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1. MapleBasics

This worksheet helps you get started using Maple and its user interface. It also introduces you
to some of Maple's basic capabilities. This worksheet contains five sections. Click on aplus
sign below to expand a section.

=] 1.1. Introduction

The main purpose of thisworksheet isto introduce you to Maple. Asyou will soon see, this
worksheet is an interactive document. Y ou will do more than just read it, you will work with it. You
can make changesto it and try variations on what isin it. In other words, as you work through this
worksheet you will not just be reading about Maple, but you will actually be doing something with
Maple. Either click on the plus sign below, or just hit the Enter key, to open the next section of this
worksheet and begin working.

[ >

=11.2. Getting started with Maple

A Maple worksheet is made up of three components, Maple commands (in red), the output (in blue)
that Maple produces for each command, and explanations (in black). Hereisan example of aMaple
command and its output.

> 1+41;

2
Some of the commands in this worksheet, like the one just above, have aready been executed and
their output is right below them. But most of the commands in this worksheet have not yet been
executed and so you need to tell Maple to execute them so that you can see the results. Hereis an
example of a Maple command that has not been executed yet. To execute this command, click on it
with the mouse and then hit the Enter key.
[ > 2+2;
Notice how Maple produced the output and then the cursor jumped down to the next Maple
command, skipping over this explanation. From now on, thisis pretty much how things will go in
this worksheet; the cursor is on a Maple command, you hit the Enter key, Maple executes the
command and displays the result, the cursor jumps down to the next Maple command, and you read
the explanation (if any) that is between the commands. (Occasionaly, this skipping over the
explanation between commands can cause Maple to scroll what you want to read right off of the top
of the screen. When that happens, you need to use the vertical scroll bar on the edge of the window
to scroll back down the screen.)
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Every Maple command follows a prompt (the greater than sign >), and every Maple command must
be terminated by a semicolon or colon. The semicolon tells Maple to print the result of the
command, the colon tells Maple not to print the command's result. Try executing the next command.
> 3+43:

Maple commands can contain comments that are not really part of the commands. A pound sign
(i.e. #) aspart of aline of Maple input means a comment that Maple should ignore.

[ > 4+4; # Mapl e ignores what cones after the pound sign.

Here is an empty Maple prompt. When the cursor is on an empty Maple prompt and you hit the
Enter key, the cursor will jump down to the next prompt.

[ >

Here is another empty Maple prompt. Type in asimple Maple command and execute it.

[ >

Y ou can go back and edit Maple commands that have already been executed. Click on the Maple
command that you just executed and use the arrow keys and backspace key to move around the
command and change it. Then hit the Enter key to execute your new command.

If you make some kind of mistake when you type in aMaple command, and Maple cannot
understand what you want it to do when you try to execute the command, then Maple gives you
some kind of an error message as the output. For example, a common mistake isto forget a
semicolon (or colon) at the end of a Maple command. Try executing the following command.

> 545

If you have forgotten a semicolon, just go back to the command and put a semicolon at the end and
re-execute the command. Try that with the last command.

There are many other kinds of mistakes that you can make in a Maple command. One of the hardest
things about using any kind of computer program is dealing with mistakes and the vague error
messages that go along with them.

| > 6+

It takes afair amount of experience before you will know how to deal with most of Maple's error
messages, and you can be sure that you will see alot of them. In the mean time, try to type your
commands very carefully to avoid as many typos as you can.

If you want to, you can put more than one Maple command on aline but each of the Maple
commands must be terminated with its own colon or semicolon. The following three commands will
all execute at the same time.

[ > 7+7; 8+8; 9+9;

(Try deleting one of the semicolons and then re-executing the line, or replace a semicolon with a
colon.)

There is another way to get several Maple commands to execute at the same time, and that is to put
the commands in an execution group. The following three Maple commands all execute together;
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you can place the cursor anywhere within this execution group and when you press the Enter key, all
three commands are executed.

> 10+10;

> 11+11;

> 12+12;
Notice that it is the bracket just to left of the prompts that tells you the three commands are tied
together into an execution group. Execution groups can be a bit cumbersome to work with. Thereis
more about them later in this worksheet. For now, if you want to execute several ssimple Maple
commands at the same time, it is much easier to put the commands on asingle linethanitisto
Create an execution group.

So much for the really basic basics of using Maple. Let us go on and see what makes Maple so
useful. If the cursor is at the next prompt, just hit the Enter key and Maple will automatically jump
to the first prompt in the next section of this worksheet.

L L>

=11.3. Basic Maple commands

The following four subsections contain alot of examples of using Maple's basic commands. In these
subsections you will find many empty Maple prompts. Take these as an invitation to modify the
examples that are given and to try out your own examples. Y ou can even add additional Maple
prompts to this worksheet by placing the cursor anywhere and typing Ctrl-J. (Place the cursor at the
end of this paragraph and try it right now.) Do not be afraid to "mess up" this worksheet. Y ou can
always download another copy of it.

If the cursor is at the next prompt, just hit the Enter key and Maple will automatically jump to the

first prompt in the next subsection.
[ >

ﬂ 1.3.1. Mapleisa numeric calculator.

Maple can be used much like atraditional calculator, but it does a great deal more than typical
numeric calculators. Maple can do both "symbolic arithmetic" and "numeric arithmetic”. By
symbolic arithmetic | mean arithmetic the way you were taught to do it with paper and pencil,
and by numeric arithmetic | mean what atypical handheld calculator does. Here are some
examples.

[> 1/3 + 1/3;

Notice that Maple did the addition of fractions symbolically. If we put a decimal point in the
command, then Maple will do the arithmetic numerically, like a calculator.

[>1.0/3 + 1/3; # Notice the decimal point.

L et us check that one third plus one third is two thirds. Here is Maple's decimal value for two
thirds.

> 2/3.0;

Notice that, when computed numerically, one third plus one third was not the same as two
thirds. This shows that there is a difference in Maple between symbolic and numeric
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calculations. We sometimes say that symbolic calculations are "exact" but numeric calculations
are an "approximation". Both .6666666666 and .6666666667 are approximations of 2/3. Neither
of them is"correct”; in fact they are both "wrong"! (In a certain sense though one of themis
better than the other. Which one?) Thisis an ideathat we will return to latter on.

[ >

Here are some other symbolic calculations.

[ > 18/ 27; 9/15;

Notice that Maple simplified the fractions.

[> 2/3 + 3/5;

Notice that Maple could put the fractions over acommon denominator. If | want to know the
decimal value of thislast result, there are two ways to get it. First, | can put adecimal point in
the input.

(> 2/3. + 3/5;

The other way isto use the Maple command eval f , which converts a number to its decimal
representation.

[>evalf( 2/3 + 3/5);

eval isshort for evaluate and thef is short for "floating-point" which is computerese for "a
decimal number". So eval f means"eval uateto af loating-point number".

[ >

One advantage of eval f isthat you can request as many decimal placesasyou like. Hereisan
example with 100 decimal places.

(> 2/7 + 3/5; evalf( 2/7 + 3/5, 100);

Notice that in the last example | had to type the expresson 2/ 7 + 3/ 5 twice. Thereisa
shorthand in Maple that helps eliminate this kind of redundancy. The percent symbol (%) in
Maple is a shorthand for the "last result”. So | can do the following.

[>2/7 + 3/5; evalf(% 100);

In the second command, the percent sign represented 31/35, which was the result of the first
command. There is even a shorthand for the "second to last result”. So we can do the following.
[ > 90/ 35; 105/25; %+ 9%

In the third command, the %represented 21/5 and the %8/%6represented 18/7.

[ >

NOTE: In Maple V Release 4, the "last result” is represented by the double quote (") key. A lot
of the Maple books in print still refer to Maple VR4, and alot of Maple installations are still
Release 4, so you should be aware of this difference between Release 4 and Release 5.

We can also give names to numbers. So | can do the following, where x becomes a name for

237/35.
[>x .= 21/5 + 18/ 7,
The combination of a colon and an equals sign is call the assignment operator and it makes the
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name on the left hand side represent the value on the right hand side. Now | can use the name x
anywhere | want in place of 237/35.

[ > eval f(x, 60);

[ >

Maple can do symbolic calcul ations even with more complicated expression.

[>sin( Pi/5);

[>tan( Pi/12 );

[ > arcsin( 1/2);

But Maple cannot always come up with a symbolic answer.

(> sin( Pi/30);

When Maple cannot come up with a symbolic answer it returns an "unevaluated function call”,
meaning that Maple pretty much repeats exactly what we typed in. In this case, we can use
eval f toget adecimal approximation.

[ > evalf( %);

Sometimes, when you get an "unevaluated function cal" as an answer, it Simply means that you
mistyped something and so Maple does not know how to evaluated your input.

(> sun( Pi/2);

[ > evakf( Pi );

If you get an unevaluated function in your output, look carefully at your input for any typos
before you try to do anything else.

[ >

Notice that Pi is Maple'sway of representing the ratio of the circumference to the diameter of a
circle. To Maple, Pi isasymbol for the exact value of thisratio; if you want a decimal
approximation, then you have to convert the exact value to a decimal number.

> Pi;

> evalf( Pi );

> eval f( Pi, 100 );
(Notice that the last three commands were in an execution group so they were all calculated at
the same time.)
Try asking for ten thousand decimal places of Pi .
[ >
If you really did ask for ten thousand decimal places of Pi , then the fastest way to get rid of
them is to use the key combination Ctrl-z, which will undo the last result.

Maple can work with exponents also. The expression 25"(1/6) should ssimplify to 5°(1/3)
(why?). Let ustry it.

[ > 257 (1/6);

Maple did not do the simplification. Sometimes Maple needs to be explicitly told to do a
simplification by using the si npl i f y command.

(> sinplify( %);
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Maple evaluates expressions using the usual algebraic precedence rules (if you do not put in
parentheses). Here are two examples, with and without parentheses.

[ > 5-3/2+2*3; (5-(3/2))+(2*3);

[ > 2*%472/ 6+3*2; ((2*%(472))/6) +(3*2);

In the next two examples the parentheses change the order of operations from what they were
when there were no parentheses. Compare these examples with the previous ones.

[ > (5-3)/(2+2*3); 5-(3/2+2*3);

[ > 2*¥472]/ (6+3)*2; (2*4)"(2/6)+3*2;

[ >

Maple has built into it all of the functions found on a scientific calculator. We can also define
our own functions like this.

[>f = t"2*sin(t);
Now we can evaluate our function using the subs command (subs is an abbreviation of subs
titute).

[ > subs( t=Pi/4, f );

(> sinplify( %);

We can get a numeric approximation of this value.

[ > evalf( %);

Now we can plug a different number into our function.

[ > subs( t=8, f );

(> evalf( %);

Here is another example.

[>f .= exp(sqrt(t))*(1+arcsin(sec(t)));

[ > subs( t=In(2), f );

[ > evalf( %);

[ >

(Notice that the answer was a complex number. | is Maple's notation for ﬂ .) Each of the
following two Maple commands will bring up a (long) list of all the functions that Maple has
built in for doing calculations.

[ > ?inifcn

[ > ?i ndex, functions

Maple can aso calculate with integersin fairly sophisticated ways. Maple can compute
factorials.

[ > 100!; # This is read "100 factorial".

Mapl e can determine the number of digitsin alarge number.

[ > length( %);

Maple can find the prime factorization of any integer (thisis actually avery difficult calculation
to make).

[> ifactor( %W0); # What does %o represent here?

Maple can test an integer and determineif it is a prime number or not.

Page 6



[ > isprime( 27219 - 1 );
Maple can find the greatest common divisor of two integers.
[ >igcd( 6!, 7! );
[ > igcd( 231, 260 );
Why isthe last result explained by the next two results?
> jfactor( 231 );
{> i factor( 260 );
[ >
The next Maple command will bring up ahelp page with alist of some other Maple commands

for computing with integers.
[ > ?integers

L[>

=] 1.3.2. Mapleisa symbolic calculator.

Now we will look at some examples of what really makes Maple such a useful tool for doing
mathematics. Maple can do symbolic manipulations of expressions containing unknown
variables. In other words, Maple can do all of high school algebra.

But before doing some algebra with Maple, we want to change x back into an "unknown
variable." Earlier in this worksheet we gave x avalue; now we need to take this value away
somehow.

[ > X # x has a val ue.

We take away the value of x by using the assignment operator to assign an "unevaluated x" to x
itself. We get an "unevaluated x" by putting right quotes on either side of the variable x, like

this.

[>x :="Xx"; # Those are both right quotes.

This may look kind of mysterious but we will see exactly how it worksin alater worksheet. But
you need to remember how to "unassign” avariable. Thisis something that needs to be done
quite often in Maple. Let us check that x really is unassigned now, that is, that it does not have a
value.

[> Xx;

Now that we have made x back into an "unknown variable", we can ask Maple to do some
algebraic manipulations of equationsin x.

The sol ve command is used to solve an equation for some unknown. Y ou give the command
the equation to solve and the variable to solve for. Here is an easy example.

[ > solve( 5*x+3=2, x );

Maple tells us what value of x solves the equation. Y ou may wonder why we need to tell Maple
to solve for x when in fact x isthe only variable in the equation. But it may be that the equation
has several variables, so we always need to tell Maple what variable to solve for. For example
the next two commands ask Maple to solve the same equation but for different variables.
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[ > solve( a*x+b=c, x );

[ > solve( a*x+b=c, b );

Here is an example where we find the symbolic solution of an equation and then a numeric
approximation of the solution. First find the symbolic solution.

[ > sol ve( x"2+2*x-1=0, x );

Now compute numeric approximations.

[ > evalf( %);

The next command may seem quite strange to you at first but, aswe will seelater itisan idea
that you are already very familiar with. The next Maple command uses the assignment operator
to give a name to an equation. The name of the equation will beeqnl.

[ > egnl : = a*x"2+b*x+c=0;

Notice how there are two distinct kinds of "equal signs' in the above command; one isthe
assignment operator and the other is part of the equation. The first "equal sign" saysthat eqnl
isanamefor a* x"2+b* x+c=0. The second "equal sign" asksif the left hand side of the
equation is equal to the right hand side.We can use the name to represent the equation in other
Maple commands.

[ > solve( egnl, x );

That answer should look familiar to you. Now let us give the unknowns a, b, and ¢ values.
([>a:=1, b:=2;, ¢ .= -1;

Let uslook at eqnl again.

[ > eqnl,

It is the same quadratic equation that we used alittle while ago. Let us solve it again, but this
time we will give the solution a name.

[ > solution := solve( eqnl, x );

Thename sol ut i on now refersto both of the solutions! Here is how we can give anameto
each individual solution.

[ > solution[1l]; solution|?2];

Suppose we wanted to check that these solutions really did solve the quadratic. Y ou do that by
"plugging in" each solution, one at atime, into the equation and checking that the left and right
hand sides of the equation are the same. Here are Maple commands to do this. We usethe subs
(for "substitute") command to plug the second solution back into the quadratic.

[ > subs( x=solution[2], eqnl );

How do we know if the left and right hand sides are the same? Ask Mapleto si npl i f y the
last result.

[> simplify( %);

Try checking that the first solution really does solve the equation.

[ >

[ >

Let usturn the variables a, b, and ¢ back into unknown variables. We will suppress the outputs
from these commands since they are not very interesting.

[>a:='"a: b:="b': c:="c":

Notice that eqnl goes back to being the "general” quadratic equation.
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[ > eqnl,
[ >

Here is another example that highlights the difference between using : = (colon equals, the
assignment operator) and = (equals sign, which is part of an equation). Let p be aname for the
formulax”2- 1.

[ > p = x"2-1,

Now what do you think the next command will do? (Think about this a bit before executing the
command.)

[>p = 2

It constructed an equation; it did not change the value of p.

[ > p;

We can solve the equation that we constructed just above.

[ > solve( W x );

[ >

Here are more examples of algebraic manipulations. Thef act or command can factor
polynomials and the expand command can multiply out polynomias; in away, these
commands are opposites of each other. Thisfirst exampleisvery easy to do.

[ > factor( x"2+5*x-6 );

But this next example would be very hard to do with paper and pencil.

[ > factor( x"26+x"13+1 );

The next example would be easy to compute by hand.

[ > expand( (2*x+3)*(x-1) );

But the next example would be very tedious to do by hand.

[ > expand( (x+1)78 );

Here is another hard example.

[ > factor( x"6-1);

The next command should undo the cal cul ation from the last command.

[ > expand( %);

Maple can do algebra with expressions containing more than one variable.

(> x :="'"X'":1 y :="y": # Make sure x,y don't have val ues.
[ > expand( (x+y)~3);

[ > factor( %);

[ >

Here is a complicated expression that we can ask Maple to simplify.

(> = (t72-t)/(t"3-t)-(t"2-1)/(t"2+t);

[>simplify( r );

[ >

Maple can also do symbolic manipulations with formulas involving trig, exponential and
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logarithm functions. For these kinds of formulas, we mostly usethe si npl i f y, expand and
combi ne commands. However, with these kinds of formulas it is not always obvious which
command we might want to use.

[ > cos(x)"2 - sin(x)"2;

(> sinplify( %);

[ > conbine( %0);

Notice how the last two commands gave two different ways of "simplifying" cos(x)? - sin(x)?.
We can even get athird way of rewriting this expression by using the next command.

[ > factor( %80);

It is not always clear in advance how one of these commands might work on agiven trig
expression.

[ >

Here is another example. Thefollowing si npl i f y command does not do any simplification.
[ > simplify( sin(x+y) );

But the expand command makes a significant change in the expression.

[ > expand( sin(x+y) );

Similarly, thesi npl i f y command does not do anything with the next expression.

(> sinplify( cos(x)*cos(y) - sin(x)*sin(y) );

But the conbi ne command does do the expected simplification.

[ > conbine( cos(x)*cos(y) - sin(x)*sin(y) );

From the last two examples we see that for certain trigonometric expressions, expand and
conbi ne areinverses of each other and the si npl i f y command does nothing at all.. Try
using thef act or command on these last several trig expressions. Does it do anything?

[ >

[ >

Here are some examples with exponential functions.

[ > conbi ne( exp(x)*exp(y) );

[ > expand( exp(x+y) );

So once again we see that conbi ne and expand are, in certain circumstances, inverses of
each other. Notice that only thefirst of the following two si npl i f y commands does anything
(thesi npl i f y command does the same thing here as the conbi ne command).

[ > sinplify( exp(x)*exp(y) );

[> sinplify( exp(x+y) );

Another ssmple example.

[ > exp(x)"2;

[> simplify( %);

Which one of conbi ne or expand do you think will work on the expression exp( x) *2?
Which one will work onexp( 2* x) ?What about si npl i fy?

[ >

[ >
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Maple can do symbolic manipulations on more than one equation at atime. Here aretwo
equationsis two unknowns.

> egnl : = 2*x+4*y=6;
{ > eqn2 : = -x+5*y=1/2;
We shall ask Maple to solve this system of equations, then give the solution a name and
compute a decimal approximation of the solution. Notice the way the sol ve command is
written here, using braces around the equations and the variables.
[ > solve( {eqnl, egn2}, {x, vy} );
[ > answer = %
(> evalf( %);
Notice that the variables x and y still do not have values. (Those are not assignment operators
inside the braces.)
> XY,
The sol ve command found the values of x and y that satisfy the equations, but thesol ve
command does not give x and y those values. Theassi gn command is used to assign the
values from the solution to the variables.
[ > assign( answer );
> Xy
[ >

We have seen several examples of how Maple can solve equations symbolically. After we have
computed the answer symbolically, we can always usethe eval f command to find a numeric
approximation of the solution. However, there are equations that Maple cannot solve
symbolically and in those cases we can only calculate numeric approximations of a solution. Let
uslook at an example. Hereisafairly complicated equation. We shall give it the name eqn3.

[ > eqn3 = -2+exp(t)=sin(t"2);

Let us have Mapletry to solve it symbolicaly.

[ > solve( egn3, t );

Not avery useful answer. (Look at the answer very carefully. Can you make sense out of it? Isit
really "the solution™ of the equation?) So let ususethef sol ve command to tell Maple to solve
this equation numerically.

[ > fsolve( egn3, t );

Why isthis command called "fsolve" and not "solvef"? | have no ideawhy. In the help pages for
theeval f andf sol ve commands they are described respectively as "evaluate using
floating-point arithmetic" and "solve using floating-point arithmetic". So it would seem that
their names should be more consistent.

Let us give our solution a name, so that we can easily refer to it in other commands.

[ > answer = %

Let us check that our numeric solution really is a solution. We will plug it in to the left and right
hand sides of the original equation and see if we get the same result.
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[ > subs( t=answer, |hs(eqn3) );

[ > subs( t=answer, rhs(eqn3) );

We still cannot tell if these are the same number. So find their decimal values.

[ > eval f( subs( t=answer, rhs(eqn3) ) );

[ > eval f( subs( t=answer, |hs(eqn3) ) );

Close enough. (Could we have used %and %8%6in the last two commands? Try it.)

If you ask Maple to numerically solve an equation that does not have areal number solution,
then Maple will return nothing. Which is kind of an odd behavior. The following equation has
only complex number solutions.
[ > fsolve( x"2+1=0, x );
Oops! We did something wrong. A little while back in this section we gave the variable x a
value.
L[> X
Since x hasavauethef sol ve command did not make sense to Maple, so it generated an
error message. (To Maple, thef sol ve command looked likef sol ve(5=0, 2) and Maple
cannot solve for 2 in 5=0.) Thisis acommon way to make a mistake in Maple, to use avariable
that has avalue assigned to it asif it were an unassigned variable. We fix this mistake by
unassigning x. (Wewill also unassign y, for future use.)
{ > x = "x";

>y =y
Now we can give our example of an equation that does not have area number solution; notice
that Maple seems to silently do nothing.
[ > fsolve( x"2+1=0, x );
Of course, sol ve hasamuch easier time with this equation.
[ > solve( x"2+1=0, x );

| is Mapl€'s notation for the imaginary number 4/ - 1.
[ >

To give you a sense of how tricky some symbolic calculations can be in Maple, consider the
expression a” x* b x. According to the rules of algebrafound in calculus books, this should
simplify (or combine) to ( a* b) " x.

[ > conbi ne( a*x*b”x );

(> sinplify( a*x*b"x );

Neither command worked. Let us try the other direction. The expression ( a* b) ”x should
expand to a” x* b x.

[ > expand( (a*b)”~x );

Again, the command did not work. But there is away to get this last command to do what we
think it should do. We shall tell Maple to make an assumption about the unknowns a and b. We
will tell Maple to assune that they are positive real numbers.

[ > assunme( a>0 );

[ > assunme( b>0 );
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Now (a*b) *x will expand to a”x* b x but a”x* b x still will not combineto (a*b) *x.

[ > expand( (a*b)”~x );

[ > conbi ne( a*x*b”x );

Thetildes next to a and b are the way that Maple reminds us that we have made some kind of
assumption about those variables. We can remove the assumptions from a and b by unassigning
them.

(>a:="a"; b:="Db";

(> a, b;

From these last examples we see how difficult it can sometimes be to get Maple to make a
known algebraic transformation. Sometimes, assumptions must be made about the variables
involved for the transformation to work. But this can get very tricky. We will say more about the
assunme command in alater worksheet.

[ >

Besides the kind of symbolic algebrathat we have seen so far, Maple can also do symbolic
calculus calculations. Maple can compute derivatives. First let us define afunction.

(> f = x"2*sin(3*x);

Derivatives are computed with the di f f command.

(> diff( f, x);

The next command computes the second derivative of f .

[>diff( f, x,x);

We can compute any order of derivative that we want. Here is the command for computing the
7th derivative.

(> diff( f, x$7);

Here are three interesting examples using functions g and h, which have not been defined yet..
[>diff( g(x)*h(x), x );

[>diff( h(g(x)), x);

[>diff( g(x)/h(x), x);

[> simplify( %);

Do you recognize those outputs?

[ >

If we have afunction of several variables, then Maple can compute partial derivatives.

[> g := 1/ (x"2+y"2);

Maple uses the same command, di f f , for computing partial derivatives.
> diff( g, x);

L diff( g, y);

We can compute higher order partial derivatives. Here are all four of the second order partial

derivatives.
> diff( g, x,x
> diff( g, v,y
> diff( g, X,y

)
)
).
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| > diff( g, yv,x);
[>

Here is how we find antiderivatives using Maple.

[>int( x*In(x), x);

Notice that Maple does not put a +C at the end of its antiderivatives. Y ou are expected to know
that they really are supposed to be there. Y ou can also compute definite integrals.

[>int( x*In(x), x=0..2);

(> evalf( %);

Maple has adlight variation onthei nt command. The | nt command is called the inert form
of i nt . Theinert form of a Maple command does not do any calculation. Instead, it typesets a
formulafor us.

[>Int( x*In(x), x);

We can use the inert form of a Maple command to get nice looking formulas like the following.
[>Int( x*In(x), x) =int( x*In(x), x);

Many of Maple's symbolic calculus commands have an inert form. The inert form isalways a
capitalized version of the command. Try using theinert form of di f f to get Maple to display
the product rule the way it would be displayed in a calculus book.

[ >

Besides doing symbolic integration Maple can also do symbolic summation. Here are a couple
of examples.

(> sunm( i, i=1..n);

[ > factor( %);

[ > sun( i72, i=1..
[> Sunm( i72, i=1..
[ >

n);
n) = factor(%;

Maple can also compute limits.
[>1limt( sin(2*x)/(3*x), x=0);

(> Limt( In(x*2)/(x-1), x=1) =1limt( In(x*2)/(x-1), x=1);

{> Limt( 1/x-1/(exp(x)-1), x=0) =1limt( 1/x-1/(exp(x)-1), x=0
)

[ >

Maple can do one sided limits.

> Limt( x*(p/In(x)), x=0, right ) =1limt( x*(p/ln(x)), x=0,

| right );

Maple can also do limits at infinity.

> Limt( (In(n))”r(a/n), n=infinity) =limt( (In(n))”(a/n),

| n=infinity);

> Limt( x*n/exp(x), x=infinity) =1limt( x*n/exp(x),

| x=infinity);

[ >
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And Maple can compute Taylor series.

[ > taylor( sin(x), x=0);

(> taylor( sin(x), x=Pi/2, 10 );

(> taylor( In(x), x=1);

[ > taylor( exp(x)*cos(x), x=0);

[ >

Sometimest ayl or doesnot work.

[ > taylor( sgrt(x)*exp(x)*cos(x), x=0);
But theresultsof ser i es can be quite odd.

[ > series( sqgrt(x)*exp(x)*cos(x), x=0);

[ >

Maple has quite alot more symbolic algebra and cal culus commands. We have looked at
examples of just the most important ones. Hereis alist of the most important Maple commands
for doing symbolic algebra calculations.

[ > ?factor

[> ?sinplify

[ > ?conbi ne

[ > ?expand

[ > ?sol ve

[ > ?assune

And hereisalist of the most important commands for doing symbolic calculus.

[> 2diff

[ > ?int

[ > ?sum

[>2?2limt

[ > ?tayl or

[ >

=l133.M apleisagraphing calculator.

It is pretty easy to graph basic functions in Maple and the graphs are much more detailed than
what a graphing calculator can do. Here is the basic plotting command for Maple.

[ > plot( x*2, x=-5..5);

We givethe pl ot command the formulathat we want to graph and then tell it what interval of
numbers to draw the graph over. Here are afew more examples.

[ > plot( x*2, x=1..5);

[ > plot( sin(x), x=-2*Pi..2*Pi );

[ > plot( x"2*cos(x), x=-2..2);

[ >

Maple can even plot graphs from negative infinity to infinity. Thisis useful when we want an
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overall idea of what a graph looks like without having to guess at an appropriate domain.

[> g = (x"243*x) [ (xM4+x+1) ;

(> plot( g, x=-infinity..infinity );

The above graph is not the "exact" graph of the function g. In order to draw a graph from
negative infinity to infinity, Maple needs to distort the graph of the function in some way. But
the above graph does give us a very good qualitative idea of what the graph of g looks like and
what its main features are. Here are two more graphs that give us a sense of how Maple might
distort a function when it draws a graph from negative infinity to infinity.

[> plot( x*2, x=-infinity..infinity );

[ > plot(sin(x), x=-infinity..infinity );

[ >

We can also control the range used on the vertical axis of agraph.

[ > plot( sin(x), x=-2*Pi..2*Pi, -1/2..1/2);

Notice that the second range did not have a variable assigned to it. If we do assign a variable to
the second range, then Maple uses that variable as a label for the vertical axis. Compare the next
graph with the previous one. (Look carefully, the label is pretty small.)

[ > plot( sin(x), x=-2*Pi..2*Pi, z=-1/2..1/2);

[ >

We can give afunction a name first and then graph it.
[>f = x"3-x;

(> plot( f, x=-5..5);

(> plot( f, x=-5..5, -10..10 );

Why isthe second graph better than the first?

[ >

We can graph more than one function at atime by putting alist of functionsinside a pair of
brackets.
[ > plot( [x"2, x"2+1, x"3], x=-1..1);
[ > plot( [sin(x), cos(x)], x=0..2*Pi );
When we graph more than one function at atime, Maple chooses colors for the graphs. But we
can assign specific colors to each function by putting alist of colorsinside another pair of
brackets, like this.

> plot( [sin(x-Pi/4), sin(x), sin(x+Pi/4)], x=0..2*Pi,
{ > color=[red, black, blue] );
Maple will match each function with a color in the order that they are given. Assigning colors to
graphs can sometimes help in figuring out which graph is which. Match the functions with their
graphsin the next example (try to make a guessfirst).

> plot( [sin(x)*sin(4*sin(x)),
{> sin(x)*sin(5*sin(x)),

> sin(x)*sin(7*sin(x))], x=0..2*Pi );
The next command brings up a help page with alist of Maple's predefined color names.
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[ > ?plot, col or

[ >

Exercise: There are four functionsin the following graph (which goes from zero to infinity).
Which function is which? What does this graph tell you about these functions? Which aspects of
this graph are misleading?

[ > plot( [x*3, x(1/2), In(x), 2*x], x=0..infinity );

[ >

Let uslook at acommon way to make a mistake when drawing graphs with Maple. Suppose we
give avaueto thevariablet somewherein our worksheet.

(>t =2

Now suppose that sometime later in the worksheet we give Maple the following command.

[> plot( t~3-t, t=-5..5);

Notice how this generates an error message. What we have just told Mapleto do is plot the
function that is constantly equal to 6 (whichiswhat t *3- 2 equalswhent is2) with 2 ranging
from-5to5(i.e.t =- 5. . 5). Itisthislast part that quite obviously does not make sense to
Maple; how can 2 range for -5 to 5? We solve this problem by unassigning t .

>t o=t

[> plot( t~3-t, t=-5..5);

Now we can state the following rule of thumb for working with Maple.

If you get a strange error message in Maple, one of the first things you should
always check is that the variables you are using as unknowns are really
unknown, and do not have a value assigned to them.

Maple can make graphs of data points. When we graph data points we can have Maple either
graph the points and connect them together with straight lines or just graph the points by
themselves. Here is how to give Maple alist of points to be plotted and joined by straight lines.
(> plot( [ [0,2/2], [1/2,1]), [1,1/4], [3/2, 2], [2, 1] 1 );
If we want to just plot the points with no connecting lines, then we usethe st yl e and synbol
optionsto the pl ot command. We set the st yl| e option to be poi nt and we set the synbol
option to be one of box, cross, ci rcl e, poi nt, or di anond.

> plot( [ [0,1/2], [1/2,1], [1,1/4], [3/2, 2], [2, 1] ],
{ > styl e=poi nt, synbol =di anond );
Try changing the synbol option in the last command. Also, if we set thest y| e option to
| 1 ne, that isthe same as first command where the data points were connected by straight lines.
(Tryit.)
[ >

Using lists of data points, we can get Maple to draw any polygon in the plane.
[ >plot( [ [O2], [1,-1], [-1,1], [, 1], [-1,-1], [0O,2] ],
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| axes=none );

We can give thelist of points a name before we plot it.

(> List :=1 [2,1], [3,2], [3,1], [1,2], [1,1] ];

[ > plot( List, 0..3, 0..2);

Try removing the two ranges from the last pl ot command to see what happens. Also, suppose
you use avariable name in one of theranges (asin z=0. . 3). What does that do? (L ook
carefully.)

[>

We can give agraph atitleusingthet i t | e optiontothe pl ot command. The title will appear
at the top of the graph.
(> plot( 4*x*(1-x), x=0..1, title="The logistic map." );
We can also create graphs with labels in them, but the processis abit involved. First we draw
the graph that we wish to include alabel in.

> plot( [4*x*(1-x), X], x=0..1, color=[red, blue],
{> title="The logistic map." );
Now use the next command to give this graph a name. We can use any name that we like.
Notice the colon at the end of this command.
[ > graphl := %
Now we usethet ext pl ot command to draw a graph that contains only the labels. We need to
givethet ext pl ot command the labels we want and the coordinates of where each |abel
should be placed.

> plots[textplot]( [ [0.9, 0.9, "y=x"], [0.77, 0.75, "fixed
{ point"] ],

> al i gn=RI GHT );
Now use the next command to give this graph a name.
[ > graph2 := %
Finally, we use the di spl ay command to combine our last two graphs together.
[ > plots[display](graphl, graph2);
If alabel should turn out to be in the wrong place, go back and modify thet ext pl ot
command, re-execute it, rename it, and then re-execute the di spl ay command. Try adding a
third label to thislast example or moving one of the two labels around.

[ >

When we used thet ext pl ot and di spl ay commands we called them pl ot s[ t ext pl ot ]
and pl ot s[ di spl ay] . Thisis because those commands are part of the pl ot s package. A
package is agroup of related Maple commands. To use a command from a package, we have to
either include the package name as part of the command's name or we have to "load the
package'. We load a package using thewi t h command. So for example, the following
command loads the pl ot s package.

[ > with(plots);

Notice that when we load a package, Maple gives us alist of all the commands in the package.
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Look carefully and you should seet ext pl ot and di spl ay inthelist of commands. Now we
can refer to the di spl ay command without using the package name as part of di spl ay's
name.

[ > di splay(graphl, graph2);

Thedi spl ay command can be used to combine amost any graphs together into one graph. It
isusually used to make it easier to build up a complicated graph out of simple graphs.

[ >

Maple can draw graphs of functions using other coordinate systemsin the plane. Hereisagraph
of afunctionr =f(q) in polar coordinates. This graph is called a cardioid.

[ > plot( 1+sin(theta), theta=0..2*Pi, coords=polar );

Compare the last graph with the next one that uses the same function, but now in cartesian
coordinates.

[ > plot( 1l+sin(theta), theta=0..2*Pi );

Both of the last two commands graphed the function f(q) = 1 + sin(q), but the first command
used the (r, g)-planein polar coordinates and the second command used the (X, y)-planein
cartesian coordinates (but it called the horizontal axisthe g-axisinstead of calling it the x-axis).

[ >

Hereisamore interesting graph of afunction in polar coordinates.
{ > sin(theta)+sin(5*thetal2)"3;

> plot( % theta=0..4*Pi, coords=polar );
[ >

Here isagraph of acircle as the graph of a constant function in polar coordinates.

[ > plot( 1, theta=0..2*Pi, coords=polar );

Notice that the graph looked elliptical, not circular. Maple quite often does not use the same
scale on the horizontal and vertical axes. Thescal i ng=const r ai ned option in the next
example "constrains' Maple to use the same scale on both axes, which makes the graph ook
likeacircle.

[ > plot( 1, theta=0..2*Pi, coords=polar, scaling=constrained );
What graph would we get if we removed the coor ds=pol ar option from the pl ot
command?

[ >

Maple can draw "graph paper” for usin polar coordinates.
[ > plots[coordplot]( polar, scaling=constrained );
Maple can draw graph paper in cartesian coordinates al so.
> pl ots[coordplot](cartesian, scaling=constrained,
{ col or =[ bl ack, bl ack]);
Thecol or option takestwo colors, one for each variable in the coordinate system. Try
changing the colorsin the polar graph paper.
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[ >

Maple can draw graphs of parametric curves. The following pl ot command draws acircle
defined as a parametric curve (in cartesian coordinates).

[> plot( [cos(t), sin(t), t=0..2*Pi], scaling=constrained );
How would you draw an ellipse (withscal i ng=const r ai ned)?

[ >

Now notice the subtle difference between the last command and the next command. The next
command is amost the same, but it has the range outside the brackets, not inside.
[ > plot( [cos(t), sin(t)], t=0..2*Pi, scaling=constrained );
When the range is inside the brackets, Maple is graphing the parametric curve

X(t) =cos(t) and y(t)=sin(t) for O<tandt<2p
but when the range is outside the brackets, Maple is graphing two separate functions

f(t) =cos(t) and g(t) =sin(t).

The difference between these last two pl ot commandsis very important.

[ >

Here is amore interesting parametric curve.
[ > plot( [t+2*sin(2*t), t+2*cos(5*t), t=-2*Pi..2*Pi] );
Try moving the range outside of the brackets. Also try changing the values of the constants.

[ >

Maple can also draw parametric curvesin polar coordinates. Here is another way to draw a
circle.

> plot( [1, theta, theta=0..2*Pi], coords=polar,
{ scal i ng=constrained );
(What would the graph look like if we removed the option coor ds=pol ar fromthepl ot
command? Why?) Parametric curvesin polar coordinates are not very common. Most calculus
books do not even mention them.

[ >

Maple has still another way to graph a circle. Maple can draw acircle as the graph of an
equation.

> plots[inplicitplot] ( x"2+y"2=1, x=-2..2, y=-2..2,
{ > scal i ng=constrained );
Notice that Maple has a specific command for graphing equations. When we ask Maple to graph
an equation, we are asking Maple to plot all of the pointsin the xy-plane that solve the equation.
Here is another example of graphing an equation.
[ > plots[inplicitplot]( x"3+y"3=5*x*y-1/4, x=-3..3, y=-3..3);
Notice how the graph of one equation can be in severa pieces.

[ >

Page 20



Maple can draw three dimensional graphs of functions of two variables.

[ > plot3d( sin(x+y), x=-Pi/2..Pil2, y=-Pil2. .Pi/l2);

Be sure to click on the above graph and try moving it around with the mouse button pressed
down. Here are afew more examples.

[ > plot3d( cos(x*y) , x=-3..3, y=-3..3);

[ > plot3d( sin(sqrt(x"2+y”2)), x=-6..6, y=-6..6 );

[ > plot3d( sin(sqgrt(x"2+y”2)), x=-6..6, y=-6..6, style=line );
6, y=-6..6, style=contour

{ > plot3d( sin(sqrt(x"2+y”2)), x=-6..
);
> plot3d( sin(sgrt(x"2+y”2)), x=-6..6, y=-6..6, style=point,
{ col or =bl ack) ;
Notice that the changes made in the last four examples can aso be done by clicking on one of
the graphs and then clicking on appropriate buttons that appear in the "context bar" at the top of
the Maple window.
[ >

Here are some more functions of two variables.
> f = (x"N2+y"2) *exp(-x"2-y"2);
{> plot3d( f, x=-3..3, y=-3..3);
Be sure to look "underneath” this last graph. The next function is very similar but the graphis
quite a bit different. Why?
(> f = (x"2+5*y"2) *exp(-x"2-y"2);
| > plot3d( f, x=-3..3, y=-3..3);
Here is one more example.
>f :=1/( 1 + sqgrt(abs(y-sin(x))) + sqrt(abs(x+sin(y))) );
| > plot3d( f, x=-1..1, y=-1..1);
[ >

Maple can graph functions of two variables using other coordinate systems. Here is a sphere as
the graph of a constant functionr =f(q, f ) in spherical coordinates
> plot3d( 1, theta=0..2*Pi, phi=0..Pi, coords=spherical,
{ > scal i ng=constrained );
Maple can also graph parametric surfaces in space. Here is the sphere graphed as a parametric
surface (in rectangular coordinates).
[ > plot3d( [cos(u)*sin(v), sin(u)*sin(v), cos(v)], u=0..2*Pi,
v=0..Pi,
> scal i ng=constrai ned) ;
Here is the same sphere as a parametric surface using spherical coordinates in space.
> plot3d( [1, theta, phi], theta=0..2*Pi, phi=0..Pi,
> coords=spherical, scaling=constrained);
We should mention that the sphere can also be graphed as the solution set of an equationin
three unknowns,
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{ > plots[inplicitplot3d]( x"2+y"2+z72=1, x=-1..1, y=-1..1,
z=-1..1,

scal i ng=constr ai ned) ;

>
[ >

Hereisamore interesting graph of afunction of two variables in spherical coordinates. Thisisa
"bumpy sphere” that you can look inside of (by rotating the graph).
>rho := 1 + .1*cos(5*t heta)*cos(5*phi);
> plot3d( rho, theta=0..2*Pi, phi=0..3*Pi/4, coords=spheri cal
);
How would you close the hole at the bottom of the sphere?

[ >

Hereis an interesting parametric surface in space (using rectangular coordinates).
> plot3d( [(2+sin(v))*cos(u), (2+sin(v))*sin(u), u+cos(v)],
{> u=0..4*Pi, v=0..2*Pi );
How would you get more spirals to show in the graph?
[ >

One of the amazing things that Maple can do is create animations using the ani mat e
command. Here are three very simple examples of animation. To view an animation, execute the
Maple command and after the graph becomes visible click on it. Some VCR type buttons will
appear at the top of the Maple window in the "context bar”. Click on the "play" button. Try
playing with the other buttons al so.
[ > plots[animate] ( sin(x-p), x=0..2*Pi, p=0..2*Pi );
[ > plots[animate] ( sin(p*x), x=0..2*Pi, p=1..4);

> plots[animate] ( {p+sin(x), -p+sin(x), (p"2)*sin(x)},

x=0..2*Pi ,

> p=(sqrt(5)-1)/2..(sqgrt(5)+1)/2, color=gold );
[ >
Maple creates animations by computing and storing 16 separate graphs of the given function
(each graph is called aframe) and then displaying the 16 graphs very quickly in the order they
were computed. For each frame in the animation the parameter p isincremented alittle bit, and
thisis what makes each frame alittle different from the frame just before it (the parameter p can
be given any name you like). Thereis a button for controlling how many "frames per second”
are drawn during the animation, the range is from as slow as one frame per second up to as fast
as 30 or 40 frames per second. There is also another button that lets you step through the frames
one by one, so you can see how they change. The ani mat e command hasaf r anes option for
specifying how many frames Maple should compute for the animation (if you want more than
the default 16 frames). By specifying afairly high number for thef r anes option you can make
either very smooth or very long animations, depending on how long the range for the frame
parameter is and how many frames per second are displayed. The next animation has alot of
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frames, so it isfairly smooth (and the frame parameter is mu).

>f = x -> mu*x*(1-x);

> plots[animate] ( f(f(f(x))), x=0..1, nu=1l.. 4,

> nunpoi nt s=150, franes=100, col or=blue );
[ >

The next animation also has alot of frames and it runs for afairly long time. It isaso periodic.
Thereisabutton for "continuous play" and if you click on that button, because of the periodicity
thisanimation it will play smoothly over and over again.

> plots[animate] ( [ (1+.5*sin(t)*cos(5*s))*cos(s),
> (1+.5*sin(t)*cos(5*s))*sin(s), s=0..2*Pi],
> t=0..2*Pi, scaling=constrained,
nunpoi nt s=100,
> col or =bl ue, axes=none, franmes=100 );

Thislast animation is not as complicated as it seems. It is "morphing” acircle. The parametric
equationsin the ani mat e command define a"circle” whose radius ( given by the term
1+sin(t)*.5*cos(5*s) ) changesboth with angle (the s variable) and with time (the t
variable which is also the frame parameter). Try changing any of the parametersin the
command. Even if you do not yet understand the equations, you can modify them to see what
happens. Small changes in the equations can lead to big changes in the animation.

[ >

The next animation is based on the previous one. Some of the constants have been changed and
two circles are being morphed simultaneously.

> plots[animate] ( {[(1+2*sin(t)*cos(6*s))*cos(s),
> (1+2*sin(t)*cos(6*s))*sin(s), s=0..2*Pi ],
> [(1+2*sin(t)*cos(6*s))*cos(s),
> (1-2*sin(t)*cos(6*s))*sin(s), s=0..2*Pi]},
> t=0..2*Pi, scaling=constrained,
nunpoi nt s=150,
> col or =bl ue, axes=none, franmes=100 );
[ >

The rest of thisworksheet is made up of more examples, without much explanation, of drawing
graphs with Maple. First there are some two dimensional curves, both parametric curves and
functions in polar coordinates. Then there are several three dimensional graphs.

Here are two different kinds of spirals as parametric curves. (Try converting these to graphs of

functionsin polar coordinates.)

[> plot( [t*cos(t), t*sin(t), t=0..2*Pi], scaling=constrained );
> plot( [exp(t)*cos(5*t), exp(t)*sin(5*t), t=0..2*PRi],

{ > scal i ng=constrai ned) ;
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Longer versions of the two previous spirals.
> plot( [t*cos(t), t*sin(t), t=0..10*Pi], scaling=constrained
L)
> plot( [exp(t)*cos(10*t), exp(t)*sin(1l0*t), t=-2*Pi..10*Pi],
> scal i ng=constrained );
The next spira is called Cornu's Spiral (also called Euler's Spiral or clothoid).
> plot( [Fresnel S(x), Fresnel C(x), x=-4..4],

> scal i ng=const rai ned, axes=none, title= Cornu's Spiral "
L)
[ >

The next example isaLissgous curve. Try different valuesfor a, b, and ¢ (but see the comment
next to d).
> a.=3/4: b:=0: d:=4: # d is the denom nator of a.
> plot( [sin(a*t+b*Pi), sin(t), t=0..2*Pi*d],
scal i ng=constrai ned );

[ >

The next two parametric curves are surprising for their elegance. They have interesting names
too. First, an epitrochoid.
> a:=3: b:=1:. <c¢:=2: d:.= 15:
> d*((atb)*cos(t)-c*cos((a+b)*t/ b)),
d*((atb)*sin(t)-c*sin((a+b)*t/b));
>plot( [ % t=0..2*Pi ],
> scal i ng=const rai ned, axes=none, title= Epitrochoid );
Next, a hypotrochoid.
> a:=4. b:=1: c:=2: d.=2:
> d*((a-b)*cos(t)+c*cos((a-b)*t/ b)),
d*((a-b)*sin(t)-c*sin((a-b)*t/b));
>plot( [ % t=0..2*Pi ],
> scal i ng=const rai ned, axes=none, title= Hypotrociod );

Here are severa curves that are graphs of functions in polar coordinates.
A cochleoid.
> sin(theta)/theta;
> plot( % theta=-6*Pi..6*Pi, coords=polar,
> scal i ng=constrained, title= Cochleoid );
A butterfly curve.
> exp(sin(theta))-2*cos(4*theta);
> plot( % theta=0..2*Pi, coords=pol ar,
> scal i ng=const rai ned,
> title=Butterfly curve );
Another butterfly curve.
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> exp(sin(theta))-2*cos(4*theta)+(sin(thetal/12))"5;
> plot( % theta=0..20*Pi, coords=pol ar,

> scal i ng=const rai ned, nunpoi nt s=1000,

> title=Butterfly curve');

A few unnamed curves.

[ > sin(theta)+sin(5*thetal2)"3;

> plot( % theta=0..4*Pi, coords=pol ar,

> scal i ng=constrai ned, axes=none );
> sin(6*thetalb);
> plot( % theta=0..10*Pi, coords=pol ar,
> scal i ng=constrai ned, axes=none );
[ > theta*cos(theta);
> plot( % theta=-19*Pi/2..19*Pi/2, coords=polar,
> scal i ng=const rai ned, axes=none );
[ >

Now for some more 3D plots.

The next example is a parametric surface using rectangular coordinates.
> [r*cos(phi), r*sin(phi), phi];
> plot3d( % r=0..1, phi=0..6*Pi,
> grid=[ 15, 45], orientation=[55,70], style=patch,
> shadi ng=zhue, axes=frane );
Here is another parametric surface using rectangular coordinates.
> [ (1-u)*(3+cos(Vv))*cos(4*Pi*u),
> (1-u)*(3+cos(v))*sin(4*Pi *u),
>  3*u+(l-u)*sin(v) ];
| > plot3d( % u=0..1, v=0..2*Pi, orientation=[-14,76] );
[ >

The next command uses spherical coordinates in space. Theradiusr ho isafunction of the
anglest het a and phi .

> rho := (1.3)"theta*sin(phi);
{ > plot3d( rho, theta=-1..2*Pi, phi=0..Pi, coords=spherical);
If you do not remember what spherical coordinates are, Maple can help you remember by
drawing a surface with constant coordinate value for each of the three coordinates.
[ > plots[coordpl ot 3d] ( spherical );

[ >

The next example uses cylindrical coordinatesin space. Theradiusr isafunction of angle
t het a and height z (but sincer does not depend explicitly ont het a, this graph has rotationa
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symmetry).

>r = (5*cos(z)"2-1)/3;

> plot3d( r, theta=0..2*Pi, z=-Pi..Pi,

> coords=cylindrical, style=patch, color=r );
Hereis ademonstration of cylindrical coordinates.

[ > plots[coordplot3d]( cylindrical );

The next example is a parametric surface using cylindrical coordinates in space.
{> [z*theta, theta, cos(z"2)];

> plot3d( % theta=0..Pi, z=-2..2,
> coords=cylindrical, color=theta );

[ >

The next two examples use a specialized Maple command called t ubepl ot .
> plots[tubeplot]( [-10*cos(t) - 2*cos(5*t) + 15*sin(2*t),
> -15*cos(2*t) + 10*sin(t) - 2*sin(5*t),
> 10*cos(3*t) ], t= 0..2*Pi
| radius=3*cos(t*Pi/3) );
Y ou can change any of the following five parametersto get different graphs.
> a:=2: b:=4/5: c:=1: m=4: n:=7:
r .= a + b*cos(n*t):
z := c*sin(n*t):
curve := [ r*cos(nmft), r*sin(ntt), z ];
pl ot s[tubeplot]( curve, t=0..2*Pi, radius=1/4,
t ubepoi nt s=20, nunpoi nt s=200,
orientation=[45, 10], styl e=patch,

vV V.V V V V

shadi ng=xyz);

[ >

Not all of Maple's graphs come from equations.
[ > plots[polyhedraplot]( [0,0,0], polytype=dodecahedron,

> orientation=[71,66], style=patch,
{ scal i ng=constrained );
The next example comes from aworksheet about duality that is part of Maple'sonline
documentation. It isa 3-D graph, so try rotating it.
> with(geonBd):
> G eat Rhonbi i cosi dodecahedron( t9, point(o,0,0,0), 1. ):
> duality( dt9, t9, sphere(nm®, [o, MdRadius(t9)]) ):
> draw( [t9(col or=maroon), dt9(col or=gold)], cutout=7/8,
> | i ght nodel =li ght4, orientation=[0, 32],
>
>

i title="Dual of great rhonbiicosi dodecahedron™ );
[
[ >
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=] 1.3.4. Mapleisa programmable calculator. (Optional)

If you have some experience with programming languages, or with programming hand held
calculators, then this section will give you an introduction to programming in Maple. If you do
not have any experience with computer programming, then you can skip this section for now.
Severa of the later worksheets will introduce you to the basics of programming.

Maple has most of the common programming language features. Maple has an assignment
statement, a very versatile repetition statement, a conditional statement, procedures, and many
built in datatypes. We have already seen many examples of Maple's assignment statement
which uses the assignment operator (: =). The basic form of Maple'slooping command is
for index variable fr om initial_value t o final_value by step sizedo
sequence_of Maple _commands
od
Here are some simple examples.
[>for i fromO to 8 do (1+x)”i od,
[>for i fromO to 8 by 2 do (1+x)”i od;

[ >
The next two commands will differentiate x* cos( x) for usten times.
(> f = x*cos(x);

[>for nfroml1l to 10 do f :=diff(f, x) od,

Notice how in the last example, while we can see all ten derivatives of x* cos( x) , we cannot
refer to them because they were all give the same namef . Hereisaway to fix this. Maple can
generate sequential names on the fly by using something called the dot oper ator .

[ > f0 := x*cos(x);

[>for nfroml1lto 10 do f.n :=diff(f.(n-1), x) od;

Notice from the output that the dot is not part of the variable names. The dot separates the |etter
part of the variable name, which isfixed, from the numeric part of the variable name, which
Maple computes on the fly. Now f 7 isthe name for the seventh derivative of x* cos( x) .
> 17,

[ >

There are many other forms of Maple'sloop statement. Here is aform of the loop that stepsits
way through all the elements of some data structure.

f or index variablei n data_structure do sequence of Maple commands od

The following command counts how many letters are in each word from alist.
> for fruit in [plum apple, pineapple, grape, waternelon] do
> | ength(fruit)
> od;

The next command differentiates the terms of a polynomial one at atime.

> for termin 1 + 3*x + 12*x"2 + x"3 + 7*x™4 do diff(term x)
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| od;
>

Maple also has awhile loop.
whi | e boolean_expression do sequence_of Maple_commands od
Here isthe general form of Maple's conditional statement.

i f boolean _expressiont hen
sequence_of Maple commands
el i f boolean expressiont hen
sequence_of Maple commands
el se
sequence_of Maple commands
fi

There can beasmany el i f /t hen clauses as needed. However, theel i f /t hen part and the
el se part of the conditional statement are optional. So we also have the following two simpler
forms of the conditional statement.

i f boolean_expressiont hen

sequence_of Maple commands

el se
sequence_of Maple commands

fi

and

I f boolean_expressiont hen
sequence_of Maple statements

fi

Here is an example of a conditional statement that computes a piecewise defined function.
[> x .= 3/2

> if x <= 0 then x"2
>elif x <= 1 then x"3
>elif x <= 2 then x"4
> el se x"5

> fi;

[ >

The following combination of aloop and an if-statement will print out all of the prime numbers
less than 100. Notice how indentation can be used, much like in any other programming
language, to make the code easier to read.
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| > for i froml while i <= 100 do
> if isprime(i) then
> print(i)
> fi;
> od;

fry to modify the above example so that it also counts how many primes there are less than 100.
What if you wanted to know how many primes there are less than 1,000,0007?

Maple allows us to use procedur es to group statements together and to pass them parameters.
Here is a simple procedure that finds the larger of two numbers.

[ > bigger := proc(x, V)

> if x >y then Xx

> el se y

> fi

| > end;

Here bi gger isthe name we gave to the procedure. The definition of the procedure begins
with pr oc and endswith end. The formal parameters to the procedure are placed inside
parentheses right after the pr oc. This procedure has two formal parameters. This procedure has
only one statement in its definition (a conditional statement), but there can be any number of
statements. The return value of a procedure is whatever is the last expression computed by the
procedure. Now that we have defined the procedure we can call it. The actual parametersin the
procedure call are placed inside parentheses right after the name of the procedure.

[ > bigger( 10, 11 );

[ >

Procedures can also have local variables. The next procedure finds the average of alist of
numbers.

> avg = proc( L)

> local N, sum Xx; # declare three | ocal variables

> N := nops( L ); # count the nunber of operands in |ist
L

> sum : = 0; #initialize sum

> for x in L do

> sum:= sum+ X; # conpute a running total

> od;

> sum N, # conpute and return the average

> end;

Notice the use of indentation and comments to make the procedure more understandable.
([>L:=10[1, 1, 3, 4];

[>avg( L );

[ >

Almost all Maple commands are actually Maple procedures written in the Maple programming

Page 29



language. Take for examplethei spr i me command. Let ustry and look at the definition of this
procedure.
[> print( isprine );
Thisdid not tell us much. Hereisaway to get Maple to be more forthcoming.

> interface(verboseproc=2);

> print( isprinme );

> interface(verboseproc=1);
Obvioudly, this definition is quite complex. But this shows us two things. Maple commands are
programs written in the Maple language, and we can examine, even modify, these commands if
we know enough about Maple.

[ >

The last major piece of Maple's programming puzzle is Maple's built in data types and data
structures. But thisistwo big a subject to summarize here. There is awhole worksheet later on
just about data structures and data types.

The following command will bring up a help page listing all the keywords used in Mapl€'s
programming statements.

[ > ?stat enent

Basic information about writing procedures can be found in the following two help pages.
(Unfortunately, these two help pages are amost unreadable.)

[ > ?procedure

[ > ?par anet er

[ >

L0
=11.4. Getting help in Maple

Maple has several built in ways of getting help about both Maple commands and the Maple
graphical user interface.

To begin with, look in Maple's Help menu at the top of the Maple window and make sure that
Balloon Help has a check mark next to it (Balloon Help is the second item from the bottom in the
Help menu). With Balloon Help on, you can point the mouse at any of the buttons or menu items at
the top of the Maple window and get at least alittle bit of information about it. This helps you get
started with Mapl€e's user interface.

Y ou should work your way through the "New user'stour”. To start it, click on the New User's Tour
item in Maple's help menu.

The Introduction menu item at the top of the Help menu is agood place to start reading about Maple
if you want to get more in depth about how it works. In particular, notice the Help Browser that

Page 30



appears at the top of the "Introduction to Maple V" help page (just below the tool bars). The Help
Browser isavery well structured outline of the whole Maple help documentation. Asyou click on
an item in any column, that item is either expanded into the next column or displayed in the window
below the Help Browser. The Help Browser appears at the top of every help page.

If you want information about a specific Maple command, at a Maple prompt type a question mark
followed by the command. Thiswill bring up a help window that you can read and then closein the
usua way.

[ > ?pl ot

Notice that this command did not need a semi colon at the end of it.

A very quick way to get help on a specific Maple command is to put the cursor on the command in
question and then press the F1 key (found at the top of the keyboard). Thiswill bring up the
command's help page right away. Go ahead and try this on the (incorrect) pl ot command below.
(> plot(x"2, -1..1);

Notice how the Help Browser at the top of the help page shows where you are in the outline of the
help documentation. The Help Browser can be very useful for finding information closely related to
whatever help page you are currently reading.

At the end of the help window for every command there are examples of using the command. It is
often agood ideato use "cut and paste” to cut the examples out of the help window and paste them
into your worksheet, where you can try them out and make changes to them. For example, call up
the help pageon pol yhedr apl ot using the next command, cut the example from the end of the
help page and paste it into this page at the next empty prompt, and then execute the example. (Be
sure to click on the outputs and try rotating them.)

[ > ?pol yhedr apl ot

F >

[ >

At the very end of many help pagesthereis a section called "See Also". Thisisalist of hyperlinks
to related help pages. Clicking on a hyperlink takes you to the associated help page. For more
information about Maple's hyperlinks, follow this hyperlink or execute the following command.

[ > ?linking

If you are trying to find out how Maple handles some mathematical concept and you do not have any
idea what Maple command might be useful, then you need to sear ch the Help System. Y ou can do
this two ways. First, you can try to browse the Help System using the Help Browser. Thisis not very
efficient, but it can sometimes be very informative. Otherwise you need to use either the Topic
Search or the Full Text Search menu itemsin the Help menu. It is hard to say which of these
searches is better to use. Try the Topic Search first; if what you are looking for isin it, thiswill be
the fastest way to find it. But Topic Searches often fail, and then you have to use the Full Text
Search. There is more information about searching in the Using Help menu item in the Help menu.

[ >
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Below are afew commands that call up help pages that you might find useful. The first command
will bring up an introduction to Maple. (Thisis the same as using the "Introduction” item at the top
of Maple's Help menu.)

[ > ?introduction

The next command will bring up Maple's help for the Help System. (Thisis the same as using the
"Using Help" item in Maple's Help menu.)

[ > ?hel pgui de

The use of ? to call up help pages is described, not surprisingly, in the next help page.

(> 2

The next command brings up a Maple worksheet that is part of the New User's Tour. This worksheet
is another brief introduction to Maple's online help.
[ > ?newuser,topicll

The next command will bring up help on using Maple's worksheet interface.

[ > ?wor ksheet

In particular, look at the sub-sections " Getting to Know the Worksheet Interface” and "Documenting
Y our Work". And also read the next section of this worksheet.

The next command will bring up aglossary of Maple terms.
[ > ?gl ossary

The next command will bring up an index to all of Maple's built in library functions.
[ > ?i ndex, functions

The next command brings up alist of Maple's mathematical functions.

[ > ?inifcn

The next command brings up alist of all the Maple packages.

[ > ?i ndex, package

The next command will bring up an index to all of Maple's commands.

[ > ?i ndex

[ >

L[>
=11.5. How Mapleis organized

Mapleisalarge, complex system and Maple has a tremendous number of commands and functions
for doing mathematics. No one can know everything about all of the Maple commands. Asyou learn
more about mathematics you will want to learn more about Maple so that you can put it and your
mathematical knowledge to good use. Knowing something about the overall structure of Maple and
the organization of all its commands will help you when you want to learn about using Maplein
some new way.
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[ >

Every Maple command is of one of two types. A small number of Maple commands are built in
commands and all of the rest of the commands are library commands. The library commands are
further classified as either main library commands, package commands, or readlib commands.

The built in commands are part of what is called the Maple kernel. The kernel is the actual computer
program that runs Maple. There are just afew Maple commands that are built in. An example of a
built in command isdi f f, the command that differentiates expressions. If we ask Maple to print the
definition of one of the built in commands, Maple does not tell us much about the command other
than that it is built in.

[> print(diff);

When you start Maple on your computer, the Maple kernel and al of the built in commands are
loaded into your computer's main memory. The Maple kernel and the built in commands form the
foundation for al of the rest of the Maple system. In particular, the Maple kernel defines the Maple
programming language.

[ >

The great mgjority of Maple's commands are library commands. Library commands differ from
built in commands in two ways. First of all, the library commands are written in the Maple
programming language while the built in commands are written in the C programming language. We
will see shortly what this difference means and why it isimportant.

The other difference between library commands and built in commands is that unlike the built in
commands, the library commands are not loaded into memory automatically when Maple starts up.
Thereason for thisisthat if Maple loaded all of its commands automatically when you started the
Maple program, your computer probably would not have enough memory to run Maple. And in
truth, very little would be gained by loading everything at once, since you will never use more than a
small fraction of Maple's commands in any given Maple session. By not loading most commands
until they are needed, no sacrifice is made in terms of Maple's versatility, but a huge gainis made in
terms of efficiency.

Aswe mentioned earlier, the library commands are divided into three groups, the main library
commands, the package commands, and the readlib commands. What distinguishes these groupsis
how the commands in them are loaded into Maple.

The main library commands are commands that are automatically loaded into Maple whenever you
use them. So main library commands are just as convenient to use as built in commands. The main
library commands are fairly numerous. These are the commands that most Maple users use most of
the time.

An example of amain library command is| n, the logarithm function. If we ask Maple to print out
the definition of this command, it does not tell us much (but at least we see that | n isnot abuiltin
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command).

[> print(ln);

If we make use of an additional Maple command, then Maple will give us the whole definition of
thel n command.

[ > interface(verboseproc=2);

[> print(ln);

What you are looking at is a program written in the Maple programming language. This Maple code
iswhat letsthe | n command do symbolic manipulations like the following one. (Can you find the
line of Maple code that actualy is responsible for this manipulation?)

(> 1In( 1/2);

Now we can explain the most important difference between built in commands and library
commands. Every library command is really the name for a Maple program, just as| n isthe name
for the above program (though most Maple commands have much longer programsthan | n). Every
one of these programs can be examined using the pr i nt command. Once you know enough about
the Maple language, you can read these programs and find out how the great majority of the Maple
system works. In addition, you can modify these programs to extend Maple (or fix bugsin Maple).
This ability to extend Maple is one of its most important characteristics. Researchersin very
specialized fields can write or modify Maple commands to solve highly specialized problems. The
only limitation to Maple's adaptability is the fact that the Maple kernel and the built in commands
are written in the C programming language and their code is neither modifiable nor accessible.

Later in these worksheets we will examine the code for several Maple commands and we will see
just how they are able to do many of their symbolic manipulations. We will also look at afew
examples of extending Maple's abilitiesin some simple ways.

[ >

The bulk of Mapl€'s library commands are package commands. A package is a collection of Maple
commands that are somehow related. For example, thel i nal g packageisa collection of
commands for working with linear algebra, the nunt heor y package is a collection of commands
for working with number theory, and the DEt ool s package is a collection of commands for
working with differential equations. To use a package command you have to either explicitly load
the command or you have to load the whole package that the command isin. Here is an example.
The st udent packageisacollection of commands that are useful to students taking calculus. One
of the commands in this packageis| ef t box, which draws a picture of the left hand sums that
approximate a definite integral. Suppose we try to use this command.

[ > leftbox(sqrt(x), x=0..3, 10);

Maple just repeated back to us what we entered. Thisis because the name | ef t box isstill
undefined to Maple so Maple does not know how to evaluate it. We need to load the | ef t box
command into Maple. There are two waysto do this. First, we can use thelong namefor | ef t box,
whichisst udent [ | ef t box] , in our command.

[ > student[l eftbox] (sqrt(x), x=0..3, 10);

The long name of a package command loads the command just for that one use. If you are going to
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use a package command several times, or you are going to use several commands from the same
package, you should load all of the commands in a package into Maple's memory using thew t h
command.

[ > with(student);

Notice that thewi t h command returns the names of all the commands in the package that was
loaded. Now that the st udent package has been loaded, we can use the short name of | ef t box.
[ > leftbox(sqrt(x), x=0..3, 10);

[ >

Our first use of the |l ef t box command above demonstrates an important thing to remember when
using Maple. If you enter a Maple command and Maple just repeats it back to you, without any error
message, this means that the command is undefined to Maple. Thisis almost always caused by one
of two things. Either you misspelled the name of the command or you are using a package command
that has not been loaded yet. The easiest way to tell which one of these cases you areinisto click on
the command and then hit the F1 key at the top of the keyboard. Thiswill cause the Maple help
system to search for the command. If the search comes up empty, you have a misspelled command.
If the search is successful, then look at the top of the help page. Every Maple help page begins with
the long name of the command, so thiswill tell you which package the command isin.

[ >

The third type of library commands are the readlib commands. These are very specialized commands
that do not fit in any package. Before you can use one of these commands you need to load it into
Maple's memory using ther ead| i b command. There are not alot of readlib commands and they
tend to be commands that are not used very often. We will only be using a couple of readlib
commandsin all of these worksheets.

[ >

The following help page will bring up an index of all the packages in the Maple library with
hyperlinks to more information about each package.

[ > ?i ndex, packages

The following help page gives an overview of thest udent package and it has hyperlinksto all of
the commands in the package.

[ > ?student
o[>
=11.6. Working with wor ksheets

The following short subsections go over the details of some particularly important aspects of
working with workshests.

>
1.6.1. Entering text into a wor ksheet
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Maple worksheets are divided into three kinds of areas, input areas, output areas, and text areas.
Input is displayed in red type, output in blue type, and text in black type. When you open a new
Maple worksheet it begins with a prompt which marks an input area. After youtypein a
command and execute it, Maple displays the results of the command in an output area and then
it gives you a new prompt for another input. By default, Maple will then alternate between input
and output regions. If you want to create atext areato put some comments in, then you have to
do something different.

There are two ways to put comments like these in a Maple worksheet. First, you can convert a
Maple input prompt from "Maple mode" to "text mode". To do this, you click on an empty
Maple prompt and then use the Insert -> Text Input menu item to enter "text mode" (or you can
click on the big T button in the middle of the tool bar, or type Ctrl-T). Once in "text mode" the
prompt disappears and you can begin to type in your text. Notice that in "text mode" what you
typeinisin black, and when you arein "Maple mode" what you typeinisinred. Put the cursor
at the prompt below, enter "text mode”, and then type in some text (you can type in as many
lines of text asyou like).

[ >

If you need a new Maple command prompt somewhere in aworksheet (for example, right after a
comment that you put in like in the last paragraph), place the cursor at the end of the line above
just where you want the Maple input and use the I nsert->Execution Group->After Cursor menu
item (or use the "[>" button on the tool bar, or type Ctrl-J). Try putting a command prompt after
the text that you entered above and also in the empty space just below thisline.

The other way to enter some text into aworksheet isto put the cursor about where you want the
text area and then use the I nsert->Paragraph->After menu item (or type Shift-Ctrl-J). This
creates atext just below where you placed the cursor.

There isadight difference between the two ways of entering text. The first way puts the text
inside an "execution group” (see below). This means that there is athin vertical bracket on the
left side of the text area. The second method does not place the text inside an execution group,
so thereis no vertical bracket around the left side of the text area.

L[>

=] 1.6.2. Menu bar, tool bar, and context bar

If you look at the top of the Maple window, you will see three rows of menus and buttons just
below thetitle bar. Thefirst (i.e. top) row is called the menu bar, the second row is called the
tool bar, and the third row is called the context bar.

The menu bar is where you access all of Maple's menu items; these are mostly commands for
manipulating Maple's graphical user interface. None of Maple's mathematical commands arein
the menus. If you look through the menus, you will notice that many of the menu items have
"keyboard shortcuts" associated to them. It is worth while to learn afew of these shortcut keys
for commonly used menu items; they save alot of time and trouble from always using the
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mouse. For example, the cut, copy, paste and undo itemsin the Edit menu have the standard
Ctrl+X, Ctrl+C, Ctrl+V and Ctrl-Z shortcut keys respectively. Another important shortcut key is
Ctrl+S for the menu item File->Save. Get in the habit of using this keyboard shortcut to save
you worksheets as you are working on them. Maple has a tendency to crash, so you want to save
your work often (at least every 10 minutes) to minimize the chance of losing your time and
work.

Thetool bar provides one-click shortcuts to afew of the most important menu items. Use
Balloon Help to find out what each tool bar button does, or look at the following help page.
[ > ?tool bar

The context bar is called the context bar because this row changes depending on the context of
where the cursor is placed. For example, if the cursor is placed on this line, then the context bar
displays items for working with text. If the cursor is placed on a Maple command line (try the
one just below), then the context bar changes. If you place the cursor on the output from the
command, then the context bar changes again.

> factor(x"2-4);

(x- 2) (x+2)

There are quite afew different context barsin Maple; we can not go into the details of every
one. Whenever you want to know what something on a context bar does, first use Balloon Help
to get arough idea and then do a Topic Search (look at the menu item Help->Topic Search...) to
get more details.

After the text area and command line context bars, the other most important context bars are for
graphics plots. There are four different context bars, one each for 2-dimensional plots,
3-dimensiona plots, 2-dimensional animations, and 3-dimensional animations. Execute each
command below, and after executing it, click on the output plot and look at the context bar. Try
all of the buttonsin each of these context bars.
[ > plot(sin(x), x=-Pi..Pi);
[ > plot3d(sin(x)*cos(y), x=-Pi..Pi, y=-Pi..Pi);
[ > plots[animate] (sin(t*x), x=-Pi..Pi, t=1..4, frames=50);

> plots[ani mate3d] (sin(t*x)*cos(t*y), x=-Pi..Pi, y=-Pi..Pi,
{ t=1..2, franmes=50);
[ >

[ >

ﬂ 1.6.3. Maple Notation vs Standard M ath Notation

Notice how in the next Maple command the appearance of the input command and the
appearance of the output result are very different.

> sqrt(2);
]2
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Theinput isin aform that Maple refersto as M aple Notation and the output isin aform
referred to as Standard M ath Notation (Standard Math Notation is also referred to as Typeset
Notation). In Maple's usual mode of operation, you enter commands at the prompt in Maple
Notation and the results are printed out in Standard Math Notation. Y ou can change thisif you
want (using the Options menu). Y ou can, if you wish, enter commands in Standard Math
Notation and also have Maple print the resultsin Maple Notation. But the usual mode of
operation is certainly the most convenient. The next two command call up help pages about
changing Maple's input and output notations (but | would not recommend changing these).

[ > ?entering

[ > ?vi ewi ngout put

[ >

There is one situation in which you might want to enter something in Standard Math Notation. If
you want to put aformulain some text and you want the formulato look nice, like this

X%y +4/x cos(q) instead of looking kind of ugly, like this x*2*y+sgrt(x)cos(theta), then you
need to enter the formula using Standard Math Notation. The basic idea for using Standard Math
Notation like thisin the middle of some text is that you type Ctrl-m to switch Standard Math
Notation (or click on the "sigma button” in the button bar, or use the "Insert->Maple Input”
menu item), then start typing Maple Notation (what you type will appear in abox that appearsin
the context bar), then type Ctrl-t to return to "text mode" (or click on the"T button" in the button
bar, or use the "Insert->Text Input” menu item), and at this point Maple will trans ate the Maple
Notation that you just typed into Standard Math Notation that will appear inside your text. With
abit of practice thisis pretty easy to do.Try using your mouse to highlight the formulain
Standard Math Notation seen just below here and then look up at the context bar to see the
Maple Notation. Try editing the Maple Notation in the context bar, then type Ctrl-t to see your
changes appear in the Standard Math Notation below (the changes do not appear until you type
Ctrl-t).

Q
g(sz- 2x+27) € cos(x- a) dx

Y ou can also try to highlight just a small piece of the above formula (try the exponential) and
change just that piece. Now try to enter your own formulain Standard Math Notation into the
blank space below.

For more information about using Standard Math Notation, read the help page called up by the
following command.
[ > ?inlinemath

[ >
L L>

=] 1.6.4. Execution groups

If you want to combine several consecutive Maple command prompts together to form an
execution group, put the cursor on the first of the command prompts and then hit the F4 key.
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Each time you hit F4, another command prompt will join the execution group. If you want to
split up an execution group, put the cursor on the prompt that you want to break away from the
group and hit the F3 key. Try combining and breaking up the following sequence of commands.
[ > 100!;

[ > ifactor(%;

[ > expand(9%;

[ >

Y ou can aso join or split execution groups by using the "Edit->Split or Join->Join Execution
Group" and the "Edit->Split or Join->Split Execution Group" menu items.

For some more information about execution groups, read the help page called up by the
following command.
[ > ?Executi onG oups

[ >

L[>

=l1.65.An important warning
Here is an important fact about using Maple worksheets. Maple does not remember anything
from one session of Maple to another. What does this mean? Look at the next Maple command.
It definesf i ve to have the value 5, and the result of that command is shown below the
command. Do not execute the next command. Instead, skip to the command just below it and
execute that command.

> five := 5

five:=5

[ > five;
When you execute the second command, you see that Maple does not know that f i ve
represents 5. Even though the output of the first command is sitting there, it does not mean that
Maple remembers that result from the last Maple session. In order for this Maple session to
know that f i ve represents 5, you have to actually execute the Maple command. Here is another
even more confusing example. Look at the following commands and their "outputs”, but do not

execute them.
{> one := 1;

one:=2
{> two = 2;

two:=1

Originaly, the commandswereone: =2; andt wo: =1; . After | executed them | went back
and "fixed" the commandsto beone: =1; andt wo: =2; , but | did not execute the commands
after | changed them. So the outputs are left over from the original commands and do not reflect
the commands that are there now.

[ >
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Here is one more example. Look at these commands and their outputs, but do not execute them

> a = 3;

L a.=3
> sol ve( a*x+5=0, x );
el
L 17
> a = 17;
a: =17

The output of the second command does not seem to be correct; the solution of 3 x +5 =0 isnot
-5/17. But then we see in the third command that the value of a becomes 17, and the solution of

17 x+5=0is-5/17. What happened isthat | executed the first of these three commands, then
the second one, then the third one, and then | went back and re-executed the second one (out of
laziness say, instead of reentering the command below the third command). Then | saved the
Maple worksheet in a mixed up state that can be very confusing. This kind of mixed up state of
the worksheet is quite common with Maple; it is up to you work with your worksheetsin an
organized way to try and prevent this kind of confusion.

[ >

The moral of these examplesisthat you have to be very careful when you interpret the outputs
of aMaple worksheet. Y ou must make sure that all of the Maple commands are executed in the
current Maple session and that they are executed in the correct order. To help you with this, near
the bottom of Maple's Edit menu you will find an " Execute ->" menu item containing two sub
items, "Selection” and "Worksheet". The latter can be used to execute all the commandsin a
worksheet in their proper order form beginning to end. The former can be used to update just a
selected section of aworksheet.

[ >

L[>

ﬂ 1.6.6. Therestart command

Sometimes you might get confused and you cannot remember which variables you have
assigned values to, or even Maple might get confused and start giving you strange error
messages or strange results. If this should happen, usether est art command to make Maple
act asif you had just started it. When you executether est ar t command, Maple does not do
anything to the appearance of your worksheet, but Maple will forget the values you have
assigned to any variables, so you can reuse variable names without worrying which ones aready
have values. In addition, when you usether est ar t command Maple will "forget" some of its
internal information that might be causing Maple to give you strange results. Using the
restart command isamost, but not quite, the same as saving your worksheet, quitting
Maple, and then restarting Maple with your worksheet (which, in certain extreme cases, may be
exactly what you need to do to get Maple to recover from a case of strange behavior). If you
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executether est art command below, you will see that it seems to have no outward affect on
your worksheet.
[ > restart;

The following command will bring up the help page for ther est art command.
[ > ?restart

[ >
[ >

ﬂ 1.6.7. Working without a wor ksheet

Working with previously written worksheets is not the only way to use Maple. If you start up
Maple without a worksheet (for example, by just clicking on the Maple item in the Start Menu),
then Maple begins with a"blank worksheet”, a worksheet with a single command prompt on it
waiting for acommand to be entered. This mode of using Mapleis very close to how you would
use a calculator; you just type in commands and get results, one after the other. The worksheet
that you are creating when you do thisis sometimes called a "scratch sheet”. It iskind of like
doing paper and pencil work on a scratch pad. If you look at the title bar at the top of the Maple
window, you will see the name "untitled" for the worksheet. Maple always puts the name of the
open worksheet in the title bar, but a scratch worksheet does not have atitle. When you are done
working with Maple in thisway you can either discard the contents of the worksheet or save
your scratch worksheet as a permanent file for later reference (but be careful about the
"Important warning" given above). If you choose to save the worksheet, Maple will open the
"Save As..." dialog box in which you give the worksheet a name and tell Maple where to saveit.
[ >

[ >

=] 1.6.8. Working with multiple wor ksheets

Y ou can open more that one worksheet at atime with Maple. For example, you may have a
previously written worksheet like this one open and want to open a blank scratch pad worksheet
to try out an idea. Or you may want to compare the contents of two previously written
worksheets. To do either of these you use the File menu at the top of the Maple window.

[ >

To open ablank worksheet, use the "File -> New" menu item (or type Ctrl+N). To open a
previously written worksheet, use the "File -> Open..." menu item (or type Ctrl+0O). Once you
have two (or more) worksheets open, you can switch between them using the Window menu.
Every currently open worksheet islisted at the bottom of the Window menu. The worksheet that
isactive (i.e., displayed in front of all the other worksheets) has a check mark next to itsnamein
the list. Go ahead and try opening a new worksheet and then switching between this worksheet
and the new one.
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Another way to switch between open worksheetsis to type Ctrl+Tab. Each time you type
Ctrl+Tab Maple will jump to the next open worksheet. If you have alot of worksheets open and
you want to step through all of them, just hold down the Ctrl key and strike the Tab key
repeatedly to cycle through the worksheets.

[ >

It isimportant to know that Maple has two different modes of working with multiple
worksheets. In one mode, everything that you type in one of the open worksheetsis aso
remembered in all of the other open worksheets. In the other mode, the open worksheets are all
independent of each other. The first modeis called "single server mode" and the later modeis
called "parallel server mode". What "single server mode” meansis that, for example, if you
define the variable x to be 5 in one open worksheet, then x is5in al the other open worksheets
also. This can get confusing, and is probably not what you want. Unfortunately, single server
mode is the default mode for Maple. To use parallel server mode you have to use the "Maple
VRS Parallel Server" icon in the Maple program group. However, if you start up Maple by
double clicking on aworksheet (and thisis the most common way to start Maple), then you are
in single server mode and | don't know away to change this.

How can you tell if you are in single server mode or parallel server mode? Look at the title bar
of the Maple window; if you are in parallel server mode, then the phrase [Server n] appears after
the name of your worksheet (where n isthe number of the server, 1 for the first worksheet, 2 for
the second, etc.). Thereisn't much explanation of these modes in the Maple documentation; the
following help command brings up the only Maple help page | could find about them.

[ > ?mapl e

[ >

L[>

=] 1.6.9. save your work!

Maple has atendency to crash. When it does, you will lose all of the work you have put into
your worksheet since the last time you saved it. So get in the habit of saving your worksheet as
you work on it. Do not wait until you are done to save your worksheet! Y ou save a copy of your
current worksheet using the "File->Save" menu item or, better yet, the Ctrl+S keyboard shortcut.
This shortcut key makes it amost effortless to save your work as you are typing along. Save
your work at least every 10 minutes. One of the easiest places to save a copy is on the Windows
desktop. That way it is easy to find when you are done.

[ >

L[>

ﬂ 1.6.10. Moreinformation

The next command brings up a Maple worksheet that is part of the New User's Tour. This
worksheet is a brief introduction to Maple's worksheet environment.
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[ > ?newuser, topi c02

The following command will bring up a help page on using Maple's worksheet interface.
[ > ?wor ksheet

In particular, look at the sub-sections "Getting to Know the Worksheet Interface” and
Documenting Y our Work.

[ >

[ >
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