














Chapter Summary 111

Chapter Summary

: : Review
What Did You Learn? Explanation/Examples :
Exercises
Represent and classify real Real numbers include both rational and irrational numbers. 1,2
numbergp. 2). Real numbers can be represented graphically on the real
number line.
Order real numbers and use a < b: aisless thanb a > b: ais greater than.b 3,4
inequalities(p. 4). a b aislessthan or equalto b
— a b: ais greater than or equal to b
o -
= Find the absolute values of reaIAb lute val o _a a o0 5.8
S | numbers and find the distance ~PSOUt€ ValUE Ol & ="« = o . 9
5 between two real numbers (p. 6)pistance betweern andb: dia,b)= bSa = ad b
0
Evaluate algebraic expressions Evaluate an algebraic expression by substituting numerical 9, 10
(p- 8). values for each of the variables in the expression.
Use the basic rules and propertie3 he basic rules of algebra, the properties of negation and 11...22
of algebra (p. 9). equality, the properties of zero, and the properties and
operations of fractions can be used to perform operations.
Identify different types of Identity: true for every real number in the domain 23...26
equationgp. 14), and solve Conditional equation: true for just some (but not all) of the
linear equations in one variablereal numbers in the domain
2 and rational equations (p. 15). Contradiction: false forevery real number in the domain
g Solve quadratic equations Four methods for solving quadratic equations are factoring, 27...38
= (p. 17), polynomial equations ofextracting square roots, completing the square, and the
@ degree three or greater (p. 21), Quadratic Formula. Sometimes, these methods can be extended
n radical equations (p. 22), and to solve polynomial equations of higher degree. When solving
absolute value equations (p. 23kquations involving radicals or absolute values, be sure to check
for extraneous solutions.
Plot points in the Cartesian For an ordered paix, y), thex-coordinate represents the 39, 40
plane(p. 26), and use the directed distance from theaxis to the point, and the
Distance Formula (p. 28) and  y-coordinate represents the directed distance from-thes
the Midpoint Formula (p. 29).  to the point.
Use a coordinate plane to The coordinate plane can be used to find the length of a 41, 42
model and solve real-life football pass. (See Example 6.)
™ problems(p. 30).
o
c Sketch graphs of equations To graph an equation, construct a table of values, plot the 43...48
.g (p- 31), and find- and points, and connect the points with a smooth curve or line.
O y-intercepts of graphs of To find x-intercepts, ley be zero and solve fot.
@) ) . .
n equationgp. 32). To find y-intercepts, lek be zero and solve for
Use symmetry to sketch graphsGraphs can have symmetry with respect to one of the coordinad®...52
of equations (p. 33). axes or with respect to the origin. You can test for symmetry
graphically and algebraically.
Write equations of circles A point (x, y) lies on the circle of radiusand cente(th, K) if 53...56
(p. 34). and only if(x S h)2+ (yS k)2= r2




112

Chapter P Prerequisites

. . Review
What Did You Learn? Explanation/Examples )
Exercises
Use slope to graph linear The Slope-Intercept Form of the Equation of a Line 57...60

equations in two variables
(p. 40).

The graph of the equatign= mx+ b is a line whose slope is
i and whoseg-intercept i50, b).

Find the slope of a line given
two points on the line (p. 42).

The slopar of the nonvertical line througlx,, y;) and(x,, y,) is 61, 62

(p. 71), and determine the
average rate of change of a
function (p. 72).

Y S Y1
T %S x
j 2 1
o wherex;,  X..
c
i) Write linear equations in two  Point-Slope Form of the Equation of a Line 63...66
5 variables(p. 44). The equation of the line with slopepassing through the point
N (X, YD) ISY S y; = m(XS Xy).
Use slope to identify parallel ~ Parallel lines: Slopes are equal. 67, 68
and perpendicular lines (p. 45). perpendicular lines: Slopes are negative reciprocals of each other.
Use slope and linear equations A linear equation in two variables can be used to describe the 69, 70
in two variables to model and book value of exercise equipment each year. (See Example 7.)
solve real-life problems (p. 46).
Determine whether relations A function f from a setA (domain) to a seB (range) is a 71...76
between two variables are relation that assigns to each elemeirt the setA exactly
functions, and use function one elemeny in the seB.
notation(p. 53). Equation: f(x)= 55 x2
o f2: f(2=5S 22=1
o
g Find the domains of functions Domain of f x 5 x2: All real numbers 77,78
5 (p. 58).
(@)
wn Use functions to model and A function can be used to model the path of a baseball. 79
solve real-life problems (p. 59). (See Example 9.)
Evaluate difference quotients ) . f(x+ h) S f(x) 80
(p. 60). Difference quotient: h , h 0O
Use the Vertical Line Test for A set of points in a coordinate plane is the graph as a 81, 82
functions(p. 68). function of x if and only if no vertical line intersects the graph
at more than one point.
Find the zeros of functions Zeros of f x : x-values for whichf(x) = 0 83, 84
(p. 69).
i Determine intervals on which  To determine whether a function is increasing, decreasing, or 85...90
- functions are increasing or constant on an interval, determine whether the graph of the
O decreasingp. 70), determine  function rises, falls, or is constant from left to right. The points
3] relative minimum and relative at which the behavior of a function changes can help determine
% maximum values of functions relative minimum or relative maximum values. The average

rate of change between any two points is the slope of the line
(secant line) through the two points.

Identify even and odd functionsEven: For eactx in the domain off, f(S x) = f(x). 91...94

(p- 73).

Odd: For eachx in the domain off, f(Sx) = S f(x).




are one-to-one (p. 105),
and find inverse functions
algebraically(p. 106).

Chapter Summary 113
: : Review
What Did You Learn? Explanation/Examples )
Exercises
Identify and graph linear Linear: f(x) = ax+ b Squaring; f(x) = x? 95...100
functions(p. 78), squaring
functions(p. 79), cubic, square
root, and reciprocal functions
(p- 80), and step and other
piecewise-defined functions
(p. 81). Recognize graphs of
~ parent functions (p. 82). SR R
D_ - S1+ (0' 0)
X Step: f(x) = x
5 p: f(X)
O
3]
0p}
The graphs of eight of the most commonly used functions in
algebra are shown on page 82.
0 U;e vertical and horizontal Vertical shifts: h(x) = f(x) + corhx)= f(xX) S ¢ 101...110
o | shifts(p. 85), reflections Horizontal shifts: h(x) = f(xS ¢) or h(X) = f(x + ¢
= (p. 87). and nonrigid Reflection in x-axis: h(x) = S f(x)
= transformationgp. 89) to Reflection i s h(x) = £(S
S | sketch graphs of functions. € e.ct.lon N y-axis: _ 8= &R
N Nonrigid transformations: h(x) = cf(x) or h(x) = f(cx)
Add, subtract, multiply, and  (f+ g)() = )+ gx) (S ¥ = f() S g¥) 111, 112
divide functions (p. 94). (f9( = ) 9 (f 9 = 09 9. 909 O
e Find the composition of one  The composition of the functiohwith the functiony is 113, 114
o function with another function (f g)(x) = f(g(x)).
=
o (p. 96).
o Use combinations and A composite function can be used to represent the number of 115, 116
N compositions of functions bacteria in food as a function of the amount of time the food
to model and solve real-life has been out of refrigeration. (See Example 8.)
problems(p. 98).
Find inverse functions Let f andy be two functions such th#&{g(x)) = x for everyxin 117,118
informally and verify that two  the domain ofy andg(f(x)) = x for everyx in the domain of.
functions are inverse functions Under these conditions, the functigris the inverse function of
o of each other (p. 102). the functionf.
i .
o | Use graphs to verify that If the point(a, b) lies on the graph of, then the poinb, a) 119...124
— | two functions are inverses must lie on the graph df>*, and vice versa. In short, the graph
o | of each.other (p_. 104), use of 51 is a reflection of the graph dfin the liney = x.
2 the Horizontal Line Test to Horizontal Line Test for Inverse Functions
o) | determine whether functions A fynction f has an inverse function if and only if horizontal

line intersects the graph éfat more than one point.

To find an inverse function, repla¢¢x) with y, interchange the
roles ofx andy, solve fory, and then replacgwith f>1(x).




114 Chapter P Prerequisites

Review Exercises

seeCalcChat.comr tutorial help and worked-out solutions to odd-numbered exercise

Classifying Real Numbers  In Exercises 1 and
2, determine which numbers in the set are (a) natural
numbers, (b) whole numbers, (c) integers, (d) rational
numbers, and (e) irrational numbers.

1. 11,883 6,04 2. 15522,0,5.23
Plotting and Ordering Real Numbers In Exercises
3 and 4, plot the two real numbers on the real number

line. Then place the appropriate inequality symbol
< or > between them.

3.@3 (3§

Finding a Distance In Exercises 5 and 6, find the
distance betweera and b.

5.a=S 74,b= 48

4. (@) S (b) S35

6.a=S 112,b=S 6

Using Absolute Value Notation In Exercises 7
and 8, use absolute value notation to describe
the situation.

7. The distance betweearand 7 is at least 4.
8. The distance betwearand 25 is no more than 10.

Evaluating an Algebraic Expression In Exercises
9 and 10, evaluate the expression for each value xf(If
not possible, state the reason.)

Expression Values
9. Sx2+ xS 1 @x=1 () x=S1
X — S —
10'x§3 @x=S3 (b)x=3

Identifying Rules of Algebra In Exercises 11...16,
identify the rule(s) of algebra illustrated by the statement.
11.0+ (aS5=aS5 12.1 (3x+ 4= 3x+ 4
13. X+ (3xS 10)= (2x+ 3x) S 10

14. 4t+ 2)=4 t+ 4 2

15. (12+ 1)+ 3= 3+ (t2+ 1)

2 y*t4_

16'y+4 2

1, y S 4

Performing Operations In Exercises 17...22,
perform the operation(s). (Write fractional answers in
simplest form.)

17.56+ 6 18. 2S (S93)

19. (S 8)(S 4) 20. 5§20+ 7)
X & 2X 9.1

21. 58 T 22. -+ 5

Solving an Equation  In Exercises 23...36, solve
the equation and check your solution. (If not possible,
explain why.)

23.2(x+ 5)S 7= x+ 9
24. 7(xS 4)= 18 (x+ 9)
2X

Xa o_ X 2 _
25.-S3=5+1 26. 3+ —%x = &5

5 3 XS 5

Choosing a Method  In Exercises 27...30, solve the
equation using any convenient method.

27. 22S xS 28= 0 28. 6= 3x?

29. (x+ 13)2= 25 30. 9 S 12x= 14

Solving an Equation In Exercises 31...38, solve the
equation. Check your solutions.

31.5x*S 128 = 0 32.x3+ 82 S 2x= 16
33. x+ 4=3 34.5 xS xS 1=6
35. (xS 1)23S25=0 36. (x+ 2)34= 27

37. x$5 =10 38. 283 =

Plotting, Distance, and Midpoint In
Exercises 39 and 40, (a) plot the points, (b) find the
distance between the points, and (c) find the midpoint of
the line segment joining the points.

39.(53,9, (1,5 40. (S2, 6), (4,S23)

Meteorology  InExercises 41 and 42, use the following
information. The apparent temperature is a measure
of relative discomfort to a person from heat and high
humidity. The table shows the actual temperatures (in
degrees Fahrenheit) versus the apparent temperatures
(in degrees Fahrenheit) for a relative humidity of 75%.

X | 70| 75| 80| 85 90| 95| 10¢
y | 70| 77| 85| 95/ 109 130 150

41. Sketch a scatter plot of the data shown in the table.

42. Find the change in the apparent temperature when the
actual temperature changes fr@aiF to DO°F.

Sketching the Graph of an Equation In Exercises
43...46, construct a table of values that consists of several
solution points of the equation. Use the resulting solution
points to sketch the graph of the equation.

43.y= 2x8 6 44.y=8 3x+ 2
45.y= X2+ 2X 46.y= 2x2S xS 9
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148 Chapter 1 Trigonometry

64. Height of a Tower A six-foot person walks from

the base of a broadcasting tower directly toward the tip
of the shadow cast by the tower. When the person is

132 feet from the tower and 3 feet from the tip of the

shadow, the persones shadow starts to appear beyond

the toweres shadow.

(a) Draw aright triangle that gives a visual representation

of the problem. Label the known quantities of the

triangle and use a variable to represent the height of

the tower.

(b) Use a trigonometric function to write an equation
involving the unknown quantity.

(c) What is the height of the tower?

65. Angle of Elevation  You are skiing down a mountain
with a vertical height of 1250 feet. The distance from

the top of the mountain to the base is 2500 feet. What
is the angle of elevation from the base to the top of the

mountain?
66. Biology A biologist wants to know the widtw of

a river to properly set instruments for an experiment.

From pointA, the biologist walks downstream 100 feet
and sights to point (see figure). From this sighting, it
is determined that = 54°. How wide is the river?

C

=5
A 100 ft

67. Guy Wire A guy wire runs from the ground to a cell

tower. The wire is attached to the cell tower 150 feet
above the ground. The angle formed between the wire71.

and the ground is3& (see figure).

150 ft

=43

(a) How long is the guy wire?

(b) How far from the base of the tower is the guy wire

anchored to the ground?

68. Height of a Mountain

. Machine Shop Calculations

. Machine Shop Calculations

In traveling across flat
land, you see a mountain directly in front of you. Its
angle of elevation (to the peak)3%°. After you drive

13 miles closer to the mountain, the angle of elevation is
9° (see figure). Approximate the height of the mountain.

3.5 o°
13 mi

Not drawn to scale

A steel plate has
the form of one-fourth of a circle with a radius of
60 centimeters. Two two-centimeter holes are drilled
in the plate, positioned as shown in the figure. Find the
coordinates of the center of each hole.

y

60 d
56
(X1 ¥,) 3
30°
30°
30°
5660
5cm

Figure for 69 Figure for 70

A tapered shaft
has a diameter of 5 centimeters at the small end and is
15 centimeters long (see figure). The tapes©isFind

the diameted of the large end of the shaft.

Geometry  Use a compass to sketch a quarter of
a circle of radius 10 centimeters. Using a protractor,
construct an angle of02 in standard position (see
figure). Drop a perpendicular line from the point of
intersection of the terminal side of the angle and the
arc of the circle. By actual measurement, calculate
the coordinates(x,y) of the point of intersection
and use these measurements to approximate the six
trigonometric functions of a® angle.

y

10
xy)
40

20°
10



c<94_FerriSWhee|o.-coo.-coo.-coooo
The height (in feet) above ground of a seat on a

Ferris wheel at time (in minutes) can be modeled by

h(t) = 53+ 50 si

The wheel makes
one revolution
every 32 seconds.
The ride begins
whent = 0.

(a) During the first
32 seconds of
the ride, when
will a persones seat
on the Ferris wheel be 53 feet above ground?

(b) When will a persones seat be at the top of the
Ferris wheel for the first time during the ride?
For a ride that lasts 160 seconds, how many
times will a persones seat be at the top of the
ride, and at what times?

95. Geometry  The area of a rectangle inscribed in one
arc of the graph of = cosx (see figure) is given by

A= 2xcosx, 0< x< 2.

Ux
T
Nl

S1+

T

(a) Use a graphing utility to graph the area function,

and approximate the area of the largest inscribed 103. Graphical

rectangle.

(b) Determine the values affor whichA 1.

96. Quadratic Approximation Consider the function

f(x) = 3sin0.6xS 2).

(a) Approximate the zero of the function in the interval
[0, 6.

(b) A quadratic approximation agreeing with at
x= 5is
g(x) =S 0.45¢ + 55X S 13.70.
Use a graphing utility to graphandy in the same
viewing window. Describe the result.

(c) Use the Quadratic Formula to find the zerog.of
Compare the zero gfin the interval0, § with the
result of part (a).

iStockphoto.com/Flory

2.3 Solving Trigonometric Equations 235

Fixed Point In Exercises 97 and 98, find the least
positive fixed point of the function f. [A fixed point of a
function f is a real numberc such thatf ¢ c]

97. f(x) = tan( x 4)
98. f(x) = cosx

Exploration

True or False? In Exercises 99 and 100, determine
whether the statement is true or false. Justify your
answer.

99. The equation 2sint$ 1= 0 has four times the
number of solutions in the intervgD, 2 ) as the
equation 2 sinS 1= 0.

The trigonometric equation sk 3.4 can be solved
using an inverse trigonometric function.

100.

101. Think About It Explain what happens when you
divide each side of the equation gato$ x = 2 cotx
by cotx. Is this a correct method to use when solving

equations?

102..() HOW DO YOU SEE IT? Explain how

to use the figure to solve the equation
2cosxS 1= 0.

Reasoning Use a graphing utility
to confirm the solutions found in Example 6 in two
different ways.

(@) Graph both sides of the equation and find the
x-coordinates of the points at which the graphs
intersect.

Left side:y= cosx+ 1
Right side:y = sinx

(b) Graph the equatioy = cosx+ 1S sinx and
find the x-intercepts of the graph.

(c) Do both methods produce the samyealues?
Which method do you prefer? Explain.

Project: Meteorology To work an extended
application analyzing the normal daily high temperatures in
Phoenix, Arizona, and in Seattle, Washington, visit this textes
website at.arsonPrecalculus.com. (Source: NOAA)
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2.4 Sum and Difference Formulas

Use sum and difference formulas to evaluate trigonometric functions, verify
identities, and solve trigonometric equations.

Using Sum and Difference Formulas

In this section and the next, you will study the uses of several trigonometric identities
and formulas.

Sum and Difference Formulas

Sum and' diferencerdnnmad-ae-~ sinfu+ v) = sinucosv + cosusinv
used to model standing waves,

\ sin(u S v) = sinucosv S cosusinv
such as those produced in a n( )

guitar string. For example, in coqu+ V) = cosucosvS sinusinv
Exercise 80 on page 241, you will . . .
use a sum formula to write the cofu S v) = cosucosv + sinusinv

equation of a standing wave. tanu S tanv

1+ tanutanv

tanu + tanv

taflu+ V)= —x————
A ) 1S tanutanv

tar(u S v) =

For a proof of the sum and difference formulas for(easv) and tau + v), see
Proofs in Mathematics on page 257.

Examples 1 and 2 show hasum and difference formulasenable you to find
exact values of trigonometric functions involving sums or differences of special angles.

Evaluating a Trigonometric Function

Find the exact value of siﬁ.
Solution  To find theexactvalue of sifi 12), use the fact that

2°3%%

with the formula for sifu S v).

smE: sin §S 2

smg cosz S cosg smz

S

)
ol Nl
|

NY
IS
|

NY

S UX

_6S 2
Check this result on a calculator by comparing its value {o sl'?)  0.2588.
\/ Checkpoint

Find the exact value of c%.

Brian A Jackson/Shutterstock.com
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2.4 Sum and Difference Formulas 237

Another way to Evaluating a Trigonometric Function

solve Example 2 is to use the )
fact that B° = 120° S 45° with  Find the exact value of co§7

the formula for co@ S v). Solution  Use the fact that5? = 30° + 45° with the formula for cds + V).
cos 78 = coq30° + 45°)
cos30° cos &° S sin30° sin &°

3 2 .1 2
y - 9% _“f &= _#%
2 2 S 2 2
85 2
Y a - 4
u
\ X \/ Checkpoint
V52842=3
Find the exact value of sirb?
_ Evaluating a Trigonometric Expression
Figure 2.2
Find thg: exact value of qm+ v) given sinu= 4 5, where Ok u< 2, and
y cosv=S 12 13, where 2< v<
Solution  Because sin =45 andu is in Quadrant I, cos = 3 5, as shown in
J/1328122=5 Figure 2.2. Because cos= S 12 13 andv is in Quadrant I, siv= 5 13, as shown
13 in Figure 2.3. Use these values in the formula fofusin v).
1\12 X sinlu+ V) = sinucosv + cosusinv
_4g12 35
~ 5713 513
~ 33
=S —
Figure 2.3 65
\/ Checkpoint
Find the exact value of cas+ v) given sinu= 12 13, where x u< 2, and
cosv=S 3 5 where 2< v<
V2 1
An Application of a Sum Formula
u u Write cogarctan 1+ arccosx) as an algebraic expression.
1 Solution  This expression fits the formula for ¢os- v). Figure 2.4 shows angles
u= arctan 1 and = arccosx.
coqu + V) = cogarctan ) cogarccosx) S sin(arctan ) sin(arccosx)
1 <~ 1 —
- _— = 2
1 m = E XS E 1S x
xS 1S
v M - 2
X _ 2xS 2S2¢
Figure 2.4 B 2

\/ Checkpoint

Write sin(arctan 1+ arccosx) as an algebraic expression.
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2 . 4 Exe rcises seeCalcChat.comr tutorial help and worked-out solutions to odd-numbered exercise

Vocabulary: Fillin the blank.

1. sinfuS v) = 2.coqu+ V)=
3. tan(u + V) = 4. sifu+ v)= __
5. cofu S V) = 6. tanu S v) =

Skills and Applications

Evaluating Trigonometric Expressions In Evaluating a Trigonometric Expression
Exercises 7...10, find the exact value of each expression. In Exercises 35...40, find the exact value of the
expression.
7. (@) cos—+ = (b) cos-+ cosz
4 3 4 3 . .
. sin—- cos— + —sin—

4 oo _ 35 S|n12cos4 coslzsm4
8. (a) sm€S§ ()smgs sing 3 . 3

. . ) - 36. cos— cos— S sin—sin——
9. (a) si(135 S 30) (b) sin B5° S cos30° 16 16 16~ 16
10. (a) co$l20 + 45°) (b) cos 1P° + cos &° 37. cos BC° cos D° + sin 130° sin 10°

38. sin 100° cos ©° S cos DO° sin 4°

Evaluating Trigonometric Functions -
tan(9 8)S tan( 8)

In Exercises 11...26, find the exact values of 39

the sine, cosine, and tangent of the angle. 1+ tan9 8)ta( 8)
tan 25 + tan 110
£ - 37 — L - — 40 S o o
11. 12 - 4+6 12.12—3+4 1S tan 5°tan 1D
17 9 <5 = & [El&¥[=] Evaluating a Trigonometric Expression
13. == —S — 14.S—= =S — e . .
12 4 6 12 6 4 ,.-"!ﬂ In Exercises 41...46, find the exact value
15. 105° = 60° + 45° 16. 165° = 135° + 30° El ) of th_e trigor;ometric expression given
17.$195 = 30° § 225  18. 255° = 300° & 45° thatsiny 5 where 3 2 <u <2, and
cosv i35, whereO<v< 2.
13 19 3
19. 75 20. =5 41. sinu + V) 42. cogu S V)
. 5 43. tar(u + V) 44. csdu S v)
21. 85— 22. SL =
12 12 45, sedv S u) 46. cof(u + V)
23, %85 : 24. %5 : Evaluating a Trigonometric Expression In
25. 5165 26. 5105 Exercises 47...52, find the exact value of the trigonometric
Rewriting a Trigonometric Expression In EX;);ZS\'ISQZ ?rzvgr&;g?;rinljll) zsandcosv 5. (Both
Exercises 27...34, write the expression as the sine, cosine, '
or tangent of an angle. 47. cofu + V) 48. sin(u + V)
27. sin3 cos 1.25 cos3sin 1.2 49. tar(u S v) 50. col(v S u)
3 51. csdu S v) 52. sedv S u)
28. cos; cosgs sin7 sing
_ _ [EEXE] An Application of a Sum or Difference
29. sin60° cos B° + cos60° sin 15° i 4 Formula In Exercises 53...56, write the
30. cos BC° cos 9° S sin 130° sin £° El trigonometric expression as an algebraic
31 tar( 15) + tar(z 5) expression.
1S tan( 15tan(2 5) 53. sin(arcsinx + arccosx)
3o tan1.1S tan 4.6 54. sin(arctan X S arccosx)
l+tanlltan® 55. cogarccosx + arcsinx)
33. cos Xcos  + sin Xsiny 56. cogarccosx S arctanx)

34. sinx cos X + cosx sin X
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242 Chapter 2 Analytic Trigonometry

Exploration

True or False? InExercises 81...84, determine whether
the statement is true or false. Justify your answer.

81.
82.
83.

sinlu+ V) = sinucosv + cosusinv
cofu* V) = cosucosvz+ sinusinv

When and are supplementary,
sin cos = cos sin .

84. WhenA, B, andC form# ABC, cogA + B) =S cosC.

85. Error Analysis  Describe the error.
- _ tanxS tan( 4)
tanxs = 1S tanxtan( 4)
_tanxS 1
~ 1S tanx
=S1

Qm HOW DO YOU SEE IT? Explain how to

use the figure to justify each statement.

y

\ 1

t }
uSv u
S1

(@) sifu+ v)
(b) sinuS v)

/

sinu + sinv
sinu S sinv

Verifying an Identity
identity.

87.codn + )= (S1)"cos , nisan integer
88.sif(n + )= (S1)"sin , nisan integer
89. asinB + bcosB = a2+ b?sinB + C),
whereC = arctarfb a) anda > 0

asinB + bcosB = a2+ b2co{B S O),
whereC = arctarfa b) andb > 0

90.

Rewriting a Trigonometric Expression In
Exercises 91...94, use the formulas given in Exercises
89 and 90 to write the trigonometric expression in the
following forms.

(a)
(b)
91. sin + cos

93. 12sin3 + 5cos3

a2 b?sinB

a2 b?cosB

C
C

92.3sin2 + 4cos?2
94.sin2 + cos?2

In Exercises 87...90, verify the If

Rewriting a Trigonometric Expression In
Exercises 95 and 96, use the formulas given in Exercises
89 and 90 to write the trigonometric expression in the
form asin B b cosB .

95. 2sif + ( 4)] 96.5co$ S ( 4

Angle Between Two Lines In Exercises 97 and 98,
use the figure, which shows two lines whose equations
are 'y, mx b, and 'y, myx b, Assume that
both lines have positive slopes. Derive a formula for the
angle between the two lines. Then use your formula to
find the angle between the given pair of lines.

3x

97. y= xandy = 98.y= xandy= x 3

Graphical Reasoning  In Exercises 99 and 100, use a
graphing utility to graph y; and y, in the same viewing
window. Use the graphs to determine whethey, ..
Explain your reasoning.

99. y; = cogx + 2),
100. y, = sin(x + 4),

Y, = COSX+ COS 2

Y, = sinx+ sin4

101. Proof  Write a proof of the formula for sia+ v).
Write a proof of the formula for sfa S V).

An Application from Calculus Letx=  3in
the identity in Example 8 and define the functidns
andy as follows.
siff( 3)+ h] S sin( 3)

h
_ . sinh « . 1S cosh
g(h) = cosz = S sin h
(a) What are the domains of the functidnandg?
(b) Use a graphing utility to complete the table.

102.

f(h) =

h 05| 02| 0.1| 0.05 0.02 o0.01
f(h)
g(h)

(c) Use the graphing utility to graph the functioins
andy.

(d) Use the table and the graphs to make a conjecture

about the values of the functiorfs and y as
h 0.
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Half-Angle Formulas

You can derive some useful alternative forms of the power-reducing formulas by
replacingu with u 2. The results are calléalf-angle formulas.

To find the
exact value of a trigonometric
function withan angle measure

Half-Angle Formulas

_ _ _u 1S cosu u 1+ cosu

in D°M S form using a sing = % — s cos; = —_—
: 2 2 2 2

half-angle formula, first convert 5

the angle measure to decimal u_ 1S cosu_ sinu

degree form. Then multiply the tané sinu 1+ cosu

resulting angle measure by 2. U U y
The signs of sig and cosé depend on the quadrant in whixzhies.

: Use your calculator Using a Half-Angle Formula
to verify the result obtained in

Example 5. %at is, evaluate  Find the exact value of sifD%°.

sin105°andP 2+ 370  Solution Begin by noting that@5® is half of 2D°. Then, use the half-angle formula
Note that both values are for sin(u 2) and the fact thatQB° lies in Quadrant Il.
approximately 0.9659258. ——— = —
. 18 cos210 _ 1+ (32 _ 2+ 3
sin 108 = — - > = >

The positive square root is chosen because srpositive in Quadrant II.

\/ Checkpoint
Find the exact value of co9%°.
Solving a Trigonometric Equation

Find all solutions of # cogx= 2 co§§ in the intervalO, 2 ).

Algebraic Solution Graphical Solution

X
1+ cogx= 2co¥ > Write original equation. 3

1+ cogx= 2$ — Qlf—angle formula Thex-intercepts are

x 0,x 1.571, an

y=1+codxS2 coszg

x 4712, . )
1+ cogx= 1+ cosx Simplify. 2
cogxS cosx= 0 Simplify. 81
cosx(cosxS 1) = 0 Factor. Use thex-intercepts ofy = 1+ co£x S 2 cog(x 2)

to conclude that the approximate solutions of
1+ cogx= 2cog(x 2)in the interval0, 2 ) are
3

E’ and x 4,712 7

By setting the factors cosand cox S 1 equal to zero, you find
that the solutions in the intervid, 2 ) are

X = xz%, and x= 0. x=0, x 1571

E!
‘/ Checkpoint
Find all solutions of cdx = sir?(x 2) in the intervalO0, 2 ).
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Product-to-Sum and Sum-to-Product Formulas

Each of theproduct-to-sum formulas can be proved using the sum and difference
formulas discussed in the preceding section.

Product-to-Sum Formulas

sinusinv = %[cos(u S v) S coqu+ V)]
1 .
cosu cosv = 5 [cou S V) + coqu + V)]
: 1. . . =
sinucosv = 5 [sin(u+ V) + sin(uS V)]

cosusinv = %[sin(u + V) S sin(u S v)]

Product-to-sum formulas are used in calculus to solve problems involving the
products of sines and cosines of two different angles.

Writing Products as Sums

Rewrite the product cdsx sin 4 as a sum or difference.

Solution  Using the appropriate product-to-sum formula, you obtain

cos X sin 4 = %[sin(Sx + 4x) S sin(5x S 4x)]

1 . <1 .
= Esm9<8 Esmx.

\/ Checkpoint

Rewrite the product sibx cos3x as a sum or difference.

Occasionally, it is useful to reverse the procedure and write a sum of trigonometric
functions as a product. This can be accomplished witsuheto-product formulas.

Sum-to-Product Formulas

. . . u+t v uS v
sinu+ sinv= 2sin cos
2 2
e u+v . uSv
sinuS sinv= 2 cos sin
2 2
u+ v uSv
Cosu + cosv = 2 cos cos
2 2
. . _u+v . uSv
cosu S cosv=S 2sin 5 sin >

For a proof of the sum-to-product formulas, see Proofs in Mathematics on page 258.
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Using a Sum-to-Product Formula

Find the exact value of cos 19% cos 105.
Solution  Use the appropriate sum-to-product formula.

195 + 105 195 S 105
—— cos—FX
2 2

2 cos B0’ cos &°

cos 198 + cos 108 = 2 cos

2 S

|

wl

|
]

- 6
572
\/Checkpoint

Find the exact value of sin 19% sin 105.

Solving a Trigonometric Equation

See LarsonPrecalculus.com for an interactive version of this type of example.

Solve sinbx + sin3x = 0.

Solution
sinbx + sin3x= 0 Write original equation.
. Bx+ 3x 5x S 3x
2 sin 5 cos 5 =0 Sum-to-product formula
2sin&cosx= 0 Simplify.

Set the factor 2 sinxdequal to zero. The solutions in the interM®l2 ) are

v—o0__3 537
- 3 41 21 4 3 l 4 ’ 2 3 4 .
The equation cos = 0 yields no additional solutions, so the solutions are of the form
x= n 4, wheren is an integer. To confirm this graphically, sketch the graph of
y = sin 5+ sin ¥, as shown below.

Notice from the graph that theintercepts occur at multiples of 4.

\/ Checkpoint
Solve sin 4 S sin % = 0.
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Application

Projectile Motion

Ignoring air resistance, the range of a projectile fired at an angléh the horizontal
and with an initial velocity ofj, feet per second is given by

r= lvzsin cos
16 °

wherer is the horizontal distance (in feet) that the projectile travels. A football player
can kick a football from ground level with an initial velocity of 80 feet per second.

a. Rewrite the projectile motion model in terms of the first power of the sine of a
multiple angle.

b. At what angle must the player kick the football so that the football travels 200 feet?
Solution

a. Use a double-angle formula to rewrite the projectile motion model as

1o, -
r= —-V,2(2sin cos ) Write original model.
Kicking a football with an initial 32
velocity of 80 feet per second 1
at an angle of 45 ° with the = 5\/02 sin 2. Double-angle formula
horizontal results in a distance
traveled of 200 feet. 1 ]
b. r= §V02 sin 2 Write projectile motion model.
1, _
200= §(80) sin 2 Substitute 200 for and 80 forv,,
200= 200sin 2 Simplify.
1=sin2 Divide each side by 200.

You know that2 = 2. Dividing this result by 2 produces= 4, or &°. So, the
player must kick the football at an angle &f 4o that the football travels 200 feet.

‘/ Checkpoint

In Example 10, for what angle is the horizontal distance the football travels a
maximum?

Summarize  (Section 2.5)

1. State the double-angle formu{page 243)For examples of using multiple-angle
formulas to rewrite and evaluate trigonometric functions, see Examples 1...3.

2. State the power-reducing formulgmge 245) For an example of using
power-reducing formulas to rewrite a trigonometric expression, see Examgle 4.

3. State the half-angle formul§sage 246) For examples of using half-angle
formulas to rewrite and evaluate trigonometric functions, see Examples 5 ahd 6.

4. State the product-to-sum and sum-to-product form(plage 247) For
an example of using a product-to-sum formula to rewrite a trigopnometric
expression, see Example 7. For examples of using sum-to-product formulas
to rewrite and evaluate trigonometric functions, see Examples 8 and 9.

5. Describe an example of how to use a trigonometric formula to rewrite a
real-life model(page 249, Example 10)

David Lee/Shutterstock.com
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2.5 Exercises

seeCalcChat.comr tutorial help and worked-out solutions to odd-numbered exercise

Vocabulary: Fillin the blank to complete the trigonometric formula.

1. sindi= 2. cos =
1S cos i _ £ ainY =
"1+ cosu ——— Y27

Skills and Applications

Solving a Multiple-Angle Equation
In Exercises 7...14, solve the equation.

7.sinx S sinx= 0

9. cos XS cosx= 0
11. sin& =S 2sin X
12. (sin X+ cos X)? = 1
13. tan X S cotx= 0

14. tan XS 2 cosx= 0

8. sin X sinx = cosx
10. cos X+ sinx= 0

Using a Double-Angle Formula In Exercises 15...20,
use a double-angle formula to rewrite the expression.

15.
17.
19.

16. sinx cosx
18. co$x S 2
20. 10sixS 5

6 sinx cosx

6cogxS 3

48 8sirPx
Evaluating Functions Involving Double
Angles In Exercises 21...24, use the given
conditions to find the exact values of sin2
cos 41, and tan 2u using the double-angle
formulas.

.sinu=S$35 3 2<u<?2

.cosu=S 4 5, 2<uc<

.tanu= 35, O< ucx< 2

.secu=S2, <u<3 2

. Deriving a Multiple-Angle Formula Rewrite

cos & in terms of cos.

. Deriving a Multiple-Angle Formula
tan3x in terms of tarx.

Rewrite

[¥] Reducing Powers In Exercises 27...34,
use the power-reducing formulas to rewrite
the expression in terms of first powers of the
cosines of multiple angles.

28. sirf x

30. cos' 2x

32. tar? 2x cos 2x

34. sin*x cog x

. cosx

. Sint 2x

. tart2x

. Siré 2x co 2x

3. sinucosv =

6. cosu S cosv =

[ElgE@] Using Half-Angle  Formulas In

h Exercises 35...40, use the half-angle formulas

[=] to determine the exact values of the sine,

) cosine, and tangent of the angle.

35. 75° 36. 165°

37. 112 30 38. 67°30

39. 8 40. 7 12
Using Half-Angle Formulas  In Exercises
41...44, use the given conditions to (a) determine
the quadrant in which u 2 lies, and (b) find
the exact values of siu 2, cosu 2, and
tan u 2 using the half-angle formulas.

41.cosu= 725, O< u<x< 2

42. sinu= 5 13, 2<ucx

43. tanu=S 512, 3 2<u< 2

44, cotu = 3, <u< 3 2
Solving a Trigonometric Equation In

Exercises 45...48, find all solutions of the
equation in the interval [0,2 . Use a
graphing utility to graph the equation and
verify the solutions.

46. sin> + cosx 3 1= 0

. X
45, sinz+ cosx= 0

2 2
X« . X s .
47. cosES sinx= 0 48. tanES sinx= 0
[l [E] Using Product-to-Sum Formulas In
[-.'-" Exercises 49...52, use the product-to-sum
[=] formulas to rewrite the product as a sum or
difference.
49. sin5 sin3 50. 7 co$S 5 ) sin 3
51. cos 2 cos 4 52. sin(x + y) cogx S y)

E| [{] Using Sum-to-Product Formulas In

% Exercises 53...56, use the sum-to-product
formulas to rewrite the sum or difference as

a product.

53. sin5 S sin3
55. cosbx + cos X

54. sin3 + sin
56. cosx + cos &

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203
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Using Sum-to-Product Formulas In Exercises
57...60, use the sum-to-product formulas to find the exact
value of the expression.

57. sin B° + sin 15° 58. cos 1P° + cos60°

60. sin%é sin3—

3 .
59. cos 7 S cos 2

4

Solving a Trigonometric Equation In
Exercises 61...64, find all solutions of the
equation in the interval [0,2 . Use a
graphing utility to graph the equation and
verify the solutions.

61. sinbx + sin %= 0 62. cos XS cosbx= 0

63. %é 1=0 64.sit3xS sitx=0
sin3x S sinx
Verifying a Trigonometric ldentity In
Exercises 65...70, verify the identity.
65. csc2 = 0 66. cog x S sin*x = cos2x
2 cos
67. (sinx + cosx)?2= 1+ sin X

u o
tan- = cscu S cotu

68. 5
69, sinx+ siny _ tanXi y
COSX + cosy 2

70.cos—+ X + cos=S x =

3 3 COSX

e 71. Mach Number

The Mach numbeM of a supersonic airplane is the
ratio of its speed to the speed of sound. When an
airplane travels faster than the speed of sound, the.
sound waves form a cone behind the airplane. The*
Mach number is related to the apex angla the .
cone by sift 2)= 1 M. .
(a) Use a half-angle formula to rewrite the equation..

in terms of cos.

(b) Find the angle that corresponds to a Mach
number of 2.

(c) Find the angle that corresponds to a Mach
number of 4.5.

The speed of
sound is about
760 miles per
hour. Determine
the speed of an
object with the
Mach numbers
from parts (b)
and (c).

(d)

—=d &

Chris Parypa Photography/Shutterstock.com
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72. Projectile Motion The range of a projectile fired
at an angle with the horizontal and with an initial
velocity ofv, feet per second is

=L
r= 32vosmz

wherer is the horizontal distance (in feet) the projectile
travels. An athlete throws a javelin at 75 feet per

second. At what angle must the athlete throw the javelin

so that the javelin travels 130 feet?
. Railroad Track When two railroad tracks merge,

the overlapping portions of the tracks are in the shapes

of circular arcs (see figure). The radiugin feet) of
each arc and the angleare related by

X— H J—
5= 2rsm22.

Write a formula for

Qm HOW DO YOU SEE IT? Explain how to

use the figure to verify the double-angle
formulas (a) sin@= 2 sinu cosu and
(b) cos 21= co2u S sirtu.

y

|

Exploration

True or False? In Exercises 75 and 76, determine
whether the statement is true or false. Justify your
answer.

75. The sine function is an odd function, so

sin(S2x) = S 2 sinx cosx.

1S cosu

5 when u is in the second

LU
76. smé =S
guadrant.

77. Complementary Angles
complementary anglesand .

(@ sif S )= cos?2
(b) co§ S )=sin2

Verify each identity for
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Chapter Summary

. : Review
What Did You Learn? Explanation/Examples :
Exercises
Recognize and write the Reciprocal Identities 1...4
fundamental trigonometric sinu= 1 cscu cosu= 1secu tanu= 1 cotu
laentiies(p. 210). cscu= 1 sinu secu= 1 cosu cotu= 1 tanu
. " sinu cosu
Quotient Identities: tanu= ——, cotu= ——
cosu sinu
Pythagorean Identities: sifu+ cofu= 1,
1+ tarfu= seéu, 1+ cofu= cscu
- Cofunction Identities
o~ sinf( 2) S u] = cosu cod( 2)S u] = sinu
5 tanf( 2) S u] = cotu cof( 2)S u] = tanu
= sed( 2)S u] = cscu csd( 2) S u] = secu
: Even/Odd Identities
sifSu)=S sinu  co§Su)= cosu tan(Su) =S tanu
csdSu) =S cscu  sedSu)= secu cofSu)=S cotu
Use the fundamental trigonometritn some cases, when factoring or simplifying a trigonometric 5...18
identities to evaluate trigonometriexpression, it is helpful to rewrite the expression in terms
functions, simplify trigonometric of just one trigonometric function or in terms of sine and
expressions, and rewrite cosine only.
trigonometric expressions (p. 211).
Verify trigonometric identities  Guidelines for Verifying Trigonometric Identities 19...26
(p. 217). 1. Work with one side of the equation at a time.
2. Look to factor an expression, add fractions, square
N a binomial, or create a monomial denominator.
N 3. Look to use the fundamental identities. Note which
S functions are in the final expression you want. Sines
5 and cosines pair up well, as do secants and tangents,
% and cosecants and cotangents.
4. When the preceding guidelines do not help, try converting
all terms to sines and cosines.
5. Always trysomething.
Use standard algebraic techniquésse standard algebraic techniques (when possible) such as  27...32
to solve trigonometric equations collecting like terms, extracting square roots, and factoring to
(p. 224). solve trigonometric equations.
™ Solve trigonometric equations To solve trigonometric equations of quadratic type 33...36
N of quadratic typdp. 227). ax’ + bx+ c= 0, use factoring (when possible) or use
g the Quadratic Formula.
g Solve trigonometric equations  To solve equations that contain forms suckiag&u or cosky, 37...42
N involving multiple angles (p. 229)first solve the equation fdw, and then divide your result lixy
Use inverse trigonometric After factoring an equation, you may get an equation such  43...46
functions to solve trigonometric as(tanx S 3)(tanx + 1) = 0. In such cases, use inverse
equationgp. 230). trigonometric functions to solve. (See Example 9.)
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to rewrite and evaluate
trigonometric expressions
(p. 247).

. : Review
What Did You Learn? Explanation/Examples .
Exercises
Use sum and difference Sum and Difference Formulas 47...62
formulas to evaluate sinu+ v) = sinucosv + cosu sinv
G ErEImElE UnEIEE, sin(uS v) = sinucosv S cosu sinv
N | verify identities, and solve e
o (p. 236). coqu S V) = cosucosv + sinusinv
© tanu + tanv
(] a4 - = = -
wn B 1S tanutanv
~ . _ tanuS tanv
E0S )= 1+ tanutanv
Use multiple-angle formulas  Double-Angle Formulas 63...66
to rewrite and evaluate sin2u= 2sinucosu  cos 2= cofuS sirtu
trigonometric functions 2 tanu - 2c02uS 1
(p. 243). tan 2u= = = 1S 2sirfu
Use power-reducing formulas Power-Reducing Formulas 67, 68
to rewrite trigonometric . 18 cos 2 1+ cos 2
expressiongp. 245). Sir? u = 2 cogu= 2
1S cos 2i
taftu= ———
amu 1+ cosa
Use half-angle formulas Half-Angle Formulas 69...74
tq rewrite a_nd eval_uate U 18 cosu u 1+ cosu
trigonometric functions sin; =% ————, COS;=1t% —
2 2 2 2
(p. 246). = .
u_1S cosu sinu
tan_ = : =
2 sinu 1+ cosu
. u u .
To) The signs of S|F§ and CO% depend on the quadrant in
N . .
g whichu 2 lies.
= Use product-to-sum and Product-to-Sum Formulas 75...78
b2 || SUm el ik sinusinv= (1 2)[cofu$ v) § cogu + V)]

cosucosv= (1 2)[coquS v) + coqu + V)]
sinucosv= (1 2)[sin(u+ V) + sin(uS V)]
cosusinv= (1 2)[sinu+ v) S sinuS V)]
Sum-to-Product Formulas

. . . ut v uS v
sinu+ sinv= 2sin cos
2 2
e u+v . uSv
sinuS sinv= 2 cos sin
2 2
u+ v uSv
COSu + cosVv = 2 coS cos
2 2
. . _u+v . uSv
cosuS cosv=S 2sin 5 sin >

Use trigonometric formulas

to rewrite real-life models
(p. 249).

A trigonometric formula can be used to rewrite the projectile
motion model = (1 16) v¢sin cos . (See Example 10.)

79, 80
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Review Exercises

seeCalcChat.comr tutorial help and worked-out solutions to odd-numbered exercise

Recognizing a Fundamental ldentity In

Exercises 1...4, name the trigonometric function that is

equivalent to the expression.

1, X 2.
sinx cosx
3. siniéx 4. cofx+ 1
Using Identities to Evaluate a Function In

Exercises 5 and 6, use the given conditions and

fundamental trigonometric identities to find the values
of all six trigonometric functions.

5.cos =S % tan >0 6. cotx=535 cosx< O

Simplifying a Trigonometric Expression In

Exercises 7...16, use the fundamental trigonometric

identities to simplify the expression. (There is more than
one correct form of each answer.)

1 8 tan
"coBx+ 1 "1S cog

9. tarfx(cs@x S 1) 10. cotx(sir? X)

cot =S u

2 se&(S
cosu 12 csf‘? )
13. cogx + cogx cof x 14. (tanx + 1)? cosx
15, 1 < 1 _ . tar? x
csc +1 csc S1 1+ secx

Trigonometric Substitution In Exercises 17 and
18, use the trigonometric substitution to write the
algebraic expression as a trigonometric function of ,
where0< < 2.

17. 25S X2, x= 5sin 18. x2S 16, x= 4 sec

Verifying a Trigonometric ldentity In
Exercises 19...26, verify the identity.

19. cox(tar x + 1) = secx
20. se@ xcotx S cotx = tanx

21. sin§§ tan = sin

22. cotES X CSC X= secx

23. 1 = CO0S 4, ; = cotx
tan csc tanx csc xsinx

25. sifxcogx= (co2xS 2 cod x+ cof X) sinx
26. co8 xsiP x= (s xS sinf x) cosx

Solving a Trigonometric Equation In
Exercises 27...32, solve the equation.

27. sinx= 3 S sinx
29. 3 3tanu= 3
31.3cséx= 4

(2T

30. 3 sec x
32. 4taRuS 1= tarfu

Solving a Trigonometric Equation In Exercises
33...42, find all solutions of the equation in the interval
[0,2

33. sirf x= sinx

35. co§x+ sinx= 1

34. 2codx+ 3cosx=0
36. sifx+ 2cosx= 2

37. 2sin28 2= 0 38.200%+ 1= 0

39.3taﬁ§ §1=0 40. 3tanX= 0

41. cos #(cosxS 1)= 0  42.3cs@b5x=S 4

Using Inverse Functions
the equation.

43. taft xS 2tanx= 0
44. 2tadxS 3tanx=S 1
45. ta? + tan S 6= 10
46. seéx+ 6tanx+ 4= 0

In Exercises 43...46, solve

Evaluating Trigonometric Functions In
Exercises 47...50, find the exact values of the sine, cosine,
and tangent of the angle.

47. B° = 120° S 45° 48. 375° = 135° + 240°

25 _11 19 11
¥ 6 e 0056 5%
Rewriting a Trigonometric Expression In

Exercises 51 and 52, write the expression as the sine,
cosine, or tangent of an angle.
51. sin60° cos &° S cos60° sin &°

tan 68 S tan 115
"1+ tan68 tan 1%°

Evaluating a Trigonometric Expression In
Exercises 53...56, find the exact value of the trigonometric
expression given that tan u % and cosv ‘g‘. (uisin
Quadrant | and v is in Quadrant IIl.)

53. sifu+ V)

54, taffu + V)

55. cogu S V)

56. sifu S v)



Verifying a Trigonometric ldentity In Exercises

57...60, verify the identity.

57. cOSX + 5 = S sinx 58. tanx S > =8 cotx

59. tarf S x) =S tanx 60. siixS ) =S sinx
Solving a Trigonometric Equation In Exercises
61 and 62, find all solutions of the equation in the
interval [0, 2 .

.sinx+ — SsinxS - =
61. sinx 2 S sin xS4 1

. + = § S — =
62. cosx 6 S cosxS 6 1
Evaluating Functions Involving Double
Angles InExercises 63 and 64, use the given conditions
to find the exact values of sirRu, cos 21, and tan 2u using
the double-angle formulas.

63.sinu:‘g‘, O<u< 2
64. cou=S2 5 2<uc<

Verifying a Trigonometric ldentity In Exercises
65 and 66, use the double-angle formulas to verify the
identity algebraically and use a graphing utility to
confirm your result graphically.

65. sin 4x= 8cos$ xsinx S 4 cosx sinx

18 cos X

66. tarfx = 1+ cos X

fReducing Powers In Exercises 67 and 68, use the
power-reducing formulas to rewrite the expression in
terms of first powers of the cosines of multiple angles.

67. ta 3x 68. sirf X cog X

Using Half-Angle Formulas In Exercises 69 and 70,
use the half-angle formulas to determine the exact values
of the sine, cosine, and tangent of the angle.

69. S 75° 70. 5 12

Using Half-Angle Formulas In Exercises 71...74,
use the given conditions to (a) determine the quadrant
in which u 2 lies, and (b) find the exact values of
sinu 2, cosu 2, and tanu 2 using the half-angle
formulas.

71. tanu = % <uc< 3?
72. sinu:§ O<uc< ¢
5 2
73.cosu=§g —<uc<
7 2
74. tanu=3721, 3 . u< 2

Review Exercises 255

Using Product-to-Sum Formulas In Exercises 75
and 76, use the product-to-sum formulas to rewrite the
product as a sum or difference.

75. cos 4 sin6
76. 2 sin 7 cos3

Using Sum-to-Product Formulas In Exercises 77
and 78, use the sum-to-product formulas to rewrite the
sum or difference as a product.

77. cosb + cosb
78. sin3x S sinx

79. Projectile Motion A baseball leaves the hand of a
player at first base at an angle ofvith the horizontal
and at an initial velocity of, = 80 feet per second. A
player at second base 100 feet away catches the ball.
Find when the range of a projectile is

=L
r= 32vosmz.

80. Geometry A trough for feeding cattle is 4 meters
long and its cross sections are isosceles triangles with
the two equal sides beiégneter (see figure). The angle
between the two sides is

(&) Write the volume of the trough as a function di.

(b) Write the volume of the trough as a function of
and determine the value ofsuch that the volume

is maximized.
Exploration
True or False? In Exercises 81...84, determine

whether the statement is true or false. Justify your
answer.

81. If > <
82. cotx sir? x = cosx sinx

83. 4 sifSx) cogSx) =S 2 sin 2x
84. 4sin45°cos 25 1+ 3

< ,then co% < 0.

85. Think About It s it possible for a trigonometric
equation that is not an identity to have an infinite
number of solutions? Explain.






Proofs in Mathematics

B(Xlr yl)

B (Xl1 yl)

Sum and Difference Formulas (p- 236)

. . . tanu + tanv
sin(u+ V) = sinucosv + cosu sinv tan(u + v) = 13 @nutany

sin(u S v) = sinucosv S cosusinv 5
n( ) tanu S tanv

tar(u 5 v) = 1+ tanutanv

coqu+ V) = cosucosv S sinusinv

coqu S v) = cosucosv + sinusinv

Proof

In the proofs of the formulas for dost v), assume that ® v< u< 2 . The top
figure at the left usaesandv to locate the pointB(x,, y;), C(X,, ¥,), andD(xs, Y5) on the
unit circle. Sox? + y2 = 1fori = 1, 2, and 3. In the bottom figure, arc lengtt&and
BD are equal, so segment leng&fs andBD are also equal. This leads to the following.

(%S 1%+ (.S 0= (XS x)*+ (¥3S y0)?
X3S 26+ 1+ y2= x2S XX+ X2+ Y£S 2yy5+ y7?
G+ YD+ 1S 2= (x+ y3)+ (x2+ YD) S 2% S 21y,
1+ 1S 2x,=1+ 1S 2% S 2y,y,
X = XX+ Y3y
Substitute the values, = coguS V), x;= COSuU, x, = COSV, Y, = sinu, and

y, = sinv to obtain cof S v) = cosucosv + sinusinv. To establish the formula
for cou + V), considen + v= u S (Sv) and use the formula just derived to obtain

cou+ v) = coduS (SV)]

cosu cogS V) + sinusin(Sv)

cosu cosv S sinu sinv.

You can use the sum and difference formulas for sine and cosine to prove the formulas
for tan(u + V).

sinflu+ v) _ sinucosv* cosusinv

tanut v) = = : :

cofu+ V) cosucosvg& sinusinv
sinu cosv £ cosusinv sinu cosv , cosu sinv
COSU CoSV _ COSUCOSV ™ COSUCOSV
~ cosucosvg& sinusinv ~ cosucosv _ sinusinv
COSU CoSV COSU COSV ~ COSU COosV

_cosu~ cosv _ tanu * tanv

B sinu  sinv ~ 1& tanutanv

COSU CcOoSV

Double-Angle Formulas  (p. 243)

sin 20 = 2 sinu cosu cos2u = cofu S sirtu
_ 2tanu =2coduS 1
tar12J_1Stan?u <
= 1S 2sirfu

257






1. Writing Trigonometric Functions in Terms

2. Verifying a Trigonometric ldentity

3. Verifying a Trigonometric ldentity

4. Sound Wave

P.S. Problem Solving

of Cosine Write each of the other trigonometric
functions of in terms of cos.

Verify that
for all integers,

cos 2N+ 1)

5 = 0.

Verify that
for all integer:,

sn @200 _1
6 )

A sound wave is modeled by
p(t) = %[pl(t) + 30p,(t) + ps(t) + ps(t) + 30p4(t)]

where p,(t) = %sir‘(524n t), andt represents the time

(in seconds).

(a) Find the sine components(t) and use a graphing
utility to graph the components. Then verify the
graph ofp shown below.

S1.4-

(b) Find the period of each sine componenpofs p
periodic? If so, then what is its period?

(c) Use the graphing utility to find thentercepts of the
graph ofp over one cycle.

(d) Use the graphing utility to approximate the absolute
maximum and absolute minimum valuesobver
one cycle.

. Geometry  Three squares of side lengtlare placed
side by side (see figure). Make a conjecture about the
relationship between the sumt+ v andw. Prove your
conjecture by using the identity for the tangent of the
sum of two angles.

s /

6. Projectile Motion

The path traveled by an object
(neglecting air resistance) that is projected at an initial
height ofh, feet, an initial velocity ofj, feet per second,
and an initial angle is given by

16

—————X2+ (tan )x+ h
V§ cog (tan ) 0

y=$
where the horizontal distangeand the vertical distance

y are measured in feet. Find a formula for the maximum
height of an object projected from ground level at
velocity v, and angle . To do this, find half of the
horizontal distance

3—12 vg sin 2

and then substitute it forin the model for the path of a
projectile(whereh, = 0).

7. Geometry  The length of each of the two equal sides

of an isosceles triangle is 10 meters (see figure). The
angle between the two sides is

(a) Write the area of the triangle as a function &.

(b) Write the area of the triangle as a function of
Determine the value of such that the area is a

maximum.
10 m 10 m
COos
Figure for 7 Figure for 8
. Geometry  Use the figure to derive the formulas for

sin > cosE, and tané

where is an acute angle.

9. Force The forceF (in pounds) on a persones back

when he or she bends over at an andi®m an upright

position is modeled by

_0.6Wsin( + 90°)

- sin 12

whereW represents the persones weight (in pounds).

(&) Simplify the model.

(b) Use a graphing utility to graph the model, where
W= 185and 0< < 90

(c) Atwhat angle is the force maximized? At what angle
is the force minimized?

F
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10.

11.

12.

260

Hours of Daylight  The number of hours of
daylight that occur at any location on Earth depends
on the time of year and the latitude of the location. The
equations below model the numbers of hours of daylight
in Seward, Alaska60° latitudg, and New Orleans,
Louisiana(30° latitude.

_ = (t+ 0.2
D= 12.25 6.4 0087182.6 Seward
B = (t+ 0.2
D= 12.2S5 1.9 0057182.6 New Orleans

In these modelsD represents the number of hours
of daylight andt represents the day, with= 0
corresponding to January 1.

(a) Use a graphing utility to graph both models in the
same viewing window. Use a viewing window of
0 t 365

(b) Find the days of the year on which both cities
receive the same amount of daylight.

(c) Which city has the greater variation in the number
of hours of daylight? Which constant in each
model would you use to determine the difference
between the greatest and least numbers of hours of
daylight?

(d) Determine the period of each model.

Ocean Tide

shore, changes throughout the day. The water de&pth

(in feet) of a bay can be modeled by

d= 35S 28 cosat

where t represents the time in hours, withe O
corresponding to 12:00 . .

(a) Algebraically find the times at which the high and
low tides occur.

(b) If possible, algebraically find the time(s) at which
the water depth is 3.5 feet.

(c) Use a graphing utility to verify your results from
parts (a) and (b).

Piston Heights  The height (in inches) of pistons

1 and 2 in an automobile engine can be modeled by

h, = 3.75sin 738+ 7.5

and

4 + 7.5

h, = 3.75 sin 733t + 3

respectively, whereis measured in seconds.

(a) Use a graphing utility to graph the heights of these
pistons in the same viewing window for t 1.

(b) How often are the pistons at the same height?

13. Index of Refraction

The tide, or depth of the ocean near the 14.

15.

16.

The index of refractiom of

a transparent material is the ratio of the speed of light

in a vacuum to the speed of light in the material. Some

common materials and their indices of refraction are air

(1.00), water (1.33), and glass (1.50). Triangular prisms

are often used to measure the index of refraction based
on the formula

Sin §+ E
n=—
SInE

For the prism shown in the figure,= 60°.

Air L\ .-
\"
o

Prism

(&) Write the index of refraction as a function of
cot( 2).

(b) Find for a prism made of glass.
Sum Formulas

(a) Write a sum formula for m+ v+ w).
(b) Write a sum formula for tém+ v + w).

Solving Trigonometric Inequalities Find the
solution of each inequality in the intenjél, 2 ).

(@) sinx 0.5 (b) cosx S05

(c) tanx < sinx (d) cosx sinx

Sum of Fourth Powers  Consider the function

f(x) = sintx + cos' x.

(a) Use the power-reducing formulas to write the
function in terms of cosine to the first power.

(b) Determine another way of rewriting the original
function. Use a graphing utility to rule out
incorrectly rewritten functions.

(c) Add a trigonometric term to the original function so
that it becomes a perfect square trinomial. Rewrite
the function as a perfect square trinomial minus the
term that you added. Use the graphing utility to rule
out incorrectly rewritten functions.

(d) Rewrite the result of part (c) in terms of the sine of
a double angle. Use the graphing utility to rule out
incorrectly rewritten functions.

(e) When you rewrite a trigonometric expression, the
result may not be the same as a friendes. Does this
mean that one of you is wrong? Explain.



Additional Topics
In Trigonometry

......... 3.1 Law of Sines
SRREEE 3.2 Law of Cosines
SESEREEEE 3.3 Vectors in the Plane

. o 3.4 Vectors and Dot Products

Braking Load
(Exercise 74, page 298)

Air Navigation (Example 12, page 286)

Mechanical Engineering
(Exercise 56, page 277)

Surveying (page 263)
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4.1 Exercises

4.1 Complex Numbers 319

seeCalcChat.comr tutorial help and worked-out solutions to odd-numbered exercise

Vocabulary: Fillin the blanks.

1. A number has the foaw bi, wherea 0,b= 0.
. An number has the foe bi, wherea 0,b 0.
A number has the farm bi, wherea= 0,b 0.
, Where =

. Whena is a positive real number, the

roBteo defined as Sa= ai.

2
3
4. The imaginary unit is defined as =
5
6

. Thenumbersa + bi anda S bi are called

, and their product is a real nafbeb?.

Skills and Applications

Equality of Complex Numbers In Exercises 7...10,
find real numbers a and b such that the equation is true.
7.a+ bi= 9+ 8i

8. a+ bi= 10S 5i

9. (@S 2+ (b+ 1)i= 6+ 5i

10. (a+ 2)+ (bS 3)i= 4+ 7i

Writing a Complex Number in Standard

Form In Exercises 11...22, write the
complex number in standard form.

11.2+ S25 12. 4+ S49

13.18 S12 14.2S S18

15. S40 16. S27

17. 23 18. 50

19. S6i + i2 20. S2i2+ 4i

21. S0.04 22. S0.0025
Adding or Subtracting Complex

Numbers In Exercises 23...30, perform the
operation and write the result in standard

[=] 7= [=]
5
[=] 443
form.
23. (5+ i)+ (2+ 3) 24. (135 2i)) + (S5+ 6i)
25.(9S)S (8S i) 26. (3+ 2i)S (6+ 13)
27.(52+ 88+ (55 $50
28.(8+ 3518 S (4+ 3 2i)
29.13 S (14S 7))
30. 25+ (S10+ 11) + 15i
Multiplying Complex Numbers In

Exercises 31...38, perform the operation and
write the result in standard form.

31. (1+ i)3S 2i) 32. (7S 2i)(3S 5i)

33. 12i(1 S 9i) 34. $8i(9+ 4i)
35.( 2+ 3i)( 283) 36.(4+ 7i)(4S T7i)
37. (6 + 7i)2 38. (58S 4i)?

Multiplying Conjugates In Exercises 39...46, write
the complex conjugate of the complex number. Then
multiply the number by its complex conjugate.

39. 9+ 2i 40. 8 S 10i
41.51S 5 42.83+ 2i
43. 820 44. §15
45. 6 46.1+ 8
A Quotient of Complex Numbers in
Standard Form  In Exercises 47...54, write
the quotient in standard form.
2 13
4255 48155
5+ i 6S 7
4958 07875
51, 2> 4 50, 8+ 18
i 2i
3i 5i
>3 (4S 5i)2 >4 2+ 3i)2
Performing Operations with Complex
Numbers  In Exercises 55...58, perform the
operation and write the result in standard
form.
2 « 3 2i 5
11718 %5t 28
i 2i 1+ix 3
>l 382" 3+ @ 8. S 45
[z m] Writing a Complex Number in Standard
5, 1 Form In Exercises 59...66, write the
[m]=3H2 complex number in standard form.
50. S6 S2 60. S5 S10
61. ( 315 62. ( 375
63. S8+ S50 64. S45 S5

Copyright 2018 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



320 Chapter 4  Complex Numbers

Complex Solutions of a Quadratic
Equation In Exercises 67...76, use the
Quadratic Formula to solve the quadratic
equation.
XS 2x+2=0
42+ 16x+ 17=0
4+ 16x+ 21=0
38 6x+ 9= 0
1.42S 2x+ 10= 0

X2+ 6x+ 10=0
70. 92 S 6x+ 37=0
72.16t2S 4t+ 3= 0
74. 528 3x+ =0
76. 452 S 3x+ 12= 0

67.
69.
71.
73.
75.

68.

Simplifying a Complex Number In Exercises
77...86, simplify the complex number and write it in
standard form.

77. $6i% + i2 78. 4i2 S 2i3

79. S 14i5 80. (Si)3

81.( 372 82.( 82)°
1 1

83. 84 iy

85. (3i)* 86. (Si)°

e+ 87. Impedance of a Circuit o e e e o oo o000

The opposition to current in an electrical circuit is
called its impedance. The impedarzde a parallel
circuit with two pathways satisfies the equation

1 1 1 =
_1.1 v, . 3

z 7z gz

wherez, is the

impedance (in ohms)

of pathway 1 and,

is the impedance

(in ohms) of

pathway 2.

(a) The impedance of each pathway in a parallel
circuit is found by adding the impedances of all
components in the pathway. Use the table to fing

z, andz,. .
Resistor| Inductory Capacitar °

MW~ | T —— :

S al b/ c/ :
Impedance| @ bi Sa :

s @) S 20 .

Q) | :

T 10 :

(b) Find the impedance :

iStockphoto.com/gerenme

88. Cube of a Complex Number Cube each
complex number.
(@ S1+ 3i (b) S1S  3i

Exploration

True or False?

In Exercises 89...92, determine whether

the statement is true or false. Justify your answer.

89

90.

91.
92.

93.

Dm HOW DO YOU SEE IT? Use the diagram

. The sum of two complex numbers is always a real
number.

There is no complex number that is equal to its complex
conjugate.

Si 6isasolution ok* S x2 + 14= 56.
j44 + j150§ j74 S j109 4+ j61=§ 1
Pattern Recognition Find the missing values.

it=i i“=1

i8=

=5 i
i7=

i2=S1
5= i =

9= {10 = j11 = j12 =

What pattern do you see? Write a brief description of how
you would findi raised to any positive integer power.

below.
e I
o A
S3+4 289
B .
8 S6 C .
2i Si
5 7 5i
2 0 i S3i
1S72i 1 +i
- 4

(a) Match each label with its corresponding lette
in the diagram.

(i) Pure imaginary numbers
(i) Real numbers
(iii) Complex numbers

(b) What part of the diagram represents the
imaginary numbers? Explain your reasoning.

95.

96.

97.

Error Analysis  Describe the error.
6 S6= (S6)(S6) = 36=6 X
Proof Prove that the complex conjugate of the

product of two complex numbess + b,i anda, + b.i
is the product of their complex conjugates.

Proof Prove that the complex conjugate of the sum
of two complex numbera, + b,i anda, + b,i is the
sum of their complex conjugates.
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N
1
T

|
T
1 12

Ux

a. Repeated real solution

8,,
7,,
6,,
ST 2
4+ 1
hm sss | 125 a5
§38281 | 1/2 3 4 5
1 } I I N |
R ————x S4S
345867

Every second-degree equatiaa’ + bx+ c= 0, has precisely two solutions
given by the Quadratic Formula
Sb+ ©?S 4ac
X = .
2a

The quantity under the radical sigi,S 4ac, is thediscriminant, and can be used to
determine whether the solutions are real, repeated, or imaginary.

1. If B2 S 4ac < 0, then the equation has two imaginary solutions.
2. 1f b2 S 4ac= 0, then the equation has one repeated real solution.
3. If b2 S 4ac > 0, then the equation has two distinct real solutions.

Using the Discriminant

Use the discriminant to determine the numbers of real and imaginary solutions of each
equation.

a. 42S 20x+ 25= 0 b. 13x2+ 7x+ 2= 0 c.5%2S 8= 0
Solution
a. For this equatiora = 4,b=S 20, andc = 25.
b2 S 4ac= (S20)2S 4(4)(25) = 400S 400= 0
The discriminant is zero, so there is one repeated real solution.
b. For this equatiora = 13,b= 7, andc = 2.
b2 S 4ac= 72S 4(13)(2) = 49S 104=S 55
The discriminant is negative, so there are two imaginary solutions.
c. For this equatiora= 5,b=S 8, andc = 0.
b2 S 4ac= (S8)2S 4(5)(0) = 64S 0= 64

The discriminant is positive, so there are two distinct real solutions.

‘/ Checkpoint

Use the discriminant to determine the numbers of real and imaginary solutions of each
equation.

a. 3@+ 2xS1=0 b. %2+ 6x+ 1= 0 ¢ 9+ 2x+ 1=0

The figures below show the graphs of the functions corresponding to the equations
in Example 2. Notice that with one repeated solution, the goageshex-axis at its
x-intercept. With two imaginary solutions, the graph hasg-idercepts. With two real
solutions, the grapbrosseghe x-axis at itsx-intercepts.

y y

—— ———— X 82+
3szs1j(1234 3

b. No real solution c. Two distinct real solutions
















































Answers to Odd-Numbered Exercises and Tests Al

Answers to Odd-Numbered Exercises and Tests

Chapter P 7 @F Toooor| 001 1| 100 10,000
Section P.1 (page 12)

— | 50,000 500| 5| 0.09 0.000%
1. irrational 3. absolute value 5. terms n

7.(@51%2 (0512 (§950, } 4, 2,511 (b) (i) Thevalue 06 napproaches infinity asapproaches 0.

AN . .
(d) S9,52,550, 1,54,2,511 © 2 (i) The value o6 napproaches 0 asincreases without
9.(@1 M1 (c) 831 56 bound.
(d) 2.01,06513 1,36 (e) 0.010110111. . . _
1. (@) gt et () 1 Section P.2  (page 24)
S0 12 345 1. equation 3. extraneous 5.4 7.89 9. 12
© < d) 5.2 11. No solution 13. 8%  15. 4 17.3
S :V; L x U (A 19. No solution. The variable is divided out.
S5 54s3 525101 21. No solution. The solution is extraneous.
13. & ——+——+————e>x 15 25 23.5 25.08% 27.85 20.833 31.%3
88 &7 36 S5 34 36 =20 =~ - .
R R B 33.8284 35.:x7 37.+3 3 520 39.5311
+ - . . _
§4> 88 2> 2 41. % 2625162  43. 458 45.S2% 2
17. (&) x 5 denotes the set of all real numbers less than or 5 3 S5+ 89 1
equal to 5. 47.S1+ — 49, —— 5. — ==
(b) . (©) Unbounded 2 4 (xS 1)2+ 22
—t————]—+>x  (c) Unbounde Tl
otz sase 53.% 55.%,31 57.Sg 59.%1741
19. (a) S2 < x < 2 denotes the set of all real numbers greater 2 SJXS 1) _
thanS 2 and less than 2. 61 gi 7 631+ 3 65 2+ 6
(b)) ——————>x (c) Bounded 37 3 ) 2
2810 12 67. 6+ 11 69. 0.9B, S0.643 71. 2.137, 18.063
21. (a)[4, ) denotes the set of all real numbers greater than or 73. 1+ 2 75.S10,6 77. %i 3
equal to 4. 3 97 21 21 1 31
e 4+ —= 4+ —=
(b) +——+—+—f————>x (c) Unbounded 79 4= 4 81. 52_7 6 83. 37 3
t2s s et 85.0,+3 87.82,+2 2 89.+1,+ 3 91. 20
23. (a)[S 5, 2) denotes the set of all real numbers greater than or 93. S%S 95.1 97.4 99.9 101.1

equal toS 5 and less than 2. 1. 17 .

(b) s }»x (c) Bounded 103. 8,S3 105.S§S ?,3 107. 63.7 in.

SS_ = 109. False. See Example 14 on page 23.

Inequality Interval 111. True. There is no value that satisfies this equation.
25y 0 [0. ) 113. Yes. Both equations have the same solution-ofl1.
27.10 t 22 [10, 29
29.10 31.5 3351 35 25 37.51 Section P.3 (page 36)

39. 4= 4 41.556 < $6  43.51 453

47. xS 5 3 49. $2524.0 billion; $458.5 billion

51. $2450.0 billion; $1087.0 billion

53. 7x and 4 are the terms; 7 is the coefficient.

55. 6x3 and S5x are the terms; 6 andSare the coefficients.

57.3 3x?and 1 are the terms; 3 is the coefficient.

59. a)S10 (b) S6 61. (@) 2 (b) 6 .

63. (a) Division by 0 is undefined.  (b) O e e | ves b 5 "

65. Multiplicative Inverse Property le

67. Associative and Commutative Properties of Multiplication g6l
5x X

69. 1 71. 2

73. False. Zero is nonnegative, but not positive.

75. True. The product of two negative numbers is positive.

1. Cartesian 3. Midpoint Formula 5. graph  7.y-axis
9. A (2,6,B: (56,52),C: (4,54),D: (53,2
11. y

N A O ®
R !
—t+—+—

[ ]

13. (53,9 15. Quadrant IV 17. Quadrant Il
19. Quadrant Il or IV

d d31dVHO



A2

21.

23.

2
31

©

33.

37
41
45

47.

49.

51. x-intercept: (g 0)
y-intercept: (0, S 6)

Answers to Odd-Numbered Exercises and Tests

y
11,501 [ ]
511,00 ° [ ]
S 1000 .
S 9500
g 9000 °
S 8500 [ ]
2 ol . 0°
7000; e
20'07 2608 2(')09 2'01(20'11 2[')12 2'013 2'014
Year
13 25. 61 27. (a) 5,12,13 (b)?> 122= 12Z
8P+ ( 4=(50)
. Distances between the points29, 58 29
(@ 35. (a)
y y
12+ 5+ (5' 4)
10+ 4+ _.-e
8 ©,7) I
o P
6 7 K2
(81, 2)
4 -
27 "/ 81 T 5 5 4 5
} * :(l' l:) et X s1
32 2 4 6 8 D
(b) 10 (c)(5,9 (b) 2 10 (0) (2,3
.30 41 192 kn 39. $40,560.5 million
. (@ Yes (b) Yes 43. (&) Yes (b) No
. (@ No (b) Yes
x S1 0 1 2 2
y 7 5 3 1 0
xy | 17|09 @3 || (0
y
85 52 5L *
S1
x S1 0 1 2 3
y 4 0 S2 S2 0

3.0

53. x-intercept: (S 4, 0
y-intercept: (0, 2

55. x-intercept: (3, 0)
y-intercept: (0, 7)
59. x-intercept: (6, 0
y-intercepts:(0, +
61. y-axis symmetry
65. Origin symmetry
69. y

73. x-intercept: (3, 0)
y-intercept: (0, 1)
No symmetry

S4 53 52 SL
S4 S3 S SSl
$2
S3

77. x-intercept:(® 53, 0) 79.
y-intercept: (0, 3
No symmetry
y

81. x-intercept: (6, 0
y-intercept: (0, 6)
No symmetry

57. x-intercepts:(0, 0), (2, 0
y-intercept: (0, 0)

6)

63. Origin symmetry

67. x-axis symmetry

71. y

$4 83 82
2+
83+
S4+

75. x-intercepts:(0, 0, (2, 0
y-intercept: (0, 0)
No symmetry

x-intercept: (3, 0
y-intercept: None
No symmetry
y

5+

w s
—t

83. X2+ y?>= 49

85.(xS 3)2+ (y$ 8)2= 169

87. (x+ 3)2+ (y+ 3)?= 61



89. Center:(0, 0; Radius: 5 91. Center:(3,

3); Radius: 3

alu

Depreciated v:

103.7| 2593 1152 6.48

X | 50 60 70 80 90 100

20 40 60 80 100
Diameter of wire (in mils)

Whenx = 85.5, the resistance is 1.4 ohms.
(c) 1.42 ohms

(d) As the diameter of the copper wire increases, the

resistance decases.

97. False. The Midpoint Formula would be used 15 times.

99. Falsey = xis symmetric with respect to the origin.

101. Sample answer: When the-values are much larger or g9

smaller than thg-values.

35. (S
103. Use the Midpoint Formula to prove that the diagonals of the 39 Eé

parallelogram bisect each other.

b+ac+0 _ a+bec
2 2 2 '2
a+b+0c+0 _ a+bc
2 2 2 2
105. (2%, S X, Yy Sy) @ (7,0 () (9, S3)
Section P.4 (page 49)
1. linear 3. point-slope 5. perpendicular

7. Linear extrapolation 9. (a)L, (b)L; (c) L,

y | 415| 2.88| 212 1.62 1.2? 1.04

Answers to Odd-Numbered Exercises and Tests

3
11. Y 13.3

A3

15. m=5 17.m=83
y-intercept: (0, 3 y-intercept: (0, $1)
y y
5 Pl
4 pus
34 (0,3)
smse] | 125
38t
19.m=0 21. i is undefined.
y-intercept: (0, 5 y-intercept: none
y y
s}
+ 277
57(0,5) il
ol
2l §1 1
1 S14
R N R l
521
_ 7
23. m= g

43.y= 3xS 2 45.y=S

y

S
y
A
2 (53,6 6T
1 4+
- - - - X

(j)(._

25.m=83 27.m=2 29.m=0
mis undefined. 33. m= 0.15
17)(07)(4,7) 37.(54,6),(53,9,(52
2,7,(0,8). 196 41.(S4,55)(S40)

t t t t +
SZ Sl 1 2 3 4
S U f
S6 S4 S2 2
S2 (, 52) S2+
84+
S6+

2)

d d31dVHO



A4 Answers to Odd-Numbered Exercises and Tests

47.y=S8 Ix+ 3 49.y=83x§ 2
y y
4+ 4+
3+ 3T
2+ T
~ 14
' T~ éééw 123
—+— X S1—+
51 1 2 3 4 B
s1 ] @ %)
) $3+
=2 sat
51.y= 3 53.y= 5x+ 27.3
y y
5 3t
4t (55.1,1.8) 2
3l (o3 Y .
o1 sse] saszsms | 1
1+ S2+
1 — X Sar
51 1 2 3 4 5 sS4
S1+ N
S5+
55.y=S x+ 2 57.x=87
y y
8-+ 81
(35.5) o ol
\ (87,5) 1
Al
L IN (87.2) 21
S6 S4 S2 2 T
S2+ (5,‘;1‘){ A P | X
B S8 |S6 S4 S2 1
S4+ ,
S2+4
59.y=8 3x+ 3 61.y= 0.4x+ 0.2
y y
3+ 3T
2l
2+ .
NI e
1 D -
17 (23) S
‘ L iy 2, 20.6)T
s1 1 2 3~ sl
S1+ &34
63.y=S1
y
al
2l
N
— S S S
S1 1 2 3 4 5
M
s3
65. Parallel 67. Neither 69. Perpendicular
71. Parallel 73. (a)y= 2xS$3 (b)y=S ix+ 2
75. (@y=Six+3 (b)y=3x+ 7
77. @y=4 (b)x=S 2
79. (a)y= x+ 43 (b)y=S x+ 93
8l. X+ 3yS 15=0 83.1+ 3y+ 2=10
85.x+yS3=0

87

89.
93.

95.
97.
99.
101.

103.

105.

107.

109.

111

Section P.5

1.
5.
9.

11.
15.
19.
21.
23.

25.

27.

29.
31.

33.

35.
45.
49.
51.
53.
55.

. (a) Sales increasing 135 unyts

(b) No change in sales

(c) Sales decreasing 4its yr

12ft  91. V(t) =S 150t+ 5400, B t 21
C-intercept: fixed initial cost; Slope: cost of producing an
additional laptop bag

V() =S 175t+ 875, 0 t
F=18C+ 320rC= F S 10
(@ C= 21t+ 4200C (b) R= 45t

(c) P= 24t'S 4200C (d) 1750 h

False. The slope with the greatest magnitude corresponds to
the steepest line.

Find the slopes of the lines containing each two points and

5

use the relationshim, = S —

The scale on theaxis is unknown, so the slopes of the lines
cannot be determined.

No. The slopes of two perpendicular lines have opposite
signs (assume that neither line is vertical or horizontal).

The liney = 4x rises most quickly, and the line= S 4x

falls most quickly. The greater the magnitude of the slope (the
absolute value of the slope), the faster the line rises or falls.
.3xS2yS1=0 113.80x+ 12y + 139= 0

(page 62)

domain; range; function 3. implied domain

Function 7. Not a function

(a) Function

(b) Not a function, E)ecause the element A icorresponds
to two elementsS 2 and 1, inB.

(c) Function

(d) Not a function, because not every elemeAtimmatched
with an element irB.

Not a function  13. Function

Function 17. Function

(@S82 (®S14 (c)3x+1

(@ 15 (b) #S 19t+ 27 (c) 42S 3tS 10

@1 25 () 3$2x

1

© 21 ey

1 )
€) &9 (b) Undefined 7+ by

xS 1
© xS 1
(c) 6

(@ 1
(@) S1

(b) &
(b) 2

X §2 0

f(x)

5

0 1 2

f(x)

5 37.F 39.#9 41.0,%1
0,+2 47. All real numbers

All real numberg such thay S 6
All real numbers exceptx = 0, S 2
All real numbers such thats 1 excepts 4
All real numbers such thai > 0

4 1 0

NI©

43.51,2



57.

59.

63. A
65.

67.

69.

71.

73.
77.

81.

85.
87.
89.

91.
93.

Answers to Odd-Numbered Exercises and Tests

(@) The maximum volume is 1024 cubic centimeters.
(b) v Yes,V is a function ofx.
1200+
1000+ e ® o
8001 [ ]

6001

Volume

400+
200+

X

T
Height
(€) V= x(24S 2%
p2
A= 16
X2
T 2(xS 2y
2008: 67.36%
2009: 70.13%
2010: 72.90%
2011: 75.67%
2012: 79.30%
2013: 81.25%
2014: 83.20%
(@) C= 1230x + 98,00C
(c) P = 5.68xS 98,000

@)

0< x< 12
61. No, the ball will be at a height of 18.5 feet.

> 2

(b) R= 17.98x

—— 3000 ft—

d2$ 300¢, d
240nS n?
20

(b) h=
@R=
(b)

3000
8C

1 90 100 | 110| 120| 130 14(Q 150

R(n) | $675| $700| $715 $720 $715 $700 $6[5

The revenue is maximum when 120 people take the trip.
2+ h h O 75. 3%+ 3xh+ h?+ 3, h 0
<X+ 3 5xS 5

9x2 ' xS 5

83.r(x) = ; c= 32

(7]

X 3 79.

gx)= o c=S82

False. A function is a special type of relation.
False. The range[iS 1, ).
The domain off (x) includesx = 1 and the domain of (g)

Section P.6 (page 74)
1. Vertical Line Test 3. decreasing
5. average rate of change; secant
7. Domain: (S$2, 4; range:[S 1, §
@S1 (0 (c)S1 (d)s8
9. Domain:(S , ); range:(S2, )
@0 M1 (2 (d3
11. Function 13. Not a function 15. $6 17. 8
19.83 21.0%& 6 23.+34 253
27. (@) 6 29. (&) >
2 X 10 /’/ﬁ
\/ S6
.10 S1
0,6 S§55
(b) 0,6 (b) $%
31. (a) 2 0.3333
$3 Hxx"" \ 3
$2
®) 3 )
33. Decreasing o5 , )
35. Increasing ofil, ); Decreasing ofS , S1)
37. Increasing ofll, ); Decreasing ofS , S1)
Constant orfS 1, 1)
39. Increasing ofS , S1),(0, ); Decreasing ofS 1, 0
41, 4 43, 6
\ L/
b
= 0 s .6
ConstantofS , ) Decreasing ofS , 0)
Increasing orf0, )
45, 3 47. 4
“‘-\-\_\_\_\-\\
Sa \\' 2
_ 0 6
S1 0
Decreasing oS , 1) Increasing orf0, )
49. Relative minimumi(S 1.5, $2.25
51. Relative maximum(0, 15
Relative minimum:(4, S 17)
53. Relative minimum:0.33, $0.39
55. y 57. y
&—
4

does not because you cannot divide by 0. So, the functions do

not have the same domain.
No;x is the independent variablejs the name of the function.

(&) Yes. The amount you pay in sales tax will increase as the

price of the item purchased increases.
(b) No. The length of time that you study will not necessarily
determine how well you do on an exam.

A5

3+
2

1+

S1
S1+

36 S4I

[S3.3

d d31dVHO



A6

59.

65.

67.

69.

71.
75.
77.

Answers to Odd-Numbered Exercises and Tests

y
5
4
3
pas
1y 1////—”"‘—’—
f ¢———— X
81 1 2 3 4 5
S1+
[11 )
(a) 100
0 . . . 14
0

5

61.52

63.51

83.
87.

89.

(b) AboutS 6.14; The amount the U.S. federal government 91

spent on research and development for defense decreased

by about $6.14 billion each year from 2010 to 2014.

(@)s=S 162+ BAt+ 6

(b) wo (c) 16 ft sec

0/\ |
0

(d) The slope of the secant line is positive. &) 16t + 6

(f)

Oﬁ£:%<,5
0

(@) =S 162+ 120

(b) 2 (c) S8ft sec

0 8
0

(d) The slope of the secant line is negative.

(e) y=S 8t+ 24C
(f) 2o

0 8
0

Even;y-axis symmetry  73. Neither; no symmetry

Neither; no symmetry

H 79.

2+

t t t t t t
S6 S4 S2 2 4 6

Even

S5,
A

Neither

93.

95.
97.

99.

Odd

h=384x+x2 85L=2S 32

The negative symbol should be divided out of each term,
which yieldsf(§x) = § (2x3 + 5). So, the function is neither
even nor odd.

(@) Tenthousands (b) Ten millions (c) Tens

(d) Ones

False. The functiofi(x) = x?+ 1 has a domain of all real
numbers.

True. A graph that is symmetric with respect to yexis
cannot be increasing on its entire domain.

g@éﬂ ®) (57 o

a 4 4

N R\
(©) Sj (d) Sj

o O T e W T
(e) S: ) S:

B O T e 1

All the graphs pass through the origin. The graphs of the odd
powers ofx are symmetric with respect to the origin, and the
graphs of the even powers are symmetric with respect to the
y-axis. As the powers increase, the graphs become flatter in
the intervalS 1 < x < 1.

(@) Even. The graph is a reflection in khaxis.

(b) Even. The graph is a reflection in fraxis.

(c) Even. The graph is a downward shiftfof

(d) Neither. The graph is a right shift bf

Section P.7 (page 83)

1.
5.
9.

Greatest integer function 3. Reciprocal function
Square root function 7. Absolute value function
Linear function



11. (@) f(x)=S 2x+ 6
(b)

y

N W s 0O
““‘)/;

15. 2

$6 "Hr

19. 4

)

23. 6

6

27. @ 2 (b)2

(c) &
20. @) 1 (034 (o) 3
31. y

S4 83 §2 Sjg "
$2
S3
S4

35. y

510+
S12

516+

39.

S4 83 S 1 2 3
S1
S2
S3

4

13. (@) f(x) = 5 S 2

(b)
y
44
1 P
ERREP N
S /
sal
s
17. \8/
6 6
.2
21. 10
2 12
.2
25. 10
$10 10
$10
(d) 3
(d) 2

Answers to Odd-Numbered Exercises and Tests

A7

41. (a) 8 (b) Domain:(S , )
Range:[0, 2
S4
43. (a) W30) = 420;W(40) = 560;
W(45) = 665;W(50) = 770
_ 14h O<h 36
(b) W) = 21(h S 36) + 504, h> 36
_ 1eh 0< h 40
© W= 5uh & 40+ 640, h> 40
45. Interval Input Pipe Drain Pipe 1 Drain Pipe 2
[0,9 Open Closed Closed
[5,14 Open Open Closed
[10, 29 Closed Closed Closed
[20, 39 Closed Closed Open
[30, 44 Open Open Open
[40, 49 Open Closed Open
[45, 50 Open Open Open
[50, 64 Open Open Closed
t, 0Ot 2
47. f()= 2452, 2<t 8
it+ 10, 8<t 9
y
16+
g 14+ S:)
< 12+ >
= 10+
3
5 of m
£ 44 m
21
¢ U
2 4 6 8 10
Hours

Total accumulatiorr 14.5 in.

49.

False. A piecewise-defined function is a function that is

defined by two or more equations over a specified domain.
That domain may or may not includeandy-intercepts.

Section P.8

1. rigid
5 @&

(page 90)

3. vertical stretch; vertical shrink

1 c=2 c=1 (D) Y




A8

11.
13.
15.
17.
19.

21.

Answers to Odd-Numbered Exercises and Tests

(b) Y 23. (a) f(x) = 3
(b) Reflection in thex-axis and a right shift of two units
(©) Y (d) gx) = S f(xS 2)

25. (@) f(x) = ®?
(b) Reflection in thex-axis, a left shift of one unit, and a
downward shift of three units
(d) gx)=S 3S f(x+ 1)

351058 36 S4
(32, %) 2
(e)
——t (_5:4’ :Slz: X 27. () f() = x
81058 56 § S2 ; ) . ) )
(b) Right shift of one unit and an upward shift of two units
(c) y d) g =fxS 1)+ 2
(@) !

$4 .83 82

(51, R2)
29. (@) f(X) = x (b) Vertical stretch
5 5 © (d) g(x) = 2f(x)
@y=x2S1 ((b)y=S (x+ 12?+1 6
@y=S x+3 (by= xS$284 5
Right shift ofy = x3,y= (xS 2)3 4
Reflection in the-axis ofy = x%, y=S x2 8
Reflection in thex-axis and upward shift ofy= x; 2
y=18 x N
(@) f(x) = » '§1¢'1'2'3'456 X
(b) Upward shift of six units
(c) Y d)gx)=f(x)+ 6 31. (@) f(X) = x

(b) Vertical stretch and a downward shift of one unit
(©) t (d) o) = 2f(x) S 1




Answers to Odd-Numbered Exercises and Tests

A9

33. (@) f() = x  (b) Horizontal shrink Section P.9 (page 99)
(©) 1 (d) g¥) = f(2) 1 I o
sl . addition; subtraction; multiplication; division
1 3.
6l
1 a1
al
1 sl
T h
S VA T
S4 82 1 2 4
S2+ 14
35. (@) f(x) = x? >
(b) Rgflection in t_he<-axis, a vertical stretch, and an upward ¢ @2x (b)4 (©)xS 4
shift of one unit X+ 2
(c) y d)gx) =S 2f(x) + 1 (d) X8 2o all real numbers exceptx = 2
2] 7. @x2+ 4xS5 (b)x®S4x+ 5 (c) 4%S 5x2
X2 _5
< X (d) »3 5 all real numbers exceptx = 2
9. (a)x2+ 6+ 1S x (b)x*+6S 1Sx
(c) ¥+ 6) 1S x
) -2 7
(d) (x+16)é—X18x; all real numbers such thak < 1
X+ 3+ X Sx4S 3+ x x4
37. @ f(x) = x @571 ®—77 © 173
(b) Vertical stretch, a right shift of one unit, and an upward 1 B
shift of two units (d) m; all real numbers exceptx= 0, S1
© \ (d) gi) = 3f(xS 1)+ 2 13.7 15.5 17.592+ 3t+ 5  19. 306
21.8  23.%9
25, 10 27. 6
~f
WA )i
815 ; 15 $9 9
+
I N
310 \‘g 36
s 6 f(x), g(x) f(x), (%)
39.g0)= (x§$ 3257 41l.gx)= (xS 133 29. @)x+ 5 (b)x+5 ()xS6
43.9x) =S x §12 459X =S5 Sx+ 6 31. @ (xS 1> (xSl (¢)xS2
47. @Q)y=S32@ (b)y= 4@+ 3 3B.@x (b)yx (c)x+ A+ 3+ 2
49. @)y=S3x ()y=3xS3 35. (@8 x*+4 (b)x+ 4 5
51. Vertical stretch of = x5, y = 2 Domains off and g f: all real numbers such thak S 4
53. Reflection in the-axis and vertical shrink of= x%y = § $x2 Domains ofy andf g: all real numbers
55. Reflection in they-axis and vertical shrink ofy= X; 37. @x  (b)x
y= % Sx Domains off, g, f g, and g f: all real numbers
57.y=S (xS$ 28+ 2 59.y=S xS83 39. @) x+6 (b) x + 6
Domains off, g, f g, and g f: all real numbers
61. (a) « () H X = 0.00001132% ¢! gandg
1.6 4. (@) () 1+ 3
Horizontal stretch ’ x+ 3 X
Domains off and g f: all real numbers exceptx = 0
Domain ofg: all real numbers
°0 100 Domain off g: all real numbers exceptx = S 3
63. False. The graph gf= f(SX) is a reflection of the graph of ~ 43. (@ ! (b) !

65.
69.
71.

f(X) in they-axis.

True.Sx = x 67.(52,0,(51,1,(0,2
The equation should t#x) = (xS 1)3.

@ g =3f® (o) g(t) = f(t) + 10,000
(©) gt) = f(tS 2)

d d31dVHO



Al1l0 Answers to Odd-Numbered Exercises and Tests

45. ()3 ()0 47.(a) 0 (b) 4 19. v
49. f(x)= x2g) = 2x+ 1 B5LfX)= 3x9X= xS 4
X+ 3
4+ X

53. f(x) = % g = x+ 2 55 ()=

57. (@) T= §x+ 1%

(b)

) =S x®

250 T 81
200 s14

Distance traveled
(in feet)

100 21. (@) f(g(X) = f(x+ 5)= (x+ 5)S 5=
50 - 9(f()) = gx S 5)= (xS 5) + 5=

X
10 20 30 40 50 60 (b)
Speed (in miles per hour)

(c) The braking functio®(x); As x increasesB(x) increases
at a faster rate thaR(x).
b(t) S d(t)
59. (a) ¢t) = ———"x 100
@ €= """
(b) c(16) is the percent change in the population due to births
and deaths in the year 2016.

6L @)1= () AN= r < .
=3 23. (a) f(gx) = f XSTl _ - xs7 1
g(f(x) = g(7x+ 1) = w: «

y

+ 1= x
X 2
©@® DW= 5
(A r)(x) represents the area of the circular base of the
tank on the square foundation with side length (b)
63. g(f(x)) represents 3 percent of an amount over $500,000.
65. False(f g)(x) = 6x+ land(g f)(x)= 6x+ 6
67. (@) AM(Y)) = 2(6+ 3Y)= 12+ Y
(b) Middle child is 8 years old; youngest child is 4 years old.
69. Proof T, 5 45 )
71. (@) Sample answerf(x) = x+ 1,gx) = x+ 3
(b) Sample answerf(x) = x?, g(x) = x°
73. (a) Proof

PN W A a

f

(0) 3100+ £(3] + 2T S 1(5 )] 25. (@ 1(90) = 1(°X) = (3%)°= x
S (X + f(zé X) + f(x) S f(SX)] o(f(¥) = 90c) = 2 () = x
_ 3 (0) ,
= 3[2(¥)]
= 10
© f0) = ¢+ 1)+ ($2x)
S1 X

k() = (x+ (xS 1) ¥ (x+ (xS 1)

Section P.10 (page 108)

1. inverse 3. range; domain 5. one-to-one

71519 = gx 9. S(x) = Xi 1 27. (@) f(gM) = RS 5)= (@S5 +5=xx 0
11. S = x+ 4  13.f54x)= 3xS 1 g(f) = of x+5)=( x+ 5°55=x
S (b) y
ﬁw@m=KM+@:@ﬂ§Eﬁzx
o) = 9 XS0 = 4 X898 L go
- o x
17. 1(g(x)) = f(3 &) = M: X $8 86 4 82

4

S4

X3 X3 S6
of) =97, = * 47, =x I



31.

33.

37.
41.

Answers to Odd-Numbered Exercises and Tests

1 1
29. (a) f(g(X))— f ; = ﬁ X
1 1
9(f¥) =9 TR X
(b) !
3l
o1
1+ %
4 X
1 2 3
Bx+ 1 S 5;(§+11 S1
@fax)=f STg =
xS 1 g 5x+ 1 + 5
xS 1
_ ésxéléx+1_x
T S5xS 1+ 5xS 5
xS 1 éSifé S1
g(f(x)):gx+ 5 x5 1.
S1
X+ 5
_ Sbx+ séxés_x
" x815xS5
(b) Y
U
f| 8s-H!
S
S
1 24 f
si0886' ST 2 4 6 810
a4
’ " set! g
1| S8+
No 35.
X 3 5 7 9| 11| 13
10 [ S1| 0| 1| 2| 3| 4
Yes 39. No
12 43. 6
\/ S6 6
S10 4
S2 S6

45.

The function does not The function does not
have an inverse function.
(@) S (x) = 5x+ 2

(b) y

at |t

(c) The graph ofStis the
reflection of the graph

oL of f in the liney = x.

[ ——— e —
3 s1 2 3
S1+
’33—7

(d) The domains and rangesfoaindfS? are all real numbers

have an inverse function.

47.

49.

51.

53.

55.
59.
63.

All

(@fs = 435x 0 x 2

(b) 7

X

I T
(c) The graph ofS1is the same as the graphfof

(d) The domains and rangesfofind S are all real numbers
xsuchthab x 2

S1, - il
(@) 5109 = o
(b) !

f=fS1

PN W A
.
—t—+—t

EEEIRERY
S2+
33+

(c) The graph ofStis the same as the graphfof
(d) The domains and rangesfoind S are all real numbers

x exceptx = 0.

& X+ 1

S = =
@)= <
(b) it

S6 S4 52
$2

- ----

(c) The graph ofS1 s the reflection of the graph dfin the
liney= x
(d) The domain of and the range p‘fél are all real numbers
x exceptx = 2. The domain off>! and the range of are
all real numbers exceptx = 1.
(@) fS1 () = x3¥+ 1
(b) )
6l
ol

t t t

S6+

(c) The graph ofS1 s the reflection of the graph dfin the
liney= x

(d) The domains and rangesfoaindfS? are all real numbers

No inverse function 57. g54(x) = 6xS 1

No inverse function 61. fSi{(x)= x$ 3

No inverse function 65. No inverse function

d d31dVHO



Al2

67.

71.

73.

75.

77.

79.
85.

89.

Answers to Odd-Numbered Exercises and Tests

3 xS 3 8 5xS 4
S1(y) = S1fy) = 22
fSY(x) 5 X 0 69. fS(x) 68 ax
fS1x) = xS 2

The domain off and the range ofS? are all real numbers
such thax S 2. The domain offS? and the range of are
all real numbers such that 0.

S190= xS 6

The domain off and the range ofS? are all real numbers
such thatk S 6. The domain of$1 and the range df are
all real numbers such thak 0.

£81(x) = S 2(2x S 5)

The domain off and the range ofS! are all real numbers
suchthak 0. The domain ofS! and the range df are all
real numbers such thak 5.

fS1(x) = x+ 3

The domain off and the range ofS? are all real numbers
such thak 4. The domain ofS! and the range df are all
real numbers such thak 1.

32 81 472 83 23x+ 3
X+ 1 X+ 1
. 87. %
_x$ 10
@Y= "575

X = hourdy wage;y = number d unts praiuced

21.1—"0 23. 6 25.83C 27.é%,4 29. §8, 518
31. 02 33.5 358124,15 37.55,15
39. (a) y ®5 ©(51%
(33, 8)
.\ 8
7‘.(1,5)
nl
o1
5 o 5 o4

41.

Apparent temperature (in °F)

6570 7580 8590 95100
Actual temperature (in °F)

43.
X 1 2 3|1 4| 5

S2|10| 2] 4

(b) 19 units
91. Falsef(x) = x2 has no inverse function. 1
93. y 21
x|1[3|4|6 T
8. f > X
yl1|2|6]|7 ‘e
6+
X 12| 6|7 4T
SS9 | 13| 4] 6 2 45
# ‘ |x|S3|S2|S1]0/|1
2 4 6 8 .
1 y 3 0 |S1|0]3
95. Proof 97.k= 3
99. 10 There is an inverse function Y
fSi(x) = xS 1 because the 5+
domain off is equal to the range 4t
) of f> and the range df is equal 37
2 " to the domain of S1. 2T
S2 L ‘1” e
101. This situation could be represented by a one-to-one function =~ * % 3N/ 1 2 3
if the runner does not stop to rest. The inverse function would S2-+
represent the time in hours for a given number of miles S37

completed.
Review Exercises (page 114)
1. (@11 ()11 (@ 11 ) 82204 (e) 6
3. —+—t—t—t—t—t—t——t—1—e>
SEEREEREY §
P> 5 ) ) )
5.122 7. xS7 4 9. (@ S1 (b) S3
11. Additive Identity Property
13. Associative Property of Addition
15. Commutative Property 17. 0 19. 32

47. x-intercepts:(1, 0), (5, 0
y-intercept: (0, 5
49. No symmetry 51

y-axis symmetry
y

S6 S4




Answers to Odd-Numbered Exercises and Tests Al3

53. (xS 22+ (y+ 3)2= 13 99. y
55. Center:(0, 0); 57.m=S }
Radius: 3 y-intercept: (0, 1)
y :
ol ‘svss | 36 01215
\7 a1
NN b SN $15
sa & | '2\5\
92: 101. (@) f(x) = x¥* (b) Downward shift of nine units
s (dhx)=f(x)S 9
59. m= 0 61.m=S 1 .
y-intercept: (0, 1)
y
6l
4: $10+
103. (@) f(x) = x
e e T s (b) Reflection in thex-axis and an upward shift of four units
S2 (© 7 (d) h(x) =S f(x) + 4
T 10+
63.y= xS 7 65.y= 2x+ 7 sl

6+

y
4+ 107 (4,9 "
il - '\
—t ——t—t—+> X 6 2T
s482 | 2 4 6 810 M e M e e o
gal 2: 2 4 6 8 10
éﬁf/ﬁ Erane e b 105. () f(x) = x®
—7 s2+ (b) Reflection in thex-axis, a left shift of two units, and an
§101 sat upward shift of three units
67. (@Q)y= xS 2 ()y=S2x+ 2 () y (d)yh(x) =S f(x+ 2)+ 3
69. S= 0.80L 71. Not a function  73. Function 4
75. (@) 16 (b)(t+ 1)*3 (c) 81 (d)x*3 /\
77. All real numberg suchthat & x 5 s s s T
79. (a) 16 ftsec  (b) 1.5sec 81. Function 83. 51 s2
85. 5 Increasing orf0, ) sS4
Decreasing oS, S1) 86
Constant or{S 1, 0) S8
85 4 107. (@) f(x) = x
s1 (b) Reflection in thex-axis and an upward shift of six units
87. Relative maximum(1,2  89. 4 ©) y (d)yhx)=S f(x) + 6

91. Neither even nor odd; no symmetry
93. Odd; origin symmetry
95. (a) f(x) =S 3x

(b) Y

4+

b |
$483828, N1 2 3 4
S2+
$3+
S84t

d d31dVHO



Al4d

109. (@) f(x) = x
(b) Vertical stretch and a right shift of nine units
© (d) Y = 5f(xS 9)
25+ [ o]
20+ [ J¢]
15+ [ o]
10+ [ 20
5+ [ 2]
#H—O—O—O—.‘@—O—O—V X
S | 2 46
S10+
$15+

111. (@) x2+ 2x+ 2 (b) x2S 2x+ 4
() 2@S x2+ 6xS 3
(d) )(2;3 all real numbers exceptx = 1
xS 1 2
113. @)x$ ¢ () xS 8
Domains off, g,f g, and g f: all real numbers
115. (f g)(X) = 0.95xS 100; (f g)(x) represents the 5%
discount before the $100 rebate.
117. fSYx) = 5x + 4
(o) = 252242

xS 4

£S1(f(x)) = 5
119. 6

S5 / 7

121. (a) fSYx) = 2x+ 6
(b) 1

8“{ £t

6

+ 4= x

The function does not have an
inverse function.

2+ f

At

S10S8 S6 S2
s6+

S8+
S10+

(c) The graphs are reflections of each other in theylmex.
(d) Bothf andfS? have domains and ranges that are all real
numbersx.

123. x > 4 f81(x) = %+ 4x 0

125. False. The graph is reflected in gaxis, shifted 9 units to
the left, and then shifted 13 units down.
y

3+

SRR
S3+

S6-+

S9+

S12+

|

S18

Answers to Odd-Numbered Exercises and Tests

Chapter Test

(page 117)

2. 3 3. Additive Identity Property

$§3,5 6. Nosoluton 7.523%
8. y Distance: 89
(82, 5)87 Midpoint: (2%)
e 5
37\\\\
2T \\\\
1 T 6.0
@8 | 12345086
$2-
9. No symmetry 10. y-axis symmetry
y y
8+ 8+

. 6 6
32,58 , .
2
‘s @\l 2 4 6 's6 54 52 *
54 o (3
36 G430/ &
(1,87
15. @)y=83x+ 4 (b)y= 2x+ 4
16. (a) S9 () 1 (c) xS 4 S 15
17. (a) 10 (b) Increasing oS5, )
Decreasing oS , $5)
312 6
32
(c) Neither
18. (a) 10 (b) Increasing oS , 2)
Decreasing of2, 3
S2 4

S10

(c) Neither



Answers to Odd-Numbered Exercises and Tests Al5

19. (a) 01 Problem Solving  (page 119)
) / 1. (@) W = 2000+ 0.07S
* ! (b) W, = 2300+ 0.05
(C) 5,000
S0.1
(b) Increasing o;(\SVO.31,VQ, (0.31, ) m
Decreasing ofS , S0.31), (0, 0.3)
(c) Even 0|l 30,000
20. (@) f(X) = x °

21.

22.

23.

24.

25.
27.

(b) Vertical stretch

@fx= x

(b) Reflection in thex-axis, left shift of five units, and an

upward shift of eight units
(©) Y
10+
'\8”
4t
20

—t—t —+—
86 34 52 2 4 6
S2+

@ f(x)= x®

(b) Vertical stretch, a reflection in theaxis, a right shift of
five units, and an upward shift of three units

©

PN WA OO N
P W T Sy S
—t—t—t—+—+

X

CHERERER N
(@) x2S 4xS 2
(b) 42+ 4xS 12
() $3x S 128 + 22@ + 28xS 35
xS 7
() Sx2S 4x+ 5
(e) 3¢+ 24 + 18% S 120x+ 68
(f) Soxt+ 30 S 16
1+ 2332 1S 2332 2 X
(a) x (bj x (© "
1 X 2
(d) 32 (e) x () S
fS3(x)= 3xS 8  26. No inverse function
839 = (3x)°°% x 0

Both jobs pay the same monthly salary when sales equal

$15,000.

(d) No. Job 1 would pay $3400 and job 2 would pay $3300.
. (@) The function will be even.

(b) The function will be odd.

(c) The function will be neither even nor odd.
() = @@+ ayg 52+ - - -+ X+ g

F(SX) = apn(SX)™ + s (S X>S2

s SR ag
= (%)
. (@) 8%h
(b) 25 mi h
(c)y= S %80x+ 3400
Domain: 0 x %
Range:0 y 340(C
(d) y
__ 4000
8 3500
‘E 3000
£ 2500
8 2000
S 1500
@ 1000
[a)

500

30 60 90 120 150
Hours

@ ((f gx) = 4x+ 24

() (f g3*x)= x5 6

(©) 53 = 1% ¢3¥(x) = x5 6

(d) (@8t 33)(x) = xS 6; They are the same.

@ (f 9 =8+ 1;(f 9% =3xS 1,
19 = 9xS L g*109 = I«
(@ 9K =3°x81

(f) Answers will vary.

@) (f 9% = (¢°* 1)K

d d31dVHO



Al6 Answers to Odd-Numbered Exercises and Tests

) y y o o
1@ (b) 15. Sample answers: (&ﬁ, S£ (b) 7—, Si
al sl 6 6 6'” 6
2L 24 5. 11
i Nl 17. (@) Complementﬂ, Supplement: 12
& & si' 1o 5 5 o éiv TS 5 (b) Complement: none; Supplemeqti
S1 o—————e S14
S21 19. (a) Complement=$ 1 0.57;
$3+ &3+ Zv
Supplement: S 1 214
(c) 1 (d) " (b) Complement: none; Supplement:S 2 1.14
3t 3 21. 210° 23.S560°
21 27 25. (@) Quadrantll  (b) Quadrant IV
14 —_— 27. (a) Y (b)
83 82 81 12 5 & & 8 12
S @——— S1+
s2+ s2t 2700
S3+ S$3+ C\ X X
(€) t ®) t J§120°
3 3
2 O
i G o 29. (a) 480,5240° (b) 150°S 570°
83 82 81 12 8 85 52 si' 12 s 31. (a) Complement: 72Supplement: 162
?1" Sl (b) Complement: % Supplement: 95°
?2" 52 33. (a) Complement: 86Supplement: 156
ST l (b) Complement: none; Supplement:° 54
ig Z)O"f 35. (a)% (b) S5 37. (@ 270 (b) $210°
X S4 152104 30. 0.785 41.5000¢  43. 81.818° 453 756.000°
f(f5x) | S4 | S2 |04 47. (a) 54.7% (b) 5%28'50
49. (a) 24036  (b) $145°48
® s3ls2] o | 1 51. 10 in. 31.42in. 53.%rad  55. 4rad
. . rad
(f+ 51)(x) 5 1 | 83| 85 57. About18.85i%.  59. 20%hould be multiplied bx—go deg
© 61. About 592 mi  63. About 23.87
x §3(S2|0|1 65. (a) 8 rad min  25.13 radmin
= (b) 200 ft min  628.3 ft min
ST
(f 9K 4 0 2] ® 67. (@) About 35.70 mh  (b) About 739.50 revolutionmin
- - 69.
@ X S4|1S3|0| 4
£51(x) 2 1 |1]3
QA
|€—— 15—
Chapter 1 A= 93.75 m? 29452
Section 1.1  (page 129) 71. FaiseXis in degree measure.
1. coterminal 3. complementary; supplementary 73. True. Let and represent coterminal angles, and iet
5. angular 7. 1rad 9. S3rad represent an integer.
11. (a) Quadrant! (b) Quadrant Il = + n(3609
13. (a) y (o) y S = n(3609

75. When is constant, the length of the arc is proportional to the
radius(s=r ).

‘\g 77. The speed increases. The linear velocity is proportional to the
radius.

j 79. Proof
~—x2




Answers to Odd-Numbered Exercises and Tests

Section 1.2  (page 137)
1. unitcircle 3. period
5. sint= = csct= ¥ 7. sint=S2%  csct=52
. 13 5 5 3
— 12 - 13 —& 4 _&5
cost = 73 sect= 15 cost=S sect=S
tant= 3  cott= Z tant= 3 cott = 3
. 31
9. (0,1 11. 82,2
. j O |
13. smz— > 15. smS6 =S >
_ 2 < _ 3
cosz— > cosS6 =5
tan—= 1 tan S = —S—g
4" 6 T 3
sl L2 1L 1
17. smSZ =5 19. sin 6 =S >
COSSL -2 cosg——é
4 ~ 2 6 2
<7 1 _ 3
tanSZ—l tan6—S 3
<3
21. S|nS7 =1
=3
cos S 5 = 0
~3 . .
tan 87 is undefined.
2 3 2 3
23. sm?— 7 CSC?— T
2 < 1 2 -
cos?—si sec?—s 27
2 ~ = 2 < 3
tan?— S 3 COt?— S T
4 < 3 4 <23
25. sm?— S > CSC 3 - S 3
4 1 4
cos?—s2 sec3—82
4 _ 3 4 _ 3
tan?— 3 cot 3°- 3
x5 _ 3 <5 _23
27. smS? =5 csc S 3 - 3
5 _1 <5 _
cos S? > secS 3~ 2
5 3 5 _ 3
tansg— 3 cotS3 =3
29. smSE =S1 cscSE =S1
cos SE =0 secSE is undefined.
tan SE is undefined. COSE =0
3.0 331 3.8 37.@% (b S2
39. (a) & () S5  41. (@) (b) St
43. 0.5646 45. 0.4142 47. $1.000¢
49. (a) 0.50ft (b) About 0.04 ft (c) AboBt0.49ft
51. False. sif8t) =S sin(t) means that the function is odd, not

53

that the sine of a negative angle is a negative number.
. True. The tangent function has a period .of

Al7

55. (a) y-axis symmetry  (b) si = sin( S t,)

(c) cog S t)=S cost,
57. The calculator was in degree mode instead of radian mode.
59. (a) 1

S1
Circle of radius 1 centered @, 0

(b) Thet-values represent the central angle in radians. The
x- and y-values represent the location in the coordinate

S15

15

plane.
©0S1 x 1,81 y 1
61. Itis an odd function.
Section 1.3  (page 146)
1.@v Giv ()vi dii (e)i (i
3. complementary
5. sin =2 csc =2 7.sin =4 csc = %
cos:‘g" sec:?1 cos:% sec:%
tan =3  cot =3 tan = 4 cot =¥
2 R
9. sin = 2 csc = 2
2 —
coOs = —— sec = 2
2 O
tan =1 cot =1 I
11. sin = & csc = ¥ 2
. 17 8 U
cos =i sec =it I'_I'|I
tan = 2 cot =% Py
The triangles are similar, and corresponding sides afe
proportional.
13. sin = 1 csc =3
3
cos = Z—E sec = 3—‘5'
-3 T4
2 _
tan = 7 cot =2 2
The triangles are similar, and corresponding sides are
proportional.
15. sin = & csc = ¥
17 s sec = %
tan = & cot =%
15
o1 6 11
17. sin = 6 csc = 11
e VL cos = 2
67 PE—
tan = —% cot = >
5 -5 o1
19. /\%_‘1 csc =5
/6 cos = 2—6 sec = 5—6
2o 5 T 12
tan = 2 cot =2 &
12
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Answers to Odd-Numbered Exercises and Tests

. 10 T |
= = 11. (@) sin =S = csc
21. /i . sin 10 csc 10 (@ 2 B
3 10 10 _& _3
it cos =S —(— sec
3 cos 0 Se¢ 3 2
_1 =3
tan = é tan 3 B cot
3 2 - 17
_._° o4 ° b) sin =S ——— csc
23. 53 25. 457~ 27. 450 2 (b) 7
29. (@) 0.3420 (b) 0.3420 31. (a) 0.2455 (b) 4.0737 cos = + 17 sec
33. (@) 0.9964 (b) 1.0036 35. (a) 3.2205 (b) 0.3105 17
3 _ 3 < 1
37. (a)% (b)73 ) 3 (o|)?3 tan =S, cot
2 2 _ 13. sin = 35 csc
39. (a)T (b)2 2 ()3 ()3 cos = & sec
_ 10 - 12
41. (a)1 (b) 10 (o) 1 (d) _10 tan = % cot
3 3 10 .2 29
43...51. Answers will vary. 53. (a) 30 = 5 (b) 30 = 5 15. sin =S 29 csc
55. (a) 60 = 3 (b) 453 = 2 cos =& 5259 sec
57. () 60= 5 (b) 45 = tan = % cot
59.x= 9,y=9 3 61. X = 323 r= % 17. sin = é csc
cos =82 sec
63. About 443.2 m; about 323.3 m 65. 30° =E tan =% % cot
67. (a) About 219.9 ft  (b) About 160.9 ft 19. Quadrant | 21. Quadrant Il
— : _ 15
69. (x,, 1) = (28 3,29 23.sin = 13 csc
. _ 8
(% ¥5) = (28,28 3) cos = g7 sec
71. sin20 0.34,cos 20 0.94,tan 20° 0.36, cot
csc20 2.92,sec20 1.06,cot20 2.75 25, csc
73. (a) About 519.33 ft _ (b) About 1174.17 ft cos =& 8 sec
(c) About173.11 ft min < 3
1 5 5 tan =S 3 cot
75. True. cs&x = —— 77. False——+ — 1 .10
sinx 2 2 27. sin =8 —= csc
79. Falsel7321 0.034¢ 10
81. Yes, tan is equal to oppadj. You can find the value of the cos = 3 10 sec
hypotenuse by the Pythagorean Theorem. Then you can find 10
sec , which is equal to hymdj. tan = & 1
83 U3
0.1 0.2 0.3 0.4 0.5 29. sin = 1
sin | 0.0998| 0.1987| 0.2955 0.3894 0.4794 _ _ sec
tan is undefined. cot
(@) is greater. 31l.sin =0 csc
(b) As 0, sin Oand— 1. cos =51 sec
sin tan =0 - cot
Section 1.4 (page 156) 33. sin = 72 csc
« 2
1. % 3. )X( 5. cos 7. zero; defined cos =S > sec
9. (a) sin =3 csc = 2 tan =S 1 cot
_ 4 -5
cos =5 sec =4 35. sin 2—55 csc
tan =3 cot =3 =
(b) sin = i—? csc = % Ccos = ? sec
cos =§ & sec =8 ¥
tan =S % cot =S l% tan = 2 cot
37. 0 39. Undefined 41. 1

1 1 ] 1

U Ux Ux
wl NN

I—“ w

~ wl

1

U

& h‘“\
\‘

Rlo ol Kl

1

U
7|l
© ©

0 U s on U

BHlw win

e O U win Bl o] B8
[TNINT

10

ol
o

is undefined.
=0

is undefined.
=S1

is undefined.

1
NI

43. Undefined 45. 0
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51.

55.

59.

63.

67.

69.

77.
85.

91.

93.

95.
97.

= 20° 49. = 55° 99. (a) B = 24.593 sif0.495tS 2.262 + 57.387
y y F = 39.071 siff0.448tS 1.366 + 32.204
(b) February:B 33.9,F 145
April: B 50.5F 48.3°
160 May: B 62.6°F 62.2°
X X July: B 80.35F 70.5°
\ 42? SeptemberB  77.45F 50.1°
October:B 68.2,F 33.3°
DecemberB 44.8°F 2.4
()
= 3 53 =2 S48
y y
1 : 12
2 0
3 s Answers will vary.
\ 7T\ 101. (a) About 270.63 ft  (b) About 307.75 ft
N (c) About 270.63 ft
103. False. In each of the four quadrants, the signs of the secant
function and the cosine function are the same because these
functions are reciprocals of each other.
5 1 105. Answers will vary.
sin228=8 — 57. sin 750 = = .
2 2 Section 1.5 (page 166)
cos 228=8 —2 cos 750 = —° ) 2 )
2 2 1. cycle 3. phase shift 5. Penod:;; Amplitude: 2
tan228 =1 tan 750 = 3 ) ) 3 8 ) 1 @)
- 3 7. Period: 4; Amplitude;, 9. Period: - Amplitude: 5 %
. < 3 .2 3
sif$ 1209 =S —= 61. sing-= —- 11. Period: 24; Amplitude3 3
. 1 2 .1 13. The period of is one-fifth the period of. m
cogS 1209 =S 3 cos =535 15. y is a reflection off in the x-axis. 2y
. _ 2 . _ 17. yis a shift off  units to the right. =
tanS1209= 3 tan>=S 3 19. y is a shift off three units up.
S | 11 2 21. The graph of has twice the amplitude of the graphfof
sinS¢ =S5 65. sin——= —~ 23. The graph ofj is a horizontal shift of the graph f units
- _ 3 11 . 2 to the right.
Ccos Sg = 7 COST =S 7 25. y 27. y
< . 3 11 < 2 3
tanSE —S? tanT—Sl o /\/
= 17 < 1
—_— = = [¢]
sinS 6 S 5 - x
« 17 « 3
cos$Zg- =S 5 A@Z £
« 17 3 82 si
tan S 6 - 3
4 . 13 8 39 29 y 31 y
5 71. Sf 73. 39 75. 0.1736 N
$0342( 79.5286363  81. 1.4142 83. 0.3640
$26131  87.50.6052  89. 1.8382 J A
- =3 - 11 " . "
(a) 30 = & 150 = 5 (b) 210 = 5" 330 = 6 / 2 &
(a) 60—7300’—5— (b) 60’-7300°-5—
-3 3 -3 "3 2
- -5 -5 11
(a) 483 = 7 225 = 2 (b) 150 = X 330 = 6
(@ 12mi (b) 6mi (c) About 6.9 mi
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55. (a) Shift two units up and a phase shif2 units right
(b) 1

(©) gx) = f XSE + 2

57. (a) Horizontal shrink, a vertical stretch, a shift three units
down, and a phase shift 4 unit right

(b)

(€) g¥) = 2f(4xS )S 3

59. 4 61. 3
s, A LAARANY
J 63.

520 /\ /\v ’
$0.12

65.a=2,d=1 67.a=S4,d=4

S3 §2 S1
S1+

69.a=S3,b=2,¢c=0 71.a= 2,b=1,c=8S

4
73. 2
o [ ¥,
\ —
S T
52
g _ g2 11
X=5656"%6" 6
53. (a) Horizontal shrink and a phase shift unit right 75.y= 1+ 2si(xS )  77.y= cogx+ 2)$ 3
(b) y (©) gx) = f(4xS ) 79. (@) 4 sec
4T (b) 15 cyclesmin
©

8 2
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(page 177)

Section 1.6

CHAPTER 1

(b) 50 heartbeatsin

sec

6
5

81. (a)

N
o
o
-
o
n|ae
o .
o o
o
R=3
(&)
o
o -
=
S —
o
b
5§
M,
S
“ N
c
o
ey
2
5 n
S % 5
) ) ; L2
— “— = o .
) o ) o
s =1 © <
o — o = IS
g o = < 2
o 3 e g 0 m >
[eR fr) Lo} . = — S ]
IS < o o S 3 =
= ~ ) )
Q = = o () . L0 ©
& 5 g 0 £ Ss 3
o = o AN 5 N~ <
= [} @ c — o =
) ° L S ° < < <
x Q c o N =] O 10 -
= O o o~ = S (7]
S 8 £ o % ! g @ ©c o
<+ e =z £ @ %) < a 2
8 g » B c 8 23 °©°
=) o x () = 2
g T |¥XRo = ] @ < =~ &
— Q N a -
0 <&} 52.t D o - , ' &
ZY..hLVSZSde D o ~ N 12} < )
RE axngloh = ! i3 Feod
8 E hrl(amm g I~ x £ 2055053
8
s T 9 =50 S+ D YSsooso g
5 © 2 c o % 20 x5 .00
—_ © S n LUEE © > <—if W ) © 3200« g o £
S E o © QL < £ N o = [} N o Y o
= - 0 o T VWU & = ©» = SN M?Wm
2 . 3] [o¢]
m o = ! 0%%0@ Oevs <5} w1,223nu. 7mu
payeulwn||i Jusdsad > ™ S s un 9 = > © o o
= -~ T o c o o Sl g ~c
= 2 = 2L L~ (@] Fooa—-2%
™ o) N~ o o o T}
0 0 © © o o o
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39. 5 41. 4 85. d= 27 sex
' ) ) VY |
35 5 % 3 E 80 E
i VoA SN
S5 S4 B, 40 ,
D| 1
43. 3 45, U 3U ! 20 !
J 4. 5 A T

Angle of camera

87. True. For a given value &f they-coordinate of csg is the

reciprocal of they-coordinate of is x.

47. 06
) ) 89. (a) 2
56 (== 6 /
I e
30.6 /-P—/
<7 <3 5 <7 « 5 11 52
49, SZ, SZ, v 51. Sf’ Sg, 6 6 0.7391
4 . (b) 1,0.5403, 0.8576, 0.6543, 0.7935, 0.7014, 0.7640, 0.7221,
4 2 2 4 7 5 3
8.55.8S5v vy SSS ST 0.7504,0.7314, . . .; 0.7391
57. Even 59. Odd 61. Odd 63. Even 91. (a) f(x) (b) f(x) ?
65 d,f Oasx 0. 66.af Oasx O. © fx) @ fx S
67. b,g Oasx O. 68.cg Oasx O. 93. (a) f(x) ? (b) f(x)
69. y 71. y € f(x S d f(
3T 3+ Section 1.7 (page 186)
21
N 27 1.y=sirflx 81 x 1
e 5 — } Q QQ Q { 3.y=tarPlx S <x< :S-<y<= 5 =
S3 S2 Slél” 1 2 3 ) 2 2 6
S2 s 7.- 9.—= 11. Notpossible 13.S—
wl sl 3 6 possi 3
2 -
The functions are equal. The functions are equal. 15. 3 17.S 3
73. 10 75. 1500 10. 4
e Lt LAl <
$10 10 $15 15
U/ W § |
$10 $1500 3
Asx ,g(x) oscillates. Ax, f(x) oscillates. 21. 119 23.50.85 25.51.25  27. Not possible
.2 79. 2 29.1.99 31. 074 33.1.07 35 5150
\‘A 37. 85, é?s, 1 39 =avctn, 41 = arcsin® 2
o ﬂvﬂvf . s6 6 X +
43. = arccos 45. 0.3  47. Not possible
s2 S1 2% _
Asx 0y Asx 0,¢x L. 49— 515 53> 55X 5782
81. 2 4 775 5 12 3
59. 875 61.2 63. 1S 4x 65.)%
S
2 2 2
67. 15 69 2°>X g X*a
X X
&2 73. 2
Asx 0,f(X) oscillates between 1 and1S
83. (a) Period oH(t): 12 mo & T,
Period ofL(t): 12 mo _
(b) Summer; winter

(c) About 0.5 mo

$2

Asymptotes:y =+ 1




79.

83.

87.

91.

93.

99.

101.
103.

105.

107.
109.

9 xS 1
— 77 ———
X2+ 81 x2S 2x+ 10
y 81. y
iy I =2
—/ 1 ; x
s | sS4 &2 2 4

Vertical stretch ShifE units up

y 85. 2
\ 31 \ 1
\ o
s & ot 15 5"

Horizontal stretch

89. 4
s ___,_,f"/f#_‘l &4 5
S $2
3 2sin2t+ 2

6

AN
VY Y

The graph implies that the identity is true.

S2

6

2

@ =

(&) AbouB2.9°
(a) 15

95. 5 97.

arcsing (b) About 0.13, about 0.25

(b) About 6.5 m

0 6

$S0.5

(b) 2 ft
(a)

(©

X
= arctan_ -
20

= 0; Asx increases, approaches 0.

(b) About 14.6, about 31.0

TrueS 2

Falsesin® x is the inverse ofis x, not the reciprocal.

is in the range of the arctangent function.

Answers to Odd-Numbered Exercises and Tests A23
111. Domain:(S , ) 113. Domain:
Range:(0, ) (S .81 [1, )
y Range:

[S 2,0 (0, 2]

-

S1 1 2

/

13 32

% s 1
W
115. — 117 3 119.S = 121. 1.17
"4 "4 ) C
123.50.12 125. 0.19
127. (a)Z (b) > (c) About 1.25  (d) About 2.03
129. (a) f fS? fS1 f
2 2
S S

$2 $2

(b) The domains and ranges of the functions are restricted.

The graphs off S and fS1 f differ because of the

domains and ranges 6fand fS1.
Section 1.8  (page 196)
1. bearing 3. period
5.a 103¢ 7.b 1421
b=26 c 1488
B= 30° A= 17.2°
9.¢c=5 11.a 52.88
A 36.87° A 73.46°
B 53.13° B 16.54°
13. 3.00 15. 250 17. About 214.45 ft
19. About 19.7 ft  21. About 20.5ft 23. About 11.8 km
25. About56.3° 27. About 75.97
29. About 3.23 mi or about 17,054 ft

31.

33.
35.

37.
41.
47.
51.

53

(@)l = 250 ft,A 36.879B 53.13°

(b) About 4.87 sec

About 508 mi north, about 650 mi east

(a) About 104.95 nmi south, about 58.18 nmi west
(b) S36.7° W; about 130.9 nmi

N 56.3F W 39. (a) N58E (b) About 68.82 m
About35.3° 43. About29.4in. 45.d= 4d9n t
d=3 cos% 49. = 524

() 9 O ©9 @z

@z (M3 ()0 (df

T 431dVHO
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35. 0.6494 37. 3.6722

55. (@) Y b))z (¢) = > _ _
o 20.@3 05 ©57° O
17 ’ 3 4 4
T 41. About 73.3 m
. 4 5
NANANANN.. 43.sin =3 cscC = ;
sVaivViVs cos = 3 sec =3
tan = 3 cot =3
iy 45.sin = 2 csc = 2
3 5
57. (a) s cos = & sec = 3
" [ tan = % cot = %
a3 = =
5 12 . = 11 = 6 11
©5 47.sin =S —/— csc =S —(——
§§ Z 6 11
o 5
zZ [
; 3 1 cos 6 B
2 4 6 81012 - 11 <=5 11
Month (1 January) tan =S 5 cot =S 11
b) S= 8+ 6.3cosztor S= 8+ 6.3sin<t+ — 49. sin -—271 csc —Q
(b) S= 3 cosgtor S= 3sing > . = 5 = o1
The model is a good fit. sec =& 5
(c) 12. Yes, sales of outerwear are seasonal. . 2
(d) Maximum displacement from average sales of $8 million tan =S 21 cot =% 2 21
59. False. The scenario does not create a right triangle because the 2 21
tower is not vertical. 51 = ga° 53 = <
Review Exercises (page 202) y y
1. (8 3. (a)
y y

264

. [N
N N <
N\ [

-
\

X 5

55. sifS$1509 =S %; cog$1509=S 73; tan(S 1509 = ?3

. 3 1 ~
SIN= —(—, COS; =

(b) Quadrant IV (b) Quadrant Il 1o =
s ) ] 57. 3 > 3~ > tan3 3
© 3-5S7 (c) 250, 5470 59. 0.9613 61. 0.4452
5.7.854 7.50279 9.54° 11.5200.535° 65. !
13. 198°24 15. About 48.17 in.  17. About 523.60 iA. 10:
19. 5%73 21. éf,é% *
_ 6
23. sin%: 72 csc%z 2 \/\.//\/\
3 g 2 3 s 5 3
cosZ—S2 sec4—S 2 - }’ e x
3 . 3 . §3 82 S1 12 3
tanT—SI cot4—Sl

25.72 27.373 29. 3.2361 31. $75.3130

4 4 _ 4
33. sin = n csc = 2
cos = 5 41 sec = _4
T4 T 5
tan = & cot = 2 _
S 4 69. (a)y= 2sin528x (b) 264 cyclessec
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