Chapter 5

Analytic Trigonometry

Section 5.1

Check Point Exercises

1.

2.

1 sinx

cscxtan x = —
sinx CcosXx

1
COS X
=secx
We worked with the left side and arrived at the right
side. Thus, the identity is verified.

+sinx

. CoS X
cosxcotx+sinx =cosx-

S x

_cos® x

+sin x

sin x

cos“x . sin x
=— +sinx-—
sin x sin x

cos®x sin®x
= +

sinx  sinx
_cos” x+sin” x

sin x

 sinx
=cscx
We worked with the left side and arrived at the right

side. Thus, the identity is verified.

sin x —sin xcos’ x = sinx(l—cos2 x)

=sinx-sin’ x

=sin® x
We worked with the left side and arrived at the right
side. Thus, the identity is verified.

1+cos@ 1 cos@
= +

sin@  sin@ sin@
=cscf+cotd
We worked with the left side and arrived at the right

side. Thus, the identity is verified.
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sin x 1+cosx
+

I+cosx  sinx
sin x(sin x) + (I+cosx)(1+cosx)

(I+cosx)sinx sin x(1+ cos x)
sin? x 1+2cos x+cos’ x

(I+cosx)sinx (I4+cosx)sinx
_ sin® x +cos? x+2cosx +1

(14+cosx)sinx
1+1+4+2cosx

B (I+cosx)sinx
2+2cosx

B (14 cosx)sinx
2(I+cosx)

B (I+cosx)sinx

~sinx
=2cscx
We worked with the left side and arrived at the right

side. Thus, the identity is verified.

cosx _ cosx l-—sinx

l+sinx (I+sinx) l1-sinx
_ cosx(l—sinx)

1- sinz.x
_ cosx(l—sinx)
g:os2 X
_l-sinx

cosx
We worked with the left side and arrived at the right
side. Thus, the identity is verified.
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sec x +csc(—x)
Secxcscx
_ secx—cscx
 secxescx
1 1

_cosx_sinx

1 1

cos X sinx
sin x COS X

_cosxsinx cosxsinx
1

) coS xsin x
sin x —cos x

__cosxsinx
1
cosxsinx )
_ sinx—cosx cosxsinx

cos xsin x 1
=sinx—cos x

We worked with the left side and arrived at the right
side. Thus, the identity is verified.

8. Leftside:
1 1

+
1+sind 1-—siné .
1(1-sin &) 4 1(1+sin8)

- (I+sin@)(1-sinf) (1—sin)(1+sinH)
_ 1-sin@+1+sinf

 (I+sin@)(1-sin6)
2

" (+sinB)(1—sin0)
2

_l—sin29
Right side:
.2
2+2tan2@=2+2 sng
cos“ @

_ 2c0s’@ 2sin’ @

cos’ 6 cosZ 6
_ 2cos? 0+ 2sin% 6

cos” @
2 2

- cos’ 6 - 1-sin® @
The identity is verified because both sides are equal
2

1—sin? 9.

to

Concept and Vocabulary Check 5.1
1. complicated; other

2. sines; cosines

3. false

4. (cscx—1)(cscx+1)

5. identical/the same

Exercise Set 5.1

1. sinxsecx =sinx-
] oS x
sin x

COS X
=tanx

2. 2C0OSXCSCX=COSX-*

Sin x

_ cosXx
sin x
=cotx

3. tan(—x)-cosx=—tanx-cosx
sin x

4.  cot(—x)sinx =—cotxsinx

cosx .
=———-sinx
sin x
=—CosX
sinx 1
5. tanxcscxcosx = -——COoS X
cosx sinx
. cosx 1 .
6. cotxsecxsinx=——- -sin x
sinx cosx

7. secx— secxsin2 x=secx(l— sin2 X)
1
= -cos2 X
coSx
=CoSXx

2

2
8. cscx—cscxcos” x=cscx(l—cos
2

|
=——sinx
sin x
=sinx
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9.  cos’x—sin’x= (l—sin2 x) —sin

=1-sin?

=1-2sin’ x

x—sin

X

14.

10. 0052 x— sin2 x= 0052 x—(1- 0052 x)

=cos x—1+coszx

=200s2 x—1

11. csc@—sinf = —sin@

sin
1 sin® 6

~sin@ sin@
_ 1-sin” @

sin @

=——-coséd

=cotfcosb

12. tan@+cotf = sin 60 +COS€

cos@ sinf

_sind . sin @ cosH.cosﬁ 17.

15.

16.

cos@_siné
sin“ @

sing cosé@
cos“~ @

cos@sinf cos@sinf

_ sin“ #+cos” @

cols fsin @
- cos@sinf
1 1

cos@ sinf
=secfcscl

tanfcotd _ cosh sind

cscl 1
sin @

13.

18.

19.

Section 5.1 Verifying Trigonometric ldentities

cos @ ‘ 1
cosfsecl |1  cosd
cotd  cosf

sin @
_ 1
" cos®

sin &
_1;0059

sin @
sin @

=1
cos @
=tan@

sin? @(1+ cot” §) = sin” O(csc” 0)

=sin’ 8-

sin” @

cos’ o1+ tan’ )= cos’ ¢9(sec2 )

=cos’ 6. 5
cos” @
=1
1-cos? ¢ _ sin” 1
cost cost .
. sin¢
=sinf¢-——
. cost
=sinttant
1—sin’ ¢ _ cos’ ¢t
sin¢ sin¢
cost
=COoSt-—
sint
=costcott
1
csc? ¢ _ sin?¢
cott cost
sin¢
_ 1 cost
Sin2 t sint
1 sint

sin2s cost
1 1

sint cost
=csctsect

Copyright © 2018 Pearson Education, Inc.

659



Chapter 5 Analytic Trigonometry

1
2
20, $€¢71 _cos’t
tant sint

cost )
1 sint

C052 t cost
1 cost

B 0052[ sint
1 1

cost sint
=sectcsct

21, tan’¢ _ sec? 71

sect sgct
_sect 1
sect sect
=sect—cCcost

22, cot’t _ csc? -1

csct csct
_esct 1
csct  csct
=csct—sint

1—cos@ 1 _0050

23. =
sin @ sin@ siné
=cscd—cotl
24, l1-sinf 1 _sm@

cos®  cos@ cos
=secf—tan @

sint cost sint cost
25. + =

csct  sect 1 1
sint cost
=sint+——+cost+
sint cost

. sint¢ cost
=sIn¢t-——+cost-——

=sin?¢+cos’ ¢
=1

26 sint cost sint cost
. —+ = - +
tant cottr Ssinf cost

cost  sint
. sin/ cost
=smf¢+——+cost+——
cost .sint
st
=smf¢-——+ t-
s ¢ cost
=cosf+sint
=sint+cost

27.

28.

29.

30.

cost l+sint
sint 1+smt+ cost cost

cost 1+sint 1+sin¢_cost
_ sint+sin“ ¢ cos“ t

cost(l+sint) cost(l1+sint)
sinf +sin“ ¢t +cos” ¢

cost(l+sint)
1+sint

B cost(1+sint)
1

cost
=sect

sint cost sint
cotr+ = +

1+cost sint 1+cost ) .
_ cost 1+cost+ sint  sint

~sint l+cost l+cost sint
_ GosttcosTt sin” ¢

~ sin t(1+cost) sint(l+cost)
_ cost+cos”t+sin” ¢t

sin#(1+cos?)
_ cost+l
sin#(1+cost)
1
sint
=csct
| sin? x -1 sin®x 1—cosx
1+cosx 1+(2:05x 1—cosx
-1 sin” x(1—cosx)
%—coszx
_1 sin” x(1—cos x)
sin’ x
=1-1+cosx
=CoSXx
cos? x _ cos® 1—sinx
1+sinx 1+szinx 1—sinx
_1_Sos x(1—sinx)
lz—sinzx
__cos x(1—sinx)
_coszx
=1-1+sinx
=sinx
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cosx l-sinx
31. —t
l-sinx cosx . 35
. cosx 1+51nx+1—smx :
l-sinx l+sinx  ¢osx
_cosx(1+smx)+1—smx
1-sin® x cos x
_cosx(l+smx)+1—smx
COSZX COS x
_1+s1nx+l—s1nx
cosx cosx
2
cosXx
=2.
cosx
=2secx
- sin x Jrcosx—l
" cosx+1  sinx 36.
_sinx cosx—1 cosx—1
cosx+1 cosx—1 sin x
_sinx(cosx—1)  cosx—1
cosZ x—1 sinx
_ sinx(cosx—1) cosx—1
—sin? x sin x
_sinx(1-cosx)  cosx-—1
Sinz_x sin x
I-cosx cosx—1
= . + .
sin x sin x
0
sin x

37.
33. sec? xcsc” x = 1+ tan> X) esc? x
= csc2 x+ tan2 xcsc2 by
csc? x4+ sin? x 1
= x .
cos? x sin? x 38.
2 1
=csc” x+
cos” x
=csc” x+sec” x 39,
=sec? x+csc x
34. csc? xsecx = 1+ cot? x)secx 40.

2
=secx+cot” xsecx

coszx 1
=secx+ .

Sinzx COS X

CoS X
=secx+ 3

sin” x

1 cosx
=secx+—— —

sinx sinx
=secx+cscxcotx

Section 5.1 Verifying Trigonometric ldentities

1 1
SECX —CSCX _ COSX sinx
secx+cscx 1 + 1
cosx sinx
1 1
_cosx sinx SIOX
1 1 sinx
+—
cosx sinx
sin x
-1
_ cosx
sin x
+1
coS X
_tanx—1
tanx+1
1 1
CSCX—SECXx _ Sinx COS X
cscx+secx 1 + 1
sinx cosx
1 1
_sinx cosx COSX
1 I cosx
L
sinx cosx
CoS X
——1
_sinx
CcoS X
—+1
sin x
_cotx—1
cotx+1
sin x —cos’ x _ (sin x+cos x)(sin x —cos x)
sin x +cos x . sin x +cos x
=sinx—cosx

tan® x —cot® x _ (tan x —cot x)(tan x + cot x)

tanx+cotx
=tanx—cotx

tanx+cotx

tan? 2x +sinZ 2x +cos> 2x = tan> 2x +1
=sec? 2x

cot2 2x+ cos2 2x+ sin2 2x = cot2 2x+1
= c502 2x
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sin26 cos26

4
41. tan26+cot26 _ c0s26 sin26
csc26 1

. sin26
sin 26 sin 20 . cos26 _cos 20
_cos20 sin26 sin26 cos26
1

sin 26
sin? 20+ cos26

_ _cos2@sin26
1

sin 26
1

L1

cos26sin26 sin26
1 sin 26

cos28sin 26 1

1
= =sec26
cos26

sin26 cos26
+

42. tan20+cot26 _ c0s26 sin26
sec26 1

. cos26

sin26 sin26 4 cos 20 cos26

_cos26 sin26 sin268 cos26
1
cos 260
sin’ 260 cos 260
_ cos20sin26 cos268sin26
1

cos26
sin® 20+ cos” 26

cos 28sin 26
1

cos 26
1

1

cos28sin 26 - cos 20
1 _cos 20

coi 20sin 26 1

B sin 26
=csc260

sinx sin
sinx siny

43 tanx+tany  cosx C€OS)y COSXCOSy

I-tanxtany _sinx siny cosxcosy

COS)y COSYy
_ sinxcosy +cosxsin y

COS X CcoS y —sin xsin y
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Section 5.1 Verifying Trigonometric ldentities

cosx  cosy

44 cotx+coty  sinx siny
I-cotxcoty I_COSX'COSJ/
sinx siny

COSX  COSYy

74_7

sinx siny sinxsiny

1— COSXx Cosy sinxsiny

sinx siny
cosx sinxsiny cosy sinxsiny

sin x 1 sin y 1
L COSX cosy sinxsiny
sinxsin y——— - ———-
sinx siny 1
_ cosxsiny+sinxcosy

sin xsin y —cos X oS y

45. Left side:

. 2
2 1 sin x
(secx—tanx)” = -
COSX COSX

_(1-sinx 2
cos x
_(l—sinx)2

COS2 X

Right side:
l-sinx _l-sinx I—sinx

l+sinx 1+sinx 1-sinx

_ (I-sinx)?
1-sin® x
_(I-sin x)2
cos? x
. . (1-sin x)?
The identity is verified because both sides are equal to —_—
cos” x

1 _cosx]2 _[l—cosxj2 _ (1—cosx)?

sinx sinx sin x sin x

46. Leftside: (cscx—cot )c)2 =(
Right side: 1-cosx _ l—cosx 1-cosx _ (l—cosx)2 _ (l—cosx)2

l+cosx l+cosx 1—cosx [—cos? x sin? x

2
The identity is verified because both sides are equal to (1 =C08X)”
. 2
sin” x

tant tant sect+1
47. =

sect—1 sect—1 sect+1
_ tant(sect+1)

sec? -1
_ tant(sect+1)
=

tan” ¢
_sect+1

tan¢
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48 cotf  cott csct—1
" eser+1 cscr+1 escr—1
_ cott(csct—1)
csc?t-1
_ cott(csct—1)
cot2 t
_csct—1
cott
49. Leftside:
l+cost 1+cost 1+cost
l—-cost 1—cost 12+ cost
_ (I+cost)
1-cos? t2
_ (I+cost)
sin? ¢
Right side:
2
1 cost
(csct+cott)2 = —+—
sint  sint
_(1+cost 2
sin?
_ (I+cos t)2
sin? ¢
2
. N . . 1+cost
The identity is verified because both sides are equal to % .
sin” ¢

50. Leftside:
cos® t+4cost+4 _ (cost+2)(cost +2)
cost+2 cost+2

=cost+2
Right side:
2sect+1  2sect 4 1

sect sect sect
=2+cost

=cost+2
The identity is verified because both sides are equal to cosz+2 .

51. cos*t—sin*r= (cos2 {—sin? t)(0052 t+sin? t)
= (0052 {—sin? t)-l
=1-sin®¢—sin’¢
=1-2sin’¢

52. sin4t—cos4t=(sin2t—coszt)(sin2t+cos2t)
:(sin2 t—coszt)-l
=1-cos”t—cos’ ¢t
=1—200$21
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53.

54.

5S.

sin9—0050+0050—sin0

sin @ cosé
_ (sin@—cosB)cosd N (cos@—sinf)sin @

cos@sin @ s cos @sin 492
_ sinfcos@—cos” 0 +sinfcosf—sin” &

sin @ cos @
2sin@cos @ — (0052 0 +sin? 9)

) sin & cos &
_ 2sinfcosf -1

sin@cos @
_ 2sinfcosf 1

sin@cosf@ sinfcosl

:2—
sin@ cosé
=2-cscOsect

=2-secHcscl

sin @ __cos o
l1—cotd tand-—1
sin @ cos@

- l_cosG_ sin&_

sind  cos@
sin @ cosd

sin@ cos@ sin@ cosd

sind sinf@ cosf cosf
sin @ cos

sin@—cosf@ sinf@—coséd

sin @ cos @ .
. sin@—cos @ sin@—cos @
=sinf+———-cosf+—
slneﬁ 0050
=Sinl9-_L—cosl9~.L
sin @ —cos & sin @ —cos @
sin” @ cos” @

sin2¢9—cos¢92 sin@—cos @
_sin“ @—cos” @

_sin@—cosé .
(sin @ —cos @)(sin 8 + cos )

) sin@ —cos @
=sinf+cosf

(tan2 9+1) (cos2 49+1)

= tan? @cos” O+ tan” O+ cos’ O +1

_ sin® @
cos> @

=sinZ @ +tan’ @+cos’ 8 +1

=sinZ @+cos” O+tan’ @ +1

=1+tan® 6+1

=tan’ +2

-cos” O+tan” @+cos’ 8 +1

Section 5.1 Verifying Trigonometric ldentities
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Chapter 5 Analytic Trigonometry

56. (cot’ 6+1)(sin>+1)

= cot® @sin” @ +cot> O +sin” H+1

2
cos“ @ . .
=— sin® @+ cot” O +sin> @+1
sin” @
= cos? @ +sin% O+cot O+1
=1+cot> 6+1

=cot> 9+2

57. (cos@-sin 9)2 +(cos @ +sin 9)2
=c0s’ @—2cosOsin @ +sin’ @ +cos’ @+ 2cos Osin O+sin’ @
= cos’ @ +sin” O+ cos> O+sin’ @
=1+1=2

58. (3cos@—4sin @) +(4cosO+3sin )’

=9cos” §—24cosfsinO+16sin” 6+
+16cos2 6’+24cos€sin6’+9sin2 7]
=9cos2 9+9sin2 9+16sin2 6’+16cos2 0
=9(cos® 6 +sin” §) +16(sin® 6+ cos’ 6)

=9()+16(1)
=25
cos” x—sin” x
59. —
1—tan“ x
_ cos® x —sin® x _ cos® x —sin x
sin? x cos? x—sin? x
- 2
cos” x cos” x
_cos” x—sin“x  cos” x—sin” x
5 1 ) cos” x
cos” x—sin” x cos” x 2
= — =cos” x
1 cos” x—sin“ x
sinx+cosx CcosSx—sinx
60. -

sin x cos X
_ (sinx+cosx)cosx (cosx—sinx)sinx

sin x cos x sin x cos x
sin xcos x + cos” x —cos xsin x +sin” x

) sin x cos x
oS~ x+sin” x

Sil% XCOSX

Sin xcos x
1 1

sinx cosx
CSCXSECXx

=S€CXCSCX
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Section 5.1 Verifying Trigonometric ldentities

61. Conjecture: left side is equal to cosx

(secx+tan x)(secx—tanx) sec’ x—tan’ x

S€C X 1 S€C X

S€C X
=COsXx

62. Conjecture: left side is equal to sin x
1 1
sec? xescx _ cos? x sinx cos? xsin® x

sec? x+csc’ x 1 + 1 cos? xsin® x

cos’ X sin? x
sin x

sin2 x+cos® x

Sin x

B
=sinx

63. Conjecture: left side is equal to 2sinx
cosx+cotxsinx cosx N cotxsinx

cotx cotx cotx
_cosx+cotxs1nx
Losx cotx
sinx |
cosxsmmx .
=——+sinx
. COSX,
=sinx+sinx
=2sinx

64. Conjecture: left side is equal to cosx—1
cosxtanx—tanx+2cosx—2 cosxtanx+2cosx—tanx—2

tanx +2 tanx+2
_ cosxtanx+2cosx+—tanx—2
tan x+ 2 tan x +2
_ cosx(tanx +2) |
tanx +2
=cosx—1

65. Conjecture: left side is equal to 2secx

1 N 1 _ sec” x—tan” x + sec” x—tan” x
secx+tanx secx—tanx secx + tan x secx —tan x
_ (secx+tan x)(sec x — tan x) + (sec x + tan x)(sec x —tan x)
secx+tanx secx—tanx
=secx—tanx+secx+tanx

=2secx
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66. Conjecture: left side is equal to 2cscx
1+cosx + sinx _ l+cosx l+cosx + sinx sinx

sin x 1+ cosx sin x 1+coszx 14+cosx sinx
_1+2cosx+cos” x sin” x

B (sinx)(1+cosx)  (sinx)(l+cosx)
_1+2cosx+coszx+sin X

(sinx)(1+cosx)
1+2cosx+1

(sinx)(1+cosx)
2+2cosx

(sinx)(1+cosx)
2(1+cosx)

(sinx)(1+cosx)
2

sin x
=2cscx

sinx 4 cos x

67.

cscx 1
sin x
_(sinx N cosxjsinx
cosx sinx ) 1
_ sin? x + sin x cos x

coSXx sin x
l—cos“x cosx
=+

COS X 1

l-cos>x cos®x
= +
COS X CoS X
1
cos X
1 N 1
SeCX+csCX | cosx sinx |SInxXcosx
1+tanx 1+ sinx  [sinxcosx
coS X

sin x cos x + sin x cos x

CoS X sin x

. sin? x cos x
sinxcosx+————
) cosx
sin x +cos x

. .2
SImxcosx+smn- x
Sin x +CcoSx

sinx(cos x +sin x)
1

sin x

668 Copyright © 2018 Pearson Education, Inc.



Section 5.1 Verifying Trigonometric ldentities

CcoS X cosx cosx sinx l+sinx
69. ——+tanx= — + - -
1+sinx l+sinx cosx cosx l+sinx
_ cos? x sin x+sin? x
(I1+sinx)(cosx) (1+sinx)(cosx)
_cos” x+sinx+sin” x
(1+sinx)(cosx)
_ sinx+cos” x+sin” x
(I+sinx)(cosx)
_ sinx+1
(1+sinx)(cosx)
1
coSXx
1 1 sin x
70, ———cotx=—————
sin x cos x SINXCOSX COSX
_ 1 COSX COSX
sinxcozsx sinx coSx
_l—cos™x
sin x cos x
_sin“x
sin x cos x
_sinx
cOS X
=tanx
1
cotx
71 1 cosx 1 l+cosx cosx l-cosx
l-cosx 1+cosx 1—cosx l+cosx 1+cosx l1—cosx
_ l+cosx cos x —cos” x

1-cos® x 1-cos> x

_ I4+cosx—cosx+cos” x

1-cos? x

_I+cos”x

sin? x

1 4 cos2 X
sin®x  sin’ x

=csc” x+cot” x

=csczx+csc2 x—1

=2 0502

x—1

72. (secx+cscx)(sinx+cosx)—2—cotx=secxsinx+secxcosx+Ccscxsinx+cscxcosx—2—cotx

=$ec X Sin x +Sec X Cos X + csc x sin x + ¢sc x cos x —2 —cot x
=tanx+1+1+cotx—2—cotx
=tanx
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1 1
73. =
CSCX—SInx

———sinx
sin x

1
1 .
———sinx
sin x

1 sin? x

sin x1 sin x

1—sin? x

sin x
1

COS2 X

sin x
sin x
cos? x )
1 sin x

COSX COSX
=secxtanx

l-sinx 1+sinx (1-sinx)(1-sinx) (1+sinx)(l+sinx)
l+sinx 1-sinx (I+sinx)(I—sinx) (1—sinx)(1+sinx)
_(I-sinx)(1-sinx) (1+sinx)(1+sinx)
- (1+sinx)(1—sinx) - (1-sinx)(1+sinx)
_ 1—2sinx+sin” x _1+2sin)c+sin2 X
1.—sin2 X 1-sin® x
_ —4sinx

74.

l—s‘in2 X
_ —4sinx

cos x )
_ -4 sinx
COSX COSX
=—4secxtanx

75.—78. Answers may vary.

79. NORMAL FLOAT AUTO REAL RADIAN MP n

-

LT

(sinx—cosx)+1

secx(sinx—cosx)+1=

COs X
SInNX COSXx
= - +1
COSX COSX
=tanx—1+1
=tanx
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Section 5.1 Verifying Trigonometric Identities

w0, M
Zl/_\ 2
_3= 3=
) .
-2

sin(—x)

The graphs do not coincide.
cos(—x) Values for x may vary.

—cosxtan(—x) =—cosx-

X .
=Ssmnx

n
COS X 85. NORMAL FLOAT AUTO REAL RADIAN MP n
2
81. NORMAL FLOAT AUTO REAL RADIAN MP n j U

__“EEE SR
3= 2 2
e N
- /\ /‘
3 \y \_/ st
=2 sinx _ sinx 1
2

=—COSX-

=CSCXx

l-cos>x sin®x sinx

The graphs do not coincide.

Valus o may vary .

82. NORMAL FLOAT AUTO REAL RADIAN MP [I

WaN

=2

Nl‘:f

sin x —sin x 0052 x =sinx(l1- cos2 X)

o =sinx(sin2 x)=sin3x
The graphs do not coincide.

Values for x may vary.

PR NORHAL FLORT AUTO REAL RADIAN MP )
CXJINORHAL FLOAT AUTO REAL RADIAN MP [

2 N

The graphs do not coincide.
The graphs do not coincide. Values for x may vary.
Values for x may vary.

88. makes sense
89. makes sense

90. makes sense
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Chapter 5 Analytic Trigonometry

91.

92.

93.

94.

95s.

672

does not make sense; Explanations will vary.
Sample explanation: The most efficient way to
simplify the identity is to multiply out the numerator
and then use a Pythagorean identity.

sin3 x— cos3 X
sin x —cos x )
_ (sinx—cosx)(sin” x +sinxcosx +cos” x)

Sin x —cos x

= sin2 Xx+cos“ x+sinxcosx
=1+sinxcosx

sinx—cosx+1

sinx+cosx—1 )
_sinx—cosx+1 sinx—cosx—1

sin§c+cosx—1 sinx—coix—l
sin“ x —2cos xsin x +cos“ x—1

.2 - 2
s21n x—2sinx—cos” x+1
sin“ x+cos“ x—2cosxsinx—1

sinx2 —ZSinx—(l—sin2 x)+1
1-2cosxsinx—1

sin2 x—2sin x +sin x2
—2cosxsinx

2sin2_ x—2sinx
_ —2sinxcosx

2sin x(sinx —1)
—Cos X

sin x —cos x
—cosx sinx+1

sinx—1 sinx+1
—cos x(sinx+1)

sin2 x—1
—cosx(sinx+1)
cos2 x—1 —0052 X
_ —cosx(sinx+1)
) cos? x
_sinx+1

COS x

1

| cosx|

—In|cosx|= 1n|cosx|_1=ln

=In =In|secx|

COSx

2 2
tan” x—sec” x
e

= tan2 X — sec2 X

=—(- tan’ x + sec? X)
= —(8602 x — tan? x)
=-1

In

96.
97.
98.

99.

Answers may vary.
Answers may vary.

Graph:
x=-5y,x=5

320 ik 320
(‘8’ﬁ>\ / \ /<8’ﬁ>
SafEEbEdE Ny = 5
1010, 0
H Hi x
" 21 3 To21
Jfx) = 25x
x" =25

. N .
The equation y = 3s1n5x is of the form y = A4sin Bx

with 4 =3 andB:%.The amplitude is | 4 |=| 3 |=3.

2z =2x-2=4r. The quarter-

The period is 2m_2z
B 1
2
... 4r .
period is vy = 7. The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key points.
x=0

x=0+7w=rx

X=r+r=21x

x=2r+r=3xw

x=3r+r=4r

Evaluate the function at each value of x.

X 1 .
y=3sin 5 X coordinates
0 (1
y =3sin 30 0, 0)
=3sin0=3-0=0
T 1
¥ =3sin [Eﬂ'J (7, 3)
=3sinZ=3.1=3
2
2r (1
y=3sin E-2ﬂ' (2r, 0)
=3sinr=3-0=0
3z (1
y=3sin 5-375 B, -3)
=3sin3—”
2
=3(-1)=-3
4r (1
y=3sin 5-47[ (47, 0)
=3sin27=3-0=0
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100.

101.

Connect the five points with a smooth curve and

graph one complete cycle of the given function.
’ TTT T 1111

H 3 0

0, 0) 4w, 0)

-+ 7 N\SF /| x

i

)

y =3sin%x

=22t e
x+1

Replace f(x) withy:
x—1

y_x+1

Interchange x and y:
y—1
B y+1
Solve for y:
x=21
y+1

x(y+1)=y-1
xy+x=y-1
xy—y=-x-1

y(x=1)=—x-1

—x-1

r= x—1

_x+1

Tl-x
Replace y with f7'(x):

x+1

Slm=

1—x

cos30° =
sin30° =
cos60° =

sin60° =

ol 1=,

c0s90° =0
sin90° =1

Section 5.2 Sum and Difference Formulas

102. a. No, they are not equal.
c0s(30° +60°) # cos 30° + cos 60°
c0s90° # N3 + 1
2
0% 1++/3
2
b. Yes, they are equal.
c0s(30° +60°) = cos30° cos 60° —sin 30° sin 60°
. (B (1B
cos90 = — || = |-| = || —
2 \2 2)0 2
_¥3 3
4 4
0=0
103. a. No, they are not equal.
sin(30° +60°) # sin 30° +sin 60°
sin90° # 1 + ﬁ
2
1¢1+ 3
2
b. Yes, they are equal.
sin(30° +60°) = sin30° cos 60° + cos 30° sin 60°
sin 90Q = l l + ﬁ ﬁ
2)\2 2 2
4 4
1=1
Section 5.2

Check Point Exercises

1.

2.

c0s30° = c0s(90° - 60°)

= ¢0590°cos 60° + sin 90° sin 60°
= 0 l+1 ﬁ
2 2

3

2

olon 3

cos 70°cos 40° + sin 70°sin 40°
=cos(70—-40°)
=co0s30°

V3

2
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3. cos(a—p) _cosacosf+sinasin S

coscos 3

coscos 3
_cosa cosff  sina sinf

cosa cosfB cosa cosf3
=1-1+tan¢-tan §
=1+tanotan

We worked with the left side and arrived at the right
side. Thus, the identity is verified.

.57 . (m &
4. sin— =sin| —+—
12 6 4

. V3 n . T
=SIn—COS— + COS—SIn—

1 V2 «j-vr

3
= —t——
2 2 2 2

2
:——‘,——

_aeds

4

O\

sina = 4 =2
5 r
Find x:
2y y2 _,2
x> +42 =52
X% +16=25
x2 =9
Because o is in Quadrant II, x is negative.

x=—9=-3

b.  sinf=

Find x:
e .
2412 =22
24l=4
2 _ 3
Because f is in Quadrant I, x is positive.

x=+3
3

X
cosff=—=—
P r 2

e

&

tan(x+7) =

cos(ax+ ) =cosxcos f—sinasin

sin(ex + ) =sin a cos S+ cos arsin
4 J§ =31

s 5 2
4J§ 3
10

The graph appears to be the sine curve,

y =sinx.

It cycles through intercept, maximum,
intercept, minimum and back to intercept.
Thus, y =sinx also describes the graph.

kY4 3z . . 3rx
cos| x+— | =cosxcos— —sin xsin—
2 2 2
=cosx-0—sinx-(-1)
=sinx
This verifies our observation that
3 . .
y= cos(x+7”j and y =sinx describe the

same graph.

tanx +tanrx

l-tanxtanz
tanx+0

I—tanx-0
tan x
1
=tanx

Concept and Vocabulary Check 5.2

1.

2.

3.

COSXCOos y —sin xsin y

cosxcos y+sinxsin y

sin C cos D+ cos Csin D

sinCcosD—cosCsin D

tan 8+ tan @
1—tan @tan ¢
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tan @ —tan ¢
1+tan@tan ¢
7. false
8. false

Exercise Set 5.2

1. cos(45°—30°) = cos45°cos30° +sin 45°sin 30°

V23 21

% 2 2
6

s‘m

2. Cos(120° —459)
=¢c0s120° cos 45° +sin120° sin 45°
12 342
2 2 2

B

3 &« RV 4 T .37 . &
3. cos| ———|=cos—cos—+sin—sin—
4 6 4 6 4 6

232

_J%2222
4

o

4

2r 2r T . 2r .
4., cos| ——— |=cos—cos—+sin—sin—
3 6 3 6 3 6

13,431

2.2 22
B
4 4

5. a. co0s50°co0s20°+sin50°sin 20°
=cosacos f+sinasin
Thus, o =50° and S = 20°.

b.  c0s50°cos20°+sin50°sin 20°
=c0s(50°—-20°)
=co0s30°

V3

c. cos30° =

Section 5.2 Sum and Difference Formulas

a.  c0s50° cos5° +sin50° sin 5°

=cosacos f+sinasin
Thus, or=50° and §=5°

b. c0s50° cos5° +sin50° sin 5°
= cos(500 - 50)
= cos45°

V2

c. cos45° =

hY/4 T . 5S%t. &
a. COSI—COS—+Sln—Sln—

12
=cosacos f+sinasin
Thus, azs—” andﬂzﬁ.

12 12
Sr .
b COS—— COS — +Sin—sin
2 12 2
Sz &«
=cos| ———
12 12
4
=Ccos—
12
T
=Ccos—
3
7 1
c cos—=—
3 2
hY/4 T .5t . &
a. CcoS—COS—+sin—sin—
18 9 18 9
=cosacos B +sinasin
S T
o=—and f=—
18 P 9
b4 T .5t . &
b. cos—cos—+sin—sin—
18 9 18
(57r ll'j
=cos| ———
18 9
kY4
=Ccos—
18
T
=cos—
6
\/§
C. COS—=—
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cos(ax—ff) _ cosacos f—sinasin f3

cosasin cosasin B
_cosa cosfB sina sinf

"~ cosa sinfi cosa sinf
=1-cotf+tanex-1
=tana +cot

cos(a—ff) _ cosacos S +sinasin f3

singsin singsin
_cosorcos N sinasin 8

10.

sinasin f  sinasin §
_cosa cosf3 1

sine sin
=cotacot f+1

T T . T
11. CcoS| x—— | =c0Sxcos—+sin xsin—
4 4 4

2 . 2

=cosx-—+sinx-—

2 .
= 7(cosx+ sin x)

hY/4 St . Y4
12. cos| x——— | =cosxcos— +sin xsin—
4 4 4
2 .
=Ccosx-———+sinx-——

2 .
= —T(cosx+smx)

13.  sin(45°—-30°) =sin45°c0s30° —cos45°sin 30°

V2B 21

14.  sin(60° —45°)
=sin 60° cos45° — cos 60° sin 45°
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15.  sin(105°) =sin(60°+45°)
=sin 60°cos45° + cos 60°sin 45°

RN

e

fﬁ

16.  sin75° =sin(30° +45°)
=5in30° cos45° +cos30° sin 45°

12 32
ffz

fﬁj

17. cos(135°+30°) = cos135°co0s30° —sin135°sin 30°
=08 (90°+45°) cos 30° —sin (90°+45°)sin 30°
= (08 90° cos 45° —sin 90°sin 45°) cos 30° — (sin 90° cos 45° + c0s 90°sin 45°) sin 30°

o2 23 M2, °£J_
22 )2 22 )2
[ V23 (V21
T2 )2 (2 )2
__J6 V2
b
4

18. c0s(240°+45°) = cos 240° cos 45° —sin 240°sin 45°

= cos(180°+60°) cos 45° —sin (180°+ 60°) sin 45°
= (cos180°cos 60° —sin180°sin 60°) cos 45° —(sin180° cos 60° + cos 180°sin 60°) sin 45°

[d0 o Lo
(12 (B2
L2)2 |22
(P24
__ V2 e
o

4
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19. cos75°=cos(45°+30°)

V4 V4
= c0s45°c0s 30° —sin 45°sin 30° g wngttany
2B 2 Sl Y
b s 9 1—tan§tanz
NG
Y6 2 e
jg—ﬁ 1-3-1
" _1+\/§
s
20.  cos105° = cos(45°+60°) _1+43 1443
= c0s45° cos 60° —sin 45°sin 60° -
1-V3_1+43
V21 25 1424343

SR 4+2f
Ji-4s 20

4
tan4—”—tan£
r tan%+tan% 23. tan[“_”_”j_%
21 tan(g-k—j:ﬁ 3 4 1+tan—”tan£
1—tan—tan— 3 4
6 4 B
£+1 1++/3-1
__3 _-1+43
1_£.1 1+/3
3 _-1+43 1-43
3,3 143 _1-43
-3 3 _—1+2J§—3
3.3 T
3.3 —4+2\f
_\/§+3
3-43 =2- f
_3+3 3443
3-3_3+3
946343
9-3
12+6V3
6
:2+\/§
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25.

26.

27.

28.

29.

hY/4 T

5T« tanT—tanZ
f2o2). s
3 4 l+tan—ﬂ-tan£

3 4

tans—ﬂ-—tanﬁ

3 4

hY/4 V4
1+tan—tan—

=£
1+(—3)1

_-1-43
—11_—\/% 1+3

1-V3 _1+3

-1-23-3
42
2433

sin 25°¢0s5°+c0s25°sin 5° = sin(25° + 5°)

=sin30°

sin 40° cos 20° + cos 40° sin 20°

=5in(40° +20°)
=sin 60°
B
2
tan10°+tan35 — tan(10° +35°)
1—tan10°tan 35°
= tan45°
=1

tan 50° —tan 20°
1+ tan 50° tan 20°

= tan(50° —20°)

= tan 30°
B
3
. . . (St &
sin—cos——cos—sin— =sin| ———
1 12 4
. (27
=sin| —
12
4
=sin| —
3
1
2

30.

31.

32.

33.

34.

3s.

36.

37.

Section 5.2 Sum and Difference Formulas

. Ir T r . & . (T
sin— cos— — cos —sin — =sin| ———
12 12 12 12 12

. b
=Sin—
12
.
=Sin—
=1

tan Z — tan % T
M=tan(___)

T T
1+tan§tan% 30
/4
=tan| — |=tan| —
[ Oj (6j
B
3
tan —+tan —
T
=tan[_+_j
l—tanztan— 5
5
hY/4
=tan—
5
=tanrx
=0

sin| x+— |=sinxcos—+cosxsin—
2 2 2

=sinx-0+cosx-1
=cosx

. RY/4 . kY4 . 3
sin| x+— | =sin xcos— +Cos x sin—
2 2 2

=sinx-0+cosx-(—1)
=—cosx

T T . T
COS| X —— | =C0SxXCOS—+Sin xsin—
2 2 2

=cosx-0+sinx-1
=sinx

cos(/T — X) = cos T cos x + sin 7 sin x
=—1-cosx+0-sinx
=—cosx

tan 277 —tan x
tan2z —x) =——mM—
1+tan 27z tan x

0—tanx

" 1+0-tanx
=—tanx

tan 7 —tan x
tan(r —x)=———
1+ tan 7 tan x

0—tanx

" 1+0-tan x
=—tanx

Copyright © 2018 Pearson Education, Inc.
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39.

40.

41.

42.

43.

680

sin(a + ) +sin(a — ff) 44.

=sinacos [+ cosasin
+sin ¢ cos f—cosasin
=2sinacos

cos(a+ B)+cos(ax— f3)
=cosacos f—sinasin
+cosacos f+sinasin
=2cosacos

sin(r—f8) _ sinacos B—cosasin
cosxcos

cosarcos
sinacos B cosasin

cosacos S cosacos
=tane-1—1-tan §
=tana —tan

sin(or+ ) _ sinacos B+cosasin

cosacos B cosrcos
_sinacos B cosasin

cosacos S cosacosf

=tana + tan

tan@+tanZ

T

tan[0+—) =— 4
4 l—tanHtan%

_tan@+1
1—tan@

sinf  cosé
cos@  cosf
cos@ _ sinf

cos@ cosd
sin +cos &

cosf
cos @—sin 8

cosé 46.

sin @ +cos @ cosé

cos @ cos@—sin @

sin @+ cos @

cos@—sind
cos@+sind

cos@—sin @

45.

.4
tan— —tan @

S B
4 1+ tan —tan @

1-tané@

“141-tan@
1—-tané

- 1+tané
cosH_ sin @

cos@
sin @

cos @
cos@

cos@

cos @
cos @

—sin@
_ cosé
cos@+sin @

0s6 ,
cos@—sinf cosf+sind

cos @
cos @

cos@+siné

cos 6.
cos@—sin @

cos.
__cos@—sind

" cos@+sin @

cos(a+ B)cos(ax— )

= (coscos f—sinasin f)

- (cosrcos S +sin arsin fB)

= cos? & cos? ﬂ—sin2 asin® B

= (1 —sin? a) cos® B —sin® 0((1 —cos? ,B)
=cos? f—sin? arcos® 8
2 ar+sin? arcos’ B
=cos? f—sin’ &

—sin

sin(a+ f)sin(a— B)
= (sinacos B+ cos asin 3)
«(sincos ff—cos arsin f)

= sinZ @ cos? ,B—cosz asin? i)
=( ~cos? o) cos? B

—cos? (Jt(l—cos2 %))

=cos” f—cos” arcos” B

—cos” a+cos” axcos” B

= cosZ pB- cos o
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47.

48.

49.

sin(ar + )

sin(ex — )

sinacos B+ cosasin 3
sin @cos f—cos arsin 3

1

50.

sinorcos f+cosasin . cosacos B

sinzcos ff—cos arsin § 1

sin &z cos f+cosarsin
cosacos 3
sin & cos ff—cos arsin

cosacos 5
sinorcos f | cosasin

cosacos B cosacosf
sinacos f_ cosasin f§

cosacosff  cosacosf
_tano-1+1-tan 8

- tanr-1—1-tan §
_tana+tan

tana—tan 8

cos(a+ )

cos(a—f)

_ cosacos f—sinasin f3
coscos f+sinasin

1

cosacos B

51.

52.

53.

cosacos f—sinasin f cosacos

cosacos fB+sinasin 1

54.

cosacos

cosacos§ _sinosin B
_ cosacos ff
cosacos 3 N

coscos 3
singsin

cosarcos f cosacosf
_l-tanatan S

l+tanortan 8

cos(x+h)—cosx

cosxcosh—sinxsink—cosx

CcOSXCcosh—cosx—sinxsinh

cosx(cosh—1)—sinxsink

cosh—1

sinh
cosx-T—smx-—

Copyright © 2018 Pearson Education, Inc.

Section 5.2 Sum and Difference Formulas

sin(x + &) —sin x

__sin xcosh+ cos xsinh—sin x

h
_ sin xcosh—sin x + cos xsinh

h
_ sinx(cosh—1)+ cos xsinh

h .
. sh—1 sinh
=sinx +cos

sin 2 =sin(a + @)
=sinacosa+cosasino
=2sincoso

cos2a =cos(ax+ @)
=cosacos+sinasino
= 0052 o+ sin2 o
tan 2 = tan(o + @)
_ tano+tano

B l—tan o tan @
2tan o

1—tan? o

r r
tan| —+a |-tan| ——
(4 ] (4 j

T V4
tan —+tan o tan——tano
4 4

.4 T
l—tan—tana 1+tan—tano
_I+tano 1-tano

l-tana 1+tano
_(I+tang)(l+tane) (I-tana)(I-tana)

(I-tana)(1+taner) (1+tan )(1—tan )

_I+2tana+tan” o —(1-2tan ¢+ tan” )

1—tan2 a

dtan o
l—tan2 o
_2(Q2tana)

l—'[an2 o
_y tano +tan o

l—tan o tan @
=2tan(a+ @)

=2tan2a
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55. tan(o+p) = sions((aort—i,ﬁﬁ))

_ sinacos B+cosasin

cosxcos f—sinasin

_sinorcos B+cosasin B cosacos B

—sinasi I
coscos f—sinasin wosacosf
sin & cos f+cos arsin

_ cosarcos B
cos & cos f—sin arsin
cosacos f

sincxcos f | cosasin
__cosacos B cosocos S
~ cosacos _ sinasin 8

cosacos B cosacosff
_ tana+tan B

" l-tanertan 8

56. tan(ar—f) = tan(a+(=/3))
_ tano+tan(=/f)

" 1-tan o tan(-f3)

_ tano—tan B
" l+tanatan B
57. sina= 3 =2
5 r
W24y =2
X437 =52
x?+9=25
x* =16
Because « lies in quadrant I, x is positive.
x=4
Thus, cosa =2 =£, and
r 5
sinr 3 3
tano = =2 ==,
cosa % 4
5
. 5 y
sinf=13=7
24y =2
X2 +52 =132
X2 +25=169
x? =144
Because S lies in quadrant II, x is negative.
x=-12
Thus, cos 3= x 12 —2, and
r 13 13
si

S
tan § = nﬂ_% 5.
cos B -1 12

a. cos(a+ f)=cosacosS—sinasin S
_4(12y 35 6
5 13) 5 13 65

58.

b. sin(a+ f)=sinacos f+cosasin

312,45 16
sU13) 513 65

. tan(a+p)= tan o + tan
l-tanertan S
34(_5 4
=M=E=E
3 (_5) 63
=3 & @
4
singg=—=2
5 r
.
x2+4% =52
X% +16=25
2 _
x“=9

Because lies in quadrant I, x is positive.
x=3

. 7
Sin =—=
F=3
2122
x2 472 =252
X2 +49=625

x2 =576

N =

Because f lies in quadrant 11, x is negative.
x=-24
x 24
cosff=—=—
p r 25
7
tan,B:Sln’B— 25 7

cosﬁ_ﬁ__a
25

a. cos(a+ f)=cosacosS—sinasin S

_E.(_ﬁj_i.l__i
5 525 5

b. sin(a+fB)=sinacos f+cosasin B

A 343
s 25)°525 5
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. tan(a+p)= tan o + tan
l1—tantan
4.7 2
3 24 _24 3
KN EEARF:AY
3 24 18
59. tan(){z—gzizZ
4 -4 x
W24yt =
(—4)? +3% =2
16+9 =7
25=r7
Because 7 is a distance, it is positive.
r=>5
Thus, cosaziz_—4———, and
r 35
sina=2 =2,
r 5
1 x
cosff=—=—
p 3 r
24y =p?
242 =32
1+3% =9
2
y =

Because S lies in quadrant I, y is positive.
y=+8=22
22

Thus, sinﬁ=Z=T, and

r. 23
tanﬂzsmﬁ EEEPONG

— 7 = 3
cos 3 %

a. cos(a+ f)=cosacosf—sinasin f

_(_ijg_z.&
5/)3 5 3
__4 6

15 1
—4-642

15
__4+6x/§

15

60.

c. tan(a+ f) =

Section 5.2 Sum and Difference Formulas

b. sin(a+ f)=sinacos f+cosasin S

_E.l{_ij.&
53 5 3
3 82

151
3-842

15

tan o + tan

1—tan o tan
_ -3 +242
R
—3+8/2
4
4+6x/§

4
:—3+8J5(4—6J5)
44642 (4-6v2)

1084502
56
54-252
28
-4 4
tanay=—=—= L
3 3 x
oS .
(-3)2 +4% =12
9+16 =2
25= r2
Because 7 is a distance, it is positive.
r=>5
x =3
cosa=—=—
r 45
sino = 2z
r 5
2 x
cosff=—=—
p 3 r
W2yl =2
2212 232
4+1% =9
=5
Because f lies in quadrant 1, y is positive.
sin = 2= g
-
V5
anp=S00 _ 3 N5
cosf 2 2
3
y=5
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a. cos(a+ f)=cosacosf—sinasinf

53 5 3 15

b. sin(a+f)=sinacos f+cosasin B

—%%+(—§J.£: 8-35

5) 3 15
. an(a+ §) = tan o + tan
l—tanotan B
4
_ 3 2
1_(_4 ¥5
3) 2
—-8+3+/5
- 6
6+4/5
6
_—8+3y5
6+4/5
_-8+3J5 6-445
6+4J5 6—+4/5
 —108+50+/5
—44
54-25\5
22
61. cosotzizz
24yt =2
82 +y% =172
64+ % =289
y? =225
Because o lies in quadrant IV, y is negative.
y=-15
Thus, sina=z=£=—g, and
r 117 17
sin o 17 15
tano = —T——E.
cosar %
. 1 -1 vy
sinff=——=—==
p 2 2
W24yt =2
X2+ (=1)? =22
X2 +1=4
x? =3

684

Because S lies in quadrant III, x is negative.

=3
Thus, cosﬂ=£=_—\/§=—£, and
r 2 2
anposnB_3 15

1
_2 =
cos B _g B3

a. cos(a+ ) =cosacosf—sinasin

TTE
_ —8v3-15

34
83415
34

b. sin(ex + ) =sin acos f+cosasin
[gj 3 +§_(_1j
17 2 ) 170 2
1538

34

tan (@ + ) = tan o + tan
l—tan ¢ tan S

1543

_ 24
244153

24
_ —45+8\3 24-15\3

T 244153 24-153
 —1440+867+/3

—99
_ 489-289\3

33
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62.

Because lies in quadrant IV, y is negative.

y=—s3

(98]
|
l\)wlt—

x2+y2:r

24 (-1)? =32
x“+1=9
2 = 8
Because f lies in quadrant 111, x is negative.
x=—/8=-22
Cosﬁ = ﬁ = ﬂ
r 3
_1
an B = sinf_ 3 _ 1 :ﬁ
cosﬂ 2\/5 22 4
3
a. cos(a+ f)=cosacosf—sinasinf

= (HF)

_ 2643
6
b.  sin(a+ f)=sinacos f+cosasin

ks

6

63.

Section 5.2 Sum and Difference Formulas

tan o + tan

l—tan o tan

— 3+£
4

1—(—«/§)-\f
—43+2
4
4++/6
NN

:—4i/t\+ff 4-+6

¢ tan(e+f) =

—IAéJﬁC 4\/i814ff V12

—16J§+12\}§0+4\5—2\6

_-1843 +16J§0
- 10
_8/2-93
5
3
tanoy =—= 2
4 x
Because lies in quadrant 111, x and y are negative
r2 _ x2 +y2
2= (4 + ()
¥ =25
r=>5
sing=2 = =3 = 3
r 5 5
x -4 4
cosg=—=—=——
r 5
1
cosff=—= X
-
Because f lies in quadrant IV, y is negative.
2yt =i
124y2 =42
yr =15
y==1s
r 4 4
tan f = R ﬁ =15
X
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a. cos(a+ f)=cosacosf—sinasinf
i(lj(zj 1S
54 5 4

_4+34I15
20
b. sin(a+ fB)=sinacos f+cosasin f

LT

720 20
344415

20
tan o + tan
l1—tanrtan

) %+(—\/E)
1=, (-5)
3_aIs

_4

4 4
4,3V15

4

3-adis
YN
_3-415 4-315

PTENT 4—3)z
_12-9415-16y/15 +180

B 16=135
_192-25?%

-119

19242515
119

c. tan(a+pf)=

_Y

r

64. sina=

O\Iur

Because & lies in quadrant II, x is negative.

24yt =i
x2 +52 =6
X2 =11
x=—/11
x =11 A1
COSC(Z—ZT:—T
r
x /11 11
3
tanf=—==
p 7 x

Because f lies in quadrant 111, x and y are both

negative.

R J

¥ =7%+3?

r? =58

r=4/58

s1nﬁ———_—3=—@
r 58 58
x =7 74/58

cosf=—=——==———
r o 58 58

a. cos(a+ f)=cosacosS—sinasin S

=_£.[_£J_[6J(_@j

6 58 58
_ V638 15V58

34 34
_ 74638 +15+/58

348
b. sin(a+ fB)=sinacos f+cosasin

=sinacos f+cosasin

_[éj T8 [ NI 3Ys8
6 58 6 58
_ 35J_ 34638

_ 3638 —35\/35_43

348
tan o + tan 3
l—tanotan B
sin3

117

_1_(_51{](7)

s 33
7

77 15J_

_—35Jﬁ+33
77+15)Z11
33-3511 77-15V11
T 7741501 7715411

_ 254149511 -2695V11+5775

59292475
_8316-3190v11

3454
22(378—145\/ﬁ)
B 22-15
~378-145V11
157

c. tan(a+p)=
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65. a. The graph appears to be the sine curve,
y =sin x. It cycles through intercept, maximum, minimum and back to intercept. Thus, y = sin x also describes the
graph.

b.  sin(z —x) =sinzcos x —cos rsinx
=0-cosx—(—1)-sinx
=sinx
This verifies our observation that
y=sin (7 - x) and y = sin x describe the same graph.

66. a. The graph appears to be the cosine curve,
y = cos x. It cycles through maximum, intercept, minimum, intercept and back to maximum. Thus, y = cos x also
describes the graph.

b. cos(x—2m)=cosxcos2x+sinxsin2xz

=cosx-1+sinx-0
=cosx
This verifies our observation that
y=cos(x—2x) and y = cos x describe the same graph.

67. a. The graph appears to be 2 times the cosine curve, y = 2 cos x. It cycles through maximum, intercept, minimum,
intercept and back to maximum. Thus y =2 cos x also describes the graph.

. T . T
b. sin| x+— |+sin| ——x
( 2) (2 )

. T . T . T
= smxcosz+ COSXSII’IE-FSIHECOSX

T .
—cos—sinx
2

=sinx-0+cosx-1+1-cosx—0-sinx
=COSX+COoSX
=2cosx

This verifies our observation that y = sin[x + %J +sin (% - x} and y = 2cos x describe the same graph.

68. a. The graph appears to be 2 times the sine curve, y = 2 sin x. It cycles through intercept, maximum, intercept,
minimum and back to intercept. Thus, y = 2 sin x also describes the graph.

T T
b. cos| x—— |—cos| x+—
[ 2) [ 2J

T . T

= COSXCOS—+Ssin xsin —
T . T
—| cosxcosx——sinxsin—
2 2

. . T
=2sinxsin—

=2sinx-1
=2sinx

This verifies our observation that cos[x —gj —cos (x +§j and y = 2 sin x describe the same graph.

69. cos(a+ fB)cos f+sin(a+ f)sin f
= cos[(a+ﬂ)—ﬂ}

=cosx
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70. sin(o— f)cos B+cos(a— f)sin f
=sin[ (a- )+ ]

=sina

sin(a+ f3)—sin(a - B)
cos(a+ f)+cos(a—f)
_ (sinarcos B +cosarsin B)—(sinazcos B—cos arsin )

B (cosacos f—sinasin )+ (coscrcos B +sinarsin )
_sinacos B+cosasin f—sinacos f+cosasin B

cosrcos f—sinasin f+cos ¢ cos f+sinarsin
_ cosasin S +cosasin

coscos B+ cosacos 3
_ 2cosasin 3

71.

2cosercos B
_sinf3

cos B
=tan

cos(a— ) +cos(a+ B)
—sin(a— B)+sin(a+ f)
(cosacos f+sinasin B)+(cosacos f—sinarsin )

—(sinacos B—cosasin B)+(sinrcos B+ cos arsin )
_ cosacos B+sinasin B+cosacos f—sinasin

—sinacos B+ cossin f+sinacos f+cosasin
_ COS(Cos [+ cos o cos

cosasin f+cosasin f
_ 2cosarcos B

2cososin f
cos,B

sin
=cot

7[ 7r 4 . (z
73. cos cos ——aj—sm(—Jrajsm(——aj
6 6
=cos ——aﬂ

=cos —+0(+——0(

72.

[\)l»—a O
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74.

75.

76.

77.

78.

ﬂ' T (=
sin ——a cos +cos| =—a [sin| =+«
j (3 j (3 )
r
=sin ——a
(3 H

/4
=sin §+a'+——0(

ﬁ
2
Conjecture: the left side is equal to cos3x.

c0Ss2xcos5x+sin2xsinSx
=cos(2x —5x)

= cos(—3x)

=cos3x

Conjecture: the left side is equal to sin3x .
sin 5xcos2x —cos Sxsin 2x

=sin(5x—2x)
=sin3x

Conjecture: the left side is equal to sing .

. 5x S5x .
Sin—cos 2x —cos—sin 2x

=sin S—X—ij
2
. (S5x 4x
=sin| ———
2 2
LX
=sin—
2

Conjecture: the left side is equal to cosg.

5x . Sx .
COS—C0S 2x + sin—sin 2x

=Cos ——2x]
5x 4x]
=cos| ———
2

=CcoSs—

Copyright © 2018 Pearson Education, Inc.
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79. tanﬁzgz
2

x2 + y2 =r
2243 =7
44+9=r
13=r
Because 7 is a distance, it is positive.

r=i3

NNMMR'E

Y _ 3
Thus, sinf=—=——
X
and cosf=—=—
ro 13

\/Ecos(t -0)= x/_(cost00549+ sin¢sin 9)
x/?(cost -——+sint- J
NERRN T

=cost-2+sint-3
=2cost+3sint

For the equation y = J13 cos(t —6), the amplitude is ‘\/E ‘ =413, and the period is T =2r.

80. a. p=3sin2r+2sin(2t+x)
=3sin 2¢ 4+ 2(sin 2¢ cos 7 + c0s 2¢ cos 7T)

=3sin2¢+2(sin 2¢ - (—1) + cos 2¢ - 0)
=3sin2¢—2sin 2t
=sin2¢

b. No. The amplitude of p is 1.

81.-87. Answers may vary.

.
/Q
3 ' ' L
2 2
=)

kY4 kY4 . 3 .
cos| ——x =COSTCOSX+SIHTSlnx

=0-cosx+(—1)sinx
=-—sinx
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89.

90.

91.

92.

NORMAL FLOAT AUTO REAL RADIAN MP n

=

AV

tan 7 —tan x
tan(r —x)=——
1+ tan 7 tan x

0—tanx

" 1+0-tan x
—tan x

o
=—tanx

NORMAL FLOAT AUTO REAL RADIAN' MP n

The graphs do not coincide.
Values for x may vary.

NORMAL FLOAT AUTO REAL RADIAN MP n

The graphs do not coincide.
Values for x may vary.

NORMAL FLOAT AUTO REAL RADIAN MP n

2

A 2
78V ARV ER

=)

w
E]
[
E]

o
o

cos1.2xco0s0.8x—sin1.2xsin0.8x
=c0s(1.2+0.8) =cos2x
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'R M NORMAL FLOAT AUTO REAL RADIAN MP n

=2

sinl.2xco0s0.8x+cos1.2xsin 0.8x
sin(1.2x +0.8x)
sin2x

94. makes sense
95. makes sense

96. does not make sense; Explanations will vary. Sample explanation: The sum and difference formulas allow you to find
exact values only for certain angles.

97. makes sense

sin(x — sin(y—z sin(z —x

05, SINGx—y) _sin(y=z) _sin(z=x)
COSXCOS)y COSYCOSZ COSZCOSX
_smxcosy—cosxsmy+s1nycosz—cosysmz+smzcosx—coszsmx

COS X COS Y COS yCOS z COS Z COS X
sinxcosy cosxsiny N sinycosz cosysinz + sinzcosx coszsinx

COSXCOS)Yy COSYyCOSy COSyCOSz COSYCOSZ COSzZCOSX COSZCOSX
sSmx Sy " smy Sz " Sinz SInx

COSXx COSy COSy <COSz COSzZ COSXx
=0

99. cos

Il
N&*—‘

si -1

=
W | W

x=4
y=3
r=>5
sin cos_ll+sin_1§j
2 5

. 11 .13
=sincos ~ —cossin 3
11

—sin sin_1
2

— 3
+coscos =
5
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100. sin ~—

sin sin_1 3 cos_1 (—ij
5 5

.. -13 —1( 4 . —13 . _1( 4)
= Sin sin —COSCOS —— |—COSSIn —SI1n cos -
5 5 5 5

=5

101. tan

X =
y:
V=

5

12

13
15 j
COS tan —+COS —
13

15

=costan~ —coscos —
3 13

_1i

. 14 .
—sintan ~ —sincos

65

102. cos_l[—ﬁ]zs—ﬂ- sin'l(—lj:_z
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103.Let o = sin_l x, where -% <a< % sinar =x

104.

694

Because x is positive, sin a is positive. Thus a is in
quadrant I. Using a right triangle in quadrant I with
sin a = x, the third side can be found using the
Pythagorean Theorem.

c12+x2:12
2 _ 2
a“=1-x
a=\1- 2
2
Thuscosa = I-x = l—x2

1
Because y is positive, cos B is positive. Thus f is in
quadrant I. Using a right triangle in quadrant I with
cos P =y, the third side can be found using the
Pythagorean Theorem.

b2+y2=12
b2 =1-x%
a= 1—y2
1-° 2
Thuscosa = 0 =4l—y

cos(sin_1 x—cos 1 y)=cos(ax—f3)
=coscos f+sinasin

z\/l—x2y+x\/1—y2

=y\]1—x2 +x\[1—y2
-1

tan = x sin_ " x
y=x Y
x=1 r
r=\/x2+l x= l—y2

sin(tan_1 x—sin~! ¥)

= sintan 1 xcossin_ly
—costan_lxsinsin_ly
X _\ll—yz R
) VxZ +1 ! \/x2+1 g
B x\/l—yz -y

x2+1

105.

106.

107.

]

tan(sin_1 x+cos” ! y)
tansin ) x+ tan cos ! y

1~ tansin "L x - tancos ! y

x 1-y

\ll—x2 ‘ y
_ xy+\[1—y2\jl—x2
y\/l—x2 —xsll—yz

Answers may vary.

Using two right triangles, a smaller right triangle
corresponding to the smaller angle of elevation drawn
inside a larger right triangle corresponding to the
larger angle of elevation, we have a known angle, an
unknown opposite side, a in the smaller triangle, b in
the larger triangle, and a known adjacent side in each
triangle. Therefore, use the tangent function.

tan37.1° -4

120
a=120tan37.1° = 90.8

tan 62.4° =L

120
b=120tan 62.4° = 229.5

The difference in the two heights is about 138.7 feet.
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108. Let & =sin! % , then sin@ =

| —

Because sin @ is positive, @ is in the first quadrant.

¥y
r=2
(¥3,1)
9 1 N
Vel
X417 =22
x2:3
r=B
SeC(sin_llj—secﬁ—i—i—i.ﬁ_2 3
2 x 3 B3B3

109. a. domain: (—4, )
b. range: (—eo,—1]
c.  y-intercept: —1
d. fis constant: (-2,3)
e. fisincreasing: (—4,—2)

f.  fis decreasing: (3, )

g.  f(-2)=-1
. |
110. sin30 :E
cos30° =£
sin 60° :é
12
c0s60° =—
2

111. a. No, they are not equal.
sin(2-30°) # 2sin30°
sin 60° # 2 1
2

B

X2
2

b. Yes, they are equal.
sin(2-30°) = 2sin30° cos 30°

sin 60° :2-l~%
BB
2 2

112. a. No, they are not equal.

c0s(2-30°) # 2cos30°

cos60° # 2~g

1.3
2

b. Yes, they are equal.
cos(2-30°) = cos? 30° —sin” 30°

cos6l = (@f {4y

Section 5.3

Check Point Exercises
. 4

1. sing=—=2

5 r

Because @ lies in quadrant II, x is negative.

2y =2

x2+42 =52
2 =5-4>=9
x=—9=-3
Now we use values for x, y, and r to find the required
values.

a. sin26 = 2sin@cos @
4 3 24
:2 — —_—— = ———
(5)( 5) 25

b. cos26=cos’>O—sin’ @
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c. tan 26 = 2tan;9
1—tan49

_4 _8 _8

24 _ -4 %

2 _16 _7

-(-4) =9 7

2.  The given expression is the right side of the formula
for cos26 with € =15°.
3

cos®15°—sin?15° = cos(2-15°) =cos30° = ER

3. sin36 =sin(26+6)
=sin26cos @ +cos26sin &

= 2sino9cos¢9cos¢9+(2cos2 6—-1)siné
= 2sin fcos? 6 +2sin Hcos? 6 —sin O
= 4sinHcos’ 6 —sin 6
= 4sin O(1—sin’ ) —sin O
= 4sin 6 —4sin® O—sin @
=3sin@—4sin’ 6
By working with the left side and expressing it in a

form identical to the right side, we have verified the
identity.

2
4. sintx= (sin2 x)

(l—cos2xj2
2
1

—2c0s2x +cos? 2x

1 1
= ——cos2x+—cos” 2x
=l—lcos2x+l 1+ cos2(2x)

4 2 4 2

1 1
:_——c052x+l+lcos4x

gl 2 8 8

1
=———cos2x+—cos4x

5. Because 105° lies in quadrant II, cos105°< 0.

6 sin2  2sinfcosd
I+c0s20 1+ (1-2sin’ 0)
_ 2sinfcos
2-2sin’ @
_ 2sinfcosd
2 (1 —sin? 0)
_ 2sinfcos
2 ?9052 e
_siné . o
cos
The right side simplifies to tan 8, the expression on
the left side. Thus, the identity is verified.
1
7. seco coso

secacsca+csco L. 1 4 1
coso SlnG{l siIno

cosa
1 cos
cosasin  cosasina

cosax
1+cos
cosarsina .
cosasmo

cosax l+coso
sin &

1+cosa
o
=tan—

We worked with the right side and arrived at the left
side. Thus, the identity is verified.

Concept and Vocabulary Check 5.3
1. 2sinxcosx
2. sin’4 ; 2cos” A ; 2sin® 4

2tan B
1—tan? B

4. 1-cos2ax
5. 1l+4cos2a
6. 1-cos2y
7. 1-cosx

8. I+cosy

9. 1l-cosea; 1-cose; l1+cosa
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5.

10. false
11. false
12. false
13. +
14. -
15. +
Exercise Set 5.3
1. sin2@ =2sin@cosf =2 g i =§
5)\5 25
2. cos20 = cos2 09— sin2 o
_(4V _(3Y_16_ 9 7
5 5 25 25 25
3. tan26= 2tan;9
1- t%n o
S 3
_ 2(4) _ 5
= 2 =—5
=\ 16
3
SHiBE
7
16 7
Use this information to solve problems 4, 5, and 6.
tano = 7 =Y
24 x
Because r is a distance it is positive.
2, .2 2
x“+y =r
42472 =42
576+49 = r?
625 =712
r=25
sino = 2= l
r 25
x 24
cosy=—=—
r 25
4. sin2a=2sinacosa=2| — 24 ﬁ
25\ 25) 625

c0s 2 = cos> o —sin® &

dERE R
25 25 625 625
_ 527
T 625
2tan o
tanZa:—2
I-tan” &
2(7 14 14
__\24) _ 24 _ 24
2 | 49 527
(7 _ 24l
24 576 576
_(14)(576) _336
24 )\'527) 527
sin6’=£=Z
17 r
Because @ lies in quadrant II, x is negative.
2, .2_ 2

xX“+y“=r
x? +15% =172
x> =172 -15* =64
x=—/64 =-8
Now we use values for x, y, and r to find the
required values.

a. sin2@=2sinfcosl
15 8
o 2| ===z
17 17
b. cos26=cos’H—sin’ @

(_8V (157 _64 225
17 17 289 289

240
289

__lel
289
c. tan 26 = 2tan;9
1—tan15¢9
_b 15 1
_ 2( 8) ___ 4 _ 4
2 225 161
(yp E
1
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8. sint9:1—:Z
13 r

Because @ lies in quadrant I, x is negative.

W24y =p?

2112 =132
x* =25
x=—25=-5
Now we use values for x, y, and r to find the
required values.

a. sin26 =2sin@cos @

b. cos26= cos2 (9—sin2 0

_25 144
169 169
__119
169
C. tan20=%
I-tan” @
2( 2]
N
5 25
5 _120
RICANTE
5
9. cos@zﬁzf
25 r
Because @ lies in quadrant IV, y is negative.
2y =2
242 4% =252
y? =252 247 =49
y=—\/@=—7

Now we use values for x, y, and r to find the
required values.

a. sin26 = 2sin@cos @

_ 2(_1)(%] __ 36
5 0\25)" 625

b. c0s26 =cos> O —sin’ O

3[4

_376_ 49 537
625 625 625
c tan 26 = 2tanf
l—tan7 [
_ I 7 7
_ 2( 24) ___ 12 __12
2 49 527
1-(=%) '7sw 5%
_(_7)(376)__336
12 )\ 527 527
10. cos¢9=ﬂ=f
41 r
Because € lies in quadrant IV, y is negative.
W24yt =i
40% + y? =417
3% =81
y=—/81=-9
Now we use values for x, y, and r to find the
required values.

a. sin26=2sinfcosb
_5 _i ﬂ _ 720
41 )\ 41 1681
b. c0520=00326—sin2¢9
_(40) _22_1600_ 81
41 41 1681 1681
_ 1519
1681

2tan @
1—tan2 0

2[—9) 9
_ 40) _ 20

1_(_9)2 8l
20 1600
9

_:QQ_(_EJ(BQQJ__Zgl
1519~ 20 \1519) 7 1519

1600

c. tan 26 =
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1. cotf=2=22=%
—1 y
Because r is a distance, it is positive.
2_.2,.2
rr=x"+y
r2 =2 +(-1)’
=5
=5

Now we use values for x, y, and r to find the
required values.

a. sin2@=2sinfcosl
_2[_LJ(_LJ_E
VsIUNs) s

b. cos26=cos’H—sin’ @

_4.1.3
5 5 5
c. tan26= 2tan26’
l—ta}n [
_26)
2 1 3
1 -5 =
1-(3) 4 4
4) 4
=M Zl=2
of1)-
12. co‘t¢9=3=_—3=i
-y
Because r is a distance, it is positive.
r2=x2+y2
2 =(=3)2 +(-1)?
=10
r =10

Now we use values for x, y, and r to find the
required values.

a. sin2@=2sinfcosl
_2(_LJ(_LJ_£_§
Jio)U o) 10 s

b. cos26= cos2 (9—sin2 0

_(mj_f_(ng_f
7o) U0
91 8 4

10 10 10 5

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

c. tan29:%
1-tan” @
2(1j 2
- \3) _3
ED
3 9
2
_3.22%.3
8 38 4
9
3. sing=-——2="2-%
41 41 r
Because 8 lies in quadrant III, x is negative.
2 2 _ .2
X“+y =r
2 +(-9)* =412
x* =1600
=—/1600
x=-40

Now we use values for x, y, and r to find the
required values.

a. sin26=2sinfcosl
_4_2) 40) 720
41 41 1681
b. c0s28=cos> O—sin’ @
()]
41 41
_ 1600 81
1681 1681
1519

T 1681

c. tan20:ﬂ
1- taé’l o

9 9

4 ) %

81 ~ 1519

1- 1600 1600
1600 720
1519) 1519
14. sin6’=—§=_—zzl

Because @ lies in quadrant I, x is negative.

W24yt =2

X +(-2)* =32
X’ =5
r=\5

Now we use values for x, y, and r to find the
required values.
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15.

16.

17.

18.

700

a. sin26@ = 2sin@cos @
_2(_zj[_£J_ﬁ

3 3 9

b. cos20= 0052 ¢9—sin2 0

c. tan 26 =

The given expression is the right side of the formula
for sin26 with € =15°.
2sin15°cos15° =sin(2-15°)

=sin30°= 1
2

The given expression is the right side of the formula
for sin 26 with 6 = 22.5°.

25in22.5° c0s 22.5° =sin(2-22.5%)

=sin45° = Q

The given expression is the right side of the formula
for cos28 with 8 =75°.

cos? 75°—sin® 75° = cos(2-75°)
=cos150° = —g

The given expression is the right side of the formula
for cos 20 with 6 = 105°

cos2105° —sinZ 105° = cos(2-105°)

=c0s210° = —ﬁ

19.

20.

21.

22.

23.

The given expression is the right side of the formula

for cos26 with 6 =%.

200521—1=cos[2-£
8 8

Ne—

=CO0S

SIS

&N

The given expression is the right side of the formula

for cos 260 with 6 = 2=,
12

1—2sin2£= cos 2-1 = Coszzﬁ
12 12 6 2
The given expression is the right side of the formula

for tan26 with 6 = %

2tan %
—lzztan 2£ =tan£=_3
12 6

The given expression is the right side of the formula

for tan 20 with 0 = %

.4
2tan— 7 7
= tan(2-—) =tan—=1
l—tan2£ 8 4
8
2tan@ ig;f)

1+tan2 2] - cos> + sin’ @
2 2
cos“ 8. cos“ @
s
cosé@
cos® O+sin’ @
. cos’
2sin @
cosé
1
cos> 0 )
_ 2sin@ cos” @
cos @ 1
=2sinfcos b
=sin26
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24,

25.

26.

27.

28.

2.cos¢9
2cotd sin@

1+cot2 0 sin2 0 0052 o
2,72

sin“ @ sin“ @

2cosé
sin @

sin2 6’+cos2 0
sin2 0

2cosé

sin @
1
sin2 0
2cos@ . sin2 0

~ sin@ o1
=2cos@sinf
=sin26

(sin@+cos 6’)2 =sin” 6+ 2sin Ocos O+ cos> @

= sin% @+ cos> 6+2sin@cosf
=1+2sinfcosf
=1+sin26

(sin@—cos 9)2
= sin2 6—2sin 00030+0052 0

= sin2 o+ cos2 6 —2sinfcosf
=1-2sinfcosf
=1-sin26

sin? x+cos2x = sin® x+cos> x —sin> x
=cos? x

cos2x 1-2sin? x

2 2
cos” x cos” x )

1—sin“ x—sin“ x

0082 X

cos“ x—sin“ x
0052 X 5
_cos“x sin“x

COS2 X COS2 X

=1-tan“ x

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

29.

30.

31.

32.

33.

34.

sin2x 2sin xcos x

l—cos2x 1_(0032 x—sin2 x)

2sin xcos x

1—.cos2 X+sin’ x

_ 2sinxcosx
sin_2 +sin® x
_ 2sinxcosx

2sin? x
_ CcosX

sin x
=cotx

l+cos2x 1+cos” x—sin x

sin2x 2sin xcos x
1—sin“ x+cos“ x

2sinx coix
_cos” x+cos” x

2sin x cos x
2¢cos” x

2sin xcos x
_ cosx

sin x
=cotx

sin¢

cost )
_ 2sintcos”t  sint

tantcos 2t = -(ZCoszt—l)

_cost cost
=2sinfcost—tant
=sin2¢—tant

—cost .
—Ccostcos2t = ,—(1—2s1n2 t)
sint 5
cost + 2costsin“ ¢

© sint sint
=—cott+2costsint

=2costsint—cott
=sin2¢—cott

sin 4¢ = sin(2¢ + 2t)

sin 2¢ cos 2t + cos 2¢ sin 2t
cos 2¢(sin 2¢ + sin 2t)
=cos2t-2sin 2t

2t —sin? t)~2~25intcost

= 4sintcos’ t—4sin> tcost

= (COS

cos 4t = cos 2(2t)
=2c0s2 2t -1
= 2(2(:052 z‘—l)2 -1
=2(4cos4t—4cos21+1)—1
=8cos4t—80052 t+2-1
=8cos4t—80052 t+1
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.4 B
35. 6sin’ x 38. 8sin2xcoszx:8(l cos2x)(l+cos2xj
1 25 )2 2 2
~6 %} _ 8(1-cos? 2x)
4
2
_6 1-2cos2x+cos“ 2x _§_8(00522x)
4 4 4
_6—12cos2x+600522x 2.2 1+CO;2'2XJ
3 9 =2-1-cos4x
=—-3cos2x+—cos” 2x =1-cos4x
=%—30052x+% @j 39. Because 15° lies in quadrant I, sin15°> 0.
. eo 30°
=%—3cos2x+é l+_cosz4x) sinl5°=sin
5 £
=§—30052x+§+§cos4x 1-cos30
4 4 4 D
9 3
=Z—30052x+zcos4x ~ 2_\/5 _\/2_\/5
2
36. 100052xc052x:10(1+coszxj(l+cossz 40. Because 22.5° lies in quadrant I, cos 22.5° >0.

2 ; 45° /1 45°
3 10(1+2(:052x+cos2 2x) c0s22.5°% = cos - = Jrc%

4
_ 10+200052x+10cos2 2x

4
10 20cos2x 10cos? 2x
=—+ +

4 4 4
==+5c0s2x+—(1+cos4x)
2 4

=§+50052x+§+§cos4x

= ?5+ Scos 2x+%cos 4x 41. Because 157.5° lies in quadrant II, cos157.5° < 0.

cos157.5°=cos315 I+cos315
37. sinzxcoszx:[l—cos2xj(l+coszxj \/ﬁ \/m
2 2
2

_1—00522x 1/2+\/§
4
=l—100522x
1 ‘1‘(1+cos(2 2x)j 42. Because 105° lies in quadrant II, sin 105° > 0.
By e — 0 _ 0
41; ? 2 sin1050:sin210 _ 1—-cos210
=———(+cos4x) 2
1y
=————— cos4x
Pl -
=———cos4
88 243

Jo
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43. Because 75° lies in quadrant I, tan 75° > 0.

47 sing— 1= cosé
tan75°=tan150 =1—.005150 B 7
2 sin150° 1-4
(B N -
_ 2) 2 10
=— s BN
2 - = ——
Jioo 10
44. Because 112.5° lies in quadrant II, tan 112.5° < 0. 48 cosg 1+cos@
o 225° 2
tan125" =tan 4
1+—

_ 1-c0s225° =

1]
—
e
PR
l\)‘ 3
)
Il
|@M|U\\\O
)
(9]

_Q —
10
2+ \/g _3
2 J10
__2 -1 _ @
ND) 10
=—2-1
. . 49. tang _ 1—.coso9
45. Because < lies in quadrant II, tan? <0. 2 1 sin @
__ 5
Iz ) {—coslZ ]
tan7—ﬂ-=tan 4= 4 15
8 2 sin% ==
-2 3 .
_ 2 __ 2 41 Use this information to solve problems 50, 51, 52
NCEEEND) and 54.
_NL 7
:_\/'2Z+1 tana—ﬂ—;
Because r is a distance, it is positive.
46. Because 3z lies in quadrant I, tan3—ﬂ' >0. P =xtt y2
8 8 2 =24% 47
; 3z 2 =625
fan -2 = tan -4~ r=25
2 3 sing =2 = T
1-cos % 25
= 4 cosor =2 = 24
sins—” r 25
4
(2
2
2
2
= i+1
2
=2 +1
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50.

l—cos¢9’ 1+cos@

53. 2singcos§ = 2-\/
2 2 2

=2

=2

6.3
10 5

54.

5S.

.o o \/l—cosa \/1+cos0{
2sin—cos— = .
2 2 2

2

4 -4
tanay=—=—= 2z
3 3 x
Because r is a distance, it is positive.
2 =xt+ y2
2 = (—4)? +(-3)°
r? =25
r=>5

Since 180° < @ < 270°, then 90° < % <135°,
a ..
Therefore 5 lies in quadrant II.

Thus, sing >0, cosz <0, and tang <0.
2 2 2

3
1+ -=
a I+cosax 5
b. cos—=—‘/ =—
2 2 2
2
Y R L S ]
2 5 5 5

c. tan—= =
2 sing 4
5
8
5 8
:_:—:—2
4T
5
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56.

tano = ﬁ = _—8 =Z

15 -15 «x
Because 7 is a distance, it is positive.
1’2 = x2 +y2
r? = (=15)% +(=8)*
r? =289

289
r=17

Since 180° < ar < 270°,

Therefore % lies in quadrant II.

Thus, sin LIS 0, cos Z - 0 and tan Z - 0.
2 2 2

then 90° < % <135°.

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

57.

a l-cosa
c. tan—=——
2 si 0{1
T
_ 17
8
17
32
17 32
:_:—:—4
3 -8
17
13 13 r
seca=——=—=—
5 =5 x
Because « lies in quadrant 11, y is positive.
2y =p?
(5% +y2 =(13)?
32 =144
y=12

Since z <a<r, then z < Ll < z. Therefore e
2 4 2 2 2
lies in quadrant 1.

Thus, sm%>0 cosg>0 and tan—>0

l-cosax
a. sm— ‘} \/

’ 2 3
13 NE
3f
13
{ 1+(=2
b Cosg: 1+cosa: ( 13)
2 2 2
_[F_[E_2
“V2e V13 V13
213
13
5
a l-coso 1‘(‘@)
C tan— = =
2 sina %
1345 18 3
12 1 2
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1—
58. seca:—3:i:1 ¢ tang: .cosa
-1 ox 2 sina
Because & lies in quadrant II, y is positive. | 1
x2 +y2 = 7'2 _ - _g
(D7 +y7 =3 =7
y = 73
y=\8 341
y=242 0 ){5
Since = < &z < 7, then %™ Therefore £ =;
2 4 2 2 2 !
lies in quadrant 1. =
Thus, sin > >0, cos— >0, and tan— > 0. 1—cos2(ﬁ)
2 2 2 59, sin2 Q: 5
2 2 1
.o l-cosc 1-c080 cosg
a. sin—=,[—— = Lo
2 2 )
cosé
1—cos 8
_ _cos@
2
cos @
1 _ cos@
_ cos@ cosd
1
2 cos @
_secf-1
2secO

2

=13

2

2

3

R

3

V3
3

706

o
1—cos2| —
o . 2]
sin —=——-"2=
2 2

1
_l-cos sing
T2 1
sin &

l1-cosa

__sing
2

sino
1 cosa

sinay_sina

1
2-—
sin
_csca—cota

2¢csca
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6. co2? - L‘Q(g)

2
_I+cos@
2
_1+cosf osg

. sin@
cos@
tan 8 +sin @

~2tané
_sinf+tan6

2tan @

cos @

_ cosd

2. !
cos@
_secd+1

" 2sech

o sin
63. tan—=——
2 l+cosa

SIN Gosar

l4+cosa 1L
cosax

sin o
coso
l+cosx
coso
tan ¢

1 cosa
cosax  cos
tan o

seca+1

64.

sinZ oz +1—cos” & _ sinZ o +sin

sin(l1+cos ) ~ sin o(l+cos)

~ sin o(l+cos)
2sinx

1+

=2(_

=2tang
2

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

65.

66.

67.

68.

. . 1
sinx _ SInX gy

l-cosx l—-cosx -1
) sin x
sin x
_ _sinx
1—cos x
sinx

Tt X
tan )

X
=cot—
2

1
l+cosx 1+cosx 1+cosx
sin x sin x 1
14+cosx
~ sinx
1+cosx
1
X
tan —
2
=cot—

X x l—cosx 1
tan—+cot—=——+
2 2 sin x tan%
_1-cosx 1
- sinx _sinx
1+cos x
_l—cosx+1+cosx
sin x sin x
_I—cosx+1+cosx
sin x
=——=2cscx
sin x
X x l—cosx 1
tan——cot—=——————
2 2 sin x X
tan —
2
_I—cosx 1
sin x sin x
1+cosx
_lI-cosx 1l+cosx
sin x sin x
_ —2cosx
sin x
CcoS X
=-2.—==
sin x
=-2cotx
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69. Conjecture: The left side is equal to cos2x. 73. Conjecture: The left side is equal to sec x.
cosx _sinx sin2x cos2x 2sinxcosx 2cos’ x—1
t x —tan i ] - = - -
cotx Y _ sinx Cos x sinx  cosx sin x cos x
cotx+tanx COSX  SInx 2cos? x 1
=2cosx—

sinx cosx

COSXx cosx sinx sinx =200sx—2g8§§+seg?csx

_Ssinx cosx cosx sinx =secx
cosx cosx sinx sinx
sinx cosx cosx sinx 74. Conjecture: The left side is equal to 2sin x.
cos” x sin” x ) )
. - sin2xsecx = 2sinxcosx-
_sinxcosx sinxcosx COS X
2 2 =2sinx

cos” x sin” x
+

sinxcosx _sinxcosx

: 75. Conjecture: The left side is equal to 2csc2.x.
cos” x—sin“ x

= 1
cos” x+sin’ x ) —
_ €cos2x CSC X _ sin“ x
1 cotx COS X
=co0s2x sin x
1 sinx
70. Conjecture: The left side is equal to sin 2.x. sin x €OS X
2(tanx—cotx) 2(tanx—cotx) _ 1
tan® x—cot? x  (tanx+cotx)(tan x —cotx) SN XGOS X
== 25sin xcos x
tan x -Ecot X 2
== sin 2x
sinx _cosx =Dcse2x
cosx _sinx
_ 2 S xcos x 76. Conjecture: The left side is equal to 2 csc2x.
sin x + COSX SInXCOSX sinx  cosx
cosx sinx tan x +cotx = ——+ —
2sin xcos x COSx  Sinx
= _sinx sinx  cosx cosx
sin” x+cos” x - T L
sin 2x cosx_sinx siny cosx
= sin” x cos” x
1 =— +—
=sin2x SInXCOSXx SINXCOSX
_sin” x+cos” x
71. Conjecture: The left side is equal to sinx+1. sin x cos x
2 - -
X X .2 X . X X x :
(sm5+cos—j =sin’ —+2s1n—cosE+cos2 — smxczosx
X X . 2X X o
= 2sin=cos = +sin> = +cos’ — 2SEHXCOSX
X X .2 X X i
=|2sin=cos= |+| sin> = +cos’ ~ _ Sltr:ls%)éx
2 2 2 2
. X . o .
=sin| 2 3 +1 77. Conjecture: The left side is equal to sin 3x.
=sinx+1 sinx(4cos2 x—l) = sinx(2cos2 X +2cos? x—l)
. . . o 2
72. Conjecture: The left side is equal to —cos x. =smx (2 Cos™ X +C0s 2x )
.2 X 2 X .2 X )X =2s@nxcos2x+sinx§:os2x
s ——Cos 577 —SIn” —+Ccos” — =2sIin XxCcOSXCOS X +sin xcos2x
=sin2xcos x +sin xcos 2x
=_cos| 2-% =sin(2x +x)
=sin3x

=—C0SX
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78. Conjecture: The left side is equal to cos4ux.

81. o="
1—85in2xc052x=1—(2-2sinxcosx~2sinxcosx) 4
_ . . . 0 1—cosé
=1-2sin2x-sin2x sin— =
=1-2sin? 2x 2 2 -
= cos® 2x —sin® 2x _ I_COSZ
=cos2xcos2x—sin2xsin 2x 2
=cos(2x +2x) 5
=cos4x _ 175~
2
2
. 2-+/2
79. a. d=v—°s1n6?cos€ = 2
lg 4
=V—0-2sinecos¢9 =2;\/5
32 2
V2 1
_Yo .
—§~sm29 Sm_zﬁ
o L 2-42 1
b. sin¢ is at a maximum in the interval [0, 27] T:H
T . . . 2
when o =—, so sin2@ is at a maximum when M=—
2 2-2
20=""or 6=". _02-\2
2 4

2-\2
- _22-42 2442
80. == 22 242
6 :4sz%+sz
4-2
2(2\/2—J§+\/§\/2—\/5)

O oA v
=\2-42-(24+42)~26

82.-94. Answers may vary.

95. NORMAL FLOAT AUTO REAL RADIAN MP n

3

AWANWAY
IRVAVA

3—6sin2 x = 3— 6| 108 2*

HL_ =3-3(1-cos2x)
:2 2—\/§ 2+\/§ =3-3+3co0s2x

NG .2+\/§ =3cos2x
42—\ +23V2-
- 4-3
=423 +23y2-3 =39
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96. NORMAL FLOAT AUTO REAL RADIAN MP b 1_ ZCOS zx
: ' 2sinx—1
1—2(1—2sin2x) .
_ _1-2+4sin” x
2sinx—1 2sinx—1
_4sin® x—1 _ (2sinx—1)(2sinx+1)
3 2sinx—1 2sinx—1
A =2sinx+1=1+2sinx
& This verifies our observation that
1-2cos2 . .
X y= ﬂ and y =1+42sinx describe the
N 1+cos2 5 2sinx—1
40052 —=4 — s same graph.

1o
=2(1+cosx)

=2+42cosx
LY MINORHAL FLOAT AUTO REAL RADIAN HP oy /\
3=
a. The graph appears to be the sine curve, y = sin
x. It cycles through intercept, maximum,
intercept, minimum and back to intercept. Thus,

The graphs do not coincide. y = sin x also describes the graph.
Values for x may vary.

98_ NORMAL FLOAT AUTO REAL RADIAN MP n 2tan£ ( Sin x j
b 2 _ 1+cosx
1+tan? = l—cos2| *
3 3w 2 2
3 7 H—3
e \ ol 1+cos2(j
2
—2 Zsinx
1+cosx

. " l+cosx l—cosx
The graphs do not coincide. +
1+cosx 1+4+cosx

Values for x may vary. 2sin x

. - Lesoor
2

1+cosx
_ 2sinx l+cosx
/ 1+cosx 2

l \/21-: =sinx
-3

This verifies our observation that

X
2tan—

y= s and y = sin x describe the same
X
a. The graph appears to be the sum of 1 and 2 times 1+ tan >

the sine curve, y = 1+ 2sin x. If you subtract 1 from
the graph, it cycles through intercept, maximum,
intercept, minimum, and back to intercept. Thus,
y=142sinx also describes the graph.

graph.
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) (1) REINORMAL FLOAT AUTO REAL RADIAN' MP n

102.
103.

104.

105.

10

=2

107.

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

108. cos {2 tan ! (—%H

3

—2m

-3

a. The graph appears to be the tangent of half the
angle. It cycles from negative infinity through

intercept to positive infinity. Thus, y = tan%
also describes the graph.

x 1l—cosx 1 CcoS X
b. tan—=— =———
2 sin x sinx sinx

This verifies our observation that

=cscx—cotx

x .
y=cscx—cotx andy = tanz describe the
same graph.

makes sense

does not make sense; Explanations will vary.
Sample explanation: That procedure is not
algebraically sound.

does not make sense; Explanations will vary.
Sample explanation: An angle and its half-angle do
not necessarily lie in the same quadrant.

does not make sense; Explanations will vary.
Sample explanation: That method will not work

well because 200° is not an angle with known
trigonometric values.

(sin x + cos x) [1 - sm22xj

= (Sinx+c0sx)(1_—251nxcosxj

2
= (sin x + cos x)(1 —sin x cos x)

=sin x+cosx —sin“ xcos x —sin xcos“ x
=sinx+cosx—(1—cos2 x)cosx—sinx(l—sin2 x)
=sinx+cosx—cosx+cos3x—sinx+sin3 X

= sin3 x+cos3 X

sin| 2sin”"! ﬁ = sin(Z Zj
2 3

. 2z
=Ssin—

3

2

109.

Let @ =tan™" (—ij
3

Since @ is in quadrant IV, x is positive and y is
negative.

cos| 2tan”! (—gﬂ =cos26

=1-2sin% @

(3]
(3]

_1-2.1¢

25
7

25

cos? lsin_1 g
2 5

Let 0=sin_1§,then sin6’=z=E
5 r 5
Since @ is in quadrant I, x is positive.
2, 2_ 2
x“+y =r
x?+32 =57
X2 =16
x=4
cos’ lsin_12 = cos’ l6
5 2
1+ cos 2~l<9
_ 2
2
_1+cos®
7
I+—
:T
1+
:T
_2
10
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110. sin’ [lcos_1 é}
2 5
Let @ =cos ! % , then cosé@ :%

sin?

lcos_lg =sin® -0 = =1_COSB=
2 5 2 2 2 2

WD | =

111. Let a:sin_l x where —%S a<

oly

sina = x
Because x is positive, sin a is positive. Thus, & is in quadrant I. Using a right triangle in quadrant I with sina =x= T

the third side a can be found using the Pythagorean Theorem.
o +x% =12

az =1—x2

sin(2 sin” ! x)=sin2a =2xV1- X2

3
, . 3 (l-cos2
112. Sm6x=(sm2 x) =($j
_1—30052x+3cos22x—cos32x

=l——cos2x+§cos2 2)c—lcos2xcos2 2x
51; g g 1 282 1 1 2-2
8 8 8 2 8 2

=l—éc052x+i(l+cos4x)—icos 2x(1+cos4x)
8 8 16 16 |
=g——cos2x+—+—cos4x——cos2x——cos2xcos4x

=———cos2x+—cos4x——cos2xcos4dx
16 16 16 16
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113. Use the Pythagorean Theorem, ¢’ =a” +b%,to x |y=3cos2zx coordinates
find b. 0 |y=3cos(27-0) (0,3)
a*+b>=c? =3cos0

12 +p% =27 =31=3
2 _
1+b° =4 1 y=3cos 27[-l 1,0
p2 =3 4 4 4
b=+3=13 =3c0sZ
Note that side a is opposite 8 and side b is adjacent 3.0 :20
to 6.
it 1 l =3cos 27r~l l -3
sing = —2PPostte _ 1 2 2 2
hypotenuse 2 =3cosw
cosf = had]icent _ g : =3.(-1)= —i :
ypotenuse
X 2 = o2 2
fang= oPPosite _ 13 4 3“’5( " 4) (4"’)
adjacent 3 3 —3cos 3
hypotenuse 2 -
cscd=———=—"=2 =3.0=0
opposite 1 - -
hypotenuse 2 243 1 |y=3cos(2z-1) (1, 3)
secl=————=—F="— =3cos2xw
adjacent 3 3 =3-1=3
cotf = adjacent _ ﬁ =3 Connect the five points with a smooth curve and
opposite 1 graph one complete cycle of the given function.
o,3)
Y4y
114. The equation y =3cos27x is of the form y = Acos Bx (-4,3) 115 4,3
with 4 =3 and B =2x . Thus, the amplitude is .
|A|=|3|=3.Theperi0dis2—”:2—”:1.Thequarter— H k&
B 2z $84&
Loy 1 . (—%,—3) I %,_3>
period is 7 The cycle begins at x = 0. Add quarter- y = 3 cos 2mx \
periods to generate x-values for the key points.
x=0 -
11 ns, 23 3,1
194 2x-3<3x+2
=i —x<5
xX= 1 +l = 3 x=-5
% ‘1t 4 The solution set is {x| x> —5} , or [=5,0).
X=—+4+—= 1 L
4 4 5
Evaluate the function at each value of x. .
116. sin60° sin30° = %[cos(60° ~30°) = cos(60° +30°)}
ﬁ L l[cos 30° —cos 90°}
2 2 2
VB_1NE
4 2|2
NERE}
4 4
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r x 1] T T i 2 {(sin@— 2
117. coszcos?zz COS(5_§j+COS(E+§H 3. (sin@+cosB)” +(sinf—cos )
Lol - 5o =sin” @+ 2sin Bcos @ +cos’ @
O-Ezg cos(—jﬂ:os(—ﬂ +sin® @—2sin Ocos O+ cos> O
- 6 6 =sin% @+ cos” O+sin’ @+ cos’ @
0_1 ﬁ_ﬁ =1+1
202 2 =2
-
0=5[0] 4 sint—1 sinz-1 cott
0=0 ) cost cost cott
_sintcott—cott?
. T 1] . V.4 . T -
118. sinzcos—=— sm(ﬂ+—j+sm(ﬂ——ﬂ Cogég(t)”
2 2 2 2 sint-———cott
1| . (3% (T _ sint
0-0=—|sin| — |+sin| — = ..
2 2 2 costcott
1 _ cost—cott
0 0=E[_1+1] costcott
1
0=—|0
2[ ] 5 1—cos2x_1—200s2x—1
0=0 ) sin2x 2sin xcos x
_ 2cos” x
. . 2sin x cos x
Mid-Chapter 5 Check Point _cosx
sin x
1.  cosx(tanx+cotx) =tanx
_ sinx cosx )
=cosx T 6. sin@cosf+cos” O
cosx sinx '
sinx sinx cosx cosx = cos6(sin 6+ cos )
=Ccosx —t cscd
COSX SInx SInXx COSX =cos<9(sin¢9+cos0)~—
. 2 2 csce
—cosy| oM X | _cOosS X cos @ (sinfcsc+cosBesch)
Sinxcosx Sinxcosx =
L, 5 cscl:H .
— cog x| ST_XHcos x cos@|sin@-——+cos@-—
sin x cos x _ sin @ sin @
cscé
=cosx| —— cos@(1+tan6)
sin x cos x =
COS X cscd
~ sinxcosx . .
1 SINX COSX SINX COSX
=— 7. + =——+
sin x tanx cotx X  COSX
=CSCX CcCOoSs x sin x
. cos x sin x
. . =sinx-——+Cosx
sin(x + 1) —sinx sin x cos X
2. i = = =Ccosx+sinx
cos| x+— | cos| (x+m)+— =S8mx+cosx
2 2
_ —sinx
—sin(x+ )
_ —sinx
sin x

= —(se02 X— tan2 x)

= tan2 X— 8602 X
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Mid-Chapter 5 Check Point

2 . .
s 2t (Lt 13 sin+cost _ sint+cost
sin” —=| sin— . 1 1
2 sect+csct +
5 cost sint
_| 4 /l—cost _ sint+cost
2 1 sint 1 cost
1—cost et e T s oer
— cost sinf Smt cost
2 _ sinf+cost
_ 1-cost tant ~ sint+cost
2 tant sint cost
tant —costtant ) sinzcost
= = (sint +cost) ————
2tant sint . sint +cost
tant—cost-—— —smtcolst
_ cost =sinf——
2tant . sect
_ tant—sint _ sin¢
2tant sect
1. . 2
9. —[sin(e+p)+sin(a-p)] , sec” x
2 14 sec”x sec? x
L. . ’ 2 2
=—[sinacos f+cosasin f + 2—sec” x 2 sec’x
. . 2 2
sin & cos 3 — cos arsin f] sec”x sec”x
1o, . 1
=—[2sinacos /3] =
2 2cos” x—1
=sinacos 1
" cos2x
1 =sec2x
I+—
10 1+cscx_c0tx: sinx _ COSX ;
secx 1 sinx 5. tan(o+ f)tan(a— f)
cos X = tan(er + f) tan(a — f)
1 cosx _ tana+tan S tano—tan
:COSX(1+—. j—.— l-tanatan 1+ tanortan
sin x smmx 2 2
cog x4 SOSX _cosx _ tan” @—tan B
= x —
sinx sinx 1—tan’ rtan’ f
=cosx
sin @ sind 1+cosé
cotx 1 16. 0 6’=1 6.1 7
- —cos —cos@ 1+cos
11 cotx—1 _ cotx cotx Dt sinBeosd
cotx+1 COtX+ 1 :w
cotx cotx . l—cos” 6
sin @ +sin @ cos @
1—-tanx =—
] ~ sin“ @
+tanx _ sinf@ | sin@cosd
.3 . 3 sin 6 sin® 6
12. 2sin” @cos@+2sinfcos” 6 1 +cos¢9
=2si in2 2 sinf sing
2S%HBCOSQ(SII1 6+ cos 6) L oms
=2sinfcos O

=sin26
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17. =sin2x

csc2x
=28in XCos x

. CcOS X
=28InXCOSX-

cos x
_ 2sinxcos” x
,CosX

2sinx 2
= -cos” x

COS X
=2tanx-

sec2 X

_ 2tanx
sec” x
2tan x

1+tan2 X

sect—1 sect—1 cost

18.
tsect tsect cost

SeCfCcost —cost?
tsectcost

——COSt—CoSst
cost

19. Use sin()(z%zZ to find coser and tanc.

r
Because o is in Quadrant II, x is negative.

24y =s2

x*+3% =52
x* =16
x=—16
x=—4

Thus, cosoz=_—4=—i and tana=_—3=
5 5 4

-12 .
Use cosff= SEN 2 to find sin # and tan 3.
r
Because f is in Quadrant III, x and y are negative.
W24yt =2
(-12)% +y% =132
y? =25
)= 435
y=-5

20.

21.

22,

-5 5 -5 5
Thus, sinf=—=—— and tanf=——=—.
p 13 13 p -12 12

cos(a— ) = cosaxcos f+sinasin

TEE

65

In exercise 19 it was shown that
tan o = 3 and tan f§ = > . Thus,
4 12

tan o + tan

1—tan o tan S
35

4 12

1_(_3J5
4)12

In exercise 19 it was shown that

tan(ar + f) =

. 3 4
sin=— and cosax=——.
5 5

Thus, sin2a =2sin@cosa

et

_24
25

12
cosff=——.
p 13

B

Since A is in quadrant III, 5 is in quadrant II.

The cosine is negative in quadrant II.
I+cos 8
2

cos£=—
2
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23.

24.

25.

26.

) (375 571')
simn| —+—
4 6
hY/4

. 3r hY/4 3z .
=8in— cos—+ cos—sin—

(B

cos? 15°—sin? 15° = cos (2-15°)

=co0s30°
B
2
Y St &
C0S— COS—~+Ssin—sin— = cos| — —
2 12 12 12 12
ar
=Ccos—
12
T
=Ccos—

o

tan 22.5° = tan

sin45°

- 1J729s45°

|

Section 5.4 Product-to-Sum and Sum-to-Product Formulas

Section 5.4
Check Point Exercises

1. a. sin5xsin2x

= %[cos(Sx —2x)—cos(5x +2x)]
= %[cos 3x—cos7x]

b. cos7xcosx
= %[cos(7x —x)+cos(7x+x)]

= %[cos 6x +cos8x]

2. a. sin 7x +sin 3x
. 7x+3xj (7x—3x)
=2sin 2 cos

2
. IOxj (4xj
=2sin| — |cos| —
2 2

=2sin5xcos2x

b. cos3x +cos 2x
3x+2x 3x—2x
=2cos cos
2 2

5x X
=2cos| — |cos| —
2j [ZJ

. (3x+x) . [3x-2x
—2sin sin
COS3x—cosx _ 2 2

sin3x +sin x . 3x4x [Sx—xj
2sin cos 2

_ —2sin2xsinx

2sin2xcosx
_ —sinx

CoSs X
=—tanx

We worked with the left side and arrived at the right
side. Thus, the identity is verified.

Concept and Vocabulary Check 5.4

1. product; difference

2. product; sum

3. product; sum

4. product; difference

5. sum; product

6. difference; product
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7.

8.

sum; product

difference; product

Exercise Set 5.4

1.

718

sin 6xsin 2x = %[cos(6x —2x)—cos(6x +2x)]

= %[cos 4x—cos8x]

sin8xsin4x = %[cos(8x —4x)—cos(8x+4x)]

= %(cos 4x—cosl2x)

cos7xcos3x = [cos(7x —3x)+cos(7x+ 3x)]

= —[cos4x+cos10x]

l\JI»—*l\)I'—‘

1
c0s 9x cos 2x = 5[cos(9x —2x)+cos(9x +2x)]

= %[cos 7x+cosllx]

sinxcos2x = %[sin(x +2x) +sin(x — 2x)]
= %[sin 3x +sin(—x)]

= %[sin 3x—sinx]

sin2xcos3x = %[cos(2x +3x) +sin(2x —3x)]
= %[cos S5x 4+ sin(—x)]

1 .
=—(cos5x—sinx)

1] . (3x X . (3x x]
—|sin| —+~= |-sin| ———
2 2 2 2 2
1] . (4x . [ 2x
=—|sin| — |—sin| —
sLsnl (3]
:l[sm2x sin x|
1 .(Sx xj .[5)6 xj
—|sin| —+— |-sin| ———
2 2 2 2 2
1] . (6xj . (4xj
=—|sin| — |—sin| —
2 2 2
1

= —[sm 3x —sin 2x]
2

3x . x
cos—sin—=
2 2

5x . x
cos—sin— =
2 2

10.

11.

12.

13.

14.

15.

16.

sin 6x +sin 2x = 2sin

jco
=2sin 8—xjcos[4xj

=2sin5xcos3x

sin 7x —sin3x = 2sin Tx= 3xj (7x+3xj

o2

=2sin2xcos5x

sinl lx —sin 5x = 2sin 11x2—5xjcos(11x+5xj

. 6x) (16x
=2sin 7 cos

=2sin3xcos8x

cos4x+cos2x =2cos 4x;2xjcos(

8
2

9x+7xj 9x — 7xj

=2cos 6_xj cos
2

=2cos3xcosx

cos9x—cos7x =—-2sin

=-2sin —j sm(zxj
2 2

=-2sin8xsinx

. . . (x+2x x—2x
sin x +sin2x = 2sin 5 cos

. [ 3x X
=2sin| — |cos| —
2 2

. 3x X
=2sin—cos—
2 2

. . . [ x—2x
sinx—sin2x = 2sin > cos

. —x 3x
=2sin| — |cos| —
2} [2

. X 3x
=-2sIn—CcoSs—
2 2

x+2x]
2
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3x x 3x x
B x 22| |22
17. cos—+cos— =2cos cos
2 2 2 2
4x 2x
=2cos| — |cos| —
4 4
=ZCosxcos£
2
3x x 3x x
3 ox 22| |22
18. sin—+sin— = 2sin cos
2 2 2 2

. (4x 2x
=2sin| — |cos| —
4 4

. X
=2$1nx0055

19. sin75°+sin15°

(75°+15°) (750—15")
=2sin cos 7

20. cos75°—cosl5°

. [ 75°+15° .[75"—15")
=-2sin sin
2 2
=—25in(45°)sin(30°)
(212
2 2 2
21. sinl—sins—”
12 12
x st (z 5%
—2sin 12 12 cos 12 12
2 2
. 4r (/4
=2sin| ——— |cos| —
24 24
. T .4
=-2sin—cos—

GfF

2

Section 5.4 Product-to-Sum and Sum-to-Product Formulas

22.

23.

24.

T hY/4
COS— —COS—
12 12
z 5w\ (x_5%
= _2gin 12 12 sin 12 12
2
6r) . ar
=-2s8in| — [sin| ——
4 2
:25in£sin£

(2 [lj__2
2 2 2
sin 3x —sin x

cos3x—cosx

. (3x—x 3x+x
2sin cos
_ 2 2

. 4x . X
—2sin sin| —
2 2
2sin xcos2x

—2sin 2xsin x
cos2x
=—— =—cot2x
sin 2x

sin x + sin 3x
cos x+cos3x
. (x+3x

]
n{el3)
o o 2]

_ 2sin2xcos(—x)

i
(x+3xj

2 cos2xcos(—x)

sin2x
=——=tan2x
cos2x

Copyright © 2018 Pearson Education, Inc.
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- 4 3
55, Sin2xtsindx o 2sin Y eos| X2
cos2x+cos4x 28 sinx+siny 2 2
Jsin 2x+4x cos 2x—4x sinx—siny . xX—=y cos x+y
_ 2 2 2
) 2x+4x cos 2x—4x sin[x+yJ Cos(x_y]
2 2 - 2 ). 2
2sin X cos ﬁ cos(ﬁy sin =y
_ 2 2 2
D) Xty x—y
ZCOS(x)COS(sz = tan 2 cot 2
_ 2sin3xcos(—x)
2cos3xcos(—x) 2sin x+y cos| X272
sin3x 29 sinx+siny 2 2
:{:5)11833; cosx+cosy ., (x+y) [fx—y
2 2
. (x+y
_ sin| ——
2. c?s4x c.052x ( ) )
sin 2x —sin4x =Ty
. (4x+2x) . (4x-2x COS[ ) j
—2sin sin
2 2 x+y
= =tan——
[2x—4x] [2x+4x) 2
2sin cos 2
—ZSin(stin(zxj . . sin ) cos xry
_ 2 2 30 sinx—siny 2 2
Zsin(_ix)cos(ix oS X=C0sy —ZSin(x;yjsin(x;yj
_ —2sin3xsinx sin x—y cos x+y
2sin(—x)cos 3x 2 2
—sin xsin3x = ’
:—.sinxcos3x Sm(xzy) Sin(x;yj
_ sin3x Y+
 cos3x =—cot =%
=tan3x 2
. . Zsin(x;yjcos( ery)
7. s?nx s%ny:
sinx+sin y Jsin x+y cos| X7
2 2
sin ) cos ry
2 ) 2
cos =y sin ty
2 2
= tan > ot XY
2 2
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31.

32.

33.

34.

35.

36.

&

&

Section 5.4 Product-to-Sum and Sum-to-Product Formulas

y = cosx also describes the graph.

. [ x+3x x—3x . (4x —2x
. . 2sin cos 2sin| — |cos| ——
sinx+sin3x 2 2 ) 2 2

2sin2x . 2sin2x 2sin2x
2sin 2x cos(—x)
=————==cos(—x) =cosx
2sin2x

y = tan x also describes the graph.

([ x+3x) . (x-3x
—2sin sin
COSX—Cos3x 2 2

sin x +sin 3x . [ x+3x x—3x
2sin cos

—2sin 3x sin(—x)

2sin3xcos(—x)
_ —sin(—x)
COSX
_sinx

COS X
=tanx

vy = tan 2x also describes the graph.

. (x+5x) . (x—=5x . (6x) . (—4x
—2sin sin —2sin| — |sin| ——
COSX—COS5x 2 2 ) 2 2

sin x +sin 5x . [ x+5x x—5x . [ 6x —4x
2sin cos 2sin| — |cos| ——

2 2 2 2

_ —2sin3xsin(—2x) _ —sin(-2x) _ sin2x

= =tan2x
2sin3xcos(—2x) cos2x cos2x
y=—tanx also describes the graph.
. S5x+3x . 5x-3x
—2sin sin . . .
cosSx—cos3x 2 2 _—2s1n4xs1nx_—s1nx__tanx
sin Sx + sin 3x . Sx+3x 5x—3x 2sin4xcosx  cosx
2sin cos
2
y=—cot2x also describes the graph.
. x—3x x+3x
. . 2sin e .
sinx—sin3x 2 2 B 2sin(—x)cos2x _cos2x —cot2x
cOs x —CcoS3x . x+3x . x-3x —2sin2x sin(—x) —sin2x
—2sin sin
2 2
y =—cot2x also describes the graph.
2x 4+ 6x cos 2x —6x
sin2x + sin 6x 2 2 2sin4xcos(-2x)  cos2x cot2
= = = Pl x
cos6x —cos2x . b6x+2x . 6x—-2x —2sin4xsin2x  —sin2x
—2sin sin

2
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37. a. The low frequency is / = 852 cycles per second and the high frequency is # = 1209 cycles per second. The sound
produced by touching 7 is described by y =sin 27(852)¢ +sin 2z(1209)¢, or y =sin1704xt +sin 24187t .

b. y=sin17047xt+sin 24187t
- 17047t + 2418mj_cos(1704m - 2418;th

2si
2 2
=25in 20617t - cos(—357xt)
=2sin 20617t - cos357 ¢

38. a. The low frequency is / = 697 cycles per second and the high frequency is # = 1477 cycles per second. The sound
produced by touching 3 is described by y =sin27(697)¢ +sin 27 (1477)t , or y =sin13947xt +sin 29547t .

b.  y=sin2954xt+sin1394xt
. [ 29547t +13947L’tj (29547:1—1394m)
=2sin - COS

2 2
=2sin 2174t -cos 7807t

39. - 44. Answers may vary.

45. NORMAL FLOAT AUTO REAL RADIAN MP n
The graphs do not coincide.

Values for x may vary.

2

|
»
El iz
|
w w
E]

46. [IICITIETOLEITETIE] The graphs do not coincide. Values for x may
vary.

™

|
N}
I
w § % w
9
a

47. NORMAL FLOAT AUTO REAL RADIAN MP n

w|

. . . [ x+3x x—3x
sin x + sin3x = 2sin 2 cos 2
=2sin 2xcos(—x)
=2sin2xcosx
2m | We worked with the left side and arrived at

the right side. Thus, the identity is verified.

=
=
=

=2

-3
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“ SERIWES
cosx+cos3x=2cos( 2 jcos( j

3 2
=2cos2xcos(—x)
=2cos2xcosx

We worked with the left side and arrived at
the right side. Thus, the identity is verified.

=

49, NORMAL FLOAT AUTO REAL RADIAN MP n

50. NORMAL FLOAT AUTO REAL RADIAN MP n
2

0.01

Answers may vary.

Answers may vary.

c. Whenxzz,
2
sin  sin 2.7 sin[3- 7| sin[4- 7| sin|5- T sin[6-F] sin|7-%]| sin|8- T
2 2 2 2 2 2 2 2
==2 - + - + - + - +oee
2 1 2 3 4 5 6 7 8
=2 1—0+(—lj—0+l—0+(—lj+
3 5
=2—2+2——+
3 57
. . . 4 4 4
Multiplying both sides by 2 gives: 7 =4 3 + 3 —7+ e

52. makes sense
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53. makes sense
54. makes sense
55. makes sense

56. sin(ar+ ) = sincos ff+ cosasin
+ [sin(a— fB) =sinacos f—cosasin []
sin(ar+ f) +sin(a— f) = 2sina cos

Solve for sin e cos f by multiplying both sides by % : %[sin(a+ B)+sin(a— f)] =sinacos B

57. sin(ax+ ff) = sinacos f+ cosasin
—[sin(x— ) =sinaxcos f—cos asin ]
sin(ar+ f) —sin(a— f) = 2cos arsin §

Solve for cosasin # by multiplying both sides by % : %[sin(a+ B)—sin(a— f)] = cosarsin B

58, 25in 28 c0s 1P =z.l{sin(ﬂ+ﬂ)+5in(ﬂ_“+ﬂﬂ
2 2 2 2

:sm[%‘”}sm[?j

=sina +sin(—/f)

=sina—sin
59. 200sa+ﬁcosa_ﬂ=2-— cos o+B_o-p +cos +,B+a—ﬂ
2 2 2 2 2 2 2
=cos %j+cos(2—aj
2 2
=cos f+cosx
=cosa+cosf
. . . sm2x+2sm(3x+x) (3x—x]
60. Sin2x+(sin3x+sinx) _ 2 2
c0s 2x +(cos 3x +cos x) c052x+2cos(3 j (3x2—x

sin2x + 2sin (4)6) (ZxJ
2 2

cos2x+2 cos( Jcos (MJ
2 2

sin2x +2sin2xcos x

cos2x+2cos2xcosx
sin 2x(1+2cos x)

cos2x(1+2cosx)
_sin2x

cos2x
=tan2x
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61. sin2x+sin4x+sin6x =sin4x+ (sin 2x + sin 6x)
2x+6x cos 2x—6xj

2

=sin4x+2sin

=sin4x+2sin 8_x cos(ﬁJ
2 2

=sin4x+ 2sin4xcos(—2x)
=sin4x+2sin4xcos2x
sin(2-2x)+2sin4xcos2x
2sin2xcos2x +2sin4xcos2x
=2co0s2x(sin 2x +sin 4x)

=2co0s2x 2sin(2x+4x)cos(2x_4x)
2 2
=2co0s2x-2sin [ﬁj cos(ﬁj
2 2

=2cos2x-2sin3xcos(—x)
=4cos2xsin3xcosx
=4cosxcos2xsin3x

62. Answers may vary.

63. The formula s =78 can only be used when @ is expressed in radians. Thus, we begin by converting 150° to radians.

7r radians
Multiply by ———
ply by 130°
150° = 150°-M = @ﬂ' radians
180° 180
= — rrradians
6

Now we can use the formula s =ré to find the length of the arc. The circle’s radius is 8 inches :

r = 8 inches. The measure of the central angle in radians is %ﬂ' 10 = %ﬂ' . The length of the arc intercepted by this central

angle is
s=rd
. 5
= (8 inches) (g 7[]
= 20z inches

=~ 20.94 inches.

64. Using y = Acos Bx the amplitude is 2 and 4 =2, The period is 8 and thus

2w _m_w

period 8 4
y = Acos Bx

T
=2cos| —x
Y 4
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65. 1, 2, +3, +6 are possible rational zeros

1 is a zero.
¥ —x—6=0
(x=3)(x+2)=0
x=3 or x=-2

The zeros are 3,—2, and 1.

66. 2(1—-u?)+3u=0
2-2u? +3u=0

2’ -3u-2=0
Qu+)(u-2)=0

2u+1=0 and u-2
2u=-1 u
1

u=-—

2

0
2

The solution set is {—%,2}.

67. > -3u=0

uw? =3)=0

u=0 or u>-3=0
u® =3
u:i\/g

The solution set is {—\/3 ,0, NE) }

68. u>-u-1=0
a=1, b=-1, c=-1

o= —bi\/b2 —4ac
2a

GO V=D =41

2(1)

1+45
2

xX=

1-/5 1+\/§}

The solution set is s
2 2
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Section 5.5 Trigonometric Equations

Section 5.5 2
Letn=2. x =% 7”
Check Point Exercises
zoz_17
1. Ssinx =3sinx++/3 6 6 6
Ssinx—3sinx =3sinx—3sinx++/3 Letn=3 x=2% 3z
2sinx =+/3 6 2
. T 97w Sw
Smx =—— =4 =
6 6 3
In the interval [0, 27), the solutions are
Because sinZ = —3, the solutions for sinx = ﬁ in r 2z Im and S
32 2 6376 3
[0, 27) are
T 3.  The period of the sine function is 27.
=73 In the interval [0, 27), there are two values at which
g T3 w27

. o1 . ..
3 3 3 3 the sine function is 5 One is % The sine is

Because the period of the sine function is 27, the

. : positive in quadrant II. Thus, the other value is
solutions are given by

T 5z . ox 1 .
T 7 —— =—. All the solutions to sin—=— are given
x= g +2nmw  or 6 6 3 2

2r by
X=—+2nrw T
3 —=—+2nx
where 7 is any integer. 6
/4
2.  The period of the tangent function is 7. In the r= 2 +6nz
interval [0, 7), the only value for which the tangent or
function is /3 is % All the solutions to X %Jr 2nr
t = i
an2x=+/3 are given by = 5t T 6n
V3 2
2x=—+nrx . . .
3 where 7 is any integer. In the interval [0, 27), we
T nr . .
x=Z24+ = obtain solutions as follows:
6 2 5z
where 7 is any integer. In the interval [0, 27), we Letn=0. x= 5 o=
obtain solutions as follows: 5
or The value 2% exceeds 27.
Letn=0. x= 2z 2
6 2 If we let n =1, we are adding 67 to each of these
_r expressions. These values of x exceed 27z. Thus in
6
T r the interval [0, 27), the solution set is {E}
Letn=1. x=—+— 2
6 2
_m,m o
6 6 3
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4. The given equation is in quadratic form
26% =3t +1=0 with ¢ = sin x.

2sin x—3sinx+1=0
(2sinx—1)(sinx—1)=0

2sinx—1=0 or sinx—1=0
2sinx =1 sinx =1
. 1
sinx =—
2
T T
x== x==
6 2
T Sr
X = —_—— = —
6 6

hY/4

6

5. 4cos’x-3=0

0052 )C=é
4

cosx=x=,|—

I
I+

vl =Te

COoS x

V3
COSX =——

b

COS X = or

I _st Ix

N

xX=—, X ,
6 6 6 6
The solutions in the interval [0, 27) are

w St Ix 11z

—,—,—, and —.

6 6 6 6
6. sin xtan x =sin x

sinxtanx—sinx =0
sinx(tanx—1)=0

sinx=0 or tanx—-1=0

x=0 x=rx tanx =1
V4
xX=—
4
/Y 2
X=r+—="—
4 4
The solutions in the interval [0, 27) are
0, z, 7, and 5—7[
4 4

2sin x—3cosx =0
2(1—cos2 x)—3cosx=0
2-2cos> x—3cosx=0

—2cos? x—3cosx+2=0

2c0s% x+3cosx—2=0
(2cosx—1)(cosx+2)=0

2cosx—1=0 or cosx+2=0

_ cosx =-2
cosx = 5 -
TSz This equation
=7 has no solution.
3°3
L . 5
The solutions in the interval [0, 27) are % and ?ﬂ-

cos2x+sinx=0
1-2sin® x+sinx=0
—2sin’ x+sinx+1=0
2sin® x—sinx—1=0
(2sinx+1)(sinx—1)=0

2sinx+1=0 or sinx—1=0
2sinx =—1 sinx =1
. V4
sinx =—— x==
2 2
17
X=mr+—=—or
6
g F_lIm
6
The solutions in the interval [0, 27) are
11
Z,%{, and —7[.

. 1
sinxcos x = =3
2sinxcosx =—1
sin2x =-1
The period of the sine function is 27. In the interval
[0, 27), the sine function is —1 at 37” All the

solutions to sin2x are given by

kY4
2x=—+2nrx
2
kY4
xX=—+nn,
4

where 7 is any integer. The solutions in the interval
[0, 27r) are obtained by letting n =0 and n = 1. The

. kY4 r
solutions are — and —.
4 4
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10.

11.

cosx—sinx=-1
(cos x —sin x)2 =(-1
cos” x—2cosxsinx+sin” x =1

2

cos? x+sin” x—2cosxsinx =1
1—-2cosxsinx =1
—2cosxsinx=0

cosxsinx=0

cosx=0 or sinx=0
x=Z x=0

2

kY4
xX=— X=7

2

We check these proposed solutions to see if any are
extraneous.

Check 0: cos0—sin0=-1
1-0=-1
1=-1, false

Check z : cosf—sinE =-1
2 2 2

0-1=-1
—1=-1, true
Check 7: cosz—sinzz—l
2 2
-1-0=-1
—1=-1, true
Check 3—7[: cos3—7[—sin3—”=—1
2 2 2
0-(-1)=-1
1=-1, false

The actual solutions in the interval [0, 27)

T
are E and 7.

a. tanx =3.1044

Be sure calculator is in radian mode and find the
inverse tangent of 3.1044. This gives the first
quadrant reference angle.

0 =tan"'3.1044 ~1.2592

The tangent is positive in quadrants I and III thus,

x=12592 or x=m+1.2592

x = 4.4008

b. sinx=-0.2315

Be sure calculator is in radian mode and find the
inverse sine of +0.2315. This gives the first
quadrant reference angle.

6 =sin"1(0.2315) =~ 0.2336

The sine is negative in quadrants III and IV

thus,
x=x+02336 or x=2m-1.2592
x=3.3752 x = 6.0496

12.

Section 5.5 Trigonometric Equations

cos? x+5cosx+3=0

Use the quadratic formula to solve for cosx.

—b+b? —4ac

COS X =
2
cosr -9 Y5P 400
2(1)
—5+413
COosS X = T

cosx=-—0.6972 or cosx=-4.3028

cosx~=473028
This equation
has no solution.
Be sure calculator is in radian mode and find the
inverse cosine of +0.6972. This gives the first
quadrant reference angle.

6 =cos ™1 0.6972 = 0.7993

The cosine is negative in quadrants II and III thus,

x=mx—07993 or x=m+0.7993
x =2.3423 x =3.9409

Concept and Vocabulary Check 5.5

3—”; £+2n7r; 3—ﬂ-+2nﬂ'
4 4 4

false

true

false

2cosx+1; cosx—5; cosx—5=0
CcoSX; 2sinx++/2

coszx; 1-sin? x

T, 2w
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Exercise Set 5.5
7. tan[2~5—ﬂ) = —?
r 2
1 cos—=—
4 2 tans_ﬂ- = —?
V2 N2
— =— is true.
2 2 _ﬁ = _ﬁ is true
. . 3
Thus, — is a solution. 5
4 Thus, — is a solution.
V4
2. tang = \/g o 1
8 cos— =——
\/§ = \/g is true. 3 2
Thus, Z s a solution. —— =— Istrue.
3 2 2
o \/g Thus, — is a solution.
3 sin—=—
6 2
T 3
1 = ﬁ is false. 9 COS—=——
2 2 3 2
Thus, z is not a solution l = _3 is false
6 2 2
Y NG Thus, Z s not a solution.
4 sin—=— 3
32
£=£ is false. 10. cos£+2=\/§-sin£
2 2 6 6
Thus, % is not a solution. ?+ 2= \/§%
443 3.
=— is false.
2z 1 2 2

5. COST >
Thus, % is not a solution.

1.
—— =—— 1S true.
2 2

. 3
Thus, 2?7[ is a solution. 11. sinx= >
. 3 .
Because sin— =——, the solutions
4 1 2
6 coOS— =—— 3
2 for sinx =—— in [0,27) are
11, 2
——=—— 1s true. 4
2 2 r==
Thus, 4—” is a solution. x=7r—£=3—ﬂ-—£=2—ﬂ-.
3 3 3 3 3

Because the period of the sine function is 27, the
solutions are given by

x=§+2nﬂ' or x=277r+2n7r

where 7 is any integer.
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12.

13.

14.

COSX =——
2

V4 3 .
Because cos— = ——, the solutions
3.
forcosx = > in [0,27) are

xX=—
7_lx_x_lix

x=2r—— .
6 6 6 6

Because the period of the cosine function is 27, the
solutions are given by

11z

x=£+2n7r or x=—+2nx
6 6

where 7 is any integer.
tanx =1
V4 .
Because tan— =1, the solution
for tanx =11in[0,7) is
x=—.
4

Because the period of the tangent function is 7, the
solutions are given by

V4
X=—+nrx
4

where 7 is any integer.

tanx = \/§

Because tanZ =3 , the solution
for tanx =+/3 in [0, 7) is

x= 3

Because the period of the tangent function is 7, the
solutions are given by

T . .
x= 3 +nx where n is any integer.

Copyright © 2018 Pearson Education, Inc.

15.

16.

17.

18.

Section 5.5 Trigonometric Equations

1
COSX =——
2

T .
Because cos§= , the solutions

1
3 2
for cosx = Y in [0,27) are

X=Tr———=——-——=—
3 3 3 3

n 3r & 4w

X=m+—=—+—=—1.
3 3 3

Because the period of the cosine function is
27, the solutions are given by

2r 4z
x=T+2n7r or x :T+2n7r

where # is any integer.

NG

sinx =———
2

. 2 .
Because sz = - the solutions

for sinx = —72 in [0,27) are
nr 4r m Sx
X=r+—=—+—="F
4 4 4
T 8t nm Irm
xX=2r—-—=—-=—=—
4 4 4 4

Because the period of the sine function is 27, the
solutions are given by

S r
X=—+2nxr or x=—+=+2n1xw
4 4
where 7 is any integer.

tanx =0

Because tan 0 = 0, the solution

for tanx =0in[0,7) is

x=0.

Because the period of the tangent function is 7z, the
solutions are given by

x=0+nwr=nx

where # is any integer.

sinx =0

Because sin0 =0, the solutions

for sinx =0 in [0,27) are

x=0

x=r+0=r.

Because the period of the sine function is 27, the
solutions are given by
x=0+nwr=nwr or
where 7 is any integer.

x=rx+2nrx
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19. 2cosx++/3=0 Because the period of the sine function is 27, the
2cosx=—/3 solutions are given by
cosxz——3 0=%+2nﬂ' or 19=5?”+2n/7

r 3 where 7 is any integer.
Because cosg = B the solutions

3 22. . 55in6}+1=3sin¢9
for cosx =——in [0,27) are 5sin@—3sinf =-1
2sinf =-1

op E_bm_m 57 . 1

6 6 6 6 sinf=——

r 6r &m Irm
X=T+—=—+"=—", 1 .

6 6 6 6 Because smgz? the solutions

Because the period of the cosine function is 27z, the

. 1.
solutions are given by for sin@ = Y in [0,27) are

hY/4 1 T _6r 7w Ix
x=—+2nr or x=—+2n1w =g+ ="4 22
6 6 6 6 6
where n is any integer. HZZE—ZZU—”—EZM.
6 6 6 6
20. 2sinx++/3=0 Because the period of the sine function is 27, the
2sinx =—/3 solutions are given by
sinx=—£ 9=7?ﬂ+2n7r or 9:11?”+2n7r
z 3 where 7 is any integer.
Because sin—=——, the solutions
s 2 23.  3sinf+5=-2sin0
for sinx =——— in[0,27) are 3sin@+2sinf =-5
5sin@=-5
cogpEl3m m_Am sin@=—1
3 3 3 . T .
o T 6w m 5w Because sin—=1, the solutions
X = —_ ==,
33 3 3 for sin@=—1'in [0,27) are
Because the period of the sine function is 27, the 0=+ 2z LT 3
solutions are given by 2 24 2 23
4 5 I Y e )
x=Tﬂ+2n7z or x=?ﬂ-+2nﬂ' 0=2n ST, T T

Because the period of the sine function is 27z, the

where 7 is any integer. ) i
solutions are given by

21. 4sinf—1=2sin @ 3z
4sinf-2sinf=1 9‘7"'2””
2sinf =1 . .
1 where 7 is any integer.
sinf =—
2 24, 7cos@+9=-2cosb
.1 . 7cos@+2cos@=-9
Because sin—=—, the solutions 9cosf = -9
6 2
. 1. cos@=-1
for sin§ = 9 in [0,27) are Because cosz =—1, the solution
V3 for cos@=-11in[0,27) is
== X=T.
T 6r m 5w Because the period of the cosine function is 27, the
%66 6 6 solutions are given by
O=r+2nrw

where 7 is any integer.

732 Copyright © 2018 Pearson Education, Inc.



25.

26.

27.

The period of the sine function is 27. In the interval
[0,27), there are two values at which the sine

.. 3 . .. L
function is g One is ? The sine is positive in

quadrant IT; thus, the other value is 7 —% = 2?7[ All

the solutions to sin2x = 73 are given by

2x:§+2n7r or 2x= 2T”+2mr

V4 V4
x:g+n7r X=—+nrx

Where # is any integer.
The solutions in the interval [0,27) are obtained by
lettingn=0and n=1.
r 4z
and —.

.4
The solutions are y—>
6 3

rz
673

The period of the cosine function is 27 . In the
interval [0,27), there are two values at which the

. ..oN2 . T ..
cosine leIlCthl’l 1S 7 . One is Z . The cosine 18

positive in quadrant IV; thus, the other value is

2r —% = % All the solutions to cos2x = 72 are

given by

2x:%+2n7r or 2x=%+2n7r

r
X=—+nnw

T
xX=—+nx
8 8

where 7 is any integer.
The solutions in the interval [0,27) are obtained by

lettingn=0andn=1.

The solutions are

The period of the cosine function is 27. In the
interval [0,27), there are two values at

which the cosine function is —73. One is 5?” The

cosine is negative in quadrant III; thus, the other

Sk Irm

value is 27 —— ? All the solutions to

cosdx = —73 are given by

28.

29.

Section 5.5 Trigonometric Equations

4x:5—”+2n7z or 4x=7—ﬂ'+2n7r
6 6
3z, y=E %
24 2 24 2

where 7 is any integer.
The solutions in the interval [0,27) are obtained by
lettingn=0,n=1,n=2,andn=3
The solutions are 5—” Iz 17—” 19”
247247 247 24°
297 3lzr 4lx 437
— and

247247 24 24

The period of the sine function is 27z. In the interval
[0,27), there are two values at which the sine

.. 2 .
function is —7. One is

V1 +% = ST” The sine is negative in quadrant I'V;

thus, the other value is

2w T 7— All solutions to
4 4

. 2 .
sin4x = 5 are given by

4x=57”+ 2nmr or 4x= %+2nﬂ

T w=E LT
16 2 16 2
where 7 is any integer.
The solutions in the interval [0,27) are obtained by
lettingn=0,n=1,
n =2, and n = 3. The solutions are

St 7m 13 157 2ix 23w m | 3ir
16’1616 ° 16 ° 16 16’16 16

The period of the tangent function is 7. In the
interval [0, 7), the only value for which the tangent

function is —3 is f_
3 6

All the solutions to tan3x = are given by

&

T
3x=—+nmw
6
T nr
=—+4—
18 3

where 7 is any integer.
The solutions in the interval [0,27) are obtained by

lettingn=0,n=1,n=2,n=3,n=4,andn=>5.
The solutions are z 7—” 13—7[ Bz 25”, and M
18718718 " 18 7 18 18
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30.

31.

32.

734

The period of the tangent function is 7. In the 33.

interval [0,7), the only value for which the tangent
function is /3 is %

All the solutions to tan3x =+/3 are given by

T
3x=—+nr
3

T nmw
X=—t—
9 3

where 7 is any integer.
The solutions in the interval [0,27) are obtained by
lettingn=0,n=1,n=2, n=3,n=4,andn=>5.

The solutions are %,4—”,7—71-,10—”,13—”, and 16—”

9 9 9 9 9 34.

The period of the tangent function is 7. In the
interval [0,7), the only value for which the tangent

function is \/g is %

All the solutions to tan% =+/3 are given by

7
==+nrx
3

= M=

2 . . .
= Tﬂ-+ 2nm where n is any integer. The solution
in the interval [0,27) is obtained by letting n = 0.
L2
The only solution is Tﬂ-

The period of the tangent function is 7. In the
interval [0,7), the only value for which the tangent

function is —3 is z.
3 6

All the solutions to tan% = 73 are given by

X T
—="+nrz
2 6

T
x=—+2nr

where 7 is any integer.
The solution in the interval [0,27) is obtained by

letting n = 0.

The only solution is % .

35.

The period of the sine function is 27.In the interval
[0,27), the only value for which the sine function is

—1lis 3—”
2
. . 20 .
All the solutions to smT =—1 are given by

20 _3n
3 92
6= Tﬂ +3nm where n is any integer. All values of

+2nrw

@ exceed 27 or are less than zero.
Thus, in the interval [0,27) there is no solution.

The period of the cosine function is 27 . In the
interval [0,27), the only value for which the cosine

function is —1 is 7z . All the solutions to c0523—6 =-1
are given by

&:ﬂ+2nﬂ

9:3_71'_'_3””
2

where 7 is any integer.
The solution in the interval [0, 27) is obtained by

letting n = 0.

The only solution is 3?”

The period of the secant function is 27z . In the
interval[0,27) , there are two values at which the

.. . 2 .
secant function is —2. One is T . The secant is

negative in quadrant III; thus, the other value is

2r _ZT” = 4% All the solutions to sec% =-2 are

given by
3¢ 2« 30 4Arx
—=—+2nr or —=—+2nx
2 3 2 3
9 3 9 3

where # is any integer. The solutions in the interval
[0,27) are obtained by lettingn=0and n = 1.

. 207 . . .
Since % isnot in[0,27) , the solutions are

4—7[,8—7[, and
9 9

167
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36.

37.

38.

The period of the cotangent function is 7 . In the
interval [0,7), the only value for which the

.. Y 4
cotangent function is s o

All the solutions to cot% =—+/3 are given by

3 Sz

—=—+nr

2 56 :
9 3

where 7 is any integer.
The solutions in the interval [0,27) are obtained by

lettingn=0,n=1,and n =2.

The solutions ares—ﬂ,lﬂ, and 7z
9 9 9

The period of the sine function is 27. In the interval
[0,27), there are two values at which the sine

Lo 1 LT . L
function is 3 One is s The sine is positive in

quadrant II; Thus, the other value is 7 —% = 5?”

All the solutions to sin(Zx +%j = % are given by

2x+£=£+2nﬂ'
6 6

2x =2nrw
X=nr or

2x+£=5—”+2nﬂ'
6 6

4r
2x=—+2nrx
6
2r
X=—++nxz
6
T
X=—+nrx
3

where 7 is any integer. The solutions in the interval
[0,27) are obtained by lettingn=0and n = 1.

The solutions are 0, %, 7, and 4%

The period of the sine function is 27. In the interval
[0,27), there are two values at which the sine

function is BB One is T The sine is positive in

RY/4

quadrant II; Thus, the other value is 7 —% = o All

the solutions to sin (2x —%j = % are given by

39.

40.

Section 5.5 Trigonometric Equations

-2 =2 oun
4 4

2r
2x=—+2n1 or
4
V1
X=—+nw
4
T 3z . .
2x vy = T+ 2n7z where n is any integer.
4z
2x=—+2nrxw
4
V3
X=—+nw
2

The solutions in the interval [0,27) are obtained by
lettingn=0and n=1.

The solutions are E, Z, 5z , and 3—”
4 2 4 2

2sin? x—sinx—1=0
(2sinx+1)(sinx—1)=0

2sinx+1=0 or sinx—1=0
2sinx =-1 sinx =1
. 1
sinx =——
r 11z T
X=— x=—o x==
6 6 2

. . 7
The solutions in the interval [0,27) are %, ?ﬂ-, and

117z

6

2sin? x+sinx—1=0
(2sinx—1)(sinx+1)=0

2sinx—-1=0 or sinx+1=0
2sinx =1 sinx=-1
sinx =—
2
T S kY4
XxX=— X=— X =—
6 6 2

The solutions in the interval [0,27) are %, 5?”, and

kY4

2
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41. 2cos? x+3cosx+1=0

45. sin6-1=0
(2cosx+1)(cosx+1)=0 (sin@—1)(sin@+1)=0
2cosx+1=0 or cosx+1=0 sin@d-1=0 or sin@+1=0

2cosx=-1 cosx =-1 sin@d =1 sind =-1
cosxz—l 921 923—”
2 2
2 ar
X=— x=— X=7
3 3

The solutions in the interval [0,27) are z and 3—”
. . . 2
The solutions in the interval [0,27) are —, &, and

46. cos’ §—1=0
4 (cos@—1)(cosf+1)=1
3 cos@—1=0 or cos@+1=0
cos@=1 cos@=-1
42. cos? x+2cosx—3=0 =0 O=rx
(cosx—I)(cosx+3)=0 The solutions in the interval [0,27) are 0 and 7.
cosx—1=0 or cosx+3=0
cosx=1 cosx =-3 47. 4cosZ x—1=0
x=0 (2cosx+1)(2cosx—1)=1
cosx cannot be less than —1. 2cosx+1=0 or 2cosx—1=0
The solution in the interval [0,27) is 0. 1 1
coSx =—— cosSx =—
2
43, 2sin? x =sinx+3 2w Ar T 5
.2 . X=—,— X=—,—
25m x—smx—3=0 373 3°3
(2sinx=3)(sinx+1)=0 The solutions in the interval [0,27) are
2sinx—3=0 or sinx+1=0 T o1 Ar dsﬂ.
2sinx=3 sinx =-1 3733 M
. 3 RY/4
sinx =— x=— .5
2 48. 4sin“x-3=0
sin x cannot be greater than 1. sin? x :E
. . .3 4
The solution in the interval [0,27) is —”. 3
sinx =%, /—
'\
44. 2sin? x = 4sinx +6 sinx == 3
2sin? x—4sinx—6=0 2
(2sinx+2)(sinx—3)=0 . 3 . NE)
) ) sinx =— or sinx=-—
2sinx+2=0 or sinx—3=0
2sinx =-2 sinx =3 LoF 2z =37 ST
sinx =-1 33 33
3 The solutions in the interval [0,27) are
T Z 27 4m g 5E
sinx cannot be greater than 1. 333 3

. . .3
The solution in the interval [0,27) is —”.
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tan2x=—
9
tanx =% E
i
tanxzi—3
3
NG
tansz or tanx=-——
T I St 1z
X=—,— xX=—,—
6 6 6 6
The solutions in the interval [0,27) are
T St x 117z
—,—,—, and —.
6 6 6 6

50. 3tan’x-9=0

9
‘[an2 xX=—

tan® x =3
tanx:i\/g
tanxzx/g or tanxz—\/g

T 4r 2r Sx
xX=—,— xX=—,—
3°3 33
The solutions in the interval [0,27) are
T 2w 4rm S
—,—,—, and —.
333 3

V2
cosx=—— or cosx=———
2
I RV Y4
xX=—— x=—,—
4 4 4 4
The solutions in the interval [0,27) are
r 3r 5w r
—,—,—, and —.
4" 4 4 4
52. 4sec’x—2=0
D) 2
sec” x =—
4
cos?x=2
CosXx = i«/i
No solution.

Section 5.5 Trigonometric Equations

53. (tanx—1)(cosx+1)=0

tanx—1=0 or cosx+1=0
tanx =1 cosx=-1

T hY/4
X=— x=— X=7

4 4

The solutions in the interval [0,27) are

Z,;r, and 57
4

54. (tanx+1)(sinx—-1)=0

tanx+1=0 or sinx—1=0
tanx =—1 sinx =1
kY4 r V.4

=— X=— = —

4 4 2

The solutions in the interval [0,27)

T . . .4
areT and T since tan is undefined at —.

55. (2005x+\/§)(2sinx+1)=0
2c0sx++/3=0 or 2sinx+1=0
2cosx=—/3 2sinx =-1
3 . 1
CosXx =—— s1nx=—§
hY/4 1 17 1z
= — X=— X=— X=—
6 6 6 6
The solutions in the interval [0,27) are
S I 11z
—,—,and —.
6 6 6
56. (2cosx—«/§)(2sinx—1)=0
2c0sx—~/3=0 or 2sinx—-1=0
2cosx=+/3 2sinx =1
. 1
cosx =— s1nx:E
V1 117z V1 S
X=— x=—o X=— x=—
6 6 6 6
The solutions in the interval [0,27) are
z,s—,and 11—”
6 6 6

Copyright © 2018 Pearson Education, Inc.
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57. cotx(tanx—1)=0
cotx=0 or tanx—1=0

tanx =1
kY4 T R4
X=— X=— X=— X=—1
2 2 4 4

The solutions in the interval [0,27) are % and STE

since tan is undefined for % and 37” .

58. cotx(tanx+1)=0
cotx=0 or tanx+1=0

tanx =—1
T kY4 RY/4 4
X=— X=— X=— X=—o
2 2 4 4

The solutions in the interval [0,27) are

3—” and 7—” since tan is undefined at z and 3—”
4 4 2 2

59. sinx+2sinxcosx =0
sinx(1+2cosx)=0

sinx=0 or 1+2cosx=0

2cosx =—1
1
COSX =——
2r 4
x=0 x=7w x=— x=—
3 3
The solutions in the interval [0,27) are
0,2—”,71', and 4—7[ .
3 3

60. cosx—2sinxcosx=0
cosx(1-2sinx)=0

cosx=0 or 1-2sinx=0

—2sinx =-1

N | —

sinx =
T RY/4 T S
X=— X=— X=— X=—

2 2 6 6
The solutions in the interval [0,27) are

T T Sw kY4
—,—,—,and —.
6 2 6 2

61.

62.

63.

tan2 XCOoSXx = tan2 X

tan? xcosx—tan” x =0
tan? x(cosx—1)=0

tan® x =0 or cosx—1=0
tanx =0 cosx=1
x=0 x=7x x=0

The solutions in the interval [0,27) are 0 and 7 .

cot? xsin x = cot> x

cot? xsinx—cot? x =0
cot2(sinx—1)=0

cot? x=0 or sinx—1=0
cotx=0 sinx =1
T RY/4 T

X=— X=— xX=—

2 2 2

The solutions in the interval [0,27) are % and 37”

2cos? x+sinx—1=0
2(1—sin2 x)+sinx—l:O
2-2sin? x+sinx—1=0
—2sin® x+sinx+1=0

2sin® x—sinx—1=0
(2sinx+1)(sinx—1)=0

2sinx+1=0 or sinx—1=0

2sinx =—1 sinx =1
. 1
sinx =——

1 11z V4

X=— xXxX=— X=—

6 6 2

The solutions in the interval [0,27) are

T a7

26 6
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64. 2cos? x—sinx—1=0
2(1—sin2x)—sinx—1=0

2-2sin? x—sinx—1=0

Section 5.5 Trigonometric Equations

67. 4cos® x =5—4dsinx

dcos® x+4sinx—5=0
4(1—sin2 x)+4sinx—5=0

—2sin® x—sinx+1=0

2sin? x+sinx—1=0
(2sinx—1)(sinx+1)=0

4—4sin® x+4sinx—5=0
—4sin® x+4sinx—1=0
4sin® x—4sinx+1=0

2sinx—1=0 or sinx+1=0 (2sinx—1)(2sinx—1)=0
. . 2sinx—1=0
2sinx =1 sinx =—1 dsinx =1
. 1 . 1
smnx =— Smx =—
2 2 s
o5 _3 =l
6 6 2 6 6
The solutions in the interval [0,27 L . 5
¢ solutions in the interval [ ) are The solutions in the interval [0,27) are Eand —ﬂ-.
T 5w RY/4 6 6
—,—,and —.
6 6 2
68. 3cos” x =sin’ x
65. sin® x—2cosx—2=0 3(1—sin2x)=sin2x
1-cos? x—2cosx—2=0 3—3sin’ x—sin> x=0
—cos? x—2cosx—1=0 —4sin® x=-3
cos® x+2cosx+1=0 .2 3
(cosx+1)(cosx+1)=0 s x=
cosx+1=0 3
cosx =—1 sinx =%, |—
X=7x 4
The solution in the interval [0,27) is 7. sin x:_ﬁ
2
66. 4sin” x+4cosx—5=0 inreY o sinee Y3
4(1—coszx)+4cosx—5=0
4—4cos® x+4cosx—5=0 x=Z x:Z—” x:4—7[ x:S—”
—4cos® x+4cosx—1=0 3 ) 3 ) 3 3
4cos? x—4dcosx+1=0 The solutions in the interval [0,27) are
(2cosx—1)(2cosx—1)=0 T 2w 4w S
2cosx—1=0 —,—,—,and —.
_ 333 3
2cosx =1
1
cosx = 3 69. sin2x =cosx
p sz 28in X COS X = COS X
X=—x=— 2sinxcosx—cosx=0
3 3 cosx(2sinx—1)=0
The solutions in the interval [0,27) are cosx=0 or 2sinx-—1=0
T 57 2sinx =1
— and —.
3 3 o1
sinx=—
2
V4 RY/4 V4 hY/4
xX==— x=— X=— x="—"—
2 2 6 6

The solutions in the interval [0,27) are
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70. sin2x =sinx

2sin xcosx =sinx
2sinxcosx—sinx =0
sinx(2cosx—1)=0

sinx=0 or 2cosx—1=0
2cosx =1

cosSx =—

2

T hY/4
x=0 x=7wr x=— x=—
3 3

The solutions in the interval [0,27) are O,%,ﬂ, and 5?7[

71. Ccos2x =cCosXx
2

2cos“ x—1=cosx
2c052x—1—cosx=0
2c052x—cosx—1=0
(2cosx+1)(cosx—1)=0

2cosx+1=0 or cosx—1=0
2cosx=-1 cosx=1
1
CosXx =—— cosx=1
2
2
f— _” X = 4_” X = O
3 3
The solutions in the interval [0,27) are
0,2—”,and 4—”
3 3
72. cos2x =sinx

1-2sin® x =sinx
1-2sin’ x—sinx =0
—2sin® x—sinx+1=0
2sin? x+sinx—1=0
(2sinx—1)(sinx+1)=0

2sinx—1=0 or sinx+1=0
2sinx =1 sinx =-1
. 1
sinx =—
2
T Sr kY4
=— X=— X =—
6 6 2
The solutions in the interval [0,27) are
Z,S—ﬂ-, and 3—”
6 6 2

73.

74.

75.

cos2x+5cosx+3=0
20052x—1+5005x+3=0

2cos? x+5c0sx+2=0
(2cosx+1)(cosx+2)=0

2cosx+1=0 or cosx+2=0
2cosx=-1 cosx =-2
CoSXx=——
x_2_7l' x_4_75 cosx cannot
- T3 be less than —1

The solutions in the interval [0,27) are 2T”and 4%

cos2x+cosx+1=0
2cos x—1+cosx+1=0

2cos” x+cosx=0

cosx(2cosx+1)=0
cosx=0 or 2cosx+1=0

2cosx=-1

COSX =——
T kY4 2 ar
X=— X=— X=— X=—

2 2 3 3
The solutions in the interval [0,27) are

w2 4rx RY/4
—,—,—,and —.
2 3 3 2

sin xcos x =

2sinxcosx =

sin2x =

SIS

The period of the sine function is 27 . In the interval
[0,27), there are two values at which the sine

.. N2 LT o L
function is —. One is e The sine is positive in

. 3
quadrant II; thus, the other value is 7 —% = Tﬂ-

All the solutions to sin2x = 72 are given by

Zx:§+2nﬂ' or 2x=%+2nﬂ'

.4 kY4
X=—+nrw X=—++nnxw
8 8

where 7 is any integer.
The solutions in the interval [0,27) are obtained by

lettingn=0and n=1.

The solutions are %,z,%,and%.
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76. sin x cos x =?
2sinxcosx=—3
sin2x:§

2

The period of the sine function is 27 . In the interval
[0,27), there are two values at which the sine

.. 3 . .. .
function is 7 One is ?.The sine 1s positive in

. 2
quadrant II; thus, the other value is 7 —% =z

3

All the solutions to sin2x = 73 are given by
V4 2
2x=?+2n7r or 2x:T+2n7r

V4 V4
X=—+nx X=—+nxw
6 3

where 7 is any integer. The solutions in the interval
[0,27) are obtained by lettingn=0and n= 1.

The solutions are £,£,7—”, and 4—”
6 3
77. sinx+cosx =1

(sin x + cos x)2 =12
sin® x +2sin xcos x +cos” x = 1

sin? x+cos” x+2sinxcosx = 1
1+2sinxcosx =1
2sinxcosx =0

sinxcosx =0

sinx=0 or cosx=0

x=0 x=z
2
RY/4

X=I x=—
2

After checking these proposed solutions,
the actual solutions in the interval [0,27) are 0 and

T

5"

Section 5.5 Trigonometric Equations

78. sinx+cosx =-1
(sin x +cos x)2 =(-1)
sin? x +2sin xcos x +cos> x = 1

sin x +cos? x+2sinxcosx = 1
1+2sinxcosx =1

2sinxcosx =0

sinxcosx =0

sinx=0 or cosx=0

2

x=0 x=Z
2
3z
X=7 x=—
2

After checking these proposed solutions,
the actual solutions in the interval [0,27) are 7 and

3
2
79. sin x+£j+sin(x—z =1
4 4
1] . T . T 1
—|sin| x+— |+sin| x—— | |=1-—
2 4 4 2
. 7 1
sin xcos— = —
bl
. 2 1
sinx-— =—
2 2
sinx—L
2
A2
sinx=——
2
T kY4
xX=— or x=—
4 4

The solutions in the interval [0,27) are %and3—7[.

80. sin(x+£)+sin(x—£j:1
3 3
1] . ( sz . ( 71') 1
—|sin| x+— |+sin| x—— | |=1-—
2 3 3 2

. 7 1

sin xcos— = —
3 2

. 1 1

sinx-—=—
2 2
sinx=1

V.4

x=—

2

The solution in the interval [0,27) is %
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81.

82.

742

sin2xcos x +cos2xsinx =
sin(2x+x) =

sin3x =

ol

The period of the sine function is 27 . In the interval
[0,27), there are two values at which the sine

.. N2 . T . ..
function is 7 One is Z The sine function is

positive in quadrant II; thus, the other value is
T _3r

4 4

. . 2 .
All the solutions to sin3x = BN are given by

3x=£+2nﬂ' or 3x=3—ﬂ-+2n7r
4 4
T 2nrw T 2nrw
X=—+—-" =4+ —
12 3 4 3

where # is any integer. The solutions in the interval
[0,27) are obtained by lettingn=0,n=1,and n =
2.

7T w3z 1z 17z 197

The solutions are —,—,—,——,——, an .
12°4 4 12 12 12

sin3xcos2x+cos3xsin2x =1
sin(3x+2x) =1
sin5Sx =1
The period of the sine function is 27 . In the interval
[0,27), the only value at which the sine function is 1

is % . All the solutions to sinSx =1 are given by

S5x = z +2nrx
2
T 2nrw
=4t —
10 5
where 7 is any integer.
The solutions in the interval [0,27) are obtained by
lettingn =0, n=1, n=2,n=3,and n=4.
T 7w 97 137 177

The solutions are —,—,—,——, an .
10 2 10 10 10

83.

84.

8s.

86.

tanx+secx =1
tanx—1=—secx

(tanx—l)2 =(—sec x)2
tan® x—2tan x+1 = sec” x

tan® x—2tanx+1=1+tan® x
—2tanx =0
tanx =0

x=0 x=rx
We check these proposed solutions to see if any are
extraneous.
Check 0: tan0 + secO 0 1
0 + 1 0 1 True

Check z: tanr + secwr 0 1

0 + (-1) 0 1 False
The actual solution in the interval [0,27) is 0.

tanx—secx =1
tanx—1=secx
(tanx—l)2 =sec? x
tan® x —2tan x+1 = sec’ x

tanzx—2tanx+l:l+tan2 X
—2tanx =0
tanx =0

x=0 x=7x
We check these proposed solutions to see if any are
extraneous.
Check 0: tan0—sec001
0-101
False

Check 7 tanzm—secwr 01

0-(-1)01
True
The actual solution in the interval [0,27) is 7.

sinx = 0.8246
Be sure calculator is in radian mode and find the

inverse sine of 0.8246. This gives the first quadrant
reference angle.

6 =sin"" 0.8246 = 0.9695
The sine is positive in quadrants I and II thus,

x=09695 or x=m-0.9695
x=2.1721

sinx =0.7392
Be sure calculator is in radian mode and find the

inverse sine of 0.7392. This gives the first quadrant
reference angle.

6 =sin""0.7392 = 0.8319
The sine is positive in quadrants I and II thus,

x=0.8319 or x=x-0.8319
x = 2.3097
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87.

88.

89.

90.

2
cosx=——
5
Be sure calculator is in radian mode and find the
. . 2 L
inverse cosine of +g. This gives the first quadrant
reference angle.
6 =cos™! % ~1.1593

The cosine is negative in quadrants II and III thus,

x=x—1.1593 or x=mx+1.1593
x =1.9823 x =4.3009

4
COSX =——

7

Be sure calculator is in radian mode and find the
inverse cosine of +g. This gives the first quadrant
reference angle.

6=cos™! ; ~0.9626

The cosine is negative in quadrants II and III thus,

x=mx—-09626 or x=mx+0.9626
x=2.1790 x=4.1041
tanx =-3

Be sure calculator is in radian mode and find the
inverse tangent of +3. This gives the first quadrant
reference angle.

6 =tan"' 3 ~1.2490

The tangent is negative in quadrants I and IV thus,

x=m—12490 or x=2mr—1.2490
x=~1.8925 x=5.0341
tan x = -5

Be sure calculator is in radian mode and find the
inverse tangent of +5. This gives the first quadrant
reference angle.

6=tan"'5~1.3734
The tangent is negative in quadrants I and IV thus,

x=mx—13734 or x=27m-1.3734
x=1.7682 x=4.9098

91.

92,

93.

Section 5.5 Trigonometric Equations

cos? x—cosx—1=0

Use the quadratic formula to solve for cosx.
—b+~b* —4dac

2a

~(D (=D 4D

2(1)
1+/5
2
cosx=-0.6180 or

COS x =

COS x =

COS X =

cosx =1.6180
cosx~16180

This equation
has no solution.

Be sure calculator is in radian mode and find the
inverse cosine of +0.6180. This gives the first
quadrant reference angle.

6 =cos™'0.6180 =~ 0.9046
The cosine is negative in quadrants II and III thus,

x=r—-09046 or x=m+0.9046
x=2.2370 x =4.0462

3cos? x—8cosx—3=0
(3cosx+1)(cosx—3)=0

3cosx+1=0 or cosx—3=0
cosx=3
cosxT=3

This equation
has no solution.

1
cosx =——
3

Be sure calculator is in radian mode and find the
. . 1 .
inverse cosine of +§ . This gives the first quadrant

reference angle.
6=cos™! % ~1.2310

The cosine is negative in quadrants II and III thus,

x=rx-12310 or x=m+1.2310
x=1.9106 x =4.3726

4tan2x—8tanx+3 =0
(2tanx—1)(2tanx—-3) =0
2tanx—1=0 or 2tanx—-3=0
tanng

2
x=0.9828, 4.1244

1
tanx = 5
x =0.4636, 3.6052
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94. tan’x—3cosx+1=0 98. 2sin3x++3=0
—b+~b? —4dac sin3x = -3
tan x = — 2
a
The period of the sine functionis 27. On the
¢ = “CDENE ) b
2(1) interval [0,27) the sine function equals =3 at
tanx = 3t \/g 2
4z and 5—” This means that 3x = 4z or 3x = R .
tanx = 0.3820 or tanx=2.6180 3 3 3
x=0.3649, 3.5065 x =1.2059, 4.3475 Because the period is 27, all the solutions of the
equation are given by
L2
95, Tsin"x-1=0 3x=4—”+2n7r or 3x=5—ﬂ-+2n7r
sin® x =~ 3 3
7 dr  2nw Sz 2nrx
1 xX=—t x="—+==
sinx =% 7 9 3 9 3
sinx = i—7 Use all values of n that result in x values on the
7 interval [0,27). Thus,

sinx = 0.3780 or sinx=-0.3780
x=03876, 27540  x=3.5292, 5.8956 coAzr sr 10x 1z 16z liz

96. Ssin’x—1=0

5 99, sin2x+sinx=0
sin X=g 2sinxcosx+sinx =0
I sinx(2cosx+1)=0
=+ [=
== 5 sinx=0 or 2cosx+1=0
. 5
s1nx:i? x=0,7 cosx:—l
2
sinx = 0.4472 or sinx=-—0.4472 2o Arx
x=0.4636, 2.6780 x =3.6052, 5.8195 X=—,—
33
97. 2cos2x+1=0 Thus, x=0, 2%, 7. and 4?”_
cos2x=—l
2 100. sin2x+cosx=0

The period of the cosine function is 2z. On the .
2sinxcosx+cosx =0

. . . 1 i =
interval [0,27) the cosine function equals 3 at cos x(2sinx+1) =0

cosx=0 or 2sinx+1=0
2

4 . 2
and —ﬂ-. This means that 2x - or T 3w . 1
3 3 x=—,— sinx =——
4 22 2
2x = Tﬂ- . Because the period is 27, all the Lotz Uz
6 6
solutions of the equation are given by
2 4 Thus x—£7—3— andM
2x=Tﬂ-+2nﬂ' or 2x=Tﬂ-+2nﬂ' T2 e 20T 6
x=F sun x:2—ﬂ-+n7r 101. 3cosx—6y/3 = cosx—53
3 3 ) _
Use all values of # that result in x values on the cosx = 3
interval [0,27). Thus, cosx =~
T Sr 2r  4rx r 1rx
xX=—, — or x=—, — X=—,—
373 3 3 6 6
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102. cosx—5=3cosx+6

—2cosx =11

11
COSX =——

The cosine function cannot be less than —1, thus the
equation has no solution.

103. tanx =-4.7143

Be sure calculator is in radian mode and find the
inverse tangent of +4.7143. This gives the first
quadrant reference angle. 8 = tan~' 4.7143 ~1.3618
The tangent is negative in quadrants I and IV thus,

x=r-13618 or x=27-13618
x=1.7798 x=4.9214

104. tanx =-6.2154

Be sure calculator is in radian mode and find the
inverse tangent of +6.2154. This gives the first

quadrant reference angle. 6 = tan”! 6.2154 ~1.4113
The tangent is negative in quadrants I and IV thus,

x=mx—-14113 or x=2r-1.4113
x=1.7303 x=4.8719

105. 2sin? x =3—sinx

2sin® x+sinx—3=0
(sinx—1)(2sinx+3)=0

sinx—1=0 or 2sinx+3=0

sinx=1 . 3
SINx =——
_ﬂ'
X—E y/_/)—z/
106. 2sin? x=2—3sinx

2sin? x+3sinx—2=0
(2sinx—1)(sinx+2)=0

2sinx—1=0 or sinx+2=0
sinx = 1 sinx =-2
D) sinx="2
VY4
xX=—,—
6 6
107. cosxcscx =2cosx

cosxcscx—2cosx=0
cosx(cscx—2)=0

cosx=0 or cscx—2=0
. 1 csex=2
sinx =— 1
2 sinx =—
L=Z 37 2
272 x=Z %
6 6
Thus, xzz,z,s—ﬁ,andz
6 2 6 2

Section 5.5 Trigonometric Equations

108. tanxsecx =2tanx
tanxsecx—2tanx =0
tanx(secx—2)=0

tanx =0 or secx—2=0
x=0,7 secx=2
1
coSx =—
2
T Sx
X=—,—
3°3

Thus, x = O,z, 7, and 5—”
3 3

109. Scot’>x—15=0

cot? x=3
tanzle
3
tanx =% l
3
NG
tanx =t —
3
tanx = — or tanx=———
T Ir Sz 1lx
x=—, — x=—, —
6 6 6 6
Thus, x=£,5—ﬂ-,7—ﬂ-, and M
6 6 6 6
110. 5sec’> x—10=0
seczxzz
coszx=l
2
cosx == l
2
cosx=i—2
2
2 2
cosx=— or cossz
T I RY/ Y 4
x=—, — xX=—, —
4 4 4 4
Thus, x=£,3—ﬂ-,5—ﬂ-, and 7—”
4" 4 4 4
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111. cos? x+2cosx—2=0
Use the quadratic formula to solve for cosx.

—b+b? —4ac

CoOSx = 2
~ —<2>i\7(2)2 —4(1)(-2)
CoOSx =
2(1)

—2+412
COSXx = T

2423
CoOSx = T
cosx=—-1% \/5

cosx=0.7321 or cosx=-2.7321
cosx~=27321

This equation
has no solution.

Be sure calculator is in radian mode and find the

inverse cosine of 0.7321. This gives the first
quadrant reference angle.

6 =cos10.7321 = 0.7494

The cosine is positive in quadrants [ and IV thus,

x=0.7494 or x=27-0.7494
x =5.5338

112. cos® x+5cosx—1=0
Use the quadratic formula to solve for cosx.

—b+\b* —4ac

COS X =
2
cosx NP 4D
2(1)
—5++29
COSX =——"

cosx=0.1926 or cosx=-5.1926
cosx=~=571926

This equation
has no solution.

Be sure calculator is in radian mode and find the

inverse cosine of 0.1926. This gives the first
quadrant reference angle.

6 =cos™10.1926 ~1.3770

The cosine is positive in quadrants I and IV thus,

x=13770 or x=27-13770
x =4.9062

113.

114.

115.

116.

Ssinx = 2cos’ x—4
55inx=2(1—sin2 )—4
Ssinx=2-2sin’ x—4

2sin? x+5sinx+2=0
(2sinx+1)(sinx+2)=0

2sinx+1=0 or sinx+2=0
Sinx = 1 sinx=-2
Ty sine=—2
x_7ﬂ' 11z

7cosx =4—2sin? x
7cosx=4—2(l—cos2 x)
Tcosx=4—2+2cos> x

—2cos? x+7cosx—2=0
2c0s? x—Tcosx+2=0

—b+b? —4ac

COS x =
2a
o x = “EDENED’ —4@))
2(2)
74433
COS X = T

cosx=0.3139 or cosx =3.1861
cosx~37T861
This equation
has no solution.
Be sure calculator is in radian mode and find the
inverse cosine of 0.3139. This gives the first
quadrant reference angle.

6 =cos'0.3139 ~1.2515

The cosine is positive in quadrants [ and IV thus,

x=12515 or x=2mr-1.2515
x=5.0317

2tan” x+5tanx+3=0
(tanx+1)(2tanx+3)=0

tanx+1=0 or 2tanx+3=0
tanx =—1
Iz 1w tanx:—z
A x=~2.1588, 5.3004

3tan2 x—tanx—2=0
(tanx—1)(3tanx+2)=0

tanx—1=0 or 3tanx+2=0
tanx =1 2
T Sﬂ' tanx =——
T4 x =~ 2.5536, 5.6952
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117. y f
8
@5_ §>‘_ mwnm?ﬁz
9 : il T
¥ / &?'
Jx) =3 cosx

g(x) =cosx —1

3cosx=cosx—1

2cosx=-1
cosxz—l
2
_27 4n
373
2r _3)(4z _3
37 2)037 2
118. Yy o f
2 ‘
I/ \
[ EEA
(7n 3) EN2E T8 xll
dn_ 3 2 | 11x
6 2/ b \/ (6’
y=3sinx
y=sinx -1
3sinx=sinx—1
2sinx =-1
sinx=—l
T 1lx
xX=—,—
6 6
Iz 3\ (Ux _3
6" 2)L 6" 2
119. y (3.5163,0.7321)
o8
- £5.9085, 0.7321)

" !
\\\// 2% &

29
it

J(x) = cos 2x

g(x) = =2sinx

2

Section 5.5 Trigonometric Equations

cos2x =-2sinx

1-2sin? x = —2sin x
—2sin® x+2sinx+1=0
2sin® x—2sinx—1=0

iy e
2a

~(=2) £4/(=2)* = 4(2)(-1)

2(2)

sinx =

sinx =

sinx =

sin x = —0.3660 or sin x = 1.3660
sinx~1:3660

x=3.5163, 5.9085 This equation

has no solution.

(3.5163,0.7321),(5.9085,0.7321)

120. 5t 1
6,72

HHH (R, 1)

0,1 /NS (27, 1)

;. 3
6’2 ] e

.
74

[ )
=

J(x) = cos 2x

g(x) =1 -sinx

cos2x =1-sinx

1-2sin? x=1-sinx
—2sin® x+sinx=0
sinx(—2sinx+1)=0

sinx=0 or —2sinx+1=0
. 1
x=0,7m 27 smx:E
VY4
xX=—,—
6 6

(Qlﬁ(gyéj{%gféjiﬂJ)AZHJ)

121. |cos x| = ?

NG) 3
COSX:? or coSx=—
r 1lrx Sr Ir
xX=—, — xX=—, —

6 6 6 6
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122. |sinx|=l
2
. 1 .
SlanE or smx=-——
T Sr T 1z
X=—, — X=—, —
6 6 6" 6
123. 10cos? x+3sinx—9 =0

10(1—sin2 x)+3sinx—9=0
10—10sin? x+3sinx-9=0
~10sin? x+3sinx+1=0

10sin? x—3sinx—1=0
(2sinx—1)(5sinx+1)=0

2sinx—-1=0 or S5sinx+1=0
sinx:l sinx=——
2 5
T Sz
X "6 6 x =3.3430, 6.0818
124. 3cos? x—sinx = cos” x

2cos? x—sinx =0
2(1—sin2 x)—sinsz
2-2sin® x—sinx=0
2sin? x+sinx—2=0

—b++b% —4ac

sinx =
2
i o VO —42)(2)
20)
o -1x17
sSmx = T

sinx =0.7808 or sinx=-1.2808

x =0.8959, 2.2457 sinx=—t7808

125. 2cos® x+cos> x—2cosx—1=0
0052x(2cosx+1)—1(200sx+1) =0

(200sx+l)(coszx—1) =0
(2cosx+1)(cosx+1)(cosx—1)=0

1
cosx=—— or cosx=-—1 or cosx=1

2r 4r
x:Os -, T, —
3 3

126.

127.

128.

129.

2sin> x—sin? x—2sinx+1=0
sin2x(25inx—1)—l(2sinx—1) =0

(2sinx—1)(sin® x~1) =0
(2sinx—1)(sinx+1)(sinx—1)=0

. 1 . .
s1nx=§ or sinx=-1 or sinx=1
yoZ T ST

62 6 2

0.3649, 1.2059, 3.5065, 4.3475
This matches graph a.

0.4636, 0.9828, 3.6052, 4.1244
This matches graph b.

Substitute y = 0.3 into the equation and solve
for x:

03= 0.6sin2?ﬂx

03 O.6sin2?”x

0.6 0.6
1 .2
—=SIn—x
2
. 2 1
SINn—Xx =—
2

The period of the sine function is 27. In the interval
[0,27), there are two values at which the sine

oo 1 . .. .
function is E One is g The sine is positive in

quadrant II; thus, the

other value is 7 —% = 5?7[ All of the solutions to

sinz—”x = l are given b
5 2 g y

2w T
—x=—+2nx
S
x=—+5n
12
or
2—ﬂx=5—”+27r
> 5
x=—+5n
12

where 7 is any integer. In the interval [0,5] we

obtain solutions when n = 0. The solutions are
5 25
— and —.

12 12
Therefore, we are inhaling at 0.3 liter per second at

x= i ~ (0.4 second and at x = E =~ 2.1 seconds.
12 12
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130.

131.

When we exhale, velocity of air flow is negative, so
y =-0.3 liters per second.
Solve:

—03= 0.6sin2?”x

. 2z
_03 ~ 0.6511’1?X
0.6 0.6
1 .2
——=smn—x
2
.2z 1
SIM—Xx=——
5 2

The period of the sine function is 27. In the interval
[0,27), there are two values at which the sine

function is —%. One is 7z+% = 7?” The other is

271'—% = M All the solutions to sinz?ﬂx = —%

are given by

2 4
?x =—+2nrxw

where 7 is any integer.
In the interval [0,5] we obtain solutions when

n = 0. The solutions are 33 and E
12 12
Therefore, we are exhaling at 0.3 liters per second at

x= 3—; =~ 2.9 seconds and at x = % =~ 4.6 seconds.

Substitute y = 10.5 into the equation and solve for x:

10.5 = 3sin| 2% (x—79) |+12
365

_1.5=3sin| 2% (x=79)
365

_15 3sin| 2% (x-79)

31_ , 3

—~ =sin| E (x=79)

2 365

sin [2—”@—79)} __1

365 2

The period of the sine function is 27. In the interval
[0,27), there are two values at which the sine

function is —%. One is ﬂ'+% = 7?” The other is

132.

Section 5.5 Trigonometric Equations

2r —% = % All the solutions to sin

2r 1 .
——(x—79) |=—— are givenb
[365( )} 5 aree y

27 (=79 =% tonz
365

x—=79 =@+365n
3503
x=——+365n
12
or
27 (x=79) = Loz
365 4015
x—179 :—2+365n
x=283 365
12

where # is any integer.
Substitute various integers for z in the two equations.
In the interval [0,365] we obtain values of 49 and

292 days. Thus, Boston has 10.5 hours of daylight 49
and 292 days after January 1.

Substitute y = 13.5 into the equation and solve for x:

13.5 = 3sin| 2% (x=79) |+12
365

1.5=3sin| 2% (x—79)
365

27 (x—79)

1.5 3sin 365

3
1 _gin [2—”@—79)}
2 365
sin 2—”(X—79) = 1
365 2

The period of the sine function is 27. In the interval
[0,27), there are two values at which the sine

Lo 1 LT . Lo
function is 3 One is s The sine function is
positive in quadrant II; thus, the other value is

4 —% = 5?7[ All the solutions to

.| 27 1 .
sin| — (x—79) |=— are given b
{365( )} 5 s y

27 79y =F tong

365 Ss
x=79=——+4365n

113213
x=—+365n

12

or
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133.

134.

750

2—”(x—79)=5?ﬂ-+2nﬂ

365 1825
x—79=——+365n
3
x=——-++365n
12

where 7 is any integer.

Substitute various integers for z in the two equations.

In the interval [0,365] we obtain values of 109 and

231 days. Thus, Boston has 13.5 hours of daylight
109 and 231 days after January 1.

Substitute d = 2 into the equation and solve for

T
2=—-4cos—t
3
V4
2 4cos 3t
-4 —4
1 T
——=Ccos—!
2 3
T 1
cCoOS—1t =——
3 2

The period of the cosine function is 27. In the
interval [0,27), there are two values at which the

. . 1 . 2 .
cosine function is —E. One is T The cosine

function is negative in quadrant III; thus, the other

value is 27 —2% = 4% All solutions to

coszt——l are given b
3| T T AreEvendy

4
%tz—ﬂ-+2n7r

t=4+6n
where n is any nonnegative integer.

Substitute d = -2 into the equation and solve
for t:

2 =—4cos’t
3
T
_2 B —4cos§t
—4 —4
1 T
—=cos—t
T
cos—t=—
3 2

The period of the cosine function is 27. In the
interval [0,27), there are two values at which the

135.

. N | . . .
cosine function is 5 One is ? The cosine function

is positive in quadrant IV; thus, the other value is

2 I 5—” All the solutions to coszt = l are
3 3 3 2

given by

Zt = Z+2nﬂ'
t=1+6n

or

T 5z
?t =—+2nrx
t=5+6n
where n is any nonnegative integer.

Substitute vy =90 and d =170, and solve for 4:

2
170 = ﬁsinecosﬁ
ﬁ =sinfcos b
1%
2-——=2sinfcosf
3%
—— =sin26
405 972
sin2 =——
405

The period of the sine function is 360°. In the interval

[0,360°], there are two values at which the sine
.. 272
function is —.
405
One is sin™! [i—gij =~ 42.19°. The sine function is

positive in quadrant II; Thus, the other value is
180°—42.19°=137.81°. All solutions to

. 272 .
sin 26 = 272 are given by
405

20 =42.19°+360°n
6 =21.095°+180°n

or

20 =137.81°+360°n
6 =68.905°+180°n

where # is any integer.

In the interval [0,90°) we obtain the solutions by
letting n = 0. The solutions are approximately 21°
and 69°.

Therefore, the angle of elevation should be 21° or
69°.
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136

137

147

148.

149.

150.

151.

152.

153.

. Substitute v, =90 and d =200, and solve for 8:

2
200 = &sinHCose
16

— =sinfcosf
81

2-2225in90050
81

ﬁ:sin2(9
81 64
sin28 =—
81

The period of the sine function is 360°. In the
interval [0,360°], there are two values at which the

sine function is % One is sin™! [%) = 52.20°.

The sine function is positive in quadrant II; thus, the
other value is 180°—52.20°=127.80°. All solutions

. 64 .
to sin26 = o1 are given by

260 =52.20°+360°n
6 =26.10°+180°
or

20 =127.80°+360°n
6 =63.90°+180°n

where 7 is any integer.
In the interval [0,90°) we obtain the solutions by
letting n = 0. The solutions are approximately 26°

and 64°. Therefore, the angle of elevation should be
26° or 64°.

.—146. Answers may vary.
. x=1.37, 2.30, 3.98, 4.91
x=0.74
x=0.37, 2.77
x=1.08

x=0, 1.57, 2.09, 3.14, 4.71

does not make sense; Explanations will vary.
Sample explanation: You did not attempt to “solve.”
You attempted to “verifiy” as if this was an identity.

makes sense

154.

155.

156.
157.

158.

159.

160.

Section 5.5 Trigonometric Equations

does not make sense; Explanations will vary.
Sample explanation: It is more efficient to solve as
follows.

3
7 -1
x——=cos (-1
3 (-1
T
X——=7x
3
X=m+=
4r
xX=—
3

does not make sense; Explanations will vary. Sample

explanation: You do not need to solve a trigonometric
equation. You nee to find a trigonometric value of an

angle ang simplify using arithmetic.

true

false; Changes to make the statement true will vary.
A sample change is: The equation has an infinite
number of solutions

false; Changes to make the statement true will vary.
A sample change is: To be an identity, the equation
must be true for all defined values of the variable.

false; Changes to make the statement true will vary.
A sample change is: Over this interval, the first
equation has two solutions and the second equation
has 4 solutions.

2cosx—1+3secx=0
2cosx—1=-3secx

-3
2cosx—1=
cos X
cosx-(2cosx—1)= —
cosx

2cos? x—cosx = -3
2cos? x—cosx+3=0
The equation is now in quadratic form

2t —t+3=0. Use the quadratic formula to solve.

~(=D £ (=1)? -4(2)(3)

Cosx =
2(2)

1£+1-24
cosx =———

1£+-23
cosxy =———

4

+./—

Since 1223 are not real numbers, the equation

has no solution.
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161. sin3x+sinx+cosx=0
2sin(3x2+xjcos(3x2_x +cosx=0

2sin2xcosx+cosx=0
cosx(2sin2x+1)=0

cosx=0 or 2sin2x+1=0
=% x=3% osinax=-1
2 2
sin2x=—l
2

The period of the sine function is 27. In the
interval [0,27), there are two values at which the

sine function is —%. One is 7z+% = 7?” The other

is 271'—E = lﬂ All the solutions to sin2x = —l
6 6 2

are given

2x:7—”+2n7z or 2x=ﬁ+2n7z
b 6 6 .
y where 7 is
r 11z
X=—++nrx X=——+nrx

12 12

any integer. The solutions in the interval [0,27) are
obtained by letting #» = 0 and » = 1.The solutions are

n 37 Tx 11z 197 237
I R A ST and PP
22 12 12 12 12
162. sinx+25in£:cos£+l
2 2

sin(2-£j+2sin£=cos£+1
2 2 2
25in£cos£+25in£:cos£+l
2 2
2sin£cos£+2sin£—cos£—l=0
2sinf cos£+l]— cos£+l =0
2 2 2
cos£+l 2sin£—1 =0
2 2
c0s£+1=0 or 2sin£—1:0
2 2

cosiz—l 2sin£:1
2 2

1

. X
sin—=—
2 2

The period of the sine function and cosine function
is 2z. In the interval [0,27), there are two values

at which the sine function is % One is % The

. n St
otheris 7——=—.
6 6

In the interval [0,27), the only value at which the
cosine function is —1 is zz. All of the solutions to

cos% =—1 are given by

X
—=rx+2nr

x=2rx+4nrx
where 7 is any integer. All of the solutions to

sinf—l are given b
D) g y

T

222 o
2 6
x=£+4nﬂ
3
or
f:5—”+2ni[
2 56
x=—ﬂ-+4n7r
3

where 7 is any integer.
The solutions in the interval [0,27), are obtained

by letting n = 0. The solutions are 7 and 5—7[

3

163. 4% lies in quadrant III. The reference angle is

, 4r 47 3r &
9:——7[:———:—.
3 3 3 3

tan% =3
Because the tangent is positive in quadrant II1,

Sr T
tan=— =+tan—=+/3
4 4

164. y=4sin(2zrx+2) =4sin(2zx —(-2))
The equation y =4sin(2zx—(-2)) is of the form
y=Asin(Bx—-C) with4 =4, B=2x ,and
C=-2. The amplitude is | 4 |=| 4 |=4. The period
2 -2 1

is —:2—”:1.Thephase shift is £:—=——.
B 2z B 2z V4

The quarter-period is % The cycle begins at

1 .
x =——. Add quarter-periods to generate x-values
V4

for the key points.
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xX=—-—
V4
1 1 n-4
X=——+—=——
T ar
-4 1 -2
4 4 2r
. =2 1 37-4
2r 4 ar
3z—-4 1 rn-1

ar 4 T
Evaluate the function at each value of x.

y=4sin(2rx+2)

coordinates

o

=4sin(-2+2)
=4sin0=4-0=0

y =4sin 27{”—_4j+2j
4
—4sin| T2 42
=4sin| Z-2+2
2

—4sinZ=4.1=4
2

ool 2)

=4sin(r -2+
=4sinx = 40=0

y =4sin 2;;(3”_4j+2]
4r

=4sin 371-_4+2

=4sin 3—7[—2+2
2

= 4sin377Z =4(-1)=-4

y =4sin 27[(7[—1j+2]
T

=4sin(2r-2+2)

=4sin27=4-0=0

165.

166.

167.

168.

Section 5.5 Trigonometric Equations

Connect the five key points with a smooth curve and

graph one complete cycle of the given function.

1 1
11y
iy

1”__*43_(%‘%
0

VA s

3 1 2
ot

y = 4sin Cux + 2)

SR
(1
\

log x+log(x+1) =log12
log (x(x+1))=logl2
x(x+1)=12
X +x-12=0
(x+4)(x-3)=0
x=-4,3

Reject x = —4. The solution set is {3}.

a 56
sin46°  sin63°
asin63° =56sin46°
_ 56sin46°
sin 63°
a=452°

81 62

sin43° sinB
81sin B = 62sin 43°

62sin43°

sinB = <1
sin B = 0.522023436

B =~ sin~(0.522023436)

B=315°

51 71

sin75° smB
51sin B =71sin75°

71sin 75°

sinB =

51
sin B =1.344720268
No solution.
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Chapter 5 Review Exercises

1. secx—cosx= —COSX

CoS X
1 COSX COSX

coS X 1 cosx
1 cos” x

COSX _ COSX
l—cos” x

CcoS X
sin” x

COS X
smx .
= -sIn X
COSX |
=tanxsinx

2. cosx+sinxtanx

COS x . S
= -COSXx+smx-
COSQX COS x

cos“x sin“ x
=—+—

CoSX  COSX
_cos”x+sin” x

COS x

= =SeCXx
COoS X

3. sin? @(1+cot® @) =sin’ O+sin® Ocot’ @

=sin’ @+sin’ @-

=sin” O+cos> 6
=1

4. (secO-1)(secO+1)= sec? 91

=1+tan” 6-1
=tan’ @
5 l-tanx 1 tanx
sin x sinx sinx
sinx 1
=cscx— -—
colsx sin x
=cscx—
cosx
=CSCX—Secx

cos” 6

sin” @

9. I-

1 1
+

sint—1 sinz+1

1 sint+1 1 sint—1

sint—1 sinz+1 sinz+1 sinz—1

_sint+1 sint—1

sinzt—l Asinzt—l
sint+1+sinf—1

sinzt—l
_ 2sint
sinz_t—l
_ 2sint
—cos.zt |

sint
=p. > -

cost cost
=-2tantsect

1+sint 1 sint
= +

0052 t cos2 t (;os2 t
2 sint 1
=sec t+—— ——

s cost cost
=tan“t+1+tantsect

cosx _ cosx l+sinx

l-sinx 1l-sinx I+sinx
_ cosx(l+sinx)
l—sinz.x
_ cosx(1+sinx)
g:os2 X
_I+sinx

COS x

sin? x -1 1—cos? x

1+cosx 1+cosx

(1+cosx)(1—cosx)

1+cosx
=1—(1-cosx)
=]1-1+4+cosx
=cosx

10. (tan@+cot 9)2

= tan? 6’+2tan9_cot6?+cot2 o
—sec? O-142 sinf cos@

5 c0502 sin
=sec“@—-1+2+csc”0-1
= sec? o+ csc? 0
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1 1

+
sin@+cosf@ sin@—cosl
_sinf—cosé 1

11.

sin@—cos@ sinf+cosd
L5 6+ cos 1

51n49+cos<9 sin @ —cos @
sin@—cos @ sin @+ cos @

sinzﬁfcos 6 sin’@-cos’ O
sin

sin® @ —cos” @ 5 5
2sin@ sin“ @+cos” @

sin? «9,—cos2 0 sin’@+cos’
sin@-

sin* @ - cos* @
sin

sin* @—cos”* @

cost _ cost cos?

12.

—

cott—5cost B cotzr—5cost

cost
cost
cost

cott—=5cost
cost

cott

cost

cost
sint __
cost

cost . 1
sint1 cost

L5

sint

csct—5

13. l—cost l—cost'l—cost

l+cost l+cost 1—cost
_ (l—cost)2

1-cos’t
_ (I—cos t)2

sin’ ¢

2
_ [ 1—cost
sin¢

(1 cost 2
sint sint

=(csct—cot t)2

Chapter 5 Review Exercises

14. cos(45°+30°)
=c0s45°co0s30°—sin 45°sin 30°

)
4

15. sin195° =sin(135°+ 60°)
=sin135°co0s 60°+ cos135°sin 60°

21 (V2]
2 2 2] 2
_V2 V6
N
4
(4;[ ”j tan —tanZ- -1
16. tan| ——— |= =
3 4 1+tan4l-tan§ 1443
(B-1)(1=45) ~(1-B)°
(1+\/_)( 3) 1-3
~(1- 2\5+3) 1-243+3
2
4—26 2(2-43)
2 2
17. tans—”=tan(2—”+3—”j
12 12 12
V2
=tan| —+—
5+
:tan%+tan%
l—tan%tanf
?H T3+1 (HTS)
B, B 3
IREC S e} (1+T)
243 1 23,4
R T B
a _1 =2
3 3
{&AJ&:@Z
3 32

18. c0s65°cos5°+sin 65°sin 5°
=c0s(65°—5°)
=c0s60°
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19. sin80°cos50°—cos80°sin 50°
=sin(80°—50°)
=sin30°

20. sin (x + Ej —cos (x + Zj
6 3

. T . T
=SIn XCOS—+CcosSxsin—

24, costt—sin*r= (cos2 {—sin? t)(0052 { +sin? t)

=(cos2t)-(1)
=cos 2t

25. sint—cos2t= sint—(1—2sin2 t)

=sint—1+2sin®¢
=2sin ¢t +sint—1
=(2sint—1)(sint+1)

—(cosxcosz—sinxsinEJ 2. sin26—sin§ _ 2sinfcos & —sin 6
3 3 c0s20+cosf  2cos? H—1+cos8
=sinx-—3+cosx-— _ sin@(2cosf—1)
1 3 2cqs2¢9+coso9—1
—| cosx-——sinx-— _ sind(2cos @ —1)
2 2 (2cos @ —1)(cos 6 +1)
) 3 sin sin @
= - — x —
cosf+1
=+/3sinx _ sinf cos@—1
c_osg+1 %)S?—l
3” tanx-ﬂ,—tan% :m
21. tan|x+— |=——— coszﬁ—]
4 l—tanxtan%” _sin&(cosf—1)
_ tanx+(_1) - —sin2<9
1—tan x(-1) _ —(cos8-1)
_ tanx-—1 sin @
1+tanx :l—cosé’
sin @
1
22. sec(a+f)=—— : ;
(a+p) cos(a+ fB) 7. sin 26 _ 2sinf@cosé
1 1-sin’ 6 posz (2]
= 2sin@ cosf
coscos f—sinasin T cosd  cosd
_ 1 _cosacos B =2tan
cosacos f—sinasinf —L . .
cosacos B 28. 2sinfcostsec2t =sin2f-sec2t
1
_ cosacos B =sin2¢- 2
" cosacos f—sinasin B . cos 2t
cosacos B _sm 2t
|- cos 2t
_ cosax cosf3 = tan 2¢
cosgrcos B singrsin
cosacos B cosacos S _
_ secarsec B 29. cos4t—cos(2.~22t)
- _ sinasin B =1-2sin" 2t
cos ccos 3 =1-2(sin 2t)2
__secasecff =1-2-(2sintcost)?
l—tanotan B =1-2-4sin’ tcos> ¢

=1-8sin? tcos” ¢
cos(a— ) cosacosB+sinasinf

cosxcos cosrcos 30
B cosacosﬂ+ sinasin 8 :

23.

tan§(1+cosx)= -(1+cosx) =sinx

0S X

cosacos S cosacosf
=l+tanotan §
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31.

32.

33.

34.

tan x
_secx—1

tan x

The graph appears to be the cosine curve,
y =cosx. It cycles through maximum,

intercept, minimum, intercept and back to
maximum. Thus, y =cosx also describes the

graph.

. ( k7 AN 3z . 37
sin| x —— | =sin xcos — —cos xsin —
2 2 2
=sinx-0—cosx-(-1)
=Cos X

The graph appears to be the negative of the sine
curve, y =—sinx. It cycles through intercept,

minimum, intercept, maximum and back to
intercept. Thus, y =—sin x also describes the

graph.

T T . T
coS| x+— |=cos xcos——sin xsin—
2 2 2
=cosx-0—sinx-1
=-—sinx

The graph appears to be the tangent curve,
y =tanx. It cycles through intercept to

positive infinity, then from negative infinity
through the intercept. Thus, y =tanx also

describes the graph.

35.

Chapter 5 Review Exercises

_tanx—1

1—cotx
sin x

_cosx—1
COs X

1-=
sin x

Sin x —cos x

_ COS X
sin x —cos x

. sinx .
_ sinx—cosx sin x

. cosx sinx —cos x
_ sinx

S =

Because « lies in quadrant I, x is positive.
x> +3% =52
x*=52-32 =16

x=+/16=4

Thus, cosa X =i, and tanar =2 =E.
r 5 x 4
. 12 vy
sinf=—==
p 13 r
Because S lies in quadrant II, x is negative.
X2 +12% =132

=132 -122 =25
x=—/25=-5

Thus,cosﬂzfz_—sz—i, and
r 13 13
y 12 12
tanf=—=—"—=-—,
p x =5 5
a. sin(a+ fB)=sinacos f+cosasin
33,4123
5 13) 5 13 65
b. cos(a— ) =cosacos f+sinasin
4 5 312 16

5( 13) 513 65
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Chapter 5 Analytic Trigonometry

tan ¢ + tan
c. tan(a+pf)= tana+tanf
l—tanotan B

()

d. sin20(=2sin0(cosa=2%~

€. COsS—= =4/
2

36. tana:i:—:—
-3 x

Because 7 is a distance, it is positive.
P2 = (4% +(-3)* =25
r=+25=5

Thus, sino = =—=—% , and

cosd=—=—=——.

tan f=—=
ﬂ12

Because r is a distance, it is positive.
r? =52 4122 =169

r=4/169 =13

Thus, sinﬂ:Z:i, and Cosﬁzizg
r 13 r

a. sin(a+ f)=sinacos f+cosasin S

__An2 3y s

5 13 5)13
__8

65

b. cos(ax— ) =cosacos +sinasin

__ 312 (45

5 13 5)13
__36

65

13

37.

tan or + tan

l—tan o tan
4+ 5 21

c. tan(a+p)=

312 _ 12

45 20

1-— =
3 12
2136763
12 16 16

36

d. sin2a=2sinasina

23@.3\@{_\@}[ Jio

10 10 10 )l 10
_9% 10
100 100
~ 700
-1
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21

12

16
36

1412
e cos'B— 1+cos S 13
2 2 2
25 5 5V
26 26 26
tanoz=—3=i=Z
-1 x
Because 7 is a distance, it is positive.
2 =32 4(-1)?
P2 =10
r=+/10
sinOt——3 ——3\/5
Jio 10
cosa—_—l——@
J10 X 10
cotﬂ=—3=—=£
-1 y
Because r is a distance, it is positive.
2 _ 42 2
re=3"+(-1)
r2=10
r=4/10
Sinﬂ__—l_—@
Vo 10
cos,ﬁ’——3 ——3\/5
Jioo 10
a. sin(a+ f)=sinacos f+cosasin

|



Chapter 5 Review Exercises

b. cos(a-f) Because f is in quadrant II1, y is negative.
=cosarcos f+sinasin (_1)2+ 2_42
_{_MJ(&%}%@(—MJ §2-8

10 | 10 10 | 10 y=—B =22
__%0 22
1300 sin f = —
s tan f = # =22
tan o + tan 3 .
c. tan(e@+pf)=—-"-—""— a. sin(a+p)
1—tan o tan . .
_1 =sinacos f+cosasin S
=45 _L_1,( 20 22
= 1 3 3 3 3
1-(-3)| —=
(3] 0
-10 ’
__3
0 b. cos(a—pf3)
Since this value is undefined, the tangent =cosacos f+sinasin
function is undefined at o+ . _ 22 (_lj N (_lj B 22
3 3 3 3
d. sin2a=2sinacosa a2
_,[3v10)( V10 =9
10 10
3 tan o + tan B
=—= c. tan(o+f)=——"-——""
5 (@+h) I-tanrtan B
NZ+2\2
B |l+cosf = NG
e e 1;—(4)(2\/5)
92
1410 _ i
_ 10 0
2 Since this value is undefined, the tangent
_ [10 +310 function is undefined at o+ 5.
20
_ 10+3+/10 d. sin2a=2sinacosa
245 (1)(_2v2)_42
3 3 9
38. sina:—%:_?lzZ
r
1+
Because o is in quadrant II, x is negative. e. cosg =-— C;S’B
X2 (=1)? =32 1
24129 _+(=3)
X% = 8 2
x=—/8 =22 % 1
22 "2\
coso =——— 1
12 N
tang =——==—
—24/2 4 =_£
1 I x 3
cosff=——=—=—
p 3 3
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39.

40.

41.

42.

43.

44.

760

The given expression is the right side of the formula
for cos26 with 6 =15°.
cos? 15°—sin?15° = cos(2-15°)

=cos30°

B

2

The given expression is the right side of the formula

for tan 26 with 6 = %

25
1-tan g
b4
=tan?
_ B
3

Because 22.5° lies in quadrant I,
sin 22.5°> 0.

[e]

sin 22.5° =sin

_ [1—cos45°_ 1‘%
2 2

V4
tanE ta%
z 1_\3
_1 cos6_1 5
sinZ %
a5
sin 6xsin4x

= %[cos(6x —4x)—cos(6x +4x)]

= %[cos 2x—cos10x]

sin 7x cos3x
= %[sin(%c +3x) +sin(7x —3x)]

= l[sinle +sin4x]
2

45.

46.

47.

48.

49.

sin2x —sin4x
2x—4x ( 2x+ 4xj
cos 5

=2sin

= 2sin(—x)cos 3x

=-2sin xcos3x
cos75°+cos15°

(75°+15°j (75°—15°j
=2cos cos

2 2

=2c0s45°cos30°
(V23] _ e

2 2 2

3x+5x 3x—5x

cos3x+cos5x_2cos( 2 )COS( 2 )

c0s3x —cos5x _2sin(3x+5x)sm(3x—5x)

2005(8x)cos(—2x)

_ 2 2
_ Sx) ( Zx)
2sm( 5 sin >

_ 2cos4xcos(—x)

—2sin 4xsin(—x)
_ 2cos4xcosx

2sin4xsinx
_cosdx cosx

sin4x sinx
=cot4xcotx

=cotxcot4x

(265 oo 26-6x)

sin 2x —sin 6x 2sm(2x 6x )co

_2sin(eos(5 x)

2
—4x 8x
2s1n( 7 )cos( > )
_sin4xcos(=2x)

sin2x+sin6x _ 2sin

w

sin(—2x)cos4x
sin 4xcos2x
sin2xcos4x
sin4x _cos 2x

cos 4x sin2x
=—tan4xcot2x

a. The graph appears to be the cotangent curve,
y =cotx. It cycles from positive infinity
through the intercept to negative infinity. Thus,
y=cotx also describes the graph.
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Chapter 5 Review Exercises

3x +Xx 3x—x _ T _Ir
CcoS X=n+—=—
cos3x+cosx 2 6 6
b. = r 1z
sin3x —sinx (3x x) (3x+x) x=2r-==—2,
2sin 2 2 6 6
Because the period of the sine function is 27, the
2cos ( 4x ) cos( ) solutions are given by
r 11z
X dx X=—+2nrorx=—+2nrx
2sin ( ) cos ( j 6 6
2 2 where n is any integer.
_2cos2xcosx
2sin xcos2x 53. Btanx—1=0
= Cf)sx \/g tanx =1
sin x 1
=cotx tan x = —
This verifies our observation that 3
1 .
= cos3x +c08x and y = cotx describe the Because tanz =—, the solution for
sin3x —sin x 6 3

same graph.
grap tanszin[O,ﬂ) is x=Z

NE)
50. cosx= 1 Because the period of the tangent function
is 7z, the solutions are given by

T 1 . 1.
Because cos— =—, the solutions for cosx =—— in Tz . .
3 2 2 x= E+ nzr where n is any integer.

T 2r T 4r
[0,27)are x=m——=— xX="T+—=—. . . L
3 3 3 3 54. The period of the cosine function is 2. In the
Because the period of the cosine function is 27, the interval [0, 27), the only value at which the cosine
solutions are given by function is —1 is z. All the solutions to cos2x =—1
2 4 . i
x=T onzorx="% 2nz where nis any are given by
3 3 2x=m+2nx
integer. x= §+ nz where n is any integer.
_ P The solutions in the interval [0, 27) are
S1. sinx = 2 obtained by letting n =0 and n = 1.
V3 3z
Because sin% = g, the solutions for sinx = 72 The solutions are B and T
z_37 55. The period of the sine function is 27. In the interval

in[0,27)are x -z and x =7 ——=—. Because
) 4. o 4 4 ] [0, 27), the only value at which the sine function is
the period of the cosine function is 27, the solutions
. V4 3z . 11is E. All the solutions to sin3x =1 are given by

are given by x = 2 +2nw orx = 2 +2nx where n is 2

any integer. 3x= %4‘ 2nw

T 2nrw

52. 2sinx+1=0 = 2

2sinx =-—1 6 3
. where 7 is any integer. The solutions in
SIx= _E the interval [0, 27) are obtained by letting
.o 1 . n=0,n=1,and n=2.
Because sin— =—, the solutions for 9
6 2 T

The solutions are Z,S—”, and —.
6 6 6

sinx = —% in [0, 27) are
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56. The period of the tangent function is 7. In the 59,
interval [0, 7), the only value for which the tangent

2cos? x—sinx =1

57.

58.

762

function is —1 is 377[ All the solutions to

tan% =—1 are given by

x 3z

S="tnrx

2 34

x=—”+2nﬂ'
2

where 7 is any integer. The solution in
the interval [0, 27) is obtained by letting
n=0.

.. 3n
The solution is 7
tanx = 2cos x tan x

tanx—2cosxtanx =0
tanx(1—2cosx)=0

tanx=0 or 1-2cosx=0
x=0x=rx —2cosx=-1
1

cosx =—

2

T hY/4

xX=— x=—

3 3

The solutions in the interval [0, 27) are 0,

Z, 7, and 5—”
3 3

The given equation is in quadratic form

#* =2t =3 with 7 = cos x.
cos® x—2cosx =3

cos? x—2cosx—3=0

(cosx+1)(cosx—3)=0

cosx+1=0 or cosx—3=0
cosx=-1 cosx=3
X=r cos x cannot be

greater than 1.
The solution in the interval [0, 27) is 7.

60.

61.

2(1—sin2x)—sinx=1
2-2sin? x—sinx—1=0
—2sin® x—sinx+1=0

2sin? x+sinx—1=0
(2sinx—1)(sinx+1)=0

2sinx—1=0 or sinx+1=0
2sinx =1 sinx =-1
. 1 kY4
sinx =— x=—
2 2
T 5w
x:—’_
6 6
The solutions in the interval [0,27) are %,
k£
2

The given equation is in quadratic form
4¢% =1 with £ =sin x.

4sin® x =1
4sin®x-1=0
(2sinx—1)(2sinx+1)=0
2sinx—1=0 or 2sinx+1=0
2sinx =1 2sinx =-1
sinxz% sinxz—l
T Sr k4 117z
X=— X=— = X=—
6 6 6 6
The solutions in the interval [0, 27) are
T St Irw 117z
—,—,—, and —.
6 6 6 6

cos2x—sinx =1
2cos? x—1-sinx=1
2(1—sin2 x)—sinx—ZzO
2-2sin® x—sinx-2=0
—2sin® x—sinx=0

2sin? x+sinx =0
sinx(2sinx+1)=0

sinx=0 2sinx+1=0
= . 1
x=0,7 sinx=——
Tr 11z
X=—,—
6 6
The solutions in the interval [0,27) are
0,71',7—”, and M
6 6
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62.

63.

64.

65.

66.

sin2x = /3 sin x

ZSiIIXCOSXZ\/gSiIIX
2sinxcosx—\/§sinx=0
sinx(Zcosx—\/g)zo

sinx=0 or 2005x—«/§=0
x=0x=rx 2cosx=\/§
NG
cosx=—
2
T 11z
xX=— x=—
6 6
The solutions in the interval [0, 27) are 0,
z, 7, and %
6 6
sin x = tan x
. sin x
sinx =
COS X

sinxe*cosx =sinx
sinxcosx—sinx =0
sinx(cosx—1)=0

sinx=0 or cosx—1=0
x=0x=rx cosx =1
x=0

The solutions in the interval [0, 27) are 0 and .

sinx =-0.6031

Be sure calculator is in radian mode and find the
inverse sine of +0.6031. This gives the first quadrant
reference angle.

6 =sin"1(0.6031) = 0.6474
The sine is negative in quadrants III and IV thus,

x=7r+0.6474 or x=27r-0.6474
x =3.7890 x =5.6358

50052)6—3 =0

3
cos’x=2

5
3
cosx=x=,[—

§|u,
(%]

cosx=+——
5

cosx = 0.7746
x=0.6847, 5.5985

or cosx=-0.7746
x=2.4569, 3.8263

1+tan2x:4tanx—2
tan® x—4tanx+3 =0
(tanx—1)(tanx—3)=0
tanx =1 or tanx=3
x_z 5_7r x =1.2490, 4.3906
4’ 4

67.

68.

69.

Chapter 5 Review Exercises

2sin? x+sinx—2=0

—bi\/b2 —4ac

sinx = 5

. =(h+ V) -4(2)(-2)
sinx =

2(2)

o —1+17

sinx =————
4

sinx = 0.7808 or sinx=-1.2808
x=0.8959, 2.2457 si =12808

Substitute d =—3 into the equation and solve
for ¢

T
-3 =-6cos—t¢
2
V4
__3= 6cos 2t
—6 -6
1 T
—=cos—t
2 2
T 1
cosS—1t=—
2 2

The period of the cosine function is 2. In the
interval [0, 27), there are two values at which the

. o1 . T . .
cosine function is E One is ? The cosine function

is positive in quadrant IV. Thus, the other value is
3 3

All solutions to cos%t =% are given by

Zt=£+2n/[
2 3
T 5r
—t=—+2n1w
2
t=—+4nor
10
t=—+4n
3

where # is any integer.

Substitute vy =90 and d =100, and solve for 6:

2
100 =&sin9c059
16

— =sinfcosd

)
2-—=2sinfcos b

81

32

— =sin26

sin2¢9=2
81
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Chapter 5 Analytic Trigonometry

The period of the sine function is 360°. In the interval
[0, 360°), there are two values at which the sine

function is % One is sin™! (%) ~23.27°. The

sine function is positive in quadrant II. Thus, the
other value is 180° — 23.27° = 156.73°. All solutions

. 2 .
to sin26 = Z—l are given by

20 =23.27°+360°n
6=11.635°+180°n

or

20 =156.73°+360°n
6 =78.365°+180°n

where # is any integer.

In the interval [0, 90°) we obtain the solutions by

letting n = 0. The solutions are approximately 12°
and 78°. Therefore, the angle of elevation should be

12° or 78°.
Chapter 5 Test
. . 4 y
For exercises 1-4: sino = 3 ==
B
Because « lies in quadrant I, x is negative.
x? +4% =52
2 =5-4>=9
x=—9=-3
Thus, cosa = X _—3 = —é, and
5 5
ang=2="-_2
x5 -3 3
X
cosff=—=—
p 13 r
Because f lies in quadrant I, y is positive.
52 +3% =132

y? =132 -5% =144

y=+144 =12
12

Thus, sinﬂ:Z:E, and tanﬂ:lz—.
r 13 x 5

1. cos(a+ f)=cosacos f—sinasin f
35 412 63

513 513 65

tan o/ —t
2. tan(a_ﬁ)=w
1+ tan o tan S
_4_12 _36
__ 375 _T"is_56
4\ 12 _33
TR

3. sin2a=2sinacosa = 2(%)[—%) =

f 1+3
cosﬁz I+cosff _ 3 _ (18
2 2 2 26
32 352 32413

J26 26 26

313

13

5.  sin105°=sin(135°—-30°)

=sin135°co0s30°—cos135°sin 30°

:Qﬁ_{_ﬁ 1

2 2 2 )2
V6 N2 _fera
4 4 4
1 Ccos X
6. cosxcscx=cosx-——=——=cotx
sinx sinx
1
- secx _ P
cotx+tany COSXj SIx
sin x COosXx
1
— cosx
COSX , COSX 4 sinx . sinx

sin x 1cosx cosx ?inx

= cosx _ __cosx
cos” x+sin®x 1
sin xcos x SINn X COS X
_ sin x cos x
cosx 1
=sinx
s 2
cos? x (1 sin x)
8. - —— =1- .
I+sinx 1+sinx .
__ (+sinx)(1—sinx)
A+sinx
=1-(1-sinx)

=sinx

9. cos 49+z =cost9cos£—sint9sinZ
2 2 2

=cos@-0—sinf-1
=-—sin@

sin(r— ) _ sinorcos f—cosarsin 3

sinacos - sinacos 8
_sinacos 8 cosasin

sinacos f sinacos
=1-cotatan §

10.
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. . sint  cost
11. sintcost(tant+cott) =sinfcost| — +——

cost sint
_ sin? ¢cost + sintcos> ¢

(2:05! 5 sint
=sin“t+cos“ ¢

=1

12. The period of the sine function is 2. In the interval

[0, 27r), there are two values at which the sine
|
function is ——.
2

117z

One is 7r+£=7—ﬂ. The other is 27r—£=—. All
6 6 6 6

. . 1 .
the solutions to sin3x = 3 are given by

3x=7?7[+2nﬂ

r  2nrx
X=—+—
18 3
or
3X=M+2nﬂ
11z 2nrx
xX=—m~+
18 3

where 7 is any integer. The solutions in
the interval [0, 27) are obtained by letting

n=0,n=1,andn=2.

The solutions are 7—7[ M 19—” 23_”

18718 218 ° 18 °

31z 35x
——, and —.
18 18
13. sin2x+cosx=0

2sinxcosx+cosx =0
cosx(2sinx+1)=0

cosx=0 or 2sinx+1=0
T RY/4 .
xX=—x=— 2sinx =-1
2

. 1

sinx=——

2
k4 117z
X=—x=—o

The solutions in the interval [0, 27) are %,

7737 g 117
627 6

14.

15.

16.

17.

Chapter 5 Test

2c0s? x—3cosx+1=0
(2cosx—1)(cosx—1)=0

2cosx—1=0 or cosx—1=0
2cosx =1 cosx =1
1
cosx =— x=0
2
T hY/4
X=— x=—
3 3
The solutions in the interval [0, 27) are
0,%, and 5—”

2sin® x+cosx =1
2(1—cos2 x)+cosx—1=0
2-2cos” x+cosx—1=0
—2cos? x+cosx+1=0

2cos® x—cosx—1=0
(2cosx+1)(cosx—1)=0

2cosx+1=0 or cosx—1=0
2cosx=-1 cosx=1
1
cosSx=—— x=0
2 4r
xX=— x=—
3 3

The solutions in the interval

[0, 27) are 0,2?7[, and 47”

cosx =—0.8092

Be sure calculator is in radian mode and find the
inverse cosine of +0.8092. This gives the first
quadrant reference angle.

6 = cos~1(0.8092) = 0.6280

The cosine is negative in quadrants II and III thus,

x=7x—-0.6280 or x=m+0.6280
x=2.5136 x =3.7696

tan xsecx =3tanx
tanxsecx—3tanx =0
tan x(secx—3) =0

tanx =0 or secx—3=0
secx=3
x=0, &

W | —

COSX =

x=1.2310, 5.0522
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18. tan’x—3tanx—2=0

-b+ \/b2 —4ac
2a

(33’ ~4(1)-2)

2(1)
3+417
2

tanx = 3.5616 or tanx=-0.5616
x=12971, 44387 x=2.6299, 5.7715

tanx =

tanx =

tan x =

Cumulative Review Exercises (Chapters P-5)

L. X+x’—x+15=0
The possible rational zeros are: +1, 3, +5, £15.
Synthetic division shows that -3 is a zero:

The quotient is x> =2x+5. The remaining zeros are found using the quadratic formula:

L TCDE2) -40E)
21)
_2% \N4-20

=2iJ%€

2
244

2
=1%2i
All solutions are: -3, 1 +2iand 1 — 2i.

2, 115! =125
log1 ¥ =log125
(x—1)logll=1logl25
1= log125

logl1
r= log125

N logll

+1

orx =3.01
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3.

X2 4+2x-8>0
(x=2)(x+4)>0
zero points are x =2 and x = —4.

Cumulative Review

Test Representative
Interval Number Substitute into x* +2x—8>0 Conclusion
(—oo0, —4) =5 (-5)% +2(-5)-8=25-10-8=7>0 |(=°=, —4) belongs to thesolution set.
(-4,2) 0 0% + 2(0)—-8=—-8>0 (—4, 2) does not belong to the solution set.
(2, =) 3 324+2(3)-8=9+46-8=7>0 (2, =) Dbelongs to the solution set.

The solution intervals are (—oo, —4) U (2, o).

cos2x+3=5cosx

2c0s® x—1+3=5cosx

2cos? x—5cosx+2=0
(2cosx—1)(cosx—2)=0
2cosx—1=0 or cosx—-2=0

2cosx =1 cosx =2
COSX = — cos x cannot
2 be greater
than 1.
V4 hY/4
X=—= x=—
3 3

The solutions in the interval [0, 27) are % and 5?7[

tan x +sec” x =3
tanx+1+tan® x =3
tan” x+tanx—2 =0
(tanx—1)(tanx+2)=0

tanx—1=0 or tanx+2=0

tanx =1 tanx =—2
E 7 X ~2.0344, 5.1761
4 4
y
111
S
(_},\ q)l___;(z’ ];);;
i ol
(_Zs _1)
SHEE
y=VEFI-1

Shift the graph of y = Jx left 2 units
and down 1 unit.
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7. Y — 12. f(x)=x2+3x—1
o f(a+h)- f(a)
s L)1 v 4
(-2,-2) U _2) (a+h)? +3(a+h)-1-(a* +3a-1)
| g =
(1, -5) == H h

_a?+2ah+h* +3a+3h—1-a* —3a+1

C-D+@+27=9

h
8. y _ 2ah+h*+3h
5 h
=2a+h+3
X
(-2 3 H 13. sin225° =sin(180°+45°)
i_, = T, -2) =sin180°cos45°+ cos180°sin 45°
EE 1 _0\/§+(_1)\/§
ye2=1 -1 - 2 2
__N2
9. (_,,,\3|) y 50,|3) (=3) 2
(=2m,3) N Q2m, 3) 14. sec* x—sec’ x
_-A__ _-F\—_ X 2 2 2
_7\ JIAC I IM-\ "17 =SeC X-SeC Xx—SeC™ x
<—3T’7, - >\' : : (3_77 _3> = (1+tan2 x)(1+tan2 x)—(1+tan2 x)
» ® Or—=__ 3 1)
- 0 =1+2tan® x+tan* x—1—tan® x
(‘7,—> y =3 cos 2x (1,_) =tan4x+tan2x
2 We worked with the left side and arrived at the right
side. Thus, the identity is verified.
10. y
'0'"1'_5_ TTTT]
O D2H @ 3 2m, 1) 15. 320°x—2— = Eﬂ or 5.59 radians
(=27, 1) v 180° 9
=27 oL T 27
S W Gt U 16. A=Pe"
SHHH 3p = pl0sTst
y=2sin3 +1 3= 00573
2 In3=In 60.0575t
11. y In3=0.0575¢
m In3
o 1 =t
_ ,' (3,0 0.0575
£(1,0) L] x t =19.1 years
(0, -3)
1
T1111

fW=@c-1)'x-3)
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Cumulative Review

X =

x(y=3)=2y+1
xy—=3x=2y+l1
xy—2y=3x+1
y(x—=2)=3x+1

y =
o=

18. The third angle is:
B =180°-90°—-23°=67°.
Since sin9=m,
hypotenuse

sin A :sin23°:£

c
- 12 =30.71 and
sin 23°

sin B =sin67° = L

; 0.71
b=30.71-sin67° = 28.27
The angles are 90°, 23°, and 67°.
The sides are 12, 30.71, and 28.27.

Cc =

19. Solve 8.5= £~a
150

where a is the adult dose.
g (8.5)-150

12
=106.25 mg
a =106 mg

20.. Let 4 be the height of the flagpole.

Then tan53° = i
12
12-tan53°
15

5=
h =159 feet
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