Chapter Three:

Polynomial Function

3.1:
Quadratic Functions and Models
Definition:
Let a, b, and c be real numbers with a ≠ 0. The function



f (x) = ax2 + bx + c

is called a quadratic function.

All quadratic functions have graphs that are “U”-shaped and are called parabolas.




Let’s look at some parabolas



Standard Form of a Quadratic Function



f (x) = a(x – h)2 + k  
, a ≠ 0

The graph of f is a parabola whose axis is the vertical line x = h and whose vertex is the point (h, k). If a > 0, the parabola opens upward, and if a < 0, the parabola opens downward.

Sketch the graph and identify the vertex of:
f (x) = 2x2 + 8x + 7



Write 
f (x) = -x2 + 6x – 8      in standard form and sketch graph




For
 f (x) = ax2 + bx + c, the vertex is:
 V(h, k) = (-     , f(-     ))
Ex 3.1, pp270-272:
1-8, 9, 11, 17, 23, 29, 31, 33, 37, 39, 53, 57, 65, 71.

3.2:
Polynomial Functions of Higher Degree



The simplest graphs are monomials of form:
f (x) = xn ,   for n > 0



Leading Coefficient Test:
As x moves without bound to the left or to the right, the graph of the function 

f (x) = anxn + an-1xn-1 + ((( + a1x1 + a0 


eventually rises or falls in the following manner:

When n is odd:



When n is even:



Zeroes of Polynomial Functions:
x-values for which f (x) = 0

For a polynomial of degree n, the graph has at most n – 1 turning points (graphs changes from increasing to decreasing or vice versa.

Also, the function has at most n zeroes.


Real Zeroes of Polynomial Functions

If f  is a polynomial function and a is a real number, the following statements are equivalent:

1. x = a     is a zero of function f .

2. x = a     is a solution of the equation f (x) = 0.

3. (x – a)   is a factor of the polynomial f (x).

4. (a, 0)     an x-intercept of the graph of f (x).

Find all the real zeroes of:

f (x) = x3 – x2 – 2x 



Find all the real zeroes of:

f (x) = -2x4 + 2x2 




Ex 3.2, pp 284-285:
1-8, 9, 11, 13, 15, 19, 23, 27, 29, 35, 45, 51.

3.3:
Polynomial and Synthetic Division


Long division of Polynomials



Consider f (x) = 6x3 – 19x2 + 16x – 4

[-1, 3]1;[-4, 2]1


Now let’s divide f (x)  by x – 2 

The Division Algorithm:


If f (x) and d(x) are polynomials s.t. d(x) ≠ 0, and the degree of d(x) is less than or equal to the degree of f (x), there exists unique polynomials q(x) and r(x) s.t.: 



f (x) = d(x)(q(x) + r(x)

   Where r(x) = 0 or the degree of r(x) is less than the degree of d(x).

   If the remainder, r(x), is zero, then d(x) divides evenly into f (x).

Synthetic division:
This process only works for divisors in form

x – k, where the variable x is of degree one and k is a constant.

(Divisor must be written in x – k format)

Cookbook process on page 292
The Remainder Theorem:
If a polynomial is f (x) is divided by x – k, then the remainder is:
r = f (k)

The Factor Theorem:
A polynomial f (x) has a factor x – k if and only if
f (k) = 0.

Using the Remainder in Synthetic Division


The remainder r, obtained in the synthetic division of f (x) by 

x – k, provides the following information:


1.
The remainder r gives the value of f at x = k. That is r = f (k).


2.
If r = 0, (x – k) is a factor of f (x).


3.
If r = 0, (k, 0) is an x-intercept of the graph of f (x).

Ex 3.3, pp 294-295:
1, 5, 7, 9, 13, 15, 17, 21, 23, 25, 27, 45, 49, 65.

Chapter Four:
Rational Functions 

4.1:
Rational Functions and Asymptotes


A rational function is a function that can be written in form:



  f (x) = 



D(x) ≠ 0


Consider  f (x) =




[-6, 6]1; [-4, 6]1










Definition of Vertical and Horizontal Asymptotes


1.
A line x = a is a vertical asymptote of the graph of f if:




f (x) ( ∞  or f (x) ( -∞ 
as x ( a+  or  as x ( a –



2.
A line y = b is a horizontal asymptote of the graph of f  if:




f (x) ( b
as x ( + ∞

To find Asymptotes of Rational Functions:

Let


      f (x) = 

=


Where N(x) and D(x) have no common factors

The graph of f (x) has vertical asymptotes at the zeroes of D(x)

· The vertical asymptotes are the lines x = a, where a is a zero of the denominator.

The graph of f (x) has one or no horizontal asymptote determined by comparing the degrees of N(x) and D(x).

· If n < m, then f (x)  has horizontal asymptote of   y = 0


· If n = m, then f (x)  has horizontal asymptote of  y =



· If n > m, then f (x)  has no horizontal asymptote.

Find the following horizontal asymptotes:

Ex 4.1, pp 341-342:
1, 3, 5, 7, 9, 11, 13-16, 17, 19, 21, 23, 25, 27, 33.

4.2:
Graphs of Rational Functions


Guidelines for Graphing Rational Functions


Let f (x) = 

where N(x) and D(x) are polynomials 





with no common factors

1. Find and plot the y-intercept (if any) by evaluating f (0).

2. Find the zeroes of the numerator (if any) by solving N(x) = 0.

Plot the corresponding x-intercepts.

3.
Find the zeroes of the denominator (if any) by solving D(x) = 0.


Sketch the corresponding vertical asymptotes.

4.
Find and sketch the horizontal asymptote (if any) using the rules.

5.
Plot at least one point between and one point beyond each x-intercept and vertical asymptote.

6.
Use smooth curves to complete the graph between and beyond the vertical asymptotes.


 Sketch the graph of f (x) = 






f (x) = 






Slant Asymptotes:
Remember if the degree of N(x) is greater than the degree of D(x) we have no horizontal asymptote. However, if the degree of the numerator is exactly one greater than the degree of the denominator, the graph of the function has a slant asymptote. 


f (x) = 






Ex 4.2, pp 350-352:
1, 5, 9, 13-35 odd, 47-55 odd, 63, 67.
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