Introduction to Maple

Maple Setup

First, open the Maple program.  Under Tools Options click the Display tab. The Input Display should be set as Maple Notation, and lower down on the same page you should check the box in front of Enable Rollover Highlighting in Plots.

Next, click the Interface tab at the top of the page. The Default Format for New Worksheets should be set to Worksheet.  Exit the Options window by clicking Apply Globally at the bottom of the window. 
The prompt on the main Maple worksheet should now be a >.  If you don’t see the > prompt, exit Maple and then restart it.  

This is a one-time setup procedure and should not need to be repeated unless you have a major computer failure of some sort!
Maple Basics

1. When entering mathematical expressions, use *, /, and ^ for multiplication, division, and exponents, respectively.  
2. Use ( ) in all trigonometric functions (e.g., sin(x), cos(3*x), etc.)  Use radians in trigonometric functions. Use Pi (with a capital P) for π. 

3. The square root function is sqrt(x), and the absolute value function is abs(x).  
4. Any expression or command you enter must end with a semicolon ;  If you forget to end with a ; Maple will give you a nasty little reminder, but will still recognize your work. 
5. You should understand the difference between an expression and an equation.  Essentially, an equation has an = sign and an expression doesn’t!  So 
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 is an expression, whereas 
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is an equation.  (This is true not only in Maple, but in mathematics in general.)
6. Do not enter functions in the form 
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 Instead, you should enter this function simply as 
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 (that is, enter just the expression on the right side of the = sign.)
7. Maple has a very useful built-in Help file.  Click Help on the toolbar, then select Maple Help.  One of the easiest ways to proceed from there is to search for a particular key word.
8. At the left side of the worksheet you will find the Expressions tab.  Opening this tab by clicking the triangle on its left end gives you templates for constructing various expressions.  If you don’t know how to enter a cube root, for example, you can choose the appropriate template from the Expressions tab and just “fill in the blanks.”   

Working with Expressions 

9. Once you have entered an expression, it will appear centered in blue in your work area.  If you right-click on the expression you will see a menu listing the various things you can do to the expression.  This is probably the simplest way to use Maple!  Use the following example to familiarize yourself with the Simplify and Evaluate at a Point commands from the menu:

a. Enter the expression
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. 
b. Right-click the expression, then choose Simplify from the menu.

c. Right-click the resulting expression, then choose Evaluate at a Point.  In the box that pops up, set x equal to 2.  You should get 3/2.
d. Repeat the last example, but this time evaluate at 2.0 instead of 2.  You should see a different result.

10. Parts c and d in the previous item illustrate the two fundamental ways that Maple computes:  exact mode and floating point mode.  If you ask Maple to simplify 
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you will get 
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 (exact mode).  But if you ask Maple to simplify 
[image: image8.wmf]0

.

12

, you will get 3.464101615 (floating point mode).  In general, Maple will work in exact mode unless some number (any number!) in your expression is entered in decimal form.  If you get an exact answer that you would like in floating point format, just right-click the exact answer and choose Approximate from the menu, then specify a number of decimal places in your approximation.
11. The numbers (1), (2), etc. that Maple inserts at the end of each expression are called labels.  You can refer to any expression in a Maple worksheet using its label.  For example, suppose the expression 
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is entered and the label (6) appears beside it.  Later, you wish to build the function
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.  You can type in sin( , then Ctrl-L to insert a labeled expression, then type 6 into the dialog box and press Enter.  You should see sin((6), with the (6) appearing somewhat fainter than usual.  Finish the expression by typing ) then close with a ; and press Enter.  You should see the function 
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as if you had typed in the whole thing.  Similarly, one can use labels to build expressions like (6) + (2), (6)^2, etc.

The Basics of Plotting Graphs

12.  Try this short set of exercises to learn the basics of plotting graphs in Maple:
a. At the > prompt, enter the command 
plot(tan(x), x = -10..10);  

This is the simplest format for the plot command:
plot(expression, range of x values)

Even though Maple plots the function, it’s not very helpful.
b. Again at the > prompt, try this slight modification
plot(tan(x), x = -10..10, y = -20..20);

This looks like the tangent function, but Maple is confused about the graph near the discontinuities.
c. IF a function has known discontinuities, you may be able to improve its graph by giving Maple a little hint.  Try this:

plot(tan(x), x = -10..10, y = -20..20, discont = true);

d. Often it is useful to plot the graphs of two or more functions on the same set of axes.  You can do this by enclosing the two (or more) functions in square brackets [ ] within the plot command.  Try this plot:
plot([x^2, 4*x-4], x = -3..3, y = 0..10);
e. Try clicking on any part of one of your graphs.  You should see a box appear around the graph.  Now put the cursor at some point on your graph, and look for its coordinates near the upper left corner of the screen.  Also, try “rolling over” the graph with the cursor.  You should see the graph highlighted.

Solving Equations with Maple

13. The simplest way to solve an equation in Maple is to type in the equation, right-click on it, and choose Solve from the menu.  Here are a few tips to help you with equations:

a. Remember the difference between an expression and an equation.  If you ask Maple to solve an expression, it will set the expression equal to zero (to form an equation) and then solve it.  For example, if you ask Maple to solve 
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, and you will get the result 
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b. Also, recall the difference between exact and floating point answers.  You can get floating point answers (i.e., decimal approximations) by choosing Solve Numerically from the menu instead of Solve. Or, as we saw before, you can include a decimal point in any number in the equation, and Maple will give a floating point answer instead of an exact answer.
14. Maple can (of course!) solve systems of equations as well.  As you worked through examples in item 13 above, you should have seen Maple build the commands solve(  ) for exact answers and fsolve( ) for floating point answers. Use these commands to solve systems of equations.  For example, try the following three ways to solve a system of two equations in two variables: 

solve({x+2*y=5,3*x-2*y=4});

fsolve({x+2*y=5,3*x-2*y=4});

solve({x+2.0*y=5,3*x-2*y=4});

 Calculus I Skills with Maple (Basic Differentiation and Integration)
15. Maple can differentiate expressions very easily.  Type in an expression, right click on it, and find Differentiate on the drop down menu.  Maple will ask you to choose which symbol represents the independent variable. Generally there will be only one choice (probably x), but if your expression contains other symbols (such as a constant c) you will see all of them listed.
16. You can find second, third, and higher derivatives as well.  For example, to find the third derivative of 
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, the command is diff(
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, x$3);   After computing a derivative, you will probably want to simplify it.

17. Integration is also easy.  For indefinite integrals (antiderivatives), simply type in the expression (function) to be integrated, right click on it, and choose Integrate from the drop down menu.  Again, Maple will ask you to choose which symbol represents the independent variable.

18. For definite integrals, probably the easiest approach is to open the Expression tab on the left of your screen, click on the definite integral icon, and fill in the template blanks (function, variable of integration, lower bound, upper bound).  As with any command, once you learn the syntax of the “int( )” command you can simply type in the entire command without using the menu system at all.  
(Note: even a very tame function can have a very messy integral.  You can always get a numerical approximation for a definite integral using the trick introduced in item 10 above:  if any number in your input contains a decimal point, Maple will do the whole problem in floating point (approximate) mode.)
Calculus II Skills with Maple
19. You can enter a matrix in Maple as follows: click the Matrix tab on the left side of the display, choose the appropriate number of rows and columns, then click Insert Matrix.  Fill in the matrix template that appears, using the Tab key to move from one field to the next.  Once the matrix is entered, the usual “right click” brings up a menu of matrix operations.

a. Under Standard Operations, you will find Determinant and Inverse

b. If your matrix is an augmented matrix representing a system of linear equations, you can solve it by choosing Solvers and Forms, Row Echelon Form, Reduced.  

c. The symbol for matrix multiplication is just the period.    
20. To compute an n-term Taylor polynomial centered at x=c for a given function, start by typing in the function and right-clicking on it.  Choose Series from the drop-down menu, then Series from the sub-menu, and finally click on the series variable (presumably x).  Enter the “series expansion point” (that’s the c value!), the “series order” (that’s the number of terms n), check the “truncate to polynomial” box, and click “OK”.  Tricky little technicality:  the degree of the Tayor polynomial and the series order are not quite the same.  For example, if 
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, the third degree Taylor polynomial for f(x) centered at x=0 is 
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, but the third order polynomial is just 
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.  (The degree is the highest power of x, whereas the order is just the number of terms in the Taylor approximation. They will typically differ by one term.)
Calculus III Skills with Maple

21. Here are two simple examples to illustrate parametric and polar plots in Maple. You will understand them better if you type them into Maple to see the results.
a. The parametric equations 
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 describe a circle in the xy plane.  The Maple command to create the parametric plot is 

 plot([cos(t),sin(t),t=0..2*Pi],view=[-2..2,-2..2]);
You should experiment with the numbers in the “view =” part of the command to see their effect.

b. The equation 
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is the polar equation of an ellipse.  Plotting this in Maple requires two commands:

with(plots):

polarplot(2/(1+0.8*cos(theta)),theta=0..2*Pi,view=[-12..12,-12..12]);

The first command loads a special plotting package called plots.  The second actually does the plotting.  Note:  you only need to execute the with(plots) command once even if several polar plots are to be made.
22. To work with vector valued functions r(t) you will need a special vector calculus package.  Type with(VectorCalculus): to begin your work.  Once you enter a vector valued function in the form 
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 you can access a variety of standard operations by the usual “right click” method.  In particular, you should familiarize yourself with these vector operations: Differentiate, Integrate, Norm, Tangent Vector, Principal Normal, Binormal Vector, TNB Frame, Curvature.  
23. Partial derivatives in Maple are really no different than ordinary derivatives.  For example, enter the expression 
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into Maple, then right click on it and choose Differentiate from the drop-down menu.  Now choose x if you want 
[image: image24.wmf]x

f

¶

¶

 (your answer should be 
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); or choose y if you want 
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(your answer should be 
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24. Iterated integrals are also very similar to ordinary “Calculus I integrals.” For example, to evaluate the iterated integral 
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, the Maple command is

 int(int(x+y,y=0..x),x=0..1);
You can either type it in, or use the template (click it twice!) as described in item 18 above.

25. Here’s what you need to know to extend your Maple plotting skills to the kinds of functions you encounter in Calculus III.

a. Plotting surfaces in three dimensions is straightforward.  For the surface 
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the syntax is simply 
plot3d(8-x^2-y^2,x=-5..5,y=-5..5); 
Once you have the surface plotted, try “grabbing” it with the mouse and rotating it in various directions.  You might also try the following:  right click on the image, then choose axes and boxed from the menus.
b. Implicit plots are also possible.  Recall that “implicit” just means we haven’t solved for the dependent variable.  Again, learning by example seems best. Try 

with(plots):

implicitplot3d(x^2+z^2=4,x=-5..5,y=-5..5,z=-5..5,numpoints=2000);

Note that with(plots) is again necessary (see item 20b above).  Check out the effect of the “numpoints” command by experimenting with different values in place of the 2000. 

c. Curves representing 3d vector-valued functions 
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can be plotted as in the following example: 

with(plots):

spacecurve([cos(t),sin(t),t, t=0..4*Pi]);
As with the 3d surface plots, you can “grab” the curve with the mouse and rotate it in a variety of ways.
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