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7.1) Addition formulae

Page 4

Why is sin (𝐴 + 𝐵) not just sin 𝐴 + sin (𝐵)?

Because 𝒔𝒊𝒏 is a function, not a quantity that can be expanded out like this. It’s a bit like how 𝒂 + 𝒃 𝟐 ≢ 𝒂𝟐 + 𝒃𝟐.
We can easily disprove it with a counterexample.
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Worked Example
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T.169 7A: Qs 7-8, P.49 7.1 Qs 2
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Express the following as a single sine, cosine or tangent, and evaluate:

a) sin 30° cos 60° + cos 30° sin 60° b) cos 20° cos 25° − sin 20° sin 25° 𝑐) 
tan

𝜋
18

+ tan
𝜋
9

1 − tan
𝜋

18
tan

𝜋
9

T.169 7A: Qs 9



Worked Example
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Write in the form sin(𝑥 ± 𝜃) or cos(𝑥 ± 𝜃) where 0 < 𝜃 <
గ

ଶ
:

1

2
( 3 sin 𝑥 + cos 𝑥)

1

2
( 3 cos 𝑥 − sin 𝑥)
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Given that గ

଺

ଵ

ଶ
evaluate Given that గ

ଷ

ଵ

ଶ
evaluate 

T.169 7A: Qs 10+, P.49 7.1 Qs 3+



7.2) Using the angle addition formulae
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Worked Example
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Using the trigonometric angle addition formulae find:

sin 75° tan 75°



Worked Example
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Using the trigonometric angle addition formulae find:

T.172 7B: Qs 1-2, P.49 7.3 Qs 1-2



Worked Example
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Given that:   sin 𝐴 =
଼

ଵ଻
and 0° < 𝐴 < 90°, and  cos 𝐵 = −

ସ

ହ
, 𝐵 is obtuse, find the value of cos 𝐴 + 𝐵
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Given that: 
sin 𝐴 =

଼

ଵ଻
and 0° < 𝐴 < 90°, and cos 𝐵 = −

ସ

ହ
, 𝐵 is obtuse, find the value of ta𝑛 𝐴 − 𝐵
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Given that:  sin 𝐴 =
଼

ଵ଻
and 0° < 𝐴 < 90°, and cos 𝐵 = −

ସ

ହ
, 𝐵 is obtuse, find the value of sec 𝐴 − 𝐵

T.172 7B: Qs 3+, P.49 7.3 Qs 3+
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Given that show that 

T.172 7B: Qs 3+, P.49 7.3 Qs 3+



7.3) Double-angle formulae
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ଶ ଶ

ଶ

ଶ

ଶ

Fro Tip: The way I remember what way 
round these go is that the cos on the 
RHS is ‘attracted’ to the cos on the LHS, 
whereas the sin is pushed away.

These are all easily derivable by just setting 𝐴 = 𝐵 in the compound angle formulae. e.g. 
sin 2𝐴 = sin 𝐴 + 𝐴
= sin 𝐴 cos 𝐴 + cos 𝐴 sin 𝐴
= 2 sin 𝐴 cos 𝐴

This first form is relatively 
rare.

Double-angle formula allow you to halve the angle within a trig function. NOT IN FORMULAE BOOKLET

TASK: derive other two
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Use the double-angle formulae to write as a single  trigonometric ratio:
a) cosଶ 50° − sinଶ 50° b)   2 cosଶ ଶగ

ଽ
− 1 c)  1 − 2 sinଶ 30°



Worked Example
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Use the double-angle formulae to write as a single trigonometric ratio:
a) ଶ ଶ ଶ ଶ



Worked Example
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Use the double-angle formulae to write as a single trigonometric ratio:
a) 2 sin 45° cos 45° b)   4 sin

గ

ଵଶ
cos

గ

ଵଶ
c)  7 sin 5𝑥 cos 5𝑥



Worked Example
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Use the double-angle formulae to write as a single trigonometric ratio:

a) ଶ ୲ୟ୬ ଷ଴°

ଵି୲ୟ మ ଷ଴°
    𝑏)  

ଶ ୲ୟ୬
ഏ

భమ

ଵି୲ୟ୬మ ഏ

భమ

c)  ସ ୲ୟ୬ ଺

ଵି୲ୟ୬మ ଺௫



Worked Example
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Use the double-angle formulae to write as a single trigonometric ratio:

a)  ଼ ୱ୧୬ ଶ .ହ°

ୱୣୡ ଶଶ.ହ°
b) 

଺ ୡ୭ୱ
ഏ

ర

ୡ୭ୱୣୡ
ഏ

ర

T.175 7C: Qs 4-8, P.50 7.3 Qs 1-5
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Given that and , eliminate and express in terms of .



Worked Example
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Given that ହ

଼
and is acute, find the exact value of

(a) (b)  



Worked Example
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Using the double-angle formulae, evaluate:

a) sin
గ

ଷ
+ cos

గ

ଷ

ଶ
b)  sin

గ

ସ
− cos

గ

ସ

ଶ



Worked Example
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Given that , find the value of ఏ

ଶ
when ଷ

ସ

T.175 7C: Qs 9+, P.50 7.3 Qs 6+



7.4) Solving trigonometric equations
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Worked Example
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Solve in the interval 0 ≤ 𝑥 ≤ 360°:  8 sin 𝜃 + 60° = 4 2 cos 𝜃



Worked Example
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Solve in the interval 0 ≤ 𝑥 ≤ 360°: 8 cos 𝜃 − 60° = 4 2 sin 𝜃

T.180 7D: Qs 1-4, P.51 7.4 Qs 1-5



Worked Example
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Solve in the interval 0 ≤ 𝑥 ≤ 360°: 3 cos 2𝑥 + cos 𝑥 + 2 = 0



Worked Example
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Solve in the interval 0 ≤ 𝑥 ≤ 360°: 3 cos 2𝑥 − sin 𝑥 − 2 = 0



Worked Example
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Solve in the interval 0 ≤ 𝑥 ≤ 360°: 4 sin 2𝑥 − 5 cos 𝑥 = 0



Worked Example
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Solve in the interval 0 ≤ 𝑦 ≤ 2𝜋:   3 tan 2𝑦 tan 𝑦 = 2

T.180 7D: Qs 5-10, P.51 7.4 Qs 6



Worked Example
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a) Show that cos 3𝐴 = 4 cosଷ 𝐴 − 3 cos 𝐴.
b) Hence or otherwise, solve, for 0 < 𝜃 < 2𝜋, the equation 12 cos 𝜃 − 16 cosଷ 𝜃 − 2 3 = 0

T.180 7D: Qs 11+, P.51 7.4 Qs 7+



7.5) Simplifying 

Page 70



Notes

Page 71



Notes

Page 72



Worked Example
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Worked Example
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Express in the form:



Worked Example
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Express 5 sin 𝑥 + 12 cos 𝑥 in the form:     𝑅 sin(𝑥 − 𝛼), 𝑅 > 0, 0 < 𝛼 < 180°



Worked Example
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Express 5 sin 𝑥 + 12 cos 𝑥 in the form:    𝑅 cos(𝑥 + 𝛼), 𝑅 > 0, 0 < 𝛼 < 180°

T.184 7E: Qs 1-4, P.52 7.5 Qs 1-3
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Solve in the interval 0 < 𝜃 < 360°:
5 cos 𝜃 + 2 sin 𝜃 = 3



Worked Example
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Solve in the interval :



Worked Example
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Solve in the interval 0 ≤ 𝜃 < 360°:
cot 𝜃 + 4 = 𝑐𝑜𝑠𝑒𝑐 𝜃

T.184 7E: Qs 5-8, P.52 7.5 Qs 4-5



Worked Example
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Find the maximum value and the smallest positive value of 𝜃 at which the maximum occurs for:
4 cos 𝜃 + 3 sin 𝜃



Worked Example
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Find the maximum value and the smallest positive value of 𝜃 at which the maximum occurs for:
5

7 + 4 cos 𝜃 − 3 sin 𝜃  



Worked Example
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Find the minimum value and the smallest positive value of 𝜃 at which the minimum occurs for:
5

7 + 4 cos 𝜃 − 3 sin 𝜃  

T.184 7E: Qs 9+, P.52 7.5 Qs 6+



7.6) Proving trigonometric identities
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Worked Example
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Prove that: 

cot 2𝜃 ≡
cot 𝜃 − tan 𝜃

2



Worked Example
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Prove that: 
− sin 2𝜃

cos 2𝜃 − 1
≡ cot 𝜃



Worked Example
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Prove that: 
cot 2𝑥 − 𝑐𝑜𝑠𝑒𝑐 2𝑥 ≡ − tan 𝑥



Worked Example
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Prove, starting with the left-hand side: 

tan 2𝑥 + 𝑠𝑒𝑐 2𝑥 ≡
cos 𝑥 + sin 𝑥

cos 𝑥 − sin 𝑥

T.187 7F: Qs 1-5, P.53 7.6 Qs 1-6



Worked Example
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Show that:

sinସ 𝜃 =
3

8
−

1

2
cos 2𝜃 +

1

8
cos 4𝜃



Worked Example
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By writing cos 𝑥 = cos 2 ×
௫

ଶ
, prove the identity 

1 + cos 𝑥

1 − cos 𝑥
≡ cotଶ

𝑥

2

T.187 7F: Qs 6+, P.53 7.6 Qs 7



7.7) Modelling with trigonometric functions
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Worked Example
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The cabin pressure, 𝑃 (psi) on an aeroplane at cruising altitude can be modelled by the equation
𝑃 = 14.5 − 0.2 sin(𝑡 − 3)

where 𝑡 is the time in hours since cruising altitude was first reached, and angles are in radians. Find:
a) The maximum and minimum cabin pressure
b) The time after reaching cruising altitude that the cabin first reaches a maximum pressure
c) The cabin pressure after 3 hours at cruising altitude
d) All the times within the first 10 hours of cruising that the cabin pressure would be exactly 14.42 psi



Worked Example
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a) Express 7 cos 𝜃 − 5 sin 𝜃 in the form 𝑅 cos(𝜃 + 𝛼), where 𝑅 > 0 and 0 < 𝛼 <
గ

ଶ
. State the exact value of 𝑅 and give 𝛼 to four decimal places.

b) State the maximum value of 7 cos 𝜃 − 5 sin 𝜃 and the value of 𝜃, for 0 < 𝜃 < 2𝜋 at which this maximum occurs.
The height 𝐻 above ground of a passenger on a Ferris wheel is modelled by the equation

𝐻 = 12 − 7 cos(
𝜋𝑡

4
) + 5 sin (

𝜋𝑡

4
)

where 𝐻 is measured in metres, and 𝑡 is the time in minutes after the wheel starts turning.
c) Calculate the maximum value of 𝐻 predicted by this model, and the value of 𝑡 when this maximum first occurs
d) Determine the time for the Ferris wheel to complete five revolutions



Your Turn

Page 113

a) Express 9 cos 𝜃 − 2 sin 𝜃 in the form 𝑅 cos(𝜃 + 𝛼), where 𝑅 > 0 and 0 < 𝛼 <
గ

ଶ
. State the exact value of 𝑅 and give 𝛼 to four decimal places.

b) State the maximum value of 9 cos 𝜃 − 2 sin 𝜃 and the value of 𝜃, for 0 < 𝜃 < 2𝜋 at which this maximum occurs.
The height 𝐻 above ground of a passenger on a Ferris wheel is modelled by the equation

𝐻 = 10 − 9 cos(
𝜋𝑡

5
) + 2 sin (

𝜋𝑡

5
)

where 𝐻 is measured in metres, and 𝑡 is the time in minutes after the wheel starts turning.
c) Calculate the maximum value of 𝐻 predicted by this model, and the value of 𝑡 when this maximum first occurs
d) Determine the time for the Ferris wheel to complete two revolutions

a) 𝑅 = 85, 𝛼 = 0.2187

b) Maximum = 85 when 𝜃 = 6.06
c) Maximum 𝐻 = 19.22𝑚 at 𝑡 = 4.65
d) 20 minutes
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a) Express 1.5 sin 𝜃 − 2 cos 𝜃 in the form 𝑅 sin(𝜃 − 𝛼), where 𝑅 > 0 and 0 < 𝛼 <
గ

ଶ
. State the exact value of 𝑅 and give 𝛼 to four decimal places.

b) State the maximum value of1.5 sin 𝜃 − 2 cos 𝜃and the value of 𝜃, for 0 < 𝜃 < 𝜋 at which this maximum occurs.
The height 𝐻 of sea water on a particular day can be modelled by the equation

𝐻 = 8 + 1.5 sin
2𝜋𝑡

25
− 2 cos

2𝜋𝑡

25
, 0 ≤ 𝑡 < 12

where 𝐻 is measured in metres, and 𝑡 is the number of hours after midnight.
c) Calculate the maximum value of 𝐻 predicted by this model, and the value of 𝑡 when this maximum occurs
d) Calculate, to the nearest minute, the times when the height of sea water is predicted, by this model, to be 7 metres.

T.190 7G: Qs all, P.54 7.7 Qs all
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Past Paper Questions
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Past paper practice by 
topic.  Both new and old 
specification can be 
found via this link on 
hgsmaths.com 



Summary of Key Points
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T.192 mixed ex, P.57 BSG


