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Section 5.3
Double-Angle, Power-Reducing,
and Half-Angle Formulas
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Double-Angle Formulas

What are the double angle formulas?

Double-Angle Formulas

sin 260 = 2sin fcos

cos20 = cos* 0 — sin’ 0
2tan @
tan 28 = ———8—
1 — tan“é@

To prove cach ol these formulas, we replace a and 8 by @ in the sum formulas
for sin(a + B), cos(a = B), and tan{a = B).

« s5in20 =sin(0 +0)=smbcosO + cosOsin@ = 2sinOcos P
We ane
sin o + ) = sin o o0 B+ oos o sin [,
* ¢0s20 = cos (0 + 0) = cosfcos® — sinfsin & = cos’ # — sin’ #

Wo use
eni[a + O] = ent o oo B — din o gia 5,

s 0 + 6) tan & + tan 6 2tan 6
LI e : + >
tan 20 = tan ( J 1 — tan @ tan # 1 = tan” @
We sz -
bos b+ B) = fanox + e 3

0 —tam o ban B
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What are some common errors that Mr. Wee does not want to see?

Study Tip

The 2 that appears in each of the
double-angle expressions cannot
be pulled to the front and
written as a coefficient.

Incorrect!

of

and

¥ 2 sin X

do not coincide: sin 2x # 2 sin x.

[0, 2=, 5] by [-3.3, 1]

Three Forms of the Double-Angle Formula for cos 20
cos 28 = cos’ @ — sin’h ¥
cos20 = 2cos 0 — 1
cos20 = 1 — 2sin’ 0

Cod RE = 6009@—4)/(/\/\2@
= o0’ O —{ = co0’© )
= Qeo’6 — |
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I |
S 324?257 mlnr
2 S GAix’=035
- | x>= (6

.3 =
Example If sin 6= 3 and @ lies in Quadrant II, find the exact

value of each of the following.
a.sin2f = RonmE o

b.cos20 = coo6 0O 4
Y\ 2 3 2 - 1e _ =/ —
(5) —(g) 25 25 25
-2 —¢
c.tan20 = X9 - & _ _¢ (6 _[/=24
- 2, 7 =
)= () L-F F 3 7
, ‘: Z S S s
Example PLan .

20
lG & o '#

Verify the 1dentity: sin 4x =4 s x cos’x —4 sin’ x cos X

Break 4x into 2x+2x
DR+ :lx)
sum identity
2 AXCoD AX + O K e 22X

double aggle identity
. . -2 .
2 o X oo X '(oaolx—w"x> + (mlx—% :524,«\« K coo X
factor out the
cos x-sin’x

(QM%MXv‘QWK 000%)(&0'3 X —on ><)

Simplify
(“/MXCOox>(wolx e i X))
3Distribute
q'/.l/(/vxy coO” X — L7£4Q«~3)<6z70><
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Example Verify the identity: cos 3x =4 cos'x—3 cos x

What s the double - = 2 €3 ?

angle identity for
cot?

Start with the identity for tan 2&
, = 2
28 2 L © = &
CvoO 2 2
& | A O 5
o

o9 2SS [ —Zip

P

‘e 2z o

ot RO = T
R e &
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2l
Example T = on 20
2tan ~
Find the exact value of — 5 — o, R
) T
1-tan” — 3
= 2T
Ad~ =5
= o

Example

@
2tan 22.5

2 L4}
l1—tan~ 22.5

Find the exact value of
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Power-Reducing Formulas

What are the power reducing identities?

Power-Reducing Formulas

. 3 | = cos 20 . 1 + cos 28 y 1 = cos 26
snf = ——— ¢o55 = —m @ tan“"f = —
2 2 1 + cos 26

Both sin and cos have cos in the tan’x is just the quotient

numerator... property applied
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. . . B 4
Write an equivalent expression for sin”x that does

Example not contain powers of trigonometric functions greater
than 1.
.o
o X given
(o)’
S X rewrite

2
( I_ﬁiﬁ‘) power reduction for sin

/—2%&x+@0202><

expanding... careful with the numerator...

%L binomial
=2 (2%
[ 2o 2x + |+ oo < ) power reduction for cos... careful...
=2 theta=2x here...
s
2T d PO 4 | 4o U o
e simplify
=2
-
22— Y o2 v [ 4 ero X simplify
T T K Y [+ oo X
@

=
T sty

Half-Angle Formulas
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What are the half-angle formulas?

Half-Angle Formulas
@ o /1 - cosa
e Vo 2 Note: plus/minus means that
@ Ca .'Im %{ou have t(?lthir)k... you have to
msi = :L-\, — igure out the sign...
@) an 4 /L cosa plus OR minus... figure it out
2 VI + cosa
rmpbgl in lugs for
Qidn. 1 Half-Angle Formulas for Tangent l%
)
trigonometfic fu o l —cosa ¢lies
- lanoT = —/——— 2
2 sin a
o sin a
lan— =

2 1 + cosax

Study Tip

‘The 5 that appears in each of the
[1.|lT'-'.u|':'_|c formulas cannot be
pulled to the front and written as
a coefficient.
Incorrect!

“ A 1

.\'h:[;— = —sip'd
L‘l!\E > Ecu.-: i

. s,
I.;,m? 7I.‘1I‘|.i.!'

The figure shows that the graphs

' . X 1.

] = sIN T f & —g [ )
of y in> and y 5 5l X de
. ox 1

not coincide: sin = # = sin x.
¥ =dein
$ y=sing

[0. 2, 5] by [-2.2,1]
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Study Tip

Keep in mind as you work with the half-angle formulas that the sign owside the radical is
(13 . .

determined by the half angle =. By contrast, the sign of cos «, which appears under the
y

radical, is determined by the full angle a.

sin @ = w The tigs of cot cx

o \' N Is deternined by

The sige is dutermined the quadrant of o,
by the quadrant of % .

Example Find sin 105°. W’@W
QO | —
e f 2O _ | 1T em 210
=2

tool-angle

How do | figure the sign...??? 2

Draw a picture... do not confuse your
tool-angle with your actual angle... 2 rB—

10
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Example

Example

. 57 1 (57
Find the cos =——. Use — | J
8 2 | 4

~

Find the sin 75" using the sin % formula.

11
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Example Find the cos 105" using the cos % formula.

5; (5
Example Find the tan UST . Use %

4
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Example

Find the tan 105° using the tan g formula.

Principal Trigonometric Identities

Sum and Difference Formulas

sinfa+ B) = sinacos B +cosasin B sinfa— B) = sin a cos B — cos a sin S
cos{a+ B) = cosacos B —sinasin B cos(a— B) = cos acos B+ sinasin B
tan &« + tan 8 lan & — tan 8

lan(a — B) =

tan{e + =— —_———
( B) Il — tan & tan B 1 + tan e tan 8

Double- Angle Formulas
sin 26 = 2 sin f cos 8
cos20 = cos’@ — sin® 8 = 2costf — 1 = 1 — 2sin®@
2lan @

tan 20 = ———
1 — tan® @

Power-Reducing Formulas

i 1 = cos 28 - 1 + cos 20 5 1 — cos 28
sin“f = ———— sl = — lan“fl = ——
2 2 1 + cos 26
Half-Angle Formulas
Lo [l —cosa @ fl1 + cosa
."m'l2 = _‘IT\‘,'T msz — ':\II 3
IS [l —cosae | —cosa sin a
fan— = %, | - = -
2 V1 +cosa sin o 1+ cosa

13
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Homework:

Assignment 5.3: pp597: 1-67 odds...

1.) Do the HW

2.) Grade the problem that are in the back

3.) Write this score next to your name on the first page...

10 homework extra for evens... separate

Due Tuesday

Project:
Make simple flashcards for the trig identities...
Due Tuesday

If tan 6=-1 and & lies in quadrant II, find cos 2 6.

1 (a)

. 9
Cc

0 (@)

undefined

February 13, 2013

14
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If the tan a=i,ﬁnd the tan E.
24
7
(a) 48
7
®) 15
() 3
q 4
@
7

February 13, 2013
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