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2x—y=—10 10 Complex Zeros of Polynomials

-3 47x] [5 . o
5 —JM:LW} Learning Objectives

» Perform operations on complex numbers.
i m(m + 1) * Find all complex zeros of a polynomial.
k= D) * Factor a polynomial to linear and irreducible quadratic factors.
k,_ll ntl » Use the conjugate of a complex zero to identify an additional zero.
& — 1-2 * Create a polynomial given information that includes complex zeros.
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Complex Numbers

(.

The imaginary unit i satisfies the following properties:

« i7=-1

» If ¢ is areal number, ¢ > 0 then \/;=(x/2)-i

here a and b are real

A complex number is a number of the fo

numbers and i is the imaginary unit.

The real numbers are a subset of the complex numbers. ‘R

The conjugate of a complex number, a + bi is a - bi.

Expressed in symbols,

a+bi=a-bi -

2 3+UL conugate s 3-U¢

Ex 1: Identify a, b and the conjugate of each of these complex numbers.

a) -2+5i

b) 6i =D+L;'
&=0

b=b
C"\Jua‘dg,
Db = -t

c) 53 .
=53 +0.

qQ=S3

b=0
A
s3-0c
= S g

\

o {—S =dS

<C

I\

Subset

d) m-i

a=T

b= -l

cmgﬂyﬂt
T4+



Arithmetic on these numbers is as expected.
EX 2: Perform these operations on complex numbers.

a) (1-3i)+(2+5) b) (1-3)(2+50) c) (1-3i)-(2+5i)

() (34 = 2+SibicsT =)+ (3-S)
= fz—i-\s(-l) =

= +\S
4 1=3 e) \/-_3;-12 f) J3)-12)

2+5i
e LB)R)  =3T
248 \2-S¢ . |
R AT (ze = B
V'R*;t e < (O(")
= 2-M{ +5¢1) =Ee\

ey
= B8l A L -l
I

Ex 3: Perform_this multiplication.
F-(+2i )§x— 1% 2i)) (node. Hus 1S & Vovialole
_a _)</$' . Iypressien, not & numevica |
K-x(F)-(H)X  oxpression Like oample

s yo=2x -4 {;-‘ZX'I-S] (=) are
| | whéuaq‘ks.




Complex Roots of Polynomial Functions (_W‘CW- AS‘“M"\& C&K\ b&
The Fundamental Theorem of Algebra and Complex gact rlz?tvl‘(;r{l ae alf

real)

If fis a polynomial function with degree n > 1:

* f has at least one complex zero.

 Inactuality, f has exactly n zeros, counting multiplicities.
* f has precisely n factors.

Furthermore:
» Complex zeros occur in conjugate pairs.
» Every polynomial can be factored into linear and quadratic factors with real

coefficients.
) Z _ 13
vorley: x= 23" 3 w““(%!)

Ex 4: Determine the complex zeros of f{x) =3x>-2x+2. ==
O= 3x*“2x+2L ‘
x= 2 £ ($-4EyR) Z*Jq(l-o _2£2{8

2y Tl
=20 _ (46 m.,w;v%d%;,g-f;-a
e

Ex 5: Given x + 3i is a factor of f(x) 20 - 11x° + 18x 99, find all other zeros.

lF X+3¢ is a -cudvv'\-\,,,h ’3“‘“" are D evoS.

x+3
E] is adev of

= 33| must alSo be a e of 'F(X) (Su\ g(X)
(o AHvoS v as Con| ua‘k r‘“ S\
D (-3 s a fector of ).
(xY%-30) = X - 3/41-3)4-9& = x-1¢) = X+4
2 2 =\ L) ) X=%¢ -
X +q)§Z~“xz“?%_q,‘1 | (x) (*"3 )(X 3 ‘(‘Z\l ")
>+ x) 2x-\\= o
\\x 99 2=l
(-1 -‘H\ x@
D




Ex 6: Use the techniques in this section and the last to find all the zeros of

Ax) =x+ 6x* +10x° +6x7 + 9x. = ¢ (y:' + (,\‘3 4-\0*1'.'-6\‘4. Q)

G()= x4+ by + Ox + byt 4 Zvos:
X=0
Pessibla ratieval vooksfreros: A=-3 (m:-“)
£|,£3 29 X=
using Desaartes Rub of Sigms: -
=0 positye rosts h
=) chack poscible ruets fcios
-1,-3-9

"I‘ Lo e e D -l~x 1% NoT
-{ =S - -l
: & ﬁ'(w\'#,ybof ¥,
s s | ® ¥
3|1 & 1o (6 9 ,

l 3 -9 -3 -9 ‘,_d\.ﬂ*"‘";, x=-3 1§ & voot/

IEEC) 20 of glx)

= §0x)=(x+3)( x’+3¥1+x+3)

SHH3 v
3 0 “\d\""' = -3 s @v'ooi-/itm
0

again.

2 §0d = (x43) (TH)

= a0)= x'+x>+i05? x+9=(e+3)! (x'+)
Dneay  reducible

960= (¥+‘$)1(x1+l3 Racter . ?ua&v:t&%ihv
2 . . [ &|lvw)
90 = (x+3) (x-1)0x+1) N y:f\e;‘bﬁh\
x “Hink about
m/ oots bf % ) X as 3-(1) and new
e '3)"1,& #s a dfferena nh*‘«ms.
each has

NK“)F_P\’K‘} MH\}“«{'& ‘
Note: { and -t are MPIW cmngo:k:-



