SOLUTIONS MANUAL




2.1 GRAPHS OF SINE AND COSINE FUNCTIONS

For Thought

1. True

2. False, since the range of y = 4sin(z) is [—4, 4],
we get that the range of y = 4sin(z) + 3 is
[-4+ 3,44 3] or [-1,7].

3. True, since the range of y = cos(z) is [—1,1],
we find that the range of y = cos(x) — 5 is
[-1—-5,1—5] or [—6, —4].

4. False, the phase shift is —7 /6.

5. False, the graph of y = sin(z + 7/6) lies 7/6 to
the left of the graph of y = sin(x).

6. True, since cos(57/6—m/3) = cos(m/2) = 0 and
cos(11m/6 — w/3) = cos(37/2) = 0.

7. False, for if z = 7/2 we find sin(7w/2) = 1 #
cos(m/2 + m/2) = cos(mw) = —1.

8. False, the minimum value is —3.

9. True, since the maximum value of y = —2 cos(z)
is 2, we get that the maximum value of y =
—2cos(z) +41is 244 or 6.

10. True, since (—7/6 +7/3,0) = (7/6,0).

2.1 Exercises

1.0 2. 1
sin(r/3)  V3/2

3- cos(m/3)  1/2 V3
cos(m/6)  V3/2

4. sin(r/6)  1/2 V3

1 1
7 cos(m/3) - 1/2 =2
g L 1 2v/3
sin(7/3)  /3/2 3
9.0 10. 1

11. (0 +7/4,0) = (r/4,0)
12. (7/2,1)

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

34.

35.

36.

37.

38.

39.
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(1/2 +7/4,3) = (37/4,3)
(37/4 + /4, —1) = (m, 1)
(/2 + 7/4,~1) = (—m/4, ~1)
(—7/4 + /4, ~2) = (0, -2)
(1 +7/4,0) = (57/4,0)
(27 + 7/4,0) = (97/4,0)
(m/3—m/3,0) = (0,0)
(2r/3 — /3, -1) = (1/3,~1)
(1 —7/3,1) = (27/3,1)
(21 — 7/3,4) = (57/3,4)

7)2 —71/3,—1) = (1/6, 1)
n/d—7/3,2) = (—1/12,2)

7 —1/3,1) = (—41/3,1)

(

(

(=

(—7/2 —7/3,~1) = (=57/6,—1)
(r +7/6,—1 +2) = (Tr/6,1)
(1/6 +7/6,—2 +2) = (/3,0)
(7/2+ /6,0 +2) = (21/3,2)
(7/3+7/6,—1+2) = (7/2,1)
(=3m/2 + /6,1 + 2) = (—4r/3,3)
(—7/2+ /6,2 + 2) = (—/3,4)
(27 + /6, —4 + 2) = (137/6,—2)

-+ 76,5+ 2) = (=57/6,7)
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40.

41.

42.

43.
44.
45.
46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

CHAPTER 2

8
P(0,0), Q(r/4,2), R(7/2,0),

Q(r/6,3), R(r/3,1),
P(n/4,0), Q(57/8,2), R(r,0),

7/3,0), Q(57/6,3), R(4r/3,0),

( S(31/4,—2)
(

(

P(

S(11mw/6,—3)

(o,

P(-

S(

P(0,1), S(r/2,-1)

P(0,2), Q(r/12,3), R(7/6,2), S(w/4,1)

7/8,0), Q(1/8,2), R(37/8,0),

5m/8,—2)

Amplitude 2, period 27, phase shift 0,
range [—2, 2]

Amplitude 4, period 27, phase shift 0,
range [—4, 4]

Amplitude 1, period 27, phase shift 7/2,
range [—1,1]

Amplitude 1, period 27, phase shift —m/2,

range [—1,1]

Amplitude 2, period 27, phase shift —m/3,

range [—2, 2]

Amplitude 3, period 27, phase shift 7 /6,
range [—3, 3]

Amplitude 1, phase shift 0, range [—1, 1],

some points are (0,0), <g, —1),

(r,0), (3277 1) (27, 0)

y

AN

2

NN
S

S(117/8,—2)

GRAPHS OF THE TRIGONOMETRIC FUNCTIONS

56. Amplitude 1, phase shift 0,range [—1, 1], some
pOthS are (07 _1)7 (7-(/27 0)7 (7Ta 1)7 (37T/2, 0)7
(2777 _1)

57. Amplitude 3, phase shift 0, range [—3, 3], some

points are (0,0), <g,—3), (m,0), (3%,3)
(2m,0)

w
b

2

Nl
N

58. Amplitude 4, phase shift 0, range [—4, 4], some

points are (0,0), <g,4>, (7,0), <3§7—4>’
(2m,0)




2.1 GRAPHS OF SINE AND COSINE FUNCTIONS 73

59. Amplitude 1/2, phase shift 0, 62. Amplitude 1, phase shift 7, range [—1, 1], some

range [—1/2,1/2], some points are (0,1/2), points are (0,—1), (7/2,0), (m,1), (37/2,0),
(7/2,0), (m,—1/2) (37/2,0), (27,1/2) (2m,—1)

2\ 7 s 2 3 2 T 3n
2 2 2 2 2
-0.5 -1

60. Amplitude 1/3, phase shift 0,

63. Amplitude 1, phase shift 7/3, range [—1, 1],
1 5 4
range [—1/3,1/3], some points are (O,—), some points are (%,1), (—W,O>, (i,—1>,

(go) (m, —1/3), (37/2,0), <2w,%> (11%0> (%Tl> 6 3

y y

/
N

~ /7

25

i
<
N
Slle

61. Amplitude 1, phase shift —m, range [—1, 1],
some points are (—m,0), (—n/2,1), (0,0), 3

3
some points are (—I,1>, <—,0>, (i,—1>a
T 4 4 4
57_1 ) (7T,0) 5% 0 7 1
| =) (5

64. Amplitude 1, phase shift —7/4, range [—1, 1],

)
e
™




74 CHAPTER 2 GRAPHS OF THE TRIGONOMETRIC FUNCTIONS

68. Amplitude 1, phase shift 0, range [1, 3],

3
some points are (0,2),(%, 1), (m,2), (573)7
(2m,2)

65. Amplitude 1, phase shift 0, range [1, 3],

3
some points are (0, 3), (gﬂ), (m, 1) (572)
(2m,3)

X

7 3 25
2

(NI

X

7 3 2
2

[N

66. Amplitude 1, phase shift 0, range [—4, —2], 69. Amplitude 1, phase shift —7/4, range [1, 3],

3
some points are (0,—2), g,—?) , (m,—4), some points are (—%,2), (%,3), (%,2),

() (559

y y

3

b 3 27
/

-2
1
-3
-4 . 3r 51 Tx
7 ) 7

70. Amplitude 1, phase shift 7/2, range

NI
N

IS
INEI

67. Amplitude 1, phase shift 0, range [—2, 0], some
3
points are (0, —1), (g, —2), (m, —1),(;,0), [—3, —1], some points are (g, —2),
(27T7 _1)
(7'(', _1)7 <377T7 _2) ) (2777 _3)7 <577T) _2)




2.1 GRAPHS OF SINE AND COSINE FUNCTIONS

71. Amplitude 2, phase shift —7 /6, range [—1, 3], 74.
T s 5%8
int ~Z3), (S1), (2, -1
some points are ( 5’ ), (3, ), (6 ) ),
4 117
_7]- ) —73
) (52
y
ﬁ\
I R T Y VR F
72. Amplitude 3, phase shift —27/3, 75.
. 2
range [—5, 1], some points are (—?, 1),
™ ™ 5% 4
“Z o) (2, -5), (£, -2), and (=1
(6’ ><3 )(6 )’an (3) 76.
y
s 5 /47T><
5 &/ 3
77.
-5
73. Amplitude 2, phase shift 7/3, range [—1, 3], 78.
4
some points are <E,1>, <5_7r’_1>’ <_7Tul>)
3 6 3
117 s
—73 _71
(52 ()
y 79.
3
1 80
TN\ 57 Jar 1in 7%
3\s/ 3 s 3
1
81.

75

Amplitude 3, phase shift —m /3,

range [—4,2], some points are <—%,—4 )

() (5) G4 (59

Note the amplitude is 2, phase shift is /2, and
the period is 2m. Then A =2, C = 7/2, and

B =1. An equation is y = 2sin (m — g)

Note the amplitude is 2, phase shift is /3,
period is 2m, and the vertical shift is 1 unit
up. Then A =2, C=7/3, B=1,and D = 1.

An equation is y = 2sin (m — g) + 1.

Note the amplitude is 2, phase shift —m, the
period is 27, and the vertical shift is 1 unit up.
Then A=2,C=—-w,B=1,and D = 1.

An equation is y = 2sin (z + ) + 1.
Note the amplitude is 1, phase shift is —m /2,

period is 27, and the vertical shift is 1 unit up.
Then A=1,C=—-7/2, B=1,and D = 1.

An equation is y = sin (x + g) + 1.

Note the amplitude is 2, phase shift is /2, and
the period is 2r. Then A = 2, C = /2, and

B =1. An equation is y = 2cos (x — g)

. Note, A=—-2,C=n/2, and B=1.

An equation is y = —2 cos <:c — g)

Note, the amplitude is 2, phase shift is m, the
period is 27, and the vertical shift is 1 unit up.
Then A=2,C=n,B=1,and D = 1.

An equation is y = 2cos (z — ) + 1.
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82.

83.

85.

87.

89.

90.

91.

92.

93.

94.

Note, the amplitude is 1, phase shift is —7/3,
the period is 27, and the vertical shift is 1
unit up. Then A =1, C = —n/3, B =1, and

D=1

CHAPTER 2 GRAPHS OF THE TRIGONOMETRIC FUNCTIONS

An equation is y = cos (z + 7/3) + 1

yzsin(m—%) 84. yzcos(

yzsin(m—kg) 86. yzcos(x—k—

y——cos( %) 88. y——sin(x—i—

m
= - — 2
Y cos( 8>+
—sin( E)
V= 9

us
y——3cos(:):+z> -5

1
y:—isin<x—§> +4

A determines the stretching, shrinking, or
reflection about the z-axis, C is the phase

r— —

6

shift, and D is the vertical translation.

f(x) = sin(z) is an odd function since
sin(—x) = —sin(z), and f(x) = cos(z) is an
even function since cos(—

2.1 Pop Quiz

1.

Amplitude 5, period 27, phase shift —27/3,

range [—5, 5],

(5. 4). e

m
. y-—cos(x—§>+3

[_276]

Since the period is 57/2 — /2 = 2w, we get
B = 1. The phase shift is 7/2. The amplitude

)

is 3. An equation is

Y= —38in<

r — —

2

x) = cos(x)

. Key points are (0,0), (g,?)), (m,0),

9

Thinking Outside the Box XIII

Let r be the radius of the small circle, and let x

be the closest distance from the small circle to the

point of tangency of any two circles with radius 1
By the Pythagorean theorem, we find

L+ (z+7)?=1+r)?

and
1+ (1+2r42)* =22

The second equation may be written as
1+ 4+ 12 +20r 4+ D(r +2)+ (r+2)* =4

Using the first equation, the above equation sim-
plifies to

(r+1)242(r+1)(r+z)+1+r)?=4

(r+1%*+ (4D +z)=2.

Since (from first equation, again)
x+r=4/1+7r)2-1
we obtain
(r+1)2+(r+1)( (1+r)2—1) 9,

Solving for r, we find

2.1 Linking Concepts

a) From the graphs of y; =  and y9 = sin(z), we
obtain that y; and ys differ by less than 0.1 if
x lies in the interval (—0.85,0.85).
y

.85 [ s




2.1 GRAPHS OF SINE AND COSINE FUNCTIONS

x> x5

b) From the graphs of y = — a7 + — and
y2 = sin(x), it follows that y and Yo
differ by less than 0.1 if x lies in the
interval (—2.46,2.46).

y

ARAN
+ + X
/ 245 [ 2.4\/

From th hsofy=o— "+ — -+
rom the graphs oty = x 3—1—5' 7!—1—9!

and yo = sin(z), one obtains that y and ys
differ by less than 0.1 if x lies in the interval
(—4.01,4.01).

3 5 o

Fromthegraphsofy:ac—3'—1—5—7-1-a
JRE R S| S | G [ L
IR R T TR

one finds that y and y» differ by less than 0.1
if x lies in the interval (—7.82,7.82).

7

c) From the graphs of y; = 1 and y = cos(z), one

obtains that y and y; differ by less than 0.1 if
x lies in the interval (—0.45,0.45).

2 .’E4

From the graphs of y =1 — % + ol and
y2 = cos(x), one finds y and yy differ by less
than 0.1 if x lies in the interval (—2.06,2.06).

y

2?2 2t b a8

Fromthegraphsofy:1—2—+E—a+§

and yy = cos(x), one derives that y and yo

differ by less than 0.1 if x lies in the
interval (—3.63,3.63).
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2 .4 6 .8
R A A 9. False, rather the graphs of y = cos(x) and
From the graphs of y = 1 o1 + TR + 3] _
2100 12 14 16 18 y = sin (:1: + 5) are identical.
S0 e e e = sl
one finds that y and ys differ by less than 0.1 10. True
if x lies in the interval (—7.44,7.44). .
y 2.2 Exercises

2
1. Amplitude 3, period Zﬂ or g, and phase shift 0

2. Amplitude 1, period 4m, and phase shift 0

3. Since y = —2cos <2 (:c + %)) — 1, we get

amplitude 2, period % or 7, and

d) To find sin(x), first, let y be the reference angle phase shift _T
of x. Note,OSygg. 4

3
f(y) =sin(y) and f(y) =y — i';)_' is less than

0.1for0<y< g Thus, sin(z) = +sin(y) =

2
Next, we obtain that the difference between 4. Since y = 4 cos (3 (x — %)), we get

2
amplitude 4, period ?ﬂ, and

2
y3 ) ) ) phase shift il
+ly— 3 where the sign on the right side 3
depends on the sign of sin(x). 5. Since y = —2sin (7 (z — 1)), we get
2T
litude 2 iod — or 2, and
For Thought amplitude 2, perio - or 2, an
om phase shift 1.
1. True, since B = 4 and the period is B3

6. Since y = sin (g(aﬁ + 2)), we get amplitude 1,

2
2. False, since B = 27 and the period is T or
B period % or 4, and phase shift —2.
m
2
3. True, since B = 7w and the period is T, . .
B 7. Period 27/3, phase shift 0, range [—1, 1],
2
4. True, since B = 0.17 and the period is O—lﬂ = labeled points are (0,0), (%, 1),
Arm
20.
T s 27
. . ™ B 0 ) o -1 ) 5 0
5. False, the phase shift is —— 3 2 3

12°
6. False, the phase shift is —%.

7. True, since the period is P = 27 the frequency
1 1
is = =—.
P 27 -2Pi/3
8. True, since the period is P = 2 the frequency
1 1
is = =—-.

P 2




2.2 THE GENERAL SINE WAVE

8. Period 67, phase shift 0, range [—1, 1], labeled

3 9
points are (0, 1), (—W,O), (3w, —1), (—W,())a

2 2
(67, 1)

Pt X
6P -3Pi w 6P

9. Period 7, phase shift 0, range [—1, 1], labeled

points are (0,0), <%,—1), (g,o), <??T7r71)7
(7, 0)

10. Period 27/3, phase shift 0, range [—1, 1],

labeled points are (0, —1), (7r 0), (z 1),

6’ 3’
T 2
— —,—1
(50) (3:-)

y

P X
-2Pi/3 -Pi/3 Pi/3 \2Pi/2

79

11. Period 7/2, phase shift 0, range [1, 3], labeled

T T 3
int 0,3 —,2 -1 —,2
points are (0,3), (8’ ), (4, >7 (87>7
T
(59)

' t t 1 X
-Pi/2  -Pil4 Pi/4 P2

12. Period 27 /3, phase shift 0, range [—2, 0],

labeled points are (0,—1), (7T 0), (E _1),

67 3’
( ’ >’< ’ )
2 3

y

' + A i X
-2Pil3 -Pi/6 | Pil 2Pi/3

-16

2+

13. Period 8w, phase shift 0, range [1, 3], labeled

points are (0,2), (2m1), (4w, 2), (6m,3),
(8m,2)

y
3L/\
1
| 1 | X
-4Pi 4Pi 8Pi
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CHAPTER 2 GRAPHS OF THE TRIGONOMETRIC FUNCTIONS

14. Period 107, phase shift 0, range [2, 4], labeled

15.

16.

5 15
points are (0,2), (;,3), (57, 4), (%,3)
(107,2)

5P 5Pi 10Pi

Period 6, phase shift 0, range [—1, 1], labeled
points are (0,0), (1.5,1), (3,0), (4.5,—-1), (6,0)

Period 8, phase shift 0, range [—1, 1], labeled
points are (0,0), (2,1), (4,0), (6,—1), (8,0)

17. Period 7, phase shift 7/2, range [—1, 1],

3
labeled points are (g,O), (—W, 1),

4
o (50, (50

y

-Pi/4 3Pi/4 2Pi

18. Period 27/3, phase shift —7/3, range [—1, 1],
labeled points are (—%,0), (—%, 1),

o0 (1) 5

19. Period 4, phase shift —3, range [—1, 1], labeled

points are (—3,0), (—2,1), (—1,0), (0,—1),
(1,0)




2.2 THE GENERAL SINE WAVE

20. Period 6, phase shift 1, range [—1, 1], labeled
points are (1, 1), (2.5,0), (4,—1), (5.5,0), (7,1)

y
1 2% 4 7
i \/
21. Period 7, phase shift —m /6, range [—1, 3],

labeled points are (—%,3), (W 1),

Ea
7 T 5w
(5-1) (551) (59)

]
\VE
-P|/Ealﬁ W Pi

22. Period 7/2, phase shift 7/2, range [—4, 2],

labeled points are (g,2>, (%,—1),

(5 (e

i
N
|

81

2 3 1
23. Period ?ﬂ, phase shift %, range {—— ——],

27 2
labeled points are (E —1> <I _§>
P 6’ "\3 2)
&) G2) (5
2 3 2 6
y
t i X
Pi/2 Pi
_0.5,,
-1.5,,

24. Period 7/2, phase shift —m /4, range [1/2,3/2],

labeled points are (—%, 1>, <—E,0.5),

(0,1), (%,1.5), (%,1>

y

8

-Pil4 Pil4

25. Note, A = 2, period is m and so B = 2, phase
shift is C' = %, and D = 0 or no vertical shift.

Then y = 2sin (2 <x— %))

26. We can choose A = —1 with C' = 0, i.e., no
1
phase shift. The period is 47 and so B = 3"

There is no vertical shift or D = 0.

Then y = —sin <g>

4 3
27. Note, A = 3, period is ?ﬂ andso B = 2’ phase

shift is C' = —g, and D = 3 since the vertical

shift is three units up.

Then y = 3sin (g (x—i— g)) + 3.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

CHAPTER 2 GRAPHS OF THE TRIGONOMETRIC FUNCTIONS

Note, A =2, B = 2, phase shift is C = —%,

and D = —1. Theny = 2sin (2 (x+ E))—l.

4
£(s(5)) = #© =sin) =0
Ho(3)=+(D)=-=()-%
n(7(s(3))) =1 ) =nGsin() -
h(0)=3-0=0
(1 ((3) -0 () -
h(sin (%)) :h(?) :¥
flo@) =1 (z-7) =sin(a-7)

f (h(2)) = f (32) = sin (32)

7((-5)) = (- 7))

100 cycles/sec since the frequency is the
reciprocal of the period

1/2000 cycles per second

Frequency is = 40 cycles per hour

0.025

Period is = 0.000025 second.

40, 000

43.

44.

—~

47.

48.

6.

Substitute v, =6, w =2, and z, =0
into z(t) = o sin(wt) + x, - cos(wt).
w

Then z(t) = 3sin(2t).
The amplitude is 3 and the period is 7.

y
| /\
‘ ‘ X
Pi/4 \/spimv
-3
Substitute v, = —4, w =7, and z, =0

into z(t) = o sin(wt) + x, - cos(wt).
w

4
Then z(t) = ——sin(nt).
T

The amplitude is 4/7 and period is 2.
y

4/Pi |
' X
\/ 4

_4/Pi +

. 11 years

Approximately 1.4 seconds

Note, the range of v = 400sin(607t) 4+ 900 is
[—400 + 900, 400 4 900] or [500, 1300].

(a) Maximum volume is 1300 cc and mininum
volume is 500 cc

(b) The runner takes a breath every 1/30
(which is the period) of a minute. So a runner
makes 30 breaths in one minute.

(a) Maximum velocity is 8 cm/sec and
mininum velocity is 0.

(b) The rodent’s heart makes a beat every 1/3
(which is the period) of a second or it makes
180 beats in a minute.



2.2 THE GENERAL SINE WAVE

49. Period is 12, amplitude is 15,000, phase-shift

is —3, vertical translation is 25,000, a formula
for the curve is

y = 15,000 sin (%x n g) +25,000;

for April (when x = 4), the revenue is

15,000 sin (%x n g) + 25,000 ~ $17, 500.

50. Period is 12, amplitude is 150, phase-shift is

51.

52.

—2, vertical translation is 350, a formula for
the curve is

T ™
— 4+ —

= 150si 350;
Y sin ( 5 3) + ;

for November (when x = 11), the utility bill is

T m
_+_

150 si 350 ~ $425
sm( 5 3) + $

a) period is 40, amplitude is 65, an equation
for the sine wave is

. (T
y = 65sin (%x)

b) 40 days
c) 65sin <27T—0(36)) ~ —38.2 meters/second

d) The new planet is between Earth and Rho.

a) Ganymede’s period is 7.155 days, or 7 days
and 8 hours; Callisto’s period is 16.689
days, 16 days and 17 hours; Io’s period is
1.769 days, 1 day and 18 hours; Europa’s
period is 3.551 days, or 3 days and 13
hours.

To the nearest hour, it would be easiest
to find Io’s period since it is the satellite
with the smallest period.

b) Ios’s amplitude is 262,000 miles, Europa’s
amplitude is 417,000 miles, Ganymede’s
amplitude is 666,000 miles, Callisto’s am-
plitude is 1,170,000 miles

53.

54.

55.

56.

83

2
Since the period is 20 = Eﬂ, we get B = %

Also, the amplitude is 1 and the vertical
translation is 1. An equation for the swell is

= si <1 >+1
y = sin 1090 .

Since the period is 200, the amplitude is 15,
and the vertical translation is 15, an equation

for the tsunami is

y = 15sin <17;T0x> + 15.

With a calculator we obtain the sine
regression equation is y = asin(bx + ¢) + d
where a = 51.62635869, b = 0.1985111953,

c = 1.685588984, d = 50.42963472, or about

y = 51.6sin(0.20z 4 1.69) + 50.43.

The period is

21 2
B ~ 01985111053 oL days.

When x = 35, we find
asin(b(35) + ¢) + d ~ 87%

of the moon is illuminated on February 4,2010.

Shown below is a graph of the regression
equation and the data points.

100

80

40

10 20 30

With a calculator we obtain the sine regression
equation is y = asin(bx + ¢) + d where

a = 95.05446443, b = 0.5138444646,

c = —1.847302606, d = 727.4320744, or about

y = 95.1sin(0.51z — 1.85) + 727.4.
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The period is

2 2
B~ 05138444646 © 122 months.

When x = 14, we obtain
asin(b(14) + ¢) + d ~ 651 minutes

between sunrise and sunset on February 1,
2011.

In the next column, one finds a plot of the data
points and a sketch of the regression curve.

y

800 /\

400

200

3 6 12

)

58. For instance, one can choose B = 4, C' = %
and D = 5.

2.2 Pop Quiz

1. Since we have

y = 4sin (2 <x— g))

we obtain amplitude 4, period 27/B = 2m/2
or m, phase shift 7/3.

2. Key points are (0,0), (%,—3>, <g70>7
(5:3). (o)

3. The period 27/B = 27 /7 or 2. Since the ampli-
tude is 4 and there is a vertical upward shift of
2 units, the range is [-4 + 2,4 + 2] or [-2,6].

4. Note, A=4 and C = —%. Since the period is

T w 2

2763
we find B = 3. Thus, the curve is

y = 4sin (3 <x+%)>

5. Note, the period is

2 2 T

B~ 500 250
Since the frequency is the reciprocal of the

period, the frequency is
5 .
— cycles/minute.
T
Thinking Outside the Box XIV
One possibility is

WRONG = 25938

and
RIGHT = 51876.

For Thought

1
1. False, since sec(mw/4) = cos(a/ )"
. 1
2. True, since csc(x) = — .
sin(x)
3. True, si (7)2) = —2 L
. True, since csc =———=-=1
’ " sin(r/2) 1
4. False, si (7/2) ! L
. False, since sec(7/2) = ———= = — is
’ cos(m/2) 0
undefined.
2 2
5. True, since B = 2 and T ?ﬂ =T.

2 2
6. True, since B = 7 and T
B T

7. False, rather the graphs of y = 2cscx and

2 . .
= — are identical.
sinx

8. True, since the maximum and minimum of
0.5 cscx are £0.5.

T
9. True, since 5 + km are the zeros of y = cosx

we get that the asymptotes of y = sec(2z) are

k
2x:g+kﬂorx:%+7ﬂ. If £k =41,

77
we get the asymptotes x = j:Z.
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1 2 2
10. True, since if we substitute x = 0 in 22. Since B = 2, the period is T o1
csc(4x) B 2r
1 1
we get c(0) =3 which is undefined. 23. (—o0,—2]U[2,00)
. 24. (—oo0, —4] U [4, 0)
2.3 Exercises
. . 25. (—o00,—1/2] U [1/2,00)
1. — = =2
cos(m/3) 1/2 26. (—oo0,—1/3]U[1/3,00)
1 1 . Si = — i
9. _ _ A 27. Since the range of y = sec(mx — 3m) is
cos(m/4)  \/2/2
(_007 _1] U [17 00)7
1 1
3. sin(—m/4) - —1/V/2 =-V2 the range of y = sec(mx — 37) — 1 is
1 (—00,—1 — 1] U[1 — 1, 00)
4, — = =9
sin(w/6)  1/2
) ) or equivalently
5. Undefined, since ——— = —
N o cos(m/2) 0 (—o00, —2] U [0, 00).
. 1 1
6. Undefined, since cos(37/2) =0 28. Since the range of y = sec(3z + 7/3) is
(=00, —1] U [1, 00), the range of
1 1 = i
7. Undefined, since — = — y = sec(3r +m/3) +11is
sin(w) 0
1 1 (_007_1+1]U[1+17OO)
8. Undefined, since — =— .
sin(0) 0 or equivalently
1 1
9. ~92.6 10. ~ —108.7 (—00,0] U [2, 00).
cos 1.56 cos 1.58
1 1 29. period 2 totes ¥ = — + k
11. ~ 100.0 12. ~ —500.0 . period 27, asymptotes T + K,
sin 0.01 sin(—0.002) 2
range (—oo, —2] U [2, 00)
1 1 y
13. A~ 6279 14. ~ —313.
sin 3.14 627.9 sin 6.28 3139
15—~ 4186 16. — - ~ 1314 U \z}
" cosd.7l ' " ocosd 72T T
. . .. 2m 27 — 5 X
17. Since B = 2, the periodis — = — or « 2P -Pi Pi
B~ 2 ol
. . .. 2m 27 s
18. Since B = 4, the period is B-1 or 3 ﬂ /\

3 2 2 4
19. Since B = 3 the period is o u

B 32”73
1 2 2
20. Since B = 2 the period is Eﬂ = % or 4w

2 2
21. Since B = m, the period is Eﬂ =T o2
T
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T 2
9 33. period Tﬂ = 27 ,asymptotes = + % = g + kT
range (—oo, —1/2] U [1/2, 00)

30. period 27, asymptotes x = — + km,

or r = % + km, range (—oo, —1] U [1,00)

y

U )

3r  5nm
4 4

A

ENp

31. period 27/3, asymptotes 3z = g + km or
2
Tk 34. period i 27, asymptotes x — r_r- + km
x = E+?’ range (—oo, —1] U[1, 00) 1 6 2
2
y or x = % + km, range (—oo, —1] U [1, 00)
2,,
VRV, y
k + + i X \/ \
-5Pi/6  -Pi/2 Pi/6  Pil2 !
-1t 2rx 7x 51 *
3 6 3
NN A

m
,asymptotes 4x = 5 + k7 or
27

39 iod 2T T
. period — = —
P 49
35. period m

x om
= 47, asymptotes 5=3 + k7 or

k
x = g + Iﬂ, range (—oo, —1] U [1, 00)
x = m + 2km, range (—oo, —1] U [1,00)

y

J\

y

25 37

|y
ENE
i
S
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2 2
36. period Il 67, asymptotes r_T + k7 or 39. period o m, asymptotes 2x = T + k7 or
1/3 3 2 2 2
T km .
r = 3777 + 3km, range (—oo, —1] U [1, 00) =7 + 5 and since the range of
, y = 2sec(2z) is (—o0, —2] U [2,00) then
the range of y = 2 + 2sec(2x) is
j & (=00, —2+2]U[242,00) or (—o0,0] U [4, 00).
y
1

Uy
[

f x =7 + 2km, and since range of
j k y = —2sec (g) is (—00, —2] U [2, 00) then the
2
X

range of y = 2 — 2sec (g) is

2 | /-\ (=00, =2+ 2] U[2+2,00) or (—o0,0] U4, 00).
y

2 - st X
37. period i 2, asymptotes mx = g + k7 or -5pi/4 /\\P'{‘;‘L P'/f\
T
4k, range (—o0, ~2] U[2,00) )
== , range (—oo, — , 00 ]
2 8 40. period % = 47, asymptotes g = % + k7 or

2
38. period W—;; = 4, asymptotes %:): = g + k7 or A
x =1+ 2k, range (—o0, —3| U [3,0)

41. period 27, asymptotes © = k7,

PR — x range (—oo, —2] U [2, 00)
-3 /\ Y
RV
X
7 27

noNn
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42. period 27, asymptotes x = km,

2

45. period ; or 7, asymptotes 2z — (-
range (—oo, —3] U [3, 00) -k
or r = — 4+ —, range (—oo,—1] U [1,00)
y 4 2
\ y
3
X
7 27

ENE
|

AT *1

43. period 27 ,asymptotes x + T —kror

2 k
T T 46. period —7T, asymptotes 3z+m = kmrorx = —W,
x:—§—|—k7ror:)::§—|—k7r, 3

range (—oo, —1] U [1, 00)
range (—oo, —1] U[1, 00)

y
y

T
2

44. period 27, asymptotes ¢ — 7 = km or

X

Ny

3n
2

wly

E E
6lm

2 T
47. period il or 4,asymptotes ™ _
/2

g:kwor

x =m+kmor x = km, range (—oo, —1]U[1, c0) x =1+ 2k, range (—oo, —1] U [1, 00

~—

y

X
-1
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2 3
48. period 7r—74 or 8 asymptotes %:): + Zﬂ = k7 or
3
% = —Zﬂ—i—kw orxz=—3+4k or z = 1+4k,

range (—oo, —1] U [1, 00)

y

/

-3 -1 1 3 5
-1

2
49. period ?ﬁ or 7, asymptotes 2z — T_ km or

k
z=11 —7T, range (—oo, —1] U [1, 00)
4 2
y
1
z 3 54
1 4 4 4

2
50. period %, asymptotes 3x + m = k7w or

km
3 )

3r=—-rm+kror3r=Fkmrorz=

range (—oo, —1] U [1, 00)

2 T
51. period il or 4, asymptotes %

/2

orx =—142kor x =1+ 2k,

—l—g:lmr

range (—oo, —1] U [1, 00)

y

2
52. period ] or 2, asymptotes 7x — 7w = kmw
T

or z = k, range (—oo, —2] U [2,00)

y

VARV

T
53. yzsec(:c—§>+1

54. y = —sec(z +m) + 2
55. y=—csc(z+1)+4
56. y = —csc(z—2)—3

T
57. Since the zeros of y = cosx are x = — + kmr,
the vertical asymptotes of y = sec x are

:)::g—i-lm.

58. Since the zeros of y = sinx are x = k7w, the
vertical asymptotes of y = —cscx are x = k.

59. Note, the zeros of y = sinx are x = kw. To find
the asymptotes of y = csc(2z), let 2z = k.

0
The asymptotes are x = -
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60.

61.

62.

63

64

65

66

CHAPTER 2 GRAPHS OF THE TRIGONOMETRIC FUNCTIONS

Note, the zeros of y = sinx are x = kx. To find
the asymptotes of y = csc(4x), let 4o = k.

The asymptotes are x = Iﬂ

Note, the zeros of y = cosx are x = g + k.

To find the asymptotes of y = sec (ac — g>,

let x — g = g + k7. Solving for z, we get

x = 7+ k7 or equivalently x = k.
The asymptotes are x = k.

T
Note, the zeros of y = cosz are x = 5 + k.

To find the asymptotes of y = sec (z + 7),

let x + 7= g + k7. Solving for xz, we get
T : 77

T = —3 + km or equivalently x = 5 + k.

The asymptotes are x = g + k7.

Note, the zeros of y = sinx are x = k.
To find the asymptotes of y = csc (2z — 7),
let 2o — 7w = km. Solving for x, we get

s . km alont] km
xr = — 4+ — or equivalently x = —.
g T OF CAMVAIERY =T
km
The asymptotes are x = o5

Note, the zeros of y = sinx are x = k.
To find the asymptotes of y = csc (4 + 7),
let 4o + 7 = kw. Solving for x, we get
m  kmw . km
T=-7 + T or equivalently = = R
km

The asymptotes are x = R

Note, the zeros of y = sinx are x = k.

1
To find the asymptotes of y = 5 oS¢ (2z) + 4,

let 22 = km. Solving for x, we get

km
that the asymptotes are x = -

Note, the zeros of y = sinx are x = k.
1
To find the asymptotes of y = 3 o8¢ (3z) — 6,

let 3x = kw. Solving for x, we get

km
that the asymptotes are x = 5

67.

68.

69.

70.

Note, the zeros of y = cosx are x = g + k7.
To find the asymptotes of y = sec (mz + 7),

let 7z + 7 = g + k7. Solving for z, we get
1 ) 1
zT=-3 + k or equivalently z = 3 + k.
1
The asymptotes are x = B + k.

Note, the zeros of y = cosx are x = g + k7.

To find the asymptotes of y = sec (%x — g),

let %:1: — g = g + k7. Solving for z, we get
x = 2 + 2k or equivalently z = 2k.

The asymptotes are x = 2k.

Since the range of y = Asec(B(z — C))
is (—o0, |A|] U[]A], 00), the range of
y=Asec(B(x —C))+ D is

(—o0,|A| + D]U[|A| 4+ D, ).

Since the range of y = Acsc(B(z — C))
is (—o0, |A|] U[]A], 00), the range of
y=Acsc(B(x —C))+ D is

(—o0,|A| + D] U[|A| 4+ D, ).

2.3 Pop Quiz

. Undefined since 1 = —.

cosm/4 - V2/2 V2
1

1 1 2 2v/2
A )
5 V2

sin 7 0

. Since cosx = 0 when =z = g + km, the

asymptotes of y = sec(x) + 3 are

r=—+4knr

T
2
where k is an integer.

Since sinz = 0 when x = k7, the

asymptotes of y = csc(x) — 1 are
r=knw

where k is an integer.
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4. Since cos2x = 0 when 2z = g + km or

T N km
427
the asymptotes of y = sec(2x) are

km
2
where k is an integer.

5. (—oo — 3] U[3,00)

Thinking Outside the Box XV

The amplitude of the sine wave is 1/2 since the
height of the sine wave is 1. We use a coordinate
system such that the sine wave begins at the origin
and extends to the right side and the first quadrant.
Note, the period of the sine wave is m, which is the
diameter of the tube. Then the highest point on
the sine wave is (7/2,1). Thus, an equation of the
sine wave is

1 1
y=-3 cos(2z) + 3

2.3 Linking Concepts

a) Shown below are the graphs of
y1 = xsin(z), y2 = x, and y3 = —x.
y
107

Note, if x # 0, then x sin(xz) = x has the same
solution set as sin(x) = 1. Thus, the exact
values of z satisfying xsin(x) = x are

x:O,g—l—Qﬂk

where k is an integer.

Similarly, if x # 0, then zsin(x) = —x
has the same solution set as sin(z) = —1.
Thus, the exact values of x satisfying

xsin(x) = —x are
z =0, 3% + 27k

where k is an integer.

b) The exact values of z satisfying 22 sin(z) = 22

are -
x =0, 5 + 27k

where k is an integer.

The exact values of x satisfying

r?sin(x) = —2? are

:c:O,%T—i-Qﬂ'k:

where k is an integer.

Zsin(z),

Shown next are the graphs of y =z
y = 22, and y = —2?. The points of
intersection between y = 22 sin(z) and
y = x? (respectively, y = 2% sin(x) and
y = —x?) give the exact solutions to

r?sin(x) = 22 (22 sin(x) = —2?, respectively).

1
c) Given is a graph of y; = —sin(z), 0 < z < 10.
x

1{)\
t ~ X

10 5 1 > 10

1 1 1
Note, the inequality —— < —sin(z) < —
r x
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, T
does not hold true if z = 5 10. True, since cot (4- (:I:%)) = cot (£7) =
1. 1, T
In fact, - sin(z) = - if v = 3 = is undefined.
1.
d) From the graph of f(z) = ;sm(m), as shown 2.4 Exercises
in the next column, we note that f(0) is unde- '
fined and one can conclude that for each = in 1. sin(/3) \/§/ 2 — ﬁ ) 2 =3
[—0.1,0.1], except when x = 0, one has cos(r/3) ~ 1/2 2 1
1> f(x)> f£(0.1) = f(—0.1) ~ 0.9983. o Sn(m/4) V22
Tcos(n/4)  V2/2

Thus, 0.99 < f(z) <1 if = lies in

—0.1,0. . 2 1
[=0-1,0.1] and = # 0 3. Undefined, since sin(r/ ) -
cos(m/2) 0
y
-1
4. Undefined, since :)I;EB ; ; o
/——19—\
1 H 1 X 5 Sln(ﬂ)iiio
1 'l"Ll 1 "cos(m)  —1
6. sin(27) _ 0 0
cos(2m) 1
e) y= 8sin(3z) - cos(m/4)  V?2/2
x sin(m/4)  \/2/2
For Thought cos(n/3)  1/2 L3
v
. sin x 8- sin(m/3) B V32 V33
1. True, since tanx = e /
x
. cos(0) 1
1 9. Undefined — ==
2. True, since cot z = : provided tan x # 0. fieimed, Simee sin(0) 0
an x
cos(m) —1
3. False, since cot (g) =0 and tan (g) is 10. Undefined, since sin(r) =0
fined.
undefined ‘ cos(7r/2) 9 -
. sin0 0 11. =0
4. True, since 0" 1 0. sin(r/2) 1
1 cos(3m/2) _ 0
5. False, since (( ; )) =3 is undefined. 12. s1n(37r/2) -1 0
‘ sm(57r/2) B l 13. 92.6 14. 1255.8
6. False, since ————= is undefined.
cos(5m/2) 0 15. —108.6 16. —237.9
7. True 17, — - ~5000 18. — - ~3333
8. False, the range of y = cot x is (—o0, 00). fan 0.002 tan 0.003
1
19. —— ~ —500.0
9. True, since tan <3 . <:|:%>> = tan (j:g) = tan(—0.002)

1

+1
+1 . 200 ——— ~ —333.3
o 8 undefined. tan(—0.003)
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T om
21. Si B =8, th iod is = = —.
ince , the period is = = 2
T m
22. Si B =2, th iod is = = —.
ince , the period is = = o
23. Since B = 7, the period is T_T_q.
B
24. Since B = g, the period is % = WL/Q =2
25. Since B = g, the period is % = wi/?, =3.
26. Since B = 7, the period is T_T_q.
B
T om
27. Si B =3, th iodis = = —.
ince , the period is = = o
T m
28. Si B =2, th iodis = = —.
ince , the period is 5 = 5

29. y = tan(3z) has period g, and if 3z = g +km

m  km
then the asymptotes are x = s + 5 for any
integer k.

' t t 1 X
-Pi/2 -Pi/l6 Fi/6 Pi/2

24

30. y = tan(4x) has period %, and if 4z = g + km

m m
then the asymptotes are x = 3 + T for any
integer k.

apis/ -Ps /| Pis / 3pils

31. y = tan(wx) has period 1, and if 7z = g + km

1
then the asymptotes are x = 3 + k for any

integer k.

X

15/ 05/ 05/ 15

32. y = tan(wx/2) has period 2, and if
/2 = g + k7 then the asymptotes are

x = 1+ 2k for any integer k.
y

33. y = —2tan(x) + 1 has period 7, and the
asymptotes are r = g + k7 where k is

an integer

Ny
Ny
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34. y = 3tan(x) — 2 has period 7, and the 37. y = tan (gw _ g) has period 7;2 or 2, and
T

m
asymptotes are x = — + km where k is

) T + k7 then the asymptotes are
an integer 2 2 2

x =2+ 2k or x = 2k for any integer k

y

AN
s
N
N

4 X
8 -1
35. y = —tan(r — 7/2) has period 7, and if - - 77
x—m/2= g + km then the asymptotes are 38. y = tan (Zw + I) has period /4 or 4, and
T=m A kmor @ y: fr for any integer & if %x + i%r = g + k7 then the asymptotes are
r =

—1+4 4k or x = 3 4 4k for any integer k

y

2
k i X
-Pi P
-1+
-1 /1 3 "

1

36. y = tan(z + 7/2) has period 7, and if /
Toow
T+ 573 + k7 then the asymptotes are

© = krr for any integer k 39. y = cot(z + 7/4) has period 7, and if

m
T+ 1= km then the asymptotes are

N

3
x:—%—kkwor:c:%—kkwforany

integer k
y

| \

[ : i X
-Pil4 3Pi/4 TPi/4

N|
N
S
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40. y = cot(x — m/6) has period 7, and if 43. y = —cot(z + 7/2) has period 7, and if

T — % = k7 then the asymptotes are T+ g = k7 then the asymptotes are

x:%+k7rforanyintegerk x:—g+kworx:g+kwforany
y integer k

y
24

' t 1 X
-5Pi/6 Pi/6 7Pi/6
f t t { X
-3Pi/2 -Pil2 Pi/2 3pRi/2

-2—\ 2+

41. y = cot(x/2) has period 2, and if % = km

then the asymptotes are x = 2k7 for any 44. y =2+ cot(z) has period 7, an.d the
. asymptotes are x = km for any integer k
integer k
y
y
2,,
2,,
: IX ol
2P - PN\ 2P } } } »
1t P -RIR2 \ Pi/2 \Pi
. T .
42. y = cot(x/3) has period 37, and if 45. y = cot(2x — 7/2) — 1 has period 5 and if

T T
3= km then the asymptotes are x = 3knw 2x — 5= km then the asymptotes are

‘ . k
or any integer ky T = % + % for any integer k

2,,

3P 3P

ISP
o
-
d
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46

47.

48.

49.

50.

51

52

53

CHAPTER 2 GRAPHS OF THE TRIGONOMETRIC FUNCTIONS

. y = cot(3x + m) + 2 has period g, and if

3z + m = km then the asymptotes are

kE—1 k
x = % or x = ?W for any integer k

Ly (+7T) 5
=—tan|lax+ = | —
=3 2
T
y:—cot(:c+§>+1
m
=2cot|{z— =] —2
y=2001 (- )
. Note, the period is g So%:gandB:Z

The phase shift is % and A = 1 since (%T, 1)
is a point on the graph.
m

An equation is y = tan (2 (x — Z))

. Note, the period is 7. So % =mand B = 1.

3
The phase shift is g and A = 1 since (Zﬂ, 1)
is a point on the graph.

. 0
An equation is y = tan (x — 5)

. Note, the period is 2. So % =2and B = g
Since the graph is reflected about the z-axis

1
and (5, —1> is a point on the graph, we find

A = —1. An equation is y = —tan (gaﬁ)

54.

55.
56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Since the the period is 1, we get % =1 and

B = 7. Note, the graph is reflected about the
1
T-axis, <Z’ 1) is a point on the graph, and the

1
phase shift is C' = 3 Thus, A = —1.
. 1
An equation is y = — tan (7r (x — —))

2
f(g(=3)) = f(0) = tan(0) =0
g9(f(0)) = g(tan(0)) = g(0) =3

Undefined, since tan(w/2) is
g(h(f(7/2))) = g(h(tan(r/2)))

g(f(h(m/6))) = g(f(m/3)) = g(tan(w/3)) =
9(V3)=+v3+3

flg(h(x))) = f(9(2x)) = f(22 +3) =

undefined and

tan(2x + 3)

9(f(h(x))) = g(f (2z)) = g(tan(2z)) =
tan(2x) + 3

g(h(f(x))) = g(h(tan(z))) = g(2tan(z)) =
2tan(z) + 3

3)

Note m = tan(w/4) = 1. Since the line passes
through (2, 3), we get y—3 = 1-(z—2). Solving
for y, we obtain y =z + 1.

Note m = tan(—n/4) = —1. Since the line
passes through (—1,2), we get y —2 = —1-
(x +1). Solving for y, we obtain y = —z + 1.

Note m = tan(7/3) = v/3. Since the line
passes through (3, —1), we get

y+1=13(zx—3).
Solving for y, we obtain y = v/3z — 3v/3 — 1.
3
Note m = tan(mw/6) = \/?— Since the line
passes through (—2,—1), we get
3
y+1= %(m + 2). Solving for y, we obtain

3 2v3
R
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67.

a) Period is about 2.3 years

b) It looks like the graph of a tangent
function.

68. a) The graph of y2 (as shown) looks like the
graph of y = cos(z) where y; = sin(x).
y

N\ /\ v

b) The graph of y2 (as shown) looks like the
graph of y = —sin(x) where y; = cos(z)

y

‘ / "\
N A i 2P

The graph of yo (as shown) where y; = e

T

looks like the graph of y = e*.
y

J

__

2P A | A oF

The graph of y5 (as shown) looks like the
graph of y = 1/x where y; = In(x) .
y

The graph of yo (as shown) looks like the

graph of y = 2z where y; = z°.
y

2P -Pi P 2P

2.4 Pop Quiz

sin(37/4) _ V2/2 _

cos(3m/4) —V/2/2

9 cos(2m/3) ~ —1/2 1 _ﬁ
Csin(2n/3) V32 V33

T
3. Th iodis = = —
e period is B3

4. Since sin 2z = 0 exactly when 2x = k7 where k
is an integer, or x = kmw/2. Then the vertical
asymptotes of y = cot 2x are the vertical lines

km

5"

1. —tan(37/4) = —

xr=

ot

T
. y:3t3n<:c+z)—1

Thinking Outside the Box XVI

a) First, use four tiles to make a 4-by-4 square.
Then construct three more 4-by-4 square
squares. Now, you have four 4-by-4 squares.
Then put these four squares together to make
a 8-by-8 square.
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b) By elimination, you will not be able to make
a 6-by-6 square. There are only a few possi-
bilities and none of them will make a 6-by-6
square.

For Thought

1. False, since the graph of y = x + sinz does not
duplicate itself.

2. True, since the range of y = sinz is [—1, 1]
it follows that y = x + sin x oscillates
about y = .

3. True, since if x is small then the value of y
iny= . is a large number.

4. True, since y = 0 is the horizontal asymptote
of y = é and the z-axis is the
graph of y = 0.

5. True, since the range of y = sinz is [—1, 1]

it follows that y = — + sin x oscillates
T

1
about y = —.
x
6. True, since sinz = 1 whenever x = g—l—k27r and
3
sinz = —1 whenever z = ; + k27, and since
1

— is approximately zero when x is a
x

1
large numbers, then — + sinz = 0 has many
x

solutions in x for O is between 1 and —1.

V3+1

>1
2

7. False, since cos(m/6)+cos(2-7/6) =

then 1 is not the maximum of
y = cos(x) + cos(2x).
8. False, since sin(z) + cos(z) = v/2sin <:c + %)

then the maximum value of sin(z) + cos(z) is
V2, and not 2.

9. True, since on the interval [0,27] we find that
sin(x) = 0 for x = 0,7, 27.

2 2
10. True, since B = 7 and the period is EW -

or 2.

2.5 Exercises

1. For each z-coordinate, the y-coordinate of
y = + cos z is the sum of the y-coordinates
of y1 = x and y9 = cosz. Note, the graph
below oscillates about y; = .

2. For each z-coordinate, the y-coordinate of

y = —x +sinz is the sum of the y-coordinates
of y1 = —x and y» = sinx. Note, the graph
below oscillates about y; = —=.
y
3
X
-2 -7 7 27

3. For each z-coordinate, the y-coordinate of

1
y = — — sinz is obtained by subtracting the
x

y-coordinate of 19

y-coordinate of y;

= sinx from the
1

T
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4. For each z-coordinate, the y-coordinate of

1
y = — + sinx is the sum of the y-coordinates
x

1
of yy = — and y2 =sinz.
x

5. For each x-coordinate, the y-coordinate of

1
y=57 + sin z is the sum of the y-coordinates

1
of y; = 3% and yo = sinx.

6. For each z-coordinate, the y-coordinate of

1
y=3%- cos x is obtained by subtracting the

y-coordinate of yo = cosx from the

1
y-coordinate of y; = 3%

99

7. For each z-coordinate, the y-coordinate of
y = 22 + sinz is the sum of the y-coordinates
of y; = 22 and y» = sinz. Note, y» = sinx

oscillates about y; = x2.

8. For each z-coordinate, the y-coordinate of
y = 22 + cos x is the sum of the y-coordinates
of y1 = 22 and yp = cosz. Note, the graph

below oscillates about y; = 2.

<

9. For each z-coordinate, the y-coordinate of
y = v/ +cosx is the sum of the y-coordinates
of y1 = v/x and y3 = cos .
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10. For each z-coordinate, the y-coordinate of
y = \/x — sinz is obtained by subtracting the
y-coordinate of yo = sinx from the
y-coordinate of y; = v/x.

2 47 6 7

11. For each z-coordinate, the y-coordinate of
y = |z|+2sinz is the sum of the y-coordinates
of y1 = |z| and yo = 2sinx. Note, the graph
below oscillates about y; = |z|.

-4 4 7 8

12. For each z-coordinate, the y-coordinate of
y = |x| — 2 cos z is obtained by subtracting the
y-coordinate of yo = 2 cos x from the
y-coordinate of y; = |z|. Note, the graph
below oscillates about y; = |z|.

-4 4 7 8

13. For each z-coordinate, the y-coordinate of

y = cos(x)+2sin(x) is obtained by adding the
y-coordinates of y; = cosz and y9 = 2sin z.
Note, y = cos(z) + 2sin(z) is a periodic
function since it is the sum of two periodic
functions.

14. For each z-coordinate, the y-coordinate of

15.

y = 2cos(x)+sin(x) is obtained by adding the
y-coordinates of y; = 2cosx and ys = sin .
Note, y = 2 cos(z) + sin(z) is a periodic
function since it is the sum of two periodic

functions.
/ X

For each z-coordinate, the y-coordinate of
y = sin(z) — cos(x) is obtained by
subtracting the y-coordinate of yo = cosx
from the y-coordinate of y; = sin(x).
Note, y = sin(z) — cos(z) is a periodic
function since it is the difference of two
periodic functions.

ANTA
/A

2




2.5 COMBINING FUNCTIONS

16. For each z-coordinate, the y-coordinate of

y = cos(x) — sin(z) is obtained by
subtracting the y-coordinate of y5 = sinx
from the y-coordinate of y; = cos(z).
Note, y = cos(z) — sin(z) is a periodic
function since it is the difference of two
periodic functions.

X

17. For each z-coordinate, the y-coordinate of

18.

y = sin(x) 4 cos(2x) is obtained by adding the
y-coordinates of y; = sinz and yo = cos(2z).
Note, y = sin(z) + cos(2x) is a periodic
function since it is the sum of two periodic
functions.

i

For each x-coordinate, the y-coordinate of

y = cos(x) +sin(2x) is obtained by adding the
y-coordinates of y; = cosx and yo = sin(2z).
Note, y = cos(z) + sin(2z) is a periodic
function since it is the sum of two periodic
functions.

i

101

19. For each z-coordinate, the y-coordinate of

y = 2sin(x) — cos(2z) is obtained by
subtracting the y-coordinate of yo = cos(2z)
from the y-coordinate of y; = 2sin(x).
Note, y = 2sin(x) — cos(2z) is a periodic
function since it is the difference of two
periodic functions.

_zln \f\/ u%

-2

20. For each z-coordinate, the y-coordinate of

21.

y = 3cos(x) — sin(2z) is obtained by
subtracting the y-coordinate of yo = sin(2x)
from the y-coordinate of y; = 3 cos(z).
Note, y = 3cos(x) — sin(2z) is a periodic
function since it is the difference of two
periodic functions.

\

For each z-coordinate, the y-coordinate of

y = sin(x) + sin(2z) is obtained by adding the
y-coordinates of y; = sinx and yo = sin(2x).
Note, y = sin(z) + sin(2z) is a periodic
function since it is the sum of two periodic
functions.
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22. For each x-coordinate, the y-coordinate of 25. For each x-coordinate, the y-coordinate of
y = cos(x) + cos(2z) is obtained by adding the y = x + cos(mx) is obtained by adding
y-coordinates of y; = cosx and yo = cos(2z). the y-coordinates of y; = x and
Note, y = cos(z) + cos(2x) is a periodic Yy = cos (7).
function since it is the sum of two periodic
functions. y

y

2

/NS .

|
N

|
[y
=
N

-2 70 27

-1

-3
26. For each x-coordinate, the y-coordinate of
y = x — sin(7x) is obtained by
y = sin(z) + cos (f) is obtained by adding subtracting the y-coordinate of y, = sin(7z)
2 from the y-coordinate of y; = .

23. For each z-coordinate, the y-coordinate of

the y-coordinates of y; = sinx and
T . T\ .
Yo = COS <§> Note, y = sin(x) + cos <§> is y

a periodic function since it is the sum of

periodic functions.
y 1

AN
AEAw

1
24. For each z-coordinate, the y-coordinate of the y-coordinates of y; = — and

. For each z-coordinate, the y-coordinate of

1
y = — + cos(mz) is obtained by adding
x

y = cos(x) + sin (%) is obtained by adding Y2 = cos (7).
the y-coordinates of y; = cosz and
Y2 = sin <g> Note, y = cos(x) + sin <g> is

a periodic function since it is the sum of
. . 2
periodic functions.

-2
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28. For each z-coordinate, the y-coordinate of

1
y = — — sin(27x) is obtained by
x
subtracting the y-coordinate of yo = sin(27x)

from the y-coordinate of y; = —.
x

Al

1
N
-2 1 1Yo 2
o1

29. For each z-coordinate, the y-coordinate of

30.

y = sin(mx) — cos(mx) is obtained by
subtracting the y-coordinate of yo = cos(mz)
from the y-coordinate of y; = sin(wx).

£\
N

-2

AV

For each x-coordinate, the y-coordinate of

y = cos(mx) — sin(27zx) is obtained by
subtracting the y-coordinate of yo = sin(27z)
from the y-coordinate of y; = cos(mz).

103

31. For each z-coordinate, the y-coordinate of

32.

y = sin(mz) + sin(27z) is obtained by adding
the y-coordinates of y; = sin(mx) and
y2 = sin (27x).

For each z-coordinate, the y-coordinate of

y = cos(mz) + cos(2mx) is obtained by adding
the y-coordinates of y; = cos(wz) and

ya2 = cos (2mx).

33 For each z-coordinate, the y-coordinate of

Yy = Ccos (g:);) + sin(7z) is obtained by adding

the y-coordinates of y; = cos (g:);) and

Y2 = sin (7x).

AN
v
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34 For each z-coordinate, the y-coordinate of

y = sin <g$> + cos(mx) is obtained by adding

the y-coordinates of y; = sin (g:c> and

Y2 = cos (7).

\ NS

35 For each x-coordinate, the y-coordinate of
y = sin(7x) + sin (grx> is obtained by adding

the y-coordinates of y; = sin (rz) and

(T
Yo = sin 290 .

N /\
2v 1 N\

36 For each z-coordinate, the y-coordinate of

y = cos(mx) + cos (g:c> is obtained by adding
the y-coordinates of y; = cos (7x) and

T
Yo = COs (590)

37. ¢, since the graph of of y = = + sin(6z)
oscillates about the line y = x

1
38. f, since the graph of of y = — + sin(6x)
T

1
oscillates about the the curve y = —
x

39. a, since the graph of of y = —z + cos(0.5x)
oscillates about the line y = —x

40. e, since the graph of of y = cosz + cos(10x)
is periodic and passes through (0, 2)

41. d, since the graph of of y = sinx + cos(10x)
is periodic and passes through (0,1)

42. b, since the graph of of y = 22 + cos(6x)
oscillates about the parabola y = 22

43. Since x, = —3, v, = 4, and w = 1, we obtain
z(t) = 1;—0 sin(wt) + xo cos(wt)
= 4sint — 3cost.
After t = 3 sec, the location of the weight is
z(3) =4sin3 — 3cos 3 ~ 3.5 cm.
The period and amplitude of
x(t) = 4sint — 3cost

are 27 ~ 6.3 sec and V42 + 32 = 5,
respectively.

44. Since z, =1, v, = —3, and w = /3, we find
z(t) = o sin(wt) + xo cos(wt)
w

3
= —ﬁs1n(\/§t)—|—cos(\/§t)

= —V/3sin(V/3t) + cos(V3t).
When ¢ = 2 sec, the location of the weight is
2(2) = —V3sin2v3 + cos 2v/3 ~ —0.4 in.
The period and amplitude of

z(t) = —v/3sin(v/3t) 4 cos(V/3t)

are 27m/v/3 = 3.6 sec and /12 + (v/3)2 = 2,
respectively.
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45. a) The graph of
. s
P(z) = 1000(1.01)"+500 sin (E(x - 4))+2000

for 1 < <60 is given below

5000

4000
3000
2000

1000

X

60

b) The graph for 1 < x < 600 is given below

50000

X

600

The graph looks like an exponential
function.

46. The graph for 2008, or 25 < z < 36 is given
below

3000 /\

X

25 36
The maximum value in the list below
P(25), P(26), ..., P(36)

is

P(31) = $3861.33

105

47. By adding the ordinates of y = = and
y = sin(x), one can obtain the graph of
y = x + sin(x) (which is given below).
y

' t t 1 X
-100 -50 50 100

50+

The graph above looks like the graph of y = x.

48. By adding the ordinates of y = = and
y = tan(x), we obtain the graph of
y = x + tan(z) (which is given below).
y

) /

The graph above looks like the graph of
y = tanx with increasing vertical translation
on each cycle.

Thinking Outside the Box XVII

Since there will be no 1’s left after the 162nd house,
the first house that cannot be numbered correctly
is 163.

2.5 Pop Quiz

1. f 2. e 3. d

4. a 5. ¢ 6. b
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Review Exercises

1
1.1 2. =
2
g Sin(m/4) _ V2/2 )
" cos(m/4)  V/2/2
cos(m/4)  V/2/2
4. — = =1
sin(w/4)  \/2/2
5 L _ 1t 1
“cosm -1
6 L L 1
Tsin(m/2) 1
7.0 g S0 0
cos(—3m) —1
2 2
9. Since B =1, the period is T _ T o,
B 1
2 2
10. Since B =1, the period is T o
B 1
T ow
11. Si B =2, th iodis = = —.
ince , the period is = = o
T ow
12. Si B =3, th iodis = = —.
ince , the period is 5 = ¢
2 2
13. Since B = 7, the period is T
B T
2 2
14. Since B = g, the period is Eﬂ = w—;; =4
1 2 2
15. Since B = 3 the period is EW = % = 4.
1
16. Since B = 3m, the period is T _ -
33

17. Domain (—o0, 00), range [—2, 2]
18. Domain (—o0, 00), range [—5, 5]

19. To find the domain of y = tan(2z), solve
2x = g + k7, and so the domain is
km

{x | x # % + —} The range is (—o00, 00).

2

20. To find the domain of y = cot(3z),
solve 3z = km, and so the domain is

k
{x | x # ?W} The range is (—o0, 00).

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

Since the zeros of y = cos(z) are

x = g + km, the domain of y = sec(x) — 2
is {x | x # g + kw}. The range is

(—o0, =3] U [—1,00).

By using the zeros of y = sin(x) and by
solving g = km, we get that the domain of

y = csc(x/2) is {x | © # 2knw}. The range of
y = csc(z/2) is (—oo, —1] U [1, 00).

By using the zeros of y = sin(x) and by
solving mx = k7w, we get that the domain

of y = cot(nzx) is {x | x # k}. The range
of y = cot(mx) is (—o0,00).

By using the zeros of y = cos(z) and by

solving mx = g + km, we get that the domain

1
of y = tan(mwz) is {x | x # 3 + k} The range
of y = tan(mx) is (—o0, 00).
By solving 2z = % + km, we get that the

T kmw
asymptotes of y = tan(2zx) are z = 1 + -

By solving 4z = g + k7, we find that the

T kmw
asymptotes of y = tan(4x) are x = 3 + R

By solving wx = km, we find that the
asymptotes of y = cot(nz) + 1 are x = k.

By solving % = km, we obtain that the

asymptotes of y = 3 cot <?) are x = 2k.

Solvingw—g = g—i—lm, we get x = 7w+ km or

equivalently x = kw. Then the asymptotes of

m
yzsec(m—§> are x = k.

Solving x + g = g + km, we get x = km. The

m
asymptotes of y = sec (x + 5) are x = k.
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31. Solving 7z + 7w = kmw, we get x = -1+ k or
equivalently x = k. Then the asymptotes of

y = csc (mx + ) are x = k.

k
32. Solving 2z — 7 = kmw, we get x = g + g or

k
equivalently x = % Then the asymptotes of

k
y = csc(2x — ) are x = .

2
. . ... 2
33. Amplitude 3, since B = 2 the period is 5=

2
?ﬂ or equivalently m, phase shift is 0, and

range is [—3, 3]. Five points are (0,0),

(%)3)’ (g,()), <%T7T,—3), and (7,0).

y
3

By
|

2
34. Amplitude 2, period ?W, phase shift is 0, and
range is [—2, 2]. Five points are (0, 2), (E 0),

67
T ™ 2w
(g,—2>, <§,O>, and <?,2)

y
2

iy

IN)
S

107

2
35. Amplitude 1, since B = 1 the period is Eﬂ =
2
TW or equivalently 27, phase shift is %, and

range is [—1,1]. Five points are <%, 1),

2 T 5% 137
il L) (= =7 1).
(3’0)’(6’ )’(3’0>’and(6’>

y
7 77 13 %
§ i

6 6
-1

36. Amplitude 1, period 27, phase shift is —%, and
range is [—1,1]. Five points are (_Tﬂ, 0),
s 3 ST I
(Z, 1), (I,()), (Z, —1), and (Z’O)

y
1

NN
N
|

2
37. Amplitude 1, since B = 1 the period is EW =
2
TW or equivalently 27, phase shift is —%, and

range is [-1+1,141] or [0, 2]. Five points are

(22)- (51) (o) (1)

NP
w,

e
~

h‘ﬁx



108 CHAPTER 2 GRAPHS OF THE TRIGONOMETRIC FUNCTIONS

38. Amplitude 1, period 27, phase shift is g, and
range is [-1—3,1—3] or [—4, —2]. Five points

are <g,—3), (r,—2), (37”,—3), (2, —4),

oT
and (7, —3).

y
1

X
7 25 57
2
2/\/
4
27

39. Amplitude 1, since B = g the period is 5=

Ny

2
% or equivalently 4, phase shift is 0, and

T

range is [—1,1]. Five points are (0,1), (1,0),
(27 _1)7 (370)7 and (47 1)

N/

2
40. Amplitude 1, since B = % the period is Eﬂ =

2T

% or equivalently 6, phase shift is 0, and
T

range is [—1, 1]. Five points are (0, 0), <g, 1>,
9
(3,0, (5,—1), and (6,0).
y
1

41. Note, y = sin (2 (:): + g)) Then amplitude
2
is 1, since B = 2 the period is o ?ﬂ or

T
equivalently 7, phase shift is —3 and range is

[—1,1]. Five points are (—g,()), <_E 1)’

47
(0,0), (%,—1), and (g,()).

y
1

Ny
ENp
ENE

-1

42. Note, y = sin (3 (:): — %)) Then amplitude

is 1, since B = 3 the period is Eﬂ = %, phase

shift is g, and range is [—1, 1]. Five points are

m s 2m o1
(5:0) (1) (5:0)- (5 1) e

(m,0).

oy
NS
o
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1 2
43. Amplitude 37 since B = 2 the period is Eﬂ =

2
?W or equivalently 7, phase shift is 0, and

11 1
range is {——, —}. Five points are (O, —5),

T T 1 3T 1
(Z’O)’ (5’5)’ (Z’O)’ and (”"5)'

1

/N
VRN

2
44. Amplitude 2, since B = 1 the period is Eﬂ =
2
Tﬂ or equivalently 27, phase shift is 0, and

range is [-2 + 1,2 + 1] or [—1, 3]. Five points

are (0,1), (g,—1>, (m, 1), <3§3> and
(2m,1).

NS
N

109

45. Note, y = —2sin (2 (x + %)) + 1.

Then amplitude is 2, since B = 2 the period

2 2
is EW = ?W or m, phase shift is —%, and range

is [-2+ 1,2 + 1] or [-1, 3]. Five points are
6 12 3 12
om
d{—,1).
and (771)

ol
ml}x

_ kd
\/3
-1

46. Note, y = —3sin (2 (:): + E)) + 3.

4
Then amplitude is 3, since B = 2 the period
2 2
is Eﬂ = ; or 7, phase shift is —%, and range

is [-3 43,3 + 3] or [0,6]. Five points are
0 0 s
<_Z73>7 (070)7 <Z73>7 <§76))
3T
d{—,3]).
an < 1 ,3>

NP
ISR
NS

w
bl:'x
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1
47. Note, y = 3 cos (m(x+1))+1.

1
Then amplitude is 3’ since B = 7 the period

2 2
is Eﬂ — o 2, phase shift is —1, and range
T

1 1 2 4
is [ 3 + 1, 3 + 1} or {g, §] Five points are

). (2 63 6
wa (12).

48. Note, y =2cos (m(z — 1)) + 1.

Then amplitude is 2, since B = 7 the period
2 2

is Eﬂ — T or 2, phase shift is 1, and range
T

is [-2+ 1,2 + 1] or [—1, 3]. Five points are

(1,3), @1) (2,-1), <g1)

and (3,3).

y

ARV

[y

49.

50.

51.

52.

53.

Note, A = 10, period is 8 and so B = g, and
the phase shift can be C = —2.

Then y = 10sin G (z+ 2)).

Note, A = 4, period is 12 and so B = %, and
the phase shift can be C = 3.

Then y = 4sin (% (x — 3))

Note, A = 20, period is 4 and so B = g, and

the phase shift can be C' = 1, and vertical shift
is 10 units up or D = 10.

Then y = 20sin <g (z — 1)) +10.

Note, A = 3, period is 2 and so B = m, and

the phase shift can be C' = g, and vertical
shift is 3 units up or D = 3.

Then y = 3sin <7T (:c — g)) +3.

Since B = 3, the period is T - % To find

oy

the asymptotes, let 3z = g + k. Then the

T kmw .
asymptotes are r = 5 + R The range is
(—00,00).

y
3
Tt s 7Tx
"6 12 6
-3
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s

54. Since B = 1, the period is % =7 or .

55.

To find the asymptotes, let x + % = g + k.

Then the asymptotes are x = % + k.

The range is (—00, 00).

.
I
ENP

T 7
Si B =2, th iod is = = —.
ince , the period is =3

To find the asymptotes, let 2z + 7 = g + k.

k
Then x = —% + %T or equivalently

k
we get x = % + g, which are

the asymptotes. The range is (—o0, 00).

2/

ISP
|y
NP

111

s

56. Since B = 1, the period is % =qorm

57.

To find the asymptotes, let x — % = km. Then

T = % + km which are the asymptotes. The
range is (—o0, 00).
y

L\

+ X
-7Pi/4 -3Pi/4 Pi/4
.\1\
1 2 2
Since B = 37 the period is Eﬁ = % or 4.

1
To find the asymptotes, let 3% = g + k.

Then x = 7 + 2k7m which are the asymptotes.
The range is (—oo, —1] U [1, 00).
y

+ + + + X
5P 3P P 3P

NN
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58. Since B = g, the period is Eﬂ = — or 4.

/2
To find the asymptotes, let g:): = km.

Then x = 2k which are the asymptotes.
The range is (—oo — 1] U [1, 00).
y
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59.

60.

61.

CHAPTER 2 GRAPHS OF THE TRIGONOMETRIC FUNCTIONS

T m
Si B =2, th iod is — = —.
ince , the period is =3

To find the asymptotes, let 2z = k.
k
Then the asymptotes are © = g

The range is (—o00, 00).

y

ENE
Ny

Since B = 1, the period is % T orm

1
T m
To find the asymptotes, let x — 3=3 + k.

5
Then the asymptotes are x = o + k.

The range is (—o0, 00).

1\
57
6
-3

Since B = 2, the period is T g To find

oy
WS

Sy

the asymptotes, let 2z + g = km. Then

T km . T km
T = ~% + o> or equivalently = = 3 + TR
which are the asymptotes.
The range is (—o00, 00).

y

' t t 1 X
-2Pi/3  \ -Pi/ Pi/3 5Pi/6
-1+

™

62. Since B = 1, the period is % =7 or T.

To get the asymptotes, let x + % = g + k.

Then z = % + km, which are the asymptotes.
The range is (—00, 00).
y

7/

' t 1 X

-3Pi/4 Pi/4 5Pi/4
-2+

2T 2

. Since B = 2, the period is 5= 3 or .

2
To obtain the asymptotes, let 2z + 7 = kn
or equivalently 2x = kw. Then the

T
asymptotes are r = o5 The range is

(—o0,—1/3] U [1/3,00).
y
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64. Since B = 1, the period is Eﬂ- = TW or 2m.
T o
To find the asymptotes, let x — 1-3 + k.

3
Then z = Zﬂ + k7 which are the asymptotes.

The range is (—oo, =2+ 1] U[2+ 1,00) or
(—o0, —1] U [3, 00).

YRVRY

t t t t + X
“5Pi/4 -Py/# 3P4 TPi/411Pi/4

A




CHAPTER 2 REVIEW EXERCISES

2

2
65. Since B = 1, the period is Eﬂ = — or 2.

66.

1

To find the asymptotes, let x + % =z + k.

2

Then x = % + km which are the asymptotes.

The range is (—oo, —2 — 1] U [2 — 1,00) or
(=00, =3]U[1,00).

y
3

y \

ENE
ENE
=

A
2

2

Since B = 1, the period is T _ T o om
B 1

To find the asymptotes, let © — 7 = k.

Equivalently, x = kx, the asymptotes.
The range is (—oo, —1/2 + 1] U[1/2 4 1,00)

or (oeg] o )

y
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67. For each x-coordinate, the y-coordinate of

68.

1
y=5e + sin(z) is obtained by adding the
1
y-coordinates of y; = 5% and yo = sin .
1
For instance, (7‘(/2, 3 /2 + sin(7r/2))

or (m/2,m/4+ 1) is a point on the
1
graph of y = 2% + sin(x).

For each z-coordinate, the y-coordinate of
y = 2z + cos(x) is obtained by adding the
y-coordinates of y; = 2x and ys = cos .
For instance, (7/2,2 - 7/2 + cos(m/2))

or (m/2,m) is a point on the
graph of y = 2x + cos(z).
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69. For each x-coordinate, the y-coordinate of

70.

y = 2% — sin(x) is obtained by subtracting the

y-coordinate of yo = sinx from the
y-coordinate of y; = 22. For instance,

(m, 7% — sin(m)) or (m,7?) is a point on the
graph of y = 22 — sin(z).
y
20
10
X
-2 -7 7 27

For each z-coordinate, the y-coordinate of
y = —x2 + cos(x) is obtained by adding the
y-coordinates of y; = —z2 and y» = cos z.
For instance, (m, —m2 + cos())

or (m,—7m? — 1) is a point on the
graph of y = —22 + cos(z).

71. For each x-coordinate, the y-coordinate of

72.

y = sin(x) —sin(2x) is obtained by subtracting
the y-coordinate of yo = sin(2x) from the
y-coordinate of y; = sin(x). For instance,
(m/2,sin(mw/2) —sin(2 - 7/2)) or (7/2,1) is

a point on the graph of y = sin(x) — sin(2x).

y
2

For each z-coordinate, the y-coordinate of

y = cos(x)—cos(2x) is obtained by subtracting
the y-coordinate of yo = cos(2x) from the
y-coordinate of y; = cos(x). For instance,
(m,cos(m) —cos(2 - m)) or (m,—2) is a

point on the graph of y = cos(x) — cos(2z).
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73.

74.

75.

76.

e

For each z-coordinate, the y-coordinate of

y = 3sin(z) + sin(2x) is obtained by adding
the y-coordinates of y; = 3sin(x) and

y2 = sin(2x). For instance,

(m/2,3sin(m/2) +sin(2 - 7/2)) or (7w/2,3) is

a point on the graph of y = 3sin(z) + sin(2z).

A
V

For each z-coordinate, the y-coordinate of

y = 3cos(x) + cos(2z) is obtained by adding
the y-coordinates of y; = 3 cos(x) and

y2 = cos(2x). For instance,

(m,3cos(m) + cos(2- 7)) or (m,—2) is a
point on the graph of y = 3 cos(z) + cos(2x).

X
_“\:,/ \;/Zﬂ
-2

1
The period is —————— ~ 1.08 x 1078 sec

92.3 x 106
1
The period is ——————— ~ 1.1 x 1076
e period is 570 < 103 x 107" sec
Since the period is 20 minutes, T~ 90 or

b
b= 110 Since the depth is between 12 ft and
16 ft, the vertical upward shift is 14 and a = 2.
Since the depth is 16 ft at time ¢ = 0, one can
assume there is a left shift of 5 minutes. An
equation is

s

= 25i 14
y sin (10(3:—1-5)) +

and its graph is given in the next column.

115

78. Since temperature oscillates between 100°F
and 120°F, there is a vertical upward shift
of 110 and a = 10. Note, the period is 60

T T
minutes. Thus, — = 60 or b = —. Since

the temperature is 100°F when t = 20, we
conclude the temperature is 110°F at t = 35.
Hence, an equation is

T
= 10si —(x — 35 110.
Yy sin (30 (x )) +

The graph is given below.

Y

120
110 -/—\
100

20 50 50 %

Thinking Outside the Box XVIII

$9, $99, $999, $9,999, $99,999,
$999,999, $9,999,999 $99,999,999,
$999,999,999
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Chapter 2 Test 4. Period 27, range [—2,2], amplitude 2, some
. 3T
1. Period 27/3, range [—1, 1], amplitude 1, points are (m, —2), 370 , (2m,2),
some points are (0,0), (%,1), (57”,())7 (31, -2)

(50) G- (5 ;

\i/ 27 37
-2

1

2 2
1 3

<”"5>’ (?O)’

e
-2Pi/3 -Pi/6

2. Period 27, range [—1, 1], amplitude 1, some

T T 3T )
i “Ta) (2 SN
pomtsare( 7 ),(4,()),(4, )7 , 1 5
(20). () (2.5)- (50)
47 M 47
y

\@#ﬁ N

) T
points are (5,0 ,

i X
-2Pi 3pi/al 2P

3. Since B = g, the period is 4. The range is

-1

6. Period 7 since B = 2, range is [-1+ 3,1 + 3] or

) ] ) [2,4], amplitude is 1, some points are E, 2,
[—1,1] and amplitude is 1. Some points are 6

(0,0, (1,1), (2,0), (3,~1), (4,0) <%3> <2§4> (111_2”3> <7§2>




CHAPTER 2 TEST

7. Note, A = 4, period is 12 and so B = %, phase

shift is C' = 3, and the vertical shift downward

is 2 units. Then y = 4sin (% (x — 3)) —2.

8. The period is g since B = 3, by setting

3r = g + km we get that the asymptotes are
x = % + ?W, and the range is (—o0, 00).

9. The period is 7 since B = 1, by setting

T+ g = km we get that the asymptotes are

T = —g—i—kw, T = —g—i—w—l—lm, orr = g—i—kw,

and the range is (—o0, 00).

NS
ISE
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2
10. The period is Tﬂ or 2w, by setting x — 7 =

3
g + km we get x = ?W + km and equivalently

the asymptotes are x = g + km, and the range
is (—o0, —2] U [2, 00).

y

2
11. The period is Tﬂ or 27, by setting x —g =kn

we get that the asymptotes are x = g + k,

and the range is (—oo,—1+ 1JU[1 + 1,00) or
(—00,0] U[2,00).

y

, U
T x 3n 5
2 2 2
-1

12. For each z-coordinate, the y-coordinate of
y = 3sin(x) + cos(2x) is obtained by adding
the y-coordinates of y; = 3sin(x) and
y2 = cos(2x). For instance,

(m/2,3sin(m/2) + cos(2-7w/2)) =
(7/2,3+ (—1)) or (7/2,2) is a point
on the graph of y = 3sin(z) + cos(2z).

y

)

-2 7

4




118 CHAPTER 2. GRAPHS OF THE TRIGONOMETRIC FUNCTIONS

13. Since the pH oscillates between 7.2 and 7.8,
there is a vertical upward shift of 7.5 and a =

2
0.3. Note, the period is 4 days. Thus, % =4

3. Domain (—o0, c0), range [—1, 1], and since
2 2
B = 2 the period is Eﬂ = g or .
or b= g Since the pH is 7.2 on day 13, the Y

1
pH is 7.5 on day 14. We can assume a right
shift of 14 days. Hence, an equation is

y = 0.3sin (g(x — 14)) +7.5.

ENp
2|

A graph of one cycle is given below.

-1
y

7.8
7.2 N\

131517

Tying It All Together Chapters P-2

1.

Odeg| O | 30 | 45| 60 | 90 | 120 | 135 | 150 | 180
a0 | (535 | % T %"

sing | 0 | L [ M2 1 2 L

cosf | 1 @ @ i I @ _ @ 1

tan 6 0 ? 1 V3 lund | =3 | -1 — @ 0

csc lund| 2 | V2 ¥ 1 QT‘/g V2 2 und

sec 1 ¥ V21 2 |und| =2 | =V2 |- ¥ -1

cotf |und | V3 | 1 @ 0 | — @ -1 | =3 | und

2.

Orad | w = o T 1 5 L
0 deg | 180 | 210 | 225 | 240 | 270 | 300 | 315 | 330 | 360
sing | 0 — % — @ - @ -1 | — @ — @ — % 0
cosf | -1 | — @ — @ — % 0 % @ @ 1
tan 6 0 @ 1 V3 |und| —V3 | -1 | — @ 0
cscf [und | —2 [ —v2|-2B | 1 [-28[_2| —2 |und
sec | —1 | — 27‘/3 —/2 | =2 |und 2 V2 27‘/3 1
cot® [und| V3 1 @ 0 | — @ —1 | =3 | und




TYING IT ALL TOGETHER

4. Domain (—o0,00), range [—1, 1], and since
2 2
B = 2 the period is Eﬂ = g or .

\4

2

-1

5. By setting 2z # g + kw, the domain is

k
{ il W}, range is (—oo,00), and

x .I?éz'F?

T
th iod is = = —.
e period is 5= 3

y

ENp
[
ENE

6. By setting 2z # g + k7, we find that
. m  km
the domain is {x P FE—+ —},
4 2
the range is (—oo, —1] U [1,00), and the

od i 27 27
eriod is — = — or 7.
P B 2T
y
1j \
JT JT 37‘[ X
4 2 4
71 /-\

119

7. By setting 2x # km, we find that

the domain is {x s x# %”},
the range is (—oo, —1] U [1,00), and the

od i 2 2T
riod is — = — or 7.
perio SB 207r

y

ISR
N

8. Domain (—o0,00), range [—1,1], and since

2 2
B = 7 the period is T2 oo,
B T
y
1
X
0.5 1.5

-1
9. Domain (—o00,00), range [—1,1], and since

2 2
B = 7 the period is T2 o,
B T

\v4
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CHAPTER 2.

10. By setting wx # g + km, the domain is

11.

12.

13.

14.

15.

16.

17.

18.

1
{x X # 3 + k:}, range is (—o0,00), and the

T T
eriod is — = — or 1.
P B T

0.5 0.5
1
Odd, since sin(—z) = —sin(z)
Even, since cos(—x) = cos(z)
0Odd, since tan(—x) = sin(—) = —sin(@) _
cos(—x) cos(x)
—tan(z), i.e., tan(—x) = — tan(x)
Odd, since cot(—x) = C?S(_x) = cqs(ac) =
sin(—x)  —sin(z)
—cot(x), i.e., cot(—x) = — cot(x)
1 1
Even, si —z) = = =
ven, since sec(—x) cos(—z) ~ cos(a)
sec(x), i.e., sec(—x) = sec(x)
1 1
dd, si —x) = - -
Odd, since csc(—x) Sn(—z) ~ Zsin(@)
—csc(x), i.e., csc(—x) = — csc(x)

Even, since by Exercise 11 we get
sin?(—z) = (sin(—x))?
(—sin(x))® = (sin(z))?,

i.e., sin?(—x) = sin?(z)

Even, since by Exercise 12 we get
cos?(—x) = (cos(—:z:))2

(cos(z))?, ie., cos?(—x) = cos?(z)

GRAPHS OF THE TRIGONOMETRIC FUNCTIONS

19. Increasing,

as shown by the graph below.

y
1

-1

20. Decreasing,

1

NS

as shown by the graph below.

y

-1
21. Increasing,

y

as shown below.

22. Decreasing,

1

as shown below.

y

N
ok
N
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23. Decreasing, as shown by the graph below.

y

w
Nie
N
N

24. Increasing, as shown by the graph below.

y

Ny




