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In Poblems 19-30, consider the given quadratic function f.

\(a)/Find all intercepts of the graph of f.

(b) Express the function fin standard form.
(¢) Find the vertex and axis of symmetry.
(d) Sketch the graph of f.

= x(x + 5) = —x? + 4x —+ X
=B —-—x)x+1) =x—2)(x—6)

_ 2 _aian - 4 6x—5 FIGURE 3.3.16 Graph for
Cu? —arta 246y - 10 Problem 47

= 1@+ x+1 =x*—2x—17 In Problems 49 and 50, find :
= 2 = 10x + 25 = —x2+6x—9 the given conditions. ‘

49. f has the values f(0) = 5

In Problems 31 and 32, find the maximum or the minimum value of the function f. 50. ‘Graph passes through (2
S0. ugh (2,

Give the range of the function f.

31. f(.X') — 3x2 — 8+ 1 32. f(X) — __2x2 — 6x + 3 InProb!ems 51 and 52, find aq
that satisfies the given conditi
In Problems 33-36, find the largest interval on which the function f'is increasing and

the largest interval on which fis decreasing.

33, f(x) = 3x* — 25 34. f(x) = —(x + 10)?
35, f(x) = —2x* — 12x 36. f(x) = x>+ 8x — 1

- 51. The vertex of the graph o
‘52, The maximum value of fi:

Il

In Problems 53-56, sketch the
of the given functions. Find th

In Problems 37-42, describe in words how the graph of the given function f can be

Sdy=—-x+4,y=x>+2
obtained from the graph of y = x* by rigid or nonrigid transformations.

55. y=x*+2x+2,y=—x

= (x — 10)? 38. f(x) = (x + 6)2 57. (a) Express the square of
= —3(x +4)*+9 40. f(x) = 10(x — 2)* — 1 ‘ y = 2xto the point (£
- = —(1—-x?2+1 (b) Use the function in p:

(—x~6)>—4 @f(x)
S— 5 M * . 3

In Problems 4348, the given graph is the graph of y = x* shifted/reflected in the xy-plane. Miscellaneous Applicatior
Write an equation of the graph. 58. Shooting an Arrow As:

angle with the horizontal

yz 44. YA y = ax* + x + c. Use the
y T 6 ft and travels a horizont:
i 1 What is the maximum hei
+ T y
} ¥ | l > .x } I T } } x
FIGURE 3.3.12 Graph for FIGURE 3.3.13 Graph for

Problem 43 Problem 44
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15. |y 16

FIGURE 4.1.15 Graph for

FIGURE 4.1.14 Graph for Problem 16

Problem 15

/\\ |

FIGURE 4.1.16 Graph for
Problem 17

17. v

@ \\ g
FIBURE 4.1.17 Graph for
Problem 18

In Problems 19-40, proceed as in Example 2 and sketch the graph of the given polynomial
n ]

function f.

19. f(x) = x* — 4x

.@f(x)= —x3 + x> + 6x
L 23, f(x) = (x+ D)(x — 2)(x — 4)
25, f(x) = x* — 4 + 3x°
27. f(x) = (x> — x)(x* — 5x + 6)
\29.f(x) = (x* — D(&* +9)

D f() = —x* +24% — 1
33, f(x) = x* + 3%°

L f(x) =9% — x°

> ?Exi = x>+ Tx* + 12x

24. f(x) = 2 —x)(x + 2)(x + 1)
26. f(x) = x*(x — 2)?

28. f(x) = X*(x* +3x +2)

30. f(x) =x*+ 52— 6

2. f(x) =x*—6x*+ 9
G f(o) = x(x - 2)°

A

y
1,2 1 o 7
‘ f =X

_7 R i

(-2,-2) 2]

FIGURE 4.1.18 Graph for Problem 41

g

3
36. f(x) = (x —2)° — (x — 2)
S = (x+ DX~ 1)°

35. f(x) =% — 4x°
- 37. f(x) = 3x(x + D*(x — 1)?

\

(38;
Sﬂff(x) =x(x + D*x — 2)(x — 3)

41. The graph of f(x) = x* — 3x is given in FIGURE ::L}.(‘:s). 'y
he figure to obtain the graph of g(x) =fo+2. 4
El?\ Ei?ntg f)nll%/ the eranh obtained in nart (a) wrife an eauation. in factored form

- 39. f(x) = —3x%(x + 2)3(x — 2)?
(1,-2)

46. Consider the polynomiai rur
positive integer. For what va
cross, the x-axis at (2, 0)?

47. Consider the polynomial fung
positive integer. For what val;

48. Consider the polynomial fun
are positive integers.

(a) For what values of m doe
(b) For what values of does

- Miscellaneous Applications

49. Constructing a Box An opel
cardboard by cutting a square
sides. See FIGURE 4.1.20, If the
the volume of the resulting bo

Vix) =
Sketch the graph of V(x) for x

50. Another Box In order to hold
or some other fastener at the ¢
be made by cutting out a squar

piece of cardboard, cutting on
shown in FIGURE 4.1.21. Find a T

the resulting box if the origina]
graph of V(x) forx > 0.

For Discussion

51. Examine Figure 4.1.5. Then di;
functions that have no rea] Zero
52. Suppose a polynomial function
behavior that its graph goes doy
X — . Discuss possible equati

53. f(x) = ~(x — 8)(x + 10Y%
S f0) = (x = 5)2(x + 5)% [



(1) = 28 + 4 — 3x + 5 g(x) = (x + 2)?
) =x+x>+x+1: g(x) = (2x + 1)?
(x) =278 + x — 2, g(x) =3x* — x

0 =x"+8 gx) =x +2x—1

(x) = 6x° + 4x* + 3, gx) =x-2

() =525 — X5 + 104* + 3¢ — 2x + 4; g(x)

'sing Synthetic Division to Evaluate a Functii
find £(2) for

=x*+x-1
56+4x5+x4—-8x3~6x2+9.

+ including 0 as the ¢ () =20 ~dx+6 x-2 (
=3+ Tx~1; x+3 B
x)=x3_4x2‘+ S5x + 2; x——% \ L(ﬂﬂgﬁ
x)=5x3+x2——4x—6; x+1 Z P
X)=X4—x3+2x2+3x-—5; x=3 |
D=2 =T +x—1; x+3 \

i

l

lems 17-22, proceed as in Exam

ple 3 and use the Remainder Theorem to find
r the given value of c.

"\(x)=x3+3x2+6x+6; c= -5

) =2 =72 + 13x — 1545 = 5. () =156 + 17x* = 30; ¢ =1

ion = 3x* — 557 + 20; ¢ %
) = 14x* — 60x° + 4952 — 21x +19; c¢=1
-7 13 —15
5 —-10 15

. ' \;:-“:“m-m
oblems 23-32, use synthetic division to find the quotient q(x) and remainder r(x) | “‘;«\)

5 3 [0 -, f(x) is divided by the given linear polynomial.

=2 —x+5 x-2 24, f(x) =42 —8x + 6, x—1
=X -x+2; x+3 \26)f(0) =4x’ =32 + 2x + 4, x -7
=x*+16; x—2 .f(x)=4x4+3x3-x2-—5x~6; x+3
() =x"+56x> -4, x+4 307 () =2x° + 36 —4x® — 1. x4 1
(x)=x3~(2+\/§)x2+3\/§x—-3; x =3 ’

(x)=x8~38; x—3

>) = 0 shows that 5 is a zero of the given f
1ally that fis evenly divisible by the linear

5isafactor of £. The synthetic division sho
iivalent to

blems 33-38, use synthetic division and the Remainder Theorem to find f(c) for

v 5)(x° = 2x + 3).
3 =4 =2 +9; = -3
er explore the use of the Division Algor

ling zeros and factors of a polynomial func x) = 14x* — 60x° + 49x% — 21y + 19, c=1"

CTIONS

4.2 Division of Polynomial Functions 241




In Problems 33-36, find the Zeros of
of each zero.

Exercises Answers to selected odd-numbered problems
v begin on page ANS-12.

In P:oblems 1

33. f(0) = x(4x - 5)2(2x — ; )3

35. f(x) = (9x% — 42
—0, determine whether the indicated real number is a zero of the given

T ~ polynomial function £, If yes, find all other zeros and then give the complete factoriza- In Problems 3 7and 38, find the val
jg % ( {) onof f(n). J(x). Then give the complete facto;
; ;o o, =N
VA ' 37. 3: =243 _n.2
q -7 LG f() =48 — 92 4 6x — 1 //2-\\%1? fx) =22 = +32x— 16 S =20 0 4 g
-hen X 35 f() =% — 6%+ 6x+5 4.3 f)=x =33+ 4x - 12 In Problems 39 and 40, fing apolync
. % tﬁ»«* VINGAY ~% f(x) =33 — 102 — 2x + 4 6./=2; f(x) = x> — 4x® — 2x + 20 18 given in the figure,
TN e ‘ 39. degree 3
< o AL N v In Problems 7-10, verify that each of the indicated numbers are zeros of the given poly- y
E ) Q;Y < s nomial function f. Find all other zeros and then give the complete factorization of f(x).
,%M‘N\‘; \S Y T”3,5; fx) = dx* — 8¢ — 612 + 2x + 15

8. 5% f(x) =8x" — 3008 + 232 + 8x — 3
9 1, =5 (multiplicity 2);  f(x) = 9% + 69> — 2952 — 41x — 8
%M 10. —=V5,V5; f(x) =36 + 2 — 1722 — 5 + 10

In Problems 11-16, use synthetic division to determine whether the indicated linear

FIBURE 4.3.1 Graph for Problem 39
W 5 ' polynomial is a factor of the given polynomial function J-If yes, find all other zeros :
-%/ g and then give the complete factorization of f(x).
\ Lx =5 =22+ 6x-25 1234+ L ) =102 — 275 4 11
x—1; fO)=x+x-2 4. x+3 fO=28-2+x+1

For Discussion

41. Discuss:

(a) For what positive integer valy
(b) For what positive integer valy
Suppose fis a polynomial functio;

15.x-%; f(x)=3x3~3x2+8x—2\ii>y—2; fx) = x> — 6x*— 16x + 48

In Problems 17-20, use division to show that the indic
given polynomial function /. Find all other zeros

. X tion of f(x).
- 08 i :

DVide &5 s o )= 2); F0) = = 38+ 6 — 12 + g T ave three complex zeros? py

x ?’M ‘ 5\,( A‘. l 1% 203 — 1, PO =3 78 b5 o . cubic polynomial function be are¢

o y 19. (x = 1% Ffx) = 24* + 5 — 52 — x + 3 43. Whitis the smallest deg{ee thata
\ﬂl%‘b Q (\\(\) 20. (x + 3)2; f(x) = =48 — 2052 + 84x + 261 can have such that | + L1s a comp.

< Letz =g + p;. Show that 7 + Z al
cLetz =g + p; Use the results of]

Jlx) = (
is a polynomial function with rea] c
- Try to prove or disprove the followi

ated polynomial is a factor of the
and then give the complete factoriza-

42,

In Problems 21-26, verify that the indicated complex number is a zero of the given

polynomial function . Proceed as in Example 7 to find all other zeros and then give the
complete factorization of f(x).

21 265 f(x) = 3% = 522 + 12x — 20
22. 30, f(x) = 122° + 8% + 3r + 0
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ive number from E . : . .

nly numbers that hother words, g(x) = 12f(x). If ¢ is a zero of the function 8, then c is also zero of f

division ause g(c) = 12f(c) = Oimplies f(c) = 0. After working through the numbers in
he list of potential rational zeros

P 1 43 49 4.1 43 4,9 1 3 9
_,S—‘. +1, +3, +9, t§= i'?:, ii’ ig, ig, "_."g, iﬁ, il—O’ ifa,

¢ find that -—% and% are zeros of g, and hence are zeros of f.

R Exercises Answers to selected odd- numbered problems
begin on page ANS-13.

zated zero. Using

g

5x—3x + 8x + 4 2. fx) =23 + 32— x + 2
P —8x—3 fx) =2x3 — 7% — 17x + 10
4x* — T + 5x — 1 8x* — 2% + 154

=x*+ 2% + 1062 + 14x + 21 F(x) = 3x* + 522 + 1
n that =6x* — 5x° — 2 — 8x + 3 . (x)—-x + 2% — 2% — 6x — 3 W«-&@w _H/\?’“\

= x* + 63 — Tx (12.iff(x) — 22 — 12x.

v =x + x4 - 5x3 + %% — 6x 14. f(x) 128x -2
>an conclude tha : =+ -3 16. f(x) = 0.2x> — x + 0.8 : T
| 258 4 +06x + 0.1 18. f(x) =3 + 3 + 3x + - Mii"g
s 1 ¢ €

=6x" + 2 — PP — L+ L 20. f(x) = x* +3x° + 3% — -»n\@ C(\«j%"m% C ot
10ssible rational ze
are 0. Thus f has -
-one real zero a =8x +5x* — 11x + 3
utility we obtai ) 6x° + 23x* +3x — 14
= 2 cannot tur - = 10x* — 33x> + 66x — 40
hat graph crosse = x' — 2% — 23x% + 24x + 144
t with the end behave & )= T 4 — 627 — 24 T 5% F 20 )
s irrational real ; B T =180+ 1587 F 475 — 30 = T1x + 3

i i - A — &t =24 + 4002 - 12 N L (4 ¢ T\

:an approximate b ‘ ' 6x° + 11x* — 3x% — 242
—1.34, —0.25, ; 16x° — 24x* + 25x° + 39x% — 23x + 3

6 — 12x* + 48x* — 64

4.4 Real Zeros of Polynomial Functions
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2. y = 2is a horizontal asymptote for the graph of f

X 10 1_00 1000 ‘10,000 100,000
f(x) | |

X —-10 —100 | —=1000.| -10,000 | =100,000
f(x)

In Problems 3-22, find the vertical and horizontal asymptotes for the graph of the given
rational function. Find the x- and y-intercepts of the graph. Sketch the graph of f.

1 4
3-f(x)=';‘;—2 4-f(x)-“—x+3
X __x
5. f(x) =TT 6. f(x) ;x;Z
AN 4x — 9 _
(o= 42 -2
9. flx) = 2 @<x>=——’f—;—
’ x+1
1 N 4
11. f(x) = m 12. f(x) = (x + 2)°
8
13. f(x) = % 14, f() =
y : x?«
15, f(x) = x—z—’f—_—l— 16. f(0) = 5
- 1 ~ 1
17. f(x) = m 18. f(x) = —’—*—‘—xz 1_6 Py
1 — % 16
19. f(x) = —;zi 20. ) = 5
-2x% + 8 » _x(x = 5)
21. f(x) = —(;—xj—l—); 2\ f() = e

In Problems 23-30, find the vertical and slant asymptotes for the graph of the given
rational function. Find the x- and y-intercepts of the graph. Sketch the graph of .

2 =0 ¥ —3x—10

Il
Il

@)ﬂ” ; 247 (x) .

X - 2x
x+ 2
— (v — 112

i
Il

2 S
25, f(x) xi 5 @ f(x)

V2w =2

In Problems 35 and 36, find the |
a graphing utility to obtain the gra

¥ =32+ 2x
35. = s
£ x” + 1
In Problems 37-40, find a ratio
no unique answer.

37. vertical asymptote: x = 2
horizontal asymptote: y =
x-intercept: (5, 0)

39. vertical asymptotes: x = —
horizontal asymptote: y =
x-intercept: (3, 0)

In Problems 41-44, find the asy
function. Find the x- and y-inte

P -1
WS ="y
x + 1

43. f(x) =

x(x* + 4x + 3)
Miscellaneous Applications

45. Parallel Resistors A 5-oh

as shown in FIGURE 4.6.11. T
resistance r (in ohms) of th

Sketch the graph of R as a f
resistance R as r becomes v
46. Power The electrical powe

where E is the voltage of th
resistance in the circuit. Sk
E = S5voltsandR = 1 ohn
47. lumination Intensity Th
point is directly proportion:
tiona] to the square of the d
strengths 16 units and 2 uni

tha intancita T af amer saniod T



