The Fundamental Theorem of Algebra

The Factor Theorem: If c is a zero of a
polynomial p(x) then z — ¢ is a factor of p(z).

The Factor Theorem: If p is a polynomial function,
and p(c) = 0 then z — ¢ is a factor of p(z).

plz) = (z — ¢)(polynomial 1 degree less than p(x))

Example: 5 is a zero of 22 — 422 — 4z — 5
therefore, x — 5 is a factor of z° — 422 — 4z — 5.

z3 — 4z® — 4z — 5 = (z — 5)(2nd degree poloynomial)

Example: — \/g is a zero of z* — 322 — 10
therefore, z — ( — 1/5) or z ++/5 is a factor of
dz* — 1222 — 40.

Azt — 1222 — 40 = (z + \/g)(Srd degree polynomial)



The Fundamental Theorem of Algebra

Fundamental Theorem of Algebra:

Any nth degree polynomial with leading coeficient
of @, can be written as a, multiplied by n linear
tactors of the form x — ¢ where ¢ 1s a zero (real or
imaginary) of the polynomial.

az+a_ 2" 14+ tazt+a,=a(z—c)(z—c)..(z—c)

Example: — \/g . \/g — \/E-i, and \/E-i are Zeros

of 4z% — 1222 — 40.

4z* — 1222 —40=4(z + V5)(z — V5)(z + V2i)(z — vV 21)



The Fundamental Theorem of Algebra

If (z — ¢)" is a factor then c is said to be a zero with
multiplicity n.

(z—c)xz—c)x—c)...(z—c) (x —c)

multiplied by itself n times.

Example: The zeros of 9z% — 1223 — 2322 + 36z — 12
are %, V3. -3

9z* — 1223 — 2322 + 36z — 12 =9(z —

)z - §)(z —V/3)(z+/3)
(z - V/3)(z +V/3)

9z* — 1223 — 2322 + 36z — 12 = 9(z —
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The Fundamental Theorem of Algebra

If P is a polynomial with rational coefficients and if a \/3 is
a zero of P thena — \/3 must also be a zero of P.

Example: The zeros of 9z* — 1222 — 2322 + 36z — 12

are %: \/E , — \/E . Therefore % must be a zero with
multiplicity of 2.



The Fundamental Theorem of Algebra

If P is a polynomial with real coefficients and if a + b1 is a zero
of P then a — b7 must also be a zero of P.

Example: If P is a fifth degree polynomial and 2, 27, and 1 — 3:
are zeros of the polynomial what other properties of P can be
determined from this information?

1) — 2z and 1 + 3z are also zeros of P

2)2, 2¢, — 21, 1 — 312, and 1 + 3: are the only zeros of the
polynoial and they all have multiplicity 1.

3) The graph of y = P(z) will only have 1 z-intercept.

4) P(z)= Az —2)(z — 21)(z + 2i)(z — 1 — 3i)(z — 1 + 37)



