.

3.1 Assess Your Understanding

SECTION 2.1 Polynomial Functions and Models U7

The data in Table 6 represent the weekly cost C (in thousands of dollars) of printing
x thousand textbooks.

(a) Draw a scatter diagram of the data using x as the independent variable and
C as the dependent variable. Comment on the type of relation that may exist

Numbar of Cost, © between the variables x and C.
;‘;ﬁ’;i’;ﬂ'ﬁ;ﬁ;)" ($1000s) (b) Using a graphing utility, find the cubic function of best fit C = C(*c) that models
| ; the relation between number of texts and cost.

9 L (c) Graph the cubic function of best fit on your scatter diagram.

4 128 (d) Use the function found in part (b) to predict the cost of printing 22 thousand
10 144 _ texts per week.

13 1535

17 161.2 Solution

18 162.8 (a) Figure 22 shows the scatter diagram. A cubic relation may exist between the two
20 166.3 variables. _

23 1789 (b) Upon executing the CUBIC REGression program, we obtain the results
95 190.2 shown in Figure 23, The output that the utility provides shows us the equation
27 29218 y = ax® + bx* + cx + d. The cubic function of best fit to the data is

C(x) = 0.0155x> — 0.5951x% + 9.1502x + 98.4327.

(c) Figure 24 shows the graph of the cubic function of best fit on the scatter diagram.
The function fits the data reasonably well.

Figure 22 Figure 24
250, Figure 23 ' 250
a CubickRed :
. w=a3 F thyEtoxtd j/
— a=, 154528851 o med
g h=-.5951424724
-=9,150171681
d=98;432?2255
-5 30 -5 (30
0 0

(d) We evaluate the function C(x) at x = 22.

| C(22) = 0.0155(22)% — 0.5951(22) + 9.1502(22) + 98.4327 =~ 176.8

The model predicts that the cost of printing 22 thousand textbooks in a week

will be 176.8 thousand dollars—that is $176,800.
8 .

177 Answers are given at the end of these exercises. If you get a wrong answer, read the pages lisied in red.

1. The intercepts of the equation 9x* + 4y = 36 are . [b’ 4. Use a graphing utility to approximate (rounded to two

(PP 11-12) “J decimal places) the local maxima and the local minima of
2. 1s the expression 4v° — 3.6x% — /2 a polynomial? If so, fx) = x> — 222 — dx + 5,for =3 < x < 3.( |)|n.l7l-—-7'2)

what is its degree? (pp. A22-A24) 5. Tvue or False The y-intercepts of the graph of 4 function are
3. To graph y= v - 4, you would shift the graph of also the-zeros of the function. (pp. 59—6())

y =2 a distance of units. 6. If g(5) = 0, what point is on the graph of g? What is the

(pp.89-90) x-intercept of the graph of g7 (pp. 39-60)
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7, The graph of every polynomial function is both 11, The points at which a graph changes direction (from
and . increasing to decreasing or decreasing to increasing) are

. If ris a real zero of even multiplicity of a function f, then the called -

graphof f (crossesitouches) the x-axis at r. 12, The graph of the function f{x) = 3t - st 20—

9, The graphs of power functions of the form f{x) = x% will behave like the graph of o large
where n is an cven integer, always contain the poinls values of [x]. -

o

e and : 13 Hf(x) = ~22° + x* — 5¥% + 7,then lim f(x) =
40, I 7 is a solution to the equation f{x) = 0, name three and Tim f(x) = ¥
additional statements that can be made about f and r, X .
assuming fis a polynomial function. 14. Explain what the notation XI_I_{IDIO f(x) = —co means. 1
skill Building :
In Problems 15-26, determine which functions are polynomial functions. For those that ave, state the degree. For those that are not, tell why
not. Write each polynomial in standard form. Then identify the leading term and the constant ferni.
, - ) ’ 1 - -_2
N 18 f() = dx + 2P 16, f(x) = 5S¢ + Axt M=
1 - : : 1
18 h(x) = 3 — 3 N fr =1 20. f(x) = x(x — 1)
' 1
20 gly) = %~ 2+ 2 22, h(x) = Va(Vx ~ 1) 2. f(x) =S~ + 5
2 :
24, f(x) = il 3 > C25. Gx) =2(x — DRE+ D) 26, G(x) = —3%(x + 2)°
X
In Problems 27-40, use transformations of the graph of y = x* ory = ¥’ to graph each function.
N 27 f) = (v + 1) 28, f() = (x — 2)° 29, f(x) = x° — 3 30, f(x) = ¥4 + 2
3 fx) = %x“ _ 32, f(x) = 3¢ N3 f) = - ' 34, f(x) = —x*
1
38, f)y=Kx-1P+2 36, f(x) = (x+2)* -3 3 flx) =2(x + 1Y+ 1 38, f(x) = S0~ 1° -2

39, f(r) = 4 — (x - 2)° 40, fr) =3 — (x +2)*

In Problems 41-48, form a polynomial function whose real zeros and degree are given. Auswers will vary depending on the choice of a
leading coefficient. - :

\; 41, Zeros: —1, 1, 3; degree 3 43, Zeros: —2,2,3; degree 3 A3, Zeros: —3,0,4; dregree 3
44. Zeros: —4,0,2; depree 3 - 45, Zeros: —4, —1,2, 3; degree 4 ) 46, Zevos: —3,—1,2,5; degree 4

47, Zeros: —1, multiplicity 1;3, multiplicity 2; degree 3 * 48, Zeros: —2, multiplicity 2; 4, multiplicity 1; degree 3

In Problems 49-60, for each polynomial function:

(a} List each real zero and its mudtiplicity.

(b} Determine whether the graph crosses or touches the x-axis at each x-infercepl.
(c) Determine the maxinum numnber of turning points on the graph.

(d) Determine the end behavior; that is, find the poser function that the graph of f resembles for large values of ||

a9, fl®) = 3 - T)(x + 3P (5. f(x) = 4(x + x + 3P 51 f(x) = 467 + 1) — 2)°
52 f() = 20x — (2 + 4P , 53 f(x) = —Z(x + %)Z(x + 4)° 54, f(x) = ( : — —;")2(:6 -1y
55. f(x) = (x — 5P(x + 4)° _ 8. f(x) = (x + V3Y(x — 2)* 57. f{x) = 3(x® + )(x* + §)2

58, f(x) = —2(x* + 3)° 59, f(x) = —2:%(x% — 2} 60, f(x) = dx(x® — 3)
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[ Probleins 61-64, identify which of the graphs could be the graph of a polynomial funciion. For those that could, list the real zeros and

state the least degree the polynomial can have. For those that could not, say why not.
\

ot - Y 62, ¥ 63, ¥ &4, ¥
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“'In Problems 69-72, write a polynomial function whose graph is shown (use the smallest degree possible).

£9. I\ y ; : 70, 2

: 10 14

A (3.8)
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. In Problems 73-96, analyze enchpolynommlﬁmc!ton by followmg Steps 1 tirongh 5 on page 205.
ST FG) = 2Ny~ 3) TA f(x) = x(x + 2)? 78, f(x) = (x + H(x - 2)*
76, f(x) = (x — 1)(x + 3)? T f(x) = —2(x + D(x — 2)* 8. f(x) = —-E(j: +4)x —1)°

Bf) = (x + %1 - 80, f(x) = (3 -2 +)(x+ 1D Bh. f(x) = (x + Dl — D(x + 4)
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84, f(x) = x%x — 3)(x + 4)

82. flx) = (x — 1(x + Alx — 3) 83 f(x) =o%x — 2z + 2)
85, f(x) = (x + 1(x — 2)* 86, F(x) = (x + 2)%(x — 4" 87, f(x) = x(1 — x)(2 — %)

| 88, f(x) = x(3 — x)° 88, F(x) = x%x + 3)(x + 1) 99, f(x) = x*(x — 3)(x—1)
91, F(x) = (x — 2)%x + 2(x + 4) 92. f(x) = (¢ + 1)’ — 3) 93, f(x) = 5x(x* — 4)(x +.3)
84, f(x) = —2(x — 1)*(x* — 16) 95, f(x) = x*(x — 2)(* + 3) 86, f(x) = x*(x* + D)(x + 4)

N 97 f(x) = 13 + 0267 — 1.5876x — 031752

1108, f(x) = 4x — &°

In Problems 97-104, analyze each polynomial function f by following Steps 1 ﬂn'ougk 8 on page 206.
93, f(x) = x> — 0.8x* — 4.6656x + 3.73248

100, f(x) = x* — 2.91x% — 7.668x ~ 3.8151
102, f(x) = x* — 18.54% + 50.2619
104, f(x) = —12¢" + 05¢> — V3x + 2

99, f{x) = x* + 2.56x% - 3.31x + 0.89
101, f(x) = x* — 2.5x* + 0.5625
103, f(x) = 2% — a® + V5 — 4

fﬂfu}{ed Praciice

In Problems 105-112, analyze each polynomial function by following Steps I through 5 on page 205.
[Hinf: You will need to first factor the polynomial].

106, f(x) =x — ©° 07 fx) =x° + 2% — 12

108. F() = x> + 2% — & 109, f(x).= 2% + 1227 — & —~ 48x 110 f(x) = 4% + 10x® — 4x - 10

degree 4; contains the point (3, 128)

17 G() = (x + 3)Hx — 2)
(a) Identify the x-intercepts of the graph of G.

(b) What are the x-intercepts of the graph of
y = G(x + 3)?

\

1t f(x) =~ — ¥+ 22+ 22 112, f(x) = —x° + 5x* + 4x® — 2022
In Problems 113-116, construct a polynomial funciion f with the given characteristics,
113. Zeros: —3, 1, 4; degree 3; y-intercept: 36 114, Zeros: —4, —1,2; degree 3; y-intercept: 16

115. Zeros: — 5 (multiplicity 2); 2(multiplicity 1); 4 (multiplicity 1);

116, Zeros: —4 (multiplicity 1); 0 (multiplicity 3); 2 (multiplicity 1);
degree 5; contains the point (—2, 64)

118, k(x) = (x + 2)(x — 4)°
(a) Identify the x-intercepts of the graph of f1.

(b) What are the x-intercepts of the graph'of
y = h(x — 2)? ’

Applicaiions and Extensions

119 Hurricanes In 2012, Hurricane Sandy struck the East
@7 Coast of the United States, killing 147 people and causing
an estimated $75 billion in damage. With a gale diameter
of about 1000 imiles, it was the largest ever to form over the

%)

Major Hurricanes Striking
' Decade, Atlantic Basin, H
1921-1930, 1 17
19311940, 2 16
19411950, 3 29
15511860, 4 33
18611976, 5 27
19711980, 6 16
19811980, 7 16
1991-2000,8 21
2001-2010,9 33

Souree: National Oceanic &
Atmospheric Administration

Atlantic Basin. The following data represent the number of
major hurricane strikes in the Atlantic Basin (category 3, 4,
or 5} each decade from 1921 to 2010.

(a) Draw a scatter diagram of the data. Comment on
the type of relation that may exist between the two
variables.

(b) Use a graphing utility to find the cubic function of
best fit that models the refation between decade and
number of major hurricanes.

{c) Use the model found in pari (b) to predict the number
of major-hurricanes that struck the Ailantic Basin
hetween 19461 and 1970.

(d) With a graphing utility, draw a scatter diagram of the
data and then graph the cubic fuucnou of best fit on
the scatter diagram.

(e} Concern has risen about the increase in the number and
intensity of hurricanes, but some scientists believe thisis
just a natural fluctuation that could last another decads
or two. Use your model to predict the number of major
hurricanes that will strike the Aflantic Basin between
2011 and 2020. Is your result reasonable?




