Summer Packet

AP CALCULUS BC

Success in AP Calculus requires a solid and functional knowledge of all the Algebra,
Precalculus, and Trigonometry topics and skills you have covered in previous classes. Due to
the scope of the AP Calculus curriculum there is very little time to review/reteach previous
skills; therefore as you enter AP Calculus these topics are treated as assumed knowledge since
you have already taken the prerequisite classes.

This packet is a compilation of questions intended to refresh your Algebra/Precalculus
knowledge so you start the year well prepared for the challenging AP Calculus curriculum

You are to complete ALL questions numbers which are a numerical multiple of 5, with all
work shown on separate paper. Do not do work in this packet.
When doing these problems you must follow the following format:

1. All work must be done in INK (black or bluc pen.)
2. Questions must be submitted in the order they appear in the packet.
Y ou must show all work/reasoning, including any MC Questions.
You must leave at least one blank line between each question.
You may not do two columns of solutions on the same side of paper
Start the questions from each different section on a fresh sheet of paper.
You must not work with/copy from other students.

Nov L e

The solutions to these problems are due at the beginning of class on the second day of school,
Tuesday August 8%

The packet will be graded on accuracy as well as completeness, and will weighted as a test
grade in the class. It is therefore vital that you complete all problems thoroughly and accurately
with all work shown. ' |

You will also have a test on the contents of this packet on Wednesday August 9™, All questions
will be taken directly from this packet.

If you have any questions over the summer please email:

David Yang: yangd@fultonschools.org and/or Sim Jones: jonessg@fultonschools.org .

- Or come in for help during pre-planning 8/1/ 16- 8/4/16
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hings To Know

—

Formulas ' “
Distance formula (p. 6) d=Viz, - n)+(m—nf
X + +
Midpoint formula (p. 8) (z,y) = (—‘3—’?1‘—2—”)
r—h . el
Siope (p. 61) m= ifx; # x; undefinedifx, =x,
2T A

Parallel lines (p. 65) Equal slopes (m, = m,) and different y-intercepts
Perpendicular lines (p. 71) Product of slopesis —1 (m - my = ~1)
Equations of Lines and Circles
Xertical line (p. 65) x=a
Horizontal line (p. 67) y=£b
Point-slope form of the y =y =m(x — x,); misthe slope of the line, {x,, 3, ) is a point on the line

equation of a line (p. 66)
Slope-intercept forin of the y =mx + b; misthe slope of the line, b is the y-intercept

equatien of a line (p. 67)
General form of the Ax +By=C, A,Bnotboth0

equation of a line (p. 6) _
Standard form of the {x — B + {y — k)* = % ris the radjus of the circle, {k, k) is the center
_ eguation of a circle (p. 84) of the circle
Equation of the wnit circle (p. 84) £+ y=1
General form of the 2+y+ax+by+c=0

equation of a circle {p. 86)

Quadrafic equation and quadratic formula (p. 30)

—b 4+ R —
Ifaxl + bx + ¢ =0,a # 0,and if b* — 4ac = 0, thenx = iizz———ﬂ.
Discriminant (p. 30)
If 5% — 4ac > 0, there are two distinct real solutions.
If b? ~ dac = 0, there is one repeated real solution.
If B? — 4ar < 0, there are no real solutions.
Properties of Inequalities
Addition property {p.51) Hfao<bthenasc<b+ec
Ifa>bthena+c>b+ec
Maultiplication properties (p. 52) (a) Ife < bandif ¢ > 0,then ac < be.

Ifa < bandifc < 0, then ac > be.
(b) ¥a > bandif ¢ > O,then ac > be.
ffa> bandife < 0, then ac < be.

Absolufe Value Equations and Inequalities
If | = a,a > O,thenu = —goru = a.(p.32)
I |e| = a,a > 0,then —a = u = a. (p. 56)

I = a,4 > O,thenu = —aoru = a.(p.57)
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True/False ltems

T F The distance between two pomts is sometimes & negative number. P
T F 2. “Lhe g'raph of the equatlon y = x* + x* + 1is symmetric with resp ~="‘-"" y-axis.
T F 3 -
T F 4.
T F 5.
T F 6.
T F 7.
T F 8.
T F 5, hen the equation has two real solutions that are unequal
T F 10
T F 1L
12.

a)a:l:c<b:|:c
bya-c<b-c
{¢) a/c > b/c

o=

Review Exercises

Blue problem numbers indicate the anthors’ suggestions for use in a Fractice Test.

I Problems 1-28, ﬁnd all real solutions, if any, of each equation {a) graphically and (b) algebraically.

L2—§=6 2._-—2»-6 3 -2(5—3x) 4+ 8=445x
3x x 1 4—-2x 1
4. (6—3x)—2(1+x)-6x 5."2‘"5 E 6. 3 +-é—2x
x 5 4x -5 N
== = - EL - =
7.x_1 c r#1 83—7x 4, x#3 9. x(1-x)=-6
1 1 3 x 1-3x x+6 1
10.x{1+x)— ILZ(x—.':;)_Z_g . 2 =73 '2-
3 (x—-1D2x+3)=3 14 x(2 — x)="3(x — 4) 15, dx + 3= 42
16. 5x = 4x* + 1 17. Vx-1=2 18 Vi+x=3
19 x(x+1)-2=0 20. 22 -3x4+1=0 2L V2x -3+ x=3
2. Vi2x—1=x—-12 2. Vx+1l+Vr—-1=Vix+1 4. V2x—-1-Vx—-5=3
25 2x+ 3 =7 26. 3x — 1 =5 27, 2 -3 =7 28. 1 —2x] =3
In Problems 20-38, solve each inequality (a) graphically and (b) algebraically. Graph the solution set.
2x — 3 X 5—x 2x+ 3
29, 3 +252 30. 3 =6x—4 i f=—— ") =7
3 —a<ZE 2o 36> 25 M. 6> "%y
35 Bx + 4 <1 2x| < § 3. Rx—-5=9 38 Rx+1 =10

In Problems 39—48, find an equation of the line having the given characteristics. Express your answer using either the general
form or the slope-intercept form of the equation of a line, whichever you prefer.

Slope = —2; containing the point (3, —1) 40. Slope = 0;

39.

41. Slope undefined; containing the point (-3, 4}
y-Intercept = —2; containing the point (5, —3)
45. Parailel to the line 2x — 3y = —4;
46, Parallel to theline x + y = 2;

43.

42, x-Intercept = 2;
44. Containing the points (3,—4) and {2,1)
containing the point {5, 3) -
containing the point (1, —3)

containing the point (-5, 4)

containing the point {4, —3)
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47. Perpendicularto the line x + y = 2 containing the point (4, -3)
48. Perpendicular to the line 3x — y = —4; containing the point (—2,4)

In Problems 49-54, graph each line by hand, labeling any intercepts.

49, 4x — 5y = -20 50. 3x +4y =12

32 —-:é-.ac+1 =9
TR

53 V2x + \/gy =

In Problemns 55-62, list the x- and y-intercepts and test for symmetry.

55, 2x = 3)2
58, x> 0y =0
6L x*+x+y +2y=0

56,y = 5x

Moy=x+2x 41
62 ¥ 4 4x+ P -2y =10

11 1
Sl.gl—gy—-—ﬁ
LINP.

Ve 8.7+ 5 =1
Sl 4+ ¥ =1
60, y =2 — x

In Froblems 63-66, find the center and radius of each circle. Gmph each circle by hand,

[(%% 12-+)72‘—2x+4y—4=0
63, 3x* + 332 — 6x + 12y = 0

67. Find the slope of the line containing the points (7,4) and
(—3,2). What is the distance between these points? What
is their midpoint? .

68. Find the slope of the line containing the points (2, 5) and
(6,-3). What is the distance between these points? What
is their midpoint?

69. Show that the points A = (3, 4), B = (1, 1), and
C = (=2, 3) are the vertices of an isosceles triangle.

70. Show that the points A = (=2, 0), B = (—4, 4), and
C = (8,5} are the vertices of a right triangle in two ways:
(a) By using the converse of the Pythagorean Theorem
(b) By using the slopes of the lines joining the vertices

64 X+ P+ 4x—dy—-1=0

66. 222 + 2y — 4x =0

71 Show that the points A = (2, 5), B = (6, 1), and
C = (8,—1) lie on a Jine by using slopes.

72. Show that the points A = (1, 5), B = (2, 4), and
C = (~3, 5) lie on a circle with genter (-1, 2). What is
the radius of this circle? -

+ 73. The endpoints of the diameter of a circle are (-3, 2) and

(5,—6).Find the center and radjus of the circle, Write the
general equation of this eircle.

74. Find two numbers y such that the distance from {(—3,2)
to (5, ¥) 15 10

For Problems 75-78, (a) use a graphing utility to draw u scatter diggram, (b) use a-graphing utility to find the line of best fir to the

data, and (c) interpret the slope.

x|3 456 7 8 9
¥yi3 56 8 10 11 13

x[10 12 13 15 16 18 20
y[34 27 26 23 20 18 17

x [100 110 125 130 140 145 150 160 170 175
71300 340 365 380 -400 410 425 430 450 460

x| 200 220 230 235 245 250 265 275 280 300
¥ |1000 590 975 960 955 940 935 920 910 895

79. Lightning and Thunder A flash of lightning is seen and
the resulting thunderclap is heard 3 seconds later. If the
speed of sound averages 1100 feet per second, how far
away is the storm? :

80. Physics: Intensity of Light The intensity I (in candle-
power) of a certain light source obeys the equation
I = 900/, where x is the distance (in meters) from the
light. Over what range of distances can an object be
placed from this Hght source so that the range of intensi-
ty of light is from 1600 to 3600 candlepower, inclusive?

81. Extent of Search and Rescoe A search plane hasa cruis-
ing speed of 250 miles per hour and carries enough fuel

- for at most 5 hours of flying. If there is a wind that aver-

75

76.

77

78.

ages 30 miles per hour and the direction of search is with
the wind one way and against it the other, how far can
the search plane travel?

82. Extent of Search and Rescne If the search plane de-
scribed in Problem 81 is able to add a supplementary fuel
tank that allows for an additional 2 hours of flying, how
mich farther can the plane extend its search?

83. Rescue at Sea A life raft, set adrift from a sinking ship
150 miles offshore, travels directly toward a Coast Guard
station at the rate of 5 miles per hour. At the time that
the raft is set adrift, a zescue helicopter is dispatched from
the Coast Guard station. If the helicopter’s average speed
is 90 miles per hour, how long will it take the helicopter
to reach the life raft? :




. Physics: Uniform Motion Two bees leave two locations
150 meters apart and fly, without stopping, back and forth
between these two locations at average speeds of 3 meters
per second and 5 meters per second, respectively. How
long Is it until the bees meet for the first time? How long
is it until they meet for the second time?

Working Together to Get a Job Done Clarissa and
Shawna, working together, can paint the exterior of a
house in 6 days. Clarissa by herseif can complete this job
in 5 days less than Shawna. Howlong will it take Claris-
sa to complete the job by herself? :

. Emptying a Tank Two pumps of different sizes, work-
ing together, can empty a fuel tank in 5 hours The larger
pump can empty this tank in 4 bours less than the small=
er one, If the larger one is out of order, how long-will it
take the smaller one to do the job alone?

. Chemistry: Mixing Acids For a certain experiment, a
student requires 100 cubic centimeters of 2 solution that
is 8% HCL The storeroom has only solutions that are 15%
HCl and 5% HCL. How many cubic centimeters of each
available solution should be mixed to get 100 cubic cen-
timeters of 8% HCI?

30 mifhr
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88. Chemistry: Salt Solutions How much water must be

evaporated from 32 ounces of a 4% salt solution to make
a 6% salt solution?

. Business: Theater Attendance The manager of the

Coral Theater wants to know whether the majority of its
patrons is adults or children. During-a week in July, 5200
tickets were sold and the receipts totaled $20,335. The
adnlt admission is $4.75, and the children’s admission is
$2.50, How many adult patrons were there?

Business; Blending Coffee A coffee manufacturer wants
to market a new blend of coffee that will cost $6 per
pound by mixing two coffees that sell for $4.50 and $8 per
pound, respectively. What amounts of each coffee should
be blended to obtain the desired mixture?

[Hint: Assume that the total weight of the desired blend is
100 pounds.)

Physics: Uniferm Motion Refer to the figure below.
A man is walking at an average speed of 4 miles per hour
alongside a raftroad track. A freight train, going in the
same direction at an average speed of 30 miles per hour,
requires 5 seconds to pass the man. How Jong is the freight
irain? Give your answer in feet.

=

AV Lengfﬁ..af-train.-¥———h‘* e 4 iR = %

fw() =——5sEL~——+ =5

92. Oneformula stating.the relationship between the length {
and width w of a rectangle of “pleasing proportion” is
P = w(f + w). How should a 4 foot by 8 foot sheet of

algebra test score as the independent variable and the
calculus test score as the dependent variable.

plasterhoard be cut so that the result is a rectangle of Algebra Calculus
“pleasing proportion” with a width of 4 feet? Score Score
93. Business: Determining the Cost of a Charter A group 17 3
of 20 senior citizens can charter a bus for a one-day ex- ) 21 &6
cursion trip for $15 per person. The charter company
agrees to reduce the price of each ticket by 10¢ for each " 8
additional passenger in excess of 20 who goes on the trip, 18 51
up to a maximum of 44 passengers (the capacity of the 15 70
bus). ¥ the final bill from the charter company was " n
$482.40, how many seriors went on the trip, and how much
did each pay? 24 EY
94, 'Time Required for Copying A new copying machine u i
can do a certain job in. 1 hour less than an older copier. To- 1 B4
geiher they can do this job in 72 minutes. How long would 8 52

it take the older copier by itself to do the job?

%5, Relating Algebra and Calculus Scores The {ollowing (a) Use a graphing utility to draw a scatter diagram.
data represent scores in an algebra achievement test and (b} Use a graphing utility to find the line of best fit to the
calenlus achievement test for the same student. Treat the data.
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True/False ltems

w L. Every relation is a function. . =
T F 2 ¥esespllines intersect the graph of & function in,pos #fhan one point.
T F 3. The y- -intercepTe: gzaph of the funese "y = f (x) whose domain is all real pumbers, is £{0).
T F 4. A function fis decreasz o Ao RSl mtarval 1 if, for any choice of x; and x; in [, with x; < x;, we have
) < 1) o e
T F 5 Even Lpeth #O11S havc graphs that are symmetnc w1th Te Sk Qrigin.

T B, flg(x)) = f (X)'g(x)-

F 8. The domain of the composite function (f ¢ g)(x) is the same as thatof g(x).

Review Exercises

Blue problem numbers indicate the authors’ suggestions for use in a Practice Test.
1. Given that f is a linear function, f(4) = 5 and f(0) = 3, write the equation that defines f.
2. Given that g is a linear function with glope = —4 and g(—2) = 2, write the equation that defines g.

3. Afunction f is defined by 4. A function g is defined by
Ax+ 5 ‘A 8
=2 g =2+
If 7(1) = 4,find A. If g(—1) = 0,find A.
5. Tell which of the following graphs are graphs of,functmns
Yt Yi ¥4
P x # x X / 1 X
{a) (b) i {c) C)]
6. Use the graph of the function f shown to find: ' ¥
(a) The domain and range of f 3
SN o HL)
-1 _—I—‘—‘—'\ (4,0}
(c) The intercepts of f i,,é I '(DIO) ——# ;—, J_;
(d) The iniervals on which f is increasing, decreasing, or constant
{e) Whether the function is even, odd, or neither -3 a . 3
In Problems 7-12, find the following for each function: I
(a) f(==x) (b) =f{x) (e} flx +2) {d) f(x-2) (e) £(2x)
3 2
7 f(x) = 8. fx) = — 9. flx) = V¥ -4 10. f(x) = |2 - 4
xt—4 x+2 .
xz — 4 3
11. f{x) = 12, =
f(“') x2 f(x) x2 -4
In Problems 13-20, find the domain of each function.
- ,
=79 14. f(x) = 15 f(x)=V2-x 16. f(x}=Vx+2
Vx 1l x 1
= — = —— 4 = = e ——————
17. h(x) ] 18. g(x) " 19. f(x) 20, F(x) e

¥ +2xr-3
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In Problems 21-24:
{a) Find the domain of each function. (B} Locate any intercepts.
(¢} Graph each function by hand, (d)_Based on the graph, find thevange,
(e) Verify your results using a graphing unfiry.
v ern  [32 —2<x=1 _[x=1  3<x<o
- f(}')_{x-{»l x>1 22"5{")"{3;;—1 x=Q
X —4=x<(
= —2=x=2
23, f(xj=41 x=0 M.f(xj—{zx_l >3
2r x>0
I Problems 25-28, find the average rate of change from 2 to x for each function [, Be sure to simplify.
25, f(x) =2 - 5x 26 f(x)=222+7 27 Flx) = 3x ~ 447 28 Fflxy=2~3x+42

In Problems 29-36, determine (algebraically) whether the given function.is even, odd, or neither.

+ x? o
29. flx) = 2 — 4x 30. g(x) = 14 - ; 3L R(x) = % + ;15 +1 32 Fx) = Vi- 2
‘ s x 14 x2
33 Gx)=1l—-x+x M Hx)=14+x+ 2 33 f(x)=1+x2 36 glx) = e

In Problems 3748, graph each function using the techniques of shifting, compressing or stretching, and reflections. Identify any
intercepts on the graph. State the domain and, based on the graph, find the range.

37. F(x) = |x| — 4 38 f(x) = x| +4 39. glx) = -2 40, g{x) =iz
2t h(x) = VX' <1 42 h{x)=vx -1 43, fla)=v1I-% M, flx)=—x+3

45, h(x)=(x -1+ 2 46, h{x) = (x +2)* -3 47 gx) =3(x — 1 + 1 48, g(x) =-2(x +2)° -8
In Problems 49-52, use a graphing utility to graph each Sfunction over the indicated interval Approximate any local maxime and
local minima. Determine where the function is increasing and where it is decreasing.
49: fla)=2x" —5x +1 (-3,3) 50. f(x) =—x* +3x -5 (~3,3)
51 flx) =2x" -5 + 2x +1 (-2,3) 52. fx) = —x* + 32 —4x + 3 (-2,3)
In Problems 53-38, for the given functions fand g find:
(@) (fg)2) (2) (g°5){-2) (c) {F=1){4) (@) (g°g)(-1)
Verify your results using a graphing utility.

83 fx)=3x-35 glx)=1-2x ' - sa fx)=4—x glat=1+

SECf(x) = VETZ; glx)=22+1 56 flx)=1-32% glx)=VvVd—x
‘1 2

57. f(x} = i glx) =3x-2 58. f(x) = 1728 g{x) =3x

It Problems 5964, find fe g gof fof and go g jor each pair of ﬁzﬁctiom State the domain of each,

M f(x)=2-x glx)=3x+1 60. fx) =2x-1, g(x)=2x+1

6L f(x} =3+ x+1; g(x)=|3x 62, f(x)=V3x; g(x) =1+ x+ x*

6. f(x) =152 gy =1 64. F(x) = VE=T; gx) =2

65. For the following graph of the function f draw the graphof:  66. Repeat Problem 65 for the following graph of the fune-
(2) y = f() ®) y=—f(x) ©y=fx+2) bon g
@y=Ffx)+2 () r=2/x) ©®y=753)

" "
ar @3 - 8
-/ N ‘(2/%
o f Lol1s T T T
L 1 T T W -5 1,0 5 X
5 = [ (0,0 5 X ‘:(/[1:(4))
2,-1) i B
L : (~4,-3) L
(3-8 4 -




232 CHAPTER3 Polynomial and Rational Functiens

Review Exercises

Blue problem numbers indicate the authors’ suggestions for use in a Practice Test.
In Problems 1-1 0, (a) graph each quadratic function by hand by determining whether its graph opens up or down and by find-
ing its vertex, axis of symmetry, y-infercept, and x-intercepts, if any; (b) verify your results using a graphing utiliy.

L f(x)=3ix*-16 2 flx)=-1ix-2 3. f(x) = ~4x® + 4x

4 f(x)=922—6x+3 5 flx)=2x"+3x+1 6 flx}=-x*+x+1

7. f(x) =3x"—4xr~1 &L flx)y=—22-x+4 9. Fx)=x—4x+6
10. f(x) =x*+2x-3 :
In Problems 11-16, graph cach function using transformations (shifting, compressing, stretching, and reflection). Show all the
stages. Verify your resulis using-a graphing utility.
1L f(x) = (x +2)° 12 f{x) =—-x + 3
M fx)=(x-1)-2 15 fx)=(x-1)*+2

13. f(x) = ~(x - 1)*

6. f(x)=(1-x)?

In Problems 17-22, determine whether the given quadraric function has a maxirmuen value or a minimum value, and then find the
value. : ‘

7. flx) =32 —6x + 4
20. f(x)=—x*—10x—3

19, fx)= -2+ 8x — 4
22. fx) =22 + 4

18, flx)=2x+8x+ 5
2L f(x) =32+ 12x + 4

[

In Problems 23-30, for each polynomial function f
(a) Using a graphing utility, graph f. i
(b) Find the x- and y-intercepts:
(c) Determine whether each x-intercept is of odd or even multiplicity.
(d) Find the power funciion that the graph of f resembles for large values of |x|.
(e} Determine the number of urning points on the graph of f -
{f) Determine the local maxima and local minima, if any exist, rounded to two decimal places.
23, Ff(x) = x(x + D)(x + 4) 4. f(x)=x(x—2)(x— 4) 25 Fx) = (x - 24(x + 4)
26. f(x) = (x — 2)}(x + 4% 27. f{x) = x — 422 28, f(x) =2+ 4x
29, F(x) = (x = 1x + 3)x +1) 30 f(x) = (x — 4)(x + 2)%(x — 2)

In Problems 3142, ducg&'@gﬁonﬂ fun.c giidwing the LT on poge 220,

P o
31 R(z) = 28

43. Landscaping A landscape engineer has 200 fect of bor- 46, Minimizing Cost Callaway Golf Company has deter-

der to enclose a rectangular pond. What dimensions will
result in the largest pond?

. Geometry Find the length and width of a rectapgle

whose perimeter is 20 feet and whose area is 16 square
feet. :

. A rectangle has one vertex on the line y = 10 — x,

x > 0, another at the origin, one on the positive x-axis,
and one on the positive y-axis, Find the largest area A
that can be enclosed by the rectangle.

mined that, the daily per unit cost C of manufacturing x
additional Big Bertha-type golf clubs may be expressed by
the quadratic function

C(x) = 5x* — 620x + 20,000

(a) How many clubs should be manufactured to mini-
mize the additional cost per club?

(b) At this level of production, what is the additional cost
per club?




47.

Minimizing Cost Scott-Jones Publishing Company has
found that the per unit cost C for paper, printing, and
binding of x additional textbooksis given by the quadratic
function

C(x) = 0.003x* — 30x + 111,800

(a} How many books should be manufactured for the ad-
ditional cost per text to be a minimum?

{b) Atthislevel of production, what is the additional cost
per text?

48. Parabelic Arch Bridge A horizontal bridge is in the

§

shape of a parabelic arch. Given the information shown
in the figure, what is the beight ) of the arch 2 feet from
shore?

" 49, Life Cycle Hypothesis An individual’s income varies

with his or her age. The foliowing table shows the medi-
an income [ of individuals of different age groups within
the United States for 1997. For each age group, the mid-
point represents the independent variable, x. For the age
group “65 years and older,” we assume that the midpoint
18 69.5.

! Age Midpoint, x -Median Income, {
1524 years 185 $22.581
25-34 years 295 536,174
3544 years 395 $46,359
45-54 years 44.5 $51,675
55-64 years 59.5 $41,356
85 years and older 69.5 520,761

urce: \L.8, Census Bureau

(a) Draw ascatter diagram of the data. Comment on the
type ofrelation that may exist between the two variables,
(b} Find the quadratic function of best fit.

{c) Graph the quadratic function of best fit on the scat-
ter diagram.

(d) Using the function found in part (b), determine the
age at which an individual can expect to earn the most
imcome. '

(e) Predict the peak income earned.

%(f) Compare your results in parts (d) and (e) to the data

and comment.
{g) Compare the results obtained in 1997 to those of 1995
a.nd_1996 found in Problems 73 and 74 in Section 3.1.
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50. Relating the Lengtk and Period of a Pendulum Tom

51

constructs simple pendulums with different lengths, 2, and
uses a light probe to record the corresponding period, 7.
The following data are collected: :

Length / (in feet} Period 7 {in seconds)
b5 0.79

12 1.20 -
18 1.51

23 188

37 214

45 243

() Using a graphing utility, draw a scatter diagram of the
data with length as the independent variable and period
as the dependent variable,

{(b) Find the power function of best fit.

{c) Graph this power function on the scatter diagram.
(d) Use the function T (I) to predict the period of 4 pen-
dulum whose length is 4 feet,

AIDS Cases in the United States The following data
represent the cumulative nurnber of reported ATDS cases
in the United States for 1990-1997,

Number of
Year, ¢ AIDS Cases, A
1990, 1 193,878
1991, 2 251 638
1992, 3 326,648
1983, 4 399,613
1994, 5 457,280
1885, 6 528,215
1996, 7 594,760
1997, 8 653,253

Seurce: .S, Center for Disease Conirol and Prevention

(a) Using a graphing utility, draw a scatier diagram of the
data, treating year as the independent variable.

(b} Find the cubic function of best fit.

(c) Graph the cubic function of best fit on the scatter di-
agram given in part {b).

{d) Use the function A(f) to predict the cumulative num-
ber of AIDS cases reported in the United States in 2000. .
(e) Use the function A{f) given in part (b) to predict the
vear in which the cumulative number of AIDS cases re-
ported in the United States reaches 850,000.

?ﬂf (f) Do you think that the function given in part (b) will

be useful in predicting the mumber of AIDS cases in 20107
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SECTION 4.4

Business The monthly revenue achieved by selling x
boxes of candy is figured to be x{5 — 0.05x) dollars. The
wholesale cost of each box of candy is §1.50.

{(a) How many boxes must be sold each moath to achieve
a profit of at least $607

(b} Using a graphing utility, graph the revenue function.
(¢) What is the maximum revenue that this firm could
eam?

(d) How many boxes of candy should the firm sell to
maximize revenue? B

(e) Using a graphing utility, graph the profit function.
(f) Whatis the maximum profit that this finn-can-earm?
(g) How many boxes of candy should the firm sell to
maximize profit?

(h) Provide a reasonable explanation as to why the an-
swers found in parts (d) and (g) differ. Is the shape of the
revenue funciion reasonable in your opinion? Why?

Cost of Manufactaeing  In Problem 67 of Section 3.3,2
cubic function of best fit relating the cost C of manufac-
turing ¥ Chevy Cavaliers in a day was found. Budget con-
straints will not allow Chevy to spend more than §97,000
per day. Determine the number of Cavaliers that could

" be producedin a day.

)

7L.

Cost of Printing In Problem 64 of Section 3.3, a eubic
function of best fit relating the cost C of printing x text-
books in a week was found. Budget constraints will not
allow the printer to spend more than $170,000 per week.
Determine the number of textbooks that could be print-
ed in a week.

Minimumn Sales Requirements Marissa is thinking of
leaving her $1000 a week job and buying a computer re-
sale shop. According to the fmancial records of the firm,
the profits {in dollars) of the company for different
amounts of computers sold and the corresponding prof-
its are-as follows:

Number of

Computers Sofd, x Profit, p
0 —1500

4 —522

7 54
12 715
18 - 1184
23 1132
28 653

(2) Using a graphing utility, draw a scatier diagram of the
data with the number of computers sold as the indepen-
dent variable.

72.
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(b) Find the quadratic funetion of best fit using a graph-
ing utilify.

(¢} Using the function found in part (b), determine the
number of computers that Marissa must sell in order for
the profits to exceed $1000 per week and therefore to
make it worthwhile for her to quit her job.

(d) Using the function found in part (b}, determine the
number of computers that Marissa should sell in order to
maximize profits.

(e) Using the function found in part (b}, determine the
maximurm profit that Marissa can expect fo sarm.
Minimum Sales Requirements Barry is considering the
purchase of a gas station. According to the financial
recerds of the gas station, its monthly sales (in thousands
of gallons of gasoline) and the corresponding profits are
as follows:

% Thousands of Galions

of-Gasoline, X Profit, p
50 3047
54 4214
74 4342
52 4838
82 5003
75 4865

100 4521
88 4933
63 4685

(a) Using a graphing utility, draw a scatter diagram of the
data with the number of gallons of gasoline sold as the
independent variable.

.(b) Find the quadratic function of best fit using a graph-

ing utility. _

(c) .Using the function found in part (b}, determine the
mumber of gallons of gasoline that Barry must sell in order
for the profits to exceed §4000 a month and therefore to
make it worthwhile for him to quit his job.

(d) Using the function found in part (b), determine the
number of gallons of gasoline that Barry should sell in
order to maximize profits.

() Using the function found in part (b), determine the
maximum profit Barry can expect to earn.

Prove that if a, b are real numbers and 2 = 0,b = {,then

a=b isequivalentto Va= Vb
(Hint: b ~ e = (Vb - Va)(Vb + Va)]

Make up an inequality that has no real solution. Make up
one that has exacily one real solution.

The inequality x* + 1 < —5 has no real solution. Explain
why.
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Things To Know

CHAFTER4 The Zeros of a Polynomial Function

Zeros of a polynomial f (p. 238)
Remainder Theorem (p. 240)
Factor Theorem (p. 240)
Descartes’ Rule of Signs (p. 242)

Rational Zeros Theorem (p. 243)

Quadratic equafion and
guadratic formula (p. 259)

Discriminant {p. 260)

Fundamental Theorem
of Algebra (p. 262)

Conjugate Pairs Theorem (p. 263)

How To

Numbers for which f(x) = 0; these are the x-intercepts of the graph of 7.

If a polynomial f(x) is divided by x — ¢, then the remainder is Fle).

x — ¢ isafactor of a polynomial £(x) if and only if f {c)=0.

Let f denote a polynomial function. The-number of positive zeros of f either
equals the number of vadiations in sign of the nonzero coefficients of f(x) orelse
equals that number less some even integer. The number of negative zeros of f
either equals the number of variations in sign of the nonzero coefficients of f{—x)
or else equals that number less some everrinteger.

Let f be a polynomial function of degree 1 orhigher of the.form
fX)=ax"+a;x o tyxtay, 2, # 0,8 #0

where each coefficient is an integer. If p/g, in lowest terms, is a rational zero of 1.

then p must be a factor of g, and g must be a factor of a,.

=b = Vb~ dac

Ifa +bx+c=0,a%0,thenx = 5

If 5 ~ 4ac > 0, there are two distinct real solutions,

If 2 — 4ac = O, there is one Tepeated real solution.

I£ 5% — 4dgc < 0, there are two distinct complex sokutions that are not reak; the solu-

tons are conjugates of each other.

Every complex polynomial function f {x) of degree »n = 1 has at least one complex

ZETO. .

Let f(x} be a polynomial whose coefficients are real numbers. Ifr = g + biisa
zero of f, then its complex confugate 7 = g — bi is also a zero of f.

Use the Remainder and Factor Theo-
rems {p. 239}

Use Descartes’ Rule of Signs (p. 241)

Use the Rationa! Zeros Theorem
(p. 243) '

Find the real zeros of a polynemial
function (p. 244)

Solve polynomisl equations (p. 245)

Fill-in-the-Blank Items

Use the Theorem for Bounds on Utilize the conjugate pairs theorem

Zeros (p. 246) (p. 263) :

. Find a polynomial function with spec-
Use the Intermediate Value Theorem ified zeros (p. 264)
(p. 249) '

Find the complex zeros of a polyno-

mia] (p. 265)

Solve polynomial inequalities graphi-
 cally and algebrajcally (p. 267)

Solve rational inequalities graphically

and algebraically (p. 270)

‘Add, subtract, multiply and divide
complex numbers (p. 253)

Solve quadratic equations with a neg-
ative discriminant (p. 258)

L=yy
3. A polynomiai furtties

In the process of polynomial division, {Diviser)(Quotient) + =
Swsplynontal function f is divided by x — ¢, the remainder s _— el
has the factor x — cif and only if ===

4. The polynomial function f(x) = F==dyz3
5. The possible rational zeros of f(x) = 235 ot g
6. In the complex number 5 +

;theefifimber i is called the
polynomial of degree 5 with real coefficients, then so is
=4 has four solutions: ;

~ If a function f whose domain is all real numbers is even and 4 is a zero of £, then

real zeros,

Ahumber 5 is called the part;, the number 2 is called the

and

—

is 2ls¢ a zero.
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True/False ltems

T
T
T
T F he conjugate of 2 + 5iis—2 — 3i.
T 5, A polynomial of degree n with real coefficients has exactly re complex zeros. At most of them are real numbers.

Review Exercises

Blue problem numbers indicate the authors’ suggestions for use in a Proctice Test.

In Problems I and 2, use Descartes’ Rule of Signs to determine how many positive and negative zeros each polynomial function
may have. Do not anempt to find the zeros. ’

1 f(x)=12x" — & + 8"~ 2 +x +3 ' 2. fx) =—6X +x*+5° + x4+ 1

3. List all the potential rational zeros at f(x) = 12x% — &7 + 62" — X + x - 3.

4. List all the potential rational zeros of f{x) = —6x° + x* + 22> —x + L.

Iz Problems 5-10, follow the steps on page 248 to find all the real zeros of each polynomial function.

5 flx)=x —3x— 6x+8 6 flx)=x -2 —-10x~8
T f(x) =4x*+ 4 - Tx + 2 8 flx)=4x —4x? —Tx -2
9, flxy=x'—4r 9> - 20+ 20 10 f(x)=a"+62 + 11" + 12x + 18

In Froblems 11-16, detemazne the real zeros of the polynomial function. Approximate all irrational zeros rounded fo two deci-
-mal places.

13, F{x) = 2x* - 11.84x% — 9.116x + 82.46 12, fx) = 12x° + 30.82° — 44x — 34
. glx) = 15x4 — 21.5x% — 1718.3x% + 5308x + 3796.8
14. g(x) = 3x* + 67.93%° + 486.265x% + 1121.32x + 412.195

15. f(x) = 3x* + 18.02x% + 11.0467x — 53.8756 16. f(x} = x* — 3.16x" — 39.4611x + 151638
_In Problems 17-20, | find the real solutions of each equation.

17 24+ 22 — 112+ x — 6= ‘ T8 343 — 17+ x—6=0

]_9.2x“+7x3+x2—7x—-3=0 20, 2x' + 722 - 5 - Bx — 12 =0

I Problems 21-24, find bounds to the zeros of each polynomial function. Obtain a complete graph of f.

21 fx)=x — X —dx + 2 2. fx) =+ —Wx—5

23, flx) = 2x* — 7x* ~ 10x + 35 24, f(x) =32 —Tx* —6x + 14

In Problems 25-28, use the Intermediate Value Theorem to show that each polynomial has a zero in the given interval. Approxi-
mate the zero rounded to two decimal places.

25 fx) =3 —x— 1 [0,1] 26. flx) =22 -2 -3 [1.2]°

27. f(x) = 8x* ~ 4’ —2x - 1; [0,1] 28, f(xY=3x"+4x -8x —2; [L2]

In Problems 29--38, write each expression in the standard form a + bi. Verify your results using a graphing uiility,

29. {6+ 3i) — (2 — 4i) C30. (8- 3) (-6 + 2i) 3L 4(3 = 1) +3(~5 + 28
' 3

32. 21 + i) — 3(2 — 3) B 34. -Z—'i—z_

35. ™ 36. 37. (2 + 3)° 38, (3— )

I Problems 3942, information is given about a complex polynomial f(x) whose coefficients are real numbers. Find the re-
maining zeros of . .

39, Degree 3; zeros: 4 + 6,6 46. Degree 3; zeros:3 + 4,5
41, Degree 4; zeros:i,1 +1 42. Degree 4; zeros:1,2,1 + i
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Irt Problems 43-56, solve each equation in the complex number system.

3. 2 +x+1=0
46. 3x*—2x -1 =0
49, x{(1—x)=6
52. F* + B -0 =0

4. 2-x+1=0

5.2 +x—2=0

SR -4+ 4 ~dx +1=0

47. 2 +3=13x 48. 22 +1 = 2%
S0ox(1+x)=2 SLx*+222—-8=0
53. 2 -t - 8x+12=0 5.2 -3 —4x+12=0

56 X* +4xr + 22— Bx - B =0

In Problems 5766, solve each inequality-{a} graphically and (b) algebraically.

7.2+ 5x—-12<0 8.3x72—-2x—1=0

2x— 6 3-2x
. < . — =
6L T——<2 62 =1
- 24+x—~2
o LS+ 6 TEAx=2)

X — 16 T2+ 9 +20

-2
=
59.x+3..1 60.1_3x<1
-2 -1
g, ZZA-D 6. Xt g
x—3 x(x - %)

¢ PROJECT AT MOTOROLA

g

-

-
2 Alternating Current (AC) Cireuit Analysis

AC circuit analysis techniques are used on eleetrical circuits

that are energized with sinusoidal sovrces. A common ex-

ample of an AC souree is your electric power at home. Its ef-

fective amplitude is 120 volts and its frequency (f) is 60

cycles/second (60 Hz). The figure below is an electric circuit

frequency 5000/ Hz. It isconnected to two complex load
“impedances” Z; = R; ~ Xyiand Z, = R, + X,i that are
connected in “series” with each other, Each load contains a
resistor (R) connected to a capacitor (C) or an inductor (L).

[, —
s r
[
| Zy = Ry — X; 10kms
! X, = 1Hwb)
+ ==t w = 2uf
é’ V, = 10 Valis " -
{ = 5000/ Hz r
- i
: Zy= By — X, 1 Ghms
Il K=ol
: w = 27f

Resistors are electronic components designed to resist or
limit electric current flow. The preater the resistance the more
effectively it limits current. Electric power is lost or dissipat-
ed as heatin resistors. Capacitors and inductors limit eurrent

Electric power is not lost but is stored in ideal capacitors and
inductors. The capacitive and inductive reactance values X
and &} are given by X; = 1/(«C) and X, = oI, where
o = 2af,C s capacitance in Farads (F),and L is inductance
in Henrys (/). Reactance is unigue to resistance in that it is
dependent upon the frequency of operation.

with sinusoidal voltage souzce ¥V, with amplitude 10 volts and

also and their ability to do this is measured as “reactance”,

1. Given resistors R, and Rz' are each 5 Ohms, capacitor C

is F, and inductor L is 0. 0015 H calculate X, and ¥, for

the given frequency of operation. Write aut Z, and Zyin
standard complex form. Impedance, Z,, is formed by
adding Z; and Z, as shown in the figure below. What is
Z,? What two circuit elements (resistars, capacitors, in-
ducters) do you think Z, contains?

L ey

B
V=10 Volis =
Z, 4=, - Z,0hms
@f= 5000/ Hz A

2. The current flow ()} is sinusoidal and its frequency is
the same as the voltage source. Calculate I; using the for-
mula I, = V,/Z, (Amps).

3. As I, flows through Z, a voltage drop V, is created as
given by V, = L, Z,. Calcutate the voltage across Z,.

4. Find the voltage drop ¥, across Z,(V, = [,Z,).

5. Does V, = ¥, + ¥;? Do you think this is reasonable?

6. Find the veltage drop V, across Z(V, = I,Z,). Does
V; = Vi + V,? Is this a reasonable result?

7. The power dissipated in load Z, in Watts is given by
Py = (1/2)R,{V\I.} where I, is the conjugate of 7, and
R{v1, ] is the real part of Vil Calculate P,

8. The power dissipated in load Z, in Watts is given by
Py = (1/2)R{V,[.}. Calculate P,.

9- Calenlate P, the power dissipated in load Z,.

10. Does P, = P, + Py? Do you think this is reasonable?

11. What do you think will happen to Z,, I,, and 2, as fre-
quency goes to zero? To infinity?
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Orpe-to-one function f (p. 282)
Horizontal-fine test (p. 282}

Inverse funetion /" of £ {p. 283)

Propetrties of the exponeutial
function (p. 294-295 and 296)

MNumber ¢ (p. 297)

Properties of the logarithmic
function {p. 308)

Natural togarithm (p. 308)
Properties of logarithms (p. 316-317)

Formulas

It f(xl) = f(x,),then x; = x, forany choice of x; and Xin the domain. _
If every horizontal line intersects the graph of 2 function f in at rost one point,
then f is one-to-one.

Domain of f = Range of f™; Range of f = Domain of .

FHf()) = xand f(f(x)) = x.

Graphs of f and f™ are symmetric with respect to the line y = x.

fx)=4a", a>1 Domain: {—oo, c0); Range: (0, co); x-intercepts: none;
y-intercept: 1; horizontal asymptote: x-axis as x — —on;
increasing; one-to-one; smooth; continuous
See Figure 13 for a typical graph.

flx} =4, 0<a<1l Domain: (—oc,00); Range: (0, co); x-intercepts: none;
y-intercept: I; horizontal asymptote: x-axis as x — o0
decreasing; one-to-one; smooth; continuous
See Figure 17 for a typical graph.

- 13"
Value approached by the expression (1 + ;) asn — og;

that is, ]im(l + l) =e
LRt R

flx)=log,x, a>1 Domain: (0, o0); Range: (—oo, co); x-intercept: 1;

(y = log, x means x = a"} y-intercept: none; vertical asymptote: x = 0 (y-axis);
increasing; one-to-one; smooth; continuous
See Figure 26(b} for a typical graph.

f(x) = log,x,0 < a<1 Daomain: (0, c); Range: (—ca, 00); x-intercept: 1;

(y = log, x meaps x = a*) y-intercept: none; vertical asymptote; x = 0 (y-axis);
decreasing; one-to-one; smooth; continuous
See Figure 26(a) for a typical graph,

¥y =Inxrmeans x = ¢

log,1 =0 logia=1 dM=pM loga =r

fog,(MN) = log,M + log, N log, (%) =log,M — log, N

log_,(-;—) = —log, N log, M =rlog, M

Change-of-Base Formula (p. 320)

Compound interest (p. 330)
Continuous compounding (p. 332)
Present value (p. 333)

Growth and decay (p. 339)

Logistic growth (p. 344)

]Ong
log, M = _Iogba
nr
A= P( 1+ «’1)
n
A= pet

-\ -nf

P=A(1 +:—1) or P=Ade™
Alr) = Age™

[
PO T
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# compounded continuously is ap-

T F 5. The present value of $1000 to be received after 2 years at 107, Qi
o proximately $1205. s ol

T F 6 If y = [OF, T, o O

T F 7. The sraph of every logaseic FOaC dezng. x.a > 0,a # 1, will contain the points (1, 0)-2nd (,1).
T F Aot = Mg > 0,0+ 1,M > 0. _

T F 7+ N) = log,M + log; N, wherea > 0,a# 1,M > 0, N > 0“\

T B="T0. log,M — log,N = log,(M/N),wherez > 0,a = 1, M > o,N > 0.

Review Exercises

Blue problem numbers indicate the authors’ suggesiions for use in a Practice Test.
P 58

Ir. Problems 16, the function f is one-to-one. Find the inverse of each function and check your answer. Find the domain and
range of f and f. Use a graphing utility to simultanecusly graph £ 7, and y = x on the same-square screen.

2x + 3 2-x 1
. o= . ) o= 3. =
1 f(x) 2 2. f(x) Fpg. f(x) -1
3
4 flx)=Vzx-1 5 flx) =753 6 flxy=x"4+1
. x
In Problems 7-12, evaluate ench expression. Do not use @ graphing uiitity.
7. logy(3) 8. log,81 9, neV?
10, &0 11, 2lom0s 12, log,2V?

In Problems 13-18, write each expression as the sum and/or difference of logarithms. Express powers as factors.

2
13 1og3(“'” ) 14. log,(@*Vb)' 15, log(x?V/%® + 1)

w

x2+2x+1) (xv3x1+1) ( 2x +3 )2
16. —_— 7. In| —————— 8. In|———7
6logs( = 7= S W
In Problems 19-24, write each expression as a single logarithm.
19, 3logyx® + %IogM/E 20, ~2log, (%) + élogg/g
x - 1 4 2 2 2
21. In + 7] - n(x* - 1) 22. log(x? — 9) — log{x* + 7x + 12)
: 1 1 2 1 1
23. 210g2 + 3logx — 5 liog(x + 3) + log(x — 2)} 24. —iin(x +1) - 4y -5 [ln(x — 4) + Inx]

It Problems 25 and 26, use the Change-of-Base Formula and a calculator to evaluate each logarithm. Round your answer to three
decimal places.

23, log, 19 ’ 26. log;21

In Problems 27-32, find y as a function of x. The constant Cisa positive number.

27. iny = 2x* + InC 28. In(y — 3) = 2 + InC

9 In(y~-3)+ln(y+3)=x+C W ln(y-D+hy+1)=-x+C
3L &*C = xF + 4 ' ' 32, 70 = (x + 4

I Problems 33—42, use transformations to graph each function. Determine the domain, range, and any asymptotes. Verify your
results using a graphing utility.

33 f(x) =270 34, flx)=-2*+3 . flx) = %( ) 36, flxy=1+3"




37. flix)=1— &
40. f(x) =

1
sinx

38. f(x) =3 + lnx
4L f(x) =3 - €
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39, f(x) = 3¢*
2. f(x) =4 -In(-x)

I Problems 43-62, solve each equation. Verify your result using a graphing utlity.

43, 47 =7 44, @R — g
46, 4 =} 47, log, 64 = —3

29, §5F = 32 50, 552 & e-2

52. 25 =51 33, logs Vx~2=2
55, § =47 . 2% 56, 2745 = 10¢

58. logp(7x — 12) = 2logypx 59, J= =5

61 2% = 38 ‘ 62. 27 =3

In Problems 63 and 64, use the following resuls:
Sformuula for the altitude h{x)

where T'is the temperature (in degrees Celsius)

45, 35+ = \/3

48, log\sx = —6

51, 92x = 273:-4

54, 27H1.8* < 4

57 logs(x + 3) +logg(x + 4) = 1
60. 7% =4

If x is the atmospheric pressure (measured in millimerers of mercury), then the
{measured in meters above sea Jevel) is

2
R(x) = (30T + 8000) log (?")

limeters of mercury.

63. Finding the Altitnde of an Ajrplane At what heightisa -

64

66

Piper Cub whose instruments record an outside temper-
ature of 0°C and a barometric pressure of 300 millime-
ters of mercury?

Finding the Height of a Mountain How high is 2 moun-
tain If instruments placed on its peak record a tempera-
ture of 5°C and a barometric pressure of 500 millimeters
of mercury? .

Amplifying Sound  An amplifier’s power output P (in
walts) is related to its decibe] voltage gain 4 by the for-
mula P = 25209,

(a) Find the power output for a decibel voltage gain of 4
decibels.

{(b) For a power output of 50 watts, what is the decibel
voltage gain?

Limiting Magnitude of a Telescope A telescope is lim-
tted in its usefulness by the brightness of the star it i
aimed at and by the diameter of its lens. One measure of
a star’s brightness is its magnitude: the dimmer the star,
the larger its magnitude. A formula for the limiting mag-

nitude L of a telescope, that is, the magnitude of the -

dimmest star that it can be used to view, is given by
L =0+ 351lgd
wheze d is the diameter (in inches) of the lens.

67

68.

by

69.

and Py is the atmospheric pressure at sea level, which is approximately 760 mil-

{a) What is the limiting magnitude of a 3.5-inch tele-
scope?

(b} What diameter is required to view a star of magni-
tude 147

Salvage Value The number of years nfora piece of ma-
chinery to depreciate 10 a known salvage value can be
found using the formnia

_ logs —logi
r= log(1l —d)

where s is the salvage value of the machinery, i is ifs ini-
tial value, and 4 is the annual Tate of depreciation.

(a)- How many years will it take for a piece of machinery
to decline in value from $90,000 to $10,000 if the annual
rate of depreciation is 0.20 (20%)?

(b) How many years will it take for a piece of machinery
to lose half of its value if the annual rate of depreciation
is 15%? )

Funding a Coflege Education A child’s grandparents
purchase a $10,000 bond fund that matures in 18 years to
be used for her college edneation. The bond fund pays
4% interest compounded. semiannually. How much will
the bond fund be worth at maturity?

Funding a College Education A child’s grandparents
wish to purchase a bond fund that matures in 18 years to
be used for her college education. The bond fand pays
4% interest compounded semiannually, How much should
they purchase so that the bond fund will be worth $85,000

at maturity?
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70.

7L

73

74

75.

76.

Fonding an IRA  Fizst Colonial Bankshares Corpora-
tion advertised the following IR A investment plans.

Target iRA Plans

For each $a000 Maturity
Value Desired

Beposit At a Term of:

$620.17 20 Years
$1045.02 15 Years
$1760.92 10 Years
$2967.26 & Years -

(a) Assuming continuous compounding, what was the an-
nual rate of interest that they offered?

(b) First Colonial Bankshares claims that $4000 invested
today will have a value of over $32,000 in 20 years. Use the
answer found in part (2) to find the actual value of $4000
in 20 years. Assume continuous compounding.
Estimating the Date that a Prehistoric Man Died The
bones of 2 prehistoric man found in the desert of New
Mexico contain approximately 5% of the origmal amount
of carbon 14. If the half-ife of carbon 14 is 5600 years,
approximately how long ago did the man die?
Temperature of a Skillet A skiilet is removed from an
oven whose temperature is 450°F and placed in 2 room
whose temperature is 70°F After 5 minutes, the temper-
ature of the skillet is 400°F. How long will it be until its
temperature is 150°F?

World Population According to the 118, Census Bureau,
the growth rate of the world’s population in 1997 was
k = 1.33%=0.0133. The population of the world in 1997
was 5,840,445,216. Leiting t = O represent 1997, use the
uninhibited growth model to predict the world’s popula-
tion In the year 2000.

Radioactive Decay The half-life of radioactive cobalt
is 5.27 years. If 100 grams of radioactive cobalt is present
now, how much will be present in 20 years? In 40 years?

Logistic Growth The logistic growth model
0.8
t) = —————rr
P) 1 + 1.67e0%

represents the proportion of new computers sold that uti-

lize the Microsoft Windows 98 operating system. Lett = 0

represent 1998,1 = 1 represent 1999, and so on.

(a) What proportion of new computers sold in 1998 uti-

lized Windows 98?

(b) Determine the maximum proportion of new com-

puters sold that will utilize Windows 98.

{c} Using a graphing utility, graph P{z).

(d) When will 75% of new computers sold ntilize Win-

dows 987

CBL Experiment The following data were collected by

placing a temperature probe in a portable heater, remov-

ing the probe, and then recording temperature over time.
Aceording to Newton's Law of Cooling, these data

should follow an exponential model.

Exponential and Legarithmic Functions

(a) Using a graphing utility, draw a scatter diagram for
the data.

(b) Using a graphing utility, it an exponential model to
the data.

(c) Graph the exponential function found in part (b) on
the scatter diagram.

(d) Predict how long it-will take-for the probe to reach a
temperature of 110°F.

Temperature {F°}

165.07
1 164.77
2 163.89
3 163.22
g " 1BLB2
5 16195
6 161.26
7 160.45
8 159.35
9 158.61
10 157.89
1 156.83
12 156.11
13 154.08
14 154.40
15 153.72

77. The jollowing data represent the per capita usage of

carrots.
= Year Per Capita Usage
1985 (1= 1) 6.5
1990 {t= 6} 83
1981 {t=17] 17
1992 {t=8) 8.3
1993 (=9} 8.2
1994 (= 10} 8.7
1995 {t= 11} 9.0
1996 {t = 12} 10.2

Sowrce: U5, Department of Agriculure.

(a) Using a graphing utility, draw a scatter diagram of the
data using time as the independent variable and per capi-
ta consumption as the dependent variable.

(b) Use an exponential model, logarithmic model, power
model, and linear model to find the “best” model to de-
scribe the relation between time and per capita con-
sumption. Record each model’s correlation coefficient.
(¢) Use this model to predict the per capita consumption
of carrots in 1997.




Identities (p. 463)
sin g cosé
tanf = —, cotf = ——
cosf sind

1 1 1
cot@—tanﬁ, secﬁv—cosg, csce—sine

sin?g + cos’8 = 1, tan®0 + 1 =sec?d, 1+ cotfd = cscf8”

Properties of the Trigonometric Functions

y = sinx Domain: —co < x < 00’
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e

¥
(p- 409) Range:~1 =y=1 T
g . o N 1
Periodic: period = 27(360°) _,Hv T
0dd function -2
y = cosx Domain: —0 < x < 00 J;
(p.411) Range:—-1=y=1 | I//"‘\\I
Periodic: perdod = 2ar(360°) :_'11/"2_7
Even function
' ; 1 I
y = tanx Domain: —oo < x < oo, except odd multiples of 7/2{90°) ‘I i !
(p.413) Range: ~o0 < y < oo s :
Periodic; period = #(180°) -uy w7
Odd function [ !

y = cotx Domain: —oe < x < oo, except integral moltiples of 7(180°)
(p.416) Range:—oo < y < o0 '

N
== Ry - —
*'D—\\

= o2

¢

__N|gt\;“_“:—_

Periodic: period = 7(180°)
Odd function '

y = cscx Domein: —oe < x < 00, except integral multiples of 7(180°) %
|

|
(p. 417) Range:[y| =1 :1
: Periodic: period = 2m(360°) 4

Odd fanction \E

y = secx Domain: ~00 < x < o0, except odd multiples of /2{90°) '
{p. 418) Range:jy| =1 i

Periodic: period = 27({360°)

Even function

|
Xﬂﬁ
< N
L
_ ]

Sinusoidal graphs

y= Asin(wx), w>0
Ty = Acos(wx), w>0
' y = Asin{ox — ¢) = Asin[w(x — ¢/w}]
y = Acos(wx ~ ¢) = Acos[w(x - ¢/w)]

Period = 27 /o (p. 421)
Amplitude = |4 {p. 421)
Phase shift = ¢/w (p. 425)
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Review Exercises

Blue problem numbers indicate the authors’ suggestions for use in a Practice Test,
In Problems 1-4, convert each angle in degrees to radians, Express your answer as a multiple of .

1. 135° 2. 210° 3. 18° 4, 15°

In Problems 5-8, convert each angle in radians to degrees.

5 3w/4 6. 27/3 7. 572 8. 3% /2

Iz Problems 9-26, find the exact value of each expression. Do not use a calculator.

9. tan.% - Si.n:g- 10. cos% + sin-;I © I 3sin45® — 4tan%
3 ; 2
12. 4cos60° + 3tan— 3. 6c05-—z+2tan(—1) 14, 3sin—w—4coss—w
3 4 3 3 2
15 (—E) - cot(—s—w) 16. 4asc3—w ~ o t(—z) 17. t + si
- seci— 2 - . 7 ot{— 7 . tan 7+ sinw
T T .
18. cos - —csc (—-2—) 19. cos180° — tan(—45°) 20. sin270° + cos(—~180%)
21. sin®20° + 1 2. O S 23. sec50° cos50°
” sec?20° cos?40°  cot?40° )
cos 400° tan {-20°)
24, " cot10° 285 ————— , —
4. tanl10"co cos (—40°) % tan 200°
In Problems 27-42, find the exact value of each of the remaining trigonometric functions.
27. sing = ~%, cos@ >0 28. cosf = —2, sinf <0 29. tanf = ¥, sing < 0
30. cotd =%, cosg <0 31 secd =—3, tand <@ 32 cscf = —3, cotd <0
33 siné =¥, @inquadrant I 34. cosd =31, @inquadrant T 35 sind = —3, 3w/2 <8< 2n
36. cosf =%, 3x/2 << 2w 37. tanf =1, 180° < @ < 270° 38, tanf = —%, 90° < 4 < 180°
39, secf =3, 3n/2<0< 2w 40, csc g =4, 7 <0 < 37/2 41, cotf = -2, wf2<l<mw

42, tan@ = -2, 3w/l <0 < 2«

In Problems 43-54, graph each function by kand. Each graph should contain at least one period. Verify your results using a graph-
ing wility. :

43. y = 2sin(4x) 44. y =-3cos(2x) 45, y =2 cos(x + %) . 46, y =3sin(x — «)
47, 'y = tan(x + @) 48, y = —tan(x - %) 49. y = —2tan(3x) 50, y = 4tan(2x)
5Ly = cot(x + "g-) 52. y = —4cot(2x) 53, y= sec(x - %) 54, y= csc(x + %)

In Problems 55-58, determine the amplitude and period of each function withowt graphing.

55. y = 4cosx 56. y = sin(2x) 57 y =8 si.n(-g-x) 58. y = ~2cos{3wx)
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In Problerns 59-66, find the amplitude, period, and phase shift of each function. Graph each function by hand. Show at least one

period.
59, y = 4sin(3x) 60. y = 2cos(3x)
63 y = Lsin(ix — =) 64. y = dcos(6x + 37)

In Problems 67-70, find a function for the given graph.
7. 68.

g

1
61, y-——ZSm( x-I—z) 62. y = —6sin{2nx — 2)

65. y = —fcos(mx — 6) +3

4
66. y=-17 sin(zx+ :\ -2
3 3/

LI N T A A B |

. \ A
47 [ 8w \\’ v
VARV

71, Find the length of arc subtended by a central angle of 30°
on a circle of radius 2 feet.

LIELELEL

"72. The minute hand of a clock is 8 inches long. How far does
the tip of the minute hand move in 30 minutes? How far
does it move in 20 minutes? .

73. Angular Speed of a2 Race Car A race car is driven
around a circular track at a constant speed of 180 miles
per hour. If the diameter of the track is$ mile, what is the
angulat speed of the car? Express your answer in revo-
lutions per hour (which is equivalent to laps per hour).

Merry-Go-Roumnds A neighborhood carnival has a
merty-go-round whose radius is 25 feet. If the time for
one revolution is 30 seconds, how fast is the mermry-go-
round going?

75. Lighthouse Beacons The Montauk Point Lighthouse on
Long Island has dual bearns {two lighi sources oppasite
each other). Ships at sea observe a blinking light every 5
seconds. What angular speed is required to do this?

74,

76. Spin Balancing Tires The radius of each wheel of a car
is 16 inches. At how many revolutions per minute should
a spin balancer be set to balance the tires at a speed of 90
miles per hour? Ts the setting different for a wheel of ra-
dius 14 inches? What is this setting?

77. Alternating Voltage The electromotive foree E,in volis,
in a certain ac circuit obeys the equation

E(t) = 120sin(120mt), 120

where ¢ is measured in seconds.

(a) Whatis the maximum value of E?
(b} What is the period?

(c) Graph the function over two periods.

78. Alternating Current The current ,in amperes, fiowing
through an ac {alternating current) circuit at time ¢ is

[AS 2

III"_I,J__I:—-i

I(r) = 220sin (3073 + —g) r=0

(2) What is the period?
(b) What is the amplitude?
(c} What is the.phage shift?
(d) Graph this function over two periods.

79. Monthly Tessperature The following data represent the
average monthly temperatures for Phoenix, Arizona.
(a) Using a graphing utility, draw a seatter diagram of the
data for one peried.
(b) Find a sinusoidal function of the form y =
Asin(wx — @) + B that fits the data.
(c) Draw the sinusoidal function found in part {b) on thc
scatter diagram.
(d) Use a graphing utility to find the sinuseidal function
of best fit,
(¢) Draw thesinusoidal function of best fit on the scat-
ter d1agram

Average Monthly
Month, m Temperaiure, T
Januzry, 1 [l
February, 2 55
March, 3 3
April, 4 67
May, & 71
June, 8 86
July, 7 90
August, B a0
Segtember, § B
October, 10 Fil
Novembes, 11 59
December, 12 52

Source: 1.5, National Otesnic and Atmospheric
Administration.
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In calculus, you will be asked to find the angle & that

maMNgizes R by solving the equation
sin(28) + cos(28) =0

Solve this equMjon for @ using the method of Example 7.
{b) Solve this eqdgtion for @ by dividing each side by
cos (28).
(c) What is the meximdg distance R if o = 32 feet per
second? h
(d) Graph R, 45° = @ = 90°, a»] find the angle 6 that
maximizes the distance R. Also it the maximum dis-
tance. UJse vy = 32 feet per second. Coxgpare the results
with the-answers found earlier.
Heat Transfer In the study of heat transfer, it gquation
x + tanx = 0 ocours, Graph ¥, = —x and ¥; = tag x for
x = 0. Conclude that there are an infinite numbeg of

53

points of intersection of these two graphs. Now find-tihe g

first two positive solutions of x + tanx = 0 rounded) &
two decimal places. P
Carrying a Ladder around a Corner A ladder gflength
L is carried horizontally around a corner i gt a hall 3
feet wide into a halt 4 feet wide. See the J fiztration.

54.

() Exppfss L as a function of 6.

A (b) Ipfalculus, you will be asked to find the length of the
lon#Est ladder that can turn the corner by solving the
gfiuation : .

3sechtand.— desclentf =0, 0° <8 < 90°

hings To Know

55

56.

. carried around the cormer?

¥

Solve this equation for 4.
(¢} What is the length of the longest ladd

(d) Graph L, 0° = @ = 90°, and
maximizes the length L. Also fi
Compare the resuits with
and (c). Py
Projectile Motion _Jfic horizontal distance that a pro-

the angle 8 that
the maximum length.
ones found in parts (b)

jectile will travel jfthe air is given by the equation
v} sin {26
o - s (29)
g

W gre o is the<initial velocity of the projectile, 8 3s the

Fanple of elevation, and g is acceleration due to gravity

(9.8 meters per second-squared).

{a) I you can throw a baseball with an initial speed of
34.8 meters per second, at what angle of elevation 6
should you direct the throw so-that the ball travels a dis-
sgnce of 107 meters before striking the ground?
{(betermine the maxknum distance that you can throw
thve ba¥

(c) Graphg, with u; = 34.8 meters per second,

(d) Verify tiwgesults obtained in parts {a) and (b} using
ZERQ or ROCN

Projectile Motion Refer to Problem-55.

(2) If you can throw a\qaseball with an ingtial speed of
40 meters per second, at Wit angle of elevation # should
you direct the throw so that thg ball travels a distance of
110 meters before striking the gragnd?

(b) Determine the maximum distan® that you can throw
the ball.

(c)} Graph R, with 1 = 40 meters per secOsd.

(d) Verify the resuits obtained in parts{a) an®{b) using
ZERO or ROOT. )

Sam and Difference Formulas (pp. 452, 455, and 458)
cos{e + f3) = cosecosf§ — sinasing
sin{a + ) = sinacosB + cosesinf
tana + tanf
1 - tanatanf

Double-Angle Formmnias (pp. 462 and 463)
sin(28) = 2siné cosd

tan(e + B) =

2tand
cos(268) = 2eos?d — 1 tan(28) = ; 21

—~ tan’#

_cos(20} = cos’@ — sin6

cos{a — B) = coswcosf + sinasin B
sin{e — B) = sinacosB — cosasinf

tan(a — B) =

fane — tanfS
1+ tanatanf

cos(26) = 1 — 2sin’é
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Half- Angle Formulas (pp. 465 and 467)
,& 1 —cose s _ 1+ cosa .0 1 —cose

T —_— = ———— —_———_— t —_—= ————
Sy 2 05 2 A T T+ coser

N /1 — coser : cos o L j1+ cosa tan o " [1 —-cose 1 - cose sin e
sl — = —_— —_= —— — = = - =
2 2 2 2 2 1+ cose sin o 1+ cose

Product-to-Sum Formulas (p. 470)
sinasing = §[cas(a — B) — cos(a + B)]
cosacosB = i[cos(a — B) + cos(a + B)]
sinecosf = 3 [sin{e + B) + sin(a — 8)]

Sum-to-Prodact Formudas (p. 471)

e+f a—-p . . . e—f a+p
cos 2 sing — sinf = 2sin cos ‘2

a+ o - -+ -
cosa + cos,B&Zcos-—wzf—gcos 2'6 coso:—cos,8=—25inu ZB azﬁ

sing + snf = 2sin

Definitions of the six inverse frigonometric functions
y =sin'x means x=siny where ~i=<x=<1, -x/2= y=E=a/2  (p.474)

y=rcoslx means x=cosy where —I=sx=<1, O=sy=<sg (p. 478)
y =tan 'z means x = tany where —oo < x < oo, —w/2 <y < w/2 (p.480)

© y=rcot?x means x=coty where —o<x<oo, 0<y<am (p. 482)
:-"y =sgec'x means x =secy where [x{=1, O=y=<w, y=a/2 (p.482)
y=csc'x means x=cscy where |x =1, ~w/2=y=a/2, y=0(p482)
How To

Establish identities (p. 447)

Use sum and difference formulas to
find exact values (p. 453)

Use sum and difference formulas to
establish identities (p. 457)

Use double-angle formulas to find
exact values (p. 462)

Use double-angle and half-angle for-
mulas to establish identities (p. 462)

Use half-angle formulas to find exact
values (p. 465)

Express products as sums (p. 470)

Fill-in-the-Blank ltems

Express sums as produets (p. 471)
Find the exact value of an inverse
trigonometric function (p. 476)

Find the approximate value of an in-
verse trigonometric function (p. 477)
Find the exact value of expressions.

involving inverse trigonometric
functions (p. 485)

Write a trigonometric expression as
an algebraic expression {p. 488)
Establish identities involving inverse
trigonometric expressions (p. 488)

Solve equations involving a single
trigonometric function (p. 490)

Solve trigonometric equations that
are quadratic in form (p. 495)

Solve trigonometric equations using
identities (p. 496)

Solve trigonometric equations linear
in sine and cosine (p. 498)

Solve trigonomeiric equations using a
graphing utility (p. 500}

e 18 Called a(n)
2. cos(e

psecosfi
3. sin(e+ B) = sinacosB.
4. cos(28) = cos’d —

5. sinf?o =
sin > 5
6. The fus
7~ The value of sin"!{ cos (7/2)] is

on ¥ = sin' x has domain and range

1. Suppose that f and g are two functions with the same domain. If f{x) = g(x) for every x in the domain, the equation
. Otherwise, it is called a(n) ation

Snasing. -
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True/False items

1. sin(—#) + sin® = Oforall 6.

fn{a + B) =sine + sing + 2 sip

3‘10) = 1 and sin{cos () = 1.

Most trigortometric equations have unique solutions.

HH s 4 o8
S T TR

. 8. Theequation tanf = =/2 has no solution.

Review Exercises

Blue problem numbers indicate the authors’ suggestions for use in a Practice Test.

In Problems i—32, establish each identity.

1. tanfcotd ~ sin?f = cos*f 2. sinf cscf — sin®8 = cos*d 3 cos (1 + tan®g) = 1
4. {1 — cos’6){1 + cot?8) = 1 5. 4cos?6 + 3sin?d = 3 + cos 8 6. 45in%6 + 2cos?8 = 4 — 2 cos?l
1— coséd sin @ siné 1+ cosf cosd 1
7. + = ’ 3 + ; = ] 5 — =
sin @ 1— cosd 2escd 8 1 + cosé sin f Zese ? cosf —snd 1 — tanéd
cos*§ . csch 1— sinf ‘ 1+ sech sin® @
10- 1 1+ sing sin g 1. 1+cscf  cos?f 1. secé 1 - cash
cscd 1+ cosd "1 — sing cos® §
. - sinf = 4. = 15, =
13. cscé — sinf = cosbeotd L I — cosd sin®@ ™ secd 1 + sind
. 2
1~ cosé \ 1 - 2sin’p (2sin?0 ~ 1)
T = — cot 17— =cotf — ¢ =1 2
16, 1T cosd {csed — cot8) nocoss O ¢ — tand 18 rRPR— 1 — 2cos’s
cos{a + sin{e - cos(a —
19. ———(----E)- =cotfl — tana 20, ———(—-E—)- =1 — cotaetanfB 21 P—(—wﬂﬂ =1+ tanatanp
cosasin B sine cos B cosa cosf
cos{o + 8 4
22, ——(———E-)- = cote — tanf 23 (1 + cosﬂ)(tan—) = sind 24, sinftan= = 1 — cosd
sino cos B 2 A
25. 2cotd cot(26) = cot’d — 1 26. 2sin{24)(1 ~ 2sin?4) = sin(44) 27. 1 — 8sin’@ cos’d = cos(46)
sin (36) cos# — sin 6 cos{36 sin{26} + sin (46 ' sin(29) + sin (46}  tan(34
28. G0) : ()=1 .~——————(} ()=ta.n(36‘) 30._() .()+ ()=0
sin (24) cos{26} + cos{48) sin(28) - sin(44) tan 6
cos{26) — cos{4f) . .
— tanftan(39) = 0 32. cos(26) — cos(108) = [tan(46){sin(26) + sin(106))]

3L cos{26) + cos{44)

In Problems 3340, find the exact value of each expression.

2 ol o g o 5_17 : r
33. sin 165 34. tan10S 35. cos B 36. sm(— E)
37. cos80° cos20° + sin80° sin20° 38. sin70° cos40® — cos70°sin 40°

ar S
2 — 40, sin —
39. tan g 0. sitn 2
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In Problems 41-50, use the information given about the angles o and 3 to find the exact value of

(a) sin(e + 8} (b) cos(e + 8) (c) sin{a —8) {d) tan(ea + B)
fe) sin(2a) ) cos(28) (e} smg () cos%—

41 sina =4 O0<a<a/2, snf=4%, w/2<B<nm
42, cosa=§,

O0<a<w/Z cosB=35, —7/2<p<O
43, sine=-%, w<e<3u/% cosp=i, 3n/2<B<2nm
&
3

44, sine=—3, —w/2l<a<0, cosf=-3, wR<pB<w

45, tano =%, 7 <o < S3n/2; tamf=2, 0<B < w2
46, tane=—%, w/2<a<m cotf=%, 7 <B<3v/2

47. seca=2, —w/l<a<0; secf=3, In2< B <2nw
48. csco > 2, w2 <o <m, secf=-3, 7R2<B<w
49, sine=-3%, w<a<3w/2 csf=-~i =< B<3m/2

50, tana=-2, w/2<a<m cotf=-2, w/l<B<7x
In Problems 51--70, find the exact value of each expression. Do not use a calculator,

51, sin!1 52. cos'0 53. tan'1 54, sin™? (—*%)
36. tan’(—V/3) 57. sin (cos-l %) 58 cos(sin™0)
59. tan[sin™ (— %)} 60. tﬁD[COS_l (h %)] 61. sec(taﬂﬂm\g’i) 62. csc(sin'lw—é\/é)

3 3 4 3
: 12 -l RN af 2
63. sin (tan 4) 04. cos(sm 5) 65. tan[sm ( 5)] 66, ta.n[cos ( 5)]

, | .
67, sin‘l(cos -32) 68. cos'l(tan?'—qz) 69. ta.n'l(ta.n %) 70. cos™! (cos .'%"1)

n

o

)

Q

@
L
|

=

o0

4

In Problems 71-76, find the exact value of each expression.

71. cos(sin'? — cos7i) 72. sin(cos™ 5 — cos™1{) 73. tan[sin?(—}) ~ tan}]

74. cos[tan}(~1) + cos(~$)] 75. sin[2cos™! (- 3}] 76. cos(2 tan™ %)

-In Problems 77-96, solve each equation on the interval 0 = 8 < 2. Use a graphing utility to verify your solution.

77. cosf =} 78. sing = —V3/2 79. 2cos6 + V2 = 0

80. tand + V3 = 0 8L sin(28) +1 =0 82. cos{26) = 0

83. tan(28) =0 84. sin(36) =1 85. sin@ = 0.9

86, tanf =25 87. sinf = tane@ 88. cosd = sect

89. sind + sin(26) = 0 90. cos(20) = sind , 91. sin(28) — cosf — 2sinf + 1 =0
92. sin(20) ~sind — 2cosf + 1 =0 93 2sin’d —3sinf + 1 =0 94. 2cos’6 + cosf — 1 =10

95. sind — cos@ =1 96. sin@ + 2cos6 = 1

In Problems 97-102, use a graphing utility to solve each equation on the interval 0 = x = 2ar. Approximate any solutions rounded
o two decimal places.

T 97, 2x = Scosx 98. 2x = 5sinx 99. 2sinx + 3cosx = 4x
100. 3cosx + x =sinx 101 sinx = Inx 102, sinx = &~
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with the position of the pendulum over time. T
is used to find a sinusoidal curys, ;

exnsriment Pendulum motion is analyzed to esti-

Applications of Trigonometric Functions

37. CBL Expenment The EOl.lﬁd from a tunmg fork is col-
Saamplisuder S e And perlod of

World Math viith the CBL sr

Adits angle (p. 508)
Complementary angles (p. 510)
Cofunction (p. 510)

Formulas
Law of Sines (p. 522)

Law of Cosines (p. 532)

Area of a triangle (pp. 539-540)

How To

Am angle 8 whose measure is 0° < § < 90° (or 0 < 6 < 7/2)

Two acute angles whose sum is 96°{#/2)

The following pairs of functions are cofunctions of each other: sine and cosine;
tangent and cotangent; secant and cosecant

sine smB siny
a b c
¢ = a® + b* ~ 2abcosy

B = g* + % — 2pccos B
a* = b® + ¢ — 2hecosa
A=1ibh

A =3%absiny

A =lbesina
A=1acsing

A=Vi(s = a)s - B(s ~ ¢),

where s=3(a+b+¢)

Emnd the valne of trigonometric func-

tions of acirte angles (p. 508)

Use the complementary angle theo-
rem {p. 510}

Solve right triangles (p. 511)

Solve applied problems using right
triangle trigonometry {(p. 512)

Solve SAA or ASA triangles (p. 523)

Fill-in-the-Blank ltems

Solve SSA triangles (p. 524)

Solve applied problems using the Law
of Sines {p. 527)

Solve SAS trangles (p. 533)
Solve 858 triangles (p. 534)

Find the area of SSS triangles (p. 540)

Find an eqnation for an object in sim-
ple harmonic motion (p. 547)

Analyze sirnple harmonic motion

Solve applied triangies using the Law (p-547)
of Cosines (p. 535) Analyze an object in damped motion
Find the area of SAS triangles (p. 540) (p. 548)

1. Two acute angles whose sum is a right angle are called

2. Thesine and

3. Iftwo sides and the angle opposite one of them are known, the Law of

functions are cofunctions.
is used to determine whether

the known information results in no triangle, one triangle, or two triangles.

4. Ifthree sides of a triangle are given, the Law of
5. If three sides of a triangle are given,

is used to solve the triangle.
Formula is used to find the area of the triangle.

6. The motion of an object gbeys the equation d = 4cos(6t). Such motion is described as

7. Themass and damping factor of d = 56710 e ( Tt —

(057 ) ' ;
I} are an
100
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37. Finding the Width of a River Find the distance from A .

to C across the river illustrated in the figure.

38. Finding the Height of 2 Building Find the height of the
building shown in the figure,

' 80 1t
39. Finding fhe Distance 10 Shore- The Sears Tower in
Chicago is 1454 feet tall and is sitnated about 1 mile inland
from the shore of Lake Michigan, as indicated in the fig-
ure. An observer in a pleasure boat on the Jake directly in
front of the Sears Tower Jooks at the top of the tower and
measures the angle of elevation as 5°. How far offshore
is the boat?

40. Finding the Grade of a Mountain Trail A straight trail
with a uniform inclination leads from a hotel, elevation
5000 feet, to a lake in a valley, elevation 4100 feet. The
length of the trail is 4100 feet. What is the inclination
(grade) of the trail?

41. Navigation An sirplane flies from city A to city B, a dis-
tance of 100 miles, and then turas through an angle of 20°
and heads toward city C, as indicated in the fignre. If the
distance from A4 to C is 300 miles, how far is it from city
B to city C?

-1

300 mi

42. Correcting 2 Navigation Error  Two cities 4 and B are
300 miles apart. In fiying from city 4. to city B, a pilot in~
-advertently took a course that was3° in erpor.
(a) If the error was discovered after flying I6-minutes at
a constant speed of 420 miles per hour, through what
angle should the piiot turn to correct the courss? (Con-
sult the figure.)
(b) What new constant speed should be maintained so
that o time is lost due to the error? (Assume that the
speed-would have been a constant 420 miles per hour if
-no error had ocenrred.)

A Error
discovered

43. Defermining Distances at Sea Rebecca, the navigator
of a ship at sea, spots two lighthouses that she knows to
be 2 miles apart along a straight shoreline. She determines
that the angles formed between two line-of-sight obser-
vations of the lighthouses and the line from the ship di-
rectly to shore are 12° and 30°. See the illustration.

{a) How far is the ship from fighthouse A7
(b) How far is the ship from lighthouse B?
(c) How far is the ship from shore?

i

44. Constructing a Highway A highway whose primary di-
rections are north-south is being constructed along the
west coast of Florida, Near Naples, 2 bay obstructs the
straight path of the road. Since the cost of a bridge is pro-

hibitive, engineers decide to go around the bay. The




45,

46.

47,

illustration shows the path that they decide on and the
measurements taken. What is the length of highway
needed to go around the bay?

Correcting a Navigational Error A yacht leaves 5t.
Thomas bound for an jsland in the British West Indies,
200 miles away. Maintaining a constant speed of 18 miles
per hour, but encountering heavy crosswinds and strong
currents, the crew finds after 4 hours that the szilboat is
off course by 15°

(a) How far is the sailboat from the island at this time?
(b) Through what angle should the sailboat turn to cor-
rect its course?

(¢) How much time has been added to the trip because
of this? (Assume that the speed remains at 18 miles per
hour)

Surveying Two homes are Jocated on opposite sides of
a small hill. See the illustration. To measure the distance
between them, 2 suyveyor walks a distance of 50 feef. from
house A to point C, uses a transit to measure the angle
.ACB, which is found to be 80°% and then walks to house
B, a distance of 60 feet. How far apart are the houses?

Approximating the Area of a Lake To approximate the
area af a lake, Cindy walks around the perimeter of the lake,
taking the measurements shown in the illustraticn. Using
this technique, what is the approximate area of the lake?

48.

49.

50.

51

52.
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[Ffint; Use the Law of Cosines on the three triangles shown and
then find the sum of their areas.]

Calculating the- Cost of Land The irregular parcel of
land shown in the figure is being sold for $100 per square
foot. What is the cost of this parcel?

201t

Area of a Segment Find the area of the segment of a
circle whose radius is 6 inches formed by a central angle
of 50°,

Finding the Bearing of a Ship The Majesty leaves the
Port at Boston for Bermouda with a bearing of S80°E at an
average speed of 10 knots. After 1 hour, the ship furns90°
toward the southwest. After 2 hours at an average speed
of 20 knots, what is the bearing of the ship from Boston?
The drive wheel of an engine is 13 inches in diameter, and
the pulley on the rotary pump is 5 inches in diameter. If
the shafts of the drive wheel and the pulley are 2 feet
apart, what length of belt is required to join them as
showwrin the figure?

Rework Problem 51 if the belt is crossed, as shown in the
figure.
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Things To Know

Polar Coordinates; Vectors

Relationship between polax
coordinates (r, 8} and
rectangular coordinates (x, y)

Polar form of a complex number
(p. 586)

DeMoivre's Theorem (p. 589)

nth root of a complex number
z = r(cos 8 + isin ;) (p. 590)

Vector {p. 594)

Position vector {p. 597 and 616)
Unit vector (p. 597)
Dot product (p. 606 and 618)

Angle 8 between two nonzero
vectors u and v (p..608 and 619) .

Vectors in space (p. 621)

Cross Product (p. 624)
(p. 627)

How To,

x = rcosf,y = rsiné (p.563)

24y = tang = {_—,x # 1 {p. 566)

Ifz = x + 3, then z = r{cosd + ising),

x
where r = |z.= Vx* + y* sing = -Ji,cosﬁ‘ =—0=§<27
r 7

If z = r{cos@ + isind),then

7' = r[cos (nf) + isin (nd}], where n = 1is a positive integer

8

2kar

n o 8 .
V= Vr[cos(—°+%k—£) +1sm(_+———):|,k =0,..,n-1
n n n 1

Quantitjrﬂl_lg}ing magnitnde and direction; equivalent to a directed line

segment PQ)

Vector whose initial point is at the origin

Vector whose magnitude is 1

v =g+ byjandw = a,i + byj, thenv - w = aqya, + byb,.

Hyv=gi+bj+okandw =ai + bj + ek thenv-w = ayay + bby + ¢105.

v
058 = Tl v

Ifv = ol + bj + ck,thenv = ¥l (cos )i + (cosB)f + (cosy)k],

a

b
wherecose = —, COSB =—, CO8Y =
[ v

Iv

c

v

v=ai+ bj+ ckandw= ai+ bhj + ¢k,
thenv X w = [bie; = by i — (mey — mer)j + (s — @by )k
i X ¥ = Ju] |I¥] sin6, where B] is the angle between u and v.

Plot points using polar coordinates
(p. 560)

Convert from polar coordinates to
rectangular coordinates (p. 563)
Convert from. rectangular coordinates
to polar coordinates (p. 564)

Graph and identify polar equations
by converting to rectangular equa-
tions {p. 569}

Graph polar equations using a graph-
ing utility (p. 570%

Test polar equations for symmetry
(p.574)

Graph polar equations by plotting
points {p. 575)

Convert a complex number from rec-
tangular form to polar form (p. 586)
Plot points in the complex plane
(p.586)

Find products and quotients of com-
plex numbers in polar form {p. 587)

Use DeMoivre’s Theorem (p. 588)
. Find complex roots (p. 590)
Graph vectors (p. 596)
Find a position vector (p. 597 and 616)

Add and subtract vectors (p. 600
and 617)

Find a scalar product and the magni-
tude of a vector (p. 600 and 618)

Find a unpit vector (p. 600 and 618)

Find a vector from its direction and
magnitude (p. 601)

Work with objects in static equilibri-
urn (p. 602}

Find the dot product of two vectors
{p. 606 and 618)

Find the angle between two vectors
(p. 607 and 619)

Determine whether two vectors are
paraltel (p. 609)

Determine whether two vectors are
orthogonal (p. 609)

Decompose a vector into two orthog-
onal vectors (p. 610)

Compute work (p. 611)

Find the distance between two points
in space (p. 615)

Find the direction angles of a vector
in space (p. 620)

Find the cross product of two vectors
in space (p. 624)

Know algebraic properiies of the
cross product (p. 626)

Know the geometric properties of the
cross product (p. 627)

Find a vector orthogonal to two given
vectors (p.627)

Find the area of a parallelogram

@ §28) :
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True/False ltems

T F 1. tan62® = cot38°

T F 2. sini82° = cos2’

T F 3. An oblique triangle in which two sides anden ange are piven always results in at icast one triangle.

T F '4.  Given three sides of a triangle, there is a formula for finding its area.

T F 5. Imraright triangle, if two sides are known, we can solve the triangle.

T F 6. The ambiguous cass refers to the fact that, when two sides and the angle opposite one of them is known, some-

times the Law of Sines canmot be used.

Review Exercises

Blue problem numbers indicate the authors’ suggestions for use in.a Practice Test.

In Problems 14, solve each triangle.

1. i 2.
b
£ [ !

a

In Problems 5-24, find the remaining angle(s} and side(s) of each triangle, if it (they) exists. If no triangle exists, say
“No mriangle.”

b=5, B=80 b=13,
FRBSNSNET-SSSS T 15.2=1, b=3, y=40° 6. a=4, b=1, y=100°
17.a=35 b=3, a=8F 18.g=2, b=3, a=20° 19.a=1 b=1% c=%
20.a=3 b=2 c¢c=2 2. a=3, a=10° b=4 W oa=4, a=20°, §=100°
2.c=5 b=4, a=170° M.a=1 b=2, y=60°
I Problems 25-34, find the area.of each triangle.
35 =2, b=3, y=40° .  26.b=5 c¢=5 a=2° 2. b=4 ¢=10, a=70°
28, a=2_b=1, y=100° 29.0a=4, b=3, c= .a=10, b=7 ¢=8
M.a=4 b=2 ¢=5 3R2.a=3 b=2, c=2 }é‘,:soz =30 a=1

3. a=10°, y=40° c=3

35, Measuring the Length of aLake From a stationary hot- 36. Finding the Speed of a Glider From a glider 200 fect

air balloon 500 feet above the ground, two sightings of a above the ground, two sightings of 2 stationary object di-
rectly in front are taken 1 minute apart (see the figure).
‘What is the speed of the glider?




Chapter Review 631

il-in-the-Blank ltems

1. In polar coordinates, the origin is called the , and the positive x-axis is referred to as the

Another represelitaton 3) sdker=™ ,dor/3).
3. Using polar coordinates (r 6) the cee :

4. Im a polar equation, 1eplace @ by —4. If GLaph 15 symmetric with respect to

5. When a complex number e RTitten in the polar form z = r{cos@ + isin#§), the nonnegative number » is the
of z, and the angle 6,0 = § < 24, is-the ‘of z.

magmmde-ls 11is cailed a(n) vector.
Tngle between two vectors v and wis 77 /2, then the dot product v - w equals

6. A vector whpe®
7. Iith

rue/False ltems

The polar coordinates of a point are unique.

The rectangular coordinates of a pomt aTe u.mque.

1
2.
3 cessary, but not sufficient.
4

DeMoivre’s Theoreh #EIng a complex number to a positive integer power.

5. Vectors are qua.ntiti segitude and dirvection.

. Force is a plwsftal example of a vector.

«fd v are orthogonal vectors, then ' - v = 0.

The sum of the squares of the direction cosines of a vector in Space equmie]

leview Exercises

tHue probiem numbers indicate the authors’ suggestions for-use in a Practice Test,

n Problerns 1-6, plot each point given in polar coordinates, and find iis reciangular coordinates.

1. (3,%w/6) . 2. (4,27/3) 3. {-2,4%/3)
4. (~1, 5ar/4) © 5 (3, —w/2) 6. (—4,—7/4)

n Problems 7-12, the rectangular coordinates of a poinr are gzven Find two pairs of polar coordinates (1, 8) for each point, one
sith r > 0 and the other with r < (. Express 8 in radians,

7. (—3,3) _ 8 (1,-1) 9% (0,2
0 (2,0) 1L (3,4) 12, (-5,12)
1 Problemns 1318, the letters x and y represent rectangular coordinates. Write each equation using polar coordinates (1, ),
3. 322 + 3% = 6y M. 222 — 2% = 5y 15,28 - =2
6. x2+ 2y = -i* _ 17 x{x* + y?) = 4 18 y(2 ~ ) =3

n Problerns 19-24, the letters r and 8 represent polar coordinates. Write each polar equation-os an equation in rectangular coor-
inates (x, y).

% r = Z2sing 20. 3r = sinég 2L r=35
%8 =w/4 23, rcosf + 3rsinf =6 24. Ptand = 1
Problemns 2530, sketch the graph of each polar equation. Be sure to test for symmetry. Verify your results using a graphz'ng.
nlzty . .
8. r = dcosf 26. r = 3sing 7. r =13 — 3sind

8. r=2 +cosd 20, r =4 — cosp 30. r=1 - 2sind
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In Problems 31-34, write each complex number in polar form. Express each argument in degrees.
31 -1-i 32, —V3 +i 34 -3 34. 3 ~ 2

In Problems 35-40, write each complex number in the standard forma + bi..

ya e
e, 30° + 1 5in150°) 36. S(CCTGD" + 1SN 60°)  ycummem ST BKcos::j;'v o+ isin%ﬁ)

=

38. 4! cos T 4+ s 3;: ) =39, 0.1 (cor IS in

In Problems 4146, find zw and z/w. Leave your arswers in polar form.

49. 0.5{cos160° + i sin 160°)
B R R EEEE

42, 7z = cos205° + isin205°

cos85° + iSiuSS '

ey i T, . T
w =2 cosE + zsmg

" 45. 7 = 5(cos10° + isin10?)
w = cEs355° + [sin355°

I Problems 47-54, write each expression in the standard form a + bi. Verify your results using a graphing wzility.

47, [S(ICOSZOO + isin20°) 48. [2(cos 50° + 1'5'11150")]3
57 .. 5w\ . S .. S\
49. [\/i(cos-—é—+ i sin F )] 50. [2((_:05 6 + isin 16)]
51, (1 - V3if 52, (2 - 20)° 53, (3 + 4i)* 54, (1 — 2)!
55. Find all the complex cube 1oots of 27. 56. Find all the complex fourth roots of —16.

It Problems 5764, the vector v is represented by the directed line segment FQ Write v in the form ai + bj or in
the form ai + bj + ck and find |v|.

37. P=(1,-2) 0=(3,-6) 8. P=(—-3,1); Q=(4,-2)

9. P =(0,—2); ¢=(-1L1) 60. P (3,—4); 0=(-2,0)

6. P=(6,21); ©=(302) 62. P = (4,7,05 Q=1(0,56)

63 P=(-1,0,1% Q= (20,0) 64 P=(6,2,2); Q=(262)

In Problems 65~72, use the vectors v = ~2i + jand w = 4i — 3j.

65. Find 4v — 3w. 66. Find —v + 2w. 67. Find {v].

68. Find v + w. 69. Fnd |v| + |w]. 70. Find J2v| — 3]w].

71. Find a unit vector in the same direction as v, 72, Find a unit vector in the opposite direction of w.

Iz Problems 73-80, use the vectors v = 3i + j — 2k and w = 31 + 3j — k to find each expression.

73. 4v — 3w 74, —v + Iw 75. v — w) 76, v + w
77 v — =l 78, |v] + fwl 79. v X W 80. v- (v X w)
81. Find a unit vector in the same direction as v and then in the opposite direction of v.

82. Find a unit vector crthogonal to both v and w.

In Problems 83-90, find the dot product v - w and the gngle between v and w.

83. v=—2i+j, w=4i-7Jj B4 v=3i—§, w=i+]
85, v=1i—-3, w=-i+] 86. v=1+4j, w=23—2
Bl v=i+j+k w=i~-j+k 8B.v=i—j+k w=2i+j+k

8. v=4i—j+2k w=i—-2f-3k 9. v=—i-2i+3k w=35i+j+k
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Blue problem numbers indicate the authors’ suggestions for use in a Practice Test.

In Froblems 1-20, solve each system of equations algebraically using

the system has no solution, say that it is inconsistent. Verify your result using a graphing unlity.

. for~ y=35 5 {2x+3y=2 3 [3x—dy=4
T |sx+2y=18 T 7x - y=3 lx-3y=
x—2y—4=0 6 x—3y+5= a y=2x—35
3x+2y—4=10 Tl2x+3y-5=0. Tlx=3y+4
9 x— y+4=20 10 x+%)r=2 x—2y— 8=10
T lixeiy+E=0 yH+éx+ 2=0 "lax+y~-10=0
13 y—2x=11 14 3x—4y-12=0 2x+3y—13=0
T |2y -3x =18 ’ Sx+2y+ 6=0 ’ x=2y=10
x+2y— z= 6
3x-2y= 8 2x+ 5y =10
. . 22— y+ 3z=—1
¥ {x—§3r=1z {-4x+10y=15 B. 22— y+3g=-13

3x -2y + 3z =-16

the method of substitution or the method of elimination. If

4 f2x +. y =
S5x — 4y = —
x=5y+2
y=5x+2

|

3
n{x—3y I'=0

{

w

Ix+3y-5=0

4x + 5y = 21
S5x + 6y =42

|

6.

x+5y—- z= 2
20. 2x+ y+ z= 7
x— y+2z=11

In Problems 21-28, use the following matrices to compute each expression. Verify your result using a graphing utilizy.

10
A= 2 4
-1 2
. A+C 2, A-C
25, AB- 26, BA

3 -4
B=[f _i’ _g:l c=[1 5
5 =2

23. 64
27. CB

24. —48
28, BC

In Problems 29-34, find the inverse of each matrix algebraically, if there is one. If there i not an inverse, say that the matrix is sin-

gular. Verify your result using o graphing uzility.

' 1 3 3
29, B 2:[ 30. [_i _i:l |1 21
-1 o2
31 2
3203 2 -1 33. [:11 _ﬂ 3. [:g ;]
11 1

In Problems 35-44, solve each system of equations algebraically using matrices. If the system has no solution, say that it is incon-

sistent. Verify your result using a graphing utility,

3x— 2y=1

- 35, 36.
33 {10.1: +10y=35 g {

2x+y+ z=5
4x~y—3z= 39,
Sxty— z=5

38.

2x—-2y+ z-1=0
x— y— z— t= 1
2x+ y~ z+ U= 3
x—2y—2z—-3%= 0
3x—4y+ z+5=-3

43.

x— y+4+z=
41, x— y—5—-6=0

Ix+2y= 6 e
1 i
- y=-3
x—2z= 1
Zx +3y=-3 40.
dx ~3y ~4z= 3

4x — 3y + 5z =
42, §2x +4y — 3z =0
6x+2y+ z=0

x—3y+3z— t=
x+2y— z=
“. X+ 3+ =

x+ y+5z=

Sx+6y—3z= 6
dx =Ty — 2z =-3
3x+ y—-Tz= 1

x+2y—~ z= 2
2x =2y + z=-1
6x +4dy+3z= 3

4

-3
3 -
6
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In Problems 45-50, find the value of each determinant algebraically. Verify your result using a graphing utility.

140

44, i: 46. ‘”f g} a7 -1 2 6
41 3

1.2 3 10 21 -3 -2 1 0

8101 5 9.5 ¢ 1 50,11 2 3
-1 2 3 26 0 -1 4 2

JIn #oblems 57-66, write the partial decornposition of each rational expression.

6 . x x—~ 4 2x —~ 6 x

5 — 88, ——— =8, . 61
x(x —4) {x+2)(x—3) 2z — 1) (x -2 x-1) ) (x* +9)(x + 1)
: 3x x3 ¥+l x* 4
62. —————— 63, —e— 4. 65, 66.
-2+ 1) Ery T O ) ) By
In Problems 67-76, solve each system of equations algebraically. Verify your result using a graphing utility.
2x+y+3=0 X2+ yr= 16 2xy + y2 =10 W pt=1
67. 68 :
{ ry=3 {23:—372‘—‘—8 69 3P~ xy = 2 70 732 -2 —5=0
+ 2= 24 2= 2 . l=8g 3 2 _ 2 _
- x ¥ 6y - {Zx2 y2 9 - 312 + dxy + 5y2 3 e, 135 T Zxy — 2% =6
x* =3y 2Z+yr=9 3y + 2" =0 xy -2y +4=0
Pzt y=-— i+ yt=
75, xxzfxx YEY=T g |Frxty ;’fz
+y+1= 0 . x+1i= Y
x

In.Problems 77-82, graph each system of inequalities. Tell whether the graph is bounded or unbounded, and label the. corner points.

x=0

. {—2x+ysz g | Xy =6 79, y=0
x+y=2 2x+ yz=2 x+y=4

|2x +3y =<6

x=0 ( x=0 x=0

y=0 y=0 y=0

80. x4+ y=6 8. 2x+ y=8§ 2. x4+ y=9
2xt+y=2 x+2y=z=2 2x+3y=6

In Problems 83-88, solve each linear programming problem.
LR i z=3x +4y subjectto x=0, y=0, 3x+2y=6, x+y<8

84, subjectto x=0, y=0, = 2 8
85. '__'ggznto x=0, y=0, x+ 2y<12 x+3y=12

86, Minimize z = 3x + y"' ' e y=6, 2x+y=4
87. Maximize gz = 5x + 4y e =g
88. il

8%. Find 4 such 1] gisiem in Problem 89 is inconsistent
91, Curve Fitting Find the T Biicrfunction y = ax? +
{2x + Sy= 35 bx 4 ¢ that passes through the three potats (0, 1), (1,0),

4x + 10y = A4 and (-2,1).




92. Curve Fitting Find the general equation of the circle

that passes through the three points (0, 1), (%, 0), and
-2,1).

EHinr. )The general equation of a cirele is x* + )* +

Dx+Ey+ F=0]

Blending Coffee. A coffee distributor is blending a new

coffee that will cost $3.90 per pound. It will consist of 2

blend of $3-00 per pound coffee and $6.00 per pound cof-

fee. What amounts of each type of coffee should be mixed

to achieve the desired blend?

[Hint: Assume that the weight of the blended coffee is 100

pounds.]

94. Farming

95.

956.

97

98

33

A 1000-acre farm in Ilinois is used to raise
com and soy beans, The cost per acre for raising corn is
$65 and the cost per acre for soy beans is $45, If $54,325
has been budgeted for costs and all the acreage is to be
used, how maey acres should be allocated for each crop?
Coolde Orders A cockie company makes three kinds
of cookies, oatmeal raisin, chocolate chip, and short-
bread, packaged in small, mediumn, and large boxes. The
small box contains 1 dozen oatmeal raisin and 1 dozen
chocolaté chip; the medinm box has 2 dozen ocatmeal
raisin, 1 dozen chocolate chip, and 1 dozen shortbread;
the large box contains 2 dozen oatmeal raisin, 2 dozen
chocolate chip, and 3 dozen shortbread. If you require
exactly 15 dozen catmeal raisin, 10 dozen chocalate chip,
and 11 dozen shortbread, how many of each size box
should you buy?

Mixed Nuts A store that specializes in selling nuts has
72 pounds of cashews and 120 pounds of peanuts avail-
able, These are to be mixed in 12-ounce packages as fol-
lows: a lower-priced package containing 8 ounces of
peanuts and 4 ounces of cashews and a quality package
containing 6 ounces of peanuts and 6 ounces of cashews.
(a) Use x to denote the number of lower-priced pack-
ages, and use y to denote the number of quality pack-
apes, Write a system of linear inequalities that describes
the possible number of each kind of package.

(b} Graph the system and label the corner points,

A small rectangular lot has a perimeter of 68 feet. If its
diagonal is 26 feet, what are the dimensions of the lot?

The area of a rectangular window is 4 square feet. If the
disgoral measures 232 feet, what are the dimensions
of the window?

29.

100.

102.

103.

104.

105

106.
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Geomefry A certain right triangie has a perimeter of
14 inches. If the hypotenuse is 6 inches long, what are
the lengths of the legs?

Geometry A certain isosceles triangle has a perime-
ter of 18 inches. If the altitude is 6 inches, what is the
length of the base?

. Building & Fence How much fence is required to en-

close 5000 square fzet by two squares whose sides are in
the ratio of 1:27

Mixing Acids A chemistry laboratory has three con-
tainers of hydrochloric acid, HCl. One container holds
a solution with a concentration of 10% HCL, the second
holds 25% HCI, and the third helds 40% HCL How many
liters of each should be mixed to obtair 100 liters of 2 so-
lution with a concentration of 30% HCI? Construct a
table showing some of the possible combinations.

Calcnlating Allowances Katy, Mike, Danny, and
Colleen agreed to do yard work at home for $45 to be
split among them. After they finished, their father de-
termined that Mike deserves twice what Katy gets, Katy
and Colleen deserve the same amount, and Danny de-
serves half of what Katy gets. How much does each
receive?

Finding the Speed of the Jet Stream On a flight be-
tween Midway Airport in Chicago and Ft. Lauderdale,
Florida, a Boeing 737 jet maintains an airspeed of
475 miles per hour. If the trip from Chicago to Ft. Laud-
erdale takes 2 hours, 30 minutes and the return flight
takes 2 hours, 50 minutes, what is the speed of the jet
stream? {Assume that the speed of the jet stream
remains constant at the various altitudes of the plane
and that the plane flies with the jet stream one way and
against it the other way.)

Constant Rate Jobs If Bruce and Bryce work togeth-
er for L hour apd 20 minutes, they will finish a certain
job. If Bryce and Marty work together for 1 hour and
36 minutes, the same job can be finished. If Marty and
Bruce work together, they can complete this job in 2
hours and 40 minutes. How long will it take each of them
working alone to finish the job?

Maximizing Profit on Figurines A factory manufac-
tures two kinds of ceramic figurines:a dancing girl and
a mermaid. Each requires three processes: molding,
painting, and glazing, The daily labor available for mold-
ing is no more than 90 work-bours, labor availabie for
painting does not exceed 120 work-hours, and labor
available for glazing is no more than 60 work-hours. The
dancing girl requires 3 work-houss for molding, 6 work-
hours for painting, and 2 work-hours for glazing. The
mermaid requires 3 work-hours {for molding, 4 work-
hours for painting, and 3 work-houss for glazing. If the
profit on each figurine is $25 for dancing girls and $30 for
mermaids, how many of each should be produced each
day to maximize profit? If management decides to pro-
duiee the number of each figurine that maximizes prof-
it, determine which of these processes has excess
work-hours assigned to it.
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Sequences; Induction; The Binomial Theorem

Things To Know

Sequence (p. 810)
Factorials (p. 814)

Amount of an annuwity (p. 820)

Arithmetic sequence (p. 825)

—Sum of the first » terms
of an aritlimetic sequence (p. 827)

Geometricsequence (p. 831)

-Sum of the first n terms of
a geometric sequence (p. 833)

Infinite geometric series (p. 834)

Sum-of an infinite
geometric series (p. 835)

Prnciple of Mathematical
Induction (p. 841)

Binomial coefficient (p. 845)

Pascal triangle (p. 846)

Binomial Theorem (p. 847)

How To

A function whose domain is the set of positive integers,

O =1U=%n=nn—1)-.. -3-2-1ifn=2

Ao= M, A, = (1 +%)A,,_1 +P

a, =44, = a,, + d, where a = first term, d = common difference,

a,=a+ (n—1)d

S, = [2.2 + (1 - l)d] = %(a + a,)

W

4 =4, 4, = rd,, wherea = first termn, r = common ratio, g, = g}

I-r
Sp=at——, r#0,1
(-]
g+t b= Yot

k=1

o

- a
Sark =t
k=1 1-r

<1

Condition I:

, r#0

The statement is true for the natural number 1.

Condition II: If the statement is true for some natural number k&, it is also true for

k+ 1

Then the statement is true for all natural numbers.

.See Figore 18.

(x+a)= (n)x" + (n)ax”"l o+ (’?)afx"“j oot (R)a"
0 1 i n

‘Write the first several terms of a
sequence (p. 811)

Write the terms of a sequence defined
by a recursion formula (p. 814)

Write a sequence in siormation
notation {p. 816}

Find the sum of a sequence by hand
and by using a graphing utility (p. 817)
Solve annuity and amortization

- problems (p. 819)

Petermine if a sequence is arithmetic
(p.825)

Find a formula for an arjthmetic
sequence (p. 826)

Find the sum of an arithmetic
sequence (p. 827)

Determine if a sequence is geometric
{p.831)

Find a formula for a geometric
sequence (p. 832)

Find the sum of a geometric sequence
(p.833) :

Find the sum of a geometric series
(p.834)

Prove statements using mathematical
induction (p. 840}

Evaluate a binomial coefficient

(p. 845)
Expand a binomial (p. 847)
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Fill-in-the-Blank ltems

L Aln) is a function whose doméin is the set of positive integers.

2. Tna{n) sequence, the difference between successive terms is always the same number.
3. Ina(n) sequence, the ratio of successive terms is always the same number.

4. The is a triangular display of the binomial coefficients.

True/False ltemns

F 1. A sequence is a function.
2. For arithmetic sequences, the difference of successive terms is always the same number,

For geometric sequences, the ratio of successive terms is always the same namber.

I Bl
b

4. Mathematicel fnduction can sometimes be used to prove theorems that involve natural numbers.

F 6. The expansien of (x + 2)" contains # temms.

n+l

F 7. Xi=1+2+3+-+n
j=1

H o HJ H H g
=i
tn

Review Exercises

Blue problem numbers indicate the aythors’ Suggestions for use in a Practice Test.

In Problems 1-8, write down the first five terms of each sequence,

n+.3 . 17 {2"} {e”}
- A1) — « (=12 3. i R
1 {(-1) (n m 2)} 2 {(=1)""2n + 3)} " 41
5. 4=3 a,=%a,, 6 g =4 a,=-%a,, Tay=2 a,=2-a,, 8 a4,=-3% a,=4+a,,

In Problems 9-20, determine whether the given sequence is arithmetic, geometric, or neither. I [f the sequence is arithmetic, find the
conunon difference and the sum of the first n terms. If the sequence is geometric, find the common ratio and the swurm of the first
n rerms.

9. {n+35} 19, {4n + 3} 1. {27} - 12. {2n® - 1}
13 {2} 14, {3} 15. 0,4,8,12,... 16. 1,-3,~7,-11, ...
17‘ 31%:%:%’13—6"“ 18' 51_%3g$_2_§,13857t"' ) 19‘ %1%!%:%:"' 2'0' %Yg’%i%’%v"'

In Problems 21-26, evaluate each sum. Verify your results using a graphing utiliry.

21. }Sl(kl + 12) 22, i (k +2)2 3. 120(3k -9 24, 291 (—2k + 8)
k=1

k=1 k=l k=1

25, j(—;-)k % é(—z)“
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Inn Problems 27-32, find the indicated term in each sequence (a) by hand and (b) using a graphing utifity.

27. Sthtermof 3,7,11,15, ... 28, 8thtermofl,—1,—3,-5,... 29, lithtermof i, 31(—,, l%—m,
30. 1ithtermof 1,2,4,8,... 31. Sthtermof V2,2VZ,3VZ, ... 32, 9th term of V2,2,2%%, ..,
In Problems 33-36, find a general formula for each arithmetic sequeice.

33. 7thterm s 31; 20th term is 56 34, Bthtermis—20; 17th termis—47

15, 10thtermis0; 18thtermis8 ) 36. 12thtermis 30; 22nd term is 50

In Problems 3742, find the sum of each infinite geometric series. ' }
EUAE A I Vi G B2+ 1 44 30.2-1+3—1+--

oa 1 k-1 00 k] k—~1
41 4(—) 2. 3(——)
242 2371

In Problems 43—48, use the Principle of Mathernatical Induction to show that the given statement is rue Jor all natural numbers.

40, 6 — 4+ 5§~ ¥+

43.3+6+9+---+3n=§211(n+1) 44. 2+ 6+ 10+ -+ (4n — 2) = 24°

45. 2+ 6+ 18+ +2-3"1=3"-1

46 346+ 12+ +3-270=3(2" — 1)
47 P+ 4+ P4+ (3n— 27 = in(6n® — 3n - 1) '
48. 1‘3+2-'4+3-5+---+n(n+2)=—g(n+1)(2n+7)

Inn Problems 49-52, expand each expression using the Binomial Theorent.

49. (x +2)° 50. (x — 3)* 51 (2xz +3) 52, (3x — 4)*

53.
54.

B

56.

Find the coefficient of x” in the expansion of (x + 2)%.
Find the coefficient of x* in the expansion of (x — 3)°.
Find the coefficient of x? in the expansion of (2x + 1)".
Find the eoefficient of x° in‘the expansion of (2x + 1)%

(2) What height will the ball bounce up to after it strikes
the ground for the third time?

{b) What is its height after it strikes the ground for the
pth time?

{c) How many times does the ball need to strike the
ground before its height is less than 6 inches?

57. Constructing a Brick Staircase A brick staircase hasa (d) What total distance does the ball travel before it stops
total of 25 steps. The bottom step requires 80 bricks. Each bouncing?
successive step requires three less bricks than the prior 62._ Salary Tncreases  Your friend has just been hired at an
step.H brick ired for the top st ? annual salary of $20,000. i she expects to receive annual
(a) How many TICKS 2rc requirec 1o tac 1op S1ep! increases of 4%, what will hex salary be as she begins her
(b) How many bricks are required to build the staircase? fifth year?

58. Creatinga Floor Design A mosaic tile floor is designed g3 Yfome Loan Mike and Yola borrowed $190,000 at 6.75%
in the §hape ofa trapczcnd,.30 feEt‘WldB at the b_ase and 15 per annum compounded monthly for 30 years to purchase
feet wide at the top. The tiles, 12 inches by 12 inches, are a home. Their monthly payment is determined to be
to be placed so that each successive row contains one less $1232.34,
tile than the row below. How many tiles will be required? () Find 2 recursive formula for their balance after each
[Hin: Refer to Figure 13]. monthly payment has been made.

59, Retirement Planning Chris gets paid once a month and {b) Determine Mike and Yola's balance after the first
contributes $200 each pay period into his 401(k}. If Chris payment. )
plans on retiring in 20 years, what will the value of his (¢) Using a graphing utility, create a table showing Mike
401(k) be if the per annum rate of return of the 401(k) is and Yola’s balance after each monthly payment.

10% compounded monthly? (d) Using a graphing utility, determine when Mike and
. . . Yola’s balance will be below $100,000.

60. Refirement Planning Jacky contnl?lftes .$500 Very quar {e) Using 2 graphing utility, deiermine when Mike and
ter to an IR A. If Jacky plans on retiring in 30 years, what Yola will pay off the balance.
will the value of .the TRA be if the per annum ratg of re- (f) Determine Mike and Yola’s interest expense when
turn of the TRA is 8% compounded quarterly? the loan is paid

61. Bouncing Balls A ball is dropped from a height of 20 (g) Suppose that Mike and Yola decide to pay #n addi-

feet. Bach time it strikes the ground, it bounces up to
three-quarters of the previous height.

tional $100 each month on their loan. Answer parfs (a)
to (f) under this scenario.




Chapter Review 937

Things To Know

Limit (p. 902)

lim f{x) = N Asx getscloserto ¢, x # ¢, the values of f pet closer to N,
X—rc

Limit Formulas (p. 908)

J]:J_I_E A=4 The limnit of & constant is-the constant.

P;"?; x=c¢ . The limit of x as x approaches ¢ is ¢,

Limit Properties

fim [F(x) + g(x)] = Lm f(x) + limg(x) (p.909)  The limit of 2 sum equals the sum of the lirnits,

:I}—]»nc [ f(x) — g(x)} = _1.13:; fix) - 11131: g{x) (p. 90%) The limit of a difference equals the difference of the lmits,

lim [F(x)-g(x)] = P_{E_ fix) - ;1‘1_13 g(x} (p. 910} The Jimit of a product equals the product of the limits,

lim [F(x)/e(x)] = [P_r& f (x)]/ﬂiﬂ:é g(x}] (p. 912) The limit of a quotient equals the quotient of the limits, provided

provided P-Elcg(x) #=0
. Limmit of a Polynomial (p. 911)
“fim P(x) = P(c), where P is apolynomial

Confinuons Fanction (p. 918)

that the limit of the denominator is not zero.

Derivative of a Function (p. 923)
F(c) = lim f(if# provided that the limit exists

r—e x —

Area Under 2 Graph (p. 934)

b n
lim 7 (x) = f{c) [ flx)de = liim ¥ f(u;) Ax, provided the limit exists
Xx—=C r H—o j=1
How To
Find a limit using a table (p. 902) Find the limit of 2n average rate of Find the derivative of a function
change (p. 914) (p.923)

Find a limit using a graph (p: 904)

Find the one-sided limits of a function ~ [i2d instantaneous rates of change

Find the limit of a sum, 2 difference, a (p. 915)
product, and a quotient (p. 909)

Determine whether a function is con-
Find the limit of polynomial (p.911) tinuous (p. 917)

(p.925)
Find the speed of a particle (p. 925)
Approximate the area under the
graph of a function (p. 930)

Find the limit of a power or a root Find an equation of the tangent line Approzimate integrals using a graph-
(p.912) to the graph of a function (p. 922) ing utility (p. 935)

Fill-in-the-Blank ltems

1. Thenotation may be described by saying, “For x approximately equal to ¢, but x # c, the value flx)

is approximately equal to N.”

2. If}lciﬂf(x) = N and f is continuous at ¢, then f{c)

3. Ithere is no single number that the value of f approaches when x is close to ¢, then ?ﬂ?‘: J{x) does

4. When hmf(x) = ];(c),we say.thatfis
[z _ Emr)
> B T mat

provided that 11_1.3 f(x)and E& £(x) each exist and ;I;m% g(x)

N.

—_————

at c.

0.
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6. If }_i_{tg_f(x) = L and }Ln;f(x) = R, then ;lrifif(x) exists provided that L
line to the graph of f at (¢, f(¢))-

7. The derivative of f 2t ¢ equals the siope of the _
8. The area under the graph of (x) = Vx? + 1from 0 to 2 may be symbolized by the integral

True/False ltems

R.

F 1.
F 2.
2 _
F 3 lm* 38
x4 3p — 4

4. The function f(x) =

x2 +

2
n is confimuous at x = —2.

The limit of the sum of two functions equals the sum of their imits, provided that each limit exists.
The limit of a function f as x approaches ¢ always equals f(c).

¥ 5, The limit of a quotient of two functions equals the guotient of their limits, provided that each limit exists and
the limit of the denominator is not zero. :
.. The derivative of a function is the limit of an average rate of change.

2
7. ‘Thearea under the graph of f{x} = x* from 0 to 2 equals / i dx.

Review Exercises

0

Blue problem numbers indicate the authors’ suggestions for use in a Practice Test.

In Problems 1-22, find the limit.

1.
4,

lim {3x* — 2x + 1)
x—+2

lim (»° + i
x——2

7. Mm V1- x*

10. Ym (15 - 3x)H?
x—1

13, }E{x! 1
x*+2x—3

16. jim, =57y

3
19. lim x'— 8

22, lm

Fixt— 22+ 4x — 8
B +2x+2

x—-1 Pal

2. lim(-20* + x + 4)

5. lig%\/xz+7
8. im V3ix -2

x— 2t
2
+
11. fm T ET2
x—==1 X<~ 9
oxt-1
14. }-1_{1313:2 g
2 _
17 lbm 5
ol 3 — 1
-1
20. Hm x

r+1y® —~ x4+ 3x - 3

In Problems 23~30, determine whether f is continuous af c.

23 fx)=3"-2*+2, ¢=3

-4
f(x)—x_,'_z’ C__z
% -

fx}=4{=x+2
4
X -
fx = {x+2
—4 ifx=

24. f(x)
26. f(x)
=-1 28 f(x)
=2 30, f(x)

3. lim (x* + 1)°
6. lim, ¥+ 10
9. lim (5x + 6)*?

12 i 244
3 3=+ 1
2 _
15, lim 2
=3yt —x — 12
. x4
bl Yy
4 . 1.3 —
1. lim = 3 +x—3

30 ~3x2 4+ 2x — 6

_x =0

T x4+ 107

%+ 6x

= L c=0

x* — 6x ¢
x* + 6x

if x =

={x*— 6x nx 0, =0
1 ifx =10
2+ 6x .

Y 1fx#01 —0
-1 fx=0
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I Problems 31-50, use the accompenying graph of ¥y = fx).
31L. What is the domain of f7? _ ¥

32. What is therange of f7 Ak

7y

T A

f
I
|
33. Find the x-intercept(s), if any, of f- :
| |
357 Find f(—6) and f(—4). ] Ié ;f 3
H
i
I
I
i
|
I
H

34. Find the y-intercept(s), if any, of 7.

x
36. Find f(~2) and f(6). ok
37. Find Hm_f(x). il
. . ) Y
38. Find ,&E+f(x}'

39. Find Jim_f(x). 40. Find lim_ f(x). 41. Find lim £(x). 42. Find lim, ().

43, Does Hﬂ% f(x) exist? If it doés, what is it? 44, .Daes ?_13 F{x) exist? If it does, what is it?

45. Is f continnous at —27 46, Is f continuous at —47 47. Is f continuous at 07

48. Is f continuous at 27 49. Is f continuous at 47 50, Is f continuous at 57

In Problems 51 and 52, discuss whether R is continuous at ¢. Use the one-sided limits of R at ¢ to analyze the graph of R.
Graph R.

+ ' 4
51, R(x)=xf_f6 atc=—fandc = 4 52, R(x)=3i_—i’f atc=—2andc =2

In Problems 53 and 54, determine where each rational Sunction is undefined. Determine whether an asymptote or a hole appears
at such numbers. Graph R using a graphing wtility to verify your answers,
=22+ 4x-8

X +3x2-2x -6
x%— 1x + 18

. R(x) = ¥4x~6

53, R(x) =

In Problems 55—60, find the slope of the tangent line to the-graph-of f at B Graph f and the tangent line.
55. f(x) =22 +8x at(L10) 56. f(x) =32 — 6x at(0,0)

5T flx)=x*+2x -3 at(-1,—-4) 88 f(x) =2+ 5x 3 at(1,4)
59. f(x)=x"+ 2 at(2,12) 60. f(x} =¥ - x* at(1,0)

In Problems 6166, find the derivative of each function at the number indicated.

6L f(x)=—4x*+5 at3
63. f(x)=2x*-3x at0

65. F(x) =22 +3x +2 a1

In Problems 67-70, find the derivaiive of each

67. f(x)=4x* -3 +6x -9 at—2

8 f(x)=xtanx at%

62. f(x)=—4 + 32 at1
64. f(x) =22 +4x at~-1

66, flx) =32 —4x+1 at2

Junction af c using a graphing utility.

—6x% + 9x — 2
Bx? + 6x — 1

68. f(x) =

0. f{x) = xsecx at%

ats
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71,

73,

Instantaneous Speed of a Ball  In physics it is shown that
the height s of a ball thrown straight up with.an initial
speed of 96 ft/sec from-a rooftop 112 feet high is

s = s(f}y = —16£ + 96t + 112
where t is the elapsed time that the ball is in the air. The

‘Ball misses the rooftop on its way down and eventually

strikes the ground.

(a) When does the ball strike the ground? That is, how
long is the ball in the air?

(b) At what time ¢ will the ball pass the rooftop on its
way down?

(¢)"Wiat is the average speed of the ball betweeat =0
and.t = 27

(d) What is the instantaneous speed of the ball at time 17
(c) What is the instantaneous speed of the ball at¢ = 27
(f) When is the instantaneous speed of the ball equal to
zero!

(=) What is the instantaneous speed of the ball as it
passes the rooftop on the way down?

(h) What is the instantaneous speed of the ball when it

- strikes the ground?
72.

Finding an Instantaneous Rate of Change The area A
of a circle is «7%. Find the instantaneous rate of change
of area with respect to r at r = 2 feet. What is the aver-
age rate of change between 2 and 3? What is the average
rate of change between 2 and 2.57 Between 2 and 2.17

Instartaneons Rate of Change The following data rep-
resent the revenue, R (in dollars), received from selling x
wristwatches at Wilk’s Watch Shop.

(2) Find the average rate of change of revenue from 25
to 130 wristwaiches.

(b) Find the average rate of change of revenue from 25
to 90 wristwatches.

(c) Find the average rate of change of revenue from 25
to 50 wristwatches. '

(d) Using a graphing utility, find the quadratic function of
best fit.

(e) Using the function found in part (d), determine the
instantaneous rate of change of revenue at x = 25
wristwatches.

) Wristwatches, x  Revenue, B
0 0
i 2340
40 3600
50 4278
a0 6915
130 8775

160 9500
200 10,000
220 9500
250 9375

74. Instantaneous Speed of a Parachufist. The following

-~
tn

76.

data represent the distances s (in feet) that a parachutist
has fallen over time ¢ (in seconds).

[

-fu__—:g{&‘]! // Time, t

Distance, 5

{in Seconds) {in Feet)

n 16

1

2 64
3 144
4 256
5 400

(a) Find the average rate of change of distance from 1 to
4 seconds.

{b) Findthe average rate of change of distance from 1 to
3 seconds.

{c) Findthe average rate of change of distance from 1 to
2 seconds. ‘

(d) Using a graphing utility, find the power function of
best fit.

{e) Using the function found in part {d), dstermine the
instantaneous speed att = 1 second. :

. The function f{x) = 2x + 3 is defined on the interval

[0,4].

&) Graph f

In (b)—(e), approximate the area A under f from 0to 4 as
follows:

(b) By partitioning {0, 4] into four subintervals of equal
length and choosing u as the left endpoint of each
subinterval.

(c) By partitioning [, 4] into four subintervals of equal
length and choosing » as the right endpeint of each
subinterval.

(d) By partitioning [0,4] into eight subintervals of equal
length end choosing z as the left endpoint of each
subinterval.

(e) By partitioning [0, 4] into eight subintervals of equal
length and choosing u as the right endpoint of each
subinterval.

{f) What is the actual area A?

Repeat Problem 75 for f(x) = —2x + 8.




