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CHARTER 1} Functions, Graphs, and Limits
. . ]
The following warm-up exercises involve skills that were covered in earlier sections. You will
use these skills in the exercise set for this section.
In Exercises 1-6, simplify each expression.
L JB-6F+[t-(-5F 2. J(F2=02+[-7~ (=3)]
5+ (-4) ~3+ (=D
e 4, ——
3 2 2
5.V21+ V12 6. V8~ VI8 ;
i

In Exercises 7-10, solve for x or y.
7. JB- P+ (0 -4 =45

x+ (—5)
2

8. J(6 -2 + (=2 -y =52
-7T+y _
L=

9. =7 10. -3

In Exercises 1-6, (a) find the length of each side of the right
triangle and (b) show that these lengths satisfy the Pythagorean
Theorem.

+1,

In Exercises 7-14, (a) plot the points, (b) find the distance 5.'
between the points,and (c) find the midpoint of the line segment ,,
joining the points. i

7. (3,1),(5,5) 8. (-3,2).(3, -2

9. (51).(-3.-3) 10. 3. -3).G 1) :
11. (2,2), (4, 14) 12. (—3 7, (1, ~1)
x 13. (1. V3). ( 14. 0).(0,v/2)

in Exercises 15-18, show that the points form the vertices of the
given figure. (A rhombus is a quadrilateral whose sides have the®

3. y 4. v
1 3 2,5 same length.}
T T Vertices Figure
31 (7.4) + 15. (0, 1),(3,7), (4, — 1) Right triangle
Ioé—{—cl(;lz bt 6. (1,—3),(3,2),(—2,4) Isosceles triangle
+ T 5 17. (0,0),(1,2),(2,1),(3,3) Rhombus
‘e 2) 6.-2) 18. (0,1),(3,7), (4,4), (1, —=2)  Parallelogram
S. y 6. y . . . E
| In Exercises 19-22, use the Distance Formula to determine
=33 7 4,3 T whether the points are collinear (lie on the same line).
\-_ al >" <0 19. (0, —4),(2,0),(3,2) 20. (0,4),(7, —6),(=5,11) ¢
C 4+
N 0 R 21 (-2,-6).(1,-3).(5.2) 22 (-1,1),3,3).5,5)
o ~\ -4 -
(3.2 G L (1,-2) T In Exercises 23 and 24, find x such that the distance between th:
S T points is 5.

23. (1,0), (x, —4) 24. (2,-1),(x,2)

In Exercises 25 and 26, find y such that the distance between th?
points is 8.

25. (0,0), (3,5

The answers to the odd-numbered and selected even exercises are
given in the back of the text. Worked-out solutions to the odd-
numbered exercises are given in the Student Solutions Guide.

26. (5, 1), (5, )
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SECTION

. Use the Midpoint Formula repeatedly to find the three

. points that divide the segment joining (x,, y,) and (x5, ¥2)
into four equal parts.

. Show that (3[2x, + x,], Moy, + ¥,]) is one of the points of

trisection of the line segment joining (x;» y,) and (x;, y,)-

d in earlier sections. You will

3P Then, find the second point of trisection by finding the
midpoint of the segment joining
1 1
<§ [2%; + x,}, §[2y] + y2]> and (x,, ¥,)-
). Use Exercise 27 to find the points that divide the line seg-
ment joining the given points into four equal parts.
= /52

@ (1,—2), ¢, -1
(b) (_ 27 _3)» (Ov 0)

. Use Exercise 28 to find the points of trisection of the line
segment joining the given points.

@ (1,-2).41)
(®) (-2,-3).(0.0)

Building Dimensions The base and height of the
trasses for the roof of a house are 32 feet and 5 feet,
respectively (see figure).

el A

1
the points, (b) find the distar
nd the midpoint of the line segm
(2) Find the distance d from the eaves to the peak of the

8. (—3,2),(3,—-2) roof.

10. G -3, (1)
12. (~3,7), (1, 1)
14. (-2,0),(0./2)

(b) The length of the house is 40 feet. Use the result of
part (a) to find the number of square feet of roofing.

t the points form the vertices oft

- 4
i quadrilateral whose sides havet ‘

5 {_
-
32
Figure
2. Wire Length A guy wire is stretched from a broadcast-
ing tower at a point 200 feet above the ground to an anchor
125 feet from the base (see figure). How long is the wire?

Right triangle

Isosceles triangle
3)
-2)

Rhombus
Parallelogram

e Distance Formula to determ
iear (lie on the same line).

20. (0, 4), (7, —6), (=5, 1
22. (-1,1),(3,3).(5,5)

2)

e 125 ft—t

such that the distance between

24. (2,-1),(x,2)

such that the distance between G‘h’e S).'mbol @ indicates an exercise in which you are instructed to use

f“Phlng technology or a symbolic computer algebra system. The solu-
1ons of other exercises may also be facilitated by use of appropriate
tchnology.

26. (5,1),(5,y)

-

1.1 The Cartesian Plane and the Distance Formula

@ In Exercises 33 and 34, use a graphing utility to graph a scatter
plot, a bar graph, or a line graph to represent the data. Describe
any trends that appear.

33. Consumer Trends The numbers (in millions) of cable

television subscribers in the United States for 1992-2001
are shown in the table.  (Sowrce: Nielsen Media Research)

Year 1992 | 1993 | 1994 | 1995 | 1996
Subscribers | 57.2 | 58.8 | 60.5 | 63.0 | 64.6
Year 1997 | 1998 | 1999 | 2000 | 2001
Subscribers | 65.9 | 67.0 | 685 | 69.3 | 73.0

34. Consumer Trends The numbers (in millions) of cellu-
lar telephone subscribers in the United States for
1993-2002 are shown in the table. (Souwice: Cellular
Telecommunications & Iniernet Association)

Year 1993 | 1994 | 1995 | 1996 | 1997
Subscribers | 16.0 | 24.1 | 33.8 | 44.0 55.3

Year 1998 | 1999 | 2000 | 2001 | 2002
Subscribers | 69.2 | 86.0 |109.5 | 128.4 140.8

Dow Jones Industrial Average In Exercises 35 and 36, use
the figure below showing the Dow Jones Industrial Average for
common stocks.  (Source: Dow Joies, Inc.)

35. Estimate the Dow Jones Industrial Average for each date.
{a) March 2002 (b) December 2002
(c) May 2003 (d) January 2004

36. Estimate the percent increase or decrease in the Dow Jones
Industrial Average (a) from April 2002 to November 2002
and (b) from June 2003 to February 2004.

Figure for 35 and 36

11,000
10.600
10200 1
9,500
9,400
9.000
86001
8200
7.800

Dow Jones Industrial Average

i i
FMAMI TASONDJF
2004

NS IS N
ASOND]
2003

#\._‘.* Lt
] FMAMJ

2002




10 CHAPTIR 1 Functions, Graphs, and Limits
Construction In Exercises 37 and 38, use the figure, which

shows the median sales prices of existing one-family homes sold
(in thousands of dollars) in the United States from 1987 to 2002,

(Sowrce: Nationad Associarion of Realiors)

37. Estimate the median sales price of existing one-family
homes for each year.
(a) 1987 (b) 1992
(c) 1997 (d) 2002

38. Estimate the percent increases in the value of existing
one-family homes (a) from 1993 to 1994 and {b) from 2001
to 2002.

Figure for 37 and 38

Median Sales Price
(in thousands of dollars)

1989 1991 1993 1995 1997 1999 2001
Year

Research Project  In Exercises 39 and 40, (a) use the Midpoint
Formula to estimate the revenue and profit of the company in
2001. (b} Then use your school’s library, the Internet, or some
other reference source to find the actual revenue and profit for
2001. (¢) Did the revenue and profit increase in a linear pattern
from 1999 to 2003? Explain your reasoning. (d) What were the
company’s expenses during each of the given years? (e) How
would you rate the company’s growth from 1999 to 20037
(Sonrce: Walgreen Company and The Yankee Candle Coiitpnany)

39. Walgreen Company

Year 1999 2001 | 2003

Revenue (millions of $) | 17,839 32,505

Profit (millions of $) 624.1 1157.3
40. The Yankee Candle Company

Year 1999 2001 | 2003

Revenue (millions of $) | 256.6 508.6

Profit (millions of $) 343 74.8

@ Computer Graphics  In Exercises 41 and 42, the red figure js

@ 43. Economics The table shows the numbers of ear infec-

B NSRS iy

translated to a new position in the plane to form the blue figure,
(a) Find the vertices of the transformed figure. (b) Then use 3 °
graphing utility to draw both figures.

3D
o

3
=1
J.EI
3|
L2}

R

b R

tions treated by doctors at HMO clinics of three differen; !
sizes: small, medium, and large.

Cases per Cases per Cases per Numberﬂ

small clinic | medium clinic | large clinic | doctors ‘
0 0 0 0 ] ’
20 30 35 Lo
28 42 49 2 ;
35 53 62 3 ‘
40 _ 60 70 4 f

(a) Show the relationship between doctors and treated ear g
infections using three curves, where the number of doc-
tors is on the horizontal axis and the number of eary
infections treated is on the vertical axis. :

{b) Compare the three relationships.

(Source: Adapted from Tuvlor, Economics. Fourth Ldition)

The symbol @ indicates an exercise that contains material from text L,
books in other disciplines.

1.2

ST AT }

Tii2 Grapn of ar

In Section 1.1, you
relatiouship between t
collection of points in
Frequently, a relat
For instance, degrees o
scale by the equation

9
=2C+ 32.

In this section, you w.
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LEXAMPLE 1]

Sketch the graph of y -

SOLUTION  The simp
plotting method. With t
several solution points
when x = 0

y=7-3(0)=7
which implies that (0, ;

SN
ENARIEAE

From the table, it folloy
©,7), (1, 4),(2,1)

are solution points of ]
they appear to lie on a
the line that passes thro

TTUDY rip

Even though we ref
,y = 7 — 3x, it actual
18 a line that would e
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1the behavior of the gra;' PR EREQUISITE "
PN ORI REVAEW 1.2

u in the creation and use J8

In Exercises 1-6, solve for y.
L5y—12=x

Ly +2y=1

5. (x—22+{(y+1)2=9

The following warm-up exercises involve skills that were covered in earlier sections. You will
use these skills in the exercise set for this section.

2. —y=15—x
4. x2+x—y2—6=0
6. (x +6)2+ (y — 5)2 =81

in Exercises 7-10, complete the square fo write the expression as a perfect square trinomial.

7. x2—dx + 8. x2+ 6x +
9. x? ~ 5x + 10. x2 4+ 3x +
- In Exercises 11-14, factor the expression.
11 x2 = 3x + 2 12. x2+ 5x + 6
13. 32— 3y + 3 4.2 — Ty + %
;,
I In Exercises 1-6, determine whether the points are solution (a) ¥ ®) »¥
e}t points of the given equation. 3 f
Pl L x-y-3=0 |
x @ (1,2) () (1, 1) © (4,5) }\
2 7x+4y—-6=0 BEE N
(f) Rational model @ (6,-9) () (—5, 10) (©) (%, %)
Ix24+y2=4 (d) b
@ (1,-v3)  ® (. -1) © (.3) L
glmm,wé” o Aty a2 -5y =0 T Nl
T @0 ) (2.4) © (-2.-4) T { e
5. %~ xy+ dy =3 { i { ) -2 L 1 2
@ (0,2) ® (-2-8)  © 6,6 B2 ol
6. 3y+2xy—x2=35
@(-7,-5 ®-1,60  © (19 © ®) y
In Exercises 7-12, match the equation with its graph. Use a ::

graphing utility, set for a square setting, to confirm your result.
[The graphs are labeled (a)-(f).]

Ty=x-2
8. =~%x+2
%y=x2+ 2
10, y= /g=52
Woy= |y -2
Roy=p -y

e e ST P
=3 -2 -1 1 2 3

In Exercises 13-22, find the x- and y-intercepts of the graph of the
equation.

13.2x —y—3=0
15. y=x2+x~-2
17. y =2/9 =42

4. 4x— 2y —5=0
16. y=x2 —4x + 3
18, y2 =% — 4x



22 CHAPTER 1 Functions, Graphs, and Limit;
x2—4 x + 3x
g - T P I
Boy="" 2.y = Gy

21 B’y —x2+ 4y =0 22, 2x%y + 8y — X% =

In Exercises 23-38, sketch the graph of the equation and label the
intercepts. Use a graphing utility to verify your results.

23 y=2x+3 24, y= —3x+ 2
25. y=x>~3 26. y=x>+6
27,y = (x - 1)? 28 y=(5- )2
29, y=x34+2 3. y=1-x*
3.y=-3+1 Roy=Jx+1
Boy=jx+1| M. y=—|x— 2
35. y=1/(x — 3) 3. y=1/(x>+1)
3. x=y"—4 38. x =4 -2

In Exercises 39-46, write the general form of the equation of the
circle,

39. Center: (0,0); radius: 3 40. Center: (0, 0); radius: 5
41. Center: (2, —1); radius: 4

42. Center: (—4,3); radius: 3

43. Center: (—1, 2); solution point: (0, 0)

44. Center: (3, —2); solution point: (—1, 1)

45. Endpoints of a diameter: (3, 3), (-3, 3)

46. Endpoints of a diameter: (—4, —1), (4, 1)

In Exercises 47-54, complete the square to write the equation of

the circle in standard form. Then use a graphing utility to graph
the circle,

47. >+ y2 - 2x+ 6y +6=0

48. x2+y2 —2x+6y—15=0

49, x2+ y?+4x+ 6y -3 =0

50, x2+y2—4dx+2y+3=0

51 2x2+ 2y —2x— 2y -3 =0

52 4x2 +4y? —dx +2y—-1=0

53. 16x2 + 16y2 + 16x + 40y =7 =0

54. 33 +3y2 -6y — 1 =0

In Exercises 55-62, find the points of intersection (if any) of the

graphs of the equations. Use a graphing utility to check your
results,

5. x+y=22x—y=1 56 x+y=723x—2y=11
57. x2 +y2 =252x+y= 10
58. v +y=42c—y=1

59.y=x3,y_—_2x 60_y=\/;,y=x

6l. y=x*-2x2+ I,y=1~— x2
62. y=x —2x2+x—1,y=—x2+3x — 1

@ Break-Even Analysis In Exercises 65-68, find the sales §

63. Break-Even Analysis You are setting up a part-tim, :
business with an initial investment of $15,000. The unjt
cost of the product is $11.80, and the selling price j *

$19.30.

(a) Find equations for the total cost C and total revenue p °
for x units.

i i

(b) Find the break-even point by finding the point of 7
intersection of the cost and revenue equations.

(c) How many units would yield a profit of $1000?

64. Break-Even Analysis A 2004 Chevrolet Malibu cog
$20,930 with a gasoline engine. A 2004 Toyota Prius cost;
$22,052 with a hybrid engine. The Malibu gets 16 miles per 5
gallon of gasoline and the Prius gets 35 miles per galicn of &
gasoline. Assume that the price of gasoline is $1.759, @
(Sowice: Adupied from Consumer Reports, May 2004)

(a) Show that the cost C  Of driving the Chevrolet Maliby
x miles is

G, = 20,930 + 1.759x/16 :

and the cost C, of driving the Toyota Prius x miles is

C, = 22,052 + 1.759x/35. |

(b) Find the break-even point. That is, find the mileage a
which the hybrid-powered Toyota Prius becomes more

economical than the gasoline-powered Chevrolet
Malibu. ‘

!
3

necessary to break even for the given cost and revenue equations.

(Round your answer up to the nearest whole unit.) Use a graphing &

utility to graph the equations and then find the break-even point,
65. C = 0.85x + 35,000, R = 1.55x

66. C = 6x + 500,000, R = 35x 3

67. C = 8650x + 250,000, R = 9950x
68. C = 5.5Vx + 10,000, R = 3.20x

69. Supply and Demand The demand and supply equa-
tions for an electronic organizer are given by

p = 180 — 4x
p=75+3x

Demand equation

Supply equation

where p is the price in doHars and x represents the number ¥

of units, in thousands. Find the equilibrium point for this
market.

70. Supply and Demand The demand and supply equa-
tions for a portable CD player are given by
p =190 — 15x
p=15+ 8x

where p is the price in dollars and x represents the number
of units, in hundreds of thousands. Find the equilibrium
point for this market.

Demand equation

Supply equation

71.

72.

73.
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lions of dollars) spent on college textbooks in the United
States in the years 1995 to 2002 are shown in the table.
(Source: Book Industry Study Group, Inc.)

Year 1995 | 1996 | 1997 | 1998
Expense | 2708 | 2920 [ 3110 | 3365
Year 1999 | 2000 | 2001 | 2002
Expense | 3773 | 3905 | 4187 | 4706

A mathematical model for the data is given by
y = 217783 — 419912 + 497.1r + 985
where ¢ represents the year, with 7 = 5 corresponding to 1995.

(a) Compare the actual expenses with those given by
the model. How good is the model? Explain your
reasoning.

(b) Use the model to predict the expenses in 2010.

Farm Work Force The numbers of workers in farm
work force in the United States for selected years from
1955 to 2000, as percents of the total work force, are shown
inthe table. (Source: Depariment of Commerce)

Year 1955 | 1960 | 1965 | 1970 | 1975
Percent | 9.9 7.8 5.9 4.2 3.6
Year 1980 | 1985 | 1990 | 1995 | 2000
Percent | 3.1 2.8 2.6 2.6 1.7

A mathematical model for the data is given by

_ —497 + 0.021:
1 - 0.025¢
where y represents the percent and t represents the year,
with 1 = 55 corresponding to 1955.
(@) Compare the actual percents with those given by the
model. How good is the model?

(b) Use the model to predict the farm work force as a
percent of the total work force in 2010.

(c) Discuss the validity of your prediction in part (b).

Weekly Salary A mathematical model for the average
weekly salary y of a person in finance, insurance, or real
estate is given by
_ 29248 + 37.721
1+ 0.02¢

where ¢ represents the year, with ¢ = 7 corresponding to
1997, (Sowrce: U.S. Brreau of Labor Stutistics)

74.
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(a) Use the model to complete the table.

Year 1997 | 1998 | 1999 | 2000 | 2001 | 2004

Salary

(b) This model was created using actual data from 1997
through 2002. How accurate do you think the model is
in predicting the 2004 average weekly salary? Explain
your reasoning.

(c) What does this model predict the average weekly salary
to be in 20067 Do you think this prediction is valid?

Medicine A mathematical model for the numbers
of kidney transplants performed in the United States in
the years 1998 to 2002 is given by

y = 60.641% — 544.0r + 12,624

where y is the number of transplants and ¢ is the time in
years, with t = 8 corresponding to 1998.  (Sorrce: United
Network for Organ Sharing)

@ (a) Enter the model into a graphing utility and use it to

@ 75.

76.

complete the table.

Year 1998 | 1999 | 2000 | 2001 | 2002

Transplants

(b) Use your school’s library, the Internet, or some other
reference source to find the actual numbers of Kidney
transplants for the years 1998 to 2002, Compare the
actual numbers with those given by the model. How
good is the model? Explain your reasoning.

Using this model, what is the prediction for the number
of transplants in the year 20087 How valid do you think
the prediction is? What factors could affect this
model’s accuracy?

(©)

Use a graphing utility to graph the equation y = ¢x + 1 for
¢c=1,2,3,4, and 5. Then make a conjecture about the
x-coefficient and the graph of the equation.

Define the break-even point for a business marketing a new
product: Give examples of a linear cost equation and a lin-
ear revenue equation for which the break-even point is
10,000 units.

@ In Exercises 77--82, use a graphing utility to graph the equation.

Use the graphing utility to approximate the x- and y-intercepts of

the graph. :
77,y = 02447 + 1.32x + 5.36
78. y = —0.56x% — 5.34x + 6.25
79. y = 0.3x* — 43x + 5.7
80. y = /—1.21x% + 2.34x + 5.6
2 -
81. y = 69"12; ;% 82. y = %:35%
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The following warm-up exercises involve skills that were covered in earlier sections. You will
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£ use these skills in the exercise set for this section.
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In Exercises 1 and 2, simplify the expression.

5-(~2) -7 - (=0)

1. i — 2. 4—1
1 1 6
3. Evaluate —— whenm = —3. 4, Evaluate —— whenm = <.
m m 7

In Exercises 5-10, solve for y in terms of x.

5, —4x +y= 6.3x—y=17
7.y -2=30kx—4) 8. y— (=5)=—1x - (-2)]
0.y~ (-3 =26y 10.y =1 = Al - (1)

In Exercises 17-24, use the point on the line and the slope of the
line to find three additional points through which the line

per year. Using the poin 1. v 2.
hown. ‘ e CA passes. (There are many correct answers.)
. ! 1 / k 7 Point Slope Point Slope
point-slope form. 6 6
i Spit—t g 5 17. 2,1) m=0 18. (-3,-1) m=20
slope-intercept form. P/ - 4 2 5
q 3 3l 19. (6, —4) m =53 20. (—2,-2) m=3%
end of each year. ?;* ; T 21. (1,7) m=-3 22. (10,-6) m = —1
6 7 8 W ; b x 23. (—8,1) misundefined.
24. (—3,4) mis undefined.
4500 | 3250 | 2000 3y 4.
T % 7 In Exercises 25-34, find the slope and y-intercept (if possible) of
J— Z:j. ! g ; the equation of the line.
5i—v st 25. x + 5y =20 26. 2x +y = 40
i 4
i I 3 27. Tx — 5y =15 28. 6x — 5y =15
Cr T 2 = 0. 2 = 24
37 ] i L | 29, 3x —y=15 30. 2x — 3y =
Try i T 3. x=4 32.x+5=0
33.y-4=0 Mq.y+1=0

In Exercises 5-16, plot the points and find the slope of the line
Passing through the pair of points.

5.(3,-4), (5,2

7. (32), (6,2)

9. (~8,-3), (~8,-5)
. (~2,1), 4,-3)

In Exercises 35-46, write an equation of the line that passes
through the points. Then use the equation to sketch the line.

35. (4,3),(0,-5) 36. (—3,—4),(1,4)
37. {0,0),(—1,3) 38. (—3,6),(1,2)
39. (2,3),(2, ~2) 40. (6, 1), (10, 1)

6. (1,2), (-2,2)

8. (% -2}, (4 -10)
10. (2, —1),(=2,—5)
12. (3, =5), (-2, —5)

13, (%, -2), (-2 1) 14. (-3 -3), (5 ) 41. (3,‘—1),(—22,5—1) 42, (3,35), (52, —110)
15, (23, (L -2) 16, (13, (5 -1) 43 (=3,1).(-3.3) . {3).G -9

46. (4, 1), (3, -5)

- (+3.4).G.8)
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through the given point and has the given slope. Then use a
graphing utility to graph the line.

47.
49.
50.
SL
33.
55,

Point Slope Point Slope

0,3 m=3 48. (0, 0) m=3
(=1,2) mis undefined.

(0, 4) nt is undefined.

(-2,7) m=0 52. (—2,4) m=0 v
0,-2) m=-—4 54, (—1,-4) m=-2
03 m=2 56. (0,-%) =1

In Exercises 57 and 58, explain how to use the concept of slope to
determine whether the three points are collinear. Then explain
how to use the Distance Formula to determine whether the

points are collinear.

57,
38.

59.
60.
61.

62.

(=2,1,(-1,0,(2,-2
0,4, (7, -6), (=5, 11)

Write an equation of the vertical line with x-intercept at 3.
Write an equation of the horizontal line through (0, —5).

Write an equation of the line with y-intercept at ~ 10 and
parallel to all horizontal lines.

Write an equation of the line with x-intercept at —5 and
parallel to all vertical lines.

In Exercises 63-70, write the equations of the lines through the
given point (a) parallel to the given line and (b) perpendicular
to the given line. Then use a graphing utility to graph all three
equations in the same viewing window.

63.
64.
65.
66.
67.
68,
69.
70.

Point Line

(-3,2) x+y=7

2,1 4x — 2y =3 83.
(—%,%) 3x+4y =7

(.3 Sx+3y=0

(-1,0) y+3=0 84.
2,5 y+4=20

(1,1 x=2=0

(12, -3) x+4=0

In Exercises 71-78, sketch the graph of the equation. Use a
graphing utility to verify your result,

71.
73.
75.

7.y +2=—4(x+1)

y=-2 72. y=-4
2x=-y—-3=90 74. x+2y +6 =0
y=-2x+1 76. 4x + 5y = 20

78. y—1=3(x+4)

79.

80.

81.

@ 82.

Population The resident population of South Carolina

(in thousands) was 3860 in 1997 and 4107 in 2002. Assuine

that the relationship between the population y and tha

year f is linear. Let ¢+ = 7 represent 1997. (Source: S

Census Burean)

(a) Write a linear model for the data. What is the slope and
what does it tell you about the population?

(b) Estimate the population in 1999.

(c) Use your model to estimate the population in 2001.

(d) Use your school’s library, the Internet, or some other

reference source to find the actual populations in 1999
and 2001. How close were your estimates?

(e) Do you think your model could be used to predict the
population in 2006? Explain.

Annual Salary  Your annual salary was $26,300 in 2002

and $29,700 in 2004. Assume your salary can be modeled

by a linear equation.

(2) Write a linear equation giving your salary § in terms of
the year. Let t = 2 represent 2002.

(b) Use the linear model to predict your salary in 2008.

Temperature Conversion Write a linear equation that
expresses the relationship between the temperature in

degrees Celsius C and degrees Fahrenheit F. Use the fact %
that water freezes at 0°C (32°F) and boils at 100°C (212°F).

Chemistry Use the result of Exercise 81 to answer the

following:

(a) A person has a temperature of 102.5°F. What is this :

temperature on the Celsius scale?

(b) If the temperature in a room is 74°F, what is this
temperature on the Celsius scale?

(Source: Adapted fron Zwadahd, Chemistry, Sixtlr Edition)

Reimbursed Expenses A company reimburses its sales
representatives $150 per day for lodging and meals, plus
$0.34 per mile driven. Write a linear equation giving the
daily cost C in terms of x, the number of miles driven.

Union Negotiation You are on a negotiating panel in a
union hearing for a large corporation. The union is asking
for a base pay of $9.25 per hour plus an additional
piecework rate of $0.80 per unit produced. The corporation
is offering a base pay of $6.85 per hour plus a piecework
rate of $1.15.

(a) Write a linear equation for the hourly wages W in terms
of x, the number of units produced per hour, for each
pay schedule.

] (b) Use a graphing utility to graph each linear equation and

find the point of intersection.

(c) Interpret the meaning of the point of intersection of the
graphs. How would you use this information to advise
the corporation and the union?

Q 85.

186

88.

89.
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Chemistry Ethylene glycol is the main component in
automobile antifreeze. To monitor the temperature of an
auto cooling system, you intend to use a meter that reads
from 0 to 100. You devise a new temperature scale (°A)
based on the approximate melting and boiling points of a
typical antifreeze solution (—45°C and 115°C). You wish
these points to correspond to 0°A and 100°A, respectively.

(a) Derive an expression for converting between °A and °C.
(b) Derive an expression for converting between °F and °A.

(c) At what temperature would your thermometer and a
Celsius thermometer give the same numerical reading?

(d) Your thermometer reads 86°A. What is the temperature
in °C and in °F?

(e) What is a temperature of 45°C in °A?

(Sowrce: Zumdahi, Chemistry, Sixtli Edition)

Linear Depreciation A company constructs a ware-
house for $825,000. The warehouse has an estimated use-
ful life of 25 years, after which its value is expected to be
$75,000. Write a linear equation giving the value y of the
warehouse during its 25 years of useful life. (Let  represent
the time in years.)

Linear Depreciation A small business purchases a
piece of equipment for $1025. After 5 years the equipment
will be outdated, having no value.

(a) Write a linear equation giving the value y of the equip-
ment in terms of the time 7 in years, 0 < 7 < 5.

(b) Use a graphing utility to graph the equation.

(c) Move the cursor along the graph and estimate (to two-
decimal-place accuracy) the value of the equipment
when 1 = 3.

(d) Move the cursor along the graph and estimate (to two-
decimal-place accuracy) the time when the value of the
equipment will be $600.

College Enrollment A small college had 2546 students
in 2002 and 2702 students in 2004. If the enrollment
follows a linear growth pattern, how many students will the
college have in 2008?

Consumer Awareness A real estate office handles an
apartment complex with 50 units. When the rent is $380
per month, all 50 units are occupied. When the rent is $425,
however, the average number of occupied units drops to 47.
Assume that the relationship between the monthly rent p
and the demand x is linear. (The term demand refers to the
number of occupied units.)

" (a) Write a linear equation expressing x in terms of p.

(b) Linear Extrapolation Predict the number of occupied
units when the rent is set at $455.

(¢) Linear Interpolation Predict the number of occupied
units when the rent is set at $395.

SECTION 1.3

90.

91.

92.
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Profit You are a contractor and have purchased a piece
of equipment for $26,500. The equipment costs an aver-
age of $5.25 per hour for fuel and maintenance, and the
operator is paid $9.50 per hour.

(a) Write a linear equation giving the total cost C of oper-
ating the equipment for ¢ hours.

(b) You charge your customers $25 per hour of machine
use. Write an equation for the revenue R derived from
t hours of use.

(c) Use the formula for profit, P = R — C, to write an
equation for the profit derived from # hours of use.

(d) Find the number of hours you must operate the equip-
ment before you break even.

Personal Income Personal income (in billions of
dollars) in the United States was 6937 in 1997 and 8685
in 2001. Assume that the relationship between the person-
al income Y and the time 7 (in years) is linear. Let 7 = 0
correspond to 1990.  (Sowrce: U.S. Burcau of Economic
Analvsis)

(a) Write a linear model for the data.

(b) Linear Interpolation Estimate the personal income

in 1999.

(¢) Linear Extrapolation
in 2002.

(d) Use your school’s library, the Internet, or some other
reference source to find the actual personal income in
1999 and 2002. How close were your estimates?

Estimate the personal income

Sales Commission As a salesperson, you receive a
monthly salary of $2000, plus a commission of 7% of
sales. You are offered a new job at $2300 per month, plus
a commission of 5% of sales.

(a) Write a linear equation for your current monthly wage
W in terms of your monthly sales S.

(b) Write a linear equation for the monthly wage W of
your job offer in terms of the monthly sales S.

(c) Use a graphing utility to graph both equations in the
same viewing window. Find the point of intersection.
What does it signify?

(d) You think you can sell $20,000 worth of a product per
month. Should you change jobs? Explain.

\J7 In Exercises 93-102, use a graphing utility to graph the cost
function. Determine the maximum production level x, given that
the cost C cannot exceed $100,000.

93.
95.
97.
99.
101.

C = 23,500 + 3100x 94. C = 30,000 + 575x
C=18375 + 1150x 96. C = 24,900 + 1785x
C = 75,500 + 89x 98. C = 83,620 + 67x

C = 32,000 + 650x 100. C = 53,500 + 495x
C = 50,000 + 0.25x 102, C = 75,500 + 1.50x
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SECTION 1.4

ct, for a function to have

?%REREGU!SITI‘
REVIEW 1.4

The following warm-up exercises involve skills that were covered in earlier sections. You will
use these skills in the exercise set for this section.

iverse Function

In Exercises 1-6, simplify the expression.

1, 5(~1)2—6(—-1) +9
4, 3 —x) +&x+3P

of f is the set of all g

wn in Figure 1.50. Note § 7.2x+ty-6=11

2. (=2 +7(-22-10

1

S Fp——

In Exercises 7-12, solve for y in terms of x.

8.5y —6x2—1=0
2y — 1

1. x =

3, (x— 2+ 52— 10

x—1

6. 1+

9, (y =3P =5+(x+1)7
12. x= 32y — 1

L]

10. y2 —4x? =2

4

lies that it is not one-to-q i
clusion can be obtainedt

In Bxercises 1-8, decide whether the equation defines y as a

f

function of x.

Lty 2.x+yt=4
2;3.%x—6y=—3 4. 3x -2y +5=0
Sat+y=4
Moxt+y2—2x—4y+1=0

ide. ;
(Lyr=x2-1

x, and so f has no inver; 8.x%y —x2+ 4y =0

fln Exercises 9-16, use a graphing utility to graph the function.
“Then determine the domain and range of the function.

4
P9 fla) =20 = Sy + 1

10, f(x) =5 + % — 1

;”-f&)=1§l 12. f(x) = V9 — 2
}&ﬂazvggj M.ﬂﬂ=\é%7
}mf®=i;§ 1aﬂﬂ:1fx

) = 20

: C’f\w In Exercises 17-20, find the domain and range of the function.
X :USE interval notation to write your result.

18. f(x) = V/2x - 3

} - } - X

20. f(x) = |x — 2|

:
4
JT[
S e A

In Exercises 2124, evaluate the function at the specified values
of the independent variable. §imp|ify the result.

21. f(x) =2x — 3

(a) f(0) () f(=3)

© fx—1) d) flx + Ax)
22, flx) =x2—2x+2

@ 1) ® f(—1)

© flc+2) (d) flx + Ax)
23. glx) = 1/x

@ g(2) ®) gz)

(c) glx +4) (d glx + Ax) — glx)
24, f(x) = |x| +4 .

(a f(2) ® f(-2)

(© fx+2) @ flx+ Ax) — f(x)

In Exercises 25-30, evaluate the difference quotient and simplify
the result. i
25, fx) =x" —4x + 1 26. h(x) =x2—x +1

flx + Ax) — f(x) h(2 + Ax) — h(2)
Ax Ax
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27. gle) = Vx + 3
glv+ Ay —g(x)
Ax
2. f() =~
L flx) = oo 5
fle+ Ax) — f(x)
Ax
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B0 = 7o
fl) = £(2)
x—2
0. ) =~
flx + Ax)}_: - fx)
Ax

In Exercises 31-34, use the vertical line test to determine whether

y is a function of x.

.2 +Hy2=9

In Exercises 35-40, find (a

(d) f(g(x)), and (e

35. f(x) -5
gy =35

3. fl)=x*+1
gxy=x-1

1

39. () = -
§(9 =%

41. Given f(x) =
functions.

(@ f(g(1))
() g(f(0))
(&) flglx)

Vx and g(x)

) F(x) + g(x), (b)
) g(f(x)) if defined.

36. fx) =2x— 35

Rix-xy+y+1=0

y

=

f(x) - glx), () Fx)/g(x),

glr)y=2—-x
38. f)=x+5
g) = V1 —x
40. f(x) = Tl
glx) = x°

= x% — 1, find the composite

(b) g(f(1)
@ flg(=4)
() g(fx)

SY

43.

functions.

42. Given f(x) = 1/x and g(x) = x* — 1, find the compog

(b) g(f(2))
@ &(£(1/v2))
() g(fx)

(@ f(g(2)
© fls(1/v2))
(e flgl)

In Exercises 43-46, select a function from (a) f(x) =

(b) g(x) = ex?, () hix) = c\/m and (d) r(x) = ¢/x and dey,~

A AR N N

s

mine the value of the constant ¢ such that the function fits ¢4 *

data in the table.

In Exercises 47-50, show that f and g are inverse functions:
showing that f(g(x)) = x and g(f(x)) = x. Then sketch t'l’%

graphs of fand g on the same coordinate axes.

47, f(x) = 5x + 1, elx) = x; L

4. 09 =1, g =

49, flx) =9—x% x20, gk)=V9—x, x<9
50. f(x) =1 — x3, glx) = ¥

In Exercises 51-58, find the inverse function of f. Then sketcht

graphs of fand f~7 on the same coordinate axes.
51. 52. f(x) =6 —3x

53. flx) = x° 54. fx) =x3+1
55 f) = V9 —x% 0<x<3

56. f(x) = Vx2—4, x =2

57. flx) =x*2, x=20 58. f(x) = x5

In Exercises 59-64, use a graphing utility to graph the functiog

Then use the horizontal line test to determine whether the fur
tion is one-to-one. If it is, find its inverse function.

flx) =3 - 7x 60. f(x) = Vx—2
61. f(x) = x2 62. f(x) = x*

~§

vl -4 [-1|ol1 |4
v|-32|-2]0]|-2]-32
WrT=a]-1o]1]4 4
y | =1 -+lo|t]1 1
:
Brel=al-1To 1|4
v | =8 | =32 | Undefined | 32 | 8
Wl -a]-1Tol1]a E
yl6 |3 |o]3]e6

6. f=1x =2

65. Use the graph of flx)
each function.
() y= Jx+2
byy=- Jx
©y=~vx—2
@dy=vxt3
©y=vx—4
() y = 2/

66. Use the graph of f(x)
each function.
(@y=|x+3
® y = =3
©y=lx—2
dy=x+1 -1
(€) y = 2lx|

67. Use the graph of f(x)

functions whose grapt

(a)

%

9

68. Real Estate Expre:
terms of x, the numb
acre is valued at $2!
$750,000.
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g are inverse functions b)'
(x)) = x. Then sketch th
nate axes,

_x-=1
)= 5
1
=z
)=Vv9—-x, x<9
)=3I1~-x

nction of f. Then sketch th
dinate axes.

flx) =6~ 3x
F) =x%+1
J&) = x¥3

ility to graph the function
stermine whether the funt
se function,

flx)y=Ix -2
fx) = x*

3. flx) = jx— 2| 64. f(x) =3

§5. Use the graph of f(x) = /x below to sketch the'graph of
each function.

@y=Vx+2

®) y=-x

© y=vx-2

@y=+x+3

() y=x—4 .
@) y=2Vx

66. Use the graph of f(x) = |x| below to sketch the graph of

each function.

@@y=|x +3 ¥
®) y= 3] St S =]
©y=1lx-2| 2L
@y=|x+1-1 N
© y =2 o o
R T
a4

{ ! ; x
-3 / 3
A —9

68, Real Estate Txpress the value V of a real estate firm in
terms of x, the number of acres of property owned. Each
acre is valued at $2500 and other company assets total
$750,000.

67. Use the graph of f(x) = x° to find a formula for each of the
functions whose graphs are shown. '
(b)
. y
©.3)
} ¥ R— } x
3 -6 =3 3
© (d
y y
3,6) ‘
6 I i i x
-9 -6 -3
34 (_6"3) 34

@ 69.

70.

71.

72.

73.
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Owning a Business You own two restaurants. From
1998 to 2004, the sales R, (in thousands of dollars) for one

restaurant can be modeled by
R, =480 -8 — 0872 1=0,1,2,3,456

where ¢ = 0 represents 1998. During the same seven-year
period, the sales R, (in thousands of dollars) for the second
restaurant can be modeled by -

R,=254+078, t=0,1,23,4,5,6.
Write a function that represents the total sales for the two

restaurants. Use a graphing utility-to graph the total sales
function.

Cost The inventor of a new game believes that the vari-
able cost for producing the game is $0.95 per unit. The
fixed cost is $6000.

(a) Express the total cost C as a function of x, the number
of games sold.

(b) Find a formula for the average cost per unit C = C/x.

(c) The selling price for each game is $1.69. How many
units must be sold before the average cost per unit fails
below the selling price?

Demand The demand function for a commodity is
1475
P= T+ 00w

where p is the price per unit and x is the number of units
sold.

(a) Find x as a function of p.
(b) Find the number of units sold when the price is $10.

Cost A power station is on one side of a river that is%
mile wide. A factory is 3 miles downstream on the other
side of the river (see figure). It costs $10/ft to run the power
lines on land and $15/ft to run them under water. Express
the cost C of running the lines from the power station to the
factory as a function of x.

Cost The weekly cost of producing x units in a manufac-
turing process is given by the function

C(x) = 70x + 375.

K : :
£ (e 1 ‘/EL !
. [Pzl ot
o isrE ¢ il 3 T
ok B
o — L5 Iy Power

ac OV/ A £ station
P~ i . i . v vr; 5

3 Ll - - /

R Y

The number of units produced in ¢hours is given by
»(f) = 40t. Find and interpret C(x(r}).



48

CHAPTER 1  Functions, Graphs, and Limits

@ 74. Market Equilibriwm  The supply function for a product @ 78. Medicine The temaperature of a patient after being gnep

75.

76.

71.

relates the number of units x that producers are willing to
supply for a given price per unit p. The supply and demand
functions tor a market are

2
p= gx + 4 Supply
16
p= —25x + 30. ‘Dcm(md

(a) Use a graphing utility to graph the supply and deimand
functions in the same viewing window.

(b) Use the trace feature of the graphing utility to find the
equilibrium point for the market.

(c) For what values of x does the demand exceed the
supply? ~

(d) For what values of x does the supply exceed the
demand?

Profit A radio manufacturer charges $90 per unit for

units that cost $60 to produce. To encourage large orders

from distributors, the manufacturer will reduce the price by

$0.01 per unit for each unit in excess of 100 units. (For

example, an order of 101 units would have a price of $89.99

per unit, and an order of 102 units would have a price of

$89.98 per unit.) This price reduction is discontinued when

the price per unit drops to $75.

(a) Express the price per unit p as a function of the order
size x.

(b) Express the profit P as a function of the order size x.

Cost, Revenue, and Profit A company invests

$98,000 for equipment to produce a new product. Each unit

of the product costs $12.30 and is sold for $17.98. Let x be

the number of units produced and sold.

(a) Write the total cost C as a function of x.
(b) Write the revenue R as a function of x.
(¢) Write the profit P as a function of x.

Revenue For groups of 80 or more people, a charter bus
company determines the rate r (in dollars per person)
according to the formula

r =8 — 0.05(n — 80),

where n is the number of people.

n 2 80

(a) Express the revenue R for the bus company as a func-
tion of n.

(b) Complete the table.

n | 90 | 100 | 110 | 120 | 130 | 140 | 150

R

(c) Criticize the formula for the rate. Would you use this
formula? Explain your reasoning.

a fever-reducing drug is given by

= + -
Flo) = 98 t+ 1

where F is the temperature in degrees Fahrenheit and ¢ *

the time in hours since the drug was administered. Use ;

graphing utility to graph the function. Be sure to choose a b

appropriate viewing window. For what values of ¢ do yol
think this function would be valid? Explain.

@ In Exercises 79-86, use a graphing utility to graph the functnon
Then use the zoom and trace features to find the zeros of the
function. Is the function one-to-one?

79. f(x) = 9x — 4x? 80. £(x) = 2(3x2 - g)

t+3 ¥
81. gr) = 1=, 82. h(x) = 6x* — 12x* + 4 ;
4-x :
83. flx) = —= 84. g(x) = %xz - 4|
85. glx) = x2/x? — 4 flx) = ——16
x?

“{*

%

Robert L. Boverie/CardSenders

CardSenders is a home-based greeting card service
for businesses. Phyllis and Robert Boverie bought
the company in 1990, which has expanded into

the United Kingdom, Canada, Asia, and Mexico.
Currently there are over 200 licensees and
consultants. Start-up costs run from $995.00

for consultants and $6,900.00 for licensees.

87. Research Project Use your school’s library, the
Internet, or some other reference source to find
information about the start-up costs of beginning a
business, such as the example above. Write a short
paper about the company.

‘];3

The Limitof al
In everyday language
Jimit of one’s endura
gest that a limitis at
other occasions may

Consider a sprin
attached. To determi

& could attach increasi
. each weight w, as sh
i of L, then it is said tt
- limit is much like the

lim f(x)
X=—=>C
which is read as “the

M E{AMPLE 1

Find the limit: lim (x

x—1

. SOLUTION Let f(x
* that f(x) approaches

lil;[} (x2+1)=:

' The table yields the s
f(x) gets closer and ¢

x approa
X 0.900 | 0.990
fx) | 1.810 | 1.980

S(x) apprc

TRY 17 1

Find the limit; lim (

x—=1
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The following warm-up exercises involve skills that were covered in earlier sections. You will :
use these skills in the exercise set for this section. B .
In Exercises 1-4, evaluate the expression and simplify. -
L flx)=x2~3x+3
(@ f=1) () f(c) () flx+ k)
oy J2e—2 x <1 1 1
2. f(-‘)—{3x+1‘ x> 1 - Trx 2
., lim
@ f(-1) ) £3) © f2+1) ﬁ 0t 2x
+ k) —
. fl)=xr-2¢ 42 &—l’lz“& k FT 0.5 0.1
: QR+ h) - ' )
. i 2+ n - 10)
h i
4 ises 9-12, use tt
In Exercises 5-8, find the domain and range of the function and sketch its graph. i+ In Exercises
i )
5. b9 = = 6. g(v) = V25 =2 I
X , ‘ (-1,3) !
X |
7. flo) = |x - 3] 8 flx) = " k ai'-
y *z‘ y=F(x)
In Exercises 9 and 10, determine whether y is a function of x. |z l
9. 9% + 4y2 = 49 10. 2x% + 8x = 7y -

(@) lim f(x)

g‘” 7

(b) lim f )

In Exercises 1-8, complete the table and use the result to esti- -3 i 1L Y
mate the limit. Use a graphing utility to graph the function to 4. lh_,";_ x—2 T
confirm your result. , L3 T
C =1,
L lin; (5x + 4) X 1.9 1199 11999 | 2 { 2.001 ! 2.01 2.1 1
f(’() ? y=g(x) (0,1
x 1.9 1199 11999 1 2 | 2.001 | 2.01 2.1 - ’ \ ’
f (t) ? Jr+3-~ \/5 ' B
5. lim ——— Y~
0 x )
. (@) lim g(x)
2 lim (x? = 3x + 1) * | =01} 001 | -0.001|0 | 0001|0010 =
(b) lim g(x)
x [ 19199 1999 | 2 [ 2001 201 ] 21 ] S ? =
() ? ; In Exercises 13 and
x+2- /2 {b) f(x)g(x), and (c) f(x)
6. lim .
-0 x 13, lim f(x) = 3
. x—2 x—>c
3. P_IE x> —4 x =011} -001 | —0.001 | 0 | 0.001 0.01 | 0§ limg(x) = 9
x| 19119911999 | 2| 2001 | 201 | 2.1 ) ?

—1  In Exercises 15 and 16,1
(&} [£(x)]2 as x approact

15. 1im f(x) = 16




—-0.01 | —0.001 | O

ilier sections. You will 11
i+ 4 4

7. lim

x>0~

fx)
o1
i + 2
8. Jun oy

x 05701/ 001

0.001 | O

In Exercises 9-12, use the graph to find the limit (if it exists).

9. ¥

-1,3)

y=7x) (0, 1)

[ 2001 ] 2.01 | 2.1

@ lim g(x)

)1} 0| 0.001 | 0.01

® Jim, gt

0. =W

: S
1 (3.0)
(1,-2)
(@) lim f(x)
(b) Lim f(x)
12. )
. A

(-2,-5)

(a) ’lin_12 h(x)

(b) lvin?) hix)

I(n Exercises 13 and 14, find the limit of (a) f(x) + g(x),
b) f(x)g(x), and () f(x)/g(x) as x approaches c.

13. lim f(x) = 3

100001001 [0 fimgy =g

(60T as x approaches .
15 Tim (x) = 16

Y¢

14. lim f(x) = %

Lim g(x) = %

=

— L Exercises 15 and 16, find the limit of (a) ~/F(x), (b) [3f(x)], and

16. lim f(x) = 9
X

In Exercises 17-22, use the graph to find the limit (if it exists).

(@) lim f(x)

21.

in Exercises 23~ 40, find the limit.
23.

" 25,
27. 1

29. 1

31

39.

lim —————

20.

24.

26.

28.

30.

K X

36.

38.

40.

SECTION 1.5  limits

lim x3
x—-2

lim (2x — 3)

x>0

lim (=x2 + x — 2)

x—2

lim ¥x + 4

x4

.o 3x+ 1
Hm

x—>-22 =X
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In Exercises 41-58, find the limit (if it exists). 67. The limit of ] !
2 _ 2 -y — = (1 + o) ; 2
4. fim 2L 82, fim X x =3 fo) =+ .
=t x ] el x A+ is a natural base for many business applications, as you wijj ;
- - see in Section 4.2. i
43, Tim 22 44, lim 2% © e
-2x° — 4x + 4 -2x* — 4 lin(x)(l + x)Vr = ¢ =~2718
N 22 ) i
45, }1_[3 2 s 46. }f} T (a) Show the reasonableness of this limit by completing .
the table. 5 Y
. x*+38 S 81 = Contnuity
47. lim ~——- » lim = ¥ | =001 -0001|-00001 0 | 0.0001 | 0.001 | 0.01] ,
¥ In mathematics, the
49. lim lx + 2| 50. Jim lx = 2] fl) i everyday use. To say
=2 X+ 2 2 X =2 *  interruption in the g
1 R Z o
51, lim f(x), where f(x) = {3 2, x<3 (b) Use a graphing utility to graph f and to confirm the ¢ mo holes, jumps, or ¢
x—3 ’ —2x+5 x>3 answer in part (a). , tion eluded mathem;
< ) , . - 1800s that a precise
5. }i_ir}f(s), where f(s) = {i, ., ;V ; i (c.) Flfld the dor?am and range of the function. : Before looking .
’ 68. Find lim f(x), given ¢ in Figure 1.60. This
53 1 At &) = t continuous
- am Ax 4-x2<flx) <4+ 22 forallx. . notc S.
a1 4(x + Ax) = 5~ (4x - 5) 69. Environment The cost (in dollars) of removing p% of ¢ 1. Atx = ¢}, fle)) is
. lim . . :
Axo0 Ax the pollutants from the water in a small lake is given by 2. Atx = ¢, lim f(
T2t A - JiF2 _ 25,000p e
C= , 0< 100
55, Alxlgno A 100 — p p< - 3 Aty =g, flc;) #
/ - where C is the cost and p is the percent of pollutants. :
56. Alim —%—‘Cx ) P ' P P . At all other points in
0 (a) Find the cost of removing 50% of the pollutants. ¢ implies that the funct;
57. lim (t+ A0 = 5(t + Ar) — (2~ 51) (b) What percent of the pollutants can be removed for
" A0 At $100,000? -
58, qi U AN =4+ A) +2 - (2 - 4 +2) (¢) Bvaluate lim C. Explain your results. ‘ } Definition of Con
A0 At "~ Let ¢ be 4 be
70. Compound Interest You deposit $1000 in an accoun : cbea number
@ Graphical, Numerical, and Analytic Analysis  In that is compounded quarterly at an annual rate of r (in’ dor-nam contains tl
Exercises 59-62, use a graphing utility to graph the function and decimal form). The balance A after 10 years is point ¢ if the follg
estimate the limit. Use a table to reinforce your conclusion. Then 40 1 )
find the limit by analytic methods. A= 1000(1 + i) . + fe) is defined.
. 2 ‘ o . _ 2. lim f(x) exists.
59. xl—1>r1n< 7o 60. 1_1):}1 = Does the limit of A exist as the interest rate approaches 6% & e
¥ . o .
| il If so, what is the limit? 3. l‘lﬁf(‘) = f(c).
61. lim Y 62. lim @ 71. Compound Interest Consider a certificate of deposit ’ £ Y
X 0T x that pays 10% (annual percentage rate) on an initial deposit If fis continuous at
@ In Exercises 63-66, use a graphing utility to estimate the limit (if of $500. The balance A after 10 years is . 0D an open interv;
it exists). A = 500(1 + 0. Lx)10/x
L X 5x+6 here x is the length of the ¢ di iod (in years).
63. ll_)n% T 4t a where x is the e-ng (? . e compounding period (in years) Ro.ughly, you can
"y , (a) Use a graphing utility to graph A, where 0 < x < 1. on the interval can be -
64, lim —-2%¥~ 7 (b) Use the zoom and trace features to estimate the balance? ffom the paper, as shov
ol = x2 + 2%~ 2 . . . .
for quarterly compounding and daily compounding.
3 2 '
65. lim M (c) Use the zoom and trace features to estimate
=4 20+ Tx — 4
lim A.
66. lim 43+ T2+ x+ 6 x50*
Txs-2 32 —x — 14 What do you think this limit represents? Explain your
reasoning.




Continuity 69

SECTION 1.6

The following warm-up exercises involve skills that were covered in earlier sections. You will
use these skills in the exercise set for this section.

st PREREQUISITE

rest is paid to an accouy

rest is paid on previous;

g

npounded. Suppose,

REVIEW 1.6

In Exercises 1-4, simplify the expression.

t pays 6% interest, con Xtox+8 g Xow=b

:st rate, the quarterly raj P 6x 16 A Ox I8

st five quarters are show] 22— 2 — 12 x* ~ 16x
3 4 T2+ 36 YA

In Exercises 5-8, solve for x.

5.2+ 7x=0 6. > +4x—-5=0
= $10,350.00 { 7. 32+ 8 +4=0 8. B+ 5x2-24x=0
= $10,302.25
— $10.456.78 In Exercises 9 and 10, find the limit.
; 2 _ : 3 _
~ $10,613.63 9. ll.lg (2x2 — 3x + 4) 10. x]_l)ll;lz B2 =8 +7)
«d above.
nt and let ¢ represent thf In Exercises 1-10, determine whether the function is continuous _x -1 _x* -8
1 to represent the balank on the entire real line. Explain your reasoning. 13. flx) = x+1 14 ) = 2
Lfx)=523-x+2 2. flx) = (2= 1) y y
i
: 1 1 1 et
. IR f(x)=x2_4 4. f(x)=9—_*x'§ } 12
nction has a discontinuil 2 / 10
‘ 1 X b-r 8
e 8 = . ) = ) , )
8= 6. f6) = A ‘]
! 2x — 1 x+ 4 4 2
7. e —— = ———————— T ! 1 ] | ] i !
=T 51 8. 10 = 5 6+ 5 /_{.} EEENEAN A
ntin Example 6 if the 9. glx) = "2_—24"_+_4
xt—4 15. f) = x> — 2 + 1
0, gy = T 9T 20 16. f(x) =3 — 2x — 2
‘ x> — 16
| 17. f2) = 57
e !n Exercises 11-34, describe the interval(s) on which the function ’ 2 -1
Wﬁm*ﬁ‘wm”m@ /\”" s continuous. 3
v x — 3
: 2 18. f(x) =30
11, fx = il ) = 1 22 -9
) . 12 f&) = 35— )
3 19, f(x) = 5=
¥ \ x2+1
I 1
2. f6) = 37
x—35

20 = a5 20

x—1
x4+ x=2

22, flx) =
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[H]

23, f(x) = [2x] + 1 LaZ B

24. f(x) =

y y
34 &0
2--e0

. oL
RS 1"}‘/
S -%h'-—F——*‘“"l‘_’x 1 1 |
4 I

-3 -2

cosl P
25 f(x) _ [xq2x +3, x ; i
26. f(x) = {;i‘l =
1

=

-4, x<0
2. f6) = {3x+ L x>0
29, f(y) = Lf—i%‘
30. f(x) = H
3L fx) =[x — 1]
2. fx) =x ~ [4]
33, h(x) = fe(0)), f(x) = % o) =x—1Lx>
M. hlx) = f(g(x), flx) = ﬁ?’ gy =x2+5

In Exercises 35-38, discuss the continuity of the function on
the closed interval. If there are any discontinuities, determine
whether they are removable,

Function Interval
35, fx) =x2 —4x - 5 [-1,5]
36. f(x) = x2-5+- ; (-2.2]
37. flx) = x—_l—z (1, 4]
38. f(x) = ﬁLTi [0, 4]

In Exercises 39~44, sketch the graph of the function and describe
the interval(s) on which the function is continuous.

2 _ 2
3. 19 = £2 }f 40, f(x) = Qxi—"

4 g9 = 21
2 ) = 252
. £ = {" ol
M. fl) = {2 +f1,

x <0
x>0

x<0
x>0

In Exercises 45 and 46, find the constant a (Exercise 45) and i
constants a and b (Exercise 46) such that the function is contmu

on the entire real line.

B, x<2
45. flo) = [axz, x>2
2, x< ~1
46. fx) =Jax+b, —-1<x<3
-2, x23

@ In Exercises 47-52, use a graphing utility to graph the funct 57 flx) =

§Wriling In Exercises 57
the function on the interv
“tion appear to be contint
'fact continuous on [—4
ithe importance of exami
graphlcany

Use the graph to determine any x-values at which the funct:o;

not continuous.

1
7. hlx) = 5——
47. hix) 2—x-2
x—4
B m ey
2x—4, x<3
9. ) = [x'z* 2x, x>3
I, x<1
50f()—{+1 x> 1

51 flo) = x — 2[x]
52. flx) = [2x - 1]

In Exercises 53-56, describe the interval(s) on which the funct‘;g

is continuous,

53. f(x) = ﬁ 54. f(x) = x /3 ¥3
y y
24 44
1 .
2 e
T T i 2[ - X ( 3Y 0)

SN TN T o P D e oy R,

x>+ x
-8
158, f5) = -

‘59, Compound Interes
account that pays 6%
A in the account afte:

A = 7500(1.015)!

(a) Skeich the graph
your reasoning.

(b) What is the balar

. Environmental Co.
of removing x perce:
smokestack of a factc

(=)
=}

2x
€ =100 =z
(a) What is the im

reasomng

@ (b) Usea O‘aphmg u
function continu
reasoning.

(c) Find the cost of 1
the smokestack.

Consumer Awaren
for sending an overni
is $9.80 for the first
pound or fraction thei
to create a model for
@ package weighing
graph the function, at

61.




ks 00 = 5124 s6. 9 = 2
y
4 -4
3 -
2 e

constant a (Exercise 45) and
ch that the function is continui

\Writing  In Exercises 57 and 58, use a graphing utility to graph
the function on the interval [ — 4, 4]. Does the graph of the func-
ion appear to be continuous on this interval? Is the function in
fact continuous on [—4,4]? Write a short paragraph about
c<3 Ethe importance of examining a function analytically as well as
%graphicaliy.

L

x4+ x

ng utility to graph the functi{;i §1. flx)
x-values at which the functior
8. fl) == 8

3
x—2

b

.59, Compound Interest A deposit of $7500 is made in an
account that pays 6% compounded quarterly. The amount
i Ain the account after # years is ‘
A = 7500(1.015)11, 1 > 0.

(a) Sketch the graph of A. Ts the graph continuous? Explain
your reasoning.

|

. (b) What is the balance after 7 years?

-60. Environmental Cost The cost C (in millions of dollars)
\ of removing x percent of the pollutants emitted from the
smokestack of a factory can be modeled by

nterval(s) on which the funct
‘ C = _x
. 100 — x
54, flx) =x/x + 3 (2) What is the implied domain of C? Explain your
reasoning.

(b) Use a graphing utility to graph the cost function. Is the
function continuous on its domain? Explain your
reasoning.

(¢) Find the cost of removing 75% of the pollutants from
the smokestack.

- Consumer Awareness A shipping company’s charge
for sending an overnight package from New York to Atlanta
is $9.80 for the first pound and $2.50 for each additional
pound or fraction thereof. Use the greatest integer function
1o create a model for the charge C for overnight delivery of
a package weighing x pounds. Use a graphing uiility to
graph the function, and discuss its continuity.

SECTION 1.6  Confinuity 71

@ 62. Consumer Awareness A cab company c/hyarges $3 for

the first mile and $0.25 for each additional mile or fraction
thereof. Use the greatest integer function to create a model
for the cost C of a cab ride n miles long. Use a graphing
utility to graph the function, and discuss its continuity.

63. Consumer Awareness A dial-direct long distance call
between two cities costs $1.04 for the first 2 minutes and
$0.36 for each additional minute or fraction thereof.

(a) Use the greatest integer function to write the cost C of
a call in terms of the time t (in minutes). Sketch the
graph of the cost function and discuss its continuity.

(b) Find the cost of a nine-minute call.

64. Salary Contract A union contract guarantees a 9%
yearly increase for 5 years. For a current salary of $28,500,
the salary for the next 5 years is given by

S = 28,500(1.09)1
where ¢t = 0 represents the present year.

@ (2) Use the greatest integer function of a graphing utility to
graph the salary function, and discuss its continuity.

(b) Find the salary during the fifth year (when t = 5).

65. Inventory Management The number of units in inven-
tory in a small company is

N= 25(2[[%—2}] - r), 0<t<12

where the real number ¢ is the time in months.

@ (a) Use the greatest integer function of a graphing utility to
graph this function, and discuss its continuity.

(b) How often must the company replenish its inventory?

66. Owning a Franchise You have purchased a franchise.
You have determined a linear model for your revenue as a
function of time. Is the model a continuous function?
Would your actual revenue be a continuous function of
time? Explain your reasoning.

67. Biology The gestation period of rabbits is only 26 to 30
days. Therefore, the population of a form (rabbits’ home)
can increase dramatically in a short period of time. The
table gives the population of a form, where £ is the time in
months and N is the rabbit population.

1 0112 3 4 15 6

Nl|l2|8|10|14 |10 |15]12

Graph the population as a function of time. Find any points
of discontinuity in the function. Explain your reasoning.
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The following warm-up exercises involve skills that were covered in earlier sections. You wilt In Exercises 9-14, matc
use these skills in the exercise set for this section. horizontal asymptotes as

In rExercises 1-8, find the limit.

L lim (¢ + 1) 2. liml Bx+4)
x—2 Xy —
.22 +x—15 . 3 -8r+4
3. xl—>m—]3 x+3 4 E”g x—2 ,
L x2=5¢+6 . X2 ~6x+5 ' e rf"w— -
>lim TEoa R S
7. lim Vx 8. lim (x+ Vx—1)
= x=1*
1 -v
In Exercises 9-12, find the average cost and the marginal cost. a b
9. C =150 + 3x T

10. C = 1900 + 1.7x + 0.002x2 : !
11. C = 0.005x2 + 0.5¢ + 1375
12. C =760 + 0.05¢

In Exercises 1-8, find the vertical and horizontal asymptotes. 3x2 —4x , 3
Write th , ) ) = 6. flx) =—5— '
rite the asymptotes as equations of lines. 2(x* + 1) XX+ 4 2l
x2+1 : 4 y y : I
1 fix) = 2, flx) = —— 3 L
W= 0= =7 +4 o BEEEREEEY
y y 3+ 34
N 2 12
1+ + Sl
pd Nt x Nt | W = T
~4-3-2-1 L1 23 4 -4-3-2-1 | , -
-2 ., B ' X
1. flx) = =——
T x =3+ =3t 2
I oT _2“ x*+2
870 =5 -
X -1 2 +1 » o
7f(x):m 8-f(x)=x3_8 ,
In Exercises 15-22, find the
y y |
| 15 i
sl i
y o2+ ! 2+ ; ;
4y L i+ 17, fim 24
Ny B el Y3
2of ! BT SR T 1] ¢ 3 405 a
T I : ) 9 19, lim ) d 16
A . | =+ | -2+ | x4 x? —
x T2 L2304 * 34 1 ST R |
-2+ | / ‘ ‘ 2L lim (1 +l>
—3t ‘, X~—0- X
-4+ }

In Exercises 23-32,find the|




n earlier sections. You will

—}
in Ex
horizontal asymptotes as an ai

T x2+4

{0 ¥

Nl

24

!

l_.
o
PR T

3x2

T
11. f(x)le’ir2
B‘f(x):s—;?]:*]*

In Exercises 15-22, find the limit.

I —
X—-2- (x + 2)2

17, lim ¥4
y=3  x — 3

2L lim (1 + l)
X=30- x

In Exercises 2332, find the limit.

23, lim é,:l

o 3y + 2

ercises 9-14, match the function with its graph. Use
d.{The graphs are labeled (a)-(f).]

Ry

2x
10. S S
0= 5
5
2. =
20 =2
2 —3x+ 5
4. ) = T
14. f(x) e
1
16. ‘L"fl —3
+ X
18. lim 24
o1+ 1 — x
. 22
20. 11331 2416
: . 1
22, lim (x~ — ~>
0 X
3 +
24. lim S+ 1

o -3+ 7
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. 3x L 2l —1
25, Jim e 1 26. lim Tox 3
) 5x° X =2+ 3+
27. .xgr—noox +3 28. \12‘20 2 =3x+2
29, lim (2x —x7%) 30. lim (2 —x79)
X000 X0

. 2x 3x . 2x% 3x
. + : S
s () o (2 )

In Exercises 33 and 34, complete the table. Then use the result to
estimate the limit of f(x) as x approaches infinity.

x+1
33, =
ftx) e
X to® | 10" | 102 | 10® | 10* | 105 | 10°
fx)

34, f(x) =22 = xVaxlx —1)

x {10010 | 10% | 10° | 10* | 10° | 10°
f)

In Exercises 35 and 36, use a spreadsheet software program to
complete the table and use the result to estimate the limit of F(x)
as x approaches infinity.

35. flx) =

X 100 | 10" | 107 | 10% | 10* | 10° | 10°

1)

3x2
3. 10 =5 T

x 10} 10" | 10* | 10* | 10* | 10° | 10°

S

@ In Exercises 37 and 38, use a graphing utility to complete th

table and use the result to estimate the limit of f(x) as .
approaches infinity and as x approaches negative infinity.

2x
10 =T
X —10¢| —10*} —10*| 10" 102 ] 100 ] 108
FEES) L



230 CHAPTER 3

Applications of the Derivative

38. flx) =x — Vxlx )

v | —100] —10%| ~107} 10° | 10? | 10" | 106

f

In Exercises 39-56, sketch the graph of the equation. Use
intercepts, extrema, and asymptotes as sketching aids.

2+x x—3
M.y=1" 40, y ="
. s SN X
41. f(o) =579 42. f(x) Fia
x? X
43. glx) = m 44. glx) = 24
45, xy? =4 46. x2y = 4
2x 2x
47.y—1_x 48.y—~'1“:—;2*
49, y=3(1 —x7? 50, y=1+x"'
1 x—2
SLIW =5 S A
x2—x—2 x2 -9
53. g(x) = _)_C-::Z— 54. g(x) = - 3‘
. 26 X
55. y= e 56. y Y

57. Cost The cost C (in dollars) of producing x units of a
product is C = 1.35x + 4570.

(a) Find the average cost function C.
(b) Find € when x = 100 and when x = 1000.
(c) What is the limit of C as x approaches infinity?

58. Average Cost A business has a cost (in dollars) of
C = 0.5x + 500 for producing x units.

(a) Find the average cost function C.
(b) Find C when x = 250 and when x = 1250.
(c) What is the limit of C as x approaches infinity?

59, Cost The cost C (in millions of dollars) for the federal
government to seize p% of a type of illegal drug as it enters
the country is modeled by

C = 528p/(100 - p), 0 < p < 100.
(a) Find the cost of seizing 25%, 50%, and 75%.
(b) Find the limit of C as p— 100~
(c) Use a graphing utility to verify the result of part (b).

60. Cost The cost C (in dollars) of removing p% of the air
pollutants in the stack emission of a utility company that
burns coal is modeled by

C = 80,000p/(100 — p),

0 <p < 100.

61.

62.

63.

64.

65.

(a) Find the cost of removing 15%, 50%, and 90%.
(b) Find the limit of C as p— 100",
(c) Use a graphing utility to verify the result of part (b),

Learning Curve Psychologists have developed mathe.
matical models to predict performance P (the percent of
correct responses) as a function of n, the number of times,
task is performed. One such model is

b+ faln - 1)
1+ 6(n—1)
where a, b, and 0 are constants that depend on the actuy

learning situation. Find the limit of P as n approaches
infinity.

Learning Curve Consider the learning curve given by
0.5 +09( — 1)
T D R

(a) Complete the table for the model.

fn| L|2(3]|4]5]6]7]|8]9}10

P

(b) Find the limit as n approaches infinity.

(c) Use a graphing utility to graph this learning curve, and
interpret the graph in the context of the problem.

Biology: Wildlife Management The state game |

commission introduces 30 elk into a new state park. The
population N of the herd is modeled by

N = [10(3 + 49]/(1 + 0.1)
where ¢ is the time i years.
(a) Find the size of the herd after 5, 10, and 25 years.

(b) According to this model, what is the limiting size of the
herd as time progresses?

Average Profit The cost and revenue functions for a
product are C = 34.5x + 15,000 and R = 69.9x.

(a) Find the average profit function
P=(R- O/x

(b) Find the average profit when x is 1000, 10,000, and
100,000.

(c) What is the limit of the average profit function as x
approaches infinity? Explain your reasoning.

Average Profit The cost and revenue functions for a
product are C = 25.5x + 1000 and R = 75.5x.

. . =_R-C
(a) Find the average profit function P = —

(b) Find the average profit when x is 100, 500, and 1000.

(c) What is the limit of the average profit function as x
approaches infinity? Explain your reasoning.
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Radian Measure of Angles

SECTION 8.1

The following warm-up exercises involve skills that were covered in earfier sections. You will

o i B *
- PRER‘EOUIS“TE 1
use these skills in the exercise set for this section.

CREVIEW 3.1

In Exercises 1 and 2, find the area of the triangle.
1. Base: 10 cm; height: 7 cm
2. Base: 4 in.; height: 6 in.

In Exercises 3-6, let a and b represent the lengths of the legs, and let ¢ represent the length of
the hypotenuse, of a right triangle. Solve for the missing side length.

3.a=5b=12
4. a=3,c=3
S, a=8,c=17
6. b=8c=10

In Exercises 7-10, let @, b, and ¢ represent the side lengths of a friangle. Use the information
below to determine whether the figure is a right friangle, an isosceles triangle, or an

equilateral triangle.

7. a=4b=4c=
8.a=1,b=1lc=2

9. a=12,b=16,c =20
10.a=1b=1c=-2

in Exercises 1-4, determine two coterminal angles (one positive
andone negative) for the given angle. Give the answers in degrees.

L (a) (b)

2 (a)
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In Exercises 5-8, determine two coterminal angles (one positive
and one negative) for each angle. Give the answers in radians,

5. (a) (b)

31, —-270°
32,

33, 1440
34.

Degree Measure

In Exercises 35-42, solve the trian

angle,
35.
c
30°
5V3
8. (a) (b)
37.
8 6
4
In Exercises 9-20, express the angle in radian measure as a multi- o
ple of 7. Use a calculator to verify your result. 60
9. 30° 10. 150° 4
11. 225° 12, 210°
13. 315° 14. 120°
15, -30° 16. —-240°
17. =270° 18. —330°
19. 39¢° 20. 405°
In Exercises 21-30, express the angle in degree measure. Use a
calculator to verify your resuilt. 41.
37 ' T 7
21, — . —
1 2 2 6 A
6
23. U 2. im AN ’
6 4 23
S 37w
25, 3 26. e

28,

30. —

In Exercises 31-34, find the indicated m
Express radian measure as a multiple of .,

Radian Measure
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d measure of the angle
of 7.

‘an Measure

r the indicated side and/or

n Exercises 43-46, find the area of the equilateral triangle with
sdes of length s.

44, s = 8m
46, s = 12cm

3, 5=6in
$5.5=5ft

1. Height A person 6 feet tall standing 16 feet from a
streetlight casts a shadow 8 feet long (see figure). What is
the height of the streetlight?

Figure for 47 Figure for 48

8. Length A guy wire is stretched from a broadcasting
tower at a point 200 feet above the: ground to an anchor 125
feet from the base (see figure). How long is the wire?

9. Let r represent the radius of a circle, @ the central angle
(measured in radians), and s the length of the arc interceped
by the angle (see figure). Use the relationship 6 = s/r to
complete the table.

S
r| 8ft 15in. | 85 cm
s | 121t 96 in. | 8642 mi
3 2
0 . — -
1.6 4 4 3

0. Arc Length The minute hand on a clock is 33 inches
long (see figure). Through what distance does the tip of the
minute hand move in 25 minutes?
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51. Distance A man bends his elbow through 75°. The
distance from his elbow to the tip of his index finger is
18% inches (see figure).

(a) Find the radian measure of this angle.

(b) Find the distance the tipv of the index finger moves.

52. Distance A tractor tire that is 5 feet in diameter d is
partially filled with a liquid ballast for additional traction.
To check the air pressure, the tractor operator rotates the
tire until the valve stem is at the top so that the liquid will
not enter the gauge. On a given occasion, the operator notes
that the tire must be rotated 80° to have the stem in the
proper position (see figure).

(a) Find the radian measure of this rotation.

(b) How far must the tractor be moved to get the valve
stem in the proper position?
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53. Speed of Revolution A compact disc can have an angu-
lar speed up to 3142 radians per minute.

(a) At this angular speed, how many revolutions per minute
would the CD make?

(b) How long would it take the CD to make 10,000 revolu-
tions?

54. Speed of Revolution The radius of the magnetic disk in
a 3.5-inch diskette is 1.68 inches. Find the linear speed of
a point on the circumference of the disk if it rotates at a
speed of 360 revolutions per minute.

True or False? In Exercises 55-58, determine whether the
statement is true or false.If it is false, explain why or give an exam-
ple that shows it is false.

55, An angle whose measure is 75° is obtuse,
56. 8 = —35°is coterminal to 325°.
57. A right triangle can have one angle whose measure is 8§9°.

58. An angle whose measure is 77 radians is a straight angle.
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In Exercises 1-8, convert the angle fo radian measure.

1. 135°
3. 2100
5. —120°
7. 540°

In Exercises 9-16, solve for x.

9. x2—x=0
1L 2% —x =1
13, x2 = 2x =~ 1|
15, x* = 5x = -6

In Exercises 17-20, solve for t.

27 T
17. 24(1‘ 4) = >

2 T
19. 365(t 10) = 3

10. 2
12. .
14.
16. x*

18.

20.

315°
—300°
—225°
390°

The following warm-up exercises involve skills that were covered in earlier sections. You will
use these skills in the exercise set for this section.

T

In Exercises 1~ 6, determine all six trigonometric functions for the

angle 6.
1. y 2. y
(3, 4
o L
0 7N
1 X \’ |
.
®, —15)
3. y 4. y
sy -9
[ | [ 1)
L H X X
y \
h o
(—12, —5) e
(1, =1)

s. y

(-2, -2

In Exercises 7-12, find the indicated trigonometric function from

the given function.

7. Givensin § = % find csc 6.

8. Givensin 6 = % find tan 6.

/M |

- g=1
9, Givencos 6 = 3

find cot 6.

11. Givencot § = lg
find sec 6.

15

in Exercises 13-18, sk
trigonometric functic
trigonometric functic

13. sin 6 = %
15. sec 6 = %
17. tan 6 = 3.5

InExercises 19-24, de
19. sin 6 < 0, cos 6
20. sin § > 0, cos §
21, sin 6 > 0, sec 6
22, cot § < 0, cos B
23, csc B> 0,tan 0
M. cos > 0,tan 8

In Exercises 25-32, e\
the angles without usi

25, (a) 60°

% (a) T
(a) 1

W) =T
(a) 5

2. (a) —g

. (a) 225°
30. (a) 300°
3L @ 750°




—
sections. You will

nometric function from

10. Given sec 6 = 153

find cot 6.

9. Givencos 6 = %,
find cot 6.

‘\9

[N ¢

5

12. Given tan 6 = 3,
find sin 6.

11. Givencot § = lgi,
find sec 6.

o \ 0
\ 15 2

in Exercises 13-18, sketch a right triangle corresponding to the
trigonometric function of the angle @ and find the other five
trigonometric functions of 6.

13. sin ¢ = % 14. cot =35
15. sec =12 16. cos 6 = 3
17. tan § = 3.5 18. csc 6 = 425

In Exercises 19~24, determine the quadrant in which @ lies.
19, sin @ < 0,cos 6 > 0
20, sin 9 > 0,cos 9 <0
21, sin 0 > 0, sec 6 > ,0
22. cot § < 0,co8 6> 0
B.cscf>0,tand < 0
M, cos@>0,tan9 <0

In Exercises 25-32, evaluate the sines, cosines, and tangents of
the angles without using a calculator.

25. (a) 60° (b) ~2?”
%. (@ T o
@ 7 b =
2. (a) = (b) 150°
6
28, _r m
(a) > (b) >
29, (a) 225° (b) —225°
30. (a) 300° (b) 330°
. (@) 750° (b) 510°
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107 177
32. (a) 3 (b) 3

In Exercises 33-40, use a calculator to evaluate the trigonometric
functions to four decimal places.

33. (a) sin 12°
34. (a) sec 225°

(b) csc 12°
(b) sec 135°

35. (a) tan—g (b) tanl—ng
36. (2) cot 1.35 (b) tan 1.35

37. (a) cos(—110°%)
38. (a) tan 240°
39. (a) csc2.62
40. (a) sin(—0.65)

(b) cos 250°
(b) cot210°
(b) csc 150°
(b) sin 5.63
In Exercises 41-46, find two values of 8 corresponding to each

function. List the measure of 8 in radians (0 < 8 < 27). Do not
use a calculator.

41. (a) sin 6 =3 (b) sin @ = —3
42, (a) cos 6 = Q (b) cos 6 = —£
2 2
43. (a) csc0=%§i (b) cot 8= —1
44, (a) sec =2 (b) secf= -2
45, (a) tan 6 = —1 (b) cot = —/3
46. (a) sin 6 = ? (b sin 6 = ——‘26

In Exercises 47-56, solve the equation for 8 (0 < 6 < 2m). For
some of the equations you shoutd use the trigonometric identi-
ties listed in this section. Use the trace feature of a graphing
utility to verify your results.

47. 2sin?8 =1 48. tan’6 =3

49, tan?6 —tan 6 = 0 50. 2 cos?@ — cos § =1

81. sin26 — cos 6 = 0 52. cos28+ 3cos8+2=0
53. sin @ = cos 6 54. sec Bcsc @ = 2csc 6

55. cos?@ +sing =1 56. cosg— cos =1

In Exercises 57-62, solve for x, y, or r as indicated.

57. Solve for y. 58. Solve for x.

\ 30°
100
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59.

61.

63.

64.

65.

CHAPTER 3 Trigonometric Functions

Solve for x. 60. Solve for r.

30
60° o
¥ 45
Solve for r. 62. Solve for x.
30
20°
) 10 X
\40°
Length A 20-foot ladder leaning against the side of a

house makes a 75° angle with the ground (see figure). How
far up the side of the house does the ladder reach?

Width A biologist wants to know the width w of a river
in order to set instruments to study the pollutants in the
water. From point A the biologist walks downstream 100
feet and sights to point C. From this sighting it is deter-
mined that 8 = 50° (see figure). How wide is the river?

C
e e . i
[
| HEEN o
v 3
[ !
W AN j
| i . ]
& 19 = 50"/>\\
oy JAEERN i
‘ t / Sy ;
A

100 ft—=]

Distance From a 150-foot observation tower on the
coast, a Coast Guard officer sights a boat in difficulty. The
angle of depression of the boat is 3° (see figure). How far
is the boat from the shoreline?

66. Angle Measure A ramp 175 feet in length rises to "

67.

@ 68.

loading platform that is 3% feet off the ground (see figur,,
Find the angle that the ramp makes with the ground.

LSS\
oo E
st 2

Medicine The temperature T in degrees Fahrenheit of ,
patient  hours after arriving at the emergency room of g
hospital at 10:00 p.M. is given by

() = 98.6 + 4cos—;3é, 0<t< I8,

Find the patient’s temperature at each time.
(a) 10:00 p.Mm.
(b) 4:00 AM.
(c) 10:00 a.m.

At what time do you expect the patient’s temperature to
return to normal? Explain your reasoning.

Sales A company that produces a window and door insu-
lating kit forecasts monthly sales over the next 2 years to be

S =231 + 0442 + 43 sin%t

where S is measured in thousands of units and ¢ is the time
in months, with t = 1 corresponding to January 2006, Use
a graphing utility to estimate sales for each month.

(a) February 2006 - (b) February 2007
(c) September 2006 (d) September 2007

@ In Exercises 69 and 70, use a graphing utility to complete the
table.Then graph the function.

X 021416810
fx)
69. f(x) = 2x + 2 5in =
5 5
70. f(x) = %(5 -x)+3 cos-7—;E

Granhs of Trigo

Wwhen you are sketch
use x (rather than 8)
sketch the graph of a

flx) =sinx

py constructing a tab
them with a smooth ¢
shown in the table be

0.00

In Figure 8.21, note tl
is — 1. The amplitad
be half of the differ
amplitude of f(x) =

The periodic nat
that as x increases bey
oscillating about the
x-axis) between succt

y

l_...‘ _____________
e
T I i)
6 4 3 2

_1‘ _________________

FIGURE 8.21



downs of everyday Lf;

h. These three cycles cg]!

2 bio‘r'hythms during the
n July 20, 1984.

Juring the month of Sep
1day of the person’s life.

o1 2004

2 person in Example 6 -
y 1, 2004, is the

PREREQUISIT

EVIEW 8.3

1. lim (@ + 4x 4+ 2)
x-2

2, lim(3—2x2+1
x—=3

T
3. cos >

Sar
5. tan 4

. Hn
7. sin 6

5
9. cos 3

11. cos 15°
13. sin 275°
15. sin 103°
17. tan 327°
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The following warm-up exercises involve skills that were covered in earlier sections. You will
use these skills in the exercise set for this section.

In Exercises 1 and 2, find the limit.

In Exercises 3~10, evaluate the frigonometric function without using a caleulator.

4, sin

2
6. cot 3

s
8. cos 5

4
10. sin—
sin =3

In Exercises 11-18, use a calculator to evaluate the trigonometric function to four decimal places.

12, sin 220°
14. cos 310°
16. cos 72°

18. tan 140°

In Exercises 1-14, determine the period and amplitude of the

function.

Ly =2sin2x

NAN
VT

2.y

AN

1
.y = ZCOos
y = 5 cos mx

3 cos 3x

y

— 1
-7

i

_’;_.
2
x 7.y = —2sinx 8. y= —cos-E
4, y = —2sin3 3
3
¥ ¥
¥ ] i
A 3+ 3+
: VAN
< 1- 1
! /\ x AN
{ I X 1A T -1 AN
_1.\/ an \ -2
__2__
-2 _ad -3
._3 -
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9. y = —2sin 10x 10. y = % sin 8¢ In Exercises 27-36, sketch the graph of the function by hand, Use In Exercises 57 and 58,
| ) a graphing utility to verify your sketch. that the graph of y =
x X
11. y = zsin— 12. y = Scos~ y
Y72 4 27. y = sin; 28. y = 4sin] 7.
2 Ty 34
13. y = 3sindnx 14. y = zcos
Y 3 10 29.y=20052§ 30.y=§cosg{
3 2 3
In Exercises 15-20, find the period of the function. 3.y = —2sin6x 32. y = —3cosdx
15, y = Stan2x
Y 33. y = cos 2mx M. y= ésin—7E
16. y = 7 tan 27x 2 4
17. y = 3 sec 5x 35. y=2tanx 36. y =2cotx
18. y = csc 4x 59, Health Forap

In Exercises 37-46, sketch the graph of the function. second) of air flo

7x . .
19. y = cot & 3.y = —sin 27x piratory cycle is g
2 > v = 0.9 sin mt
" = Q. i
20.y=5tan% 38.y:10005% 3
where t is the ti)
In Exercises 21-26, match the trigonometric function with the 39. y = cot 2x v > 0, and exhala
correct graph and give the period of the function. [The graphs 40. y = 3 tan mx (2) Find the time
are labeled (a)-(f).] .
@ y ®) . : 41. y = csc % (b) Find the numt
‘ ) . . : X @ (c) Use a graphin
/: T :U[ 4'—Uf :\ 4. y= esey :960. Health After
S S I 2 ! : 43 v = 2 sec 2 a respiratory cycl
; b x e f e Y approximated by
| o | A 44. y = sec mx .
NN A w
: : : : : 46. y = —tanx Use this model to
c) 1 ) 1 @ in Exercises 47-56, complete the table {using a graphing utility 61 Music Whenm

. R . . fork for the \
set in radian mode) to estimate lim f(x). A ?bo
x—0 can be approxima

i - e x x | =01 | =001 | ~0001 0001|001 |0.1 y = 0.001 sin
I I I - _I L i i
L | b | P2 5 o where ¢ is the time
\: Lo [\: ! / ! T ! (a) What is the pe
| ) ' : i ! 1 — cos 2x sin 2x (b) What is the frc
a7, flx) = ———= Cf) =22
@ y (f) y f(’f) 2 48 f(x) sin 3x : @ (c) Usea graphin;
3 : ! : sin x 1 — cos 2x
T | :\ . 1 = 3L s0. fta) = 1= 62. Health The fun
1 : ' ! : : _ . P =100 -20
R PNE P Nt x 51 f(x) = S cosx) sz.f(x)=2s—m("-/ﬂ
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-2+ b : ; 53. flx) = tan2x - 54, f(x) = tan 4x : mercury) at time ¢
=3 ! ‘ X 3x (a) Find the perior
1= cos?dx 1~ cos’x (b) Find the numb
21. y = sec 2x 2. y= %csc 2x 55. f) = x 56. fix) = 2x )

; {c) Use a graphin;
o

23. y= cot;— 24. y = —secx 63' Biology.' Predatl
predator at time ¢ ¢

x x
25, y=2csc .y =tan3 :
S. y = 2csc 2 26. y = tan 3 P = 8000 + 2:
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In Exercises 57 and 58, determine the values of a, b, ¢,and d such
that the graph of y = asin(bx + ¢) + dis shown.

57, Y 58. T
34 2
14
T AV A VG
14 -1 dl 8
My e 2T
r © 3¢ 2n =3+
-14+ 2 2 4
59, Health For a person at rest, the velocity v (in liters per

second) of air flow into and out of the lungs during a res-
piratory cycle is given by

.t
v = 0.9 sin 3

where ¢ is the time in seconds. Inhalation occurs when
v > 0, and exhalation occurs when v < 0.

(a) Find the time for one full respiratory cycle.
(b) Find the number of cycles per minute.

(¢) Use a graphing utility to graph the velocity function.

@ 60. Health After exercising for a few minutes, a person has

a respiratory cycle for which the velocity of air flow is
approximated by

j s

2

Use this model to repeat Exercise 59.

y = 1.75 sin

61. Music When tuning a piano, a technician strikes a tuning
fork for the A above middle C and sets up wave motion that
can be approximated by

y = 0.001 sin 8807t
where ¢ is the time in seconds.
(2) What is the period p of this function?
(b) What is the frequency f of this note (f = 1/p)?
(c) Use a graphing utility to graph this function.

62. Health The function

P =100 - 2OCos§g—t

approximates the blood pressure P (in millimeters of
mercury) at time 7 in seconds for a person at rest.

(a) Find the period of the function.

(b) Find the number of heartbeats per minute.

(c) Use a graphing utility to graph the pressure function.
63. Biology: Predator-Prey Cycle The population P of a

predator at time # (in months) is modeled by

. 2t
P = 8000 + 2500 sin 2

577
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and the population p of its prey is modeled by

21,

24

@ (a) Use a graphing utility to graph both models in the same
viewing window.

p = 12,000 + 4000 cos

(b) Explain the oscillations in the size of each population.

64. Biology: Predator-Prey Cycle The population P of a
predator at time ¢ (in months) is modeled by

. 2t

= + —_—

P = 5700 + 1200 sin 7

and the population p of its prey is modeled by

2m
24

@ (a) Use a graphing utility to graph both models in the same
viewing window.

p = 9800 + 2750 cos

(b) Explain the oscillations in the size of each population.

Sales In Exercises 65 and 66, sketch the graph of the sales
function over 1 year where S is sales in thousands of units and tis
the time in months, with t = 1 corresponding to January.

65. S =223~ 34 cos—’g—’ 66. S = 74.50 + 43.75 sin%’

67. Biorhythms For the person born on July 20, 1984, use
the biorhythm cycles given in Example 6 to calculate this
person’s three energy levels on December 31, 2008. Assume
this is the 8930th day of the person’s life.

68. Biorhythms Use your birthday and the concept of
" biorhythms as given in Example 6 to calculate your three
energy levels on December 31, 2008. Use the internet or
some other reference source to calculate the number of
days between your birthday and December 31, 2008.

@ In Exercises 69 and 70, use a graphing utility to graph the func-

tions in the same viewing window where 0 < x < 2.

09. @) y= ;irsin T

4
byy= —(sin mx + 1 sin 37rx>
T 3

70. (a) y = % - ;;_Lz cos mx
1 4 1
(b) y= 5~ ;T*z-(cos ax + gcos 37rx)

@ In Exercises 71-74, use a graphing utility to graph the function f

and find Iim0 ().
sin x sin 5x
71. = 72. =—
) = S ==
sin Sx tan 2x
73. flx) = im0 74. f(x) = .
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75. Sales The sales S (in thousands of units) of snowmobiles @ 78. Physics  Use the graphs below to answer each question,

76.

@ 71.

are modeled by

§=583 + 325 cos%’

where ¢ is the time in months, with # = 1 corresponding to
January and ¢ = 12 cormesponding to December,

(a) Use a graphing utility to graph S.
(b) Determine the months when sales exceed 75,000 units.

Meteorology The normal monthly high temperatures
for Erie, Pennsylvania are approximated by

t \ !
H() = 54.33 — 20.38 cos 1;— ~ 15.69 sm%
and the normal monthly low temperatures are approxi-

mated by

L() = 39.36 — 15.70 cos%’ ~ 1416 sin%’

where ¢ is the time in months, with ¢ = | corresponding to
January. (Source. NOAA) Use the figure to answer the
questions below.

Meteorology

s
s @
i
5§
~ 50
S 20 —3'».,,.,/ ™~
=
S 10+
B s e e e e e e 1
1 2345678 9101112
Month (1 < January)

(a) During what part of the year is the difference between
the normal high and low temperatures greatest? When
is it smallest?

(b) The sun is the farthest north in the sky around June 21,
but the graph shows the highest temperatures at a later
date. Approximate the lag time of the temperatures rel-
ative to the position of the sun.

Finance: Cyclical Stocks The term “cyclical stock”
describes the stock of a company whose profits are greatly
influenced by changes in the economic business cycle. The
market prices of cyclical stocks mirror the general state of
the economy and reflect the various phases of the business
cycle. Give a description and sketch of the graph of a given
corporation’s stock prices during recurrent periods of pros-
perity and recession. (Source: Adupted from Garman/
Forgue, Personal Finance, Fifth Edition)

True or False?

. Biology: Predator-Prey Cycles
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(a) Which graph (A or B) has a longer wavelength, or period?
(b) Which graph (A or B) has a greater amplitude?

(c) The frequency of a graph is the number of oscillations or
cycles that occur during a given period of time. Which
graph (A or B) has a greater frequency?

(d) Based on the definition of frequency, how are frequency
and period related?

(Sowrce: Adapted from Shipman/Wilson/Todd, An Tntre-
duction to Physical Scicace, Tenth Edirion)

The graph below
demonstrates snowshoe hare and lynx population fluctua-
tions. The cycles of each population follow a periodic
pattern. Describe several factors that could be contributing
to the cyclical patterns.
Miller; Blology: Discovering Life, Second Edition)

(Source:

Predator-Prey Cycles
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In Exercises 80-83, determine whether the

statement is true or false. If it is false, explain why or give an exam-
ple that shows it is false.

80.

81.

82.

83.

The amplitude of f(x) = —3 cos 2xis ~3.
The period of f(x) = 5 cot(—%ﬁ) is %E :
lim sinSx 5
-0 3x 3

. 577
One solution of tan 3 =1lis 4

Adapted from Leving!
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