Section 4.1
Polynomial Functionsand Their Graphs

Definition of a Polynomial Function

Le@oe a_nonnegative integer and &eta, _,,....a,,8,,a,, be_real numbers, wit, # .0
The function defined byf (x) = a,x" +...+ a,x* + a X+ a, is called gpolynomial

function of x of degreen. $ Nt allow eé

. . =\ -2 l/
The terma_x" is called thdeading term. I A r >
n g v 24 , X b 8 , X = X

The numbera,, the coefficient of the variable to the highestvpg, is called thdaeadingbv _ KE
coefficient. X =

Polynomials Not Polynomials 5/
e \X— D = X+
N2 x7-.D % +2 — BN = -ST
% =
O -5 %= ax

Example 1: Given the following polynomial functgrstate the leading term, the degree
of the polynomial and the leading coefficient.

a. P(x)=6x"+2x>+x*-7x+ 6 b. Q(x) =-034x—3x* +\/€+lx1°
Q

Leading Term: 2% Leading Term.Ji X

Degree: = Degree: \O

Leading Coefficient: Q_ Leading Coefficienvl

c. g(X) =2(x+2)(2x— 7Y (x+ 2

=
Leading Term: 2 X Clb X = 2x U2 XB = XL
Degree:
Leading Coefficient: 8

d. f(x)=2x-3)(x+9)*x(-x-1)°
S \
\ \
Leading Term: 2>(-)(u‘ X . (“XB = —2 X

Degree: \(
Leading Coefficient: — 2
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End Behavior of Polynomial Functions

The behavior of a graph of a function to the férde far right is called itend behavior
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The end behavior of a polynomial function is reeedby the leading term of the

polynomial function
1. Even-degree polynomials look like= +x“ on the ends

1
wwwwwww
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LEADING COEFFIECIENT: +
2. Odd-degree polynomials look like= +

LEADING COEFFICIENT: -

x3on the ends.

7777777

LEADING COEFFIECIENT: +

a. P(x) = —-x11 +2X
\ < odd

Section 4.1 — Polynomial

Example 2: Describe the end behavior of

Functions

LEADING COEFFICIENT: -

b. P(x) = (2x-5)?(x-10)

LeaAimﬁ'\@'m = (2_ <) w=k
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Zeros of Polynomial Functions

If fis a polynomial function, then the valuesxdbr whichf(x) is equal to O are called the

= _A CEOH=0

x={ | ~(O-0

- (a-arndD

zeros of f.
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Example 3: Find the zeros of :

a. f(x)=x*-x°

- (-1
= x-D(x+D

=0 x-1=0

x+\ =0

=-A

C. f(x)——3x(x+ j(x 4)°

-2 =0 K+ Vo

O X-U4=0

x=0

= -1/2

%= Ui
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=3

f(x)=3x>-6x- 9

> (k= 2%-2D

=5 (x=-2D(xD

X-2=0
X =2

d. f(x)=54x-2)*(x+7)®

\-\x—2=0
v 4D

L =2,

X_'-_

2
I
=\
X 2-

s\ =0
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Multiplicity of aZero

In factoring the equation for the polynomial fumctf, if the same factor
X — roccursk times, we call arepeated zero with multiplicity k.

6
For example, in the following polynomial functionf. (x) = 3()(_%,) (x+10y

the zero% has multiplicity é , and the zero —10 has iplidity 5

Example 4: For each of the following polynomiasie the zeros and the multiplicity of
each zero.

a. f(x)=-5(x-2)°
x=2=0
x=2 mult. =5

b. f(x)=-3x*(-3x+4)(2x-1)°

x“‘:@ —ax+ k=0 2. x-\=0

Xx=0 “ox =-4 2 %=\
mo =4 %= Y =")2

\‘nu\‘\z\

mu\-\f-_a

IMPORTANT: The multiplicity of each zero helps tssknow what the graph of the
function will look like surrounding that zera-{ntercept).

Description of the Behavior at Each x-inter cept

1. Even Multiplicity: The graph touches th@xis, but does not cross it. It looks like a
parabola there. Example: Féix) = (x+1)"°, around x = -1, the graph will look like: )

2. Multiplicity of 1: The graph crosses tk@xis. It looks like a line there. Example:
For f(x) =(x+1), around x = -1, the graph will look like: ,

L
3. Odd Multiplicity greater than or equ#l The graph crosses tkexis. It looks like a \ \
cubic there. Example: Fai(x) = (x+1)*, around x = -1, the graph will look like:
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Stepsto Graphing Other Polynomials

1. Determine thend behavior by first finding itsleading term. Is the degree even or
odd? Is the sign of the leading coefficient pesitor negative? (One of four cases will
apply here. See page 2.)

2. Determine the zeros and their multipliciti¢snecessary, factor the polynomial.

3. Find they-intercept. 5€\- X=0

4. Draw the graph, being careful to make a niceamcurve with no sharp corners.

Note: without calculus or plotting lots of pointge don’t have enough information to
know how high or how low the turning points are.

Example 5: Sketch the graph 6{x) = —2x* + 2x°. _

Leading Term: — 2. X 4 End Behavior: \l\LE - )(25
N en l/

Zeros/Multiplicities: Q“ >

- qu + Zx’b: _ zx'b (K-D

X =0 x-\=0 _

y-intercept:

sk k=0 F@O=-20*20%-0 (o0

=
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Example 6: Sketch the graph 6{x) = (x—-2)*(-x+1)?(x+ .4) 2
Leading Term: End Behavior: X

(=D x = £° even A

*D

Zeros/Multiplicities:

x-2=0 -X+1 =0 X+h =0
K =2 —x =~ x = -l
I X =\ = A
mu\'\‘mg\g Mo \_‘(__; > ma \'l‘
y-in:ercept: ?O—K'Q\DD\Q \\‘(\E'_.

el k=0 (0-2 (03 (041D

= (D70 = C2) (L) = =22
(0, -2
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Example 7: Sketch the graph 6{x) = =x(x+ 2)*(x—3)°. 2
Leading Term: End Behavior: — ${

(O = - < CEAA\ 0

Zeros/Multiplicities:

-%x =0 X+2 =0 X-35 =0
=0 Y= - Y=
h«\u\-\_zﬁ_ Mo . =2 Mu W =2
\ Fom\oo\a oxabo\a
“;/\-inet;rcept: ?

cet x=0 § (o> =0 (D\O>
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