w3r -8+ lx+1)xr—1) 3 -4+ -1
{x— 1)3x — 4) T ix— 13z —4)

44 -1 Al -4 -1

Tx-3xr—4) 35 -Tr+4

+1, £3 1 3
9 (a) ———or £1, == =3 =

+1, £2 2 2
3
(b) A graph suggests that —1 and 5 are good candidates
for zeros.
) 2 1 -4 -3
=2 13
32 2 -1 -3 0
3 3
2 2 0

W+l —dr—3=(x+1) x—%){2x+2]
=(r+1)2xr — 3){x + 1)
+1, £2, =4, =8

. @) £1, +3
or 1, :I:li, +2, :I:%, +4, :I:;-. +8, :I:RE
(b} A graph suggests that —2 and 1 are good candidates
for zeros.
=2 i -1 =10 &
—h 14 —&
1] i =7 4 ]
3 —4
i —4 0

- - x+ 8= (x+ 2)(x—1){3x—4)

Section 2.B Exercises
L {a) f(x) =0 when x=-2-15
(b) f(x) =0 when —-2<r<-lorx=35
(e) flx) <=0 when x < —-2or-1<ux<35
=M= M=) R )
MNegative | Positive ' Megative | Positive X
=2 -1 5

L (a) f(x) =0 when x=T,—%,—4

(b) f(x}) =0 when —4{2:{2—%011:}7

(e} flx) =0 when x:i—li-nr—%:ix:i?

(M=M= (NN =D NN
MNegative | Posilive ' Megative | Posilive  x
i 7

-4
3
3ia) f(x) =0 when x=-7,—4.6

(b) f(x) =0 when x < —Tor4 < x<forxr>h

(e) flx) <=0 when -7 <r=<—4

[ L L L L e P R
Positive ' Megative ' Positive | Positive T
- - f
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4. (a) f(x) =0 when x=

s L.n‘|l.»
-

ib) f(x] =0 when x < —Sucrx =1

(€ f(x) <0 when —% I

[=M+M=) |, N | (HHAH )
Positive ~ MNegative © Posilive x
1

Ll

S5 (a) f(x) =0 when x=8§ -1
(b) flx) =0 when —-1<x<8orx>=8§
{c) flx) =0 when x < —1
e N e e e
Megative © Positive | Positive x
-1 B
6. (a) f(x) =0 when x=-29
(b) f(x) =0 when —-2<x<%orx =9
{c) flx) <=0 when x <= -2
==
Megative | Positive | Positive T
-2 @
T+ 1)x - 3}1 = 0whenx =-1,3
==F N T
Megative | Posilive | Posilive T
-1 3
By the sign chart, the solution of (x + 1){x — 3)* = 0is
(=1, 3) LU (3, aa).

B (2x + 1)ix —2)(3x —4) = 0whenx = —5, 2,

el =
b |

(=hi=hi=}, (FDi=h=} (Hh=p+D (HIHM 4D
Negative ' Positive = Negative  Positive T

=

3
By the sign chart, the solution of
(2 +1){x —2){3x —4) = 01s (—:x:‘, —%] U[% 2].

9 (r+ 1)t —3x+2)=({x+1){x—1){x—2)=0
when x = —1,1,
===}, (FDi=h=h, (HNHN=), (HIHMAD
Megative ' Posilive = Megative | Posilive 1
=1 1 2
By the sign chart, the solution of
[x+ 1)x — 1){x — 2) == Ois (—oo, —1) {1, 2).

10, (2x — 7)(+* — 4x + 4) = (2x — T)(x — 2)* = O when

x==12
2
[ M s AP s (25
Megative © MNegative = Positive x
2

[

By the sign chart, the solution of (2r — T){x — 2)* =0

o(1)
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118 Chapter 2 Polynomial, Power, and Rational Funetions

11. By the Rational Zeros Theorem, the possible rational
weros are =1, + IE +2 3 = % +h. A graph

1
suggests that —2, 3 and 3 are good candidates to be zeros.

-2 2 -3 -1l 6

-4 14 —6
El 2 -7 30
6 -3
2 -1 0

¥ -3 — e+ 6= (x+ 2)(x—3){2r -1} =0
1
he ==23 =
when x 3
{=H=0=) N | (D) ()

Megative | Positve * Negative© Positive X
=2

3

=

By the sign chart, the solution of
(x+2){x—3)2x — 1) =0is [—2, %]U [3. 0c).
1. By the Rational Zeros Theorem, the possible rational

zeros are +£1, £2, £3, 26 A graph suggests that —1. 2, and
3 are good candidates to be zeros

-1 1 -4 1 &

-1 5 -6
2l 1 -5 & o0
2 -6
1 -3 0

-4+ r+ba=(x+ 1) xr—-2x—-3)=0
when x = -1, 2 3
=== | (=) | =) D
Megative | Positive ' Megative ' Poslive &
-1 2 3

By the sign chart, the solution of
(x + 1){x — 2){x — 3) = Ois {—oc, —1]U[2, 3].

13, The zeros of f{x) = x* — x* — 2x appear to be —1, 0, and
2. Substituting these values into f confirms this The graph
shows that the solution of 2* — & — 2x = 0is[-1,0] U
[2, na).

[=5.5]by [-5.5]

14, The zeros of f{x) = 22° — 527 + 3x appear to be 0, 1,
and % Substituting these values into f confirms this.
The graph shows that the solution of 2 — 5 + 3x < 0

is{—mﬂ}u(l,%)_

/

[=3.3] by [-5.5]

15, The zeros of f{x) = 2r' — 52 — x + 6 appear to be —1,
5 and 2. Substituting these values into f confirms this.
The graph shows that the solution of
I -Sr-r+6> Dis(—l.%) U2, o).

[=3.3] by [-7.7]

16, The zeros of fix) = x¥ — 4% — x + 4 appear to be -1,
1. and 4. Substituting these values into f confirms this. The
graph shows that the solutionof ©* — 4 —x + 45 0
is (—oe, —1] U [1. 4].

A
[V

[=3. 7] by [-10. 10]

17. The only zero of f{x) = 32° — 2" — x + 6 is found
graphically to be x = —1.15. The graph shows that the
solution of 3x* — 207 — x + 6 = () is approximately

[~1.15, oc).
L/
[

[

ek
#= L1YeEFe IVs0
[=3. 3] by [-10. 10]

18, The only zero of f{x) = —x* — 3x* — 9x + 415 found
graphically to be x = 039 The graph shows that the solu-
tion of = — 3" — 9r + 4 < 0 is approximately
(0.39, co).

ek
W= ZE7EEeEE V=0

[=5. 5] by [~10, 10]




Section 2.8 Solving Inequalities in One Variable 119

19. The zeros of f{x) = 2x* — 31" — 627 + 5x + 6 appear to W x = 4
3
be -1, i and 2. Substituting these into f confirms this
2 24 fx) = (2 +4)(3 - 2x)?
. The first factor is always positive. The only zero is
The graph shows that the solution of x = 32, with multiplicity two, sinoe that is the solution
2t =3 - At 4 SI+6=T.'I]J'5(E.2). ford — 2xr =10

(a) True for all x # %
BRVAY ® ()

= () There are no solutions.

@x =3

[=5. 5] by [-10, 10] 25, (a) f(x) =0whenx =1

20. The zeros of fx) = 3x* — 507 — 126% + 12x + 16 appear {h) f{x) is undefined when x = _%14
L be —% ~1,and 2. Substituting these into f 5
{c) flx) }ﬂwhm—l—'{xﬂi lorx =4

confirms this. The graph shows that the solution of
3-S5 - 120 + 12+ 16 = Ois

(_m_g]u[_tm}_ () f(x) < 0 when x < —i—'url <x<4

unclefined
urklelined

(=i =i 0 i+ [+}

(=H=) | (W=l kM=) (R
Megative ' Positive * Megative ' Posilive  x
1 4

o

HaPes

[=3.3] by [-3, 23]
L f(x) = (2F + 4){227 + 3)
(a) The solution is {—oo, 0c), because both factors of f{x)

26. (a) f(x) =0whenx = % -1
(b} f(x) is undefined when x = =5

are always positive. {c) f(x) =0when—5<x=< —1 or x == %
(b) The solution is {—oo, oc), for the same reason as in (a). 7
() There are no solutions, because both factors of f{x) (d) f(x) <Owhenr<-5or -1<x< 3
are always positive. E
(d) There are no solutions, for the same reason as in =
part (c). {=H=) E (=H=) [ =)+ [ [+
22, flx) = (2* +1){—2 — 3% B T I M L
{a) There are no solutions, because x* + 1 is always posi- hegamwa_s IMEM_I hegmw'? Puositive — +
tive and =2 — 327 is always negative. T
(b) 'f]'l;m'l: are no solutions, for the same reason as in part 27. (a) f(x) = 0 when x = 0, —3
a).
b is undefined wh < =3
(e} (—oo,00), because © + 1 is always positive and =2 — (b) f(x) s undefined when x
3x" is always negative. (©) f(x) > Owhenx >0
(d) [(—oo. o), for the same reason as in part (c). ) fx) = Owhen -3 <x<10
23, fx) = (207 — Zx + 5)(3x — 4 o 0
The first factor is always positive because the leading P B

Undefined © MNegative = Positive x

term has a positive coefficient and the disciminant _3 0

(=20 — 4(2)(5) = —36 is negative. The only zero is
x =4 with multiplicity two, since that is the solution

9
for 3n — 4 = 0. Eﬁ.(a}f{z]—ﬂwh:nx—ﬂ,—i

b) Mone. i defined.
(a) True for all x # % (b} None f{: l: never un.;, ﬂmc
(b} (—oo, o) (e) fx) = Owhenx# -3,

(e} There are no solutions
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120 Chapter 2 Polynomial, Power, and Rational Functions

i i -1 -1
(d) None. f{x) is never negative. 38 f(x) = x _ x has points of
t_'!H i} ‘_:Fl"'l 0 1+'!|+| . © -4 (x + 2)(x —2)
Foitive T Positive T Positne - potential sign change at x = =2, 1, 2.

_8 0 S E|
: B &
4 |

29 {a) f(x) = 0Owhenx = -5 =i E = 0 ¢ 5w

(=h=) |, ivM=b  CEM=} N
Megative | Posive © Megative | Posiive ¥
-2 1 2

1
(b} fix) 15 undefined when x = 5= lLx<= -5

1 —_—
J - —_ —
(e} flx) = 0when =5 < x = Forx = 1 By the sign chart, the 5“1'-1".'3“'3‘;1_4{1]].5

1 -
(@) f(x) <O0when -3 <x<1 (e —2)U (;' 2) ,
x+ x + .
E E M. flx)= -0 i -3 has points of
E E potential sign change at x = -3, -2 3.
0 i+ = i 2w i i
N T T E E
Undefined’ Positive ' Negative | Posilive 1 5 5
=5 -1 | = F =0 H 3 i+
T =H=) M=) (M=) N
30. (a) f(x) = 0 when x = 1 Nega]’.i'\ne_; [‘m.i:ime_:' h'egui\we; Positive X
(b} fix) 1s undefined when x = 4, x = -2 . ) x+2 .
(¢) f(x) =0Owhen—2<x<lorx=>4 By the sign chart, the solution n[xl — < Dis
(dy fix) == Owhenl = x =4 (—oo, =3} U (-2, 3).
F F g Bl _EEDE-y
e mE o )= T~ @+q  "eponso
=2 = * =2 * = ' =
" . o potential sign change at x 1.1
Undefined’ Positive ' Megative ' Positive =M=l O (¥M=) 0 N
-2 1 4 W, m . in
Positive = Megative ~ Positive x
3L qa) fx) = 0wheny =3 -1 1
(b) f(x) s undefined when x = 4, x < 3 _ 2-1
(€) f(x) =Owhen3<x<dorx=4 By the sign chart, the solution n[m = Dis[-1.1].
(d) Mone. f{x] is never negative. 2—4 (x+2x-2 _
E Hf{x}=xz+4= - has points of
5 potential sign change at x = =2, 2.
=
0 e 3 s i=K=) 0 (=) D (k)
L or o, e
Undefined * Posstive  Positive T Positive ' Megative = Posilive x
3 4 -2 2
32, () Noor: f{x)isnever 0. By the sign chart, the solution of ¥ - =0is
{b) f(x) is undefined when x < 5 44
(© f(x) > Owhen § < x < o0 (2. 2) U (2.c0).
: . - + 4)x — 3) .
(d) Mone. f{x] is never negative. 17 = rtx-12 = (x h f
- 0 =F"+q (x—2p |apoimso
L] potential sign change at x = —4, 2, 3.
o
E i+ E
. [+h#) ﬁ
Undefined Positive T o = A
5 i=F  , i=F  I=F (#F
Positive * Megative ' Megative | Posilive  x
-1 2 i
X+ x—12
By the sign chart, the solution of ﬁ =01

[—oo, —4) U (3, o).
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r’+3x—10_{1’+5’]{:—2}

38 = = h ints of
="+ (x—3p pomEe
potential sign change at x = =5, 2.3,

T
=
4
[=li=) 0 i+h=l 0 i+i+) 3 (+iw)
[ T = SRR = A
Positive ' Megative = Positive ' Posilive X
-5 2 3
x4+ 3xr—10
By the sign chart, the solution of ﬁ < 0is
[—5. 2].
- {x + 1}z — 1) .

3, fix =2 has points of
=15 Z+1 P
potential sign change at x = —1, 0. 1.

[=li=H=) [} (=H+H=) ) (+H+E=p ) (+H+H*)
W,
Megative | Posilive | Megative | Positive  x
-1 il 1
. . ¥ -x .
By the sign chart, the solution of — =01
x
[-1, 0] U [1, aa).
r—dx xlx+ 2)x—2)

4. fix) = — = = has points of
f(x) r+2 r+2
potential sign change at x = =2, 0, 2.

(=li=H=i 0} (=H+p=) O +H+N=p 0 (N

T T
MNegative = Positive * Megative = Positive  x
-2 ] 2
— 4
By the sign chart, the solution uf = = 0is
(—oa, —2] o, 2]
41 fix) = — 2| has points of potential sign change at

x=10,2

i} i}
=H  #=H (+1|4
Negative ' Positive Positive x
i}

[ 3

By the sign chart, the solution of x|x — 2| = 0is
(0, 2) U (2. =c).

4% fix) = | 3| has points of potential sign change at
xr=-173
=
s
3
e
H , . I
Megative ' Negative  Posilive x
=2 3

By the sign chart, the solution of ﬁ = Dis
(—oe, =2) U (—2.3).
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43, fix) = (Zx — 1)V x + 4 has a point of potential sign
1
change at x = > Mote that the domain of f is [—4, 00).

0 i}

LNE L (N
Undefined © Megative ' Posilive x

-4

Rl

By the sign chart, the solution of (2x — 1)V x + 4 < 01
1
—4.=.
(+3)
#. fix) = (3xr — 4)V2x + 1 has a point of potential sign
change at x = % Mote that the domain of fis [—% m)
1] 0
=M+ i)
Undefined © Megative ' Positive x

Faf=
ol

By the sign chart, the solution of (3x — 4)V2r+ 1 =0
4
i)

has points of polential sign change at

=Fi=] 1 =Fi=1 0 (*H-P 0 |*P1:1‘]
i-F | BF | F : I
Positive = Posative = Megalive ' Posilive 1t

-1 L] 2
3
-2
By the sign chart. the solution n[”x—_ﬂ,} < 0s (0,2).
T 3
g = L= has points of ial sign ch
. flx) = r T 3) = points of potential sign change
atx = —3,0.5
E E
= =
g g
= =
[ T S L T

(=H=)  d=M#)  AxdH) e
Positive ' Megative | Positive | Positive T
-3 0 L3

— 5
By the sign chart, the solution of it =0is

xix + 3)
oo, =3) U (0. oc).

Copyright © 2015 Pearson Education, Inc.



59. The lengths of the sides of the box are x, 12 — 2r, and
15 — 2Zx, so the volume is (12 — 2x)(15 — 2x). To solve
x(12 = 2x)(15 — 2x) = 100, graph
flx) = x(12 — 2x)(15 — 2x) — 100 and find the zeros:
x = 6% and x = 420,

Zero
B=h.196EM0E Y=0
[0.6] by [ =100, 100]

From the graph, the solution of f{x) = 0 is approximately
[, &%) U [4.20, 6]. The squares should be such that
either 0in. = x = (6% mnor420m. = x = 6n.

wa rvm f a o ow — ron



