Chapter 8

Analytic Trigonometry

8.8 Trigonometric Equations (ll)

1. 2c0s’ 0+ cosf =0 ® cosh(2cosh +1) =0

cos6 =0 ® 0= p3p
2’2

or 2cosf+1=0

2cosf =-1® cosh = -%@ 0 :Zg.ﬁgl,l

2. sin"f - 1=0® (sind +1)(sind - 1)=0
SN0+1=0 ® snf=-1® e:%

or SnH-1=0® sinB=1® O :%

3. 2sin°0 - sind- 1=0® (2sinf +1)(sinf- 1)=0
260 +1=0 ® 2sinf=-1® sinf=-~® g=-L 1P
2 6 6
or sn6-1=0® sin6=1® 0 :%
4. 2c0s’ 0+ cosf- 1=0® (cosh +1)(2cosb - 1)=0

cosf +1=0 ® cosO=-1® 6=p

or 2cosf - 1=0® 2cos6 =1® cosH :%® =% ?p

5. (tan® - 1)(secO - 1)=0 6. (cotd +1)(cseh - 4) =

tand - 120 ® tan0 =1® 9 =L, 2
42

or secH-1=0® secH =1® 6 =0 1
or csco- §—O® cscH =

the solutions are 6 =

-bl-&’l\)ll—\

cotd +1=0 ® cotd =-1® 0 =—, —

, Which isimpossible

\‘

_IO
"4
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Section 8.8  Trigonometric Equations (I1)
7.  sing- cos’0 =1+cosd
8. cosf- sin’H+sin@=0
(- sin?6)- sin’0+sind =0® 1- 2sin’ +sinB =0
2sin’0 - snB - 1=0® (2sinB +1)(sind - 1) =0

7

26n0 +1=0® SN = -~ ® g=2
2 6’6

orsnf-1=0® sSnO=1® 0 =

N

9. sin’0 =6(cosh +1)

1- cos’0 =6(cosb +1) ® 1- cos’6 =6cosH + 6

cos’0 +6c0sH +5=0® (cosd +5)(cosd +1) =0
cosO +5=0® cosh = - 5, which isimpossible

orcosf +1® cosh =-1® 6 ==
the solutionis 6 =gt

10. 2sin’® = 3(1- cosh)

2(1- cosze):s(l- cos) ® 2- 2c0s?0 =3- 3cosd
2c0s°0 - 3cosf +1=0® (2cos - 1)(cosd - ) =0
2c0s0 - 1=0® cosH :-1® 0 :£,5—ﬂ
2 3 3
or cosf-1=0® cosH =1® 6 =0
11. cos(20)+6sin’0=4
J3

1- 2sin”0 +6sin°0 =4 ® 4sin’0 = 3® sin“0 :§’® sind = 17
g=" 2t 4m 5

12. cos(2)=2- 2sin’0
1- 2sin®0 =2- 2sin’f ® 0=1, which isimpossible

therefore the equation has no real solution.
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Chapter 8 Analytic Trigonometry

13. cosO =sin6d 14.

SM _1® tang =1

cost

g2 52
4’ 4

15. tan® =2sin 0 16.

Sl—ne—ZSme

cost
sinB =2sin6 cosH
0=2sin6cosH - sinb
0=sinB(2coso - 1)
2c0s0 - 1=0® cosH :-1® G:E,§9
2 3 3

or sn6=0® 6 =0,p

17. sin® =csco 18.
sind :_i
sine
sin’0 =1® sinf = 1
6 :E,ﬁ
2 2
19. cos(260) = cosO

2c0s°0- 1=cosb ® 2cos?0 - cosH- 1=0

(2cos6 +1)(codb - 1)=0
2c0s06 +1=0® coso = - > ® 0=

or cosf-1=0® cosh=1® 6 =0

20. sin(20)sin6 = cosH
2sin6 cosOsind = cosd ® 2sin?6 cosh - cosd =0

(2sin’0- 1)cosh =0

2sin%0- 1=0® 2sin’0=1 ® sin26:%® sing = i£2

3p

or cosf =0® 6= ?

N IT

cosh =0® cosH =0® 0 =

or 2sin0 =1® sind =

cosO +sinG =0

sind = -cosH
SO _ 1® tang = -1
Ccoso
_3p 7p
4 4

sin(20) = cosH
2sin0 cosO = coso

2sinfcoso - cosf =0

(cosB)(2siB - 1)=0

E’
2
® 0=

c»_l'c:» N I'B)

NI

2
6

tan® = cot0

1
tand =——
an

tan’0 =1® tand = +1

g=R P 30 D
4474 4

2 4
3'3

N
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Section 8.8  Trigonometric Equations (I1)

21. sin(26) +sin(46) =0
sin(29) +2sin(26)cos(20) =0 ® sin(20)(1+2cos(26)) =

1+2cos(29)=0®cos(29)=-i2L®ze 2§+2kp®9 2+kp
_4p 2p

+2kp® 6= —=+k

3 APEEEFT
or sin(20) =0® 20 =0+2kp ® 6= kp

20=p Qkp®6:%+kp

D

1

(@)
wlIo
I\Jl'D

P2 4 3p 5D
3" 323

22. cos(20)+ cos(46) =0
2c0s(30)cos(- 0) =0® 2cos(3)cost =0

cos(30) =0 ® 39:%+2kp ® e:%+@

3
=30, @ 9=R+2K
2 2" 3

or cod =0® 6:E+2kp

2
P
0=—+2k
5 Y
p=R P 30 F 7p 1lp
6'26 26 6
23. cos(d) - cos(60) =0

cos(50 - 6) - cog50 +60) =0® -2sin(50)sin(-0)=0
2sin(50)sind =0

Sn(50) =0® 50 =0+2kp ® 0=22

5
p 2kp
+2kp ® 6==
= p+2kp 5 5
or sind =0® 6 =0+ 2kp
6 = p+2kp
p=qR,22 P 40,00 7p & D
555'5'5"7'5'"5"5"5

24.  €n(40) - sin(60) =0
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Chapter 8 Analytic Trigonometry

2sin(- 6)cos(50) =0® - 2sin6 cos(50) =0

5
%:2+2kp ® 6:£+&
2 10 5

cos(50) =0® 56=%+2kp® e=1%+@

or sind =0® 6 =0+ 2kp
0 =0+ 2kp
_oP 3 p 7p 9% 1lp 13p 3p 1/p 19

'10'10'2'10'10°77 10 10 " 2 '10 " 10

25. 1+sin6 =2co<0
1+sind = 2(1- sin’0)® 1+sin® =2- 2sin’ 0
2sin’0 +sin0-1=0® (2sin0 - 1)(sind +1)=0
p 5p

26n0-1=0® sinb=~®p =L 2P
2 66

or sn6+1=0® sin6=-1® 6 :3_2p
26. sin’0 =2co® +2

1- cos®6 =2cos0 + 2

cos’0+2c0s0 +1=0® (cosf+1)°=0® cosd +1=0
cost=-1® 6=p

3
2N

sec’0 - 1= gsec8® 2sec’0 - 2=3secH
25ec?0 - 3secO - 2=0® (2secOH +1)(secH - 2) =0

1 S .
2secH +1=0 ® sec(r):-z,whlchmmpossble

or secO- 2=0® secH=2 ® 06 =

the solutions are 6 :E, 2P
3 3

wIT

P
'3

28. csc?0 =cot +1
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Section 8.8  Trigonometric Equations (I1)
1+cot’0 =cot® +1® cot’6 - cotd =0
cotO(cotb -1)=0

coto=0® 0 = %
2P
4

MNT pIT

or cot=1® 6 =

29. 3- sinB =cos(29)
3-snd =1- 2sin?0
2sin?0- sin6+2=0 ‘
Thisisaquadratic equation in sin® . Thediscriminant is b” - 4ac = 1- 16 =- 15<0.
The equation has no real solutions.

30. cos(26) + 5cosb +3=0
2c0s?0 - 1+5c0sH + 3= 0® 2c0s?0 +5cosH +2=0
(2cos6 +1)(codb +2) =0
2cosH = -1 ® cosh = - }® 0 :@,@
2 3 3
or coB = -2, whichisimpossible

the solutions are 6 :Qﬂ
3 3

31. sec’d +tand =0

tan’0 +1+tan® =0 \
Thisisaquadratic equation in tan . Thediscriminantisb® - 4ac=1- 4=-3<0. The

eguation has no real solutions.

32. secO =tan0O +cot0
1 _sing , cosh ® L :sinze +c0s’0
cosH cosH Ssnd coso sind coso

1 __ 1 5 Sin cosy
cosb  sind coso coso

=1@ sno=1@ =5
%0 0
Since S8¢g; ~ and tal>> 4o not exist, there s no real solution.

33. sinf- J3cosh =1
Divide each side by 2:

%sine - q‘,;cose :%

Rewrite in the difference of two angles form where

cosq):% and SiI¢=[Z3 andq):-g:
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Chapter 8 Analytic Trigonometry

sinB cosg - cosGsinq):—;@ sin@® - ¢)=%
_p op
9-¢ =k e
¢ 6 e 6
0-2=B o g-B= =P
3 6 3 6
6:E or 0= E
2 6
34. JBsinf +cosb =1
Divide each side by 2:

S

Tsine +%cose = %
Rewrite in the sum of two angles form where

cosq):%/‘j— and sirzp:%andq):%:

. : 1 . 1
snecos¢+cosesn¢:§® sin(® +¢):§
_p _9p

0+9=5 or +p="%

¢ 6 ¢ 6

0+2=B o 6+E:§I2
6 6 6

0=0 or e_2p
3

35. tan(®)+2sin6 =0
sm(28) +2sin6 =0
cos(20)

Sin26 + 2sin6 cos20
€0s20
Zsine(cose +2c0s%0 - 1) =0® Zsin8(2cosze+ cost - 1):O

2sin6(2cos6 - 1)(cos6 +1) =0

=0® 2sin0cosh +2sin6(2cos’H - 1) =0

2c0s0-1=0 ® coso = E®6 p_p
2 3 3
or 2sif =0 ® sn6=0® 6=0p
or cosf+1=0® cosf=-1® 6=p

the solutions ared = 0, % P, %
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36.

37.

38.

Section 8.8  Trigonometric Equations (I1)
tan(®) +2co¥ =0
sin(20)
cos(20)
sin(29) + 2cosfcosP
cos(20)
2c0s6(sind +1- 2sin’8)=0® -2c0s6(2sin’6 - sinf - 1) =0
- 2c0sH(2sin6 +1)(sinB - 1)=0

+2c0s0 =0

=0® 2sin0cosO +2cosO(1- 2sin?0)=0

6 6
or -2c0s8=0 ® cosf =0® 6:%,%

26N +1=0® sinGz-%@e _7p 1p

orsinf-1=0® sinf=1® 0 =2

2
: _p 7p 3p 1lp
the solutions ared =5 5T 6
Sind +cosb = {2
. . 1 . 1
Divideeach sideby 2 : —sind +—=—=cosO =1
y o2 7 5
. 1 . 1 p
Rewrite in the sum of two anglesform where cos¢p = —= and sip = —= and ¢ = =
g =5 0 = ad¢ =g
sinf cosp + cosO sing=1® sin® +¢) =1
p
0+¢p==
¢ 2
B+E:E®Q:E
4 2 4
SinO +cosh =- 2
. . 1 . 1
Divideeach sideb Ji: —Ssind +—cosb =-1
Y VA Z )
Rewrite in the sum of two angles form where cos¢p = —= and sip = —= and :E:
g "= 5 0 = ad¢ =g

sinf cosp + cosbsing=-1® sin(6 +¢) =-1

-

G+E:£®6:
4 2

~|E
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Chapter 8

39. UseINTERSECT to solve:
3

]

-

Inksrssckion

Rl zaeE06 V= eruczdrs

-1
X»-1.29,0
40. UseZERO to solve:
2

-

7

R
EisoL.z9:696

=0

X»-1.29,0

41. Use INTERSECT to solve:

3

InkgkSseckion
W=z .zh0zEeE 1YY= -1.C6820H

-3
X»-2.24,0,2.2

42. Use ZERO to solve:

—

—
e ]
IH= e Lt

Yz \
X»-2.24,0,2.2

s

—2

43. Use INTERSECT to solve:

2

Analytic Trigonometry

)

-

Inkgrsgckion

| R I:i ]
2

)

ELTg)
i3 6EE-1>

—2

-

Intekseckion
=0

1N

ks

S,

-

Inkerseckion

p P

iz Beudzez |Y=6rai3407
—2

X » -0.82,0.82

2

Sl

LnkeFsgckion

| RN F
—2

= 67919407

-

<

Inksrsgckion
H=g. ez eEE

Y=1.CeHzzrD

2o
IH=2.2'103255




44. Use ZERO to solve:

VAR

)

EET)
| brihal: e b e

X » -0.82,0.82

45.

X+5cosx=0

Find the intersection of
y, = X+5cosxandy, =0:

7

N

_3p.

[\J

WS

—7

x»-131198 3.84

47. 22x- 17s

nx=3

Find the intersection of
y, =22x- 17sinx and y, = 3:

7

3p

X »0.52

49.

SinX+ Cosx = X

Find the intersection of
y, =sinx+ cosx and y, = X:

,\\p

Section 8.8  Trigonometric Equations (I1)

2

/] :

)

L)
| i : b e §

X-4snx=0

Find the intersection of

y, = X- 4sin xandy, =0:
3

~

-3
X»-2.47,0,2.4

46.

i

19x+8cosx =2

Find the intersection of

y, =19x+8cosx andy, = 2:
4

48.

—-p p

x»-0.30

SinX- COSX =X

Find the intersection of

y, =sinx- cosx andy, = X:
3

50.

X» -1.26
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Chapter 8
51. x*-2cox=0

Find the intersection of
y, =X - 2coxandy, =0:

LA
\/

—2

X » -1.02,1.02

53. X’ -2sing=3x
Find the intersection of
y, =X - 2sinfandy, = 3x:
12

- 4

X »0,2.15

55. 6sinx-€ =2, x>0
Find the intersection of
y, =6sinx- € andy, =2:

3
I
-6
X »0.76,1.35
57. (8 Solve:

Analytic Trigonometry

52.

4.

56.

x> +3sinx =0
Find the intersection of
y, = X°+3sinxandy, = 0:

- \ p
W

-3

x»-1.72,0

x? = X +3c0s(2)
Find the intersection of

y, = X andy, =X +3cos(X):

6

NV

—p/Up

-3

X » -0.62,0.81
4cos(Y)-€ =1 x>0
Find the intersection of

y, =4cos(3) - € andy, =1:
4

oh1
T

X »0.31

cos(20) + cosb =0, 0°< 6 <90°

2c0s°0- 1+cosh =0 ® 2c0s’0 +coso - 1=0

(2cos6 - 1)(cod +1)=0

2cosO - 1=0 ® cosH :%® 6 =60°,300°

or co8+1=0® cosH=-1® 6 =180°

The solution is60°.
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58.

Section 8.8  Trigonometric Equations (I1)

(b) Solve: cos(28)+c056 O 0°< 6 <900

(©)
(d)

(@

(b)

ZCOS(%_ —0098- 2= 0® co%— o= 0 or cog——-

=90° ® 6 =60°

=270° ® 0 =180°

I
©
Q
@
D
I
&
<

=270° ® 0 =540°

NI DI '\’lg N|8

The solution is60°.

A(6O°):16sin60°(cosGl(1‘)=16xq‘,Z§g% 1Izj 12J3in® » 20.78 in®

Graph and use the MAXIMUM feature:
25

The maximum area is approximately 20.78 in2 when the angle is 60°.

sin(20) +cos(20) =0

Divide each sideby /2
1 . 1
—=sin(20)+-—-=co0s(26) =0
B30 7 050

Rewrite in the sum of two angles form where cos¢ = = and sip = —=

2 Ji
sin(28)cos¢ +cos(20)sing =0® sin(20 +¢) =0

20+¢=0+kp

I I
-N'O

p p
20+5=0+kp ®20 = - +k
4 P 4P

6:-E+Q
8 2

0 :3—5 or 67.5°

sin(20) +cos(20) =0

Sin(20) = - cos(20) ® Sn@®) _

cos(20)
tan(20)= -1® 29:—?® 0 :f or 67.5°

-1
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Chapter 8 Analytic Trigonometry

(0 R= 3—2\;2‘,2(3 n(2%67.5° cos(267.5° 1) = 3242(sin135% cos1352 1)
_ 2 -2 6_ _
_32J§g- 5= -1 =3242(J2 - 1) = 64 - 3242 feet

(d) Graphing:

20

The angle that maximizes the distance is 67.5° and the maximum distance is 18.75
feet.

59. Graph:

60. (a)

(b)

(©)
(d)

1

0

-12 Thefirst two positive solutions are 2.03 and 4.91.

Let L be the length of the ladder with x and y being the lengths of the two partsin

each hallway.
L=x+y
cos(9=§ ® x:i:?:sece
X coso
. oa_4 _ 4 _
sme—y ® y—§n—e—4cs¢)

L(0) = 3secH + 4cscH

3secH tanb - 4cscHceotb =0
3secOtan =4 csdcoto

4 4 4
secbtand _2 o tan0 =2 ® tand :i/: »1.10064
cscOcotd 3 3 3
0 =47.74°
L =3sec47.74® 4csc47.74£9.87 feet
Graphing:
25
0 90

The graph shows a minimum, not a maximum.
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61.

62.

(b)
(©)

(@

(b)
(©)

Section 8.8  Trigonometric Equations (I1)

(34.8f sin20
98
_107(9.8)

 (34.8)°
20 = sin"*0.8659 = 59.98° or 120.02°

6 =29.99° or 60.01°
Graph and use the MAXIMUM feature:

107 =

=0.8659

sin(20)

The maximum distance is 123.58 meters when the angle is 45°.

Graph:
125 _
0 90
0
”
110 = 40 %n(ze)
sin(20) = 1125?-8 » 0.67375

20 =42.357° or 137.643°
6 =21.18° or 68.82°
The maximum distance is approximately 163.3 meter
Graphing:
170
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