Chapter 5

Polynomial and Rational Functions

Section 5.1

1.

10.

i1,

12.

13.

$ o® 3 e -

(-2,0), (2,0), and (0,9)
x-intercepts: let y =0 and solve for x
9x” +4(0) =36

9x% =36
X2 =4
x =12

y-intercepts: let x =0 and solve for y

9(0)* +4y =36

4y =36
y=9

True; it has the form
a,x" +a, ;X" +..+ax+a, where each q; isa
real number and # is a positive integer.
down; 4
True; for each x-intercept we have y =0.

Therefore, to find the x-intercepts, we solve the
equation y =0, or f(x)=0 since y=f(x).

smooth; continuous
Zero

touches

True

False; the x-intercepts of the graph of a
polynomial function are also called zeros of the
function.

False; the graph of fresembles the graph of
y =3x* for large values of tx| .

F(x)=4x+x* is a polynomial function of
degree 3.

F(x)=5x* +4x* is a polynomial function of
degree 4.

1-x2 1 1,

= X

2 2
function of degree 2.

glx)= is a polynomial

14.

5.

16.

17.

18.

19.

20,

21,

22.

h(x)=3 w%x is a polynomial function of
degree 1.
1 g .
f{x)=1-—=1-x"" isnota polynomial
X

function because it contains a negative
exponent.

fx)=x(x~1)=x" ~x isapolynomial
function of degree 2.

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

h(x) :ﬁ(&——l)zx—x”z isnota

polynomial function because it contains
fractional exponents.

F(x)=5x"—nx’ +~;— is a polynomial function
of degree 4.
xz -5 — 3. .
F(x)=———=x -5x" isnota polynomial
x

function because it contains a negative exponent.

G(x) = 2(x =1 (x* +1) = 2(x* = 2x + (x> +1)
= Z(x4 +x% —2x0 ~2x+x* +1)
=2(x" - 2x° +2x% —2x+1)
=2x" —4x® +4x* ~4x+2

is a polynomial function of degree 4.

G(x) = =327 (x+2)° =-3x*(x* +6x" +12x +8)

=-3x° ~18x* —-36x" - 24x7
is a polynomial function of degree 5.
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Chapter 5: Polynomial and Rational Functions

23, f(x)=(x+1)* 26. f(x)=x"+2
Using the graph of y = x*, shift the graph Using the graph of y = x*, shift the graph
horizontally, 1 unit to the left. vertically up 2 units.
y
5
-1,3)
-2, 1) © 1 ©, 2|
Ll NgA L1 OO0 N 0 O T OO OO O PO O O
-5 1,0y 5 -5 = 5
A w5 b
24, =(x-2)
SO =(x=2) 2. f()==x*
Using the graph of y = x°, shift the graph 2
horizontally to the right 2 units. Using the graph of y = x*, compress the graph
vertically by a factor of -;— .
P y
5 A
5 o
1 - 1
Fral\ [/ (s)
) I . S 15 250 T T T .
B mﬂ; (O» 0) - S
25. F(x)=x° -3 -5

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

28. =3x°
vertically, 3 units down. Sy =3

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

Z A vertically by a factor of 3.
.. Yi
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o - ¢(1,3)
3 ©,0) |-
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- -5
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Section 5.1: Polynomial Funcfions and Models

29. f(x)=-x 32, 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.
}’{\
51 74

<-;5-2>U 1)

(""2” “3) -

30, f(x)=-x"

33, f(x)=2(x+D* +1
Using the graph of y = x*, reflect the graph

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

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

yh by a factor of 2, and shift vertically 1 unit up.
5 ¥
: }
I~ (-2,3) -(0,3)
(0, 0) A\
R TN L T O O T T -1, DN/ -
-5 5 AU T T B
-1,-1)¢ -}, -D -5 . 5
' e _5;:
3L f(x)=(x-1)"+2 34, f(x)=-12-(x—1)5~2

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

. .5 .
horizontally, 1 unit to the right, and shift Using the graph of y = x”, shift the graph

vertically 2 units up. horizontally 1 unit to the right, compress
Vi vertically by a factor of é— , and shift vertically
5 down 2 units.
- $(2,3) YA
4 5
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Chapter 5: Polynomial and Rational Functions

35, f()=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.

Hhas)
Tl ®
- (3,3)
IR IR AR | BER .
wly n
sk

36. f(x)=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.

Y4
5 busss.

(“"2, 3) -
-3, 2) “=

Illll

Yoo

37, f(x)=a(x-(-D)(x-1)(x~3)
) Fora=1:
f) = G+)x-1)x=3)=(x* ~1)(x-3)
=x-3x* —x+3 4
38. f(0)=a(x—(-2))(x-2)(x-3)
Fora=1:
F)=(x+2)(x-2)(x~3) = (x2 ~4)(x-3)
= x> —3x% —4x+12
39, f(x)=a(x—(-3))(x-0)(x-4)

Fora=1:
S ()= (r+3)()(x—4) = (x* +3x) (x~ 4)
=x" —d4x* +3x% —12x

=x*—x*~12x

40.

41,

42.

43.

45,

f=a(x-(-H)(x-0)(x-2)
For a=1:
S0 = (x4 D) =2) = (x* +4x) (x - 2)
=50 - 2x% +4x% ~8x
=x +2x% -8x
S =a(x=(=H)(x~(=D)(x-2)(x~3)
Fora=1:
Jx) =+ (x+D(x~2)x~3)
:(x2+5x+4)(x2 ~5x+6)
= xt 55 4 6x% 4 5x° —25x7 +30x + dx® — 20x + 24
=x* ~15x> +10x + 24
fx)=a(x-(=3))(x—(-D)(x-2)(x~5)
Fora=1:
Fx) ={x+3)(x+D(x—~2)x~3)
:r(x2 +4x+3)(x2 ~7x+10)
=x 7% +10x% +4x° - 28x2
+40x+3x% = 21x +30

=x*~3x° —15x% +19x+30
) =a(x—(-D)(x-3)’
Fora=1:

f(x) = (x+1)(x=3)
:(x+1)(x2 -6x+9)
=50 =632 +9x+ x> ~6x+9

=x0 =532 +3x+9

. f)=a(x-(=2)) (x-4)

Fora=1:

fx)=(x+2)*(x—4)
=(x2 +4x+4)(x~—4)
=x' —4x* +4x* ~16x+4x-16
=3 ~12x~16

a. The real zeros of f(x) = 3(x —7)(x +3)*
are: 7, with multiplicity one; and -3, with
multiplicity two.

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

© 2008 Pearson Education, Inc., Upper Saddie River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.




46,

47.

48.

Near =3: f(x)~-30(x+3)%;
Near 7: f(x)~300(x-7)

n-1=3-1=2

The function resembles y =3x” for large

values of [x[ X

The real zeros of f(x) =4(x+4)(x+ 3)
are: -4, with multiplicity one; and -3,
with multiplicity three.

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

Near —4: f(x)=~-4(x+4);

Near =3: f(x)~ 4(x+3)?
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).

Near 2: f(x) =~ 20(x~2)*
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)’

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

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

Near —4: f(x)~—14(x+4)’;
Near 3: f(x) = 686(x—3)

n-1=4-1=3
The function resembles y = 2x* for large

values of le .

Section 5.1: Polynomial Functions and Models

49,

50,

51,
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a.

The real zero of
S(x)=-2 x+~1~ Z(x:Zerr)2 i5'~—1~ with
2 S’

multiplicity two. x? +4 = 0 has no real
solution.

The graph touches the x-axis at ~—;: {even

multiplicity).
1 1Y
Near -3 D f(x)= —~36.125(x + ~2—)

n—1=6-1=5
The function resembles y = —2x°® for large

values of {x] .
' 1y 3
The real zeros of f(x)=|x -3 (x-1)

are: —é— , with multiplicity two; and 1, with

multiplicity 3.
The graph touches the x-axis at% (even
multiplicity), and crosses the x-axis at 1
{odd multiplicity).
Near & 8( 1)

ear —: X) R el X |

A 27L 3 J
4 3

Near 1: f(x)~ g(x—l)

n—-l=5-1=4

The function resembles y = x° for large
values of [x] .

The real zeros of f(x) = (x—5)° (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).

Near —4: f(x)~-729(x+4);
Near 5: f()c)z81(x~5)3
n-1=5-1=4
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52.

53,

54,

55.

€,

The function resembles y = x° for large

values of lx[ .

The real zeros of f(x) = (x + \/g)z (x-2)*

are: —/3 , with multiplicity two; and 2, with
multiplicity four.

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

Near —/3 : f(x)= 194(x+«/§)2 ;
Near 2: f(x)~13.93(x~2)"
n-1=6-1=5

The function resembles y = x° for large

values of ]x{ .

2

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

The graph neither touches nor crosses the x-
axis.

No real zeros
n-1=6-1=5
The function resembles y = 3x° for large

values of le .

3
f(x)= ——Z(x2 +3) has no real zeros.

%% +3 = 0 has no real solutions.

The graph neither touches nor crosses the x-
axis.

No real zeros
n—-1=6-1=5

The function resembles y = —2x5 for large

values of lxl .

The real zeros of f(x)= ~2x%(x* -2) are:
—~/2 and \/5 with multiplicity one; and 0,
with multiplicity two.

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

~J2 and+2 {odd multiplicities).

' 406
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56.

Ut
oo

60.

61.
62.
63.

64,

65,

Near —/2: f(x)w11.31(x+x/§);
Near 0: f(x)~4x";
Near ~/2: f(x)wmllﬁl(x—-«/a)

d. n-1=4-1=3

e. The function resembles y =-2x* for large
values of lxl .

a. The real zeros of f(x)= 4x(x* ~3) are:
-3 , V3 and 0, with multiplicity one.

b. The graph crosses the x-axis at 3,3
and 0 (odd multiplicities).

c. Near —/3: f(x)= 24(x+\/_3—);
Near 0: f(x)=-12x;
Near /3 : f(x)= 24(x~«/§)

d. n-1=3-1=2

e. The function resembles y = 4x° for large
values of lx] .
Could be; zeros: —1,1,2;
minimum degree =3
Could be; zeros: -1, 2;
minimum degree = 4
Can’t be; not continuous at x = —1
Can’t be; not smooth at x =0
c,ef
c, e, f
c, e
d, f

fx)= (=1

a. y-intercept: f£(0)=(0-1)* =1
x-intercept: solve f(x) =0
(x-1D?=0>x=1

b. The graph touches the x-axis at x =1, since
this zero has multiplicity 2.

e. Degree is 2; The function resembles y = X
for large values of lx] .

d 1




Section 5.1: Polynomial Functions and Models

e. Nearl: f(x)=(x-1)°
f.  Graphing:
Y
1.9
© 1

[ N |
~5

66. f(x)=(x-2)°

a. y-intercept: f(0)=(0-2)*=-8
x-intercept: solve f(x)=0
0=(x-2)°
x=2

b. crosses x-axis at x = 2

¢. Degree is 3. The function resembles y = x>
for large values of ]x! .

d 2

e. Near2: f(x)~(x-2)

f. Graphing by hand

y; L}
- 3,1
| - 11 | (I l) X
- .d 2,00 5
a0
©, -8)¢-

67. f(x)=x*(x-3)
a. y-intercept: f(0)=0%(0-3)=0
x-intercepts: solve f(x)=0
0=x*(x-3)
x=0,x=3

b. touches x-axis at x = 0 ; crosses x-axis at
x=3

407

68.

c¢. Degree is 3. The function resembles y = x>

for large values of §x| .

d 2

e. Near0: f(x)=~-3x"; Near3: -
f(x)=9(x-3)

f.  Graphing by hand:

b%
16 (4, 16}
L l((l)’(!))ml ] (:1%’?),3\‘
b’ S I
2, -4y

Sy =x(x+2)’

a. y-intercept: f(0)=0(0+2)* =0
x-intercepts: solve f(x)=0
0=x(x+2)°
x=0,-2

b. touches x-axis at x = -2 ; crosses x-axis at
x=0

¢. Degreeis 3. The function resembles y = x°
for large values of }x} .

d. 2

e. Near-2: f(x)~-2(x+2)%; Near 0:
fx)=4x

f. Graphing by hand:

Y
10

-2, 0)

il

© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.




