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Problems 5-8 refer to the graphs of functions f g h and k B
shown below. - _

Use synthetic division and the remainder theorem in Prob-

f(f g(x) lems 23-28.
1 T 23. Find P(—5), given P(x) = 227 + 8x — 6.
24. Find P(2), given P(x) = 3 — 4y + 2,
\ = Cox X 25. Find P(—4), given P(x) = 4x* + 126" — 8x + 25.
7 > >
\ \ 26. Find P(—3), given P(x) = 5x' + 14¢* + 3x + 10
- 27. Find P(3), given P(x) = 2x* — 5¢" + 2¢° — 11y ~ 14,
‘ Find P(—6), given P(x) = I+ B+ 4y — T
h(x) k(x) I Problems 29—44, divide, using synthetic division. Write
4 4 the quotient, and indicate the remainder. As coefficients get

more involved, a calculator should prove helpful. Do not
round off —all quantities are exact.

29, (2 =52 +3)+(—1)

i > 30, Gx' —2r—5) = (x+ 1)
31 (¢ — 16) = (x + 4) 32 (F -3+ (x—2)

33 4y -0t~ 8 — v —T) v — 3)

M. 2 +oed A —Sx+ T T (+3)
5. Which of these functions could be a second-degree

polynumial‘? 35. (0 + T+ 00— —50+Kx+5)

6. Which of these functions could be a third-degree (360" + 627 + 2x' + 1260 =3y = 18) + (x + 6)
polynomial? 37. (20 + 00 + 58 —dx+ D) = (v +3)

7. Which of these functions could be a fourth-degree 38. ¢t + 5+ Sv+8) (v + )
polynomial? .

39, B+ 50— S+ 10— D+ (=)
8. Which of these functions is not a polynomial? R .
40, (4t — 1l + 18 —Sx +4) = (v —3)
In f’mhlf’m.\' 9~l16, (ll\‘l(lf‘. using algehrau: long division. AL (5¢ = dv 4+ 2x— 5) = (v = 0.2)
Write the quotient, and indicate the remainder.
, 42, At -4+ 5+ 8 (v + 0
9. (-4 =@+ 10. (@ +4) =~ (a+2) 2 B¢ —deH S B = ot 08)

3. (55° 4 20 + 4y + 6xF — 6) + (v + 0.6
1. (b= 6b = 9) = (h—3) 43, (5x vt 4y 6x 6) + (x + 0.6)

(10 — 4t + 20 +dx — ) = (v - 0
12. (b — 6b +9) = (b —3) 44, (10x 4x 2x 4x — 1) = (x — 0.4)

In Problems 45-52, graph each polynomial function using
synthetic division and the remainder theorem. Then describe
14. Q¥ + 4y — P —8) = (x — 2) each graph verbally. including the number of x intercepls.
the number of turning points, and the left and right behavior.

13. Qe+ 2+ — )+ )

15, (1 + 8 — 4y = 2n +(2y t 1)
#*Check your work in Problems 45-52 by graphing on u

3 et — Ty = 2y —
16) (3 + 8! = 637 = Ty) = (2y = ) graphing wtility.

In Problems 17-22. use synthetic division to write the quo- 15 PR =0 -5+ 2x+ 8 -2=x=5
tient P(x) = (x — r) in the form P(x)/(x — r) = Q(x} + . N
Ri(x — r). where R is a constant. 46, Py) = 2"+ 22— 5y — 6, —4=x=3
17. (4 4y — 15) = (x — 3) 47. P(x) = A4l —-x—~4, —S=x= 2
18. (¢ —2x— D+ (x—4) 19. A —x—T) +(x+2) 48, Py =x' — 2¢' = Sx + 6, -3=svy=4
20. (4¢ + 18x +4) ~ (x +5) 19 Py = X +27 -3 —2=x=3
21, 2 + 3 =8y + Y= (v + 3) . . S .
#Please note that use of a graphing utility is not required to com-
22, Bt -4 - Tv D (v —2) plete these exercises. Checking them with a g.u. is optional.




19. 3 =5 —dv + 6, v + |

20. P -5 —4dv+ 6,0 —

B

For each polynomial in Problems 21-26, list all possible
rational zeros (Theorem 6).

21, Py =x'— 32+ 2v — 10
22, P(x) ="+ 5¢° — Qv + 14
23, Py =2+ 0 - 60 + 5
24, Py =3¢ — 207 — 4y + 2
25. P(x) = 6x* + 53 + 2 — 25

26. P(x) = 10 + 2¢* — Ty — 9

In Problems 27-32, write P(x) as a product of linear terms.

27. P(x) = x* + 9x? + 24x + 16: ~ 1 is a zero
28. P(v) = x* — 4x* — 3x + 18; 3 is a double zero
29, P(x) = ' = L; Land ~ | are zeros

30. P(x) = x'+ 2x° + ;7 is a double zero

31 P =20 = 176 + 90 — 41; L is a zero
32, P(x) = 3x' — 1002 + 31 + 26; ~% is a zero

In Problems 33—-40, find all roots exactly (rational, irra-
tional, and imaginary) for each polynomial equation.

B2 -T2+ 2 +6=0

4. 20 - T —6x— 1 =0

[+ -2 -6 —-3=0

36. ' — I+ 12v +4 =0

37. VA 2~ 10— 18y +9 =0

38 V' -2+ 9+ 2y~ 10=0

39 2%~ =50+ 10 - 2x — 4= 0

40. 3¢ + 100 4+ 4 = 2002 — Tx + 10 =0

In Problems 4148, find all zeros exactly (rational, irra-
tional, and imaginary) for cach polynomial.

4L P(v) =" + 502 — 2v — 24

42, P(x) = ' — 4 — 9y + 36

43, P(x) = v — 3.3x" + 2.3 + 0.6x

44. P(v) = ~ 410 + 00187 + 1.2¢

45 P(O) = x' — 20~ 4+ 30x + 9

46. P(x) ="+ 9¢  + 232 + 8x — 16

47. P(r) =33 = 2v0 + 60' + 2007 — x — 10
48. P(x) =40 — I8 + 24 — Tx? — 4y + 4
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In Problems 49-54. write each polynomial as a product of
linear factors.

49,
50.
51,
52
53.
54.

Py =6x" + 19x2 + 1y — 6

Px) =6 — l1x? —dx + 4
PROy=x'—1v—13x -3
Px)=x'— 4y +2v+ 4

P(x) = 4 — 40" — 192 + 160 + 12
Py =4+ 16X+ 72— 18y — 9

In Problems 5560, solve each inequality (sce Section 2-8).

55.
51.
59.

=4y -1 56. 1> 20+ |

NH3I=32 4y 58. Ox + 9 <= 4P +

28+ 6= 130 — & 60. 5¢° — 3 < 10y — 6

In Problems 61-64, multiply.

61.
62,
63.
64.

C.

v — (@4 = SHl{y — (4 + 5]
[x = (5 + 20)]lx — (5 — 2]
lx = (@ + bD[x = (a — bi)]
(v = bi)x + bi)

In Problems 65-70, find all other zeros of P(x), given the
indicated zero.

65.
66.
67.
68.
69.
70.

P(x) = 2 + x + 10: | + 2i is one zero

P(x) = x* + 22° — 3x — 10, =2 + i is one zero

P(v) = v + 4x* + 9x + 36: — 3/ is one zero

P(x) = v — S + 4x — 20; 2i is one zero

P(v) = % — 8x% + 2402 — 200 — 13: 3 — 2/ is one zero

Py = x* — 6 + 1932 — 424 + 10; 1 — 3/ is one zcro

In Problems 71-74, solve each inequality (see Section 2-8).

71. =
2+ 5% - 2v =5

73.

4 7
20 T e =0
20— v — 8y + 4

14 4 4x — 2] =0
RS S A Sy A LA

F=3x-10
Y4+ 6

Problems 75-80 require the use of a graphing utility. Graph
the polynomial and use the graph 1o help locate the real
zeros. Then find all zeros (rational, irrational, and imagi-
nary) exactly.

75.
76.
77.

@ P() = 63" + 35 + 207 — 233y — 360

P(x) = 3% — 370 + 84xv — 24
P(x) = 2x* — 9x* — 2¢ + 30
P(x) = 4x* + 4% + 4917 + 64y — 240
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79. P(x) = 4 — 440 + 145x2 — 192x + 90
@ Py) = 2% — 60 + 6x° + 28¢ — 7240 + 48

81. The solutions to the equation ¥v* — | = 0 are all the cube
roots of 1.
(A) How many cube roots of | are there?
(B) 1is obviously a cube root of 1; find all others.

82X The solutions to the equation x* — 8 = 0 are all the cube
roots of &.
(A) How many cube roots of 8 are there?
(B) 2 1s obviously a cube root of 8: find all others.

83, If P is a polynomial function with real coefficients of de-
gree i, with 7 odd, then what is the maximum number of
times the graph of y = P(x) can cross the v axis? What is the
minimum number of times?

84. Answer the questions in Problem 83 for n even.

85, Given P(x) = x* + 2ix — 5 with 2 — | a zero. show that
2 + iis nota zero of P(x), Does this contradict Theorem 47
Explain.

86. 1f P(x) and Q(x) are two polynomials of degree n, and if
P(x) = Q(x) for more than n values of x, then how are P(x)
and Q(x) related?

APPLICATIONS %

Find all rational solutions exactly, and find irrational solu-
tions to two decimal places.

87. Storage. A rectangular storage unit has dimensions | by 2
by 3 feet. If cach dimension is increased by the same
amount, how much should this amount be to create a new
storage unit with volume ten times the old?

88. Construction. A rectangular box has dimensions 1 by 1 by
2 feet. If each dimension is increased by the same amount,
how much should this amount be to create a new box with
volume six times the old?

* 89. Packaging. An open box is to be made from a rectangular

piece of cardboard that measures 8 by 5 inches, by cutting
out squares of the same size from each corner and bending
up the sides (see the figure). If the volume of the box is to
be 14 cubic inches, how large a square should be cut from
cach comer? |Hint: Determine the domain of x from physi-
cal considerations before starting. |

X X

* 90. Fabrication. An open metal chemical tank is to be made
from a rectangular piece of stainless steel that measures 10
by 8 fect, by cutting out squares of the same size from each
corner and bending up the sides (see the figure). If the vol-
ume of the tank is to be 48 cubic feet, how large a square
should be cut from each corner?

SECTION 4 "3

» Locating Real Zeros

» The Bisection Method
« Approximating Real Zeros Using a Graphing Utility

« Application

Approximating Real Zeros of Polynomials

The strategy for finding zeros discussed in the preceding section is designed 1o find
as many exact real and imaginary zeros as possible. But there are zeros that cannot
be found by using the strategy. For example, the polynomial

Pxy=x"+ x — 1

must have at least one real zero (Theorem 5 in Section 4-2). Since the only possible
rational zeros are *1 and neither of these turns out to be a zero, P(x) must have at
least one irrational zero. We cannot find the exact value of this zero, but it can be
approximated using various well-known methods.




In Problems 5-12, find the domain and x intercepts. Do not

graph.
5. fiv) 2v—4 6. o v+ 6
9. RY = . ¥ .' el
’ v+ £ A=
RS | =36
7. vy = = 8. Av) = —
A o 6 W A 25
M- xv—6 A= 12
9. ry) = = — 10. s(v) = —5—r
e o — 12 L At u—6
X s
1. Foy = —— 12. Gly) = —
(v) T3 5{(X) FETA

In Problems 13-20, find all vertical and horizontal asymp-
rotes. Do not graph.

13, fv) = 2 14, i(v) = A

A T S
lsun:%§§% 1amn=%ﬁua
17 = e T
19. 10 = 7 A("\;\ — 20. g(v) = TT%J:T

B

In Problems 21-40, use the graphing strategy outlined in
the text to sketch the graph of each function.

Check Problems 2140 on a graphing uriliry.
M. flo = —— 22. ¢t = —
A - &= v+ 3
R§ RE
23, flyy = ——  fl) = ——
S vt 24 Jw v—3
S v
25, vy = -—— . py) =
A 26 P =
. 2v— 4 . v+ 3
27, fly == Qégﬂn="\
X+ 3 2—u

[J

) . RS
53 f(x)y = ——
Ry

335
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- i X+
29, gv) = 30, fly) = —
- e
3L £ 0 32, o) = —
Sy = 32, g(v) = —
T =9 § R g
. Ry AN
33 fy = ——r M. pv) =
R | I —
2 X
35, g(v) = — 36. f(v) = —
S. g(v) Ep §18%) e
37. f(x) = e 38. f(v)y = S
"j*%_ux+5f ..jA‘*Q(M3f
e rHov+8
¥ Sy 40, fly) =
9 S AT+ 10 J -y —=2

41U A0 = a()/dx). where n(x) and d(v) are quadratic func-
tions, what is the maximum number of v intercepts f(v) can
have? What is the minimum number? Hlustrate both cases
with examples.

420 I f(0) = n(o/d(x), where n(x) and d(v) are quadratic func-
tions, what is the maximum number of vertical asymptotes
f(v) can have? What is the minimum number? Hlustrate
both cases with examples.

In Problems 4348, find all vertical. horizomal, and oblique
asvmprotes. Do not graph.

43 fo = 2 m 3
3f == gy =
P p— 46, g =
. ply)y = — . gly) =
! KEIRa | ¢ -8
20 =30+ 5 “3 5+
47, rny = 2 48, siyy = ———

RY

In Problems 49-52, usce a graphing wiility to investigate the
behavior of cach function as x = * and as x — —=, and 10
Sind any horizomal asymptotes.

49, fo) = —% 50. f(v) = —
S =T - S = e
Ny -4 Ivie + 1
SI f = B4 52, f1n) = =
A

c.

In Problems 53-58. use the graphing strategy outlined in
the text to sketch the graph of each function. Include any
obligue asymprotes.

Check Problems $3-58 with a graphing utility.

-
54. g(v) = “\—‘
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EXERCISE 5‘1

A

In Problems 1-10. construct a table of values for integer
values of x over the indicated interval and then graph the
Sfunction.

1. v=3%[—3. 3] 2. y=35%1-2.2]

y=r=3"2(-33 4 y=()y=5[-22
Cglv = =3 1 {-3.3] 6. f(x) = =51 (=2.2]
8. flv) = 450 1-2.2]

5
7. hivy = 5(34):1—3. 3]
9 10. v = 5"+ 4;[—4.0]

Ly =305 =6,0]

In Problems 11-22, simplify.

33\ N
H, 224 = 12, 57 50 ® 13. FYIEN
14 7 15. 4 16. (v
T 5.4y . (Y
i S\ 3
17. (108 (100y? 18. 22 19, (4-)
3:‘ - '(l ",7{(' "\ o "h‘l": :
20. ~~) 21, ( ,~—> 22, ,*—)
(7“ a ‘b’ a bt
B _
In Problems 2334, solve for x.
23. 33\ S = 341‘1 24 4)\ L — 41\ 2
25. 100 =100 26. 50 T =5""7
27. 2x+ 1) =% 28. v — 1)Y= -32
29, 5% =25 30. 4> = 16n !
31 40t =8 32, 100 = 1LO00
331000 = 10™ ¢ M. 3 =9

#n Find all real numbers « such that ¢ = ¢, Explain why
this does not violate the second exponential function prop-
erty in the box on page 358.

@ind real numbers « and » such that a#b but ¢ = b'. Ex-
plain why this does not violate the third exponential func-
tion property in the box on page 358.

Graph each function in Problems 37-46 by constructing a
table of values.

~ ECheck Problems 37460 with a graphing utiliry.,

37. Gy = 37 38, fey =210 39. vy =113 )

“Please note that use of graphing utility is not required to complete
these exercises. Checking them with a g.u. is optional.

40. v =702 ) 41 gy) =2 M 42. foy =2¢
43, y = 1,000(1.08)" 44. y = 100(1.03y
45 y =27 =3

v
Cc _

In Problems 47-50. simplify.

47. (6'+ 6 N6 — 6 Y 48. 3 -3 3+ 3
49. (6" + 6P —(6'—6 ') 50, (3' =37 + (3 + 3

Graph each function in Problems 5154 by constructing a
table of values.

J. Check Problems 51-54 with a graphing wtiliry.

51 m(x) = x(3°9 52. h(x) = x(2Y

o2} o R ‘;\+3\

2'+ 2 ;
53, flvy = — 54. g(x) =

2 2
In Problems 55-38:

(A) Approximate the real zeros of each function to two decimal
places.

(B) Investigate the behavior of each function as v — = and
x — —= and find any horizontal asymptotes.

55. fy =3 =5 56. fx) =4 +2

57. f(y=1+x+ 100 58. f(v)y =8 — 2+ 2

5
APPLICATIONS %

59. Gaming. A person bets on red and black on a rouletie
wheel using a Martingale strategy. That is. a $2 bet is
placed on red. and the bet is doubled each time until a win
occurs. The process is then repeated. If black occurs n times
in a row, then L = 2" dollars is lost on the nth bet. Graph
this function for 1 = n < 10. Even though the function is
defined only for positive integers, points on this type of
graph are usually jointed with a smooth curve as a visual
aid.

60. Bacterial Growth. If bacteria in a certain culture double
every % hour, write an equation that gives the number
of bacteria N in the culture after 7 hours, assuming the cul-
ture has 100 bacteria at the start. Graph the equation for
O=t=S.

61. Population Growth. Because of its short life span and fre-
quent breeding, the fruit fly Drosophila is used in some ge-
netic studies. Raymond Pearl of Johns Hopkins University,



