
Mathematics 111, Spring 2009
PRIVATE 


Lab Activity #2, Power Functions and Rational Functions using Mathematica


You should do this (and every) lab activity with a partner, two students/machine.

Step 1. Log in and launch Mathematica.

Step 2.  Power Functions 

A power function is a function of the form  f(x) = xr  where  r  is a constant (but can be any real number – whole or fractional, positive or negative) . 

Have Mathematica  plot the following 3 power functions for you on the same axis system on the domain [0.1, 3]  and on the range [0,10] . In order to control the range of a plot, you include the command PlotRange->{0,10} in the Plot function. Use colors of your choice as explained in Lab #1. 


  x 3  ;   x1/3  ;  x -3

Which is which? Compare their behaviors, including comparing their direction and shape on this part of their domain.

 Finish the following statement: A power function approaches the x-axis as x gets large exactly when r is ___________ . 

Show me your plot and your answer to this question.

Step 3. Comparing Power Functions and Exponential Functions

Though power functions (when the exponent is bigger than 1) seem to grow rapidly (e.g. x2 or x10) as x gets bigger, the fact is that all exponential functions eventually grow faster than any power functions.  Test out this idea by comparing the functions  2x  and  x4.

First fill out the following table:         x

2x


x4






2






10






15






20






30

Now plot  2x  and  x4  on the same set of axes using your own colors. First take a close (“local”) look at them by looking on the domain [0,5] . Which one seems to be growing more rapidly? 

Now try the domain [0,15]. Try [0,20]. To really make the point, try [0,50]. At this point the exponential function is completely dwarfing the power function.

Show me your table and this last plot.

Change typists now!!

Step 4. Polynomials

A polynomial consists of one or more terms each of which has the variable to a non-negative whole power.  Hence  x2  is a polynomial, as is 3x5 + 17x3 – 5x2 + 8, but x-3 and x1/2 are not polynomials.  Much time is spent on polynomial in high school math, so we won’t emphasize them here.

The key point here is that the behavior of any polynomial as x gets large is determined by its highest power term (this highest power is called the degree of the polynomial). To illustrate this idea, plot the polynomials  x4  and  x4 – 15x2 –15x  on the same set of axes in your choice of colors:

First on the domain [-4,4], so you are looking closely at them now (“local” view).

Second on the domain [-20,20], so you have backed far away (“global view”). Do you see that as you look at them from this “distance”, the lesser terms of  x4 – 15x2 –15x  don’t seem to make much difference.

Show me this latter graph.

Step 5.  Rational Functions 

These functions are more complicated. A rational function is a quotient of two polynomials. Examples would be  
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 . What do these functions look like?

Plot  f  on the domain [-5,3]. What’s that vertical line? It is called a vertical asymptote for our function. Why is it there? Explain to yourself and your partner.
Now plot  g  on that same domain. Explain why it has no vertical asymptotes.

Complete the following statement: A rational function will have vertical asymptotes exactly at________________________________________________.
Now consider the behavior of rational functions as the input variable gets large (“global behavior”).  Start with  g . What does it seem to approach as  x  gets large? Does this make sense? Note that  g  could be thought of as a proper fraction since the top has lower degree than the bottom.

The global behavior of  f  is not as obvious. Look at its graph again (on [-5,3]). Just for fun, see what happens if you ask Mathematica to plot it on [-50,50]. This graph misses the local behavior completely, but it shows that the global behavior looks to be linear. 

Here’s why that is: By hand, divide the bottom of  f  into the top, hence changing its improper fraction form to a “mixed number” form. What is the “whole part”, i.e., the quotient? See what’s happening? Think about what happens to the whole part and to the fractional part (which is now proper) as  x  gets large. The whole part is often called the “global asymptote” of the function.

Finish the statement: The global asymptote of a rational function can determined by________________________________________________________________________.
Show me your completed statements from this section, and your “mixed number” form 
for  f .

That’s it for today. See you Wednesday in class; remember that HW #1 is due at the end of office hours tomorrow (4:45 pm). For questions on the hand-in, come to office hours or e-mail me.      GE
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