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3.6 Complex Zeros and
the Fundamental Theorem of Algebra

The Fundamental Theorem of Algebra states that every polynomial
with complex coefficients has at least one complex zero. Since any real
number is also a complex number, this theorem also works for
polynomials with real coefficients.

The Complete Factorization Theorem states that every polynomial can
be factored, although you may have to use complex numbers.

A complex number is a real number * an imaginary number.

examples: 3 + 2i -61 4 -4

Example 1
Find all solutions of the equation by factoring.

Px) = x* + 4%
O=x=(x*+ 1)
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Example 2

Find all solutions of the equation by factoring.
x°-64=0

C—BD(C+8) =0
Ca-BY(a*+ak+ VD)

Cx—2D)( K +2x+ )
K=2=D XE+¥LxXIH=0
X=2] x=—=8R

|
o,

2
X==-222W3

2
L=e)

Example 3
Find all solutions of the equation by factoring.

P(x) = 3x° + 24x° + 48«
0= 3x(xt ex" + p)

0 = 2x (&+ DO+ D)

A
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Example 4
Find all solutions of the equation by factoring.
0=x"-7x-8 2 =8

0=(3=R) (C+D) v
0= (X—Z) S +’2.x+'—l'\<x-\— DO — %1+ | W

; X"'\‘ 2 X D
« = =22 3D %= = lQ)( ch\
2.C\)
2 K= ‘——"‘2

X = —Z :\'-2_\53
- 2 = |l
T e

Example 5
Find all solutions of the equation by factoring.

P(x)_f(xz + 73‘2)+<18x+ IQ 3_2_-1:.1:\(0-_22‘_4 +18
=G + BT
=3 |\ * 8 @

y—3 —l2 —I8
\ + & O

0= (K+%)(}("+l—bg+Q

= -311%}: )C"I—HCQ(LT

x= =gl
- =420
K 2

Y= -2 £ UT
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Example 6
Find all solutions of the equation by factoring.

P(x) =x"+ 24 + 1

A

The Conjugate Zeros Theorem states that complex zeros come in
conjugate pairs. In other words, if 2i is a zero, then -2i is also a zero.
Orif 5 - 3i is a zero, then 5 + 3i is also a zero.

Example 7
Find a polynomial P(x) of degree 3 that has
integer coefficients and zeros 4 and 2i. &% — 2L

PG =% )(x =20)(x+ 20)
PO = (k) X —2L X
P& = (x—1)

PO = X+t

[POO = ¥~ iy — (o)
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X=s+2. = — 21
Example 8 - =S

Find a polynomial P(x) of degree 2 that has
integer coefficients and zeros 5+ 2; and 5 - 2i.
PG =[x G2 x=6E-2D

P& = Y__&—‘S-—ZL]LX——S-\—ZL_}
POQA=x(x-5+2)

PO = F—Sxae2t ML — 2%+ -1 (/_ N
PGQO= x> SX —SX +25 +4

LPGO= x> —1ox + 29|

Example 9

Find a polynomial P(x) of degree 4 that has zeros
{, -1, 2, and -2 and with P(3) =

PG = (% =1) (%X X —=2) f X4 2)
PO = (e fe — NG phA e~
P& = (O —4)

PR = x¥—ul+ 7& ¥

P A{x‘* -3¢ — 25 = @“/3\;:5)
&?Cx\ = S —-z_\

;z
2
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