Math 1314 - College Algebra
Section 5.5 Zeroes of Polynomial Functions

» Fundamental Theorem of Algebra: If P(x) is a polynomial with positive degree, then P(x) has at least one
complex zero.

» Polynomial Factorization Theorem: If n > 0 and P(x) is an nth degree polynomial, then P(x) has exactly n
factors: P(x) = ay(x—r)(x—r)(x—r3)...(x—ry)
FloFa,Fa,. ... r, are complex numbers.

m Theorem: If multiple roots are counted individually, the equation P(x) = 0 with degree n has exactly n roots
among the complex numbers.

m If a factor x — ¢ appears k times, then the zero x = ¢ has multiplicity k.

m Conjugate Pairs Theorem: If an equation P(x) = 0 with real coefficients has a complex root a + bi, (b # 0),
then a — bi (its complex conjugate) is also a zero.

» Rational Zeroes Theorem: Given P(x) = apx" +an & ' +ay 28" 2+ ...+ +asx® + a\x +ag with integer

coefficients. If the rational root P (written in lowest terms) is a zero of P(x), then p is a factor of g and g is a
q
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Potential rational roots look like: -
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» Descartes” Rule of Signs: If P(x) has real coefficients, then the number of positive real zeroes is equal to the
number of variations in sign of P(x) or less than that by an even whole number.
The number of negative real zeroes is equal to the number of variations in sign of P(—x) or less than that by
an even whole number.

m Rephrase: For potential positive real zeroes: Count sign changes in P(x). Take that number and continue to
subtract 2 until you get 0 or 1. The original value and each result of the subtraction could be the number of
positive real zeroes.

For potential negative real zeroes: Count sign changes in P(—x). Take that number and continue to subtract 2
until you get 0 or 1. The original value and each result of the subtraction could be the number of negative real
zZeroes.

m NOTE: To find P(—x), change all signs of coefficients of x0dd power
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Math 1314 Section 5.5 Continued

m The Upper and Lower Bounds Theorem: Let P be a polynomial with real coefficients.

1. If we divide P(x) by x — b (with b > 0) using synthetic division, and if the row that contains the quotient
and remainder has no negative entry, then b is an upper bound for the real zeros of . No number greater
than b can be a root of P(x) = 0.

2. If we divide P(x) by x — a (with a < 0) using synthetic division, and if the row that contains the quotient
and remainder has entries that are alternately nonpositive and nonnegative, then a is a lower bound for
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Ex: Given P(x) = x° — 70 +9x* 4233 — 50 4 24x @ Facr ! £ pussip

(a) List all possible rational zeroes.

(b) Use Descartes’ Rule of Signs to find the number of possible positive, negative, and nonreal zeroes.
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m Strategy to find all zeroes of a polynomial P(x):

. Make sure all terms of P(x) are written in descendin %jf > WS cims oSS, 1,2
. Factor P(x) if possible. P{)()’/O (x ’7[) X~ YX'P?’YX"()

. Check to see if x = 0 is a zero of P(x). %/0((3 x{/o/)(: l) X{/() X’,}//(c’b/ X—“f

Use Descartes’ Rule of signs to determine the number of positive, negative, and nonreal rogts.

Use the Rational Root Theorem to list all possible rational roots.
. Use synthetic division to find a root. (Remember to write 0 in place of any missing terms).

. Rewrite P(x), using the root to write as a product of factors.

I T N

. Look at the depressed equation to see if some rational roots can be eliminated. Use this and results from
Descartes’ Rule to choose the next potential zero to try.

=]

. Continue until P(x) is written as a product of linear factors and one quadratic factor (i.e. depressed
equation is quadratic). Solve the quadratic equation by factoring, completing the square, or quadratic
formula.

55 Page 3



PR Lt -2 4 40 2 Siqn thengts 14 P-c)
AN = 2 0c | ng-real Penes

Math 1314 x=zo s Vlr\’a e Section 5.5 Continued
Ex: Find all zeroes of P(x) = zx 0l ar 4o, Vi Uhange = | pos. reut 3o e
Rat'l Rok Then "‘_i_‘_“ﬁz Q'Nf{“{“‘”- ’o reat|~yeet | pon
Possde m& s’ ‘( m
55 % ,
t—'ﬁ £% ih—bS ru y«’,‘tir; 514

+( 1;'» *&-\—S -\-,i 8 1y +g_2

fossivle. 'L W'S ‘I! Iz, Ly, 1:{, ’c‘s,tm,tzo,dwa 5,15,
4|2 9 - -2 M -40 2 -1 a2 -f o g ah
’( = b (IN‘I lf) g/ %} /Q %}%
’7’ B ho neg- hewe 7
-5 (22 ABRE) = (<5 )26 1 e E)
" ” )(" Rav'! LT Jnd (wf ) constad: 8
(! l %

Chact wew dlepressed plly
,,qisnd’a'w‘ PsSﬁdtu\H ok 1 |, 12, Ld, £$- Bm’ WA(T\ we Hud e dV\‘aZ

A2y 8 ) A
T e Y =)=~ % w
- 12 -
| : ] 2dd \((educide gver
Ty e e P&=1 (x5, )(x&z)xrl) ced W
- L—/—QL—"‘L—K\N: :Aai-i\ B wakmntic. thsgw\t‘hc Al\/l
= s 244 =0 2 X,-u’
To4 sve K Ve
! Kz 4= T2
Pl 2(x ")(xh«)(x 2)(xt 2t)
WS ><_, X’/; X< ?’0 X'-’Zl

55 Page 4



