Chapter 4

Polynomial and Rational Functions

4.R Chapter Review
1 f(x) = (x- 2)°+2=x"- 4x+ 4+2= - 4x +6

a=]1b=-4,c=6. Since 3=1> 0, the graph opens up.

The x-coordinate of the vertex is X :_—b = H = i =2.

2a  24) 2
) ~_2po 5
The y-coordinate of the vertex is f o f(2)=(2°- 4(2)+6=2,

Thus, the vertex is (2, 2). i
The axis of symmetry istheline x =2.
Thediscriminant is:

b*- 4ac=(-4)*- 4(})(6)=-8<0,
so the graph has no x-intercepts.
They-intercept is f(0) =6.

2 f(x) = (x+12)°- 4=x>+2x+2- 4= % +2x- 2
a=1b=2,c=-2. Since 3=1> 0, the graph opens up.

) . -b -2
The x-coordinate of the vertex is x :E =—=-1,

a 4]
. el 2
The y-coordinate of the vertex is fg_ZaB: f(-D=(-D%*+2(-1- 2=-3,

Thus, the vertex is(- 1, - 3).
The axis of symmetry istheline x = -1.
The discriminant is:
b?- 4ac=(2)*- 4(1)(-2) =12>0,
so the graph has two x-intercepts.
The x-intercepts are found by solving:
X2+ 2x-2=0

:-212\/1_2 -2 2J' 143
The x-intercepts are - 1- \E’, and - 1++/3.
They-interceptis f(0) = -
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f(x)=4x*-16
a=2,b=0,c=-16. Since a = >0, the graph opens up.

The x-coordinate of the vertex is x = Tb = TO) = ? =0.
3

The y-coordinate of the vertex is feTaﬂ' f(0)=%(0f - 16 =-16.

Thus, the vertex is (0, —16).
The axis of symmetry istheline x =0.
Thediscriminant is:

b®- 4ac =(0Y - 4(3)(-16) =16> 0,
so the graph has two x-intercepts.
The x-intercepts are found by solving:

Lx?-16=0

x*-64=0

=64

x=8or x=-8
The x-intercepts are —8 and 8.
They-intercept is f (0) = - 16.

f(x)=-5:x*-2
=-%,b=0,c=-2. Sincea=- %<0, thegraph opensdown.
_-b_ -0 _0 _
The x-coordinate of the vertex is x = == = -1 0.

The y-coordinate of the vertex is feTaﬂ f(0)=- £(0f-2=-2.

Thus, the vertex is (0, —2). I
The axis of symmetry istheline x=0.
The discriminant is:

b?- 4ac=(0Y - 4(- {)(- 2 =-4<0,
so the graph has no x-intercepts.
They-interceptis f(0) =- 2.

f(x) = - 4X° +4x

a=-4b=4c=0. Sncea=- 4<0 the graph opens down.

The x-coordinate of the vertex is x = -4 “4_1
T -4 -8 2

The y-coordinate of the vertex is feﬁg_ fg%g 4g%ﬂ 42%8— -1+2=1.
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Chapter 4 Polynomial and Rational Functions

Thus, the vertex is (%, 1).
The axis of symmetry istheline x = %.

The discriminant is: TS
b®- 4ac=4" - 4(- 4)(0)=16>0,
so the graph has two x-intercepts.
The x-intercepts are found by solving:
-4X° +4x =0
-4x(x-1)=0
x=0 orx=1
The x-interceptsare 0 and 1.
They-intercept is f(0) = - 4(0Y + 4(0)=0.

6. f(x)=9x°-6x+3
a=9,b=-6,c=3. Sihcea=9>0, thegraphopensup.
The x-coordinate of the vertex is x = Tb %6;) B~ %

The y-coordinate of the vertex is feTaﬂ e?, 92%8 - 6%
Thus, the vertex is (3, 2).
The axis of symmetry istheline x = §.
The discriminant is:
b®- 4ac =(- 6)° - 4(9)(3) =-72<0,
so the graph has no x-intercepts.
They-intercept is f(0) = 9(0)* - 6(0) +3 = 3.

&g

§35+3=1-2+3=2.

7. f(X)=%x*+3x+1
a=2,b=3,c=1 Sincea=%2>0, thegraphopensup

-3 _-3_-1
The x-coordinate of the vertex is x = 7 ﬂ =5 =7

e 1y 9ae1

TheycoordlnateoftheverteX|sfeTag fe?g Ze?g +3ee§g+1 7 1+1= 2

el 1y
Thus, the vertex is &3 By

The axis of symmetry istheline x = 3.
Thediscriminant is:

b®- d4ac=3"- 4(3)(1)=9- 18=-9<0,
so the graph has no x-intercepts.

They-intercept is f (0) = 2(0)* +3(0)+1=1.
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f(x)=-x"+x+3
a=-1b=1c=4. Sincea=-1<0, thegraphopensdown
The x-coordinate of the vertex is x = T ﬁ % %

The y-coordinate of the vertex is feTo_ fg%g— 2%8 +g%g+% =_ %+1: %

al 3p
Thus, the vertex is &% Ig-

The axis of symmetry istheline x = 3.
The discriminant is:
b?- dac=1"- 4(- )(}) =1+2=3>0,
so the graph has two x-intercepts.
The x-intercepts are found by solving:

b+ yb’-dac _ -1+ B

X= 7a 20D
-1+ 3 _1+J3 _1+1732
T2 T T2 T T2

The x-intercepts are —0.37 and 1.37.
They-intercept is f(0) =- (0)° +(0) +3 = %.

f(x)=3x*- 4x-1
a=3b=-4c=-1. Since a=3>0, the graph opens up.

-b_-(-4 _4 2
The x-coordinate of the vertex is x = B-2) 63

The y-coordinate of the vertex is f

€2a0~ €32 %e3g " “é3g 3 3 3
Thus, the vertex is (3, Z). 3: B
The axis of symmetry istheline x = §. ] =3
The discriminant is: ]
2 — 2 — _ 14
b*- 4ac=(-4) - _4(3)(- 1)=16+12=28>0, 0220} 150
so the graph has two x-intercepts.
The x-intercepts are found by solving: -1
X:-bin2-4ac:-(-4)iJ2_8 —2:\,27
7a 20) L1 &S
_4+2J7 2+J7  -3+2646 ]
-6 3 3

The x-intercepts are —0.22 and 1.55.
They-intercept is f(0) = 3(0)° - 4(0) - 1= -1.

f(x)=-2x*- x+4
=-2,b=-1c=4. Sncea= -2<0 thegraphopensdown.

The x-coordinate of the vertex is x = T Z(“:ZL% = =- 1.

a by _ f&?o 3@0 4£0_1—£’- §-1:_7,
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The y-coordinate of the vertex is

reebs_reels_ ,ele ®lo,,_

€2ag” '€ 4o~ ‘€ 49 "€ 4o
Thus, the vertex is (- 4, £).
The axis of symmetry istheline x =- 2.

Thediscriminantis;

b®- 4ac =(-1)"- 4(- 2)(4)=1+32=33>0,

so the graph has two x-intercepts.
The x-intercepts are found by solving:

- b+ b2 - dac _-(-1*J3B

X =

2a 2(- 2)
_1+4J33 _-1+433 _-1+5745
-4 4 - 4

The x-intercepts are —1.69 and 1.19.
They-intercept is f(0) =- 2(0f - (0)+4 = 4.

11 f(x)=(x+2) 12.
Using the graph of y = x°, shift the graph
horizontally, 2 units to the left.

13. f(x)=- (x- 1* 14.
Using the graph of y = x*, shift the graph
horizontally, 1 unit right, and reflect

about the x-axis.
Iy

(10) X

.{6'_1)1 3

Polynomial and Rational Functions

x=-0.25/|Y

f(x)=-x"+3

Using the graph of y = x°, reflect the
graph about the x-axis, and shift
verticaly, 3 units up.

f(x)=(x-1)*- 2

Using the graph of y = x*, shift the
graph horizontally, 1 unit right, and shift
vertically 2 units down.

y
g
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16. f(x)=(1- x)° =-(x- 1)

15. f(x)=(x-1)*"+2
Using the graph of y = x*, shift the graph Using the graph of y = x°, shift the
horizontally, 1 unit to the right, and shift graph horizontally, 1 unit to the right,
and reflect on the x-axis.

vertically 2 units up.

17. f(x)=3x*- 6x+4
a=3b=-6,c=4 Sncea=3>0, thegraph opensup,sothevertexisaminimum

point. The minimum occursat X = Tb H(ZQGT) 5= =1. Theminimum valueis

28728 f(1) = AD*- 6(1)+4=3- 6+4=1,

18. f(x)=2x*+8x+5
a=2,b=8c=5 Sincea=2>0, thegraph opens up, so the vertex isaminimum point

-8 -8 . )
The minimum occursat x = Tb m — = - 2. The minimum valueis

?ng (-2):2('2) +8('2)+5:8_16+5:_3

19. f(x)=-x*+8x- 4
a=-1b=8,c=-4. Sincea=-1<0, thegraph opensdown, sothevertex isa

maximum point. The maximum occursat X = 22 2—815 2 = 4. The maximum

valueis 1&20= 1(4)=- (4)° +8(4)- 4= -16+32- 4=12.

20. f(x)=-x*-10x- 3
a=-1b=-10,c=-3. Sincea=-1<0, thegraphopensdown sothevertexisa
maximum point. The maximum occursat x = T %(%) 7—-5 The maximum

b
valueis f5=0=f(-5) =-(-5)°- 10(-5) - 3 =- 25+50- 3= 22.

21. f(x)=-3x*+12x+4
a=-3b=12,c=4. Since a=-3<0, thegraph opens down, so the vertex isa
-b_ -12  -12

maximum point. The maximum occursat X = 55 = m - = 2. The maximum

valueis feTao_ f(2) =-3(2)° +12(2) +4 =-12+24 +4 = 16.
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22. f(x)=-2x"+4
a=-2,b=0,c=4. Sincea=-2<0, thegraph opensdown, so the vertex isa
maximum point. The maximum occursat X = %) = 2—05 = 0. The maximum valueis
femgg= f(0) =-2(0) +4=4

23. f(X) = x(x+2)(x+ 4)

(@ x-intercepts. 4, -2, 0;
y-intercept: O

(b) crossesx axisatx=-4,-2,0

© y=x(@d 2

(e
X<-4 -4<x<-2 | -2<x<0 x>0
f - + - +
Above or below above below above
below x-axis

Graph of f isabovethe x-axisfor (-4,- 2) E (0,¥)
Graphof f isbelow the x-axisfor (-¥,-4)E (- 2,0)
(f)

10

=
/—10

24, f(X) = x(x- 2)(x- 4)
(8 x-intercepts:. 4, 2, 0;
y-intercept: O
(b) crossesx axisatx=4,2,0
© y=x (d 2

(e
x< 0 O<x<?2 2<x<4 X> 4
f - + - +
Above or below above below above
below x-axis

Graphof f isabovethe x-axisfor (0,2)E (4,¥)
Graphof f isbelow thex-axisfor (-¥,0)E (2,4)
(f)

I
V,
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25. f(X) = (x- 2)%(x +4)
(& x-intercepts. - 4, 2;
y-intercept: 16
(b) crossesx axisat x =- 4 and touchesthe x axisat x = 2
© y=x (& 2

(e
X< -4 -4<x<?2 2< X
f - + +
Above or below above above
below x-axis

Graph of f isabovethex-axisfor (- 4,2)E (2,¥)
Graphof f isbelow thex-axisfor (-¥,-4)

(f)
40

IVaw

=30

26. f(x) = (x- 2)(x +4)°
(@ x-intercepts. - 4, 2;
y-intercept: - 32
(b) crossesx axisat x = 2 and touchesthe x axisat x =- 4
© y=x (& 2

(e
X< -4 -4<x<2 2<X
f - - +
Above or below below above
below x-axis

Graphof f isabove the x-axisfor (2,¥)
Graph of f isbelow the x-axisfor (-¥,-4)E (-4,2)

(f)
10

-6 l/ \ /"I 3
—20
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27. f(x) =-2x°+ 4x* = -2x*(x - 2)
(& x-intercepts: 0, 2;
y-intercept: O
(b) crossesx axisat x = 2 and touchesthe x axisat x =0
© y=-2¢ (d) 2
(e)
x< 0 O0<x<?2 2< X
f + + -
Above or above above below
below x-axis

Graphof f isabovethe x-axisfor (- ¥,0)E (0,2)
Graph of f isbelow the x-axisfor (2,¥)

(f)

28. f(x)=-4x3+4x=-4x(x2- 1)= -4x(x+1)(x- 1)
(& x-intercepts. O, - 1, 1;
y-intercept: O

(b) crossesx axisatx=0,-1,1

(© y=-4x ) 2

(e

X< -1 -1<x<0 O<xx<1 1<x
f + - + -
Above or above below above below
below x-axis

Graph of f isabovethe x-axisfor (-¥,- 1) E (0,])
Graphof f isbelow thex-axisfor (-10)E (1¥)
(f)

29, f(x) = (x- D)*(x+3)(x+1)
(@) x-intercepts: - 3,-1, 1,
y-intercept: 3

(b) crossesx axisat x =- 3, - 1 and touches x-axisat x =1
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Section 4.R

(e
X< -3 -3<x<-1 -1<x<1 1<x
f + - + +
Above or above below above above
below x-axis

Graph of f isabovethex-axisfor (- ¥,- 3E (- L1)E (1¥)
Graphof f isbelow thex-axisfor (-3- 1)
(f)

N
| ——
"a___hh
w

-15
30. f(¥) = (x- 4)(x+2)*(x- 2)
(8 x-intercepts. - 2, 2, 4;
y-intercept: 32

(b) crossesx axisat x = 2, 4 and touches x-axisat x = -2

© y=x" (d 3

(e)

X< -2 -2<x<2 2<x<4 4< X
f + + - +
Above or above above below above
below x-axis

Graph of f isabovethex-axisfor (-¥,- 2 E (-2,2) E (4,%)
Graph of f isbelow the x-axisfor (2,4)
(f)
40

Lo,
\/

—40

3. R(X)= ZXX' 6 p(x) =2x- 6; q(X)=x; n=1 m=1
Step 1: Domain: {x|x1 0}
Step2: (@) Thex-intercept isthe zero of p(x): 3
(b) Thereisno y-intercept because 0 is not in the domain.
R(-X) = 2(-X)- 6 _-2X-6_2x+6
S -X - X X
ISNO symmetry.
The vertical asymptoteisthezero of g(x): x=0

Step 3:

Step 4:

Chapter Review

; thisisneither R(x) nor - R(X), so there
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Step5: Since n =m, theline y = 2 isthe horizontal asymptote.
R(x) doesnot intersect y = 2.

Step 6:  Graphing: Step7:  Graphing by hand:
7 y
JJ_’.-" A x=0
5 5 :
; y=2 1 ey %
_ N -2 -5 -4 —2_2 4 6 2
-5 .
G
]
_4-X _ : — v n=1 m=
32. RX)==— p(x)=4-x qgX)=x; n=1 m=1

X
Step 1: Domain: {x| x1 0}
Step2: (@) Thex-intercept isthe zero of p(x): 4

(b) Thereisno y-intercept because 0 is not in the domain.
Step3: R(-X) = 4'_()'( X) - 4_+XX; thisis neither R(x) nor - R(x) , so thereisno

symmetry.

Step 4: The vertical asymptoteisthezero of q(x): x=0
Step5: Since n =m, theline y = - 1 isthe horizontal asymptote.

R(x) doesnotintersect y =- 1.

Step 6:  Graphing: Step 7.  Graphing by hand:
4 v
41
-6 6 z
(40) x
“_“w.\_\- T 2 —
—4 . y=-t
_4 L

33. H(x):ﬂ% p(X) = x+2; q(X)=x(x-2)=x"-2x n=1 m=2

Step 1: Domain: {x|x1 0, x1 2}
Step2: (@) Thex-intercept isthe zero of p(x): -2
(b) Thereisno y-intercept because 0 is not in the domain.

) _ o -X+2 - x+2 . . . )
Step3: H(-x) =- XD = o’ thisisneither H(x) nor - H(X), so thereisno

symmetry.
Step 4: The vertical asymptotes are the zerosof q(x): x=0and x =2
Step 5: Since n <m, theline y = 0 isthe horizontal asymptote.
R(x) intersects y =0 at (-2, 0).

466



Section4.R  Chapter Review

Step 6:  Graphing: Step 7 Graphing by hand:
) Bl
. s x=0
_5 v s |
G | y=0
- -4 -2 i 4 X
-5 =1
X=2
_4 L
]

34. H(x)= xz)i e 1)X(x+1) p(x)=x g(x)=x*-1 n=1 m=2
Step 1: Domain: {x|x1 -1 x1? 1}
Step2: (a) Thex-intercept isthe zero of p(x): 0
(b) They-interceptisO.

: =X __-X
Step 3: H( X) (_ X)2 -1 X2 -1
Step 4. The vertical asymptotes arethe zerosof q(x): x=-1landx=1
Step 5: Since n <m, theline y = 0 isthe horizontal asymptote.

R(x) intersects y = 0 at (0, 0).

= - H(x); the graph is symmetric to the origin.

Step 6:  Graphing: Step7:  Graphing by hand:
4 [y
x=-1|4
-6 6 2

X2 +x-6 _ (x+3)(x- 2
¥ RO= T8~ X ITD)
n=2 m=2
Step 1: Domain: {x|x1 -2, x1t 3}
Step2: (@) Thex-intercepts are the zerosof p(x): -3 and 2

p(x) = x> +x- 6, q(X) = X*- X- 6;

. . _02+0-6_-6 _
(b) They-interceptis R(0)= 02-_0-6 ey =1.

. ) _(-X)2+(-x)-6_x2-x-6_ . . ]
Step3: R(-x) = - (X 6 Xrx- 6,thlSlsne|ther R(x) nor - R(x), so there

ISNO symmetry.
Step 4: The vertical asymptotes arethe zerosof q(x): x=-2andx =3
Step 5:  Since n = m, theline y =1 isthe horizontal asymptote.
R(x) intersects y =1 at (0, 1), since:
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2
X +x-6=1

X - X- 6
X*+X-6=%x"- X-6
2x=0
Xx=0
Step 6:  Graphing: Step7:  Graphing by hand:
5 Ty
. ..\.'\-\.\_\_\_\-
-5 b 6
5 I >
_2..
T x=3
_4..

x> - 6Xx+9 _ (x- 3)°
3. R=2 2=
Step 1: Domain: {x| x1 0}
Step2: (a) Thex-intercept isthe zero of p(x): 3
(b) Thereisno y-intercept because O is not in the domain.
- 2 - -
Step3: R(-x) = ) (-i()zx)+9 X +X6X *9. ; thisis neither R(x) nor - R(x), so
there is no symmetry.
Step 4: The vertical asymptoteisthezero of g(x): x=0

p(X) = X°- 6x+9; g(X) =x% n=2, m=2

Step5: Since n =m, theline y =1 isthe horizontal asymptote.
R(x) intersects y =1 at (3,1), since:

2. BX+
% —1® X2- 6X+9=X’® -6x=-9® x—g
Step 6:  Graphing: Step 7: Graphing by hand

10 y

g1

-6 : 8 24

y=1
2 ‘\‘_ (30)

-4 -2 |
_2 L

3

37. F(x):ﬁ p(x)=x% q(x) =x -4, n=3 m=2
Step 1: Domain: {x|x1 -2, x1t 2}
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Step2: (a) Thex-intercept isthe zero of 3p(x): 0.
(b) They-intercept is F(0)= 020— =2 =0

- 4
% _-x
X7 -4 =7 F(x); F(x) issymmetric to the origin.

Step 4:  The vertical asymptotes are the zeros of q(x): x=-2andx =2
Step 5: Since n = m+1, there is an oblique asymptote. Dividing:

Step 3. F(-x)=

X
x* - 4+ 0x* +0x +0 F(x) =x+ 24X
3 X -4
X - 4x

4x
The oblique asymptoteis y = X.
Solve to find intersection points:
3

v 4=x® x*=x%- 4x® 0=-4x® x=0
The oblique asymptote intersects F(x) at (O, 0).

Step 6:  Graphing: Step 7:  Graphing by hand:
10 [y
- .. 6 L
e B |
X=-2 4l
-6 6 5 y =X
.-'""_'_H"\-_ IIIIIII R X,
R -5 -4 -z ] 4 A
-10 sl
_4 :
[ X=2

_6 L

33
(x- 1y
Step 1: Domain: {x|x1 1}

Step2: (@) Thex-intercept isthe zero of p(x): O.

38. F(x) = p(x) =3x% gq(x)=(x-17; n=3; m=2

: : _ 30 _0_
(b) They-interceptis F(0)= 01 1° 0.
. Sy BCx)P e ] _
Step3: F(-x) = Cx- 1 (1 thisis neither F(x) nor - F(x), sothereisno
symmetry.

Step 4:  Thevertical asymptote isthe zero of q(x): x=1
Step 5. Since n = m+1, thereis an oblique asymptote. Dividing:
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3X+6
2 3 2
X -2x+:|)3x +0x"+0x+0 9x- 6
F = + 6 + ——
3x3- 6x2 +3x (x) =3x+6 X - 2x+1
6x% - 3X
6x? - 12X + 6
9x- 6
The oblique asymptoteis y = 3x +6.
Solve to find intersection points:
3x:
o ox el oxX*e
3x*=3x>- 9x+6
9x=6
=2
~ 3
The oblique asymptote intersects F(x) at (4, 8).
Step 6:  Graphing: Step7:  Graphing by hand:
30 Ty
H_#;_. 251
204
x=1
154
4 6 y=3x+6
- 101
5
(OJQ)J X
TS 7 &

39. R(x):% p(x) =2x*: q(x)=(x-1)* n=4; m=2

Step 1: Domain: {x|x1 1}
Step2: (@) Thex-intercept isthe zero of p(x): 0

(b) They-intercept is R(0)= % =2=0.

Step3: R(-x) = 2(%)° = 2x" ; thisis neither R(x) nor - R(X), so thereisno
' (- x-1)* (x+1)*’ ’
symmetry.
Step 4: The vertical asymptoteisthezeroof q(x): x=1
Step5:  Since n > m+1, thereis no horizontal asymptote and no obligque asymptote.
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Step 6:  Graphing: Step7:  Graphing by hand:
40 T
> 35--y
20T
2571
204
-3 3
-5
-3 -2 -1 1 2 3
4 4

_ X _ X A, ) _ _
R(x) = -9 (XFI(X-3) p(xX) =x" g(x) =x"-9 n=4; m=2
Step 1: Domain: {x|x1 -3 x1 3}

Step2: (a) Thex-interceptisthezeroof p(x): O

. . _ O* _ 0 _
(b) They-interceptis R(0)= 7. 59" 0.
Step3: R(-x) = (x)° = X = R(X); R(X) issymmetric to the y-axis
ep . (_ X)Z _ 9 X2 _ 9 ’ W y g
Step 4: The vertical asymptotes arethe zerosof q(x): x=-3andx =3

Step5: Since n > m+1, thereis no horizontal asymptote and no oblique asymptote.

Step 6:  Graphing: Step7:  Graphing by hand:
0 n 2 n g 40 -y
s e

307

-6 6 x=-3 “1 x=3
-10 10
...... ©a , |, x

—4 Fﬂ' | 4

-4 _(X+2)(x-2) _x+2
C-x-2 (x-20+)  x+1 P
n=2 m=2
Step 1: Domain: {x|x1 -1 x1? 2}
Step2: (@ Thex-interceptisthe zero of p(x): —2 (2isnot azero because reduced
form must be used to find the zeros.)

G(x) = (X)=Xx"- 4 qx) =% -x-2

: - 0’ -4 -4
(b) They-interceptis G(0)= 703 === 2.
- 2 - 2 -
Step3: G(-Xx) = C X()Z)-()(- x?- 5 = x2X+ x-42 ; thisis neither G(x) nor - G(x), so there
iSNo symmetry.
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Step 4:

Step 5:

Step 6:

42. F(X) =

Step 1:
Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Polynomial and Rational Functions

The vertical asymptote isthe zero of q(x): x=-1 (x =2 isnot avertica
asymptote because reduced form must be used to find the them.)

Since n = m, theline y =1 isthe horizontal asymptote.

G(x) doesnot intersect y =1 because G(x) isnot definedat x = 2.

XZ- 4 _ 2 .2 _ —
m—l@ X -4=X"-X-2® -2=-X® x=2
Graphing: Step 7:  Graphing by hand:
5 d
—4 h 6
-6 N
_4:

(x-1¢ _  (x-1F _x-1

x*-1  (X-Dx+1) ~ x+1 PO = (x- 1% 609 =x"- 1
n=2 m=2
Domain: {x|x1 -1 x1? 1}
(@ Thereisno x-intercept since 1 isnot in the domain.
. . 0-1)%_ 1

(b) They-interceptis F(0)= (02 - i === 1.

(x-1° _ (x+1)°

-x%-1 x*-1
Symmetry.

The vertical asymptoteisthezero of g(x): x=-1 (x=1isnot avertica
asymptote because reduced form must be used to find them.)

Since n =m, theline y =1 isthe horizontal asymptote.

F(x) doesnotintersect y =1 because F(x) isnot definedat x =1.

F(- x) = ; thisis neither F(x) nor - F(X), so thereisno

2. 2x+1
%:1® x2- 2x+1=x%- 1® -2x=-2® x=1

Graphing: Step 7:  Graphing by hand:

5 [y
41
—I—'_'-F-’"

-6 =] 6 21 )
: i y=1
. -4 -z z 4
5 o

x=-1
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43. 2x* +5x- 12<0
(x+4)(2x- 3) <0
X =- 4,x =2 arethe zeros.

f(x) = 2x° + 5x - 12

Interval Test Number f(X) Positive/Negative
-¥ <x<-4 -5 13 Positive
-4<x<3/2 0 -12 Negative
3/2<x<¥ 2 6 Positive
The solution set is% x|- 4<x< g’g
44, 3 - 2x-13 0 f(x)=3x"- 2x- 1
(Bx+1)(x- 1)2 0
X =- &, x =1 arethe zeros.
Interval Test Number f(X) Positive/Negative
-¥ <x<-1/3 -1 4 Positive
-1/3<x<1 0 -1 Neganve
l<x<¥ 2 7 Positive
The solution setis { x| x £ - 3 orx3 1}.
45, 31 £ = o - 1
6 13 0® 6-1(x+3), 0® -X+3, 0
X+ 3 X+3 X+ 3
The zeros and values where the expression is undefined are x = - 3, andx = 3.
Interval Test Number f(X) Positive/Negative
- ¥ «x<-3 -4 -7 Negative
-3<x<3 0 1 Positive
3<X<¥ 4 17 Negative
The solution set is{ X|- 3<x £3} :
-2 -2
46. m<1 f(X):m-l
"2 _1<0
1- 3x
-2- 1+3x<O® 3X- 3<O
1- 3x 1- 3x
The zeros and values where the expression is undefined are x = &, andx = 1.
Interval Test Number f(X) Positive/Negative
-¥ <x<l3 0 -3 Negative
1/3<x<1 0.5 3 Positive
1<X<¥ 2 —3/5 Negative

The solution set is{ x| x <3 orx >1}.
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2X- 6 2x 6
47. T < 2 f(x)= -2
21"_ 6. 2<0
2x- 6- 2(1- x)
1-x
4x- 8
Tx ¢
The zeros and values where the expression is undefined are x =1, andx = 2.
Interval Test Number f(X) Positive/Negative
- ¥ «x<1 0 -8 Negative
l<x<2 15 4 Positive
2<Xx<¥ 3 -2 Negative

The solution set is{ X|x<1 or x> 2}.

3- 2X _3-2x
48. m32 f(X)—m-Z
3- 2x 23 0® 3- 2x- 4x- 10, 0® - 6X- 7,
2X+5 2X+5 2X+5
The zeros and values where the expression isundefined are x = - £, andx = - 2.
Interval Test Number f(X) Positive/Negative
-¥ <x<-5/2 -3 -11 Negative
-5/2<x<-7/6 -2 5 Positive
-TI6<X<¥ 0 —7/5 Negative

The solution set is{ X|-% < x£—-§}.

(x- 2)(x - 1) (x- 2)(x-1)
9. Tx-3 1) ="="3—
The zeros and values where the expression isundefined are x =1 x =2, and x = 3.
Interval Test Number f(X) Positive/Negative
- ¥ x<1 0 -2/3 Negative
%: X< % 15 1/6 Positive
3<x<¥ 25 -3/2 Negative
4 6 Positive

Thesolutionsetis{ X|1<x<2 or x>3}.

+ +
50. ﬁ £0 f(x) = ﬂ%
The zeros and values where the expression isundefined are x =-1 x =0, andx = 5.
Interval Test Number f(X) Positive/Negative
- ¥ Xx<-1 -2 —1/14 Negative
- %: X< g 05 2/11 Positive
5< x < ¥ 1 -1/2 Negative
6 716 Positive

Thesolutionsetis{x|x£-1 or 0< x<5}.
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X2 - 8x+12 X2 - 8x+12
51. —( XZZ')(16 6)> 0 f(x)= T
X- 2)(x-
XTA)(x-4) " 0
The zeros and values where the expression isundefined are x = - 4,x=2,x=4, x=6.
Interval Test Number f(x) Positive/Negative
- ¥ Xx<-4 -5 7719 Positive
-4<x<2 0 -3/4 Negative
i: xS g 3 3/7 Positive
6< x<¥ 5 -1/3 Negative
7 5/33 Positive
Thesolutionsetis{x|x<- 4,2 <x<4, x>6}.
x(x2+x- 2) x(x2+x- 2)
2 Froxra Y T = T Tox+20
X(x+2)(x- 1) £0
x+5)(x+4)
The zeros and values where the expression isundefined are x = -5, x=-4,x=-2,x=0, x=1.
Interval Test Number f(X) Positive/Negative
- ¥ «x<-5 -6 -84 Negative
-5<x<-4 45 2475 Positive
m4<x<-2 -3 -6 Negative
gsxs? 1 U6 Positive
1< X< ¥ 0.5 -0.025 Negative
2 0.19 Positive
Thesolutionsetis{x|x<- 5-4<x£-20r OFf x£1}
53.
QX7 Y =X
d
P(3,1)

d(P.Q)=y(x- 3 +(x-1)°

® d*(x)=(x- 3)° +(x-1)*=x>- 6x+9+x>- 2x+1

\ d*(x)=2x2- 8x+10

Since d*(x)=2x*- 8x +10 isaquadratic function witha= 2> 0, the vertex corresponds to the

minimum value for the function.

The vertex occursat x = 2£ = % =4. Therefore the point Q ontheline y = x will be
a

closest to the point P =(3,1) when Q=(4,4).
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54, y=x+1

Qx, x+1)
d P(4,1)

d(P.Q) = y(x- 4)* +(x+1-12)°
® d*(X)=(x- 4)°+ %

=x°- 8x+16+x°

\ d?*(x)=2x?- 8x+16

Since d*(x)=2x*- 8x +16 isaquadratic function witha= 2> 0, the vertex corresponds to the
minimum value for the function.
The vertex occursat x = 2£ =- % =4. Therefore the point Q ontheline y = x +1 will be
a
closest to the point P =(4,1) when Q= (4,5).

55. Sincethere are 200 feet of border, we know that 2x + 2y = 200.

The areaisto be maximized, so A = xxy.
Solving the perimeter formulafor y:

2x+ 2y = 200

2y = 200- 2x
y=100- X
Theareafunctionis: A(x) = x(100- x) = - x* +100x
The maximum value occurs at the vertex:
_-b_-100 _-100 _

X= >a m =7 = 50

The pond should be 50 feet by 50 feet for maximum area.

56. Let x represent thelength and y represent the width of the rectangle.
2x+2y=20 ® y=10- x.
xxy=16 ® x(10- x)=16.
Solving the area equation:
10x - x* =16
x* - 10x+16 =0
(x- 8)(x-2) =0
X=8 orx=2

The length and width of the rectangle are 8 feet by 2 feet.
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57. Consider the diagram

Total amount of fence = 3x +2y =10000

X \ y:10000- 3X:5000_ _2)(

Total enclosed area= (x)(y) = (x)gooo- -2 xg

\ A(x) =5000x - gxzz - §x2+ 5000x is a quadratic function witha= --2<0.

So the vertex corresponds to the maximum value for this function.
The vertex occurs when

b _ 5000 5000 . oo 350000 33B000T 280000
S 2a @303 §30 2635 %3¢
20

_ 39250000000, 25000000 _ 12500000 25000000
X 9 o 3 3 3

_ 12500000
3

» 4166666.67 square meters

58. Theareafunctionis: A(x) = x(8- 2x) = -2x° +8x 8
The maximum value occurs at the vertex:
-b -8 -8
X S = e = — =D (018'2)( _
2a 2(-2) -4 824
The maximum areais:
= - 2 = - = i
A(2) = -2(2)° +8(2) =- 8+ 16 =8 square units. 0 4
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59. Consider the diagram

X

d =diameter of the semicircles=width of the rectangle
X =length of the rectangle
\ outside dimension length =2x + 2(circumference of a semicircle)

= 2x+ circumference of acircle
= X +xd =100
100- nd

® x= =50- ETcd
2

Total enclosed area = (area of the rectangle) + 2(area of a semicircle)

= (area of the rectangle) + areaof acircle
=(x)(d)+mr? = +n8— 850- -ndgd +ng——
=50d - 1nolz +2 0?2 =50d- = cf? = - £ 7 +50d

2 4 4 4

\ A(d) =- —ndz +50d isaquadratic function with a= -:lln <0. Thereforethe

vertex corresponds to the maximum value for the function.

The vertex occurs when X = 3 = 50 100
2a e 1 0 T
&
4 o
2000 1 @®@00& _ &@000
® the maximum areais Ag— = - —rc 8_;a 508— +» 795.78 square meters

60. Locatetheorigin at the point directly under the highest point of the arch. Then the

equation isin theform: y = - ax® +k, wherea > 0. Since the maximum height is 10 feet,
when x =0, y =k =10. Sincethe point (10, 0) is on the parabola, we can find the constant

_ 2 _10 _ 1 _
0—-8.(10) +10 ® a—ﬂ—m—o.lo

The equation of the parabolais:
y=-15X +10  Atx=8 y=- ;58 +10= - 6.4+10 = 36 feat

478



Section4.R  Chapter Review

61. (@) Graphing:
700,000

oL .. ... Jo
150,000
A(1) = - 212t%+ 2429t* + 59569t +130003
(b) A1 =- 212(11)3 + 2429(11)2 +59569(11) +130003 = 796999 cases
(c) and (d) Graphing the cubic function of best fit:

) answérs.will-véry o
62. (@) Graphing:

o lly]

(b) gt)=-2.7t° - 10t +1000
§0) = -2.7(0)? - 10(0) + 1000 =1000ft /sec

gt)=-2.7t - 10t+1000 = 0
(©)

_-(-10)# J 10)°- 4(-2.7)(1000) _10+ y100+10800 _ 10+ v10900

2(-2.7) -5.4 -5.4
»17.48 secondsor - 21.19 seconds

We discard the negative time value, so the ball hits the ground after approximately
17.48 seconds.
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(d) and (e) Graphing the quadratic function of best fit:

1000
B0
BOO

¥

LI

Ly

O "5 4 B B 10 12 14 1€ 18 20

f - %g: -2.7® g=5.41t/s’
63. Answerswill vary, one exampleis p(x) = -5(x2+1)(x +1)3a§<- §9
' ' & 5

64. Answerswill vary.
65. (@) Thedegreeiseven.
(b) Theleading coefficient is positive.
(c) Thefunctioniseven - itissymmetric to the y-axis.
(d) X isafactor because the curve touches the x-axis at the origin.

(e) Theminimum degreeis8.
(f) Answerswill vary, 5 possibilities are:

p(x) = (x+ 3)(x +2)(x +D(x - Y(x- 2)(x- 3
B, (x) = x*(x+ 3)(x +2)(x +)(x - Y(x - 2)(x- 3
B, (%) = x*(x+ 3°(x +2) (x + )(x- )(x- 2)(x- 3)
P, (x) = 65 (x+ I(x +2)(x +D(x - Y(x - 2)(x- 3

B (x) = X*(x+ F(x+2)" (x+ Y(x- Y(x- 2)(x- 3)
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