919 PART I11: Solutions to Even-Numbered Exercises

sin(u+v) sinucosv + sinvcosu

86. tan(u + v) = = . -
cos(u + V) Cosucosv — sinusinv
1 sinu + sinv
SNUCOSV + SNVCOSU  COSUCOSV _ COSU  COSV _ tanu + tanv
© cosUCOSV — sinusinv 1 _1 snusinv 1 —tanutanv
COS U COSV ~ cosucosv

88. y=0:x—-3x—40=(x—8)(x+5 =0 [ xintercepts: (8,0), (—5,0)
x=0 [ y= —40.y-intercept: (0, —40)

9. y=0: XJ/x+7=0 O x=0,—7 xintercepts: (0, 0), (—7,0)
x=0 O y=0.y-intercept: (0, 0)

92. arctan(— /3) = —gbecausetan<—g> =-J3 94. arctan0 = 0

Section 5.5  Multiple-Angle and Product-Sum Formulas

Solutions to Even-Numbered Exercises

4

Figurefor Exercises 2-8

2. tan6 =3 4. sin26 = 2sin6cos 6 = 2(3)(3)
1
6. sec 20 = 8. cot20 = ——
cos 26 tan 26

B 1 _1-—tan? e
~ cos?f — sin? 6 ~ 2tan@
B 1 1 (3/42
~ (4/57 — (3/5)? o 23/9
_ 1 _7/16
 (16/25) — (9/25) - 3)2
_ 7

7 T2

_
— 25



920 PART I11:

Solutions to Even-Numbered Exercises

10. sin2x + cosx =0
2sinxcosx + cosx =0

cosx(2sinx+1) =0

cosx =0 oo 2snx+1=0
x—zgir sinx——1
2" 2 2
(o 7w U
6’ 6
14. tan2x — cotx =0
_2tenx = cot x
1— tan?x
2tan x = cot x(1 — tan® x)
2tanx = cot X — cot X tan? x
2tanx = cot X — tan X
3tan X = cot X
3tanx —cotx =0
1
3tanx — —— =
tan x
3tan’x — 1
tan x
1
—@Btan’x—1) =0
tan x

cotx(3tanlx — 1) =0

cotx =10 or 3tax—1=0
x=E,3j tan2x=1
2 2 3
tanx:i—3
3
w— T 57
6 6’
=T @ 57 77 3w 1lm
6’2" 66" 2" 6
16. (sin2x + cos2x)2 =1
Sin?2x + 2sin2xcos2x + cos? 2x = 1
2sin2xcos2x = 0
sindx =0
IAX = nmr
nw
=y
o
x=0,z,

12. Sin 2X Sin X = COoS X
2sinxcosxsinx — cosx =0

cosx(2simx — 1) =0

cosx =0 or 2smMx—1=0
x=7l,3£ sin2x=}
2 2 2
sinx=i£
2
_ ™ 3m 5w Tm
4' 47 4’ 4

Tr 1r
6' 6
7 3m 5w 3w Imw
224 ™42 4



921 PART I11: Solutions to Even-Numbered Exercises

18. 6sinxcosx + 4 = 3(2sinxcosx) + 4 20. (cosx + sinx)(cosx — sinX) = cos? X — sin? X
=3sn2x+ 4 = COS 2X
2 7 37
22. cosu = 25 < U< 7 Quadrant Il 24. cotu = —6,7 < U< 27 Quadrant IV
. . \/45>( 2) 12./5 . . ( 1 )( 6 ) 12
sm2u—25|nucosu—2< 7 2 9 sSn2u = 2sinucosu = 2 Ne A Wer =37
. 4 45 41 . 36 1 35
= — 2 = ——— = —— = —_ 2 = — = —
cos2u = cos?u — sinfu 29 19 9 €0s2u = cos?u — sinfu 37 37 37
2<—745> 2<_1> _E
2tanu 2 -J45 12/5 2tanu 6 6 12
tan 2u = = = = tan 2u = = == _=
l-ta?u 45 4-45 4 1-taPu 1_(_;)2 35 35
4 4 6 36

26. sin*x = (sin? x)(sin?x)

(1 —cos2x\(1— cos2x
2 2

1 — 2cos2x + cos? 2x

4
_|_
1—2cos2x + (10054)(>
_ 2
4
_2—4c0s2x + 1 + cos4x
- 8

1
= 5(3 — 4 cos2x + cos4x)

1+ 2x\3
28. cos x = (cos? x)® = ((;OSX)

= 1 + 3cos2x + 3cos? 2x + cos® 2x]

1+3cos2x+ 3+

1 + cos4x 1 + cos4x
— 4+ c0s 2X| #

Ik O/l Ik 0lF
)

5 3 1 1
5 + 3cos2x + Ecos4x + ECOSZX + ECOSZX . cos4x}

5 7 3 11
=+ = + = + == +
>t5 COS 2X 2 Cos 4x 2 2(cos 2xX + cos 6X)}

1
= 5[10 + 15c0s2x + 6 cos4x + cos6x]



922 PART I11: Solutions to Even-Numbered Exercises

30. sin*x cos? X = sin? x sin? X Cos? X
1— cos2x\/1 — cos2x\/1 + cos2x
2 2 2

= %(1 — €0S2X)(1 — cos? 2X)
= %(1 — C0S2X — C0S2 2X + cO0S® 2X)

1 1 + cos 4x
= 8[1 — COS2X — ()

1 + cos4x
+ cos 2x<>}

2

1
= ?6[2 —2c0s2x — 1 — cos4x + cos 2x + cos 2x cos 4x]
_ 1 1 — cos2x — cos4x + 1cost + 1cos6x

16 2 2

1
= 5[2 — 2C0S2X — 2 c0s4x + cos2x + cos 6x]

1
= 5[2 — €C0S2X — 2c0S4X + cos6X]

0

12
Figurefor Exercises 32—-38

32 gnl- /L= cosf YN
2 2 2 6
cosi
/1 -(12/13)
2 -1
B 1/13 /1+ cos@
. 2
- V26 12
1+ 13
_ V26 /26
_ 1 b _ 0
36. cot _tanf 38. Zcosztanz—Zsm2
2 4%
sin 0 26
1-— cos6 - 2
5 ~ 26
__13 =—V1§6 (see #32)
12
13

13\ 1
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PART I11: Solutions to Even-Numbered Exercises

1 _ (o}
40. sin 165° = sm( 330°> / cos 330 \ / \/ -3

1+ \@/2

1

1+ °
cos 165° = cos< 330") =T 0SS 330 - 2+ /3
sin 330° -1/2 -
tan 165° = tan 330° = = =/3-2
an (2 ) 1+cos330° 1+ (/3/2) 2+ Jé V3
42. 157° 30’ = 157.5° = 1(315°) Quadrant |1
§n(157° 30/ _Sn@ 150) /1—cos315 1- f/2: \/2; J/2
cos(157° 30" = cos(1 . 315° =—-/— 1+ cos 315 + V2 2_ _y2t /2
2 2 2
1 sin 315° -J2/2 -2
tan(157° 30’) = tan| < - 315° = = =1-J2
( ) (2 ) 1+cos315° 1+ /2/2 2+ /2 V2
T R 1 — cos(7/6) 1- (\@/2)
44. sn— =sn|Z(<|| = = =_V2-
SN S'”[z(aﬂ v 2 2 V3
T 1w 1+ COS(7T/6)
R — — — [ S +
cos cos[2<6>} 2+ /3
T 1/ Sin(7T/6) 1/2
tan—_—=tan[{ < || = = =2-J3
12 [2(6)} 1+ cos(m/6) 1+ (/3/2) V3
Tm 17w
46. o= 2( 6> Quadrant I1
Sin(ﬁ _ Sm(; - E) _ \/1 — cos(7w/6) _ \/1 +(V/3/2) _J2+ 3
12 2 6 2 2 2
cos(ﬁ) _ COS(&.E) __ Jitcos7m/e) . /1-(S3/2)  _J2- .8
12 2 6 2 2 2
sinh =
7 1 7= 6 2 1
tan<—>:tan<f-f>= = =-2-.3
12 2.6/ |, cslT V3 J/3-2
6 2
48. cosu——0<u<— Quadrant| sinu = /1 — cou = 1—£ 2
2 625 25
u_ 1—cosu_ 21 _ 9 _ _3
o=V 2 2 " V270875
u_ 1+ cosu 1_,_215_ 16 _4
83 = \/ _\/ 2 "N 875
u_1—cosu_1—2*5_§_§
@S~ "Snu | Z 24 a4

25



924 PART I11: Solutions to Even-Numbered Exercises

50. cotu=7, 1< u< 3777 Quadrant I11

u 1—cosu _ 1+ (7/ ) ‘/ + 7 50 + 7/50
2=V 10 .

ol /1+cosu /1—7/\/ 0—7 50 — 7./50 "
2 /50 10 i

/50

+ L (Not drawn to scale)
u_ 1-cosu V50
— = - = — / +
tan2 snu -1 ( 50 7)
V50
1 + cos4x 4x 1—cos(x— 1) ‘ x—l‘
52. ———— = |[cos—| = |cos 2 5, — | —————— = —jsgn[——
e e ST e
. X X .
56. h(x) =sm§+ cosx — 1 58. g(x) =tan§—smx
sing+cosx—1=0 tanl—sinx=0
W 1 — cosx .
+ /————=1-cosx " =gnx
2 sinx
1 — cosx 1 - cosx = sin?x

=1 — 2cosX + cos?x

2 1—cosx=1-— cos?x
1—cosx=2— 4cosx + 2cos?x COLX — cosx =0

2cos?x —3cosx+1=0

(2cosx — 1)(cosx — 1) =0

cosx(cosx — 1) =0

cosx =0 or cosx—1=0

2cosx—1=0 or cosx—1=0 T 37
X=—— cosx =1

1 22

COSX = — cosx =1
2 Xx=0
x=2 om X =0 0, /2, and 37/2 are dl solutions to the equation.
3'3

. T S5 1 . (@ 5w . (7 5w

. — — =4 = —+ — |+ - — —
60 4sm30056 4 2[5m(3 6) sm(3 6)}

2§nﬁ+§n—w

6 2

2 sinﬁ— sian
6 2

62.

5sin3asin4a = 5 - 3[cos(3a — 4a) — cos(3a + 4a)]
= Slcos(—a) — cos(7a)]
= g[COSa — cos 7a]

o + o o o
66. cos120° + cos30° = 2 cos<120 . 30 ) C0S<120 . 30 )

64. cos26cos4l = %[cos(ze — 40) + cos(20 + 40)]
= %[cos(—za) + cos 66]
= 2(cos 26 + cos 66)

= 2 c0s 75° cos 45°
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68.sinx + Sn7x = Zsin<x +27X> cos(x _27X>

= 2sin 4x cos(— 3X)
= 2 sin 4x cos 3x

70. cos(¢p + 2m) + cos ¢ = 2cos<¢ * 2277+ ¢)> cos<¢ ha 2277_ ¢> = 2cos(¢p + m)cosm = —2cos(¢p + )

72. sin(x + i;) + sin(x - 7—5) = 25in<x * (/2 ; X~ (77/2)> COS<X + (/2) =~ + (w/Z))

= 2§nxcos7—2-r= 0

74. h(x) = cos2x — cos 6x
cos2x — cos6bx = 0
—2sin4xsin(—2x) = 0
2sin4xsin2x =0

sindx =0 o sn2x=0 2
4x = nr 2X = nmr /\/\
X:M inj 0 ) A 6.28
4 2 WY
=0T m38m 5m3minm x=07T 37 -
1412141 141214 !217T12 -2
76. f(x) = sin?3x — sin?x 1
sinZ3x — sinkx=0 /\/\
(sn3x + sinx)(sin3x — sinx) = 0 0 , A 6.28
(2sin 2x cosx)(2 cos2xsinx) = 0 \/\/ \/\/
. 3
sin2x=00 x:o,g, ?77 or -1
3
cosx =0 [ x=7—27,§ or
a 37 57 T
cos2x =0 01 =— —,—,— or
S XTH a4 a

snx=00 x=0,m
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13
1 5
o)
L= a

12

Figure for Exercises 78 and 80

12\2 144 . 12\/3 36
78. cos? a = (cos )? = <13> :E 80. cosasngB = <13>(5> =%
cofa=1-sna L .(w ) S<7r )
cosasinB = €sinl - — a co -8
5\2 2 2
:1‘<13> _(12)(3) _36
1 25 144 13/\5 65
T 7169 169
82. sec 20 = 1 = 1 84, cos*x — sin*x = (cos? X — sSiN? X)(Cos? X + Sin? X)
c0s20 cos2 O — sin? 6 '
1/cos? 6 = (cos 2x)(1)
T 1— (sin? 6/cos? 0) = cos2x
sl
1-—tan? 9
_ sec? 0
1—(sec?0—-1)
. sec?h
2 —sec?6
. u 1-—cosu 1 cosu
86. 1 + cos10y = 1 + cos? 5y — sin? 5y 88. tan—- = — = _— — —— =CsCu—cotu
2 sinu snu sihu
=1+ cos?5y — (1 — cos? 5y)
= 2 cos’ by
L [(3X+ X\ . [3X—X
C0S 3X — COSX —2sn 2 sn 2
90. sin4B = 2sin 2B cos2p 92. — ) =
. . sin3x — sinx X+ x\ . (3x—X
= 2[2sin B cos B(cos? B — sin? B)] 2 co 2 sin 2
= 2[2sinBcosB(l — sin? B — sin? B)] . .
= 4sin BcosB(1 — 2sin? ) =M
. 2 cos2xsinx
Graph: y, = sin4p
= —tan 2x

Y, = 4sin Bcos B(1 — sin? B)

1+cos2x 1 cos2x
4. = = == 4
94. f(X) = cos? x > > 5

1
Shifted upward by 5 unit. Y

1
Amplitude: |a|] = =

=

2
Period: ?ﬂ- = 1Tr -2n -m no2n
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96. f(Xx) = cos2x — 2sinXx
@ : (b) —2cosx(2sinx + 1) =0

—2cosx =0 or 2sinx+1=0
N N 1

I cosx =0 sinx=——=
\/ !
| 3w _ 77 Uw

T
o . X2 X~ 6" 6
Maximum points: (3.6652, 1.5), (5.7596, 1.5) - 7o
Minimum points. (1.5708, —3) - =~ 15708 i 3.6652
3 11
777 ~ 47124 ?’T ~ 57596

. X T
98. f(x) = Zsmé - 5005<2x - Z)

@ (b) 10 sin<2x - E) + cosg =0

4

8
I /\ /\ x = 0.343, 1.991, 3.544, 5.064
0 . . . 6.28 . .
J \V4 \ The first and second solutions correspond to the

maximum and minimum pointsin part (a).

Maximum point: (1.9907, 6.6705)

Minimum point: (0.3434, —4.6340)

102. Let u = arctan x.

100. Let u = arccos x.
sin(2 arctan x) = 2 sin(arctan x) cos(arctan x)

cos(2 arccos X) = cos(arccos X) — SinZ(arccos X)

=x-1-x¥=2x2-1 X 1
=2 .
1+ x2 1+ x2
_ 2X
1+ x?
1 1-x2
¢} 1+Xx
X
X
u
1
. (0 b/2 .0 .0 0 .
104. (@) sinf=)|=——0 b=20sn— b) A=50{2sin—-cos—| = 50sin
@ snf3) =5 : ) A= 50[25n jcos ) = s0sn

(c) The areais maximum when 6 = g A = 50.

0 h (7]
cos(z) 10D h—lOcos2

1 1 .0 0
A= 2bh = 2(20 sin 2)(10 cos 2)

6 (7]
= 100 sin - cos—
2 2



