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Polynomial and Rational Functions

Section 4.1

1.

3. down; 4
4. Local maximum 6.48 at x =—0.67,;
Local minimum -3 at x=2.
10 10
. =
i R
Haximup Hinimura
¥ GEEEEEZ [v=E.4BiNELE =z ¥=-z
-10 -10
5. True: f(x)=0 indicates that y =0 which

°

10.

(-2,0), (2,0), and (0,9)
x-intercepts: let y =0 and solve for x

9x* +4(0) =36

9x*> =36
xr=4
x=12

y-intercepts: let x =0 and solve fory
9(0)* +4y =36
4y =36
y=9

. Yes; it has the form

a,x" +a, X" +..+ax+a, where each q; is a

real number and 7 is a positive integer.; degree 3

indicates that the point is an x-intercept.

. The point (5,0) is on the graph and is the x-

intercept of g .

. smooth; continuous

. touches

(-1.1). (0.0, and (1,1)

a. r is areal zero of a polynomial function f .
b. r is an x-intercept of the graph of f .
c. Xx—r isafactorof f .
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11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

turning points

As X increases in the positive direction, f(x)
decreases without bound.

f(x)=4x+x> is a polynomial function of
degree 3.

fx)= 5x%+4x* isa polynomial function of
degree 4.
-2 1 1,

=———x

2 2
function of degree 2.

g(x)= is a polynomial

h(x)=3 —%x is a polynomial function of

degree 1.

f)= 1= 2124 isnota polynomial
X

function because it contains a negative
exponent.

f(x)=x(x-1)=x*~x isa polynomial
function of degree 2.

g(x)=x*"* —x*+2 is not a polynomial
function because it contains a fractional
exponent.

h(x) =\/}(\/}—1)=x—x”2 is not a

polynomial function because it contains
fractional exponents.

1 . . .
F(x)=5x*—nx*+ > is a polynomial function

of degree 4.
2

F(x)= al 3 > =x"'-5x7 isnota polynomial
X

function because it contains a negative exponent.
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25. G(x)=2(x-D*(x*+1) =2(x> =2x+1)(x* +1)
=2(x" +x7 =2 = 2x+ X2 +1)
=2(x* =23 +2x% = 2x+1)

=2x* —4x® +4x* —4x+2
is a polynomial function of degree 4.

26. G(x)=-3x"(x+2)° =-3x" (x> +6x* +12x +8)

=-3x" —18x* —36x" — 247
is a polynomial function of degree 5.

27. f(x)=(x+D?*

Using the graph of y = x*, shift the graph

horizontally, 1 unit to the left.

y
5
-2, 1 0, 1)
__I_I_I_I_I_>Jc
S L0k 5
sl

28. f(x)=(x-2)°

Using the graph of y = x , shift the graph

horizontally to the right 2 units.

J[_

Using the graph of y = x , shift the graph

29. f(x)=x"-3

vertically, 3 units down.
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30.

31.

32.

YA

f)=x*+2
Using the graph of y = x*, shift the graph
vertically up 2 units.

(-1,3)
O, 2)
RIS I R
-5 | 5
-y
f(X)=%x4

Using the graph of y = x*, compress the graph

vertically by a factor of % .

f=32
Using the graph of y = x°, stretch the graph

vertically by a factor of 3.
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Chapter 4: Polynomial and Rational Functions

y y
5 5
(1,3) 2,3)
0.1 (1,2)
|||(||)|||||>3C
-5 5
(-1,-3)
-5 -5
33. f(x)=-x° 36. f(x)=(x+2)*-3
Using the graph of y = x , reflect the graph Using the graph of y = x*, shift the graph
about the x-axis. horizontally left 2 units, and shift vertically
down 3 units.
Y
5 YA
-5 (0, 0 5 A TENENT A I
’ (1,-1) -5 B 5
|~ (_13 _2)
3, -y §F
- (-2,-3)
5 -5

_ .4
4. f()=-x 37, f(x)=2x+1*+1
. _ 4

Using the graph of y = x™, reflect the graph Using the graph of y = x*, shift the graph

about the x-axis. horizontally, 1 unit to the left, stretch vertically

YA by a factor of 2, and shift vertically 1 unit up.
5 y
B 5
— -2,3) 0,3)
—(0,0)
[ T T -1, 1)
_5 5 I T O I O
(_1’ _1) (1= _1) -5 5
-5+ -5
35 f0=(x=1+2 8. F)=2(x-1 -2
2

Using the graph of y = x , shift the graph ) A
horizontally, 1 unit to the right, and shift Using the graph of y = ", shift the graph

vertically 2 units up. horizontally 1 unit to the right, compress
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39.

40.

41.

vertically by a factor of % , and shift vertically

down 2 units.

Y
5
T A O O A
- 5
2.-1.5)
0,-2.5)F (1,-2)
-5

fx)=4—(x=2)" =—(x-2)"+4
Using the graph of y = x , shift the graph

horizontally, 2 units to the right, reflect about the
x-axis, and shift vertically 4 units up.

¥

T

h
L3S
L2
- (3.3)
1||||_||||1.§
-5 - 5
sk

fO)=3-(x+2)" =—(x+2)* +3
Using the graph of y = x*, shift the graph

horizontally, 2 units to the left, reflect about the
x-axis, and shift vertically 3 units up.

YA
5_
(-2.3)
(3,2) ﬂ/}(‘l* D
[ [ N I A R e
-5 5

f0=a(x=(D)(x-hx=3)
Fora=1:
f@)= (D= =3) = (x* ~1)(x-3)

=x' 322 —x+3

Section 4.1: Polynomial Functions and Models

42,

43.

44.

45.

46.

47.

F0=a(x=(=2))(x=2)(x-3)
Fora=1:
FO) = (x+2)(x=2)(x=3) = (x> =4)(x=3)
=x’ =3x> —4x+12
F0=a(x=(3))(x=0)(x~4)
Fora=1:
£ = (x+3)(0)(x—4) = +3x) (x—4)
=x' —4x? +3x% —12x
=x' —x? —12x
f=a(x=(=4)(x-0)x-2)
For a=1:
FO) = (x+A()(x=2) = (¥ +4x) (x-2)
= x° —2x% +4x* —8x
= x° +2x* —8x
F=a(x—(4)(x—(-D)(x-2)(x-3)

Fora=1:
f)=Ex+dH)x+DH(x-2)(x-3)

=(x2 +5)c-i-4)()c2 —5x+6)

=x" =527 +6xF +5x° —25x% +30x +4x* —20x+24
=x*—15x* +10x+24
fx)=a(x=(=3))(x—(=D)(x=2)(x—5)

Fora=1:
S =(x+3)(x+D(x-2)(x-5)

z(x2 +4x+3)(x2 —7x+10)
=x* =72 +10x% + 4x° - 28%7
+40x+3x% —=21x+30

=x* =3x° —15x% +19x+30
f(x) =a()c—(—1))()c—3)2
Fora=1:
@)= (x+D(x-3)*

=(x+1)(x2 —6x+9)

= —6x> +9x+ x> —6x+9

=x*—5x2+3x+9
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Chapter 4: Polynomial and Rational Functions

48.

49.

50.

51.

52.

f)=a(x—(=2))* (x—4)
Fora=1:
f@)=(x+2)*(x—4)

= (x2 +4x+4)(x—4)
=x’ —4x* +4x* —16x+4x-16
=x —12x-16
The real zeros of f(x)=3(x—-7)(x+ 3)?

are: 7, with multiplicity one; and -3, with
multiplicity two.

The graph crosses the x-axis at 7 (odd
multiplicity) and touches it at -3 (even
multiplicity).

n—-1=3-1=2

The function resembles y = 3x* for large

values of |x| .

The real zeros of f(x)=4(x+4)(x+ 3)3

are: —4, with multiplicity one; and -3,
with multiplicity three.

The graph crosses the x-axis at -4 and at -3
(odd multiplicities).

n—-1=4-1=3
The function resembles y = 4x* for large

values of |x| .

The real zeros of f(x) = 4(x2 +1)(x— 2)}
is: 2, with multiplicity three.
x* +1=0has no real solution.

The graph crosses the x-axis at 2 (odd
multiplicity).

n—-1=5-1=4
The function resembles y = 4x> for large

values of |x| .

The real zeros of f(x)=2(x—3)(x* +4)’
is: 3, with multiplicity one. x*+4=0 has
no real solution.

The graph crosses the x-axis at 3
n—-1=7-1=6

53.

54.

55.

56.

The function resembles y = 2x’ for large

values of |x| .

2
The real zero of f(x)= —2(x+%j (x+4)3

are: —% , with multiplicity two; -4 with

multiplicity 3.

The graph touches the x-axis at—% (even

multiplicity) and crosses the x-axis at -4
(odd multiplicity).

n—-1=5-1=4
The function resembles y =—2x" for large

values of |x| .
12
The real zeros of f(x)= (x—gj (x— 1)3

are: % , with multiplicity two; and 1, with
multiplicity 3.

o1
The graph touches the x-axis atg (even
multiplicity), and crosses the x-axis at 1
(odd multiplicity).
n—-1=5-1=4
The function resembles y = x> for large

values of |x| .

The real zeros of f(x)=(x— 573 (x+4)°
are: 5, with multiplicity three; and —4, with
multiplicity two.

The graph crosses the x-axis at 5 (odd
multiplicity) and touches it at —4 (even
multiplicity).

n—-1=5-1=4
The function resembles y = x> for large

values of |x| .

The real zeros of f(x)= (x+x/§)2 (x— 2)4

are: —\/5 , with multiplicity two; and 2, with
multiplicity four.

The graph touches the x-axis at —/3 and at
2 (even multiplicities).
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57.

58.

59.

60.

61.

¢c. n—-1=6-1=5
d. The function resembles y = x® for large

values of |x| .

2

a. f(x)= 3()c2 +8)(x2 +9) has no real zeros.
x> +8=0 and x*> +9 = 0 have no real
solutions.

b. The graph neither touches nor crosses the x-
axis.

c. n—-1=6-1=5
d. The function resembles y =3x° for large

values of |x| .

3
a. f(x)= —2(x2 +3) has no real zeros.

x% 4+3 =0 has no real solutions.

b. The graph neither touches nor crosses the x-
axis.

¢c. n—-1=6-1=5
d. The function resembles y = —2x5 for large

values of |x| .

a. The real zeros of f(x)= —2x? (x2 —2) are:

—J2 and 2 with multiplicity one; and 0,
with multiplicity two.

b. The graph touches the x-axis at 0 (even
multiplicity) and crosses the x-axis at

—J2 and+/2 (0dd multiplicities).
c. n—1=4-1=3
d. The function resembles y = —2x* for large

values of |x| .

a. The real zeros of f(x)= 4x(x2 —3) are:
—\/§ s \/5 and 0, with multiplicity one.

b. The graph crosses the x-axis at 3.3
and 0 (odd multiplicities).

c. n—-1=3-1=2

d. The function resembles y =4x> for large
values of |x| .

The graph could be the graph of a polynomial
function.; zeros: —1, 1, 2 ; min degree = 3

Section 4.1: Polynomial Functions and Models

62.

63.

64.

65.

66.

67.

68.

The graph could be the graph of a polynomial.;
zeros: —1, 2 ; min degree =4

The graph cannot be the graph of a polynomial.;
not continuous at x =—1

The graph cannot be the graph of a polynomial.;
not smooth at x=0

The graph crosses the x-axis at x=0,x=1, and
x =2. Thus, each of these zeros has an odd
multiplicity. Using one for each of these
multiplicities, a possible function is
f(x)=ax(x—1)(x—2). Since the y-intercept is
0, we know f(0)=0. Thus, a can be any
positive constant. Using a =1, the function is

fxX)=x(x-1)(x-2).

The graph crosses the x-axis at x=0 and x=2
and touches at x =1. Thus, 0 and 2 each have
odd multiplicities while 1 has an even
multiplicity. Using one for each odd multiplicity
and two for the even multiplicity, a possible

function is f(x) = ax(x—1)*>(x—2). Since the
y-intercept is 0, we know f(0) =0. Thus, a can
be any positive constant. Using a =1, the
function is f(x) = x(x—1)*(x—2).

The graph crosses the x-axis at x=—land x=2
and touches itat x=1. Thus, —1 and 2 each
have odd multiplicities while 1 has an even
multiplicity. Using one for each odd multiplicity
and two for the even multiplicity, a possible
funtionis f(x)=ax(x— 1)2 (x—2). Since the y-
intercept is 1, we know f(0)=1. Thus,
a(0+1)(0-1H(0-2)=1

a(H(=D(=2)=1

2a=1
1
a=—
2

The function is f(x)= —%(x +1)(x— 1)2 (x=2).

The graph crosses the x-axis at x=-1, x=1,
and x =2. Thus, each of these zeros has an odd
multiplicity. Using one for each of these
multiplicities, a possible funtion is
f(x)=a(x+1)(x—1)(x—2). Since the y-

intercept is —1, we know f(0)=—-1. Thus,

Copyright © 2013 Pearson Education, Inc.



Chapter 4: Polynomial and Rational Functions

a(0+DHO-DO-2)=-1 70. f(x)=x(x+2)
a(h(=D(=2)=-1

Step 1: Degree is 3. The function resembles

2a=-1 y=x" for large values of |x].
1
a=-7 Step 2: y-intercept: f(0)=0(0+2)> =0
The function is f(x)= _l(x +D(x—1)(x=2). x-intercepts: solve f(x)=0
2 0=x(x+2)*
x=0,-2

69. f(x)=x"(x-3)

Step 3: Real zeros: —2 with multiplicity two, 0
with multiplicity one. The graph

y = x’ for large values of |x| . touches the x-axis at x =—2 and

crosses the x-axis at x=0.

Step 1: Degree is 3. The function resembles

Step 2: y-intercept: f(0)=0*(0-3)=0 Step 4: Graphing utility:
x-intercepts: solve f(x)=0 10
0=x* (x=3)
x=0,x=3

—4 1
Step 3: Real zeros: 0 with multiplicity two, 3
with multiplicity one. The graph

touches the x-axis at x =0 and crosses ~10
the x-axis at x=3.

Step 5: 2 turning points;
Step 4: Graphing utility: local maximum: (-2, 0);
5 local minimum: (-0.67, —1.19)

Step 6: Graphing by hand:
y

5 10~

] :
/Sl“\__x’ (_2’0)_

L1l g1 I T T T 3
-5 [ (0,0) 5

Step 5: 2 turning points; local maximum: (0, 0); B
local minimum: (2, —4) [~ (—0.67, —1.19)

Step 6: Graphing by hand: —10F
y
16

Y

rTr0 1717117

Step 7: Domain: (—ee,c0) ; Range: (—oco, )
Step 8: Increasing on (—eo, —2) and (—0.67, o) ;
decreasing on (-2, —0.67) .

71, f(x)=(x+4)(x—2)*

@9 Step 1: Degree is 3. The function resembles
_5(_15 @i L y= x* for large values of |x| .
@2, . ) _ 2
Step 2: y-intercept: f(0)=(0+4)(0-2)" =16
Step 7: Domain: (—eo,e0) ; Range: (—co,c0) x-intercepts: solve f(x)=0
Step 8: Increasing on (—eo, 0) and (2, o) ; 0=(x+4)(x— 2)2
decreasing on (0, 2) x=-4,2

Step 3: Real zeros: —4 with multiplicity one, 2
with multiplicity two. The graph

248
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72.

crosses the x-axis at x =—4 and
touches the x-axis at x =2

Step 4: Graphing utility:
35
=50
Step 5: 2 turning points;
local maximum: (-2, 32)
local minimum: (2, 0)
Step 6: Graphing by hand;
(-2,32) 7Y
R (0, 16)
L g1 \Ml [
-5[(-4,00 L2.0) 5
_70_
Step 7 Domain: (—eo,c0) ; Range: (—oco,c0)
Step 8: Increasing on (—eo, —2) and (2, o) ;

decreasing on (-2, 2)

f)=(x=D(x+3)°
Step 1: Degree is 3. The function resembles

y = x’ for large values of |x| .

Step 2:  y-intercept: f(0)=(0-D(O0+ 372 =-9
x-intercepts: solve f(x)=0
0=(x—D(x+3)*
x=1,-3

Step 3: Real zeros: —3 with multiplicity two,

1 with multiplicity one. The graph

touches the x-axis at x =—-3 and

crossesitat x=1.

Step 4: Graphing utility;

Section 4.1: Polynomial Functions and Models

Step 5:

Step 6:

Step 7:
Step 8:

25

T

2 turning points;
local maximum: (-3, 0)

local minimum: (—0.33, —9.48)

Graphing by hand;
y

25

T T

(—0.33, —9.48)

25
Domain: (—oee,0) ; Range: (—oo,e0)

Increasing on (—eo, —3) and (—0.33, o) ;
decreasing on (=3, —0.33)

73. f(x)=-2(x+2)(x-2)°

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:
Step 6:

249

Degree is 4. The function resembles

y= —2x* for large values of |x| .
y-intercept: f(0) =—2(0+2)(0—2)* =32
x-intercepts: solve f(x)=0
0=-2(x+2)(x-2)
x=-2,2

Real zeros: —2 with multiplicity one,
2 with multiplicity three. The graph
crosses the x-axisat x=-2 and x=2.

Graphing utility;
75

AN

1L

1 turning point; local maximum: (-1, 54)

Graphing by hand;
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74.

}7
641+
(—1,54) B
32_(0.32)
(=2,0) 8&\(%,0)
111 | [
-5 gk ‘\ 5
of

Step 7: Domain: (—eo,0) ; Range: (—co,54]
Step 8: Increasing on (—ceo, —1) ;

decreasing on (-1, o)

=2 (e a1y
Step 1: Degree is 4. The function resembles

y= —%x“ for large value of |x| .

Step 2:  y-intercept: f(0) = —%(0 +4)(0—- 1)3 =2
x-intercepts: solve f(x)=0

0=—%(x+4)(x—1)3

x=-4,1
Step 3: Real zeros: —4 with multiplicity one,
1 with multiplicity three. The graph
crosses the x-axis at x=—4 and x=1.
Step 4: Graphing utility;
40
. X /\ -\\ 3
=50
Step 5: 2 turning points:
local maximum at (—2.75,32.96)
Step 6: Graphing by hand;

75.

y
(—2.75,32.96) 40

rTTr1r1r1r1—

—20

Step 7: Domain: (—eo,0) ; Range: (—e°,32.96]

Step 8: Increasing on (—eo,—2.75);
decreasing on (—2.75,)

fO=G+D(x-2)(x+4)

Step 1: Degree is 3. The function resembles

y= x* for large values 0f|x| .

Step 2:  y-intercept: f(0)=(0+1) (0 — 2) 0+4)
=-8

x-intercepts: solve f(x)=0
0=(x+D(x-2)(x+4)
x=-1,2,-4

Step 3: Real zeros: —4 with multiplicity one,
—1 with multiplicity one, 2 with
multiplicity one. The graph crosses the
x-axis at x=-4,-1,2.

Step 4:  Graphing utility:
15

A,
B

2 turning points;
local maximum: (-2.73, 10.39);
local minimum: (0.73, -10.39)

Step 6: Graphing by hand;

Step 5:
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76.

Step 7:

Step 8:

y
(-2.73,10.39) >

(0.73, —10.39)

Domain: (—eo,0) ; Range: (—oo,e0)

Increasing on (—eo, —2.73) and (0.73, o) ;
decreasing on (—2.73, 0.73)

f)=(x-1)(x+4(x-3)

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Degree is 3. The function resembles

y= x* for large values of |x|

y-intercept: f(0) =(0—1)(0+4)(0—-3)
=-12

x-intercepts: solve f(x)=0

0=(x—1)(x+4)(x-3)

x=1,-4,3

Real zeros: —4 with multiplicity one,

1 with multiplicity one, 3 with

multiplicity one. The graph crosses the
x-axis at x=-4,1,3.

Graphing utility:
35
—-10 ’ bl‘u 10
-10

2 turning points;
local maximum: (-2.08, 30.04);
local minimum: (2.08, —6.04)

Graphing by hand;

Section 4.1: Polynomial Functions and Models

y
(—2.08,30.04) 35

0, 12%
(—4,0) KEI] 0) (IS. l())x

A

(2.08, —6.04)

Step 7: Domain: (—ee,c0); Range: (—oo,0)

Step 8: Increasing on (—eo, —2.08) and (2.08, o) ;
decreasing on (—2.08, 2.08) .

77. F(x)=x*(x=2)(x+2)
Step 1: Degree is 4. The function resembles
y=x" for large values of |x| .

Step 2: y-intercept: f(x)= 0’ 0-2)0+2)=0
x-intercepts: solve f(x)=0
0=x*(x=2)(x+2)
x=0,2,-2

Step 3: Real zeros: —2 with multiplicity one,
0 with multiplicity two, 2 with
multiplicity one. The graph crosses the
x-axisatx=-2 and x=-2, and
touches it at x = 0.

Step 4: Graphing utility:

10

vl

Step 5: 3 turning points;
local maximum: (0, 0);
local minima: (-1.41, -4), (1.41, -4)

251
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78.

Step 6:

Step 7:
Step 8:

graphing by hand
y

(141, —4)

(—141,—4) _5

Domain: (—ee,e); Range: [—4,)
Increasing on (—1.41,0)and (1.41, o) ;

decreasing on (—eo, —1.41) and (0, 1.41) .

F(x)=x*(x=3)(x+4)

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Degree is 4. The graph of the function

resembles y = x* for large values of |x| .

y-intercept: f(0)=0%(0-3)(0+4)=0
x-intercept: solve f(x) =0

¥ (x=3)(x+4)=0
x=0Qorx=3orx=—4

Real zeros: —4 with multiplicity one,

0 with multiplicity two, 3 with
multiplicity one. The graph crosses the
x-axis at x = 3 and x = -4, and touches
itatx =0.

Graphing utility:
5

NEWAVEl

—60

3 turning points;

local maximum: (0, 0);

local minima: (-2.85, —54.64),
(2.10, -24.21)

252

79.

Step 6:

Step 7:
Step 8:

Graphing by hand:
y

(2.1, —24.21)

T T T T T

—2.85, —54.64
( ),

Domain: (—eo,c0); Range: [-54.64, o)

Increasing on (—2.85,0) and (2.10, o) ;
decreasing on (—eo, —2.85) and (0, 2.10) .

f(x)=(x+1)*(x-2)°

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Degree is 4. The graph of the function
resembles y = x* for large values of |x| .

y-intercept: f(0) = (0+1)*(0—2)* =4
x-intercepts: solve f(x)=0
(x+1)*(x=2)*=0

x=—-lorx=2

Real zeros: —1 with multiplicity two,
2 with multiplicity two. The graph
touches the x-axis at x=—1 and x=2.

Graphing utility:
10

s AV
=5

3 turning points;
local maximum: (0.5, 5.06);
local minima: (—1,0), (2,0)

Graphing by hand:
Y

10

(0, 4)
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Step 7:

Step 8:

Domain: (—eo,0) ; Range: [0, o)

Increasing on (-1, 0.5) and (2, «0) ;
decreasing on (—eo, —1) and (0.5, 2) .

f)=(x+1)" (x=3)

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

Degree is 4. The graph of the function

resembles y = x* for large values of |x| .

y-intercept: f(0)=(0+ 1)3 (0-3)=-3
x-intercept: solve f(x) =0
(x+1)°*(x=3)=0

x=—=lorx=3

Real zeros: —1 with multiplicity three,
3 with multiplicity one. The graph
crosses the x-axis at x = —1 and x = 3.

Graphing utility;
10

y [

-5

—30

1 turning point;
local minimum: (2, -27)

Graphing by hand;
(3.1, 6.89)

(-2, 5)! 10
S (715 0)

(0, =3)

—30F (2, —27)
Domain: (—eo,c0) ; Range: [-27, o)

Increasing on (2, ) ;
decreasing on (—eo, 2)

Section 4.1: Polynomial Functions and Models

81. f(x)=x"(x-3)(x+1)

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

Degree is 4. The graph of the function
resembles y = x* for large values of |x| .

y-intercept: f(0) = (0)*(0—3)(0+1) = -3
x-intercept: solve f(x) =0

2 (x=3)(x+1) =0
x=0orx=3orx=-1

Real zeros: 0 with multiplicity two,

3 with multiplicity one, —1 with
multiplicity one. The graph touches the

x-axis at x = 0, and crosses it at x = 3
and x = 1.

Graphing utility:
S

| L,

—15
3 turning points;
local maximum: (0, 0);
local minima: (-0.69, —0.54),
(2.19, -12.39)

Graphing by hand;
y

(711 0)

(—0.69, —0.54)

—12

(2.19, —12.39)

Domain: (—eo,c0); Range: [~12.39, o)
Increasing on (—0.69,0) and (2.19, o) ;
decreasing on (—ee, —0.69) and (0,2.19)

82. f(x)=x*(x=3)(x-1)

Step 1:

Step 2:

253

Degree is 4. The graph of the function
resembles y = x* for large values of |x| .

y-intercept: f(0) =0*(0—-3)(0—-1)=0
x-intercept: solve f(x)=0
0=x*(x=3)(x-1)

x=0,3,1
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83.

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

Real zeros: 0 with multiplicity two,

3 with multiplicity one, 1 with
multiplicity one. The graph touches the
x-axis at x =0, and crosses it at x =3
and x = 1.

Graphing utility:
3

\{ \/f |
=5

3 turning points;

local maximum: (0.63, 0.35)

local minimum: (0, 0) and (2.37,—4.85)

-1

Graphing by hand;
}7
3 -

| - (0.63, 0i35) [(3, 0)
(1,0) 4

(2.37. —4.85)
Domain: (—eo,c0); Range: [-4.85, o)

Increasing on (0, 0.63) and (2.37, ) ;
decreasing on (—ee, 0) and (0.63, 2.37)

F(x)=(x+2)*(x—4)

Step 1:

Step 2:

Step 3:

Degree is 4. The graph of the function

resembles y = x* for large values of |x| .

y-intercept: f(0) = (0+2)*(0—4)* = 64
x-intercept: solve f(x) =0
(x+2)*(x=4)>=0

x=-2orx=4

Real zeros: —2 with multiplicity two,
4 with multiplicity two. The graph
touches the x-axis at x=-2 and x=4.

254

84.

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

Graphing utility:
90

ViRV

-10
3 turning points;
local maximum (1,81) ;

local minima (-2,0) and (4,0)

Graphing by hand;
i
100

(1, 81)

(0, 64)

(=2,0)
-5 —10F

@0 7
Domain: (—eo,c0); Range: [0, o)

Increasing on (-2,1) and (4, o)
decreasing on (—eo,—2) and (1, 4) .

F)=(x=2)2(x+2)(x+4)

Step 1:

Step 2:

Step 3:

Step 4:

Degree is 4. The graph of the function

resembles y = x* for large values of |x| .

y-intercept: f(0)=(0— 2)2 O+2)(0+4)
=32

x-intercept: solve f(x) =0

(x=2)*(x+2)(x+4)=0

x=2orx=—2orx=-4

Real zeros: 2 with multiplicity two,

—2 with multiplicity one, —4 with

multiplicity one. The graph touches the

x-axis at x =2, and crosses it at x =—-2

and x=—4.

Graphing utility:
100
W
=30
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8s.

Step 5:

Step 6:

Step 7:

Step 8:

3 turning points;
local maxima (—0.31,33.28);

local minima (-3.19,-25.96) and (2,0)
Graphing by hand:

y
_ .3
(=031,33.28) 1 (0,32)

(=2,0)
(=4,0)
=5

X

| ]
L (2,0) S

(—3.19, —25.96) 30

Domain: (—eo,0); Range: [-25.96, )

Increasing on (—3.19, —0.31) and (2, ) ;
decreasing on (—e0,—3.19) and (-0.31, 2)

F(x)=x*(x=2)(x* +3)

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Degree is 5. The graph of the function

resembles y = x> for large values of |x| .

y-intercept: f(0) =0%(0—2)(0* +3)=0
x-intercept: solve f(x) =0

X (x=2)(x*+3)=0

x=0 or x=2

Note: x> +3=0 has no real solution.

Real zeros: 0 with multiplicity two,

2 with multiplicity one. The graph
touches the x-axis at x =0 and crosses
it x=2.

Graphing utility:
100
-2 —— 3
/|

=30

2 turning points;
local maximum: (0, 0);
local minimum: (1.48, -5.91)

Section 4.1: Polynomial Functions and Models

Step 6:

Step 7:
Step 8:

Graphing by hand:
)7
30
. 0.0 2,0),
-3 o/ 3
—(1.48, —5.91)
=30

Domain: (—eo,e0); Range: (—co,)

Increasing on (—eo, 0) and (1.48, o) ;
decreasing on (0, 1.48)

86. f(x)=x>(x*+1)(x+4)

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

255

Degree is 5. The graph of the function

resembles y= x> for large values of |x| .

y-intercept: f(0) = 0%(0* +1)(0+4)=0
x-intercept: Solve f(x)=0

P +D(x+4)=0

x=0orx=-4

Note: x> +1=0 has no real solution.

Real zeros: 0 with multiplicity two,
—4 with multiplicity one. The graph
touches the x-axis at x =0 and crosses
itat x=—4.
Graphing utility:

100

=5 i 2
-5

2 turning points;

local maximum: (-3.17, 92.15);

local minimum: (0, 0)

Graphing by hand:
y

160

(—3.17,92.15)

T T TTTTT
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87.

88.

Step 7:

Step 8:

f(x)

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

f)=
Step 1:

Domain: (—ee,c0); Range: (—co,)

Increasing on (—eo, —3.17) and (0, ) ;
decreasing on (—3.17,0)

=x*+0.2x* -1.5876x—0.31752
Step 1:

Degree = 3; The graph of the function
resembles y = x° for large values of |x| .

Graphing utility
10

. / / X
—10

x-intercepts: —1.26, —0.20, 1.26;
y-intercept: —0.31752

< | Wl
ECAN T
£ | HoizE

0 PR
1t 1.1z61

| EEE+E, ZHE-1.5..

2 turning points;
local maximum: (—0.80, 0.57);
local minimum: (0.66, —0.99)

Graphing by hand

y
—0.5.0.
S} (-0.5.0.40)

15,113
(—0.80,0.57) (1.26’0( - 1.13)

—1260) J |«

2
(1.5, —0. 56) / (0.66, —0.99)
| (0, —0.32)

(—0.20,0)~

Domain: (—ee,c0); Range: (—oo,)

Increasing on (—eo,—0.80) and (0.66,°) ;

decreasing on (—0.80,0.66)

X —0.8x% —4.6656x+3.73248
Degree = 3; The graph of the function
resembles y = x° for large values of |x| .

256

89.

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

fx)=

Step 1:

Step 2:

Step 3:

Graphing utility
7

4
t S
-3
x-intercepts: —2.16, 0.8, 2.16;
y-intercept: 3.73248

= | ikl
Z2E | -LEid
o 1F3EE
ir | gEi
FE | zeEE

YiBki-B.8Kz-4.6..

2 turning points;
local maximum: (-1.01, 6.60);
local minimum: (1.54, —-1.70)

Graphing by hand
(—1.01, 6.60) ?_

(0,3.73)

(0.8,0)

(2.5,2.69)
(2.16,0)
X

(1.54, —1.70)
(1.5, —1.69)

(-225, %121)73
Domain: (—eo,c0); Range: (—oco,c0)
Increasing on (—eo,—1.01) and (1.54,0) ;
decreasing on (—1.01,1.54)

X’ +2.56x* =3.31x+0.89
Degree = 3; The graph of the function
resembles y = x° for large values of |x| .

Graphing utility

S

-10

x-intercepts: —3.56, 0.50;
y-intercept: 0.89
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Step 4:

Step 5:

Step 6:

Step 7:

Step 8: Increasing on (—eo,—2.21) and (0.50,) ;

e
I

LW

[V1BXF+2,.SEXE-3. ..

2 turning points;
local maximum: (-2.21, 9.91);
local minimum: (0.50, 0)

Graphing by hand

(—2.21,9.91) 13 (—1,5.76)

(0, 0.89)
| |

~a\
| |

—4[(=3.56,0)

(1,1.14)
1 X

(0.50,0)

(=3.9, —6.58)

Domain: (—ee,c0); Range: (—oco,0)

decreasing on (-2.21,0.50) .

f(x)=x>-291x* —7.668x—3.8151

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Degree = 3; The graph of the function
resembles y = x* for large values of |x| .

Graphing utility
15
-3 / 6

N/

—30

x-intercepts: —0.9, 4.71;
y-intercept: —3.8151

A |k
“E "H.119
3 “ee. g
£ 10098

[V1B%3-2.91%2-7. ..

2 turning points;
local maximum: (-0.9, 0);
local minimum: (2.84, -26.16)

91.

Section 4.1: Polynomial Functions and Models

Step 6:

Step 7:

Step 8:

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Graphing by hand
(0, —3.82)

15
(— 0.9,0)/ f(S,l().lO)
L 11} I (I
6

=4

~

(-2, -8.12)

(2, —22.79)
—30} (2.84, —26.16)

Domain: (—eo,e0); Range: (—co,)
Increasing on (—e2,—0.9) and (2.84,¢0) ;
decreasing on (—0.9, 2.84) .

f(x)=x*-2.5x* +0.5625

Degree = 4; The graph of the function
resembles y = x* for large values of |x| .

Graphing utility
10
-3 e I 3
-2

x-intercepts: —1.5, -0.5, 0.5,1.5;
y-intercept: 0.5625

1|
175 | 2.2852
-1 =53 35
o EEEE
i -9 7E
175 |=zz852

V185~ 4-2. 5z +8., ..

3 turning points:
local maximum: (0, 0.5625);

local minima: (-1.12, -1), (1.12, -1)
Graphing by hand

(—1.75,2.29) ﬁ

(—1, —0.94)_, | (1, =0.94)

Domain: (—co,e); Range: [—1, «)
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92,

93.

Step 8: Increasing on (—1.12,0) and (1.12,e0) ;
decreasing on (—ee,—1.12)and (0,1.12)

f(x)=x*—-18.5x" +50.2619

Step 1: Degree = 4; The graph of the function

resembles y = x* for large values of |x| .

Step 2: Graphing utility
60
vanv|
—40
Step 3: x-intercepts: —3.90, —1.82, 1.82, 3.90;
y-intercept: 50.2619
Step 4: Ll 1
-y 10,262
-2.E 2h.%
0 LI
E.E -2h.3
HEZE | 4z.FE
YRt d-180 SHEE 45
Step 5: 3 turning points:
local maximum: (0, 50.26);
local minima: (-3.04, —-35.30),
(3.04, -35.30)
Step 6: Graphing by hand
v, (0, 50.26)
(—1.82.0) (1 (425, 42.36)
(—4,10.26)
(—3.90, 0) (3.90.0)
(—2.5, —26.3) (2.5.-26.3)
(—3.04, —35.30) —40[~ (3.04, —35.30)
Step 7: Domain: (—co,e0); Range: [—35.30, o)
Step 8: Increasing on (—3.04,0) and (3.04,);

decreasing on (—e0,—3.04) and (0, 3.04)

f(x)=2x4 7 X +-[5x-4

Step 1: Degree = 4; The graph of the function
resembles y = 2x* for large values of

[+

258

9.

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

Graphing utility:
6

FRua
N

-5

x-intercepts: —1.07, 1.62;
y-intercept: —4

#_ |l
61.25 Y227
iets 1.8z4

Y B2E - RS

1 turning point;
local minimum: (-0.42, —4.64)
Graphing by hand

)%
(=1.25,422) [} (1.75.1.83)

(~1.07.0)
)

[ (1.62,0)
|

| X

(—0.42, —4.64) % (0. —4)

Domain: (—co,e0); Range: [—4.64, =)
Increasing on (—0.42,e0) ;

decreasing on (—ee,—0.42)

f(x)=-1.2x* +0.52% —\3x+2

Step 1:

Step 2:

Step 3:

Degree = 4; The graph of the function

resembles y = —1.2x* for large values
of |x| .

Graphing utility
5

s
N

x-intercepts: —1.47, 0.91;
y-intercept: 2

W
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9s.

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

A |kl
SN EETTT
Bl | nELNE
128 | “E3ik

il - B T S

1 turning point:
local maximum: (-0.81, 3.21)

Graphing by hand
y

5
(—0.81,321) |

/\‘(0. 2)
—1.47, N (0.91,0
( 1|47 (I)) | \I( L %) X

-3

(1.7, -3.63) (1.25,-2.31)

-5

Domain: (—co,c0); Range: (—co, 3.21]
Increasing on (—eo,—0.81) ;

decreasing on (—0.81,0)

F(x)=4x—x" = —x(x* —4) = —x(x +2)(x—2)

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Degree is 3. The function resembles

y= —x* for large values of |x| .

y-intercept: f(0) =4(0)—0° =0
x-intercepts: Solve f(x)=0
0=—x(x+2)(x-2)

x=0,-2,2

Real zeros: 0 with multiplicity one,
—2 with multiplicity one, 2 with

multiplicity one. The graph crosses the
x-axisat x=0,x=-2, and x =2.

Graphing utility:
20

-20

2 turning points;
local maximum: (1.15, 3.08);
local minimum: (-1.15, -3.08)

Section 4.1: Polynomial Functions and Models

Step 6: Graphing by hand
y

X

(—1.15, =3.08)

—20

Step 7: Domain: (—eo,e); Range: (—eo,o0)
Step 8: Increasing on (—1.15,1.15) ;
decreasing on (—eo,—1.15) and (1.15, o) .

96. f(x)=x—x"=—x(x* =1)=—x(x+D(x-1)
Step 1: Degree is 3. The function resembles

y=—x> for large values of |x| .

Step 2: y-intercept: f(0)=0—-0°=0
x-intercepts: Solve f(x)=0
0=—x(x+1)(x-1
x=0,-1,1

Step 3: Real zeros: 0 with multiplicity one,
—1 with multiplicity one, 1 with
multiplicity one. The graph crosses the
x-axisat x=0,x=-1, and x=1.

Step 4: Graphing utility:

4
—4
Step 5: 2 turning points;

local maximum: (0.58, 0.38);
local minimum: (-0.58, —0.38)

Step 7: Graphing by hand

(0.58, 0.38)

(—0.58, —0.38)

—10+

259
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97.

Step 7 Domain: (—eo,e0); Range: (—eo,o0)
Step 8: Increasing on (—0.58,0.58) ; decreasing
on (—ee,—0.58) and (0.58, ).

fx)=x"+x*—12x
=x(x*+x-12)
=x(x+4)(x-3)
Step 1: Degree is 3. The function resembles

y= —x° for large values of |x| .

y-intercept: f(0) =0’ +0? —12(0) =0
x-intercepts: Solve f(x)=0
O0=x(x+4)(x-3)

x=0,-4,3

Step 2:

Step 3: Real zeros: 0 with multiplicity one,
—4 with multiplicity one, 3 with
multiplicity one. The graph crosses the

x-axis at x=0,x=-4, and x=3.

Step 4: Graphing utility:
32

—40

2 turning points;
local maximum: (-2.36, 20.75) ;

local minimum: (1.69,—12.60)

Step 5:

Step 6: Graphing by hand
y
50

(—2.36,20.75)

=51 (0,0)

Step 7: Domain: (—eo,e); Range: (—eo,o0)

Step 8: Increasing on (—eo,—2.36) and (1.69, <) ;

decreasing on (—2.36,1.69) .

260

98.

fx)=x"+2x* —8x
=x(x* +2x-8)
=x(x+4)(x-2)
Step 1: Degree is 3. The function resembles

y= —x* for large values of |x| .

y-intercept: f(0) =0 +2(0)* =8(0) =0
x-intercepts: Solve f(x)=0
O=x(x+4)(x-2)

x=0,-4,2

Step 2:

Step 3: Real zeros: 0 with multiplicity one,

—4 with multiplicity one, 2 with
multiplicity one. The graph crosses the
x-axisat x=0,x=-4, and x=2.

Step 4: Graphing utility:

Al
[ L

2 turning points;
local maximum: (—2.43,16.90) ;

local minimum: (1.09,-5.05)

Step 5:

Step 6: Graphing by hand
y

50

(—2.43,16.90)

T T TT

(2,0)

S 5
| (1.10, —5.05)

Step 7: Domain: (—eo,c); Range: (—eo,o0)

Step 8: Increasing on (—eo,—2.43) and (1.10, o) ;

decreasing on (—2.43,1.10)
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99. f(x)=2x"+12x" —8x* —48x
=2x(x* +6x% —4x—24)
= 2)6[)62 (x+6) —4(x+6)}

=2x(x+6)(x* —4)
=2x(x+6)(x—-2)(x+2)

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

Degree is 3. The function resembles

y=—x> for large values of |x| .

y-intercept:

£(0) =2(0)* +12(0)* —8(0)> —48(0) =0
x-intercepts: Solve f(x)=0
0=2x(x+6)(x—2)(x+2)
x=0,-6,2,-2

Real zeros: 0 with multiplicity one,

—6 with multiplicity one, 2 with
multiplicity one, —2 with multiplicity
one. The graph crosses the x-axis at
x=0,x=-6,x=2, and x=-2.

Graphing utility:
150
—225

2 turning points;
local maximum: (—1.06, 30.12) ;

local minima: (—4.65,-221.25),
(1.21,-44.25)

Graphing by hand

(—1.06, 30.12)

(0,0)

L (1.21, —44.25)
(—4.65, —221.25) R

=300

Domain: (—oo,o0); Range: [-221.25, o)
Increasing on (—4.65,—1.06) and
(—1.21, o) ; decreasing on (—co,—4.65)
and (-1.06,1.21).

Section 4.1: Polynomial Functions and Models

100. f(x)=4x’ +10x* —4x—-10
=2(2x° +5x* =2x-5
=2[x2(2x+5)—1(2x+5)]

=22x+35)(x* -1)
=2(2x+5)(x+D(x—-1)

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

261

Degree is 3. The function resembles

y=4x" for large values of |x| .

y-intercept:
£(0) =4(0)’ +10(0)* —4(0)~10=-10
x-intercepts: solve f(x)=0
0=22x+5)(x+1(x-1)

5

=—=,-11

T
5 . S

Real zeros: ) with multiplicity one,

—1 with multiplicity one, 1 with
multiplicity one. The graph crosses the

Xx-axis at x:—%,x:—l, and x=1.

Graphing utility:

—30

2 turning points;
local maximum: (—1.85, 6.30) ;

local minimum: (0.18,-10.37)
Graphing by hand
y

20

(—1.85,6.30)

¥(0.18, —10.37)

Domain: (—oee,o0); Range: (—oco,o0)

Increasing on (—e0,—1.85) and (0.18, ) ;
decreasing on (—1.85, 0.18)

Copyright © 2013 Pearson Education, Inc.



Chapter 4: Polynomial and Rational Functions

101. f(x)=—x"—x*+x"+x°

=—x*(X +x*—x-1)

2 |:x2 (x+1D)—1(x+ 1)]

=2 (x+D(x* -1

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

=—x*(x+D(x+Dx—-1)
=—x*(x+1D*(x=1)

Degree is 5. The graph of the function

resembles y = —x° for large values of |x| .

y-intercept:
FO==0=(0)"+(©0)’ +(0)* =0
x-intercept: Solve f(x)=0

2 (x+D*(x=D =0

x=0,-11

Real zeros: 0 with multiplicity two,
—1 with multiplicity two, 1 with
multiplicity one. The graph touches the
x-axis at x=0 and x=-1, and crosses
itat x=1.
Graphing utility:

1

R

-1
4 turning points;
local maxima: (—0.54,0.10),(0.74,0.43) ;

local minima: (-1,0), (0,0)
Graphing by hand:
y
1 -
0.74,0.43
BN

(711 0)

(—0.54,0.10)
-1

Domain: (—eo,o0); Range: (—eo,0)
Increasing on (—1,—-0.54) and (0, 0.74) ;
decreasing on (—eo, —1), (—0.54,0), and
(0.74, o)

102. f(x)=—x+5x* +4x° —20x°
=—x*(x* =5x* —4x+20)
=—x? [xz(x—S)—4(x—5)J

=—x*(x-5)(x*—4)
=—x*(x=5)(x-2)(x+2)

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

Degree is 5. The graph of the function
resembles y = —x° for large values of |x| .
y-intercept:

£(0)=—=(0)’ +5(0)* +4(0)’ —20(0)* =0
x-intercept: solve f(x) =0

X2 (x+2)(x=2)(x—=5)=0

x=0,-2, 2,5

Real zeros: 0 with multiplicity two,

—2 with multiplicity one, 21 with
multiplicity one, 5 with multiplicity
one. The graph The graph touches the
x-axis at x =0 and crosses it at x =-2,

x=2,andx=5.

Graphing utility:
200
—40

4 turning points;
local maxima: (0,0), (4.11,193.82);

local minima: (—1.45,-25.73),
(1.34,-14.49)

Graphing by hand:
y

(4.11,193.82)

(—145, —2573)

(1.34, —14.49)

Domain: (—eo,o0); Range: (—co,)
Increasing on (—1.45,0) and (1.34,4.11);
decreasing on (—eo, —1.45) , (0,1.34),
and (4.11, )
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103.

104.

105.

106.

107.

108.

f)=a(x+3)(x—1)(x—4)
36=a(0+3)(0-1)(0—4)
36 =12a
a=3
F0)=3(x+3)(x—1)(x—4)

f)=alx+4d)(x+1)(x-2)
16 =a(0+4)(0+1)(0-2)
16 =—8a
a=-2
f()==22(x+4)(x+D(x—-2)

f(x)=a(x+5)*(x—2)(x—4)
128 =a(3+5)°(3-2)3-4)
128 = —64a
a=-2
() ==2(x+5*(x—2)(x—4)

f(x)= ax* (x+4)(x-2)
64=a(-2)" (2+4)(-2-2)
64 =64a
a=1

Fx)=x (x+4)(x=2)
a. 0=(x+3)°(x-2)=>x=-3,x=2

b. The graph is shifted to the left 3 units so the x-

intercepts would be
x=-3-3=-6

andx=2-3=-1
a. 0=(x+2)(x—4)’ =>x=-2,x=4

b. The graph is shifted to the right 2 units so the x-
intercepts would be
x=-2+2=0

andx=4+2=6

263

Section 4.1: Polynomial Functions and Models

109. a.

Graphing, we see that the graph may be a
cubic relation.

A
50
40
(3 [
30 * e e
20 | 09 [ ¥
10

0 246 810

The cubic function of best fitis H(x) =
0.3948x” —5.9563x% +26.1965x — 7.4127

CubicReg
a =0.39478114
b =-5.9563492
c =26.1964886
d =-7.4126984

r2=0.6085711
MSe=34.8806637 N
COPY

For the decade 1961-1970, we have x=35.
H()=

0.3948(5)° —5.9563(5) +26.1695(5) - 7.4127
=24

The model predicts that about 24 major

hurricanes struck the Atlantic Basin between
1961 and 1970.

35

For the decade 2011 to 2020 we have

x=10.

H(10)=

0.3948(10)° —5.9563(10)* + 26.1695(10) — 7.4127
=54

The model predicts that approximately 54

major hurricanes will strike the Atlantic

Basin between 2011 and 2020. The

prediction does not seem to be reasonable.

It appears to be too high.
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Chapter 4: Polynomial and Rational Functions

110. a.

111. a.

Graphing, we see that the graph may be a

cubic relation.
150

-1 11

The cubic function of best fit is C(x)=
0.2156x —2.3473x> +14.3275x+10.2238

CubicEea
g=axFthxEtoxtd
2=.2156177136
b=-2.347 319347
=14, 32730523
d=18, 22377622

Graphing the cubic function of best fit:

150

0

C(11)=0.2156(11)* = 2.3473(11)*
+14.3275(11)+10.2238

=170.8
The cost of manufacturing 11 Cobalts
hour would be approximately $171,000.

The y-intercept would indicate the fixed
costs before any cars are made and is about
$10,200.

Graphing, we see that the graph may be a

cubic relation.
T

70
65}
60~ .
55
50 .
45 .

404

? ] ] |

0 3 6 9

L1 1 1 1
12 15 18 21 24 x
AT T(A2)-T©O) 579-51.1 6.8
Ax 12-9 12-9 3
The average rate of change in temperature
from 9am to noon was about 2.27°F per hour.

=227

f.

AT _T(A8)-T(5) 63.0-63.0 _ 0

Ax 18-15 18-15
The average rate of change in temperature
from 9am to noon was O°F per hour.

The cubic function of best fit is 7'(x) =

—0.0103x> +0.3174x% —=1.3742x + 45.3929
Lubilckeg
u=gx i+hxE+cx+d
a=-. 9%929?4186

[rEyRay

Inimn
1
Ll
L=
L |
=
I
ka

AN
I

At 5pm we have x=17.
T(17)=-0.0103(17)" +0.3174(17)’
—1.3742(17)+45.3929

=63.1562
The predicted temperature at Spm is = 63.2°F .

27

The y-intercept is approximately 45.4°F .
The model predicts that the midnight
temperature was 45.4°F .

112. a. T(r)=5000+r)1+r)+ 500(1+r) + 500
| S

113. a.

264

Account value of Deposit 3

deposit 2

Account value of
deposit 1

=500(1+2r +r*)+500(1+ r) + 500
=500+ 10007 + 50072 + 500 + 5007 + 500
=500r% +15007 +1500

F(0.05)

=500(.05)* +2000(.05)* +3000(.05) + 2000

= 2155.06
The value of the account at the beginning of
the fourth year will be $2155.06.

T T
-1 N ]
-3 Loz | JABL
;| JEEEER | .Z2B
-7 EBBEEY | MYP
-.a B2k B4y
-k .BBBEG? | .B2E
-4 1429 | .98

TIBEL-C1—H)
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d. The values of the polynomial function get
closer to the values of f. The approximations
near 0 are better than those near —1 or 1.

Section 4.1: Polynomial Functions and Models

114.

115.
116.

117.

118.

119.

120.

The graph of a polynomial function will always
have a y-intercept since the domain of every
polynomial function is the set of real numbers.

Therefore f (0) will always produce a y-

coordinate on the graph. A polynomial function
might have no x-intercepts. For example,

f(x)=x"+1 has no x-intercepts since the

equation x* +1=0 has no real solutions.

Answers will vary.

Answers will vary, one such polynomial is
) =2 (x+ (4= x0)(x—-2)*

Answers will vary , f(x)=(x+2)(x—1)* and
g(x)=(x+2)*(x=1)* are two such

polynomials.

1. .
f(x)=— is smooth but not continuous;
X

gx)= |x| is continuous but not smooth.

fx)=x"+bx* +cx+d

a. True since every polynomial function has
exactly one y-intercept, in this case (0,d).

b. True, a third degree polynomial will have at
most 3 x-intercepts since the equation
X’ +bx* +cx+d =0 will have at most 3
real solutions.

¢. True, a third degree polynomial will have at
least one x-intercept since the equation

x> +bx* +cx+d =0 will have at least one
real solution.

d. True, since f has degree 3 and the leading
coefficient 1.
e. False, since

f(=x)= (—x)3 +b(—x)2 +c(—x)+d
=—x*+bx* —cx+d
#—f(x). (unless b=d =0)

f. True only if d =0, otherwise the statement
is false.

a. The degree will be even because the ends of
the graph go in the same direction.

b. The leading coefficient is positive because
both ends go up.
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Chapter 4: Polynomial and Rational Functions

121.

122 -

c. The function appears to be symmetric about
the y-axis. Therefore, it is an even function.

d. The graph touches the x-axis at x=0.

Therefore, x" must be a factor, where n is
evenand n=>2.

e. There are six zeros with odd multiplicity and
one with even multiplicity. Therefore, the
minimum degree is 6(1)+1(2) =8.

f. Answers will vary.

Answers will vary. One possibility:

f <x>=—5<x—1>3<x—2>[x‘%j[“3

126. Interactive Exercises

Section 4.2

1.

2.

10.

(-1 =2(=1)* =(-1)=2+1=3
61> +x—2=(3x+2)(2x-1)
Using synthetic division:
33-5 0 7 -4

9 12 36 129
3 4 12 43 125

Quotient: 3x° +4x% +12x+43
Remainder: 125

X +x-3=0

—1£12-4(1)(-3)

2(1)

—141412 _ 14413
2 2

~1-413 —1+Jﬁ}
2 7 '

X =

The solution set is { 3

Remainder, Dividend
f(e)
—4

False; every polynomial function of degree 3
with real coefficients has at most three real zeros.

0.

True

266

11.

12.

13.

14.

15.

16.

17.

18.

f(x)=4x> -3x* —8x+4; c¢=2

f(2)=4(2)° -3(2)* -8(2) +4
=32-12-16+4=8%0

Thus, 2 is not a zero of f and x—2 isnota

factor of f .

f(x)=—4x +5x>+8; ¢=-3

f(=3)=—4(=3)° +5(-3)* +8
=108+45+8=161%0

Thus, -3 is not a zero of f and x+3 is not a

factor of f .

f(x)=3x*—6x°>-5x+10; c=2

F(2)=312)*-6(2)* -5(2)+10
=48-48-10+10=0

Thus, 2 is a zero of f and x—2 is a factor of f .

f(x)=4x*-15x" -4; c=2

£(2)=4(2)" -15(2)* —4=64-60-4=0

Thus, 2 is a zero of f and x—2 is a factor of f .

F(x)=3x°+82x° +27; ¢=-3

f(=3)=3(=3)°+82(-3)* +27
=2187-2214+27=0

Thus, -3 is a zero of f and x+3 is a factor

of f.
f(x)=2x6—18x4+x2—9; c=-3
f(=3)=2(-3)"-18(-3)" +(-3)* -9

=1458-1458+9-9=0
Thus, -3 is a zero of f and x+3 is a factor

of f.

f(x)=4x° —64x* +x* =15, c=—4
f(—4) =4(-4)" —64(-4)" +(-4)’ -15

=16,384-16,384+16—-15=1#0
Thus, —4 is not a zero of f and x+4 is not a
factor of f .

f(x)=x"—16x"+x>-16; c=-4
f(-4)=(-4)" ~16(~4)" +(-4)" 16
=4096 - 4096 +16—16 =0

Copyright © 2013 Pearson Education, Inc.



19.

20.

21.

22,

23.

Thus, —4 is a zero of f and x+4 is a factor
of f.
1

c=—

foy=2x"—x+2x-1;

-

Thus, % is a zero of f and x—% is a factor of f.

F)=3x"+x> -3x+1; c=—%

-

=—-——+1+1=2%0
27 27

Thus, —% is not a zero of fand x+% is not a
factor of f.

F(x)=3x" =32 + x> —x+1

The maximum number of zeros is the degree of
the polynomial, which is 4.

p must be a factor of 1: p==1

g must be a factor of 3: g ==%1,43
. . 1
The possible rational zeros are: P _ il,ig
q
f(x) =x" —x*+2x* +3
The maximum number of zeros is the degree of

the polynomial, which is 5.
p must be a factor of 3: p=+1,13

g must be a factor of 1: g ==1

The possible rational zeros are: 2_ +1,£3
q

f(x)=x"-6x*+9x-3

The maximum number of zeros is the degree of
the polynomial, which is 5.

p must be a factor of -3: p=+1,13

g must be a factor of 1: g ==1

The possible rational zeros are:

P 41,43
q

Section 4.2: The Real Zeros of a Polynomial Function

24.

25.

26.

27.

28.

267

f(x)= 20 —xt—x* 41
The maximum number of zeros is the degree of

the polynomial, which is 5.
p must be a factor of 1: p ==1

g must be a factor of 2: g =11,+2

The possible rational zeros are: P_ +1,+
q

N | =

f(x)=—4x x> +x+2

The maximum number of zeros is the degree of
the polynomial, which is 3.

p must be a factor of 2: p==%1,12

g must be a factor of 4: ¢g=+1,12,+4

The possible rational zeros are:

Pyl 4l
q 2 4

f(x)= 6x* — x> +2

The maximum number of zeros is the degree of
the polynomial, which is 4.

p must be a factor of 2: p==*1,12

g must be a factor of 6: ¢ =11,12,+3,46
The possible rational zeros are:

LIS LI L

L

q 27737376

f(x)=6x*—x*+9

The maximum number of zeros is the degree of

the polynomial, which is 4.

p must be a factor of 9: p ==1,+3,49

g must be a factor of 6: ¢ =%1,1+2,43,+6

The possible rational zeros are:
1 3

Poyyetalil 343 1oy
q 277376 2

SR Ne}

f)=—4x +x> +x+6

The maximum number of zeros is the degree of
the polynomial, which is 3.

p must be a factor of 6: p =21, £2,43 46

g must be a factor of 4: ¢g=+1,12,+4

The possible rational zeros are:

Loyt sl 33 13 46
24T T4

. +
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Chapter 4: Polynomial and Rational Functions

29.

30.

31.

32.

F)=2x" - +2x* +12

The maximum number of zeros is the degree of
the polynomial, which is 5.
p must be a factor of 12:
p=11,+2,+3,+4,1+6,+12

g must be a factor of 2: g ==11,+2

The possible rational zeros are:

P41 42 +4, i%,i&i%,i@im

q

f(x)= 300 —x2+2x+18

The maximum number of zeros is the degree of
the polynomial, which is 5.

p must be a factor of 18:
p=x1,%£2,£3,£6,19,+18

g must be a factor of 3: ¢ =+1,3
The possible rational zeros are:

P_yal 1012 134649418
q 3 3

F(x)=6x* +2x° —x* +20
The maximum number of zeros is the degree of
the polynomial, which is 4.

p must be a factor of 20:
p==*1,+2,+4,+5+10,+20

g must be a factor of 6: ¢ =%1,12,+3,46
The possible rational zeros are:

L S Y T Fl
q 2 3 6 2
PR 10 20

k)

[SSERV)

+= 10, £—,20,+—
3 3

(o)

f(x)=—6x"—x* +x+10

The maximum number of zeros is the degree of
the polynomial, which is 3.

p must be a factor of 10: p==%1,+£2,45,+10

g must be a factor of —-6: ¢ =+1,£2,43,16

The possible rational zeros are:

LU U ST e
q 2773 6T T3 T2

i§,+§,ilo,ig
36 3

33.

34.

f(x)=2x3 +x2 —1=2£x3 —k%x2 —%j

Note: The leading coefficient must be 1.

1 1
a, =—,a,=0,ay =——
27504 0 >
MaxA1, —l+|0|+ l = Max l,l+0+l
2 2 2 2
=Max{1,1}
=1
1+ Max —l,|0|, l =1+ Max 1,0,l
2 2 2 2
St L
2
_3
2

The smaller of the two numbers is 1. Thus,
every zero of flies between —1 and 1.
We graph using the bounds and ZOOM-FIT.

2/1

o

-2

F(x)=3x" 22" +x+4

=3(x3 —§x2 +lx+ij

3 3
Note: The leading coefficient must be 1.
4y =—2a =t a =2
2 304 T3% Ty
1 {2 1 4}
Max<1,|—-—|+| — — |f=Max{l,—+—+—
{ ‘ 3 3 ‘} 3 33
7
=Max{1,—}
3
7
3
1
1+Max{——‘ ‘ g H — ‘}:1+Max{—,—,—}
4
=1+—
3
_7
3

The smaller of the two numbers is % . Thus,
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35.

36.

Section 4.2: The Real Zeros of a Polynomial Function

. 7 7 The smaller of the two numbers is 6.5 . Thus,
every zero of flies between 3 and 3’ every zero of flies between —6.5 and 6.5.
We graph using the bounds and ZOOM-FIT, and We graph using the bounds and ZOOM-FIT, and
adjust the viewing window to improve the graph. adjust the viewing window to improve the graph.
10 5
13 sl | |13
2 2
a2l /] 7
3 ! 3
=2 =20
f(x)=x"=5x* —11x+11 37, f(x)=x"+3x"-5x"+9
a, ==5,a, =-11,aqy =1 a,=3,a,=-5,a,=0,a,=9
Max{1,|-5|+|-11|+| 11 |} = Max{1,5+11+11} Max{L| 9|+] 0|+|-5]+| 3]}
= Max{1,27} = Max{1,9+0+5+3}
=27 = Max{1,17}
1+ Max{|-5|,|-11],| 11 [} =1+ Max{1,5,11,11} —17
=1+ 1+ Max{] 9 |.| 0 |.|-5].] 3}
=12 =1+ Max{9,0,5,3}
The smaller of the two numbers is 12. Thus,
every zero of flies between —12 and 12. =1+9
We graph using the bounds and ZOOM-FIT, and =10
adjust the viewing window to improve the graph. The smaller of the two numbers is 10. Thus,
200 every zero of flies between — 10 and 10.
/ We graph using the bounds and ZOOM-FIT, and
12 - 12 adjust the viewing window to improve the graph.
200
—500
—10 =] 10
f(x)=2x-x* -11x-6 W
—50
= 2()63 —lx2 —l—lx—3)
22 38, f(x)=4x" 122> +27x% —54x+81
Note: The leading coefficient must be 1. 7 57 81
1 11 =4[x4—3x3 + == x2 ——x+—)
(,12:_5,(11:_?,(10:_3 4 2 4
Note: The leading coefficient must be 1.
1 11 1 11
Max{l,—+ -— |+] -3 }zMax{l,++3} 27 27 81
2 2 2 2 a;=-3,a, =—,a, =——,a; =—
4 2 4
= Maxil.9) 81| | 27| .| 27
=9 Max{l,?+—7+ T‘+| —3|}
1+Max{—l‘ ‘ A ‘ | -3 |} = 1+Max{l 1 3}
2’ 2 | 272’ =Max{l,§+£+£+3}
1 4
=+ 87) 87
2 = Max{l,~—="-=435
=6.5 2 2

269
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81 271 | 27 Since the remainder is 0, x—(=3) =x+3
1+ Max<|—|,|—,| — ,| —3| .
4 2 4 is a factor. Thus,
f(x)=(x+3) xr-x=2
a2 21 (-x-2)
4 2 4 =(x+3)(x+D(x-2)
=1+%=%=21.25 The zeros are -3, —1, and 2.
The smaller of the two numbers is 21.25. Thus, 40. f(x)= x> +8x% +11x-20
every zero of flies between — 21.25 and 21.25. Step 1:  f(x) has at most 3 real zeros.

We graph using the bounds and ZOOM-FIT, and

adjust the viewing window to improve the graph. Step 2: Possible rational zeros:

p=t1,+2,+4,+5 410,420, ¢=+I;

200
Lo 41,42, +4,+5,+10,%20
q
Step 3: Using the Bounds on Zeros Theorem:
85 85 a, =8, a =11, a;=-20
4 5 4 Max {1,|-20|+|11]+| 8]}
= Max {1, 39} =39
_ .3 2 .
39. f(x)=x"+2x"-5x-6 1+Max{|—20|,|11|,|8|}
Step 1:  f(x) has at most 3 real zeros. —1420=2]
Step 2: Possible rational zeros: The smaller of the two numbers is 21.
p=t1,£2,£3,+6; g==I; Thus, every zero of f lies between
P —21 and 21. We graph using the
=ELE2, 43,36 bounds and ZOOM-FIT, and adjust the

q
viewing window to improve the graph.

Step 3: Using the Bounds on Zeros Theorem: 5
a, =2, a=-5 a,=-6 » I 3
Max {1,|-6|+|-5|+| 2}
=Max {1,13} =13
1+Max {|-6|,|-5].|2[}=1+6=7
The smaller of the two numbers is 7. 25
Thus, every zero of f lies between —7 . .
Step 4: From the graph it appears that there are
and 7. x-intercepts at -5, —4, and 1.
10 Using synthetic division:
/ =51 8 11 =20
LA 4 ~5-15 20

I,

T Since the remainder is 0, x—(-5) =x+5

is a factor. Thus,
Step 4: From the graph it appears that there are f(x)=(x+5) (x2 +3x- 4)
x-intercepts at -3, —1, and 2.

Using synthetic division: = (x+5)(x+4)(x—1)

_3>1 2 -5 —6 The zeros are -5, —4, and 1.
-3 3 6
1 -1 -2 0
270
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41. f(x)=2x" —13x% +24x-9

Step 1:

f(x) has at most 3 real zeros.

Step 2: Possible rational zeros:

p=x1,£3,1£9; g==1,t2;

P4 4349 41
q 2

Step 3: Using the Bounds on Zeros Theorem:

Step 4:

f(x)= 2(x3 —6.5x° +12x—4.5)

a, =-6.5, a, =12,a, =-4.5

Max {1,|-4.5|+[12|+]|-6.5|}
=Max {l,23}=23

1+Max {|-4.5[,|12],|-6.5]}

=1+12=13
The smaller of the two numbers is 13.
Thus, every zero of f lies between —13
and 13. We graph using the bounds and
ZOOM-FIT, and adjust the viewing
window to improve the graph.

10

A

-10
From the graph it appears that there are
x-intercepts at 0.5 and 3.

Using synthetic division:
32 -13 24 -9
6 -21 9
2 -7 30

Since the remainderis 0, x—3 is a
factor. Thus,

f(x)= (x—3)(2x2 —7x+3)
=(x=-3)2x-1)(x-3)
=(2x—1)(x—3)?

The zeros are % and 3 (multiplicity 2).

Section 4.2: The Real Zeros of a Polynomial Function

42. f(x)=2

Step 1:

¥ =5x% —4x+12

f(x) has at most 3 real zeros.

Step 2: Possible rational zeros:

p=x1,£2,+3 +4,+6,+12;
qg=x1,t2;

Py 10,4344, 46,212, 44 &
q 2

N | W

Step 3: Using the Bounds on Zeros Theorem:

Step 4:

271

f(x)=2(x3—2.5x2—2x+6)
a, =-2.5,
Max {1,]|6]+|-2|+|-2.5]}
=Max {1,10.5} =10.5
1+Max {|6],|-2],|-2.5]}

=1+6=7
The smaller of the two numbers is 7.
Thus, every zero of flies between —7
and 7. We graph using the bounds and
ZOOM-FIT, and adjust the viewing
window to improve the graph.

AN A

From the graph it appears that there are

a=-2, a,=6

x-intercepts at —% and 2.

Using synthetic division:
22 -5 -4 12
4 -2 -12
2 -1 -6 0
Since the remainder is 0, x—2 is a factor.
Thus,

f)=(x-2)(2+ —x—6)
=(x=2)2x+3)(x-2)

The zeros are —% and 2 (multiplicity 2).
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43. f(x)=3x" +4x* +4x+1

Step 1:
Step 2:

Step 3:

Step 4:

f(x) has at most 3 real zeros..

Possible rational zeros:

p=tl; g=t143 Lox11l
q 3

Using the Bounds on Zeros Theorem:

4 4 1
x)=3| x* +—x2+—x+—)
f(x) [ 353

Max{l,‘l i‘}=Max{1,3}=3
3 3

1] 4] ]4 4
=1, =1, = :1+—:
3113113 3

The smaller of the two numbers is

W | =

1+Max{

Thus, every zero of f lies between
7 7 .
-3 and 3 We graph using the

bounds and ZOOM-FIT, and adjust the
viewing window to improve the graph.
4

-2
From the graph it appears that there is

. 1
an x-1ntercepts at —g .

Using synthetic division:

—1)3 4 4 1
-1 -1 -1

33 3 0

The remainder is 0, so x —[—%) =x +%

Thus, f(x)=(x+%j(3x2+3x+3).

=3(x+%)(x2+x+l)
=GBx+D(x* +x+1)
Note that x*> + x+1=0 has no real

solution. The only real zero is —% .

44. f(x)=3x>-7x* +12x-28

Step 1:
Step 2:

Step 3:

Step 4:

f(x) has at most 3 real zeros.

Possible rational zeros:
p=x1,£2,+4 +7 £14,£28;

qg=x*1,13;

D o142, 44,47, 14,428, + 1
q 3
ig,ii,iz,il—,i—g
33 3 3 3
Using the Bounds on Zeros Theorem:

2
f(x)—3[x3——x2+4x—?8j
7 28
azz—g, a =4, aoz—?

3
7
1+Max{‘——‘,|4|,‘——‘}
3 3
_. 283
3 3

The smaller of the two numbers is %

Thus, every zero of f lies between
—% and % We graph using the

bounds and ZOOM-FIT, and adjust the
viewing window to improve the graph.

10
-3 /f 4
-50

From the graph it appears that there is
an x-intercept at %
Using synthetic division:
1)3 -7 12 -28
3
7 0 28
3 0 12 0
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Since the remainder is 0, x—g isa

factor. Thus,

f(x)z(x—%j(sz +12).

=3[x—%)(x2+4)

=(3x—7)(x2+4)

Note that x> +4 =0 has no real solution.

The only real zero is % .

45. f(x)=x’—8x* +17x—6

Step 1:
Step 2:

Step 3:

Step 4:

f(x) has at most 3 real zeros.

Possible rational zeros:
p=t1,£2,£3,+6; ¢g=1=I,;

P 414243 46

q
Using the Bounds on Zeros Theorem:
a,=-8, a =17, ay,=-6

Max {1,|-6]+[17|+|-8]}
= Max {1, 31} =31

1+Max {|-6].|17|.|-8]}
=1+17=18

The smaller of the two numbers is 18.
Thus, every zero of f lies between

—18 and 18. We graph using the
bounds and ZOOM-FIT, and adjust the
viewing window to improve the graph.

8

o /]
/

-8
From the graph it appears that there are
x-intercepts at 0.5, 3, and 4.5.
Using synthetic division:
3)l -8 17 -6
3 -15 6

1 =5 2 0
Since the remainder is 0, x—3 is a
factor. Thus,

Section 4.2: The Real Zeros of a Polynomial Function

273

f(x)z(x—3)(x2—5x+2).

Using the quadratic formula to find the
solutions of the depressed equation

x2 —5x42=0:

TN -4@) 5217
2

2(1)

Thus,

omeal (=) -{=22)

54417 517
> , and 5y

The zeros are 3,

46. f(x)=x>+6x>+6x—4

Step 1:
Step 2:

Step 3:

Step 4:

f(x) has at most 3 real zeros.
Possible rational zeros:
p=t1, 12, t4;, g==I;

P41 42 +4
q

Using the Bounds on Zeros Theorem:
a, =6,
Max {1,|-4|+|6|+|6]}

=Max {1, 16} =16
1+Max {|-4[,|6].|6[}=1+6=7
The smaller of the two numbers is 7.
Thus, every zero of flies between —7
and 7. We graph using the bounds and

ZOOM-FIT, and adjust the viewing
window to improve the graph.

8

I
S

-8
From the graph it appears that there are
x-intercepts at —4.5, —2, and 0.5.
Using synthetic division:
-2)l 6 6 —4
-2 -8 4
1 4 =2 0

Since the remainderis 0, x—(=2)=x+2

a, =6, ay=-

is a factor. Thus,
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F(x)=(x+2)(x* +4x-2). Using the
quadratic formula to find the solutions of

the depressed equation X’ +4x-2=0:

AR A 44

2(1) 2
—4+26

LA N
: J6

Thus,

F0= s Dx=(-2048))(x-(-2-46))

=(x+2)(x+2—\/€)(x+2+\/€)

The zeros are —2,—2—\/6, and —2+\/6.

47. f(x)=x*+x° -3x% —x+2

Step 1:
Step 2:

Step 3:

Step 4:

f(x) has at most 4 real zeros.

Possible rational zeros:

p=tL,12 g=+1; L=x142
q

Using the Bounds on Zeros Theorem:

a;=1, ay=-3, a=-1, a;=2

Max {L,|2]+|-1]+|-3]+|1]}
=Max {1,7}=7

1+Max {|2[.|-1].[-3[.[1]}
=14+3=4

The smaller of the two numbers is 4.

Thus, every zero of flies between —4

and 4. We graph using the bounds and

ZOOM-FIT, and adjust the viewing

window to improve the graph.

4

-3 /_ 2
Y

From the graph it appears that there are
x-intercepts at -2, —1, and 1.
Using synthetic division:
-2 1 -3 -1 2
-2 2 2 =2

1 -1 -1 1 O
Since the remainder is 0, x+2 is a
factor. Using synthetic division again:

-11 -1 -1 1
-1 2 -1
1 -2 1 0

Since the remainderis 0, x+1 is also a
factor. Thus,

F()=(x+2)(x+D(x> =2x+1)
= (x+2)(x+1)(x=1)>2

The zeros are -2, —1, and 1 (multiplicity
2).

48. f(x)=x*—x—6x>+4x+8

Step 1:
Step 2:

Step 3:

Step 4:

f(x) has at most 4 real zeros.

Possible rational zeros:
p=t1,£2,+4 £8;, ¢g==I;

Poty40,44, 438
q
Using the Bounds on Zeros Theorem:

a3 =-1, a, =-6,
Max {1,|8|+|4|+|-6|+|-1|}
= Max {1, 19} =19
e Max {]8].[4].[<6].| 1]}
=1+8=9
The smaller of the two numbers is 9.
Thus, every zero of f lies between —9
and 9. We graph using the bounds and

ZOOM-FIT, and adjust the viewing
window to improve the graph.

10

WAVl

L

a =4, a,=8

4
From the graph it appears that there are
x-intercepts at —2, —1, and 2.
Using synthetic division:
2]l -1 -6 4 38
-2 6 0 -8
1 -3 04 0

Since the remainderis 0, x+2 isa
factor. Using synthetic division again:
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30 4
-1 4 -4
1 -44 0
Since the remainder is 0, x+1 is also a
factor. Thus,

F(0) = (x+2)(x+D(x* —4x+4)
=(x+2)(x+1D)(x=2)*

The zeros are -2, —1, and 2 (multiplicity
2).

49. f(x)=2x"+17x° +35x* —9x—45

Step 1:
Step 2:

Step 3:

Step 4:

f(x) has at most 4 real zeros.

Possible rational zeros:
p=x1,£3,£5 19,+15, +45;

qg=x1,%2;
p 1
—=4%1,%£3,£5,£9,£15, £45, +—,
q 2
+342 42 15,8
22 2 2 2

Using the Bounds on Zeros Theorem:

f(x)= 2(x4 +8.5x° +17.5x° —4.5x—22.5)

a, =85, a, =175, a, =-4.5, ay, =-22.5

Max {1,|-22.5|+|-4.5|+|17.5]|+|8.5|}
=Max {1, 53} =53

1+Max {|-22.5],|-4.5].|17.5],|8.5[}
=1+22.5=235

The smaller of the two numbers is 23.5.
Thus, every zero of f lies between
—23.5 and 23.5. We graph using the
bounds and ZOOM-FIT, and adjust the
viewing window to improve the graph.

30

FHINIIN

\/

=50
From the graph it appears that there are
x-intercepts at -5, -3, —1.5, and 1.
Using synthetic division:
-5)2 17 35 -9 -45
-10 =35 0 45

2 7 0 -9 0

Section 4.2: The Real Zeros of a Polynomial Function

Since the remainderis 0, x+5 is a
factor. Using synthetic division again:

527 0 -9
-6 -3 9
2 1 -3 0
Since the remainder is 0, x+3 is also a
factor. 2x> +x—3. Thus,
Fx)=(x+5)(x+3)2x* +x=3)
=(x+5x+3)2x+3)(x-1)

The zeros are —5,—3,—%, and 1.

50. f(x)=4x*—15x> -8x* +15x+4
Step 1:  f(x) has at most 4 real zeros.

Step 2: Possible rational zeros:
p=x1,£2,+4; g==xI1,£2,14;

Poyp4 44+l o1
q 2 4
Step 3: Using the Bounds on Zeros Theorem:
f(x)= 4(x4 —3.75x° - 2x° +3.75x+1)
ay =-3.75, ay =-2, a,=3.75, a, =1
Max {1, |1]+|3.75]+|-2|+|-3.75|}
=Max {1,10.5}=10.5
1+Max {|1],]3.75].|-2|.| -3.75|}
=1+3.75=4.75

The smaller of the two numbers is 4.75.
Thus, every zero of f lies between
—4.75 and 4.75. We graph using the
bounds and ZOOM-FIT, and adjust the
viewing window to improve the graph.
20

) I (]

-110

Step 4: From the graph it appears that there are
x-intercepts at —1, —0.25, 1, and 4.
Using synthetic division:
-1)4 -15 -8 15 4
-4 19 -11 -4
4 -19 11 4 0

275
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Since the remainder is 0, x+1 is a
factor. Using synthetic division again:

4)4 -19 11 4
16 —-12 -4
4 -3 -1 0
Since the remainder is 0, x—4 is also a
factor. Thus,
F(x)=(x+D(x—4)(4x* =3x—1)
=(x+D(x-dHEx+D)(x-1)

The zeros are -1, 4, —i, and 1.

51, f(x)=2x"-3x"—21x* —2x+24

Step 1:  f(x) has at most 4 real zeros.

Step 2: Possible rational zeros:
p==x1,+2,+3,+4,+6,+8,£12, +24;

g=x1, %2
P41, 42,43, +4,+6,+8,+12,
q
+o4, 41 43
2’72

Step 3: Using the Bounds on Zeros Theorem:
f(x)= 2(x4 —1.5%° —10.5x* —x+12)
ay=-1.5,a,=-105,a,=-1,a, =12
Max {1,|12|+| -1]|+|-10.5]+|-1.5|}

= Max {1, 25} =25
1+Max {|12|,|-1],]-10.5],|-1.5]}
=1+12=13
The smaller of the two numbers is 13.
Thus, every zero of flies between —13
and 13. We graph using the bounds and
ZOOM-FIT, and adjust the viewing

window to improve the graph.
60

pRENINI

-100

Step 4: From the graph it appears that there are
x-intercepts at -2, —1.5, 1, and 4.
Using synthetic division:

-2)2 -3 -21 -2 24
-4 14 14 -24
2 =7 =7 12 0
Since the remainderis 0, x+2 isa
factor. Using synthetic division again:
42 -7 -7 12
8 4 -12
2 1 -3 0
Since the remainder is 0, x—4 is also a
factor. Thus,
FX)=(x+2)(x—4)2x* +x-3)
=(x+2)(x—-4H2x+3)(x-1

The zeros are -2, 4, —%, and 1.

52. f(x)=2x"+11x° —5x* —43x+35

Step 1:  f(x) has at most 4 real zeros.

Step 2: Possible rational zeros:
p==x1,+5+7,+35 ¢g==1,%2;
Dot 45,47,435 £+
q 22

Step 3: Using the Bounds on Zeros Theorem:

) =2(x"+5.5x" - 255 —21.5x+17.5)

a,=55,a,=-25,a,=-21.5,a,=17.5

Max {1,|17.5|+|-21.5|+|-2.5|+|5.5]}
=Max {1,47} =47

1+Max {[17.5],|-21.5|,]-2.5].| 5.5|}
=1+21.5 =225

The smaller of the two numbers is 22.5.

Thus, every zero of f lies between

—22.5 and 22.5. We graph using the

bounds and ZOOM-FIT, and adjust the
viewing window to improve the graph.

65

VA
\/

—65

Step 4: From the graph it appears that there are
x-intercepts at -5, -2.8, 1, and 1.2.
Using synthetic division:
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—5)2 11 -5 —-43 35
-10 -5 50 -35
2 1 -10 7 0

Since the remainderis 0, x+5 isa
factor. Using synthetic division again:

)2 1 -10 7
2 3 -7
2 3 -7 0
Since the remainder is 0, x—1 is also a
factor. Thus,
FO)=(x+5)(x=1) (247 +3x-7).

Using the quadratic formula to find the
solutions of the depressed equation

2x% +3x=7=0:
—3+32-42)(-7) -3++/65
X = =
2(2) 4
Thus, f(x)=
2(x+5)(x—1)(x+3_\/6][x+3+\/6).
4 4
The zeros are 5,1, -3 _4\/6, and
—3+\/§
—

53, f(x)=4x*+7x* -2

Step 1:  f(x) has at most 4 real zeros.

Step 2: Possible rational zeros:
p=xL,£2; g==x1,+2 %4

LA L

s ) s

q 2 4
Step 3: Using the Bounds on Zeros Theorem:
Fx)=4(x* +1.75x -0.5)
ay, =0, a, =1.75, a, =-0.5
Max {1,|-0.5]+|0]+|1.75]+| 0|}
= Max {I,2.25} =2.25
1+Max {|-0.5|,|0].|1.75].]| O]}
=1+1.75=2.75

a, =0,

The smaller of the two numbers is 2.25.

Thus, every zero of flies between
—2.25 and 2.25. We graph using the
bounds and ZOOM-FIT, and adjust the
viewing window to improve the graph.

Section 4.2: The Real Zeros of a Polynomial Function

277

Step 4:

;)
From the graph it appears that there are

. 1 1
x-intercepts at —— and —.
2 2

Using synthetic division:

—1)4 07 0 =2
2

-2 1 -4 2

4 -2 8 -4 0
Since the remainder is 0, x+% is a

factor. Using synthetic division again:

l)4—28_4
2

2 0 4

4 0 8 O

. . . 1.
Since the remainder is 0, X_E is also a

factor. Thus,

f(x)= (x+%j(x—%)(4x2 +8)

= 4(x+%)(x—%)(x2 +2)

= (2x+1)(2x—1)(x2 +2)

The depressed equation has no real

zeros. The real zeros are —% and %

54. f(x)=4x*+15x* -4

Step 1:
Step 2:

Step 3:

f(x) has at most 4 real zeros.

Possible rational zeros:
p=t1,£2,+4; g=+1,£2,%4;
Py 404441
q 2
Using the Bounds on Zeros Theorem:
f(x)= 4(x4 +3.75x> —1)

a; =0, a, =3.75,

>

+1
4

a; =0, a;=-1
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Step 4:

Max {1,|-1|+|0]+|3.75|+| 0]}
= Max {1,4.75} =4.75
1+Max {|-1],]0],|3.75].] 0}

=1+3.75=4.75
The smaller of the two numbers is 4.75.
Thus, every zero of f lies between
—4.75 and 4.75. We graph using the
bounds and ZOOM-FIT, and adjust the
viewing window to improve the graph.

10

N

-5
From the graph it appears that there are

. 1 1
x-intercepts at —— and —..
2 2

Using synthetic division:

—1)4 015 0 -4
2

-2 1 -8 4

4 -2 16 -8 0
Since the remainder is 0, x +% isa

factor. Using synthetic division again:

l) 4 -2 16 -8
2

2 0 8

4 0 16 O

. . . 1.
Since the remainder is 0, x _E is also a

factor. Thus,

f(x) =(x+%)(x—%)(4x2 +16)

_ LT o P
—4(x+2)(x 2)()( +4)

= 2x+D)Q2x-D(x*+4)
The depressed equation has no real

zeros. The real zeros are —% and E

55. f(x)=4x —8x* —x+2

Step 1:  f(x) has at most 5 real zeros.

Step 2: Possible rational zeros:
p=x1,t2; g==x1,+2,+4

P_yyan et sl

i s >

q 2 4

Step 3: Using the Bounds on Zeros Theorem:
Fx)=4(x"—2x* —0.25x+0.5)
a,=-2,a;,=0,a, =0,a; =-0.25,
ay, =0.5
Max {1, 0.5|+|-0.25|+|0|+|0|+|-2]}

=Max {1, 2.75} = 2.75

1+Max{|0.5],|-0.25].| 0],]0[.| -2}

=1+2=3
The smaller of the two numbers is 2.75.
Thus, every zero of f'lies between —2.75
and 2.75. We graph using the bounds and
ZOOM-FIT, and adjust the viewing
window to improve the graph.

S

| . || 3

N

-15
Step 4: From the graph it appears that there are
x-intercepts at —0.7, 0.7 and 2.
Using synthetic division:
204 -8 0 0 -1 2
8 00 0 -2
4 000 -1 0

Since the remainder is 0, x—2 is a
factor. Thus,

f)=(x=2)4x" -1
=(x=2)2x*=D2x*+1)
=(x- 2)(x/§x—1)(\/§x +1)(2x2 + 1)
Note that the depressed equation
2x*+1=0 has no real solution. The real

2 2

ZEros are —£, —,and 2.
2 2
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56. f(x)=4x +12x* —x-3 57. f(x)=x>+3.2x" -16.83x—5.31

Step 1:  f(x) has at most 5 real zeros. f(x) has at most 3 real zeros.

Step 2: Possible rational zeros: Solving by graphing (using ZERO):
p=tl+3; g=%1,+2,+4; 50
Poypaz el o3 4143
q 2 2 4 4

Step 3: Using the Bounds on Zeros Theorem: =7 ’\‘_/-"J 4
Fx)=4(x+3x" —0.25x—0.75) .'{

=25

a,=3,a;=0,a, =0, g =-0.25, .
- The zeros are approximately —5.9, —0.3, and 3.

ao = _0.75
Max{1,|-0.75|+| -0.25|+| 0| +| 0| +| 3|} 58. f(x)=x"+3.2x"-7.25x—6.3
= Max {1, 4} =4 f(x) has at most 3 real zeros.
1+Max{|-0.75],] -0.25,]0[,| 0], 3} Solving by graphing (using ZERO):
20
=1+3=4
The smaller of the two numbers is 4.
Thus, every zero of flies between —4 5 3
and 4. We graph using the bounds and B \_/.f
ZOOM-FIT, and adjust the viewing
window to improve the graph. G
80 N
The zeros are approximately —4.5, —0.7, and 2.
59. f(x)=x"-14x" -33.71x* +23.94x+292.41
f(x) has at most 4 real zeros.

35 2 Solving by graphing (using ZERO):

' = 300

Step 4: From the graph it appears that there are

x-intercepts at -3, —0.7, and 0.7.
Using synthetic division:
-3)4 12 0 0 -1 -3 -7 7

-12 0 0 0 3 =50

4 000 -1 O The zeros are approximately —3.8 and 4.5. These

. . . . zeros are each of multiplicity 2.
Since the remainderis 0, x+3 is a

f;c(t‘;r' (Th“;’)(4 - 60. f(x)=x* +1.2x3 —7.46x> —4.692x+15.2881
x)=(x+3)(4x* -

=(x+3)2x* =D)(2x* +1)

= (x+3)(vV2x—1)(v2x +1)(2x2 + 1)
Note that the depressed equation
2x*+1=0 has no real solution. The real

V2 2

zeros are ———,—, and —3.
2 2

f(x) has at most 4 real zeros.

Solving by graphing (using ZERO):
18

—4 4

-2
The zeros are approximately —2.3 and 1.7.
These zeros are each of multiplicity 2.

279
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61.

62.

63.

f(x)=x"+19.5x* =1021x+1000.5
f(x) has at most 3 real zeros.

Solving by graphing (using ZERO):
25,000

-10,000
The zeros are approximately —43.5, 1, and 23.

f(x)= x> +42.2x —664.8x+1490.4
f(x) has at most 3 real zeros.

Solving by graphing (using ZERO):
35,000

-601 <] 15

-1,000
The zeros are approximately —54.82, 2.76, and
9.87.

Xt +2x% —4x-8=0

The solutions of the equation are the zeros of

f)=x*—x* +2x* —4x-8.

Step 1:  f(x) has at most 4 real zeros.

Step 2: Possible rational zeros:
p=x1,£2,+4,+8;, g==I;

P41, 42 +4,+8

q
Step 3: Using the Bounds on Zeros Theorem:
a;=-1,a,=2, a=-4, ay,=-8

Max {1,|-8|+|—4|+|2|+|-1[}
= Max {1,15} =15
1+ Max {[=8[.[-4].[2[.|-1]}

=1+8=9
The smaller of the two numbers is 9.
Thus, every zero of flies between —9
and 9. We graph using the bounds and
ZOOM-FIT, and adjust the viewing
window to improve the graph.

64.

65.

-12

Step 4: From the graph it appears that there are

x-intercepts at —1 and 2.
Using synthetic division:
-1 -1 2 -4 -8
-1 2 -4 8
1 -2 4 -8 0
Since the remainderis 0, x+1 is a
factor. Using synthetic division again:

2)1 -2 4 -8
2 0 8
I 0 4 O

Since the remainder is 0, x—2 is also a
factor. Thus,

F) = (x+D(x—2)(x> +4) .

The real solutions of the equation are

—1 and 2. (Note that x*> +4=0 has no
real solutions.)

250 4327 +2x+3=0
Solve by factoring:

¥ (2x+3)+(2x+3)=0
(2x+3)(x2+1)=0

X=—=

2
The only real zero is —% . (Note that x* +1=0

has no real solutions.)

3% +4x —7x+2=0

The solutions of the equation are the zeros of
f(x)= 30 +4x% —Tx+2.

Step 1:  f(x) has at most 3 real zeros.

Step 2: Possible rational zeros:
p=t1,t2; g==1,%3;

2

LU
q 33
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Step 3:

Step 4:

Using the Bounds on Zeros Theorem:

f(x)—3(x3+—x2——x+§j
T
23 3703
Max ‘g —z+i‘
3 3
= Max { } —3 4.333
3
o {35151
3
—1+z:—~3333
3

The smaller of the two numbers is 3.33.

Thus, every zero of f lies between

—3.33 and 3.33. We graph using the

bounds and ZOOM-FIT, and adjust the

viewing window to improve the graph.
12

-3 - 2

-2
From the graph it appears that there are

x-intercepts at l,g, and —2.4.
3'°3
Using synthetic division:
E }3 4 -7 2
3
2 4 -2
3 6 -3 0
. . . 2.
Since the remainder is 0, x _E isa

factor. The other factor is the quotient:
3x% +6x-3.

f(x)= [x—gj(?wc +6x— 3)

=3£x—§)(x2+2x—l)

Using the quadratic formula to solve
x> +2x-1=0:

Section 4.2: The Real Zeros of a Polynomial Function

2% J4-4(-D) -2+
B 2(1) 2
_-2402

2
The real solutions of the equation are

%,—H\/E, and —1-+/2.

66. 2x° —3x* —3x-5=0
The solutions of the equation are the zeros of
f(x)=2x°-3x> =3x-5.

Step 1:  f(x) has at most 3 real zeros.

Step 2: Possible rational zeros:
p=x1,£5 ¢g==x1,12;

Doy 5,6t 42

] s — )

q 2 2

Step 3: Using the Bounds on Zeros Theorem:
f(x)= 2(x3 —1.5%° —1.5x—2.5)
a,=-1.5, a =-15, a;=-25
Max {1,|-2.5|+|-1.5]+|-1.5]}

= Max {1, 5.5}
=55
1+Max {|-2.5[,|-1.5],|-1.5[}
=1+2.5
=35

The smaller of the two numbers is 3.5.
Thus, every zero of f'lies between —3.5
and 3.5. We graph using the bounds
and ZOOM-FIT, and adjust the viewing
window to improve the graph.

1
BN

-10
Step 4: From the graph it appears that there is

. 5
an x-intercept at )

Using synthetic division:

2) 2 -3 -3 -5
2

5 5 5

2 2 20

281
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67.

68.

. . . 5.
Since the remainder is 0, x _E isa

factor. Thus,

f(x)z(x—%j(sz +2x+2)

= Z(x—gj(xz +x+1)
=(2x—5)(x2+x+1)

Note that x* + x+1=0 has no real
zeros. The only real solutions to the

.. 5
equation 18 5

3% —x? —15x+5=0

Solving by factoring:
XGBx-1)-5@x-1)=0
Bx-D(x*-5)=0

Gx=D(x=+/5)(x++/5)=0

The solutions of the equation are %, \/g , and
_\/5 )

2x° —11x° +10x+8=0
The solutions of the equation are the zeros of

F(x)=2x> =11x% +10x+8.
Step 1:  f(x) has at most 3 real zeros.

Step 2: Possible rational zeros:
p=x1,£2,+4,+8;, g==1,%2;

L1142, 44,48, £+
q 2
Step 3: Using the Bounds on Zeros Theorem:
f(x)=2(x3—5.5x2+5x+4)
a,=-55, a =5 ay,=4
Max {1,|4|+|3]+|-5.5}
=Max {1,125} =12.5
1+Max {|4],|3],|-5.5]}
=1+5.5=6.5

I
/‘\/

Step 4: From the graph it appears that there are
x-intercepts at —0.5, 2, and 4.
Using synthetic division:

42 -11 10 8
8 —-12 -8
2 -3 =2 0
Since the remainderis 0, x—4 isa
factor. Thus,

F(x)=2x"—11x> +10x+38
=(x—4)(2x>=3x-2)
=(x—HQ2x+1)(x-2)

The solutions of the equation are —% ,

2, and 4.

69. x* +4x’ +2x° —x+6=0
The solutions of the equation are the zeros of
Fx)=x*+4x° +2x% —x+6.
Step 1:  f(x) has at most 4 real zeros.
Step 2: Possible rational zeros:
p=t1,£2,£3,+6; g==I;

L4142 43,46

q
Step 3: Using the Bounds on Zeros Theorem:
a;=4, a,=2, a,=-1, a;=6

Max {1,]|6]+|-1]+|2|+|4]}
=Max {1,13} =13
L+ Max {[6].[-1[,|2[.]4]}

=1+6=7
The smaller of the two numbers is 7.
Thus, every zero of f lies between —7
and 7. We graph using the bounds and

The smaller of the two numbers is 6.5.
Thus, every zero of flies between —6.5
and 6.5. We graph using the bounds
and ZOOM-FIT, and adjust the viewing
window to improve the graph.

ZOOM-FIT, and adjust the viewing
window to improve the graph.
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/

Jival!

LS

-3
Step 4: From the graph it appears that there are
x-intercepts at -3 and 2.
Using synthetic division:

—3)1 4 2 -1 6
-3 -3 3 -6
1 1 -1 2 0

Since the remainderis 0, x+3 is a
factor. Using synthetic division again:

-2)l 1 -1 2
-2 2 =2
1 -1 1 0
Since the remainder is 0, x+2 is also a
factor. Thus,

fx)=x"+4x +2x* —x+6
=(x+2)(x+3)(x* —x+1)
The real solutions of the equation are —3

and -2. (Note that x> —x+1=0 has no
real solutions.)

70. x* —2x* +10x* —18x+9=0

The solutions of the equation are the zeros of
f(x)=x*—2x° +10x* —18x+9.
Step 1:  f(x) has at most 4 real zeros.

Step 2: Possible rational zeros:

p=tl, 3,29 g=+1; L =41, +3, 49
q

Step 3: Using the Bounds on Zeros Theorem:
a;=-2, a, =10, a; =-18, a,=9
Max {1,]|9]+|-18|+|10]+| -2}
= Max {1,39} =39
1+Max {|9],|-18],]10],| -2}

=1+18=19
The smaller of the two numbers is 19.
Thus, every zero of f lies between —19
and 19. We graph using the bounds and
ZOOM-FIT, and adjust the viewing
window to improve the graph.

Section 4.2: The Real Zeros of a Polynomial Function

283

2

—

0
. / 3
T

Step 4: From the graph it appears that there is
an x-intercept at 1. Using synthetic
division:

-2 10 -18 9
1 -1 9 -9
1 -1 9 -9 0
Since the remainder is 0, x—1 is a
factor. Using synthetic division again:

N -1 9 -9
1 0 9
1 0 9 O

Since the remainderis 0, x—1 is a

factor again. Thus,

fx)=x*—2x" +10x* —18x+9
=(x—1)*(x*+9)

The real solution to the equation is 1

(multiplicity 2). (Note that x> +9=0

has no real solutions.)

3

71, X —3x2+§x+1=0
3 3

The solutions of the equation are the zeros of
3 2,8
X)=x" ——x"+—x+1.
7 3 3

Step 1:  f(x) has at most 3 real zeros.
Step 2: Use the equivalent equation

3x° —2x? +8x+3=0 to find the possible
rational zeros:
p=x1,£3; g==1,%3;

Step 3: Using the Bounds on Zeros Theorem:
2 8
a2=—5, a=—, ay=1

Max {1,|1|+

= Max {l,g}zg

W
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1+ Max {|1|,‘§‘,‘_3‘}:1+§:E
3|73 33

The smaller of the two numbers is l—; .

Thus, every zero of flies between

—1—31 and 1—31 . We graph using the

bounds and ZOOM-FIT, and adjust the
viewing window to improve the graph.
5

T

-5

Step 4: From the graph it appears that there is
an x-intercept at —% .
Using synthetic division:
Iy 228

3 2
L
3
30
Since the remainder is 0, x+é isa
factor. Thus,

f(x)=x3—§x2+§x+1
=(x+é](x2—x+3)

The only real solution to the equation is

—%. (Note that x> =x+3=0 has no

real solutions.)

72. X —§x2 +3x-2=0
Solving by factoring:
xz(x—g]+3(x—g)=0

3 3
(x—%)(xz +3)=0
2
x==

3

The only real zero is % . (Note that x> +3=0

has no real solutions.)

284

73. Using the TABLE feature to show that there is a

74.

75.

zero in the interval:

F(x)=8x*-2x" +5x-1; [0,1]

i '

.|

o -1

i ]

z 1z0

= B4Y

Y 2Nzt

c 4O7Y

=-1

f(O)=-1<0andf(1)=10>0

Since one is positive and one is negative, there is
a zero in the interval. Using the TABLE feature
to approximate the zero to two decimal places:

A 'y
21 | -.o0oz
2y | -aobE
e | -HE-y
EE | .oout
17 | a0ESE
I

1748
=.219

The zero is approximately 0.22.

Use the TABLE feature to show that there is a
zero in the interval:
f)=x"+8x" —x* +2; [-1,0]

A 'y

o

et L Tt
nmoms m
=

1|

oL
f(=)==6<0andf(0)=2>0
Since one is positive and one is negative, there is

a zero in the interval. Using the TABLE feature
to approximate the zero to two decimal places:

The zero is approximately —0.61.

Using the TABLE feature to show that there is a
zero in the interval:

f(x)=2x" +6x* —8x+2; [-5,—4]

|
-g -E7Y
-7 -5y
-6 -166
-5 -E8
-q z
-3 i
-k b
1HER SRR E B E
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76.

77.

f(=5)=-58<0andf(-4)=2>0

Since one is positive and one is negative, there is
a zero in the interval. Using the TABLE feature
to approximate the zero to two decimal places:

|

w.05g | -.4z8

el | -I0BFL
ok | -04ER
y.0aa | -003E
yaoug | G0zEEL
-7 | oEnnE
- | dEdRE

1 EEHE IR E SR D

The zero is approximately —4.05.

Using the TABLE feature to show that there is a
zero in the interval:

f(x)=3x -10x+9; [-3,-2]

Y1

f(3)=—-42<0andf(-2)=5>0

Since one is positive and one is negative, there is
a zero in the interval. Using the TABLE feature
to approximate the zero to two decimal places:

The zero is approximately —2.17.

Using the TABLE feature to show that there is a
zero in the interval:

f)=x"—x*+7x —7x* —18x+18; [1.4,1.5]

= Ul
1.z -.ogyz
i =175h
1c Lib0Az
1 EX:[:0H
i7 7H07E
i 1442
i3 i8.272
= et |

f(1.4)=-0.1754 <0 and f(1.5) =1.4063 >0
Since one is positive and one is negative, there is
a zero in the interval. Using the TABLE feature
to approximate the zero to two decimal places:

= | il

iuil | -out

iniz | -ozE:
141E | -0iER
inih | -onzg
1415 | .0idi6
iniE | 0E3E
ini? | nzEzl

= et |

The zero is approximately 1.41.

Section 4.2: The Real Zeros of a Polynomial Function

78.

79.

285

Using the TABLE feature to show that there is a
zero in the interval:

F=x =3x* -2 +6x7 +x+2 [1.7,1.8]

LU 1. . B in

(11 ik ottt

—
T

£(1.7)=0.35627 > 0 and £ (1.8) = —1.021 < 0

Since one is positive and one is negative, there is
a zero in the interval. Using the TABLE feature
to approximate the zero to two decimal places:

The zero is approximately 1.73.

f(x)=x>+2x*-5x-6

Step 1: Degree = 3; The graph of the function
resembles y =x° for large values of |x| .

Step 2: y-intercept:
f0)=(0)"+2(0)" =5(0)~6=-6
x-intercepts: Solve f(x)=0.
From Problem 39, we found
x=-3,-1,and 2

Step 3: Real zeros: —3 with multiplicity one,
—1 with multiplicity one, 2 with
multiplicity one. The graph crosses the
x-axisat x=-3,-1,2.

Step 4:

Graphing utility:
20

Ll /
T

—15
2 turning points;
local maximum: (-2.12, 4.06);
local minimum: (0.79, -8.21)

(O8]

Step 5:
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80.

Step 6:

Step 7:
Step 8:

Graphing by hand

5
(—2.12, 4.06) 2

—
|
(=]
=
t
IIIII

5

\
\_(o 79, —8.21)

s @70

Domain: (—eo,o0); Range: (—oeo,0)
Increasing on (—ee,—2.12) and (0.79,
decreasing on (—2.12,0.79)

f(x)=x+8x* +11x-20

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Degree = 3; The graph of the function

resembles y = x° for large values of |x| .

y-intercept:

£(0) = (0)* +8(0)> +11(0)—20 = —20
x-intercepts: Solve f(x)=0.

From Problem 40, we found
x=-5,-4,and 1

Real zeros: —5 with multiplicity one,
—4 with multiplicity one, 1 with
multiplicity one. The graph crosses the
x-axis at x=-5,-4,1.

7]

=25

Graphing utility:

ol

2 turning points;
local maximum: (—4.52, 1.38);
local minimum: (-0.81, —24.19)

Graphing by hand
V

50

(-4.52, 1.38)

(=5.0) \ (—4,0)
N

(0, ;20)

N
N (—0.81, —24.19)

oo);
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81.

Step 7:
Step 8:

f)=
Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

Domain: (—eo,c0); Range: (—oco,c0)
Increasing on (—eo,—4.52) and (—0.81,);
decreasing on (—4.52,-0.81)

-3 —x+2

Degree = 4; The graph of the function
resembles y = x* for large values of |x| .

y-intercept:

FO)=(0)* +(0y’ =3(0)* —0+2=2
x-intercepts: Solve f(x)=0.

From Problem 47, we found
x=-2,-1,and 1

Real zeros: —2 with multiplicity one,
—1 with multiplicity one, 1 with
multiplicity two. The graph crosses the
x-axis at x=-2 and x=-1, and
touches itat x=1.

Graphing utility:
10
B = 2
-2

2 turning points;
local maximum: (-0.16, 2.08);
local minima: (-1.59, -1.62) and (1, 0)

Graphing by hand

(—0.16,2.08)

YA L (1,0)

(—1.59, 162)( Lol

Domain: (—eo,c0); Range: [—1.62,c0)
Increasing on (—1.59,—0.16) and (1,e0);
decreasing on (—eo,—1.59) and (-0.16, 1)
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82. f(x)=x*—x>—6x"+4x+8

83.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:

Degree = 4; The graph of the function
resembles y = x* for large values of |x| .

y-intercept:

FO)=(0)*=(0)’ ~6(0)* +4(0)+8 =8
x-intercepts: Solve f(x)=0.

From Problem 48, we found
x=-2,-1,and 2

Real zeros: —2 with multiplicity one,
—1 with multiplicity one, 2 with
multiplicity two. The graph crosses the
x-axisat x=-2 and x=-1, and
touchesitat x=2.

Graphing utility:
20

-3 u/{\/ 3
-5

2 turning points;
local maximum: (0.32, 8.64);
local minima: (-1.57,-3.12) and (2, 0)

Graphing by hand
y

S0

(0.32,8.64)

@0 *

(-1.57, -3.12)
Domain: (—eo,o0); Range: [-3.12,c0)

Increasing on (—1.57,0.32) and (2,0);
decreasing on (—ee,—1.57)and (0.32, 2)

f(x)=4x" —8x* —x+2

Step 1:

Step 2:

Degree = 5; The graph of the function
resembles y =4x> for large values of |x| .
y-intercept:

£(0)=4(0)° —8(0)* —0+2=2
x-intercepts: Solve f(x)=0.

From Problem 55, we found

V2 E

s

2

nd 2.
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84.

Step 1:

Step 2:

Step 3:

Step 3: Real zeros: —72 with multiplicity one,

2
> with multiplicity one, 2 with

multiplicity one. The graph crosses the

. V2 V2
x-axisat x=———, x=—, and
2 2
x=2.
Step 4: Graphing utility:
10
-2 //—l \j( 3
-12
Step 5: 2 turning points;
local maximum: (-0.30, 2.23);
local minimum: (1.61, —10.09)
Step 6: Graphing by hand
Step 7: Domain: (—eo,c); Range: (—eo,o0)
Step 8: Increasing on (—eo,—0.30) and (1.61,e0) ;

decreasing on (—0.30,1.61)

f(x)=4x" +12x* —x-3

Degree = 5; The graph of the function
resembles y =4x> for large values of |x| .
y-intercept:

£(0) = 4(0)° +12(0)* —0-3=-3
x-intercepts: Solve f(x)=0.

From Problem 56, we found

x=—3,—£, and ﬁ
2 2

Real zeros: —3 with multiplicity one,

—72 with multiplicity one, 72 with
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multiplicity one. The graph crosses the 1 2
Step 3: Real zeros: —— and — with
P /) _\2 273
x-axisat x=-3, x=———, andx=——. Lo ; Lo
2 2 multiplicity one, 3 with multiplicity 2.
Step 4: Graphing utility: The graph crosses the x-axis at

80

—% and % and touches at x=3.

Step 4: Graphing utility:

——— AJ
W/

—_

Step 5: 2 turning points;
local maximum: (-2.40, 79.03);
local minimum: (0.27, -3.20)
Step 6: Graphing by hand ) 20 )
(—2.40,79.03) Step 5: 3 turnmg Pomts;
80 local minimum: (=0.03, -18.04),(3,0);

local maximum: (1.65, 23.12)
(0.27,-3.20) Step 6: Graphing by hand

(%)
7| | | X 5 ¥ )
ot mE ) ViER)

- A

yi (1.65,23.12)

T1

D =

2
Step 7 Domain: (—eo,e0); Range: (—eo,o0) ( 1 ), 3, )f): X
Step 8: Increasing on (—eo,—2.40) and (0.27,) ; |2 : ‘ ‘:; (0,-18)
decreasing on (—2.40, 0.27) (-0.03,-18.04)

Step 7: Domain: (—eo,e); Range: (—18.04,0)

85. f(x)=6x"-37x"+58x* +3x—-18
Step 1: Degree = 4; The graph of the function
resembles y = 6x* for large values of |x| . decreasing on (—ee,~0.03),(1.65,3)

Step 8: Increasing on (—0.03,1.65) and (3,) ;

Step 2: y-intercept:
£(0)=6(0)* —37(0)* +58(0)* +3(0)—18
=—18
x-intercepts: Solve f(x)=0.

86. f(x)=20x"+73x> +46x> —52x—24
Step 1: Degree = 5; The graph of the function
resembles y =20x* for large values

The possible rational zeroes are: 0f|x| .
+1,£2,43,%6,49,%18, Step 2: y-intercept:
LS ,1r.3.9.2 £(0) =20(0)* +73(0)* +46(0)* —52(0)— 24
2 3 2 2 3 =-24
We find the factoring to be: x-intercepts: Solve f(x)=0.
F(x)=(x=3)22x+1)(3x—2) so the x The possible rational zeroes are:
. 1 2
intercepts are: 3,——, —
2°3

288
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*1, £2,13,+4,+6,18,+12,1+24, +

s

We find the factoring to be:
F(x)=(x+2)*(5x+2)(4x—3) so the x
23

intercepts are: —2, ——, —
5 4

Step 3: Real zeros: —% and % with

multiplicity one, —2 with multiplicity 2.

The graph crosses the x-axis at

_% and E and touches at x=-2.
5 4

Step 4: Graphing utility:

oA

35
Step 5: 3 turning points;
local minimum: (0.31, -33.34),(-2,0);
local maximum: (-1.05, 21.12)
Graphing by hand
y
[

[ 5 i

Step 6:

[
|
12)
[
|
T

|

[
(-1.05,-21.

|

I

i
I ]
(-2, 00 /Y] |

(0, -24) % (0.31,-33.44)
(—3,0 HH

5
Step 7 Domain: (—eo,e0); Range: (—33.34,0)
Step 8: Increasing on (—2,—1.05)and (0.31,¢°) ;
decreasing on (—ee,—2),(1.05,0.31)

Section 4.2: The Real Zeros of a Polynomial Function

87.

88.

89.

90.

91.

92.

93.

289

From the Remainder and Factor Theorems,
x—2 is afactor of fif f(2)=0.
(2)* =k(2)* +k(2)+2=0
8—4k+2k+2=0
—2k+10=0
-2k =-10
k=5
From the Remainder and Factor Theorems,
x+2 is afactor of fif f(-2)=0.
(=2)" —k(=2) +k(=2)* +1=0
16+8k+4k+1=0

12k+17=0
12k =17
k=—17
12

From the Remainder Theorem, we know that the
remainder is

F1)=2(1)°=8(1)° +1-2=2-8+1-2=-7

The remainder is —7.

From the Remainder Theorem, we know that the
remainder is

F1)=-3(-1)"+(=1) =(=1) +2(-1) =1
The remainder is 1.
We want to prove that x—c is a factor of

x" =c", for any positive integer n. By the Factor
Theorem, x—c will be a factor of f(x)

provided f(c)=0.Here, f(x)=x"—-c",so
that f(c)=c"—c" =0. Therefore, x—c is a
factor of x" —c".

We want to prove that x+c is a factor of

x"+c",if n>1 is an odd integer. By the Factor
Theorem, x+c will be a factor of f (x)

provided f(—c)=0.Here, f(x)=x"+c",so
that f(—c)=(—c)" +c"==c"+c" =0 if n>1
is an odd integer. Therefore, x+ ¢ is a factor of

x"+c" if n>1 is an odd integer.

x° —8x%> +16x—3=0 has solution x=3, so
x—3 isafactor of f(x)=x"—8x>+16x-3.

Using synthetic division
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94.

95.

3}1 -8 16 -3

3-15 3
1 =51 0

Thus,
F(x)=x"=8x" +16x-3 = (x=3)(x* =5x+1).

Solving x> —5x+1=0

5+425-4 5++421
X = =
2 2
The sum of these two roots is

54421 5-421_10

2 2 2

=5.

x> +5x% +5x—2=0 has solution x=-2 , SO
x+2 isafactor of f(x)=x"+5x>+5x-2.
Using synthetic division
21 5 5 -2
-2 -6 2

1 3 -1 0
Thus,
f(x)=x3+5x2+5x—2=(x+2)(x2+3x—1).

Solving x* +3x-1=0,

L_3E0r4 313
2 2
The sum of these two roots is

3+V13 3413 _ -6

2 2 2

=-3.

Let x be the length of a side of the original cube.
After removing the 1-inch slice, one dimension
will be x—1. The volume of the new solid will

be: (x—1)-x-x.
Solve the volume equation:

(x—1)-x-x=294

X —x* =294
X —x*=294=0
The solutions to this equation are the same as the
real zeros of f(x)=x"—x*—294.
By Descartes’ Rule of Signs, we know that there
is one positive real zero.
p=%1,£2,43,+6,+7,+14,£21, 442,149,198,
+147,+294

qg=xl1
The possible rational zeros are the same as the
values for p.
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96.

97.

2_ +1,42,43,4+6,+7,£14,+21, 442,449,198,
q

+147,£294
Using synthetic division:
TN -1 0 —294
7 42 294
1 6 42 0

7 is a zero, so the length of the edge of the
original cube was 7 inches.

Let x be the length of a side of the original cube.
The volume is x*. The dimensions are changed
to x+6, x+12, and x —4 . The volume of the
new solid will be (x+6)(x+12)(x—4).
Solve the volume equation:
(x+6)(x+12)(x—4) =2x°
(x2 +18x+72)(x—4) =2x°
X +14x% - 288 =21
X’ —14x> +288=0
The solutions to this equation are the same as the

real zeros of f(x)=x"—14x+288.

By Descartes’ Rule of Signs, we know that there

are two positive real zeros or no positive real zeros.

p==*1,£2,43 44 +6,+8,1£9,+12,+£16,+18,£24,
+32,+36,+48,172,196, £144, 1288

qg==1

The possible rational zeros are the same as the

values for p:

2_ +1,+2,43,+4,4+6,48,£9,£12,+16,+18,+24,
q

+32,136,148,£72,196,+144,+288

Using synthetic division:

6)1 ~14 0 288
6 —48 —288
1 -8 —48 0

Therefore, 6 is a zero; the other factor is
x> —8x—48= (x—12)(x+4). The other zeros

are 12 and —4. The length of the edge of the
original cube was 6 cm or 12 cm.

f(x)=x" ta, X" ta, X"t axtag;
where a,_;,a,_,,...q;,a, are integers. If ris a
real zero of f , then r is either rational or
irrational. We know that the rational roots of f
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Section 4.2: The Real Zeros of a Polynomial Function

must be of the form £ where p is a divisor of g ==*1. So if ris rational, then r = 2_ tp.
q q

agand ¢ is a divisor of 1. This means that Therefore, r is an integer or r is irrational.

98.

99.

Let £ be a root of the polynomial f (x)=a,x" +a, ;X" +a, ,x" 7 +...+ a;x+a, where
q

a,,a,_;,d, »,..d;,a, are integers. Suppose also that p and ¢ have no common factors other than 1 and —1. Then

n n—1 n—2
f (ﬂj =a, (ﬁj +a,_, (ﬂj +a,_, (EJ +..+aq {EJ +a,=0
q q q q q

1 -1 -2 2 -1
:>—n(anp"+an_lp" g+a, ,p" "q"+..+a,pq" +aoq")=0

=a,p"+a, p"'q+a, ,p" ¢ .. 4apgd" +ayg" =0

=a,p"+a, \p"qra, p" g .. A apgd" =—ayq"

Because p is a factor of the left side of this equation, p must also be a factor of a,q" . Since p is not a factor of ¢
(remember p and g have no common factors other than 1 and —1), p must be a factor of . Similarly, ¢ must be a

factor of a,

f(x)=8x"—2x* +5x-1 0<r<1
We begin with the interval [0,1].
f(0)=-1 f(1)=10

Let m; = the midpoint of the interval being considered.

So m =0.5
n m, f(m,) New interval
1 |os £(0.5)=15>0 [0.,0.5]
2 1025 £(0.25)=0.15625>0 [0,0.25]
3 10.125 £(0.125) = —0.4043 <0 [0.125,0.25]
4 10.1875 £(0.1875) =~ -0.1229< 0 [0.1875,0.25]
5 | 021875 £(0.21875) = 0.0164 > 0 [0.1875,0.21875]
6 | 0.203125 £(0.203125) = —0.0533 < 0 [0.203125,0.21875]
7 | 0.2109375 £(0.2109375) = -0.0185 < 0 [0.2109375,0.21875]
8 | 0.21484375 £(0.21484375) = —0.0011 < 0 [0.21484375,0.21875]
9 |0.216796875 £(0.216796875) = 0.0077 > 0 [0.21484375,0.216796875]
10 | 0.2158203125 £(0.2158203125) = 0.0033 > 0 [0.21484375,0.2158203125]
11 | 0.2153320313 £(0.2153320313) =~ 0.0011> 0 [0.21484375,0.2153320313]
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Chapter 4: Polynomial and Rational Functions

If rounded to three decimal places, both endpoints of the new interval at Step 11 agree at 0.215. Therefore,

r =0.215, correct to three decimal places.

100. f(x)=2x"+3x* —6x+7
By the Rational Zero Theorem, the only possible
. 1,7
rational zeros are: P _ +1,+7,+—,+—.
q 2 2

Since % is not in the list of possible rational

Zeros, it is not a zero of f.

101 f(x)=4x"-5x* -3x+1

By the Rational Zero Theorem, the only possible

. 1 1
rational zeros are: P _ il,iE,iZ .

q
Since % is not in the list of possible rational

Zeros, it is not a zero of f.

102. f(x)=2x"—5x" +x7 —x+1

By the Rational Zero Theorem, the only possible

rational zeros are: P _ iLiE .
q

Since % is not in the list of possible rational

Zeros, it is not a zero of f.

103. f(x)=x7+6x5—x4+x+2

By the Rational Zero Theorem, the only possible

rational zeros are: P _ +1,£2.

q
. 2. . . . .
Since 3 is not in the list of possible rational

Zeros, it is not a zero of f.

Section 4.3

1. (3-2i)+(-3+5i)=3-3-2i+5i
=3
(3-2i)(-3+5i) =-9+15i +6i—10i>
=-9+21i-10(-1)
=1+21i

10.

11.

12.

13.

14.

292

NS, kW

The zeros of f (x) are the solutions to the

equation X +2x+2=0.
X 42x+2=0

a=1,b=2,c=2
C2£22-4(1)(2) 244 —242i i
2(1) 2 2 B

The solution set is {—1—i, —1+i}.
one

3-4i

True

False; would also need —3—5i

Since complex zeros appear in conjugate pairs,
4 +i , the conjugate of 4—i, is the remaining
zero of f .

Since complex zeros appear in conjugate pairs,
3—i, the conjugate of 3+i, is the remaining
zero of f .

Since complex zeros appear in conjugate pairs,
—i, the conjugate of i, and 1—i, the conjugate
of 1+1i, are the remaining zeros of f .

Since complex zeros appear in conjugate pairs,
2—i , the conjugate of 241, is the remaining
zero of f .

Since complex zeros appear in conjugate pairs,
—i, the conjugate of i, and —2i, the conjugate

of 2i, are the remaining zeros of f .

Since complex zeros appear in conjugate pairs,
—i, the conjugate of i, is the remaining zero.

Since complex zeros appear in conjugate pairs,
—i, the conjugate of i, is the remaining zero.

Since complex zeros appear in conjugate pairs,
2+1i , the conjugate of 2—i , and i, the

conjugate of —i, are the remaining zeros of f .
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Section 4.3: Complex Zeros; Fundamental Theorem of Algebra

15. Since complex zeros appear in conjugate pairs, 18. Since 1+2i and i are zeros, their conjugates
2—i , the conjugate of 2+, and —3+1, the 1-2i and —i are also zeros of f .
conjugate of —3—1i, are the remaining zeros.

16. Since complex zeros appear in conjugate pairs, f)= (== ) (x= (1+20) (x=(1-2)
—i, the conjugate of i, 3+2i, the conjugate of = (x—i)(x+0)((x=1)=2i)((x—1)+2i)
3-2i,and —2-i, the conjugate of —2+i, are =(x2 _iz)(xz —2x+1—4i2)

the remaining zeros of f .
= (x2 —Fl)(x2 —2x+5)
For 17-22, we will use a, =1 as the lead coefficient of

_ 4 _ 5.3 2 2
the polynomial. Also note that =X 204507 41T - 2x45

(x—(a+bi))(x—(a—hi))= ((X—a)—bi)((x—a)+bi)

=x* -2 +6x%-2x+5

= (x-a)’ - (bi) 19. Since —i is a zero, its conjugate i is also a zero,
and since 1+1i is a zero, its conjugate 1—i is
17. Since 3+ 2i is a zero, its conjugate 3—2i is also also a zero of f .

azeroof f.

F0) = (x=2)(x+i)(x—i) (x—(1+0)) (x=(1=0))
=(x—2)(x2 —iz)((x—l)—i)((x—l)+i)
=(x—2)(x2 +1)(x2 —2x+1—i2)

Fx)=@x-Hx-(x—G+2i)(x—(3-2i))
= (% =8x+16) ((x—3)-2i) ((x=3)+2i)

:(x2—8x+16 (x —6x+9—di )

= (x* ~8x+16) (" ~6x+13) =(x* =227 +x-2)(x* —2x+2)
46 1347 8 4 48 = x> =23t 4257 —2xt 4457 —4x?
=x" —6x X~ —8x X

) +x° —2x2 +2x-2x7 +4x—4
—104x+16x" —96x+208

4 ; ) =x" —4x* +7x° —8x* +6x—4
=x —14x +77x" —200x+208

20. Since i is a zero, its conjugate —i is also a zero; since 4—1i is a zero, its conjugate 4+ is also a zero; and since
2+i is a zero, its conjugate 2—i is also a zero of f .

F)=@+x=i)(x=@+))(x-@d-))(x—Q2+i)(x—(2-1))
= (= ) (=2 =) (=4 +1) (k=2 =) ((x=2) +1)
= (o +1)(x* =8x+16—i* ) (x” —dx+4-1")
= (o +1)(x* =8x+17) (" —4x+5)

=(x* =8x* 41707 + 27 —8x+17) (2" —4x+5)
=(x* -8x* +18x* ~8x+17) (" —4x+5)

=x® —4x° +5x* —8x° +32x* —40x° +18x* =722 +90x% —8x° +32x% —40x +17x* —68x+85
=x% —12x° +55x* =120x° +139x> —108x +85
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21. Since —i is a zero, its conjugate i is also a zero. x+3 is a factor, so the remaining zero is —3.
f0)=(x=3)(x=3)(x+i)(x—i) The zeros of g are -3,5i,-51.
(x —6x+9) (x —lz) 25. Since —2i is a zero, its conjugate 2i is also a

_ (x2 —6x+9)(x2 +1) zero of f. x—2i and x+2i are factors of f .
Thus, (x—2i)(x+2i) = x% +4 is a factor of f.
_ 4,2 3 2

=X =6 —6x 92749 Using division to find the other factor:

=x*—6x* +10x*> —6x+9

. . . . . 2x% +5x-3
22. Since 1+ is a zero, its conjugate 1—i is also a ) 1 3 2
zer0 of f x +4>2x +5x° 522 +20x—12
2x* +8x7

fx)=(x-1y (x—(1+i))(x—(1—i))

3 2

5x° +20x
—3x2 -12
(+* —2x+2) _3x2 ~12

=x =2x* +2° = 3x* +6x° — 627

1) ((x-
= (o =307 +3x—1) (x* —2x+1-7)
)

z(x3 —3x2 +3x-1

2 — j—
3% 60 62 4 2x -2 2x"+5x=-3=2x-D(x+3)

=x" —5x* +11x° —13x7 +8x-2 o 1
The remaining zeros are 3 and —3.

23. Since 2i is a zero, its conjugate —2i is also a
zero of f . x—2i and x+2i are factors of f . The zeros of f are 2i,—2i,—3, E

Thus, (x—2i)(x+2i) = x% +4 is a factor of f.

Using division to find the other factor: 26. Since 3i is a zero, its conjugate —3i is also a

zeroof h. x—3i and x+3i are factors of /.

x—4
5 — Thus, (x—3i)(x+3i) = x> +9 is a factor of /.
ol 4>x —AHAx-16 Using division to find the other factor:
X +4x
-, 3x° +5x-2
—4x —-16 5 " 3 >
x +9>3x +5x° +25x% +45x—18
—4x? -16 4 2
—_— 3x +27x
x—4 is a factor, so the remaining zero is 4. 503 — 242 +45x
The zeros of f are 4,2i,—2i. 3
S5x° +45x
24. Since —5i is a zero, its conjugate 5i is also a 22 _18
zeroof g. x+5iandx—5i are factors of g . 2
5 —2x —18
Thus, (x+5i)(x—57)=x" +25 is afactorof g. -
Using division to find the other factor: 32 4552 = Gx—1)(x+2)
x+3 {
X2+ 25>x3 +3x2 +25x+75 The remaining zeros are 3 and -2.
X +25x 1
- The zeros of h are 3i,—3i,—2, —
3x° +75 3
3x° +75
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Section 4.3: Complex Zeros; Fundamental Theorem of Algebra

27. Since 3—2i is a zero, its conjugate 3+ 2i is also
azeroof h. x—(3-2i)and x—(3+2i) are
factors of 4.

29. Since —4i is a zero, its conjugate 4i is also a
zero of h. x—4i and x+4i are factors of h.

Thus, (x—4i)(x+4i) = x> +16 is a factor of /.

Thus, Using division to find the other factor:
(x=(B=-20)(x—=3+2i)) =((x=3)+2i)((x—3)—2i)

— 2 _6x+9—42 3x° +2x7 =33x-22

— 2 —6x+13 x2+16>3x5+2x4+15x3+10x2—528x—352
is a factor of & . 3x° +48x

Using division to find the other factor: . R 5
2x =33x" +10x
x* =3x-10

2 —6x+13>x4 —9x3 +21x% +21x—130

xt —6x® +13x2

2x* +32%°

—33x" —22x* —528x

-33x° ~528x
2.3 2
3x3+ 8x2+21x o) 352
—3x" +18x" —=39x T _352
~10x* +60x—130
102 +60x 130 3x% +2x% —33x-22=x" (3x+2)-11(3x+2)
— 2 _
X2 =3x—10=(x+2)(x—5) =Gx+ (" 1)
The remaining zeros are —2 and 5.
The zeros of h are 3—2i,3+2i,—2,5. - (3x+2)(x—x/ﬁ)(x+x/ﬁ)
- 2
28. Since 1+43i is a zero, its conjugate 1—3i is also The remaining zeros are 3 Vi1, and —11.
azeroof f. x—(1+3i)andx—(1-3i) are ’
factors of f . Thus, The zeros of h are 4i,—4i, —\/ﬁ, \/1_, —g.
(x=A4+3))(x—(1-3i) =((x=1D)=3)((x—1) +3i) is
a factor of f . 30. Since 3i is a zero, its conjugate —3i is also a
(x=1)=3i)((x—1)+3i) = 2 _2x+1-9:2 zero of g. x—3iand x+3i are factors of g.
=2 —2x410 Thus, (x-3i)(x+3i)= x% +9 is a factor of g.
Using division to find the other factor: Using division to find the other factor:
x> —5x-6 2x° —3x% —23x+12
e —2x+10>x4 —7: +14x° —38x— 60 2 +9>2x5 —3x* — 5x% —15x2 —207x+108
xt =2 +10x7 2x° +18x°
—5x° + 4x? —38x —3x* —23x7 1547
—5x +10x* —50x -3x* —27x*
—6x% + 12x—60 —23x7 +12x% —207x
—6x> + 12x—60 -23x° -207x
x> =5x—6=(x+1)(x—6) 12x° +108
The remaining zeros are —1 and 6. 1222 +108
The zeros of f are 1+3i,1-3i,—1,6. 0
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31.

32,

33.

Using the Rational Root theorem, we see that
—3 is a potential rational zero.

-3)2 -3 -23 12
-6 27 -12
2 -9 4 0
x+3 is a factor. The remaining factor is
2x% —9x+4=2x—=1)(x—4).

The zeros of g are 3i, —3i, -3, %, 4.
F)=2 =1=(x-1(x’ +x+1) The solutions

of x> +x+1=0 are:

—1412 —4(1)(1) _ 1343

= 2(1) 2
=—l+£i and —l—ﬁi
2 2 2 2
The zeros are: 1, —1+£i, —1—£i.
2 2 2

f(x)= (x—l){x+%—%i}{x+%+gij

f()c)=)c4 —1=()c2 —1)(x2 +1)
=(x—1)(x+1)(x2+1)

The solutions of x> +1=0are x=+i.

The zeros are: -1, 1, —i, i.

f(x) = (x+1)(x—l)(x+i)(x—i)
f(x)=x" —8x% +25x-26

Step 1: f(x) has 3 complex zeros.

Step 2:  Possible rational zeros:
p==x1,£2 +£13,£26; ¢g=1=I,;

P _41,42,+13,+26

q
Using synthetic division:

Wetry x—2:

2)1 -8 25 -26
2 —12 26
1 -6 13 0

296

34.

3s.

x—2 is a factor. The other factor is the

quotient: x* —6x+13.

The solutions of x> —6x+13=0 are:

Lo TEOENE 6)° —4(1)(13)

2(1)
+/— +4i
:6_\2/ 16:6_24l:3i2i

The zeros are 2, 3—2i, 3+2i.
f(x)=(x=2)(x=3+2i)(x—3-2i)

F(x)=x>+13x% +57x+85
Step 1: f(x) has 3 complex zeros.

Step 2:  Possible rational zeros:
p=11,+£5+17,£85, ¢g=1=I;

P 41,45 417,485

q
Using synthetic division:

Wetry x+5:

—5)1 13 57 85
-5 —40 -85
1 8 17 0

x+5 is afactor. The other factor is the
quotient: X% +8x+17.

The solutions of x> +8x+17 =0 are:

~8+,/8% —4(1)(17) _ -84
2

x:
2(1)
_—8%2 ;
5 +
The zeros are =5, —4—i, —4+i .

f(x) =(x+5)(x+4+i)(x+4—i)

f)=x*+5x% +4 = (x2 +4)(x2 +1)
=(x+2)(x=2))(x+i)(x—1i)

The zeros are: —2i, —i, i, 2i.
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36. f(x)=x"+13x* +36= (x2 +4)(x2 +9)
= (x +20)(x = 20)(x + 30)(x — 30)

The zeros are: —3i, —2i, 2i, 3i.

f(x) = (x+3i)(x+2i)(x—2i)(x—3i)
37. f(x)=x*+2x° +22x% +50x-75
Step 1: f(x) has 4 complex zeros.

Step 2:  Possible rational zeros:

p=t1,£3,+5 £15,£25,+75; g==;

P 41,43, 45,415,425, +75

q
Using synthetic division:

We try x+3:

—3)1 2 2 50 -75
-3 3 -75 75

1 -1 25 =25 0

x+3 is a factor. The other factor is the
quotient: X —x? +25x-25.
32 _ 2

X —=x"+25x=25=x"(x=1)+25(x-1)
= (x—l)(x2 +25)
=(x—=1D(x+5i)(x—15i)

The zeros are -3, 1, —5i, 5i.

f(x) = (x+3)(x—1)(x+5i)(x—5i)

38. f(x)=x"+3x" —19x2 +27x-252
Step 1: f(x) has 4 complex zeros.

Step 2:  Possible rational zeros:
p=x1,£2,£3,£4,+6,£7,109,
+12,+14,£18, £21, £28, 36,
+42,+63,1£84, £126, £252;
q=11

The possible rational zeros are the same as the
values of p.

Using synthetic division:

39.

Wetry x+7:

—7)1 3 19 27 -252
-7 28 -63 252
1 -4 9 -36 0

x+7 is a factor. The other factor is the
quotient:

X —4x? +9x-36 = x> (x—4)+9(x—4)
= (x—4)(«* +9)
=(x—-4H(x+3i)(x-30)

The zeros are -7, 4, —3i, 3i.

f(x)z(x+7)(x—4)(x+3i)(x—3i)

F(x)=3x" —x> —9x% +159x-52

Step 1: f(x) has 4 complex zeros.

Possible rational zeros:

2
p=*1,1£2 +4, +13,£26,152;
q +

Using synthetic division:

Wetry x+4:

—4)3 -1 -9 159 -52
-12 52 -172 52
3 -13 43 -13 0

x+4 is a factor and the quotient is
3x° —13x° +43x-13.

We try x—% on 3x* —13x* +43x—13:

1)3 -13 43 -13
3

1 -4 13
3 —-12 39 0

Copyright © 2013 Pearson Education, Inc.



Chapter 4: Polynomial and Rational Functions

40.

1. Lo
X -3 is a factor and the quotient is
3x* —12x+39.

3x? —12x+39=3(x2 —4x+13)

The solutions of x> —4x+13=0 are:

ok (—4)* —4(1)(13)

2(1)
+4/— + 6i
:4_ 36 :4_61 — 043
2 2
1 . .
The zeros are —4, 5’ 2-3i, 2+3i.

f(x)=3(x+4)(x—%)(x—2+3i)(x—2—31’)

f(x)=2x* +x° =35x% =113x+65

Step 1: f(x) has 4 complex zeros.

Step 2:  Possible rational zeros:

p==x1,£5%13,£65; g==x1,%+2;
Pty +5,413, 46540, +2 +13 49
q 22 2 2
Using synthetic division:

We try x-5:

5)2 1 -35 —-113 65
10 55 100 —65
2 11 20 -13 0

x—15 is a factor and the quotient is
207 +11x% +20x-13

We try x—% on 2x° +11x% +20x—13:

1)2 11 20 -13
1 6 13
2 12 26 0

1. S
X 5 is a factor and the quotient is

2x% +12x+26.

42,

43.

44.

298

2x% +12x+26= 2(x2 +6x+13)

The solutions of x> +6x+13=0 are:

e —6+4/6% —4(1)(13)

2(1)
—6++/— —-6x4i
_ 6_;/ 16 _ 62_412_3i2i

The zeros are 5, %, -3-2i, —=3+2i.

f(x):2(x—5)(x—%j(x+3+2i)(x+3—2i)

. If the coefficients are real numbers and 2+ is a

zero, then 2—i would also be a zero. This
would then require a polynomial of degree 4.

Three zeros are given. If the coefficients are real
numbers, then the complex zeros would also
have their conjugates as zeros. This would mean
that there are 5 zeros, which would require a
polynomial of degree 5.

If the coefficients are real numbers, then
complex zeros must appear in conjugate pairs.
We have a conjugate pair and one real zero.
Thus, there is only one remaining zero, and it
must be real because a complex zero would
require a pair of complex conjugates.

One of the remaining zeros must be 4+, the
conjugate of 4 —i . The third zero is a real
number. Thus, the fourth zero must also be a
real number in order to have a degree 4
polynomial.
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Section 4.4 12. True

1. True

2. Quotient: 3x+3; Remainder: 2x* —3x—3

10.

11.

2 ® A A W

13. In R(x) = 4_x3 , the denominator, g(x) =x-3,
X—

has a zero at 3. Thus, the domain of R(x) is all

3x+3
2 +1>3x4 0P -2 4+0x40 real numbers except 3. {x|x # 3}
-(3x* -3  +3x) 5.2
3 — 42 3y 14. In R(x) = 3 the denominator, g(x)=3+x,
+x
3 2
—Gx =3 +3) has a zero at —3. Thus, the domain of R(x) is all
2
2x7=3x-3 real numbers except -3. {x|x# -3}
1
y=— _ap
X 15. In H(x) =———, the denominator,
y (x=2)(x+4)
S q(x) =(x—2)(x+4), has zeros at 2 and —4.
Thus, the domain of H(x) is all real numbers
N except 4 and 2. {x|x#—4,x#2]
5
6 .
16. In G(x) =——  , the denominator,
(x+3)(4—x)

q(x) =(x+3)(4—x), has zeros at -3 and 4.

Using the graph of y = x*, stretch vertically by a Thus, the domain of G(x) is all real numbers

factor of 2, then shift left 1 unit, then shift down except -3 and 4. {x |x#-3,x# 4}
3 units.
17. In F(x) =M , the denominator,
2x° =5x—

q(x)= 2x* =5x—3=(2x+1)(x—3), has zeros at

—% and 3. Thus, the domain of F(x) is all real

|
. X
_%_2’ _1) 5 numbers except —% and 3. {x | x# —%,x # 3}
(=1,-3)
-5 18. In O(x) = ﬂ, the denominator,
3x* +5x-2
False q(x) =3x> +5x—2=(3x—1)(x+2), has zeros at
horizontal asymptote l and —2 . Thus, the domain of Q(x) is all real
vertical asymptote 3
1 1
proper numbers except —2 and 3 {x| X#E-2,x# 5}
True
False, a graph cannot intersect a vertical 19. In R = ©-8’ the denominator,
asymptote. g(x)=x" —8=(x-2)(x*> +2x+4), has a zero
y=0 at2 ( x> +2x+4 has no real zeros). Thus, the
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20.

21.

22,

23.

24,

25.

26.

domain of R(x) is all real numbers except 2.
{x | x# 2}

In R(x) = , the denominator,

4
x =

g(x)=x* =1=(x=D(x+1)(x* +1), has zeros at
—land 1 (x* +1 has no real zeros). Thus, the
domain of R(x) is all real numbers except —1

and 1. {x|x¢—1,x¢1}

3t +x

X' +4

In H(x)= , the denominator,

q(x)= x> +4 , has no real zeros. Thus, the

domain of H(x) is all real numbers.

x=3
xt+1

In G(x)= , the denominator,

q(x)= x* +1, has no real zeros. Thus, the

domain of G(x) is all real numbers.

3(x* —x—6)
4(x* -9)
q(x) =4(x* =9) = 4(x—3)(x+3) , has zeros at 3

and -3. Thus, the domain of R(x) is all real

In R(x) = , the denominator,

numbers except —3 and 3. {x | x#-3,x# 3}

—2(x* —4)
In Flx)=————
n F(x) 3(x* +4x+4)

q(x) =3(x* +4x+4) =3(x+2)*, has a zero at
—2. Thus, the domain of F(x) is all real

, the denominator,

numbers except 2. {x|x # -2}

a. Domain: {x| X # 2} ; Range: {y| y# 1}
b. Intercept: (0, 0)
c. Horizontal Asymptote: y =1

d. Vertical Asymptote: x=2
e. Oblique Asymptote: none

a. Domain: {x|x¢—1}; Range: {y| y>0}

b. Intercept: (0, 2)
c. Horizontal Asymptote: y =0

d. Vertical Asymptote: x=-1

300

27.

28.

29.

30.

31.

e. Oblique Asymptote: none

a. Domain: {x| x;tO};
Range: all real numbers

b. Intercepts: (-1, 0) and (1, 0)
Horizontal Asymptote: none

d. Vertical Asymptote: x=0

e. Oblique Asymptote: y=2x

a. Domain: {x| x;tO};
Range: { y|y <-2ory=2 2}
b. Intercepts: none
Horizontal Asymptote: none
d. Vertical Asymptote: x=0
e. Oblique Asymptote: y=—x

a. Domain: {x|x¢—2,x¢2};
Range: {y| ySOory>l}

b. Intercept: (0, 0)

c. Horizontal Asymptote: y =1

d. Vertical Asymptotes: x=-2,x=2

e. Oblique Asymptote: none

a. Domain: {x|x¢—1,x¢1};
Range: all real numbers

b. Intercept: (0, 0)
c. Horizontal Asymptote: y =0

d. Vertical Asymptotes: x=—-1,x=1

e. Oblique Asymptote: none

1 . . 1 .
F (x)=2+—; Using the function, y =—, shift
X X
the graph vertically 2 units up.
y

x=07—

- ____:__=_2___
|m |y| [ S
-5 / | 5

(_1!1) -2

Copyright © 2013 Pearson Education, Inc.
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1 . . 1 . vertically by a factor of 2.
32. O(x)=3 +— Using the function y = — > shift | y
X X 4
the graph vertically 3 units up. : -
YA x=0 :

|

|

| 1
e
|

!/——4

2 1
G(x)= =2 ; Using th
(x) 12 ((H 2 j sing the

x=—1

= 5> 36.

. . 1
33. R(x)= W ; Using the function, y = 2’ function y = xiz , shift the graph horizontally 2
shift the graph horizontally 1 unit to the right. units to the left, and stretch vertically by a factor
Yhp of 2.
4 : x==2y
I : 5k
3H | -
' :
I —
(0. 1)\2 ! | ¥ F (-1.2)
[
-1 2.1 | -
/ | I I e SN y=0
L [ TR : 2
x=1 i -
3 1 . . 1 -1
34. QO(x)=—=3| — |; Using the function y=—, 37. R(x)= __ . Using the
* * * X +dx+d (x+2)

stretch the graph vertically by a factor of 3.
y

. 1 . .
function y = = shift the graph horizontally 2
units to the left, and reflect about the x-axis.
x=-=2Yy
X : 2 0
I I R TR
-5 Pes 5
3-07 [ B 1o
I
1=
" C
-2 1 . . : —
35. H(x)=——=-2| —— |; Using the function |
x+1 x+1 | =8

y= 1 , shift the graph horizontally 1 unit to the
X

left, reflect about the x-axis, and stretch

38.

1 . . 1 .
R(x) = —1+1 ; Using the function y =—, shift
x— X

the graph horizontally 1 unit to the right, and
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39.

40.

41.

shift vertically 1 unit up.
y

|
SE|
-\ 22
IR AR
| I |
-5 (0,0) :
ml
ml
il
,5—
|
2 2 1
G(x)=1 = 1=2 1;
= Ty T ey (u—sfj+

Using the function y = LZ , shift the graph right 3
X

units, stretch vertically by a factor of 2, and shift
vertically 1 unit up.

y x=3
10

yzls _____

F(x)zZ—L:— L +2; Using the
x+1 x+1

function y = l, shift the graph left 1 unit, reflect
X

about the x-axis, and shift vertically up 2 units.
iy
15T
|_[” =2

__I |_|_|_i_/ﬁ_ X

x=-1

)C2 X )C2

2_
R(x) =2 4 =1—12=4[i)+1;Usingthe

. 1 .
function y = — > reflect about the x-axis, stretch
X

vertically by a factor of 4, and shift vertically 1

42,

43.

44.

unit up
y
y =1 e —— ] |
m. Ly 11 X
-5 5
(-2.0) "I [ 2.0
’_
B
x=0

R(x) = x—4 =1—i=—4(1j+1 : Using the
X

X X
. 1 .
function y =—, reflect about the x-axis, stretch
X

vertically by a factor of 4, and shift vertically 1
unit up.

y

R(x) = 3x
X+

p(x)=3x, isn=1. The degree of the

: ; The degree of the numerator,

denominator, g(x)=x+4, ism=1. Since

n=m,theline y= % =3 is a horizontal

asymptote. The denominator is zero at x =—4,

so x =—4 is a vertical asymptote.

3x+5

R(x)= ; The degree of the numerator,

x—
p(x)=3x+5, isn=1. The degree of the
denominator, g(x)=x—6, ism=1. Since
n=m,theline y= % =3 is a horizontal

asymptote. The denominator is zero at x =6, so
x =6 is a vertical asymptote.
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45.

46.

47.

¥ _8 (x—2)(x2+2x+4)
H(x): 5 =
x“=5x+6 (x—2)(x-3)
2
X TexT +2x+4’ where x # 2,3
—

The degree of the numerator in lowest terms is
n=2. The degree of the denominator in lowest
terms is m=1. Since n=m+1, there is an
oblique asymptote.
Dividing:

x+5
x=3)x* +2x+4

—(x2 —3x)
S5x+4
—(5x-15)
19
19

X—
Thus, the oblique asymptote is y =x+5.

H(x)=x+5+ 3,x¢2,3

The denominator in lowest terms is zero at x =3
so x =3 is a vertical asymptote.

~ x3+1 ~ (x3+1)
Gx= T+ 2)(x-7)

The degree of the numerator, p(x) = ©+ 1, is
n=3. The degree of the denominator,
g(x)=x*—5x—14, is m=2 . Since n=m+1,
there is an oblique asymptote.

Dividing:
x+5
x2—5x—14)x3 +1
—(x3 —5x2 —14x)
507 +14x+1
—(5x2 —25x—70)
39x+71
G(x) =x+5+239x—+71, x#-2,7
x“—-5x-14

Thus, the oblique asymptote is y=x+5.
The denominator is zero at x=-2 and x=7, so
x=-2 and x =7 are vertical asymptotes.

3
X

4
x =

T(x)= ; The degree of the numerator,

p(x)=x", isn=23. The degree of the

48.

49.

50.

51.

Section 4.4: Properties of Rational Functions

denominator, g(x)=x"—1ism=4. Since
n<m,theline y=0 is a horizontal asymptote.

The denominator is zero at x=—l and x=1, so
x=—1land x=1 are vertical asymptotes.

2

P(x) = 4x

3
X

I ; The degree of the numerator,

p(x)=4x", isn=2. The degree of the
denominator, g(x)= x*—lism=3. Since
n<m,theline y=0 is a horizontal asymptote.

The denominator is zeroat x=1,s0 x=1 isa
vertical asymptote.

2x> =5x-12 _(2x+3)(x—-4)
3x7—11x—4  Gx+1)(x—4)
_ 2x+3

3x+1
The degree of the numerator in lowest terms is
n=1. The degree of the denominator in lowest

Q(x) =

, where x # —%, 4

. . . 2.
terms is m=1. Since n=m, the line yzE 1sa
horizontal asymptote. The denominator in

. 1 1.
lowest terms is zero at x = 3 SO x = 3 isa

vertical asymptote.

X2 4+6x+5 (x+5)(x+1)
F(x)= > =
2x +7x+5 (2x+5)(x+1)
x+5

=———, wWherex# —2,—1
2x+5 2

The degree of the numerator in lowest terms is
n=1. The degree of the denominator in lowest

. . . 1.
termsis m=1.Since n=m, theline y=— isa
horizontal asymptote. The denominator in

. 5 5.
lowest terms is zero at x = 5 so x=-7 isa

vertical asymptote.

6x° +7x=5  (3x+5)2x—1)
3x+5 3x+5

R(x)=

=2x—1, where x # —%

The degree of the numerator in lowest terms is
n=1. The degree of the denominator in lowest
terms is m =0. Since n=m+1, there is an
oblique asymptote. From the simplification
shown above, the oblique asymptote is
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y =2x—1. The denominator of R(x) in lowest
terms is 1, so there is no vertical asymptote.

8x* —26x-7 (4x-1)(2x+7)

52. R(x)=
4x-1 4x-1

=2x+7, where x # —%

The degree of the numerator in lowest terms is
n=1. The degree of the denominator in lowest
terms is m =0. Since n =m+1, there is an
oblique asymptote. From the simplification
shown above, the oblique asymptote is

y =2x+7. The denominator of R(x) in lowest

terms is 1, so there is no vertical asymptote.

xt-1 _ *+D(x* =D

53. G(x)= . D)
(P +HD(x+D(x-1)

x(x=1)

(P HD(x+])

, wherex#0,1
X

The degree of the numerator in lowest terms is
n=3. The degree of the denominator in lowest
terms is m=1. Since n=>m+ 2, there is no
horizontal asymptote or oblique asymptote. The
denominator in lowest terms is zero at x=0, so
x =0 is a vertical asymptote.

=16 (X +4)(x*—4)
x*—2x x(x—2)
(D +2)(x-2)
x(x—=2)
(P +H(x+2)
X
The degree of the numerator in lowest terms is
n=3. The degree of the denominator in lowest
terms is m=1. Since n>m+2 , there is no
horizontal asymptote or oblique asymptote. The
denominator in lowest terms is zero at x =0, so
x =0 is a vertical asymptote.

54. F(x)=

, Wherex #0, 2

3.99x10"
55. g(h)= -
(6.374%10° + 1)
14
a g(0)=—>2%10 9808 mys
(6.374x10° +0)

14
b g(443)= 3.99x10 :
(6.374x10° +443)
~9.8195 m/s’
14
c. g(8848)= 3.99x10 :
(6.374x10° +8848)
=9.7936 m/s’
14
d. o(h)= 3.99x10 :
(6.374x10° +1)
14
_3.99x10 50 as o oo
hZ
Thus, the h-axis is the horizontal asymptote.
14
e. g(h)= 3.99x10 =0, to solve this

(6.374x10° +h)’

equation would require that 3.99x10" =0,
which is impossible. Therefore, there is no
height above sea level at which g =0. In

other words, there is no point in the entire
universe that is unaffected by the Earth’s

gravity!
50(1+0.5¢
s6. p(r)= 20050
2+0.01z
50(1+0
a. P(O)z(—):@:% insects
2+0 2

b. 5 years = 60 months;
50(1+0.5(60
p(60) = 22U+ 03(60)) _ 1550
2+0.01(60) 2.6
= 596 insects
50(1+0.5 50(0.5
o oy 0005 50(05)
2+0.01z 0.01z

as t —oo
Thus, y = 2500 is the horizontal asymptote.

=2500

The area can sustain a maximum population
of 2500 insects.
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57.

58.

10R,

10+ R,
Rmt

-————_—_—_—_—_—_—_—_—_—_————

Horizontal asymptote: y=R,, =10
As the value of R, increases without bound,

the total resistance approaches 10 ohms, the
resistance of R, .

RR,
R, = R—
| TR,
R -2/R
17 = 1—\/_1
R+ 2\/?l
Solving graphically, let ¥} =17 and

Y, =2x\/;/(x+2\/;).

25

l iR
—10 |1nkersectipn~————————| 150

n=l0z. 4585 V=17

-5

We would need R, =103.5 ohms.

p(=3)=(=3)> —7(-3)-40 =—46
p(5)=(5)°-7(5)-40=50

Since p is continuous and p(-3) <0< p(5),

there must be at least one zero in the interval
(—3,5 ) [Intermediate Value Theorem].

From the problem statement, we find the
derivative to be p'(x)= 3x2-17.

From part (b), we know there is at least one
real zero in the interval (-3,5).
p(=3)=(=3)’ -7(-3)-40=-34

Since p(3) <0< p(5), we start with x, =4 .

59.

60.

61.

Section 4.4: Properties of Rational Functions

p4)

1

X =4- =4.097560976

P(4.097560976)

x, =4.097560976 - ——————
P '(4.097560976)

= 4.094906

p(4.094906)
p'(4.094906)
The zero is approximately x =4.0949 .

/.
~/

—50
From the graph we can see that there is

x; =4.094906 — = 4.094904

d px)=x’-7x-40
50

exactly one real zero in the interval (—3,5) .

e.  p(4.0949) = (4.0949)" —7(4.0949) 40

=-0.00017
This result is close to 0. Since 4.0949 is
rounded, we expect some error when
evaluating the function.

Answers will vary. If x =4 is a vertical
asymptote, then x =4 is a zero of the
denominator. If x =4 is a zero of a polynomial,
then (x—4) is a factor of the polynomial.
Therefore, if x =4 is a vertical asymptote of a
rational function, then (x—4) must be a factor
of the denominator.

Answers will vary. With rational functions, the
only way to get a non-zero horizontal asymptote
is if the degree of the numerator equals the
degree of the denominator. In such cases, the
horizontal asymptote is the ratio of the leading
coefficients.

A rational function cannot have both a horizontal
and oblique asymptote. To have an oblique
asymptote, the degree of the numerator must be
exactly one larger than the degree of the
denominator. However, if the numerator has a
higher degree, there is no horizontal asymptote.
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Chapter 4: Polynomial and Rational Functions

62. Answers will vary. We want a rational function x-intercepts:

n( Set the numerator equal to 0 and solve for x.
where n and d 2_ 1=

d (x) x —=1=0

(x+D(x-1)=0
are polynomial functions and the degree of n (x) v=—1 or x=1

such that r(x) =2x+1+

is less than the degree of d (x) . We could let 1
The intercepts are (0, —j, (-1,0),and (1,0).
n(x)zl and d(x):x+1 . Then our function is 4

1 . (—x)* -1 x*-1
r(x)=2x+1+——. Getting a common b. —x) = = = f(x).
(%) -~ il A0
denominator yields Thus, fis an even function.
2x+1)(x+1
r(x) = ( Y )(x ) + ! 2. in lowest terms
x+1 x+1 3 cal
. It
27 x4 2x+1+1 vertea
x+1 4. True
22X 43x+2 5. True
o 6 {x]x#2} since 2 makes th
) . a. range: {x|x# 2} since 2 makes the
Therefore, one possibility is r(x)= % . denominator 0.
_9\2
b, 0= =2
x—2
Section 4.5 0=x(x—2)°
1. a. y-intercept: x=0orx=2
0°-1 -1 1 Since R(x) in not defined at x=2, the only x-
fO=—F—=—=— - o
0°—4 -4 4 intercept is x = 0.

In problems 7—44, we will use the terminology: R(x)= %, where the degree of p(x)=n and the degree of
q(x
g(x)=m.
x+1 2
7. R(x)= px)=x+L gx)=x(x+4)=x"+4x; n=1;, m=2
x(x+4)

Step I:  Domain: {x| x¢—4,x¢0}

Since 0 is not in the domain, there is no y-intercept.

Step 2 & 3:The function is in lowest terms. The x-intercept is the zero of p(x): x=-1
The x-intercept is —1. Near —1, R(x)= —%(er 1) . Plot the point (—1,0) and show a line with
negative slope there.

x+1
x(x+4)

The vertical asymptotes are the zeros of g(x): x=—4 and x =0. Plot these lines using dashes.

Step 4: R(x) = is in lowest terms.

306
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Step 5: Since n<m , the line y =0 is the horizontal asymptote. Solve R (x) =0 to find intersection points:

x+1
x(x+4)
x+1=0

x=-1
R(x) intersects y =0 at (-1, 0). Plot the point (—1,0) and the line y =0 using dashes.

Steps 6 & 7: Graphing

T ; |

p(x)=x; q(x)z(x—l)(x+2)=x2+x—2; n=1 m=2

8. R(x) S
(x-D(x+2)
Step 1: Domain: {x| x¢—2,x¢1}

The y-intercept; R(0)=0
Step 2 & 3:The function is in lowest terms. The x-intercept is the zero of p(x). 0

Near 0, R(x)= —%x . Plot the point (0,0) and show a line with negative slope there.

Step 4: R(x) = — X isinlowest terms.
(x—D(x+2)

The vertical asymptotes are the zeros of g(x): x=-2 and x =1. Graph these asymptotes using
dashed lines.

Step 5: Since n<m , the line y =0 is the horizontal asymptote. Solve to find intersection points:

X,
(x=D(x+2)

x=0
R(x) intersects y =0 at (0, 0). Plot the point (0,0) and the line y =0 using dashes.

307
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Steps 6 & 7: Graphing:

f Eition]
¥

| B

||||||||||

9. R(x)=ﬂ p(x)=3x+3; g(x)=2x+4; n=1, m=1
2x+4

Step I:  Domain: {x| X # —2}

. . 3(0)+3 3 (.3
The y-intercept is R(0) = =—. Plot the point | 0,— |.
2(0)+4 4 4

3x+3  3(x+1)

Step 2 & 3: R(x) = =
P )= it d " 2(x12)

is in lowest terms. The x-intercept is the zero of p(x), x=-1.

Near -1, R(x)= %(x +1) . Plot the point (—1,0) and show a line with positive slope there.

3x+3 _ 3(x+1)

St 4. R = =
°p ) 2x+4 2(x+2)

is in lowest terms.

The vertical asymptote is the zero of g(x): x=—2. Graph this asymptote using a dashed line.

Step 5: Since n=m, the line y :% is the horizontal asymptote.

Solve to find intersection points:
3x+3 3
2x+4 2
2(3x+3)=3(2x+4)
6x+6=06x+4
0+2

R(x) does not intersect y =% . Plot the line y =% with dashes.
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10.

Steps 6 & 7: Graphing:

Section 4.5: The Graph of a Rational Function

R(x)

Step 1:

g

q_Y

3.

2.

;f'"'"'-—'—'_'_
,,,,,,,,, T
-9 O

_2_

_3.

_4.

_2x+4  2(x+2)
x—1 x—1

p(x)=2x+4; gx)=x-1, n=1, m=1

Domain: {x| xX# 1}

2044 _ 4 _ 4 Plot the point (0,-4).

The y-intercept is R(0) =
y ptis R(O) == ===~

Step 2 & 3:R is in lowest terms. The x-intercept is the zero of p(x): x=-2

Step 4:

Step 5:

Near -2, R(x)= —%(x—k 2). Plot the point (-2,0) and show a line with negative slope there.

_2x+4  2(x+2)
x—1 x—1
The vertical asymptote is the zero of g(x): x=1. Graph this asymptote using a dashed line.

is in lowest terms.

R(x)

Since n=m, the line y =2 is the horizontal asymptote. Solve to find intersection points:
2x+4
x—1
2x+4=2(x-1)
2x+4=2x-1
0#-5
R(x) does not intersect y =2 . Plot the line y =2 with dashes.

2
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Steps 6 & 7: Graphing:

B HathDegford
y

3 3 )
11, = = = 3 — _4. — (- — 2
R(x) 7 4 (x—2)(x+2) p(x)=3; g(x)=x s n=0; m

Step 1: Domain: {x|x¢—2,x¢2}

3 3 3 3
The y-intercept is R(0) = =—=—— . Plot the point | 0,—— |.
y p 0) 7 2 4 3 p ( 4)

Step 2 & 3:R is in lowest terms. The x-intercepts are the zeros of p(x) . Since p (x) is a constant, there are no x-

intercepts.
Step 4: R(x)=— 1 is in lowest terms. The vertical asymptotes are the zeros of g(x): x=-2andx=2.
X2 =
Graph each of these asymptotes using dashed lines.
Step 5: Since n<m , the line y =0 is the horizontal asymptote. Solve to find intersection points:
23 =0
x =4
3=0(x"-4)
320

R(x) does not intersect y =0 . Plot the line y =0 with dashes.
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Steps 6 & 7: Graphing:

g
Y1=31(x2-4) oy

6 _ 6
-x—6 (x=3)(x+2)

12. R(x)= p(x)=06; q(x)=x2—x—6; n=0; m=2
Step 1: Domain: {x|x¢—2,x¢3}

The y-intercept is R(0) = 02—66 = % =—1. Plot the point (0,-1).

Step 2 & 3:R is in lowest terms. The x-intercepts are the zeros of p(x) . Since p(x) is a constant, there are no x-

intercepts.

Step 4: R(x) = % is in lowest terms. The vertical asymptotes are the zeros of g(x): x=-2and x=3
X =x-
Graph each of these asymptotes using dashed lines.

Step5:  Since n<m,the line y =0 is the horizontal asymptote. Solve to find intersection points:
6
-0
x*—x—6
6= O(x2 —x— 6)
60

R(x) does not intersect y=0 .
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Steps 6 & 7: Graphing:

4, 2
13. P(x) :%XH

" p(x)=x4+x2+l; q(x)zxz—l; n=4, m=2
X2 =

Step I:  Domain: {x|x;t—1, x;tl}

4,02
The y-intercept is P(0) = % = Ll =—1. Plot the point (0,-1).

2+

-1

Step 2 & 3: P(x) = is in lowest terms. The x-intercept is the zero of p(x) . Since p(x) is never 0,

there are no x-intercepts.

2 +1

Step 4: P(x) = 5 is in lowest terms. The vertical asymptotes are the zeros of g(x): x=—-1landx=1.
X

Graph each of these asymptotes using dashed lines.

Step 5: Since n>m+1, there is no horizontal or oblique asymptote.

Steps 6 & 7: Graphing:

IV A |
E  [MathDegNornl : :}
\j oy \/ (=2, )N LI (2,7)
| ]
[ =1
N I I R B
o 8 —5 | 5
B R R | 1 2z a3 4 0, —1) : _}
r L
[ I
312
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Section 4.5: The Graph of a Rational Function

p(x)=x4—1; q(x)=x2—4; n=4, m=2

o1 (P HD(x+D(x=1)
14. .-
o) xt—4 (x+2)(x=2)

Step I:  Domain: {x|x¢—2,x¢2}

The y-intercept is Q(0) = 0t -1 e Plot the point (O lj
Y P -4 -4 4 PO\ ™)

) Caxt-l D+ D(x-1)
Step 2 & 3: Q(x) = o4 (x+2)(x-2)

is in lowest terms. The x-intercepts are the zeros of p(x): —1

and 1.

Near—1, Q(x)z%(x+1);Near 1 Q(x)z—%(x—l).

Plot the point (—1,0) and indicate a line with positive slope there.

Plot the point (1, 0) and indicate a line with negative slope there.

| ) N ~ (x> +D(x+1D(x-1)
Step 4: Q(x)—xz_4_ (x+2)(x-2)

The vertical asymptotes are the zeros of g(x): x=-2 and x = 2. Graph each of these asymptotes

is in lowest terms.

using dashed lines.

Step 5:  Since n >m+1, there is no horizontal asymptote and no oblique asymptote.
Steps 6 & 7: Graphing:

E Hiiedfont

VTV

nnnnnnnnn

x=-2 x=2

|||||||||

PR _ (x—l)()c2 +x+1)
x> =9 (x+3)(x-3)

Step 1: Domain: {x|x¢—3,x¢3}

p(x)=x-1;, gqx)=x*-9; n=3;, m=2

15. H(x)=

The y-intercept is H(O)—E—_—l—l Plot the point [o l)
y p 7 o 979 P 5 )

Step 2 & 3: H(x) is in lowest terms. The x-intercept is the zero of p(x): 1.

Near 1, H(x)= —%(x—l) . Plot the point (1,0) and indicate a line with negative slope there.
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Step 4: H (x) is in lowest terms. The vertical asymptotes are the zeros of g(x): x=-3 and x =3. Graph

each of these asymptotes using dashed lines.

Step 5:  Since n=m+1, there is an oblique asymptote. Dividing:

X
2 =9)x* +0x* +0x—1 H()c)=)c+9;C_1
3 x°=9
X —Ox
9x—1
The oblique asymptote is y = x. Graph this asymptote with a dashed line. Solve to find intersection
points:
X -1 —
x* =9
X —1=x"-9x
—1=-9x
1
xX=—
9

The oblique asymptote intersects H(x) at (é, éj .

Steps 6 & 7: Graphing:

E [MathiDegHornl
[y

T\ -sf (—4.-9.3)

Al (D —x+1)

2

16. G(x)= =
x“+2x x(x+2)

p(x)=x3+1; q(x)=x2+2x; n=3 m=2

Step 1: Domain: {x|x¢—2,x¢0}

3
There is no y-intercept since G(0) = ol l

02+2(0) 0

x+1

2 +2x

Step 2 & 3: G(x) =

is in lowest terms. The x-intercept is the zero of p(x): —1.

Near —1, G(x)=-3(x+1). Plot the point (~1,0) and indicate a line with negative slope there.
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¥ +1

> is in lowest terms. The vertical asymptotes are the zeros of g(x): x=—-2andx=0.
X" +2x

Step 4: Gx)=

Graph each of these asymptotes using dashed lines.
Step 5: Since n=m+1, there is an oblique asymptote. Dividing:
x=2

2+ 2x)20 +0x2 +0x+1 Glx) = x—242XF]

2
x°+2x
¥+ 242

—2x° o+l
—2x* —4x
4x+1
The oblique asymptote is y = x—2. Graph this asymptote with a dashed line. Solve to find
intersection points:

+1

=x-2
2 +2x

X +1=x—4x

1=-4x
1
x=——
4

The oblique asymptote intersects G(x) at (—l, —%)

Steps 6 & 7: Graphing:

B
v

: 1
/-\ “
of (—4, —7.875) :

X X 2 2
17. R(x)= = xX)=x"; gx)=x"+x-6;, n=2; m=2
X +x-6 (x+3)(x-2) d I

—10

Step 1: Domain: {x|x¢—3,x¢2}

2
The y-intercept is R(0) = 20—06 = % =0 . Plot the point (0,0).
L0-6 -
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2

Step 2 & 3: R(x) = 2x—6 is in lowest terms. The x-intercept is the zero of p(x): 0
X +x-

Near 0, R (x) = —éxz . Plot the point (0,0) and indicate a parabola opening down there.

2

Step 4: R(x) = 2x—6 is in lowest terms. The vertical asymptotes are the zeros of g(x):
X" +x-—

x =-=3and x = 2. Graph each of these asymptotes using dashed lines.

Step 5:  Since n=m, the line y =1 is the horizontal asymptote. Graph this asymptote with a dashed line.

Solve to find intersection points:

x=6
R(x) intersects y =1 at (6, 1).

Steps 6 & 7: Graphing:

B
y

2
18. R(x)= X —Zx—lZ _(xt4(x-3)

4 (x+2)(x=2)

p()=x+x-12; qx)=x"—4; n=2, m=2

Step 1: Domain: {x|x¢—2,x¢2}

0*+0-12 -12

The y-intercept is R(0) = B " 3. Plot the point (0,3).

X +x—12  (x+4)(x-3)
X =4 (x+2)(x-2)
The x-intercepts are the zeros of p(x): —4 and 3

Near -4, R(x z—l x+4); Near 3, R(x zz x=3).
12 5

Step 2 & 3: R(x) =

is in lowest terms.
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19.

Step 4:

Step 5:

Section 4.5: The Graph of a Rational Function

Plot the point (—4, 0) and indicate a line with negative slope there.
Plot the point (3,0) and indicate a line with positive slope there.
_ X +x-12

R(x)="—

x" -4

is in lowest terms.

The vertical asymptotes are the zeros of g(x): x=-2 and x = 2. Graph each of these asymptotes

using a dashed line.

Since n=m , the line y =1 is the horizontal asymptote. Graph this asymptote using a dashed line.

Solve to find intersection points:

x2+x—12_1
P-4
¥ +x-12=x>-4
x=8

R(x) intersects y =1 at (8§, 1).

Steps 6 & 7: Graphing:

Gx)=

Step 1:

Step 2 & 3: G(x) =

Step 4:

B HetiDegfom] Real
y

p(x)=x; q(x):x2—4; n=1 m=2

X _ X
P4 (x+2)(x=2)

Domain: {x| X#E=2,x# 2}

0 0
=—=0. Plot the point (0,0).
o point (0,0)

The y-intercept is G(0) = o

X

2
x° -

is in lowest terms. The x-intercept is the zero of p(x): 0

Near 0, G(x) = —ix. Plot the point (0,0) and indicate a line with negative slope there.

X

2
x° -

Graph each of these asymptotes using a dashed line.

Gx)= is in lowest terms. The vertical asymptotes are the zeros of g(x): x=—2andx=2.
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Step 5: Since n <m ,the line y =0 is the horizontal asymptote. Graph this asymptote using a dashed line.
Solve to find intersection points:
X
x*—4
x=0
G(x) intersects y =0 at (0, 0).

=0

Steps 6 & 7: Graphing:

E  [MHath)DegNorml)
y

3x 3x

ST GTGTy MW g = k=t

20. G(x)=

Step I:  Domain: {x|x;t—1, x;tl}

The y-intercept is G(0) = % = % =0. Plot the point (0,0) .

3x

Step 2 & 3: G(x) =—
X

is in lowest terms. The x-intercept is the zero of p(x): 0

Near 0, G(x)=—3x. Plot the point (0,0) and indicate a line with negative slope there.

3x

-1

Graph each of these asymptotes using a dashed line.

Step 4: G(x)= is in lowest terms.  The vertical asymptotes are the zeros of g(x): x=—-1landx=1

Step5:  Since n<m,the line y =0 is the horizontal asymptote. Graph this asymptote using a dashed line.

Solve to find intersection points:

3x
=0

X2 -1
3x=0
x=0

G(x) intersects y=0 at (0, 0).
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Section 4.5: The Graph of a Rational Function

Steps 6 & 7: Graphing:

El

g

_ 3 _ 3
(x-D(x*-4) (x=D(x+2)(x-2)

R(x) p()=3; g(x)=(x-D(x*—4); n=0, m=3

Step 1: Domain: {x|x¢—2,x¢1,x¢2}

The y-intercept is R(0) = ;2 = 3 . Plot the point (O,ij .
O0-DO"-4) 4 4
Step 2 & 3: R(x) = + is in lowest terms. There is no x-intercept.
(x=D(x"—4)
3 .
Step 4: R(x) = ——— —— isin lowest terms.
(x=D(x"-4)

The vertical asymptotes are the zeros of g(x): x=-2,x=1, andx=2.

Graph each of these asymptotes using a dashed line.

Step5:  Since n<m,the line y =0 is the horizontal asymptote. Graph this asymptote with a dashed line.
Solve to find intersection points:
B B
(x=D(x"—4)
3£0
R(x) does not intersect y=0.
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Steps 6 & 7: Graphing:

|1
24! |
g [ (0.2) e
9:y LT [ | X
_ y=0
: (_3 R Y
- [ % 20/ [
e —jz T of s 4 | =1
r | |
: | T |(§,—%
i | _4l W z
-9 | 4 Al

-4 _ -4
x+D(x*=9) (x+D(x+3)(x-3)

22. R(x)= p(x)=—4; q(x)= ()c+1)()c2 -9); n=0, m=3

Step 1: Domain: {x|x¢—3,x¢—1,x¢3}

—4 —4_4 . Plot the point KO,EJ .
9 9

The y-intercept is R(0) =——————=
O+1(©0*-9) -9

Step 2 & 3: R(x) = is in lowest terms. There is no x-intercept.

(x+D(x*=9)

Step 4: R(x is in lowest terms.

)= _—2
(x+1D(x"=9)
The vertical asymptotes are the zeros of ¢g(x): x=-3,x=-1, andx=3

Graph each of these asymptotes using a dashed line.

Step5:  Since n<m,the line y =0 is the horizontal asymptote. Graph this asymptote with a dashed line.
Solve to find intersection points:
_—42 =0
(x+D(x"=9)
40
R(x) does not intersect y=0.
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Steps 6 & 7: Graphing:

MathlDegfornl]  Real

J ki (—4,0.19)
; _J -5

1 2 Sr'tl ( 2 —08)

£

-1 (x=D(x+1D)

(X)=x*-1; gx)=x*-16; n=2; m=4
216 (R +4)(x+2)(x—2) P 1

23. H(x)=

Step 1: Domain: {x|x¢—2,x¢2}

. . -1 -1 1 , 1
The y-intercept is H(0) = =——=—_ Plot the point O’E .

0‘—16 -16 16

Step2 & 3: H(x) = )i—_116 is in lowest terms. The x-intercepts are the zeros of p(x): —1 and 1
P

Near 1, H(x)z%(x+1); Near 1, H(x)z—%(x—l)

Plot (—1,0) and indicate a line with positive slope there.
Plot (1,0) and indicate a line with negative slope there.
2

Step 4: H(x)= JZ —

x =16

is in lowest terms. The vertical asymptotes are the zeros of g(x): x=—2andx=2

Graph each of these asymptotes using a dashed line.

Step 5: Since n<m , the line y =0 is the horizontal asymptote. Graph this asymptote using a dashed line.

Solve to find intersection points:

-1 _

-16

¥ -1=0
x==1

H(x) intersects y =0 at (-1, 0) and (1, 0).
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Steps 6 & 7: Graphing:

24. H(x)=

Step 1:

Step2 & 3: H(x) =

Step 4:

Step 5:

El

2f

1

5 5 4 3 9ig 1N 3 4 5 &
._1..

ot

x2+4_ x* +4

o1 D+ Dx=1)

p(x):x2+4; q(x):x4—1; n=2, m=4

Domain: {x| x#—-1Lx# 1}

2
. . 4 4 .
The y-intercept is H (0) = (())4 * e —4. Plot the point (0,—4).
X’ +4 .
T is in lowest terms. There are no x-intercepts.
X =
x* +4

is in lowest terms. The vertical asymptotes are the zeros of g(x): x=—-landx=1

H =
) xt-1

Graph each of these asymptotes using a dashed line.

Since n<m , the line y =0 is the horizontal asymptote. Graph this asymptote using a dashed line.

Solve to find intersection points:

2
x4+4:O
x =1
X +4=0

no real solution

H(x) does not intersect y=0.
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Steps 6 & 7: Graphing:

B
v

\

¥ =3x—4  (x+D(x—4)
x+2 x+2

25. F(x)= p(xX)=x*=3x—-4; gq(x)=x+2; n=2; m=1

Step 1:  Domain: {x| X# —2}

0°-30)-4 _-4

The y-intercept is F(0) =
Y P © 0+2 2

=—2. Plot the point (0,-2).

Step2 & 3: F(x) = % is in lowest terms. The x-intercepts are the zeros of p(x): —1 and 4.
X+

Near —1, F(x)=—-5(x+1); Near 4, F(x)z%(x—4).

Plot (-1,0) and indicate a line with negative slope there.

Plot (4,0) and indicate a line with positive slope there.

2 j— j—
Step 4: F(x)= % is in lowest terms. The vertical asymptote is the zero of g(x): x=-2
X+

Graph this asymptote using a dashed line.

Step 5:  Since n=m+1, there is an oblique asymptote. Dividing:
x=5
x+2)x*-3x-4 F(x)=x-5+ 6
5 x+2
x4+ 2x
-5x-4
-5x-10
6

The oblique asymptote is y = x—5 . Graph this asymptote using a dashed line. Solve to find
intersection points:
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x> —3x—4 _

x+2

x> —=3x—4=x>-3x-10
-4=-10

The oblique asymptote does not intersect F(x) .

x—=5

Steps 6 & 7: Graphing:

kL s
B <-1’0>|\f\4ﬁ,%’ -

Sty L1 1

|
|
Z |
/

y |

A' 16
(3,-14 '

23 x==-2

K +3x+2  (x+2)(x+1)
x—1 x—1

26. F(x)= p(x)=x2+3x+2; gx)=x—-1, n=2; m=1
Step 1:  Domain: {x|x¢1}

2
O +30+2_2 _ 5 Plot the point (0,-2).

The y-intercept is F(0) =
y ptis F(0) 0—1 —

2
Step2 & 3: F(x) = M is in lowest terms. The x-intercepts are the zeros of p(x): -2 and —1.

-
Near -2, F(x)z%(x+2); Near 1, F(x)z—%(erl).

Plot (-2,0) and indicate a line with positive slope there.

Plot (-1,0) and indicate a line with negative slope there.

2
+3x+2 . . . .
Step 4: F(x)= X A3+ is in lowest terms. The vertical asymptote is the zero of g(x): x=1

X—
Graph this asymptote using a dashed line.
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Step 5: Since n=m+1, there is an oblique asymptote. Dividing:
x+4

x—1jx2+3x+2 F(x)=x+4+i1
o

2
X — X

4x+2
4x—4
6
The oblique asymptote is y = x+4 . Graph this asymptote using a dashed line. Solve to find

intersection points:
X +3x+2
——=x+4
x—1
2 2
X" 4+3x+2=x"+3x-4
2#-4

The oblique asymptote does not intersect F(x) .

Steps 6 & 7: Graphing:

El

145’\/

X Hx-12 _ (x+4)(x-3)

P(x):x2+x—12; g(x)=x-4; n=2; m=1
x—4 x—4

27. R(x)=

Step 1: Domain: {x| X # 4}

2 —_— —
The y-intercept is R(0) = % = % =3. Plot the point (0,3) .
X +x-12
Step 2 & 3: R(x) =— is in lowest terms. The x-intercepts are the zeros of p(x): —4 and 3.
x—

Near —4, R(x)z%(x+4); Near 3, R(x) = ~7(x~3).

Plot (—4,0) and indicate a line with positive slope there.

Plot (3,0) and indicate a line with negative slope there.

325
Copyright © 2013 Pearson Education, Inc.



Chapter 4: Polynomial and Rational Functions

Step 4: R(x) = X Ax-l2 is in lowest terms. The vertical asymptote is the zero of g(x): x=4
x—

Graph this asymptote using a dashed line.

Step 5: Since n=m+1, there is an oblique asymptote. Dividing:

x+5 g
x—4jx2+ x—12 R(x)=x+5+ ;
x_
x> —4x
5x— 12

5x—20
8

The oblique asymptote is y = x+5. Graph this asymptote using a dashed line. Solve to find

intersection points:

2 —
x“+x-—12 45
x—
+x—12=x>+x-20
—-12#-20

The oblique asymptote does not intersect R(x) .

Steps 6 & 7: Graphing:

]

T \/

Pox—12  (x—4)(x+3)
x+5 x+5

28. R(x)=x p(x)=x2—x—12; gx)=x+5 n=2; m=1

Step 1:  Domain: {x| X# —5}

0°-0-12_ 12

12
The y-intercept is R(0) = . Plot the point | 0,—— |.
Y ptis ROY=—7775 5 P [ 5)

2_ —
Step 2 & 3: R(x) = —*=12
x+5

is in lowest terms. The x-intercepts are the zeros of p(x): -3 and 4.

Near -3, R(x)z—%(x—k?a); Near 4, R(x)zg(x—4).
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Plot (-3,0) and indicate a line with negative slope there.
Plot (4,0) and indicate a line with positive slope there.
P—x-12

Step 4: R(x) =X -r =
x+5

is in lowest terms. The vertical asymptote is the zero of g(x): x=-5
Graph this asymptote using a dashed line.

Step 5:  Since n=m+1, there is an oblique asymptote. Dividing:
x—6
2 18
x+5)x"— x—12 Rx)=x-6+—
5 x+5
X~ +5x
—6x—12
—6x-30
18

The oblique asymptote is y = x—6. Graph this asymptote using a dashed line. Solve to find
intersection points:
x—x-12 _
x+5
¥ —x-12=x*-x-30
-12#-30

The oblique asymptote does not intersect R(x) .

x—6

Steps 6 & 7: Graphing:

El

x2+x—12:(x+4)(x—3)

p(x)=x2+x—l2; qgx)=x+2; n=2; m=1
x+2 x+2

29. F(x)=

Step 1:  Domain: {x| X# —2}
0’ +0-12 _-12

The y-intercept is F(0) =——— =——=—-6. Plot the point (0,—6).
y pLis F(0)=— = > point (0,~6)
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2
Step2 & 3: F(x) = szlz is in lowest terms. The x-intercepts are the zeros of p(x) : —4 and 3.
X+

7 7
Near —4, F(x) zE(x+4); Near 3, F(x) zg(x—?a) )
Plot (—4,0) and indicate a line with positive slope there.
Plot (3,0) and indicate a line with positive slope there.

2
+x-12 . . . .

Step 4: F(x)= % is in lowest terms. The vertical asymptote is the zero of g(x): x=-2
X+

Graph this asymptote using a dashed line.

Step 5:  Since n=m+1, there is an oblique asymptote. Dividing:
x—1
x+2jx2+ x—12 F(x)=x—1+

5 x+2
X" +2x

—-x—12
—x—2
-10

The oblique asymptote is y = x—1. Graph this asymptote using a dashed line. Solve to find
intersection points:

2 +x-12
—=x-1
x+2
CHx-12=x>+x-2
—12#-2

The oblique asymptote does not intersect F(x) .

Steps 6 & 7: Graphing:

El
19FY
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2
30. G(x)= X —x-12 = (x+3x—4) p(x) = X —x—12; gx)=x+1 n=2; m=1
x+1 x+1
Step I:  Domain: {x| X # —1}
2
The y-intercept is F'(0) = % = % =—12. Plot the point (0,—12) .
+
Step2 & 3: G(x) = x——xIZ is in lowest terms. The x-intercepts are the zeros of p(x): -3 and 4.
X+
7 7
Near -3, G(x) = E(x+3) ; Near4, G(x)= g(x—4) )
Plot (—3,0) and indicate a line with positive slope there.
Plot (4,0) and indicate a line with positive slope there.
x—x-12 . . . .
Step 4: G(x)= il is in lowest terms. The vertical asymptote is the zero of g(x): x=-1
X+
Graph this asymptote using a dashed line.
Step 5: Since n=m+1, there is an oblique asymptote. Dividing:

x—2 10
x+1jx2—x—12 G(x)=x—2+——
5 x+1
X +x
—2x-12
—2x—2

-10

The oblique asymptote is y=x—2. Graph this asymptote using a dashed line. Solve to find

intersection points:

2_ —
x“=x-12 o2
x+1
-x-12=x>-x-2
—-12#-2

The oblique asymptote does not intersect G(x).
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Steps 6 & 7: Graphing:

Step 1:

Step 2 & 3: R(x) =

Step 4:

Step 5:

2
3. R()=2=D°
(x+

El

19FY

(0, —12)
~14

3 p(x)=x(x—1% g(x)=(x+3)’; n=3; m=3

Domain: {x| xX# —3}

. . 00-1)> 0 .
The y-intercept is R(0) =——— =—=0. Plot the point (0,0).
Y P 0+3)° 27 point (0,0)
x(x— 1)2 L. .
W is in lowest terms. The x-intercepts are the zeros of p(x): 0 and 1
X

Near 0, R(x):%x; Near 1, R(x):6—14(x—1)2.

Plot (0,0) and indicate a line with positive slope there.

Plot (1,0) and indicate a parabola that opens up there.

2
R(x)= % is in lowest terms. The vertical asymptote is the zero of g(x): x=-3
X+

Graph this asymptote with a dashed line.

Since n=m, the line y =1 is the horizontal asymptote. Graph this asymptote with a dashed line.
Solve to find intersection points:
x(x—=1)?
3
X =23 4 x =0 +9xF +27x+27
0=11x" +26x+27
b* —4dac =26 -4(11)(27) =-512

no real solution

1

R(x) does not intersect y =1.
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Steps 6 & 7: Graphing:
E]
¥

-9

x=-3
Iy Yi
110 -0.01
|
: See enlarged
view at right.
y=1 ! . 00 :
-0.5 (1,00 1.5
—-0.01
Enlarged view

(x=D(x+2)(x—3)
x(x—4)?

32. R(x)= px)=(x-D(x+2)(x-3); qg(x)= x(x—4)2; n=3 m=3
Step 1:  Domain: {x|x¢0,x¢4}

0-D(©0+2)0-3) _6
0(0—4)* 0’

There is no y-intercept since R(0) =

(x=D(x+2)(x=3)
x(x— 4)2

Step 2 & 3: R(x) = is in lowest terms. The x-intercepts are the zeros of p(x): -2, 1, and 3

Near -2, R(x z—i x+2); Near 1, R(x z—g x—1);Near3, R(x z& x=3).
24 3 3

Plot (—2,0) and indicate a line with negative slope there. Plot (1,0) and indicate a line with negative

slope there. Plot (3,0) and indicate a line with positive slope there.

(x=D(x+2)(x=3)
x(x—4)*

The vertical asymptotes are the zeros of g(x): x=0and x=4

Step 4: R(x) = is in lowest terms.

Graph each of these asymptotes with a dashed line.

Step 5:  Since n=m, the line y =1 is the horizontal asymptote. Graph this asymptote with a dashed line.

Solve to find intersection points:

331
Copyright © 2013 Pearson Education, Inc.



Chapter 4: Polynomial and Rational Functions

(x=D(x+2)(x-3) _
x(x— 4)2
(2 +x=2)(x=3) = x(x> —8x+16)

X =2xr—5x+6=x>—8x* +16x

1

6x% —21x+6=0
257 =Tx+2=0
L TEJ9-42)) 74433

22) 4

R(x) intersects y =1 at (7_;/§,1J and [7+;/§,1J.

Steps 6 & 7: Graphing:

x=4
|

El 10
ofy
6, 5)

(3.186, 1)
A =l (0314,1)

= B e R A S u

o (<2,0) -5

2 —_ —_—
33, R(x)=x2+x 12=(x+4)(x 3)=x+4

x—x—6 (x=-3)(x+2) x+2

p(X)=x>+x-12; gqx)=x>—-x-6; n=2 m=2

Step 1: Domain: {x|x¢—2,x¢3}

2 J— —_—
The y-intercept is R(0) = w 12 2. Plot the point (0,2).
0°-0-6 -6
x+4

Step 2 & 3:In lowest terms, R(x) = >’ x#3. Note: R(x) is still undefined at both 3 and —2.

X+

The x-intercept is the zero of y=x+4: -4

Near -4, R(x)= —%(H 4). Plot (—4,0) and indicate a line with negative slope there.

Step4:  Inlowest terms, R(x) = i;, x # 3. The vertical asymptote is the zero of f (x) =x+2: x=-2;
X+

Graph this asymptote using a dashed line. Note: x =3 is not a vertical asymptote because the reduced

form must be used to find the asymptotes. The graph has a hole at [3,%) .
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Step 5:  Since n=m, the line y =1 is the horizontal asymptote. Graph this asymptote using a dashed line.

Solve to find intersection points:

x2+x—12_1
-x—6
P +x-12=x"-x-6
2x=6
x=3

R(x) does not intersect y =1 because R(x) is not defined at x=3.

Steps 6 & 7: Graphing:

|
E —2

y=1--

I
I
I
o
|
I
I
1=

x> +3x-10 _(x+5)(x-2) x-2

2 2
x)=x"+3x-10; xX)=x"+8x+15, n=2; m=2
X +8x+15 (x+5(x+3) x+3 P ()

34. R(x)=

Step I:  Domain: {x|x;t—5, x¢—3}

2 —_— p—
The y-intercept is R(0) = w = -10 = _2 . Plot the point (0, —EJ .
0°+8(0)+15 15 3 3

2 , X # =5 . The x-intercept is the zero of y=x-2:2;

Step 2 & 3:In lowest terms, R(x) =
X+

Note: -5 is not a zero because reduced form must be used to find the zeros.

Near 2, R(x)= %(x —2). Plot the point (2,0) and indicate a line with positive slope there.

2, x # 5. The vertical asymptote is the zero of f(x)=x+3: x=-3;

Step 4: In lowest terms, R(x) = i
X+

Graph this asymptote using a dashed line.
Note: x =-5 is not a vertical asymptote because reduced form must be used to find the asymptotes.

The graph has a hole at (-5,3.5).

Step 5:  Since n=m, the line y =1 is the horizontal asymptote. Graph this asymptote using a dashed line.

Solve to find intersection points:

333
Copyright © 2013 Pearson Education, Inc.



Chapter 4: Polynomial and Rational Functions

x> +3x-10 _
2 +8x+15
x> +3x-10=x" +8x+15
—5x=25
x=-5

R(x) does not intersect y =1 because R(x) is not defined at x=-5.

Steps 6 & 7: Graphing:

El
v

of

6x>—7x-3 _(Bx+D(2x-3) 3x+1
2xr-7x+6 (2x-3)(x-2) x-2

35. R(x)= p(x)=6x>-Tx-3;, q(x)=2x>-Tx+6; n=2; m=2

Step I:  Domain: {x

x;ﬁé,x;ﬁZ}
2

6(0*-7(0)-3 _ 3

The y-intercept is R(0) =
P 202 -7(0)+6 6

= 1 . Plot the point [0,—1) .
B 2

Step 2 & 3:In lowest terms, R(x) = 3 +21 , X ;ﬁ% . The x-intercept is the zero of y =3x+1: —% ;
x—

3. .
Note: x = E is not a zero because reduced form must be used to find the zeros.

Near —% , R (x) = —%(3x+ 1) . Plot the point [—%,O) and indicate a line with negative slope there.

Step 4: In lowest terms, R(x) = 3x_+21, X i% . The vertical asymptote is the zero of f (x) =x-2:x=2;
X—
Graph this asymptote using a dashed line.

3. . .
Note: x = > is not a vertical asymptote because reduced form must be used to find the asymptotes.

The graph has a hole at (%,—1 1) .

Step5:  Since n=m, the line y =3 is the horizontal asymptote. Graph this asymptote using a dashed line.

Solve to find intersection points:
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36. R(x)=

Section 4.5: The Graph of a Rational Function

6x2—7x—3_3
2x* —7x+6
6x> —7x—3=6x>—21x+18
14x=21
3

X=—

2

R(x) does not intersect y =3 because R(x) is not defined at x = % .

Steps 6 & 7: Graphing:

El
19EY

-13

8x% +26x+15 _(4x+3)2x+5) 4x+3

X =8x2+26x+15; X =2x2—x—15; n=2, m=2
2 —xts | @xna—3) a3 PV e

Step 1: Domain: {x xi—%,x¢3}

8(0)*+26(0)+15 15

=—1. Plot the point (0,-1).
2(0)>-0-15  -I5 =1

The y-intercept is R(0) =

Step 2 & 3:In lowest terms, R(x) = 4x +33, X # —%. The x-intercept is the zero of y=4x+3: —%;

5. .
Note: —= is not a zero because reduced form must be used to find the zeros.

Near —i, R(x)= —i(4x+ 3) . Plot the point [—%,OJ and indicate a line with negative slope there.

Step 4: In lowest terms, R(x) = ﬂ, X# —% . The vertical asymptote is the zero of f (x) =x-3:x=3;
X—

Graph this asymptote using a dashed line.
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5 . . '
Note: x = > is not a vertical asymptote because reduced form must be used to find the asymptotes.

The graph has a hole at (—%,%) .

Step 5: Since n=m , the line y =4 is the horizontal asymptote. Graph this asymptote using a dashed line.
Solve to find intersection points:
8x> +26x+15
267 —x-15
8x” +26x+15=8x" —4x—60
30x =-75

4

X=—=

2

R(x) does not intersect y =4 because R(x) is not defined at x = —% .

Steps 6 & 7: Graphing:

x=3
YA
20 |
B - l
28FY -
|
(-5 1 - WG9
2 : |
) X\):4__ -
res Tl oy X
i >
(-3.9)

X H+5x+6  (x+2)(x+3)
x+3 x+3

37. R(x)= x+2 p(x)=x2+5x+6; gx)=x+3;, n=2; m=1
Step I:  Domain: {x|x;t—3}

0°+50)+6 _6

The y-intercept is R(0) = =2 . Plot the point (0,2).
y ptis R(0) o 3 point (0,2)

Step 2 & 3:In lowest terms, R(x) = x+2, x # =3. The x-intercept is the zero of y=x+2: -2;
Note: -3 is not a zero because reduced form must be used to find the zeros.
Near —2, R(x)=x+2. Plot the point (0,—2) and indicate the line y =x+2 there.

Step4:  Inlowest terms, R(x)=x+2, x #—-3. There are no vertical asymptotes. Note: x =—3 is not a vertical

asymptote because reduced form must be used to find the asymptotes. The graph has a hole at
(-3.-1).
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Step 5:  Since n=m+1 there is an oblique asymptote. The line y = x+2 is the oblique asymptote. Solve to
find intersection points:
X +5x+6
x+3 -
X +5x+6= (x+2)(x+3)

x+2

X +5x+6=x>+5x+6
0=0
The oblique asymptote intersects R(x) at every point of the form (x, x+2) except (=3, —1).

Steps 6 & 7: Graphing:

E HatiPegform])  [Real
v

x2+x—30_(x+6)(x—5)_x

38. R(x)=
x+6 x+6

-5 p(x)=x2+x—30; gx)=x+6; n=2; m=1

Step I:  Domain: {x| X# —6}

2 pa— p—
O+@=30_=30_ 5 piot the point (0,-5).

The y-intercept is R(0) =
Y ptis ROY=—7"¢ 6

Step 2 & 3:In lowest terms, R(x) = x—35, x #—6. The x-intercept is the zero of y=x-5:5;
Note: —6 is not a zero because reduced form must be used to find the zeros.

Near 5, R(x)=x—-5. Plot the point (5,0) and indicate the line y =x—5 there.

Step 4:  Inlowest terms, R(x)=x-5, x #—6. There are no vertical asymptotes. Note: x =—6 is not a vertical

asymptote because reduced form must be used to find the asymptotes. The graph has a hole at
(-6,-11).

Step 5: Since n=m+1 there is an oblique asymptote. The line y =x—35 is the oblique asymptote.

Solve to find intersection points:
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2 +x-30 _
x+6
x2 +x—30=(x+6)(x—5)

x=5

X +x-30=x*+x-30
0=0
The oblique asymptote intersects R(x) at every point of the form (x, x—5) except (-6, —11).

Steps 6 & 7: Graphing:

El
v

x2+1

39. f(x)=x+l=— p(x)=x2+1; gx)=x; n=2; m=1
X x

Step 1:  Domain: {x| X# 0}

There is no y-intercept because 0 is not in the domain.

x2+1

Step2 & 3: f(x)=

is in lowest terms. There are no x-intercepts since x* +1=0 has no real solutions.

X2 +1

Step 4: fx)= is in lowest terms. The vertical asymptote is the zero of g(x): x =0 Graph this

X
asymptote using a dashed line.

Step5:  Since n=m+1, there is an oblique asymptote.
X 1
Dividing: x) 2 +1 fo=x+o
2 The oblique asymptote is y=x.
1
Graph this asymptote using a dashed line. Solve to find intersection points:
X +1
=x
X
X +l=x2
10

The oblique asymptote does not intersect f(x).
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Section 4.5: The Graph of a Rational Function

Steps 6 & 7: Graphing :

]

..........

2
f(x)=2x+2=2x 9 p(x)=2x2+9; gx)=x; n=2; m=1
X X

Step 1:  Domain: {x| X# 0}

There is no y-intercept because 0 is not in the domain.

23249 . . . . .
is in lowest terms. There are no x-intercepts since 2x* +9 =0 has no real solutions.

Step 2 & 3: f(x) =

23749 . . . .
is in lowest terms. The vertical asymptote is the zero of g(x): x=0

Step 4: fx)=
Graph this asymptote using a dashed line.

Step 5: Since n=m+1, there is an oblique asymptote. Dividing:

2x 9
x)2x% +9 f(x)=2x+—
5 X
2x”
9
The oblique asymptote is y =2x. Graph this asymptote using a dashed line. Solve to find intersection

points:
2x2 49 _
=
2x% +9=2x7
9#0
The oblique asymptote does not intersect f(x).

2x
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Steps 6 & 7: Graphing:

=0
B sk
19 LA(L, 11)
V — Ty =2
- -39
% L L f
A S 5 T 5
9 0 9 //
3 gy~ =
( 36 %\_
A (—1,—11) - —15

3 +1)(x* —x+1
PRPEON B Es O G )(+* —x+1)

— p(x)=x3+l; qgx)=x; n=3; m=1.
X X

Step I:  Domain: {x| X # 0}

There is no y-intercept because 0 is not in the domain.

©+1

Step 2 & 3: f(x) = is in lowest terms. The x-intercept is the zero of p(x): —1

Near —1, f(x)=-3(x+1). Plot the point (—1,0) and indicate a line with negative slope there.

3
x+1 . . . .
is in lowest terms. The vertical asymptote is the zero of g(x): x=0

Step 4: fx)=

Graph this asymptote using a dashed line.
Step 5: Since n>m+1, there is no horizontal or oblique asymptote.

Steps 6 & 7: Graphing:

El

3 2(x*+8)  2(x+2)(x*—2x+4
16 _2x +16 _ ( ): (e+2) ) p(x)=2x+16; g(x)=x; n=3; m=1
X X X X

2. f(x)=2x"+

Step I:  Domain: {x| X # 0}

There is no y-intercept because 0 is not in the domain.
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Section 4.5: The Graph of a Rational Function

2x° +16

Step 2 & 3: f(x) = is in lowest terms. The x-intercept is the zero of p(x): -2

Near -2, f(x)=-12(x+2). Plot (-2,0) and indicate a line with negative slope there.

25’ +16 . . . .
al is in lowest terms. The vertical asymptote is the zero of g(x): x=0

Step 4: fx)=

Graph this asymptote using a dashed line.
Step 5: Since n>m+1, there is no horizontal or oblique asymptote.
Steps 6 & 7: Graphing:

(1.18).%)
18

B Norm

[~}

o}

<
1

N { I T I N
T 3 N_ 1 p i 2z 8 4 s — 3
(—2.0) —
r=1
28
1 x4+1 4 3
f(x)=x+7= 3 p(x)zx +1; q(x)zx; n=4, m=3

X X

Step I:  Domain: {x| X # 0}

There is no y-intercept because 0 is not in the domain.

4

Step 2 & 3: f (x) =2
X

is in lowest terms. There are no x-intercepts since x* +1=0 has no real solutions.

4
+1 . . . .
Step 4: f(x)= al -— isin lowest terms. The vertical asymptote is the zero of g(x): x=0
X

Graph this asymptote using a dashed line.

Step 5:  Since n=m+1, there is an oblique asymptote. Dividing:
fx 1
) xt+1 f(x)zx—k—3
4 X
X
1

The oblique asymptote is y = x. Graph this asymptote using a dashed line. Solve to find intersection

points:
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x +1
=X

X

1=t
120

The oblique asymptote does not intersect f(x).

Steps 6 & 7: Graphing:

x=0
.)‘A y=2Xx
3 A(1,2);
E L
28 7
- //
I T T LA B R I
— —3 // 3
PR — 0 1 2 3 4 B
(=1, ;2/)/\ B
a2 73 B
4
4. f(xn)= 2x+% - 2xx3+9 P =2 +9; g(x)=x> n=4 m=3

Step I:  Domain: {x| X # 0}

There is no y-intercept because 0 is not in the domain.

2)64 +9 . . . . 4 .
Step 2 & 3: f(x) = >— isin lowest terms. There are no x-intercepts since 2x” +9 =0 has no real solutions.
X
25449 . .
Step 4: fx)= >— isin lowest terms. The vertical asymptote is the zero of g(x): x=0
X

Graph this asymptote using a dashed line.

Step 5: Since n=m+1, there is an oblique asymptote. Dividing:
2x
x3j2x4+9 f(x)=2x+%
4 X
2x”
9

The oblique asymptote is y =2x. Graph this asymptote using a dashed line. Solve to find intersection
points:
2x 49 _
JE
2x* +9=2x*
9#0
The oblique asymptote does not intersect f(x).

2x
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45.

46.

47.

48.

49.

Steps 6 & 7: Graphing:

El
2sfy
4 32 -1 g T2 3
-28
52

One possibility: R(x) = N

One possibility: R(x) =——

x“ =1
x=1)(x=3)(x*+a

One possibility: R(x) = ( ) 5 )( 5 )

(x+D)"(x=2)

(Using the point (0,1) leads to a =4/3.) Thus,

x—1)(x=3)(x*+4

IO )

(x+D)"(x=2)
12

One possibility: R(x) = w

(x+3)(x—4)

a. The degree of the numerator is 1 and the
degree of the denominator is 2. Thus, the
horizontal asymptote is y =0 . The
concentration of the drug decreases to 0 as
time increases.

b. Graphing:

0.4
0 12
0
343

Section 4.5: The Graph of a Rational Function

y )= 2x

. )
10 /

4
¥ 5.125)

—=10

50.

51.

A
/ 10
(=2, —5.125)
, ~10
x=20

Using MAXIMUM, the concentration is
highest after ¢ =0.71 hours.

The degree of the numerator is 1 and the
degree of the denominator is 2. Thus, the
horizontal asymptote is y =0. The

concentration of the drug decreases to 0 as

time increases.

Graphing:
6

0 100
0

Using MAXIMUM, the concentration is
highest after =5 minutes.

The cost of the project is the sum of the cost
for the parallel side, the two other sides, and
the posts.
A=xy
1000 = xy
1000

y =

X

If the length of a perpendicular side is x feet,
the length of the parallel side is

Copyright © 2013 Pearson Education, Inc.
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1000
y =
x

feet. Thus,

1000
X

:16x+m+100

X

C(x)=2-8-x+5-——+4(25)

b. The domain is x> 0. Note that x is a length
so it cannot be negative. In addition, if
x =0, there is no rectangle (that is, the area
is 0 square feet).
5000

¢. C(x)=16x+——+100
X

ares=1

d. Using MINIMUM, the dimensions of
cheapest cost are about 17.7 feet by 56.6
feet (longer side parallel to river).

,-r-‘”"—f‘/—

Mjpiraur
w=17.677668 LY=66E.6EEHE o

Note: x=17§=? feet and

1000 _ 3000
53/3 53

A4-v

— 600 727.4
772.4—v,

feet .

344

53.

620=600[ 7274 J

436,440
T724-v,
620(772.4—v, ) = 436,440

436,440
620
436,440

620 =

7724 —v,

v, =7724 - ~68.5

If f'=620 Hz, the speed of the ambulance
is roughly 68.5 miles per hour.

436,440
Y a4 —x
10,000

0 1000

436,440
772.4—x
the intersection point.

Let ¥} = and ¥, =620, then find

wFEeckion
B.4E4E1E SY=6EE0 ]

The graph agrees with our direct calculation.

The surface area is the sum of the areas of
the six sides.

S=xy+xy+xy+xy+x2+x2 =4xy+2x2
The volume is x-x-y=x*y=10,000.
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10,000

S5 80
X

S(x)= 4;{10’ OOO)+2x2

Thus, y=

x2

2, 40,000

+ [
X

_ 2x7 +40,000

X

=2x

Graphing:
10,000

0 60

0
Using MINIMUM, the minimum surface
area (amount of cardboard) is about 2784.95
square inches.

The surface area is a minimum when
x = 21.54 inches.

y= 10,000 = 21.54 inches

(21.544)

The dimensions of the box are: 21.54 in. by
21.54 in. by 21.54 in.

Answers will vary. One possibility is to save
costs or reduce weight by minimizing the
material needed to construct the box.

The surface area is the sum of the areas of
the five sides.

S=)cy+xy+xy+xy+x2 =4)cy+x2
The volume is x-x-y = x*y = 5000.

5000

Thus, y =—5—,80
X

S0 = 4x[50(2)0j+x2
X

2 . 20,000
X+ —

X
X +20,000
X

Section 4.5: The Graph of a Rational Function

b. Graphing:
10,000

0 Gl
0
c¢. Using MINIMUM, the minimum surface
area (amount of cardboard) is about 1392.48
square inches.

d. The surface area is a minimum when

x=21.54.
y= ﬂoz ~10.78
(21.54)

The dimensions of the box are: 21.54 in. by
21.54 in. by 10.78 in.

e. Answers will vary. One possibility is to save
costs or reduce weight by minimizing the
material needed to construct the box.

55. a. 500=mr*h
_ 500

TEI‘2

C(r)=602nr*)+4(2nrh)

=12nr? +8nr[ﬂj

h

TCr2

4000
r

=12nr7 +

b. Graphing:
6000

0 10
0

Using MINIMUM, the cost is least for
r=3.76 cm.

345
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56. a. 100=mnr’h X -1
100 YT
TCI’2

A(r)=2nr* +2nrh

=2nr’ +2nr(£j \\_/
nr x

=2nr? +@ 4
r x =1
ye x—1
b. A(3)=2m-3 +200
3 w
=18n +% =123.22 square feet
¢ A@)=2m-4° +¥ "
=32n+50 = 150.53 square feet Y-
2 r= x—1
d  A(B)=2n-5° +200
5 .
=501 +40 = 197.08 square feet /
e. Graphing:
700 "
x =11is not a vertical asymptote because of the
following behavior:
When x#1:
0 12 2 +1 -1
0 y=x 11=(x )()16 ) i1
Using MINIMUM, the area is smallest when = =
r=2.52 feet. Po1 (=) Hxe1)
= = =x"+x+1
x—1 x—1
2
x =1
57. y= 2 2
Y x—1 B x4_1_(x +1)(x —1)
. x—1 x—1
fﬂ_'_,.ﬂ"-ﬂ (x2+l)(x—1)(x+1)

x—1

= +x>+x+1

X1 (X +x+D(x-1)

x—1 x—1

=xt+ 2+ +x+1
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In general, the graph of 60. Answers will vary. One example is
3(x—2)(x+1)
(x+5)(x=6)"

x" =1
y:

, n =1, an integer,

x—1
will have a “hole” with coordinates (1, n).

61. Answers will vary. One example is

x 2
58. y=—o 2(x=3)(x+2)
Y x—1 R(x)= 3 .
(x=1)
Ly -
He— 62. Answers will vary.
63. Answers will vary.
k X
o
y=—— Section 4.6
x—1
” . 1. 3-4x>5
e —4x>2
X< ——
."'. * 1
The solution set is {x x< —5} or, using interval
6
y=—— . ( 1 j
x—1 notation, | —oeo,—— |.
- 2
v :
i - ) >
1
i 2
x
2. X' —5x<24
. x® x?=5x—24<0
x—1 (x+3)(x-8)<0
v o f(x)=x>=5x—24=(x+3)(x—8)
e x=-3,x=_8 are the zeros of f.
Interval | (—o,-3) | (-3,8) (8, )
* Number
—4 0 9
_ Chosen
All four graphzs have a vertical asymptote at Value of f 2 o4 2
x=1.y= X hasan oblique asymptote at Conclusion | Positive | Negative | Positive

x—1
y=x+1. The solution set is {x|-3 < x <8} or, using
interval notation, [-3, 8].

59. Answers will vary.
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. True

. False. The value 3 is not in the domain of f, so it
must be restricted from the solution. The

solution set would be {x|x<0 or x>3}.

. The x-intercepts of the graph of fare 0, 1, and 2.

a. The graph of fis above the x-axis (so fis
positive) for 0 < x <1 or x> 2. Therefore,

the solution set is { x| O<x<lorx> 2} or,
using interval notation, (0, 1) U (2, c0).

b. The graph of fis below the x-axis (so fis
negative) for x <0 or 1<x<2. Since the
inequality is not strict, we include O, 1, and 2
in the solution set. Therefore, the solution

set is {x|x£00r1£x£2} or, using

interval notation (—eo, 0] U[I, 2].

. The x-intercepts of the graph of fare —1, 1, and 2.

a. The graph of fis below the x-axis (so fis
negative) for —1<x <1 or x> 2. Therefore,

the solution set is { x| —l<x<lorx> 2} or,
using interval notation, (—1,1)U (2, e).

b. The graph of fis above the x-axis (so fis
positive) for x <—1 or 1<x<2. Since the

inequality is not strict, we include 0, 1, and 2 in the

solution set. Therefore, the solution set is

{ x| x<-lorl<x< 2} or, using interval notation

(—oo,—1]UIL, 2] .

. The x-intercept of the graph of fis 0.

a. The graph of fis below the x-axis (so f'is
negative) for -1<x <0 or x >1. Therefore,

the solution set is { x| —1<x<0orx> 1} or,
using interval notation, (=1, 0)U (1, o).

b. The graph of fis above the x-axis (so fis
positive) for x <—1 or 0 <x<1. Since the
inequality is not strict, we include O in the
solution set. Therefore, the solution set is

{ x| x<—-lor0< x<1} or, using interval

notation (—eo,—1)U[0,1).

8.

9.

10.

The x-intercepts of the graph of fare 1 and 3.

a. The graph of fis above the x-axis (so fis
positive) for x<—1 or —1<x<lor x>3.
Therefore, the solution set is

{x|x<—1 or —1<x<10rx>3} or, using
interval notation, (—eo,—1)U(—1,1)U (3, ).

b. The graph of fis below the x-axis (so f'is
negative) for 1< x <2 or 2<x<3. Since
the inequality is not strict, we include 1 and
3 in the solution set. Therefore, the solution

set is {x|1£x<20r2<x£3} or, using

interval notation [1, 2) U (2, 3].

We graphed f(x)= x*(x=3) in Problem 69 of
Section 4.1. The graph is reproduced below.

Y
16

@4
From the graph, we see that fis below the x-axis
(so fis negative) for x <0 or 0 < x<3. Thus,

the solution set is {x| x<0or0< x<3} or,

using interval notation (—eo, 0) U (0, 3) .

We graphed f(x)=x(x+2)* in Problem 70 of

Section 4.1. The graph is reproduced below.
-)/
10

L1l g1 I T T T 3
=5 [ (0,0) 5

- (-0.67, —1.19)
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11.

12.

13.

From the graph, we see that fis below the x-axis
(so fis negative) for x<—-2 or -2<x<0.
Since the inequality is not strict, we include —2
and 0 in the solution set. Therefore, the solution

set is { x| x< 0} or, using interval notation

(==0,0].

We graphed f(x)=(x+4)(x— 2)? in Problem 71

of Section 4.1. The graph is reproduced below.
(-2.32) Y
0

=70

From the graph, we that fis above the x-axis (so fis

positive) for -4 <x <2 or x>2. Since the
inequality is not strict, we include —4 and 2 in the
solution set. Therefore, the solution set is

{ x| x> —4} or, using interval notation [—4, o).

We graphed f(x)=(x—-1)(x+ 3)2 in Problem 72

of Section 4.1. The graph is reproduced below.
y
25

—0.33, —9.48 B
( ) _asE

From the graph, we that fis above the x-axis (so f
is positive) for x > 1. Therefore, the solution set

is { x| x> 1} or, using interval notation (1, co) .

We graphed f(x)=-2(x+2)(x— 2)* in Problem
73 of Section 4.1. The graph is reproduced below.

349
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14.

T TT

324-(0, 32)

.0)

— O

()] =

|
N
p S—
|
=)
' T TT1

From the graph, we see that fis below the x-axis
(so fis negative) for x <—2 or x> 2. Since the
inequality is not strict, we include —2 and 2 in the
solution set. Therefore, the solution set is

{ x| x<-2o0rx= 2} or, using interval notation

(=00, =2]U[2, 20) .

We graphed f(x)= —%(x +4)(x— 1)3 in Problem

74 of Section 4.1. The graph is reproduced below.
y

(-2.75,32.96) 40

20

T T

—20

From the graph, we see that fis below the x-axis
(so fis negative) for x <—4 or x>1. Therefore,

the solution set is { x| x<—-4orx>1 } or, using

interval notation (—eo,—4) U (1, o).
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15. We graphed R(x) =

16.

17.

Xt in Problem 7 of

x(x+4)

Section 4.5. The graph is reproduced below.
x=—-4 )
p

1 | X

I
|

I | 3 y= 0
l(—l-/()‘)x_(—o.s, —-0.29)

l

|

|

X =

From the graph, we that R is above the x-axis (so
R is positive) for -4 <x<—1 or x>0.
Therefore, the solution set is

{ x| —4<x<-lorx> 0} or, using interval
notation (—4,—1)U (0, o).

We graphed R(x) = in Problem 8

_x
(x=D(x+2)
of Section 4.5. The graph is reproduced below.

x=—2x=1
=y
| 2_|
| | (0,0)
— ] |
(—1.0.5) | X 2 05)
1 11 : 1 : L1 t .Yy:()
(-3, -075% | [|1(03. 04
R
I =21
I I

From the graph, we that R is below the x-axis (so
R is negative) for x <-2 or 0 <x<1. Thus, the

solution set is { x| x<-—2o0r0<x< 1} or, using

interval notation (—eo,-2)U (0, 1).

3x+3

We graphed R(x) = in Problem 9 of
2x+4

Section 4.5. The graph is reproduced below.

R

[

o
;f‘fﬂj -(03)
Ry

_%III.I/IIII%X

(—15‘—1.5)i T (-1.0)

"

ik

75—

|

18.

19.

From the graph, we that R is below the x-axis (so
R is negative) for —2 < x <—1. Since the inequality
is not strict, we include —1 in the solution set.

Therefore, the solution set is { x| —-2<x< —1} or,

using interval notation (-2,—1].

2x+4

We graphed R(x)= in Problem 10 of

Section 4.5. The graph is reproduced below.
x=1
o)

10

(~3,0.5) E
y‘zfgﬁizi“FrTi‘—z
ER

—10§

From the graph, we that R is above the x-axis (so
R is positive) for x <2 or x >1. Since the
inequality is not strict, we include —2 in the
solution set. Therefore, the solution set is

{ x| x<-2o0rx> 1} or, using interval notation

(—e0, 21U (1, ).

(x=5)%(x+2)<0
f(0)=(x=5%(x+2)

x =5, x=—2 are the zeros of f .

Interval (=0, —=2) | (2,5) (5, )
Number
-3 0 6
Chosen
Value of f —64 50 8
Conclusion | Negative | Positive | Positive

The solution set is { x| x < —2} or, using interval

notation, (—ee,-2).

20. (x=35)(x+2)’>0

f(x)=(x=5)(x+2)*

x =5, x=-2 are the zeros of f .

Interval | (—o0,—2) | (-2,5) (5, )
Number
-3 0 6
Chosen
Value of f -8 =20 64
Conclusion | Negative | Negative | Positive

Copyright © 2013 Pearson Education, Inc.



The solution set is { x| x>5 } or, using interval

notation, (5,e°).

21. ¥ -4x*>>0

22,

23.

xz(x—4) >0
Fx)=x>—4x? = x? (x—4)

x =0, x=4 are the zeros of f .

Interval (=00, 0) 0,4) (4, )
Number
-1 1 5
Chosen
Value of f =5 -3 25
Conclusion | Negative | Negative | Positive

The solution set is { x| x>4 } or, using interval

notation, (4,e).

¥ +8x% <0
x*(x+8)<0
f(x)=x"+8x% = x* (x+8)

x=-8,x=0 are the zeros of f.

Interval | (—oo,—8) | (=8,0) | (0, )
Number
-9 -1 1
Chosen
Value of f -81 7 9
Conclusion | Negative | Positive | Positive

The solution set is { x| x< —8} or, using interval

notation, (—ee,—8).

2x > —8x?
2x° +8x2 >0
2x% (x+4)>0
f(x)=2x"+8x7

x=0,x=—-4 are the zeros of f.

Interval | (=o0,—4) | (=4,0) | (0, 0)
Number
-5 -1 1
Chosen
Value of f =50 6 10
Conclusion | Negative | Positive | Positive

The solution set is {x|—4 <x <0 orx>0} or,

using interval notation, (—4,0)\U(0,e).

Section 4.6: Polynomial and Rational Inequalities

24, 3x < —15x7
3x* +15x% <0
3x? (x+5) <0
f(x)=3x +15x7

x=0,x=-5 are the zeros of f.

Interval (=0,=5) | (-5,0) (0, o)
Number
-6 -1 1
Chosen
Value of f —-108 12 18
Conclusion | Negative | Positive | Positive

The solution set is {x|x <=5} or, using interval

notation, (—ee,—5).

25. (x-D(x-2)(x=-3)<0
S =(x-D(x-2)(x-3)

x=1,x=2,x=3 are the zeros of f .

Interval (=0, 1) 1,2) (2,3) (3, )
Number
0 1.5 2.5 4
Chosen
Value of f —6 0.375 —0.375 6
Conclusion | Negative | Positive | Negative | Positive

The solution set is {x|x£1 or 2Sx£3}or,

using interval notation, (—e,1]U[2,3].

26. (x+D(x+2)(x+3)<0
) =x+D)(x+2)(x+3)

x=-1,x=—-2, x=-3 are the zeros of f .

Interval (=0, =3) | (-3,-2) | (=2,-1) | (=1, )
Number
—4 2.5 -1.5 0
Chosen
Value of f -6 0.375 —0.375 6
Conclusion | Negative | Positive | Negative | Positive

The solution set is
{ x| x<-30r -2<x<-1 } or, using interval

notation, (—eo,-3]U[-2,-1].

27, X =2x"-3x>0
x(x2 —2x—3) >0
x(x+1)(x=3)>0
f(x) = x> —2x* =3x
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28.

29.

x=-1,x=0, x=3 are the zeros of f .

Interval (=, =1) | (=1,0) 0,3) (3, )
Number
-2 -0.5 1 4
Chosen
Value of f -10 0.875 —4 20
Conclusion | Negative | Positive | Negative | Positive

The solution set is {x|—1<x<0 or x>3}or,

using interval notation, (—1,0)U(3,e0).

X +2x%=3x>0
x(x?+2x=3)>0
x(x+3)(x-1)>0
F ) =x(x+3)(x-1)

x=0,x=-3, x=1 are the zeros of f

Interval | (—e0, —3) | (=3,0) 0,1 (1, o)
Number
—4 -1 0.5 2
Chosen
Value of f -20 4 —0.875 10
Conclusion | Negative | Positive | Negative | Positive

The solution set is {x| -3<x<0 0rx>1} or,

using interval notation, (—3,0)U(1,e0).

x> x?
M =x2>0
(2 =1)>0

Z(x=D(x+1)>0

f(x)=x*(x=1)(x+1)

x=-1, x=0,x=1 are the zeros of f

Interval (=0, =1 | (-1,0) 0, 1) (1, =)
Number
-2 0.5 0.5 2
Chosen
Value of f 12 —0.1875 | —0.1875 12
Conclusion | Positive | Negative | Negative | Positive

The solution set is { x| x<-1 or x>1} or,

using interval notation, (—ee,—1)U(1,0).

30. x*<9x?
x*-9x? <0

x? (x2 -9)<

0

2 (x=3)(x+3)<0
F(x)=x*(x=3)(x+3)
x =0, x =3, x =3 are the zeros of f

Interval (==, =3) | (-3,0) (0, 3) (3, o)
Number
—4 -1 1 4
Chosen
Value of f 112 -8 -8 112
Conclusion | Positive | Negative | Negative | Positive

The solution set is {x|—3<x<0 or 0<x<3}

or, using interval notation, (—3, O) U (0,3) .

31.

real solution

x>1

x=1>0

2 -D2+D)>0
(x=D(x+D(x* +1)>0
f)=(x=Dx+D(x* +1)

x =1, x=—1 are the zeros of f ; x> +1 has no

Interval (—oo, =) | (=L (1, o)
Number Chosen -2 0 2
Value of f 15 -1 15

Conclusion Positive | Negative | Positive

The solution set is { x| x<-lorx>1 } or, using

interval notation, (—eo,—1)U(1,0).

32,

X3

¥ >1

-1>0

(x=D(x2+x+1)>0
FO)=x=D* +x+1)

x=1is azero of f; x* + x +1 has no real solution.

Interval (=2, 1) (1,00)
Number Chosen 0 2
Value of f -1 7
Conclusion Negative | Positive

The solution set is { x| x>1 } or, using interval

notation, (1,e0).

352
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33.

34.

35.

x_+1>0
x—1
x+1
fx)=—:
x—1

The zeros and values where f is undefined are

x=-landx=1.

Interval (=0, =1 | (=11 (1, 00)
Number
-2 0 2
Chosen
Value of f % -1 3
Conclusion | Positive | Negative | Positive

The solution set is { x| x<-1 or x>1} or,

using interval notation, (—ee,—1)U(1,e0).

*=3.0
x+1
x=3

feo= x+1

The zeros and values where f is undefined are

x=—landx=3.

Interval (—eo,=1) | (-1.3) (3, =)
Number
-2 0 4
Chosen
Value of f 5 -3 0.2
Conclusion | Positive | Negative | Positive

The solution set is { x| x<-1 or x>3} or,

using interval notation, (—ee,—1)U(3,0).

(r=DxtD _ o
s

f)=

The zeros and values where f is undefined are

(x=1)(x+1)

x=—-1,x=0andx=1.

Interval (=0, =1 | (=1,0) 0,1) (1, o)

Number

-2 -0.5 0.5 2
Chosen
Value of f -1.5 1.5 -1.5 1.5

Conclusion | Negative | Positive | Negative | Positive

The solution set is {x|x£—1 or 0<x£1} or,

using interval notation, (—ee,—1]U(0,1].

Section 4.6: Polynomial and Rational Inequalities

(x=3)(x+2) <0
x-1
x=3)(x+2
Fy = GmDOHD)
x—1
The zeros and values where f is undefined are

36.

x=-2,x=landx=3.

Interval (=0, =2) | (=2, (1, 3) (3, o)
Number
-3 0 2 4
Chosen
Value of f -1.5 6 -4 2
Conclusion | Negative | Positive | Negative | Positive

The solution set is {x| x<-2or 1<xS3} or,

using interval notation, (—eo,—2]U(1,3].

2
37. =259
x> -1
_(x=2 >0
(x+1)(x=1)

The zeros and values where f is undefined are

x=—l,x=landx=2.

Interval (=0, —1) (-1L1) 1,2) (2, o)

Number
-2 0 1.5 3
Chosen
16
Value of f — —4 0.2 0.125
3

Conclusion | Positive | Negative | Positive | Positive

The solution set is {x|x<—1 or x>1} or,

using interval notation, (—ee,—1)U(1,0).

(x+5°

x4
(x+5)%

(x+2)(x-2)

38. 0

The zeros and values where f is undefined are

x=-5x=-2andx=2.
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Interval (o0, =5) | (-5,-2) | (-2,2) (2, o)
Number
-6 -3 0 3
Chosen
Value of f | 0.03125 0.8 —6.25 12.8
Conclusion | Positive | Positive | Negative | Positive

The solution set is { x| x<-2 or x>2} or,

using interval notation, (—ee,—2)U(2,00).

39. <1

The value where f is undefinedis x=2.
Interval (=0, 2) (2,00)
Number Chosen 0 3

Value of f -3 6
Negative | Positive

Conclusion

The solution set is { x| x<?2 } or, using interval

notation, (—ee,2).

40. 2
x—4
x+2 _1>0
x—4
x+2-(x—4) >0
x—4
6 >0
x—4
6
X)=——
f=—"
The value where f is undefinedis x=4.
Interval (=0, 4) | (4,)
Number Chosen 0 5
Value of f -1.5 6
Conclusion Negative | Positive

The solution set is { x| x>4 } or, using interval

notation, (4,e).

41.

42,

3x-5 <9
x+2
3x-5
x+2
3x=5-2(x+2) <0
x+2

-2<0

+2
The zeros and values where f is undefined are

x=—2andx=9.

Interval (=0,=2) | (=2,9) (9, )
Number
-3 0 10
Chosen
Value of f 12 —4.5 é
Conclusion | Positive | Negative | Positive

The solution set is { x| -2<x<9 } or, using

interval notation, (-2,9].

x—4 >
2x+4
x—=4
2x+4
x—4-2x-4 >0
2x+4
x+8
2(x+2)
x+8
2(x+2)

The zeros and values where f is undefined are

1

-1=20

<0

fx)=

x=—-8andx=-2.

Interval (=00, —=8) | (=8,-2) | (=2,%0)
Number
-9 -3 0
Chosen
Value of f L -2.5 2
14
Conclusion | Positive | Negative | Positive

The solution set is { x| —-8<x<-2 } or, using

interval notation, [—8,-2).
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43. ! < 2 45 M >0
x—=2 3x-9 (x+5)(x-1)
1 2
x_2_3x_9<0 f(x)zw
3x—9-2(x—-2) (x+35)(x=1)
m <0 The zeros and values where f is undefined are
x—5 x=-5x=—-4,x=-3,x=0andx=1.
— <0 Nomh
—_ — umber
(x=2)3x-9) Interval Value of f | Conclusion
£0) x=5 Chosen
x — e —
(x=2)3x-9) (—oo, - 5) -6 2—16 Positive
The zeros and values where f is undefined are 7
x=2, x=3, andx=5. (-5,-4) 4.5 —% Negative
Interval | (-, 2) | (2,3) (3,5) (5, )
49 »
Number (—4, - 3) =35 ﬁ Positive
0 25 4 6
Chosen (-3,0) -1 -0.75 Negative
5 10 1 1 63 .
Value of f -— — -— — 0,1 0.5 - Negative
18 3 6 36 44
Conclusion | Negative | Positive | Negative | Positive (1,00) ) @ Positive
The solution set is { x| x<2or3<x<5 } or, The solution set is
using interval notation, (—ee,2)U(3,5). {x|x<-5or —4<x<-30rx=0 orx>1]}
5 3 or, using interval notation,
44. x—3>_x+1 (—e0,=5) U[—4,-3]U{0} U(L,e).
5 3
—— >0 2 -
3 il 46, S D=2 o
5x+5-3x+9 (x=D+D
- - > 2
(x=3)x+1) Floy= X FDx=2)
2(x+7) (x=D(x+1)
(x=3)(x+1) The zeros and values where f is undefined are
2(x+7) x=—1,x=0,x=landx=2.
A (x=3)(x+1) Interval | (==, =1) | (-LO) | (O.) | (L2 | (2
The zeros and values where f is undefined are Number . Y 05 s s
x=-7,x=-1, andx=3. Chosen - . -
Valweoff | 40 2 125 | -195 | 375
Interval (=0, =7) | (<7,-D | (=1,3) (3, =) 3 12

Conclusion | Positive | Negative | Positive | Negative | Positive

Number
Chosen - - 0 4 The solution set is

2 14 20 {x|x<—1 or 0<x<1 or x22} or, using
Value of f -—— 2 - — . .

77 3 5 interval notation, (—eo,—1)U[0,1)U[2,e).

Conclusion | Negative | Positive | Negative | Positive

The solution set is { x| —T<x<-1 0rx>3} or,

using interval notation, (=7,—1)U(3,0).

355
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(B-x)’2x+1)
T
3-x)° (2x+1)
(x—D(x* +x+ 1)
Flx)= 3-x)° 2(2x+1)
(x=D(x"+x+1)
The zeros and values where fis undefined are

47.

x=3,x=—l, andx=1.
2

Number
Interval Value of f | Conclusion
Chosen
1 -
—oo, —— -1 32 Positive
2
1 .
-—,1 0 27 Negative
2
(1, 3) 2 5/7 Positive
(3, oo) 4 -1/7 Negative

The solution set is {x‘—%<x<l 0rx>3} or

using interval notation, (—%,1) U (3,00) .

48. —( ) (3x-2)
41

(2-x) (3x-2) _
(x+1( Zox+l

(o]
_ (22 (3x-2)

(x+1)(x —x+1)

The zeros and values where fis undefined are

x:2,x:§, and x=-1.

Number .
Interval Value of f | Conclusion
Chosen
(—oe,-1) -2 512/7 Positive
2 .
—l,g 0 -16 Negative
2 -
5 , 2 1 1/2 Positive
(2, ) 3 -1/4 Negative

The solution set is {x‘—1<x<§ 0rx>2} or

using interval notation, (—1,%) U(2,00) .

356

49.

50.

51.

(x+D(x=3)(x=5>0
S =x+Dx=3)(x-5)

x=-1,x=3, x=15 are the zeros of f.

Interval (=oo,=1) | (=1,3) 3,95) (5, )

Number

-2 0 4 6
Chosen

Value of f =35 15 =5 21

Conclusion | Negative | Positive | Negative | Positive

We want to know where f(x) >0, so the
solution set is { x| —l1<x<3o0rx>5 } or, using

interval notation, (—1,3) U (5, ).

Cx=D(x+2)(x+5)<0
f(xX)=R2x—D(x+2)(x+5)

x:%,x:_z,x:—s are the zeros of f.

23
Interval (=00,=5) | (-5,-2) | | =2, —

2
Number
-6 —4 0 1
Chosen
Value of f =52 18 -10 18

Conclusion | Negative | Positive | Negative | Positive

We want to know where f(x) <0, so the

x<-5or —2<x<;} or

solution set is { X
.. . 1
using interval notation, (—eo,—5)U (—2, E] .

Tx—4>-2x"
2x° +7x-42>0
Q2x-D(x+4)=20
f(x) =2x+7x—4

x=%,x=—4 are the zeros of f.

Interval | (—oo,~4) (—4, 1]

2
Number
Chosen = 0 !
Value of f 11 —4 5

Conclusion | Positive | Negative | Positive

We want to know where f(x) =0, so the

. . 1 .
solution set is {x x<—4orx= 2} or, using

. . 1
interval notation, (—oo,—4] U [E, °°j .
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52.

53.

x> +3x210
x> +3x-1020
(x+5(x-2)=20
f(x)=x>+3x-10
x=-5,x=2 are the zeros of f.

Interval | (=o0,=5) | (=5,2) | (2, )

Number

Chosen 6 0 3
Value of f 8 -10 8
Conclusion | Positive | Negative | Positive

We want to know where f(x)=0, so the
solution set is {x|x <-Sorx= 2} or, using
interval notation, (—eo,—5]U[2, ).

x+1 <9

x=3

x+1

-2<0

x-3
x+1-2(x-3) <0
x-3
x+1-2x+6) <0
x-3
-x+7 <
x-3

—x+7

0

f)=

The zeros and values where f is undefined are

x=3andx=7.

Interval (=00, 3) 3,7) (7, )

Number

Chosen ! > 8
Value of f -3 1 —%
Conclusion | Negative | Positive | Negative

We want to know where f(x) <0, so the
solution set is { x| x<3orx=7 } or, using

interval notation, (—eo, 3)U|[7, «) . Note that 3

is not in the solution set because 3 is not in the
domain of f.
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x—1
x+2
x—1
x+2
x—1+2(x+2) >0
x+2
x—14+2x+4 >0
x+2
3x+3 >0
x+2
3(x+1) >0
x+2
3(x+1
f(x):¥
x+2
The zeros and values where f'is undefined are
x=-2and x=-1.

54. >2-2

+22>20

Interval | (—o0,=2) | (=2,—-1) | (=1, o)
Number 3 3 1
Chosen 2

Value of f 6 -3 2
Conclusion | Positive | Negative | Positive

We want to know where f(x) =0, so the
solution set is { x| x<—-2orx=>-1 } or, using

interval notation, (—eo, —2)U[—1, c0). Note that
—2 1is not in the solution set because —2 is not in

the domain of f.
55. 3(x*—2)<2(x—1)*+x?
3P —6<2(x* —2x+1)+x°
3x7—6<2x* —4x+2+x°
3x* —6<3x" —4x+2
—6<—4x+2
dx—-6<2
4x<8

x<2
The solution set is {x|x < 2} or, using interval

notation, (—oo,2).
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56. (x-3)(x+2)<x’+3x+5
X 42x-3x—6< x> +3x+5
X —x—6<x*+3x+5
—x—6<3x+5
—4x-6<5
—4x<11

11
x>——

The solution set is {x

x> —E or, usin
4 USing

. . 11
interval notation, _Z’ oo |,

57. 6x—-5 <g
X

6x—5—§<0

X
6x*> —5x—6
—<

X
2x-3)(3x+2) <0
X
(2x=3)3x+2)
X

0

fl)=

The zeros and values where f is undefined are

x:—g,x:0andx:§.
3 2

Interval (—oo,—zj (_%, Oj (O, éj (E oo
3 3 2 2
Number
Chosen -1 05 !
Value of f -5 4 -5
Conclusion | Negative | Positive | Negative | Positive

We want to know where f(x)<0, so the

solution set is { X

.. . 2 3
using interval notation, —oo,—g ) O,E .

58. x+2<7
X

x+£—7 <0
X
2
x“=7x+12
—_— <
X
(x=3)(x—4) <0
X

0

2 3
x<——or0<x<—; or,
3 2
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59.

60.

x—=3)(x—4
f(x)= M ; The zeros and values
X
where f is undefined are x=0,x=3 andx=4.
Interval (=0, 0) 0,3) (3, 4) (4, )
Number
-1 1 3.5 5
Chosen
1
Value of f -20 6 -— 0.4
14
Conclusion | Negative | Positive | Negative | Positive

We want to know where f(x) <0, so the
solution set is { x| x<0or3<x<4 } or, using

interval notation, (—ee,0)U(3,4).

X =9x<0
x(x—=3)(x+3)<0
f(x)=x-9x
x=-3,x=0,x=3 are the zeros of f .
Interval (—0,=3) | (-3,0) (0, 3) (3, )
Number
—4 -1 1 4
Chosen
Value of f -28 8 -8 28
Conclusion | Negative | Positive | Negative | Positive

We want to know where f(x) <0, so the
solution set is {x|x< -3 or 0<x<3]} or, using

interval notation, (—eo,—3]U[0,3].

X —x20
x(x—D)(x+1)=0
f(x)= X —x
x=-1,x=0,x=1 are the zeros of f .
Interval | (—eo,=1) | (=L,0) | (0, 1) | (1, )
Number 5 ~ l l 5
Chosen 2 2
Value of f —6 0.375 —0.375 6
Conclusion | Negative | Positive | Negative | Positive

We want to know where f(x) =0, so the
solution set is {x|-1<x<0 or x>1} or, using

interval notation, [—1,0]U[L ).

Copyright © 2013 Pearson Education, Inc.



61. f(x)=2x"+11x"—11x* —104x—48
a. Step 1: f(x) has at most 4 real zeros.

Step 2:Possible rational zeros:
p:tl,£2,£3,+4,1£6, 18,

+12,+24,448
q:x1,+2

P g4
q

[\°]

,13,£4,£6,%8, £12,

Step 3:From the graph it appears that there
are x-intercepts at —4, —0.5, and 3.
Using synthetic division:

—4)2 11 -11 -104 -48
-8 —-12 92 48
2 3 =23 -12 0
Since the remainderis 0, x+4 isa
factor. Using synthetic division again:
—4)2 3 -23 -12
-8 20 12
2 -5 -3 0

Since the remainder is 0, x+4 is also a
factor again. Thus,

f(x)=(x+4)*(2x*=5x-3)
=(x—4)’2x+1D)(x-3)

The zeros are —4, —%, and 3.

b. The factoring is:
f(x)=(x=4>Q2x+1)(x-3)

(-1.87, 60.54)
y

(1.74,-185.98)

d. Looking at the graph we have f(x)<O0at
1
2
2

62. f(x)=4x" —19x* +32x° —31x? +28x—12

Section 4.6: Polynomial and Rational Inequalities

a. Step 1: f(x) has at most 5 real zeros.

Step 2:Possible rational zeros:
p:xl,£2,£3,£4,£6,+12

g:tl,+2, +4
4
q

I+

I,£2,£3,+4, 16, £12,

1 3
B 3
Step 3:From the graph it appears that there
are x-intercepts at 3/4 and 2.
Using synthetic division:
2)4 -19 32 -31 28 -12
8 —-22 20 -22 12
4 -11 10 -11 6 0
Since the remainderis 0, x—2 isa
factor. Using synthetic division again:
2)4 —11 10 -11 6
8§ -6 8 -6
4 -3 4 -3 0

Since the remainder is 0, x—2 is also a
factor again.
Using synthetic division again:

I+

t— +x— %

N | W
NI

E)4—34—3
4

3.0 3
4 0 4 0

Since the remainder is 0, 4x—3 is a

factor. Using synthetic division again:
Thus,

f(x)=(x=2)*(4x’ =3x* +4x-3)
=(x=2)*(4x=3)(x*+1)
The zeros are 2 and E

b. The factoring is:
F(x)=(x=2)*(4x=3)(x* +1)

]
al (1.29,2.90)

xY

L~
Hlw
~2
=F
an.
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d. Looking at the graph we have f(x)<O0at

[

63. a. R(x)=

Step 1:

e é]
4

x2+5x—6= (x+6)(x—1)
¥ -4  (x=2)(x-2)

p(x)=x2+5x—6; q(x)=x2—4; n=2, m=2

Domain: {x| X # 2}

2 — p—
The y-intercept is R(0) = O +50)-6 = =6 = —% . Plot the point (0, —%) .

(0)* -4 4
Step 2 & 3:In lowest terms, R(x) = M, x # 2. The x-intercepts are the zeros of y = x+6 and
(x=2)(x=-1)
y=x-1:-6,1;
(x+6)(x-1)

Step 4:

Step 5:

In lowest terms, R(x)= , x# 2. The vertical asymptote is the zero of f(x)=x—-2:
(x=2)(x=2)
x=2;

Graph this asymptote using a dashed line.

Since n=m , the line y =1 is the horizontal asymptote. Graph this asymptote using a dashed line.
Solve to find intersection points:

x> +5x—6 _
-4
X +5x—6=x—4
S5x=2
2
5

1

xX=

Steps 6 & 7: Graphing:

11 TL 4 ,—
CO 2 9
(_61\0) i 10: Z)
y=1 E el N
=7 (1,010
@"3>
X=2

(@ +6)x=1
(x=2)(x-2)

The zeros and values where f is undefined are x=—6,x=1,andx=2.
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Section 4.6: Polynomial and Rational Inequalities

Number
Interval Value of f | Conclusion
Chosen
216
(==, - 6) -6 — Positive
7
243 ,
(—6, _1) —45 - Negative
44
49 »
(-1,2) -3.5 — Positive
108
120 -
(2,00) 2 T Positive

The solution set is { x| x<—-6 orl<x<2o0rx>2 } or, using interval notation,

(== =6]V[1.2)U(2.20)

2% +9x+9  (2x+3)(x+3)

. R(x)= =
2 (=) xt-4 (x+2)(x=2)

p(xX)=2x"+9x+9; gx)=x*—4; n=2 m=2

Step I:  Domain: {x| X#2, —2}

2(0)> +9(0)+9 _ 9

The y-intercept is R(0) = = —%. Plot the point (0,—%} .

(0)° —4 —4
Step 2 & 3:In lowest terms, R(x) = M, x #2,-2. The x-intercepts are the zeros of y =2x+3 and
(x+2)(x-2)
3
=x+3:-—,-3;
Y 2
Step 4: In lowest terms, R(x) = w, x #2,-2. The vertical asymptotes are the zeros of
(x+2)(x-2)

f(x)=x-2and f(x)=x+2: x=2and x=-2;
Graph these asymptotes using dashed lines.

Step 5:  Since n=m, the line y =1 is the horizontal asymptote. Graph this asymptote using a dashed line.
Solve to find intersection points:

2x% +9x+9
-4
X +9x+9=x"—4
9x=-13
13
9

1

361
Copyright © 2013 Pearson Education, Inc.



Chapter 4: Polynomial and Rational Functions

Steps 6 & 7: Graphing:

Vi
T T ) ]
3 (4,6.42)
- > , \.
y=2
-
(-3,0) } Tl o X
9
0 r - —
U4
X=-2 x=2
b. Cx+3)(x+3)
(x+2)(x-2)
The zeros and values where f is undefined are x = —%, x=-3, x=-2andx=2.
Number
Interval Value of f | Conclusion
Chosen
(=e0, =3) —4 % Positive
4 .
(-3,-2) -2.5 —6 Negative
( 3 j 2 o
-2, —— -1.75 — Positive
2 3
(—E, 2) 0 —2 Negative
2 4
54 -
(2,00) 3 — Positive
5
The solution set is { x|x<-=3 or -2<x< —% orx>?2 } or, using interval notation,
3
(_oo,—3)u —2,—5 u(2,<><>)
3 2 _ _
65. a. R(x)= x +2x" —11x—-12 _ (x=-3)x+4(x+1) _ (x+4)(x+1) p(x) = B2 —1lr—12:

¥ —-x—6 (x—=3)(x+2) (x+2)
q()c)=)c2 -x—6; n=3 m=2

Step I:  Domain: {x| X#=2, 3}

3 2_ - -
(0)° +2(0)* -11(0)-12 :ﬁzz_ Plot the point (0,2).

0)>=(0)—6 -6

The y-intercept is R(0) =
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x+dH(x+1)

Step 2 & 3:In lowest terms, R(x) =
(x+2)

, x #—2. The x-intercepts are the zeros of y = x+4 and

y=x+1: -4,-1;

Note: x =3 is not a zero because reduced form must be used to find the zeros.

Step4:  Inlowest terms, R(x) = %, x #—2. The vertical asymptote is the zero of f (x) =x+2:
X+
x=-2;
Graph this asymptote using a dashed line.
Step 5:  Since n=m+1, there is an oblique asymptote. Dividing:
x+3
¥ = x=6)x +25> ~11x-12 Glx)=x+3+—2t0
3 X" =x-6
X —x~ —6x
3x* =5x —12
3x* —3x-18
-2x+6

The oblique asymptote is y = x+3 . Graph this asymptote with a dashed line.

Steps 6 & 7: Graphing:

YA y=x+3
AL 2
(-4,0) (2, 0)+ . 8
:
X=-2

(x=3)(x+4d(x+1) >0
(x=3)(x+2)

The zeros and values where f is undefined are x =—4, x=-2, andx=-1.

Number
Interval Value of f | Conclusion
Chosen
4
(=, -4) =5 - Negative
3
(-4,-2) -3 2 Positive
5 .
(—2, - 1) -1.5 - Negative
2
(=1,00) 0 2 Positive

The solution set is { x| —4<x<-2or —-1<x<3o0rx>3 } or, using interval notation,

[-4,-2)U[-1,3)U(3,)
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X —6xr+9x—4 _ (=D =Dx=4) _ (x=Dx-1)
w2 +x=20 (x+5)(x—-4) (x+5)
q(x)=x2+x—20; n=3 m=2

66. a. R(x)= p(x) = x> —6x* +9x—4;

Step 1: Domain: {x| X # —5,4}

3 2 _ _
The y-intercept is R(0) = © 62(0) O —4 = = =l. Plot the point (0, l)
0 +(0)-20 =20 5
(x=D(x-1 . .
Step 2 & 3:In lowest terms, R(x) = ﬁ’ x #=5. The x-intercept is the zero of y=x—-1:1;
X+

Note: x =4 is not a zero because reduced form must be used to find the zeros.

(x=D(x-1)

Step 4: In lowest terms, R(x) =
(x+5)

, x#—5. The vertical asymptote is the zero of f(x)=x+5:

x=-5;
Graph this asymptote using a dashed line.

Step 5: Since n=m+1, there is an oblique asymptote. Dividing:

x=7
x2+x—20>x3—6x2+9x—4 G(x):x+3+;2x—+66
xX°—x-

X’ +x* —20x
~7x* +29x -4
~7x* =7x+140
36x—144
The oblique asymptote is y = x—7 . Graph this asymptote with a dashed line.

Steps 6 & 7: Graphing:

y A
i (4, 1)
: [
— —-—
y:x-? — N RO X
(-8, _2.7?
-6, -49)
6,49

(x-D(x-D(x-4) >0
(x+5)(x—4)

The zeros and values where f is undefined are x=-5,x=1,andx=4.
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Number
Interval Value of f | Conclusion
Chosen
(=0, =5) -6 -49 Negative
1 iy
(-5.1) 0 = Positive
5
1 iy
(1, 4) 3 — Positive
2
8 -
(4,00) 5 g Positive

Section 4.6: Polynomial and Rational Inequalities

The solution set is { x| —S5<x<4orx>4 } or, using interval notation, (—5,4)U(4,)

67. Let x be the positive number. Then
x> 4x?
X —4x* >0
K (x=4)>0
=2 (x=4)
x=0and x =4 are the zeros of f .

Interval (=0, 0) (0,4) (4, )

Number
-1 1 5
Chosen
Value of f -5 -3 25

Conclusion | Negative | Negative | Positive

Since x must be positive, all real numbers
greater than 4 satisfy the condition. The solution

set is { x| x>4 } or, using interval notation,
(4,00).

68. Let x be the positive number. Then
X <x
X —x<0
x(x—l)(x+l)<0
f(x)=x(x-1)(x+1)

x=-1,x=0, and x =1 are the zeros of f.

Interval (=00, —1) (-1,0) 0,1 (1, o)

Number

-2 -1/2 1/2 2
Chosen
Value of f -6 0.375 -0.375 6

Conclusion | Negative | Positive | Negative | Positive

Since x must be positive, all real numbers
between (but not including) 0 and 1 satisfy the
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69.

70.

condition. The solution set is { x|0 <x<l1 } or,

using interval notation, (0,1).

The domain of f(x)= Vx* =16 consists of all
real numbers x for which

xt-1620
x> +4H)(x* -4)20
(x* +4)(x=2)(x+2)20
p(x) =(x2 +4)(x—2)(x+2)
x=-2and x =2 are the zeros of p.

Interval | (—o,—2) | (-2,2) (2, 00)
Number

-3 0 3
Chosen

Value of p 65 -16 65

Conclusion | Positive | Negative | Positive

The domain of f will be where p(x)=0. Thus,

the domain of fis { x| x<-2orx2 2} or, using

interval notation, (—eo,—2]U[2,00).

The domain of f(x)=+ x> =3x% consists of all
real numbers x for which

X =3x20

x*(x=3)20

p()=x*(x=3)
x=0and x =3 are the zeros of p.
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71.

72.

Interval (=0, 0) 0,3) (3, )
Number
-1 1 4
Chosen
Value of p —4 -2 16
Conclusion | Negative | Negative | Positive

The domain of f will be where p(x)=0. Thus,
the domain of fis { x|x =0or x2 3} or, using

interval notation, {0} U )

The domain of f(x)= 1ncludes all

values for Wthh >
x+4

R(x) =

x+4
The zeros and values where R is undefined are
x=—-4andx=2.

Interval | (—o0,—4) | (-4,2) (2, 0)
Number
-5 0 3
Chosen
-1 1
Value of R 7 o) 7
Conclusion | Positive | Negative | Positive

The domain of f will be where R(x)=0. Thus,

the domain of fis { x| x<—-4 0rx22} or,

using interval notation, (—ee,—4)U[2,0).

The domain of f(x)= -1 includes all

values for which

-1
x+4
The zeros and values where the expression is
undefined are x=—-4 andx=1.

R(x)=

Interval | (—o0,—4)| (-4,1) (1,00)

Number _

Chosen > 0 2
Value of R 6 —i é
Conclusion | Positive | Negative | Positive

The domain of f will be where R(x)=0. Thus,
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73.

74.

the domain of fis { x| x<—4orx=1 } or, using
interval notation, (—so,—4)U[1,0).
f(x)<8(x)
xt-1<-2x7 42
X +2x2-3<0
(x*+3)(x* 1) <0
(x* +3)(x=1)(x+1) <0

h(x)=(x"+3)(x=1)(x+1)

x=-1 and x=1 are the zeros of /.

Interval (=0, =1 | (=L1 (1, 00)

Number

Chosen -2 0 2
Value of h 21 =3 21
Conclusion | Positive | Negative | Positive

f(x)<g(x) if -1<x<1.Thatis, on the
interval [—1, 1] .

f)=x*—1 y glx)y=—22+2

£(x)<g(x)

M -1<x-1
¥ -x<0
x(x3 —1) <0
x(x—l)(x2 +x+1) <0

h(x)= x(x—l)(x2 +x+1)
x=0 and x =1 are the zeros of .
Interval (=0, 0) 0,1 (1, 00)
Number
-1 1/2 2
Chosen
Value of h 2 =7/16 14
Conclusion | Positive | Negative | Positive

f(x)<g(x) if 0<x<1.Thatis, on the
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interval [0,1]. 76. f(x)<g(x)
flx)=x*—1 Y xt <247
X +x?-2<0

3
2:

E (x2+2)(x2—1)S0
L 11

(% +2)(x=1)(x+1) <0

{Lf}} h(x)=(x2+2)(x—l)(x+l)

L ©.-1) x=-1 and x=1 are the zeros of .
glx)=x—-1 Interval | (= —D)] (—L1) | (L)
Number
75. f(x)<g(x) Chosen -2 0 2
X oa<3y? Value of h 18 -2 18
4 2 Conclusion | Positive | Negative | Positive
x =3x"-4<0

f(x)<g(x) if -1<x<1.Thatis, on the
interval [-1,1].
y flx)y = ¥t

(x2 —4)(x2 +1)S0
(x=2)(x+2)(x* +1)<0

h(x)Z(x—Z)(x+2)(x2 +1)

x=-2 and x =2 are the zeros of A.

Interval (=0, —=2) | (-2,2) (2, 00) | | | |
Numb -2FH~1 - 1\2 X
umber 3 0 3 F 2
Chosen B
Value of h 50 —4 50 -2
Conclusion | Positive | Negative | Positive glx)=2—x
f(x)<g(x) if 2<x<2.Thatis, on the 77. We need to solve C(x)<100.
interval [—2, 2] . 80x+ 5000 <100
y * )
28 80x+5000 100x <0
24 x x
20 5000—-20x
16 — <0
(=2, 12) 12
20(250—-x) _ 0
— . =
20(250—-x
f ( x) = ¥
~12F fa)=xt—4 The zeros and values where the expression is

undefined are x =0 and x =250.
Interval (=0, 0) | (0,250) | (250, =)

Number
Chosen

Value of f | —-5020 4980 -10/13
Conclusion | Negative | Positive | Negative

-1 1 260

The number of bicycles produced cannot be
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negative, so the solution is { x| X2 250} or,

using interval notation, [250, oo) . The company

must produce at least 250 bicycles each day to
keep average costs to no more than $100.

78. We need to solve f(x) <100.

80.x + 6000

X
80x+6000 100x _

X X

6000—20x _

X
20(300-x)

X
20(300- x)

<100

0

0
<0

f(x)=
The zeros and values where the expression is
undefined are x =0 and x =300 .

Interval (=2, 0) | (0,300) | (300, =)

Number
Chosen

Value of f | —6020 5980 -20/31
Conclusion | Negative | Positive | Negative

-1 1 310

The number of bicycles produced cannot be

negative, so the solution is { x| x> 300} or,

using interval notation, [300, o). The company

must produce at least 300 bicycles each day to
keep average costs to no more than $100.

79. a. K>16
2(150) (S +42)
S2
3008 +12,600 _
S2
3008 +12,600
SZ
3008 +12,600—16S .
s? B
Solve —165% +300S +12,600=0 and

$? =0. The zeros and values where the
left-hand side is undefined are S =0,

S =39, §=-20. Since the stretch cannot
be negative, we only consider cases where
§$>0.

=16

6

-16=20

0

368

80.

81.

Interval 0, 39) (39,00)
Number Chosen 1 40
Value of left side | 12884 -0.625

Conclusion Positive | Negative

The cord will stretch less than 39 feet.

b. The safe height is determined by the
minimum clearance (3 feet), the free length
of the cord (42 feet), and the stretch in the
cord (39 feet). Therefore, the platform must
be at least 3+42+39 =84 feet above the
ground for a 150-pound jumper.

Let r = the distance between Earth and the object
in kilometers. Then 384,400 —r = the distance
between the object and the moon. We want

m m ;. m m ;.
‘moon""*ob, earth'""ob,
G L —>G :

(384,400 r)° r’

My00n earth
(384,400-r)" 1

Myoon _ Mearin >0

(384,400-r)" 1

P20 — (384,400 )" m
r? (384,400—r)°
The zeros and values where the left-hand side is

undefined are r =0, r = 432,353,

r = 346,022, and r =384,400 . Since the
distance from Earth to the object will be greater
than O but less than the distance to the moon, we
can exclude some of these values.

earth >0

Interval (0,346022) | (346022,384400)
Number Chosen 100,000 350,000
Value of left side | —6x10" 1.3x10"

Conclusion Negative Positive

The gravitational force on the object due to the
moon will be greater than the force due to the
Earth when the object is more than 346,022
kilometers from Earth.

Let x represent the number of student that attend
the play. Then the discounted price per ticket is
40—-0.20x. Each student’s share of the bus cost is

500
X

. Thus, each student’s total cost will be

Cx)=40—020x+2 .

X
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82.

83.

84.

We need to solve C(x) <40.

40-0.20x+22 < 40
X
2020x+22 <
X
020x—22 50
X
2
0.20x* ~500) _
X
2
0.20(x* ~2500) _
X
0.20(x+50)(x=50) _

X

_ 0.20(x +50)(x—50)

£ (x)
The zeros and values where fis undefined are

x=-50,x=0and x =50. Since the number of

students cannot be negative, we only consider
cases where x=0.

Interval (0,50) | (50, )
Number Chosen 25 100
Value of f -15 15

Conclusion Negative | Positive

We are looking for where f(x)=0. Thus, the
solution is { x| X2 50} or, using interval notation,

[50,50). If at least 50 students attend the play, the
price per student will be at or below $40.

Answers will vary, for example, x> <0 has no

real solution and x> <0 has exactly one real
solution.

x* +1< -5 has no solution because the quantity

x*+1 is never negative. ( 12 1)

No, the student is not correct. For example,

x =-5 is in the solution set, but does not satisfy
the original inequality.

-5+4 -1 1

-5-3 -8 8 ,{0

When multiplying both sides of an inequality by
a negative, we must switch the direction of the
inequality. Since we do not know the sign of
x+3, we cannot multiply both sides of the
inequality by this quantity.

369
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85. Answers will vary. One example:
x=5
x+3

<0
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Chapter 4 Review Exercises

b=

FrTTTTTTT T

1. f(x)=4x" —3x% +5x—2 is a polynomial of
degree 5.

3x°

2. =
F 2x+1

polynomial because there are variables in the I | | |
denominator. =1 3

is a rational function. Itis nota (0. 3)

3. fix)= 3x* +5x"2 1 isnot a polynomial 8. f(x)=x(x+2)(x+4)
Step 1: Degree is 3. The function resembles

. . 1
because the variable x is raised to the — power, 3
2 y=x" for large values of |x| .

Step 2:  y-intercept: f(0)=0(0+2)(0+4)=0
4. f(x)=3 is a polynomial of degree 0. x-intercepts: solve f(x) =0
x(x+2)(x+4)=0
x=0orx=—2o0rx=-4

Using the graph of y = x’, shift left 2 units. Step 3: Real zeros: —4 with multiplicity one,
—2 with multiplicity one, O with

which is not a nonnegative integer.

5. f(x)=(x+2)°

multiplicity one. The graph crosses the
x-axis at x = 4, x =-2,and x = 0.
Step 4: Graphing utility:
15
L 1| L
=5 (=2.0) 1
(—4,-8) - -6 = 2
—15F / x/l
-15
6. f(x)=—(x _1 Step 5: 2 turning points;

) o ) local maximum: (-3.15,3.08);
Using the graph of y =x ; shift right 1 unit, Jocal minimum: (~0.85.—3.08)
then reflect about the x-axis.

Step 6: Graphing by hand:

y
10
(—3.15, 3.08) N
—4,0 -2,0)lL(0,0
( ] m ] ) (I )lx
-5 2
(—0.85, —3.08):
_8_

Step 7: Domain: (—eo,e0) ; Range: (—oeo,0)
7. f)=@x-D*+2 Step 8: Increasing on (—eo,—3.15) and (—0.85, o) ;

Using the graph of y = x*, shift right 1 unit, decreasing on (=3.15,-0.85)
then shift up 2 units.
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9.

10.

f)=(x=2)(x+4)
Step 1: Degree is 3. The function resembles
y=x" for large values of |x| .

Step 2: y-intercept: f(0)=(0-2)*(0+4)=16
x-intercepts: solve f(x) =0
(x=2)*(x+4)=0
x=2 or x=—4

Step 3: Real zeros: —4 with multiplicity one,
2 with multiplicity two. The graph
crosses the x-axis at x =—4 and touches
itat x=2.

Step 4: Graphing utility:

40
—60

Step 5: 2 turning points; local maximum:
(-2, 32) ; local minimum: (2, 0)

Step 6: Graphing by hand:

y
60
(=2,32) (0, 16)
(—4,0)
-6 | (2,0) ©

Step 7: Domain: (—eo,e0) ; Range: (—oco,c0)
Step 8: Increasing on (—eo,—2) and (2, o) ;

decreasing on (-2, 2)

f(x)==2x"+4x"
Step 1: Degree is 3. The function resembles
y= —2x% for large values of |x| .
Step 2: y-intercept: f(0) =—-2(0)* +4(0)* =0
x-intercepts: solve f(x) =0
2x° +4x* =0
—2x*(x=2)=0
x=0or x=2

11.

Chapter 4 Review Exercises

Step 3: Real zeros: 0 with multiplicity two,
2 with multiplicity one. The graph
touches the x-axis at x =0 and crosses
itat x=2.
Step 4:  Graphing utility:
i0
s \/‘\\ s
=T
Step 5: 2 turning points; local minimum: (0, 0) ;
local maximum: (1.33,2.37)
Step 6: Graphing by hand:

-"

(-1,6)
(0. 0)

Step 7: Domain: (—ee,c0) ; Range: (—oco, )
Step 8: Decreasing on (—ee, 0) and (1.33, o) ;

increasing on (0, 1.33)

) =(x=1)" (x+3)(x+1)

Step 1: Degree is 4. The function resembles
y=x* for large values of |x| .

Step 2: y-intercept:
f£0)=(0-1*0+3)0+1)=3
x-intercepts: solve f(x) =0
(x=D*(x+3)(x+1) =0
x=1or x=-3 or x=-1

Step 3: Real zeros: —3 with multiplicity one,
—1 with multiplicity one, 1 with
multiplicity two. The graph crosses the
x-axisat x=-3 and x=-1, and
touches itat x=1.
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12.

13.

Step 4:  Graphing utility:
80

Rl —— 4
—10
Step 5: 3 turning points;
local maximum: (-0.22,3.23);

local minima: (—2.28,—-9.91) and (1, 0)
Step 6: Graphing by hand:
Y

(—2.28, —9.91)

Step 7 Domain: (—eo,e0) ; Range: [-9.91,¢0)
Step 8:  Increasing on (—2.28,—0.22) and
(1,00);

decreasing on (—e0,—2.28) and (-0.22, 1)

f(x) =8x> —3x* +x+4
Since g(x)=x-—1 then c¢=1. From the
Remainder Theorem, the remainder R when
f(x) isdivided by g(x) is f(c):
FA)=81)° =31 +1+4

=8-3+1+4

=10
So R=10 and g is not a factor of f .

f)=x* =24 +15x-2
Since g(x)=x+2 then ¢ =-2. From the
Remainder Theorem, the remainder R when
f(x) isdivided by g(x) is f(c):
FED)=(2)* =2(-2)° +15(-2) -2
=16-2(-8)-30-2
=0
So R=0 and g is afactorof f .

14.

15.

16.

17.

4)12 0 -8 0 0 0 1
48 192 736 2944 11776 47,104

12 48 184 736 2944 11,776 47,105

£(4)=47,105

ag=-3, ag =12

p=11,13

g ==%1,42,43,+4,46,+12

Pyl g3 13 1,1

q 27727344612

f()c)=)c3 —3x* —6x+8

Possible rational zeros:
p=t1,£2 +4 +8;, ¢g==I;

P_t1,40,44,+8
q
Using synthetic division:
We try x+2:
-2)l -3 -6 8
-2 10 -8
1 -5 4 0

x+2 is a factor. The other factor is the

quotient: x* —5x+4.

Thus, f(x)=(x+2) (x2 —5x+ 4) .
=(x+2)(x-D(x—4)

The zeros are -2, 1, and 4, each of multiplicity 1.

F(x)=4x> +4x* =Tx+2
Possible rational zeros:
p=t1,t2; g==%1,1+2 14,

P_ypap 4t 2L

]

q 2 4
Using synthetic division:
Wetry x+2:
-2)4 4 -7 2
-8 8 -2

4 -4 1 0
x+2 is a factor. The other factor is the quotient:
4x* —4x+1.
Thus, f(x)=(x+ 2)(4x2 —4x+1) .

=(x+2)2x-D(2x-1)
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18.

19.

The zeros are —2, of multiplicity 1 and %, of

multiplicity 2.

f(x)=x*—4x> +9x* —=20x+20

Possible rational zeros:
p=%t1,+2,+4 +£5 +10,£20;, ¢==1,
P 41,42, 44, 45,410,420

q
Using synthetic division:
Wetry x—-2:
21 -4 9 -20 20
2 -4 10 -20
1 -2 5 -10 0

x—2 is afactor and the quotient is
X =2x +5x-10=x" (x=2)+5(x-2)

= (x—2)(x2 +5)
Thus, f(x)=(x=2)(x—2)(x* +5)

=(x=2)2 (x2 +5)

Since x> +5=0 has no real solutions, the only

zero is 2, of multiplicity 2.

2t 42 11 +x-6=0

The solutions of the equation are the zeros of
F)=2x*+2x° -11x* +x-6.

Possible rational zeros:

p==x1,£2,1+3 16;

Pt 42,43, 46,4
q 2
Using synthetic division:
We try x+3:
-3)2 2 -1l 1 -6
-6 12 -3 6
2 -4 1 -2 0
x+3 is a factor and the quotient is
20 —4x® +x—2=2x" (x=2)+1(x-2)
= (x—2)(247 +1)

Thus, f(x)=(x+3)(x—2) (2x2 +1) .

Since 2x> +1=0 has no real solutions, the
solution set is {-3,2} .

Chapter 4 Review Exercises

20. 2x* +7x° +x* —=7x-3=0
The solutions of the equation are the zeros of
f)=2x*+7x° +x* =7x-3.
Possible rational zeros:
p==x1,£3; g==x1£2;

P_pp 434l 43

q 22

Using synthetic division:

We try x+3:

-32 7 1 -7 -3
-6 -3 6 3

21 -2 -1 0
x+3 is a factor and the quotient is
270 + 4% =2x—1=x" (2x+1)=1(2x+1) .

=(2x+1)(x2 —1)
. Fx) = (e+3) (2x+1) (% 1)
L = (x+3)(2x+ 1) (x=1)(x+1)

Thu

The solution set is {—3, -1, —%, 1}.

21, f(x)=x>—x* —4x+2

a,=-1, a=-4, a,=2
Max {1,|2|+|-4|+|-1[}=Max {1,7}=7
1+Max {|2],|-4|.|-1|}=1+4=5

The smaller of the two numbers is 5, so every
real zero of f lies between —5 and 5.

40

A
/

22. f(x)=2x"-7x* —10x+35

ZZ[JC3 —Z)c2 —5x+§j
2 2

-50

373
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23.

24,

25.

26.

7 35
a2=—5, a =-5 ay=—7
Max {1‘2 +| -5+ —z‘}=Max {1, 26}
2 2
=26
1+Max{‘£‘,|—5|,‘—z‘}:1+§
2 2 2
37185
2

The smaller of the two numbers is 18.5, so every
real zero of f lies between —18.5 and 18.5.

50

o
|

-50

f(x)=3x-x-1; [0,1]
fO)=-1<0andf(1)=1>0

The value of the function is positive at one
endpoint and negative at the other. Since the
function is continuous, the Intermediate Value

Theorem guarantees at least one zero in the
given interval.

fx)=8x" —4x’ —2x—1; [0,1]
fO)=-1<0andf(1)=1>0

The value of the function is positive at one
endpoint and negative at the other. Since the
function is continuous, the Intermediate Value

Theorem guarantees at least one zero in the
given interval.

Since complex zeros appear in conjugate pairs,
4 —i , the conjugate of 4+1, is the remaining
zero of f .
f(x) z(x—6)(x—4—i)(x—4+i)

=x’ —14x” +65x 102
Since complex zeros appear in conjugate pairs,
—i , the conjugate of i, and 1—i, the conjugate
of 1+4i, are the remaining zeros of f .
f(x)=(x—i)(x+i)(x—1=i)(x—1+1i)

=x* =23 +3x% —2x+2

27.

28.

29.

f(x)=x3—3x2—6x+8.

Possible rational zeros:
p==x1,£2,+4,+8, g==I;

P41 42 44 48

q
Using synthetic division:
We try x—1:
i -3 -6 8
1 -2 -8
1 -2 -8 0

x—11is a factor and the quotient is x> —2x-8
Thus,

f(x)= (x—l)(x2 —2x—8) =(x—D)(x—4)(x+2).
The complex zeros are 1, 4, and -2, each of
multiplicity 1.

F(xX)=4x° +4x* —Tx+2.

Possible rational zeros:
p=t1,1t2; g==1,12 14,

Loyl
q 2 4
Using synthetic division:
Wetry x+2:
-2)4 4 -7 2
-8 8 -2
4 -4 1 O

x+2 is a factor and the quotient is 4x* —4x+1.
Thus,
F0) = (x+2)(4x” —4x+1)

=(x+2)(2x-1)(2x-1)
= (x+2)(2x-1)’ =4(x+2)(x+%)2
The complex zeros are —2, of multiplicity 1, and

%, of multiplicity 2.

f(x)=x*—4x* +9x% —20x+20 .
Possible rational zeros:
p==%1,£2,+4 £5+10,£20; ¢g=+=I;

P 41,42, 44, 45,410,420
q
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30.

33.

Using synthetic division:
Wetry x—2:

21 -4 9 -20 20
2 -4 10 -20
1 -2 5 -10 0
x—2 is a factor and the quotient is
X =2x*+5x-10.
Thus, f(x)=(x—2)(x3—2x2+5x—10). 31

We can factor x° —2x% +5x—10 by grouping.
X =2x7 +5x-10=x" (x-2)+5(x-2)

=(X—2)(x2 +5)
= (x=2) (x+/5i) (x=/50)
/9= (=2 [t 5T} (x5i)

The complex zeros are 2, of multiplicity 2, and
J5i and —/5i , each of multiplicity 1.

f)=2x*+2x° —11x* + x-6. 32.
Possible rational zeros:

p=11,+2,+3,+6; g=+112;

p 1 3

—=x],£—,+2,+3,+-16
q 2 2

Using synthetic division:

Wetry x—-2:
2)2 2 —-11 1 -6
4 12 2 6

2 6 1 3 0
x—2 is a factor and the quotient is

2x° +6x% +x+3.
Thus, f(x):(x—z)(2x3+6x2+x+3).

We can factor 2x° +6x° +x+3 by grouping.
207 +6x% +x+3=2x" (x+3)+(x+3)

= (x+3)(2x +1)

=(x+3)(\/§x+i)(\/§x—i)

R()c)=M p(x)=2x-6; g(x)=x; n=1, m=1
X

Step I:  Domain: {x| X # O}

There is no y-intercept because 0 is not in the domain

375
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F) = (x=2)(x+3)(V2x+i)(V2x—i)
= 2(x—2)(x+3)(x+gi)(x—%i)
V2 2

The complex zeros are 2, -3, _Ti , and 71’ ,

each of multiplicity 1.

x+2 x+2
-9 (x+3)(x-=3)
The denominator has zeros at -3 and 3. Thus,

R(x) = is in lowest terms.

the domain is {x| X#E-3,x# 3} . The degree of

the numerator, p(x)=x+2, isn=1. The
degree of the denominator

g(x)=x*-9, ism=2. Sincen <m , the line
y =0 is a horizontal asymptote. Since the

denominator is zero at -3 and 3, x=-3 and x = 3
are vertical asymptotes.

X% +3x+2 _ (x+2)(x+1) _xrl
(x+2)° (x+2)°  x+2

lowest terms. The denominator has a zero at —2.

Thus, the domain is {x| X# —2} . The degree of

R(x)=

the numerator, p(x) = x> +3x+ 2, isn=2. The
degree of the denominator,

q(x)=(x+2)" =x* +4x+4, ism=2. Since
n=m, the line y =%=1 is a horizontal

x+1

x+2
is zero at =2, x =-2 is a vertical asymptote.

asymptote. Since the denominator of y =
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-6 2(x-3
Step 2: R(x) = 2x=6 = (x=3) is in lowest terms.
X X

Step 3:  The x-intercept is the zero of p(x): 3

[\S]

Near 3: R(x)==(x—3). Plot the point (3,0) and show a line with positive slope there.

(O8]

2x—6_2(x-3)
X X
Graph this asymptote using a dashed line.

Step 4: R(x) = is in lowest terms. The vertical asymptote is the zero of g(x): x=0.

Step5:  Since n=m, the line y= n =2 is the horizontal asymptote. Solve to find intersection points:

2x-6
—=
2x—6=2x
60
R(x) does not intersect y =2 . Plot the line y =2 with dashes.

2

Steps 6 & 7: Graphing:

x+2
x(x=2)

34. H(x)= px)=x+2; q(x)zx(x—2)=x2—2x; n=1, m=2

Step 1: Domain: {x| x#0,x# 2} .

+2 ..
Step 2: H(x)= al is in lowest terms.
x(x—
Step 3:  There is no y-intercept because 0 is not in the domain.

The x-intercept is the zero of p(x): -2

! (x+2). Plot the point (—2,0) and show a line with positive slope there.

Near —2: H(x) zg

x+2

Step 4: H(x)= is in lowest terms. The vertical asymptotes are the zeros of g(x): x=0andx=2.

Graph these asymptotes using dashed lines.
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Step5:  Since n<m,the line y =0 is the horizontal asymptote. Solve to find intersection points:
x+2
x(x=2)
x+2=0
x=-2
H(x) intersects y =0 at (-2, 0). Plot the line y =0 using dashes.

Steps 6 & 7: Graphing:

x2+x—6=(x+3)(x—2)
¥ —x—6 (x=3)(x+2)

p()c)=)c2 +x—-6; q(x)=x2 —-x—06;

35. R(x)=
Step 1: Domain: {x|x¢—2,x¢3}.
x—6 . .
Step 2: R(x) = ——— Isin lowest terms.

2 — —_—
Step 3:  The y-interceptis R(0) = w _Z0_ 1. Plot the point (0,1).
0

The x-intercepts are the zeros of p(x): —3 and 2.

Near -3: R(x)= —%(x +3) . Plot the point (-3,0) and show a line with negative slope there.
Near 2: R(x)= —%(x— 2). Plot the point (2,0) and show a line with negative slope there.

2
+x-6 . . .
Step 4: R(x) = x2—x is in lowest terms. The vertical asymptotes are the zeros of g(x):
x"—x—6

x=-2 and x =3 . Graph these asymptotes with dashed lines.
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Step 5:

Since n=m , the line y = 1 =1 is the horizontal asymptote. Solve to find intersection points:

¥ +x-6 ~1
X’ -x-6 -
P +x-6=x>-x-6
2x=0
x=0
R(x) intersects y =1 at (0, 1). Plot the line y =1 using dashes.

Steps 6 & 7: Graphing:

36. F(x)=

Step 1:

Step 2:

Step 3:

Step 4:

X

3 3
p()=x>; qx)=x>—4 n=3; m=2

_ X
—4 Bl (x+2)(x—2)
Domain: {x| X#E—2,x# 2} .

3

F(x)= 2x is in lowest terms.
x° =4
. . 0 0 :
The y-intercept is F(0) =———= " 0. Plot the point (0,0).
0-4 -

The x-intercept is the zero of p(x): 0.

Near 0: F(x)= —lx3 . Plot the point (0,0) and indicate a cubic function there (left tail up and right

tail down).

3
X

F(x)= is in lowest terms. The vertical asymptotes are the zeros of g(x): x=—2andx=2.

x4
Graph these asymptotes using dashed lines.
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37. R(x)=

Chapter 4 Review Exercises

Step 5:  Since n=m+1, there is an oblique asymptote. Dividing:

= X 4x
x?—4)x° > =x+—
5 x° =4 x" =4
by —4x
4x

The oblique asymptote is y = x. Solve to find intersection points:

3
X

-4
X =x—4x
4x=0
x=0
F(x) intersects y =x at (0, 0). Plot the line y = x using dashed lines.

X

Steps 6 & 7: Graphing:

p(x)=2x* g(x)=(x-1% n=4 m=2

(x=1)
Step I:  Domain: {x| X # 1}.

4

Step 2: R(x) = is in lowest terms.

(x=1?

4
207 _0_ 0. Plot the point (0,0).
©-n* 1

Step 3:  The y-intercept is R(0) =

The x-intercept is the zero of p(x): 0.
Near 0: R(x)=2x*. Plot the point (0,0) and show the graph of a quartic opening up there.
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4
Step 4: R(x)=

(x=1)?
Graph this asymptote using a dashed line.

Step 5: Since n>m+1, there is no horizontal asymptote and no oblique asymptote.

Steps 6 & 7: Graphing:

-4 (x+2)(x-2) x+2
Pox—2 (=t x+l

38. G(x)= p(x)= x?—4; q(x)= X —x=2

Step 1: Domain: {x|x¢—1,x¢2}.

Step 2: In lowest terms, G(x) = i f , X#2.

x+
. : 0°-4 -4 ,
Step3:  The y-intercept is G(0)=————= = 2. Plot the point (0,2).
0°-0-2 -

is in lowest terms. The vertical asymptote is the zero of g(x):

x=1.

The x-intercept is the zero of y =x+2: —2; Note: 2 is not a zero because reduced form must be used

to find the zeros.

Near —2: G(x)=—-x—2. Plot the point (-2,0) and show a line with negative slope there.

2
Step 4: In lowest terms, G(x) = Xt
x+1

, x #2 . The vertical asymptote is the zero of f(x)=x+1: x=-1;

Graph this asymptote using a dashed line. Note: x =2 is not a vertical asymptote because reduced form

must be used to find the asymptotes. The graph has a hole at (2, %) .

Step 5: Since n=m , the line y = % =1 is the horizontal asymptote. Solve to find intersection points:
2
-4
e
x°—x-2
X —4=x*—x-2
x=2

G(x) does not intersect y =1 because G(x) is not defined at x =2. Plot the line y =1 using dashes.

Steps 6 & 7: Graphing:
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39. The x-intercepts of the graph of fare -3 and 2.

a.
b.

f(x)=0 for x=-3and 2.

The graph of fis above the x-axis (so fis
positive) for -3<x <2 or x>2.
Therefore, the solution set is

{ x| —-3<x<2o0rx> 2} or, using interval
notation, (—3,2)U(2, ).

The graph of fis below the x-axis (so fis
negative) for x < —3. Since the inequality is
not strict, we include -3 and 2 in the solution
set. Therefore, the solution set is

{ x| x<-3orx= 2} or, using interval

notation (—eo, —3]U{2}.

The graph crosses the x-axis at x = -3 and
touches at x =2. Thus, -3 has odd
multiplicity while 2 has an even
multiplicity. Using one for the odd
multiplicity and two for the even
multiplicity, a possible function is
f(x)=a(x—2)*(x+3). Since the y-
intercept is 12, we know f(0)=12. Thus,
a=1. Using a =1, the function is

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

40. The x-intercepts of the graph of fare —3and —1.

a.
b.

C.

The horizontal asymptote is y =0.25.
The vertical asymptotes are x=—2 and x =2

The graph of fis below the x-axis (so f'is
negative) for -3<x<-2 or —-1<x<2.
Therefore, the solution set is

41.

{x|—3<x<—2 or —1<x<2} or, using
interval notation, (-3,-2)uU(-1,2).

d. The graph of fis above the x-axis (so fis
positive) for
—o<x<-30r —2<x<-lorx>2. Since

the inequality is not strict, we include -3 and -1
in the solution set. Therefore, the solution set

is {x|—<>o<x<—30r -2<x<-1 0rx>2}
or, using interval notation

(=o0, 3] U (=2,~1]U(2,%0).

(x+3)(x+1)

e. One possibility: R(x)=a
P y: RCx) (x+2)(x=2)

(Using the point [O, —%) leads to

a=1/4.) Thus,
+3)(x+1 2
R(x) = Let3) (e ) =2 +24x+3.
4x+2)(x-2)  4x°-16

X+ xt <dx+4
X 4x’—dx-4<0
K (x+1)-4(x+1)<0
(x2 —4)(x+1) <0
(x=2)(x+2)(x+1)<0
f)=(x=2)(x+2)(x+1)

x=-2,x=-1, and x =2 are the zeros of f .

Interval (=0,=2) | (=2,-1D) | (-1 2) (2, o)

Number
-3 -3/2 0 3
Chosen
Value of f -10 0.875 -4 20

Conclusion | Negative | Positive | Negative | Positive

The solution set is {x|x<-2or —1<x<2}, or,
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using interval notation, (—e0,-2) U (-12).
_
4 2 0o 2 4

42. 6 >1
x+3
308716 g X3,
x+3 x+3 x+3
~(x-3
Fn="02)
x+3

The zeros and values where the expression is
undefined are x =3 andx=-3.

Interval | (—eo,=3) | (=3,3) | (3,)

Number
—4 0 4
Chosen
Value of f -7 1 —%

Conclusion | Negative | Positive | Negative

The solution set is { x| —3<x<3 } , Or, using

interval notation, (-3,3].

1 1 (o L | | 1 1 [
T I AN I I I I I A I |
-4 -2 0 2 4
43, 226,
1-x
2x—6_2<0
1-x
2x—6—2(1—x)<0
1-x
4x—8<0
1-x
4(x-2
f)= (x=2)
1-x

The zeros and values where the expression is
undefined are x=1, and x=2.

Interval (—eo,1) (L,2) (2, )

Number
0 1.5 3
Chosen
Value of f -8 4 -2

Conclusion | Negative | Positive | Negative

382

44.

45.

The solution set is { x| x<1 or x>2},0r,

using interval notation, (—ee,1) U (2,e0).

——— s
4 2 0 2 4
(=2-D
x=3 B
F)= (x=2)(x-1)
x=3

The zeros and values where the expression is
undefined are x=1,x=2,andx=3.

Interval | (—eo,1) | (1,2) | (2,3) | (3, )

Number

0 1.5 2.5 4
Chosen
2 1 3
Value of f -— - -— 6
3 6 2

Conclusion | Negative | Positive | Negative | Positive

The solution set is {x|1£x£2 or x>3},or,

using interval notation, [1,2] U (3,0).

—+————t+—>

-2 0 2 4 6

x* —8x+12
x* =16
2

x°—=8x+12
fly=""0E
x”—16
(r=2(x=6) _
(x+4)(x—-4)
The zeros and values where the expression is

>0

undefined are x=—4,x=2,x=4, andx=6.
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Interval g}lll:;gir Value of f | Conclusion =" LY Sy o
(_m’ _4) . g Positive 47. a. R 21 c. R 2

3 b. P(r) =0.0033" —0.08561 +0.4013¢
(—4.2) 0 - Negative

4 +13.8330
(2,4) 3 3 Positive P(21) = 0.0033(21)* —0.0856(21)*

71 +0.4013(21)+13.8330=15.1%
(47 6) 5 - Negative ]

3 48 - 49. Answers will vary.

(6, ) 7 35—3 Positive 50. a. Since the graph points upward for large

values of |x| , the degree is even.

The solution set is Likewise. the leadi fficient o
. ikewise, the leading coefficient is positive.
{x|x<—40r2<x<40rx>6},or,usmg g P

—4) U (2,4) U (6,00).

c. The graph is symmetric about the y-axis, so
the function is even.

The graph touches the x-axis at x = 0, which
means 0 is a zero of the function with even

interval notation, (—eo,

-8 -4 0o 4 8
multiplicity. Thus, x> must be a factor.
46. a. 250=mr’h = h= 25? ; e. The graph has 7 turning points, so the
r degree of the polynomial must be at least 8.

A(r) = 2172 + 21k = 210 + 27 [ggj f. Answers will vary.
T

500
=2mr’ +——
r Chapter 4 Test
2, 500
b. A(3)=2r-3 1. f(x)=(x-3)"-2

Using th. hof y=x*, shift right 3 units,
=18n+%:223.22 square cm sihg the graph of y =1, S g oS

then shift down 2 units.

: =(x3)*-2
c. A(5)=2n-52+@ vy Flx) = (x-3)
5 10
=501 +100 = 257.08 square cm
d. Use MINIMUM on the graph of LT T
500 -10 R, 10
= 2 + B
x | -
L HLIOL L
Amin=A —10+
Amax=1@
#scl=1
“Ymin=Q . .
Vrax=S08 2. a. The maximum number of real zeros is the
Y=o l=5A _
ezl i hygn _v=ri0 comrE . degree, n=3.
b. First we write the polynomial so that the

The area is smallest when the radius is
approximately 3.41 cm.

383

leading coefficient is 1.
5, 15
x)=2| X+ —14x——=
g(x) [ > 2)

For the expression in parentheses, we have
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15

a,=—, a =-14,and aoz—?.

N |

——

max 1,|a0|+|a1|+|a2|}

= max {1, |- 13|+ |-14] +[3]} = max 1,24} = 24
1+max{|a0|,|al|,|a2|}
= 1+max{‘—%‘,|—l4|,‘%‘}

=1+14=15

The smaller of the two numbers, 15, is the
bound. Therefore, every zero of g lies
between —15 and 15.

g(x)=2x" +5x* —28x-15

We list all integers p that are factors of
ay =—15 and all the integers g that are
factors of a; =2.
p:xL,+3,£5 15

q: t1,12

Now we form all possible ratios g :

3 ii,iS,iS,iE,iIS
2 2

> s H

If g has a rational zero, it must be one of the
16 possibilities listed.

We can find the rational zeros by using the
fact that if ris a zero of g, then g(r)=0.
That is, we evaluate the function for
different values from our list of rational
zeros. If we get g (r)=0, we have a zero.
Then we use long division to reduce the

polynomial and start again on the reduced
polynomial.

We will start with the positive integers:
g(1)=2(1) +5(1)* -28(1)-15,

=2+5-28-15
=36

g(3)=2(3)’ +5(3)° —28(3)-15
=54+45-84-15
=0

So, we know that 3 is a zero. This means
that (x—3) must be a factor of g. Using

long division we get

384

252 +11x+5
x—3>2x3+5x2—28x—15

—(2x3 —6x2)
11x> —28x
—(11x2 —33x)
5x-15
—(5x-15)

0
Thus, we can now write

g(x)= (x—3)(2x2 +11x+5)

The quadratic factor can be factored so we
get:

g(x)=(x-3)(2x+1)(x+5)

To find the remaining zeros of g, we set the
last two factors equal to 0 and solve.

2x+1=0 x+5=0
2x=-1 x=-5
1
xX=——
2

Therefore, the zeros are -5, —%, and 3.

Notice how these rational zeros were all in
the list of potential rational zeros.

The x-intercepts of a graph are the same as
the zeros of the function. In the previous

part, we found the zeros to be -5, —% , and

3. Therefore, the x-intercepts are —5, —%,
and 3.

To find the y-intercept, we simply find
2(0).

2(0)=2(0)’ +5(0)* —28(0)-15=-15
So, the y-intercept is —15.

Whether the graph crosses or touches at an
x-intercept is determined by the multiplicity.
Each factor of the polynomial occurs once,
so the multiplicity of each zero is 1. For odd
multiplicity, the graph will cross the x-axis
at the zero. Thus, the graph crosses the x-
axis at each of the three x-intercepts.
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g. The power function that the graph of g p. 1 Lt
resembles for large values of |x| is given by ; —37 3
the term with the highest power of x. In this
case, the power function is y =2x° . So, the Fa FieE Fials
graph of g will resemble the graph of %I"H BIn"3-8RE+znt J
y=2x> for large values of |- :322 '.I‘-U.
i y=
h. 2 turning points; :3 i
local maximum: (-3.15,60.30); It appears that there is a zero near x=1.
local minima: (1.48,—39.00) f(1)= 3(1)3 _8(1)2 +2(1)+3=0
i. We could first evaluate the function at Therefore, x=1 is a zero and ( x—1) is a factor of
several values for x to help determine the . i
scale f (x). We can reduce the polynomial expression
Putting all this information together, we by using synthetic division.

obtain the following graph:

/i 13 8 2 3

- 60
i L 3 5 3

(—2,45) L -

L 3 5 -3 0
CONE L] Thus, f (x)=(x~1)(3x* ~5x~3) . We can find
-3 . > the remaining zeros by using the quadratic
A (1. —30) formula.
- . 3x* =5x-3=0
- 50
a=3,b=-5,c=-3
30 &7 —4x? +25x-100=0 ~(=5)£(-5)" =4(3)(-3)
X =
X (x—4)+25(x-4)=0 2(3)
(x—4) (x> +25)=0 _5+425+36 _ 54461
4=0 >425=0 0 6
x—=4=0 or x =
x=4 ¥ =25 Thus, the solution set is {1, > _g/a, > +g/a} .
x=1y-25
X =+5i 5. We start by factoring the numerator and
. denominator.

The solution set is {4,-5i,5i} . 202 —14x+24 2(x-3)(x-4)
x° —14x+ ERACE

g (x)

4. 3x° +2x—1=8x -4 2 +6x-40  (x+10)(x—4)
3x° —8x% +2x+3=0 The domain of fis {x|x#—10,x#4}.
If we let the left side of the equation be f (x), 2(x-3)
then we are simply finding the zeros of f. In lowest terms, g (x)= with x#4.

We list all integers p that are factors of a;, =3 The graph has one vertical asymptote, x =10,

since x+10 is the only factor of the

p:EL 335 g:£1L13 denominator of g in lowest terms. The graph is

Now we form all possible ratios D, still undefined at x =4, but there is a hole in the
q graph there instead of an asymptote.

and all the integers ¢ that are factors of a; =3.

Since the degree of the numerator is the same as
the degree of the denominator, the graph has a

385
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horizontal asymptote equal to the quotient of the
leading coefficients. The leading coefficient in
the numerator is 2 and the leading coefficient in
the denominator is 1. Therefore, the graph has

the horizontal asymptote y = % =2.

2 —
r(x):x +2x-3

x+1
Start by factoring the numerator.
(x + 3) (x - 1)
r(x)=———
x+1

The domain of the function is {x|x#—1}.

Asymptotes:
Since the function is in lowest terms, the graph

has one vertical asymptote, x =—1.
The degree of the numerator is one more than the
degree of the denominator so the graph will have
an oblique asymptote. To find it, we need to use
long division (note: we could also use synthetic
division in this case because the dividend is
linear).

x+1
x+1)x* +2x-3

—(x2+x)
x-3
—(x+1)

-4
The oblique asymptote is y = x+1.

. From problem 6 we know that the domain is
{x|x#-1} and that the graph has one vertical
asymptote, x =—1, and one oblique asymptote,
y=x+1.

X-intercepts:
To find the x-intercepts, we need to set the

numerator equal to 0 and solve the resulting
equation.

(x+3)(x—1)=0
x+3=0 or x-1=0
x=-3 x=1
The x-intercepts are —3 and 1.
The points (-3,0) and (1,0) are on the graph.

y-intercept:
0> +2(0)-3

r(0)=——————=-3

0+1
386

The y-intercept is —3 .. The point (0,-3) is on
the graph.

Test for symmetry:

r(_x) _ (—x) +2(—x)—3 _ x> —2x-3

(—x)+1 —x+1
Since r(—x)# r(x), the graph is not symmetric

with respect to the y-axis.

Since r(—x)# —r(x), the graph is not
symmetric with respect to the origin.
Behavior near the asymptotes:

To determine if the graph crosses the oblique
asymptote, we solve the equation

r(x)=x+1
2 —
szs:x-i—l, x#-1
x+1
X2 +2x=3=x>+2x+1
-3 =1 false

The result is a contradiction so the graph does
not cross the oblique asymptote.

The zeros of the numerator and denominator,
-3, —1, and 1, divide the x-axis into four
subintervals.

(=o2,=3),(=3,=1),(=L.1), (L)
We can check a point in each subinterval to

determine if the graph is above or below the x-
axis.

Interval | (—e0,—-3) | (-3,-1) | (-11) | (1)

Number =5 -2 0 3

Value of r -3 3 -3 3

Location below above | below | above

Point | (-5,-3) | (-2.3) [ (0.-3) | (3.3)
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8. Since the polynomial has real coefficients, we

can apply the Conjugate Pairs Theorem to find
the remaining zero. If 3+ is a zero, then its
conjugate, 3—i, must also be a zero. Thus, the
four zeros are =2, 0, 3—i, and 3+i. The Factor

Theorem says that if f (¢)=0, then (x—c) isa

factor of the polynomial. This allows us to write
the following function:

f(x)=a(x=(-2))(x-0)(x=(3-1)) (x=(3+1))
where a is any real number. If we let a =1, we
get

F(x)=(x+2)(x)(x=3+i) (x=3-1)
= (® +2x) (x=3+1) (x-3-1)
= (o +2x)(x* —6x+10)
=x' —6x" +10x> +2x" —12x +20x
=x" —4x’ —2x" +20x

. Since the domain excludes 4 and 9, the
denominator must contain the factors (x - 4)

and (x—9). However, because there is only one

vertical asymptote, x =4, the numerator must
also contain the factor (x—9).

The horizontal asymptote, y =2, indicates that

the degree of the numerator must be the same as
the degree of the denominator and that the ratio
of the leading coefficients needs to be 2. We can
accomplish this by including another factor in
the numerator, (x—a), where a # 4, along with

a factor of 2.
2(x-9)(x—a)

Therefore, we have r(x)= (=) (x=9) .
x—4)(x—

10.

11.

Chapter 4 Test

If welet a=1, we get
C2(x=9)(x=1) 2x* —20x+18

)= ) (r=9) © 135436

Since we have a polynomial function and
polynomials are continuous, we simply need to

show that f (a) and f(b) have opposite signs
(where a and b are the endpoints of the interval).
£(0)=-2(0)*-3(0)+8=8

f(4)==2(4)" -3(4)+8=-36

Since f(0)=8>0 and f(4)=-36<0, the
Intermediate Value Theorem guarantees that

there is at least one real zero between 0 and 4.

x+2<2

x=3
We note that the domain of the variable consists
of all real numbers except 3.

Rearrange the terms so that the right side is 0.
x+2

-2<0
x-=3
x+2

For f(x)= —

the values of x at which fis undefined. To do
this, we need to write f as a single rational

—2, we find the zeros of f and

expression.
x+2
flx)==—%-2
x-3
_ x+2_2. x=3
x-3 x=3
_x+2-2x+6
x=3
_—x+8
x=3

The zero of fis x =8 and fis undefined at x=3.
We use these two values to divide the real
number line into three subintervals.

3 8
Interval (—=3) | (B3.8) | (8,%)
Num. ch osen 0 4 9
Value of f -8 4 =
3 6
Conclusion | negative | positive | negative
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Interval (=, =1 | (-1,4) (4, =)
Since we want to know where f (x)is negative, Number
we conclude that values of x for which x <3 or Chosen —2 0 5
> 8 are solutions. The inequality is strict so
o © are S fhequatity 18 st Valueoff | 6 4 6
the solution set is {x|x<3 or x>8} .In § — . —
Conclusion | Positive | Negative | Positive

interval notation we write (—o,3) or (8,0).
The solution set is {x| —-1l<x<4 }or (—1,4)

in interval notation.

Chapter 4 Cumulative Review L "
. T 7 F ol
1. P=(13), 0=(-4.2) —1 4
dpp = \/(_4 _1)2 +(2 _3)2 4. Slope -3, Containing the point (-1, 4)

Using the point-slope formula yields:
y=y =m(x-x)

=26
y=4=-3(x=(-1))
2. X =>x y—4=-3x-3
x> —x20 y==-3x+1
x(x=1)=0 Thus, f(x)=-3x+1.
f)=x*—x

x=0,x=1 are the zeros of f .

Interval (=20, 0) 0,1 1, o)

Number

-1 0.5 2
Chosen
Value of f 2 -0.25 2

Conclusion | Positive | Negative | Positive

Thesolutionsetis{x|x£00rx21} or -5

(—oo,O] or [l,oo) in interval notation.
5. Parallel to y =2x+1; Slope 2, Containing the

] point (3, 5)

0 | Using the point-slope formula yields:
3. P -3x<4 y=y =m(x=x)
¥ —3x-4<0 y=5=2(x-3)
(x—4)(x+1)<0 y=35=2x-6
=2x-1
f(x)=x’-3x-4 vy

x =—1,x =4 are the zeros of f.

388
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/i

3

y=x

YA

10~

B (2,8

L A0 x
-4 - o0 4
(-2,-8) B

=10

. This relation is not a function because the
ordered pairs (3, 6) and (3, 8) have the same first

element, but different second elements.
X —6x> +8x=0
x(x2 —6x+8) =0
x(x—4)(x—2) =0

x=0or x=4 or x=2
The solution set is {0,2,4]} .

3x+2<5x-1
3<2x

The solution set is {x| x> %} or {%,ooj in

interval notation.

10.

11.

Chapter 4 Cumulative Review

X +4)c+y2 -2y-4=0
(X +4x+4)+(y? —2y+1)=4+4+1
(x+2)% +(y=-D*=9

(x+2)2 +(y-1* =32
Center: (-2, 1)
Radius 3

y
(243

VAR Ol U
L 111

(-2-2)

FTTTNITLATT™
e

-5

y= X —9x
x-intercepts: 0= X —9x
0= x(x2 —9)
0=x(x+3)(x-3)
x=0,-3, and 3
(0,0), (-3,0), (3,0)
y-intercepts: y =0’ -9(0)=0=(0,0)
Test for symmetry:

x-axis: Replace yby —y: —y= x* —9x , which

is not equivalent to y = X —9x.

y-axis: Replace xby —x: y= (—x)3 -9(-x)
=—x>+9x

which is not equivalentto y = X —9x.

Origin: Replace x by —x and y by —y:

3
—y = (=)’ =9(=)
y= —x° +9x

which is equivalent to y = -9x. Therefore,
the graph is symmetric with respect to origin.
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12. 3x-2y=7
—2y=-3x+7

y=-x——

2 2
The given line has slope % Every line that is
perpendicular to the given line will have slope
—% . Using the point (1,5) and the point-slope

formula yields:
y=y =m(x=x)

2
_5=—2(x-1
y 3( )

2 2
L5242
Y 3773
__2,. 0
YETRNT

13. Not a function, since the graph fails the Vertical
Line Test, for example, when x=0.

14. f(x)=x"+5x-2
a. f(3)=32+53)-2=9+15-2=22
b.  f(-x)=(-x)’ +5(-x)-2= x> —5x-2
c. —f(x)z—(x2+5x—2)=—x2—5x+2
d. f3x)=(3x) +5(3x)-2=9x% +15x—2

f(x+h)—f(x)

h
(x+h)* +5(x+h)-2—(x* +5x-2)
- h
X +2xh+ b +5x+5h—2—x* —5x+2
h
_ 2xh+h* +5h
h
=2x+h+5
15, for="12

xX—

a. Domain {x| X# 1} .

390

245 17
b. N=—"—"=—
) S 11

(2,6) is not on the graph of f.

=7 #6;

The point (2,7) is on the graph.

3+5 8
C. N=—-—-=—=4,
e 312
(3,4) is on the graph of f.

d. Solve for x

x+5=9
x—1
x+5=9(x—1)
x+5=9x-9
14 =8x
14 7
X=—=—
8 4

Therefore, (%,9} is on the graph of f .

e. f(x) isarational function since it is in the

16. f(x)=-3x+7

The graph is a line with slope —3 and y-intercept
0, 7).

Y=

L =

-1

17. f(x)=2x"—4x+1
a=2, b=-4, c=1. Since a=2>0, the
graph opens up.

The x-coordinate of the vertex is
b —4
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18.

The y-coordinate of the vertex is
f(—ij = F()=2(1)> =4(1)+1=—1.
2a

Thus, the vertex is (1, —1).

The axis of symmetry is the line x=1.

The discriminant is:

b? —4ac =(-4)° —4(2)(1)=8>0, so the graph

has two x-intercepts.

The x-intercepts are found by solving:
2x% —4x+1=0

—(—4)++8

X=—"—"T"

2(2)

2-\2 q 2442

The x-intercepts are 3 an

The y-interceptis f(0)=1.

1

f(x)=x* +3x+1

average rate of change of f from 1 to 2:

f(2)-f(1) _11-5 C6=m..
2-1 1 ’

f(2)=11 so the point (2,11) is on the graph.

Using this point and the slope m =6, we can
obtain the equation of the secant line:

y=y =m(x-x)

y—-11=6(x-2)

y—11=6x-12
y=6x—-1

Chapter 4 Cumulative Review

19. a. x-intercepts: (—5,0);(-10);(5,0);
y-intercept: (0,-3)
b. The graph is not symmetric with respect to
the origin, x-axis or y-axis.
c. The function is neither even nor odd.
d. fisincreasing on (—eo, —3) and (2, o) ; fis

decreasing on (-3,2);

e. fhasalocal maximum at x =-3, and the

local maximum s f(-3)=5.

f. fhasalocal minimum at x =2, and the

local minimum is f(2)=-6.

5x
x> -9
5(—x) —5x
—x) = - = f(x), theref
f(=x) (—x)2 5T 2o f (x), therefore

f is an odd function.

20. f(x)=

2x+1 if —3<x<2

21, fn)=
1 {—3x+4 ifx>2

a. Domain: {x|x>—3} or (—3,00)

b. x-intercept: [—%,Oj

y-intercept: (0,1)

Vi
S+ (2,9)
Lo v a1y
—4 - 5
- «(2,-2)
(=35=5)"T

d. Range: {y[y<5] or (—,5)

22, f(x)=-3(x+1)>+5

391

Copyright © 2013 Pearson Education, Inc.



Chapter 4 Polynomial and Rational Functions

23.

24,

Using the graph of y = x?, shift left 1 unit,

vertically stretch by a factor of 3, reflect about
the x-axis, then shift up 5 units.

f(x)=x>-5x+1

g(x)=—4x-17

a. (f+g)x)=x"—5x+1+(~4x-7)
=x*—9x—6

The domain is: {x| x is areal number} .

b. (1]@: f(x) _ ¥ —5x+1
g g

7
XF*E——7,.
i
a. R(x)=x-p

= x(—ix+150)
10

=—ix2 +150x
10

The domain is: {x

b. R(100)= —%(100)2 +150(100)

=-1000+15,000
=$14,000

c. Since R(x)= —%f +150x is a quadratic

. . 1 .
function with a = _E <0, the vertex will
be a maximum point. The vertex occurs

when x=——2 =10 454
2 2(-1/10)

Thus, the revenue is maximized when
x =750 units sold.

The maximum revenue is given by

R(750) = —% (750)% +150(750) .

=-56,250+112,500
=$56,250

d p =—%(750)+150= —75+150=%75 is

the selling price that maximizes the revenue.

Chapter 4 Projects

Project I — Internet-based Project

Answers will vary

Project 11

a.

x> +8x-9=0
(x+9(x-1)=0
sum =-9+1=-8, product = (-9)(1)=-9

x=-9 or x=1

x> +bx+c=0
(x—n)x—r)=0

x? —hx—rx+nr =0
x? —(h+nr)x+nrr=0
b=—(r+r)

C=1h

f(x)=x—x*-10x-8

f(x) = (x+2)(x* =3x—4)
fxX)=x+2)(x—4)(x+1)

zeros: —2.4. —1

sum=-2+4-1=1, product =(-2)(4)(-1) =8
sum of double products

=24+ (2)(-D+4(-1)=-8+2-4=-10

The coefficient of x* is the negative sum. The

coefficient of x is the sum of the double

products. The constant term is the negative
product.
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Chapter 4 Projects

d. f(x)=x3+bx2+cx+d
F)=&x=n)(x=n)x-r)
FO0 =0 =05+ n)x+5n)(x=1)
F) =2 =1 +1,+1)x°

+(n s+ RE)X =1
b=—(nh+r+nr)
C=nn+tnn+tnh

d =—-nnn

e. f(x)= X b +ex +dx+e
F)=x-—np)(x—n)x—r)x-1)
)= = 4r,+7)x°
Hon + 1+ RR)X—hnE)(x 1)
f(x)zx“—(rl +r2+r3+r4)x3
+(1ir, + 15+ 1+ ) X
—(1nry + 051 + L0+ RBE)X+ RKEEL
b=—(n+nrn+tr+rn)
C=Rn B+ LB+ +HhIp 5L
d ==(nnry +niiy +n5r +Rn)

e=nhnniiy

f. The coefficients are sums, products, or sums of
products of the zeros.

If f(x)=x"+a, X" +a, ,x" > +.+ax+a,,
then:

a,_, will be the negative of the sum of the zeros.
a,_, will be the sum of the double products.

a, will be the negative (if n is even) or positive
(if n is odd) of the sum of (n-1) products.

a, will be the negative (if n is odd) or positive
(if n is even) product of the zeros.

These will always hold. These would be useful if
you needed to multiply a number of binomials in
x—c form together and you did not want to have
to do the multiplication out. These formulas
would help same time.

393
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