










































































































































































































































































































































































































































Exercise 1A
1 a 4x3 � 5x � 7 b 7x7 � 5x4 � 9x2 � x

c �2x2 � 1 d �x3 � 4x � �
6
x

�

e 7x4 � x2 � �
4
x

� f 4x3 � 2x2 � 3

g 3x � 4x2 � 1 h 2x4 � �
x
2

2

�

i �
7
5

x2

� � �
x
5

3

� � �
5
2
x
� j 2x � 3x3 � 1

k �
x
2

7

�� �
9
2
x3

� � �
3
x

� l 3x8 � 2x3 � �
3
2
x
�

2 a x � 3 b x � 4 c x � 3

d x � 7 e x � 5 f x � 4

g �
x
x

�

�

4
3

� h �
x
x

�

�

2
4

� i �
x
x

�

�

4
6

�

j �
2
x
x
�

�

5
3

� k �
2
x
x
�

�

1
3

� l �
x
x

�

�

2
2

�

m �
2

x
x
�

�

2
1

� n �
3

x
x
�

�

4
1

� o �
2
2
x
x

�

�

1
3

�

Exercise 1B
1 a x2 � 5x � 3 b x2 � 6x � 1 c x2 � x � 9

d x2 � 4x � 2 e x2 � 3x � 7 f x2 � 4x � 5
g x2 � 3x � 2 h x2 � 2x � 6 i x2 � 3x � 2
j x2 � 2x � 8

2 a 6x2 � 3x � 2 b 4x2 � x � 5
c 3x2 � 2x � 2 d 3x2 � 4x � 8
e 2x2 � 2x � 3 f 2x2 � 3x � 4
g �3x2 � 5x � 7 h �2x2 � 3x � 5
i �5x2 � 3x � 5 j �4x2 � x � 1

3 a x3 � 3x2 � 4x � 1 b x3 � 6x2 � 5x � 4
c 4x3 � 2x2 � 3x � 5 d 3x3 � 5x2 � 3x � 2
e �3x3 � 3x2 � 4x � 7
f 3x4 � 2x3 � 8x2 � 2x � 5
g 6x4 � x3 � 2x2 � 5x � 2
h �5x4 � 2x3 � 4x2 � 3x � 7
i 2x5 � 3x4 � 2x3 � 8x2 � 4x � 6
j �x5 � x4 � x3 � x2 � 2x � 1

Exercise 1C
1 a x2 � 2x � 5 b 2x2 � 6x � 1

c �3x2 � 12x � 2
2 a x2 � 4x � 12 b 2x2 � x � 5

c �3x2 � 5x � 10
3 a x2 � 5 b 2x2 � 7 c �3x2 � 4
4 a �8 b �7 c �12
7 (x � 4)(5x2 � 20x � 7)
8 3x2 � 6x � 4
9 x2 � x � 1

10 x3 � 2x2 � 4x � 8

Exercise 1D
2 (x � 1)(x � 3)(x � 4)
3 (x � 1)(x � 7)(x � 5)
4 (x � 5)(x � 4)(x � 2)
5 (x � 2)(2x � 1)(x � 4)

6 a (x � 1)(x � 5)(x � 6)
b (x � 2)(x � 1)(x � 2)
c (x � 5)(x � 3)(x � 2)

7 a (x � 1)(x � 3)(2x � 1) b (x � 3)(x � 5)(2x � 1)
c (x � 1)(x � 2)(3x � 1) d (x � 2)(2x � 1)(3x � 1)
e (x � 2)(2x � 5)(2x � 3)

8 2
9 �16

10 p � 3, q � 7

Exercise 1E
1 a 27 b �6 c 0 d 1

e 2�
1
4� f 8 g 14 h 0

i �15�
1
3� j 20.52

2 �1
3 18
4 30
7 �9
8 8�2

8
7�

9 a � 5, b ��8
10 p � 8, q � 3

Mixed exercise 1F

1 a x3 � 7 b �
x
x

�

�

4
1

� c �
2
2

x
x

�

�

1
1

�

2 3x2 � 5
3 2x2 � 2x � 5
4 A � 2, B � 4, C � �5
5 p � 1, q � 3
6 (x � 2)(x � 4)(2x � 1)
7 7
8 7�

1
4�

9 a p � 1, q � �15 b (x � 3)(2x � 5)
10 a r � 3, s � 0 b 1�

1
2
3
7�

11 a (x � 1)(x � 5)(2x � 1) b �5, ��
1
2�, 1

12 �2
13 �18

14 2, ��
3
2

��

15 �
1
2�, 3

�5�
�
2

Chapter 1 AnswersChapter 1 Answers



Exercise 2A
1 a 15.2 cm b 9.57 cm c 8.97 cm d 4.61 cm
2 a x � 84, y � 6.32

b x � 13.5, y � 16.6
c x � 85, y � 13.9
d x � 80, y � 6.22 (Isosceles �)
e x � 6.27, y � 7.16
f x � 4.49, y � 7.49 (right-angled)

3 a 1.41 cm (�2� cm) b 1.93 cm
4 a 6.52 km b 3.80 km
5 a 7.31 cm b 1.97 cm

Exercise 2B
1 a 36.4 b 35.8 c 40.5 d 130
2 a 48.1 b 45.6 c 14.8

d 48.7 e 86.5 f 77.4
3 �QPR � 50.6°, �PQR � 54.4°
4 a x � 43.2, y � 5.02 b x � 101, y � 15.0

c x � 6.58, y � 32.1 d x � 54.6, y � 10.3
e x � 21.8, y � 3.01 f x � 45.9, y � 3.87

5 Using the sine rule, x � ; rationalising 

x � � 4�2� � 4 � 4(�2� � 1).

Exercise 2C
1 a 70.5°, 109° (109.5°)
2 a x � 74.6, y � 65.4

x �105, y � 34.6
b x � 59.8, y � 48.4

x �120, y � 27.3
c x � 56.8, y � 4.37

x �23.2, y � 2.06
3 a 5 cm (�ACB � 90°) b 24.6°

c 45.6°, 134(.4)°
4 2.96 cm
5 In one triangle �ABC � 101° (100.9°); in the other

�BAC � 131° (130.9°).

Exercise 2D
1 a 3.19 cm b 1.73 cm (�3� cm)

c 9.85 cm d 4.31 cm
e 6.84 cm (isosceles) f 9.80 cm

2 11.2 km
3 302 yards (301.5…)
4 4.4
5 42
6 b Minimum AC2 � 60.75; it occurs for x � �

1
2�.

Exercise 2E
1 a 108(.2)° b 90° c 60°

d 52.6° e 137° f 72.2°
2 128.5° or 031.5° (�BAC � 48.5°)
3 �ACB � 22.3°
4 �ABC � 108(.4)°
5 104° (104.48°)
6 b 3.5

Exercise 2F
1 a x � 37.7, y � 86.3, z � 6.86

b x � 48, y � 19.5, z � 14.6
c x � 30, y � 11.5, z � 11.5
d x � 21.0, y � 29.0, z � 8.09
e x � 93.8, y � 56.3, z � 29.9
f x � 97.2, y � 41.4, z � 41.4
g x � 45.3, y � 94.7, z � 14.7

or x � 134.7, y � 5.27, z � 1.36
h x � 7.07, y � 73.7, z � 61.2

or x � 7.07, y � 106, z � 28.7
i x � 49.8, y � 9.39, z � 37.0

2 a �ABC � 108°, �ACB � 32.4°, AC � 15.1 cm
b �BAC � 41.5°, �ABC � 28.5°, AB � 9.65 cm

3 a 8 km b 060°
4 107 km
5 12 km
6 a 5.44 b 7.95 c 36.8
7 a AB � BC � AC ⇒ x � 6 � 7 ⇒ x � 1;

AC � AB � BC ⇒ 11 � x � 2 ⇒ x 	 9
b i x � 6.08 from x2 � 37,

ii x � 7.23 from
x2 � 4(�2� � 1)x � (29 � 8�2�) � 0

8 x � 4
9 AC � 1.93 cm

10 b �
1
2�

11 4�10�
12 AC � 1�

2
3� cm and BC � 6�

1
3� cm

Exercise 2G
1 a 23.7 cm2 b 4.31 cm2 c 20.2 cm2

2 a x � 41.8 or 138(.2)
b x � 26.7 or 153(.3)
c x � 60 or 120

3 275(.3) m (third side � 135.3 m)
4 3.58
5 b Maximum A � 3�1

1
6�, when x � 1�

1
2�

6 b 2.11

Mixed exercise 2H
1 a 155°

b 13.7 cm
2 a x � 49.5, area � 1.37 cm2

b x � 55.2, area � 10.6 cm2

c x � 117, area � 6.66 cm2

3 6.50 cm2

4 a 36.1 cm2 b 12.0 cm2

5 a 5 b cm2

7 b 1�
1
2� cm2

8 a 4 b (6.50) cm2
15�3�
�

4

25�3�
�

2

4�2�(2 � �2�)
��

2

4�2�
�
2 � �2�

Chapter 2 AnswersChapter 2 Answers



Exercise 3A
1 a

b x � 2.6
2 a

b x � �1.4
3

Exercise 3B
1 a log4 256 � 4 b log3 (�

1
9�) � �2

c log10 1 000 000 � 6 d log11 11 � 1
e log0.2 0.008 � 3

2 a 24 � 16 b 52 � 25

c 9 � 3 d 5�1 � 0.2
e 105 � 100 000

3 a 3 b 2 c 7 d 1 e 6
f �

1
2� g �1 h �2 i 10 j �2

4 a 625 b 9 c 7 d 2

Exercise 3C
1 1.30 2 0.602

3 3.85 4 �0.105
5 1.04 6 1.55

7 �0.523 8 3.00

Exercise 3D
1 a log2 21 b log2 9 c log5 80

d log6 (�
6
8
4
1�) e log10 120

2 a log28 � 3 b log6 36 � 2 c log12 144 � 2
d log8 2 � �

1
3� e log10 10 � 1

3 a 3 loga x � 4 loga y � logaz
b 5 loga x � 2 loga y
c 2 � 2 loga x
d loga x � �

1
2� loga y � loga z

e �
1
2� � �

1
2� loga x

Exercise 3E
1 a 6.23 b 2.10 c 0.431 d 1.66

e �3.22 f 1.31 g �3.24 h �0.0617
i 1.42 j �0.542

2 a 0, 2.32 b 1.26, 2.18 c 1.21
d 0.631 e 0.565, 0.712 f x � 0
g x � 2 h x � �1

Exercise 3F
1 a 2.460 b 3.465 c 4.248

d 0.458 e 0.774
2 a 1.27 b 2.09 c 0.721
3 a �

1
2�, 512 b �1

1
6�, �

1
4� c 2.52

Mixed exercise 3G
1 x � �1, x � 0
2 a 2 loga p � loga q b loga p � 4, loga q � 1

3 a �
1
4�p b �

3
4�p � 1

4 a 9 b 12 c �
1
9�, 9

5 b 2.32

6 x � �2
3
2�, y � �

2
1
4
1�

7 �
1
3�, 9

8 ��
1
3�, �2

9 (4, 16) or (16, 4)

11 b x � , y �

12 b 
 � �
1
4�, � � �

3
2� d 0.585

�3�
�
2

�3�
�
4

1
2

2

0

1

3

y
4

x�1�2�3�4 2
2.6

3 41

y � (1.7)x

y � 4

2

0

1

3

y
4

x�1�2�3�4 2
�1.4

3 41

y � (0.6)x

y � 2

2

0

1

3

y
4

x�1�2�3�4 2 3 41

y � 1x
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Exercise 4A
1 a (5, 5) b (6, 4) c (�1, 4)

d (0, 0) e (1, 4) f (2, 1)
g (�8, �

3
2�) h (4a, 0) i (3p, 2q)

j ��
3
2
s
�, �3t� k ���

2
u

�, �v� l (2a, a � b)

m (3�2�, 4) n �2�3�, � o (2�2�, �2� � 3�3�)

2 (�
3
2�, 7)

3 ��
3
5
a
�, �

4
b

��
4 (�

3
2�, 3)

5 (�
1
8�, �

5
3�)

6 (3, ��
7
2�)

7 (10, 5)
8 (�7a, 17a)
9 p � 8, q � 7

10 a � �2, b � 4

Exercise 4B
1 y � �x � 7
2 2x �y � 8 � 0
3 a (10, �10) b y � �

3
4�x � �

3
2
5
�

4 y � ��
7
3�x � 50

6 8x �6y �5 � 0
7 (�3, 2)
8 (8, 0)
9 a i y � 2x ii y � �x � 9

b (3, 6)
10 (�3, 6)

Exercise 4C
1 a 10 b 13 c 5

d �5� e 2�10� f �106�
g �113� h a�53� i 3b�5�
j 5c k d�61� l 2e�5�
m �10� n 5�3� o 4�2�

2 10
4 �10�
5 (3, 6)
7 a i 2�5� ii 5

b �10�
8 (2, 3)
9 15

10 b 50 c (3, 6)

Exercise 4D
1 a (x � 3)2 � ( y � 2)2 � 16

b (x � 4)2 � ( y � 5)2 � 36
c (x � 5)2 � ( y � 6)2 � 12
d (x � 2a)2 � ( y � 7a)2 � 25a2

e (x � 2�2�)2 � ( y � 3�2�)2 � 1
2 a (�5, 4), 9 b (7, 1), 4

c (�4, 0), 5 d (�4a, � a), 12a
e (3�5�, ��5�), 3�3�

3 a (x � 2)2 � ( y � 3)2 � 10 � 0
(x � 2)2 � ( y � 3) � 10
so centre is (�2, �3) and radius �10�

b (x � �
5
2�)2

� ( y � �
3
2�)2

� 18�
1
2� � 0

(x � �
5
2�)2

� ( y � �
3
2�)2

� �
3
2
7
�

so centre is (��
5
2�, ��

3
2�) and radius �

c 2(x � 2)2 � 2( y � �
1
4
5
�)2

� �
30
8
9

� � 0

2(x � 2)2 � 2( y � �
1
4
5
�)2

� �
30
8
9

�

so centre is (�2, ��
1
4
5
�), radius �

d 2(x � 2)2 � 2( y � 2)2 � 13 � 0
2(x � 2)2 � 2( y � 2)2 � �

1
2
3
�

so centre is (2, �2) radius 

4 (x � 8)2 � ( y � 1)2 � 25
5 (x � �

3
2�)2 � ( y � 4)2 � �

6
4
5
�

6 �5�
8 a 3�10�
9 a (x � 4)2 � (y � 6)2 � 73 b 3x � 8y � 13 � 0

10 a (0, �17), (17, 0) b 144.5

Exercise 4E
1 (7, 0), (�5, 0)

2 (0, 2), (0, �8)

3 a � � 2, 8 b � �8, 2

4 (6, 10), (�2, 2)

5 (4, �9), (�7, 2)

9 (0, �2), (4, 6)
10 a 13 b 1, 5

Mixed exercise 4F
1 (x � 2)2 � (y � 4)2 � 20
2 a 2�29� b 12
3 (�1, 0), (11, 0)
4 m � 7 � �105�, n � 7 � �105�
5 4
6 x � y � 10 � 0
7 a a � 3, b � �91� � 8

b y � ��8 �

3
�91�
��(x � 3)

8 a c � 10, d � �165� � 5 b 5(�165� � 5)
9 a p � 0, q � 24 b (0, 49), (0, �1)

11 (1, 3)
12 (x � 2)2 � (y � 2)2 � 61
13 a i y � �4x � 4 ii x � �2 b (�2, 4)
14 b �106�
15 a (4, 0), (0, 12) b (2, 6)

c (x � 2)2 � (y � 6)2 � 40
16 (x � 2)2 � y2 � 34
17 60
19 a r � 2
20 a p � 1, q � 4 b i ��

2
3� ii �

3
2�

21 a (3, 1), r � 4
22 a (5, �8), r � 10
23 a (�4, 3), r � �7�

24 a ��
1
2

�, �
3
2

��, r �
3�2�
�

2

�13�
�

�2�

309
�
2�2�

�37�
�

�2�

5�5�
�

2
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1 �
x
x

�

�

1
4

�

2 4.32 cm
3 a 4

b loga 80

4 �32�
5 2x2 � 3x � 5
7 a �0.179

b x � 15
9 b (2x � 1)(x � 5)(x � 2)

10 59.0° or 121.0°
11 a 2 � log2 a � 2log2 b

b ��
2
3�

12 a �20�
b (4, 1)
c (x � 4)2 � (y � 1)2 � 5

13 a 24
b (x � 3)(3x � 2)(x � 4)
c 5�

5
8�

14 b 4
c 10.8 cm2

15 a x � 0.218
b 9

16 �10�
17 a �6

c (x � 3)(x � 4)(x � 1)
18 a 2.5

b 2.22 m
19 a x � 1.55

b x � 4 or x � �
1
2�

21 a a � �12, b � 16
22 a 11.93 km

b 100.9°
23 a logp 2

b 0.125
24 a (x � 1)2 � (y � 5)2 � 58

b y � 2 � �
3
7� (x � 4)

25 �
1
8�

26 19.4 cm2

27 x � �1 or x � 1.46
28 82.9°
29 x � 3�

1
2�, y � 9

30 a (1, �8) and (3, 2)
b x � 5y � 13 � 0       

31 6�3�

Review Exercise 1 AnswersReview Exercise 1 Answers



Exercise 5A
1 a x4 � 4x3y � 6x2y2 � 4xy3 � y4

b p5 � 5p4q � 10p3q2 � 10p2q3 � 5pq4 � q5

c a3 � 3a2b � 3ab2 � b3

d x3 � 12x2 � 48x � 64
e 16x4 � 96x3 � 216x2 � 216x � 81
f a5 � 10a4 � 40a3 � 80a2 � 80a � 32
g 81x4 � 432x3 � 864x2 � 768x � 256
h 16x4 � 96x3y � 216x2y2 � 216xy3 � 81y4

2 a 16 b �10 c 8 d 1280
e 160 f �2 g 40 h �96

3 d 1 � 9x � 30x2 � 44x3 � 24x4

4 8 � 12y � 6y2 � y3, 8 � 12x � 6x2 � 11x3 � 3x4 � 3x5 � x6

5 �143
6 �3
7 �

5
2�, �1

8 �
3
4�

Exercise 5B
1 a 24 b 720 c 56

d 10 e 6 f 28
g 10 h 20 i 10

j 15 k 56 l �
n(n � 1

6
)(n � 2)
�

2 a 1 b 4 c 6 d 4 e 1

3 a � � � � � � � � b � � � � � � � � � � � �
4 a Selecting a group of 4 from 6 creates a group of 2.

b 6C2 � 15, � � � 15

Exercise 5C
1 a 16x4 � 32x3y � 24x2y2 � 8xy3 � y4

b p5 � 5p4q � 10p3q2 � 10p2q3 � 5pq4 � q5

c 1 � 8x � 24x2 � 32x3 � 16x4

d 81 � 108x � 54x2 � 12x3 � x4

e 1 � 2x � �
3
2� x2 � �

1
2� x3 � �1

1
6� x4

f 256 � 256x � 96x2 � 16x3 � x4

g 32x5 � 240x4y � 720x3y2 � 1080x2y3

� 810xy4 � 243y5

h x6 � 12x5 � 60x4 � 160x3 � 240x2 � 192x � 64
2 a 90x3 b 80x3y2 c �20x3

d 720x3 e 120x3 f �4320x3

g 1140x3 h �241 920x3

3 a 1 � 10x � 45x2 � 120x3

b 1 � 10x � 40x2 � 80x3

c 1 � 18x � 135x2 � 540x3

d 256 � 1024x � 1792x2 � 1792x3

e 1024 � 2560x � 2880x2 � 1920x3

f 2187 � 5103x � 5103x2 � 2835x3

g x8 � 16x7y � 112x6y2 � 448x5y3

h 512x9 � 6912x8y � 41 472x7y2 � 145 152x6y3

4 a � ��
1
2�

5 b � �2

6 1,

7 1 � 0.6x � 0.15x2 � 0.02x3, 0.941 48, accurate to 5 dp
8 1024 � 1024x � 460.8x2 � 122.88x3, 1666.56,

accurate to 3 sf

Exercise 5D
1 a 1 � 8x � 28x2 � 56x3

b 1 � 12x � 60x2 � 160x3

c 1 � 5x � �
4
4
5
�x2 � 15x3

d 1 � 15x � 90x2 � 270x3

e 128 � 448x � 672x2 � 560x3

f 27 � 54x � 36x2 � 8x3

g 64 � 576x � 2160x2 � 4320x3

h 256 � 256x � 96x2 � 16x3

i 128 � 2240x � 16 800x2 � 70 000x3

3 a � 162, b � 135, c � 0
4 a p � 5 b �10 c �80
5 1 � 16x � 112x2 � 448x3, 1.171 648, accurate to 4 sf

Mixed exercise 5E
1 a p � 16 b 270 c �1890
2 a A � 8192, B � �53 248, C � 159 744
3 a 1 � 20x � 180x2 � 960x3

b 0.817 04, x � 0.01
4 a 1024 � 153 60x � 103 680x2 � 414 720x3

b 880.35
5 a 81 � 216x � 216x2 � 96x3 � 16x4

b 81 � 216x � 216x2 � 96x3 � 16x4

c 1154
6 a n � 8 b �

3
8
5
�

7 a 81 � 1080x � 5400x2 � 12 000x3 � 10 000x4

b 1 012 054 108 081, x � 100
8 a 1 � 24x � 264x2 � 1760x3

b 1.268 16
c 1.268 241 795
d 0.006 45% (3 sf)

9 x5 � 5x3 � 10x � �
1
x
0
� � �

x
5

3
� � �

x
1

5
�

10 b �
4
7
0
2
9
9
6

� � �
20

8
4
1

8
�x � �

12
2

8
7

0
�x2 � �

12
2

8
7

0
�x3

11 a 64 � 192x � 240x2 � 160x3 � 60x4 � 12x5 � x6

b k � 1560
12 a k � 1.25 b 3500
13 a A � 64, B � 160, C � 20 b x � ���

3
2��

14 a p � 1.5 b 50.625

5 � �105�
��

8

6
4

5
5

5
4

5
3

5
2

5
1

5
0

3
3

3
2

3
1

3
0
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Exercise 6A
1 a 9° b 12° c 75°

d 90° e 140° f 210°
g 225° h 270° i 540°

2 a 26.4° b 57.3° c 65.0° d 99.2°
e 143.2° f 179.9° g 200.0°

3 a 0.479 b 0.156 c 1.74
d 0.909 e �0.897

4 a �
2
4

�

5
� b �

1
�

8
� c �

�

8
� d �

�

6
�

e �
�

4
� f �

�

3
� g �

5
1

�

2
� h �

4
9
�
�

i �
5
8
�
� j �

2
3
�
� k �

3
4
�
� l �

10
9

�
�

m �
4
3
�
� n �

3
2
�
� o �

7
4
�
� p �

11
6

�
�

5 a 0.873 b 1.31 c 1.75
d 2.79 e 4.01 f 5.59

Exercise 6B
1 a i 2.7 ii 2.025 iii 7.5� (23.6)

b i 16�
2
3� ii 1.8 iii 3.6

c i 1�
1
3� ii 0.8 iii 2

2 �
10

3
�
� cm

3 2�
4 5�2� cm
5 a 10.4 cm b 1�

1
4�

6 7.5
7 0.8

8 a �
�

3
� b �6 � �

4
3
�
�� cm

9 6.8 cm
10 a (R � r) cm c 2.43

Exercise 6C
1 a 19.2 cm2 b 6.75� cm2 c 1.296� cm2

d 38.3 cm2 e 5�
1
3�� cm2 f 5 cm2

2 a 4.47 b 3.96 c 1.98
3 12 cm2

4 b 120 cm2

5 40�
2
3� cm

6 a 12 c 1.48 cm2

8 38.7 cm2

9 8.88 cm2

10 a 1.75 cm2 b 25.9 cm2 c 25.9 cm2

11 9 cm2

12 b 28 cm
13 78.4 (
 � 0.8)
14 b 34.1 m2

Mixed exercise 6D
1 a �

�

3
� b 8.56 cm2

2 b i 25 ii 2c iii 625 cm2

3 a 120 cm2 b 2.16 c 161.07 cm2

4 a 1.839 b 11.03

5 a �
p
r

� c 12.206 cm2 d 1.106 	 
 	 1.150
6 a 1.28 b 16 c 1 : 3.91

7 b (3� � 12) cm

c �18 � �
3
2
�
�� cm

d 12.9 mm
8 c f(2.3) � �0.033, f(2.32) � �0.034
9 b i 6.77 ii 15.7 iii 22.5

10 b 15.7 c 5.025 cm2

11 a 2�3� cm b 2� cm2

12 b i 80.9 m ii 26.7 m iii 847 m2

13 c 20.7 cm2

14 b 16� cm c 177 cm2

Chapter 6 AnswersChapter 6 Answers



Exercise 7A
1 a Geometric r � 2 b Not geometric

c Not geometric d Geometric r � 3
e Geometric r � �

1
2� f Geometric r � �1

g Geometric r � 1 h Geometric r � ��
1
4�

2 a 135, 405, 1215 b �32, 64, �128
c 7.5, 3.75, 1.875 d �6

1
4�, �2

1
56�, �10

1
24�

e p3, p4, p5 f �8x4, 16x5, �32x6

3 a 3�3� b 9�3�

Exercise 7B
1 a 486, 39 366, 2 � 3n�1

b �
2
8
5
�, �

1
2
2
5
8

�, �
2
1

n

0
�

0
1�

c �32, �512, (�2)n�1

d 1.610 51, 2.357 95, (1.1)n�1

2 10, 6250
3 a � 1, r � 2
4 ��

1
8�

5 �6 (from x � 0), 4 (from x � 10)

Exercise 7C
1 a 220 b 242 c 266 d 519
2 57.7, 83.2
3 £18 000, after 7.88 years
4 34
5 11th term
6 59 days
7 20.15 years
8 11.2 years

Exercise 7D
1 a 255 b 63.938 (3 dp)

c �728 d 546�
2
3�

e 5460 f 19 680
g 5.994 (3 dp) h 44.938 (3 dp)

2 �
5
4�, ��

9
4�

3 264 � 1 � 1.84 � 1019

4 a £49 945.41 b £123 876.81
5 a 2.401 b 48.8234
6 19 terms
7 22 terms
8 26 days, 98.5 miles on the 25th day
9 25 years

Exercise 7E
1 a �

1
9
0
� b Doesn’t exist

c 6�
2
3� d Doesn’t exist

e Doesn’t exist f 4�
1
2�

g Doesn’t exist h 90

i �
1 �

1
r

� if 	 r 	 	 	 j �
1 �

1
2x
� if 	 x 	 	 �

1
2�

2 �
2
3�

3 ��
2
3�

4 20

5 �
4
3
0
� � 13�

1
3�

6 �
2
9
3
9�

7 4
8 40 m
9 r 	 0 because S� 	 S3, a � 12, r � ��

1
2�

10 r � ���
2

3
��

Mixed exercise 7F
1 a Not geometric b Geometric r � 1.5

c Geometric r � �
1
2� d Geometric r � �2

e Not geometric f Geometric r � 1
2 a 0.8235 (4 dp), 10 � (0.7)n�1

b 640, 5 � 2n�1

c �4, 4 � (�1)n�1

d ��1
3
28�, 3 � (��

1
2�)n�1

3 a 4092 b 19.98 (2 dp)
c 50 d 3.33 (2 dp)

4 a 9 b �
8
3�

c Doesn’t converge d �
1
3
6
�

5 b 60.75 c 182.25 d 3.16
6 b 200 c 333�

1
3� d 8.95 � 10�4

7 a 76, 60.8 b 0.876 c 367 d 380
8 a 1, �

1
3�, ��

1
9�

9 a 0.8 b 10 c 50 d 0.189 (3 sf)
10 a V � 2000 � 0.85a b £8874.11

c 9.9 years
11 a ��

1
2� b �

3
4�, �2 c 14 d 867.62

12 b £12 079.98
13 a 1 hour 21 mins c 3 hours 25 mins
14 a 136 litres c 872
15 b 2015 c £23 700 (£23 657)
16 25 years
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Exercise 8A
1 a b

c d

e f

g h

i j

k l

m n

o

2 a First b Second c Second
d Third e Third f Second
g First h Fourth

Exercise 8B
1 a �1 b 1 c 0

d �1 e �1 f 0
g 0 h 0 i 0
j 0

2 a �1 b �1 c 0
d �1 e 1 f �1
g 0 h 0 i 0
j 0

Exercise 8C
1 a �sin 60° b �sin 80° c sin 20°

d �sin 60° e sin 80° f �cos 70°
g �cos 80° h cos 50° i �cos 20°
j �cos 5° k �tan 80° l �tan 35°
m �tan 30° n tan 5° o tan 60°

p �sin �
�

6
� q �cos �

�

3
� r �cos �

�

4
�

s tan �
2
5
�
� t �tan �

�

3
� u sin �

1
�

6
�

v cos �
2
5
�
� w �sin �

�

7
� x �tan �

�

8
�

2 a �sin 
 b �sin 
 c �sin 

d sin 
 e �sin 
 f sin 

g �sin 
 h �sin 
 i sin 


3 a �cos 
 b �cos 
 c cos 

d �cos 
 e cos 
 f �cos 

g �tan 
 h �tan 
 i tan 

j tan 
 k �tan 
 l tan 


4 sin 
 and tan 
 are odd functions
cos 
 is an even function

O 80°

�80°

y

x

P

O

P

80°
�100°

y

x

O

P

20°

�200°
y

x 15°

�165°

y

xO

P

35°

�145°

y

xO

P

45°

�225°
y

xO

P

O

P

80°

�280°

y

x O

P

30°

�330°

y

x

O20°

�160°P

y

x

O

P

80°
�280°

y

x

πc

4 

�

y

x

3πc

4 

O

P
y

x

πc

6 

�
7πc

6 

O
P

πc

3 

�

y

x
5πc

3 

O

P

y

x3
8

πc O

P

�
5πc

8 

O

P

y

x

πc

9 

19πc

9 
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Chapter 8 Answers

Exercise 8D

1 a b ��
�
2
3�
� c ��

1
2

�

d �
�
2
3�
� e �

�
2
3�
� f ��

1
2

�

g �
1
2

� h ��
�
2
2�
� i ��

�
2
3�
�

j ��
�
2
2�
� k �1 l �1

m �
�
3
3�
� n ��3� o �3�

2

�CAB � (90° � 
)

So cos (90° � 
) � �
A
A

C
B
� � �

b
c

� � sin 


sin (90° � 
) � �
B
A

C
B
� � �

a
c

� � cos 


tan (90° � 
) � �
A
BC

C
� � �

a
b

� � � �
ta

1
n 

� 

Exercise 8E

1

2

3

Exercise 8F
1 a i 1, x � 0 ii �1, x � 180

b i 4, x � 90 ii �4, x � 270
c i 1, x � 0 ii �1, x � 180
d i 4, x � 90 ii 2, x � 270
e i 1, x � 270 ii �1, x � 90
f i 1, x � 30 ii �1, x � 90

2

3 a The graph of y � �cos 
 is the graph of y � cos 

reflected in the 
-axis.

Meets 
-axis at (90°, 0), (270°, 0)
Meets y -axis at (0°, �1)
Maximum at (180°, 1)
Minimum at (0°, �1) and (360°, �1)

b The graph of y � �
1
3� sin 
 is the graph of y � sin 


stretched by a scale factor �
1
3� in the y direction.

Meets 
-axis at (0°, 0), (180°, 0), (360°, 0)
Meets y -axis at (0°, 0)
Maximum at (90°, �

1
3�)

Minimum at (270°, ��
1
3�)

c The graph of y � sin �
1
3� 
 is the graph of y � sin 


stretched by a scale factor 3 in the 
 direction.

Only meets axis at origin
Maximum at (270°, 1)

1
�

��
a
b

��

�2�
�
2

B a C

A

b
90° � θ

θ

c

0

1

�1

y

y � cos θ

�π � ππ
2

π
2

θ

0

y
y � tan θ°

�180 �90 90° 180° θ

0

y
y � sin θ°

�90 90° 180° 270°

1

�1

θ

0

y y � cos 3θ° y � cos θ°

θ90° 180° 270° 360°

1

�1

0

y

θ90° 180° 270° 360°

1

�1

0

y

θ90° 180° 270° 360°
�

1
3

1
3

0

y

θ90° 180° 270° 360°

1

�1
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d The graph of y �tan (
 � 45°) is the graph of tan 

translated by 45° to the right.

Meets 
-axis at (45°, 0), (225°, 0)
Meets y-axis at (0°, �1)
(Asymptotes at 
 � 135° and 
 � 315°)

4 a This is the graph of y �sin 
° stretched by scale
factor �2 in the y-direction (i.e. reflected in the

 -axis and scaled by 2 in the y direction).

Meets 
-axis at (�180°, 0), (0, 0), (180, 0)
Maximum at (�90°, 2)
Minimum at (90°, �2).

b This is the graph of y � tan 
° translated by 180°
to the left. 

As tan 
° has a period of 180°
tan (
 � 180)° � tan 
°
Meets 
-axis at (�180°, 0), (0, 0), (180°, 0)
Meets y-axis at (0, 0)

c This is the graph of y � cos 
° stretched by scale
factor �

1
4� horizontally.

Meets 
-axis at (�157�
1
2� °, 0), (�112�

1
2� °, 0), (�67�

1
2� °, 0),

(�22�
1
2� °, 0), (22�

1
2� °, 0), (67�

1
2� °, 0), (112�

1
2� °, 0), (157�

1
2� °, 0)

Meets y-axis at (0, 1)
Maxima at (�90°, 1), (0, 1), (90°, 1), (180°, 1)
Minima at (�135°, �1), (�45°, �1), (45°, �1),
(135°, �1)

d This is the graph of y � sin 
° reflected in the 
y-axis. (This is the same as y � �sin 
°.)

Meets 
-axis at (�180°, 0), (0°, 0), (180°, 0)
Maximum at (�90°, 1)
Minimum at (90°, �1)

5 a This is the graph of y � sin 
 stretched by scale
factor 2 horizontally.
Period � 4�

b This is the graph of y � cos 
 stretched by scale
factor ��

1
2� vertically (equivalent to reflecting in 


 -axis and stretching vertically by ��
1
2�).

Period � 2�

c This is the graph of y � tan 
 translated by 

�
�

2
� to the right.

Period � �

0

y

θ90° 180° 270° 360°
�1

0

y

y � �2sin θ°

θ90° 180°�180° �90°

2

�2

0

y
y � tan (θ � 180)°

θ90° 180°�180° �90°

0

y
y � cos 4θ°

θ90° 180°�180° �90°

1

�1

0

y

y � sin (�θ)°

θ90° 180°�180° �90°

1

�1

0

y
y � sin    θ

θπ�π�2π � �

1

�1

π
2

π
2

1
2

2π3π
2

3π
2

0

y
y �   cos θ

θπ�π�2π

�

π
2

1
2

1
2

1
2

2π3π
2� �π

2
3π
2

0

y y � tan (θ �   )

θπ�π�2π π
2

π
2

2π3π
2� �π

2
3π
2



d This is the graph of y � tan 
 stretched by scale

factor �
1
2� horizontally. Period � �

�

2
�

6 a i y � cos (�
) is a reflection of y � cos 
 in the 
y-axis, which is the same curve, so
cos 
 � cos (�
).

ii y � sin (�
) is a reflection of y � sin 
 in the 
y-axis.

y � �sin (�
) is a reflection of y � sin (�
) in
the 
 -axis, which is the graph of y � sin 
 , so
�sin (�
) � sin 
 .

iii y � sin (
 � 90°) is the graph of y � sin 

translated by 90° to the right, which is the
graph of y � �cos 
 , so sin (
 � 90°) � �cos 
 .

b sin(90° � 
)
� �sin{�(90° � 
)} � �sin(
 � 90°)

using (a)(ii)
� �(�cos 
) using (a)(iii)
� cos 


c Using (a)(i) cos(90° � 
) � cos{�(90° � 
)}
� cos(
 � 90°),

but cos(
 � 90°) � sin 
 , so cos(90° � 
) � sin 


Mixed exercise 8G
1 a �cos 57° b �sin 48°

c �tan 10° d �sin 0.84c

e �cos ��
1
�

5
��

2 a �1 b �

c �1 d ��3�

e �1 f �

g � h ��
1
2�

i 0 j ��
1
2�

3 a A stretch of scale factor 2 in the x direction.
b A translation of �3 in the y direction.
c A reflection in the x-axis.
d A translation of �20 in the x direction (i.e. 20 to

the right).

4 a

b There are no solutions of tan�x � �
�

4
�� � 2 cos x � 0

in the interval 0 � x � �, since y � tan�x � �
�

4
��

and y � �2 cos x do not intersect in the interval.

5 a 300 b (30, 1) c 60 d �
�
2
3�
�

6 a The graph is that of y � sin x stretched in the x
direction. Each ‘half-wave’ has interval �

�

5
�.

b �
2
5
�
� c 5

�3�
�
2

�3�
�
2

�2�
�
2

y

y � tan 2θ

0
θπ�π�2π �π

2
�π
4

�3π
2

π
2

π
4

2π3π
2

y � cos θ°

0

y

θ�90°�180°�270° 90° 180° 270° 360° 450°

y � sin (�θ)°

0

y

θ�180° 180° 360°

y � �sin (�θ)°

0

y

θ�180° 180° 360°

y � sin (θ � 90°)

0

y

θ�90°�180° 180° 360°90° 270°

0

y

θπ
5

π2π
5

3π
5

4π
5

1

�1

2π7π
5

8π
5

9π
5

6π
5

y � �2 cos x

y � tan (x �   )

0

y

θ

π
4

π
2

π
4

π3π
4

1

2

�1

�2
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7 a The four shaded regions are congruent.

b sin 
° and sin(180 � 
)° have the same y value
(call it k)
so sin 
° � sin(180 � 
)°
sin(180 � 
)° and sin(360 � 
)° have the same 
y value, (which will be �k)
so sin 
° � sin(180 � 
)°

� �sin(180 � 
)°
� �sin(360 � 
)°

8 a

b i From the graph of y � cos 
°, which shows
four congruent shaded regions, if the y value
at 
° is k,then y at (180 � 
)° is �k, y at
(180 � 
)° � �k and y at (360 � 
)° � �k
so cos 
° � �cos(180 � 
)°

� �cos(180 � 
)°
� cos(360 � 
)°

ii From the graph of y � tan 
°, if the y value at

° is k, then at (180 � 
)° it is �k, at (180 � 
)°
it is �k and at (360 � 
)° it is �k,
so tan 
° � �tan(180 � 
)°

� �tan(180 � 
)°
� �tan(360 � 
)°

0

y
y � tan θ°

θ90°α° 180°

(180 � α)°

(360 � α)°

270° 360°

(180 � α)°

0

y
y � cos θ°

θ

1

�1

90°α° 180°

(180 � α)°

(360 � α)°

(180 � α)°

270° 360°

0

y
y � sin θ°

θ

1

�1

90°α° 180°

(180 � α)°

(180 � α)°

(360 � α)°

270° 360°



1 1 � 5x � 10x2 � 10x3 � 5x4 � x5

2 18.28 cm
3 a �

2
3� b �

2
9
0
�

4

5 64a6 � 576a5b � 2160a4b2 � …
6 a �

2
3� radians b 7.85 cm

7 b r � �
1
2� or r � ��

3
2�

c 8
8 b n

b �
36

n
0°
� �or �

2
n
�
��

9 a 1 � 7px � 21p2x2 � 35p3x3 � …
b �

1
3�

c �
3
2
5
7�

10 56 cm2

11 300°
12 a �

1
2�

b �
�
2
3�
�

c �3
13 a 1 � 8ax � 28a2x2 � …

b a � 3, b � 252
14 a 1.287 radians

b 6.44 cm
15 a �

3
2�

b �
8
9�

c 5909.790
16 a cos 2θ

b cos 2θ
c �cos 2θ

17 a 1 � 20x � 180x2 � 960x3 � …
b 0.817

18 a 6 cm b 6.70 cm2

19 a 180(1.05)n b 2014

20 a �sin x
b �sin x
c sin x

21 x6 � 6x4 � 15x2 � 20 � �
1
x
5
2� � �x

6
4� � �x

1
6�

22 238 248 cm3

23 a

b 2
24 7
25 a translation of �45° in the x-direction

b stretch of scale factor 3 in the y-direction
c stretch of scale factor 2 in the x-direction
d translation of �3 in the y-direction

26 a � 2, b � 19, c � 70

27 � � 2 : 3� � 2 or 1 : �
3
�
�

�
�

2
2

�

28 a x � 1, r � �
1
3� and x � �9, r � �3

b 243
c 364.5

29 a

b (0, 0.75), (150, 0), (330, 0)
30 x � 260°, x � 320°

0

y

y � 1.5 cos(x � 60°)

x90° 180° 270° 360°

�1.5

1.5

0

y

y � sin x

y � tan(x � 90°)

x90° 180° 270° 360°

0

y

θ�

�1

1

�π ππ
2�3π

2
π
2

Review Exercise 2 AnswersReview Exercise 2 Answers



Exercise 9A

1 a x � ��
4
3� b x 	 �

2
3�

c x 	 �2 d x 	 2, x � 3

e x � �, x � 1 f x � �

g x � 0 h x � 6

2 a x 	 4.5 b x � 2.5

c x � �1 d �1 	 x 	 2

e �3 	 x 	 3 f �5 	 x 	 5

g 0 	 x 	 9 h �2 	 x 	 0

Exercise 9B
1 a �28

b �17

c ��
1
5�

2 a 10

b 4

c 12.25

3 a (��
3
4�, ��

9
4�) minimum

b (�
1
2�, 9�

1
4�) maximum

c (��
1
3�, 1�2

5
7�) maximum, (1, 0) minimum

d (3, �18) minimum, (��
1
3�, �

1
2
4
7�) maximum

e (1, 2) minimum, (�1, �2) maximum
f (3, 27) minimum
g (�

9
4�, ��

9
4�) minimum

h (2, �4�2�) minimum
i (�6�, �36) minimum, (��6�, �36) minimum, 

(0, 0) maximum

4 a

b

c

d

5 (1, 1) inflexion (gradient is positive either side of
point)

6 Maximum value is 27; f(x) � 27

Exercise 9C
1 20 m � 40 m; 800 m2

2 2000� cm2

3 40 cm

4 �
4
8
�

00
�

� cm2

5 27 216 mm2

Mixed exercise 9D
1 a x � 4, y � 20

b �
d
d
x

2y
2

� � �
1
8
5
� � 0 � minimum

2 (1, �11) and (�
7
3�, �12�2

5
7�)

0

y

x

(1, 1)

0

y

x

(�  ,     )1
3

14
27

(3, �18)

0

y

x

(�  , 1    )1
3

(1, 0)

5
27

0

y

x

(  , 9   )1
2

1
4

0

y

x

(�  , �  )3
4

9
4
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3 a 7�
3
3
1
2�

b �
x
3

3

� � 2x � �
1
x

� � 2�
2
3�

c f�(x) � �x � �
1
x

��
2

� 0 for all values of x.

4 (1, 4)

5 a y � 1 � �
2

x
� � �

�

4
x
�

c �
4 �

2
�

� m2 (0.280 m2)

6 b t � 2
c �101� � 10.0 (3 sf)

7 b �
1
3
0
�

c �
d

d

2

x

V
2

� 	 0  � maximum

d �
23

2
0
7
0�
�

e 22�
2
9�%

8 c x � 20�2�, S � 1200 m2

d �
d

d

x

2S
2

� � 0

9 a �
2
x
5

2

0
� � 2x

b (5, 125)

10 b x � �2�2�, or x � 0
c OP � 3; f �(x) � 0 so minimum when x � �2�2�

(maximum when x � 0)

11 b A is (�1, 0); B is (�
5
3�, 9�

1
2
3
7�)
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Exercise 10A
1 a sin2 �

2



� b 5 c �cos2 A

d cos 
 e tan x0 f tan 3A
g 4 h sin2 
 i 1

2 1�
1
2�

3 tan x � 3 tan y

4 a 1 � sin2 
 b �
1 �

sin
si

2

n


2 


� c sin 


d �
1 �

sin
sin




2 

� e 1 � 2 sin2 


5 (One outline example of a proof is given)

a LHS 
 sin2 
 � cos2 
 � 2 sin 
 cos 


 1 � 2 sin 
 cos 

� RHS

b LHS 
�
1 �

co
c
s
o




s2 

�
 �

s

c

i

o

n

s

2






� 
 sin 
 � �

c
si
o
n
s






�


 sin 
 tan 
 � RHS

c LHS 
 �
c
si
o
n
s
x
x
°
°

� � �
c
si
o
n
s
x
x
°
°

� 
�
sin

s

2

in
x°

x
�

°co
c
s
o
x
s2

°
x°

�


�
sin x°

1
cos x°
�� RHS

d LHS 
 cos2 A � (1 � cos2 A) 
 2 cos2 A � 1

 2 (1 � sin2 A) � 1 
 1 � 2 sin2 A � RHS

e LHS 
 (4 sin2 
 � 4 sin 
 cos 
 � cos2 
)
� (sin2 
 � 4 sin 
 cos 
 � 4 cos2 
)


 5(sin2 
 � cos2 
) � 5 � RHS

f LHS 
 2 � (sin2 
 � 2 sin 
 cos 
 � cos2 
)

 2(sin2 
 � cos2 
)

� (sin2
 � 2 sin 
 cos 
 � cos2 
)

 sin2 
 � 2 sin 
 cos 
 � cos2 


 (sin 
 � cos 
)2 � RHS

g LHS 
 sin2 x(1 � sin2 y) � (1 � sin2 x) sin2 y

 sin2 x � sin2 y � RHS

6 a sin 
 � �
1
5
3
�, cos 
 � �

1
1

2
3
�

b sin 
 � �
4
5

�, tan 
 � ��
4
3

�

c cos 
 � �
2
2

4
5
�, tan 
 � ��

2
7
4
�

7 a � b ��
2�

5

5�
�

8 a � b �
1
2

�

9 a � b �

10 a x2 � y2 � 1

b 4x2 � y2 � 4 �or x2 � �
y
4

2

� � 1�
c x2 � y � 1

d x2 � y2 (1 � x2) �or x2 � �
x
y2

2

� � 1�

e x2 � y2 � 2 �or �
(x �

4
y)2

� � �
(x �

4
y)2

� � 1�
Exercise 10B
1 a 270° b 60°, 240° c 60°, 300°

d 15°, 165° e 140°, 220° f 135°, 315°
g 90°, 270° h 230°, 310° i 45.6°, 134.4°
j 135°, 225° k 30°, 210° l 135°, 315°
m 131.8°, 228.2°
n 90°, 126.9°, 233.1°
o 180°, 199.5°, 340.5°, 360°

2 a �120, �60, 240, 300 b �171, �8.63

c �144, 144 d �327, �32.9

e 150, 330, 510, 690 f 251, 431

3 a ��, 0, �, 2� b ��
4
3
�
�, ��

2
3
�
�, �

2
3
�
�

c �
�

4
7�
�, �

�

4
5�
�, �

�

4
�, �

3
4
�
� d �, 2�

e �0.14, 3.00, 6.14 f 0.59, 3.73

Exercise 10C
1 a 0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°, 360°

b 60°, 180°, 300°
c 22�

1
2�°, 112�

1
2�°, 202�

1
2�°, 292�

1
2�°

d 30°, 150°, 210°, 330°
e 300°
f 225°, 315°
g 90°, 270°
h 50°, 170°
i 165°, 345°
j 65°, 245°

2 a 250°, 310°
b 16.9°, 123°
c �77.3°, �17.3°, 42.7°, 103°, 163°
d �42.1°, �2.88°, 47.9°, 87.1°

3 a ��
7
1

�

2
�, ��

1
�

2
�

b �0.986, 0.786

c 0, �
�

2
�, �, �

3
2
�
�, 2�

d 1.48, 5.85

Exercise 10D
1 a 60°, 120°, 240°, 300°

b 45°, 135°, 225°, 315°
c 0°, 180°, 199°, 341°, 360°
d 77.0°, 113°, 257°, 293°
e 60°, 300°
f 204°, 336°
g 30°, 60°, 120°, 150°, 210°, 240°, 300°, 330°
h 0°, 75.5°, 180°, 284°, 360°
i 270°
j 0°, 90°, 180°, 270°, 360°

�7�
�
3

�7�
�
4

�3�
�
2

�5�
�
3
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k 0°, 18.4°, 180°, 198°, 360°
l 90°, 104°, 256°, 270°
m 72.0°, 144°, 216°, 288°
n 0°, 60°, 300°, 360°
o 194°, 270°, 346°
p 0°, 360°

2 a �45°, �135° b �180°, �117°, 0°, 63.4°, 180°
c �114° d �127°, �73.4°, 53.4°, 107°
e �180°, �60° f �41.8°, �138°
g 38.2°, 142° h �106°

3 a �
�

2
�, �

3
2
�
� b �

5
1

�

2
�, �

1
1
1
2
�
�, �

1
1
7
2
�
�, �

2
1
3
2
�
�

c 0, 0.983, �, 4.12, 2� d 0, 2.03, �, 5.18, 2�

e 0.841, �
2
3
�
�, �

4
3
�
�, 5.44 f 4.01, 5.41

g 1.11, 2.68, 4.25, 5.82

Mixed exercise 10E
1 Using sin2 A � 1 � cos2 A, sin2 A � 1 � ����

1

7

1
���

2
� �

1

4

1
�.

Since angle A is obtuse, it is in the second quadrant

and sin is positive, so sin A � ��
�

2

11�
�.

Then tan A � �
c

si

o

n

s

A

A
� � �

�

2

11�
� � ����

1

7

1
���� ��

�

2

7�
� � ��

2

7
��7�.

2 a � b ��
2
5

�

3 a (�240, 0), (�60, 0), (120, 0), (300, 0)

b (�270, 0), (�30, 0), (90, 0), (330, 0)
4 a cos2 
 � sin2 
 b sin4 3
 c 1

5 a 1 b tan y ��
2
4
ta
�

n
t
x
an

�

x
3

�

6 a LHS 
 (1 � 2 sin 
 � sin2 
) � cos2 


 1 � 2 sin 
 � 1

 2 � 2 sin 


 2(1 � sin 
) � RHS

b LHS 
 cos4 
 � sin2 


 (1 � sin2 
)2 � sin2 


 1 � 2 sin2 
 � sin4 
 � sin2 


 (1 � sin2 
) � sin4 


 cos2 
 � sin4 
 � RHS

7 a No solutions: �1 � sin 
 � 1
b 2 solutions: tan 
 � �1 has 2 solutions in the

interval.
c No solutions: 2 sin 
 � 3 cos 
 � �5 so

2 sin 
 � 3 cos 
 �6 can never be equal to 0.
d No solutions: tan2 
 � �1 has no real solutions.

8 a (4x � y)( y � 1)
b 14.0°, 180°, 194°

9 a 3 cos 3
°
b 16.1, 104, 136, 224, 256, 344

10 0.73, 2.41, 4.71

11 a 2 sin 2
 � cos 2
 ⇒ �
2
c
s
o
i
s
n
2
2





� � 1

⇒ 2 tan 2
� 1 ⇒ tan 2
 � 0.5
b 13.3, 103.3, 193.3, 283.3

12 a 225, 345
b 22.2, 67.8, 202.2, 247.8

13 a (0, 1)

b �
1
2
7
4
�
�, �

2
2
3
4
�
�, �

4
2
1
4
�
�, �

4
2
7
4
�
�

14 a �
1
1
1
2
�
�, �

2
1
3
2
�
�

b �
2
3
�
�, �

5
6
�
�, �

5
3
�
�, �

11
6

�
�

15 30°, 150°, 210°
16 36°, 84°, 156°
17 0°, 131.8°, 228.2°
18 a 90 b x � 120 or 300
19 a 60, 150, 240, 330

b i (340, 0) ii p � �
3
2�, q � 60

20 a 30
b At C (45, 0) the curve crosses the positive x-axis

for the first time, so 1 � 2 sin(45p° � 30°) � 0.
This gives (45p° � 30°) � 210°.

c B (15, 3), D (75, 0)

�21�
�

5

0

y

θ�90°�180°�360° �270° 90° 180° 270° 360°

1

�1
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Exercise 11A
1 a 5�

1
4� b 10 c 11�

5
6� d 8�

1
2� e 60�

1
2�

2 a 16�
2
3� b 6�

1
2� c 46�

1
2� d �

1
1
1
4� e 2�

1
2�

Exercise 11B
1 a 8 b 9�

3
4� c 19�

2
3� d 21 e 8�1

5
2�

2 4
3 6
4 10�

2
3�

5 21�
1
3�

6 1�
1
3�

Exercise 11C
1 1�

1
3�

2 20�
5
6�

3 40�
1
2�

4 1�
1
3�

5 21�1
1
2�

Exercise 11D
1 a A (�2, 6), B (2, 6) b 10�

2
3�

2 a A (1, 3), B (3, 3) b 1�
1
3�

3 6�
2
3�

4 4.5
5 a (2, 12) b 13�

1
3�

6 a 20�
5
6� b 17�

1
6�

7 c y � x � 4 d 8�
3
5�

8 3�
3
8�

9 b 7.2
10 a 21�

1
3� b 2�

5
9�

Exercise 11E
1 0.473
2 2.33
3 3.28
4 a 4.34 b Overestimate; curve bends ‘inwards’
5 1.82
6 a 1.11 b Overestimate; curve bends ‘inwards’
7 a

b 2
c 2
d Same; the trapezium rule gives an underestimate

of the area between x � �1 and x � 0, and an
overestimate between x � 0 and x � 1, and these
cancel out.

8 2.87

9 a 1.59
b Underestimate; curve bends ‘outwards’

10 a i 1.8195 ii 1.8489

b i 3.51% ii 1.95%

Mixed exercise 11F
1 a �1, 3 b 10�

2
3�

2 a q � 18 b 73�
1
4�

3 a �
4
3��3� b �

16
5
8

��2� � �
16
5
2

�

4 a 5x � 8x � �
2
3� x � c b 2�

1
3�

5 a (3, 0) b (1, 4) c 6�
3
4�

6 a A � 6, B � 9

b �
3
5� x � �

9
2� x � 9x � c

c 149�1
1
0�

7 a �
3
2� x� � 2x�

b 2x � 8x � c
c 6 � 2�3�

8 a 2y � x � 0 b y � �1�
1
4� c 2�

2
4
9
8�

9 b (4, 16) c 133 (3 sf)
10 a (6, 12) b 13�

1
3�

11 a A (1, 0), B (5, 0), C (6, 5) b 10�
1
6�

12 a 1
b y � x � 1
c A(�1, 0), B (5, 6) d 50�

5
6�

e 33�
1
3�

13 a q � �2 b C (6, 17) c 1�
1
3�

1
2

3
2

3
2

1
2

4
3

5
3

3
2

1
2

4�2�
�

3

0

y

x�1

1
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1 0 � x � 2

2 �
�
2
5�
�

3 8
4 x � �4, x � 2
5 x � 63.4°, 116.6°
6 4
7 a i �8 ii 0 iii 8

b (2, �8) is a minimum point on the graph of
y � f(x)

8 90°, 150°
9 4�

1
2�

10 (�
1
2�, 0) and (��

1
2�, 2)

11 a 1

b � � �
�
4

�, �
5
4
�
�

12 a

b

c 0.70
d overestimate; each trapezium gives an area

slightly larger than the area under the graph
14 30°, 150°, 210°, 330°
15 6�

3
4�

16 a (�
1
3�, 2�2

8
7�) and (4, �47)

b (�
1
3�, 2�2

8
7�) is a maximum, (4, �47) is a minimum

17 a (0, �2)
b (45°, 0) and (315°, 0)

18 20�
5
6�

19 a (3, 0)
c (1, 4)

20 b x � 30°, 150°
21 0.65
22 b 25 cm2

24 a A(�
2
3�, �

8
3
0
�), B(�

1
3
0
�, �

8
3
0
�)

b 28�
4
9�

25 b 96� cm2

26 a C��
3
2
�
�, 0�

b a � �
3
2

�, b � �
�
4

�

27 4�
1
2�

28 both pieces � 40 cm
29 a 0.776

c 1.2%
30 3

y

y �

x

1
x

x 1 1.2 1.4 1.6 1.8 2

�
1
x� 1 0.833 0.714 0.625 0.556 0.5
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1 a 17 cm
b 17.5 cm2

2 a 3 � 2p
b 32

3 a 7
b (x � 3)(x � 2)(x � 1)

4 a 21 840; 3640
b 6

5 a LHS 
�
sin

1



�

(1
s
�

in
s

2

in




)
�
 
 RHS

b 19, 161
6 a 5

b 2�10�
7 b £225

c 6
8 a 9.084 25

b 6�3� � �
4
3�

c 0.3

9 a 14x � 14x
b �

5
3
6
� x � 14

c (0, 4) maximum, (1, 3) minimum

1
3

4
3

(1 � sin 
)(1 � sin 
)
���

sin 
(1 � sin 
)
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1 64 � 576x � 2160x2

2 a ��
1
2�

b 64
c �

12
3
8

�

3 b x � 60°,131.8°, 228.2°, 300°
4 a 81

b �
2
3�

5 a �
x
3

3
� � �

7
2
x2
� � 10x � c

b 19.5
6 a i (2, �1)

b �1
c 11.5

7 a a � �3, b � 5
8 a 3x2 � 4x � 4

b (�2, 10) and (�
2
3�, �

1
2
4
7�)

c 6x � 4
d (�2, 10) is a maximum, (�

2
3�, �

1
2
4
7�) is a minimum

e 1 – the graph only crosses the x-axis once
9 b 3.325… cm

c 2.0 cm2

Examination style paper (C2)
Answers
Examination style paper (C2)
Answers
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