Theorems that Help Us to Find the Zeros of Polynomial Functions with Degree > 2

Unless specified, let f be a polynomial function of the form f(x) = anxn + an–1xn–1 + … + a1x + a0  (an ( 0).

	Theorem
	What does it say?

	Remainder Theorem
	If f(x) is divided by x – c, the reminder is f(c). 

	Factor Theorem
	If f(c) = 0, then x – c is a factor of f(x) and vice versa.

	Linear Factorization Theorem
	Every polynomial function f of degree n (n ( 1) can be factored into n linear factors (not necessarily distinct) of the form f(x) = an(x – r1)(x – r2)(...((x – rn). 

	Fundamental Theorem of Algebra
	Every polynomial function of degree n (n ( 1) has at least one complex zero. In fact, there are exactly n complex zeros (not necessarily distinct). 

	Descartes’ Rule of Signs
	1. The number of positive real zeros of f is either the number of sign changes of f(x) or that number minus an even number. 

2. The number of negative real zeros of f is either the number of sign changes of f(–x) or that number minus an even number.

	Rational Zeros Theorem
	The possible rational zeros of f of degree ( 1 are of the form p/q, where p is a factor of a0, the constant term, and q is a factor of an, the leading coefficient. 

	Intermediate Value Theorem
	If a < b and f(a) and f(b) are of opposite signs, then there is at least one real zero of f between a and b. 

	Bounds of Zeros (a.k.a. Boundedness) Theorem (1)
	Suppose f(x) (with a positive leading coefficient) is divided by x – c using synthetic division,
a) If c > 0 and the numbers in the last row are either positive or zero, then c is an upper bound for the real zeros of f; 
b) If c < 0 and the numbers in the last row are alternately positive and negative (zero entries can be used as positive or negative), then c is a lower bound.    

	Conjugates Pairs Theorem (2)
	1. If f has rational coefficients only and 
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2. If f has real coefficients only and a + bi is a zero, then so is a – bi.

[That is, imaginary zeros come in conjugates pairs.]


In Layman’s Terms (hopefully)
	Theorem
	What it tells
	What it doesn’t tell

	Fundamental Theorem of Algebra
	The number of complex zeros
	Whether they are
· Positive or negative

· Rational or irrational

· Real or imaginary

· Repeat or not

	Rational Zeros Theorem
	The rational numbers (including integers of course) you need to try in synthetic division
	Which ones will work which ones won’t (unless you carry out the synthetic division of course)

	Descartes’ Rule of Signs
	The (possible) number of positive real zeros and the (possible) number of negative real zeros; and you can infer the (possible) number of imaginary zeros. It is the best when f(x) (or f(–x)) has no sign changes since there will be no positive(or negative) real zeros 
	· Exactly how many of each kind

· Rational or irrational

· Repeat or not

	Bounds of Zeros (a.k.a. Boundedness) Theorem
	When you are trying numbers using the synthetic division, how far you should go in both (positive and negative) directions before you can stop.
	


Notes: 

1.
This version the theorem is not the same as the one in the book.
2. 
Part 1 of the theorem is not in the book, but part 2 is. 
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