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Compound Angle Formulae 4

Your notes

Compound angle formulae

What are the compound angle formulae?

= There are six compound angle formulae (also known as addition formulae), two each for
sin, cos and tan:

= Forsinthe +/- sign on the left-hand side matches the one on the right-hand side
sin(A + B) =sinAcosB + cosAsinB
sin(A — B) =sinAcosB —cosAsinB

= Forcosthe +/- signontheleft-hand side is opposite to the one on the right-hand side

cos(A + B) =cosAcosB —sinAsinB
cos(A — B) =cosAcosB + sinAsinB

= Fortanthe +/- sign ontheleft-hand side matches the one in the numerator on the right-
hand side, and is opposite to the one in the denominator

tanA +tanB tanA —tanB
tan(A + B) = tan(A — B) =
1 —tanAtanB I +tanAtanB
= You canderive the tanidentity by:
ihotan(A + B) = sin(A + B)
= Writing tan = COS(A T B)
] Dividing the numerator and denominator by COSA cos B

o

Examiner Tips and Tricks

= Allthese formulae are in the formulae booklet - you don't have to memorise them.

o

Worked Example
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Your notes
? a) Express tan(225° - 30°) in terms of

tan225° and tan30°.
b) Hence show that tan195° =2 — \/§

FORMULA 6
_p) = tanA—tanB_ ABOVE
a)  tanlA-B) = e B

tan225 —tan30°

tan(225=30) = 4 2 25tan30
] .3 YOU SHOULD
b)  tan225=1 ‘tdn3O=T KNOW THESE!
tan(195") = tan(225-30)
-3 1-Z
1 e
3] =52
3 3+43
3-{3 3-43 }‘,RATIONAUSE
= X -
3443 3-43 THE DENOMINATOR
_12-6{3
6
=2-43
#Fsavemyexams
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Double Angle Formulae 4

Your notes

Double angle formulae

What are the double angle formulae?

= The double angle formulae are derived from the 'A+B' versions of the compound angle
formulae:

« sin(2A) =2sinAcosA

« cos(2A) =cos2A —sin2A
« cos(2A)=2cos2A -1
« cos(2A)=1-2sin2A

2tanA

+ A=

1. sin2A = 2sinAcosA

sinlfA+B) = sinAcosB + cosAsinB

LET B=A. THEN
sin(2A) = sin(A+A)

= sinAcosA + cosAsinA
= 2sinAcosA
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2cos’A — 1 = 1-2sinPA ,
Your notes

2. cos2A = cos’A —sinfA

Il

cos(A+B) = cosAcosB — sinAsinB

LET B=A. THEN

cos(2A) = cos(A+A)
cosAcosA — sinAsinA

cos?A — sin?A

THE OTHER TWO FORMS COME FROM

REARRANGING
sin?A + cos?A =1

AND SUBSTITUTING

_ 2tanA

3. tan2A = A—<arA
_ tanA +tanB
tan(A+B) = ’I—‘tan‘tan

LET B=A. THEN
tan(2A) = tan(A+A)

tanA+ tanA
1-tanAtanA

2tanA
1—tan?A

=

Examiner Tips and Tricks

= The double angle formulae are notincluded in the formula booklet - you have to
know them.

= |fyouforgetthem, you can always derive them from the compound angle
formulae (which are in the formula booklet) as shown above.

o

Worked Example
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Your notes
? a) Show that 7sin26 — 3sinf = 0 can be

written in the form
a sin9(bcost9 + c) =0
stating the values of @, b and c.
b) Hence solve, for 0 < 6 < 360°, the equation

7sin26 — 3sinf) = 0. Give your answers

to 1 decimal place.

USE DOUBLE ANGLE
FORMULA FOR sin

a)  7sin20 =7(2sinB cosB) = 14sinB cosO

WE CAN REWRITE THE EQUATION AS
14-sinB cosb —3sinB=0
sinB(14cos6-3)=0
WITH a=1 b=14 c¢=-3

bl  sin@(14cos6-3)=0

- -3
SO sinB=0 OR cosG—44

IF sin6=0 YOU SHOULD
=0 OR 6=180 KNOW THESE!

-3
IF cosB= 14

6=77.63 OR 6=360-7763=282.37

THEN FIND OTHER
VALUES IN THE
REQUIRED INTERVAL

USE CALCULATOR
TO FIND PRINCIPAL
VALUE

THE SOLUTIONS ARE
6=0,776,180, 282.4 (1dp.

#Fsavemyexams
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Harmonic Form /

Your notes

Harmonic form

What is harmonic form?
= |faandb are positive constants, then
= asinx+bcosxcanberewrittenasR sin (X + a)
= asinx-bcosxcanberewrittenasRsin(x - a)
= acosx+ bsinxcanberewrittenasRcos (x - a)
= acosx-bsinxcanberewrittenasRcos (X + a)
= The formswith Rand a are called harmonic forms

= |tisthereverse of expanding the right-hand side out using compound angle
formulae

= |tcanbe seenasfactorising

» |nallfourcasesR>0and0<a<90°, with:

a=Rcosa

b =Rsina

R =+/a% + b?

= Tofinda, first divide the b expression by the a expression
= TheR'scancel
= Usetheidentitysina/cosa=tana
= Yougetb/a=tana

= Thenusetan-1(b/a)tofinda

How do | write trigonometric expressions in harmonic
form?

= Torewrite the expression use the appropriate compound angle formula and equate
coefficients
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eg. Scosx —12sinx
Your notes

THIS IS CASE 4 ABOVE, WITH a=5 AND b=12

cos(x+d) = cosd cosx — sind.sinx EXPAND USING

COMPOUND  ANGLE
FORMULA FOR cos

SO Rcos(x+d.) =Rcosd cosx — Rsind sinx

COMPARE TO ORIGINAL EXPRESSION:
Rcosd =5 Rsind. =12

Rcosd =a
Rsind. =b

Rsind _ _12
Rcosd. tand = 5

d=tan"(2) =67.38°

ALSO (Rcosd.)’+ (Rsind)” = 57+12°
R'cos?. + Rsinth = 25 +144
R’(cos% + sin%.) = 169
cos?h + sin®h =1 R’=169

R=13 VE R=Aa+t

Scosx —12sinx = 13cos(x+ 67.38)

acosx — bsinx = Rcos(x+d.)

o

Examiner Tips and Tricks

= Thereis more than one way to rewrite a given expression, and the questionin the
exam will tellyou which form to use.

o

Worked Example

8
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Your notes
? a) Express sinf) — 4cos@ in the form Rsin(0 — a),

where R > 0and 0 < a < 90°.
b) Hence solve sinf — 4cosf) = 3 for 0 < 0 < 360°.

COMPOUND ANGLE
FORMULA FOR sin

a) Rsin(6—d.) = Rcosd. sin@ — Rsind. cosO
Recosd.=1 Rsind=4 Rcosd. =a
; Rsind.=b
Rsind. — tand =4 sin
Rcosd.

& =tan(4)=75.96"

R=A1+4 =17 R=Aa’+b

sin@ —4cosB = {17'sin(6 —75.96")

USE sin® ON YOUR
b) Ws‘ln(e—75.96n)=3 CALCULATOR TO
. o 3 FIND THE PRINCIPAL
snn(6—75.96)=W VALUE OF 6

(0-7596") = 46.69
OR (6-7596") =180 -46.69 = 133.31°

THE SOLUTIONS ARE THEN FIND OTHER

_ o . SOLUTIONS IN THE

6=12265 OR 209.27 REQUIRED RANGE
@#Fsavemyexams
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Modelling with Trigonometric Functions

4

Your notes
How do I model with trigonometric functions?
= Variousreal-life situations can be modelled using trigonometric functions
= Youneedtobeabletointerpretthe equations usedinthe model
= |fyouneedtoidentify maximum or minimum values of a formula, remember the bounds
of the sinand cos functions:
= -]<sinx<1
= -1<cosx<]
e.g. WHAT ARE THE MINIMUM AND MAXIMUM VALUES
OF y=15-23sin3x
WHEN sin3x =1, y=15-23(1=-8
WHEN sin3x=-1, y=15-23(-1)=38
SO y.=38 AND y,=-3
= You may need to simplify trigonometric expressions to make the behaviour of an
equation clearer
e.g. WHAT ARE THE MAXIMUM AND MINIMUM VALUES
OF y=0.15sinx +0.2cosx 7
Rsin(x+d.) = Rcosd sinx + Rsind.cosx
Recosd =045  Rsind=0.2
R=4045"+0.2° =0.25
_ Rsind _ 0.2 _ 4
and = R eosd. ~ 045 ~ 3
d=tan'($) =534 (1dp)
SO y=0.25sin(x+531)
Yoo =0.25  y,=—0.25
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= Youmay also need to discuss the period of an equation ,
= Theperiodis oftenindicated by T Your notes

= Foraperiodic functionin xlike sin or cos, the period is how much x has to change by
forthe function to go through one complete cycle

Y
-3

~_ 1

o K““j

T___
V___

= Forfunctions of the form cos (gx+ r) or sin (gx + r) the period Tis:

T= ? (for angles in degrees)

T= ZT” (for angles in radians)

e.g. WHAT IS THE PERIOD OF y=cos(%x—1.5) WHERE
THE ANGLE IS MEASURED IN RADIANS?
THE PERIOD IS

291 £eN
T=Z "7
8

o

Examiner Tips and Tricks

= Thevariableinthese questionsis often tfortime.
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= Readthe question carefully to make sure you know what you are being asked to ,
solve.
Your notes

o

Worked Example
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4

Your notes
9 An amusement park builds a large circular wheel as
e

a tourist attraction. The height of a passenger on

the wheel is modelled by the equation

H=50- 48cos(%t + 0.3)

where H is the height of the passenger above
the ground in metres, 7 is the number of minutes
after boarding, and angles are given in radians.
a) What is the maximum height that the passenger
reaches above the ground?
b) How many minutes after boarding the ride will
the passenger reach that height for the first time?
¢) How long does it take the wheel to make

a complete revolution?

qQ) THE MAXIMUM VALUE OF H OCCURS WHEN
THE COSINE IS EQUAL TO -1

Himax =50 —48(=1) = G8m

a -
b) cos( I t+0.3)=-1
T B e REMEMBER TO
%t +0.3=cos (-1 =90 VE USE RADIANSI
Ty —qgr_
15‘: a-0.3
_15 _
t—ﬁ(ﬂT—OS) =13.6 MINUTES (1 d.p.)
c) THE WHEEL COMPLETES ONE REVOLUTION
EACH TIME

%t GOES THROUGH 29T

2T _ 30 MINUTES

%)

PERIOD OF cos(qx+r) IS

_ 291
T—T

@savemyexams

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 13


https://www.savemyexams.com/?utm_source=pdf

