0 LearningtoUseMapleV

Inorder to start aMaple V session when sitting at a UNIX workstation you must first issue the following command
from an xterm.

machine% add maple
You will see aresponse like the following:

Maple V Releas e 2 - Mathematical Manipulation Language
Use the following commands to start Maple:

xmaple to start Maple with the X Windows interface
maple -x same as ’'xmaple’
maple to start Maple with the text interface

Thisindicates that Maple V isin the correct path to beinvoked. So now issue the command:
machine% xmaple

Thiswill cause the application Maple V to be launched. A new window will be opened with the Maple V work-
sheet. The window includes a menu bar with menus entitled: File, Edit, Options, Input, Interrupt, Pause, and
Help. The cursor should belocated to the right of the prompt which isthe symbol > . At thispoint you can start is-
suing Maple V commands. For example, if you typein the number “247* 3756;" at the prompt and pressthereturn
key, the workstation will respond with the number “927732.” What this meansis that you have asked Maple V to
multiply thetwo numbers*“ 247" and“3756” and MapleV respondswith the product of the two numbers*“927732.”
The Maple V segment would ook like the following.

> 247*3756;
927732

NOTE:

Every Maple V command must end with either a semicolon or a colon. If the command
ends with a colon then the calculation is made but no output is printed. When a semicolon
is used the calculation is made and the result is printed.

What happensif you use the colon?

> 247*3756:
Notice that no result is printed, on the other hand the computation was made as we will see |ater.
What happensif you omit the semicolon or colon? Thefollowing segment shows that the semicolon isomitted
inthefirst command, and no calculation is made which resultsin asyntax error when the next command is entered.

> 247*3756

> 2+43;

syntax error:

2+3;

N

Maple V permits full screen editing in that you can go back to any previous calculation and edit it and per-

form anew calculation. Thefollowing segment illustrates what happensif you go back to the command where the
semicolon was omitted and then type in a semicolon and press return.

> 247*3756;

927732
> 2+3;
syntax error:
2+3;

N
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Notice that the next command remains unchanged. You may now press the return key again and you get.
> 247*3756;

927732
> 2+3;

Arithmetic

The basic arithmetical operations such as addition, multiplication, division, and raising to a power are known to
Maple V.

+and — add and subtract
xand / multiply and divide
A Or #% raise to a power

MapleV isaninteractive program that permits the user to enter commands at the prompt, press the return key,
and read or use the output in other calculations. You can add two numbers.

> 253+7775;
8028
You can add fractions.
> 25/27+3/51;
452
459

You can perform operations on aprevious result by using the “ditto” symbol, or double quotes”. Thusthe next
calculation multiplies the answer obtained in the last calculation by 23.

> 23*
10396
459
Two quotes refer to the next to the last resullt.
> 23
10396
459
One can raise a number to a power.
> 37,
2187
> 3**7;
2187

A feature of most computer algebra sytems is that that they use exact arithmetic. For example, if you divide
two integers Maple V returns an exact answer.

> 3235/7478;
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3235
7478

Thereisabuilt-in Maple V function evalf - evaluate using floating-point arithmetic, that will give the decimal
to ndigits.

> evalf(");
4326023001
The default number of digits used in floating point output is 10, but if you wish to have any other number of digits
then you can specify them when using evalf. The following is the 30 digit floating point approximation of the

H 3235
fraction 223.

> evalf("™,30);

.432602300080235357047338860658
If you have a question about aMaple V command you can usethe Maple V online help facillity. If youwishto
know what on line help is available for the evalf command or any other Maple V command then you may request
it by typing a question mark followed by the name of the command and then pressing the return key.

> ? evalf
If you do this a Maple V help window will be opened that tells all about the command such as the syntax, the
options, and also often gives examples. Another, perhaps better, way of obtaining help is to click on the Help
menu in the upper right-hand corner of the Maple V worksheet and selecting the “Maple Help Browser.” The use
of this browser should become your preferred method for obtaining answers about how to use Maple V after your
own trial and error methods can’'t answer the question that you might have.

Constants and Built-in Functions

Thefollowing tablelists some of the constantsthat are built into Maple V. Notethat Maple V iscase sensitive, i.e.,
the symbols“a’ and “A” are regarded as distinct symbols.

Constant  Notation in Maple
e E
g Pi
V-1 |

There are also many functions that are included. An essential part of the study of calculusisthe study of ele-
mentary functions such as polynomials, rational functions, trigonometric, exponential, and logrithmic. All of these
will be discussed in the next chapter. Whenever you have a question see if you can answer it yourself through the
use of the help facillity. Consider the following Maple V segment.

> Pi;
T
> evalf(");
3.141592654
> evalf("™,50);

3.1415926535897932384626433832795028841971693993751

> sin(Pi/4);
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1

=2

2
> evalf(");

7071067810

> In(E);

1
> sqrt(3);

V3
> evalf(",30);

1.73205080756887729352744634151

> |12;

Defining Variables and Functions

You can assign avaue or a function to a variable with the colon-equal symbol “:=".

> A =5

> A;

Thismeansthat thevariable“ A" has been assigned thevalue 5 and it will have thisvalue through the remainder
of the session unless you assign it another value or unassign it.

> 4*A +12;
32
The following statement is the way to unassign the variable.
> A=A
A=A
> A
A

There are essentially two ways of working with functions. One way isto define a function as avariable. Sup-
pose we wish to analyze the function given by f(x) = x?. Then we can enter the following.
> f = x2;
fi=x
The last command defines the function and you can check that out with the following command.

> f:

x2

ThereisaMapleV procedurecalled subswhich allowsyouto evaluatethisexpression. Theformatissubs(variable
= something, expression involving variable).

> subs(x=5,f);
25
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A word of warning here. Many beginners want to use standard functional notation for aMaple V expression,
such as f(5). Thisresultsin nonsense and is not understood by Maple V at all.

> f(x);

X(X)?
> f(5);

x(5)?

If you want to use standard functional notation then you can do so using the minus-greater than symbol “->,” made
by typing the “minus sign” followed by the “greater than” sign. For example:

> f = x -> x"2;

fi=xr— X2
> f(x);
X2
Now we have

> f;

f
> f(5);

25

If you aready have f defined as an expression and want to convert it to afunction, you can use the Mapple V
command unapply. Suppose that g is already defined and you wish to convert it to afunction.

> g = X"3;
g=x
The expression g does not evaluate as a function.
> g(5);
x(5)°

> g = unapply(g,x);

> g(5);
125

Which is the best way to define functions? It depends on the situation. All three methods are used.
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Algebra

One of the great benefits of a computer algebra system such as Maple V is that it alows you to to manipulate
algebraic expressions muchin the sameway that acal cul ator permitsyou manipulate numbers. Some of thealgebra
commands used in Maple V are listed below.

Maple Command What it does
simplify Simplifies an algbraic expression
expand Expands an expression
factor Factors an expression
solve Solves a system of equations for a set of unknowns

We give a sequence of statements or Maple V segment which illustrates each of these commands.

expand((x"2-4)*(x+1)*(x-2)*(x"2+x+1));
X —6x—3x°+6x*+12x+8

\%

\%

factor(");
(X+2) (x+ 1) (x° + x+ 1) (x—2)

\Y

sol := solve({2*x-5*y=12,12*x+4*y=17},{X,y});
| '= — _5_5 X = 1_33
0 '_{y_ A 68}
Observe that we used braces “{” and “}” in the preceding Maple V input. Maple V understands this to be a set.
Observethat the MapleV output for the expression “sol” isintheform of aset. Onething to notice about setsisthat
they do not distinquish as to order. For example, Maple V might have equally well have produced an equivalent
output of
P
sol ;= {x= 8" y= ik
MapleV regardsaset asakind of array and you can pick out its elements. For examplethelast Maple V output
indicated above is a set consisting of two elements: the first is the equation y = —g—i, and the second element is

the equation x = %. The way to select the first element is by entering “sol[1];” and pressing return.
> sol[1];
__>»
Y
The second element is obtained by entering “sol[2]” and pressing return.
> sol[2];
133
68

Notice that these answers are given in the form of an equation. There aretwo useful Maple V commands for equa-
tions: Ihs-left-hand side, and rhs-right-hand side.

> rhs(sol[1]); -

> |hs(sol[1]);
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You may use substo check your answer.

> subs(sol {2*x-5*y=12,12*x+4*y=17});
{12 = 12, 17 = 17}

Observe that we have employed three different kinds of grouping symbols: “()”,“{}", and “[]". They are used
for different purposes and Maple V requires that you useit correctly. The standard parentheses ()" are used with
functionsasin factor (x?-1), or sin(Pi). Thebraces*{ }” are used to group aset of things together asin {x,y}. The
square brackets are used to pick a coordinate out of agroup asin sol[2]. There will be other examples of the use
of these bracketsin the future.

Two-Dimensional Plots
MapleV hasaprocedure plot for graphing afunction of onevariable. Thusif afunction f isdefined onaninterval
[a, b] you can plot it with one of the following commands.

plot(f,a..b, options)

or
plot(f(x), x=a..b, options).

We will illustrate this with afew examples. First define a function. We will use the function

f(x) =e *sin3x.
> f = x -> EN-X)*sin(3*x);
f:=x+— E¥sin3x)
Note: The command

> f = x -> exp(-x)*sin(3*x);
definesthe same Maple V function sinceto Maple V the expressions E* and exp(x) are the same. We now plot
this function over theinterval [0, 3]. See Figure 1.

> plot(f,0..3);

0.6+
0.4+

0.21

0.5 1 1.5 2.5 3

Figure 1: Graph of exp(—x) sin(3x) (1)
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Now we can plot the same curve with the x— and y—axis labelled. See Figure 2.
> plot(f(x),x=0..3,y=-0.3..1);

0.81

o < o

0.21

0.5 1 1.5 2.5 3

-0.21

Figure 2: Graph of exp(—x) sin(3x) (2)

Don't confusethetwo formats, because MapleV won't createtheplot. For example, if you expressthefunction
f without the argument x and specify x = 0..3, then you will only get acoordinate axisfor aplot. We do not print
out this plot here.

> plot(f,x=0..3);
On the other hand if you use the following statement then you get an empty plot.

> plot(f(x),0..3,-0.3..1);

Warning in iris-plot: empty plot

You should carefully read the help information for the plot command which will be used alot in the course of
thistext. Thereisaspecial Maple V Library called plots that has many useful procedures defined. In particular,
there is the command display. There are two ways to invoke a procedure from a Library Package like plots, for
example you can access all of the routines with the command with(plots);. You can aso invoke display using the
command plots[display]({set of plots }). Sometimeswe wish to printout text information on our plots. The plots
proceduretextplot worksfor this. Thefollowing will serve asan examplethat usesthe plotsroutinestextplot and
display. See Figure 3. make sure that you use colons and semicolons where they are used below.

> plotl

plot(f,0..3):

> plot2

plots[textplot]([0.7,0.8,'x=0.4336,y=0.6157,align = RIGHT):

> plots[display]({plotl,plot2});

In the preceding it isimportant to use the colons to punctuate the statements, otherwise you will get a page full
of MapleV text defining the Plot Structure rather than agraph. Thetextplot command isused to print text at the
point with coordinates (0.7,0.8). Thetext is aligned to the right in this case. Note the use of backward quotes, *,
that surround the text statment: ‘x=0.4336,y=0.615".
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0.8 x=0. 4336, y=0. 615

N 1\is/y h 3
0.2t

Figure 3: Graph of exp(—Xx) sin(3x) (3)

The seq, map, and zip Commands

If you are already familiar with a programming language like Fortran, C, or Pascal then you probably have learned
how to write programs with “loops’. You can also write programsin Maple V using loops, but Maple V has some
built-in procedures that makes this practice almost never necessary. Suppose that we are given n data pointsin the
form of two lists. X and Y. For example the data might be stored as follows:

> X

[0,1,2,3,4];
X = [0, 1, 2, 3, 4]

>Y

[3,2,5,7,1];

Y =[3, 2,5, 7, 1]
Note: another use for the square brackets “[]” isto enclose aMaple V array known asalist. A listissimilar to a
set except the order is necessary in alist. For example the sets

{a,b} and {b,a}

are the same, but the lists
[a,b] and [b, 4]

are not. If we want to plot the curve containing the points (X[i], Y[i]), i.e. (0,3),(1,2),(2,5),(3,7), and (4,1), then
we need to provide the plot command with alist of pairsin the form:

[[0.3].[1.2].[2.5]. [3, 7]. [4. 1]].

If you have experience with one of the traditional programming languages mentioned above you would probably
formthislist using a“loop” as follows (For the resulting plot see Figure 4):

> List := NULL;
List :=

> for i from 1 to n do List := List,[X[i],Y[i]] od;
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List := [0, 3]
List == [0, 3], [1, 2]
List := [0, 3], [1, 2], [2, 5]
List := [0, 3], [1, 2], [2, 5], [3, 7]

List := [0, 3], [1, 2], [2, 5], [3, 7], [4, 1]

> List := [List];
List := [[0, 3], [1, 2], [2, 5], [3, 7], [4, 1]]
> 0=
=1
> plot(List);
Figure 4:
Note that the last statement “ > i :="i"; ” that unassigns“i” isnecessary if you are going to usethe variable “i”

again, sinceit comes out of the above sequence assigned the value 6. If the method used above to construct thelist
that is denoted here by the variable “List” seemed unnatural don’t worry about it. Using the Maple V commands
seq,map, and zip will usually make it unnecessary to make these complicated loops. For example, the abovellist,
denoted by List, can be constructed in one step.
> List = [seq([X[i],Y[i]],i=1..5)];
List := [[0, 3], [1, 2], [2, 5], [3, 7], [4, 1]]
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One can say that the preceding use of the seq command “ zipped up” thetwo lists X and Y to create thefinal list
List. Maple V actually has a built-in command called zip that will also do this. The format for this command is
zip(f,X,Y) where f isafunction of two variablesand X and Y arelists. In our example, wewant f to beafunction
that assigns the value [x, y] to the pair (x, y). Thus as with seq the variable List can be assigned using only one
line.

> List := zip((x,y)->[x,y].X,Y);
List := [[0, 3], [1, 2], [2, 5], [3, 7], [4, 1]]
Suppose that you have alist of numbers X and you wish to evaluate a function f at each number in the list.
The Maple V command map(f,X) will perform this action without the necessity of creating aloop. Study the next
example.

> X := [0,Pi/4,Pi/3,Pi/2]; .
X=0737
> Y = map(sin,X);
Y := [0, %fz, %«/ﬁ, 1]
> Z = evalf(Y);

[0, .7071067810, .8660254040, 1.]

Thefirst command assignsto X thelist
[0.%.%.7]
403 2k

wl

The next command assignsto Y thelist
[sin(0), sin(xr/4), sin(xr/3), sin(r/2)].

The final command assignsto Z the floating point evaluation of each number in Y.
You will find that these three commandswill be very useful when dealing with largelists. Youwill seldom find
it necessary to use aloop in this course.



