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sin’ u+cos*u=1
En2u=25inucosa

E= a+b’ - 2abco@
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Math 1060 ~ Trigonometry

11 Multiple Angle Identities

Learning Objectives

In this section you will:

* Learn the double and half angle identities for sine, cosine and
tangent.

* Find trigonometric values of double and half angles.

* Verify identities involving double and half angles.

* Learn and apply the power reduction formulas for sine and cosine.

* Learn and apply product/sum formulas.



The double angle identities are easy to generate using the identities for the sum of
two angles.

sin (20) = sin (0 + 6) (M’Q cos (26) = cos (6 + 0)
Swum
=5sin0Ocos® ﬂ’“&“1/ = (0sBcos9-su.0 si~n0

+cas0 swO .’d-lV\H-l-?) = ot B -t O

22 st O 60&9 _;_)@c(ng ) S.ﬂl@j

Eo. (26)=2sin0 cos O

Nole:
because x'Q=|-sut©Q
tan (20) = tan (6 + ) and Sin=l-cos’@
_ WC 4et 2 othav- Vaviehes
= Fun b + & of ?J&oubu angle icdtnh
| - +m0 $un O A v

™| cos (26) =2¢087 9~ |




Double Angle Identities: For all applicable angles &,
e sin(26)=2sin(f)cos(H)
cos’ (@) —sin* (8)
e co0s(20)=1<2cos’(8)-1
1-2sin*(8)

2tan(6)

e tan(260)= —an’(d)

Why do we need the double angle identities? Do they allow us to compute exact
values of any angles?

» Simplify expressions.
» Solve equations with 2x.

Ex 1: Solve this equation for values of x on the interval [0,27).

sin(2x) + cos(x) =0 (use Gtou‘o\g q'\ﬁk Icﬂ.wdﬁ'a,\
2 ShX @SX +CoSX= O

cos¥X (2 Sun X +\\)= ®)

Osx=0 our 25\'.'\‘("'\:0

! F%)%%:) ZSLV.\)(:-t




Starting with two forms of the double angle identity for the cosine, we can
generate half-angle identities for the sine and cosine.

@

cos(20) =1 - 2sin’0 cos(20) = 2c0s°6 -1
K
2s(26)-1=-25°O Cos(26)+\=2cos’S
<. Power Reduction Formulas: For all angles 6,
e sin’(8)= 1-cos(20)
2
. cos(0)= l+cozs(20) @

sinz(‘;—’) = l-co5(2<%l) co:(g)': [+ cos (2 (9»

2
e\ |-
S“"(i)- l anSG cos‘(g>._ l+czs6

|+cos 9

X




Hall Angle Formulas. For all applicable angles 0,

e sin 2):1“/71“’05(9)
 wll)of

+ )

where the choice of = depends on the quadrant in which the terminal side of g lies.

Ex 2: Use these identities to determine exact values. 5&,\,. a§/
D
. Q
a) sin (105°) = St <2|0 3 b) m(_)
RN N

| \f ; (‘”@’)
2 - ? | +cos (1-":—)

243 j
2

\




3
Ex 3: If 6 1is an obtuse angle and sin § =  , find the exact value of these using
double/half angle identities.

a) sin (20) b) cos l +C05l9'
=2 cosO S'V\S <
- - 3 3 &
=2 )X<) _&q\\ 2
Cos@Q= L D‘ N
c) tan(26) -g 5 : < V]
|§hhz(9 Tt o =7
0<Q<q
2 O<G(%=)‘MQ\
-l\S = chooge +
-3
- 2 -2




Ex 4: Evaluate cos Z—; in two ways, using the half-angle identity and using the

difference identity.

0, (AS'M3 l’\a”-ar\ﬁle . @ wsmzf diflecenca id.
cos 3-‘% :(ag(?—g \ Cos (37-',1->= Cos __(q-l}“>

12
- T _ 20
= (-Hos(l“) (DS( P3 t)
°/ an | _ _
2 “ | = cos /3 _ L
y b




