Name Student ID #

I nstructor Lab Period Date Due

Lab 1
Polynomials

Objectives

1. To become familiar with the definition of a polynomial.
2. To examine some of the properties of the graphs of polynomials.
3. To conjecture ageneral result from a set of examples.

TEMATH Procedures

Enter and Plot a Function

To enter afunction,
» Select New Function from the Work menu.

* Enter the expression for the function into the first cell of the Work window. When
finished, click the Enter button in the Work window or press the Enter or the
Return key.

To plot afunction,
* Enter the plotting domain of the function into the Domain & Range window.
 Select Plot from the Graph menu.

Enter and Overlay the Graph of a Function

To enter afunction and overlay its graph on top of an existing graph,
* Enter the function into the Wor k window.
» Select Overlay from the Graph menu.

Change the Plot Pattern or Color

To change the plot pattern or color,

* Click the pattern or color to the left of the function in the Work window until you
get the one that you want.

* Plot the function.
Set the Plotting Domain

To set the plotting domain of subsequent plots,
* Click inthe Domain & Range window to make it active.
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Lab 1: Polynomials 2

 Enter the minimum and maximum values of the plotting domain that you want into

the cells to the left and to the right of < x <. Note that TEMATH uses -5£ X £5 as
the default for the plotting domain.

Turn Off/On Autoscaling

Autoscaling is on when the autoscaling box in the Domain and Range window contains
an” and it isoff when thereisno ” . Click in the Domain & Range window to make it

active and then click the autoscaling box to display the” or to removethe .

Usethe Root Finder Tool [{2|to Find a Real Root of a Function

To find areal root of the plotted function,

* Click the Root Finder tool P« on the tool palette in the Graph window to make it
active.

* Click in the Graph window near the root. TEMATH will find the root and write its
value into the Report window.

A polynomial is afunction of the form

p(X) = a, +ax+a,X’+...+a X"

where n is anonnegative integer called the degree of the polynomial and a,,a, &,,..., &,

are constants called the coefficients of the polynomial. Polynomials are very useful for
modeling physical phenomena and for approximating complicated functions.

Exploration 1 Roots (zer os) of a Polynomial

A redl root or zero of a polynomial is areal number r such that p(r) = 0. Graphicaly,

thisis where the graph of the polynomial crosses or touches the x-axis. Y ou can think of
these points as the x-intercepts of the graph.

In this exploration, we want to investigate the different possibilities for the roots of a
cubic polynomial. Let's start by entering and plotting the third degree (cubic) poly-

nomial p(x) =-9- 9x + x>+ X> ontheinterval -5£ x £5. Note that you can enter the
function expression — 9 — 9x + x"2 + x*3 or you can use the TEMATH predefined
polynomial function poly(x, —9, -9, 1,1). To find aroot of the polynomial, click the
Root Finder tool [{2=| and then click in the Graph window near the root. TEMATH will
find the root and write its value into the Report window.

1. What arethe values of the threereal roots of thispolynomia?...............ccooiiiiiinnnt.

Kowalczyk & Hausknecht 8/11/00



Lab 1: Polynomials 3

End Behavior

The a x" term of a polynomial dominates p(x) = a, +a,x +a,x*+...+a x" as |x| gets
large because |ax"| becomes larger than the absolute value of any other term in the
polynomia. Thus, the value of a x" as x becomes much larger than zero determines the
far-right behavior of the polynomial and the value of a x" as x becomes much smaller

than zero determines the far-left behavior of the polynomial. Since x" >0 whenever
x>0, then a x" >0 whenever a, >0 and the far-right behavior of the polynomial is

said to be up to the right ﬁ; otherwise, whenever a, <0, then a x" <0 and the far-
right behavior of the polynomial is said to be down to the right & Similarly, if
a,x" >0 whenever x <0, then the far-left behavior of the polynomial is said to be up to
the left h\ and, if ax" <0 whenever x<O0, then the far-left behavior of the
polynomial is said to be down to the left ;..

2. Describe the end-behavior of the polynomial p(x) =-9- X + X2+ X . .cooeeeeeiiiiiiinnnn,

If a cubic polynomial has the three distinct real roots r,, r,, and r,, then the polynomial
can be written in factored form as p(x) =a(x- r))(x- r,)(X- r;). If a>0, then the end

behavior of the polynomial isdown to the left and up to the right, otherwise, it isupto
the left and down to the right.

3. @ Whatisafor p(x) =12- 10X- 45X 42X 2. umniiiie e

Enter and plot this factored form of p(x) on the interval -5£ X £5. Now, let's gain
some intuition about the factored form by doing the following:

« Edit the factored form of p(x) by changing the value of ato 1. Remember to press
the Enter or Return key when you are finished.

» Change the plot color/pattern of this polynomial by clicking on the vertical line
immediately to the left of the polynomia in the Work window. Thiswill help you
to distinguish the different polynomials that will be plotted in the Graph window.

» Select Overlay Plot from the Graph menu.

Repeat the above sequence of instructionsfor a =3, -1, -2, and -3.
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4.

Describe what happens to the graphs of the polynomials as the value of a changes. ........

As a second example, enter and plot the polynomial p(x) =-8- 4x+2x*+ X’ on the

interval -5£ X £5. Thistime, find all the roots of the polynomial in its plotted domain
by selecting Root Finder from the Tools menu. The values of al the roots will be
written into the Report window.

a) What arethe values of al thereal roots of thispolynomia?.....................ooeils

If a polynomial has a factored form p(x) =a(x- r)(x- r2)2, then we will cal r, a
simple root and r, a multiple root of multiplicity two. If the graph of a polynomial
touchesthe x-axisat x =r, thenr isamultiple root.

As afina example, enter and plot the polynomia p(x) =4+ 4x + X’ + x° on the interval
-5E£ XED.

a) What arethe values of al thereal roots of thispolynomia?.....................ooeils
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9. Isit possiblefor acubic polynomial to have no real roots?......... Explain your answer.

Exploration 2 Roots and the Degr ee of a Polynomial

Your god in this exploration is to discover the relationship between the number of redl
roots of a polynomia and the degree of the polynomial. To help you discover this
relationship, you will need to complete the following table. To find the values you need
to fill-in this table, first turn off autoscaling and set the domain to —3 <x < 3 and set the
range to -5<y<5. Then, enter and plot the first polynomia from the table below.
Remember, in TEMATH, the polynomial p(x) = a, +a,x+ a2x2+...+ahxn can be entered
as poly(x,a,,a,8,,...,a,). For example, the polynomial p(x) =1+ x* =1+ 0x+ 1xX can
be entered into TEMATH as poly(x, 1, 0, 1). Next, select Root Finder from the Tools
menu. TEMATH will find all the real roots in the plotted domain and write their values
into the Report window. Finally, write the degree of the polynomial, the values of all
the real roots of the polynomial, and the number of real roots of the polynomial into the
table given below. Repeat this process for all the polynomials given in the following
table.

Degreeof | Number of Vaues of Real
Polynomial Polynomial | Real Roots Roots
p(x) =1+ x°

p(x) =1+ 2x+ X
p(x)=-1+x°

p(x) =1+ x°

p(X) =- X+ X’

p(x) =3x - 6x° + 3%’

p(x) =1+ x*

p(x) =1- 4x+6X - 4x°+ X'
p(x) =1- 2xX° +x*

p(x) =-x* +x*

p(x) =2x- x*- 2X +x*
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1. Based on the results in the above table, what can you conclude about the relationship

between the number of real roots of a polynomia and the degree of the polynomia?.....
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