Math 1050 Section 2.2 Polynomial Functions of Higher Degree NOTES

A polynomial function is a function in the form f(x)=ax"+a, x"'+_ +ax+a, where a.a, ... a.a&

are real numbers (coefficients) and n is a nonnegative integer. The domain of a polynomial function is the set of

all real numbers. The degree of a polynomial is the largest power of x that appears. The zero polynomial
F(x)=0 is not assigned u degree. £(x)23 degree is O

Example: Determine which of the following are polynomial functions. For those that are, state the degree; for

those that are not. tell why not,
a) f(x)=5+22"-8x° ygt,s 2 b) j'{.t]=~1+3-JI no N ,.,r— J')-t, =Y

c) f(t}=—_t (x=1)" \Iec,; 5 d) f(x)=0 \Ie,"a 3 not G‘i‘nl.amd
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0 flx)=2 nfx)=9 yes; O

7 No; ravonal

A polynomial function is smooth and continuous. It does not contain corners. cusps, gaps. or holes.
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(b) Cannot be the graph of
polynomial function

(a) Graph of a polynomial function:
smooth, continucus

A power function of degree n is a monomial of the form f{x)=ax". where a is a real number. @ =0, and n is

an integer greater than ().

Example: Compare the even power functions [ (x)= 1" f(x)=x'. f(x)=x", and f(x)=4".
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Properties of Power Functions f (x)=x". n Is an Even Integer
I f isaneven function. so its graph is symmetric with respect (o the y-axis.
The domain 1s the set of all real numbers. The range is the set of nonnegative real numbers.
The graph always contain the poimts (-1, 1), (0, 0), and (1, 1).
As the exponent 1 increases in magnitude, the graph becomes more vertical when x<—1 or x > 1: but
for x near the origin, the graph tends to flatten out and lie closer to the x-axis.

£

Example: Compure the odd power functions f(x)=2a", f(x)=x", f(x)=x". and f [x)= x".

Properties of Power Functions [ (.1) =x", n Is an Odd Integer
1. f is an odd lunction. so its graph is symmetric with respect o the origin.
2. The domain and the range are the set of all real numbers,
3. The graph always contain the points (-1, -1), (0. 0), and (1. 1).
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As the exponent 2 increases in magnitude, the graph becomes more vertical when x< =1 or x> 1; b
for x near the origin, the graph tends o tlatten out and Lie closer Lo the x-uxis.
k. y el oy "l‘
Example: Sketch the graph of each function. 'L ciant Y
a f(x)=-x*+2 b. h(x) = (x+ 5)* c glx)= i(x -3)*
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Example: Describe the right-hand and left-hand behavior of the graph of each function.
=143 s et adik = —3.6x5 -
a f(x) T X=2x da:\rta 2 o b. f(x) 3.6x° 4+5x° -1 _P{x}% o
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Real Zeros of Polynomial Functions ARG E2 QY

If f isafunction and r is a real number for which f (r)=0. then r is called a real zero of f. The real zeros

of a polynomial function are the x-intercepts of its graph, and they are found by solving the equation f(x)=0.

The following statements are equivalent:
r is a solution of f(x)=0.
r s a real zero ol g polynomal fupction f.
r is an x-intercept of the graph of f.
X—r is a factor of f. les
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Example: Find all zeros of f(x) = x® — 12x% + 36x. Then determine the maximum ible number of P‘a‘d
turning points of the graph of the function. Mo +Ufﬂ{h¢j Pﬂiﬂh@d—mﬁ/ ﬂ-o

fachr b Fnd the zets |2ervs: 0,
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a X i =0
Rs)fx(x -)l&lx-*';tr) % —t.=0 ©p) (6,0)
= ¥ (x-le LXx X e *+6 =0, Y= (o
: X (x~b =0 X=(p

I the same Factor x—r occeurs more than once, ris called a repeated, or multiple Zero of . More precisely, if

(x=r)" is a factor of a polynomial f and (x—r}'” is not a factor of £, then ris called a zero of multiplicity m

of f.

Example: Identify the zeros and their multiplim&ies for the polynomial f [x)=3( Jr-4)[:r+l)3 [.r—'_’]:.
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Multiplicity Rules:
If r is a zero of even multiplicity:

1. The sign of f(x) does not change from one side to the other side of r.
2

2. The graph of f touches the x-axis at r. bouh L@

If r is a zero of odd multiplicity:
I. the signof f(x) changes from one side to the other of r.

2. The graph of f crosses the x-axis at r. ‘]’h Y’DUﬂh

Example: Sketch the graph of f (x) = 2x? — 6x°.
fly) = 2x* (% =)
2x*(x-3)=0
2x*:0 x~3°0
X0  X=9
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Example: Sketch the graph of f (x) = —}x" ¥ §x3 o Exz_

£ = 3 (x*- bx +ﬂ L
3 -3,-%
2oyt (x-3)
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Intermediate Value Theorem contingous
Let @ and b be real numbers such that a < b. If fis a polynomial function such that f(a) # f(b), then, in
the interval [a,b], f takes on every value between [{a) and f{b).
. ac-1  Fla)e-!
fory =2  flb)=3%
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