Chapter 7

Analytic Trigonometry

Section 7.1 cosine equals 1.
cosf=1, 0<@<m
1. Domain: {x|x is any real number} ; =0
Range: {y|—1£y£l} cos'1=0
17. sin™'(-1)

2. {x|x=1} or {x|x<1} . - -
We are finding the angle &, _ESQSE’

3. [3, ) .
whose sine equals —1.
4. True sing=-1, -“<g<l
2 2
5. 1, ﬁ 0= _r
2 2
sin” (=1) = T
6. —l; -1 ( ) )
2
-1
7. x=siny 18. cos™ (-1)
We are finding the angle 8, 0 <6 <, whose
8. Osx=rxz cosine equals —1.
cos@=-1, 0<60<nm
9. —co<x<oo
=7
10. False. The domain of y =sin™' xis —1<x<1. cos™ (_1) =1
11. True 4
19. tan™ 0
12. True . b L
We are finding the angle 8, —— <8 <—, whose
13. d 2 2

tangent equals 0.

14.
a tand =0, —E<9<E
2 2

15. sin”'0

=0
We are finding the angle 4, —g <f< g , whose tan'0=0
i Is 0.
sine equals 20. tan”! (_1)
. T i
sind=0, —-—<@<— T T
2 2 We are finding the angle 8, — — <8 <—, whose
=0 2 2
sin” 0=0 tangent equals —1. n n
tand=-1, ——<O<—
16. cos™'1 2 2
We are finding the angle 8, 0 <6 <7, whose 0= T
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Section 7.1: The Inverse Sine, Cosine, and Tangent Functions

21. sin’l—2 24. sin™ _ﬁ
2 2
We are finding the angle 6, -~ <0< wh n n
¢ are finding the angle &, 5= —E’W 0s€ We are finding the angle 6, —ESGSE,Whose
5
sine equals == sine equals 5
V2 m m
sinf=—-, -S<0<7 sm@z—ﬁ, Tl
2 2 2
m
0=— T
9=-"
4 3
sm’lﬁ:ﬁ sin”! _N3|j__m
2 4 B 3

3
22. tan” —
3 25. cos™ [—ﬁj

. n n
We are finding the angle 6, R 0< 2’ whose We are finding the angle 6, 0 <8<, whose

. 3
tangent equals 73 cosine equals -

tan&:i’ _E 0<£ Cosﬁz—ﬁ, 0<@O<Tm
3 2 2
=T ="
6 6
tan_l ﬁ = E 00571 _ﬂ = S_TE
3 6 2 6
23. tan'\3
26. sin'{—%}

We are finding the angle &, — g <f< g , whose

tangent equals V3. We are finding the angle 4, —g <6< g , whose

tan 6 = /3, Tep<t ) 2
2 2 sine equals ———.

9—5 2\/’

3 s1nl9——72, —§S6’S§

tan"' V3 =L n
3 g=-=

4

1 2 T

sin” | —— |[=——

[ 2 4
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Chapter 7: Analytic Trigonometry

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

sin0.1=0.10
cos™ 0.6 =0.93
tan™' 5 =1.37
tan™' 0.2 = 0.20
cos™ 7. 0.51

8
sin™ l =0.13

8
tan”'(=0.4) = —0.38

tan”'(-=3) = -1.25
sin”'(=0.12) = —0.12

cos ' (=0.44) = 2.03

cos™ (cos%) follows the form of the equation

7 (f(x)) =cos™! (cos(x)) =x. Since 4?” is
in the interval [O, 72':| , we can apply the equation

directly and get cos™ [cos 4?”} =

EinT(E, 17

11674212
cos10HE. 6

L SEAFEA521E
tan- 1050

1. 373488767

fEanTiE, 23
= 1973955593

cos 10 rsg
i . SES3EET183

Ein 1ol 32
1253278312

fLan T -E. 473

- SEESEEETFTL
a1 -

C . -1.249A457 72
Ein1-H,

- 12RZ2893824

os-T0 -3 440

- B2EET
s T2 50
. 1. 872313649
Ein T3 50
. F53F4 16859

4z
=

sin™! (sin[—%)] follows the form of the

equation /! (f(x)) =sin”! (sin(x)) =x. Since

_ is in the interval
10

ZZ we can appl
Rk pply

the equation directly and get

N VA
s sm| —— =—.
( [ 10)} 10

41.

42.

43.

tan”" [ta (—%B follows the form of the
equation /' (f(x)) = tan”’ (tan(x)) =x. Since

3r . . . T
Yy is in the interval Ak we can apply

the equation directly and get
-1 kY4 kY4
tan | tan| — | |[=——.
8 8

sin”! [sin(—%)] follows the form of the

equation /! (f(x)) =sin”' (sin(x)) =x. Since
—3—” is in the interval 2z we can appl
7 272 i

the equation directly and get

sin™! [sin (%D follows the form of the
. -1 I _
equation f’ (f(x)) =sin (sm(x)) =x, but we
. . o .

cannot use the formula directly since Y is not
in the interval {—%,%} . We need to find an
angle @ in the interval [—%,%} for which
sing?ﬂ =sin@. The angle 9?” is in quadrant I1I

L . o .
so sine is negative. The reference angle of < is

% and we want @ to be in quadrant IV so sine
will still be negative. Thus, we have
sing?ﬂ = sin[—%j . Since —% is in the interval

{—%,%} , we can apply the equation above and

. . 97w T 4 4
get sin | siIn— (=S |[SIn| —— | |=——.
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44.

45.

Section 7.1: The Inverse Sine, Cosine, and Tangent Functions

( )
sin™! Lsin[ ]J follows the form of the
equation f~ ( (x)) =sin”! (sin(x)) = x, but we
. . 1z .
cannot use the formula directly since e is not

in the interval {—% %} We need to find an

angle @ in the interval {—%,%} for which

sin% =sinf. The angle HT” is in quadrant II
. o 17z .

so sine is positive. The reference angle of e is

%[ and we need @ to be in quadrant I so sine

will still be positive. Thus, we have

sin3—7[ =sin [zj . Since Z is in the interval
4 4 4

{—% %} we can apply the equation above and

. ( 1172'] e (ﬁ]\ 7

get sin” | sin—— | =sin” | sin| —||=—.
4 L 4 J 4
cos™! (cos(—s?ﬂn follows the form of the

equation /! (f(x)) =cos! (cos(x)) =x, but
we cannot use the formula directly since —5?” is

not in the interval [0,7[] . We need to find an

angle @ in the interval [0,7[] for which
cos(—s?”] =cos#. The angle _ST” is in

S,
quadrant I so the reference angle of —?ﬂ is % .

Thus, we have cos(—%) = cos%. Since % is

in the interval [O, 7Z':| , we can apply the equation

above and get

-1 hY/4 -1 T V4
COS CoOS| —— = COS COS— |=—.
3 3 3

46.

47.

co Lcos[ n follows the form of the
(x

)) =cos™! (cos(x)) =x, but

. . .
we cannot use the formula directly since o is

equation f~ (

not in the interval [0, 7[} . We need to find an

angle ¢ in the interval [0, 7Z':| for which
cos (7_67[] =cos@. The angle 7?” is in quadrant

I11 so the we need an angle in the desired interval

o . 7
whose cosine is equal to the cosine of ?ﬂ .
Thus, we have cos [7?”] = coss?ﬂ. Since 5?7[ is

in the interval [0,7[] , we can apply the equation

above and get
1 ( [77[]\ 1 ( Sﬂj hY/4
cos™ | cos| — || =cos | cos—|=—.
%)) 6) 6
tan™! [tan (4?”}] follows the form of the

equation f ' (f(x)) = tan”' (tan(x)) =x,but

. . 4z .
we cannot use the formula directly since - is

not in the interval [—% %} We need to find an
angle @ in the interval [—%,%} for which

4 Az . .
tan (?ﬂj =tand . The angle ?ﬁ is in quadrant
II so tangent is negative. The reference angle of
4?” is % and we want € to be in quadrant IV

so tangent will still be negative. Thus, we have

4r T . ..
tan| — |=tan| —— |. Since —— is in the
5 5 5

. T .
interval {——,E} , we can apply the equation
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48.

49.

above and get
-1 47 1 T T
tan” | tan| — | |=tan" | tan| —— | [=——.

( 3
tan ! Ltan (_mT”]J follows the form of the

equation /! (f(x)) =tan™' (tan(x)) =x, but

. . 107z
we cannot use the formula directly since e

is not in the interval [—% 3} We need to find
an angle @ in the interval {—%,%} for which

1 107 . .
tan[—ﬁj =tan#. The angle _loz is in
9 9
quadrant II so tangent is negative. The reference
107 . .
angle of —% is g and we want @ to be in
quadrant I'V so tangent will still be negative.

Thus, we have tan[—lOTﬂj = tan[—gj . Since

) is in the interval [——,3} , we can apply

the equation above and get

T

_1( [ 1071]\ _1( [ 7[]\
tan” | tan| ——— || =tan” | tan| ——||=—-—.
S ) e Y
-1 2z
tan (tan(—TJJ follows the form of the

equation /' (f(x)) =tan™' (tan(x)) =x. butwe

. . 2z .
cannot use the formula directly since Y is not

in the interval {—%,%} . We need to find an angle
. . V4
@ in the interval [—5 3} for which

2 2 . .
tan(—%] =tan@d . The angle —?ﬂ is in
quadrant III so tangent is positive. The reference

2z . .
angle of _Tﬂ is % and we want @ to be in

quadrant I so tangent will still be positive. Thus,

50.

51.

we have tan —2—” = tan z . Since z is in the
3 3 3

. 4

interval {——

2
above and get tan™! [tan[—zfn =tan" [taan = % .

co (cos[ D follows the form of the
(x

/4 .
,5} , we can apply the equation

equation f~ ( )) =cos™! (cos(x)) =x, but

. . 4r .
we cannot use the formula directly since EY is
not in the interval [O, 72} . We need to find an

angle & in the interval [O, 7Z':| for which

4
cos [Tﬁj =cos@. The angle % is in quadrant

I11 so the reference angle of % is g . We want
the angle to be in quadrant I and the cosine to be

. 4
negative. Thus, we have cos [T) = cos?.

. 2z . . .
Since T” is in the interval [O, 7Z':| , we can apply

the equation above and get

27

N (47;]\ » [ 2;:)
cos” | cos| — || =cos | cos— | =—.
(5)) 3)73
N )
co Lcos J follows the form of the

equation f~ ( ( )) =cos ™! (cos(x)) =x,but
we cannot use the formula directly since —% is

not in the interval [O, 7Z':| . We need to find an

angle @ in the interval [O, 7[} for which
cos[—zj =cosf. The angle z is in
4 4
T . T
quadrant IV so the reference angle of 7 is e

Thus, we have cos[—z) = cosz. Since z is
4 4 4
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52.

53.

Section 7.1: The Inverse Sine, Cosine, and Tangent Functions

in the interval [0, 7Z':| , we can apply the equation

above and get

(o)} (o) .

. ( . 37))
sin Lsm -—— ) follows the form of the
4
equation £~ (f(x)) =sin”' (sin(x)) =x,butwe
. . 3z .
cannot use the formula directly since vy 1s not

in the interval [—%,%} . We need to find an
angle @ in the interval {—%,%} for which

. RY/4 .
sin Yy =sin@. The reference angle of

—Tﬂ is % and we want @ to be in quadrant [V

so sine will still be negative. Thus, we have

above(and get , : ,
sin”! Lsin[—%j) =sin”! Lsin[—%j) = —% .

( )
tan~! Ltan [%}) follows the form of the

equation [~ (f(x)) =tan”' (tan(x)) =x.We

need to find an angle & in the interval {—%,%}

for which tan [%j =tan@ . In this case,

T . 1 ( /A \
tan| — | 1s undefined so tan"" | tan| — | | would
2 "))

also be undefined.

677

54.

5S.

56.

57.

_1( 3 \
tan ktan ey J follows the form of the

equation /! (f(x)) = tan”’ (tan(x)) =x.We

need to find an angle @ in the interval {—%,%}

for which tan [—37”) =tan@. The reference

angle of —37” is %.Thus, we have

kY4 /4 . VAR
tan| ——— | =tan| — | . In this case, tan|—| is
2 2 2

( )
undefined so tan™! Ltan [%}) would also be

undefined.

sin(sin_1 %) follows the form of the equation

f(f_1 (x)) =Sin(sin_1 (x)) = x. Since i is in
the interval [—1,1} , we can apply the equation

a1 1
directly and get sin| sin™' — |=—.
yand gersinfsin' |

COS(COS_I (—%j] follows the form of the

equation f(f_1 (x)) = cos(cos_1 (x)) =x.
Since _2 is in the interval [—l,lj,we can
3

apply the equation directly and get

tan (tan_1 4) follows the form of the equation

f(f71 (x)) = tan(tanf1 (x)) =x. Since4isa
real number, we can apply the equation directly

and get tan(tan_l 4) =4.
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58.

59.

60.

61.

62.

63.

tan (‘[an_1 (—2)) follows the form of the equation

f(f_l (x)) =tan(tan‘1 (x)) =x. Since -2 isa
real number, we can apply the equation directly

and get tan(tan’l (—2)) =-2.

Since there is no angle & such that cos@=1.2,
the quantity cos™' 1.2 is not defined. Thus,

cos(cos_1 1.2) is not defined.

Since there is no angle @ such that sind =-2,
the quantity sin™' (—2) is not defined. Thus,

sin(sin_l (—2)) is not defined.

tan (tan_1 7[) follows the form of the equation

f(f_1 (x)) = tan(tan_l (x)) =x. Since 7 isa
real number, we can apply the equation directly
and get ‘[an(tan_1 72) =7.

Since there is no angle € such that sind=-1.5,

the quantity sin™" (—1.5) is not defined. Thus,

sin(sin"1 (—l 5)) is not defined.

f(x) =5sinx+2

y=5sinx+2
x=5siny+2
Ssiny=x-2
. x—2
smy—T

L Xx=2
A
The domain of f (x) equals the range of
f7'(x)and is z <x gf or —Z,z in
2 2 22
interval notation. To find the domain of /' (x)
we note that the argument of the inverse sine

x—=2

function is and that it must lie in the

interval [—1,1] . That is,

64.

65.

x=2
5
-5<x-2<5
-3<x<7
The domain of /™' (x) is {x|—3£x£7} , or

-1< <1

[—3,7] in interval notation. Recall that the

domain of a function equals the range of its
inverse and the range of a function equals the
domain of its inverse. Thus, the range of f is

also [-3,7].

f(x) =2tanx-3

y=2tanx-3
x=2tany-3
2tany =x+3
tan y = x+3

y=tan"' x; =/ (%)
The domain of f (x) equals the range of £~ (x)
andis ——<x<— or | ——,— | ininterval
2 2 22

notation. To find the domain of f~' (x) we note

that the argument of the inverse tangent function
can be any real number. Thus, the domain of

f ! (x) is all real numbers, or (—oo,oo) in
interval notation. Recall that the domain of a

function equals the range of its inverse and the
range of a function equals the domain of its

inverse. Thus, the range of f is (—oo,oo).

f(x) =-2 cos(3x)

y= —2cos(3x)
X= —2cos(3y)

X

cos(3y)——5

The domain of f (x) equals the range of

/7' (x) and is OSxS%, or [0,%} in interval
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66.

Section 7.1: The Inverse Sine, Cosine, and Tangent Functions

notation. To find the domain of /' (x) we note

that the argument of the inverse cosine function
.=X . . .

is > and that it must lie in the interval [—l,l] .
That is,

—1s—351

22x2-2
-2<x<2
The domain of /! (x) is {x |2<x< 2} , or
[—2, 2} in interval notation. Recall that the

domain of a function equals the range of its
inverse and the range of a function equals the
domain of its inverse. Thus, the range of f is

[-2.2].
f(x)=3sin(2x)
y =3sin(2x)

x= 3sin(2y)
sin(Zy) :g

-1

L X
2y =sin. —
Y 3

1. 1 X -1
=—sin~ —= X
y=osin” 2= (x)
The domain of f (x) equals the range of

V4 V4 T,

x) andis ——<x<—,or |——,— | in
U 4 4 [ 4’ 4}
interval notation. To find the domain of f~ (x)
we note that the argument of the inverse sine

. .X . .. .
function is E and that it must lie in the interval

[—1,1} . That is,

-3<x<3
The domain of [~ (x) is {x |-3<x< 3} , or
[—3, 3] in interval notation. Recall that the

domain of a function equals the range of its
inverse and the range of a function equals the
domain of its inverse. Thus, the range of f is

[-3.3].

67.

68.

f( )=—tan(x+l) 3
y= —tan(x+l)—3
x=—tan(y+1)—3
tan(y+l)=—x—3
y+1=tan_1(—x—3)
y=—1+tan_l(—x—3)
:—l—tan_l(x+3)=f_l(x)

(note here we used the fact that y = tan™' x is an
odd function).
The domain of f (x) equals the range of

/7' (x) and is —1—§Sx£%—l,or

{—1 —5,3 - 1} in interval notation. To find the
domain of ™! (x) we note that the argument of
the inverse tangent function can be any real
number. Thus, the domain of £~ (x) is all real
numbers, or (—oo,oo) in interval notation. Recall

that the domain of a function equals the range of
its inverse and the range of a function equals the
domain of its inverse. Thus, the range of f is

(=e=).
f(x)=cos(x+2)+1
y=cos(x+2)+l
x=cos(y+2)+1

cos(y+2)=x—1

y+2=cos ( )

y=cos_ ( )

The domain of f (x) equals the range of
f7'(x) andis 2<x<7-2,0r [-2,7-2] in
interval notation. To find the domain of £~ (x)

we note that the argument of the inverse cosine
function is x —1 and that it must lie in the

interval [—1,1]. Thatis, -1<x-1<1
0<x<2
The domain of /™' (x) is {x [0<x< 2} , or

[0, 2] in interval notation. Recall that the
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69.

domain of a function equals the range of its
inverse and the range of a function equals the
domain of its inverse. Thus, the range of f is

[0,2].

f(x)=3sin(2x+1)

y =3sin(2x+1)
x=3sin(2y+1)

i =X

sm(2y+1) -

X
2y+l=sin"' =
Y 3

2y =sin"! X -1
1 o1 X 1 —1
=—sin_ | = |-—=
Y 2 (3] 2 Y (x)

The domain of f (x) equals the range of

1 7« 1 7«

-1 .

x) andis ————<x<—-—+—,or
/@) 2 4 2 4

[_l_f —l+%} in interval notation. To find

the domain of /' (x) we note that the argument
of the inverse sine function is % and that it must

lie in the interval [—l,l} . That is,

—-3<x<3
The domain of /' (x) is {x |-3<x< 3} , or
[—3, 3] in interval notation. Recall that the

domain of a function equals the range of its
inverse and the range of a function equals the
domain of its inverse. Thus, the range of f is

[-3.3].

70. f(x) = 2005(3x+2)
y= 200s(3x+2)
x= Zcos(3y+2)

cos(3y+2)=§

3y+2=cos”! X
3y =cos™! X -2
St

1 2
yzgcos 1(%)—§:f 1(x)

The domain of f (x) equals the range of

f_l(x) and is —%st—§+§,or

{—%, —% + Z} in interval notation. To find the

domain of £ (x) we note that the argument of

. . . .Xx .
the inverse cosine function is E and that it must

lie in the interval [—1,1] . That is,

-2<x<2
The domain of /™' (x) is {x |2<x< 2} , or
[—2, 2] in interval notation. Recall that the

domain of a function equals the range of its
inverse and the range of a function equals the
domain of its inverse. Thus, the range of f is

[-2,2].

71. 4sin”'x=7x

" T

sin” x=—
4

. N2

x=sin—=—

4 2
. . 2
The solution set is 7 .
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72. 2cos'x=x

4 V1
cos x=—
2

x=cos£=0
2

The solution set is {0} .

73. 3cos™ (2x) =27

cos™ (2x) _2z
3
2x=cos2—”
3
2x=—l
2
1
xX=——
4

The solution set is {—%} .

74. —6sin” (3x) =7

sin™ (3x) = z

6

3x= sin(—zj

6

3x= L
2
1
xX=——
6

The solution set is {—%} .

75. 3tan”' x=7
tan™ x ==

3

X = tan% = \/g

The solution set is {\/3 } .

76. —4tan'x=1x

4 V4
tan x=——
4

/4
x=tan| —— |=-1
.

The solution set is {—1} .

Section 7.1: The Inverse Sine, Cosine, and Tangent Functions

77.

78.

79.

80.

681

4cos” x—2m=2cos' x
2cos' x—27=0
2cos ' x=2x
cos'x=rx
x=cosz=-1
The solution set is {—1} .
5sin™ x =27 =2sin"' x-37
3sin"' x=-x
.4 4
sinm. x=——
3
AYRYE)
x=sin| —— |=——
3 2
. NG
The solution set is [
Note that @ =29°45"=29.75° .
0. Do24.1- cos™ (tan(23.5 . ﬁ)tan(29.75 ﬁ))
T
~13.92 hours or 13 hours, 55 minutes
b. Deo4.l1- cos™ (tan(0~ﬁ)tan(29.75 &))
b
=12 hours
e peoali cos™ (tan(22.8 . ﬁ)tan(29.75 ﬁ))
T
=13.85 hours or 13 hours, 51 minutes
Note that @ = 40°45” = 40.75°.
o Dozl cos™ (tan(23.5 -%)tan(40.75 %))
T
=14.93 hours or 14 hours, 56 minutes
b, Do24al1- cos™ (tan(0~ﬁ)tan(40.75 &))
T
=12 hours
o - 24{1  cos™!(tan(22.8- %) tan (40.75 l;;0))]
b

=14.83 hours or 14 hours, 50 minutes
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81. Note that 8 =21°18"=21.3°.
cos™!(tan(23.5- 7 )tan (21.3- 7

180 180

a. D=24-1

T

=~13.30 hours or 13 hours, 18 minutes

b, Deoa. l_cos'l(tan(O-lg’o)tan(21.3-lg’o))]
n
=12 hours
e Do 1_cos’l(tan(22,8~ﬁ)tan(21.3~%

T

=~13.26 hours or 13 hours, 15 minutes

82. Note that 8 =61°10"=61.167°.

180

180

cos™ (tan(23.5- ;) tan (61.167 - 2

))]

))]

a. D=24-[1
T

=~18.96 hours or 18 hours, 57 minutes

))]

n
=12 hours
e Do 24.[1_ cos™ (tan(22.8~&)tan(61.167.%
T

=~18.64 hours or 18 hours, 38 minutes

cos™ (tan(23.5 %) tan (0 %)

180 180

)J

83. a. D=24-|1-
n
=12 hours
b. D=24. l_cosl(tan(o‘&))tan(o-&)))]
m
=12 hours
c. D=24.{1_C05_1(tan(22‘8'&))tan(o-l;’o)
n
=12 hours

d. There are approximately 12 hours of
daylight every day at the equator.

84. Note that 8 = 66°30" = 66.5°.

)J

I [1 ~ cos™ (tan(23.5 ~%)tan(66.5 s
n

= 24 hours

))]

))]

85.

b. D24 '(l ~ cos™ (tan(o -%)tan(66.5 ];ro))]
i
=12 hours
e. D= 24.[1_ cos™ (tan(22.8 -&)tan(66.5 1;1()))}
i

=22.02 hours or 22 hours, 1 minute

d. The amount of daylight at this location on the
winter solstice is 24 —24 =0 hours. That is,
on the winter solstice, there is no daylight. In
general, for a location at 66°30"' north latitude,
it ranges from around-the-clock daylight to no
daylight at all.

Let point C represent the point on the Earth’s
axis at the same latitude as Cadillac Mountain,
and arrange the figure so that segment CQ lies
along the x-axis (see figure).

,’/ P33D ()

' s\ v

6

2710mi [t X
‘Q

/
)

(2710 0)

At the latitude of Cadillac Mountain, the effective
radius of the Earth is 2710 miles. If point D(x, y)
represents the peak of Cadillac Mountain, then the
length of segment PD is

1 mile
5280 feet
point D(x,y) =(2710,y) lies on a circle with

1530 ft- = (.29 mile. Therefore, the

radius » =2710.29 miles. We now have
cosf=2= —2710
r  2710.29
2710
2710.29
Finally, s =78 =2710(0.01463) = 39.64 miles,

27(2710)  39.64
= , SO

6 =cos™ ( J ~0.01463 radians

and
24 t
t= M =~ (0.05587 hours = 3.35 minutes
27(2710)
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Section 7.1: The Inverse Sine, Cosine, and Tangent Functions

Therefore, a person atop Cadillac Mountain will The maximum viewing angle will occur
see the first rays of sunlight about 3.35 minutes when x =14.3 feet.
sooner than a person standing below at sea level.
87. a. a=0;b=\/§;Theareais:
86. O(x)=tan"' (ﬁj —tan™' (éj ) tan”' b—tan"'a = tan”' 3 —tan™' 0
X x

6 =Z-0

a. 60(10)=tan™ (ﬁj —tan™! (—j ~42.6°
10 10

If you sit 10 feet from the screen, then the
viewing angle is about 42.6°.

T .
= ? square units

3
6(15)=tan™ 34 —tan™! 6 ~ 44 4° b. a=—£
15 15 3

If you sit 15 feet from the screen, then the
viewing angle is about 44.4°.

6(20) = tan™ (%) —tan™' [2—60j =42.8° = Z_(_fj

If you sit 20 feet from the screen, then the

; b=1; The area is:

3

tan"'b—tan' g =tan"' 1—tan™"’ (—TJ

viewing angle is about 42.8°. _ pxd square units
b. Let » = the row that result in the largest
viewing angle. Looking ahead to part (c), NE)
we see that the maximum viewing angle 88. a. a=0; b=—; Theareais:
occurs when the distance from the screen is 2
about 14.3 feet. Thus, i b —sin g = sin”’ NE) —sin” 0
54+3(r—1)=14.3 sin sin” a =sin 5 sin
5+3r-3=143 7,
3r=12.3 Y
r=4.1 T .
Sitting in the 4% row should provide the 3 square units
largest viewing angle.
c. Set the graphing calculator in degree mode b. a= > ;b= 5 ; The area is:

6

and let ¥, =tan™' [ﬁ]—tan1 [—J: . . .1 a1
X X sin" b—sin" g=sin" | — |-sin” | ——
2 2
90°
6 6

T 4
/\ =7 Square units
50 89. Here we have o =41°50", B =-87°37",

0 o, =21°18", and B, =—157°50".
Use MAXIMUM: . . .
90° Converting minutes to degrees gives

a =(41%)°, B :(—87%)", a, =21.3°, and

0

B = (—157%)". Substituting these values, and

/—"—\\\_‘ r=3960, into our equation gives d = 4250

T L 50 miles. The distance from Chicago to Honolulu is

H
i

0° about 4250 miles.

(remember that S and W angles are negative)

683
Copyright © 2017 Pearson Education, Inc.



Chapter 7: Analytic Trigonometry

90. Here we have o =21°18', B =-157°50",

91.

92.

93.

o, ==37°47"', and [, =144°58".

Converting minutes to degrees gives ¢; =21.3°,
B =(-1572)°, @, =(-374)°, and

b= (144%)O . Substituting these values, and

r =3960, into our equation gives d = 5518
miles. The distance from Honolulu to
Melbourne is about 5518 miles.

(remember that S and W angles are negative)

10 +4=11
10 =7
log10** =log7
3xlogl0=1log7

3x =log7
= log7
3

The solution is: {10%7}

The function fis one-to-one because every
horizontal line intersects the graph at exactly one
point.

y
] 5 ly = x

f(x)=1+2"
y=1+2"
x=1+27

x—-1=2"

log,(x—1)=1log, 2”
log,(x-1)= ylog, 2
log,(x-1)=y

ST (x) =log, (x~1)

Section 7.2

10.

Domain: {x

x # odd integer multiples of %} ,
Range: {y| y<-lory = l}
True

1 5

N

x=secy, 21,0, 7
cosine

False

True

True

( ! 71 ﬁJ
COS| SIn 7

Find the angle 6, —g <6< g, whose sine

e uals—2
q 5

. ( 41 j
sin| CoS —
2

Find the angle 8, 0 <6 <m, whose cosine

Copyright © 2017 Pearson Education, Inc.



equals l
q 3
1
cosd=—, 0<Z6<mn
2
="
3
sin(cosl— :smzzﬁ
3 2

11. tan [cos_1 (—EH
2

Find the angle 8, 0 <6 <m, whose cosine

equals ——3
q 5

ol

Find the angle 4, —g <0< g, whose sine

equals —l
q 5
sinﬁz_l, _ESQSE
2 2
9:—_
6
a1 T \/§
tan|sin | —— ||=tan| — — |=———
2 6 3

13. sec(cos"1 lj
2

Find the angle 8, 0 <6 <, whose cosine

Section 7.2: The Inverse Trigonometric Functions (Continued)

<o)

Find the angle 6, —g <0< g, whose sine

equals —l
q 5

15. csc (tan_1 1)

Find the angle 6, —g <f< g, whose tangent

equals 1.

tanfd=1, —-—<O<—
2

H:

&3

csc(tan'1 1) = cscZ = \/5
4

16. sec(tan'1 \/g)

Find the angle 6, —g <f< g, whose tangent

equals J3.
tanl9=\/§, —E<H<E
2 2
o="
3

sec(tan_1 \/g) = secg =2
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Chapter 7: Analytic Trigonometry

17. sin|tan™' (-1
Sm[ an )] equals —73.
Find the angle 6, o o< E, whose tangent
2 2 cos@=——  0<0<m
equals —1. )
tan@ = -1, Tepl 9=5_n
2 2 6
0= -Z -1 \/g Sm
4 csc|cos | —— ||=csc—=2
NG 2 6
sin[tan’l (—I)J = sin[—zj __ N2
4 2 5 s
21. cos™ [sinTj =cos™ [—7]
— 3
18, cos {sm [_7 Find the angle 8, 0 <6 <, whose cosine
i T n i equals ——2.
Find the angle 8, —— <6 <—, whose sine >
2 2
equals —73. cosH——T, 0<O9<m
3n
sin@:—ﬁ, Mg 6?:T
2 2 2
. 5w 3n
g=-T cos (sm— = s
3

|:~1{ \/gJ_ ( TE\J_I - .
cos|sin” | —— ||=cos| —— | =— . o

2 3 2 22. tan [Cot —j = tan -

3 NG

19. sec{sin“ (_lﬂ Find the angle 6, —g <f< g, whose tangent
2
equals —L.
Find the angle 6, —g <f< g, whose sine NE)
1 L yi
equals —%. tanH_—ﬁ, _E<9<_
b
sinf=-——, Tep<t g=-—=
2 2

sec[sinl (—lﬂ = sec(—zj = & T i
2 6 3 23. sin™ cos(——j =sin”' | ——
6 2

20. cs{cos“1 [—%H Find the angle 6, —g <0< g, whose sine

Find the angle 8, 0 <@ <, whose cosine

686
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24,

25.

26.

Section 7.2: The Inverse Trigonometric Functions (Continued)

equals ——3
q 7
s1n6——£, —ESHSE
2 2 2
-
3
o ( 77[) n
sin" | cos| —— | |=—=
6 3

Find the angle 8, 0 <6 <m, whose cosine
equals —1.

tan(sin"1 lj
3

Let @ =sin"'—. Since siné =§ and

W | —

—g <f< g , 0 is in quadrant I, and we let

y=1and r=3.
Solve for x:
x*+1=9
x* =8
x=+/8=422
Since @ is in quadrant I, x = 2V2.

1 V2 2

tan(sin_1 %j: tanH:X:_ N2

x 222 4
(o)
tan| cos —
3
_11 . 1
Let & =cos  —. Since cos6’=§ and 0<@<m,

@ isin quadrant I, and we let x=1 and »=3.
Solve for y:

1+y*=9
y' =8
y=+J8 =122

27.

28.

29.

Since @ isin quadrantl, y = 22 .

tan(cos_1 éj =tanf = Yo & = 2\/5

X 1
sec(tan"1 lj
2

Let O =tan™ % . Since tan @ =% and

—g <f< g , 0 is in quadrant I, and we let

x=2and y=1.
Solve for
2> +1=7
=5
r=5
@ is in quadrant I.

V5

sec(tan_1 %J =secl = r_xy2

x 2
cos(sin'1 ?J

NN )
T. Since smé’zT an

Let & =sin! d

—g <d , 0 is in quadrant I, and we let

y=2

Solve for x:

X +2=9
x2=7
x=iﬁ

Since @ is in quadrant [, x = J7.

[. _MEJ x A7
COS| SIn T =cosf=—=—

r 3
cot {sin1 [—QH
3

Let & =sin! (—g} . Since sind = —% and

<
2
and r=3.

Tep< g , @ isin quadrant IV, and we let

2
y:—\/z and r=3.

Solve for x:
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Chapter 7: Analytic Trigonometry

30.

31.

32.

X +2=9
x' =7
xziﬁ
Since @ is in quadrant IV, x=+7.
(V2 x N7 2 V14
cot|sin" | —— | |=cotf=—=—— —=———
3 y 22 2

csc[tan'l(— 2)}
Let @ =tan"'(-2). Since tan@=—2 and

—g <f< g , 0 is in quadrant IV, and we let

x=1and y=-2.

Solve for r:
1+4 =77
rr=5

r= i\/g

Since @ is in quadrant IV, r = ﬁ .
5 5
csc[tan’l (- 2)] —escf=l N2 _ N2
y =2 2

sin [tan_1 (—3)]
Let 6 =tan"'(-3). Since tan@ = -3 and

—g <f< g , Ois in quadrant IV, and we let

x=1and y=-3.
Solve for r:
1+9 =77
r* =10
rzix/ﬁ

Since @ is in quadrant IV, r = J10.
sin[tan"1 (—3)] —sing=2

r

_ -3 1o 310
V10 10 10

co{cos1 (—ﬁﬂ
3
B

Let @=cos™ (—g] . Since cosf = 5 and

0<6<m, @ isin quadrant II, and we let
x=—/3 and r=3.
Solve for y:

3+y°=9
¥ =6
y=1J6

Since @ is in quadrant II, y = J6.

co‘{cos1 {—ﬁﬂ —cotO ="
3 ¥
B -1V V2
Je 220 2

33. sec (sin_1 g]

2.5 25
5

Let & =sin™' . Since sind = = and

—g <6< g , Ois in quadrant I, and we let

y=2\/§ and r=5.

Solve for x:

x*+20=25
x’=5
x=i«/§

Since @ is in quadrant I, x = J5.

(. 12\/5] r
sec| sin T =secl=—=

x
34. csc(tan'l lj
2

Let @ =tan™ % . Since tan@ = % and

=5

ap

—g <f< g , 0 is in quadrant I, and we let

x=2and y=1.

Solve for r:

27 +1=r7
=5
NG

@ is in quadrant 1.

csc(tan_1 %) =cscl :ng =5

y

35. sin™ cos3—TE =sin™ N2)_ .=
4 2 4
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36.

37.

38.

39.

40.

cot /3

Section 7.2: The Inverse Trigonometric Functions (Continued)

41.

We are finding the angle &, 0 <8 <m, whose

cotangent equals V3.

cot@=+3, 0<O<mn
=2
cot'3=1
6
cot™'1

We are finding the angle 8, 0 <8 <n, whose

cotangent equals 1.
cotd=1, 0<é@<m

g="

~a »]

cot™'1=

csc” (=1)
We are finding the angle 6, —g <0<

6 # 0, whose cosecant equals —1.

escO=-1, -Z<g<l gz0
2 2
o=-1
2
esc (<) =-Z
(-1 3
csc’lx/z

We are finding the angle 6, —g <0<

6 # 0, whose cosecant equals V2.

csct9=\/§, —ESQSE, 0+0
2 2
H:

csc™! ﬁ =

A3 &7

T

N

r
2

>

>

42.

43.

44.

689

L 23
s€C T

We are finding the angle 8, 0<0<m, 9:&%,

2+/3
whose secant equals =5

secezﬁ, OSQSn,Qiﬁ
3 2
="
6
_12\/3 T
sec ——==
3 6
sec™ (-2)

We are finding the angle 8, 0<0<m, Hig,

whose secant equals —2.

sech=—2, OSHSn,Hig
g=2"
3
sec"l(—2)=2?1.c

cot™ [—QJ
3

We are finding the angle 8, 0 <8 <m, whose

3
cotangent equals 3

cotH:——3, 0<fO<m
o=2"
3
1 \/5 21
cot” | —— |=—
3 3
L[ 243
csc | ———
3
. L i
We are finding the angle 6, _ESHS_

\S}
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Chapter 7: Analytic Trigonometry

45.

46.

47.

6 # 0, whose cosecant equals —%.

23

cscld =———, —ESHSE,H;tO
3 2 2
g=-"
3
1 2\/§ T
cseT | ——— |=——=
3 3

sec”' 4=cos™ 1
4
We seek the angle 8, 0 <8 <7, whose cosine

equals % Now cosf = % , S0 @ lies in quadrant

I. The calculator yields cos™ i =1.32, which is

an angle in quadrant I, so sec™ ( 4) =1.32.

fcosTol 9%
1.318116872

csc' 5 =sin™"

1

5
4 4 .

We seek the angle 6, —5 <0< 2 whose sine

| . 1 .
equals . Now s1n6’=§, so @ lies in

quadrant I. The calculator yields sin™ % =0.20,

which is an angle in quadrant I, so

csc'5=0.20.

1T 120
- 2ZBA13579288

cot™ 2= tan"' L
2
We seek the angle 6, 0 <6 <z, whose tangent

1 1 .
equals 5 Now tan@zz, so @ lies in

. a1
quadrant I. The calculator yields an™ 5 =046,

which is an angle in quadrant I, so

48.

49.

50.

cot™ (2)=0.46.

fanTiI22
46364 7EED

1
sec”'(=3) =cos™ (——)
(-3) 3
We seek the angle 8, 0 <6 <z, whose cosine
equals —%. Now cost—%, 8 lies in
quadrant II. The calculator yields

cos™' ( —%) ~1.91, which is an angle in

quadrant II, so sec™ (—3)=1.91.

cos-TC-1.3%
1. 918833238

csc” (=3) =sin™ (—lj
3
We seek the angle 6, —% <@< %, whose sine

equals —%. Now sin0=—%, so @ lies in
quadrant IV. The calculator yields
sin”™! ( —%) =—0.34 , which is an angle in

quadrant IV, so csc™ (=3) =—0.34.

Ein T -1-5%
- 3398369835

1
cot!| —= |=tan"' (-2
(-3)-w2
We seek the angle 8, 0 <68 <7, whose tangent

equals —2. Now tan@ =-2,so & lies in
quadrant II. The calculator yields

tan”' (—2)=-1.11, which is an angle in
quadrant IV. Since @ lies in quadrant II,
0 =-1.11+7 =2.03. Therefore,
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51.

52.

53.

Section 7.2: The Inverse Trigonometric Functions (Continued)

cot™ (—lj ~2.03.
2

(ETTR ]
-1. 187148718
A=+

s
2. 8344439356

cot™ (—\/5 ) = tan™" [—%}

We seek the angle 6, 0 <6 <z, whose tangent

1 1 .
equals ——— . Now tand=—-—,so & lies in

V5 V5

quadrant II. The calculator yields

tan”' [—L] = —0.42, which is an angle in

J5
quadrant IV. Since @ is in quadrant II,
0=-042+7m=2.72. Therefore,

cot™ (—«/g) =2.72.

FETTR DS Vo I ]
R L A
Ars+m
2.721833318

cot”' (-8.1)=tan™' (—Lj
8.1
We seek the angle 8, 0 <6 <z, whose tangent

1 1 .
equals ———. Now tanfd=—-—/so & liesin
8.1 8.1

quadrant II. The calculator yields

tan”' (—%) =~—0.12, which is an angle in

quadrant IV. Since @ is in quadrant II,

0=-0.12+7=3.02. Thus, cot” (-8.1)=3.02.

fanTi-1-5.11
- 12283523589

Ars+m
3.818757415

We seek the angle 6, —%SHS%, 0+0,

. 2 . 2
whose sine equals 3 Now sinf = 3 so 6

lies in quadrant IV. The calculator yields

691

54.

55.

56.

sin”' (—%) ~—0.73 , which is an angle in

quadrant IV, so csc™' (—%) =-0.73.

Ein 10 -Z-32
CL FRAVETRIER

We are finding the angle 8, 0<8< 7, 0+ % ,

whose cosine equals —% . Now cosf = —% , SO
@ lies in quadrant II. The calculator yields

cos”! ( —%j =~ 2.42 , which is an angle in

quadrant II, so sec™ (—%) ~2.42.

=T - E 4
2. 418858485

We are finding the angle 8, 0 <0 <7z, whose

tangent equals —% . Now tan@ = —% ,s0 0
lies in quadrant II. The calculator yields
tan”' (—%) = —0.59 , which is an angle in
quadrant IV. Since @ is in quadrant II,

6 =-0.59+7 =2.55. Thus, cot™ (—%) ~2.55.

fLan T =230
- SEEEEZEETET
Ars+m
2. 95359883

cot (1) =t -

We are finding the angle 6, 0 <6 <7z, whose

tangent equals — . Now tanf = — ,s0 0

1 1
NT) N)

lies in quadrant II. The calculator yields
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57.

58.

59.

60.

tan”' (—Lj = —0.306, which is an angle in

Jio

quadrant IV. Since @ is in quadrant II,

0 ~-0306+7~2.84. So, cot™ (—Jﬁ) ~2.84.

an T =1 -TCIHa:
- FEEZFFEESZ
Arn=+m
2.835315284

_ V.4 T
Let @ =tan"'u so that tan@=u, _3<6<E’
—oo <y < oo, Then,
_ 1 1
cos(tan 1u)=cos€= =
secd sec O

1 1
Ji+tan20 V1+u?

1

Let @ =cos  u sothat cos@=u, 0<O<r,
—1<u <1. Then,
sin(cos_lu)zsiné’: sin? @
=\/1—00529=\/1—u2
Let 6 =sin"'u so that sin@ =u, —%SQS%,
—1<u <1. Then,
tan(sin_lu)=tan6’= sin 6
cost
_ sinf _ sinf
h 2, . 2
\/cos o \/l—sm o
_u
1-u?
Let @ =cos 'u sothat cos@=u, 0<O<r,
—1<u<1. Then,
_ in @
tan(cos 1u)=tanl9= S
cost
_\/sinzﬁ _\/l—coszﬁ
cosf cosf
_\/l—u2
u

692

61.

62.

63.

64.

65.

66.

Let @=sec” u sothat secO=u, 0<O<7x and

6’;&2, |u|21. Then,
2

sin(sec_lu)zsinezx/sinzﬁ=\/l—cos2«9
_ i I sec’ 6-1
sec? @

sec’ 0
u? -1

g

Let @=cot ' u sothat cot@=u, 0<O<r,
—oo <y < oo, Then,

1

csc? 0

sin(co‘f1 u) =sin@ =+/sin’ O =

1 1
) \/1+cot26 ) \/l+u2

_ V4 T
Let @=csc ' u sothat cscO=u, ——<O<=,
2 2
|u|21. Then,
_ sin @ .
cos(csc 1u)zcosé’zcosH- —— =cot#sinf
sin

_cotd _ \/cot2 0 \/cs02 -1
cscd

cscd cscé

Let @=sec” u sothat secO=u, 0<O<7x and

0:&%, u|21. Then,

cos(sec_lu)zcosﬁz ! =l
secld u

Let @ =cot'u so that cot@=u,0<0<rm,
—co <y < oo, Then,

tan(cot_lu)ztané’z ! =l
cotd u

Let @=sec” u sothat secO=u, 0<O<7x and

Hiz, |u|21. Then,
2

tan (sec_1 u) = tan @ = /tan” &

=\/se020—1 =\/u2 -1
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Section 7.2: The Inverse Trigonometric Functions (Continued)

67. g(f'1 (%)] = cos(sin_1 %)

Let 8 =sin™ 2 Since sin@z2 and
13 13

—% <6< % , 6 is in quadrant I, and we let

y=12 and r=13. Solve for x:
x*+122 =13’
x* +144 =169

x’ =25

x=+J25 =145

Since @ isin quadrant [, x=5.

(12 412 x 5
— ||=cos|sinT — |[=cosf=—=—
g(f (13]) ( 13] r 13

68. f(g1 (%D =sin (cosl %)

Let @ =cos™ i Since cost9=i and
13 13

0<@<rx, O isin quadrant I, and we let x =5
and r =13. Solve for y:

52 +y? =13
25+y% =169
y* =144
y =144 = £12
Since @ isin quadrant [, y =12.

-1 5) . 4 5) .
— | [=sin| cos” — |=sinf=—=—
f(g [13 13 roo13
7 1
69. o' Zll=cos™ sin—j
¢ M4D 4

<
)

70. 1 (g(s?ﬁjj =sin"'| cos 5?”)

72.

73.

Let 6 =sin™ (—%) . Since siné = —% and

—% <6< % , 0 is in quadrant [V, and we let

y=-3 and r=5. Solve for x:
X' +(=3)° =5
x> +9=25
x> =16

x=+16 = +4

Since @ is in quadrant [V, x =4.

e

=tant9=1=_—3=—3
x 4 4

e () wlerl)

Let 8 =cos™ (—%) . Since cos@ = —% and

0<6 <, @ is in quadrant I, and we let
x=-4 and r=5. Solve for y:

(47 +)* =5’
16+y° =25
y* =9
y=+J9=143
Since @ is in quadrant II, y=3.

{e ()l )

—tmp=2 =23
x 4 4

(2ol

Let @ =tan™ % . Since tan@ = % and

—% <6< % , 6 is in quadrant I, and we let

x=5 and y=12. Solve for r:
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=52 +12? Since @ is in quadrant II,
P’ =25+144=169 ( _1( 1D ( 1 J
hl g —=||=tan| cos™'| ——

r=+J169 =+13 4 4
Now, r must be positive, so r=13. J15

12 12 x5 ~tang =2 =32 - 15
g h"l(— =cos(tan'1— =cosf===— x -l

5 5 r 13

78. h(f1 (—gn = tan (sin1 (—gjj
(5 (.5 5 5
74. f|h o =sin| tan o 5 5
Let O =sin™ (—gj . Since siné = 5 and

T

Let @ =tan™' El . Since tan@ = El and
12 12 V4 ..
-—<< >’ @ is in quadrant IV, and we let

_%SH % 0 is in quadrant I, and we let yi—2 and =5 Solve for x-
x=12 and y=5. Solve for 7: ¥ 4(=2)? =5

rt=12"+5" ¥ +4=25

r’ =144+25=169 =21

r=14169 =113 x =121

Now, » must be positive, so » =13. Since @ is in quadrant IV, x = J21.

1 () n{i ) -smo=2 -5 i (2))-mfs(-2)

4 ar\) (. ( 4m =tan9=l=__2=_2_‘/i
75. ¢ | f )7 cos” | sin Y x 21 21
— cos”! V3 _r 79. a. Since the diameter of the base is 45 feet, we
2 6

have r = ? =22.5 feet. Thus,

wg(n o (22

=cos™ —lj =— :
2 3 b. O =cot” —

h
r
77. h(g_l (‘%D = tan(cos'l (—%D cotd = M —  r=hcotd

Here we have 8 =31.89° and h =17 feet.

_ 1 . 1
Let 6 =cos™ (—Zj . Since cos@ = 2 and Thus, r = 17cot(31.89°) =27.32 feet and
0<O<x , @ is in quadrant IL and we let the diameter is 2(2732) =54.64 feet.
x=-1 and r=4. Solve for y:
(_1)2 + y2 =42 c. From part (b), we get /= L.
e — 16 cotf
+y =
’ The radius is 122 =61 feet.
y- =15 2
y=+15 h=t =% 3796 feet.

cotd 22.5/14
Thus, the height is 37.96 feet.
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Section 7.2: The Inverse Trigonometric Functions (Continued)

Since the diameter of the base is 6.68 feet, 4 4
82. Let. y=cot™ x=cos

we have r = ? =3.34 feet. Thus, x’+1

6 =cot™! (%] =50.14°

—cot™'”
6 = cot Z ~10 II‘\H-._ 10

cotf=— - h=—" 3
h cotd 2
Here we have 6 =50.14° and r =4 feet. Note that the range of y =cot™ x is (0, ), so
4
Thus, h= W =4.79 feet. The tanfl l will not work.
: x
bunker will be 4.79 feet high. .
83. y=sec'x=cos'—
Oy =cot™ (ﬁj =54.88° x
6 T
From part (a) we have 6, =50.14°. For __—)/'
steep bunkers, a larger angle of repose is
required. Therefore, the Tour Grade 50/50 l/’(—_
sand is better suited since it has a larger 5 5
angle of repose. 0
cotl = 2% 84. y=csc'x=sin" 1
2y+ gt2 X
T
5 T
0 =cot™ —xz 2
2y+gt
The artillery shell begins at the origin and ~10 L 10
lands at the coordinates (6175,2450) . Thus, B
. s
0 = cot”! 2-6175 =

2-2450+322(2.27)’
85 — 86. Answers will vary.

- -1 ~ o
~cot™' (2.437858) ~22.3 87. f(x)=4x* +21x’ =100

The artilleryman used an angle of elevation

4 2 _
of 22.3°. 4x" +21x" -100=0
(X —4) (x> +25)=0
)
o= X—4=0 or x’+25=0
xsecl (6175)860(22.30) x=3x2 or x = +5i
Vo= T 227 So the solution set is: {-2,2,-5i,5i]

=2940.23 ft/sec 88. f(-x)= (_x)3 + (_x)2 —(—x)

=—x"+x"+x# f(x)
So the function is not even.
S(=x) = (=x)" +(=x)* = (~x)
=—(x'=x*=x)#-f(x)
So the function is not odd.
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Chapter 7: Analytic Trigonometry

89. 315(1) =7—ﬂ radians
180 4
90. 75°= 5—”
12
s=r@
-o(33)
12
= 5—” ~7.851n.
2

Section 7.3

1. 3x-5=—x+1
4x =6

3. 4x* —x-5=0
(4x—5)(x+l)=0

4x-5=0 or x+1=0

5

X=— or x=-1

4

The solution set is {—1, %} .

4., x*-x-1=0
2()
144144
2
145
2

The solution set is {

2x=1*-32x-1)-4=0
[Qx-D+1][(2x-1)-4]=0

2x(2x-5)=0
2x=0 or 2x-5=0
x=0 or x=§
2

The solution set is {0, %} .

5x°—2=x-x"
Let y, =5x’-2 and y, =x—x". Use
INTERSECT to find the solution(s):

6

Interseckion
n=.rEEEZEEL I'Y=.1BF10607

-6
In this case, the graphs only intersect in one
location, so the equation has only one solution.
Rounding as directed, the solutions set is {0.76} .

. False because of the circular nature of the

functions.

. True

. True

. False, 2 is outside the range of the sin function.
. d

. a

2sinf+3=2
2sinf = -1
sint9=—l
2

9=%T+2kn or 9=%+2kn,k is any integer

On 0< 68 < 2m, the solution set is {7?“, %} .
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14.

15.

16.

17.

18.

l—cost9=l
2
l—cost9=l
2
l=cos9
2

0=§+2kn or ¢9=5?n+2kn,k is any integer

On 0 <60 < 2m, the solution set is {g, 5?“} .

2sin@+1=0
2sinf =-1
. 1
sinf =——
2

6’27%+2k1'c or 6=%+2kn,k is any integer

On 0< 60 < 2m, the solution set is {%ﬁ, E} .

6
cosd+1=0
cosd =-1
0 =m+2kn, k is any integer

On the interval 0 <6 < 27, the solution set is {7} .

tand+1=0
tand =-1
o =%+kn, k is any integer

On 0< 60 < 2m, the solution set is {%, %} .

\/§COt0+1=0
\/gcoté’z—l
Co‘[ﬁz_L:_ﬁ
33
21

0= ?+ km, k is any integer

On 0< 68 < 2m, the solution set is {%, S?TE} .

19.

20.

21.

22,

23.

Section 7.3: Trigonometric Equations

4sec+6=-2
4secd=-8
secd=-2

6=23—n+2k7'c or H=%+2k1‘c,k is any integer

On 0< 60 < 2m, the solution set is {23_75’ 4?75} .

S5cscd-3=2
Scscd=5

cscld =1

0= §+ 2km, k is any integer
On 0< 60 < 2w, the solution set is {g} .
3J2cosO+2=-1

3\/§cos6’=—3
1 2

cosf=——==——

2 2

6’=¥'+2kn or 6’=%+2kn,kis any integer

On 0< 8 < 2m, the solution set is {%, %E} .

4sin@+33 =3

4sin@ =-23
. 23 B
sinf=-———=-——
4 2

7 =4Tn+2kn or 6 =%+2kn, k is any integer

On 0< 60 < 2m, the solution set is {%, S?R} .

4cos’0=1

1
cos’ @ =—

N

1
cosf =+—

NS}

0=§+kﬂ: 0r6’=2?n+kn,k is any integer

On the interval 0 <@ < 2m, the solution set is

™ 2m 4n Sm
3737373
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24,

25.

26.

27.

1
tan? 6’-—

tan @ = +\/7

H—E+kﬂ:or0=?+kn k is any integer

On the interval 0 <8 < 27, the solution set is
n sn In lin
66 6" 6

2sin’0-1=0
2sin’ @ =1

sin’ @ = l
2

sinf = +\/7

9_Z+k” or 9—T+kﬂ k is any integer

On the interval 0 <8 < 27, the solution set is
n 3 sm 7n
4° 4747 4|

4cos’0-3=0
4cos’ 0 =3

cos’ ==
4

3

cosfd=+—
2

0=§+kn or 0=5?n+kn, k is any integer

On the interval 0 <8 < 27, the solution set is

n snn ln
666 6]

sin(360) = -
36 = 3—TE+ 2km
2
=T, 2kn , k 1s any integer

2
On the interval 0 < 8 < 27, the solution set is

n In i
2767 6

29.

30.

31.

32.

SRR

—+krm, k is any integer

= 27” + 27k, k is any integer

On 0< 60 < 2m, the solution set is {23—“} .

cos(20) __ !

219:2?”+2k7z or 26:4Tﬂ+2k7z

9=%+k72’ or H=2T”+k7z,kisanyinteger

On the interval 0 < 8 < 27, the solution set is
T 275 475 575
3237373

tan (26) = -

20 = %+ km, k is any integer

0= 3_7'5 + @’
8 2
On the interval 0 <8 < 27, the solution set is

{311 n 1ln 1511;}

k is any integer

E E E

878 8 8
sec—=-2
2
30 _27 ok or 0= ok
2 3 2 3
0:4_72'4_4k_”0r 0:8_”4.4](_”’
9 3 9 3

k is any integer
On the interval 0 <8 < 27, the solution set is

4m $n 16m
9797 9 |’
cot?=—\/§

20 S5«
3 = ?+ kz, k is any integer

0= ST”+3/€T”, k is any integer

On 0< 60 < 2w, the solution set is {%} .

Copyright © 2017 Pearson Education, Inc.



33.

34.

35.

36.

cos[29—£j =-1
2

20-2 — 4 2kn
2
2¢9=3?n+2kn

0= %+ kT, k is any integer

On 0< 60 < 2m, the solution set is {%, 7_1'5} .

4

sin(30+lj =1
18

30+ =" okn
18 2

36’=4§+2kn

0= 4_7'c+2k_7t’ k is any integer
27 3

On the interval 0 <8 < 27, the solution set is
4n 20m 40m
277277 27 )

53
tan| —+— =1
2 3

9.
2 12
0= —%+ 2km, k is any integer

On 0< 60 < 2m, the solution set is {%} .

O 2 % okmor 2-T- ok
3 4 3 3 4 3
§:7—ﬁ+2k or 2223—“+2kn
3 12 3 12
6=?+6kn or 0=%+6kn

k is any integer.

On 0 <60 < 2m, the solution set is {%} .

37.

38.

39.

40.

41.

42.

Section 7.3: Trigonometric Equations

sind =

fo

integer. Six solutions are
_Tm 5m 13 17m 25m 29m

1
2

9=%+2k7r 0r9=%+2k7z}, k is any

tan@ =1

{a
n St 9 13w 17w 21n
Six solutions are  =—, —,—, —,——, —
4’4747 47 4 4

0= §+ kTE} , k is any integer

3

tanf =——
3

{6"6’ = S?TE + kn} k is any integer

Six solutions are
Sn 1l 17 23m 29n 357

fo

integer. Six solutions are
57: Tn 17n 197 297 31In

e:%"ukn or H=7?”+2kn}, k is any

66 6 6 6 6
cos@=0
{6’6’=§+2kn or 6=37”+2kn}, k is any
integer

n 3n 57 7n 9 ll=n
Six solutions are 0 =—, —,—, —,—, —.
2727272727 2

sinﬁzﬁ

{o

integer

6=g+2kﬂ: or9=37”+2k7z}, k is any

Six solutions are & _T 3—“,9—11, E,”—n, 19_7'[ .
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43. cos(20)= —%

20 = 23—“ +2kmor 20 = 43—“ +2km, k is any integer

{0‘0 =§+kn or 0= %Jrkn}, k is any integer

. . n 2n 4n Sm Tm 8m
Six solutions are  =—, —, —, —,—, —.

44. sin(20)=-1
20 = 3?71 +2km, k is any integer

{0‘0 = ¥+ kn}, k is any integer

Six solutions are
3n 7n 1lm 15m 197 23_n

0:_7_7_7_’_5
47474 4 4 4
45. sing=—£
2 2
0 _4n

= 3 +2km or g = S?R +2km, k is any integer

fo

integer. Six solutions are
8n 10m 20m 22m 32m 34m

g:g?n+4kn or H:an+4kn},kis any

0:_7_9_7_7_’_ .
33 3 3 3 3
46. tang =-1
2
0 3z

—="+kmrm, k is any integer
2 4 Y s

{6‘6 = 377[ + 2k7z}, k is any integer

Six solutions are
3n 7n 1lm 15m 197 23_n

> > > B b

22 2 2 2 2
47. sinf=0.4
6 =sin"' (0.4) = 0.41
0=041 or =7—-041=2.73.
The solution set is {0.41, 2.73}.

700

48.

49.

50.

51.

52.

53.

54.

cosfd=0.6

@ =cos™ (0.6)=0.93
0=093 or 8=27-093=5.36.
The solution set is {0.93, 5.36} .

tanf =5

f=tan"' (5)=1.37
0=137 or O=m+137=4.51.
The solution set is {1.37, 4.51} .

cotd =2

tant9=l
2

6 =tan™ (lj ~0.46
2

0=046 or O=7m+0.46=3.61.
The solution set is {0.46, 3.61} .

cosd=-09

@ =cos™ (-0.9) = 2.69
0=269 or @=2r—-2.69=3.59.
The solution set is {2.69, 3.59}.

sind =-0.2
6 =sin"' (-0.2) = -0.20
0~=-020+27 or 6=m—(-0.20).
=6.08 ~3.34
The solution set is {3.34, 6.08} .

secd =—4
cos6=—l
4
a1
O=cos | —|=1.82
4

0=182 or 0=2n-182=4.46.
The solution set is {1.82, 4.46} .

cscld=-3
sint9=—l
3
- -1 l
f=sin" | —— |=-0.34
3

0=-034+27 or O=1—(-034).
=5.94 =348
The solution set is {3.48, 5.94} .
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55. 5tan6+9=0
S5tan@ =-9

tanf = —2
5

6 =tan™" [—%} ~—1.064

0=-1.064+m or 8=-1.064+27
=2.08 =5.22
The solution set is {2.08, 5.22}.

56. 4cot@=-5
cotd = —é
tanf = ——

5

6 =tan™" [—%j =—0.675

0=-0.675+7 or 8=-0.675+2r.

=247 =5.61
The solution set is {2.47, 5.61} .

57. 3sinf@-2=0
3sinfd =2

sinf@ =—
3

6 =sin (%j =0.73
3
0=0.73 or O=n—-0.73=241.
The solution set is {0.73, 2.41}.

58. 4cos@+3=0
4cosf=-3

cosd = —2
4

6 =cos™ (—Ej =242
4

0=242 or O=27r-242=3.86.
The solution set is {2.42, 3.86] .

Section 7.3: Trigonometric Equations

59. 2cos’@+cosf=0
cosB(2cosf+1)=0

cosd=0 or 2cos@+1=0
9=E’3_n 2cosf=-1
2°2
cosfd =——
p_2n dn
3°3

The solution set is Z, —, , —
23 3 2

60. sin?0-1=0
(sin@+1)(sind-1)=0
sind+1=0 or sind-1=0

sin@ = -1 sinfd =1
g=2" o=2
2 2

The solution set is z, 3—” .
2 2

61. 2sin*@—sinf@—-1=0
(2sin 6+ 1)(sinH—1) =0

2sinf+1=0 or sinfd-1=0
2sinf =-1 sinfd =1
Sinf=—+ o="
2
p_Tn 1In
6 6
The solution set is Z, 7—”, % .
26 6

62. 2cos’ @+cosf—1=0

(cos@+1)(2cosf—-1)=0
cos@+1=0 or 2cosd—-1=0

cosfd =-1 2cosf =1
O=m (:056?=l
2

T 5T

3°3

The solution set is {%, 7T, ST”}
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63. (tan@—1I)(secO—1)=0 67. sin® @ = 6(cos(—0) +1)
tand-1=0 or secf-1=0 Sin20:6(cos(9)+l)
tanf =1 secd =1
1—cos’ @ =6cosO+6
_ T Sm 6=0
9-2:7 = cos’@+6cosO+5=0

The solution set is < 0, Z,
4" 4

64. (cot6’+1)(cscé’—%} =0

Sm

(cos@+5)(cosO+1)=0
}' cosf+5=0 or cosd+1=0
cosd =-5 cosd=-1
(not possible) O=rx

The solution set is {7} .

cotd+1=0 or cscH—%zO
cotf =-1 ) 68. 2sin” 6 =3(1-cos(-6))
g3 Im csed == 25in’ @ =3(1-cos 6)
4 4 (not possible) 2(1 —cos’ 9) =3(1-cos®)

The solution set is {37”,

65. sin® @ —cos® 8 =1+cos@

R
3

2-2cos’@=3-3cosd
2cos’@-3cosf+1=0
(2cos@—1)(cosf-1)=0

(1—00520)—cos26’=1+cos6’ 2cos0-1=0 or cosf@-1=0
1-2cos’ @ =1+cos@ cosH:l cosf =1
rcos’ 0 020 2 =0
cos’@+cosl = )T S
(cos@)(2cos@+1)=0 33
0=0 2cos@+1=0
cos o cos The solution set is {0, z, 5—7[ .
7 37 1 33
0=—,— cosf =——
22 2
p 27 Arx 69. cos@=—sin(-0)
373 cos = —(~sin6)
The solution set is {Z, 2—”, 4—”, 3—”} cos@ =sin@
2 3 3 2 sin@
=1
5 . ) cosé
66. cos” @—sin” B+sind =0 _
tand =1
(1-sin® ) —sin> @ +sin6 = 0 T 5
1-2sin’ @ +sin@=0 4 4
2sin*@-sinf—-1=0 The solution set is {%, 577[}
(2sin@+1)(sinf—-1)=0
2sin@+1=0 or sinfd-1=0
sin&z—l sind =1
V4
g=17 117 H_E
6 6
The solution set is Z, 7—”, M .
2 6 6
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70.  cos@—sin(-6)=0
cos@—(—sin(ﬁ)) =0
cos@+sinfd =0

sin@ = —cosd

sinf 4
cosd
tand = -1
p_3n n
4 4
The solution set is {3—”, 7—”}
4 4

71. tan@ =2siné

sin @

=2sind
cosd

sin@ = 2sinfcosf
0=2sinfcos@—sinl
0=sinf(2cosf—1)

2cosf@-1=0 or sind=0
cost9=l 0=0,m
2
pT 5T
3 3
The solution set is {0, z, 7, 5—”}
3 3
72. tan@=cotf
tan@ =
tan @
tan’ @ =1
tand ==*1
_n 3 Sn I
4> 47 4 4
The solution set is Z, 3—”, 5—”, 7—” .
4 4 4 4

73.

74.

75.

76.

The solution set is {T’ } .

Section 7.3: Trigonometric Equations

1+sin@ =2cos” @
1+sin @ = 2(1—sin’ 6)
1+sin@ =2-2sin” @
2sin’ @ +sin@—-1=0
(2sin@-1)(sinf+1)=0

2sin@-1=0 or sinfd+1=0
sin¢9:l sind = -1
121 51t 9=3_71'
g==,= 2
6 6

B

6 2

The solution set is {%, 5z 3—”} .

sin®?@=2cosf+2
1-cos’@=2cosf+2
cos’@+2cosf+1=0

(cosé’+1)2 =0

cos@+1=0
cosd =-1
f=m

The solution set is {7} .

2sin? @—5sin@+3=0
(2sin@-3)(sinf+1)=0
2sin@-3=0 or

sinf = % (not possible)
The solution set is {%}

2cos’0—Tcos@—-4=0
(2cos@+1)(cos@—4)=0

sinf@d-1=0

=2
2

2cos@+1=0 or cosfd—-4=0
sin6=—l cosfd =4
(not possible)
p2m 4n
3°3

27z4_7r
3
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77. 3(1-cos @) =sin* @
3-3cosf=1-cos* @
cos’@—-3cosf+2=0

(cos@—1)(cos@-2)=0

81.

The equation

sec’@+tanO=0

tan’ @+1+tan@ =0
This equation is quadratic in tané .

The discriminant is b —4ac=1-4=-3<0.

has no real solutions.

cos@—1=0 or cosfd—-2=0
cosd =1 cosd =2 82. secd =tan @+ cot
=0 (not possible) 1 _ sinf  cosd
The solution set is {0} . cos@ cos@ sinf
1 sin’@+cos’ 8
78. 4(1+sin @) = cos” O cosd sinfcosé
4+4sin@=1-sin’ 0 b1
. : cos@ sinfcosf
sin“@+4sinf+3=0 Sinﬁcosé’_l
(sin@+1)(sin@+3)=0 cosl
sinf+1=0 or sin@+3=0 sind =1
sin@ =-1 sin@ =-3 T
0= 3 (not possible) 2
2

The solution set is {3?”} .

79. tan’ @ = %secﬁ

Find the zero
10

. i i .
Since sec (Ej and tan (Ej do not exist, the
equation has no real solutions.

83. x+5cosx=0

s (x-intercepts) of ¥, = x+5cosx:
1

0
3
sec’0—1==sech
’ A / \ iy / \
2sec’@—2 =3sech -3n 7 3n —3n oy 3n
2sec’ @—3sec0-2=0 M/-\f e
W=-1.20844 V=0 w=1.97728  Iv=0
(2secO+1)(secd—-2)=0 10 10
2sec+1=0 or secd-2=0 10
1 secld =2 / \\
secd =—— \
2 n 5w —3n o 3n
(not possible) 0= 33
P 572' Egg?ﬂ3?‘|5?i =i
The solution set is {—, —} . -10
33 x=-1.31,1.98,3.84
80. csc’@=cotO+1
l+cot’@=cotd+1
cot?@—cotd=0
cotf(cotfd—-1)=0
cotd =0 or cotd=1
p_m 3 _nsn
22 4" 4
St 3z

. .|z
The solution set is {Z,
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84.

-3n

8s.

x—4sinx=0

Find the zeros (x-intercepts) of ¥} = x—4sinx:

10

10

s

3n -3n

%

ad

Zaka
HE -z HPHERT

2k

o/
ri

w=n

=

2utiah
H=z.47HEFER IY=0

-10
x=-247,0,2.47

22x—17sinx =3

3n

-10

37

Section 7.3: Trigonometric Equations

Find the intersection of ¥, = 22x—17sinx and
Y,=3:

-7 T

Inkgkseckion
n=.fe0fenir |v=x

=5

x=0.52

86. 19x+8cosx=2

Find the intersection of ¥, =19x+8cosx and
Y,=2:

f
]

—T

Inkekseckion
n=-.e8rEie: |V=k

=5

x=-030

87. sinx+cosx=x
Find the intersection of ¥, =sinx+cosx and

Y, =x:

-7 T

Inkekseckion
w=1.zEArFzE:z |V=1.2EBrzBz

-3

705

x=1.26
88. sinx—cosx=x
Find the intersection of ¥, =sinx—cosx and
Y,=x:
3
-7 T
Inkgrseckinn
HW=-1.zFBFz@ I'Y=-1.zEB7ZA
-3
x=-1.26
89. x*—2cosx=0
Find the zeros (x-intercepts) of ¥, = x* —2cosx:
3 3
n \\\// T —m \\\/f/
Zaki 1)
H=-l.0zied  1¥=g nw=1.0z169 =i
-3 -3
x=-1.02,1.02
90. x*+3sinx=0
Find the zeros (x-intercepts) of ¥, = x* +3sinx:
3 3
Zuki 2Rk
n=-Ll.reElel Y= n=n =i
=3 3
x=-1.72,0
91. x*—2sin(2x)=3x
Find the intersection of ¥, = x* —2sin(2x) and
Y,=3x:
12 12
- 3 3
m Interseckivh—’ 27T T Inkerseckion_ 27T
=i SO0 =0 w=. 148330 Y=B.4450i4E
-3 -3
x=0,2.15
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92. x* = x+3cos(2x) On the interval [0, 27], the zeros of fare
Find the intersection of ¥, = x* and T 21 4m 5T
Y, =x+3cos(2x): 33 33
0 10 96. £(x)=0
\W /‘\/ 2cos(3x)+1=0
-2n e 2n 21 AR o 2cos(3x)=-1
oy P ReB1iEags [v=.srrasa0y 1
' — = —= cos(3x) = -
=-0.62,0.81
*=-062,08 3x=2?”+2kﬂ' or 3x=4?”+2k7z
93. 6sinx—e" =2, x>0 2 2kr 4 2km
=2 o x=—4
9 3 9 3

Find the intersection of ¥, = 6sinx—e* and
k is any integer

Y,=2: .
On the interval [0, 7t], the zeros of fare
6 6
2n 4n s
= 97979
ofpL— om o o
Inktgrseckion Intgrsgckion 7. a. f(x) =0
w=.reciEY0lE Y=z H=1i.z4B7E41 Y=z .
-6 s 3sinx=0
x=0.76,135 sinx =0 o
x=0+2km orx =7+ 2km, kis any integer
94. 4cos(3x)—e" =1, x>0 On the interval [-27,4m], the zeros of fare

Find the intersection of ¥, = 4cos(3x)—e* and —2m,~, 0,7, 2, 3m, 47t

=1 b.  f(x)=3sinx
6 y
2y o
CUw 3 “ 3= St 3 177 3
o ] el &35 N\ 53
Inkerseckion [
Ho.31EETNEE Ty=i 2w —TT m\ 2nl  3m\ 4
=6 _\
| (m 3
x=0231 J.[3)
95. f(x)=0
4sin? x—3=0 ¢ f(x)=2
2
4sin® x =3
. 3
3 3sinx =—
sinx == 2
4 1
sinx =—
sinx = J_r\/g = i? 2
x= %+ 2km orx = R + 2k, kis any integer

b3 27 . .
x=—+km or x=?+kﬂ , k is any integer
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98.

On the interval [-27,4m], the solution set is
frim 7e 2 s 1x re]

6 66 6 6 6]
From the graph in part (b) and the results of
part (c), the solutions of f (x) >% on the

_Tm

1775}
<=1,
6

interval [-27,47] is {x

T 5w 13m
or—<x<— or—<x
6 6 6

f(x)=0
2cosx=0

cosx=0
x=%+2k7z orx=37ﬂ+2k7z, k is any

integer
On the interval [-27,47], the zeros of fare

xzs?ﬁ+2k7z orx:%+2k7z, k is any

integer
On the interval [-27,4n], the solution set is
fo1z om 5 7m 1 om)

6 6666 6

From the graph in part (b) and the results of
part (c), the solutions of f(x)<—/3 on the
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m 51t
—_—<x<——
6 6

interval [-27,4m] is {x

5m Tn 17m 1975}
or ?<x<— or — < x<—"%.

99. f(x)=4tanx

a.

b.

S(x)=—4
4tanx = —4
tan x = -1
{x X= —%+k7z}, k is any integer
f(x)<—4
4tanx < —4
tan x < -1

Graphing y, =tanx and y, =-1 on the

. T
interval [_E’Ej , we see that y, <y, for

s T T T
-—<x<-Zor|-=,-=
<x G or (5%
6
_n // T
2 / 2

100. f(x)=cotx

a.

f(x)=—3
cotx = —x/§
f(x)> -3

cotx > —\/g

5 . .
X = ?ﬂ+ kﬂ'}, k is any integer

Graphing y, = and y, =—V3 onthe

tan x
interval (0,7), we see that y, > y, for

0<x<5—” or (O,S—ﬂj.
6 6
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101. a,d.

A

-6
£(x)=3sin(2x)+2; g(x)=%
,
S
f(x)=g(x)

3sin(2x)+2:%
3sin(2x):%
sin(2x):%

2x:%+2kﬂ' or 2x=%”+2k7z

x=£+k7z or x:S—”+k7z,
12 12
k is any integer
On [0, nt], the solution set is I Euly
12 12
From the graph in part (a) and the results of
part (b), the solution of f(x)> g(x) on

[0,7] is < x KLIPINPELY (E’S_ch
12 12 1212

102. a,d. f(x)=200s§+3; g(x)=4

v

NEIOEYe
: o
flx) =2 cos% +3

| | | |
w27 3w 4w ox

708

f(x)=g(x)

2cos£+3 =4
2

2cos£:1
2

=2 2kzn or £=S—ﬂ.+2kﬂ'
3 2 3

N | =

x=2T”+4kﬂ' or x=1OT”+4k7Z',

k is any integer

On [0, 47], the solution set is {2?71, 1()775} )

From the graph in part (a) and the results of
part (b), the solution of f (x)< g(x) on

[0,4n] is {x 2

103. a,d. f(x)=-4cosx; g(x)=2cosx+3

v

or g(x) =2cosx +3

flx) = —4 cosx

f(x)=g(x)
—4cosx=2cosx+3
—6cosx =3
3 1
CoOSx=—=——
) 2
x=2—”+2kﬂ or x=4—”+2k72',
3 3
k is any integer

On [0, 27], the solution set is {277[, 47”}
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C.

104. a, d.

From the graph in part (a) and the results of
part (b), the solution of f(x)>g(x) on

[0,27] is {x

f(x)=2sinx; g(x)=-2sinx+2
y

51
glx) = —2sinx +2

flx) =2sinx

(o5

f(x)=g(x)
2sinx =—-2sinx+2
4sinx =2

1

sinx=—=—
4

2
T S
x=—+2km or x=—+2kr,
6 6
k is any integer

On [0, 27], the solution set is {g, 5%} )

From the graph in part (a) and the results of
part (b), the solution of f(x)>g(x) on

[0, 27t] is ¢ x Tex<l o E,S—n.
6 6 6 6

105. P(t)=100+205in[77”tj

a.

Solve P(¢)=100 on the interval [0,1].

1oo+20sin(7?”tj ~100

2OSin(7?”tj -0

sin (7—”tj =0
3
T

T[ =k, k is any integer

3 . .
t= 7k, k is any integer

We need Os%kﬁl,or 0<k<

W[

27 4 2w 4Arx
—<x<—pO0r|—,—|.
3 3} (3 3)
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For k=0, t=0 sec.

For k=1, t=%:0.43 sec.

For k=2, t=§z0.86 sec.

The blood pressure will be 100 mmHg after
0 seconds, 0.43 seconds, and 0.86 seconds.

Solve P(7)=120 on the interval [0,1].

100 + ZOsin(%[tj =120

20sin (%t] =20

) [77[ j
sin| —¢ [=1
3
r

Tt =2k +%, k is any integer

3(2k+1) ,
=——==_k is any integer

For k=0, tzizO.leec
14

The blood pressure will be 120mmHg after
0.21 sec.

Solve P(¢)=105 on the interval [0,1].

100+205in(7?”tj=105

ZOSiH(%t] =5

On the interval [0,1], we get ¢ =~ 0.03

seconds, ¢ = 0.39 seconds, and ¢ = 0.89
seconds. Using this information, along with
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the results from part (a), the blood pressure
will be between 100 mmHg and 105 mmHg
for values of # (in seconds) in the interval

[0,0.03]L[0.39,0.43]U[0.86,0.89] .

106. h(t)=1255in(0.157t—§)+125

a.

Solve h(f) =125sin[0.157t—§)+125 =125
on the interval [0, 40] .

1255in(0.157t—%j+125 -125
125sin(0.157t—§j=0
sin(0.157t—£j:0
2
T . .
0.157¢ ey =k, k is any integer

0.157t = k7r+§, k is any integer

V4
km+—
t=——=, k is any integer
0.157 v s
0+%
For k=0, t= 2 210 seconds .
0.157
V4
T+
For k=1, t= 2 = 30 seconds .
0.157
27z+£
For k=2, t= 2 - 50 seconds .
0.157

So during the first 40 seconds, an individual
on the Ferris wheel is exactly 125 feet above
the ground when ¢ =10 seconds and again
when ¢ =30 seconds .

Solve & ()= 125sin(0.157t —%] +125 =250
on the interval [0,80].

125sin(0.157t—%)+125 =250

1255in(0.157t—%j=125

sin[0.157t—zj:1
2

0.157¢ —% = %+ 2kr, k is any integer

0.157t =7+ 2kz, k is any integer
_m+2krm

=———— k is any integer
0.157 v iniee

For k=0, t = . 20 seconds .
0.157

T+27

For k=1, t= = 60 seconds .
0.157

T+4ar

For k=2, t =———— =100 seconds .
0.157

So during the first 80 seconds, an individual
on the Ferris wheel is exactly 250 feet above
the ground when ¢ = 20 seconds and again
when ¢ = 60 seconds .

Solve h(t)=1255in(0.157t—§j+125>125
on the interval [0, 40] .

1255in[0.157t—§j+ 125>125

1255in(0.157t—§j>0
sin(0.157t—§J>O

Graphing y, = sin(0.157x—§j and y, =0

on the interval [0,40], we see that y, > y, for

10<x<30.
1.5

0 // /-"“'\\ 40
-1.5

So during the first 40 seconds, an individual

on the Ferris wheel is more than 125 feet

above the ground for times between about 10
and 30 seconds. That is, on the interval

10 <x <30, or (10,30).
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107. d(x)="70sin(0.65x)+150

a.

d(0)="70sin(0.65(0))+150

=70sin(0)+150

=150 miles
Solve d(x)=70sin(0.65x)+150=100 on
the interval [0,20] .
70sin (0.65x)+150 =100

70sin (0.65x) = =50
. 5

sm(0.65x) = 7

0.65x =sin”" (—;j +2rk

sin™ (—5) + 27k
I N

0.65
3.94+ 27k 5.94+ 27k
= or x=
0.65 0.65
k is any integer
3.94+0

>

~5.94+0
0.65
=~ 6.06 min =~ 8.44 min

3.94+2x 5.94+2x
For k=1, x=——— or x=———
0.65 0.65

=18.11 min

For k=0, x=

=15.72 min

For k=2,
394+4rx 5.94+4rx
X=——— or x=—————
0.65 0.65
= 25.39 min = 27.78 min

So during the first 20 minutes in the holding
pattern, the plane is exactly 100 miles from
the airport when x = 6.06 minutes,

x = 8.44 minutes , x =15.72 minutes , and
x =18.11 minutes .

Solve d (x)=70sin(0.65x)+150 >100 on
the interval [0,20] .
70sin (0.65x)+150 > 100

70sin (0.65x) > —50

sin (0.65x) > —%

Graphing y, =sin(0.65x) and y, = —% on
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the interval [0,20], we see that y, >y, for

0<x<6.06, 844<x<15.72,and
18.11<x<20.

1.5
: /\HUIAH 7

o

-1.5

So during the first 20 minutes in the holding
pattern, the plane is more than 100 miles
from the airport before 6.06 minutes,
between 8.44 and 15.72 minutes, and after
18.11 minutes.

d. No, the plane is never within 70 miles of the

airport while in the holding pattern. The
minimum value of sin(0.65x) is —1. Thus,
the least distance that the plane is from the
airport is 70(—1)+150 =80 miles.

108. R(6)=672sin(26)

a. Solve R(6)=672sin(26)=450 on the
interval [O,EJ .
2
672sin (26) = 450

_4s0_ 225

sin(20) 672 336

20 =sin™' (Ej + 2k
336

sin”' (;22)+2k72'
o=
2
0.7337 +2kx 2.408+2krm
f=—— or = ———,
2
k is any integer
For k=0, = 2733740 . p_2408+0
2 2
=0.36685 =1.204
=21.02° = 68.98°
For k=1, 0= 0.7337+ 27 or 6= 2.408 + 27
2 2
=3.508 =4.3456
=200.99° = 248.98°

So the golfer should hit the ball at an angle
of either 21.02° or 68.98°.
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b. Solve R(@)=672sin(26) =540 on the
interval [ j
672 sm =540
sin (20) = % = %

260 =sin™ (gj +2km
168

sin” (135j+2k7r
0=

168
2
0.9333+ 2k 2.2083+2kx
O~————— or = ————
2
k is any integer
For k=0, 6 = 0.9330+0 or 0= 2.2083+0
2 2
=~ 0.46665 ~1.10415
= 26.74° =~ 63.26°
For k=1, 6= 0.9330+ 27 or O = 22083+ 27
2 2
=~3.608 =~ 4.246
=206.72° =~ 243.28°

So the golfer should hit the ball at an angle
of either 26.74° or 63.26°.

c. Solve R(8)=672sin(26)>480 on the

interval [ j

672 sm > 480

sin(26) > %

sin(20) > =
. . 5
Graphing y, =sin(2x) and y, = on the

interval [o,gj and using INTERSECT, we

see that y, =2 y, when 0.3978 <x<1.1730
radians, or 22.79°< x<67.21°.
1.5

L1
F8FA0iHE  Y=.FibzBETL

712

1.5

—_—

0 ‘H\-\\"\.

Inkerseckion
H=l.i7z28943 V= FiNzBASTL

-1.5
So, the golf ball will travel at least 480 feet
if the angle is between about 22.79° and
67.21°.

d. No; since the maximum value of the sine
function is 1, the farthest the golfer can hit
the ball is 672(1) =672 feet.

E

109. Find the first two positive intersection points of

Y=-x and ¥, =tanx.
ﬁﬁzn

Inkerseckion
H=4.091Z1804  Y=-Y4.91z18

2 2
0 2n 0

B

Inkerseckion
W= 0ZBPEFE V=-e.0zB7EH

-12 -12
The first two positive solutions are x =2.03 and
x=491.

110. a. LetL be the length of the ladder with x and
v being the lengths of the two parts in each
hallway.

L=x+y
cosf = 3 sinf =—
X
X = 3 = 4
cos@ siné
L(O) = 3 +——=3secH+4cscl
cos@ sin

3secOtand—4cscBcotd =0
3secHtan @ = 4cscHcotd

secftand 4
csclcotd 3

tan’® @ =

tand = 3|— = 1.10064

[SSHINN
[USH NN

0 = 47.74°
3 4
b. L(47.74°) =
( ) cos (47.74°) " sin (47.74°)

= 9.87 feet
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4
c¢. Graph ¥, = + —— and use the
cosx sinx
MINIMUM feature: .
%2 i QEIJES =t=i0? Hgﬁ:smum W=123.EFEE]
2 .
w a0 G0S00
9.8
. 110- 9 8
0 x TP Phace =0 BECEGZE - 90 sin(26) = =0.67375

_~ 1 _1
An angle of @ = 47.74° minimizes the 20 =sin”" (0.67375)

length at L = 9.87 feet . 20=42.4° or 137.6°
0=21.2° or 68.8°

b. The maximum distance will occur when the
angle of elevation is 45°:

d. For this problem, only one minimum length
exists. This minimum length is 9.87 feet,
and it occurs when 6 = 47.74°. No matter

if we find the minimum algebraically (using (40)” sin[2(45°)]
. . . R(45°)=—————==163.3
calculus) or graphically, the minimum will 9.8
be the same. The maximum distance is approximately
163.3 meter
- 07 (34.8)sin(26) 40 )
. a. =~ 7/
9.8 c. LetY = %
sin(26) = M ~0.8659 170
(34.8)°
26 =sin™" (0.8659)
260 = 60° or 120°
6 =30° or 60° 0 90
0
b. Notice that the answers to part (a) add up to TR
90°. The maximum distance will occur d. pmin=g /\
when the angle of elevation is 90°+2 =45°: o
2 . ° wmas=1ve
R(as) = Y sin[2(457)] _ s ¢ tecioi® IS s\
9.8
The maximum distance is 123.6 meters. //_-\\
34.8)" sin(2x ‘j
C. Let Yl :M Intersckion Haxirurm
9.8 H=ER.BziNEE V=110 SHE o WEiB3.EEERL
125 )
13, Sn40 4y
sin &,
1.33sin 6, =sin40°
0 %0 ing, = % ~0.4833
0 P 04933 - 25 00
L ), =sin (0.4833) =28.90
wacl=18
Ymin=a
Ymax=123
Yacl=23 Inkerscckion
Aressl =28.880847 _v=107

713
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14, S 66
sin &,
1.66sin 8, =sin 50°

sin @, = 511n 652 ~0.4615

6, =sin™' (0.4615) = 27.48°

115. Calculate the index of refraction for each:

o] o | oo
v, sind,
10° 8° sinl0” 2477
s_1n8"
200 | 15030 =15.50 | 129" _ 5708
smlS.S"
300 | 22030 =22.5° | 3% ) 3066
sin 22.5°
400 | 2900'=290 | 40"y 3559
sm29"
500 | 3s00r=350 | SOy a3s6
sgn35°
60° | 40030 = 40.5° | 60" _} 3335
sm40.5°
700 | 45030' =455 | S70° 4 3175
s11}45.5"
80° | 50°0'=s00 | S8} ogse
sin 50°

Yes, these data values agree with Snell’s Law.

The results vary from about 1.25 to 1.34.

8
116, 12080y o6
v, 1.92x10
The index of refraction for this liquid is about
1.56.

117. Calculate the index of refraction:
sing _ sin40° _

6,=40°,0, =26°;, — - =~1.47
sing, sin26°

118. The index of refraction of crown glass is 1.52.

sin30° 1 5
sind,
1.52sin @, =sin30°
sing, = 3139 _ 3089

6, =sin™' (0.3352) =19.20°
The angle of refraction is about 19.20°.

119. If @ is the original angle of incidence and ¢ is
sin@

sin @
angle of incidence of the emerging beam is also

the angle of refraction, then

=n,.The

@, and the index of refraction is RS . Thus, 8 is
n,

the angle of refraction of the emerging beam.

The two beams are parallel since the original

angle of incidence and the angle of refraction of

the emerging beam are equal.

5}
Medium 1

Thick
) Slab

Medium 1
3]

120. Here we have n, =1.33 and n, =1.52.

n, sin@y = n, cosy

sin G, _n
cosl, n
n

)

tan g, = —
n

0y = tan™! n_ tan”! ﬁ =~ 48.8°
1.33

m
121. Answers will vary.

122. Since the range of y =sinx is —1< y <1, then
y=5sinx+x cannot be equal to 3 when

x >4 or x <—x since you are multiplying the
result by 5 and adding x.

123. 6" =y x=log,y

I e O )

2(2)

_9%+/81-64

4
_9£\17
4

So the solution set is: {

9-17 9+«/ﬁ}
p .

T4
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125.

126.

Jio 310

sinf=—-——, cosf=——
10

10
[ J10)

Csne U 10) G0 10

1

tan @ = = =- : =
cosf  (310) 10 310 3
10
1 1 [ 10]@
cscd=——= =1 - =
sin@ [ @\ J10/ 410
" 10
g L1 10 10 10
cos @ (3@\ 3J10 10 3
10
cotfd= =-3

tan @

y =2sin(2x-7)
Amplitude: | 4|=]2|=2

Period: T=E=E=”
w 2
Phase Shift: 2:2_2
w 2 2
YA
75
-
3
X

Section 7.4

>~ » N

True

True

identity; conditional
-1

0

True

10.

11.

12.

13.

14.

15.

16.

Section 7.4: Trigonometric Identities

False, you need to work with one side only.

True
c
b
tanﬁ-cscﬁzsmg- .1 = !
cos@ sinf coséd
cot@-secﬁch)sg- ! = .1
sind cosf sinf
cos@ 1+sin@ cos@(1+sind)
1-sin@ 1+sin@  1-sin’@
_cos@(1+sind)
- cos’ 6
_1+sin@
"~ cos@
sin@ 1-cos@ _sin@(1-cosh)
1+cos6 1—-cosf  1—cos’ @
_ sin@(1-cosh)
- sin® @
_1-cos®
 sin@
sinf+cosf cosf—sinf
cosé sin
_sin® @ +sindcos O+ cos O (cos O —sin )
B sinécos
_sin’ @+sinfcos O+ cos’ @—cosPsin
B sin @ cos 8
_sin29+c0529+sin6cos¢9—cos6‘sinl9
- sinfcosf
_ 1
" sinfcos@
1 1 I+cosv+1—-cosv
1—cosv+l+cosv=(1—cosv)(l+cosv)
_ 2
" 1-cos’v
2
Csin’v
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17 (sin @+ cos 0)(sin @ +cos O) —

25. cosf@(tan @+ cot ) = cos 0( sin + ﬁj

sin&cos cosf sinfd
_sin® @+ 2sinfcos O+ cos® -1 B sin® @ +cos’ 0
B sinécos @ B sé’[ cos@sinf J
_sin26’+c0529+2sin190056—1 1
B sinfcosé =cos (cosﬁsinﬁ)
:1+2sin00050—1 1
sin@cosf = sing
2sinfcos
=07 =cscl
sinfcos @

=2

26. sinf(cotf+tan ) =sinb cos 9 sin@ j

(9 17
(tan6+1)(tan 6+1)—sec* & sind  cos

18.
and _ [cos 0 +sin® 6’}

_tan’@+2tanO+1-sec’ 0 sinfcosd
tan & = ]
_tan’ @+1+2tan O —sec’ 0 schosH
tan @ —
_sec’ @ +2tan 6 —sec’ cosH
tan @ =sect
_ 2tanf
T tano 27. tanucotu—cos’ u =tanu- —cos’ u
PN tanu
B =1-cos’u
1 3sin’ @ +4sin@+1 _ (3sinf+1)(sin+1) =sin’u
" sin’@+2sinf+1  (sin@+1)(sin@+1)
3sin@+1 28. sinucscu—cos’u =sinu- - —cos’u
= sinu
sin@+1 2
=1-cos u
20 cos’@-1 _ (cos@+1)(cos&~1) =sin’u
" cos’O—cosf cos@(cosd—1) , ,
29. (secO—-1)(secf+1)=sec @—1=tan" 0
_cosf+1
cos & 30. (cscO—1)(cscO+1)=csc’ @—1=cot> O
1 cos@ R R
21. cscH-costSine 0sf = o =cot# 31. (secO+tanB)(secd—tanh) =sec’ & —tan’ 6 =1
; 32. (cscO+cotB)(cschd—cotd) =csc’@—cot’ O =1
22, secl-sinf = sinf = sin 0 =tan @
cos@ cos@

33. cos’ O(1+tan” @) = cos” @-sec’ @

2 _ — _ 2: 2 = 2
23. l+tan"(-0)=1+(-tand)” =1+tan" & =sec” =cos’ 0-

cos’ O
24. 1+cot’ (=) =1+(—cotf)’ =1+cot’ @ =csc’ 0 =1

716
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34.

3s.

36.

37.

38.

39.

Section 7.4: Trigonometric Identities

2 20\ — win2 O e
(I-cos” @)(1+cot” @) =sin" G-csc” 0 40. cscu—cotu = — _c?su
5 1 sinu sinu
=sin” @-
sin2 @ =(1—cosu) 1+cosu
=1 sinu 1+cosu
1-cos’u

(sin @+ cos B)° + (sin @ —cos )

=sin*> @+ 2sinfcos O+ cos’

" sin u(l+cosu)

_ sin® u
+sin” @—2sin & cos &+ cos” & ~ sinu(l+cosu)
=2sin’ @ +2cos’* O _ sinu
=2(sin” @+ cos” ) 1+cosu
=2-1 41. 3sin® @+4cos* @ =3sin’ @+3cos’ 6 +cos’
=2 =3(sin” @+ cos” ) +cos” @
_ 2
tan® @ cos’ @+ cot” Osin’ O =3-1+cos” 0
. 2 =3+cos’ @
6 g .
:s1n2 -cos29+cf)s2 -sin* @ , , , . .
cos” @ sin” 6 42. 9sec’ @—5tan’ @ =4sec’ O+ 5sec’ —S5tan’ O
=sin” 6 +cos” 0 = 4sec’ @+ 5(sec’ 6 —tan’ 0)
=1 =4sec’ +5-1
_ 2
sec* @ —sec’ @ =sec’ O(sec’ 6-1) =5+4sec” 0
= (tan’ O +1)tan* @ 5. 1- cos> @ _ _1-sin’@
=tan* O +tan’ @ ' I+siné 1+sind
—1- (1-sin8)(1+sinf)
csct @ —csc? @ = csc” B(csc” O 1) 1+siné
= (cot’ @+1)cot’ 6 =1-(1-sin@)
— cot* O+ cot? =1-1+sinf
=sind
secu—tany = —— — S1Y a4 1o sin® @ =1_1—cos2¢9
cosu. cosu ) ) 1-cos@ 1-cos@
- 1‘511’”).[“51“”) _,_(1=cos0)(1+cos0)
cosu 1+sinu -7 1—cosd
_ 1-sin’u =1-(1+cos®)
cosu(l+sinu) =1-1-cos@
_ cos’u =—cos®
cosu(l+sinu) 1
_cosu 45 1+tanv_1+cotv
1+sinu " 1-tanv - 1
cotv
o)
1+ cotv
_ cotv
)
1- cotv
cotv
_cotv+l
cotv—1
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1
—-1
46, SSCv=l_ sinv 50.
cscv+1 .L+1
sinv
(}—ljsinv
_\sinv
JEE
—+1 |sinv
sinv
_l-sinv
" 1+sinv
1
47, S0 sin@ _ cosg |, sind S
cscd cosf 1 cos 6
sin@
cos@ cosl
=tanf+tanf
=2tand
48. cscH—lzcscﬁ—l'cscﬁ+1
cotd cotd cscl+1
_ esc’O-1
" cot HO(cscO+1)
_ cot’d
cot@(cscH+1)
_ cotd 52.
oscO+1
. 1+ !
49. 1+smz9: cscl
I-sin@ | _ 1
cscl
cscH+1
__cscl
cscd -1
cscl
_cscf+1 cscl
"~ cscl  cscO-1
_csc+1
esch-1 53.
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1

cosf+1 sec9+1

cosf-1 1
secd
1+secé

sect
1—secé

secd
1+secé

1—sect

1

I-siny = cosv _ (1-sinv)* +cos’ v

cosv  l-sinv cosv(l—sinv)

. . 2 2
_1-2sinv+sin” v+cos” v

cosv(l—sinv)
1-2sinv+1
cosv(l—sinv)
2-2sinv

~ cos v(l—sinv)

_ 2(1-sinv)
~ cos v(1—sinv)
2

~ cosv

=2secv

cosv_ I+sinv _ cos’ v+ (1+sinv)?

I+sinv  cosv cosv(l+sinv)

_cos’v+1+2sinv+sin’ v

cosv(l+sinv)
_ 2+2sinv
" cos v(1+sinv)
2(1+sinv)
cosv(l+sinv)
2

cosv
=2secv

sinf sinf sin@

sin@—cos @ B sin@—cos@ 1
sin @
_ 1

- 1_cosl9

sin @
B 1
1-cot@
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. 3 ) .
54, - a _ _1-cos” @ 57, cos@ 4 sin @
1+cosé 1+coséd I-tand 1-cotf
(1-cos@)(1+cos8) __cosf . sin@
T 1+cosO l_siné’ l_cosH
=l—(1—cos¢9) cosé sin @
— cosd _ cosf N sin @
- o8 ~ cos@—-sin@  sin@—cos6
55. (secO—tan@)’ cos2¢9 sir21 ¢
o in~ @
=sec’ 6 —2secHtan &+ tan’ == —— +— S
) ., cos@—sinf sinfd—cosb
_ I, 1 sinf sin"@ cos? O —sin2 6
cos’@  cos@ cosf cos’ O =
i .2 cos@—sinéd
_1-2sinf+sin" 0 (cos 8 —sin @)(cos & +sin 6)
2 —
cos 0 . cos@—sin 6
_ (1-sinB)(1-sinO) —sin@+cos
1-sin’ @
_ (I1-sin@)(1-sinb) 58 cotd 4 tan &
(1-sin8)(1+sin H) I-tang 1-cotf
1—sin@ cos® sin@
“1tsing __sind . cosd
- sin @ 1 cos 6
56. (csc@—coth)’ cosd sin¢
5 ) cos sin @
=csc"@—2cscHcotf+cot” 6 :
___ sinf cos @
_ 1, 1 cosé cos’ @ cos@—sind sinf—cosd
sin?@  sin@ sin@ sin’@ cos @ sin@
_ 1-2cos@+cos’ O B cos’ 0 N sin” @
- sin® @ sin@(cos@—sinf) cosH(sinf—cosH)
_ (I1—cosg)(1—cos 0) _ —cos’ @-cosf+sin’ O-sin O
1-cos* @ -

_ (1-cos@)(1—-cosf)

(1-cos@)(1+cos )
_1-cosd
1+coséd

sin # cos @(sin @ —cos f)

sin® @—cos* @

sin & cos @(sin @ —cos §)

_ (sin@—cos 6)(sin” 6 +sin @ cos 0 + cos” )
sin @ cos (sin @ —cos )

_sin® @+sinfcos O+ cos’ O

sin&cos @

B sin’> @ N sin@cos @ N cos’ @
sinfcosf sinfcosd sinfcosl
sin & cos@

= +1+—
cosd sin @

=1+tan@+cotd
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cos@ _ sin + cos@

1+sind cos@ 1+sind
_sin@(1+sin )+ cos> @
~ cosO(1+sin6)
_sinf+ sin® @+ cos® 6

~ cos@(1+sin6)

sin@+1

cosB(1+sin b)

1

 cos@

=secl

59. tan@+

1
_ cos’ @
cos’ @ —sin” 6 2 . ) 1
(cos” @—sin” 0)-——;
cos” 0

. (sinfcosH)-
60. sin@cos @

sin @

__ cos@
sin’ @
I-——
cos” @

_ tan@
1—tan’ @

tan @ +secd—1

tan@—secH+1
B tan6’+(se00—l)'tan¢9+(sec6’—1)

- tanf —(secf—1) tanG+ (secd—1)

_tan” 6+ 2tanO(secO—1)+sec’ O —2secH +1
tan” @ — (sec> @ —2secH+1)
_sec’ @—1+2tanO(secH—1)+sec’ O —2secH+1

61.

sec’ @ —1—-sec’ @+2secH—1
_ 2sec’ @ —2secH+2tan O(secH 1)
- 2secd -2
_ 2secO(secf—1)+2tan O(secd 1)
- 2secd—2
_ 2(secH—1)(sec O+ tan 0)
- 2(secd—1)
=tan @ +secH

sin@—cos@+1
sin@+cosfd—1
_(sinf—cosf)+1 (sinf+cosb)+1

(sin@+cosB)—1 (sinf+cosh)+1

62.

sin® @ —cos’ 6 +sin @ +cos @ +sin 6 —cos @ +1
- (sin@+cosf)’ —1
_ sin?@—cos’ O+2sinf+1
~ sin>@+2sinfcosO+cos’ H—1
B sin® @—(1—sin” @) +2sin @ +1
- 2sinfcosf+1-1
2sin® @+ 2sin @

2sinfcos
_ 2sinf(sin@+1)
~ 2sinfcosd

sinf +1

cos@

sind cosé
tand—cotd  cosd sind
tan9+cotl9_M+cosﬁ
cosf sinfd

63.

sin® @ —cos’ 6
__ cosfsinf
sin® @+ cos’ 0
cosfsinf
_sin’ @ —cos’ 0
N 1
=sin’* @ —cos’ @

1 cos’d
64. secf-cos8 _ cos@ cosl
secd+cosé 1 N cos’ @

cos@ cosl
1—cos* @
__ cosd
1+cos* @
cos @
1= cos’ 6
"~ 1+cos’ 6
sin® @

" 1+cos’ @
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sinu cosu 1
65 tanu —cotu 1= cosu sinu +1 68 sec — cosf
tan u + cot u sinu , cosu I+sectd |, 1
cosu sinu cos @
sin? u —cos” u 1
___cosusinu__ | __cosf
-T2 2 cosd+1
sin” u +cos” u LosvT
cosusinu cos &
_sin®u—cos’ u . = 1 1z cosé
- 1 + 14+cos@ ) \1-cosé
=sin*u—cos*u+1 _ 1-cos&
2
=sin’ u + (1-cos® u) I=cos”0
L, L _1-cosd
=sin“u+sin” u T sinlo
=2sin’u
) 69 1—tan* @ _l—tan249 1+tan* @
. . Sinu _ cosu " 1+tan’ @ 1+tan’@ 1+tan’é
anu —cotu i
66, ———————+2cos’y =L08U_SIMU 450667y 1-tan’ @+1+tan’ @
tanu +cotu smu  cosu = 2
+— 1+tan” @
cosu sinu
.2 2 2 2
sin” u—cos” u = =
— 1+tan“ 8 sec” @
= —COSUSIMU__ 4 ) cos’ u 1
sin“u+cos” u =2- >
cosusinu Sej ¢
sin®u —cos*u , =2cos" ¢
=——+2cos‘u
l1—cot’ @ 1-cot’ 0
=sin?u+cos u . ————+2co0s’ @ =————+2cos’ 6
1+cot” @ csc
=1 2
1 cot” @
:—2——2+200529
1 sin® csc @ csc
67, SecO+tanfd _ cosd  cosd cos” @
. = )
cot@+cosl 0?59+C080 —sin2@-SN"0 L5029
sin @ L
1+siné sin” @
_ cos@ =sin’ @ —cos’ @ +2cos’ O
cos@+cosfsiné —sin2 0+ cos’ O
sin & -1
_1+sin® sin @
cosf cosf(1+sinh) - secd—cscd secd csch
:sinH‘ 1 " secOescl  secHescl  secHescl
cos@ cosl 1 1
=tandsect " csch  sec
=sin@—cosf
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sin? @ —tan @

2. —— 76.

cos® 8 —cotd

. sin @
sin* 8-

cos@

cos @
cos’@————
sin @

sin? @cos @ —sin 6

cosd
cos” @sin @ —cos @

sin @

sin? @cos @ —sin 6 sin@

cosf cos? @sin—cos b
_sinf(sinfcosf—1) sin @
cosB(cosfsin G —1)

cosd

sin® 0

" cos’ @
=tan’ @

73. secld—cosl = —coséd

cos@
_1-cos’ @
~ cos6
_ sin® 6

cos@
sin@

=sinf-

cos@
=sinftan O

sind cos@

74. tan@+cotf =

cosd siné
_sin’ @+cos’ 6
~ sinOcosd
_ 1
~ sinfcosd

1 1
" cos@ . sin @
=secfcscl

1 N 1 _ 1+sinf+1-sind
1-sin@ 1+sin@ (1-sin@)(1+sinH)
_ 2
1-sin’@
2
T cos’ 0
=2sec’ 6

75.

722

l+sinf 1-sinf

I-sinf 1+sinf

_ (I+sin 6)* —(1-sin )’

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

_ 1+2sin@+sin® 6 —(1—2sin & +sin’ 6)
- 1-sin’ @

_4sin@
cos’ @
_ sin @ ) 1

cosf cosl
=4tanfsecd

secd ( secO 1+sind
l—sinﬁ_(l—sinﬁj'(l+sin6j
_secH(1+sin0)
© 1-sin’@
_secO(1+sind)
© cos’@
1 1+sin@
_cosﬁ'coszﬁ
_l+sin@
" cos’ @

l+sin@ (1+sin@)(1+sin6)

1-sind (1-sin&)(1+sinfH)
_ (1+sin6)’
~ 1-sin’@
_ (I+sin8)’
"~ cos’O

_(1+sin6j2
cosd

( 1 sin @ )2
= +
cosf cosé

= (secf +tan H)*
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(secv—tanv)® +1 sinf+cosf cosf—sinf

79. 82. -
cscv(secv—tanv) sin@ cosd
_sec’ v—2secvtanv+tan® v+1 _sing cosf cosf  sind
- cscv(secv— tan v) sin@ sin@ cos@ cosl
, 5 cosd sin @
sec” v—2secvtanv+sec v =l+—-1+—
= ( anv) sin @ cosé
cscv(secv—tanv .
, _cos’ @+sin’
:2sec v—2secvtanv cosfsind
cscv(secv—tanv) 1
_ 2secv(secv—tanv) - cosdsin @
cscv(secv—tanv) =sec@cscl
2secv .
- sin’ @+ cos’ @
cscv 8. —
1 sin @+ cos &
2- cos (sin @+ cos B)(sin” @ —sin & cos 6 + cos” 6)
- v _ !
1 sin@+cos
sinv =sin” @+ cos’ @ —sin O cos &
PN 1 sinv =1-sinfcosl
cosv ! sin® @+ cos’ @
siny 84, ————
=2 1-2cos* &
cosv . ) )
—2tanv _ (sin&+cos 6)(sin” 6 —sin O cos @ + cos” 6)
1—cos*@—cos* 6
%0 sec’v—tan’ v+tanv 1+tanv _ (sin @+ cos H)(sin” O + cos’ & —sin O cos H)
) secv  secv sin® @ —cos” @
1 sinv (sin@+cosB)(1—sinHcosH)
+ = 3
___ cosv (sin @ + cos @)(sin & — cos §)
1 1
cosv _1-sinfcosf o5
cosv+siny " sin@-cos® 1
—__Cosy cos@
1 .
—sin@
cosv _ cos®
=cosv+siny ~ siné
. ) cos@
81. sm0+cos6_s1n6’.—cosﬁ _secO-sin®
.cosﬁ §1n9 tand—1
sinf cos@ sinf cosf
= + -t 2 .2 2 )
cosd cosf sinf sind 85 cos” f—sin“ @ cos” f—sin” O
sin@ cosé 1—tan’ @ sin® @
= +1-1+— 1-—
cosé sin @ cos” @
sin® @+ cos” @ _ cos’@—sin’ 0
~ cos@sin@ cos® @ —sin® 6
1 cos’ 0
cos@sin 6 . cos’ @
=(cos? @-sin’ 9) - —5————
=secfcscd cos” @—sin” 0

=cos’ @
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%6 cosf+sinf—sin’ @ _cosf  sinf sin’

sin @  sin@ sin@ sin@
=cot@+1—sin’ @
=cot@+cos’ 0

(2cos> O 1) [2 cos” @ —(sin” @+ cos’ 6’)}2
cos'O—sin*6 (cos® @ —sin® B)(cos” O +sin® 6)

(cos® @ —sin’ 6)*

87.

- (cos® @ —sin’ B)(cos” @ +sin” )
cos’ @ —sin’ 6

o’ O+sin’ 0

=cos’ #—sin’ @

=1-sin’ —-sin’ @

=1-2sin’* @

1-2cos’ 6 _1-cos’ @—cos’ 6

siné@cos & sin @ cos b

88.

_ sin” @ —cos’ O
sindcos @
_ sin’@ cos’ 0

sinfdcosf@ sinfcosd
_sinf cos®

" cosf sind
=tand—cotfd

1+sinf+cosf

" 1+sin@-cosd
_(I+sinf)+cos@ (1+sinf)+cosd
~ (I+sin@)—cos@ (1+sin6)+cosd

_ 1+2sin@+sin” @+ 2cosO(1 +sin O) + cos” &
B 1+2sin@+sin*@ —cos* &
_1+2sin@+sin’ @+ 2cosO(1 +sin ) + (1 —sin’ 0)
N 1+2sin6 +sin’ 6 — (1 -sin>6)

_ 2+2sin@+2cosf(1+sind)

B 2sin@+2sin’ @
_2(1+sin0)+2cosO(1 +sinb)

- 2sin (1 +sin O)

_ 2(1+sin@)(1+cosb)

"~ 2sin@(1+sin6)

_1+cos@

Y

1+cos@+sinf
1+cosf@—sinf
_(I+cosf)+sinf (1+cosb)+sind

"~ (I+cos@)—sin® (1+cosf)+sind

90.

_1+2cos@+cos” 0+ 2sinO(1+cosb) +sin’ O

B 1+2cos@+cos’ @ —sin’ @

1+ 2c0s8 +cos” @+ 2sin@(1+cosd) +1—cos’
B 1+ 2cos@ + cos” @ — (1 —cos” 6)
_2+2cos@+2sind(1+cos )

2cos@+2cos’ O
_ 2(1+cos®)+2sin O(1+cos )

2cos (14 cosO)
_ 2(1+cosd)(1+sin0)
~ 2cos O(1+cosB)
_1+sin@

cosd
1 sin @
+
cosd cosé
=secH+tanfd

91. (asin@+bcosB)’ +(acosf—bsin )’
=a’ sin® @+ 2absinfcos @ +b* cos’ 6
+a* cos® @—2absinfcosO+b* sin’ O
=a’(sin® @+ cos” ) + b* (sin” @ + cos” 6)
=a’+b
92. (2asinfcosh)’ +a’(cos’ 6 —sin’ §)*
=4a’sin’* Ocos® O
+a’ (cos4 6 —2cos” @sin’ @ +sin* 0)

=a*(4sin® @cos® @ + cos* @ — 2cos® Osin’ @ + sin* 6’)

a’ (cos4 6+ 2cos* Osin’ @ + sin* 9)

a’ (cos2 6 +sin’ 6)2
=a* (1)’

2
=a
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94.

95.

96.

97.

98.

99.
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tana+tan f _ tano+tan § 100. ln|sec6’+tan0|+ln|secH—tan0|
cotar +cot L.,.L :ln(| sec19+tan6’|-|sec€—tan€|)
tano tan f , ,
_ tana+tan :1n|sec 6~ tan ‘9|
tan f+ tan o = 1n|tan2 6 +1-tan’ 49|
tan o tan
p ~nl1]
tan o tan
= (tan @ + tan ) - tanatan f =0
tan o + tan
=tan ortan B 101. f(x)=sinx-tanx
=sinx sin x
(tan o + tan B)(1 - cot  cot ) cos x
+ (cotr + cot B)(1—tan o tan f3) sin’x
=tan o+ tan f —tan ¢ cot  cot T cosx
—tan ffcot @ cot S+ cota +cot 1—cos? x
—cotrtan v tan ff — cot ftan artan 5 T cosx
=tana +tan f—cot S —cota + cotox 1 cos’ x
+cot f—tan f—tan COSX COSX
=0 =$eCX—COoSX
=2(x)
(sina + cos B)* + (cos B +sin ar)(cos S —sin &)
=sin® o+ 2sin cos B+ cos” B+ cos® B—sin’ 102. f(x) =cosx-cotx
=2si 2 cosXx
2sincos f+2cos” — cosx- &
=2cos f(sina + cos f) smx
_cos’ x
(sina —cos B)* + (cos B +sinax)(cos B —sin ) sin x
=sin’ a—2sinacos B+ cos> B+ cos® B—sin’ & _ 1-sin’ x
=-2sinacos B+ 2cos” f=—2cos B(sina — cos ) sin x
1 sin’x
- sin sin
ln|sec¢9|=ln =1n|cos€| : =—ln|cos¢9| X . x
cos@ =cscx—sinx
=g(x)
sin @

1n|tan49|:1n :ln|sin«9|—1n|cos6’|

cos@

1n|1+cosl9|+1n|1—cos€|
:ln(|1+cos6’|-|1—cos¢9|)
=ln|1—c0520|
=ln|sin2¢9|

=2ln| sin9|
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B l—sinﬁ_ cosé

1 2
103. 1 (0 107. 1200secd(2sec’ §—1)=1200 ——-1
/(9) cos@ 1+siné S ( S ) COSH[COSZH )
_(l—sinﬁ)(l-ljsinﬁ)_ cos.H.cosH 1200 1 5 _00520
cosf(1+sin@)  (1+sinf)-cosd 050! 0520 cos’ @
_ 1-sin’ @ —cos’ 0 s
cos@(1+sin0) =1200 1 [2-cos”®
cos@| cos’ @
1—(sin2 0 + cos’ 6’) ,
~ cosf(1+sind) :1200(1+1_COS 6)
1-1 cos’
" cosB(1+sin6) 1200(1+sin” 0
_ 0 - cos’ @
cos@(1+sin0)
-0 108, [ =44 (csc@—l)(sec6'+tan¢9)
=g(6’) ' cscfsecl
— a4 cscfd—1 secO+tand
104. f(0)=tan0 +secd cscd  sectd
sind 1 —a4421- 1 1+tant9
o0 t cosd) cscd secd
1+sin 6 =44* (1-sin6)(1+sin6)
cosd = 44*(1-sin’ 0)
_1+sin6’_1—sin«9
cos@ 1-sind = 44% cos” 6 = (24cos 0)’
B 1-sin’ @
_cosﬁ(l—sinH) 109. Answers will vary.
2
:L‘Q‘ 110. sin*@+cos’O=1
cos&(1-sind) tan” 6 +1=sec’ 6
= cos§ 1+cot> @ =csc’ @
1-sind
=g(6) 111 — 112. Answers will vary.

113. Since a is negative then the graph opens up so
105. \16+16tan’ 6 = \[16(1+ tan® ) = 4/1+tan’ 6 . the function has a maximum value. To find the
maximum value we can find the vertex.

Since secd >0 for —Z <@ <%, then

41+ tan? @ = 4/sec’ O = 4secd =_i=__120=20
2a 2(-3)
106. /9sec’ -9 = \/9(5602 6-1) =3sec’0-1. £(20) = =3(20)> +120(20) + 50 = 1250

Since tan@ >0 for 7 <@ <%, then

The vertex is (20,1250) so the maximum value

29 71— 29 _
3\/5“ -1 3\/tan ¢ =3tang of the function is 1250.
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1 5 _
4. f)=""".g(x)=3x—4
x—=2 6. —
_ Bx—4)+1
feog Gx—4)—2 7. False
3x-3 8. False
3x-6 9. False
et )] 10. T
3(-2) . True
_x-1 11. a
x=2 12. d
115. For the point (=12,5), x=-12, y=35, 13. cos165°=cos(120°+ 45°)
r=ax*+ ) =144 +25 = 1169 =13 =¢08120°-cos45°—sin120°-sin 45°
s A 1B
sin =5 cscl=— AR
1
cos6’=—E sec6’=—E =——(\/§+ 6)
13 12 4
5 12 . .
tan & = BD cotd= s 14. sin105°=sin(60°+ 45°)
=sin 60°-cos 45°+ cos 60°-sin 45°
f(7/2)=f(0) cos(m/2)~cos(0) B2 12
116. = _N3 N2 T V2
/2-0 /2 2 2 2 2
_0—1__2 1
/2 T =Z(\/g+\/§)

.2
The average rate of change is o 15. tan15°= tan(45°— 30°)

_ tan45°—tan30°
1+tan45°-tan30°

1_\/3
__ 3 3
Section 7.5 -
1+1-£
2 2
1 \/(5—2) +(1-(-3)) _3-33-43
V314 =\0116=25=5 3443 343
9-63/3+3
, 3 9-3
5 12-6\3
s V12 y
YT =243
b 1-L1-1
272
4. y=4,r=5x=-3(Quadrant 2)
X 3
cosy=—=——
r 5
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16. tan195°= tan(135°+60°) 20 tan7n'—tan[3n4-4n)
' 12 12

_ tan135°+tan 60° 12
1—tan135°-tan 60° b T
tan—+tan —
_ _l+\/§ :#
1—(—1)-«/§ l—tang-tang
:—1+«/§_i 1+/3
1443 1-3 -
e 1-1-3
—-1+243-3
=——1T—§——— _(L+J§].(L+J§J
1-+/3 1++/3
_—4+2J§ v o
T2 _1+2V3+3
1-3
-2-3
_4+2\ﬁ
-2
17. sins—n:sin(3—n+2—n]
12 12 12 =23
sin™ cosE 4 cos ™ osin ™
—sm4 cos cos—-sin U (1511 275)
21. sin—=sin| —+—
BB DT
12 2 2 2 :sin%-cos%+cos%-sing
J(Yor ) __Q.ﬁ{_ﬁjg
LT . (3 2m 2 2 22
18. sin—=sin| ——— 1
12 12 12 -~ (V6 +2)
. T i T . T 4
=sin—-cos——CoS—-sin—
4 6 197 15n  4n
22. tan— =tan| —+ —
V23 V21 12 [12 12)
12 2 2 2 tans—ﬂ:+tanE
l—tans—n-tanE
19 c0s7—n—cos(4—n+3—nj ! :
BT 1212 _ 143
T T .mM . W 1-1-43
=C0S—-c0S——sin—-sin—
304 _1+V3 1443
_1i2 B2 1-V3 1443
22 2 2 1424343
:l(\/z_\/g) 1-3
4
4423
-2
-2-3
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12 12

b 1 1
23. sec| — |= =
12 T 3n 4m
cos| —— | cos| ——-——
12

1

1 T,. T .
COS—-COS— +sin—-sin—
4 3 4 3

W

2

N\»—ﬂ

1

NN
4

__ 4 26

V246 V26

_42-46

D

_42-46

-4

AN

5w -1

24. cot _5_11; =—cot—=——
12 12 Sn

T s
tan— + tan —
4 6

l—tanE-tanE
4 6

l—tanE-tanE
4 6

T T
tan— + tan—
4 6

1
TR
13
NG}
3-143-1

T Bl B
__3-3-\3+1
3-1
23

2

=-2+3

1+

25.

26.

27.

28.

29.

30.

31.

Section 7.5: Sum and Difference Formulas

sin 20°-cos10°+ c0s 20°-sin10° = sin(20°+ 10°)

=sin30°

sin 20°-cos 80° — cos 20°-sin 80° = sin(20° — 80°)
=sin(—60°)
= —sin 60°

c0s70°-cos 20° — sin 70°-sin 20°= cos(70°+ 20°)
=cos90°
=0

c0s40°-cos10°+ sin 40°-sin10°= cos(40°—10°)

=cos30°

3

2

20° 25°
tan 20°+tan 25 = tan (20°425°)
1—tan 20°tan 25°
=tan45°

=1

tan 40°—tan10°

_— = tan(40°—10°)
1+tan40°tan10°

=tan 30°

. T T n . TTm . (7w Tmn
sin—-cos— —cos—-sin— =sin| — ——
12 12 12 12 12 12
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33.

34.

35.

T St .5t . om T ST
COS—-COS— +SsIn—-SIn— = COS| ———
12 12 12 12 12 12

T Smt nT .5t . (m 5w
sin—-c0S—+cos—-sin— =sin| —+—
18 18 18 18 18 18

. 67
=sin—
18
LT
=Sin—
3
B
2
3 T
sinad=—, O0<a<—
5’ 2
cosﬁ‘—i —§<,8<0
y y
(x. 3) 245
5 p y i
3 5
(04 — - (2\6,)7)

¥ +32 =5 x>0
x2=25-9=16, x>0
x=4

cosazg, tano =—

(2\/5)2+y2:52, y<0
y?=25-20=5, y<0

y==5
smﬂ——£, tan,b’__:;_—=_

N | —

a. sin(a+ f)=sinacos f+cosasinf
325,435
5 5 5 5
_6V5-45
25

_25

25

b. cos(a+ f)=cosacos ff—sinasin

4245 3 (_ﬁ}

5 5 5

85435

25

15

25

c. sin(a—f)=sinacosf—cosasinf

é.i_i.[_ij
_ 6\/§+4\/§

25

1045

25

25

5

tan o — tan
l+tan-tan

(3]

d. tan(a—pf)=

N oo [ Ln|b |

|5

T

36. cosa= S O<a<§

w|h W

sinff=——, —§<ﬂ<0
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Section 7.5: Sum and Difference Formulas

y y
tan o — tan 8
: X d. tan(e-pf)=—--—""—
s (5.7) B x (@=h) 1+tan o tan
y 5 —4 2_(_4)
0 (v ~4) -—
X
Vs 1+2-(—)
3
2
(\/g) +y* =5, y>0 10
¥ =25-5=20, y>0 =%
y=+20=25 3
25 205 =-2
singg = ——, tany =———=2
> s 4 =
) o 37. tana=—-—, —<a<TM
x +(=4)y =5, x>0 372
x1=25-16=9, x>0 cosf=t. 0<p<
x=3 2 2
3 4 g (=3, 4) y v L3
cosp=—, tanp=—=—— >
p 5 p 3 3
a. sin(a+ f)=sinacos f+cosasin S 4 { 2 y
25 (3) V5 ( 4} N B
= — || = |4+| — || —— _3 X 1 X
5 5 5 5
65 — 45 PP =(-3Y+4" =25
T r=s
:& Sin0!=i, c()sa:__z__
25 >
b. cos(a+ ) =coscacos f—sinasin ff P+y' =2 y>0
\/g (3) 2\/5 4 y2=4_1=3,y>0
s s) s ( Ej y=13
:3\/§+8\/§ sinﬁ:ﬁ, tanﬁ=£=\/§
25 2 1
1 ING a. sin(a+ f)=sinacosf+cosasin S
2 _[ij.[lj+[_§j. V3
c. sin(a—pf)=sinacosf—cosasinf 5)\2 5 2
(25 (z) ¥s [ij _4-33
5 5 5 5 10
_ 6V5 + 445 b. cos(a+ ) =cosacos f—sinasin
> (VD) (4[5
_105 Us)l2) (5)1 2
25
—3-43
5 ST
5
731
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¢. sin(a—pf)=sinacosff—cosasinf

G

d. tan(a-p)=

_4+3\/§
10
d. tan(a—f)= tan o —tan
1+tan o tan S
45
__ 3
1+(—4j'x/§
3
~4-33
__ 3
3-443
3
_[-4-33) (34443
3-443 ) |3+443
-48-253
-39
_25V3+48
39
38. tana:i, 7t<05<3—7E
12 2
sinff=—— n<ﬁ<3—n
2’ 2
y ¥
—12 O(f\ X Bf\
X
1
-5 7 2
(xa_l)
(-12,-5)

r? = (=12)* +(=5)* =169

r=13
. -5 5 -12 12
smog=—=——, COS=——=——
13 13 13 13

X+ (=1 =2% x<0
xXX=4-1=3, x<0

x=—3

a. sin(a+ f)=sinacosf +cosasin S

(S HE)

53412124543
26 26

b. cos(a+ f)=coscacosff—sinasin

I

26

c. sin(a— f)=sinacosf—cosasinf

LA

tana —tan 8
l+tane-tan f

5 3 5-43

_12 3 _ 12
5 V3 36+5/3

1+
12 3 36

_[15-1243) (36-53
136453 ) | 36-543

540-507+/3 +180
T 1296-75
720-5073
1221

_ 240-16943
407

. 5 3n
sinad=—, ——<a<-T
13 2

tan 8 = —/3, §<,3<n

(x, 5) y 1 +3) y
13

X OL\_/ x \B

cosﬂ:—g, tan f=——=
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X2 +52=13%, x<0

X2 =169-25=144, x<0

|

x=-12
-12 12 5
cosa=——=——, tanay = ——
13 13 1
= (=1 43 =
r=2
. 3 1
sinf=——, cosff=—=——
p 2 p 2
a. sin(a+ f)=sinacos f+cosasin S
_(ij.(_lj{_zj. 3
13 2 13 2
_S5-123 0 5+1243
26 26
b. cos(a+ ) =coscacos f—sinasin ff
(2}(1)(1) V3
13 2 13 2
12-53
26
¢. sin(a—f)=sinacosf—cosasin f
[zj AN _2). 3
13 2 13 2
_—5+12x/§
26
d. tan(a—f)= tan o —tan
1+tanrtan S
5
A1)
5
1+(—12J(_\/§)
~5+124/3
12
12453
12
_(-5+1243) (12-5\3
12+5v3 ) | 12-53
 —240+1693
69

Section 7.5: Sum and Difference Formulas

40. cosa=l, —E<0!<0
2 2
. 1 b4
sinff=—, 0<fi<—
p 3 p 2
y y
1
N y (. 1)
3
(1,») B 1
X X
I’ +y*=2% y<0
Yy =4-1=3, y<0
y==13
2 2 1
¥ +1P=3, x>0
¥=9-1=8. x>0
x=~8=2\2
22 1 2
cosff=—-—, tan ff = =—
3 22 4

a. sin(a+ f)=sinacosf+cosasin f

@‘@]*G)@

6

b. cos(a+ f)=cosacosff—sinasin

G

¢. sin(a—f)=sinacosf—cosasinf

(30

6
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d. tan(a—ﬂ)=w fan @+ tan -
l+tanatan d. tan(9+£j=—4
_£ 4 1—tan«9~tan%
=i 1
2 ——+1
1+(—ﬁ)-\4f __ 22
1
- — - —— |1
42 ( 2&)
_ 4
N —1+242
4 __22
(=432 (446 22+1
4-J6 4++/6 2V2
~16v3 - 442 - 4/18 =12 _[22-1) f2v2-1
= 6—6 22+1) (2421
_-18V3-16V2 _8-42+1
- 10 8—1
_93-82 _9-42
s 7
1.
41. sinH—l, 6 in quadrant IT 42. COSQ:Z’ ¢ in quadrant IV
a. sin@=—-1-cos’0
a. cos@=—1-sin’@ = 1)
—_— 1— —_—
“ 5
1__
9 =_ 1_i
R 16
9 __ B
~ 22 16
T3 _ s
4

b. sin 6’+£ =sin6’~cosz+cosﬁ~sinZ
6 6 6

G
_ \/§—2x/5 _ —2x/§+\/§
6 6

b. sin H—Zj = sim9-cos£—cos€-sinE
6 6 6

R

I

“ 005(6’—§j=COSH-cos%-{—sine.sin% c. c05(9+%J=cos€-cos§—sin9-sing
I s
_22+3

6 1+3\/§
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T tant9—tanE
d. tan(e__j:—4

1+tanl9~tang

151
14 \/B)l

_[—1—@}[1+J§J
L1=v15 ) L1+415
—1-24/15-15

1-15
—16-2:/15

~14

_8+4/15
7

43. o liesin quadrantI. Since x* +)* =4,
r=4=2. Now, (x,1) is on the circle, so

¥ +1P=4
¥’ =4-1
4-17 =3
Thus, sinotzlzl and cosazfzﬁ.
r 2 r 2

[ lies in quadrant IV . Since x* +y° =1,

1 . .
r=1=1. Now, [g, yj is on the circle, so

2:1_ l
3
ﬂ -
Thus, smﬂ——— 3 2\/_ and
r 1
1
cosﬁzfziz—. Thus,
ro1

=sina-cos f+cosa-sin ff

BsHz)-7)

Section 7.5: Sum and Difference Formulas

44. From the solution to Problem 43, we have

1 3 —2J_

,cosa=7, sin ff =

and

g(a+p)=cos(a+p)

=cosa-cos f—sin-sin f

22

B2 _\Be22

6 6 6
45. From the solution to Problem 43, we have
: 1 3 22
sina=—, cosae=——, sinf=———, and
2 3
1
cos = 3 Thus,

g(a—p)=cos(a-p)

=cosa-cos f+sin-sin

[FBHE

NN

6 6 6
46. From the solution to Problem 43, we have
s1n0(—l cosa = \/7 ,6’—_2\/_ and
2 2
1
cos = 3 Thus,

f(a—=p)=sin(a-p)

=sina-cos f—cosc-sin

BB

6 6 6

47. From the solution to Problem 43, we have

1 NG) —2J—

sina = cosa=7, sin f = and

2’
1
cos = 3 Thus,
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1
tanoa = Sin & =L=L=£ and
cosa ﬁ 3 3
2
02
tan 8 = sin -3 _ 22 Finally,
cos 1
3
tan o + tan 3
h(a+ﬁ)=tan(a+ﬁ)=—1_tanatanﬂ
NE)
_ ?+(—2«/§)
NG)
1—?(—2J§)
B_oh
-3 3
1+72\/g 3
3
_3-6V2 3-2V6
3+246 3-246

3B-6v2-18V2+2443
© 9-6J6+6J6-24
_ 23242 _8V2-9\3

-15 5

48. From the solution to Problem 47, we have
tano = g and tan § = 22 . Thus,

_ tana—tan B
_1+tanatanﬂ
NE)
5 ()
1+£(—2\/§)

3

NG
BN

2J6 3

-2
3

_B+6v2 3426

T 3-206 3+206
334624182 42443
94666624
C27V3+2442 . 824943

-15 5

h(a—p)=tan(a-p)

49.

50.

51.

52.

53.

54.

55.

56.

57.

sin E+¢9)=sin£-cos€+cos£-sin6’
2 2 2

=1-cos@+0-sinf

=cosé

cos E+t9 =cos£-cosl9—sin£-sin9
2 2 2

=0-cosd—1-sinf

=—sinfd

sin(m—@) =sin7-cos@—cosm-sin &
=0-cos@—(-1)sin@

=sinéd

cos(m—6)=cosm-cosd+sinT-sin @
=—1-cos@+0-sin@
=—cosd

sin(m+6) =sinm-cosd+cosm-sinf
=0-cos@+(-1)sin®

=—sinf

cos(m+6)=cosT-cos@—sinT-sin &
=—-1-cos@—-0-sin@

=—cosfd

tan Tt —tan @
l+tanm-tan @
_ 0-tand
" 14+0-tan @
_ —tan@
S
=—tan@

tan(n—6) =

tan 21— tan &
1+tan 27- tan 6
_ 0-tan®
" 1+0-tan@
_ —tan@
S
=—tand

tan(2n-6) =

sin 3—TE+¢9)=sin3—ﬂ-cosﬁ+cos3—1.E-sin0
2 2 2

=—1-cos@+0-sinf

=—cosd
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58.

59.

60.

61.

62.

63.

64.

cos(3—n+6j = cos3—n-cosﬁ—sin3—n-sin9
2 2 2

=0-cos@—(—1)-sinf

=siné

sin(a+ B) +sin(a — f)
=sinacos f+cosasin

+sinacos f—cosasin
=2sinacos

cos(a+ f) +cos(ax— )
=cosacos f—sinasin

+coscos f+sinasin
=2cosacosf

sinfa+ ) _sinacos f+cosasin fB

sinazcos B sinacos

_sinacos B N cosasin

sincos
=1+cotatan S

sinacos B

sin(a+ ) _ sinacos f+cosarsin B

cosacos cosacos B

sinaxcos B cosasin ff

cosacos i cosacosf

tan o + tan

cos(a+ ) _cosacos f—sinasin

cosacos - cosacos

cosacos 8 sinasin

cosacosff coscacosf

l-tantan

cos(a—ff) _ cosacos B+sinasin B

sincos - sinacos
_cosacos S sinasinf
sinacos ff

=cota +tan

sinacos 8

737

Section 7.5: Sum and Difference Formulas

sin(or+ ) _ sinacos B+ cosasin

sin(a— B)

sinacos f—cosasin S

sinacos f+ cosasin B

cosacos
sincos ff—cosasin S

cosacos 3

sinccos N cosasin f

_cosacosff cosacosfB
sinazcos . cosasin B
cosacos

cosacos
_tana+tan B
tan o —tan 8

cos(a+ ff) _cosacosfB—sinasin B
cos(@— ) cosacosf+sinasinff

coscos f—sin¢sin
cosacos
coscos f+sinasin

cosacos
cosacos B sinasin B
_ cosacos
~ cosacos B
cosacos

cosacos
sinasin

cosacos ff
_l-tanatan B
1+tan o tan

cos(a+ )
sin(a + f)

_ cosacos f—sinasin f

67. cot(a+ )=

sinacos 8+ cosasin S
cosxcos ff—sinasin

sinasin
sin o cos S+ cosasin B

sinasin
cosacos B sinasin f

sinasin
cosasin
sinasin 8

sinasin
sinocos 8

sinasin 8
cotarcot f—1
cot f+cotar
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cos(ar— B) 71. sin(e— p)sin(a + f)
68. cot(a—f)="3¢"P) . o .
sin(a — f5) = (sincrcos - cosarsin ) (sinarcos ff + cos arsin f5)
_ cosarcos f+sinasin f =sin’ acos® B —cos’ arsin® B
sin & cos f - cos asin =sin’ a(1 -sin® B) - (1-sin’ @)sin’ B
coscos f+sinasin

=sin” @ —sin* asin® B —sin® B+ sin” arsin® B

_ sinasin B =sin’a—sin® S
sincos S —cosasin
sinasin 72. cos(a— f)cos(a+ f)

cosacos N sinasin

sin rsin sin arsin . .
= i B =cos’ acos® f—sin® arsin®

sinacos B cosasin ff
- =cos” (1 —sin® B) - (1-cos’ @)sin’ B

=(cosarcos B +sinarsin f)(cosarcos S —sinarsin )

sinasin f sinasin 8

cotarcot f+1 =cos’ o —cos® asin® f—sin’ B+ cos® asin®
B cot f—cota =cos’a—sin* B
5 1 73. sin(@+km)=sin@-coskm+cosf -sinkm
69. sec(a+f)=—— .
( ) cos(a+ f) = (sin @)(—=1)" + (cos 6)(0)
_ 1 =(-1)"sin®, k any integer
coscos ff—sinasin
1 74. cos(@+km)=cos@-coskm—sinf-sinkm
_ sinasin = (cos 8)(—=1)* —(sin 6)(0)
coscos f—sinasin — (=1 cosO, k any integer
sinasin
1 1
. 75. sin| sin™ l+ cos™' 0 |=sin £+£
_ sina sin 2 6 2
cosacos B sinasin B e
sinasin 8 sinasin =sin (_J
_ cscacscf NG
cotarcot -1 =—
2
1
70. -fl=——
sec(er=F) cos(a— ) 76. sin(sin‘1 ? +cos™! lj =sin (g + 0}
B 1
cosacos f+sinasin S = sing
1
cosacos = ﬁ
~ cosacos B+sinasin 2
cosacos 3 4
11 77. sin{sin1 g—cos’1 (—gﬂ
B cosa cosf
cosacos f8 N sinarsin Let o =sin™' 3 and f=cos™ (—ij o isin
cosacos S cosacosf 5 5
_ secasecf
1+ tan o tan S

738
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quadrant I; £ is in quadrant II. Then sina:%, sin B =4/1-cos’
2
4 16 9 3
0<a<Z and cosﬂ=—i, T<p<n. =\’1_(§j =\f1_2_5=\/2_5=§
2 52
cosar =~1-sin’ & sin sin'l( 4) tan' >
5 4

e e

=sinacos f—cossin

= (00

s)\s) (5) 15
\/‘ “ =173 \/ __16 9 __ 2

25 25 25
=-1
sm[smlg—cos ( Sﬂ—sm(a B)
a4 a5
=sinacos f—cosasin 9. cos[tan 15"‘005 IB)
(3 4 4) (3 4 5
“15)175)(5) 15 Leta=tan’1§ and ﬁ=cos‘lg. « isin
12 12 4
T 25 25 quadrant I; £ is in quadrant I. Then tana=§,
24
=-_" /4 5 V1
O<a<—,and cosf=—, 0 f<—.
2 2 F=i3:05F=5

sin [sinl (—EJ—tanl 3} seca =+1+tan’ &
5 4

Let a=sin™ (—%j and ,B:tan’lz. o isin

drantIV; £ isi drantI. Th
quadran p is in quadran en cosar=>

sina=—i, —ESO(SO,and tanﬂ=§,
5 2 4

sina =+1-cos’ o
O<[)’<E
- (5] -
5
cos = 1 sin®
/ \/7 \/7 sin B = /1 —cos”
i ! PJ
sec 8 =+/1+tan” B 13

-

4
COSp =—
P 5
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cos tan"i+cos"i 81. cos| sin > —tan"'>
3 13 13 4
=cos(ar+ /) Let o =sin” - and ﬂ=tan'1§. a isin
=cosacos f—sinasin 13 4
(3 (5 (4) (12 quadrant I; £ is in quadrant I. Then sina:i,
5)(13)"5) (13 13
i 3 T
_15 48 33 OS(ZSE,and tanﬂzz,0<ﬁ<5.
65 65 65

coso = —sm 0!

5 3
80. cos|tan' ——sin”'| -=
[ 12 [ 5J1| f 25 /14
5 3 13 169 169
Let o= tan'lﬁ and B =sin""' (—gj .« isin
sec 1+ tan?
quadrant I; £ is in quadrant IV. Then p=
5 3
tanoy = — 0<0{< ,and sin f = 1+ \{ \{
12° 2’ p= 5 N 6 4

n 4
—E<a<0. cosfB==

= 1
seco = +tan’ s1nﬂ W
/ 25 /16 13
12 144 144 1/ 1[ ,f

COSO[Z—

13 cos| sin 1——tan" 3
13 4

sina = 1 cos’ & =cos(05—ﬂ)
f 12 1_ﬂ:\/2_75:i =cosccos B +sinasin B
13 169 169 13 =£i+i§
cos 3 = /1 —sin’ L.Z 51513 5
\/7 I \F 4 “65 65
63
65
cos[tan 1——sm ( —H
12 5

=cos(a-p)

=cosacos f+sinasin Let « =

82. cos tan_1i+cos'12j
3 13

-1 1

4 and £ =cos” 2 o isin
BHBEE=s ’ a
13)\5 13 5) 65 65 65 quadrant I; # is in quadrant I. Then tana=g,

o 12 T
O<a<—,and cosff=—, 0 f<—.
2 p 13 P 2

tan

740
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seca = 1+tan0(
3] - B3
cosa——
5

sina = 1 cos’ o

sin B =+/1-cos* B
12 |4 255
13 169 169 13
( k ‘”J
cos| tan §+cos —

13
=cos(a+ f)

=cosacos f—sinasin

(I

83. tan (sin_1 E + Ej
5 6

Let a=sin"'= . « isin quadrant I. Then

Section 7.5: Sum and Difference Formulas

tan(sinl 3 + Zj = 3 6
5 6 l—tan(' ISJ-taniZ

_9+\3 124343
T 12-3V3 12433
108+ 753 +36
C o 144-27
1444753
YT,
484253
39

84. tan (E —cos™! gj
4 5

Let @ =cos”' = . « isin quadrantI. Then

V.4 43
tan——tan| cos —
[7[ o 3) 4 5
tan| ——cos — |=
4 5

1+ tan—-tan| cos™ —
4 5

1

3
1+1-i 7
3

w
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85. tan [sin_1 % +cos™ lj

-1

sin| cos™ = +sm"1 lj

‘[an(cos1 §+sin’1 lj = E

cos~ 7+s1n l]

. 4 .
Let o =sin 3 and B=cos'l; r isin tan
quadrant I. Then sina:i, OSaSz,and =M
5 2 cos(a+f3)
cosff=1,0<pB<m. So, f=cos'1=0. _sinacos B+ cosasin f

cosa =+/1-sin’* &

coscos f—sinasin

(e

_ 1_@2 16_[9 3
5 5 25 5 _( j(O) ( )(1)
4 5 5
tano = na—i:ié—i ﬂ
cose 3 53 3 -5 __4%
5 33
5

tan (sin1 % —cos™ lj

tan sin_li +tan(cos_11)
5

1—tan sin’lﬂ -‘[an(cos’1 1)
5

86. tan (cos"l ? +sin™ lj

L4 . ..
Let a = cos 1§ and B=sin"1;  isin

87.

cos(cos’l u+sin™ v)
Let ¢ =cos” u and B=sin"'v.
Then cosa=u, 0<a<m, and

. T n
smﬁ=v,—ESﬁS—

2
-1<u<l, -1=5v<1

SinO(Z\/l—COSZO( =\/1—u2
cos B =1[1-sin’ B =1-17

cos(cos“l u+sin™ v) =cos(a+ f)

=cosacos f—sinasin

=uv1-v —wl-u’

quadrant I. Then cosa:%, OSOJS%, and 88. Sin(sinfl u—cos™ v)
. . . Let a=sin"'u and B=cos”'v. Then
sinf=1, -——<fB<=. So, B=sin"'1==
2 2 2 sina=u, —~<g<’ and
2 2
sina = 1 cos’ o cosff=v,0< <.
-1fu<l, -1<v<1
\/ Y \/ cosar =J1—sin? o = 1-u?
3 sinﬁ=\/l—cosz,6’=\/1—v2
tan o = D& _5.35_3 _but tanZ is sin(sin"lu—cos"lv)=sin(0(—,3)
cose 4 54 4 2 . .
5 =sinacos f—cosasin ff
undefined. Therefore, we cannot use the sum =uv—1-u*\1-V?

formula for tangent. Rewriting using sine and
cosine, we obtain:
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89.

90.

sin(tan_1 u—sin™ v)

Let «=tan"'u and B=sin"'v. Then
n T

tanx =u, ——<a<—,and
2 2

. T i

sinff=v,-—< f<—.
2 2

—co<y<oo, —1<v<1]

secar =tan® @ +1 =i +1
1

ut+1

cosax =

cos,6’=\/1—sin2ﬂ=\/1—v2

T

sina =+1-cos’

[

u? +1

Vu? +1

sin (tan’1 u—sin™' v)

=sin(a - f)

=sinacos ff—cossin

¥ - - L
Vu? +1 ' u2+1v

NI=v? —v

u? +1

<

cos (tan’1 u+tan™ v)

Let a=tan"'u and B=tan"'v. Then

s i
tan=u, ——<a<—,and
2 2

T T
tanp=v,-——< p<—.
p 2 p 2

—o <Y <o, —0 <Y< o

seca=\/tan2 a+1 =\/u2 +1

cosax =

ut+1

743
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sina =+1-cos” &

<

Vv +1

cos(tan"1 u+tan™ v)

=cos(a+ f)

=cosacos B —sinasin

1 ) 1 L

\/u2+1 \/v2+1 \/u2+1 \/v2+1
1—uv

tan(sin’1 u—cos” v)
Let o =sin"'u and S =cos'v. Then
sin =u, —ES(ZSE, and

2 2

cosff=v,0<f<m.
-15u<l, -15v<1

cosar =1—sin® & = 1-u>

sin o u
tano = =

cosx 1—u?
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sin,6’=\/1—coszﬂ=\/1—v2 scc(tan’1u+cos’1 v)
=sec(a+

sinf N1-v? @+p)
tanf=——=—— 1

cosff v = -

cos(a+ )
tan (sin’1 u—cos™ v) = tan(a — f) 3 1
tan o/ —tan 8 cosacos f—sinasin S
- 1+tanatan § - 1

1 u
N1=v2 V= A=V
\/11472_ VV \/u2+1 \ju2+l
—u
= 1
— 2 =
\/1u—2.\/1vv Y _u\/l—v2
—u [ 2 2
wy—v1—u?VJ1-1? ! +11 el
= vl-u’ :v—u 1-v2
wWil—u® +uy1-v* 24
vx/l—u2 2
=uv—\/1—u2\/1—v2 - -2

1+

93. sinH—x/gcosé':l

92. sec(tan"u+cos’l v) Divide each side by 2:
Let ¢=tan"'u and B =cos™' v. Then lsinﬁ—ﬁcow’:l
2
tano = u, —g<a<§,and Rewrite in the difference of two angles form
cosf=v,0<f<m. using cos¢=l,sin¢=£,and ¢=E:
—co <Yy <oo, —1<y<1 2 12 3
sinf@cos@—cosfsing =—
seca=\/tan2a+l=\/u2+l ¢ ¢ 2
. 1
cosg = 1 sin(6—¢) = 3
u’ +1 5
0-9=2 o 0-9p=2
sina =+/1-cos” & 6 6
g T_T m_sn
. 21 36 36
+1
u g=" g="
Cut+1-1 2 6
RS
" The solution set is {z, 7—”}
u? 26
N+l
_u
u’ +1

sin,3=\/1—coszﬂ=\/1—v2
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94.

95.

V3sin@+cosf=1
Divide each side by 2:

B

—sin0+lcost9 =l
2 2 2

Rewrite in the sum of two angles form using

cos¢=§, sing = ! ,and ¢ =

2
. . 1
schos¢+cos6?sm¢=E
sin(6+¢))—l
2
6’+(;§—E or 6+¢—5—n
6 6
T T St
0+—=— or O+—=—
6 6 6
=0 or 0:2_71:
3
The solution set is {0, ZT”

sin@+cos6 =2
Divide each side by V2

Lsin9+Lcos«9=l

V2 V2
Rewrite in the sum of two angles form using
cosp=—, sing=—
2 2
sinfcos@+cosfsing =1
sin(@+¢) =1
s
O+¢=—
¢ 2
g+Z=T
4 2
0=2
4

The solution set is {

ENIRS
N

! ,and ¢=E:

96.

97.

Section 7.5: Sum and Difference Formulas

sin6‘—cos6’=—\/§

Divide each side by V2
I . 1

—sinf ——=cosf =-1

V2 V2

Rewrite in the sum of two angles form using

1 1 i
cosp=—, sing=—=,and ¢g=—:
V2 V2 4
sinfcos@—sin@cos =—1
sin(d —¢) = -1
3n
0—¢p=—
/ 2
g T_3"
4 2
p=""
4

The solution set is {%} .

tan6’+\/§ =secd
sin @ 1
+/3 =
cos@ cos@
sin49+x/§cos6’=l
sin0+\/§cos¢9=1
Divide each side by 2:

1.

—s1n6’+—300s6’ =l

2 2 2

Rewrite in the difference of two angles form

. 1 3 o
using cos¢p=—, sing=—,and g=—:
g cos¢g 2 ¢ 5 ¢ i

sin@cos¢+cos6’sin¢=%
sin(67+¢)—l
2
6’+¢5—E or 0+¢)—5—n
6 6
T T T 5w
Z== 04—=—
6?+3 p +3 6
r 1z _T
9:——:— -
6 6 2

. T . . .
But since 3 is not in the domain of the tangent

function then the solution set is {%} .
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98.

99.

cot@+cscl = —\/3
cosd 1

PR -
sin@ siné

cosH+1=—\/§sin6

V3sin6+cosf =1
Divide each side by 2:

B3

—sin9+lcos0 = —l
2 2 2

Rewrite in the sum of two angles form using

3 1 b
cosp=—/, sing=—,and ¢ =—:
¢ 2 ¢ 2 / 6
sianos¢+cosHsin¢)=—%
sin(6’+¢))——l
2
n 117w
O+p=— or O+¢p=—
¢ p ¢ s
7 E=7—TE T 0+E=M
6 6
O=m or 0:5_11
3

But since 7 is not in the domain of the
cotangent function then the solution set is

&l

Let o =sin"'v and S =cos'v. Then

sinax=v=cos [, and since
sina = cos(E—aj , cos(ﬁ—aj =cosf. If
2 2
i b

v >0, then OSaSE, so that [5—0{} and S8
both lie in the interval {0,%] If v<0, then

b i ..
_ES a <0, so that (E—aj and £ both lie in

the interval [g,n} . Either way,

cos(g—aj =cos f implies g—a:ﬁ, or

T . - i
0!+,B=E. Thus, sin™ v+ cos 1v=5.

100. Let o =tan™'v and B =cot'v. Then

101.

102.

tana = v = cot £, and since
tan o = cot(ﬁ—aj , cot[z—aj =cotf. If
2 2
b T

v >0, then 0S0{<5, so that (E—aj and S
both lie in the interval (O,g} . If v<0, then

T T .
Y <a <0, so that (E—aj and S both lie in

. i .

the interval [E,n) . Either way,
cot[g—aj =cot £ implies g—a =0, or
a+f= g . Thus, tan™' v+cot™ v= g . Note

that v# 0 since cot™ 0 is undefined.

1
Let o =tan™' [1] and f=tan"'v. Because —
% v

must be defined, v#0 andso &, f#0. Then

1
tany =—=
v tanf

m n
tano = cot[a—aj, cot[z—aj =cotf.

=cot £, and since

Because v>0, 0<0!<§ and so (g—aJ and

both lie in the interval 0,£ . Then
p 2

cot(g—ajzcotﬂ implies g—a:ﬁ or
a=§—ﬂ. Thus,

tan ™! [1] = g— tan"' v, ifv>0.
v

Let @=tan'e’. Then tanf=e", so

1 v V.4
cotd =—-=e". Because 0<6’<E,weknow
e
that e’ > 0, which means

cot e’ =cot™! (cot 0) =@=tan'e.
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103. sin(sin_l v+cos™ v) 106. S(x+h)-f(x)
h
= sin(sin_1 v)cos(cos_' v) cos(x+h)—cosx
h

+cos (sinf1 v) sin (cosf1 v) . .
_ COSXCOSh—sinxsinh—cosx

=v-v+\/1—v2\/1—v2 h

=2 1112 _ —sinxsin/A+cosxcos/h—cosx
- h
—sinxsinh—cosx(1-cosh)
104. cos(sinf1 v+cos™! v) h

_l—cosh

. sinh
. . ] =—sinx- —CoSXx
=cos(sin” v|cos(cos™ v h

—sin (sinf1 v) sin (cosf1 v)

==V v—v1-1?
=0

S+ - f(x)

105.
h
_ sin(x+h)—sinx
- h
_ sinxcosh+cosxsin/s—sinx
- h
_ cosxsin/—sinx+sinxcosh
- h
_ cosxsin/—sinx(1-cosh)
- h
= cosx 3 .l—cosh

tan (tan_' 1+tan™ 2) + tan (tan_1 3)

107. a. tan (tan’1 1+tan™' 2+ tan™ 3) = tan ((tanf1 1+ tan™ 2) +tan™! 3) = | tan (tanfl 1+ tan"' 2) tan (tan’l 3)

tan(tan’1 1) + tan (tan’1 2)

+3 142 3
- - -l +3 43
_ 1 tan(tan l)tan(tan 2) _1-12 o :_3+3:£:0
tan(tan_11)+tan(tan_12) 1— 1+2 3 l—i-3 1+9 10
1- -3 1-1-2 -1

1- tan(tan_1 1)tan (tan"1 2)

.\ . . _ V4 _ V4
b. From the definition of the inverse tangent function we know 0 < tan "< > O<tan'2< >’ and

O<tan'3< % Thus, 0 <tan'1+tan'2+tan'3 < 377[ . On the interval [0,%} , tan@ =0 if and only if

6 = zr . Therefore, from part (a), tan"' 1+tan™' 2+tan"' 3 =7 .
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108. cos¢sin® (a)t)—sin(/)sin(a)t)cos(a)t) = sin(a)t)(cos ¢sin(a)t) —sin ¢cos(a)t))
= sin(a)t)(sin(a)t)cosgb—cos(a)t)sin¢)
= sin(a)t)sin(a)t—¢)

109. Note that =6, -6, .

tand, —tan6),  m,—m,

Then tand = tan (6, -6,
( ) 1+tand, tan 6, 1+m2ml

110. sin(a—6)sin(f - O)sin(y — )

= (sinarcos @ — cosarsin 0)(sin Scos @ — cos BsinO)(sin y cos @ —cos ysinf)

=sinf| sina C,OSH —cos« [sinf)| sin C,OSH —cosf |sind| siny c?_sﬁ —cosy
sin@ sind sinéd
—sin 0l sine c?sﬁ_c?sa sin c9sﬁ_c9sﬁ siny c?sﬁ_c?s}/
sinf sina sind sinf sinf siny

=sin’ G(Sina(cotﬁ— cota))(sinﬂ(cot&—cot,b’))(sin y(cotd - cot}/))

=sin’ fsinarsin Ssiny(cot B+ cot y)(cotex + cot y ) (cotar + cot )

=sin’ @sinasin Bsiny COS’B cosy Cf)SCX + cf)s Y C?sa + C?S'H
sin ,6’ siny )\ sina  siny )\ sin  sinf
= sin® @sin ezsin Bsin y| > in(y + f) Sm(yf ) 51-n(,6’ + @)
sin fsiny )\ sinasiny )\ sinasin
_ sin’ Gsinarsin fsin sin(180°— sm.(l 80 - B sn?(l 80' -7)
sin ﬂsm 4 sinasiny sinarsin
=sin’ @sinasin Bsin y sin & st ’B S }/
sin fsiny )\ sinasiny )\ sinasin
=sin’@
111. If tan =x+1 and tan f = x—1, then 112. The first step in the derivation,
1 tan @ + tan —
2cot(ax—-f)=2-—F—
(=) tan (o - f) tan(ﬁ + Ej = —275 , is impossible
) 2 1—tan@-tan 5
~tana - tan p -
1+ tancortan S because tan 3 is undefined.
_2(1+tanartan )
~ tana—tanf 113. If formula (7) is used, we obtain
_2(1+(x+1)(x—1)) . tan — —tan @
B x+1-(x-1) tan(——6j=+. However, this is
) 2 1+tan —-tan@
2(1+(x* -1)) 2
x2+ 1-x+1 impossible because tang is undefined. Using
2x
T2
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114.

115.

116.

117.

Section 7.6: Double-angle and Half-angle Formulas

formulas (3a) and (3b), we obtain o 11 ﬁ 5
sin(n—ej secd 5 5 5
tan| T-0 =;. sin@
2 T tan @ = , SO
cos 5—0 cos@
. 2
cosd smH:(tanH)(cosH)=—2(£J:—£.
= 5 5
sin @
:COtH CSCO= 1 = 1 = — 5 =—£
sind 25 25 2
¥ +5x+1=-2x"-1lx—4 T 5
3" +16x+5=0 1 1 1
cotf = =—=——
BGx+D)(x+5)=0 tangd -2 2
3x+1=0 or x+5=0
x=—l x=-5
3
For x=-- ,
o Section 7.6
1’ 1
y=[—§) +5[—§]+1 1. sin*@, 2cos’* @, 2sin’ @
=l_§+1=_§ 2. I-cos®
9
For x=-5 3. siné
2
y=(-5) +5(-5)+1 4. True
=25-25+1=1 . .
The intersection points are: 5. False, only the first one is equivalent.
[—%, —g) J(-5.1) 6. False, you cannot add the arguments or tan.
7. b
177 180
——=1510°
6 7 8. ¢
. 3 T 0 = .
450=% radians 9. sm@z;, 0<9<5. ThUS, O<5<Z,Whlch
Loy 1 o7 means 9 lies in quadrant I
A=—=r6=—=(6)"|— B q :
2 2 4 3 oi_s
367 97 , Y= =
== ~5 ~1414 cm 43 =5, x>0
x> =25-9=16, x>0
tand =—-2 and 270° <8< 360° (quadrant IV) =4
Using the Pythagorean Identities:
4 3
sec’ @ =tan’ 6 +1 So, cos@zg and tané’:z.
2 = —_ 2 = =
sec’0=(2) +1=4+1=5 a. sin(29)=2$in00059=2-§-%=%

secO =445
Note that sec# must be positive since & lies in

quadrant IV. Thus, secf = J5.
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b. cos(26) =cos® 6 —sin’ 6

(i)(ij _le 9 _7
5 5 25 25 25

0 1+ cos@
d. cos—=
2\ 2
RN
s s [0 3 Vio_3Jio
2 2 V1o 1010 10

e. tan(20)=%
—tan
2@ 3003
__\4) _ 2 _2_24
() e e
4 16 16

f. The angle is in QI so

0 [I-cos®  [1-%
tan| — |=+ =
2 1+cos@ 1+4

I
el

w

10. cosf=2, 0<9<§. Thus, 0<§<%,which

D w»n

means 7 lies in quadrant I.
x=3,r=5
3+)y' =5, y>0
y*=25-9=16, y>0
y=4
So, sin0=iand tan¢9=£.
5 3

a. sin(26’)=2sin6’cosé’=2-i-§=ﬁ
55 25

b. cos(26) = cos* @ —sin’ @
_ 3)2 (ij _ol6__ 7
5 5 25 25 25

750

_\ﬁ_l 11.
9 3

f.  The angle is in QI so

[6] 1—cos@
tan| — :+/ =
2 1+cosé
_\ﬁ_l
4 2

tan@z%, n<9<37ﬂ:. Thus,

1_3

s
3
I+

1l
prsye

n 6 3n

—<=—<—,

2 2 4
. 0 .. .

which means 5 lies in quadrant II.

x=-3, y=-4

=3 +(-4)>=9+16=25

cos6’=—§, tan6’=i
5 3

a. sin(26) =2sinfcosb

s

b. cos(26) = cos* @—sin’ @

(3Y (_4Y_9 167
5 5 25 25 25
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e. tan(20)=——

f. The angle is in QII so

8 8 d cosg—— l+cosf _ (
_ _ 316:L:_§ : 2TV 2

Section 7.6: Double-angle and Half-angle Formulas

a. sin(26)=2sinfcosO

{8

b. cos(26) =cos’ §—sin’ @

(VRN

20 5

12. tan9=%, n<6’<37n. Thus,

which means g lie in quadrant II.

x==2, y=-1
1P =(=2+(-1)’ =4+1=5
r=5
. 15
sinf=-—==-——,
J5 5
tan6’=l

5
2
7 7
5 9 5-245
_ 45
2
=) __[=25
A1+ (-2) 10
=—J4==2 e. tan(20)= Ztanf
1—tan“ @
H( L
5o RGN
2 2 47 1y .1 3 3
=13 4 4
2 __ 25
J5 5
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f. The angle is in QII so

(6’) [1-cos &
tan| — =—
2 +cos@
6%2 _ 5+2\/§
EN _
\f = 5-25
5

1
1

\/( +245) (5+245)
5

N )
- 245) (5+245)

2542045 +20 __\/45+20\/§

25-20 5 d.
=—\9+45
13. cost9=—£, E<6’<1‘c Thus, <—<E,
3 2
. o .. .
which means 3 lies in quadrant 1.
x=—6, r=3
) e tan(29)=ﬂ
(_\/g) +y? =3 1-tan” @
y'=9-6=3 2[—‘?]
-2 2
y=\/§ = 3 = 1=_T=_2\/§
3 2 2]
sind =— and tanf = — 2 2
3 2
a. sin(268)=2sinfcosd f. The angle is in QI so
=2. ﬁ . _ﬁ o 1-cos@
3 3 tan| — | = =
2 1+cosf
W18 62 22
= — =— =— 346 34
9 9 3 = |2 =
36 3—
b. cos(26) = cos* §—sin’ @ 3
6} (BY _[(B+ve) (3
3 3 (3-+6) (3
6 3 3 1
=—— === 15+66
99 9 3 = 3\/_= 5+246
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2tan @
14. $n62—1§,§E<0<2n ﬂms§E<6<n e. tan(20)=——
3 2 4 2 1-tan” @
which means 9 lies in quadrant II. 2 —Q
2 1) i g
y=—3, r=3 = \/72: TR
i ) - Y2 =5 5
X +(—\/§) =3 2
2_9g_3-
x'=9-3=6 f. The angle is in QII so
#=V6 7] f1- 0
cos
cos¢9=£ and tan0=—£ tan( j__ l+cosd
3 2
a. sin(26)=2sinfcosl 3-
3+\/— 3+
o[ B[
3 )13 (3 J6) (3
=_2\/§=_6«/§=_2x/§ (3+JE 3
9 9 3 NG
9-6 6+6
b. cos(20) =cos’ f—sin’ @ \/
9-6
5-26

15. secd=3, sinf>0,so 0<6’<E Thus,

0< g < % , which means g lies in quadrant I.

1
cosﬁzg, x=1,r=3.

12+y2=32
¥ =9-1=8

y=x/§=2\/§

2 and tand = 2\/5

. 2
sinf =

a. sin(260)=2sinfcosl =

o /l+cosl9
d. cos—=- =—
2 2

b. cos(26) = cos* @—sin’ @

SR R
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b. cos(26) = cos® & —sin’

20 5 15 3

T25 25 25 5

d.
c.
e. tan(20) 2tan26
I-tan" 0
C2(n2) 4n 4z
= ~= =
1_(2\/5) 1-8 7
£ Th le is in Ol d __/1+cos€ _
. e angle is in QI so . > > 2
_ 1-(1
n(2)- JE2 0 oh
2 l+cos® \[1+(3) - 5
Po 2 ’
4 _[5-25
10
3n
16. cscd=—-/5, cos@<0,s0 n<@<—. Thus,
2 2tan @
e. tan(20)= :
n 6 3m . o .. . 1-tan” @
— < —<—, which means — lies in quadrant II.
2 2 4 2 1
N (2 11 4
-1
sinf=—=-""_ r=45, y=-1 =2 1173
J50s 1_(1)2 1_% % 3
2
¥ +(=1) =(V5) 2
X =5-1=4 f. The angle is in QII so
x=-2 tan(g]—— 1-cos® _
-2 25 1 2 1+cos 6
cosf=—==—-———and tanf =—
J5 5 2

a. sin(268)=2sinfcosl

e

(VRN
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17.

cot@=-2, secd<0,so §<9<Tc. Thus,

%<§<E,Which means g lies in quadrant I.
x==-2, y=1
P =(=2+1"=4+1=5
r=5
. 15
sinf=—==—,
J5 05
cost9=_—2=—2—\/§,tan6’=—l
NG 5 2

a. sin(20)=2sinfcosf

%ﬁM&J@i

5 5 25 5

b. cos(26) = cos* §—sin* @

Section 7.6: Double-angle and Half-angle Formulas

18.

e.

f.

2tan @

tan (20) = T

25+404/5 +20 _\/45+40«/§

25-20 5

=\9+44/5

secd =2, cscd<0,so 37”<9<27Z. Thus,

3—”<Q<7z,which means 9 lies in quadrant
4 2 2
1L
1
cosf=—, x=1, r=2
2
12+y2 =22
Y =4-1=3
y=
sin0=—§ and tan 6 = —/3

sin(26) = 2sin @ cos &
o[ B .(1]__£
- 2 )2) 2

cos(26) = cos® 6 —sin’
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b. cos(26) = cos”> @ —sin’

)5

f. The angle is in QII so

5
tan(gj—— }1_COS6’—_ 1-(3) 0 [1+cos@ 1+\{l()_0
2 1+cosé 1+(1) d. cos_—=- T
NE)

2 2
S U £ 10++/10
:o3 3 _y10
2
19. tnf=-3, sinf<0,s0 X< @<2mn. Thus, __[10+410
3n 6 249 20
Tn<5<n,which means E lies in quadrant II. __l 10_1_@
x=1, y=-3 2 5
2 _12 4 (1) = -
r-=1"+(-3)"=1+9=10 . tan(w)_ﬂ
r=+10 ) 1—tan’ @
sin@z_—sz—@, costL:@, _ﬂ_i__£=
J10 10 Jio o 10 1-(-3 1-9 -8
tan@ = -3

a. sin(260)=2sinfcosd

B
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f. The angle is in QII so o
(6’) /l—cosﬁ . 0  [1-cos@ _(_ 10 ]
tan| —|=-— == c. sin—= =
2 1+cos@ ) 2
10+3+/10
\/7+1 J— =
(10-i0) ( ~10) B /10+3J_o
(10++i0) (10-10)
~ \/100 20§10 +10 _ \/110 20410 :5 10+3V10
100-10 90
11-2410

3 d cos§=— f1+cos6 __
2 2

20. cotd =3, cosf#<0,so 7Z<9<37 Thus,

r.g 4 <3—n which means 94 is in quadrant II.
2 2 4 2 —-_
x=-3, y=-1
P =37+ (-1 =9+1=10
r=+10 2\ s
sinH:—\/l_:—\{lo_O’ e. tan(20)= 2tang
o i ' 1—tan’ 6
cos(9=—i=—3 10 and tan¢9:l ) 1 2
Jio 10 3 3) 303
= TR
a. sin(26)=2sinfcosd 1_(3j 9
_, [ A0 3io)_6 _3
0 ) 10 | 10 5 f. The angle is in QII so

&)
)

b. cos(26) = cos’ @ —sin’ @ tan(ﬁj:_ /1—0056’ __
2 1+cos@

45

10 10 J_+3 \/10+3«/_
% 10 80 4 f 3 \V10-310
100 100 100 5 10+3J— 1o+3\/ﬁ)

10 3f 10+3JE)

\/100+60f+90 \/190+60Jﬁ

100-90 10

_J19+6d10
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22. cos22.5°= cos(45 j

2
_ /1+cos45°
2
1+ 2
B 2_\/2+\/§_\/2+\/§
2 4 2

=_\/2+\/§ _ 2443

4 2
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151 1 1 1 1
27. sec?= 5% = 5n 28. csc?zSin7 = n
o 8 COS{“'J Sll’l[4]
2 2
1 _ 1
) 1+00515—Tc I-cos 7
2
2 1
N T A
V2 "y
2 2
2 _ 1
__ 1 2-2
2+42 4
\/ 1 _ 2
2 2-\2
2442 [ 2 M 2—6}
_( 2 J V2442 V2-42) (2-\2
W22 ) (V242 {2\12:/\_/5].(“?J
_[2v2+v2 ] (242 A
| aa s 22(2+J§) 2-\2
2

_2(2-2)V2442 =(24V2\2-2
2
2-2V2++2

—

l{zzJ:\/z—ﬁ:Jz—ﬁ

4 2
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31. 0 lies in quadrant II. Since x* +y° =5, r= V5.
Now, the point (a, 2) is on the circle, so
a*+2* =5
a’=5-2°

a=—5-2>=—1=-1

(a is negative because @ lies in quadrant I1.)

b 2 25

Thus, sinf=—=—=—— and
r \B 5
cosé’:ﬁ:_—lz—ﬁ. Thus,
r 5 5

/(26) =sin(20) = 2sinGcos &
o [25)[ 5] 20 4
ls JLU s ) 25 s

32. From the solution to Problem 29, we have

5

sin @ =ﬁ and cosd = -
Thus, g (26) = cos(26) = cos® @ —sin’ 6

)

5 20 15 3

T25 25 25 5
. . o ..
33. Note: Since & lies in quadrant II, 3 must lie in
0 . o
quadrant I. Therefore, COSE is positive. From the

5

solution to Problem 29, we have cosf = —? .

760

34. Note: Since @ lies in quadrant II, g must lie in

.0 . .
quadrant I. Therefore, s1n5 is positive. From the

NG

solution to Problem 29, we have cos@ = —? .

35. 0 lies in quadrant II. Since x> +1> =5, r=+/5.
Now, the point (a, 2) is on the circle, so
a’+2* =5
a*=5-2*

a=—5-2" =1=-1

(a is negative because @ lies in quadrant II.)

Thus, tan0=2=£=—2.
a -1
1(20) = tan (20)
_ 2tand
" 1-tan’ 0

22) _ 4 _4_4
1_(_2)2 1-4 -3 3
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36. From the solution to Problem 29, we have

sin@ = % and cos@ = —?5 . Thus,

1- £
(6’) 6 1-cosé 5
h| — |=tan— = =
2 sin @ 2\/§

5
5+5
5

25

5
_5+J§
-5
_5+V5 45
NN
5J5+5
S0

J§+1_1+J§

2 2

37. « lies in quadrant ITI. Since x* +y* =1,
r=+1=1. Now, the point (—%, bj is on the

circle, so

pe—fio(-L) o[5S
4 16 4
(b is negative because « lies in quadrant III.)

1

Thus, cosa=3=—%_ L and
r 1 4

15
sina=2=—4= —E. Thus,
r 1 4
g(2a) =cos(2a) = cos’ a—sin’ &

1 15 14 7

16 16 16 8

Section 7.6: Double-angle and Half-angle Formulas

38. From the solution to Problem 37, we have
sino = —i and cosa = —l . Thus,
4 4

/(2a) =sin(2a)

=2sinxcos
I ARV EAN A IRVE]
4 4 8

39. Note: Since « lies in quadrant III, % must lie in
quadrant II. Therefore, sin% is positive. From

the solution to Problem 37, we have cosa = —% .

o o
Thus, — |=sin—
f( 2 ) 2

2
S
S e
2 8 8 2 16 4

40. Note: Since « lies in quadrant III, % must lie in
quadrant II. Therefore, cos% is negative. From

the solution to Problem 37, we have cosa = —% .

Thus,

[ZJ-COSE
) 2

3
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41. From the solution to Problem 37, we have

sinaz—i and cosaz—l. Thus,
4 4

o o l-cosa
h| — |=tan—=—
2 2

42. « lies in quadrant I1I. Since x* +y° =1,
r= \/T =1. Now, the point (—%, bj is on the

circle, so

(—%}2 +b* =1
ol

(b is negative because « lies in quadrant II1.)

_A1s
Thus, tanﬁzéz—?zx/ﬁ.
a
4
h(2ar) = tan (2c)
_ 2tana
1-tan’ o

_2VI5) o5 _ovis_ 1S
_1_(5)2 C1-15 0 -4 T

43. sin*@= (sin2 49)2

(73]

= i[l —2cos(26) +cos’ (2«9)]
= %—%cos(%’) +%cos2 (20)

:l_lcos(2e)+l(l+cos(4ﬁ)j
4 2 4 2

= %—%cos(%’) +%+%cos(49)

=§—%cos(20)+%cos(40)

44. sin(40)=sin(2-26)
=2sin(26)cos(20)
= 2(25inl9005(9)(1 —2sin® 0)
= 4sin€cost9(1—25in2 6’)
= (cos®)| 4sin6(1-2sin” 6)

= (cos«67)(4sin6’—85in3 H)

45. cos(36) =cos(260+6)
= cos(26)cos @ —sin (26)sin &
= (2cos2 H—I)COSH—ZsinﬁcosﬁsinH
=2cos’ 6 —cos@—2sin’ Ocos
=2cos’ 6’—0056’—2(1—0052 0)0050
=2cos’ @—cosf—2cos6+2cos’ 6
=4cos’ §—3cos @

46. cos(46)=cos(2-20)
=2cos’(26) -1
= 2(2cos2 0—1)2 -1
=2(4cos' O—4cos” O +1)-1
=8cos* @ —8cos’ O+2-1
=8cos' @ —8cos* O +1
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47. We use the result of problem 44 to help solve cosf sinf
tbis problerp: 50 cotfd—tand _ sin@ cosd
sin(56) =sin(46 + 6) ' cot@+tand cosb N siné
=sin(46)cosd + cos(40)sin sin@  cosé

2 c 2

= cost9(4sin9—8sin3 9)0056+ cos(2(20))sin@ cos” §—sin" &
__ sinfcosd

= cos” O(4sin 6 - 8sin’ 6) +(1-2sin’ (26) )sin @ cos> O +sin’ 0
=(1—sin29)(4sin¢9—8sin36’) sin 6 cos O

_cos’@-sin’@  sinfcosd
sin@cosf  cos’ @+sin’ @

+ sinH(l - 2(2sin6’cosl9)2)
=4sin6—12sin’ 6 +8sin’ 6 cos’ O —sin 6
+sin6?(1—8sin26’cos2 6’) R

=4sin@—12sin’ @ +8sin’ & = cos(20)
+sin9—8sin36’(1—sin2€) | |

51. cot(20) = =
20 tan(20)  2tan6

=5sin@—12sin* @ + 8sin’ & —8sin’ O + 8sin> &

=16sin° 6 —20sin* @+ 5sin 1-tan> @
1-tan’* @
48. We use the results from problems 44 and 46 to = 2 tand
help solve this problem: 1
cos(50) = cos(46 + 0) 1-———
) ) ___cot" @
= cos(40)cos 8 —sin (460)sin & Y
=(8cos49—8c0s26'+1)cos9 cotd
_ L ) cot’ 6-1
—(cosH(4sm0—8sm 6))s1n0 m
=8cos’ —8cos’ 8+ cosf S 2
—4cos@sin* @ +8cosPsin’ O c20t49
—Scos’ O—8cos’ @ 9 :cot 6—1.cot6
=8cos cos’ @+ cos oo 2
—4cosO(1—cos” ) +8cos O(1 —cos” §)* cot> 61
=8cos’ §—8cos’ &+ cos@—4cosb T o cotd
+4cos’ @+8cosB(1—2cos® 8 +cos* ) | .
= Se-— - 2. 20) = =
8cos’ @—4cos’ @—3cosb 52. cot(26) n(20) 2tand
+8cos@—16cos’ 0+8cos’ 0 l—tan 6
=16cos’ @—20cos’ O+ 5cos _1-tan’ 6
49. cos*@—sin*H= (0052 6 +sin’ 6’) (cos2 6 —sin® 6’) 2tand
: - 11 tan’d
=1-cos(20) 2| tan@ tan@
= cos(20)

=%(c0t0—tan0)
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1 1
53. sec(26) = = ; 58. sin’@cos’ O = l(4 sin’ @ cos’ 0)
cos(20) 2cos"A-1 4
- =l(2sin00050)2
2 -1 4
sec’ 6 1 2
=—|sin (260
) | 1 [sm( )}
2-sec’ @ 1 | 1-cos(40)
sec’ 6 4 2
_ sec’ O 1
7 —sec’ O 25[1—005(40)]
54. csc(20) = L ! 50, sec? oy 1 _ v _ 2
sin(260)  2sin@cosd ) 2)"  ,(6) 1+cosf@ 1+cosf
1 1 1 COoS™ | —
- . 2
2 cosf sind
= lsec Hcscl 60. csc? [ = ! = 1 = 2
2 2(6’) l-cos@ 1-cosé
Sin E B
55. cos®(2u) —sin®(2u) = cos[2(2u)] = cos(4u)
(V) 1 _ 1
56. (4sinucosu)(l—2sin’u) 61 cot (5) I ORETS:
an”| —
=2(2sinucosu)(1—2sin” u) 2 1+cosv
= 2sin 2u cos2u _ I+cosy
=sin(2-2u) l—colsv
—si 1+
sin (4u) M seew
1— 1
57, cos(20) _ cos> @ —sin’ 6 secv
1+sin(26) 1+42sinfcosd secv+1
_ (cos@—sinf)(cos @ +sin ) __secy
cos’ @ +sin’ @+2sinfcos b secv—1
_ (cos@—sind)(cosd +sinb) secv
(cos @ +sin &)(cos @ + sin &) _secvtl secy
cosf —sin @ secv secv—l1
 cosO+sin6 :secv+l
cos@—sinf secv—1
___sin@
cos@ +sind
sin @
cosf siné
_sind sinf
cosd N sin @
sinf siné
_cotfd—1
cot@+1
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62. tan1=l_cosv= ! SV esev—cotv 64. —sin39+cos39
2 sinv siny  sinv sin@+cos @
a2 1-cosd :(sin9+cos¢9)(si.n26’—sin00059+cosz6’)
63. 2 __ l+cosé N ' s1n6’+c<2)s¢9
1+tanzg 1_|_l—cosé’ =sin” @ —sin@cos b +cos” &
? 1+IC:SC;S;€1_COS§) =(sin20+coszH)—%(Zsinﬁcos@)
- 1+cos® 1.
"~ 1+cos@+1-cos@ =1‘55m(29)
1+cos@
2c0s0 g5, SnGO) cos(30) _ sin(30)cosd—cos(30)sin0
— 1+cosf " sin@ cosd sinfcos @
2 _ sin(36-0)
I+cosd ~ sinfcosf
_ 2cos8 1+cosd sin 20
I+cosd 2 B sinfcos @
= cosd _ 2sinfcos
" sinfcosd
=2

cos@+sinf cosf—sinf (cost9+sin49)2 —(COSH—SinH)2

66. —— - = - B
cosf—sinf cos@+sinb (cos@—sinB)(cosf +sin )

cos’ 0+ 2 cos@sin 8 + sin’ 9—(0052 6 —2cosBsin O +sin® 0)

cos’@—sin’ 0
cos? @ +2cos@sin @ +sin’ 6 —cos® @+ 2 cosOsin & —sin’ &

cos® @ —sin’ @

_4cos@sind
cos(20)
_ 2(2sinfcosb)
cos(26)
_ 2sin(20)
cos(20)
=2tan(20)

67. tan(30)=tan(20+06)

2tan6 o 2tan 0+ tan @ —tan’ O
_tan(20)+tanf | _gnig 00 1—tan’ @ _3tanf-tan’d 1-tan’6 3tanf—tan’ O

1—tan(2«9)tanz9_1_ 2tand o 1-tan’0-2tan’0 I-tan6 1-3tan’6@  1-3tan’6

l—tan’ @ 1—tan> @

765
Copyright © 2017 Pearson Education, Inc.



Chapter 7: Analytic Trigonometry

68. tan@+tan(€+120°) + tan(f +240°)
tan @ + tan120° + tan @ + tan 240°
1—tanAtan120° 1-tan@tan240°

tanH—x/g + tanl9+x/§
l—tanﬂ(—\/g) l—tanH(\/g)

N tan 6 — f tan9+x/§
l+ftanl9 1- \/gtanﬁ
_tan0(1—3tan 6)+(tan@—«/g)(l—\/gtanﬁ)+(tan6’+\/§)(1+«/§tan0)

=tanf+

=tanf+

=tand

1-3tan* 0
_ tan@-3tan’ 0+ tan O —~/3 tan’ @ —/3 +3tan O+ tan 0 + /3 tan’ 6 +/3 + 3tan &
- 1-3tan’ 6
_ —3tan’ 0+9tan O
~ 1-3tan’6
3(3tan0—tan3 6’)
1-3tan’ @

=3tan(360) (from Problem 65)

69. %(ln|1 cos (26)|-1n2)
N 1 cosZH‘
=7
{ 1- cos 219 J
1/2
(sm 6’| )
=ln|sm¢9|
% (1n|l+cos 26’ |—ln2)
l 1+cos26"
="
{ 1+cos 26’ ]
1/2
(cos l9| )
:ln|cos«9|

71.  cos(26)+6sin’ 0 =4
1-2sin’? O+ 6sin’ 0 = 4
4sin’ 0 =3

. . |7
The solution set is {?,

72.  cos(26)=2-2sin’ @
1-2sin*@=2-2sin’ @
1=2 (not possible)
The equation has no real solution.
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73. cos(26) = cos b
2cos” @—1=cosé
2cos’ @—cosf—1=0
(2cos@+1)(cosf—-1)=0

2cosfd+1=0 or cosf-1=0
cos6’=—l cosd =1
=0
p_2m 4n
3°3
The solution set is {0, 2—”, 4—”}
3 3
74. sin(26) = cos @
2sinf@cosf =cos O
2sin@cos@—cos@ =0
(cos@)(2sinf—-1)=0
cos@=0 or 2sinfd=1
cosd =0 sin6=l
_m 3 2
272 g=T T
6’ 6
The solution set is Z, z, 5—”, 3z .
6 2 6 2
75. sin(260) +sin(46) =0

sin(26) + 2sin(28) cos(26) =0
sin(26) (1+2cos(26)) =0

sin(20) =0 or 1+4+2co0s(20)=0

1
cos(20) =——
(20) 5
20=0+2km or 20=m+2km or
o =kn 0="1vkn
2
20=23—n+2kn or 26?=4Tn+2kn
0="1+kn 0= kn
3 3

On the interval 0 <6 < 27, the solution set is
zZ xm 2r  A4An 3m 5%
b 3 b 2 9 3 b 9 3 b 2 b 3

Section 7.6: Double-angle and Half-angle Formulas

76.

77.

78.

cos(26) +cos(460) =0
(20052 0—1)+(200s2(29)—1) =0
2cos’ —1+2[cos(20)cos(20)]-1=0
2c0s” 6+2(2cos* (0)—1)(2cos’ (6)~1)-2=0
(2cos2 t9—1)+2[4cos4 0 —4cos’ 9+1]—1 =0
2cos” @—1+8cos* @—8cos’ O+2-1=0
8cos* @ —6¢cos*@=0
4cos*@—3cos’ =0
cos’ 6’(4cos2 6’—3) =0
cos’(@)=0 or 4cos’0-3=0

cos@=0 or cosz6’=%

cosH=i£

2
p_B3  ,_mSnTn lin
2°2 6 6 6 6

On the interval 0 <8 < 27, the solution set is
r n St Tz 3w 1z
{E’ 276" 6 2° T} '
3—sin @ = cos(26)
3-sinf=1-2sin* @
2sin* @—sin@+2=0
This equation is quadratic in siné .
The discriminant is b> —4ac=1-16=-15<0.
The equation has no real solutions.
cos(26)+5cos@+3=0
2cos’@—1+5c0s0+3=0
2¢cos’ B+5cosf+2=0
(2cos@+1)(cosB+2)=0
cosf =-2
(not possible)

2cosf=-1 or

1
cosfd=——

The solution set is {2%, 47”} .
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79. tan(26)+2sin6 =0 1 P 7 3
in(26) 81. sin(2sin‘—]:sin(Z'—j:sin—:—
SINZ0) 4 5 sing =0 2 6 32
cos(20)
sm26’+251n90052€=0 82. sin ZSin'lﬁ =sin[2-zj=sin2—ﬂ=£
cos26 2 3 3 2
2sin@cos@+2sinf(2cos* 8-1)=0
2sint9(cost9+ 2cos’ 9—1) =0 83. 005(2 sin”™! %) =1-2sin’ [sin‘1 %)
2sin 0(2cos’ O+cosf—1)=0 3\
2sin@(2cos O —1)(cosO+1) =0 :1_2(_j
2cosf@—-1=0 or 2sin@=0 or 1 18
1 sinf =0 25
cosf =—
2 0=0,m -7
. 25
3°3
4 4
4. 2cos' = | =2cos? T2 -1
cosO+1=0 8 cos[ cos SJ cos [cos 5]
cosf =-1 42
0=n =[] -
The solution set is 0, z, T, R . :2_1
3 3 25
7
80. tan(26)+2cos@ =0 = s
sin(20) +2cos@=0
cos(26 4 3
) 85. tan|2cos™ | ——
sin (26)+2cos @ cos 26 0 5
26 -
COS( ) Let azcosl(—EJ .« lies in quadrant II.
2sin@cosO+2cosO(1-2sin” 6) =0 5
2c0s6(sin@+1-2sin’ ) =0 Then cosa:—g, %SO[STE.
—2cos6(2sin’ f—sinf—1)=0 5
) ) seca=——
—2cosf(2sin@+1)(sind-1)=0 3
—2cosf =0 or 2sinf+1=0 or tan o = —sec® o —1
cosfd=0 sinHz—% - _22_ - é_l__ 6 4
g=T 3" 3 V9 9
2’2 p=1r 1n
6 6
sinfd—-1=0
sinf =1
o="
2
The solution set is Z, 7—”, 3—”, M .
2 6 2 6
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87. sin (2 cos”' ij
5
o4 .
Let o =cos 3 « is in quadrant 1.
Then coso:=i, OSaSE
5 2

Section 7.6: Double-angle and Half-angle Formulas

88.

89.

90.

sina =+1-cos® &
JERE
5 5
sin(2cos1 j—sin2a

. 3
:2sm0:cosa=2‘§-

ofom (4]

Let o =tan™' (—%j .« isin quadrant IV.

Then tana=—i, —E<a<0.
3 2

seco = tan a+1

NEEN S

4
cos{Ztan1 (—gﬂ =cos2a =2cos’ o —1

2
zz(éj L
5
:E—l
25

T
25

)
a
(i)
I/
(e}
o
@
|
N
1
—_
|
(@}
o
2
I/~
(@}
o
@
NG
|
—
|
| W

wnil= wluv

cos’ (l sin™! Ej
2 5

Let o= sin’lg . « is in quadrant I. Then

. 3 i
sina=—, O0<a<—.
5 2
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[ =2 2
cosar=v1-sin” & cosa=+/l-sin*a = 1—(—§j
= 1‘(§j2= - = 162 5
5 25 55 _ s
o 5= eov(54] }
COS —SIn  — | =Co0S —
20 5 2 _ |16
4 9 “\2s
1+cosa_1+§_i_i 4
2 2 2 10 75

ol (5] |-eetee) -

| 1
|

91. sec(Ztam'l 3
4

3
Let ¢ =tan™'| =
4 |

Then tanazi, a<l. _2 34
4 2 55

secar=+/tan” ar +1 1

= (EQH— i+1— 2.3 e
4 \16 16 4 25

j .« isin quadrant I.  2sinarcosa
0<

. >
cosor=— 24
93. =0
sec(Ztan1 éjzsec(ZO{) = ) f.(x)
4 cos(2c) sin(2x)—sinx=0
2sinxcosx—sinx =0
T cos’ a1 sinx(2cosx—1)=0
B 1 sinx=0 or 2cosx—1=0
B 4\ x=0,7 1
A cosx =—
5 2
T S
I x=, 0
:32— 3°3
g | /AN
25 The zeroson 0<x <27z are 0,—,77,— .
) 3
215 94, f(x)=0
o cos(2x)+cosx=0
27 2cos’x—1+cosx=0
2cos’ x+cosx—1=0
0 Y 3 (2cosx—1)(cosx+1)=0
o esepeso Y 2cosx—1=0 or cosx+1=0
3 _1 cosx =—1
Let o =sin™' (—gj . @ isin quadrant IV. cosx=o X=7
VY4
x==,=
Then sina=—§, —§Saso. 3°3

T 5z
The zeroson 0<x <27 are —,7,—
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95. x)=0 tw
f_f(z ) 97. a. D=—F2——
cos(2x)+sin’ x =0 cscd—cotd
cos’ x—sin® x +sin’ x =0 W =2D(cscO—cotd)
cos’x=0 esc—cotf = 1 cosf _1-cosf
cosx =0 sinf siné siné
x_ﬂ' RY/4
T, =tan—
22 3 5
T 3
The zeros on 0 < x <27 are > Therefore, W =2D tang.

96. a. cos(260)+cosfd=0, 0°<8<90° b. Here we have D =15 and W =6.5.
2 _

2cos"@-1+cosd@=0 6.5:2(15)%‘1}@
2cos’@+cosf—1=0 2

(2cos@—-1)(cosf+1)=0 tangzg
2cosf-1=0 or cosd+1=0
Q =tan"! E
cosé’=l cosf =-1 2 60
2 6 =180° 13
0 =60°,300° 0=2tan — = 24.45°
On the interval 0°< @ <90° , the solution is
60°.

98. Ixsin@coslﬁ?—lysin@cos(9+lxy(cosz6’—sin2 (9)
b.  A4(60°) =16sin(60°)[ cos(60°)+1]

V3(1
=l6~7(5+1j =(I,— )—s1n29+1 cos 26

=12+/3 in® = 20.78 in> _L-1,

I - sin@cos@)+1, (cos* @—sin” @
(=1, )(sin0eos0) 1,

s1n20+1 cos 26
c¢. Graph Y, =16sinx(cosx+1) and use the

MAXIMUM feature: VN2 .

55 99. a. R(6)=-2—"cosO(sin@—cosb)

\/_ (cos@sin @ —cos® 6)
Hazxirum l(2 cos@sin @ — ZCOS 49)

O#=60 o . ¥=20.7B461 | Q() 16 2

0 : 3
The maximum area is approximately = VO 2 {sin 20— ZEMH
20.78 in.” when the angle is 60°.

2f

[sm (20)-1- cos(2¢9)}

2
Vo\/— .
= 20) - 20)-1
> [sm( )—cos(26) J
b. sin(268)+cos(260) =0
Divide each side by V2
! sin(26) + !

2 2

Rewrite in the sum of two angles form using

cos(20)=0
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Chapter 7: Analytic Trigonometry

cos¢ = and sing = 1 and ¢ = g : 100. y= %sin(Zﬂx) +%sin(4ﬂx)

V2 V2

sin(26) cos ¢+ cos(26)sing =0

= 1 sin(27zx) + 1 sin(2-27rx)
sin(26+¢) =0 2 4

20+¢=0+kmn = %sin(27zx) + % [2sin(277x) cos(27x)]
20+Z=0+kn 1. 1
4 = Esm(zﬂx) + [sin(277x) cos(27zx)]
20=-L"1+kn 1. Ir. 5
4 =—sin(27x)+ —[sm(erx) . (2 cos”(7x)— 1)]
p=-T KT ) ) 1
8§ 2 = > sin(277x) +sin(27zx) cos” (77x) — 5 sin(27zx)
3n o
0= Y 67.5 = sin(277x) cos® (77 x)
2 2 101. Let » represent the base of the triangle.
c. R= (sin(2-67.5°) —cos(2-67.5°) —1) 6 h .0 bl2
COS—=— s]n5 =
_32J—( (135°) —cos (135°) 1) Ty oy
h=scosE b=2ssin5

(_‘(‘_] 1J i<l

= 1 ( . 0)( 0)
=—-| 2ssin— || scos—
= 32(2—&) feet ~ 18.75 feet 2 2 2
2 . 0 H
=g SIHECOSE
2
d. Graph Y1—3 \/_(sm(Zx) cos(2x)—1) and 1, .
32 =—s5"siné@
use the MAXIMUM feature: 2

20

102. sinﬁz%zy; cosﬁzfzx

a. A=2xy=2cos@sinfd=2sinfcosl

b. 2sinfcosf =sin(26)

45 | #2675 o ¥=1B.74E166 1| O()

0 c. The largest value of the sine function is 1.
. . Solve:
The angle that maximizes the distance sin20 =1
is 67.5°, and the maximum distance is
18.75 feet. 20="
2
0=" =145
4
n 2 2
d. x=cos—=—  y=sin—=—
4 2 4 2
The dimensions of the largest rectangle are
2
V2 by £ .
2
772
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Section 7.6: Double-angle and Half-angle Formulas

T T i 2
103. a. 4= 300'((—] a’ = 300{—) 5 104. a. sin(26)=2sinfcosd = 2sin0 cos 6
12 12 cos@ |
=3(V3+2)25=75(3+2) ,.sind
__ cos@
=150+ 2543 cm? 1
2
b. We will use one of the small triangles to cos” 0
compute radius (see figure). _2tan@
sec’ 6
/\ 572 _ 2tan6 4
15° r | l+tan’ 6 4
‘ _ 4Q2tan6)
4+ (2tan 0)*
%
tan(15°) == A
; 4+x°
rtan(15°)=5 i’ g
5 b. cos(26)=cos’ @—sin’ 6 = %
r(2—\/§)=— cos” @+sin” 4
2 cos’ @ —sin’ 6
2r(2—x/§)=5 cos’ @

cos® 0 +sin* @

5 10453
= cm

,o — cos’ @
_ 2
4-243 Cl-tan’0 4
2 l+tan’0 4
~ o [104543) o
¢ A=nr =T _4-4tan’ 0
4+4tan* @
=7{10+5J§V10+5\6\ 4-(2tan )’
2 2 T4+ (2tangP
4+(2‘[an6’)2
(100 +50+/3 + 5043 +75) 4- 2
=T = X
4 4+x°

1757+1007\3
=— ¢cm

4 105. Losin*xtc= —l-cos(2x)

2 4
. 1504753 L TTHI00TS c=-Lcos(29)-Losin
600+300\/§—i757z—1007r\/§ . =L (cos(2x)+ 2sin’ x)

-(1—2sin2x+2sin2 x)

~
—
~

N N e Y N N
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Chapter 7: Analytic Trigonometry

106. ~coszx+C=%-cos(2x)

1
2
c

'cos(2x)—%~cos2x

'(20082 x—l)—%cos2 x

(]
]
7]

| — = N|=

2x—l—lcos2 X
4

—_—

N~

107. If z=tan [%) , then

108. If z = tan (%j . then

R 1—tan2(aj
-z 2

2
I+z 1+ tan? [aj
2

1_l—cosat
—_ l+cosa
l—cosa
1+
1+cosa
I+cosax—(1—cos)

1+cosax
l1+cosa+1—-cosa

1+cosax
_1+cosa—(1-cosc)
" l+cosa+1-cosa
_2cosa
2
=cosax

1-cos(2x)
2
Starting with the graph of y = cosx , compress

109. f(x)=sin’x=

horizontally by a factor of 2, reflect across the x-
axis, shift 1 unit up, and shrink vertically by a
factor of 2.

1+cos(2x)

2
Starting with the graph of y =cosx , compress

110. g(x)=cos’x =

horizontally by a factor of 2, reflect across the x-
axis, shift 1 unit up, and shrink vertically by a
factor of 2.
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T T

n — 1-cos—

111. sin—=sin[£}= 12
24 2

Riathoasl Wimrvaes

=J8—2(J€+J§) =\/8—2(x/€+\/§)

4

:xmzfm

k3 T

- 14+ cos—

COS— = COS 12 12
24 2 2

1
(16a)
- [4 5 j: %+%(\/€+\/§)
=\/8+2(\/E+«/§)=\/8+2(«/3+\/5)
16 4

113. sin’ @ +sin’(6+120°)+sin’ (8 +240°)

Section 7.6: Double-angle and Half-angle Formulas

TI: T
- — 14+ cos—
112. cos——cos 4 = 4
2
V2
2+f
2
{TCJ I—cos—
. T . |8
sin— =sin| = |=
16 2 2

=sin® H+(sinﬁcos(120") +cos6sin(120"))3 + (sianos(240°) + cos¢9sin(240"))3

3
=sin’ 9+ —l-sin0+£-cos¢9 —l-sin
2 2 2

3
9—?@059]

=sin’ 0+%~(—sin3 H+3\/§sin2 6 cos @ —9sin @ cos’ t9+3\/§cos3 9)

—%(sin3 H+3x/§sin2 Ocos@+9sinOcos’ O + 3\/50053 49)

=sin36?—%-sin3 6’+£

ENE}
8

=§-sin3 ﬁ—g-sinﬁcos2 6 =§-[sin3 9—3sin0(1—sin2 0)] =
4 4 4

=§-(4sin3 0—3sin0) = —i-sin(30)
4 4

33

-sin? Hcosﬁ—g-sinﬁcos2 60+——

-cos’ @

33

-sin’ tﬁ'cosé’—%siné’cos2 6’—T-cos3 6

E-(sin3 6 —3sin @+ 3sin’ 49)
4

(from Example 2)
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Chapter 7: Analytic Trigonometry

114. tand = tan(3 gj

g ;60
3tan ——tan” —
-3 3 (from problem 65)
1-3tan’ 3

tan 6(3 —tan? 6’)
3 3

1—3tan2g
3

atan—=

3tang—tan3g:atang l—3tan2g

3 3 3 3
3—tan2g=a[1—3‘[an2 g]

3 3
3—tan2g=a—3atan2€

3 3

3atan25—tan2—=a—3

3 3

(3a—1)tan2§=a—3

29 a_3
tan
3 3a-1
tan§=i a-3
3 3a-1
115. cos(2x)+(2m—1)sinx+m—-1=0

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

We can solve this as a quadratic equation. In
order for the equation to have exactly one real

solution, then b* —4ac=0.
[~@m D] ~42)(=m) =0
4m* —4m+1+8m =0

4m* +4m+1=0

Qm+1)> =0

So m=—l.
2

116. Answers will vary.

117. Since the line is perpendicular the slope would

be m=l.
2

1
y—y1=5(x—xl)
~(H=1(x-2)

7 2
y+3=—=x-1
y=—x-4
118. Vertex: x=—i=—i=3
2 2(-))
f(3)=-3)"+6(3)+7=16;(3,16)
x-intercepts: 0= —x"+6x+7
0=x"-6x-7
0=(x=7)(x+1)

x=7 or x=-1
y-intercepts: y = —(0)> +6(0)+7

y=1
y‘ 14
\
0,7)
]
(1,0 7,0
X
119. sin(z—ﬂj —cos(4—”) = ﬁ_(_lj
3 3 2 2
_ £+l _ 3+l
2 2 2
120. Amplitude: 2; Period: 4

2
7

YA
(21 1)/ (jlz
2
LT
il 2 D 1 :X
J NN
B "Y n \_41 _2)
1| ~F) | [\YU,[=4)
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Section 7.7: Product-to-Sum and Sum-to-Product Formulas

Section 7.7

1. sin(195°)cos(75°) =sin(150° +45°) cos(30° +45°)

sin(150° +45°) cos(30°+45°) =
= (sin150°cos 45° + cos150°sin 45°)(cos 30° cos 45° —sin 30°sin 45°)

OIS

:[ﬁ_ﬁlﬁ_ﬁjzdﬁ Vi 36 iz

16 16 16 16

23 2 6. 23 133 255 4. 3 1_1[\6 1]

- 4T = ==
16 16 16 16 8 8 8 8 8 & 4 2 2(2

4 4 )\ 4 4 16

2. c0s(285°)cos(195°) = cos(240° +45°) cos(240° — 45°)
COS(240° + 45°) cos(240° — 45°) =
= (c0s240°cos 45° —sin 240°sin 45°)( cos 240° cos 45° + sin 240°sin 45°)
= (c0s240°)" (cos 45°) —(5in240°)" (sin 45°)’
2 2 2
J(CIV(S2) [BY (M2 (12 (32
2 2 2 2 4 )\ 4 4 )\ 4

1 3 1

"3 8 4
3. sin(285%)sin(75°) = sin(240° + 45°)sin(30° + 45°)

$in(240° + 45°) sin(30° + 45°) =
= (sin 240°cos 45° + cos 240°sin 45°) (sin 30° cos 45° + cos 30°sin 45°)

(BB

(_ﬁ_ﬁ](£+£j=_ﬂ_& i

16 16 16 16
23 6 2 23_ 3 31 3 28 4 3 1__1(£+1j
8 4 2 2\ 2

4 4 )|l 4 4 16

16 16 16 16 8§ & 8 8 8

777
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Chapter 7: Analytic Trigonometry

4.

10.

$in(75°) + sin(15°) = sin(45° + 30°) + sin(45° — 30°)
= [sin(45°) cos(30°) + cos(45°)sin(30°) ] +[sin(45°) cos(30°) — cos(45°) sin(30°)]
= 2sin(45°) cos(30°)

ZZ(QJ(ﬁjzﬁ

2 2 2

€08(255°) — c0s(195°) = c0s(225°+30°) —cos(225°—-30°)
= [c0s(225°) cos(30°) —sin(225°)sin(30°) | - [ c0s(225°) cos(30°) + sin(225°) sin(30°)
= -2sin(225°)sin(30°)

_o[ A2 (Aj_ﬁ
2 2 2
sin(255°) —sin(15°) = sin(135° +120°) —sin(135° —120°)

= [sin(135°) cos(120°) + cos(135°) sin(120°)] - sin(135°) cos(120°) — cos(135°) sin(120°)]
= sin(135°) cos(120°) + cos(135°) sin(120°) —sin(135°) cos(120°) + cos(135°) sin(120°)

=2co0s(135°)sin(120°)
o[ Y2 )3V
2 2 2
sin(46)sin(20) = %[cos(4t9 —26)—cos(46+26)] 11. cos(30)cos(56) = %[005(39 —56)+cos(36+50)]
=%[cos(26’)—cos(66’)] =%[cos(— 26’)+cos(86’)}
1 =l[cos(29)+cos(86’)]
cos(46)cos(20) = 3 [cos(46’ —260)+cos(46 + 26’)] 2
= %[cos(ze) +cos(66) | 12. sin(46)cos(66) = %[sin(46’ +66) +sin(46 —66)]

1 =1[sin(109)+sin(— 26) ]
Sin(40) cos(20) = [sin(40+26) +sin(40 - 20)] 2

1
1o . =—[sin(106)—sin(26) ]
= E[sm(69) +51n(249)] 2
1 13. sin@sin(26) = l[cos(é’ —26)—cos(6+20)]
sin(36)sin(50) = —| cos(36 —58) —cos(36 + 56)
] 1 :

1
= —[ cos(-0) — cos (36
_ %[COS(— 26) - cos (89)] 2 |:COS( ) COS( ):|

L cos @ —cos
=%[cos(29)—cos(86’)} _2[ ¢ (30)]
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14.

15.

16.

17.

18.

19.

20.

21.

Section 7.7: Product-to-Sum and Sum-to-Product Formulas

cos(30) cos(40) = [cos(30 40) +cos(36 +46)]
= E[COS(_ )+ cos (749)]

=l cos@+cos(76
. (76)

.30 6 1. (36 ej . (39 ej
SIn—CO0S —=—| sin| —+— |+sm| ———
2 2 2 2 2 2 2

1. .
= 5[sm(29) +sin 0]

.0 501.[956].[050]
siIn—coS—=—|sm| —+—|+sm| ———
2 2 2 2 2 2 2
1
=—| sin(38)+sin(—26
S[5in(30) +sin(-26)]

=%[sin(39)—sin(26)}

sin(46) —sin(26) = 2sin ( 40 ; 20 j cos ( 40+ 29}

2

=2sinfcos(30)

sin(40) +sin(260) = 2sin [ 40 ; 25] cos ( 46 ; zgj
=2sin(36)cos 6

cos(26) +cos(46) =2co (219 + 49} (29 ; 4gj
= 5(36’ cos(—8)
=2cos(36)cos &

Coﬂsey'““@9)=—25m.59+3ej (59;39j

=—2sin(46)sin O

sin 8 +sin(36) = 2sin ( 4 +236 j cos ( 4 _239j

= 2sin(26)cos(—6)
=2sin(26)cos @

22. cos@+cos(30) = 2c0s(9+23gjcos(9 —39)

2
=2cos(26)cos(-6)
=2cos(26)cosd

0, 30 0_30
23. cosg—cosﬁ= —2sin 2 2 sin 2 2
2 2 2

2
= —2sin0sin(—gj
2

= —ZSinH(—singj
2

= 2sinl9sing
2

0_30) (0,3
24. sing—sinﬁ:%in 2 2 cos 2 2
2 2 2 2
:2sin(—gjcosﬁ
2

= —2singcos6’
2

. (6430 0-360
. . 2sin coS
sin & +sin(36) 2 2

2sin(26) 2sin(26)
_ 2sin(26) cos(—6)
© 2sin(20)
= cos(—6)
=cosd

(6’+3¢9] (9—3«9)

0s cos

2 2
2cos(26)

_ 2cos(260)cos(—0)
2cos(26)

= cos(—6)

=cosf

cos @ +cos(30) _
2cos(26)

26.
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Chapter 7: Analytic Trigonometry

. . 2sin
sin(46) +sin(260) ( 2 2

27.

4H+26’) (46’—26’
cos

cos(46) +cos(20) cos(46) + cos(26)
_ 2sin(30)cos 8
2 cos(38)cos @
_ sin(36)
~ cos(36)
= tan(36)

. 39 . (6-36
—2sin sin
cos 0 —cos(30) 2

sin(36)—sin6 .(39—9] (39+9)
2sin 2 cos 2

28.

_ —2sin(26)sin(-0)
~ 2sinfcos(26)
—(—sin #)sin(26)

sin @ cos(26)
tan(26)

. (6+360) . (6-360
—2sin sin
cos —cos(36) _ 2 2

29.

sin@+sin(36) 2Sin(0+39)008(9—39)
2 2

—25in(26)sin(—6)

2sin(26) cos(—60)

_ —~(~sin®)

cos@
=tané@

. (6+560) . (6-560
—2sin sin
cosf —cos(560) 2 2

30.

sin@+sin(56) 2Sm(9+59jc05(9—59)
2
_ —2sin(36)sin(-26)
2sin(36) cos(—26)
_ —(—sin26)
cos(20)

= tan (26)

31.

32.

33.

34.

sin O[sin 6 +sin(36)|

=siné 23in[9+36)cos(
2 2

(@]

0-36

sin @[ 2sin(26) cos(-6)]
cos & [2 sin(26)sin 0]

osd|2-

| —

cos & [cos 6- cos(30)]

sin 6] sin (36) +sin(56) |

sinH{Zsinfg; 5Hjcos

sin @ [2 sin(46) cos(—@)]
cos §[2sin(46)sin 0]

[cosO— cos(39)]}

)

(36—56

2

1
= cos «9[2 E[COS (36)- COS(SQ)J}

=cos H[cos (36) - cos(SG)}

sin(46) +sin(86)

cos(48) + cos(80)

- (4¢9+8¢9j (46—80
2cos cos
2 2

. (46’+86’] (46’—86’
2sin cos
2 2

)

2sin(68) cos(—26)
2 cos(68) cos(—26)
sin(66)
cos(66)
tan(660)

sin(46) —sin(86)
cos(46) — cos(89)

. [49—89) (49+89
2sin cos
2 2

)

)

-86

T (46+86j. (49
—2sin 2 sin

2sin(—26) cos(66)
—2sin(68) sin(—26)

_ cos(60)

—sin(66)
—cot(66)
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Section 7.7: Product-to-Sum and Sum-to-Product Formulas

15 sin(460) +sin(80) 2COS(6¥+ ﬂjcos(a— ﬂj
" sin(46) —sin(86) 3g, Cosatcosf 2 2
2Sin(49+89]m(49—89) cosa—cos f —2sin(a+ﬂ)sin(a_ﬁ]
B 2 2 2 2
—2sin[4‘9—89jcos(49+89j cos(a+’8) cos(a_'gj
2 2 _ 2 ) 2
_ 2sin(66) cos(—20) Sin( a+ ﬂ} Sin( a— ﬂj
" 2sin(=26) cos(66) 2 2
_ sin(66) cos(26) _ _Cot(m ﬂjco{a—ﬂ j
" —sin(26) cos(66) 2 2
= —tan(68) cot(26)
_ tan(60) . . 2sin(a+’3)cos(a_’8]
__m 30, sina +sin 8 _ 2 2
cosa +cos 3 2cos[a+ﬂ)cos(a_ﬂj
cos(46) — cos(86) 2 2
36. o+

cos(460) +cos(86) sin[ j
—25in(49+89)sin(49_8€] — = £
2 2 cos ( a+ ’3)
(40+80) (40—86’)
2cos cos
2 2

_ —2sin(60)sin(-26)
" 2c0s(60) cos(—26)

1l
=
s
=
—
N
)
=
N

__sin(66) sin(-26) sinor—sin 2Sm[a;ﬂjcos(a;ﬂj
B cos(68) cos(—20) 40. = + B iy
= — tan(60) tan(~26) cos@—cos f —2sin(a2 jsin(a : )
= tan(260) tan(669) ( o+ ,gj
cos 5
. . 2sin(0[+’6jcos(a—’3j - a+pf
17, sma+s1nﬂ: 2 2 s1n[ > j
in —sin B . (a-p a+pf
Sin Sin ZSln[ 5 jcos( > j :—cot(a;ﬂj
sin(a-l-ﬂ) cos(a_'gj
_ 2 ) 2
cos(aJrﬂ) sin(a_’g]
2 2
=tan(a+ﬂjcot[a;ﬁj
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41. 1+cos(20)+ cos(46)+cos(68) = cos 0+ cos(68) + cos(26) + cos(40)

0+ 66 0-66 20+460
=2cos( 3 )cos( 3 )+2cos( 5 )cos(

=2c0s(36) cos(—36) + 2 cos(36) cos(—6)
=2cos*(30) + 2 cos(36) cos &
=2c0s(36)[cos(36) +cos b

= 2cos(36){2cos(30+ 0)005(39_9)}
2 2

=2cos(36)[2cos(260) cos 6]
=4cosfcos(28)cos(36)

42. 1-cos(20)+ cos(46)—cos(66) = [cos 0- cos(6t9)] + [005(49) - cos(2t9)]

. (0+60) . (0-68 . (20440 . (20-46
=—2$1n( jsm( j—2sm( jsm( j
2 2 2 2

43.

20-46

= —-2sin(36)sin(—36) — 2 sin(30) sin(H)
= 2sin’(36) —2sin(30)sin &
= 25in(36)[sin(30) —sin 4]

- 2sin(36)[25in(39_gjcos(39+Hﬂ
2 2

= 2sin(36) [2 sin @ cos(26’)]

)

= 4sin @ cos(26)sin(36)

sin(26) +sin(46) =0
sin(260) + 2sin(20) cos(26) =0
sin(20) (1+2c0s(26)) =0
sin(26)=0 or 1+2cos(26)=0
1

44.

cos(26) +cos(46) =0

20+46 20-46
2cos 2 cos 2 =0

2cos(38)cos(—0) =0

cos(20) = - 2c0s(36)cos@ =0
20=0+2kn or 20=m+2kn or cos(3¢)=0 or cosf =0
0 =kmn 0="1in 30="42kn or 30="T42kn  or
2 2 2
n 2km n 2km
26’:2—n+2kn or 26’24—n+2kn O=—+— 0=—+——-
3 3 6 3 2" 3
2
0="1kn 0=""1+tkn 0="s2kn or 6="T142%n
3 3 2 2

On the interval 0 <8 < 27, the solution set is
Z E 2z Ar 37 %
b 3 b 2 b 3 b b 3 b 2 b 3

782

On the interval 0 <8 < 27, the solution set is
{z % Sm Iz 3m M}

> B b

626 6 2 6
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45.

47.

48.

Section 7.7: Product-to-Sum and Sum-to-Product Formulas

cos(46)—cos(68) =0

C(409+60)\ . [46-60 46. sin(46) —sin(66) = 0
—2sin sin =0

2 2

. ( 46 - 69) (
2sin cos
—2sin(56)sin(-6) =0 2

2sin(56)sin6 =0
sin(56)=0 or sinf=0
50=0+2kn or 50=m+2km or

2sin(—6)cos(56) =0
—2sinf@cos(560) =0
cos(50)=0 or sinfd=0

2k n 2km 0=0+2km or or
0=—- 0=—+— -
5 SEE 50 = —+2kn 50 =""+2kn
0=0+2kn or O=m+2kn 2 2
On the interval 0 <6 < 27, the solution set is g:£+% _3_n+21c_7't
7w 2 3w 4r_ 67x T 87w 97 IQ 5 5, .
5 5 s s s s s [ On the interval 0 <8 < 27, the solution set is

{/z37r7r77z97r

1z 137 3z 1% 197:}

B b b b b 3”3 b b b b
10 10 2 10 10 10 10 2 10 10

a.  y=sin[27(852)¢]+sin[27(1209)¢]

. (27:(852): +27(1209)¢
=2sin
2

) (27[(852)[ - 27;(1209):)
COoS

2

= 2sin(20617t) cos(=3577t)
= 2sin(20617t) cos(357 t)

b. Because [sinf| <1 and |cos§| <1 for all @, it follows that |sin(20617¢)| <1 and |cos(35771)| <1 for all
values of . Thus, y =2sin(2061x¢t)cos(3577¢) <2-1-1=2. That is, the maximum value of y is 2.

c. Let Y =2sin(20617x)cos(3577x) .

|

0 0.

=2

01

a.  y=sin[27(941)¢]+sin[272(1477)]

. (2;;(941): +27(1477)t
=2sin
2

) (27[(941)t - 27;(1477)rj
COS 5

= 2sin(24187t) cos(—5367t)
= 25sin(24187t) cos(5367t)

b. Because |sin t9| <1 and |cos 49| <1 forall @, it follows that |sin(24187rt)| <1 and |cos(2418m)| <1 forall
values of #. Thus, y =2sin(24187x¢)cos(5367z¢t)<2-1-1=2. That is, the maximum value of y is 2.
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c. Let Y, =2sin(24187x)cos(5367x) .
2

0 0.01

-2

49. 1, =1, cos’ 0+1, sin” 6 — 21, sinfcos &
=1 (COS20+IJ+I [1_00520j—1 2sinfcosf
X 2 y 2 Xy

I.cos20 1, 1, I,cos20
= 4 x4 -
2 2 2 2

I.+1, I -1
= X2 2+ x2 c0s20 -1, sin 26

—1,,sin260

.2 2 .
I, =1,sin"0+1,cos” 0+21, sinfcosd

=Ix(l_cgszej+ly(coszze+lj+1xy2sinﬁcosﬁ

I ]xcosza IyCOS29 ]v

== + +—+1,,5sin260
2 2 2 2"
I.+1, I.-1 .
= L Y cos20+1 sin26
2 2 ’

50. a. Since ¢ and v, are fixed, we need to maximize sin 9005(9—¢).
. 7. .
s1n¢900s(0—¢)=E[sm(0+(0—¢)))+sm(6’—(0—¢)))}

:%[sin(2€—¢)+sin¢]

This quantity will be maximized when sin (2(9 - (/ﬁ) =1. So,

1 .
2 =2V§'E'(1+Sm¢)=v§(1+sin¢)= v§(1+sin¢) _ v
e gcos’ ¢ g(l—sin2 ¢) g(l—sin¢)(1+sin¢)) g(l—sin¢)
(50)°

= ) 59824
9.8(1-sin35°)

The maximum range is about 598 meters.
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Section 7.7: Product-to-Sum and Sum-to-Product Formulas

51. sin(2a)+sin(24)+sin(2y)
:2Sin(2a;zﬂ]cos(zagzﬂj+5in(2}/)

=2sin(e + f)cos(ex— ) + 2sin ycos ¥
=2sin(n—y)cos(ax— f)+2siny cos y

=2siny cos(ax— )+ 2sin ycos ¥
=2siny[cos(cx— ) +cos ]

:2sinj/[2005(a_’3+yjcos[a_ﬁ_yﬂ
2 2

=4sin y cos ( il _22’Bj cos (20(__7[)

2

. Vs T

=4smycos| ——f |cos| & ——

! (2 ﬁj ( 2)
=4sinysin fsina
=4sinarsin fsiny

sing  sin sin
52. tana+tan f+tany = + ’B+ Y

cosa cosfl cosy
sinacos B cosy +sin fcosacos ¥ +siny cos x cos B

coscos ffcosy
_ cosy(sinacos B+ cosasin ) +sin y cos axcos 8
cosacos ffcosy

_cosysin(a+ fB)+sinycosacos B cosysin(n—y)+sinycosacos 5
cosacos ffcosy cosacos ffcosy
cosysiny+sinycosacos B siny(cosy +cosacos f)

cosacos ffcosy cosacos ffcosy
_sin y[cos(n—(a+,5)) +cosacosﬁ} _siny[~cos(a + f) +cos arcos f]
cosacos ffcosy coscos ffcosy

_siny(—cosacos f+sinasin f+cosacos f)

cosacos fcosy
sin y(sin ¢ sin
=7/(—ﬁ) =tantan ftany
cosacos fcosy

53. Add the sum formulas for sin(e+ ) and sin(a— f) and solve for sin« cosf :
sin(a + ) =sinacos S+ cosasin
sin(a — ) =sinacos f —cosasin f§
sin(a + fB) +sin(a — f) = 2sinaxcos

sinacos B = %[sin(a + ) +sin(a - f)]
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54.

SS.

56.

57.

58.

ZSin((Z—ﬂjcos(ﬂj
2 2
= 2-l|:sin(a_ﬂ + a+ﬁj+sin(a_ﬂ— OH'HH
2 2 2 2 2
=sin (2_&) +sin [ﬁJ
2 2

=sina +sin(-f)

=sina—sin f

Thus, sina—sin f=2 sin(

Zcos(aJr’Bjcos(a_ﬂj

2 2

=2-l{cos(a+ﬁ—a_ﬂ)+cos(a+’3+a_ﬂﬂ
2 2 2 2 2

=cos (ﬁj +cos (Z—Q
2 2

=cos f+cosa

Thus, cosa+cos,b’=2cos(a;ﬂJcos[a; j

B eos( 422
2 2

=cosa—cos [

Thus, cosa—cosﬂz—2sin(a;’8jsin(a_ﬂj.

2
27)(71 — 9x+5
330D 32Ax+3)
3x-1D)=2(x+5)
3x-3=2x+10
x=13

The solution set is {13] .

Amplitude: 5

Period: 2—7[ _Z
4 2

Phase Shift: ——~ =2~
4 4

786

59.

60.

cos(csc’1 zj
5

. / T T
—_ < < P ]
Since cscl= 5 <@f<—,let r=7 and y=S5.

Solve for x: x> +25=49

x’ =24
x= iZ\/g
Since @ is in quadrant I, x = 26
Thus, cos(csc’1 zj =cosf="2= ﬁ .
5 r 7

We find the inverse function by switching the x
and y variables and solving for y.
f(x)=3sinx-5

y=3sinx-5

x=3siny-5
x+5=3siny
x+5 .
——=siny

3
sin_l(x+5)—
3 =Yy
f(x)=sin ( 3 ]

The domain of sin™ () is [-11] so

—1s(x;’5j51

-8<x<-2
Range of f =Domain of /™' =[-8,-2]
T
Rangeof f™' =|-=,=
geof f [ 5 2}
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2

Find the angle 8, 0 <6 <m, whose cosine

Chapter 7 Review Exercises 1[ 3 J
Ccos

1. sin™'1

Find the angle 6, —g <6< g, whose sine

3
equals ———.
equals 1. 2
sing=1, -L<p< cosﬁ:—ﬁ, 0<f<m
2 2 2
T St
0 =— 9 = —
2 6
Thus, sin™ (1) = Thus, cos™' (——3J -
2 ’ 6
2. cos™' 0
-1
Find the angle 8, 0 <6 <7, whose cosine 6. tan (_\/g)

equals 0. . i T
cosf=0, 0<O<m Find the angle 6, 5 <f< > whose tangent
g=" equals 3.
2
i s
tan6’:—x/§, ——<fl0<—
Thus, cos™ (0) I 2 2
2 T
0=——
1 3
3. tan" 1 n
P n Thus, tan™ (—\/g) =—=,
Find the angle 4, 5 <f< > whose tangent 3
equals 1. 7. sec' 2
tand =1, LY P Find the angle &, 0 <6 <m, whose secant
2 2
T equals V2.
0=—
4 secl9=\/§, 0<f0<nm
=T g="
Thus, tan™' (1) = 1 2
o T
1 Thus, sec \/E =—.
4, sin™' (——j 4
dthe anele 0. - F<0<™ wh 8. cot™' (-1)
i _Z<g<= i
Find the angle 6, 27 T’ WhHOSE sine Find the angle 8, 0< 6 < 7z, whose cotangent
s — L equals —1.
equa’s PR cotfd=-1, 0<O<rx
kY1
sinH:—l, _Top<t =22
2 2 2 4
i
H=—g Thus, cot™ (—1)237”.
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9.

10.

11.

sin”! (sin [%}] follows the form of the

equation [~ (f(x)) =sin”! (sin(x)) =x. Since
3—” is in the interval rz we can appl
8 22| i

the equation directly and get
.l . (37 RY/4
sin” | sin| — | [=—.
8 8

cos™ (cos %Zj follows the form of the equation

Vi (f(x)) =cos™ (cos(x)) =x. Since 37” is
in the interval [0, 7[] , we can apply the equation

directly and get cos™ cos3—” =3—”.

4 4
tan™! (tan (ZT”}J follows the form of the
equation /' (f(x)) =tan™" (tan(x)) =x but we

. . 2z .
cannot use the formula directly since Y is not

in the interval [—%,%} . We need to find an
angle @ in the interval {—%,%} for which

2 2 . .
tan (Tﬁj =tand . The angle ?ﬂ is in quadrant
II so tangent is negative. The reference angle of
Tﬂ is g and we want @ to be in quadrant IV

so tangent will still be negative. Thus, we have

2w T . . .
tan| — |=tan| —— |. Since —— is in the
3 3 3

. T .
interval [—5,5} , we can apply the equation

above and get

t(t[%ﬂj}t[t (g}]g

12. cos™! [cos [IST”D follows the form of the

equation /! (f(x)) =cos™! (cos(x)) =x,but
we cannot use the formula directly since 157” is

not in the interval [O, 7[} . We need to find an

angle 6 in the interval [0, 7[} for which
1 1 .
cos (%) =cos@ . The angle % is in

157z .
quadrant I so the reference angle of Tﬂ is % .

Thus, we have cos (157”] = cos%. Since % is

in the interval [0,72'] , we can apply the equation

above and get
-1 157 _1 T\ 7«
cos | cos| — | |=cos | cos— |=—.
7 7 7

sin™! (sin(—%}] follows the form of the

equation /! (f(x)) =sin~! (sin(x)) =x, but we
. . & .

cannot use the formula directly since Yy is not

in the interval {—%,%} . We need to find an
angle @ in the interval [—%,%} for which

sin 3 =sind. The angle 8 is in

9 9
quadrant III so sine is negative. The reference
angle of —8?” is % and we want 6 to be in

quadrant I'V so sine will still be negative. Thus,

. 8 . /4 . T .
we have sin| —— |=sin| —— |. Since —— is
9 9 9

in the interval {—%,%} , we can apply the

equation above and get

ol 3 o D)3
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14.

15.

16.

17.

18.

19.

20.

sin (sin_1 0.9) follows the form of the equation
f(f_1 (x)) = sin(sin_1 (x)) =x. Since 0.9 isin
the interval [—1,1] , we can apply the equation

directly and get sin(sin‘1 0.9) =09.

cos (cos_l 0.6) follows the form of the equation
f(f_1 (x)) = cos(cos_1 (x)) =x. Since 0.6 is
in the interval [—1, 1] , we can apply the equation

directly and get cos(cos_1 0.6) =0.6.

tan (tanfl 5) follows the form of the equation

f(f_l (x)) = tan(tan_1 (x)) =x. Since5Sisa
real number, we can apply the equation directly

and get tan(tan_l 5) =5.

Since there is no angle 6 such that cos@ =-1.6,

the quantity cos™ (—1.6) is not defined. Thus,

cos (cos_1 (—1.6)) is not defined.

ot

Find the angle 6, —g <6< g, whose sine

equals ——3
q 5
sm9=—i§, Tl
2 2 2
o=-=
3

21.

22,

23.

Chapter 7 Review Exercises

So, sin™ [—?J -_I

3

Thus, tan{sin_l (—%H = tan(—gj =-3.
sec(tanl ?J

Find the angle 6, —g <f< g, whose tangent is

3
tané’zﬁ, —E<0<E
3
="
6
So, tan"—3=£.
3 6

. a3
t'=
SIH[CO 4)

Since c0t6’=%, 0<@<r, O is in quadrant I.

Let x=3 and y=4. Solve forr: 9+16=7r"

r? =25
r=>5
Thus, sin(tan‘l é)zsinﬁzlzi.
4 r 5
. 4
tan{sm ‘(—gﬂ
Since sinez—i, —Esﬁsﬂ,let y=-4 and
5 2 2
r=5. Solve forx: x*+16=25
x*=9
x=13

Since @ is in quadrant [V, x=3.
Thus, tan[sin1 (—%ﬂ =tanf=2 = 4.4
X
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24,

25.

f(x)=2sin(3x)

y =2sin(3x)
x=2sin(3y)
§= sin(3y)

3y= sin”! (%j
1. (x )
y= gsm (Ej =/ (x)

The domain of f (x) equals the range of

f_l(x) andis -Z<x<Z , or _Z’f in
6 6 6 6
interval notation. To find the domain of f -1 (x)

we note that the argument of the inverse sine

function is g and that it must lie in the interval
[-1,1]. That is,

-1<2<1

2
—2<x<2
The domain of £~ (x) is {x |2<x< 2} , or
[—2, 2} in interval notation. Recall that the

domain of a function is the range of its inverse
and the domain of the inverse is the range of the

function. Therefore, the range of f'(x) is
[-2,2].
f(x)=-cosx+3
y=—-cosx+3
x=-cosy+3
x—=3=-cosy
3—x=cosy
y=cos™ (3-x)=f"(x)
The domain of f (x) equals the range of

! (x) andis 0<x<rx,or [0,7[] in interval

notation. To find the domain of /' (x) we note

that the argument of the inverse cosine function
is 3—x and that it must lie in the interval

[-1,1]. That is,

26.

27.

28.

29.

-1<3-x<1
—4<-—x<-2
4>2x22
2<x<4
The domain of /' (x) is {x|2£x£4},or

[2, 4} in interval notation. Recall that the
domain of a function is the range of its inverse
and the domain of the inverse is the range of the
function. Therefore, the range of f'(x) is

[2.4].

Let 8 =sin™"

B

. T
u sothat sinfd=u, _ESHS

(SR

—1<u<1. Then,

cos (sin_1 u) =cosf =+/cos’ @

:\/1—sin26’ =\/1—u2

V4
u so that cscd=u, _ESHS

Let @ =csc!

N

and 0#0, |u/21. Then,

tan (csc u) = tan @ = /tan” &

3 / 1
csc? Bcos’ 0
\} \}1 sin® @
V \ w 1’ csc” -1 H 1
csc? @
s / csc? 0
u2 csc? 6’—1

a
u\/uz -1

tan &cot@—sin> @ = tan 8-

—sin’* @

tan
=1-sin*@ =cos* @

sin® @(1+cot’ @) = sin* @-csc’ @

=sin’ @-

sin’> @
=1
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30. S5cos’@+3sin® @ =2cos’ @+3cos’ @ +3sin’ l1-sin@ _ .
35. =cosf(1—sinH)
=2cos’ 6+3(c052 0 +sin’ 6’) secd .
. 1+siné
=2cos’ 6 +3-1 =cosd(1—sinf)- -
B 2 l+sind
=3+2c0s cosﬁ(l—sinzﬁ)
l-cos@® sin@  (1-cos)’ +sin’ @ 1+sind
31' . = . 0 20
sind  1-cos@ sin@(1-cos ) _ cos (COS )
_ 1-2c0s8+cos’ 0 +sin’ 0 1+siné
sin@(1—cosb) _ cos’ 6
_ 1-2cosf+1 1+siné
sin@(1 —cosfb) .
__2—2cosf 36. cotf—tang= 0 _sinf
sin@(1 — cos &) sinf cos@
2 -2
_ 2(1-cosH) _ cos” f—sin" 6
~ sinf(1-cos6) sin@cos @
2 _1-sin’* #—sin’ 0
—sine—chcﬁ sinfcos
| _1-2sin’ @
32 cosd _ cosl  cos sin@cosd
cos@—sin@ cosf-sind 1 . '
cosd 37 cos(a+ ) cosccos f—sinasin f
1 " cosasin cosasin ff
~,_sinf  1-tan@ _cosacos B sinasin B
cosd cosasin S cosasinff
1 _cosfB_sina
cscd  gipng sind sinf cosa
I+cscd |, 1 sing = cot f—tancr
sin@ ) )
1 18 cos(ax— ) _ cosarcos f+sinasin
sinf+1 " cosacos 3 cosaxcos
1 1-siné _cosacos S sinasinf
1+sin@ 1-siné cosacosfS cosacosf
_1-sing _1-sin@ =1+tanatan
1-sin’@  cos’ @
o siné .
39. (1+cos@)tan—=(1+cosb)- =sind
34. cscO-sinf=———sinf 2 1+cos®
sin
1-sin’ @ cos(26
= 40. 200t900t(2¢9):2‘c9—50-#
512nc9 sin@ sin(26)
= CO.S o 2cost9(c0s219—sin2 49)
siné =— .
cos 6 sin@(2sinGcosH)
=c0s0-— 5 -
sin@ _cos"@—sin" 0
=cosfcotd - sin2 6

791

_cos’@ sin’@
sin’@ sin’ @
=cot’ §-1
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41. 1-8sin’Hcos’* 9= 1—2(25in6’0056’)2
=1-2sin’(26)
=cos(2-20)
=cos(46)

sin(360) cos @ —sin fcos (36) B sin(360-0)
sin(26) Bl sin (26)
sin (26)

42.

4 sin(20)+sin(49)_
) cos(26’)+cos(46’)_

( 20+ 40)
COS
2

cos(260) — cos(40)
cos(26) +cos(480)
_ —2sin(30)sin(-0)
T2 cos(36) cos(—6)
_ 2sin(30)sin &
2 cos(38)cos

= tan(36) tan @ — tan f tan(360)
=0

44.

—tan @ tan(36)

—tan #tan(360)

—tan @ tan(36)

45. sin165°=sin (120" + 45")
=5sin120°-cos45°+cos120°-sin 45°

L2

3
_IT 2
:z(ﬁ‘ 2)

792

46. tanl05°= tan(60°+ 45")
_ tan60°+ tan 45°
* 1—tan 60° tan 45°
J3+1

T 1-4311
_«/§+1_1+«/§
_1—«/3 1+/3
1424343
o 1-3
44243

-2

=—2-3

Sm 3n 2m
47. cos—=cos| —+—
12 12 12

b T .M .7
=Cc0s—:COos— —sin—-sin—
4 6 4 6

V2B V2

2 2 2

2
V6 2

49. c0s80°-cos20°+sin80°-sin 20°= cos (80°—20°)
=co0s60°

50. sin70°-cos40°—cos 70°-sin 40°= sin (70°—40°)
=sin30°
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Chapter 7 Review Exercises

c. sin(a—pf)=sinacosf—cosasinf

GBI

_-48-15 63
65 65
tan o + tan

d. tan(o+f)=——"—
@+h) 1—tan o tan

ol
ol

11
_6_11. 9 33
14712 14 56
9
e. sin(20()=251n0:cos05=2-i-§=ﬁ
55 25

f.  cos(2f) =cos’ B—sin’ B

[zj (i) _144_ 25 119
13 13 169 169 169

g.
. 4 T . 5
53. sina=—, O0<a<—; sinfi=—, —<fB<m
5 2 p 13 2 p
3 4 12 5
cosa==,tanax=—,cos f=——,t =——,
5 3 13 12
0<Z<E, E<£<E h.
2 4 4 2 2

a. sin(a+ f)=sinacos f+cosasinf

GET

65 65

b. cos(a+ ) =cosacos ff—sinasin

GIEHEE)

-36-20 _ 56

793
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3 3n 12 3m
54. sina=—-—,n<a<—;cosf=—,—< fB<2n
5 yieshE g sh &
4 3 . 5 5
cosa=——,tanax==,sinff=——, tan f=——,
5 4 p 13 p 12 _ 1 _ 26
r a3 o B, J26 26
2 2 4 4 2
a. sin(a+ f)=sinacos f+cosasinf h.
3 12 4 5
= == || = |4 —— || ==
5 13 5 13
_—36+20
65
_16
65 J10
b. cos(a+ ) =cosacos f—sinasin 10
(SHEHEH) HE
5)13 5)0 13 55. tana=>,m<a<; tanf=-—2,0<f<r
_48— 4 2 5 2
_—48-15
65 sina=—3,cosa=—£,sinﬂ=£,cosﬂ=i,
63 5 5 13 13
65 na o, B
) . ) 2 2 4 2 4
¢. sin(er—f)=sinacosf-cosasinff a. sin(a+ f)=sinacos f+cosasinf

LIEEE CIEHDE

_36-20 15 48
65 T g
65 65
__36 _ 6
65 65
d. tan(a+f)= tan o + tan f§ b. cos(a+ fB)=cosacosB—sinasin B
e
3.5 1 5) 13 5)\13
') 51 e 20,36
Z3(25) 2 321 e 65 65
4 12) 16 _le6
65
e. sin(2a)=2sinxcosx
3 4\ 24 c. sin(a—pf)=sinacosf—cosasinf
=2' —_—— . —— [ —
( SM sj 25 =(_§Mij_(_ij.(2j
5)\13 5)\13
f.  cos(2f) =cos’ B—sin’ B __E+ﬁ
_(UJZ ( SJZ 65 65
~3 13 _33
_144_ 25 119 6
169 169 169
794
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d. tan(c+f) = tan o + tan b. cos(a+ ) =cosacos f—sinasin S
l-tanatan 8 11 NE] 22
3. 12 23 2 3
-4 5 _
%) e
4)05
63 c. sin(a—pf)=sinacosf—cosasinff
:&:ﬁ(_ij:_ﬁ B 22
IERETINEVNT 23T
5
- 34242
e. sin(20{)=Esin(){coscz:Z(—éj(—iJ:ﬁ 6
> )% tan o + tan
, s d. tan(a+,6’)=¥
f. cos(2f)=cos” f—sin” S l-tanrtan B
_(zjz_(zjz_g_ﬂ_ﬂ ~3+(-2V2)
13 13 169 169 169 1_(_\/5)(_2\/5)
o _[=B3-242) (1+246
1-2v6 ) \1+2J6
A2 B _-93-82
N3 Vi3 13 -23
824943
h. 23
2
1+ _i e. sin(2a)=2sinacosa =2 —ﬁ (lj=—£
5 2 N2 2
B 2 2 c 2
1 f. cos(2f)=cos” f—sin"
Y S U (]
2 10 10 10
56. seca=2,—§<a<0; secﬂ=3,37n<,3<2n g. Sin§=

sina=—73,cosa=%, tana:—\/g,

sinﬁ=—&,cosﬂ=l,tanﬂ=—2\/§,

3 3 o
T o in f h. cos—=
——<—=<0, —<=<m 2
4 2 4 2

a. sin(a+ f)=sinacosf+cosasinf

i
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_ 2 o a2
57. sma——% n<0{<37n cosﬁ——% 7'E<ﬂ<3—n f. cos(2f) =cos” f—sin” f

2
25 . NG

5
cosay=——,tanax =——, sm,B:——,
3 5

3
an ﬂ—ﬁ n_a 3n n_p_3m o inB_
22 472 2 4 2
a. s1n(a+ f) =sinacos f+cosasin ff

(D =

cos(a + f) = cosaxcos f—sinasin

6

9 9 Y

&

=0

e

sin(a — B) =sina cos f—cosasin § - N\
(z}(z} IRER(IY}
L33 3 3 Z_VON3=NS

9 9
1 58. cos [sin1 3 cos™ lj
5 2

3 1
—un _ -1 ..
tan o + tan Let o =sin 5 and f = cos 3 o 1S 1n

1—tan o tan 3
uadrant I; £ is in quadrant I. Then sinax=—,
25 5 . pising 5

&

tan(a + f) =

l\)l:]

T 1
0<a<—,and =—, 0<p/<
\/‘\/* o 2 and cos 5 p
5 2

cosa = 1 sin*

Ws5+5¢05
/ / _i
=—11_01 5

NG sin B = y/1—cos’

=%; Undefined /1__ \/7 f

e. sin(2a)=2sinacosa 1 .
=2[_£) _ﬁ =4\/§ cos(sm Scos Ej—cos((x B)
3 3 9 =cosacos f+sinasin

_41,343

52 5 2

__+3f_4+3ﬁ
10 10 10

796
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59. sin (cos_1 i —cos™! ij
13

60.

5

Let a=cos” iand[a’—co i o is in
13 5

.. 5
quadrant I; £ is in quadrant I. Then cosa = 3’

NI:-I

sino = 1 cos’ &

OSasg,and cosﬁz%, 0<p6<
\! 13

_2 14412
169 169 13
sin B = /1 —cos”

g

sin cosl— cos™! j—sma
( 13 5 (@=£)

=sinacos f—cosasin

a1 - .
Let o =sin 1(—;} and f = tan 1%. a isin
quadrant IV; £ is in quadrant I. Then,
sinaz—l, OSaSE,and tan,[i’zé,
2 2 4
T
0<fb<—.
p 2

cosar =+1-sin’

Chapter 7 Review Exercises

tan {sin1 (—%) —tan™ GH =tan (o - f)

_ tana—tan B
1+tan o tan S

V3.3

-43-9
12
|33

12
_-9-43 12433
T 12-33 124343
 —144-75\3
117
 —48-25\3
39
_48+25\3

39

cos {tan'1 (=1)+cos™ [—%H

Let r=tan"'(~1) and S =cos™ [—%} o isin
quadrant IV; £ is in quadrant II. Then

tana = —1, —§<a<0,and cosﬁ:—%,

r
—<p<T.
5 B

secar =1+ tan’ & :\/1+(—1)2 =2
V2

1
COSA = —==—

JE 2

sina =— 1 cos’ o

2

sin 8 = /1 —cos’

AN E
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Chapter 7: Analytic Trigonometry

<:os{tan"(—1)+cos'1 (—%H =cos(a+f) 64. cosfl =%
=cosgcos f-sinasin 0= z, 2k or 6= 5—7Z+ 2kr, k is any integer
[ﬁ](i}(ﬁ](é) 3 3
2 3 2 \3 On 0< 6 < 2x, the solution set is {Z, 5—”} .
_=h2 32 33
10 10
J2 65. tanf++/3=0
10 tan @ = —/3
2n
0 =—+km, k is any integer
62. sin [2 cos™ [—EH 3 v ines
5 On the interval 0 <6 < 27, the solution set is
Let o =cos™' [—% .« isin quadrant II. Then {2_”’ 5_”} .
373

a—_g £<Q'<TC
CS==7%, S =E=T. 66. sin(20)+1=0

sina=+/1-cos’ @ sin(20) = -1
_ 1_(_§j2_ oo _[16_4 20=" 12k
5 25 \25 5 2
iz . .
{ 3 0=—+krz, k isany integer
. -1 .
sin| 2cos (——J =sin2a 4
5 On the interval 0 <@ < 27, the solution set is
=2sinxcosa 3Ir Ix
-2 =4
5 5 25

67. tan(20)=0

63. cos(2tan_1 %j 20=0+km
4 G—k—n here k is any integer
Let =tan"'—. « isin quadrant I. Then v Y neg
A 3 On the interval 0 <6 < 27, the solution set is
tano:=—,0<a<£. /4 kY4
3 2 0553”97 .
seca =+tan’ o +1
4 2 16 25 5 68. SeCZH=4
(3j 9 9 3 secd =12
3 cost9=il
cosa=§ 2

2
4 0=2kn or 0="Trin,
cos| 2tan”' — | = cos(2ar) 3 3
3 where £ is any integer

On the interval 0 <6 < 27, the solution set is

2
=2[§j _1=2[2J—1=—l {52_”4_”5_”}
5 25 25 37 3 9 3 b 3 .

=2cos’ar—1

798
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69.

70.

71.

72.

0.2sin & = 0.05
Find the intersection of ¥, =0.2sin& and

Y, =0.05:
ﬁ/_\', 5

Intgrsection \/Inttr‘:tction \/
n=cFERAOEE Y=.0F |H=2.BBBEI:I.2'1 V=08

On the interval 0<8< 27, x=0.25 or
x=2.89
The solution set is {0.25,2.89} .

sin @ +sin(26) =0
sin@+2sinfcosf =0
sinf(1+2cosf) =0

1+2cos@=0 or sin@d=0
cosd =—— =0,m
p 2 4n
3°3

On 0<60<2x, the solution set is

{092_”9”94_”} .
3 3

sin(26)—cos@—2sinf+1=0
2sinfcos@—cosf—2sinf+1=0
cos@(2sinfd—-1)-1(2sinf—-1)=0
(2sin@—1)(cos@—-1)=0

sin6=% or cos@d=1
QZZ’S_” =0
6 6
On 0<60<2x, the solution set is {0,%,%}.

2sin? @—-3sinf+1=0
(2sin@—-1)(sinfd—-1)=0

2sin@-1=0 or sinfd-1=0
sinH:l sind =1
fz hY/4 gzz
0==,2 2

6 6

On 0<68 < 2rx, the solution set is {%,

SR

6
2 6 .

Chapter 7 Review Exercises

73. 4sin* @ =1+4cosb
4(l—cos2 9) =1+4+4cosd
4—4cos’@=1+4cosd

4cos’+4cosf-3=0
(2cos@—-1)(2cos0+3)=0

2cosf@-1=0 or 2cos@+3=0
cosf =— c0567=—é
2 2
o=" 5 (not possible)
373

On 0< 8 < 2, the solution set is {%,%} .

74. sin(20) = V2 cos6

2sinfcos 6 =2 cos 6
2sinfcos 0 —~/2 cos O = 0
cosH(ZsinH—x/E) =0

cosd =0 or 25in¢9—\/§=0
7 37w 2
6:_,_ 1 = —
2 sin@ 5
g7 37
4 4
On 0<68 <2, the solution set is {5,5,3—”,3—”} .
4’27472

75. sinf-cosf =1
Divide each side by V2

Lsin¢9—icos¢9 L
V2 V2 V2
Rewrite in the difference of two angles form
1 1 (L
where cosgp=—, sing=—,and ¢g=—:
N N 4

1
N
NG

2

sin@cos @ —cos@sin @ =

sin(@— @) =

Copyright © 2017 Pearson Education, Inc.



Chapter 7: Analytic Trigonometry

76.

77.

78.

79.

80.

N
|

<
Il

N &~ ~Q

On 0<68< 2, the solution set is {%,ﬂ'} .

sin™ (0.7) = 0.78

EinTi. ¥
L Fro3a749566

tan™ (-2) =—1.11

ftamn T =23
-1. 1871487182

cos™ (-0.2) =1.77

= T
1.7721542482

sec™! (3)= cos™ [%j
We seek the angle 6, 0 <6 <z, whose cosine

equals é Now cos&z%, so & lies in

. a1
quadrant I. The calculator yields cos™ 3 =1.23,

3n
or —¢=—
¢ 4
or 0_223_71:
4 4

or =1

which is an angle in quadrant I, so

sec”' (3)=1.23.

fposTo130
1. 2389539417

cot”' (—4)=tan™' (—%)

We seek the angle 6, 0 <68 <, whose tangent

equals —i. Now tanf = —%, so @ lies in

81.

82.

83.

quadrant II. The calculator yields

1

tan"! (_Zj =—0.24 , which is an angle in

quadrant IV. Since & lies in quadrant II,
0=-024+7m=2.90. Therefore,

cot™ (—4)=2.90.

fLanTo-1-4%
~. 2449736631

An=+m
2.89651399

2x=5cosx

Find the intersection of ¥, = 2x and

Y, =5cosx:

K7
/

Hel1i05408 Y=z ezioel

-6
x=1.11

27

The solution set is {1.11}.

2sinx+3cosx =4x

Find the intersection of ¥, = 2sinx +3cosx and

Y, =4x:

Inkerscckion

A
v

HWe.BEBEZEAL V=32 4B6RE0EE

-6
x=0.87.

21

The solution set is {0.87} .

sinx=Inx

Find the intersection of ¥, =sinx and Y,

o frﬁ\

AP NS

14
181071 1¥=.78710483

x=2.22

27

The solution set is {2.22}.

Copyright © 2017 Pearson Education, Inc.
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Chapter 7 Test

84. -3sin"'x=7x Verifying equality:
I Vo2
in™! :—z - \/g_'\/g =
sin” ¥ =~ 4( ) 2
() i
x=sin| == S Sl S el

The solution set is {—g} .

3
2

85. 2cos'x+m=4cos'x
—2cos'x+7=0

—2cos'x=-x

cos'x=

DN

X = cosZ =0
2
The solution set is {0}.

86. Using a half-angle formula:

sinl15° = sin(30 j
2
_ /l—cos30°
2

87. Given the value of cos @, the most efficient

V3 Double-angle Formula to use is
== -z -3 2
_ 2 _ [2TNS _NZ2- cos(26)=2cos’ 0-1.
2 4 2
Note: since 15° lies in quadrant I, we have

sinl15°>0.

Using a difference formula:

sin15° = sin(45° —30°) Chapter 7 Test
= sin(45°) cos(30°) — cos(45°)sin(30°) )
1. Let O =sec”'| —— |. We seek the angle &, such
23 V21 (ﬁ ]
2 2 2 2
=£_£= J6-2 =l(\/€_\/§) that 0< @ <7 and H;t%,whose secant equals
4 4 4 4 % . The only value in the restricted range with
a secant of % is % Thus, sec™ [%) = %

801
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Chapter 7: Analytic Trigonometry

2. Let @=sin""! [—g} . We seek the angle &, such

that —% <6< % , whose sine equals —g . The

only value in the restricted range with a sine of

—E.Thus, sin”! —Q =—£.
4 2 4

2 .
—— is
2
P 11z .
sin sm? follows the form of the equation

o (f(X)) =sin”' (sin(x)) = x , but because

117z . . . { T ﬂi|

—— 1is not in the interval | ——,— |, we cannot
5 22

directly use the equation.
We need to find an angle & in the interval

{—%,%} for which sin% =sind. The angle

iz . .
?ﬂ is in quadrant 1. The reference angle of

11z . & L o . ..
—— is — and sin—— =sin— . Since — isin
5 5 5 5 5

. T .
the interval {—E,E} , we can apply the equation

above and get sin™' [sin%} = %

tan (tan"1 %] follows the form

f(f’1 (x)) = tan(tam’1 x) =x. Since the

domain of the inverse tangent is all real numbers,
we can directly apply this equation to get

tan tanflz =Z.
3 3

cot(csc"l \/E)

Since csc™' @ = i =10 , z

2
r=+/10 and y=1. Solve for x:

T
<f<= let
2°°

802

X2 +17 =(«/E)2
x> +1=10
X2 =9
x=3

6 is in quadrant 1.

Thus, cot (csc_1 \/E) =cotf =

_ 3
. Let =cos™'|—=|.
et 0 cos(4j

sin”' (0.382) = 0.39 radian

EinTCH. 3523
L 3919594531

sec'1.4=cos™! (ﬁ) =~ (.78 radian

fos-T0l-1.4%
LTrol93ETES

tan~! 3 = 1.25 radians

fLan-TC33
1. 249845772
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10. cot™'5=tan! (%j = (.20 radian

(ETTRES F=)]
- 1973955598

csch+cotd
secH +tan @
_cscO+cotd cscl-—cotl
“secO+tanf cscH—cotd
csc? @—cot’ @
(secd+tan0)(cscld—cotH)
1
(secd+tan 0)(cscl—cotH)

11.

1 secd —tan @

secd —tan @
(sec2 6 — tan? H)(csc@— cot )

_secf—tan @
cscl—cotd

12. sinftan@+cosf =sinf- sin 6
cosd

+cosd

_sin’ @ + cos’ 6
cosd cosé
_sin® @ +cos’ @
cos@
1
cosd
=secld

sin @ L cos 0
cosf sinf
_ sin’6 cos®
 sinf@cosf  sinBcosf
_sin?@+cos’ @
~ sinfcosf
1
sin@cos @
2
2sinfcosf
2

sin (26)
=2csc(26)

13. tan@+cotl =

(secd+tan0)(cscl—cotH) “secO—tan@

14.

15.

16.

Chapter 7 Test

sin(a+ f3)

tano + tan

_sinacos B+cosasin B
B sina | sinf3

+
cosax  cosf3

sinrcos B+ cosasin B
sinarcos B cosasin ff
cosacosfS  cosacosf

_ sinacos B+ cosasin 8
sin cos B+ cosasin B
cosacos

_sinacos B+ cosasin cosacos ff

1 sin @z cos B+ cos arsin B

=cosacos ff

sin (30)
=sin(6+26)
=sin @ cos(20)+cos Osin (26)
= sint9(cos2 6 —sin? 9)+cos€~2sin6’cos€
=sinB@cos® @ —sin> @+ 2sin Hcos’ O
=3sinfcos’ @ —sin’ @
=3sin9(1—sin29)—sin3 0
=3sin@-3sin® & —sin’ 6
=3sin@—4sin’ 0

sinf cosd
tan @ —cot & _ cos@ sinf

tan@+cotd sind JrcosH
cosf sinf

sin? @—cos’ @
sin @ cos
sin? @+ cos” @
sinfcos @
_sin?@—cos’ @
sin? @ +cos’ 6
—cos(20)
1
- (2 cos” 6 — 1)
1-2cos* @
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Chapter 7: Analytic Trigonometry

17. cos15° =cos(45°-30°)
= c0845°¢c0s30°+sin 45°sin 30°

BB

"2 222
-5 +1)
=—\/g+\/E or %(\/6+\/5)

4

18. tan75° = tan(45°+30°)

_ tan45°+tan30°
1—-tan45°tan30°

1+

3-3
_3+43 3+43
3—\/5 3+\/§
_9+643+3
32 -3
12+ 63

Let 6 =cos™ % . Since 0 << % (from the

range of cos™' x ),
(1 1—coséd
—0 |=
sm(2 j

_3
= = 5
2
.16
20. tan| 2sin”' —
an( sin 11]
Let 8 =sin™"' % Then sin0=% and @ lies in

quadrant I. Since siné = Y-
r
r=11, and solve forx: x*+6° =117

x* =85

x=+/85

6
—ﬁ,let y=06 and

x 85 85
6@]

2
2tanf ( 85

tan(26) = =
( ) 1—tan’ @ 6@2

=1 755

124/85
136 85 49

85

_ 12485

49

21. cos(sin_l §+ tan™! %j

Let a = sin_1§ and f=tan™’ % Then

sina=§ and tanﬁ:%,andboth o and

lie in quadrant I. Since sina = RiR % , let

h

y,=2 and r, =3. Solve for x,: x*+2% =37

x +4=9
xl2 =5
x5

Thus, cosazﬁzﬁ.
n 3
Since tan,Bzﬁzé let x, =2 and y, =3
> 2 bZ) .
x, 2
Solve for x,: 2> +3% =1,
4+9=r’
r’ =13
) =13
. s 3
Thus, sin f=—=2=——.
) \/E
Therefore, cos (o + f) = cosaxcos ff —sin arsin
V52 2 3
313 313
23/5-6
W13
2413(5-3)
N 39
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22.

23.

24.

25.

26.

Let =75°, f=15°.

Since sinacosﬁ=%[sin(a+ﬂ)+sin(a—ﬁ)],
. o o 1r. o . o
sin75°cos15 =5[sm(90 )+ sin (60 )]

:l{].,.ﬁ}:l(z_k\/g):#

2 2 4
sin 75° +sin15°
~9sin 75°+15° cos 75°—-15°
2 2
1 o o '\/E \/§ \/g
=2sin(45°)cos (30 )—2{7 =7
€05 65°¢0s20° + sin 65°sin 20°
= c0s(65°—20°) = cos(45°) = g
4sin*0-3=0
4sin* =3
. 3
19-2
sin 2
sin6=ig

On the interval [O, 27[) , the sine function takes

onavalueof% when ng or szT”.The

sine takes on a value of —g when 6 = 4Tﬂ and

hY/4 . . |7 27 4 57
H—T. The solution set is {?’T’T’T}
-3 cos(z—ﬁj =tané

2
—3sind =tan @
0=519 36
cos@
. 1
0=sinf| ——+3
- (cosﬁ )
sin@d=0 or ! +3=0
osé@
cosfd =——

805

27.

Chapter 7 Test

On the interval [0, 27z) , the sine function takes on

a value of 0 when @ =0 or 6 =z . The cosine

. 1.
function takes on a value of —— in the second and
. 1
third quadrants when @ = 7 —cos™ = and

t9=7z+cos’1%.That is @=~1911 and 6 =4.373.

The solution set is {0,1.911,7,4.373} .

cos’ @+2sinfcos—sin* @ =0
(0052 6 —sin® 49) +2sinfcosf =0
cos(26)+sin(260) =0
sin(26) = —cos(26)
tan (26) = -1
The tangent function takes on the value —1

when its argument is % + k7 . Thus, we need

RY/4

20="—+k
) v
3z Y4
O="—"+k—-
8 2
9=%(3+4k)

On the interval [0,27), the solution set is
{3_,, Iz Uz 15_7[}
8’8’87 8
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Chapter 7: Analytic Trigonometry

28. sin(6+1)=cosf Chapter 7 Cumulative Review

sinfcosl+cosfsinl =cosf
sinfcosl+cosfsinl _ cos@ L 35" +x-1=0

cos @ " cosd x:—bi\/b2—4ac
tan@cosl+sinl =1 2a
tan@cosl=1-sinl —1% 1> —4(3)(-1)
tanH:I_Sinl - 2(3)

cosl _ ~1441+12
Therefore, 6 = tan™" (1 — sml) =~0.285 or - 6

cosl
. _—1£413
9=7z+tan“(ﬂjz3.427 -6
cosl o [-1-V13 —14413

The solution set is {0.285,3.427} . The solution set is { 6 6 } :

29. 4sin’ 6+7sin6 =2
o o 2. Line containing points (-2,5) and (4,-1):
4sin’ 6+7sin6-2=0 ~ s e
Let u =sin@ . Then, m=22"0 T
) x,-x 4-(-2) 6
4u”+Tu-2=0 Usi ( ) with point (4,~1)
sing y—y, =m(x—x,) with point (4,-1),
(4u—-1)(u+2)=0 gry=-n i p

—(=1)=—1(x—4
4u-1=0 or u+2=0 y=(=1)=-1(x-4)

du=1 u=1 y+1=-1(x-4)
1 y+l=—x+4
=7 y=—x+3 or x+y=3

Substituting back in terms of &, we have Distance between points (~2,5) and (4,1):

d :\/(xz X )2 +(J’z - )2
The second equation has no solution since 5 5
—1<sin@ <1 for all values of 4. =\/(4—(—2)) +(-1-5)

Therefore, we only need to find values of &
Y =6 +(=6)" =72 =/36-2=62
Midpoint of segment with endpoints (-2,5) and
(4’ _l) :
|
Thus, 6 =sin 1 =~(0.253 and

xi+x, n+y, | | 2+4 5+(_l) _
1 2 > 2 )l 2 2 =(1.2)
Hzﬂ—sin"lzz 2.889.

The solution set is {0.253,2.889} .

sin6’=% or sinfd=-2

between 0 and 277 such that sind = % . These

will occur in the first and second quadrants.

3. 3x+)y"=9
x-intercept: 3x+0°=9; (3,0)
3x=9
x=3
y-intercepts: 3(0)+y* =9 ; (0,-3), (0,3)
y =9
y=23

806
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Chapter 7 Cumulative Review

Tests for symmetry: Vs

. . ) 6. y=cos|x——|-1
x-axis: Replace y with —y: 3x+ (—y) =9

3x+12 =9 Using the graph of y = cos x , horizontally shift

Since we o‘ptair} the original equatiog, the graph to the right z units, and vertically shift down 1
is symmetric with respect to the x-axis.

. ) 5 unit.
y-axis: Replace x with —x: 3(—x)+»* =9 Vi

-3x+y* =9 1=

Since we do not obtain the original equation, the
graph is not symmetric with respect to the y-axis.

Origin: Replace x with —x and y with —y:
2
3(=x)+(-y) =9
-3x+y*=9

Since we do not obtain the original equation, the
graph is not symmetric with respect to the origin.

y= |x - 3| +2
Using the graph of y = | X | , shift horizontally to

the right 3 units and vertically up 2 units.
Y4

y=3e"-2

Using the graph of y =e", stretch vertically by a
factor of 3, and shift down 2 units.
_}" A
=

‘_4:2:___:_ _;"_

807
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Chapter 7: Analytic Trigonometry

b. Inverse function: y =sin™' x
¥
Tyl
I
[71’721 o4+

T f1(x) =sin—1a

d.
3_-
L A
AN
I f~Hx)=1Ina -1 3 X
T (n-1)
—4 Inverse function: y =cos™' x
y
. y=sinx,—%$x$% (I,E)Y_
y i
¢ %J-\
2-- 1 1
+ 5] AR
T 0l 5 F
L3 T
SA N

808
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8.

3n

sin@ = —%, T<f< > so & lies in Quadrant III.

a.

In Quadrant II1, cos@ <0

242

sin(26) = 2sinfcos O = 2(—%) - 2\/5]

42
)

cos(26) = cos* @ —sin* @

LS IRORE:

Since Jr<6’<37n,wehavethat %<§<%.

Thus, %6’ lies in Quadrant IT and sin (% Hj >0.

. (1
sm(aﬁj =

809

Chapter 7 Cumulative Review

9. cos (tan_1 2)

10.

Let @=tan"'2. Then tant9=l=%,
x

—gsesg. Let x=1and y=2.
Solve for r: r* = x> +)°

=1 +2’

=5

r— 5
6 is in quadrant I.
cos(tan'12)=cos€=£=i=i~£=£

roys 55 0S

sinazé, <a<, cosﬁz—%,n<,3<37n

3 N

a. Since 0} <a<m,weknow that o lies in

Quadrant IT and cosa < 0.

cosa =—1-sin’

SIRE

3

b. 7t<ﬂ<37n,we know that £ lies in

Quadrant III and sin £ <0.

sin B = —/1—cos’ S

c. cos(2a)=cos’ o —sin’ &

NI

(2 ) 55

d. cos(a+ ff)=cosacosf—sinasin [

3) 3 3

_2V2 22 42
) 9 9

=_2i2(_1j_1[_312]
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. 3n r _B _3n Factoring:
e. Since < f< 5 , we have that 2 < 2 < 1 2x3—xz—2x+1=x2(2x—1)—1(2x—1)
Thus, g lies in Quadrant IT and sing >0. - (2x—1)(x2 _1)
=(2x=1)(x-1)(x+1)
sing = Therefore,

f(x) = (2x—1)(x—1)2 (x+l)2
=2(x—%j(x—l)2(x+l)2

The real zeros are —1 and 1 (both with

_ 5 4 3 2 _
1. f(x)=2x" —x" —4x +2x" +2x -1 multiplicity 2) and % (multiplicity 1).

a.  f(x) has at most 5 real zeros.

. 1
Possible rational zeros: b. x-intercepts: 1, > -1
p=tl; g=+1,+2; £=i1,i% y-intercept: —1
1 . 1
Using the Bounds on Zeros Theorem: The intercepts are (0,-1), (1,0), (530) >
f()=2(x"=0.5x" —2x" +x* +x-0.5) and (~1,0)

a,=-05,a,=-2,a,=1,a,=1, a,=-0.5

Max {1,|-0.5|+|1]+|1]+|-2|+]-0.5]}

¢. fresembles the graph of y =2x" for large

[+ -

=Max {1,5{=5

ax {1, 5} d. Let ¥, =2x" —x"—4x’ +2x" +2x -1
1+Max {|-0.5],|1],| 1].]-2],]-0.5]} >
=1+2=3
The smaller of the two numbers is 3. Thus,
every zero of f must lie between —3 and 3. ) - 2
Use synthetic division with —1: f/\’~/
-2 -1 -4 2 2 -1 >

-2 3 1-31 e. Four turning points exist. Use the
2 -3 -1 3 -1 0 MAXIMUM and MINIMUM features to

locate local maxima at (—1,0), (0.69,0.10)

Since the remainder is 0, x —(-1)=x+1 is o
and local minima at (1,0), (-0.29,-1.33)..

a factor. The other factor is the quotient:
2x* =3x" —x* +3x-1.

f. T h by hand, we determi dditional
Use synthetic division with 1 on the 0 Brap’l by 1anc, we Teteriiine some acaiiona

information about the intervals between the x-

quotient: intercepts:
2 -3 -13 -1 Tnterval | (—e=,—1) | (-1,0.5)[(05.1) | (L)
2 -1-2 1 Test
number -2 0 0.7 2
2 -1 -2 1 0 Val
: o : aue 14s -1 =0.1 |27
Since the remainder is 0, x—1 is a factor. of f
The other factor is the quotient: Location Below Below | Above | Above
2 o —2x 4], 4 x-axis x-axis | x-axis x-axis
Point (-2,-45)|(0,-1) [(0.7,0.1) [(2,27)

810
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/s above the x-axis for (0.5,1) and
(1,e2), and below the x-axis for (—eo,—1)

,‘"I 1 U‘(JQ. U‘IU

(10

(~1.0)

[
(1,0) 2

(0, 1)
. (—0.29, —1.33)

f is increasing on (—eo,—1], [-0.29,0.69],
and [l,e0). f is decreasing on [—1,—0.29]
and [0.69,1].

12. f(x)=2x"+3x+1; g(x)=x" +3x+2

a.

f(x)=0
2x2 +3x+1=0
2x+D(x+1)=0

1
= —— =—1
x > or x
The solution set is {—l, —%} .
S(x)=gx)
2x% +3x+1=x+3x+2
x*=1=0

(x+D)(x-1)=0
x=-1or x=1
The solution set is {1, 1} .

f(x)>0
2x2 +3x+1>0
Cx+D)(x+1D)>0

f(x) =(2x+1)(x+1)

The zeros of f are x = —% and x =-1

811

Chapter 7 Projects

Interval (—oo,—l) (_1’_%j (_%’w]

Test number -2 -0.75 0
Value of f 3 —-0.125 1
Conclusion | Positive | Negative | Positive

The solution set is (—eo,—1) U (—%,wj-

d. f(x) 2 g(x)
2x° +3x+1=x" +3x+2
¥ =120
(x+)(x-1)=0
p(x)=(x—1)(x+l)
The zeros of p are x=—-landx=1.

Interval | (—eo,=1)| (-L1) (1,00)
Test number -2 0 2
Value of p 3 -1 3
Conclusion | Positive | Negative | Positive

The solution set is (—eo,—1] U [1,0).

Chapter 7 Projects
Project I — Internet-based Project

Project 11

a. Amplitude = 0.00421 m

b. w=2.68 radians/sec

o _2.68 o
c. f= L il P 0.4265 vibrations/sec
2r 2w
. A="—=—"-=0.091
d. 4 " 683 0.09199 m
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Chapter 7: Analytic Trigonometry

. If x=1, the resulting equation is
y =0.00421sin(68.3-2.68¢) . To graph, let

Y, =0.00421sin(68.3 -2.68x) .
0.005

AN,
VY

-0.005

. Note: (kx—awt)+ (kx —wt+ ¢) = 2kx — 2wt + ¢ and
(kx—at)—(kx—wt + @) =—¢.

W +y, =y, sin(kx—awt)+y, sin(kx — wt + @)

=y, [sin(kx — wt) + sin(kx — wt + @)]

_ . 2kx—2wt+ ¢ -9
=¥, {Zsm(—z )cos( 2 ﬂ

—2y sin[ ZEZ2WIEON (2
—2yms1n( > Jcos(zj

v, =0.0045, $=2.5, 1=0.09, [ =223
Let x=1:

2r w
A=0.09=="- =23=—"

k J 27
k= 20907[ ~698 w=4.6xr=14.45

¥ =, sin(ke =)
=0.0045sin(69.8 -1-14.45¢)
=0.0045sin(69.8 —14.45¢)

Y, =, sin(kx — ot + @)
=0.0045sin(69.8-1-14.45¢ +2.5)
=0.0045sin(72.3 -14.45¢)

2kx—2wt+¢)cos(¢j

yl +y2 =2ym Sin(

2 2
—2.0.0045sin 2:69.8-1-2-14.45¢t+2.5 cos 2.5
2 2
=0.009sin ij cos(1.25)

=0.009sin(71.05— 14.45t) cos(1.25)

. Let ¥, =0.0045sin(69.8—14.45x),
Y, = 0.0045sin(72.3—14.45x) , and
Y, = 0.009sin (71.05—14.45x) cos(1.25) .

0.01
g
Yty
~0.4 ] £ 0.4
SN[
/>
-0.01

Vo =0.0045, ¢=04, A=0.09, =23
Let x=1:

27 w
A=0.09=== =23=—

k S 2
k= 2007z — 698 w=4.6r=14.45

¥, =0.00455in(69.8 —14.45¢)

¥y, =y, sin(kx — wt + @)
=0.0045sin(69.8-1-14.45¢ +0.4)
=0.0045sin(70.2 —14.45¢)

y+y, =2y, sin [Wj cos (%)

_ 2'0.0045sm(2~69.8~1— 22- 14.45¢ + 0'4}’03(%)

=0.009sin [WJ c0s(0.2)

=0.009sin (70 —14.45¢) cos(0.2)

Let ¥, =0.0045sin(69.8—14.45x) ,
Y, = 0.0045sin(70.2 —14.45x) , and
Y, = 0.009sin (70 —14.45x)c0s(0.2) .

L) %
vV

-0.01

j. The phase shift causes the amplitude of y, + y,

to increase from 0.009 cos(1.25) = 0.003 to
0.009 co0s(0.2) = 0.009 .

Copyright © 2017 Pearson Education, Inc.



Project 111

n2n3n4n5nx

—h

sinx = sin(3x) sin(5x)+

sin(7x)

4
b. Let ¥, =1+~
* A 72'(1 3 5

sl ula

-3

7

)

c. LetY _14 A sinx  sinBGx)  sin(l7x)
0 ' m ‘l 5n
-3

d. Let ¥, =142 Sinx  sinG0) - sinG7x)

e. The best one is the one with the most terms.

)

)

Chapter 7 Projects

Project IV

(see table column 2)

x [ f(x)| gx) | h(x) | k(x) | m(x)
0 | 0 | 0954 |-0311[-0.749 | 6.085
% % 0.791 |-0.703 | 2.437 | 4.011
z g 0.607 | -1.341| 1.387 |-3.052
z g 0.256 | -0.978 | 0.588 |-1.243
21 1 |-0256|-0.670| -0.063 | 0.413
27” g ~0.607 | -0.703 | 0.153 | 8.507
37” % ~0.791|—0.623 | 2.380 |-6.822
5?” % 0954 0 | 059 |-2.695
7| 0 |-0954] 0311 |-0.817| 1.536
7?” —% ~0.791{—0.117 | -0.013 | -5.248
ST” —g ~0.607 | 1.341 |-1387 3.052
47” —g ~0.256| 0.978 | -0.588 | 1.243
37” ~1 | 0256 | 0.670 | 0.063 |~0.705
ST” —g 0.607 | 0.703 | -0.306
%” —% 0.791 | 0.623
% —% 0.954
27 1
b. g(x)= M (see table column 3)
X
c. 1.2 +
05 6.5
-1.2 —

813
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Chapter 7: Analytic Trigonometry

The shape looks like a sinusoidal graph.
FinFed
H =gz it be+c )+
2818294654
b—l BEITE
c=1.72588
d=-.B@321

o

SoEE
2332
£3E93

Rounding a, b, ¢, and d to the nearest tenth, we
have that y =sin(x+1.8).

Barring error due to rounding and
approximation, this looks like y =cosx

X. - X.
h(x) = Mf(') (see table column 4)
il T N
1.8
-0.5 e 6.5
o a o of
-1.8

The shape is sinusoidal. It looks like an upside-
down sine wave.

Rounding a, b, c, and d to the nearest tenth, we
have that y =0.5sin(6.4x) .

hx)=h(x)

il N

k(x) =

(see table column 5)

-0.5 - o 6

This curve is losing its sinusoidal features,
although it still looks like one. It takes on the

features of an upside-down cosine curve

FinkEea
w=atsintbebca+d

c=. BZESESETE
d=. ZB35580335

Rounding a, b, ¢, and d to the nearest tenth, we
have that y =0.8sin(1.1x)+0.3.

Note: The rounding error is getting greater and
greater.

814

(see table column 6)

-0.5 . 5.5

-10

The sinusoidal features are gone.
Finkea

(Rl agiT]
nmmnin

Rounding a, b, ¢, and d to the nearest tenth, we
have that y =2.1sin(5.1x-1.5)+0.6 .

. It would seem that the curves would be less

“involved”, but the rounding error has become
incredibly great that the points are nowhere near
accurate at this point in calculating the differences.

Copyright © 2017 Pearson Education, Inc.
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