Math Xa Fall 2001

Homework Assignment 11: Solutions

1. The zeros of the polynomial function (and thaultiplicities) are given in the table
below.
Location of zero Multiplicity
X=-2
x=1 1
X=3 3

Therefore the equation of the polynomial function will resemble:

f(x) = k{x +2)* [{x -1) [{x - 3)°,
wherek is a number. Tavaluatethe numberk, notice from the graph of the

polynomial functionthat whenx = 0,y = —=3. Substituting thesealues into the
eguation for the polynomial functidrgives:

-3 =K@y (-1)[-3)"

Solving this equation fdt gives: k=-1/36. The final equatiofor the polynomial
function is:

f(x) = 3 Mx+2)* {x-1) [{x - 3)°.

2. Thevertical asymptotesof a rational function are:
» Those places on the graph where the graph suddenly shoots up or down, and,

» The values ok that make the polynomial on the bottom of the rational function
equal to zero.

For the rational function graphed figure 2 ofthe homework assignment, the
vertical asymptotes occur at:

X=-2 and x=2.

This suggests that the polynomial that appears on the bottom of the rational function
will look something like:

y=(x-2)ix+2).
Thehorizontal asymptotesof a rational function are:

* The horizontal lines that thgraph ofthe rational function comes to
resemble when you are a long way away from any vertical asymptotes.



The existence andalue ofthe horizontal asymptotes céeil you somethingabout
how the polynomial on the top of the rational function compasgh the
polynomial on the bottom of the rational functiofhis is summarized ithe table
shown below.

Horizontal asymptote Picture of possible graph Comparison of top
polynomial with bottom
polynomial

There are no horizontal The degree of the top
asymptotes 1 polynomial is greater than
i the degree of the bottom
.l polynomial.

4

#9Y = iy

There is a horizontal The degree of the top
asymptote and it is the 1 polynomial is less than the
X-axis i degree of the bottom
polynomial.

S | 5 eg.y=

(x+1(x-1)

There is a horizontal
asymptote and it is
different from the x-axis

The degree of the top
polynomial is equal to the
degree of the bottom
polynomial.

3x?
(x+1)(x-1)

eg.y=

The rational function graphed Figure 2 ofthe homework assignment showed a
horizontal asymptote gf= 1. (That is, a horizontal line with height 1.) This means
that the degree of the polynomial on the top of the rational function is equal to the
degree of the polynomial on the bottom of the rational function.



The location and number of tivertical asymptotes suggestat the polynomial on
the bottom of the rational function will be:

y=Xx=2)k+2).

which is a polynomial of degree 2. Therefore, the polynomial on top ohtioaal
function will also be a degree 2 polynomial (i.e., a quadratic).

Before determining the equation for the rational function, here is a summenyabf
we know so far:

» The polynomial on the bottom of the rational functionyis: (x — 2)i(x + 2).
» The polynomial on the top of the rational function is also a quadratic function.

Looking at the graph of the rational function in Figure 2hef homework, thenly
place where the rationfinction crossesthe x-axis is atx = 0. Therefore, the
polynomial on top of the ration function mustye x°.

The equationfor the rational functionshown in Figure 2 ofthe homework
assignment is:

X2

YT x-2)x+2)

Please note: There are many possible solutions to problems 3, 4 and 5 for
this assignment. The solutions presented here are not the only ones that
are possible. The main things that we are looking for in a solution are:

» some evidence of a rational thought process while working through the
problems

» athought process that most people would regard as a reasonable way to
answer the questions on the homework assignment, and,

» enough working and sufficiently clear explanations so that a reasonably
well-educated person could make sense out of what you have done.

The completed version of Table 1 is shown below.

Of all the polynomial functions that we are familgith so far in Math Xa, | would

say that a quartic function would likely do the best job of representing share price as
a function of time. This is because a quatrtic is the only polynomial furtbébnve
haveseenthat seems to beapable of having &hump” followed by a“plateau”

after it. (Remember the appearancegaiir graphs from Part 1 dfie Biomedical

Data lab - they looked kttle like the graph of shareprice versus time.) This
possibility is shown aghe purplecurve in Figure 1(a)below. (Two other
possibilities areshown in Figures 1(b) and 1(c).) Ndteatnone ofthe curves



precisely matches thgraph of shareorice, but that eachgoes somewvay towards
capturing some aspect of the “large-scale pattern” of the share price graph.

Date AOL Time Warner Share Price ($)
12/1997 6

12/1998 24

12/1999 84

12/2000 42
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Figure 1: Three possible ways of looking at the graph of AOL-Time Warner share price and seeing a pattern
that would be well-represented by a quartic (degree 4) polynomial.

To find an equation for a quartic polynomial oadculator, at leadtve datapoints
are needed. In addition to the dptants fromTable 1, lusedthe pointfor July,
2000, when the share price was $62.

Here are the meanings of the variables that | used:

» P =dependent variable = share price of AOL-Time Warner in dollars.

* t =independent variable = number of years since December 1998.

The values that | entered into a calculator were:

t

-1 0 1 15

P

6 24 84 62

42

to obtain the equation:

Y = 24.267%* - 72.5331% - 2.3674° + 111.533t + 24.



A plot of EPS versus time is shown in Figure 2 below.
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Figure 2: EPS as a function of time for AOL-Time Warner.

Based orthe distribution of thgpoints in Figure 1, | think it is possible toake a
reasonable case that either a linanction or a quartic polynomial could do a
reasonable job of representing the relationsiepveenEPSand year. (You could
probably make a pretty good argument that any polynomial would be okay here; the
plots suggesting linear or quartic are shown in Figure 3 below.)
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Figure 3: Using a linear function (a) or a quartic polynomial function (b) to represent the relationship
between EPS and year.

When finding an equation, the variables that | used were:
» E = dependent variable = EPS in dollars.

* t=independent variable = number of years since December, 1998.



The values that | entered into a calculator to find the equation are shownTiabtbe
below.

t 0 1 2 3 4

E 0.3 0.48 0.58 1.22 1.57

The equations that | obtained were:
Linear: E=0.328% + 0.174.
Quatrtic: E =-0.0604%* + 0.4661% - 1.015%* + 0.789* + 0.3

There are (at leastjvo ways to find an equatiofor the PE ratio as a function of
time. You could usethe data provided in thgraph of shargrice and theable of

EPS values to calculate some values for the PE ratio and then try to fit a polynomial
equation to this.

A secondway towork out an equatioior PE ratio is todivide theequation for
shareprice (from Question 3) bythe equatiorfor EPS (from Question 4). The
critical thing that must happdor you to beable to dothis isthatyou have to use
the same time variable in both Question 3 and Question 4.

If you used a linear function for the EPS, you would obtain:

_ 24.267*t* —72.533* t° - 2.367* t* +111.533* t + 24
0.328*t+0.174 '

PE

If, instead, you were using a quartic polynomial for the EPS, you would obtain:

E = 24.267* t* —72.533* t° - 2.367* t? +111.533* t + 24
-0.0604* t* +0.466* t° —1.015* t> +0.789*t + 0.3

When AOL-Time Warner makes no profit, theiEPS will be zero. When the
denominator of a rational function mero, thegraph ofthe rational functiorwill

show a vertical asymptote. So, when AOL-Time Warner does not make a profit, the
graph of PE ratio versus time should show a vertical asymptote.



