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| Written solutions to the chapter problems. Check each step, then correct yourself.

o Degrees to radians

T
Multiply each measure by ——.

180
a45><1—7870 %

2
b120xm=?ﬂ-.
c270xm=3§.

5
d150xm=%.

° Radians to degrees

. 180
Multiply each measure by —.
T
2. 2™ 180 500,
6 T
b I 71r 180 _ 315°
4 T
0y 180
.= X — = 20°.
c 9 T
117w 1
d — X ﬂ = 330°.
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° Length of a sprinkler arc

Use 8 = 76 with @ in radians.
s =8 X ?jTﬂ- = 67 =~ 18.85 inches.
In centimeters: 18.85 x 2.54 ~ 47.88 cm.

Answer: the arc is about 18.85 inches long, or about 47.9 centimeters.

o Special values on the unit circle

These come from the first-quadrant row of the exact values table.

o T 1
.sin — = —.
“SHE T
™ 1
b. — = —,
cos3 5
sinﬂ-—\/§
C 1= 9
™
d — =0
cos2

° Quadrants and signs

a. 200° is between 180° and 270°: quadrant Ill, sine negative, cosine negative.

™ ™
b. ? is between B and 7: quadrant I, sine positive, cosine negative.
c. 300° is between 270° and 360°: quadrant IV, sine negative, cosine positive.

™
d. 1 is a quarter of  clockwise, so it ends in quadrant |V: sine negative, cosine

positive.



o Amplitude and period

a. Amplitude |4| = 4; period 27 because B = 1.
. 2
b. Amplitude 1; period ? because B = 3.

1
c. Amplitude |-2| = 2; B = 550 the period is 4.

2r
1/2

° True or false?

a. True. The point at angle 7 on the unit circle is (—1, 0), whose x-coordinate is —1.
8 — T 1. .
b. False. At 2 the pointis (0, 1), and tan b = 6 is undefined. (The tangent equals 0

at0 and )
c. False. A straight angle is 180° = 7 radians; 27 is a full turn.

d. True. This is the Pythagorean identity, valid for every angle, in degrees or radians.

o Exact values with reference angles

1
a. Quadrant Il, reference angle 180° — 150° = 30°, sine positive: sin 150° = 3

V2
b. Quadrant Ill, reference angle 45°, cosine negative: cos 225° = ———.

2
c. Quadrant IV, reference angle 60°, tangent negative: tan 300° = —\/§.

™ 47 \/§

™ .
d. ? is in quadrant lll with reference angle E sine negative: sin — = ———.

3 2



o Cosine known, quadrant vV

9 16 4
By the Pythagorean identity, sin?§d=1-— 25 = 25" sosinf = :I:g.
4
Sine is negative in quadrant IV, so sinf = —g.
—4/5 4
Thentanf = —/ = ——.
3/5 3
@ Sine known, quadrant i
25 144 12
20=1— — = —, 0=+—.
€08 169 169" °° °® 13
. . 12
Cosine is negative in quadrant Il, so cos @ = —1—3.
5/13
Thentanf = /— = —i.
—12/13 12

0 Key points of a reflected cosine
. 2w -~
a. Amplitude |—3| = 3; period - = midline y = 1.
b. Maximum 1 4+ 3 = 4; minimum 1 — 3 = —2.

cAtr=0:-3(1)+1= -2 At T 3cosE +1=1AtL: 3cosm+1=4 At
4 2 2
3r 3r

T: —3cos7 +1=1 Atm —3cos2w+1=—-2.

The graph starts at its minimum because of the reflection (the negative sign).

e A sine equation
1

. . T
Isolate: sSinx = b% The reference angle is —.

6

. e ™
Sine is positive in quadrants | and I, so & = E orrT="— — = —.

e
=]



e A cosine equation

™
Isolate: cos x = 5 The reference angle is —.

o o T 3w 8 5
Cosine is negative in quadrants lland ll, soxe =7— — = —orz ="+ — = —

4 4 4 4

Q The Ferris wheel

a. Amplitude 20 and midline 25, so the lowest height is 25 — 20 = 5 ft and the highest
2

is 26 4+ 20 = 45 ft. The period is % = 12 minutes. In meters, 45 x 0.3048 =~ 13.7
T

m.

1
b.h(2)=25—20cos§ =25-20x 5 =151

7t 1
c. Solve 25 — 20 cos % = 35: cos 3 = —3 For 0 <t < 12 the angle % isin
7t 2 4
[0, 27), so 6 = ?ﬂ- or ?ﬂ- givingt =4 ort =8

Answer: the seat is at 35 feet after 4 minutes and after 8 minutes.

G Harbor tide

2
a. Period % = 12 hours; maximum 8 + 3 = 11 ft (about 3.35 m); minimum
T
8—-3=5ft
b. d(1) = 8+3sin% —8+15=095f

. mt . mt 1 7t T 5
c.Solve 3sin — = 1.5,sosin — = —.Then — = — or _7r givingt =1lort = 5.

6 6 2 6 6 6
Answer: the depth is 9.5 ftat 1 a.m. and at 5 a.m.



G A shifted sine wave

T
a. Amplitude 2, period 2, phase shift 3 to the right, range [—2, 2].

b. si ( 7r) 0 wh il 0 7rora: am
.sinlz— =) =0whenz— — =0Qormsox = — = —.
3 3 3

3
: T 0w T i
c. The maximum 2 occurs when ¢z — — = —,soatzx = e The minimum —2 occurs
" T 3w ; 117
whenz — — = —,soatx = ——.
3 2 6
a One branch of a tangent
™
a. The period is by
. . ™ T s
b. tan(2z) is undefined when 2z = :I:E' so the asymptotes are £ = 4 and z = T

c.tan(2z) = 0atz = 0; tan(2z) = 1 when 2z = T sox="T, tan(2z) = —1
when 2z = —%, soxr = —%. The points are (—%, —1), (0,0) and (%, 1).

Q Factoring a trigonometric equation

Let u = cosz. Then 2u? — u — 1 = 0, which factors as (2u + 1)(u — 1) = 0.

Socosx = —5 orcosz = 1.

T 2n 4w
COST = —5: reference angle —, quadrants lland lll, sox = — or —.

3 3 3
cosx=1.x2=0.
27 Arw

Solutions: z = 0, 37 3"



e Using the Pythagorean identity to solve

Replace sin® z by 1 — cos? z: 2 — 2 cos? z + 3 cos ¢ = 3, which gives

2cos?z —3cosz+1=0.

1
Factor: (2cosz — 1)(cosz — 1) = 0,socosx = 5 Orcos T = 1.

cos —1'33—1 om =1lz=0
:1:—2. —3or 3.cosar;_ = 0.
T 5T

Solutions: z = 0, 3 3

@ Writing an equation from features

5—(—-3 5+ (—3
a. Amplitude # = 4; midline # =1
2T ) )
b. B= — = 2. A maximum at £ = 0 means an unreflected cosine, so
T

y =4cos(2z) + 1.

c. Atz =0:4cos0+ 1 = 5, the maximum. At x = g:4cos7r—|— 1= -3 the

minimum, half a period later.

Q Daily temperature

a. The cosine equals 1 at ¢t = 4, giving the minimum 62 — 14 = 48°F at 4 a.m.; it equals
—1 att = 16, giving the maximum 62 4+ 14 = 76°F at 4 p.m.

b. T(10) = 62 — 14 cos % = 62°F.
) 1
T(12) = 62 — 14 cos % =62 — 14 x (_E) = 69°F.

1
1 COSU = 5 For0 <t < 24, uruns

4
from _T up to just below —7T, sou = 2% or ?W.Thent —4=8o0r16,so0t=12

c. Solve 62 — 14 cosu = 69 with u =

or t = 20. In Celsius, 3(69 — 32) ~ 20.6°C.

Answer: 69°F (about 20.6°C) occurs at noon and at 8 p.m.



Q Proving and checking an identity

(a) By the Pythagorean identity, sin? £ = 1 — cos?z = (1 — cos z)(1 + cos z). Dividing

sin?

by 1 — cos x (not zero) gives ——— =1 + cos x.
— COoS<T
(b) Atz = ~:gin 2 3 d1l—cosz L the left side i The right sid
= — = —andl— = —, so the left side is —— = —. The right side
3 4 2 1/2 2 J

1
isl—+ 3 = 3 Both sides agree.
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