2.5 The “"double-angle’ identities 87

Exercises 2.4

Using cos z/6 = /3 /2, sin x/6 = 1/2, and tan x/6 = 1/ /3 and the double-angle
formulas, evaluate the following.

1. sin—%[~ 2. cos%r— 3. tan~§—

Using cos 7/4 = /2 /2 = sin z/4 and the double-angle formulas, evaluate the fol-
lowing.

. 7 7T
4. sin - 5. €08 -

Using sin #/2 = 1 and cos =/2 = 0, evaluate the following.

6. sinz 7. cosw

Verify that each of the following equations is an identity.

8. cos3¢=4cos*f — 3cosh.
9. sin4¢p = 4cos ¢ (sin ¢ — 2sin® ¢).
10. cosda = 8costa — 8cos?a + 1.
11. sin 5x = 16sin® x — 20 sin® x + 5sin x.
12. cos5y = 16cos®y — 20 cos® y 4 5 cos y.
13. sin % cos % = —;— sin x. [Hint: X = 2(%)]

z ., Z
14. cos? = — sin? % = cos z.

2 2

B _g é)zz &
15. (cos2 sin 5 =1 - sin S.
16. 2tan o

Sin 2a = m'

3tan ¢ —tan’ ¢
1—3tan®¢

N ._____-—_2 -

coty —tany

19. cos 2x = cost x — sin* x.

20, 1 — 2 sin? (E _ e) = sin 26.

17. tan 3¢ =

18. tan2y =

1
21, cos2z 4 2sin?z=1.
. 2ﬁ:1 —cos 3
22. sin > =
23, cos?2y — 2cos2y = —1.
2 = _sectp
4. sec2p = T—ian? &
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25.
26.

27.

28.
29.
30.
31.

32.

33.
34.
35.
36.

37.

38.
39.
40.

Trigonometric identities

sin ¢ sin 36 = sin? 260 — sin? 4.

_cot?y —1
cot2y = ooty
secycscy = 2csc2y.

cosda =1 — 8sin? a cos? a.

cosdz = 8sin*z — 8sin’z + 1.

(cosy — siny)? = 1 — sin 2y.

2 sin(a + B) » cos (@ — B) = sin 2a + sin 28.

sin 3¢ cos 3¢ _
sim¢p  cosd 7

2 ¢csc2x = cot x + tan x.
cot @ — cot 2 = csc 2a.

csc? 2y — sec? 2y = 4 cot 4y csc 4y.

cos 0 cos 36 = cos? 6 — sin? 26.

. _Ssn28
@n B = 1578
cot’ ¢ — tan® ¢ = 4;[?2522(;#-

4sint oy = 3 — 4 cos 2 -+ cos 4.

1 + sin 2x -+ cos 2x

1 -+ sin 2x — cos 2x = cot x.
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[1] sin% :sin2-% =2$in%cos%:2-% g:g Exercises 2.4
x_ T ot B g 2 =3 _L1_1
[2] cos3—cos26—cos g TSI o= - o=
2
2tan = V3
3] tan £ =tan2-2 £ = 6_ = =vV3.
[3] ta 3 ta 6 1-tan? % 1_%
[4] sin%zsin2-§:2sin%cos—:2 %-%:1
5 x _ 28 —co2 X —gin2 E=2_2_9o
[]cosz—cos4—cos4 sin” 7 = - — 4 =
[6] sinw:sinZ-%:Zsin%cos%zO.
[7] cos7r:cos2§:coszg—sin2§:0—1:—l

11. sin 5x = sin (3x + 2x)
= sin 3x cos 2x + cos 3x sin 2x
= (3sin x — 4sin® x)(1 — 2sin? x) + (4 cos® x — 3 cos x)(2 sin x cos x)
= 3sinx — 6sin®x — 4sin® x + 8sin® x + 8 sin x cost x
— 6sin x cos? x
= 3 sin x — 10 sin® x 4 8 sin® x 4 &sin x(1 — sin? x)?
— 6sin x(1 — sin® x)
= 3sinx — 10sin® x 4 8sin® x + 8sin x(1 — 2sin? x + sint x)
— 6sinx + 6sin® x
= 16 sin® x — 20sin® x + 5 sin x.
2tana - 2tan o
1+ tanla  secta
(sina)
2
_“\cosa
o 1
cos?

= (5% ) (cost o)

= 2sin& cos &
= sin 2a.

20. sin (%—— 9) ==sin—:—cos6 —-cos%sin@

- —~2—2— (cos 6 — sin ),

16.

1 — 25sin? (—} - 0) -1 2(%)@0529 — 2cos 6 sin 6 + sin 6)
=1 — [(cos? 8 + sin?6f) — 2 sin 6 cos 6)]
=1 —[1 — sin 24
= sin 26.
25. sin f sin 30 = sin (3 sin § — 4 sin® 6)
= 3sin?0 — 4sin* 6

= 4sin?f — sin? § — 4 sin* cosx , sinx
= 4sin? (1 — sin?6) — sin? § 33. cotx +tanx = x4+ 20
=4 5192 6 cos? f — 311.12 6 __(cos x)(cos x) + (sin x)(sin x)
= (2 sin 6 cos 6)? — sin? 4 B sin x COS X
= sin? 26 — sin® 4. _ sin®x 4+ cos?x
T sinxcosx
1
" sin X COS x
B 2
" 2sin xcos x
2
" sin 2x
== 2 ¢sc 2x.

1 +sin2x +cos2x _ 1+ 2sinxcosx + (2cos? x — 1)
1+4sin2x —cos2x 1+ 2sinxcosx — (1 — 2smn?x)
_2sinxcosx + 2cos*x
T 2sinxcosx + 2sin? x
__2cos x (sin x + cos x)
~ 2sin x {(cos x + sin x)
_ cos x
T sinx

40.

= cot x.
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33. cotx-i—tanx:c.osx S X
sinx ' cosx
_ (cos x)(cos x) + (sin x)(sin x)
- sin x COs X
__sin®x 4+ cos? x
T T sinxcosx
1
" sinx cos x
_ 2
" 2sin x cos x
2
" sin 2x
== 2 csc 2x.
145sin2x +cos2x _ 14 2sinxcosx + (2cos*x — 1)
1 +4sin2x —cos2x ~ 1+ 2sinxcos x — (1 — 2sin® x)
_2sinxcos x + 2cos®x
~ 2sinxcos x + 2sin? x
__2cos x (sin x + cos x)
~ 2sin x(cos x + sin x)
_cosx

40.

x = cot x.
S x
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