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An Overview of Maple

Note: You may notice differences between this Maple worksheet and the equivalent Mathematica notebook. These differences were introduced to
preserve the content of these modules and were necessary because of major functional differences between Maple and Mathematica.

General Information

OBJECTIVE: Learn the basic features, characteristics, and language structure of Maple .

The working environment for Maple is called a worksheet. This Overview is an example of a Maple worksheet.
Each worksheet is divided into sections as indicated by the plus and minus signs on the left margin of the page. If
you start to type in a worksheet, by default Maple takes the typing as an executable command. The right arrow " [>
" distinguishes sections that contain executable commands from sections that contain non-executable text. You can
change an executable section to a text or title section by clicking on the line you want to change, and then clicking
the T button on the toolbar or by pressing Ctrl+t on the keyboard.

You can type several commands in a single section by separating them with semicolons ( ; ) and/or colons ( : ). If a
semicolon follows a command, the output from the command is displayed. If a colon follows a command, its
output is suppressed. One or the other is required at the end of each command. In a section with executable
commands, pressing Shift-enter moves the cursor to a new line in the same section without executing the
commands in the section. If you wish to start a new section you can press Ctrl+j (inserts new section after the
present one), Ctrl+k (inserts new section before the present one), or you can click the [> button on the toolbar
(which does the same as Ctrl+j ).

To execute a Maple command or group of commands in a section, place the cursor anywhere in the section
containing the command(s) to be executed and press Enter . All of the commands in the section are executed in
sequence from the first to the last. If you wish to execute the entire worksheet, you can select that option from the
"Edit" pull-down menu.

In mathematical formulas, always use the times symbol (*) for multiplication.

There are four palettes available for typing standard mathematical forms in commands and in text. These are found
in the "View" pull-down menu.

The "Help" pull-down menu is extremely useful when using Maple . Formats for Maple commands are given with
explanations of how they function, variables are defined, and examples that can be cut and pasted into a worksheet
are provided.

There is a set of Technology Guidelines in a separate subsection at the end of the Introduction to each module.
Until you get used to Maple , you should read these guidelines before continuing with the rest of the module. The
following shows what the guidelines say.

Technology Guidelines

NOTE: If you have just finished a worksheet, restart Maple before executing a new worksheet.
TO OPEN SECTIONS,

Click on the PLUS sign at the left hand side of the screen or select Expand All Sections from the View
drop down menu.

TO STOP AN EXECUTION
Click on STOP button from the toolbar.

ORDER OF EXECUTION
Execute commands in the order given. Do not skip any Maple Input lines within a given worksheet
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Alternatively, you can execute the entire worksheet by selecting the Execute Worksheet command from
the Edit drop down menu.

SAVING WORKSHEETS.
You can save anytime to any directory you choose, and it is wise to save often.

EXPERIENCING MAJOR PROBLEMS
Save if appropriate, and then shut down Maple and start it up again.

Built-In Commands

Maple commands consist of a word or a string of words followed immediately (i.e., no spaces) by a series of
arguments enclosed in a pair of round brackets () . The following are examples.

> restart;

> sin(Pi/4);

=

> sqrt(16);
4
> abs(x);
| x|
> expand((a-b)"2)/(c+d)"3;
a°—2ab+b°
(c+d)’

> solve(x*2=2, x);
J2. -2

Words in a command string are typically in lowercase letters. Commands containing multiple-words are typed with
no spaces between the words. Also, there is no space between the word in the command string and the opening
round bracket that begins the argument list.

In the first four preceding commands, the list of arguments contains only one item, whereas, in the solve( )

command, the list of arguments contains two items, the equation to solve and the symbol that is to be isolated in
the solution. When a command has more than one argument, they are separated with commas.
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Lists

Another important structure in Maple is the list. A list is any ordered array of items. In Maple , lists are enclosed in
a pair of square brackets [ ], and the items in a list are separated by commas. The following are examples.

> [a,b,c,d];

[a, b, e, d]

> [a, a2, a3, a™];

> [[1,2),[2,3],[3,411;

[[1.2].[2,3].[3.4]]
The last list consists three items, and each of these items is a list of two items.

A list of lists can also be thought of as a matrix or an array. The matrix( ) command shows a list of lists in more
standard matrix form. Each list inside the list is a row of the matrix.

> matrix([[1,2],[2,31,[3,41D;

1 2
z 3
3 4

Note that while the matrix( ) form of a list makes it more readable, this form won't work in calculations.

The seq( ) command is very useful for generating a list when you know a formula for the elements in the list, as in
the following example.

> [seq(2*i,i=1..5)];

[2,4,6,8,10]

> [seq(2,i=1..5)];

[2.2,2,2,2]

The first argument of the seq( ) command is a formula that gives each element of the sequence inside the list as a
function of the index variable, i . The second argument specifies that the elements of the sequence are to be
generated by replacing the index i in the formula with the integers 1 through 5, each in turn.

You can generate lists of lists in a variety of ways. For example, when the formula for the elements of the list is a
function of two indices, you can nest seq( ) commands.
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> [seq([seq(i*},j=-2..2)],i=1..5)];
[[-2,-1,0,1,2],[4,-2,0,2,4],[-6,-3,0,3,6],[-8, -4,0,4,8],[-10,-5,0,5,107]
You can generate the same list like this.
> [seq([-2*,-1,0,i,2*1],i=1..5)];
[[-2,-1,0,1,2],[4,-2,0,2,4],[-6,-3,0,3,6],[-8,-4,0,4,8],[-10,-5,0, 5, 107]

2-D Plots

Numerous two-dimensional plot commands in Maple are used to generate graphical displays of functions and data.
The plots package contains even more plot functions. To make the additional plot functions available for use in
this worksheet, we read the plots package into memory.

> with(plots):

Warning, the name changecoords has been redefined
The plot() command is used to graph functions of the formy =f(x).

> plot(x*sin(x), x=-4*Pi..4*Pi,labels=[x,y]);

-104

The first argument of the plot() command is the function to graph, and the second specifies the independent
variable, plus the left and right ends of the domain over which you wish to graph the function. The first two
arguments are required, but you can add other optional specifications like labels=[x, y] in the preceding example.
Additional options are presented below.

As is the case with any Maple command, a colon ( : ) after a plot() command suppresses displaying the output.
This is useful when you wish to generate a graph and save it to display later, usually in combination with other
graphs. Suppressing the output of a graph also helps to reduce storage requirements for the worksheet.
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By default, Maple selects the range (vertical limits) for the graph. However, you can override this by specifying
your own vertical limits as follows.

> plot(x*sin(x), x=-4*Pi..4*Pi, y=-2..10,labels=[x,y]);

104

ARVARERE

You can format a graph by specifying a wide variety of options after the first two required arguments in the plot( )
command.

> plot(x*sin(x), x=-4*Pi..4*Pi, y=-2..10, color=blue, thickness=2, labels=[x,y]);

104

REVERVEY

The plot options are used to change the attributes of the graph, such as the color and line thickness, as shown in
the preceding example. Colors can be specified with a color name like blue or orange . Maple recognizes 21
predefined color names. For additional colors, an RGB designation can be used in place of the color name. For
example, the color blue can be designated by COLOR(RGB 0, 0, 1) . This RGB representation of the color blue
can replace the word blue in the preceding plot() command. Each of the three numbers in the RGB specification
ranges from O to 1 and represents the amount of red, green, and blue, respectively, in the color.

Other options can be added to plot() commands. Commas are used separate whatever options are specified. The
following command plots three functions on the same graph; each line is a different color, and the third one is
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thicker.

> plot([sin(x),sin(2*¥x),sin(3¥x)], x=-Pi..Pi, color=[red,green,blue],thickness=[0,0,3],labels=["x",'y']);

b

1_

¥ 0.4

Note that inside the list for each option, the attributes for the three graphs are specified in order from first to last as
they occur in the list of functions to plot. For example, in the option color = [red, green, blue] , red is the color
for sin(x) , green is for sin(2*x) , and blue is for sin(3*x) .

The listplot( ) command is used to plot lists where only the y -coordinate values of the plot points are specified.
By default, the x -coordinate values are takentobe 1,2, ... .

> plotvalues:=[seq(i"2,i=0..5)];

plotvalues = [0, 1,4, 9, 16, 23]

> listplot(plotvalues, style=POINT, color=COLOR(RGB,0,0,1),labels=["i','seq_value']);

251 @
207
15

seq_value

104
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When both coordinates of the points in a list are specified, the pointplot( ) command is used.

> plotvalues:=[seq([i,sin(200.0%i)],i=0..150)];

platvatues =[[0,0.], [ 1, -0.87320729721, [2, -0.8509193596 ], [ 3, 0.04418244833 ], [4, 0.8939696482 ],
[5, 082687954051, [ 6, -0.08827860647 ], [7, -0.9128960386 ], [ 8, -0.8012247907 ], [ 9, 0.1322023528 ],

[ 10,
[ 15,
[20,
[25,
[ 30,
[ 35,
(40,
[45,
[50,
[55,
[&0,
[63,
[70,
[75,
[80,
[83,
[0,
[93,
[100
[104
[108
[112
[116
[120
[124
[128
[132
[136
[ 140
[ 144
[ 148

0.9300355044 ] [ 11, 07740052145 ], [ 12, -0.1758679022 ], [ 13, -0.9453665637 ], [ 14, -0.7452735741 ],
0.2191859743 ] [ 16, 0.9588472821], [ 17, 07150871818 ], [ 18, -0.262083%5%0 ], [ 19, -0.9704553311 ],
-0.6835037932], [21, 0.3044660827 ], [22, 0.9801680398], [ 23, 0.6505854541 ], [ 24, -0.3462535712],
-0.9879664388], [286, -0.6163965734 ], [ 27, 0.3873648118], [ 28, 0.9938352975], [ 29, 05810038040,
-042771951267, [31, 09977631538, [ 32, -0.5444763096 ], [ 33, 04672388590 ], [ 34, 0.9957423384 ],
050688542997 [36, -0.5058456682 ], [ 37, -0.9997689800 ], [ 38, -0.4683045816 ], [ 39, 0.54346453%4 ],
0.9973430324 7, [41, 0.4283021145], [42, -0.5800220013], [43, -0.9932682551 ], [44, -0.3884761651 ],
06154466557 ], [46, 0.9881522157], [47, 03473845053 ], [46, -0.6436633167 ], [49, -0.9804062732],
-0.3056143882 ], [51, 06826231461 ], [ 52, 0.9707455555 ], [ 53, 0.26324735346 ], [ 54, -0.77142437535],
-0.9591889311], [ 56, -0.2203662670], [ 57, 074446534726 ], [ 58, 0.9457582699 ], [ 5%, 0L1770547548],
S007732411813], [61, -0.9304819014 ], [ 62, -0.1333974471 ], [ 63, 08005027172 ], [ 64, D.R133875624 ],
005947360859 ], [ &6, -0.8262008375 ], [&7, -0.8845083385 ], [ 68, -0.04538701255], [6%, 0.8502853525],
DE73B841005], [71, 0001205773842, [ V2, -0.8727002242 ], [ 73, -0.85155212587 ], [ 74, 0.04253778153:3 ],
082342865737, [76, 08275570414 ], [77, -0.08707747601], [ 78, -0.9124031876 ], [79, -0.8015456502],
D1Z10070662], [B1, 0.9285557552], [82, 07747681232, [83, -0.1746807340 1], [ 84, -0.5445727530 ],
S07460773522], [B6, 02180133625 ], [87, 0.955504238% ], [85, 07155255404 ], [ 8%, -0.2605201424 ],
-0.97016326955], [ 91, -0.6843834480 ], [ 92, 03033173338, [93, 0.9795283813 ], [ 94, 06515007257 ],
-0.3451221337], [ 96, -0.9877752255], [ 97, -0.6173455545 ], [ 98, 0.3862528554 ], [ 99, 0.9937008550],
L 058198476201, [ 101, -0.4266252888 ], [ 102, -0.9976818246 ], [ 103, -0.5454872882 ],

L 046617245721, [ 105, 0.95957142354 ], [ 106, 05075244547 ], [ 107, -0.5048051710],
05997541659 ], [ 109, -0.4693696232] [ 110, 0.5424519730], [ 111, 0.9975214602 ],

L 04298380930, [ 113, -0.5790393553 ], [ 114, -0.3940897675], [ 115, 03895869536 ],

L 06144358432 ], [ 117, 09883365559 ], [ 118, 0.3485142344 1, [ 112, -0.64E7521348],
,-0.3B06430812], [ 121, -0.3067622508], [ 122, 0.6817415058 ], [ 123, 09710343691 ],
,0.2644104475], [ 125, 07133993488 ], [ 126, -0.3595291857 ], [ 127, -0.22154223%4 ],

L 07436638887 ], [ 129, 084615000121, [ 130, 01782413499 ], [ 131, -0.77247602335],
L-0R309229456 ], [133, -001345923475 ], [ 134, 07997794739 ], [ 135, D.9138777582],

L 009065048061 ], [ 137, -0.8255208332 ], [ 136, 08950477285 ], [ 139, -0.04653151087 ],
L0e436501081], [141, 08744636333 ], [ 142, 0.002411345532], [ 143, -0.8721128824 ],
L-0B521836616], [ 145, 004177312885 ], [ 146, 0.8928863686 ], [ 147, 08282333351,

L -O0BSETE21595], [ 145, -0.91120901007], [ 150, -0.8026654415 ]

1
l.

> pointplot(plotvalues, color=COLOR(RGB,0,0,1),labels=["i','seq_values']);
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Another useful two-dimensional plot command is implicitplot( ) . You can use this command to plot curves for

mathematical relations that are not functions; that is, they

you can graph the curve x2 + y2 =1 as follows.

> implicitplot(x*2+y”2=1,x=-1..1,y=-1..1,labels=[x,y])

cannot be written in the form y = f( x ). For example,
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Graphs of curves expressed in parametric form are plotted with the plot() command. For example, if the x -
coordinates of the points on a curve are given by x = ¢ cos ¢, and the y -coordinates are given by y =¢ sin ¢, then

the curve can be graphed like this.

> plot([t*cos(t), t*sin(t), t=0..8%Pi], labels=[x,y], color=COLOR(RGB,1,0,0), thickness=3,

scaling=constrained,labels=[x,y]);
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3-D Plots

There are numerous Maple commands for plotting three-dimensional functions and data. In this section we
introduce two of them, and in later modules we will introduce more.

The plot3d() command is used to plot functions of two independent variables, that is, functions of the form

z=F (x,y).

> plot3d(sin(x)*cos(y), x=-Pi..Pi, y=-Pi..Pi, labels=[x,y,z], axes=BOXED, scaling=CONSTRAINED);

L ’O‘-““‘\‘;-;ﬂ‘,
St et e ey
ety
Ll

=

"}‘ 5
£ ey
AR

i 1%&;

The first three arguments of the plot3d() command are required. They are: 1) the function to graph, 2) the first
independent variable and its limits for the graph, and 3) the second independent variable and its limits. As is the
case with two-dimensional graphics, you can specify a number of formatting options after the first three arguments
in the command.

To change the viewpoint for the graph, you can include an orientation indicator as an option in the plot3d( )
command.
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> plot3d(sin(x)*cos(y), x=-Pi..Pi, y=-Pi..Pi, labels=[x,y,z], axes=BOXED, scaling=CONSTRAINED, orientatio
[42,84]);

If you want to look at the graph from different viewpoints, you can click anywhere on the graph and drag the
mouse. The plot will automatically adjust to give you a different view.

Another way of changing the view of the plot is to set the view option. This option allows you to zoom in and out
of the plot without changing the plot range.

> plot3d(sin(x)*cos(y), x=-Pi..Pi, y=-Pi..Pi, labels=[x,y,z], axes=BOXED, scaling=CONSTRAINED, orientatic
[42,84], view=[-5..5, -5..5, -2..2]);

The second three-dimensional plot command is spacecurve( ) . You can use this command to plot three-
dimensional curves that are specified in parametric form. For example, if the x -coordinates of the points on a

curve are given by ¢ cos ¢, the y -coordinates by ¢ sin ¢, and the z-coordinates by 7, then the curve can be
graphed as follows.

> spacecurve([t*cos(t),t*sin(t),t], t=-4*Pi..4*Pi, labels=[x,y,z], orientation=[-71,65], axes=boxed);
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Assignment Commands

In Maple the colon-equals ( :=) is used to assign items (values, lists, graphs, etc.) to variable names. Whenever a
colon-equals assignment command is executed, Maple evaluates the expression on the right side of the colon-
equals and assigns the result to the variable name on the left side. If the expression on the right side includes
variables that have not been assigned values, then Maple evaluates the right-side expression to the extent possible
with values that are available, and then assigns the resulting expression to the variable on the left side of the colon-
equals. Here are some examples.

> restart;

> x:=23
x=2
> yi=x+2;
y=4
> 7:=y"3+w;
z=64+w
> Si=X+Y+Z;
s=T0+w

In the third assignment command, the variable w has no assigned value, but y does. Therefore, evaluation gives an
expression in terms of w, and this expression is assigned to z .

You can always check to see what has been assigned to a variable by typing the name of the variable followed by a
semicolon.
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> X;
2
7y
4
> Z;
64 + w
> S;
T0+w

Once a value or expression has been assigned to a variable, the variable name is replaced with the assigned value or
expression wherever it is used in subsequent expressions, as shown in the following examples.

> x"2;
4
> FhyA2,
48
> sin(z);
sinf 64 4w

The unassign( ) command removes assignments that you have made to variables.

> unassign('x');

If you check a variable name after it has been unassigned, you see that it is not replaced with a value or expression.

>X;

If you use the variable name in an expression, it will be treated as a simple variable with nothing assigned to
replace it.

> X+2;

r+2
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You can unassign more than one variable at a time.

[N ]

> unassign('x','y','z");

Redefining a variable automatically clears whatever was previously assigned to it. Therefore, it is unnecessary to
unassign a variable name when a new assignment is made to it. The following example demonstrates this feature.

> a:=2;

=2
> a;

2
> a:=12345;
o= 12345

> a;

12345

It is extremely important to keep close track of the variable names that you use in a Maple session. If you use a
new variable name in an expression or a command and you are assuming that it is clear of assignments, you should
first use the unassign( ) command to erase all previous assignments to the new variable name. Failure to do this
can produce misleading and confusing results. The following commands illustrate what can happen if you forget to
unassign a variable name before you use it. Suppose we want to use s in an expression and we have forgotten that
we previously assigned another expression to s .

> expand((s+2)*(s-3));

4824 + 139 w + W=

Now we fix the problem.

> unassign('s');

> expand((s+2)*(s-3));

52 —5-£
That's more like it!

There is another item that is related to the issue of variable-name management. If you finish a Maple worksheet or
one of our modules and wish to start another one, it is best to save your work and then execute the restart
command at the beginning of the new module or worksheet. This clears any assignments that have been made to
variables. Otherwise, the assignments that were made in the old worksheet are carried over into the new one.
Executing the restart command also removes any packages that were previously read into memory. Therefore, if
you want to use a package after you restart Maple , you need to reload it.
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Special Packages

While there are many built-in commands that are available for use as soon as you open a Maple worksheet, there
are many more specialized commands that are contained in packages. These packages are not automatically
available in a Maple worksheet, and in order to use the specialized commands that they contain, you have to read
them into computer memory. You do this by typing with( packagename ) , and then executing the command. Here
is an example.

> restart;
> with(plottools):

Now we can use the arrow( ) command that is available after the plottools package is read into memory.

> for a from 2 to 8 by 2 do
arrl:=arrow([a,0], [a,sin(a)], .1, .2, .1, color=green):
p1l:=plot(sin(x), x=0..a,labels=[x,y]):
print(plots[display]({p1, arr1}, view=[0..8.2, -1..1]));
od:

0.81
0.6
0.41
0.21

0.2 .
0.4
06
0.8
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0.61
0.6
0.41
0.21

0.2
0.4
0.6
0.5

0.81
0.6
0.41
0.21

0.2
0.41
0.6
0.5

0.61
0.6
0.41
0.21

0.2
0.4
0.6
0.5

The command in the preceding section is a loop that creates the series of graphs. The first command inside the loop
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(indented) defines the arrow and the second indented command defines the plot of sin x . The third indented
command displays the two plot objects, the arrow and the curve, together. Colons after the first two commands
inside the loop suppress showing the arrow and the graph until they are displayed together by the third command.
The od: at the end closes the loop. The specification in the for_do_od command causes the variable a , the upper
x -limit on the graph, to vary from 2 to 8 in steps of 2.

To find out what Maple packages are available type ?index to open the help files, and then select packages from
the list.

Before you use any of the specialized commands available in a package, be sure to read in the package first. A
package needs to be read in only once during a Maple session unless you restart . If you try to execute a package
command before you have read in the package, the command won't work and you may get an error message. You
can fix the problem by reading in the package. Then the command will work. The commands in the following
section illustrate what happens when you try to execute a package command before you load the package, and how
to fix the problem.

> restart;
unassign('y');
implicitplot(y=sin(x), x=0..2*Pi, y=-1..1, filled=true);
inplicitplety = smi{x), x=0. 2@, p=-1 . 1, filled = true)
The implicitplot() command didn't work.

Now read in the plots package.

> with(plots);

Warning, the name changecoords has been redefined

[ arirmate, animate 3d, animatecurve, arraw, changecaords, complexplot | camplexplotid, conformal,
carformalid, contourplot, coniourploi3d, coardplot | caordplot 34, cvlinderplot, densitypiat, display, displayid,
Jieldplot fieldplotid, gradpiot, gradplotid, graphplot3d, impliciiplat | implicitplol id, inequal, inieractive,
intaraciiveparams, hstconiplot, listconiplot 3d, lstdensibyplat, istplot, bsiplotid, loglogpiot, logploi, matrixplot,
rrnlfiple, odeplot, parsio, plotcompare, poiniplot, poiniplot 3d, polarplot, polyvgonplot, polyvgonploiid,
pobvkedra_supparted, polvhedraplot, replot, roctlocus, semilogplof, setopiions, setoptionsid, spacecurve,
sparsematrizplot, sphereplot, surfdata, textplol, texiplot3d, fubepiot ]

Note that all the functions available in the plots package are listed. To suppress the list of functions, use a colon in
place of the semicolon after the with() command.

Now the implicitplot( ) command will work.

> implicitplot(9*x*2+4*y”~2=36, x=-3..3, y=-4..4, filled=true);
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Making Your Own Commands

As a user and programmer in Maple, you can design and construct your own functions and commands.

Suppose, for example, that you are going to use the function x2 sinf{x1  over and over again in a program. You

may wish to create a new function, as illustrated by the following definition.

> restart;

> myfunction:=x->x"2%sin(x);

prviLnction = x — X 2 sinfx )

Maple displays the definition of the new function. The variable x is a dummy variable that will be replaced by real
input in the argument list, whenever myfunction( ) is called. The following examples illustrate how you to use
myfunction( ) after you have defined it.

> myfunction(2);

4 sin( 2

> myfunction(2.0);

ZE37189707

> myfunction(r);

r2 st 7))

> myfunction(a+b);
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The built-in map( ) command can be used to apply a function to each of the values in a list.

> map(myfunction,[2,4]);

[4smi2), 16 an(4)]

The first argument of the map() command is the name of the function to apply (without the round brackets), and
the second element is the list of values to be used in place of the function's argument. In the preceding example,
myfunction is mapped over the list [2, 4] .

You can design commands that perform more than one operation by using the proc() command. To create your
own command, use a colon-equals ( :=) assignment. On the left side of the :=, place the name that you wish to use
for your command, and, on the right side, place the proc() command with the input variables inside the round
brackets. Immediately after the proc( ) command is a list of local variables, headed by the word local . The local
variable list is then followed by a list of the commands that you want your procedure to execute. The following
example shows how to construct a command called buildplot( ) . We want buildplot( ) to generate a list of
decaying numbers, plot the list, and return the list as output. First, we read the plots package into memory, because
buildplot( ) uses the listplot() command from this package.

> with(plots):
buildplot:=proc(n)
local i,plotlist;
plotlist:=[seq(0.8"(i-1), i=1..n)];
print(listplot(plotlist, style=point, labels=[index,number]));
RETURN(plotlist);
end;

Warning, the name changecoords has been redefined

buildplod = procix)

local i, plotlist,
plothist = [seq(08%i-1),i=1. 1),
print hstplot{ plotlist, style = point, labels = [index, rumber ),
EETURI plotfist )

end proc

In buildplot( ) , the list of local variables contains the variable plotlist . Making a variable local to a command
means that any assignments you make to the variable inside the procedure will not be available outside the
procedure. If you type plotlist; after you execute the buildplot() command, you will find that nothing has been
assigned to plotlist . We will check it out below, after we execute the buildplot() command.

We execute our new buildplot() command the same way we would execute any other Maple command.

> buildplot(25);
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[1,05, 064, 0512, 04096, 0.32765, 0.262144, 02057152, 016777216, 0134217728, 01073741824,
008582934502, 0L06EV1047674, 002457555139, 004358046511, 0.0351843720%, 002814749767,
002251799514, 001801435851, 001441151881, 0011525213505, 0.005223372037, 0.007378657629,
0005902555104, 0.004722366453 ]

Now we check the variable name plotlist .

> plotlist;

platiist

In the global environment outside the buildplot( ) procedure, the variable plotlist is clear.

The RETURN(plotlist) command inside the procedure returns the list of values stored in the local plotlist
variable. If you want to save the output list of values for later use, you can assign it to a variable name, as we do
next.

> decay:=buildplot(25);
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decay =[1., 08, 0.64, 0512, 04096, 0.32765, 0.262144, 0.2057152, 016777216, 0134217728, 010737416524,
008582934502, 0L06EV1047674, 002457555139, 004358046511, 0.0351843720%, 002814749767,
002251799514, 001801435851, 001441151881, 0011525213505, 0.005223372037, 0.007378657629,
0005902555104, 0.004722366453 ]

If you use the variable name decay , you will get the list of numbers that buildplot( ) returned as output.

> decay;

[1.008, 064, 0512, 04056, 0532768, 0.262144, 0.2087152, 016777216, 0134217728, 01073741824,
008589934592, 006871247674, 0054575565139, 0.04358046511, 0.03518437209, 0.02814749767,
002251799814, 0018014359851, 0.01441151881, 0.01152%21505, 0.009223372037, 0.0073786597629,
0005902558104, 0004722366453 ]

Elements of Lists

So far, we have used square brackets [ ] to enclose the elements of a list, and round brackets () to enclose the
arguments in Maple commands. Round brackets are also used as grouping symbols in mathematical expressions,
like (x + y)*(x - y) for example.

Square brackets also have another use; it is to select elements from a list. Consider the following examples.

> odds:=[1,3,5,7,9,11,13,151;

odds =[1,3,5 7, %, 11, 13, 13]
To select the third element of odds, use a selector specification after the name of the list, as follows.

> odds[3];
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The selector in the next example selects a series of values from the list and returns them in a new list.

> odds[2..5];

[5 5,7, 9]
For nested lists, that is, a list of lists, use multiple selectors like [3, 2] to retrieve elements. The first number points

to an individual element in the outermost list, which may itself be a list. The second number points to an element
inside the inner list. The following examples illustrate how this works.

> oddeven:=[[1,2],[3,4],[5,6],[7,8],[9,10]];

addeven =[[1,2],[3,4],[2, 6], [7. 8]. [%. 10]]

The following command retrives the fouth list form oddeven .

> oddeven[4];

[7.8]
To retrive the second element of the third list in oddeven type:

> oddeven[3,2];

Making Substitutions

In Maple , the equals sign ( =) is used to express mathematical equality and to make substitutions into commands
and/or mathematical expressions. In this section, we consider how the equals sign is used to make substitutions.

Normally, when the name of a command is used, the values enclosed by the round brackets after the command

name are automatically substituted for the arguments of the command. These values are then used in the evaluating
the command's procedure. The following example uses a function to show how this substitution works.

L}

> unassign('x','y','z");

> fi=(x,y)->sin(x)"2+cos(y) 2;

F=(x. )= sin(x)2 + u:os(y)z

> f(Pi/4,Pi);

L3 |

> f(theta,theta);
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sin(Eij2 + cos(B)z

Another way to define a function is without using the mapping symbol ( -> ). If a function is defined this way, then
you need to explicitly specify the substitutions to make for the arguments. The next example shows this type of
function definition, and how to make substitutions for the arguments using the eval() and subs() commands.

> fi=sin(x)"2+cos(y)”2;

f= sin(x)2 + u:os(y)z

> theta:=Pi/8;

> eval(f, [x=theta, y=theta]);

> subs([x=theta, y=theta],f);

ook

The difference between the eval( ) command and the subs( ) command is that eval( ) more fully evaluates f after
substituting for x and y , whereas subs() does not evaluate f after substitution. Usually, the eval( ) command is
preferred.

Retrieving Output from Commands
If you execute a Maple command, the output is displayed in blue characters on the next line after the command.

> solve(x"2=1,x);

1,-1
Typing colon ( : ) after the command line suppress the output display.

> solve(x”"2=1,x):

You can assign the output from a command to a variable name.

> soln:=solve(x"2=1,x);

galn =1, -1
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To access an individual solution, use a list-element selector after the name of the variable to which you assigned
the output.

> soln[1];

> soln[2];

-1
Alternatively, you can assign the individual solutions to variable names up front.

> firstsoln:=solve(x"2=1,x)[1];

Jirstsaln =1

> secondsoln:=solve(x"2=1,x)[2];

secondsaln = -1
This latter approach is not as efficient as the one preceding it because it requires solving the equation twice,
whereas the first approach only solves it once.

Some commands give a function as output. For example, the following command solves the differential equation

d
d—y(x) =sin(x)  with the initial condition y (0) = 0.
x

> restart:
unassign('x,y'):
soln:=dsolve({diff(y(x),x)=sin(x),y(0)=0},y(x));

sofn =yix)=—cos(x)+1

To use the function y ( x ) in other commands, such as plot( ) , for example, we form a Maple function from the
output of the dsolve( ) command as follows.

> y:=unapply(rhs(soln),x);

y=x —s—cos(x)+1

> plot(y(x),x=0..2*Pi,labels=["'x",'y']);
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