Mathematics 111, Spring 2009
PRIVATE 


Lab Activity #3, Average and Instantaneous Rates of Change 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. Tables in Mathematica


.

Mathematica handles lists and tables very nicely. The most useful syntax is as follows:



Table[<description>, <range for variable>]

For example then, if you want to list the squares of all the numbers from 1 to 20, you can type



Table[x^2, {x, 1, 20}]

Try this. You can have the variable increment by whatever step you want (above it was the “default” increment of +1). What would the output of this next line be? (Guess before you try it!)



Table[x^2, {x, 1, 0, -.25}

These above are just lists, i.e., a one-dimensional table. You can do what we usually call a “table” by having two descriptions and by adding a suffix to the command, as follows:



Table[{x,x^2}, {x, 1, 0, -.25}]//TableForm

Try this. Try it also without the  //TableForm . This form of the output would just be called a list of ordered pairs.
Step 3. Using Tables to estimate limits  


The Table command can be used to get a nice look at estimations of limits:

1. Estimate the  lim h(0  sin(h) / h  by showing a table of values of  h and this function as h goes from 1 down to 0.1 in steps of -0.1.  That is, look at the output of 

Table[{h,Sin[h]/h}, {h, 1, 0.1, -0.1}]//TableForm


     What is your estimate of this limit? ______________________

     Note that you are estimating the instantaneous rate of change of the function 
     sin(t) at the point a = 0.

2. Estimate the  lim h(0  (e1+h – e) / h  using a table with the same values of  h as in #1 above. This is an estimate of an instantaneous rate of change. 


      Of what function? ______________At what point? ______________ 


      What is your estimate of this limit? ______________________

      Improve your estimate now by coming in in increments of -0.01 starting at 0.1 
      and going down to 0.01 .
      What do you seem to be approaching? ___________________
3. Estimate the  lim h(0  ((2+h)4 – 16) / h  using a table, but this time “come in from the left”, i.e. make the values of  h negative (say h going from -.1 to -.01 in increments of .01). Again, this is an estimate of an instantaneous rate of change. 

Of what function? ________________   At what point? ____________

What do you seem to be approaching? _____________
Show me your answers these 3 examples before you move on.

Change typists now!!

Step 4.  A Mathematica Multi-command Function to Look at Secant Lines


In Mathematica, one can create multi-command functions. The one below is called secantLine. It takes in a standard function  f, a point  a , and an increment  h , and then does three things (separated by semi-colons):

1. Computes the slope of the secant line from (a, f (a)) to (a + h, f (a + h)) 

2. Prints out that slope, with a message, and 

3. Plots the function  f  (in red)  and the secant line (in green) on the domain [0,3]. 


Read it over carefully and make sure you understand it. 

secantLine[f_,a_,h_]:= (slope = (f[a+h]-f[a])/h; 
  Print["Secant line slope is ",slope];

  Plot[{f[x],slope (x-a)+f[a]},{x,0,3},PlotStyle{Red,Green}])


Now type it in (carefully!), Shift-Enter it (its name should turn from blue to black), and  do not touch it further , just use it below.
Test out this function first by applying it to the cubing function (you must make the definition f[x_]:= x^3 and then put f into the function) at the point  a = 2  with  h = 1. That is, type in secantLine[f,2,1]. Show me this output before you move on.
Now use the secantLine function, by adjusting  h  to be smaller and smaller, to estimate:

1. The slope (i.e., instantaneous rate of change, or derivative) of  x3 at  a = 2.

Estimate _________________
2. The slope (i.e., instantaneous rate of change, or derivative) of  cos(t) at  a = (/2. (Note: Here you can put  Cos directly into your function if you like.)

Estimate __________________

3. The slope (i.e., instantaneous rate of change, or derivative) of  ln(x)  at  a = 2. 
(Note: Here you can put  Log directly into your function if you like.) 

Estimate __________________
4. The slope (i.e., instantaneous rate of change, or derivative) of  5x at  a = 0. 
(Note: Here you must define f[x_]:=5^x.) You probably don’t recognize this number. Using Mathematica or your hand-calculator, compute ln(5) and compare with your estimate.

Estimate ______________       ln(5) __________________
Show me your answers to these 4 questions before you continue.

Finally today, try to figure out the pattern in numbers 3 and 4 above:

3 continued: Estimate the derivative of ln(x) at a = .5 , a = 1, and a = 1.5. Do you see the pattern? What do you guess is the derivative of ln(x) and any point a of its domain?
Answer _____________________

4. continued: Estimate the derivative at a = 0 of  the functions 2x, ex, and 10x. What are these numbers? (Hint: What happened in number 4 above?)

Answer _______________________________________________________

Show me these last two. That’s it for today. See you Wednesday!!



















































































































































































































































