ 4x £ 7 + 72

= 42x + 14(4x) + 49

= 16x + 14(4x) + 49
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g (x
1
2 + 2)(x

1
2 ¡ 2)

= (x
1
2 )2 ¡ 22

= x¡ 4

h (2x + 3)(2x ¡ 3)

= (2x)2 ¡ 32

= 22x ¡ 9

= 4x ¡ 9

i (x
1
2 + x¡

1
2 )(x

1
2 ¡ x¡

1
2 )

= (x
1
2 )2 ¡ (x¡

1
2 )2

= x1 ¡ x¡1

= x¡ x¡1

j

³
x+

2

x

´2

= x2 + 2£ x£
³
2

x

´
+

³
2

x

´2

= x2 + 4 +
4

x2

k (7x ¡ 7¡x)2

= (7x)2 ¡ 2£ 7x £ 7¡x + (7¡x)2

= 72x ¡ 2£ 70 + 7¡2x

= 72x ¡ 2 + 7¡2x

l (5¡ 2¡x)2

= 52 ¡ 2£ 5£ 2¡x + (2¡x)2

= 25¡ 10(2¡x) + 2¡2x

= 25¡ 10(2¡x) + 4¡x

EXERCISE 3D.2

1 a 52x + 5x

= 5x £ 5x + 5x

= 5x(5x + 1)

b 3n+2 + 3n

= 3n £ 32 + 3n

= 3n(32 + 1)

= 10(3n)

c 7n + 73n

= 7n + 7n £ 72n

= 7n(1 + 72n)

d 5n+1 ¡ 5

= 5£ 5n ¡ 5

= 5(5n ¡ 1)

e 6n+2 ¡ 6

= 6£ 6n+1 ¡ 6

= 6(6n+1 ¡ 1)

f 4n+2 ¡ 16

= 42 £ 4n ¡ 16

= 16£ 4n ¡ 16

= 16(4n ¡ 1)

2 a 9x ¡ 4

= (3x)2 ¡ 22

= (3x + 2)(3x ¡ 2)

b 4x ¡ 25

= (2x)2 ¡ 52

= (2x + 5)(2x ¡ 5)

c 16¡ 9x

= 42 ¡ (3x)2

= (4 + 3x)(4¡ 3x)

d 25¡ 4x

= 52 ¡ (2x)2

= (5 + 2x)(5¡ 2x)

e 9x ¡ 4x

= (3x)2 ¡ (2x)2

= (3x + 2x)(3x ¡ 2x)

f 4x + 6(2x) + 9

= (2x)2 + 6(2x) + 9

= (2x + 3)2

fa2 + 6a+ 9 = (a+ 3)2g
g 9x + 10(3x) + 25

= (3x)2 + 10(3x) + 25

= (3x + 5)2

fa2 + 10a+ 25 = (a+ 5)2g

h 4x ¡ 14(2x) + 49

= (2x)2 ¡ 14(2x) + 49

= (2x ¡ 7)2

fa2 ¡ 14a+ 49 = (a¡ 7)2g

i 25x ¡ 4(5x) + 4

= (5x)2 ¡ 4(5x) + 4

= (5x ¡ 2)2

fa2 ¡ 4a+ 4 = (a¡ 2)2g

3 a 4x + 9(2x) + 18

= (2x)2 + 9(2x) + 18

= (2x + 3)(2x + 6)

fa2 + 9a+ 18 = (a+ 3)(a+ 6)g

b 4x ¡ 2x ¡ 20

= (2x)2 ¡ 2x ¡ 20

= (2x + 4)(2x ¡ 5)

fa2 ¡ a¡ 20 = (a+ 4)(a¡ 5)g
c 9x + 9(3x) + 14

= (3x)2 + 9(3x) + 14

= (3x + 2)(3x + 7)

fa2 + 9a+ 14 = (a+ 2)(a+ 7)g

d 9x + 4(3x)¡ 5

= (3x)2 + 4(3x)¡ 5

= (3x + 5)(3x ¡ 1)

fa2 + 4a¡ 5 = (a+ 5)(a¡ 1)g
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