CHAPTER 6
Trigonometry

Section 6.1 Angles and Their Measure

Y ou should know the following basic facts about angles, their measurement, and their applications.
m Tvpes of Angles:
(a} Acute; Measure between 0° and 90°.
(h) Right: Measure 90°.
ic) Obtuse: Measure between 90° and 180°,
(d) Straight: Measure 180°,

® Two positive angles, o and § are complementary if @ + £ = 90°. They are supplementary if ¢ + £ = 180°.

® Two angles in standard position that have the same terminal side are called coterminal angles.
m To convert degrees to radians, use 1° = #/180 radians.

® To convert radians to degrees, use 1radian = (180/x)°.
m 1" = one minute = /60 of 1°.
s " = onesecond = 1/60of ' = 1/3600 of 1°.

m The length of a circular arc is s = ## where € is measured in radians.

m Speed = distance/time

»  Angular speed = 8/r = s/rt

1. Trigonometry _ 12.
2. angle

3. coterminal

4, degree The angie shown is approximately 120°,

5. acute; obtuse 13.

6. complementary; supplementary

7. radian .

The angle shown is approximately —60°,
8. linear

i4.

9. angular
10, 4 =1

The angle shown is approximately 15°, -
11. 7N

% . 15, (a) Since 90° < 130° < 180° 130° lies in Quadrant IL.
{(b) Since 270° < 285° < 360° 285° lies in
The angle shown is approximately 210°, Quadrant IV.

16. (a) Since 0° < 8.3° < 90° 8.3 lies in Quadrant [.

(b} Since 180° < 257° 30 < 270°257° 30" lies in
Quadrant IIL

551
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552 Chapter 6 Trigonomelry

17. (8) Since —180° < —132°50' < —50° ~ 132° 50' lies in 21. (a) 405°
Quadrant iI1. ¢
' (b) Since -360° < -336° < -270°% -336° lies in
Quadrant [.

18. (a) Since —270° < -260° < —180° —260° lics in N
Quadrant IL

{b) Since -90° < -3.4° < 0% ~3.4° liesin
Quadrant IV.

19. (a) 30° (b) 480°

(b) 150° 22. (a) -750°

150°

;-750" .

20, {a) -270° (b) —-600°

(— B

=270

(b) -120° 23. (a) Coterminal angles for 45°

e . 45° + 360° = 405°

' 45° - 360° = ~315°

{(b) Coterminal angles for —36°
-36° + 360° = 324°
-36° — 360° = -396°

—120°

24, {a) 120° + 360° = 480°
120° — 360° = -240°
{b) —420° + 720° = 300°
—-420° + 360° = ~60°
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Section 6.1 Angles and Their Measure 553

25. (a) Coterminal angles for 300°
300° + 360° = 660°
300° - 360° = —60° (b) -3.58° = —[3" + 0.58(6(})’}
(b) Coterminal angles for 740°
740° — 2(360°) = 20°
20° — 360° = 340"

33. (@) 25° = 2° + 0.5(60) = 2°30°

~{3°34.8]

{3°34' + O.S(GO)HJ
~3°34'48"

26. (a) —520° + 720° = 200° _
—520° + 360° = -160° - 3@ 0355 = {0° + (0355)(60))

(b) 230° + 360° = 590° = ~0° + 21" + (0.3)(50")
230° - 360° = —[30° "
= —{0° + 21" + 18")

27. (1) 54°45 = 540+ () = 54750 = 07211y

(b) 0.7865 = 0° + (0.7865)(60')
= 0°+ 47 + (0.19)(60")
0° + 47 + 11.4"
0°47'11.4"

(b) ~128°30" = —128° — (gg) = —128.5%

[

28, () 245°10° = 245° + (L)
= 245° 4 0.167°
= 245.167°

35. {a) Complement: 90° - 18° = 720
Supplement: 180° — 18° = {g2°

(b) 2212 = 22+ (12} = 20 4 020 = 290
{b) Complement: 90° — 85° = 50

Suppiement: 180° — 85° = 950

It

29. (a) 85°18'30" = (85 + A8y %) ~ 85.308°
36. (a) Complement: 90° - 46° = 44°
Supplement: 180° - 46° = 134°

(b) Complement: Not possible. 93° is greater than 90°,

o e _ 25 : ~ ©
(b} 330°25" = (330 + m) = 330.007

30 @ ml3§°36" =137 - (520%) Supplement: 180° — 93° = g7°
= ~135° - 0.01° .
= —135.01° . 37. (a} Complement: 90° — 24° = g6°
. a Supplement: 180° — 24° = 1560
(b) —408°1620" = _(4080 * (%) * (ngﬁ) ) (b) Complement: Not possible. 126° is greater
~ (408" + 0.2667° + 0.0056°) than 90°,
= —408.272° . Supplement: 180° - 126° = 54°

38, (a) Complement: 90° — 87° = 3¢
Supplement; 180° - 87° = 93
(b) ~145.8° = —[145° + 0.8(60")] = -145°48" _ (b) Complement: Not possible. (166° > 90°)

Supplement; 180° — [66° = 140

31 (a) 240.6° = 240° + 0.6(60) = 240°3¢'

32 (a) —345.12°

1

~(345° 4 (0.12)(60")

(3452 + 7 + 0.2(60") 39.
—345°7'12"

(b) 0.45° = 0° + (0.45)(60") = 0° + 27" = @27

The angle shown s approximately 2 radians.
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554 Chapter 6 Trigonometry

40. 49, (a) Because wg < =1 < 0; -1 lies in Quadrant IV.

(b) Because —7r < -2 < —%; -2 lies in Quadrant I1].

The angle shown is approximately 5.5 radians.

The angle shown is approximately -3 radians.

50, (a) Because 3?” < 6.02 < 2, 6.02 liesin

Quadrant [V.

(b} Because % < 2.25 < m; 2.25 lies in Quadrant II.
42.

51. (a) %

f/

The angle shown is approximately. —4 radians.

43,

i
i
:

The angle shown is approximately 1 radian. 2

by ~-
44.

i

The angle shown is approximately 6.5 radians.

45, (a) Because 0 < i:— < %,% lies in Quadrant I.

&

.‘_.‘

{b) Because 7 < 57” < 3—;—; %F lies in Quadrant IIL

£
1
i
i
i

i
46. (a) Because 1 < % < 2275; % lies in Quadrant III. 52. (a) s
(b) Because 7 < 9?” < §_2£; 9?” lies in Quadrant II1.

47. (a) Because 0 < % < %,5;— lies in Quadrant L.

(b) Because 7 < 7?” < -3;5; :]51 lies in Quadrant III.

48. (a) Because ﬁi’; < —% <0 —% lies in
Quadrant V.
(b) Because —37” < —%’E < - _”T]r lies in
Quadrant II.
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53. —_
(a) <

by -3

54. (a) 4

'S

() 7

55. (a) Coterminal angles for %

£+2;f:.13—ﬁ
6 6

_T_[,_Z;T:_M
6 6

x

(b} Coterminal angles for 265

5_7r.+2;r:”_ﬂ
6 6
+5£—2:r=‘2r—
6 6

56. (a)

(b

R

Section 6. Angles and Their Measure 555

r 197
— 42T = —
6 6
3—’5_2:r=—5-”
6 6
_ﬂz.}.z =£
6 6
Ar e B
6 6

57. (a) Coterminal angles for %T

(b)

58. (a)

(b)

59. (a)

(b)

27 8
-+ 27 = —

3 3
2 _ r = iz

3 3

: T

Coterminal angles for B
—£ + 2 = 23_?[

12 12

_ 257

|

|

|
™

1

T —_—
12 12

Coterminal angles for —3—:—
3 + 27 = >
4 4
LA
4 4
. Tr
Coterminal angles for T
Wz +2r ==
4 4
IR, L7
4 4
. G
Coterminal angles for e
2 +4r = Iz
4 4
2z +2r = -5
4 . 4
. 2r
Coterminal angles for I
_.%z + 2 = 28_”
15 15
L2 gy 3
15 15
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538 Chapter 6 Trigonomeiry

103, 6 = S _ 450 071 radian = 4.04° 108. (a) 2-inch diameter pulley _ -
r 6378 1700 tpm = 1700 - 27 radians/minute

=~ 10681.4 radians/minute

104. » = 6378 kilometers
P 400 Since r = 1, the belt moves
0= T 0.062716 radian 10681 .4 inches/ minute.
30° On the 4-inch diameter pulley:
0.062716(180 J x 3.59° putiey
T r=2
The difference in latitude is about 3.59°. 5 =10681.4 = 2.6
. a5 25 g = 00814 _ 3407
105, 4 = - = == = — = ——radian
r 6 60 12 This pulley is turning at 5340.7 radians/minute.
7190 5340.7
106. & = 5 = 22 _ 48 radians = 48 0| » 275° (b) = — = 80mpm
F 5 T #
107. (a) 65 miles per hour = 65(5280)/60 ’ 109. (a) Angular speed = W
= 5720 feet per minute 1 minute
= 10,4007 radians per minute
The circumference of the tire is C = 2.5x feet.
7.25, 1t
The number of revolutions per minute is [T IH-J[HJ(SZOO)(ZH) feet
r = 5720/2.5x = 728.3 rev/minute, {b) Linear speed = — -

1 minute
(b) The angular speed is &/t.

9 = 72%07) = 4576 radians
2.5%

3 141%# feet per minute

= 164.5 feet per second
4576 radians
Angular speed = Tite 110. (a) 4rpm = 4(27) radians/minute
= 4576 radians/minute. = 87
~ 25.13274 radians/minute
(b) r =25# '

—{? = 2007 ft/minute

Linear speed ~ 25(25.13274) &/minute
= 628.32 ft/minute
111. (2) (200)(27) < Angular speed < {500)(27) radians per minute
Interval: [4007, 10007] radians per minute
(b) (6)(200)(27) < Linear speed < (6){500)(27) centimeters per minute

Interval: [24007, 60007] centimeters per minute

| (Bl e

112. (a) Road speed (linear speed _ [ T hour ]
1 minute | —————

60 minutes

~ 35.70 mi/h .

55 mi N 5280 f N 12 in. " 1h 58,080 in.
lh 1 mi It  60min 1 min

The circumference of the machine is C = 21{%) = 25x inches.

(&)

The number of revolutions per minute is
r = 58,080/257 = 739.50 revolutions/min.
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113, 4

114, 4

116. (a)

Section 6.1 Angles and Their Measure 559

| -

= 2}‘26' 115. 4 = =
1 2 T

= —(15)7 (1409 = =
AEICT o

= 87.57 m? DR ~

= 27489 m? =

= —Q(R3 - rz)

2
=25 - 14 = |1 :

=7 it | f g

253 R

- 1f125 71'-(25‘ -112) ~ 1757
24180

549.8 in?

u

Arc length of larger sprocket in feet:
5§ =r@

s = l(2171?) -2z feet
3 ’ 3

. 2r
Therefore, the chain moves 3 feet as does the smaller rear sprocket,

Thus, the angle & of the smaller sprocket is

2z
s gt 2
g:_:i_:mz r = 2inches = = feet
12
~ and the arc length of the tire in fect is;
§ =g
s = (4x) EJ - Lr feet
12 3
147
s _ 3 lar
Speed = ~ = 2 _ T o per second
t I sec 3
147 feet 3600 seconds 1 mile .
T T T — X ——— & [ miles per hour
3 seconds 1 hour 5280 feet

—

(b

e

(d)
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. l4x feet I mile - .
Distance = |-—__=2 | !mile - (n revolutions)
3 revolutions )\ 5280 feet

n miles

7920
Rate - Time

5'Eﬁued/secondJ L mile (¢ seconds)
3 5280 feet

Distance

1l

T .
—— 1 miles
7920

The functions are both linear,

%(35)2040“)(

476.397 square meters

)
180° <N

1496.62 square meters
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560

117,

118.

119.

120.

Section 6.2 Right Triangle Trigonometry

Chapter 6 Trigoromeiry

False. A measurement of 4 radians corresponds to two

complete revolutions from the initial to the terminal side
of an angle.

True. If & and £ are coterminal angles, then

a =B+ n360°)ora =g+ n(2r), where nis
an integer, The difference between o and # is

a — B = n(360°), or & - B = n(27) if expressed

in radians.

False. The terminal side of —1260° lies on the negative
x-axis.

Sample answers:

(a) An angle is standard position is an angle in which
the origin is the vertex and the initial side coincides
with the positive x-axis.

(b) Positive angles are generated by counterclockwise
rotation. Negative angles are generated by clockwise
rotation.

(c) Coterminal angles are angles @ and £ that have '
the same initial and terminal sides.

(d) Degree is a common unit of angle measurement

equivalent to a rotation of 41 of a complete

revolution about the vertex. Radians also measure
angles. One radian is the measure of a central angle
& that intercepts an arc s equal in length to the
radius r of a circle.

{(e) An acute angle is an angle measuring between 0°
and 90°. An obtuse angle is an angle measuring
between 90° and 180°.

(f) Two positive angles are complementary if their sum
is 90°. Two positive angles are supplementary if
their sum is 180°.

121.

122,

123.

124,

The speed increases, since the linear speed is
propottional to the radius.

1 radian = [180 } = 57.3° so one radiar is much
p2
Jarger than one degree.

Since the arc length s is given by s = r8, if the central
angle @ is fixed while the radius  increases, then s
increases in proportion to r.

Area of circle =

_ Measure of central angle of sector
Area of circle

Area of sector

Measure of central angle of circle

Area of sector e

ar? 2

Area of sector = (?T)‘Z)(ij = —rlg

»

®» You should know the right triangle definition of trigonometric functions.

(a) sind = opP (b) cos‘g = a_dj
hyp hyp
(d) csc@ = hyp (e) sec & = hﬁ
opp ~adj

(c) tan & = ﬂ 3
adj z

) corg = 2 g
opp

Adjacentside -
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Section 6.2 Right Triangle Trigonometry

561

——continued—

s You should know the following identities.

1
sin & =
(a) sin csc &
1
d) secd =
W s cos &
(@) tan @ = sin &
cos @

(jy 1+ tan’ & = sec’ @

® You should know that two acute angles @ and £ are complementary if & + § = 90°, and that the cofunctions of

(b) csc @ =

(e) tan @ =

(h) cot @ =

(k) t +cot? @ = csc? @

complementary angles are equal.

= You should know the trigonometric function values of 30°, 45°, and 60°, or be able to construct triangles from which you

can determine thern.

1
sin &

]
cot &

cos &

sin &

(c) cos @ =

(fycotd =

(i) sin® @ + cos* @ = 1

1. (i)

(iv)
v}
vi)

5. hyp = /6> + 8 = /36 + 64 = /100 = 10

..., hypotenuse

(iii)

hypotenuse

adjacent

hypotenuse

opposite

- = sec &
adjacent

— = cot &
opposite

—— = csc
opposite :

&
adjacent - cos @

= sin &
hypotenuse

opposite
adjacent

= tan &

(e)

()

(d)

(b)

(2)

(c)

6. adj = J132 — 52 = 169 — 25 = 12
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sin@ = 22
hyp
cos @ = a—dJ
: hyp
tan @ = ﬂ
adj
sin @ = 222
hyp
cos 8 = a_d_|
hyp

tan & = ﬂ =
adj

co | o Eioo Eim

Ll W

i

2. opposite, adjacent; hypotenuse

3. Complementafy

4. elevation; depression

cscf = —= =
opp
sec9=ﬁy—}?—

adj
cot@zﬂlj—=

opp
CSC@ZM:E
opp 5
Sec0=h—y{.)=lz
adj 12
cott9=a—dj=E
opp 5



562 Chapter 6 Trigonometry

7. adj = V41> -9 = 1681 - 81 = /1600 = 40

sinﬂ:g?gz.?_ cscg:m:ﬂ
500 hyp 4l opp 9
e cos g = 24 _ 40 sec@:M:ﬂ
hyp 4l adj 40
ta.ntf)zﬂzi cot8=-ﬂ=-4—9
adj 40 opp 9
8 hyp = V42 + 4% = 32 = 42
Sil’l9=-9P-E=—-i~—:.r}__=-\/—§ CscB:M:.@:ﬁ
hyp 42 V2 2 opp 4
N COSB:ﬂ:L:L:ﬁ Sec@:mzﬁﬁzﬁ
hyp 42 V2 2 adj 4
4 tan9=£=i=1 cotgza_dj=ﬂ:l
adj 4 opp 4
9. hyp = V157 + 8% = /289 =17
8 Sitll?:geg:i cgc9=h—yp=£7.
f - hyp 17 opp 8
15 cosﬂ:ﬂ:g sec9=h_YP:£
hyp 17 adj 15
tng = P2 _ 8 cotg =29 15
adj 15 opp
' hyp = /752 + 4° =%
4
Pl [ .
3 S[ng:P.EP,:._i__:i Csc9=h—yp=m=£
' hyp (17/2) 17 opp 4 8
Cosg.—_a—dj:—g—:g Secgzmzmzﬂ
hyp (17/2) 17 adj 75 15
tan6’=ﬂ=~4~'=—8— cotg = 73 15
adj 75 15 ) opp 4 8

The function values are the same because the triangles are similar, and corresponding sides are proportional.
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0. opp = \/5* - 42 _ 4

SI'l'lB:EPE:E CSCB-_—-}—l_zé
hyp 5 opp 3
> COS@:*aﬂ-zE sec€=h_yp;:-'5“
hyp 5 adj 4
[anﬁ:gp_l_).-_-_i Cofg‘—*ﬂ:ﬂ
4 adj 4 opp 3
opp = ~/1.252 _ 7 . 0.75
2 sin & = O—PE = -—_0'75 = —3. cscd = EY.B = __125 = é
hyp 125 7§ opp 075 3
1 ] .
Cosﬁ:—ad_‘l;-—l_:i;. seca:-h_ylpi—ilz_S=§.
hyp 125 T 3 a1 T g
tan9=0pp=0;~l7£=~§ Co[‘@:ﬂ:—L:;

3
adj 27 bp 3 3/
Cosd = 4L _ £V < se(:@:—,_=-‘_=—_
hyp 3 adj  2./7 4
tan 9 = EIE = —]_ = l_/_—g cot @ = adJ = ,\/5
adi 22 " g4 opp

. i Si!]H:P*p—pA:—z-:l cgcg_—_h_y?i:ﬁz_’j
6 3 hyp 6 3 pp 2
adi 42 /3 h 6 3 32
COSH:———:———:-—a secﬁ:—«_.:—_z—_ﬁ=—_.
hyp 6 3 : adj 42 T g
tanﬁ—gp—p—S\/z_— ! —I% | cot @ = A9 4\/5'* V2
adj . 4 NI opp 2
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2.

13.

14.

Chapter 6 Trigonometry

fﬂ' hyp = /12 + 22 = /5
2
Sin8=—9ﬂz—l—=:‘/—§ cscg—h_yp;£=\/§
hyp /5 5 opp 1
COSG:E(E:i:—z\/g secgzm:.}/j
hyp NG 5 adj 2
tanG:EEg:l co[ﬁ:a_d}:gzz
adj 2 opp !
hyp = /3% + 67 = 35
3
sin@:iﬂE:_}__:Lzﬁ cscaz_yp=3\/§:\5
g hyp 35 5 5 opp 3
6
cosé’=£qj—=izi:g_‘/_§ Secgzh_yp=__3\[5—=_5
hyp 35 5 5 adj 6 2
tanﬁzﬁzizl cot9=£di22=2
adj 6 2 opp 3

The function values are the same because the triangles are similar, and corresponding sides are proportional.

Given: tan6=i :ﬂ 15, Given: sec N h_yp
4 adi 2 adj 3 5
3% + 42 = (hyp)’ (opp)” + 2% = 3 A
hyp =35 opp = /5 2
sing = %P2 -3 Siﬂg=ﬂ=ﬁ
C039=ﬂ=i cos@:f_q:l;:_%
esch = R 3 tang_ﬂzﬁ
: opp 3 Toad 2
hyp 5 -
secd = — =~ h 3./5
adj 4 cscl?:;z—];:T
adi 4
cot = —> = — - :
opp 3 cotB:%:%
A _5 _ adj
Given: COS@—E—E . 16. Given: tan & =i = 2P
' & Tl 5 adj
2 2 2 VAT
(opp)” + 57 = 6 o # + 5 = (hyp)
opp = V11 - 5 .
pp hyp=\.‘41 5
Sina:(l:,;pz\;ﬁ sin@—~(—)-EB——4\/4_1
P Ui hyp 41
11
tan @ = 9_@?_ = — adj 54l
' adj 5 cosﬁ?:ﬁ=—z—l—
Cscezh_yp=_6.il__l hyp p‘4l
opp 1t cs09=$=T
hyp 6
secd = —= = — I
adj 5 sec9=%=%
adj  5JI1 ! |
cotfd = —= = —— adj 5
opp 11 cotﬂ_:;;};:z
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17, Given: sin @ = + = 2P
5 hyp
*+ (adj): = 52
adj = /24 = 26
cos & = ﬂ = _Zi_é
hyp 5
tan & = 9@ = _\/—_6
adj 12
csc = h_yp =5
opp
sec & = m = ?ﬁ
adj 12
cot @ = idi = 2\/6
opp
7 _bw

18. Given; sec § = — = -
7 adj

(opp)* + 77 = 172

opp = /240 = 415

-sin 8 = Spp = 4_@
hyp 17
cos & = —ad—J = -7_
hyp 17
tan @ = 2?2 = i@
adj 7
csc g = h_yp,: 17/15
.0pp 60
cat 8 = ﬂ = 7_'15
opp 60
19. Given: cot & = 3 = E = —agj—
1 opp

12 + 3% = (hyp)’

hyp=\ﬁ"5
sing = PP _ M10
hyp 10
cgsﬁzfg:!_:?'_\/l__o
hyp 10

tan & = —

1

3
cscé’:h—yp J10

J10

sec £

Vi
8
1

20, Given: csc @ =9 = % - h_yp

Section 6.2 Right Triangle Trigonometry 565

opp
P+ (ad) = 9
adj = /80 = 45
[
sing = 2P . L {5 ]!
hyp 9 ENES
cosg = 2 _ 45
hyp 9
anp = P _ N5
adj 20
sec d = E/E = ﬁ
adj 20
coto =2 _ 4 f3
opp

i

30° = 30‘( il ) = Eradian
180° 6
sin30° = PP - 1
hyp 2
22. degree radian value
cos 45° - z ﬁ
4 2 !
1 2
€0s45° = — = ==
V22
23. degree radian value
sec 45° % V2
sec — = {Z =2
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566 Chapter 6 Trigonometry

corg =MoL _ad a1 sin 60 = 3 cosgoe = L
33 opp 2 2
V3 g = 60° = %radian (a) sin 30° = cos 60° = %
(b) cos30° = sin 60° = \f
. _ sin 60°
26. degree radian value (¢) tan 60° = T = \ﬁ
n
csc 45° = J2 i
N 4 () cotooe = 88 _ L V3
J2 sin60° /3 3
csc 45° = T
32. sin 30° = — tan 30° = V3
2 3
(@) ese30° = —— =2

sin 30°

4
8¢ — = —— =
V3 6 (b) cot 60° = tan(90° ~ 60°) = tan 30° = —\?
1
(c) cos30°® = sin 30% ro = _3T - iﬁ_
tan 30° 3 243 2
28. degree radian value 3
. s V2 1 3 33
i 45° z N d) cot30° = == _ 3
¥ 4 2 (@) <o @n30° 3 3
sin -- = € = —\/-Z 1
V2 2 33. cos 8 = 3
éote=1:1—3fii (a) sin @ +cos*f =1
: 1 opp %
| 9745"—45“(”]—5 Sin29+[5J=l
180° 4 g
! sin? @ = —
| 9
i : sin @ = &
; 30. degree radian value 3
: 60°
’ tan 30° % ?If-:; 2 ! in @ WZ\/E
g by an@ = 22 =3 -2 /2
an 30° = —— > o ! cosg 1
an =75 7 3
(c) secd = ! =13
cos &

(d) csc{90° - &) =sec# =3
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34, secf =35

1 1
a}) cos @ = = =
(@) co secd 5

(B 1+tan’ @ = sec’ @

1 + tan® @ = 5°
tan’ 8 = 24
tan & = 26
cot 6 = ! Ig

1
and 26 12
(©) cot(90° ~ &) = tan 8 = 2/6

(d) sin® @ + cos? @ = 1

it
sin26'+(~} =
5

sin? 8 = E
25
. 26
sinf® = —
5
35 cotx = 5
(a) tan g = L1
cot & 5

(b) esa =1+ cot’ o
esc? @ =1+ 57
csc’ a = 26

csca = /26

() cot(90° - a) = tana = é

(d) sec’? @ =1+ tan’ @

%
secza=l+(~J
5

s - 26
seCt a4 = —
25
~J 26
sec @ = ——
5
1 526
cosa = = ===

- 3.

Section 6.2 Right Triangle Trigonometry

36. cos,ﬁ:ﬁ
4
a7
(@) sec fr = cos 7 7
(h) sin® B+ cos* =1

b}

38.

39.

-

40.

41.

42.

43. {sec @ + tan f)(sec & — tan §)

{c).

(d)

sin’ g +[£} =1

4

. 9

sm2ﬂ=ﬁ

sin =4

J7
cotﬁ:M:::ﬁ

4
sin B 3 3
4

sin(90° - B) = cos A = —\'2—7

tan @ cot § = tanﬁ[ ! ):l
tan &

cosO@secd = cos & ! =]

. si
tan ¢ cos o =[

. C
cotasing =

COs

1 o

cos @ = sina
cos &

Q5 & .
Sina = Cosa

sSin &

{1 + sin )1 - sin &) =1-sin? 9 = cos® &

{1+ cos 8)(1 - cos @) = 1 - cos® @

"

= sin? @

sec? @ — tan? @

=1

44. sin? @ - cos® @ = sin? @ — (l — stn? 6')

sin® @ — 1 + sin? @

25in® g -1

i
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(sin2 8 + cos’ 9) - cos? &

(! + tan? 9) — tan® &



568

43,

46.

47.

48.

49.

50.

51.

52.

Chapter 6 Trigonomelry

sing cos@ sin® @ + cos’ f
cos§ sind sin & cos @
_ i
sin & cos &
R 1
sin @ cos &
= ¢sc B@secd
tan § + cot f tanﬁ+colﬁ
tan 5 tan 8 tan S
cot B
=1+ 1
cot B
=1+cot’ f=csc® B
(a) tan 23.5° = 0.4348
{b) cot 66.5° = L = (.4348
tan 66.5°
{a) sin16.35° »~ 0.2815
(b) csc16.35% = —1—— = 3.5523
sin 16.35°

(a) cosl16°18 =

(b) sin 73°56' =

(a) secd2°12' =

(b) cscd8°7 =

' L

sin(48 + —7—]
60

cos[lﬁ + E) = 0,9598
60

°

sin(73 + 2-6-] = 0.9609
60

sec 42.2° = = 1.3499

cos 42.2°

! s = 1.3432

Make sure that your calculator is in radian mode.

1

(a) cot z
16 tan

Q

(4
b) tan —
(b T:

(a} sec0.75 =

= 5.0273

16

0.1989

l = 1.3667

cos 0.75

(Note: 0.75 is

in radians)

(b) cos 0.7 = 0.7317

53, Make sure that your calculator is in radian mede.
(a) cscl = —1— =~ 1.1884
sin 1
1
(b) tan - = 0.5463
I
54, (a) sec[u - l) = ~ 1.1884
cos[£ - 1}
2
(b) cot(% ~ %J = ! = 05463
ta\n[£ - “J
2 2
55. (a) sin@:i:>9=30°=£
2 6
(b 0509=236=30°=%
56. (a) c059=£:>0:45°=£
2 : 4
() tan8=1:>9:45°=§
57.(a) sec@ =2 = 8 = 60° = 1;’5
(b) c0t9=i:>9=45°:%
58. (2) tan8=\/§:>6’:60°=1§
(b) c059=—17:>9:60°=£
2 . 3
59. (a) csc @ =¥ = 8 = 60° = z
(b) sin@:%_%:;t?wd,j":”
60. (a) cot & = 3[3—
3
3 z
tanG:—:ﬁ:@:ﬁo":_
NE) 3
(b) secf = /2
cosﬁ:.l-_-:ﬁ::)g 450_‘1
J2o02
61. sin60° = =
18
y = 18sin 60° = 18{1 =93
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62, tan 30° = 30 68. tang = OPP
X adj
0 I 3 g W
A : N fan T
! X =303 w =100 tan 54° ~ 137.6 feet
63. tan 60° = 12— 69. (a) sin43° = ]—52
X X
\/5_33_ x =13 ~ 2199 ft
32 x sin 43° 150
\/gx = 32 150
(b} tan 43° = 22X
A I PN ) y
x - 3
3 y = 150 ~ 1609 fi
tan 43°
64. sin 45° = 20 ‘
r 70. Let & = the height of the mountain,
P 20 = = _?i = 202 Let x = the horizontal distance from where the g°
sin 45 ﬁ angle of elevation is sj hted to the point 4t that level
g p
2 directly below the mountain peak.
ok o . K
tan 82° = % Then tan 3.5° = PR and tan 9 =
45 -
X = 451tan 82° tange =1 o .k
Height of the building: x tan 9

123 + 45 tan 82° = 443.2 meters Substitute x =

into the expression for tan 3.5°,

tan 9°
Distance between friends: an
. | . 5
cosS2"=ﬁ:>y=._ﬁ_ tan3,5° = .__ " _
¥ cos 82° . ‘ +13
: tan 9°
& 323.34 meters
Atan 9° -
tan3.5° = 207
66 b) tan @ 6 h h + 13 tan 9°
,'(a) : ®) tan T3 I35 Atan3.5° + 13 tan 9° tan 3,50 = f tan go
(c) 2(135) = 4 13 tan 9° tan 3.5 = A(tan 9° — tan 3.59)
h
h = 270 feet 13 tan 9° tan 3.5° _
' tan 9° - tan 350
1.2953 = 4
H—— 32—y . . B
ot drwn a0 3 rj The mountain is about 1.3 miles high.
sin & = ——1250 = 1
2500 2

1250 ft
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71. I.\'l, —"I 1

sin 30° = 2L
56

» = (sin 30°)(56) = G)(s(,) _ 28
cos 30° = X
56

x = cos 36°(56) = 3-/5_31(56) = 283

(o) = (28\[37, 28)

(%3, ¥9)
p
36
607
sin 60° = 22
| 56
72 = sin 60°(56) = (?J(se) - 283
cos 60° = %
56
5y = (cos 60°)(56) = @(se) - 28

(xz, yz) = (28, 23\/5)

72. tan 3° = X
15

x = 15tan 3°
d =5+ 2x = 5+ 2(15 tan 3°) = 6.57 centimeters

73. x = 9397,y

sin 20° =

cos 20°

tan 20°

cot 20°

sec 20°

csc 20°

74. (a)

(b) sin 85° = h

3.420

I

0.34

€

0.94

n

(c) h = 20sin 85° = 19.9 meters

(d) The side of the triangle labeled /& will become

(e)

shorter.
Angle, & Height (in meters)

80° 19.7
70° 18.3
60° 17.3
50° 153
40° 12.9
30° 10.0
20° 6.8

10° 5

(f) The heigh

t of the balloon decreases.
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Section 6.2 Right Triangle Trigonometry 571

75. sin 60° ¢csc 60° = |

True, csc x = — = sin 60° csc 607 = sin 607 — ! =1
sin x sin 60°
6. True, because sec(90° — 9) = csc 6. 79, S0 60° i 20
) sin 30°
77. sin 457+ sin 437 = 1 sin 60°  cos 30° .
e J3 False, <0 30° = < 30° = cot 30° ~ 1,7321
False, —= + 22 = /2 2 | )
2 2 sin 2° = 0.0349

. ,b
78. True, because 80. tan[(5°)2] = tan* §°
1+cot? & = csc? @

cot? @ = esc? @ - 1 False.
cot’ @ — esc? 6 = —1. tan[(5°ﬂ = tan 25° » 0.466
tan? 5° = (tan 5°)° ~ 0.008

81. This is true because the corresponding sides of similar triangles are proportional.

8§2. Yes. Given tan &, sec 8 can be found from the identity 1 + tan® & = sec? 4.

8.0 | g 0.1 0.2 0.3 0.4 0.5

sin & | 0.0998 | 0.1987 | 0.2955 | (.3894 | 0.4794

(b) Inthe interval (0, 0.5), & > sin 6.

(c) As 8 = 0,sin @ — 0, and — 1

sin &

C 8@, 003 0.6 0.9 12 1.5

sing | 0 [ 02955 { 0.5646 | 0.7833 | 0.9320 | 0.9975

cos& | 1| 0.9553 | 0.8253 | 0.6216 | 0.3624 | 0.0707

(b) On [0,1.5}, sin & is an increasing function.
{c) On [0,1.5], cos & is a decreasing function.

{d) As the angle increases the length of the side opposite the angle increases relative to the length of the hypotenuse and the
fength of the side adjacent to the angle decreases relative to the length of the hypotenuse. Thus the sine increases and the
cosine decreases.

6 0° | 20° | 40° | 60° | 80°

cos ¢ 1 0.94 | 0.77 § 0.50 | 0.17 -

Sin(90°—8) 1 094 | 077 | 0.50 | 0.17

cos & and sin{90° - @) are equal. & and 90° - @ are complementar& angles because & + (90° ~ ) = 90°.
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572 Chapter 6§ Trigonometry

86. (a)

896.5 1t

sin 35.4° = =~
896.5
¥ = 8965 sin 35.4° ~ 519.33 feet

(b) Because the top of the incline is 1693.5 feet above sea level and the vertical rise of the inclined plane is 519.33 feet,
the elevation of the lower end of the inclined plan is about 1693.5 — 519.33 = 1174.17 feet.

(c) Ascent time: d=nr
896.5 = 300¢
3=t
It takes about 3 minutes for the cars to get from the bottom to the tép.
Vertical rate: d=rt
51933 = #(3)
173.11 ft/min

¥

Section 6.3 Trigonometric Functions of Any Angle

s Know the Definitions of Trigonometric Functions of Any Angle.

If & is in standard position, (x, y) a point on the terminal side and r = /x> + y* # 0, then

sin @ = l csc @ = L,y ?’5_0
4 y

‘cosﬁzi secB:—r—,xqﬁO
r x

tan6=l,x¥0 cotB:f,y;&O
X ’ y

m You should know the signs of the trigonometric functious in each quadrant.

. . . 3
You should know the trigonometric function values of the quadrant angles 0, 32{, 7z, and E{r-

You should be able to find reference angles.
You should be able to evaluate trigonometric functions of any angle. (Use reference angles.)
You should know that the period of sine and cosine is 27.

You should know which trigonometric functions are odd and even.

Even: cos x and sec x

Odd: sin x, tan x, cot x, csc x

1. reference 3. period

2, periodic : 4. even; odd
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s}

e A RS

5 () (xy) =1(43)

F=N16+9 =5
sinﬁ::‘i:.‘i csc =
r 5
c:osﬁ:ﬁzi sec =
4 5
t.':ul€=l=i cot g =
X 4
6.(a) x=-12,y = -5
ro= J(-12) + (-5 =13
gin6=l=_i cscd =
r 13
cc>56=£——E secd =
¥ i3
tan6=l=_—5:— cotd =
x -12
) (1) = (L-D)
r=Nl+1 =42
Sinﬂ:).’.:-..__l__z_ﬁ
¥ 2 2
X 1 2
COS A = = = e = —
roJ2 2
tan6=1=—l
x
7. () (x5} = (-/3.-1)
r=3+1=2
sng=2 =L esc & =
r 2
c058=£=—£ sec @ =
. r 2
tana:lzﬁ cotd =
x 3
) (x ) = (4-1)
r=+~16+1= /17
Sinf;:Z:_L:_ﬂ
ro 17 17
x 4 4-/17
€050 = — = —— = ——
ro 17 17
tant9=z=—l
. X 4

|~

]

Wl Bl e

]

e
13
12

12

-5

R N IR ]

csc @ =

secf =

cot @ =

e lmo Ry Wy

R ]
il
ey

csc d =

R ]

sec @ =

cotf =

o w o

Section 6.3 Trigonometric Functions

() (x, ») = (-8,15)

r= 64+ 225 =17

15
17
8

17
15

8

sin & =

~ = ow e

cos @ =

tan @ =

=

csc &

sec &

cot @

of Any dngle

v
T
_r 17
T8
_x 8
R
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574 Chapiter 6 Trigonometry

B.(a) x=3yp=1

=3 1 = 10
. ¥ 1 Vi0
sinf = - = —— = ——
ro 10 10
cosHﬁﬁ*V——3 *—3 19
J1o 10
tant?:l:l
X 3
cscH:-’;:—lg:\f’lO
¥y 1
r <10
secd = — = ——
X 3
cot8z£=§=3
v 1

®) (x.9) = (-4,4)
r = JI6516 = /B = 432

sinﬂ:lzi=£ CSC9=L=£=\/E
roa2 2 y 4
4 \/E r 4\/5
cosfl = - = ~——= = ——— sec B = o= mNEZ = 2
42 2 x 4
tanﬁ:Z:ml cot€=£=—]
x i Y
9. (x,») = (512) : 11, x =5y =-2
r=~25+144 =13 r= J=5) + (2) = V29
sing =2 =12 esco =L =2 R e B AF
ro b v 2 VTR
x 5 r i3
cosf == = — secld = — = — x -5 5/29
r 13 x 5 s P =2 = — = 10
r 29 29
y 12 x 5
tan @ = — = — cot@ = — = — 3 Y -2 2
* 5 y 12 tanf = — = — = —
x =5 5
10. x =8,y =15 cscd oo 20 =_\/29
r= 8 4157 =17 y 2 z
15 r 17 sec @ = r_ Hiq = 29
sing =2 =2 cscf = — = — x5 5
roo17 y 15 . s s
te = = =2 =2
cos@:izi secg=f.=ﬁ co y 2 7
r x 8
¥y x 8
tand = = = — cotd = = = —
X 8 y 15
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Section 6.3 Trigonometric Functions of Any Angle 575

12. (x,¥) = (-4,10)
r=~16 + 100 = 24/29

sing = 2 =—5ﬁ

r 29

x 229
cosfd = — = —

r 29
tan 6 = L = 3

X 2

ro /29
csed = — =———

¥y 5
sec £ =L _¥2

X 2
cot® = - = 2

¥ 5

13. (x, y) = (-5.4,7.2)

r=+/29.16 + 51.84 =9

Singzlzgzi csc9=£=i=£
r 9 5 y 12 4
cosa:iz—giz—g 5609::'=""'?_‘=_2
r 9 5 x 5.4 3
tanH:Z:—l—z-z—i tan8=£=—i4—=“§-
X 3.4 3 ¥y 7.2 4
4. x=3i=l,y=—-§=—£
2 2 4 4
. (1)2 (_g_l PoJisT
2 4 4
3 1157
sng = 2 = 4 _ 311157 el =l o4 1157
r 1157 1157 y 31 31
4 4
7 /1157
x P 14-/1157 r 4 ~/ 1157
coséd = — = = gec @ = — = =
ro 1157 1157 x 7 14
4 ’ 2
! 7
y "4 _ 3l 3 “X_ 2 __14
tang:—:—-—-:—-—_:—z— COtg =
x 7 14 14 y 31 31
2 _ 4
15. sin@ > 0 = & lies in Quadrant ! or in Quadrant I 17. sin & > 0 = & lies in Quadrant I or in Quadrant IL
cosd > 0 = & liesin Quadrant [ or in Quadrant I'V. cos & < 0 => @ lies in Quadrant IT or in Quadrant L1,
sin@ > 0 and cos & > 0 = @ liesin Quadrant I sin @ > Oand cos & < 0 = & lies in Quadrant I1.
16, sin @ < 0 = & lies in Quadrant 1I] or in Quadrant I'V. ' 18, sec & > 0 = £ lies in Quadrant I or in Quadrant IV.
cos @ < 0 = & lies in Quadrant 11 or in Quadrant HIL cot # < 0 = @ lies in Quadrant II or in Quadrant IV.
sind < 0 and cos & < 0 = @ lies in Quadrant IIL secd > 0 and.cot & < 0 = & lies in Quadrant IV.
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576 Chapter 6 Trigonometry

19. tan @ < 0 and sin & > 0 = @ is in Quadrant IT

22. c059=1‘;=_—_4:>y:|3|
= x<0and y > 0. r 5

y 15 @ in Quadrant I1l = y = -3
tanB:'—=A§3r=l7 s
sinﬁ:lzfg csc9=—5
Sit‘lgzl=E cscgzi:g : '4
ro v y B cosG:—:ﬁg secd = ——
¥
COSB=£=—£ secgziz_ﬂ 3
d 17 X 8 tanﬁzi:z cotd = —
X
tané?=£=—E C0t9:£:—_§.
x 8 ¥ 15 c 3 3
23, cotG:'—=4T:——1
x 8 y -
20. COSG—:—ﬁﬁy*“Sl cos & > 0 = & isinQuadrant IV => x is positive;
tanf < 0 = y = -15 );:3,)):—],{':\[1_0
i N e S R YA .
: sin & = ro 17 _“ﬁ escd = 15 sin8=z=-—\{gﬁ cscé):'—:—x/lo
: y
X 8 17
cosf = — = — sec d = ~— o= —
ro 17 8 cosB:£:—310m sect9=£:-—~310
- r x
: . tal’le:lz—lsz—-E cot@:m_g_ y ) i
i X 8 8 15 tan@:-ﬁ:—-g ’ cotd == = -3
X Y
2 sing =2 =2 2 o25_0=-16 .
r 3 24. csc6=—=—:>x=|\/15|
¢ in QuadrantIl = x = 4 . ¥
5in6=l=§ CSC9=£=§ cot9<0:x=—\/ﬁ
r 5 y 3 yoo1
4 5 . osinf = ==— cscd =4
cosé’=£=4~ sec¢9=£=—— : r |
o3 x4 x 15 415
¥ 3 x 4 ccosf =~ = —— secf = ——
tan9:—=-z COtg:—-:—E r 4 15
x ¥y o
tan9=zém—1—1:§- cot @ = —/15
X 3,
25 secO=l =t P od-1=3
f X -1
: sin@ < 0 = & isin Quadrant fll = y = —/3
ing =2 o M3 RO S NN
: r 2 y J3 3
A (:059=£=—l sec9=£=—2
f: r 2 x
& .
tanﬂ:i:ﬁ C0t9=—{=L=—\—/—i
x ¥ J3 3
E 26 sin@=0=8&8=0+an 27. cot @ is undefined,
4 = - =
H sec 8 1= 8 =x+2nn %SQS%:yzO::‘Q:;r
y=0x=-r
sing =0 csc @ is undefined. sin @ = 0 csc & is undefined.
x ¥ r r cos & = —1 sec f = -1
=—=——:-—-l 9—:————-:—1 .
cos @ r r see x  -F tan 8 = 0 cot @ is undefined.
tan 6 2 = 2:0 cot & is undefined. '
r r
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28. tan @ isundefined = 8 = ny 4 © 29. To find a point on the terminal side of 4, use any point
2 on the line ¥ = —x that lies in Quadrant IJ. (-4 1) is
ES€S2E:>€=3'T,.1‘=O,}':~J' one such point.
2 ¥=-ly=1Lr=-2
. ¥ ~r F
sinf = = = -~ = ] cscd = — = | 2
r r ¥ sirn9=—l~—=£ cse = /2
x 0 ' . \/5 2
cosd =2 =" ¢ sec & is undefined. I N
Peor x 0 €S8 = ——= = .22 secd = =2
tan € is undefined. cotd = > = v =0 V2 2
tan & = -] cot @ = ~]
30. Let x > 0.
(k.r, —%x}, Quadrant II[-
r= at e L o Y10
9 3
(_%JX V10 r e
sing = 2 = = e csef = — = 3 = --/10
r l10x 10 y (_ 1}{
3 3
~f10x
x -x V10 r_ 3 ~/10
cos @ = = = = —— secd = — = -
r 10x 10 x -X 3
3
1
3 * 1 x -x
tand = 2 = == cotd == = =3
x —x 3 ¥y [ l)
-—Ix
3
31. To find a point on the terminal side of &, use any point 32. Let x > 0.
onthe line y = 2x that lies in Guadrant IIL -1, -2) is
)_) Quads ( ) 4x+3y=0=>y=—ix
one such point. 3
x=-Ly=-2y=1/5 (x, éix), Quadrant IV
3
: 2 /5 - 5 5
siné = -—= = 222 csc = —— = Y2 T; 5
‘ Vs 5 -2 2 =2t =4t = 2y
3
1 V5 Vs
058 = - = =212 sec = ~= = /5
Vis -1 (_i)x
-2 -1 1 9:2: 3 :_i 9—_2
tanf = = = 2 ot = — = - sin oscf =
n “l _ 2 r Zx 5 . 4
cosf =% X 3 sec:45’=E
r Ex 5 -3
3
)
tanﬂ:zz 3 :_i cot@:_é
x X 3 4
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33.

34.

35.

36.

37

38.

39.

40,

41.

Chapter 6§ Trigonometry

(x,») =(-1.0)r =1

sing = 2 = 9 = {
r i

(x,»)=(0,-1),r =1

Iz 1
s — = — = -1
2 -1

(x, ) =(0,-1),r =1

e
1]
e
i
1t

% = undefined

—
ue‘
T
—
)
—
|
=]
~—
I

r
secx = — = — = -1
X

(x.y)=(0,1),r =1

.
sin —
2

1

1

]

[
—

(5,y) = (-LO),r = 1

cotw = :61» undefined.

(r,¥) =(-1,0),r =1

csC T = L. l = undefined
y 0
{(x.y) = (0.1)
cot & = X = 9. 0
2 ¥y i
& = 160°

& =180° - 160° = 20°

160°

42, 8 = 309°
¢ = 360° - 309° = 5i°

43. ¢ = -125°
360° — 125° = 235° (coterminal angle)
& = 235° — 180° = 55°

v

44, & = -215° )
360° — 215° = 145° (coterminal angle)
& = 180° — 145° = 35°

g

45, 9=gzr_
3
9'=JT—2—7T=
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46.

47.

48.

49.

50.

o=
6
9’:7_”_,r=£
6 6

6 =43 .
= 27 - 487 ~ 1.4832

y

f

g =116
& =47 - 11.6 =~ 0.9664

|
i
r
!

1.6

/an

8 =225 ¢ = 45°, Quadrant I1]

V2

sin 225° = —gip 45° = __.2_

V2

€0s 225° = _cos 45° = __5_

tan 225° = an 45° = |
8 = 300° 68 = 360° - 300° = 60° in Quadrant IV.

$in 300° = —gin 60° = Hﬁ

2

}

c0s 300° = ¢os 60° = l

2
—tan 60° = —./3

tan 300°

n

Section 6.3 Trigonometric Functions of Any dngle

51,

52.

53.

54.

54,

56.

6 = 750°, ¢ = 30°, Quadrant |

sin 750° = sin 30° =
¢0s 750° = cos 30° =

tan 750°

tan 30° =

[t el '™

& = -405°, & = 405° - 360° - 45° in Quadrant IV,
V2

sin(-405°) = —sin 45° = 5

cos(—405°) = 0s45° = _\?
tan(~405°) = —tan 45° = _|

8 = -150°, ¢ = 30°, Quadrant I1I

Sin(~150°) = —sin 30° = ﬁ%

J3

COS(—150° = —cos 30° = HT

J3

tan(~150") = tan 30° = =

0 = -840° is coterminal with 24¢°.
& = 240° - 180° = go° in Quadrant I11.

sin(—840°) = —sin 60° = _\_g_i

COS(—840°) = —cps 60° = _%

tan(~840°) = tan 60° = /3

=220 - T in Quadrant I
3 3
. 2 N LY
SIn —— = gjp ~ = 227
3 3 2
2rx T 1
€05 — = —cos = = __
3 3 2
r T
tan — = —fan = = .../}
3 a 3 3
g = 37 == in Quadrant IT
4’ 4
siniyi-—-sin£=—\/z
4 47 2
cos3—ﬁ = -gos = = —I?i
4 2
Iz T
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57. 9 = 5_”, g = % in Quadrant I11 62. 8 = IOTJT is coterminal with 43—”
4
sin3Z o a2 o= s o T i Quadrant 1L
4 4 2 3 3
COSS—E- = —CO0S§ = Ag sin -1—{;—’? = —sin% = ——\:/2—_%
tanﬁztan—’i:l cos-lﬂ;—cosE:_i
4 4 3 2
[0x T
tan — = tan — = \/5
58. 8 = %” ¢ = % in Quadrant Iil 3 3
sin = = —sin - = 1 63. 4 = ?E =1 in Quadrant [
6 6 2 4 4
2 )
cos{:—cos%=—? sin%rzsin£=—\-/ﬁ_z
2
tan%:tan§=ﬁ3£ cosg—frzcosiz%‘i
.4 tang—x =tanZ = 1
59. 9 = —E,H , Quadrant [V 4
sm( f} = —sin — = 1 64. 0 = —23_7{ & = %:— in Quadrant I
6 2
cos[—f} = cos = = V3 ( ‘3—] = sin” = £
. 6) 6 2 4 4 2
tan| -~ | = —tan & = _£ cos[——3—J = cos— = ﬁ
6 6 3 4 4 2
r i tan[—B—zJ = tan r._ 1
60. @ = 5 is coterminal with > 4 4
- . 3
sm( %J = sin 37” = -1 65. sm & = ‘g
x - sin? @ + cos2 @ = 1
A 2o .
co[ 2J 3 : cos’ & =1 - sin® @
2 .
tan( EJ = tan 3 is undefined. cost@d =1- _3 ‘
2 2 5 :
9 :
29g=1-= :
61. 6= 1% o o T Guadranc it cos 25 ;:
4 4 16 ;
2 - 7 :
Clr oz N2 c059—25 :
sin — = gin ~ = —= ;
4 4 2 cos 8 > 0 in Quadrant IV. L
cos 1T g2 V2 4
4 4 2 cosf = —
(§F4 T
tan — = —tan — = -1 ) :
4 4 ‘ : :
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Section 6.3 Trigorometric Functions of dny Angle 581

. t @ = -3
66 cot @ 70. secd = —2

1 +cot’d =csc? @ 4
. tan’ @ = sect

| (_3)2 - csct @ 1+ an1 8 = sect @
tan” 6 = sec® @ — 1

10 = csc? @ R
3 9Y
csc & > O in Quadrant 11, fan® 8 = [*ZJ -1
10 = csc @ 5 65
| tan~ & = '1—6-
ese = —
sin & tan & > 0 in Quadrant I11.
sin @ = ! = ! = 10 _ /65
cscd /10 10 tan § = -
67. tan@ = 2 . 71. sinl10° =~ 0.1736
14 _ 2
sec’ & = L+ tan® 0 72. sec 225° = ~ —1.4142
332 cos 225°
sec’ @ =1+ (EJ
5 73. cos(~110°) » ~0.3420
sectd =1+ 2=
4 1
74. ese(-330°) = ——— — 2.0000
sec’ 9 = B ( ) sin(~330°)
sec & < 0 in Quadrant [1], 75. tan 364° = —1.4826
sec @ = V13 : 76. cot 178° = —28.6363
2
68. csc = 2 77, sec72° = = 32361
cos 72°
1+ cot? 8 = cse? @
cot’ @ = csc? @ - 1 78. tan(-188°) = —0.1405
2 g = (-2)° -
o 2)" - 79. tan 4.5 = 4.6373
cot? @ =3
cot & < 0 in Quadrant IV. 80. cot1.35 = = 0.2245
tan 1.35
cot @ = -\/3
5 8L tan(f} ~ 0.3640
6%, cos @ = = 9
8
cos @ = ! = secd = l x
se cos & 82. tan[—;] = —0.3640
s 1.8
¥ =357 83. sin(-0.65) = -0.6052
8
84. sec 0.29 = = 1.0436
cos (.29
85, cot( ””J =L . oaa
8 tan{~117/8)
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582 Chapter 6 Trigonometry

86. csc(.—ﬁ} = ——(—1-~— = 4.4940 96. (a) secd = 2 = reference angle is 60° or % and &
sin

~157/14)
is in Quadrant [ or 1V,

. 1 . i . o a
87. (a) sinéd = 5 = reference angle is 30° or % and & Values in degrees: 60°, 300

. . 57
is in Quadrant T or Quadrant II. Values in radians: % —31
Values in degrees: 30°,150°
T 5z . (b} sec @ = -2 = reference angle is 60° or T and
Values in radian: —, — 3
6 & is in Quadrant If or TII.
(b) sind = —;— = reference angle is 30° or % and 8 Values in degrees: 120°, 240°

. is in Quadrant 11T or Quadrant IV. Values in radians: 2-371, 4%
& Values in degrees: 210°, 330°
1 _ . Tz 1=z : . aee o T .
_ Values in radians: —-, ——— 91. (a) tan & = | = reference angle is 45° or ) and ¢
. 5"

6
is in Quadrant 1 or Quadrant I1I.

v i s 45° °
88. (a) cos @ = % = reference angle is 45° or % and alues in degrees: 45°, 225

. . x Sr
@ is in Quadrant I or IV. Values in radians: o

Values in degrees: 45°,315°

Values in radians: -}E, i .
4" 4 & 1is in Quadrant II or Quadrant V.

Values in degrees: 130°,330°

(b) cotd = -3 = reference angle is 30° or% and

(6) cosd = f? = reference angle is 45° or%

Val 0 radians: 57 1in
and @ is in Quadrant If or HL alues In racdians: == ==
Values in degrees: 1359, 225°
. J3 . " b3
ir Sm 92. (a) sin@ = -5 = reference angle is 60° or 3 and

Values in radians: T; e
8 is in Quadrant I or IL.

Values in degrees: 60°, 120°
89. (a) cscf = %_3- = reference angle is 60° or f;_ and "

Values in radians: = 2x
@ is in Quadrant I or Quadrant IT. . alues n radians: =, ==

Values in degrees: 60°,120°

2z

(&) sin g = ——-\E = reference angle is 60° or Z and
Values in radians: %, Y 2 3

@ is in Quadrant Il or IV.

M ind . 240°, 300°
(b) cot @ = -1 = reference angle is 457 or % and @ alues in degrees: 240°, 300

. . 4z 57
is in Quadrant IT or Quadrant TV. Values in radians: EREY
Values in degrees: 135°, 315°
2 V2 o
Values in radians: 3z 1x 93. £, £ correspondsto £ = % on the unit circle.
4’ 4 22 4
oz 2 .
sin — = ——since sinf = y.
4 2
r N2
CO§ — = —— SinNce cost = X,
4 2
tan — =

. v
1since tant = —.
X

©2011 Cengage Leamning. All Rights Reserved. May not be scanned, copied or dupticated, or posted to a publicly accessible website, in whole or in part.




2 2
sin - = —= since sin ¢ = y
T | -
cos 375 since cost = x.

= \/5 since tan § = X.

X

Fa
fan —
3

2

31 S5n .
. |, 3 corresponds to ¢ = 3 on the unit circle.

. 5m l . .

sSin — = —sice sint = y,
6 2
57 3.

CO5 — = ———3sInce cos ! = x,
6 2
5 .

tanj— = —£ since tan? = 1.
6 3 . X

= In (x ) _ _\/E \/E
. 4 s L y 2 E 2

. 37 2 .

sin — = —— because sin¢ = y.
4 2
3z 2

08— = ——— because cos/ = x.
4 2
3 ¥y

tan — = -1 because tan¢ = =
4 x

. {—%, —ﬁ\g—g-] corresponds to ¢ = 47}? on the unit circle,

. 4r 3. .
sin —~ = ———since sinf = y.
3 2
4r |
€0s — = ——since cos! = x.
3 2
4r . y
tan T = ﬁsmce tan ¢ = =,
x

2 2
. S 3 .
sin —— = ——— because sin{ = y,
3 2
S ]
c0s — = — because cos{ = x.
3 2
tan STK = —/3 because tans = 2.
x

Section 6.3 Trigonometric Functions of Any Angle

99, 1 = g (x¥) = (0,1)
sin% =1 because sin ¢t = v,

cos — = 0 because cost = x.

. 1
tan 5 is undefined because tan ¢ = 2 Iy

X

100, ¢ = 7,(x, ¥) = (-1, 0)

sin # = 0 since sint = y,

cos 7 = -1 since cost = x.

tan

—0- = 0 since tans = 2
-1 x

101. (a) sin5 =~ -]

(b) cos2 = 0.4

102. (a) sin0.75 = y = 0.7

(b} cos235=x=-08

103. (a) sins = 0.25

t = 0.25 or 2.89
(b) cost = -0.25
t = 1.82 or 4.46

104. (a) sinr = -0.75

t =40 0rt =54

(b) cost = 0.75
t = 0.72 or t = 5.56

105. (a) New York City:

N = 221 Sin(0.52£ - 2.22) + 5501
Fairbanks: F =~ 36.6 sin(0.50¢ 1.83) + 25.61

®) Month New York City | Fairbanks
February 35° -1°
March 41° 14®
May 63° 48°
June 720 s9°
August 76° 56°
September 69° 42°
November 47° 7°

{c} The periods are about the same for both models,
approximately 12 months,
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106. 5 = 23.1 + 0.442¢ + 43 cos%’

2
(@) 1+ = 2,85 = 231 + 0.442(2) + 43 cos# = 26,134 snowboards

(b) ¢

i

{c) ¢

il

107. _v(t) = 2¢cos 6t

(@) ¥(0) = 2 cos 0 = 2 centimeters

{c) y(%) = 2cos 3 = —1.98 centimeters

108. y(t) = 2¢ cos 64

@ t=0
¥(0) = 2¢ cos 0 = 2 centimeters
1
® =1

y(%) = 2g V4 c05(6 . %) = (.11 centimeter

y( 1 ) = g2 cos(6 : %) = --1.2 centimeters

109, J = 5¢7¥ sin¢
1{0.7) = 5¢7* 5in 0.7 = 0.79

110. siné?zE =>d= ,6
d sin &
(a) & = 30°
d = 6
sin 30°
= i = 12 miles
/2
(by & = 90"
d = .6 :E='6miles
sin 90° 1
(c) & =120°
d =~ ,6
sin 120°
6 .
= ——— = 6.9 miles
NEF)

14,5 = 23.1 + 0.442(14) + 4.3 cos _”(24)

= 31,438 snowboards

6; 5 = 23.1 + 0.442(6) + 4.3 cos @ = 21,452 snowboards

#(18)

(d)y + =188 =231 + 0.442(!8) +4.3 COS—6~—-

= 26,756 snowboards

111

112,

113.

114.

False. In each of the four quadrants, the sign of the
secant function and the cosine function will be the same
since they are reciprocals of each other.

False. The reference angle is always acute by definition.
For € in Quadrant [, & = 180° — &. For & in
Quadrant IlI, & = & - 180°. For # in Quadrant [V,
g =360° - &

He) = f(0)g(r)

H(-t) = f(~1)g(~1)
= =f{e(r)
= -h(1)

Therefore, A(f) is odd.

i

As & increases from 0° to 90°, x decreases from
12 em to 0 ¢, y increases from 0 cm to 12 cm,

sing = 2. increases from0to I, cos & = 2
12 12

decreases from 1 t0 0, and tan & = b increases without

X
bound {(and is undefined at & = 90°).
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117.

|

-0.5646

(b) cos[ézE - 9} = —sin @
Yy =sinx

Domain: Al real numbers x
Range: [-1, 1]

Period; 27
Zeros: nrx

The function is odd.

Y = Cosx

Domain: All rea numbers x -
Range: [-1, 1

Period: 2

T
Zeros: nx E

The fungtion Is even,

Yy =tanx

Domain: All reaj numbers x except x

T
=nr o+ —
2

Range: (oo, )
Period: #
Zeros‘: nr

The function is odd.

Y =cCscx
Domain: All rea] numbers x except x = ur
Range; (-, -1 U [1, w)
Period; 27

Zeros: none
The function is odd,

€2011 Cengage Leamning,
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o o To )
-0.9320 -0.9975

585

Y = secx
Domain: All rea] numbers x except x = pr 4 —275
Range: (0, -] U [1, o)

Period: 27

Zeros: none

The function is even,

¥y =cotx
Domain: All rea) numbers x except x =
Range: {—x, w0}

Period: 7

. x
Zeros: nr + 5

The functipn is odd.

The secant function is similar to the tangent function
because they both have vertical asymptotes at

s
X = har o+ =
2

The cotangent function and the cosecant function both
have vertical asymptotes at x = nz. A maximum point
on the sine curve corresponds to a relative minimum on
the cosecant curve, The maximum points of sine and
cosine are interchanged with the minitum points of
cosccant and secant, The x-intercepts of the sine and
cosine functions become vertical asymptotes of the
cosecant and secant functions,

The graphs of sine and cosine may be translated left or
right (respectively) to {2 to coincide with each other.

. Answers wil] vary.
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119. (a) The points have y-axis symmetry.

(b) siny = sin(;r —~ #;) because they have the same y-value.

(c) cos{m — f;) = —cos f; because the x-values have opposite signs.

120. (a) .

The graph is a circle of radius 1 centered at (0, 0).

{b) The t-values represent the central angle in radians.
The x- and y-values represent the location in the coordinate plane.
() -1£x=1

-t<y<1

Section 6.4 Graphs of Sine and Cesine Functions

m You should be able to graph y = asin{bx — ¢) and y = a cos{bx — c). (Assume b > 0}

Amplitude: |al
m Period: i
b

= Shift: Solve bx — ¢ = ¢ and bx — ¢ = 27.

s Key increments: 1 (period)

1. cycle . 6. y =3cosx
2. amplitude Period: 2 T
2

3. phase shift Amplitude: |3| =13

4. vertical translation
- _ 3 x
5. y = 2sin 5x C Y=gy

. 2
Period: ?ﬁ Period: — = 4x

2r

_ 1/2
Amplitude: [2| = 2 i 3
4 4

Amplitude:
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