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Figure 2.12 Scatter plot and graph of height versus time for Example 8.

The curve in Figure 2.12b appears to fit the data extremely well, and
R? = 0.999. You may have noticed, however, that Table 2.3 contains the
ordered pair (0.4300, 1.80392) and that 1.80392 > 1,800, which is the
maximum shown in Figure 2.12b. So, even though our model is theoreti-
cally based and an excellent fit to the data, it is not a perfect model.
Despite its imperfections, the model provides accurate and reliable predic-
& tions about the CBR experiment.

Quick Review 2.1

B Excrtiseé 1.2, w
line with the gi
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Section 2.1 |

In Exercises 16, determine Which are polynomial fanctiens. For s Exercises 1318, match a graph to the function. Explain your
those that are, state the degree and leading coefficient. For those choice. {All graphs are shown in the same viewing window.)

that are not, explain why not. 13. f(x) = 2x + 12 = 3 14, () =3(x+ 22— 7

Lflx)=3x>+ 17 2. flx) = —? + 2x 15, f(x) = 4 — 3(x ~ 1) 16. f(x) = 12 =~ 2(x ~ 1)?
3. flx) = 245 — —;-x +9 4 f(x) =13 17 ) = 2= 1P -3 18 f(x) =12 - 2x + 1)
5, hix) = V27x3 + 8x° 6. k(x) = 4x —5x* \ 'W/ R B
In Exercises 712, write an equation for the linear function f RN i W N
satisfying the given conditions. Graph y = f(x). T 1 P . .
1. (=5 =~1 and f(2)=4 SR B Y A% SR
8.7(-3)=5 and f(6)= —2 (a) : ()

9 f(—4) =6 and F(—1)=2
0.7(1)=2 and F(5}=7
1L f(0)=3 and f(3)=0
2. fiedy =0 and FO)=2



LB fe = x—1R2+5 20. g(x) = -3(x+ 22 - 1
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In Exercises 4144, describe the strength and direction of the
' /\ \ A \ / linear correlation.
./ Lt .\. b . .\;/;/ 1 41. 42,

NIVARRIV SN

© &

Tn Exercises 19-28, find the vertex and axis of the graph of the
function. Support your answer graphically.

‘ .
21 f(x) = Sx — 1) = 7 22. glx) = 20x ~ V3)P +4 10 20 30 40 50 10 20 30 40 50 .

2. fx) =32+ 5 -4 24.flg= —2x% 4+ Tx—3 45. Comparing Age and Weight A group of male children
25, f(x) = 8x — x* + 3 26. f(x) = 6 — 2x + 4x? were weighed. Their ages and weights are recorded in

Table 2.4,
(a) Draw a scatter plot of these data.

(b) Writing to Learn Desciibe the strength and direction
of the correlation between age and weight.

27. g(x) = 522 + 4~ 6x 28, h(x} = ~2x? —Tx ~ 4

In Exercises 29-34, use algebraic methods to describe the graph
of the function. Sketch the graph by hand. Support your answers
graphically.

29, f(x) =x? = 4x + 6 30. glx) = x* — 6x + 12 dren's Age and Weight
3L f(x) = 10 ~ 16x — 7 32, h(x) =8 + 2z~ 5 Age (months) Weight (pounds)
33. f(x) = '2x2 + 6x 4+ 7T 34, g(x) = 85x% — 25x + 12 18 3
In Bxercises 35-38, write an equation for the parabola shown, 20 25
using the fact that one of the given points is the vertex. 32 ;4
A
3 L 36. \ 27 33
A3 0,5 3 29 29
L4 3 ‘!'\;“J k ] 1 1 1 I L X, 1 1 ) 1. 34 35
=13 | 3 39 39
@- 42 44
[-5, 51 by {-13, 15} {5, 5] by [-15, 15]
37, 11y 38. 46. Life Expectancy Table 2.5 shows the average number of
/"\ 1.3 ¢ additional years a U.S. citizen is expected to live for various
e A N /AN ages.
: 4, -7) ) r {‘2,43} (a) Draw a scatter plot of these data. h
(b) Wriling to Learn Describe the strength and direction
-5, §] by [-15, 15] {5, 51 by [-15, 15] of ibe correlation between age and.life expectancy.

In Bxercises 39 and 40, write an equation. for the quadratic
function whose graph contains the given vertex and point.

39, Vertex (1, 3), point {0, 5)
40, Vertex (-2, —5), point {—4, ~27)
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(b) How many unifs should be produced if the total revenue

is to be $1,000,000.
51. Finding Maximum Area Among all the rectangles whose
10 - 66 perimeters are 100 ft, find the dimensions of the ope with
a0 56 ‘ masiiem area.
. 30 47 53, Finding the Dimensions of a Painting A large
40 37 painting in the style of Rubens is 3 ft longer than it is wide.
50 28 Tf the wooden frame is 12 in. wide, the area of the picture
50 20 and frame is 208 ft?, find the dimensions of the painting.
70 i4 53. Using Algebra in Landscape Design Julie Stone
20 3 designed a rectanguiar patio that i 25 £t by 40 ft. This patio
Source: U.S. National Cerer for Health Staristics, Vital 15 ,Suﬂounded by 2 terraced SIP of uniform Wi,dth planted
Sratistics of the Unired Staes. with small trees and shrubs. if the area A of this terraced

strip is 504 £2, find the width x of the strip.

47, Steaight-Line Depreciation Mailee bought a computer
. £or her home office and depreciated it over 5 years using the
straight-line method. If its initial value was $2350, what is
its value 3 years later?

48, Costly Dol Making Patrick’s doil-making business has
weekly fixed costs of $350. ¥ the cost for materials 8
$4.70 per doll and his total weekly costs average $500,
about how many dolls does Patrick make each week?

49. Table 2.6 shows the mean annual compensation of
construction workers. Letx = 0 stand for 1990, x = 1 for 54. Management Planning The Welcome Home apartment

1991, and so forth. rental company bas 1600 unifs available, of which 800 are
currently rented at $300 per month. A raarket survey
indicates that each $5 decrease in monthly rent will result in
20 new leases.

Tabie 2600 tg’ué"c_i  Worker
Annual Compensation |

Average

- — (a) Determine a function R{x) that models the total rental
dollars}

Year Annual Compensafion ( income realized by Welcome Hore, where x is the rumber
1990 33,701 of $5 decreases in monthly rent
1994 37,275 (b) Find a graph of R(x) for rent levels between $175 and
1995 31417 $300 (that is, 0 = x = 25) that clearly shows 2 maximum for
1996 38,456 R(x).
Source: LS. Burean of Economic Analysis, Syaristical Abstract af ) What rent will yi(-;ld Welcome Home the maximum
rive United States, 1998, monihly income?
() Find the linear regression model for the data. What does 55, Group Activity Beverage Business The Sweet Drip
the slope in the regression model represent? Beverage Co. sells cans of soda pop in machines. It finds

. . . that sales average 26,000 cans pet month when the cans sell
(b) Use the linear 16gIession model to predict the

; 1 o 1h for 50¢ each. For eack nickel increase in the price, the sales
construction worker average annt compensaiion in the per month drop by 1000 cans.
year 2002

{2) Determine a function R(x) that models the fotal revenue
realized by Sweet Drip, where X is the number of $0.05
increases in the price of 2 can.

50, Total Revenue The per unit price p (in dollars) of a
popular toy when x anits (in thousands) are produced is
modeled by the function

- 12— 0.025%. g){)xfind a graph of R(x) that clearly shows a maximum for

{¢) How much should Sweet Drip charge per car to realize
fne maximum revenue? What is the maximum revenue?

price = p
The revenue (in thousands of dollars) is the product of the
price per unit and the number of units {in thousands)
produced. That is, . .
56. Group Activity” Sales Manager Planning Jack was

‘ named District Manager of the Month at the Sylvania Wire
(a) State the dimensions of a viewing window that shows a Clo. due to his hiring study. Tt shows that gach of the

graph of the revenue model for producing O 0 30 salespersons he supervises average $50,000 in sales eac
100,000 units. month, and that for each additional salesperson he would

evense = xp = x(12 — 0.025x}.
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hire, the average sales wouid decrease $1000 per month,
Jack concluded his study by suggesting a number of
salespersons that he should hire to maximize sales. What
was that number?

57

N

Baseball Throwing Machine The Sandusky Litfle
League uses a baseball throwing machine to help train
10-year-old players to catch high pop-ups. It throws the
basebali straight ap with an initial velocity of 48 ft/sec from
a height of 3.5 ft.

(a) Find an equation that models the height of the ball
t seconds after it is thrown.

(b) What is the maximum height the basebali wil} reach?
How many seconds will it take to reach that height?

Fireworks Planning At the Bakersville Fourth of July
celebration, fireworks are shot by remote contro! into the air
from a pit that is 10 ft below the earth’s surface,

58

(a) Find an equation that models the height of an aerial
bomb ¢ seconds after it is shot upwards with an initial
velocity of 80 ft/sec. Graph the equation in both function
mode and parametric mode.

(b} What is the maximur height above ground level that the
aerial bomb will reach? How many seconds will it take to
reach that height?

39. Landscape Enginekring In her fisst project after being
employed by Land Scapes International, Becky designs a
decorative water fountain that will shoot water to a
maximum height of 48 ft. What should be the initial velocity
of each drop of water to achieve this maximum height?
{Hint: Use a grapher and a guess-and-check strategy.)

60, Patent Applications Using quadratic regression on the

data in Table 2.7, predict the year when the number of patent
application will reach 360,000, Let x = 0 stand for 1980,
x =1 for 1981 and so forth.

Table 2 7 U S Paten’e Apphcat:ons RN
Year Applications {thousands)

1980 113.0
1985 1271
19%0 i76.7
1991 178.4
1992 187.2
1993 189.4
1694 206.9
1995 226.9
1996 2116

Source: LLS. Bureau of the Census, Statistical Abstract of the
United States, 1988 (Washingion, D.C., J998).

Explorations

61. Highway Engineering Interstate 70 west of Denver,
Colorado, has a section posted as a 6% grade. This means
that for a horizontal change of 100 ft there is a 6-ft vertical
change.

6% grade

(a) Find the slope of this section of the highway.

(b} On a highway with 2 6% grade what is the horizontal
distance required to climb 250 ft?

{c) A sign along the highway says 6% grade for the next
7 mi. Estimate how many feet of vertical change there are
along those next 7 mi. (There are 5280 ft in 1 mile.)

62, A group of female childrer were weighed. Their ages, and

weighis are recorded in Table 2.8.

{a) Draw a scatter plot of the data. *

(b} Find the linear regression model.
{c) Interpret the slope of the linedr regression equation.
{d) Superimpose the regression line on the scatter plot.

{e) Use the regression mode} to predict the weight of a
30-month-old girl.



63.

64,

ind Weights

able 2.8 Childfen's Ages’
Weight (pounds)

Age {months)

19 22
21 23
24 25
27 - 28
20 31
31 28
34 32
38 34

43 39

Table 2.9 gives the average salaries for NBA players over
several seasons.

{2) Draw a scatter plot of the data.

(b} Find the linear regression model.

() Interpret the slope of the linear regression equation.
{d) Superimposé the regression line on the scatter plot.

(&) Use the regression model to predict the average salary
for NBA players during the 2001-2002 season.

Season

-S43 7 2
-
. -3

Salary
1690--1991 $1,034,000
19911992 51,202,000
1992-1993 $1,348,000
1993--19%4 $1,558,000
1994-1995 $1,800,000
1995-1996 $2,027,261 .
19961997 $2,189,442

Source: Pawl D. Stavduhar, Salary Caps in Team Sports,
Compensation and Working Condirions, Spring 1998,

Writing to Learn Identifying Graphs
of Linear Functions

(a) Which of the lines graphed below are graphs of linear
functions? Explain.

{b} Which of the lines graphed below are graphs of
functions? Explain.

(€} Which of the lines graphed below are not graphs of
functions? Explain.
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(iii) (iv)
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(v) (vi)

65. Average Rate of Change Let f{x) = x% gx) = 3x + 2,

R(x} = Tx — 3, k(x) = mx -+ b, and Kx) = £

{a) Compute the average rate of change of f fromx = 1t
x =3

(b) Compute the average rate of change of f fromx = 2 to
x= 3.

{cy Compute the average rate of change of f fromx ~ ato
x=c,

{d) Compute the average rate of change of g from x = 1 10
x=73

{e) Compute the average rate of change of g from x = 1 to
x=4

(£} Compute the average rate of change of g fromx = a fo
X =L,

(g} Compute the average rate of change of A fromx = a to
X = .

(h) Compute the average rate of change of k fromx =g to
= .

(i) Compute the average rate of change of ! from x =ato
X &= C,

Extending the ldeas

66. Minimizing Sums of Squares The linear regression line

is often catled the least squares line because it minimizes
the sum of the squares of the residuals, the differences
between actual y values and predicted y values:

residual = v; — (ax; + b),

where (x;, y;) are the given data pairs and y = ax + b is the
regression equation, as shown in the figure on the ngxt page.
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Quick Review 2.2

In Exercises 1 6 write the foilowmu exprc:ssmns usmg only
positive mtecrcr powers

1. x¥3 : L 2. pit
3.4 4T
5.g7%% 6. mtS

Section 2.2 Exercises

In Excrmses 710, wnte the followmg expresszons in tile form
kex® usmv a smgle ratxonai namber for the power a.

7 Vox3, S 8 \/Sx

: : 5 .‘ . ) }_[} _436 .
o af - - : B 1

3 = ' VR

In Bxercises 1-10, determine if the function is a power function,
given that ¢, g, k, and o represent constants. For those that are,
state the power and constant of variation. For those that are not,
explain why not. If function notation is not used, name the

independent variable.

L f(x) = “"é‘xs 2. flx) = 9x%/3
3 =3.2¢ 4, flxy =13
&, E{m) = mc® 6. KEQ) = é—kvs
=1 4 s
7.d 2gr 8V 37
k
9'1=E2— 10 Flay=m-a

In Exercises 1116, determine if the function s a monomial
function, given that [ and +r represent constants. For those that
are, state the degree and leading coefficient. For those that are
not, explain why nof. If function notation is not used, name the

independent variable.

I flx) = — 12, f(x) =3 .x73
13 y=—6-x 14, y = —2.5
15, S = 4ar? 6. A=1ew

In Exercises 17-22, write the statement as a power function
equation.

17. The area A of an equilateral triangle varies directly as the
square of the length s of its sides,

18. The volume V of a circular cylinder with fixed height is
proportional to the square of its radius r.

19. The current [ in an electrical circuit is inversely proportional

to the resistance R, with constant of variation V.

20. Charles’s Law states, the volume V of 2n enclosed ideal gas
at a constant pressure varies directly as the absolute
temperature T,

21. The energy E preduced in a nuclear reaction is proportional
to the mass m, with the constant of variation being c?, the
square of the speed of light.

22. The speed p of a free-falling object that has been dropped
from rest varies as the square root of the distance traveled d,
with a constant of variation k = V2g.

In Exercises 2326, write a sentence that expresses the
relationship in the formula, using the language of variation or
proportion.

23. w = mg, where w and m are the weight and mass of an
object and g is the constant acceleration due to gravity.

24, C = «D, where C and D aze the circumnference and diameter
of a circle and o is the usual mathematical constant.

25, 1= ¢/ v, where 1t is the refractive index of 2 medium, v, is
the velocity of Hght in the medivm, and ¢ is the constant
velocity of light in free space.

26. d = p¥/ (2g), where d is the distance traveled by a free-
falling object dropped from rest, p is the speed of the object,
and g is the constant acceleration due to gravity,

In Exercises 27--28, data are given for y as a power function
of x. Write an equation for the power function, and state its
power and constant of variation.
27. x| 2 4 6 g 10

y |2 05 0222.. 0125 008

28. x| 1 4 9 16 25
y | -2 -4 —6._-8 ~10 i




1n Bxercises 2934, match the equation to one of the curves
" Jabeled in the figare.

¥
a b ¢
.
L X
.
b Ye N\

. §) =~ 30. 7) = 375
32 flx) = —x¥3

34, F(x) = L7x%3

31, f(x} = 2x1p’4
T 33, f(x) = —2x7?

Jn Exercises 3540, describe how to obtain the graph of the
given moromial functior from the graph of g(x} = x" with the
same power n. State whether f is even or odd. Sketch the graph
by hard and support your answer with a grapher.

35 flx) = %x‘ 36, f(x) = 5%°

37, f(x) = —1.5x° 38, flxy = —2x8

39, f(x) = »i»xs 40, £(x) = %ﬂ

In Exercises 4144, state the power and constant of variation for
the function, graph it, and analyze it in the manner of Example 2
of this section.

43, fx) = 2x*
3. flx) = -;-\“/E

42, f(x) = =323
44, f(x) = —~2x2

In Bxercises 4550, state the values of the constants k and ¢ for
the function f(x} = k» x% Describe the portion of the curve that
lies in Quadrant I or IV. Determine whether f is even, odd, or
undefined for x < . Describe the rest of the curve if any. Graph
the function to see whether it matches the description.

45. f(x) = 3x1f4 46. f(x} - ”‘“4}’,‘2”3

47. Flx) = —2x%/ 48. f(x) = %—xm

49, f(x) = -;—’x"3 50. f(x) = —x~4

51. Boyie’s Law The volume of an enclosed gas {at a constant
temperature) varies inversely as the pressure. If the pressure
of a 3.46-L sample of neon gas at 302°K is 0.926 atm, what
would the volumebeat a pressure of 1.452 atm if the
temperature does not change?
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52, Charles’s Law The volume of an enclosed gas (ata
constant presgure) varies directly as the absolute
temperature. If the pressure of a 3.46-L sample of neon gas
at 302°K is 0.926 atm, what wounld the volume be at a
temperature of 338°K if the pressure does not change?

§3, Diamond Refraction Diamonds have the extremely high
refraction index of n = 2,42 on average over the range of
visible light. Use the formula from Ixercise 25 and the fact
that ¢ == 3.00 X 10° m/sec to determine the speed of light
through a diamond.

34, Windmill Power The power P (in watts) produced by a
windmill is proportional to the cube of the wind speed v
{in mph). If 2 wind of 10 mph generates 15 watts of power,
how much power is generated by winds of 20, 40, and
80 mph? Make & table and explain the pattesn.

Explorations

55, Keeping Warm For mammals and other warm-blooded
animals to stay watn requires quite a bit of energy.
Temperature loss is related to surface area, which is related
to body weight, and temperature gain is related fo
circulation, which is related to pulse rate, In the final
analysis, scientists have concluded that the pulse rate r of
marmmals is a power function of their body weight w.

(a) Draw a scatter plot of the data in Table 2.13.
. {b) Find the power regression model.
(c) Superimpose the regression curve on the scatter plot.

(d) Use the regression mode] to predict the pulse rate for a
450-kg horse. Is the result close to the 38 beats/min reported
by A, I Clark in 19277

-Ta‘b’lé 2-15 'Wéighi a'nd“ ?uise Réte'of a
Selected Mammals™ -~~~ .

Pulse rate

Mamznal Body weight (kg}  (beats/min)
Rat 02 420
Guinea pig 0.3 300
Rabbit 2 205
Small dog 3 120
Large dog 30 85
Sheep 50 70
Human 70 72

Source: A J. Clark, Comparative Physielogy of the Heart (New York:
Macmillan, 1927).

T

56. Light Intensity Velma and Reggie gathered the data in
Table 2.14 using a 100-watt light bulb and a Calenlator-
Based Laboratory™ (CBL™) with a light-intensity probe.

(2) Draw a scatter plot of the data in Table 2.14.

(b) Find the power regression model. Is the power close to
the theoretical value of g = —27

{c) Superimpose the regression curve on the scaiter plot.
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{(d) Use the regression model to predict the Hght intensity at 59. Planetary Motion Revisited Convert the time and
distances of 1.7 m and 3.4 m. distance units in Table 2.11 to the Earth-based units of years
and astronomical units using

1 yr = 365.2 days and 1 Al = 148.6 Gm.
Use this “re-expressed” data to obtain a power function

Tabie 2.14 ngh’c Entans;ty Data for
a100-W Light Bulb :

Distance Intezlsity model. Show algebraically that this model closely
{m) . (W/m?) approximates Kepler's equation 72 = a®.
LO 795 60. Free Fall Revisited The speed p of an object is the
1.5 3.53 absolute vajue of its velocity v. The distance traveled d by
2.0 2.01 an object dropped from an initial height 5o with a current
2.5 1.27 height s is given by
3.0 0.90'. @ d=s4—s
until it hits the ground, Use this information and the free-fall
57. Group Activity Rational Powers Working in a group motjon formulas from Section 2.1 to prove that
of three students, investigate the behavior of power functions 1
of the form f(x) = k » ™" where m and n are positive with d = “i"gtz, p = gt, and therefore p = Vgd.
factors i on. Have o oup member investigate
zzclf Z; :; eH; c;:l;;?;?n gm cas ;S: i€ BTOUP METIber IRVEsig Do the results of Example 6 approximate this last formula?
. nis even 61. Prove that g{x) = 1/f(x) is even if and oaly if f(x} is even

and that g(x) = 1/f(x) is odd if and only if £(x) is odd.

62. Use the results in Exercise 61 to prove that g(x) = k.x™¢
is even if and omly if f{z) = k-~ x% is even and that

For each case, decide whether f is even, fis odd, or fis g{x) = k+x7%is odd if and only if f(x) = k- x% is odd,

undefined for x << 0. Solve graphically and confirm 63

algebraically in a way to convince the rest of your group and

your entire class.

* i1 is odd and m is even

» 5 is odd and m is odd

. Joint Variation If a variable z varies as the product of the
variables x and y, we say z varies jointly as x and y, and we
write £ = k«x +y, where k is the constant of variation. Write
a sentence that expresses the relationship in the formula,

Exﬁ@nd&ﬁg the ldeas using the language of joint variation.
58. Writing to Learn hrational Powers A negative (a) F' = m - a, where F and a are the force and acceleration
number to an irrational power is undefined. Analyze the acting on aa object of mass m,

graphs of £(x) = x7, x1/7, x™7, —x7, —x¥7 and —x~".
Prepare a sketch of all six graphs on one set of axes,
isbeling each of the curves. Write an explanation for wh . . .
£ eac I, P Y (€) F = G «my - my/r", where F is the force of gravity acting
each graph is positioned and shaped as it is. ] . ;
on objects of masses m; and m, with a distance r between
their centers and & is the universal gravitational constant,

{(b) KE = {1/2)m - v*, where EE and v are the kinetic energy ”
and velocity of an object of mass m.

Polynomial Functions of Hﬁgh@ﬁ“ @@m@
with Modeling

Graphs of Polynomial Functions ¢ End Behavior of Polynomial
Functions e Zeros of Polynomial Functions e Intermediate Value
Theorem e Modeling N

Graphs of Polynomial Functions

As we saw in Section 2.1, a polynomial functionof degree 0 is a constant
function and graphs ag a horizontal line. A polynomial function of degree 1 is
a linear function; its graph is a slant line. A polynomial function of degree 2 is
a quadratic function; its graph is a parabola. -

We now consider polynormai functions of higher degree. These include
eubic functions (polynomials of degree 3) and quartic functions (polynomi-
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Section 2.3 Exercises

In Exercises 16, describe how to transform the graph of an
appropriate monomial function f(x} = a,x" into the graph of the
given polynomial function. Sketch the transformed graph by
hand and support your answer with-a grapher. Compuie the
location of the y-intercept as a check on the transformed graph.

1. glx) = 2(x ~ 3)° 2. glx) = —(x + 5

3. () = —--;—{x L1 42 4gld) = %(x — 41

5. g(x)= —2(x+ 2y~ 3 6. glx)=3{x—1)0~2

In Exercises 7-10, state the degree and list the zeros of the
polynomial function. State the muktiplicity of each zero and
whether the graph crosses the x-axis at the corresponding
x-intercept. Then sketch the graph of the polynomdal function by
hand and support your answer with a grapher.

7. Fx) = x{x — 3 8 Fflx) = —x(x—2)
9, Flaxy = (x = 2%x + 13 10. f(x) = 7(x — 3P2(x + 5%
In Exercises 11 and 12, graph the polynomial function, tocate its

extrema and zeros, and explain how it is related to the
monomials from which it is built.

11 f(x) = —x* + 2x ' 12, glx) = 2x* — 5x°

In Exercises 13-16, match the polynomial function with its
graph. Explain your choice.

1 J. E -\ 1 1 1 ) L L 1 1 1. %
[-5, 6] by [-200, 400]
(a) ®©

[-3, 8] by [-200, 400] {-5, 61 by [-200, 4G0}
© @
13, f(x) = 7% — 21a% — 9lx + 104
14, f(x) = —9x? + 27x2 + 54x — 73
15, fx) = 2% — 8x* + 9x% + 58x% — 164x + 69
16. f{x) = —x5 + 3x% + 16x3 — 2x2 — 95x — 44

In Exercises 17-20, graph the function pairs in the same series of
viewing windows. Zoom out until the two graphs look nearly
identical and state your final viewing window.

17. f(x) = x* — 4x? — 5x ~ 3 and g{x) = x3

18, f(x) = x* + 2x% — x + 5 and g(x) = &*

19, F(x) = 2x3 + 3x2 — 6x — 15 and g(x) = 223

20. f{x) = 323 — 12x + 17 and g(x) = 3x°

In Exercises 21-28, graph the function in a viewing window that
shows all of its extrema and x-intercepts.

2% fl) =fx — Dlx + 2}z + 3)

22, Fx) = (2x ~ 3){4 — x{x + 1)

23. £(x) = —x* + 4x® + 31x = 70

24 flxy =x% — 2x% - 4lx + 42

25, flx) = (x — 2)%(x + 1){x ~ 3)

26. f(x) = (2x + Dix ~ 4

27. fix} = 2x* — 5x% — 17x% + 14x + 41

28, f(x) = —3x* — 523 + 152 — 52+ 19

In Bxercises 2932, describe the end behavior of the polynomial
function using}iz& f(x) andxmli:lxm fix).

29, flx) =3x*—5x* + 3

30, flx) = —x3+ Tx% —dx + 3

A fla)=Tx* — 22+ 32— 4

32 fx)=x? —x* b AP - 2x 7 T

In Bxercises 3336, match the polynomial function with s
graph. Approximate all of the real zeros of the fanction.

{4, 4] by {260, 200} {4, 41 By [-200, 200]

@ &)

(-2, 2] by [-10, 50} 4, 41 by {50, 50]
{e) : {d) 3
33, f(x) = 20x% + 8x% — 83x + 55
34. f(x) = 35x3 — 13422 + 93x ~ 18 .
35, Flx)y = 44x% — 65 + 2% + 17x + 3
36, fix) = dx% — 8x® = 1027 4+ 23x ~ 6

In Exercises‘37—42, find the zeros of the function algebraically.
3. f(x)=x*+2x—8 38. f(x) = 32 4 dx — 4
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30, fy =92 —3x — 2 40, fx) = x* — 25x business. How many customers must Smith Bros. have to be
4L, ) = 3x% - 12 = 2x 42, f(x) = 563 — 52~ 10x profitable each year?

(b} How many customers must there be for Smith Bros. to
realize an annual profit of $60,006G7

62. Stopping Distance A state highway patrol safety division
collected the data on stopping distances in Table 2.16.

fn Brercises 4348, graph the function in a viewing window that
shows all of its x-intercepts and approximate ail of its zeros.

43.f(x) = x4 35 - Tx— 6
44. flx)= —xd b 3xt S Tx - 2
45, flx) = x° + 212 — dx T
46. f(x) = —x* = 33+ T2+ 2x + 8

47. fx) =%+ 3x% = Ox? + 2x + 3 (d) Use the regression model to predict the stopping distance
48, F00) = 255 — 11x% + dax® + 4732 — 42x - 8 for a vehicle traveling at 25 mph.

(a) Draw a scatter plot of the data.
{h) Find the quadratic regression model,

(¢) Superimpose the regression curve on the scatter plot.

(e} Use the regression model to predict the speed of a car if

Ir; Exercises 4952, find the zeros of the fanction algebraically the stopping distance is 300 ft.

or graphically.
49, f{x)= x* — 36x
50, f(x) = x* + 2x2 — 109x ~ 110

Tab]e 2.16 Highway Safety Df:vision .

Speed (zuph) Stopping Distance (ft)
51, flx) = x> — Tx* — 49x + 55 10 15.1
52, f(x) = x* — 4x? — 44x + 96 20 399
30 752
tn Bxercises 5356, using only algebra, find a cubic function 40 120.5
with the given zeros. Support by graphing your answer. 50 175.9
53,3, 4,6 54, ~2,3, -5
55, V3, —V3,4 56. 1,1+ V2,1-V2 63. Circulation of Blood Research conducted at a national
57. Use cubic regression to fit a curve through the four points health research PI?JECt shows that the SP?e,d a whicha -
ven in the fable blood cell travels in an artery depends ol its distance from
& : the center of the artery. The function v = 1.19 — 1.8772
x | -3 -1 1 3 models the velocity (in centimeters per second) of a cell that
y . Y 08 12 —5 is r centimeters from the center of an artery.
. . ) (a) Find a graph of v that reflects values of v appropriate for
38. U.se cL‘zbm regression to fit a curve through the four points this problem. Record the viewing-window dimensions.
given in the table.
(b) If a blood cell is traveling at 0.975 cm/sec, estimate the
X I -2 1 4 7 distance the blood cell is from the center of the artery.

59. Use quartic regression to fit a curve through the five points
given in the table.

x 13 4 5 6 8
y | =7 -4 ~11 8 3

66, Use quartic regression to fit a curve through the five points
given in the tabie.

= | o 4 s 7 13
y 1-21 =-19 -12 8 3

61. Analyzing Profit Economists for Smith Brothers, Inc.,
find the company profit P by using the formula P = R — C|
where R is the total revenue generated by the business and C -
is the total cost of operating the business.

{a) Using data from past years, the economists determined
that R{x} = 0.0125x% + 412x models total revenue, and
Cxy = 12,225 + 0.60135x2 models the total cost of doing
business, wherk s the number of customers patronizing the
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64,

65,

- 66.

Volume of a Box Dixie Packaging Co. has contracted 1o
manufacture a box with no top that is to be made by
removing squares of width x from the corners of a 15-in. by
60-in. piece of cardboard.

(a) Show that the volume of the box is modeled by
Viz) = x(60 — 2x){15 — 2x).

(b) Determine x so that the volume of the box is at least
450 in.3

i5in.

60 in.

Volume of a Box Squares of width x are removed from a
10-cm by 25-cm piece of cardboard, and the resuiting edges
are folded up to form a box with no top. Determine all

values of x 5o that the volume of the resulting box is at most
175 em?®.

Volume of a Box The function V = 2666x — 210x% + 4x°
represents the volume of a box that has been made by
removing squares of width x from each corner of a
rectangular sheet of material and then folding up the sides.
What values are possible for x?

Explorations

In Exercises 67 and 6%, two views of the function are given.

67.

68,

Writing to Learn Describe why each view of the function
FOx) = x5 = 10x* + 2x3 + 64x* — 3x - 55,

by itself, may be considered inadequate.

,

N

p\

A . F

[-5, 101 by &7500, 7500] {~3, 41 by {250, 100]
(a) {b)
Writing 1o Learn Describe why each view of the function
Flx) = 10x* + 19x* — 121x% + 143x — 51,

by itself, may be considered inadequate.
3 3 1 1 i) Il 1 1 /l o | ‘\|‘/I 1 1

[-6, 4] by [~2000, 2000} [05,1.51by [-1,1]
{a) )]

IR EEEEERES

TTETETY

In exercises 6672, the function has kidden behavior when
viewed in the window [—10, 101 by [—10, 10}, Describe what

behavior is hidden, and state the dimensions of a viewing
widnow that reveals the hidden behavier.

69, Fix) = 10x3 — 4027 + 50x — 20

0.
7L
72.

Flx) = 0.5(x? — 8x2 + 12.99x ~ 5.94)
Flxy = 11x% — 1022 + Bx + 5
Fx) = 33x% ~ 100x% + 101x — 40 =

Extending the ldeas

73.

74.

75,

76.

7.

Graph the left side of the equation
Ha? - x) =alx - B¥ + e

Then explain why there are no real numbers a, b, and ¢
that make the equation true. (Hint: Use your knowledge of
y = x% and transformations.)

Graph the left side of the equation
b3t —2x ~3=alx— b+ e

Then explain why there are no real numbers a, b, and ¢ that
make the equation ttue.

t.ooking Ahead to Calculus The figure shows a graph
of both f{x} = —x* + 2x% + 9x — 11 and the line [ defined
byy=5(x-—-2)+ 7T

{0, 51 oy [-10, 153

{a) Confirm that the point O(2, 7) is 2 point of intersection
of the two graphs.

(b) Zoom in at peint O to develop a visual understanding
that y = 5(x — 2) + 7 is a linear approximation fory = f (x)
near x = 2.

{c) Recall that a line is fangent 1o a circle at 2 point P if it
intersects the eircle only at point P. View the two graphs in
the window [—3, 5] by [—235, 23], and explain why that
definition of tangent line is not valid for the graph of £,

Looking Ahead to Caiculus Consider the function
F(x) = x™ where n is an odd integer.

(a) Suppose that a is & positive number. Show that the slope
of the line through the points P(a, f(a)) and Q(—a, f(—a)
is a" L. ’

(b) Let xg = o/~ 1), Find an equation of the line tlwough
point (xg, f(xo)} with the slope o™~ 1.

{c) Consider the special case n = 3__an<i a =3, Show both
the graph of f and the line from part b in the window [ 5, 5]
by [--30, 304

Derive an Aigebraic Model of a Problem Show that
the distarce x in the figure is a schution of the eguation
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Solution We first prove that 1 is an upper bound aad 0 is a lower bound
L S - on the real zeros of f. The function f has a positive leading coefficient, so
R we use synthetic division and the Upper and Lower Bounds Test:
__H 0 06 0 -3 1 -6
6 10 10 7 8
1010 1w 7 8 2 Lastline

_E}JIODO*«BI—"G

60 0 00 O
Figure 248 y = 1025 - 3x* + x — 6. 0 0 0 -3 1

[0, 11 by {-8. 4]

-6 Lastiine

Because the last line in the first division scheme consists of all positive
nambers, 1 is an wpper bound. Because the last line in the second division
consists of numbers of alternating signs, 0 is a lower bound. All of the real
zeros of f must therefore lie in the closed interval [0, 1]. So in Figure 2.43
we set our Xmin and Xmax accordingly.

Next we use the Rational Zeros Theorem.

Potential Rational Zeros:

' : : Factors of ~6 = *1, £2, 3, 6
Xu 95051-[589 Y= EJ Factors of 10~ 1, £2, &5, £10°

1 .3 1 .2 3 6 13 3
G, 1] by [-8, 4] 1 A+ FT G b A b o+ T e i T
. . . }. 2 3 6 2 k] 2 s 5 b 5 3+ S r S " 10 L] 10
ilrgzgialzﬁo i‘? approximation for the We compare the x-intercepts of the graph in Figure 2.43 and our list of
Fx) = 1025 — 332 + x — 6. (Example 9) candidates, and decide f has no rational zeros. From Figure 2.43 we see

that f changes sign on the interval {0.8, 1}, so by the Intermediate Value
Theorem must have a real zero on this interval. Because it is not rational
we conclude that it is irrational. Figure 2.44 shows that this lone real zero
& of f is approximately 0.93.

Quick Review 2.4

In Exemsesl 4, rewrite the expressxonasapolynomai .o In Exercises 5-10, factor the polynomial into linear factors.
Standardfzni o SRR ALt i B edx L6 6P — 54 . _
1 m__f?mmi z—-ﬁ———’f— S nadese-s0 . . 8 1SS -2 4sx
e 9.__x3+_2x2—x—_-2 10.x"_+x3-79x2-—9x
xt = o e D S e

Section 2.4

In Exercises 1-6, divide f(x) by d(x}, and write a summary 5. fa)=x*—2x" +3x2 —dx 4+ 6 d(x) =P 4+ 2x— 1

staterrient in polynomial form, 6. F(x) = x* — 3x% 4 6x2 — Fx -+ 5; d(x) = x> + |
Loflx)mx?—~2x+3;dlx)=x—1

2fx)=x2~Ldx}=x+1
3 flx) =2+ 422+ Tx - 9;d(x) =x+3 ’
4, flay = 4x3 - 8x? + 2x — L; dx) = 2x + 1

ercises

%




n Exercises 7-12, divide using synthetic division, and write a
summary statement in fraction form.

3 —=5xT+3x -2 ot =5 + Tkt - 3x+ 1

x4 1 8. x—3
93 4 Tx? — 3x At -4+ 0 -3
e e 10,
x— 10 x+5
5xt—3x+ 1 ®-1
11. 4 —x 12'x+2

tn Exercises 1318, use the Remainder Theorem to find the
remainder when f(x) is divided by x — k. Check by using
synihetic division,

13. f(x)—2x2~3x+1 k= 2

14, flx) =x* -5 k=1

15, F =23 —x? 4+ o — Lik= 3

16 flx) = x* ~3x + 4y k= -2

L) =23 -3 b dx — T k= 2

18. flx) = x% — 2x% + 357 o0+ 3 k= —1

In Exercises 19-24, use the Factor Theorem to determine

whether the first polynomial is a fadtor of the second
polynosmial.

19. x—Lx?—x¥+x—1 20x-%x—x*—x—15
2Mox— 2 x?+3x — 4 22 x -2 xF—3x -2

23, x + 2, 4x3 + 9x? ~ 3x — 10

2 %+ 1,220 — x% 4 28 + 27+ 2x5 -3

Tn Exercises 25 and 26, use the graph to guess possible linear
factors of 7(x). Then completely factor f(x) with the aid of
synthetic division.

25, f{x) = 5x3 — Tx? ~ 49x + 51

{5, 5] by [-75, 100}
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— 12x% — 23x + 42

WaN

26. f(x) = 55

[-5, 51 by {75, 75}
In Exercises 27-30, find the polynomial function with leading
coefficient 2 that has the given degree and zeros.
27. Degree 3, with ~2, 1, and 4 as zeros
28. Degree 3, with —1, 3, and —5 as zeros
29. Degree 3, with 2, 4 7 and 2 as zeros

30. Degree 4, with —3, —1, O, and 2 2 &8 Zeros

In Exercises 31 and 32, using only algebraic methods, find the
cubic function with the given table of values. Check with a grapher.

3. x 1-4 0 3 5
] 0 180 o0 o

32 x -2 -1 1 5
oy 0o 24 0 0

Tn Exercises 33-36, use the Rational Zeros Theorem to write &
list of all potential rational zeros. Then determine which ones, if
any, are Zeros.

33 flx)=6x>—5x— 1

M, Fx) =32~ Tx2 + 6x— 14
35, f(x) =22 = x2 - 9x + 9

36. Fx) = 6x% — x> — 6xF —x — 12

In Bxercises 37-40, use synthetic division to prove that the
number k is an upper bound for the real zeros of the function f.

37. k=3 f(x) =2~ 4x2+x— 2

38, k=5 f(x) =2z ~ 5x7 — 5x— 1

3. k=2 f(x)=xt =3+ x*+x~ 12

40, k=3 f(x) =dxd = 6x3 — Ta? + Ox + 2

In Exercises 4144, use syathetic division to prove that the
number k is a lower bound for the real zeros of the functidn f.
L. k=1 flx} =35 —4x* + x +3
2. k= -3 fx)=F+ 2P+ 2x + 5

D

43 k=0, f(x) =x® — 4x? + Tx — 2,

44, k= —4; flx) =3x8 ~x2 —5x— 3
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In Exercises 4548, use the upper and lower bound tests to
decide whether there is a real zero for the function oufside the
window shown,

45, F(x) = 6x* — 1153 — Tx? + 8x — 34

™t {1 F 3l

[-5:5) by [~200, 1000}
46, f{x) = x% — x* 4+ 21x2 4+ 19x - 3

T T TET T T

-5, 5] by [~1000, 1000]
47, F(x) = x° = 4x* — 12927 + 396x% ~ §x + 3

LR ERLRELN

[~5, 5 by £~1000, 1000]
48, fix) = 2x5 — 5x* ~ 1412% + 216x% — 9ix + 25

.iil{ll‘lil

TTTITTTTT

[-5, 51 by [-1000, 1000}

In Exercises 4956, find zall of the real zeros of the function,
finding exact values whenever possible, Identify each zero as
rational or irrational.

49, flx) = 2x% — 3x2 — 4x + 6

50. f(x) = x% + 3x2 ~ 3x ~ 9
SLfx)=x*+ x* ~8x~6

8. fxy = x3 — 6xP 4+ Tx 4+ 4

53, flx) = x* =~ 3x% — 627 + 6x + B
54, £(x) = x* - x5 —1x% + 5x + 10
55. flx) =2x* = Tx* — 2xP ~ Tx — 4
536 Fx) = 3x* 223 3%+ x - 2

57.

58.

59,

Setting Production Schedufes The Sunspot Small
Appliance Co. determines that the supply function for their
EverCuwri haizr dryer is S(p) = 6 + 0.001p® and that its
demand function is D{p) = 80 — 0.02p?, where p is the
price. Determine the price for which the supply equals the
demand and the number of hair dryers corresponding to this
equilibrivm price.

Setting Production Schedules The Pentkon Camera
Co. determines that the supply and demand functions for
their 35 mm — 70 mm zoom lens are

5(p) = 200 — p + 0.000007p* and

D(p) = 1500 ~ 0.0004 p°, where p is the price. Determine
the price for which the supply equals the demand and the
number of zoom lenses comesponding to this equilibrizm
price.

Find the remainder when x*° ~ 3 is divided by x + 1.

60. Find the remainder when x% - 17 is divided by x — 1.
Explorations
61. Lot f(x) = x% + 2x3 — 1122 — 13x + 38

{a) Use the upper and lower bound tests to prove that ail of
the real zeros of f lie on the interval { ~5, 4].

(b) Find ali of the rational zeros of f,
{c) Factor f{x) using the rational zero{s) found in (b}.

. &d) Approximate all of the irrational zeros of f.

62,

(e} Use synthetic division and the irrational zero(s) found
in (d) to continue the factorization of f{x) begun in {c).

Retail Sales The amount in billions of retail sales by Fuel
Dealers for several years from 1985 to 1997 is given in
Table 2.17. Let x = 0 stand for 1980, x = 1 for 1981, and so
forth. %

{a) Find a quartic regression model, and graph it togather
with & scatter plot of the data.

(b) Find a quadratic regression model, and graph it together
with a scatter plot of the data.

(€) Use the guartic and quadratic regressions from (a) and
(b) fo get two estimates of the amount of retail sales for Fuel
Dealers in 1999.



{d) Writing to Learn Give scenarios to justify each of the
estimates in (c).

Table 217 Fuel Dealers Retail Salés -

Year Amount (billions)
1985 16.8
1990 : 15.6
1993 15.1
1994 16.0
1995 16.9
1996 19.6
1997 17.7

Source: U.S. Bureau of the Census, Currens Busiess
Reports, Statistieal Abstracts of the United States, 1998

63. Archimedes’ Principle A spherical buoy has a radius of
1 m and a density one-fourth that of seawater. By
Archimedes” Principle, the weight of the displaced water
will equal the weight of the buoy.

= 1etx = the depth to which the buoy sinks.
« Let d = the density of seawater,

» Let r = the radius of the circle formed where buoy, air,
and water meet. See the figure below.

v

A-xp+r=1,
P=1-(1-x?

= 2x - %2,

{a} Verify that the volume of the buoy is 47/3.

{b) Use your result from (a) to establish the weight of the
buoy as wd/3.

{c) Prove the weight of the displaced water is
ard « x(3r? + x%)/6.
{d) Approximate the depth to which the buoy will sink.

64. Archimedes’ Principle Using the scenario of
Exercise 63, find the depth to which the buoy will sink if its
density is one-fifth that of seawater.
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65. Biological Research Stephanie, a biologist who does
research for the poultry industry, models the population P of
wild turkeys, t days after being left to reproduce, with the
function

P() = ~0.000012% + 0.00272 + 1.5 + 100,
{2) Graph the function y = P(i} for appropriate values of 1,

() Find what the maximum turkey population is and when
it occurs.

()} Assuming that this model continues to be accurate, when
will this turkey population become extinet?

{(d) Writing to Learn Create a scepario that could explain
the growth exhibited by this tarkey population.

Architectural Engineering Dave, an engineer at the
Trumbauer Group, Inc., an architectural firm, completes
stractural specifications for a 172-{t-lonig steel beam,
anchored at ope end to a piling 20 £t above the ground. He
knows that when a 200-Ib object is placed 4 feet from the
anchored end, the beam bends s feet where

5= (3 X 1077)d*(550 - d).

(a) What is the independent variable in this polynomial
function?

66

b

{b) What are the dimensions of & viewing window that

shows a graph for the values that make sense in this problem
sitnation?

{c) How far is the 200-1b object from the anchored end if the
vertical deflection is 1,25 ft?

; 1728

Extending the ldeas

67. Writing to Learn Graph each side of the Example 3
SUINIMAry equation: '

2x} — 3x7 — 5x — 12
and
x—3

fx) =

glxy =22 +3x+4, x#3
How are these functions related? Include a discussion of the
domain and continuity of each function.

68. Writing 1o Learn Graph each side of the Example 4
SUDINATY equation: ’
4 B3+ 11x — 6 v

f(x)ch ~ 3 and

258
[ R, 2 — e
glax) == x® — 11x% + 33x — 88 -

How are these functions related? Include a discussion of the

domain and continuity of each function.

Il
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69. Writing to Learn Fxplain how to carry out the following 73, Group Activity Work in groups of three. Graph
division using synthetic division. Work through the steps Flay=x*+x% — 82 — 22+ 7.

with comptete explanations.

423 - 5x + 3x 4+ 1

2x—1

70, Writing to Learn The figure shows a graph of

(a) Use grapher methods to find approximate real number
ZET0S.

{b) Identify a list of four linear factors whose product couid
be cailed an approximate factorization of f {x).

Fla) = x4+ 0123~ 6.5 2% + 7.9% — 2.4. Bxplain how to (c) Discuss what graphical and numerical methods you

use a grapher to justify the statement.

F) = x* + 0.1x% ~ 6.5x% + 7.9x ~ 24
w {x + 3.100x — 0.5)(x ~ 1.13)(x 1.37)

could use to show that the factorization from (b) is
reasonable.

74. A classic theorem, Descartes’ Rule of Signs, tells us about
{he number of positive and negative real zeros of a

F2 T M

polynomial function, by looking at the polynomial’s
variations in sign. A variation in sign occurs when
consecutive coefficients (in standard form) have opposite
signs.

T 111

T F(x) = @ux* +.++ + ag is a polynomial of degree n, then

« The number of positive real zeros of fis equal to the
number of variations in sign of £{x), or that number less
some even number.

£-5, 51 by [-30, 30]

« The number of negative real zeros of fis equal o the
number of variations in sign of f{~x), or that number less

71. (a) Writing to Learn Write a paragraph. that describes §OTE eVEn NUMber,

how the zeros of f(x) = (1/3)x® + x* -+ 2x — 3 are related
to the zeros of g(x) = x* + 3x? + 6x — 9. In what ways
does this exampie iliustrate how the Rational Zeros Theorem

Use Descartes’ Rule of Signs to determine the possible
numbess of positive and negative real zeros of the function.

can be applied to find the zeros of a polynomial with @) =2+ —x+1
rational aumber coefficients? B f =2+ +x+1
(b) Find the rational zeros of f(x) = x> - %xz - ggx + % @ fl) =23+ x—3

@) glx) = 5x*+x* —3x -2
{¢) Find the rational zeros of f (x) = x* — —;—xz o :g—x + -52-

72. Use the Rational Zeros Theorem Lo prove \/Z is frrational.

-5, 51 by -3, 10]

Figure 2.45 The graph of f(x) =x? + 1
has no x-intercepis.

Complex Numbers

Complex Numbers e Operations with Complex Numbers
» Complex Conjugates and Division e Complex Solutions of
Quadratic Equations ® Complex Plane

Complex Numbers

Figure 2.45 shows that the function f(x) = x* + 1 has no reaj zeros, so
%2 + 1 = 0 has no real-number solutions. To remedy this situation, mathe-
maticians in the 17th century extended the definition of Va to include nega-
tive real numbers a. First the number { = v/ —1 is defined as a solution of the
equation i2 + 1 = 0 and is the imaginary unit. Then for any negative real
number «a, Va = \/{E . i -

The extended system of numbers, called the complex numbers, consists of
al] real numbers and sums of real numbers and real number multiples of i. The
following are all examples of complex numbers:

-6, 5, V35, ~Ti %i % ~2+ 3, 5—3i 33;» + -g—i
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Section 2.7 Exercises

In Exercises -8, which of the following are rational functions?
For those that are rational functions, state the domain. For those
that are not, explain why not.

Tn Exercises 21-24, evaluate the Jimit based on the graph of f
shown.

-t 4 o 3x—1
Liw = TR s
2-3Vx+1
= L L vy
5~f(x}='1£"“4 6.f(x)=2—~wj';
7.f(x)u_—-4+~;-i—1 8. F() = ~2+ =

1In Exercises §~16, describe how the graph of tﬁe given function

can be obtained by transforming the graph of the reciprocal
function f(x) = 1/x. Identify the horizontal and vertical

f. 1

Lt ey

R I T T 2

1-9.8, 9] by [-5, 15}

21. lim , f(x)

23, }g{%w Fix)

22. E“}le:i_ flx)

24. lim f{x)
e

In Exercises 2536, find the asymptotes and intercepts of the

function, and graph the function.

asympiotes.
5. 7(3) =~ 10, £ = 715
1 £ = —— 2. £ =
13. flx) = ix;; 14. F(x) = 3;: 12
5—~2x 4~ 3x
15. Fix) = - 16. fx) = ——
in Exercises 1720, evaluate the limit based on the graph of
f shown.
-
—|-»4—~r—r‘1"'—111 L |.'|' 1 L

17, lim_ f{x)
33

19. lim /()

[-5.8, 13] by {-3, 3]
18, lim, f {x)

20. lim_f(x)

25. F(x) = ;—%wé— 26. flx) = *;:3—2“

27 gl = ;z—fwg;z—;g 28. glx) = ";”"f?%z‘_“g
29, hx) = 30. hix) =~

31 k(x) = —fz—"l}é— 32. kix) = ;:i

3. fl) = ‘2%5%_—2“ 3. 80 = W
35, f(x) = %—1 36. g(x) = i"}“i%l

In Exercises 37—42, match the rational function with its graph.
Identify the viewing window and the scale used on each axis.

37. flx) = . _1_ " 38, flix) = M“;—%
39.)”():)~==2.--l"xw1 49.f(x)=1“’rx+3
41.f(x)z-—1+4__x 42.f(x)=3"‘x_1




(e)

{f;

fn Exercises 43--48, solve the equation algebraically. Check for
extraneous solutions. Support your answer graphically.

3x " 1 - 7
43'x+5 x—72 x*+3x~10
44 4x 3 - 15
Txtd x-l 2435-4

x—3 3 3
45. x x+1 x’*-!—xmo
46.x+2“ 4 n 22‘ -0

x x=1 xt—x

3 6’ 3—x

..l- =
47'x+2 Xt 2x x

x+3 2 6
48. x  x+3 £+
49. Acid Mixture Suppose that x mL of pure acid are added to

125 1oL of a 60% acid solution. How many ml. of pure acid
must be added to obtain a solution of at least 83% acid?

{a) Explain why' the concentration C{x) of the new mixture

18

x + 0.6(125)

C) ="y %125

{h) Suppose the viewing winrdow in the figure is used to find
a solution to the problern. What is the equation of the
horizontal line?

{€) Write and solve an inequality that answers the question
of this problem.

1.0
0.8
0.6
0.4
G2

Concentration

" Acid Mixture -

~

ii?\li

] H ] | i

[

X

54 100 150 200 250
mi. of acid
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50. Acid Mixture Suppose that x ml of pure acid are added to

51

52.

100 ml. of a 35% acid solution.

(a) Express the concentration C{x) of the new mixture as a
function of x.

(b) Use a graph to determine how much pure acid should be
added to the 35% solution to produce a new solution that is
less than 75% acid.

(c) Solve {b} algebraicaliy.

Breaking Even Mid Town Sports Apparel, Inc., has fouad
that it needs to sell golf hats for $2.75 each in order to be
competitive, It costs $2.12 to produce each hat, and it has
weekly overhead costs of $3000.

{(a) Let x be the number of hats produced each week.
Fxpress the average cost (including overhead costs) of
producing one hat as a function of x.

(b) Solve algebraically to find the number of golf hats that
must be sold each week: to make a profit. Support your
answer graphically.

(c) How many golf hats must be sold to make a profit of
$1000 in 1 week?

Bear Population The number of bears at any time ¢
(in years) in a federal game reserve is given by

500 + 250¢
PO = S5 051

() Find the population of bears when the value of £ is 10,
40, and 100.

{1) Does the graph of the bear population have a horizontal
asymptote? If so, what is it? I not, why not?

(c) According to this model, what is the Targest the bear
population can become?

Wildlife Popilation

MNumber of bears

H
0 30

| i ! !
100 150 200 250

Time {years)

Explorations

53.

Group Activity Werk in groups of two. Compare the
functions
2 —
fix) = 3 and plx) = x+ 3.

(a) Are the domains equal?
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(b} Does f have a vertical asymptote? Explain. EX’E@H@ER@ the ldeas

(¢} Explain why the graphs appear to be identical. In BExercises 57—60, find the asymptotes and intercepts of the
(d) Are the functions identical? function, and graph the function. Overlay a graph of the end
54. Group Activity Explain why the functions are identical or behavior asymptote.

not. fnclude the graphs and a comparison of the functions’ 57, £(x) = -2 x—1
asymptotes, intercepts, and domain. o) = Tx — 1
P+ x—12 3 e A2 e
@ f(x) = wm-—l—— and glx) = x + 2 58, () = 2 AL 2
) f () = > and gx) = x~ 1 ‘ 2t — %3 — 162 + 172 — 6
+ 1 59, f(x) = -
2x ~ 5
(&) Flx) = mﬂ_._x-z_:-l__m and g(x) = L 2x5 - 3x3 + 2x — 4
2-xt—-x+1 x—1 60. g(x) = o
-1
@ flx) = and glx) = x4 2 In Bxercises §1-64, graph the function. Express the function as a
' 55. Boyle’s Law This ideal gas law states that the volume of piecewise-defined function without absolute value, and use the
) £ i . result to confirm the graph’s asymptotes and intercepts
an enclosed gas at a fixed temperature varies inversely as the .
algebraically.
pressure, oy —3 s
. ¥ -
(a) Writing to Learn Explain why Boyle’s Law yields 61. h{x} = §xl ) 62. h(x) = i 3
both a rational function model and a power function model.
(b) Which power ﬁmci;ions are also rational functions? 63. f(x} = P +3j, 64. flx) = = +2x

(c) If the pressure of a 2.59-1. sample of nitrogen gas at .
291°K 35 0.866 atm, what would the volume be &t a pressure 65. Describe how the graph of
of 0.532 atm if the temperature does ot change? ax+ b

3 T ; ; Fl = cx+d
56, Light Intensity Aileen and Malachy gathered the data in

Table 2.22 using a 75-watt light bulb and a Calculator-Based
Laboratory™ (CBL™) with a light-intensity probe.

can be obtained from the graph of y = L/x. (Hint: Use long

division.)
(2) Draw a scatter plot of the data in Table 2.22. 66. Writing to Learn Letf(x} = Ulx — (1/x)) and
(b) Find an equation for the data assuming it has the form glxy = (o + x? — x)/(x% x)'. Does f = £? Support your
Flx) = k/x? for some constant k. Explain your method for answer by making a comparative analysis of ali of the
choosing k. features of f and g, including asymptotes intercepts, and
- . domain.
(¢) Superimpose the regression curve on the scatter plot.
(dl) Use the regression model to predict the light intensiy at
distances of 2.2 m anc 4.4 m.
Tab!e 2, 22 Ligh't lntensaty Data
[fora75-WLightBulb - .
Intansity
Distance {m) (W/m?)
1.0 6.09
1.5 2.51
2.0 1.56
25 1.08 b

3.0 0.74
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Quick Review 2.8

Tn Bxercises 14, use limits to state the end behavior of the
function,

o) =2x3 + 322~ 2x+ 1
2o flx)y e =30 - 323+ X7 - 1

x =2+ 1

3.gl) =—FT 75—
' 242 — 3x + 1
4 gl = =

Section 2.8 Exercises

In Exercises 5-8, combine the fractions and reduce your answer
to lowest terms, ’

5.x2+§— 6.x2—~§~
X X
x 2 X x+ 1
(e t— v

in Exercises 9 and 10, (a) list all the possible rational zeros of
the polynomial and (b) factor the polynomial completely.

9, 2x3 +x2 —dx —3 10, 323 — %2 ~ 10x + 8

PR

In Exercises 1-6, determine the x values that cause the

polynomial function to be (a) zero, (b) positive, and (c) negative.

= L) = (x5 2)x + Dix— 5)

2.7 (x) = (x- TiBx+ Dix + 4

3. 7)) = (x4 Nx + 4)x — 67

4. f(x) = {5x + 3 + 6)x ~ 1)
5 flx) = (2x2 + 5¥x — 8)%(x + 1Y?
6. flxy = (x + 20%(4x? + D{x — 9}

In Exercises 7—12, complete the factoring if needed, and solve

the polynomial inequality using a sign chart. Support graphically.

Tolx+ Dix—32>0

8. x4+ Dix—2)3Bx— 4y =0

9. (x+ M2 —3x+2) <0 10. 2x— N2~ 4x 4+ 4) >0
2 =3x2 = 1Ix+ 620 12 x5 ~4x2+x+6=¢

In Exercises 13--20, solve the polynomial inequakity graphically.
13. 23~ —2x 20 14, 223 — 552 + 3x < 0

15, 2x¥ = 5x2 i x b 620 16, 2P —4x?—x+4=0
173 =202 —x+ 620 18 —x3 =32 ~0x+4 <0
19. 2% —3x3 — 62 + Sx + 6 <0

20, 3x% — 553 — 1222+ 12x + 16 = 0

In Exercises 21--28, determine the x values that cavse the

function to be {a) zero, (b} undefined, {¢} positive, and (d}
negative,

T St S = 2x=T 1)
IR = gy I W=
23 flx) = xVx+3 24. fix} = x%|2x + 91
. Vx -+ 5 _ x—1
25, flx} —m 26. fix} —m
L x5V -3 - 3x—1
IO = T Ty BT

In Exercises 29-40, solve the inequality using a sign chart.
Support graphically.

x 1 x+2
2. 5 <0 30. 55 <0
xt—1 x* -4
1S =0 2. 5550
x2 4+ x - 32 *+3x—10
oy > T Sl
3 x* ~ 4x + 4 0 M x2—6x+9 0
X —x x* —4x
35mi0 36. 243 =
37 xlx—2]>0 38, =3 <
x4+ 2|

39. Cx— UVx+4<0 40. Bx -V + 1 =0

In Exercises 4150, solve the inequality.

2z~ 2} (x — 5yt
. e o ——
LG <0 2 Gy =0
43.x2—-2—>0 44.x2+f—k0
x x
1 i ‘ H 2
45.x+1+x_3$0 46.x+2""xm1>0
47. (x+ 3)x—1|=0 48, Bx+ S¥x - 21 <0
(x — S)x— 2| Tx%x o~ 4P
49, e 2 ) 80, et ()
Viax — 3 Vi1

51. Writing o Learn Write 2 paragraph that explains two
ways to solve the inequality 3(x — 1) + 2 = 5x + 6.

52. Company Wages Pederson Electric Co. charges $25 per
service call plus $18 per hour for home repair workaHow
long did an electrician work if the charge was less than
$1007 Assume the electrician rounds off the time to the
nearest quarter hour. -

53, Connecting Algebra and Geometry Consider the
collection of all rectangles that have lengths 2 in. less than
twice their widths. Find the possible widths {in inches) of
these rectangles if their perimeters are less than 200 in.



54.

55.

6.

Planning for Profit The Grovenor Candy Co. finds that
the cost of making a certain candy bar is $0.13 per bar.
Fixed costs amount to $2000 per week. If each bar selis for
$0.35, find the minimum number of candy bars sold per
week that wiil earn the company a profit.

Designing a Cardboard Box Picaro’s Packaging Plant
wishes to design boxes with a volume of nof more than

100 in.? Squares are to be cut from the corners of a 12-in. by
15-in. piece of cardboard (see figure), with the flaps folded
up to make an open box. What size squares should be cut
from the cardboard?

115,

] 2 11, et

Cone Problem Beginning with a circular piece of paper
with & 4-inch radius, as shown in (a), cut out a sector with
an arc of length x. Join the two radial edges of the remaining
portion of the paper to fozm a cone with radjus » and height
b, as shown in {b). What length of arc will produce 2 cone
with a volume greater than 21 in.??

(2) )

57. Resistors The total electrical resistance R of two resistors

connected in parallel with resistances R, and R, is given by
1 1 1
Y mﬁ;
One resistor has a resistance of 2.3 olums. Let x be the
resistance of the second resistor.
{a) Express the total resistance R as a function of x.

(%) Find the resistance in the second resistor if the total
resistance of the pair s at least 1.7 oluns.

8.

59.

Section 2.8 Solving Inequalities in One Variable 247

Design a Juice Can Flannery Cannery packs peaches in
0.5-L cylindrical cans.

(a) Express the surface area § of the can as a function of the
radius x (in cm).

(b) Find the dimensions of the can if the surface is less than
900 em?,

(¢} Find the least possible surface area of the can.

o
|

2{ " Design Engineering

R

T

g 3000
§ 2000
:
£ 1000 —— e
! ! ] x
0 510 15

Radius

Por Caplia Income The U.S. average per capita income
for several years from 1990 to 1997 is gives in Table 2.23.
Let x = O represent 1990, x = | represent 1991, and so
forth. '

{a) Find the linear regression model for the data and
superimpose its graph on a scatter plot of the data.

{b) Use the model to predict when the per capita income
exceeds $30,0600.

, Tablé 323 PerCapltaincome e

Year Amount {dollars)
1990 19,188
1995 23,359
1996 244306
1997 25,598

Source; U.S. Bureau of the Census, Survey of Curreni
Business, Statisticel Abstract of the United States, 1998
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60, Annual Housing Cast The average annual expenditure
for housing for several years from 1989 to 1995 is given in
Table 2.24. Let x = 0 represent 1980, x = 1 represent 1981,
and so forth. :

(2) Find the linear regression model for the data and
superiripose its graph on a scatter plot of the data.

{b) Use the model o predict when the average annual
expenditure for housing exceeds $12,000.

“Table 2.24 Average Annual Housing Cost

Year Amount (dollars)
1989 ‘ 8434
1990 8703
1991 9252
1992 9477
1993 9636
1994 10,106
1995 10,465

Source: 1.5, Bureay of the Census, Consumer Expenditures,
Staristical Abstract of the United Siales, 1998

Explorations

In Exercises 61 and 62, find the vertical asymptotes and
intercepts of the rational function. Then use a sign chart and a
table of values to graph the function by hand. Support your result
using a grapher, {(Hint: You may need to graph the function in
more than one window to see different parts of the overall
graph.)

_ G- =3
61 f(x) = r=3)x+1) 62. glx) = %+ 4x
Extending the ideas

63. Group Activity Looking Ahead to Calcuius Let
f(x) = 3x — 5.
(a) Assurne x s in the interval defined by |x — 3| < 1/3.
Give 2 convincing argument that [f(x) — 4] < L,

{b) Writing to Learn Explain how (a) is modeled by the
figure at the top of the next column.

(¢} Show how the algebra used in {(a) can bé modified to
show that if |x — 3| < 0.01, thea [f(x) — 4] < 0.03. How
would the figure below change to reflect these inequalities?

y
7...-..
6 =355
5
@...
T
zw /}
1 i
T O B T .
m3w2w31w1/2 345
oy

64. Writing to Learn Boolean Operators The Test menu
of many graphers contains inequality symbols that can be
used to construct inequality staternents, as shown in (a). An
answer of 1 indicates the staternent is true, and 0 indicates
the statement is false. In (b), the graph of
¥, = x* — 4 = 0 is shown using Dot mode and the window

. [—4.7, 4.7 by [-3.1, 3.1]. Experiment with the Test menu,
and theh: write a paragraph explaining how to interpret the
graph in (D).

22
AR o] B
=7 : —— . [——
R . Tl P S S T T R
TR : T
{47,471 by [-3.1,3.1)
(@ )

In Exercises 65-66, use the properties of inequality from
Chapter P to prove the staternent.

€5. If 0 < a < b, then a® < b2

66. If0<a<b,then—lm>—"1m,
a b



The collection of exercises marked in red could be used ag a
chapter test.

In Exercises 1 and 2, write an equation for the Lnear function f
satisfying the given conditions. Graph y = f{x).

Lf(-3)==2andf4) = ~9 2. f{~3) = 6and f(1) = ~2
In Bxercises 3 and 4, describe how to transform the graph of

fix} = x* into the graph of the given function. Sketch the graph
by hand and support your answer with a grapher.

3 f) =3x—-2%+4 d. glo) = ~(x + 3%+ 1
In Exercises 5-8, find the vertex and axis of the graph of the
function. Support your angwer graphically.

5 flx) = —20x +3)2 45 6. g(x) = 4{x — 5)2 — 7

T = =22 - 16x — 31 8 g(x) =3 —6x + 2
In Exercises 9 and 10, write an equation for the quadratic
function whose graph contains the given vertex and point.

9. Vertex (—2, —3), point {1, 2)

10. Vertex (—1, 1), point {3, —2}
In Exercises 11 and 12, write an equation for the guadratic

function with graph shown, given one of the labeled points is the
vertex of the parabola.

11 \:

AL GO / % 0,-3)
F 5 ) | S\
{4, 8] by [-4, 10} [~18, 51 by [-8, 8}

in Bxercises 13-16, graph the function in a viewing window that
shows ali of its extrema and x-intercepts.

13. F(x) = %% + 3x ~ 40 4. f(x) = —8x% + 16x — 19
5. /) =x"+x2+x+35 16 flx) =x —x* = 20x ~ 2

12- {_4’ 5) .

T S T W |

In Exercises 17 and 18, write the statement as a power function
equation.

17. The surface area § of a sphere varies directly as the square
of the radius r.

18. The force of gravity F acting on an object is inversely
proportional to the square of the distance d from the object
to the center of the earth.

In Exercises 19 and 20, write a sentence that expresses the
refationship in the formula, using the language of variation or
proportion.

19, F = kx, where F is the force it takes to stretch a spring x
units from its unstressed length and k is the spring’s force
constant.

Review Exercises

Review Exercises 253

20. A = 7+ rZ, where A and r are the area and radius of a cixcle
and r is the usual mathematical constant.

In Exercises 21-24, state the values of the constants k and a for
the function f{x) = k - x°. Describe the portion of the curve that
lies in Quadrant ¥ or I'V. Determine whether f is even, odd, or
undefined for x < 0. Deseribe the rest of the curve if any. Graph
the function to see whether it matches the description,

21. F(x) = 4x17? 22 f(x) = =23

23, flx) = —2x7} 24, f(x) = (/34

In Exercises 25-28, divide f{x) by d(x), and write a summary
statement in pelynomial form.

25, flx) =22 ~ Tx2 4 dx — S dxy=x — 3

26, fx) =x*+ 323+ x2 = 3x + 3 dx)=x + 2

27, flx) = 2x* ~ 3x3 + 9x% — dx + 7, d{x) = 2% + 4

28 f(x) = 3xt - 5x3 - 232 + 31— 6 d{0) = 3x + 1

In Bxercises 29 and 30, use the Remainder Theorem to find the

remainder when f(x} is divided by x — k& Check by using
synthetic division. '

20, flx)=3x3 - WP +x —- S k= -2
30, flx) = —x? +4x - 5, k=3
In Exercises 31 and 32, use the Factor Theorem to determine

whether the first polynomial is a factor of the second
polynomial.

3Lx— 2208 —4x2 +8x —8 32 x4+ %7+ 2 -dx -2
In Exercises 33 and 34, use synthetic division to prove that the
number k is an upper bound for the real zeros of the function f.
Bohk=5f)=x3 - 5xF+3x + 4

34, k= 4;7(x) = 4x¢ — 16x? + 8x% + 16x — 12

In Exercises 35 and 36, use synthetic division to prove that the
number & 1s 2 lower bound for the real zeros of the function f£.
35, k= ~3; flxy = dxt A+ 4% - 1522~ 172 -2

36. k=3 fx) =+ 6x2+x— 6

In Exercises 37 and 38, use the Rational Zeros Theorem to write

a list of all potential rational zeros. Then determine which’ ones,
if any, ate zeros. ’

I fly =2t —xP —dx? - x -6
38, flx) = 6x% — 2022+ 1lx + 7

3

In Exercises 3946, perform the indicated operation, and write
the result in the standard form a + bi.

39, (3 —2{) + (=2 4+ 5i) 49, (5 - 7i) ~ (3 - 2i)
41 (1 + 20)(3 - 2i) 42, (1 + i)
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< 43, (1 +20)%1 - 2i)? 44, {*
45. V=16 6. ? - Z

In Bxercises 47 and 48, solve the equation.

47. x2—6x + 13 =0 48. x* —2x +4 =10

In Exercises 4952, match the polynomial function with its
graph. Explain your choice.
49, f{x) = {x — 2)?

B flx) = (x — )%

50, flx) = (x —2)°
52, Fx) = (x — 2)°

TR S |

o~
o
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oy
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In Exercises 5356, find ail of the real zeros of the function,
finding exact values whenever possible. Identify each zero as

rational or irrational. State the number of nonreal complex zeros.

83, f(x) = x* — 10x% + 23x7
B5, h(xy=x3—2x2 —8x + 5
56 klx) =x*— 2% — 14x% + 24x + 5

A k(g =t~ T2 4 12

In Bxercises 5760, find all of the zeros and write a linear
factogization of the function.

57. f(x) = 2x3 — 9x% + 2x + 30

58. £(x) = 513 — 24x? + x + 12

89, Flx) = 6x* + 11x% — 162% — 1lx + 10

60. f{x) = x* — 8x% + 27x? — 50x + 50, given that 1 +2iisa

Zer0.,

In Exercises 6164, write the function as a preduct of linear and
irreducible quadratic factors all with real coefficients.

6l fx) =03~ x2—x -2

62. f(x) = O0x3 — 3x% — 13x — 1

63, f{x) = 2x* ~ Ox* + 23x% — 31x + 15

64 flx) = 3x% —Tx% — 32 + 17x + 10

In Bxercises 6570, write a polynomial function with real

coefficients whose zeros and their muitiplicities include those
listed.

65, Degree 3; zeros: V3, —=V5, 3
66. Degree 2; ~3 only real zero

67. Degree 4, zeros: 3, =2, 1/3, —1/2

68. Degree 3; zerow: | + 4,2

69. Degree 4; zeros: —2(multiplicity 2), 4(multiplicity 2)
70. Degree 3; zeros: 2 — [, —1, and (2} = 6

In Exercises 71 and 72, describe how the graph of the given
function can be obtained by transforming the graph of the

reciprocal function f(x) = 1/x. Identify the horizontal and
vertical asymptotes.

—x + 7 3x 4 5
7L f(x) = - T2 flx) = P

In Exercises 73~76, find the asymptotes and intercepts of the
function, and graph it

B4 x+1 2% 47
BIW=TmT WETERTE

% —4x+5 2 =3x=7
B@ETE T TR

In Bxercises 77-84, solve the equation or inequality
algebraically, and support graphically.

77, 2+ A= 1)
X
78, e 2 25

Th2  x—3 x—x—-6
79, Ix* 4 3x2 — 17x - 30 <0
80, 3x*+x* — 36x2 +36x+ 1620

x+3 x*— 7
81. x2_4a0 82.m<1
(x = Dix ~ 4]
83 2x— 1¥x+31=0 84, — > 0
(o ~ 1+ 31 Viti

85..Plot —3 ~2i in the complex plane.
86. Whiting to Learn Determine whether
FO) = x5 — 10x% — 323 + 28x% + 202 - 2

has a zero outside the viewing window. Explain.

=5, 5] vy [-50, 50]



87.

88.

89.

20.

{ aunching a Rock Larry uses a slingshot to launch a
rock straight up from a point 6 ft above level ground with an
initial velocity of 170 ft/sec.

(a) Find an equation that models the height of the rock
¢ seconds after it is launched and graph the equation. (See
Example 7 in Section 2.1.)

(b) What is the maximura height of the rock? When will it
reach that height?

(c) When will the rock hit the ground?

Volure of a Box Fdgardo Paper Co. has confracted te
manufacture a box with no top that is to be made by
removing squares of widih x from the comers of a 30-in. by
70-in. piece of cardboard.’

{a) Find an equation that models the volume of the box,
(b) Determine x so that the box has a volume of 5800 in3,

Architectural Engineering Donoma, an engineer at

1. P. Cook, Inc., completes structural specifications for a
255-ft-long steel beam anchored between two pilings 50 ft
above ground, as shown in the figure. She knows that when
2 250-1b object is placed d feet from the west piling, the
beam bends s feet where

s = (8.5 X 1077)d2(255 — d).
{a) Graph the function s.

(b) What are the dimensions of a viewing window that
shows a graph for the values that make sense in this problem
situation?

(¢) What is the greatest amount of vertical deflection s, and
where does it occur?

{d) Writing to Learn Give a possible scenario explaining
why the solution to (¢) does not occur at the haifway point.

West st

Storage Container A liquid storage container on a truck
is in the shape of a cylinder with hemispheres on each end
as shown in the figure. The cylinder and hemispheres have
the same radius. The total length of the container is 140 ft.

(a) Determine the volume ¥ of the container as a function of
the radius x. '

(b) Graph the function y = V(x).

9L
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Review Exercises

(¢) What is the radius of the container with the largest
possible volume? What is the volume?

| 140 |

Dow Strategy A Dog stock is one of the 10 Dow stocks
with highest dividend yieid at the end of a year compared
with their stock price. Similarly, a Star stock is one.of the 10
Dow stocks with lowest dividend yield at the end of a year
compared with their stock price. Table 2.25 shows the
annual performance for the following year for Dog and Star
stocks for severa! years. Let x = 0 represent 1990, x = |
represent 1991, and so forth.

Tabie 2.25 Dog and Star Dow Stock Performace

Year Dog Performance (%)  Star Performance (%)
1996 19.8 27.9
1997 204 6.2
1998 9.5 17.5
1999 ~2.4 22.4
2000 ~1.6 17

Source: wwwdagsofihedow.com as reported in the UUSA Todgy,
Februrary 21, 2000,

{a) Find a cubic regression model for the Dog stocks, and
graph it together with a scatter plot of the Dog data.

{b) Find a cubic regression model for the Star stocks, and
graph it together with a scatter plot of the Star data.

fc) Writing to Learn Determine the end bebavior (lim) of
the two regression models. What do the end behavior models
say about using the Dog or Star investment strategy.
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92.

93.

94.

National Institute of Health Spending Table 2.26
shows the spending at the National Institute of Health for
several years, Let x = 0 represent 1990, x = 1 represent
1991, and so forth,

Table 2.26 Spending at the National .
Institute of Health <% & fional, .

Amount (billion}

Year

1693 1032
1904 10.95
1995 11.30
1996 11.93
1997 12.74
1998 13.64
1999 15.65
2000 17.91

Sonrce: Nutional Institute of Health as reported in The
Chronicle of Higher Education, November 26, 1999

(a) Find a lisear regression model, and graph it together
with a scatter plot of the data.

{b) Find a quadratic regression model, and graph it together
with a seatter plot of the data.

(¢) Use the linear and quadratic regression models to
estimate when the amount of spending will exceed
$20 billion.

Breaking Even Midtown Sporting Goods kas determined
that it needs to sell is soccer shinguards for $5.25 a pair in

order to be competitive. It costs $4.32 to produce each pair

of shinguards, and the weekly overhead cost is $4000.

{a) Bxpress the average cost that includes the overhead of
producing one shinguard as a function of the aumber x of
shinguards produced each week.
(b) Solve algebraically to find the number of shinguards that
must be sold each week te make $8000 in profit. Support
your work graphicatly.
Deer Population The number of deer P at any time £ (in
years) in a federal game reserve is given by
800 + 640¢

PO =357 08t -
(a) Fing the number of deer when ¢ is 15, 70, and 100.
(b) Find the horizontal asymptote of the graph of y = P(£).

(¢) According to the model, what is the largest possible deer
population?

95.

96.

97.

98.

Resistors The total electrical resistance R of two resistors
connected in paratlel with resistances Ry and R, is given by
1 3 1
"k; = E—]— + —ﬁg
The total resistance is 1.2 chms. Letx = Ry.
{a) Express the second resistance R; as a function of x.
(b) Find R, if R, is 3 ohms.

Acid Mixture Suppose that x ounces of distilled water are
added to 50 oz of pure acid.

{a) Express the concentration C(x) of the new mixiure as a
function of x.

{b) Use 2 graph to determine how much distilled water
should be added to the pure acid to produce a pew solution
that i3 less than 60% acid.

(¢} Sclve (b) algebraically.

Industrial Design Johnson Cannery will pack peaches in
1-L cylindrical cans. Let x be the radius of the base of the
can in centimeters.

{a) Bxpress the surface area § of the can as a function of x.

() Find the radius and height of the can if the surface area
is 900 cm®. ' N

{¢) What dimensions are possibie for the can if the surface
area 18 o be less than 900 cm®?

Industrial Design Gilman Construction is hired to build a
rectangalar tank with a square base and no top. Fhe tank is
to hold 1000 ft2 of water. Let x be a length of the base.

{a) Bxpress the outside surface area § of the tank as 2
function of x.

{b) Find the length, width, and height of the tank if the
outside surface area is 600 fi2.

{¢) What dimensions are possible for the tank if the outside
surface area is to be less than 600 7. ‘



