[image: image31.wmf][image: image32.wmf]0

)

(

=

x

P

3.3
Multiplicity

[image: image1.wmf]9

6

)

(

2

+

-

=

x

x

x

f

  can be factored into 
[image: image2.wmf]2

)

3

(

or  

  

)

3

)(

3

(

-

-

-

x

x

x

.

Then factor 
[image: image3.wmf])

3

(

-

x

occurs twice.

The zero 3 is called a zero of multiplicity 2
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Graphs & Multiple Zeros

If a zero of a polynomial 
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has ODD multiplicity, then its graph crosses the x-axis at the zero.

If a zero has EVEN multiplicity, then its graph intersects, but does not cross, the x-axis at the zero.

The higher the multiplicity of a zero, the more the graph levels off at the zero.
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n-Root Theorem
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n-Root Theorem
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State the degree of each polynomial equation.  Find all of the real and imaginary roots of each
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equation, stating multiplicity when it is greater than one.
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n-Root Theorem
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Conjugate Pairs Theorem

Conjugate Zeros Theorem

State the degree of each polynomial equation.  Find all of the real and imaginary roots of each

equation, stating multiplicity when it is greater than one.
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Find all of the real and imaginary zeros for each polynomial function.
2.
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 EMBED Equation.3  [image: image24.wmf]12
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     (Hint: Factor by Grouping)


Descartes’s Rule of Signs

Descartes’s Rule of Signs 


Use Descartes’s rule of signs to discuss the possibilities for the roots of each equation.  Do not solve the equation.
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Bounds on the Roots

Theorem on Bounds
Use the theorem on bounds to establish the best integral bounds for the roots of each equation.
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Finding Zeros of Polynomial Equations

Use the rational zeros theorem, Descartes’s rule of signs, and the theorem on bounds as aids in finding all real and imaginary roots to each equation.
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Finding a Polynomial From Zeros

1.    Find a polynomial equation with real coefficients that has the given roots –3, 2, –5.

2.    Find a quadratic equation whose solutions are 5i and –5i.


Finding a Polynomial From Zeros

1.    Find THE polynomial of degree 3 having zeros 2, –3, 5 and 
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.
2.    Find THE polynomial of degree 3 having the graph shown below.  Put your answer in Standard Form

�





2





-2





-5





1





2





5





-1





-2





-3





3





Multiplicity 4 (even)
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Expanded Form





Zeros    Multiplicity





Degree = ____





Zeros   Multiplicity
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Degree = ____
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Zeros   Multiplicity





1. Factor.


2. Set each factor to 0.


3. Solve for x.


4. Determine multiplicity of each zero.
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Suppose � EMBED Equation.3  ���is a polynomial with real coefficients and a positive leading coefficient, and synthetic division with � EMBED Equation.3  ���is performed.





( If � EMBED Equation.3  ��� and all terms in the bottom row are nonnegative, then c is an upper bound for the roots 


     of � EMBED Equation.3  ���.


( If � EMBED Equation.3  ��� and the terms in the bottom row alternate in sign, then c is an lower bound for the roots 


     of � EMBED Equation.3  ���.











Suppose � EMBED Equation.3  ���is a polynomial equation with real coefficients and with terms written in descending order.





( The number of positive real roots of the equation is either equal to the number of variations of sign       


     of P(x) or less than that by an even number.


( The number of negative real roots of the equation is either equal to the number of variations of sign   


     of P(–x) or less than that by an even number.
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If a polynomial� EMBED Equation.3  ���has only real coefficients and if � EMBED Equation.3  ��� is a zero of � EMBED Equation.3  ���,�then the conjugate � EMBED Equation.3  ��� is also a zero of� EMBED Equation.3  ���.
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If � EMBED Equation.3  ���is a polynomial equation with real or complex coefficients and positive degree n, then, when multiplicity is considered, � EMBED Equation.3  ��� has n roots.
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