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3. Use The Factor Theorem
If R=P(r)=0 in the equation P(X)=(x-r)
Q(X)+R, then P(x) factors as (x-r)Q(x).
This fact can help us factor polynomials.

The Factor Theorem
If P(x) is a polynomial funcation and r is
any number, then
If P(r)=0, then x-r is a factor of P(x).
If x-r is a factor of P(x), then P(r)=0.

PROOF
Part1: First, we assume that P(r)=0 and
prove that x-r is a factor of P(x). if P(r)=0,
then R=0, and the equation P(x)=(x-r)
Q(X)+R becomes

P(X)=(x-r)Q(x)+0

PX)=(x-NQ(X)

Therefore, x-r divides P(x) exactly,
and x-r is a factor of P(x).
Part2: Conversely, we assume that x-r
is a factor of P(x) and prove that P(r)=0.
Because, by assumption, x-r is a factor
of P(x), x-r divides P(x) exactly, and the
division has a remainder of 0. By the
Remainder Theorem, this remainder is
P(r). Hence, P(r)=0.
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The Remainder Theorem
If P(x) is a polynomial function. r is any
number, and P(x) is divided by x-r, the

remainder is P(r).

PROOF

To divide P(x) by x-r, we must find a quotient

Q(x) and a remainder R(x) such that
Divident = divisor . quotient + remainder

! ! ! !
PO = (k1. QK + RKX)
Since the degree of the remainder R(x)
must be less than the degree of the divisor
x-r, and the degree of x-r, is 1, R(x) must be
a constant R.
In the equation

P(X)=(x-r)Q(X)+R
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the polynomial on the left side is the same
as the polynomial on the right side, and the
values that they assume for any number x
are equal. If we replace x with r, we have
P(nN= (r-nQ(n+R
= (0)Q(nN+R
=R
Thus, P(r)=R.

EXAMPLE 3

Using the Remainder Theorem

Use the Remainder Theorem to find the
remainder that will occur when

P(x)=2x* —10x° +17 x* ~14x -3

is divided by x-3.

SOLUTION
By the Remainder Theorem, the remainder
will be P(3).

P(x) = 2x* —10x® +17x? —14x -3
P(3) =2(3)* —=10(3)° +17(3)> =14 x(3) -3
=0

Substitute 3 for x.

The remainder will be 0. Although this
calculation is tedious, it is easy to do with a
calculator.



