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Suggested solutions

1. (a) tan � = tan
(c
4
− �

)
=

tan c
4 − tan �

1 + tan c
4 tan �

=
1 − 1

1+2<
1 + 1 · 1

1+2<
1M

=
(1 + 2<) − 1
(1 + 2<) + 1

=
<

1 + < 1

(b) tan(� − �) = tan � − tan �
1 + tan � tan �

=

1
1+2< −

<
1+<

1 +
(

1
1+2<

) (
<

1+<
) 1M

=
(1 + <) − <(1 + 2<)
(1 + 2<) (1 + <) ÷ (1 + 2<) (1 + <) + <

(1 + 2<) (1 + <)

=
1 − 2<2

1 + 4< + 2<2 1A

2. (a) cot(∠� + ∠�) = 1
tan(∠� + ∠�)

=
1 − tan∠� tan∠�
tan∠� + tan∠�

1M

=
1 − (
√
0 +
√
0 − 1) (

√
0 −
√
0 − 1)

(
√
0 +
√
0 − 1) + (

√
0 −
√
0 − 1)

=
1 − [0 − (0 − 1)]

2
√
0

= 0 1A

(b) cot(∠� + ∠�) = 0

∠� + ∠� = 90° 1A

∠� = 180° − (∠� + ∠�)

= 90°
Thus, 4��� is a right-angled triangle. 1A
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3. (a) : cos(U − V) = cos(U + V)

: (cosU cos V + sinU sin V) = cosU cos V − sinU sin V 1M

(: + 1) sinU sin V = (1 − :) cosU cos V

(: + 1) tanU tan V = 1 − :

tanU tan V =
1 − :
1 + : 1

(b)
1 − :
1 + : = tan(2V) tan V

=
2 tan V

1 − tan2 V
· tan V

=
2 tan2 V

1 − tan2 V
1A

(1 − :) (1 − tan2 V) = 2(1 + :) tan2 V

(3 + :) tan2 V = 1 − :

tan2 V =
1 − :
3 + :

tan V = ±
√

1 − :
3 + : 1A

Note that when c < U < 2c, we have
c

2
< V < c and tan V < 0. 1A

Thus, tan V = −
√

1 − :
3 + : . 1A

4. Since $ is the orthocentre of 4���, we have �� ⊥ �� and �� ⊥ ��.
tanU =

��

��

=
4
√

6
6
√

6

=
2
3

1A

tan V =
��

��

=
3
15

=
1
5

1A

tan(U + V) = tanU + tan V
1 − tanU tan V

=

2
3 +

1
5

1 − 2
3 ×

1
5

= 1 1A
Since 0 < U + V < c, we have U + V =

c

4
. 1
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5. tan(G + H) − tan G − tan H − tan G tan H tan(G + H)

= tan(G + H) (1 − tan G tan H) − (tan G + tan H)

=
tan G + tan H

1 − tan G tan H
(1 − tan G tan H) − (tan G + tan H) 1M+1M

= (tan G + tan H) − (tan G + tan H)

= 0
Thus, tan(G + H) − tan G − tan H = tan G tan H tan(G + H). 1

6. cos(G + H + I) = cos(G + H) cos I − sin(G + H) sin I 1M

= (cos G cos H − sin G sin H) cos I − (sin G cos H + cos G sin H) sin I 1M

= cos G cos H cos I − sin G sin H cos I − sin G cos H sin I − cos G sin H sin I

= cos G cos H cos I(1 − tan G tan H − tan G tan I − tan H tan I) 1

7.
cos(6U + V)

sin 3U
+ 2 sin(3U + V)

=
cos[(3U + V) + 3U] + 2 sin(3U + V) sin 3U

sin 3U

=
cos(3U + V) cos 3U − sin(3U + V) sin 3U + 2 sin(3U + V) sin 3U

sin 3U
1M

=
cos(3U + V) cos 3U + sin(3U + V) sin 3U

sin 3U

=
cos[(3U + V) − 3U]

sin 3U
1M

=
cos V
sin 3U

1

8.
cos � − cos � cos(� − �)
sin � − cos � sin(� − �)

=
cos � − cos �(cos � cos � + sin � sin �)
sin � − cos �(sin � cos � − cos � sin �) 1M

=
cos � − cos � cos2 � − sin � sin � cos �
sin � − sin � cos2 � + cos � sin � cos �

=
cos �(1 − cos2 �) − sin � sin � cos �
sin �(1 − cos2 �) + cos � sin � cos �

=
cos � sin2 � − sin � sin � cos �
sin � sin2 � + cos � sin � cos �

=
sin �(cos � sin � − sin � cos �)
sin �(sin � sin � + cos � cos �)

=
sin(� − �)
cos(� − �) 1M

= tan(� − �) 1
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9. (a)
cos(U + V)
cos(U − V) =

cosU cos V − sinU sin V
cosU cos V + sinU sin V

1M

=

cos U cos V
sin U cos V −

sin U sin V
sin U cos V

cos U cos V
sin U cos V +

sin U sin V
sin U cos V

=
cotU − tan V
cotU + tan V

1

(b) We have cos(U + V) (cotU + tan V) = cos(U − V) (cotU − tan V).
1

cos 1°

90∑
8=1

cos (28 − 1)°[cot 8° + tan (8 − 1)°]

=
1

cos 1°

90∑
8=1

cos [8 + (8 − 1)]°[cot 8° + tan (8 − 1)°]

=
1

cos 1°

90∑
8=1

cos [8 − (8 − 1)]°[cot 8° − tan (8 − 1)°] 1M

= (cot 1° + cot 2° + cot 3° + . . . + cot 90°) − (tan 0° + tan 1° + tan 2° + . . . + tan 89°)

= (tan 89° + tan 88° + tan 87° + . . . + tan 0°) − (tan 0° + tan 1° + tan 2° + . . . + tan 89°) 1M

= 0 1A

10. tan
�

2
tan

�

2
+ tan

�

2
tan

�

2
+ tan

�

2
tan

�

2

= tan
�

2
tan

�

2
+ tan

�

2
tan

180° − � − �
2

+ tan
180° − � − �

2
tan

�

2
1M

= tan
�

2
tan

�

2
+ tan

�

2
cot

(
�

2
+ �

2

)
+ cot

(
�

2
+ �

2

)
tan

�

2

= tan
�

2
tan

�

2
+

(
tan

�

2
+ tan

�

2

)
·

1 − tan �
2 tan �

2

tan �
2 + tan �

2
1M

= tan
�

2
tan

�

2
+ 1 − tan

�

2
tan

�

2
= 1 1

11.
tan 10G − tan 8G

1 + tan 10G tan 8G
=

√
3

3

tan(10G − 8G) =
√

3
3

1M

tan 2G =
√

3
3

2G =
c

6
or

7c
6

or
13c
6

or
19c
6

1M

G =
c

12
or

7c
12

or
13c
12

or
19c
12

1A
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12. (a) tan(U + V) (tanU + tan V) + 2

=
(tanU + tan V)2
1 − tanU tan V

+ 2 1M

=
tan2 U + 2 tanU tan V + tan2 V + 2(1 − tanU tan V)

1 − tanU tan V

=
tan2 U + tan2 V + 2

1 − tanU tan V
1M

=
(tan2 U + 1) + (tan2 V + 1)

1 − tanU tan V

=
sec2 U + sec2 V

1 − tanU tan V
1

(b) tan
(
U + c

4

) (
tanU + tan

c

4

)
= −8

tan
(
U + c

4

) (
tanU + tan

c

4

)
+ 2 = −6

sec2 U + sec2 c
4

1 − tanU tan c
4

= −6 1M

1 + tan2 U + 2
1 − tanU

= −6

tan2 U + 3 = −6 + 6 tanU

tan2 U − 6 tanU + 9 = 0 1A

tanU = 3

U ≈ 1.25 or 4.39 1A
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13. (a) tan � and tan � are roots of the equation G2 + 6G − 3 = 0.
We have tan � + tan � = −6 and tan � tan � = −3. 1A
(tan � − tan �)2 = tan2 � − 2 tan � tan � + tan2 �

= (tan � + tan �)2 − 4 tan � tan � 1M

= (−6)2 − 4(−3)

= 48 1A
Since � is obtuse angle and � is acute angle, tan � < 0 and tan � > 0.
tan � − tan � = −

√
48 = −4

√
3 1A

(b) tan(� − �) = tan � − tan �
1 + tan � tan �

1M

=
−4
√

3
1 + (−3)

= 2
√

3 1A
(c) Since tan(� − �) > 0, angle � − � is an acute angle.

sec(� − �) =

√
(2
√

3)2 + 1
1

=
√

13 1A

csc(� − �) =
√

13
2
√

3

=

√
39
6

1A
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