- 45.

- 46. Shock Absorber

Suppose that a car drives at 110 ft/s past a woman

standing on the shoulder of a highway, blowing its horn,

which has a frequency of 500 Hz. Assume that the speed

of sound is 1130 ft/s. (This is the speed in dry air at 70°F.)

(a) What are the frequencies of the sounds that the woman
hears as the car approaches her and as it moves away
from her?

(b) Let A be the amplitude of the sound. Find functions of the
form

y = A sin wt

that model the perceived sound as the car approaches the
woman and as it recedes.

.

Motion of a Building A strong gust of wind strikes a
tall building, causing it to sway back and forth in damped har-
monic motion. The frequency of the oscillation is 0.5 cycle per
second, and the damping constant is ¢ = 0.9. Find an equation
that describes the motion of the building. (Assume that k = 1,
and take 1 = 0 to be the instant when the gust of wind strikes
the building.)

When a car hits a certain bump on the
road, a shock absorber on the car is compressed a distance of
6 in., then released (see the figure). The shock absorber vi-
brates in damped harmonic motion with a frequency of 2
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cycles per second. The damping constant for this particular

shock absorber is 2.8.

(a) Find an equation that describes the displacement of
the shock absorber from its rest position as a function
of time. Take # = 0 to be the instant that the shock
absorber is released.

(b) How long does it take for the amplitude of the vibration
to decrease to 0.5 in?

Tuning Fork A tuning fork is struck and oscillates in
damped harmonic motion. The amplitude of the motion is
measured, and 3 s later it is found that the amplitude has
dropped to § of this value. Find the damping constant ¢ for this
tuning fork.

Guitar String A guitar string is pulled at point P a dis-

tance of 3 cm above its rest position. It is then released and vi-

brates in damped harmonic motion with a frequency of 165

cycles per second. After 2 s, it is observed that the amplitude

of the vibration at point P is 0.6 cm.

(a) Find the damping constant c.

(b) Find an equation that describes the position of point P
above its rest position as a function of time. Take = 0 to
be the instant that the string is released.

1. (a) What is the unit circle?

(b) Use a diagram to explain what is meant by the terminal
point determined by a real number 7.

(¢) What is the reference number 7 associated with 7?

(d) If ¢ is a real number and P(x, y) is the terminal point
determined by 7, write equations that define sin ¢, cos t,
tan f, cot f, sec t, and csc t.

(e) What are the domains of the six functions that you
defined in part (d)?

(f) Which trigonometric functions are positive in Quadrants
I, 11, II1, and TV?

2. (a) What is an even function?

(b) Which trigonometric functions are even?
(¢) What is an odd function?
(d) Which trigonometric functions are odd?

. (a) State the reciprocal identities.
(b) State the Pythagorean identities.

. (a) What is a periodic function?

(b) What are the periods of the six trigonometric functions?

. Graph the sine and cosine functions. How is the graph of

cosine related to the graph of sine?

. Write expressions for the amplitude, period, and phase shift of

the sine curve y = a sin k(x — b) and the cosine curve
y = acos k(x — b).

. (a) Graph the tangent and cotangent functions.

(b) State the periods of the tangent curve y = a tan kx and the
cotangent curve y = a cot kx.

(a) Graph the secant and cosecant functions.
(b) State the periods of the secant curve y = a sec kx and the
cosecant curve y = a csc kx.

. (a) Define the inverse sine function sin~'. What are its do-

main and range?
(b) For what values of v is the equation sin(sin ' x) = x true?
(¢) For what values of x is the equation sin~'(sin x) = x true?
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10. (a) Define the inverse cosine function cos” . What are its do-
main and range?
(b) For what values of x is the equation cos(cof1 X) =x
true?
(¢) For what values of x is the equation cos ™ '(cos x) = x true?

11. (a) Define the inverse tangent function tan~'. What are its do-
main and range?

W EXERCISES

(b) For what values of x is the equation tan(tan ' x) = x
true?
(¢) For what values of x is the equation tan”'(tan x) = x true?

12. (a) What is simple harmonic motion?
(b) What is damped harmonic motion?
(¢) Give three real-life examples of simple harmonic
motion and of damped harmonic motion.

1-2 m A point P(x, y) is given.

(a) Show that P is on the unit circle.

(b) Suppose that P is the terminal point determined by 7. Find
sin #, cos ¢, and tan 1.

31 3 4
S a3

22 5 5
3-6 ® A real number ¢ is given.

(a) Find the reference number for 7.
(b) Find the terminal point P(x, y) on the unit circle determined

by 1.
(¢) Find the six trigonometric functions of 7.
2 5
3. r="2" 4 1="0
3 3
1l T
3. 1= =—— 6. t=—
4 6

7-16 ® Find the value of the trigonometric function. If possible,
give the exact value; otherwise, use a calculator to find an approxi-
mate value correct to five decimal places.

7. (a) sin () cos =
. (a) sin— COS —/—
4 4
8. (a) tan — (b) t ( 7T>
. an — —_
a 3 an 3
9. (a) sin 1.1 (b) cos I.1
10. (a) cos — (b) 73>
. CcOoS 5 CcOS 5
91 977
11. (a) cos — b) sec ——
(a) cos 2 (b) sec y
12. (a) sin— (b) csc—
) S —= CSC —
a) S 7 SC 7
13. (a) tan > B) ot
. (a) tan 5 (b) co 2
14. (a) sin 27 (b) csc 27
15. (a) t Sl (b) tsl
. a an 6 cO 6
16. (a) cos — (b) sin—
. (a) CcOoS 3 Sin 6

17-20 m Use the fundamental identities to write the first
expression in terms of the second.
tan 1

7. ,osint
cos 1

18. tan’rsec f, cost

19. tan¢, sinf; tin Quadrant [V

20. sect, sint; tin Quadrant II

21-24 m Find the values of the remaining trigonometric
functions at 7 from the given information.

¥

21. sinr =35, cost=—5

v

22. sint = —3%, cost>0
23. cotr = —3 cscr=\5/2
24, cost = —3, tanr<0

25. If tan r = + and the terminal point for 7 is in Quadrant III, find
sec f + cot 1.

26. If sinf = —5 and the terminal point for 7 is in Quadrant TV,
find csc t + sec .

27. If cos t =  and the terminal point for 7 is in Quadrant T, find
tan r + sec 1.

28. If sec t = —5 and the terminal point for 7 is in Quadrant II,
find sin®t + cos’t.

29-36 m A trigonometric function is given.

(a) Find the amplitude, period, and phase shitt of the
function. '

(b) Sketch the graph.

29. y = 10 cos 3x 30. y = 4 sin 27y

s o ™
—Sin 5% 32. y =2sin| x — —
- : 4
cos 2| x — —
‘ 2

3.y = *COS(%.\' + %) 36. y =10 sin<2x — %)

37-40 m The graph of one period of a function of the form
vy = asink(x — b) ory = acos k(x — b) is shown. Determine the
function.

31. y

Il

33,y

3 sin(2y — 2) 3. y

37. V4 38. YA (1,2
5__
0 = ™ X 0 ¥
4 2
75_, A




39. y A 40. vA
gL
2
10 i fx 0 -
3 3 3
L.l il
’ 2
(3. —4)
41-48 m Find the period, and sketch the graph.
41. y =3 tanx 42. y = tan mx
1
43. ¥y = 2 COt(,\‘ = g) 44. Y= Sec(a"’ — g)
T
45. y = 4 csc(2x + 1) 46. y = tan(,\- 4 g>

48. y = —4 sec 4mx

1 T
47. y =t —=x ==
y an(z\ 8)

49-52 m Find the exact value of each expression, if it is defined.

1
50. cos | ——
CcoS < 2)

52. tan(cos™'(3))

49, sin~'1

137
51. sin”!{ sin—
sin (sm 5 )

~ 53-58 m A function is given.

y

(a) Use a graphing device to graph the function.

(b) Determine from the graph whether the function is periodic
and, if so, determine the period.

(c) Determine from the graph whether the function is odd, even,
or neither.

53. y = |cosx]| 54. y = sin(cos x)
55. y = cos(21) 56. y = 1 + 29%¢
57. y = | x| cos 3x 58. y = Vxsin3x (x> 0)

59-62 m Graph the three functions on a common screen. How are
the graphs related?

59. y=x, y=—x, y=uxsinx

60. y=2"", y=-2"" y=2""cos4dmx

61. y=x, y=sindy, y=x+ sindx

62. y =sin’x, y=cos’x, y=sin’x + cos’x

63-64 ® Find the maximum and minimum values of the
function.

63. y = cos x + sin 2x 64. y = cos x + sin’x
65. Find the solutions of sin x = 0.3 in the interval [0, 27].

66. Find the solutions of cos 3x = x in the interval [0, 77].

g\:‘} 67.

69.

70.

71.

72.

Wyl
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Let f(x) = sm\- =

(a) Is the function f even, odd, or neither?

(b) Find the x-intercepts of the graph of f.

(¢) Graph f in an appropriate viewing rectangle.

(d) Describe the behavior of the function as x becomes large.

(e) Notice that f(x) is not defined when x = 0. What happens
as x approaches 0?7

. Let y; = cos(sinx) and y, = sin(cos x).

(a) Graph y, and y, in the same viewing rectangle.

(b) Determine the period of each of these functions from its
graph.

(¢) Find an inequality between sin(cos x) and cos(sin x) that
is valid for all x.

A point P moving in simple harmonic motion completes

8 cycles every second. If the amplitude of the motion is

50 cm, find an equation that describes the motion of P as a
function of time. Assume that the point P is at its maximum
displacement when ¢ = 0.

A mass suspended from a spring oscillates in simple harmonic
motion at a frequency of 4 cycles per second. The distance
from the highest to the lowest point of the oscillation is

100 cm. Find an equation that describes the distance of the
mass from its rest position as a function of time. Assume that
the mass is at its lowest point when ¢ = 0.

The graph shows the variation of the water level relative to
mean sea level in the Long Beach harbor for a particular
24-hour period. Assuming that this variation is simple
harmonic, find an equation of the form y = a cos wt that
describes the variation in water level as a function of the num-
ber of hours after midnight.

YA
(feet)

44

Mean 1 1 1 1 >
sealevel 0| 3\ ¢ fo 12 3\ 6 fo 12 ¢
| | (time)

: |

|

74« : |

|
MIDNIGHT ~A.M. | P.M. MIDNIGHT

The top floor of a building undergoes damped harmonic

motion after a sudden brief earthquake. At time + = 0 the dis-

placement is at a maximum, 16 cm from the normal

position. The damping constant is ¢ = 0.72 and the building

vibrates at 1.4 cycles per second.

(a) Find a function of the form y = ke™ ' cos wt to model the
motion.

(b) Graph the function you found in part (a).

(c) What is the displacement at time r = 10 s?



y 1. The point P(x, y) is on the unit circle in Quadrant IV. If x = V11/6, find y.

P 1 2. The point P in the figure at the left has y-coordinate 2. Find:
(a) sin t (b) cos ¢
(c) tant (d) sect
0 1 =\ 3. Find the exact value.
Im 137
. . 137
(a) sin 5 (b) cos 3

(¢) tan (— STW) (d) csc 3777

4. Express tan 7 in terms of sin ¢, if the terminal point determined by ¢ is in Quadrant II.
5. Ifcost = —% and if the terminal point determined by 7 is in Quadrant III, find
tan 7 cot 1 + csc 1.
6-7 m A trigonometric function is given.
(a) Find the amplitude, period, and phase shift of the function.
(b) Sketch the graph.

| T
. ) 4. 7. ) 2 i 4.
6. y = —5 cos 4x y = sm(2\ 6)

8-9 m Find the period, and graph the function.

8. y = —csc2x 9. y= tan<2x = %)

10. Find the exact value of each expression, if it is defined.

2 (a) tan™'1 (b) cos"(—?)

\ o (¢) tan'(tan 3m) (d) cos(tan”'(~V/3))

=Y

B i 2 11. The graph shown at left is one period of a function of the form y = a sin k(x — b).
3 3 Determine the function.
-2+ W .\ _ _cosx
E 12, Let f(x) = T3

(a) Use a graphing device to graph f in an appropriate viewing rectangle.
(b) Determine from the graph if f is even, odd, or neither.
(¢) Find the minimum and maximum values of f.
13. A mass suspended from a spring oscillates in simple harmonic motion. The mass completes 2
cycles every second, and the distance between the highest point and the lowest point of the

oscillation is 10 cm. Find an equation of the form y = a sin wf that gives the distance of the
mass from its rest position as a function of time.

14. An object is moving up and down in damped harmonic motion. Its displacement at time
t = 01is 16 in; this is its maximum displacement. The damping constant is ¢ = 0.1, and the
frequency is 12 Hz.

(a) Find a function that models this motion.
& () Graph the function.

426



A66  Answers to Exercises and Chapter Tests

30. (a) 8900 (b) about3.14 yr 19. (sin t>/m 2 1
31 d(t) = Ssin(5mt) 32 y=—6 sm<3r) ) | TV sin’ N
6 21. tant:—ﬁ,csct=%,sect=—%,cott=—-?‘
=1 an| T 22. cost = V3/2, tant = —V3/3
3B.y=21 sm(-—t) (feet) ’ ’
Y 6 y et csct:-—2,sect=2\/§/3,c0tt=—\/§
ur 23, sint = 2V/5/5, cos t = — V5[5,
tant = —2,sect = — V5
o 24. sint=%,tant=—%,csct=%,sect=~§,cott=—%
o 3 6 9 oo 25. (16 — V17)/4 26, —155 27.3 28.1
OIS,
29. (a) 10,4w,0 30. (@) 4,1,0
o ()] y ’ ®) y

10
34, y = —2cos 2mt 35.y =5 cos(2mt) /\

S
36. (@) f(t) = 5cos<&t> ®) é—l%-\/% 2

(¢) The frequency decreases; slower —10d
(d) The frequency increases; faster

L[t . 31. (8) 1,4m,0
37. y =11 + 10sin o 38. f(r) = 10sin ¢ (b)

1 L
39, y = 3.8 + 02 sin(zsr—t) ‘ \
+ ] +

40. R(t) =20 + 1.5 sm(zz ), where R is measured in
54 —4 -7
millions of miles and ¢ is measured in days
41. §(r) = 10 sin(%(t - 8)) +90 -1} A,
42. E(t) = 310 cos(2007¢), 219.2V 33. (a) 3,m, 1 34. () 1,7, 7/2

43. (2) 45V () 40 (c) 40 (d) E(t) = 45 cos(80m1) ®
44. (a) 553.9 Hz; 4556 Hz (b) y = A sin(1107.871),

)] y ) y
| 1
y = A sin(911.27¢) ’
45. f(f) = e sinmt 46, (a) f(t) = 6e™* cos dmt “\“ ‘
In 12 TV o ey e
-3

1

() 5 ~088s 47.e= Fn4= 0.46

48. (a) ¢ = —;—m 5=~080 () f(t) = 3e " cos 330mt 1 . 3
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1. ®) 4 -V3/2, - V33 2. () ~%3 -3

3. (@ 73 ® (-3 V3/2)

(¢) sin? = V32, cost = —4 tant = — V3, csct = 2V3/3,
sect = —2,cott = —V3/3

4. @ w3 ® ¢ -V32) (0 sint=-V3[2cost=1
tant = —V3,csct = —2V3[3,sect = 2,cott = —V3/3
5. (@) w/4 () (—V2/2,-V2[2)

(©) sint = ~V32[2, cost = —V2/[2,

tant = l,csct = —V2,sect = -2, cott =1

6. (a) w/6 (b) (—V3/2,3)

35. () 1,4, -3 36. (a) 10, m, w/4
y (®) y
14 10

5 + | J
~10

(¢) sint =34 cost = —V3/2, tant = — V3/3, 37. y=Ssindx 38.y=12 sin(%x)

csct = 2,sect = —2\/5/3,cott=—\/§ 39. y:%SiHZW(X+%) 40. y=4sin%(x+7r/3)
7.() V32 ®) -VZ[2 8. (@ V3 () —-V3 a. 7 42. 1

9, (a) 0.89121 (b) 0.45360 10. (a) 0.80902 (b) 0.80902 ¥ y

11. (2) 0 (b) Undefined 12. (a) 043388 (b) 2.30476

13. (a) Undefined (b) 0 14. (a) 0 (b) Undefined 5 st

15. (a) —V3/3 () —V3 16. @) & (3

17, (sin /(1 — sins) 18, 1=t

cos’t

..__,_.._._\l'.ﬂ,.____.,

)
[P ¢ I B E
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43, o 44, 47 57. (a) 58. (2)

\ J/\/\vs/\/\ OL/\AM\
v

Y P

+ + + S, + + +

T e o e e e o e o e
=
I,
N -
3
=

— — [~

———— e T

.‘

|
Waxi -5 -4
A
: ‘ (b) Not periodic (b) Not periodic
¢) Even Nei
45, 46. (© (c) Neither
1 | | ‘ | | 59. 15 y = x sin x is a sine
o 1 i | I I I function whose graph lies
: : { : : ; : between those of y = x and
I | - = —
M ) : . 5 y=
S ! | A .!
I 20 & T3z | = 1 R 1x
AL [ |
| Lo | | | s
| 1 | i i | |
: { I ! : } 60. 40 y = 27% cos 4rx is a cosine
' function whose graph lies be-
47. 27 48, 1 tween the graphs of
. | S y=27andy= 27" ;
\J
| ! |
| { o :
{ | y = 27cos 4wrx
S E ! x
T B ] 61. 35 The graphs are related by
! : : graphical addition.
| o
{ ! | -3.14 3.1
: 35
15 2
62 L5 y=six+cosr  The graphs dre related by
/\ /\ graphical addition.
~10 10
—6.23L JG‘ZS E \\/ \/ H
-0.5 -2 ’ 0 y= sinzx/ o
(b) Period 7 (b) Period 277 e |
(c) Even (¢) Even 63. 1.76, ~1.76 64. 1.25, —1 . 65. 0.30,2.84 66. 0.390
55, (a) 56. (a) 67. (a) Odd (b) O, =7, =2, ...
L5 4 © 1 © + (d) f(x) approaches O
(&) f(x) approaches O
N A
50

1ol
& b : |

-5 -1 -l

. 68. (a) (B) v, has period a1, y, has perod 27
(b) Not periodic (b) Period 27 15 {¢) sin(cos x) < cos(sin x), for all x

(c) Neither (c) Bven M\W
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69. y = 50 cos(167r+)

70. y = =50 cos(97t) 71. y = 4 cos(Et)

72. (@) y = 16e” % cos 2.8t

® (¢) 0.012 cm

16

7 U{\V/\V’w w
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Ly=-3 2@% ® -} © -1 @ -3
3.(@ -3 (b —VZ2 (© V3 @ -1
4. tant = —(sin#)/V1 — sin* 5. —%

6. (@) S, 7/2,0

7. () 2,4, w3

®) )
5+ 2+
] pa % 0
@ 2
‘..5. -2+
8 7 9. w2
¥ ¥
! i [ ! I | I
] | | | | | |
1 ! [ | ! | ]
i AV ! L
| 1 i
[ B AL
| I O R | L /]
{ 0 1 37 | I x I of /o | | X
[ 1 T | 1 b/ !
| ] ] | ] ! |
] ] | | | | |
] ! | | ] ! t
] 1 I | ] | |
! | t ] ! | |

10. (a) w/4 (b) 5w/6 () O
11. y = 2sin 2(x + 7/3)
12. (a)

1.2

-9.42 L o J 9.42

Z04
13. y = 5sin{dmr)
14. y = 16e™%Y cos 24t

@ 12

(b) Even

(¢) Minimum value —0.11
when x = +2.54, maximum
value 1 whenx =0

8
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1. ®and(¢)
2.

—24

y = 2.1cos{0.52)

(b) y = 2.1 cos(0.521)

(d) y = 2.055in(0.50r + 1.55) — 0.01 () The formula (
reduces to y = 2.05 cos(0.50¢ — 0.02) — 0.01. Same as (b)
rounded to one decimal.

2. (a)and (¢)

2004
100
= 525 cosl0.020 + 25)) + 147.5
0 oo 200 300 ¢

(b) y = 52.5 cos(0.02(r + 25)) + 147.5

(d) y = 49.70 5in(0.027 + 2.09) + 149.13 () The form

(d) reduces to y = 49.70 cos(0.02¢ + 0.52) + 149.13. Clos

not identical, to (b).

3. (a)and (¢)
25

(=3

01 -
y = 1205 cos(5.2{1 — 0.3)) + 13.05

(b) y = 12.05 cos(5.2(+ — 0.3)) + 13.05

(d) y = 11.72 sin(5.05¢ + 0.24) + 12.96 (e) The formul

(d) reduces to y = 11.72 cos(5.05(r — 0.26)) + 12.96. Clos

not identical, to (b).

4. (a)and (¢) »
0.7:’
0.6;'
0.5:’
0.41
03+
042::
01:

0

y ="0.365 cos(1.05(¢ -+ 0.5)) + 0.265

(b) y = 0.365 cos(1.05(t + 0.5)) + 0.265

(d) y = 033 sin(1.02r + 2.12) + 0.29 (e) The formula ¢
reduces to y = 0.33 cos(1.02(+ + 0.52)) + 0.29. Same as (!
rounded to one decimal.







