Do in a paper 
Section 3.4: 15-53 EOO (Every Other odd) 15,19,23,27,31,35,39,43,47,49,53
Section 3.5: 7-63 EOO 7,11,15,19,23,27,31,35,43,47,49,53,57,63
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3.4 EXERCISES

CONCEPTS
1. If the polynomial function
P(x) = ax" +a, x"' 4 tax+ta

has integer coefficients, then the only numbers that
could possibly be rational zeros of P are all of the

p
form 2, where p is a factor of and gisa

factor of
P(x) =62 + 5.

2. Using Descartes’ Rule of Signs, we can tell that the
polynomial P(x) = x° = 3x* + 26> — x® + 8x — 8 has

Lor positive real zeros and
negative real zeros.

3. True or False? If ¢ is a real zero of the polynomial P, then all
the other zeros of P are zeros of P(x)/(x — c).

4. True or False? If  is an upper bound for the real zeros of the
polynomial P, then —a is necessarily a lower bound for the
real zeros of P.

SKILLS

5-10 = Possible Rational Zeros  List all possible rational zeros
given by the Rational Zeros Theorem (but don’t check to see
which actually are zeros).

5. P()=x -4 +3
6. 0(x)
7. R(x) =207 +3¢ + 47 - 8
8. S(x) = 6x' — X+ 2x + 12
9. T(x) = 4x' —2¢* — 7

10. Ux) = 126 + 6x° = 2x — 8

—3 -6+ 8

11-14 = Possible Rational Zeros A polynomial function P and
its graph are given. (a) List all possible rational zeros of P given
by the Rational Zeros Theorem. (b) From the graph, determine

which of the possible rational zeros actually turn out to be zeros.

1L Px) =50 = x* = 5+ 1

12 P(x) =35 + 4

1. P(x) =20 — 97 + 9 +x - 3

4. P(x) = 4x* =

15-28 W Integer Zeros  All the real zeros of the given polyno-
mial are integers. Find the zeros, and write the polynomial in fac-

tored form.
S5 P(x) =+ 22 - 13x + 10
16. P(x) = x* — 4x? — 19x — 14
17. P(x) =x* + 3x — 4
18 P(x) =~ 3x -2
19. P(x) =2 = 6> + 126 — 8
20. P(x) = x> + 127 + 48x + 64
21 P(x) = x* — 19x - 30

22, P(x) = x* + 11x% + 8x — 20
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23, P(x) = x* + 327
24. P(x) = x* — 4x?
25 P(x) =x* - 5x*+ 4
26. P(x) =x' - 20 -3¢ + 8r - 4
27. P(x) = x* + 627 + 7.
28. P(x) =
29-44 = Rational Zeros Find all rational zeros of the polyno-
mial, and write the polynomial in factored form.

®.29. P(x) =4x' =372 + 9
30 P(x) = 6x* = 235 — 13x> + 32x + 16
31 P(x) = 3x* — 108 — 9% + 40x — 12
32 P(x) =200 + T+ dx — 4
33 Px) =4’ + 4 —x— 1
3. P(x) =20~ 3¢ - 2+ 3
35 P(x) =40~ Tx + 3
36. P(x) = 12" = 25 + x + 2
37. P(x) = 242" + 108" — 13x — 6
38. P(x) = 120" — 202 + x + 3
39. P(x) = 2" — 7' + 3% + 8x — 4
40. P(x) = 6x* = ¥ = 1227 + 3x + 2
41 P(x) = ¥ + 3t - 0 = 3162 + 36
42. P(x) = -2
43. P(x) = 32° — 14x* — 14x° + 3627 + 43x + 10

—6x—8

—23x% = 3x + 90

44, P(x) = 20 = 3¢° — 13x" + 2967 — 2707 + 32x — 12

45-54 m Real Zeros of a Polynomial  Find all the real zeros of
the polynomial. Use the Quadratic Formula if necessary, as in
Example 3(a).

S5 P(x) =3 + 50 — 2 — 4

46. P(x)

3x' = 57— 1667 + Tx + 15

47, P(x) = x* — o' + 4%+ 1sx+ 4
48. P(x) =x* + 20 — 2x - 3x + 2
49. P(x) = x* = T + 142> = 3x - 9
50. P(x) =x° —dx* — 2P+ 1027 + 2x — 4

51 P(x) =4x’ —6x" + 1

52, P(x) =3¢ — 50— 8x -2

53, P(x) = 2" + 1507 + 17a? + 30 — 1

54. P(x) = 4x° = 18" = 60" + 91x® = 60x + 9

55-62 w Real Zeros of a Polynomial A polynomial P is given.

(a) Find all the real zeros of P. (b) Sketch a graph of P.
*.s5 P(x) =

56. P(x) = X'~ 2 + 51+ 6

57, P(x) =20 — T + 4x + 4

— 3 —dx+ 12

.63, P(x) =

Page view AY Read aloud V Draw v

58. P(x) = 32" + 17x% + 21x — 9
59. P(x) =x* — 50+ 6x¥ + 4x — 8

60. P(x) = —x* + 102 + 8x — §
6l P(x) =x" —x' =50+ X+ 8x + 4
62. P(x) =

—xt -6t 14 - 1+ 3

63-68  Descartes' Rule of Signs  Use Descartes’ Rule of Signs
to determine how many positive and how many negative real
zeros the polynomial can have. Then determine the possible total
‘number of real zeros.

—x-x-3
64. P(x) =20 =X+ 4x = 7
65. P(x) = 22® + 5¢* — x* — 5x —

66. P(x) = x* + 27 + 2%+ x + 12

68. P(x) =x" - +x' -+t —x+ 1

69-76 = Upperand Lower Bounds  Show that the given values
for a and b are lower and upper bounds for the real zeros of the
polynomial.

“69. P(x) =2 + 52 +x—2 a=-3.b=1

70. P(x) -2 -9+ 2x+8 a=-3b=5
71 P(x) = & + 105

30+ 9 a=-3b=2
72 P(x) =3 — 170 + U — 9+ I a=0,b=6

T3P() =axt 420+ 3+ S5 — 1 a=-2b=1

74. P(x)
75 P(x) =2 —6x' + X'~ + 3 a=-1b=3
76. P(x) =3x* —5° ~ 2 +x— I, a=-1b=2

X430 -4 -2 T a=-4b=2

77-80 ® Upperand Lower Bounds  Find integers that are upper
and lower bounds for the real zeros of the polynomial.

71. P(x)
78. P(x) = 20" — 32 — Re + 12
79. P(x)
80. Px) =

—3+4

-2 -9t 2

—xt 1

81-86 w Zeros of a Polynomial  Find all rational zeros of the
polynomial, and then find the irrational zeros, if any. Whenever
appropriate, use the Rational Zeros Theorem, the Upper and Lower
Bounds Theorem, Descartes’ Rule of Signs, the Quadratic Formula,
or other factoring techniques.

SBL P(x) =20 + 30 — 42 =3+ 2

. P(x) = 26* + 150 + 316 + 200 + 4
. P(x) =

82.

83, ' =217 + 5

84, P(x) = 6x* — 7" — 87 + 5S¢
85.

86.

. P(x) = = ' + 90 + 230 - 500 + 24
. P(x) = 8° — 14x* = 22 + 5Ta? = 355 + 6
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3.5 EXERCIS
CONCEPTS SKILLS
1. The polynomial P(x) = 5x*(r — 4)°(x + 7) has degree 7-18 m Complete Factorization A polynomial P is given.
It has zeros 0,4, and The zer0 0 has (a) Find all zeros of P, real and complex. (b) Factor P
— — completely.
‘multiplicity , and the zero 4 has multiplicity ST Px) =+ 4P 8. P(x) =x + 9
Lo P = -2 420 10 P(x) =X+ 2+ x
2. (a) If ais a zero of the polynomial P, then —__ must
be a factor of P(x). 1L P(x) =x' + 26 + 1 12. P(x) -2
(b) If ais a zero of multiplicity m of the polynomial P, then 13 P = x' - 16 RSV
must be a factor of P(x) when we factor P 5
completely. 15, P(x) =¥ + 8 16. P(x)
3. A polynomial of degree n = | has exactly _____zerosif  17. P(x) =x* 1 18. P(x) =%~ 7x* — 8
a zero of multiplicity m is counted m times.
4. If the polynomial function P has real coefficients andif @ + bi 1936 m Complete Factorization _Factor the polynomial
s a sero of P. then s also 2 zero of P. S0 if 3 + 1 completely. and find all its zeros. State the multiplicity of
cach zero.
is a zero of P, then i also a zero of P. )
19. P(x) = 20. P(x) = 45> + 9
5-6 ® True or Fulse? If False, give a reason. .
5. Let P(x) = x* + 1.
(a) The polynomial P has four complex zeros. 24
(b) The polynomial P can be factored into linear factors with 2.
complex coefficients.
27. 28.
(¢) Some of the zeros of P are real.
6. Let P(x) = &' + x. 2. 30. P(x) 729
(a) The polynomial P has three real zeros. ~ap 32. Q) = x' + 1022 4 25
(b) The polynomial P has at least one real zero. L
(¢) The polynomial P can be factored into linear factors with M. Px) =+ 70
real coefficients. 5. 36, PL) = 0+ 165 + 64
Copyrih 2016 ConpeLein 1 Kghs s ey o e, i e n . Do i s, sy ot ey e e el s <),
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294 CHAPTER3 = Polynomial and Rational Functions
37-46 ® Finding a Polynomial with Specified Zeros Find a ST P(x)=x 89 68 Px)=x'+ 83+ 16
polynomial with integer coefficients that satisfies the given
” 69. P(x) = x° — 64
cond
.37, P has degree 2 and zeros 1 + i and 1
38. P has degree 2 and zeros 1 + iV/2 and 1 SKILLS Plus
39. Q has degree 3 and zeros 3, 2i, and —2i. @ 71. Number of Real and Non-Real Solutions By the Zeros Theo-
40, Q has degree 3 and zeros 0 and 7. rem, every nth-degree polynomial equation has exactly n
. ' solutions (including possibly some that are repeated). Some
~41. P has degree 3 and zeros 2 and i. of these may be real, and some may be non-real. Use a
42. 0 has degree 3 and zeros ~3 and 1 + . graphing device to determine how many real and non-real
) ) solutions each equation has.
43. R has degree & and zercs | = 2iand 1 with 1 a 610 of @ xt— 26 — 16+ 12x =0 .
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(b) The polynomial P has at least one real zero. s L
(¢) The polynomial P can be factored into linear factors with 33+ P(¥) =x' + 32 =4 M. Px) =+ 70
real coefficicats. 35 Px) =X+ 67 + 9 36 P(x) =x° + 168" + 64
Coryit 2016 Conga Louming, ALl ighs R Moy b copod, s gl i ol n . Dt o i, e i sty ok ey e g e Bl ndl et
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294 CHAPTER3 = Polynomial and Rational Functions
3746 = Finding a Polynomial with Specified Zeros  Find a 67, P(x) =
polynomial with integer coefficients that satisfies the given
4 69. P(x) =
condition:
.37, P has degree 2 and zeros 1 + i and 1
38. P has degree 2 and zeros 1 + iV/2 and 1 SKILLS Plus
39. Q has degree 3 and zeros 3, 2i, and —2i. @ 71. Number of Real and Non-Real Solutions By the Zeros Theo-
40. 0 has degree 3 and zeros 0 and . rem, every nth-degree polynomial equation has exactly n
. X solutions (including possibly some that are repeated). Some
~41. P has degree 3 and zeros 2 and i. of these may be real, and some may be non-real. Use a
42. O has degree 3 and zeros ~3and 1 + i. graphing device to determine how many real and non-real
i . solutions each equation has.
4. Rh‘Tde.g‘rm; and zeros 1 — 2i and 1, with 1 a zero of @ x - 20— 12+ 12r=0
P I (b) 2 - 20— 1¢ + 120 -5=0
44. Shas degree 4 and zeros 2i and 3i. (© x* — 20 — 112 + 12¢ + 40 = 0
45. Thas degree 4, zeros i and 1 + i, and constant term 12.
) P, 72-74 = Real and Non-Real Coefficients = So far, we have
46. U has degree 5, zeros 3, ~ 1. and i, and leading coefficient worked only with polymomals that have real coefficients. These
4; the zero —1 has multiplicity 2. S I
exercises involve polynomials with real and imaginary
47-64 m Finding Complex Zeros Find all zeros of the coefficients.
polynomial. 72. Find all solutions of the equation.
CULPx)=xP+20 +4x+ 8 (@ 2x+4i=1 (b) X" —ix=0
2+ 2ir 0 @) i~ 2 +i=0
48, P(x) = x' — T+ 17x— 15 (© x+ 2ir @ i =2+
©. P = -2+ 20— 1 73. (a) Show that 2i and 1 — i are both solutions of the equation
2 —(l+ix+(2+2)=0
50. P(x) = x* + 7a° + 18x + 18 (it @+
B but that their complex conjugates —2i and 1 + i are not.
5L P(x) = = 3+ 3 - 2 . .
(b) Explain why the result of part (a) does not violate the
52. P(x) 6 Conjugate Zeros Theorem.
53 P(x) =2 + T 4+ 120 + 9 74. (a) Find the polynomial with real coefficients of the smallest
S0 P(x) =260~ 8% 4 95— 0 possible degree for which i and 1 + i are zeros and in
L which the coefficient of the highest power is 1.
55 P) = x4 T+ 90— 18 (b) Find the polynomial with complex coefficients of the
56. P(x) = x' = 26 = 2 = 2x - 3 smallest possible degree for which i and 1 + i are zeros
7. P(x) =% x4+ 20— T 26— 12 and in which the coefficient of the highest power is 1.
58. P(x) = x°+ x’ + & + 8 [Hint: Factor by grouping.]
59. P(x) = x* — 6x° + 13x° — 24x + 36 DISCUSS DISCOVER PROVE WRITE
60. P(x) =x* —x+2x +2 75. DISCUSS: Polynomials of Odd Degree The Conjugate Zeros
L. P(x) = 4x' + 4x 4 S 4 dv 4 1 ‘Theorem says that the complex zeros of a polynomial with
real coefficients oceur in complex conjugate pairs. Explain
62. P(x) = 4x* + 20" = 2x" = 3x — | how this fact proves that a polynomial with real coefficients
6. Pl 53t 4 120 — 286 4 2Tk — O and odd degree has at least one real zero.
76. DISCUSS = DISCOVER: Roots of Unity There are two ~
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