Double-Angle Identities

The double-angle identities are summarized below.

Double-Angle Identities

gin20=2sinfcos§ tan20=—1200_
1 - tand

cosdl = cos’fl — sin’f! cos28 = 2cosfl — 1 cos2@ =1 — 2sin’f

Example 1 Applying the Double-Angle Identities
Check Your Understanding

1. G skl dard Given angle # is in sraudanii position with its terminal arm in
. “:t"':l"z‘; n': :rml Quadrant 3 and sin § = —3, determine the exact value of each
gonn in Quadrant 4 and trigonometric ratio.
cos f ﬁ-g,:hterminemeexacl a) sin 26 b) tan 26
value of each trigonometric
— SOLUTION
oy e b) cos29 Suppase point P{x, ¥) lies on the terminal ¥
A Z g2 _pt arm of angle 8.
= 75-4 Since the terminal arm of 8 lies in
~Nao 21 Quadrant 3, cos{: is negative. 23 /" \ \
Fromsinfl = —3,scty=—landr=3 - -
6) sin26 = 2sincose Sketch a diagram. P
-3 2 Use mental math and the
e Pythagorean Theorem to determine
: -%1_52—1_ the x-coordinate of P, which is — /8, or —24/2.
/2 1
5)tosze=2t06'9'1 50,1:059=—T and tan =2—\ﬁ
T
= 2+(%) -1 a) sin 26
N T R
2'%s ! Substitute sin# = —-15 and cos # = 2—_:5 in
= 5
58'3 _% sin 26 = 2 sin # cos #
) —v"_
bT= 1 242
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b) tan 284
Substitute tan # = i in:

21an @

e =3 0
1)

)

=l 7
&
(¥}

Show that this strategy results in the same answer.

14 COSB/-
1 ain®
Using Double-Angle Identities to Simplify
and Evaluate
Write each expression as s single trigonometric ratio, then evaluate YT ———
where [;““'blf' single trigonometric ratio, then
a) sing cos b) 6cos't — 3 evaluate where possible.
a as(f) - sn(§)
SOLUTION .
21an ]
a) sing cos b) 6 cos’d — 3 b) m‘(ﬁ) + < fackor -1
=] - & Tactor -
Use: 2 sin # cos @ = sin 24 Use: 2 cos’® — 1 = cos 26 6 42 CL._C__:]_ qe
'Then, sin 8 cos § = %sin 26 Then,6cos' —3=32cs'#—1) Q 0) cos(2 -{5) the sign's
= 3 cos 26 113
So,sinlz,: cos; =%(sin 2(;)) ‘C’:’S( 2)
=0
FAN 3 IC
y b 2tant
=3 (T) -1 (1-tan?(E))
‘V’G TC ! F?Z.
=T L —TGH(Z'E) -
= -tan %
:-(i/&
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3. Prove each ientity.

a) cotf =

b) cot A csc 26 e

c0s20 + 1

sin 20
1

dn’v

A 0>RS _s2e+1

In2e

- 20080-1+1
28InB o6

. Zeto
Z3e fe

NC)

T snBe

= cote

= LS

b)Ls= cotecsc26

_cose |

INB® SN2
.fe
" sin® ' 25Mmecko
S

23(n*©

= RS

Try : P@Sg #5167Q’“
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Using Double-Angle Identities to Prove
Other Identities

Prove cach identity.

1 — cos 28

(sinf + cos6)
a) ain 26

= tané Sin 20

b) csc26+ 1=

SOLUTION

1 — cos28 _
a) ain 26 =g

LS. = 1=<828 {100 identities for sin 26 and cos 26.
sin 28
1 — (1 — 2sin’f)
2sin 8 cosd
_ Asinle
T A cos
_ sing
cos B
=tanf
= RS
Since the left side is equal to the right side, the identity is proved.
(sinf + cos @)’
sin 26
SE (sinf + cosd)’
S sin 26
_ sin¥ + 2sinfeosh + cos’®  Use the Pythagorean identity
- sin 26 and the identity for sin 24.
=1t 8in2é
T sin2f
_ 1 sin 20
T sin20 7 sin 26
=csc2+1
= LS.
Since the left side is equal to the right side, the identity is proved.

b) csc280+ 1=

Expand the numerator.
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Using Double-Angle Identities to Solve
an Equation
Solve the equation cos 2 = 1 — 2 sinx over the domain 0 = x = 2m 4. Solve the equation
Jsin2x — cos’x = 0

over thedomain0 < x < 2=

SOLUTION

cos2x = 1—2sinx  Use the identity for cos 2x that invalves sin .
1 - 2sin’x = 1 — 2sinx QA
2sin’x — 2sinx = 0 Factor.
2sinx(sinx— 1) =10
2zsinx=0 or sinx—1=0

sinx =0 smx =1

a@

x=0orx=mw x=3
Verify the solution.

-
Therootsare:x = 0,2 = ﬁ,andx=3

Discuss the Ideas

1. What is a double-angle identity? How is it different from double a
trigonometric ratio?

2. Why are there three double-angle identities for cos 26 but only one
identity for sin 262

A

3. What are two identities for tan 267 Give an example of when it would
be better to use each identity.
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