
Mathematics 111, Spring 2009
PRIVATE 


Lab Activity #1, An Introduction to Mathematica


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


DON’T RUSH ! Read carefully and understand things before you move on. On this 
lab, I suggest that while one person is typing, the other is reading the entire lab 
out loud (quietly) to the typist.
Step 1. Log in and launch Mathematica.

The first step is to log onto the computer. Enter your username and password (just as for your Skidmore e-mail). To start Mathematica, do Start -> Programs -> Wolfram Mathematica -> Mathematica 6.
Step 2. Do a couple of calculations with Mathematica.


Type the expression 5*(3 + 11) - 12 into the window which appears (this is called a notebook) and then press SHIFT-Enter —that is, hold down the shift key while pressing Enter — to cause Mathematica to evaluate the expression.  Does the answer Mathematica returns make sense?  What operation does the asterisk denote? Try this again without the asterisk (5(3+11) – 12) (so, Mathematica can interpret “juxtaposition” as multiplication, as is done in algebra).


Type the expression 2^100 and then SHIFT-Enter.  What does the ^ symbol mean?


Type the expression N[Pi,50] (exactly as is!) and SHIFT-Enter.  In Mathematica, Pi is the constant 3.14159….   N[Pi,50] returns the numerical value of Pi with 50 decimal digits showing. You can also get Pi off the “Basic Math Input” palette at right, where it is the ( symbol in the first row and column. (If the palette is not there, you can get it from the Palettes menu.) In fact, do use the Basic Math Input palette to get the value of our friend e  (right next to ( on the Input Palette) to 50 decimal places also. (Note: You cannot just type the letter “e” to get this.)  Call me over and show me N[e,50].
WARNING:  Mathematica is case-sensitive!  N is different from  n.  Pi  is different from  pi.

Step 3. Investigate the Mathematica interface a bit.

The window in which your inputs and Mathematica's responses are placed is called a notebook.  On the right side of the window, you can see brackets that subdivide the notebook into cells.  So far, the cells we have used are input and output cells; note how Mathematica numbers each input and corresponding output.  It is possible to create other types of cells, such as text cells or section-heading cells, by opening a new cell with the Enter key, clicking on its bracket, and then selecting the desired Style from the Format menu.  The Format menu also contains options for changing type faces (bold, italic, etc.) and justifying text in various ways.  In this way, Mathematica can be used as a technical word processor as well as a super calculator.


To Save a notebook, or obtain a printout, use the File menu. You have your own space for saving work on the network server called datastor2 (gotten from the Desktop) in the folder called students. In there are folders for each Skidmore class (e.g., Class12) and inside the right one of those is a folder with your username to which only you have access.
 The Edit menu contains a variety of editing commands, as well as the option Save Selection As that allows a highlighted cell to be saved in a variety of formats (for example, a graph can be saved as a bitmap file for inclusion into another document).

Change typists now!

Step 4. Make some plots with Mathematica .


Mathematica is an extremely powerful system.  It has many features which go far beyond even what is needed for calculus, but we will use various of its features which apply to us, among others plotting graphs.  


Let’s begin by defining a couple of functions.  The syntax for doing this in Mathematica is as follows (carefully enter these lines into Mathematica):



f[x_] := x^2 + 1



g[x_] := -2x + 5
Note the necessary use of the  :=  and the underline after the variable. Note also that functional dependence in Mathematica is always denoted by square brackets [  ] , not parentheses.

At this point, Mathematica has set up two functions, one called f, the other called g.  To see if these have been set up correctly, enter the expressions f[2] (followed by Shift-Enter as always when you want output!) and g[3] -- do you get the outputs you expect?

To plot the function f on the domain -5 ( x ( 5, we enter the following command:



Plot[f[x], {x,-5,5}]

Note that Mathematica decides for itself how to scale the y-axis, but you have set the x-axis scale.
Let’s next plot both functions on the same set of axes:



Plot[{f[x],g[x]}, {x,-5,5}]

Note the syntax carefully: The inputs to the Plot command must appear in square brackets.  If more than one function is being plotted, the list of functions being plotted must appear in curly braces, as must the list defining the lower and upper bounds on the x-axis.

Note again that Mathematica is "case sensitive", e.g., you can't type “plot”; it must be “Plot”.

Note that Mathematica uses colors to distinguish two or more functions on the same graph, but sometimes you may not know which is which. To control the colors yourself, you can give the extra command below, which colors  f  red and  g  green:


Plot[{f[x],g[x]}, {x,-5,5}, PlotStyle->{Red,Green}]

Call me over and show me this!

For practice now, let's print out just this last graph. To do this, click the bracket of the cell containing the graph, and then select Print Selection from the File menu. Obviously, the colors won’t print out here in the lab. Also Save the selection in the space on datastor2 which belongs to the partner who originally signed in, as explained previously.
Change typists again!

Step 5. Experimenting with Some Ideas from Class.

Shifting: Plot  x2  and  (x – 3)2 + 5  (on an appropriate domain) in colors you select on the same set of axes. Look and see if the shifting which occurred makes sense.

Stretching: Plot  sin(x) (denoted Sin[x]) and  4 sin(x) on the domain [-2 Pi, 2 Pi] in colors  you select on the same set of axes. Also try plotting  sin(x)  and  sin(4 x).  Make sense??

Inverses: Plot  x2  and   (x  on the domain 0 ( x (  2 in colors you choose on the same set of axes. Include also the function  x (in a third color), and (after the PlotStyle command) include the command AspectRatio->Automatic, which causes the x- and  y-axes to have the same scale. Note that the two graphs seem to be reflected through that line, which makes sense since this is the line y = x and inverses exchange the roles of x and y.

(Note: Powers and square root can be gotten off the input palette (near the top), or you can use ^ for powers (in this case 2 and 1/2), or you can use  Sqrt[x] for square root.)

Show me this!

Finally, graph  ex  and  ln(x) on the same graph on the domain  .01 ( x ( 2 (do not use AspectRatio on this one!). We restrict to a positive domain since ln(x) has as its domain only positive numbers (why?).

 (Note: Again, e  can be gotten off the input palette, or you can type Exp[x] – you can’t just type the letter e.  Concerning logs, all logs in Mathematica are denoted  Log[b,x] where  b is the base. For example then, log10(56) would be denoted  Log[10,56]. If you want the natural log ln, then you can omit the base. Hence (NOTE!), in Mathematica, Log[x] is the natural log!)

(over!)

Step 6. Experimenting with e a little.

Finally today, define (as in Step 4) the function in Mathematica which, as on the slides given out in class Friday, approaches e as the number n of compounding gets larger and larger, i.e., define  
f(n) = (1 + 1/n)n (so type f[n_]:= etc etc and then Shift-Enter).
Do two things with this function:

First, find its value to 50 decimal places (see Step 2) when  n  is first small (say 4, then 12) but then pretty large, (say 365, then 1000, then 10,000) or more (meaning lots and lots of compoundings). What value do we seem to be approaching? Compare with the N[e,50]you got in Step 2.
Second, plot the function, together with the constant function e, on the domain, say, 2 to 365. Control the range by including the command PlotRange->{2,3}
Show me your value of f for large n and show me this plot.
That’s enough for today. Every step of this lab should be completed now or prior to Wednesday’s class!  See you then.       GE

