In tro duction to Maple in the Undergraduate Computer Lab

b y James A. Carlson and Jennifer M. Johnson

Departmen t of Mathematics

Univ ersit y of Utah

Salt Lak e Cit y , Utah 84112

Septem b er, 1995

Maple is a general purp ose soft w are pac k age con taining to ols useful in the study of a

wide v ariet y of problems. W e can use Maple lik e a calculator to carry out n umerical com-

putations or w e can use the programming features of Maple to pro duce a more complicated

sequence of computations. In addition to n umerical computation, w e can do sym b olic or

algebraic computations in Maple. This pac k age has built-in functions for solving man y

kinds of equations, for w orking with matrices and v ectors, for differen tiation and in tegra-

tion. It also con tains functions whic h allo w us to create visual represen tations of curv es

and surfaces from their mathematical descriptions.

Using a soft w are pac k age lik e Maple giv es new w a ys to think ab out problems. F or

example, w e can use the computer to run n umerical exp erimen ts. This means that w e

can not only lo ok at more realistic v ersions of standard problems, but w e can easily lo ok

at man y more examples, in the pro cess dev eloping a b etter in tuitiv e feel for the essen tial

features of a general problem and its solutions. Often these exp erimen ts suggest further

questions or in terpretations that migh t otherwise go unnoticed. P atterns that app ear in

these exp erimen ts giv e insigh t in to and motiv ation for the standard approac hes to these

problems — and frequen tly highligh t the limitations of these metho ds.

In man y situations the graphics features of Maple are a useful to ol for visualizing the

geometric ideas b ehind imp ortan t definitions and standard tec hniques. Again, this go es a

long w a y to w ard giving a b etter feeling for the essen tials.

In the b eginning computing can b e frustrating b ecause w e are used to dealing with

p eople, who are in telligen t and cn undrstond whot u meen evn if it isn’t quite right from a

literal p oin t of view. An yw a y , y ou will so on get past this stage as the right mov es become

automatic. Ev en tually computers will b e smarter and b etter designed, and this will mak e

life easier for all of us.

Getting Started

These notes w ere prepared for use on the uglab mac hines in the Math Departmen t’s

Undergraduate Computer Lab. The alpha mac hines and the ceslab mac hines are similar;

to pla y it safe get acquain ted with the system on the uglab mac hines — y ou can then

easily figure out ho w to use the other computers in the lab.

LOGGING IN: This is what y ou do to start w orking on the computer. First y ou ha v e to

figure out y our login name and y our passw ord. All studen t login names b egin with the

prefix c- and the rest of y our login name is built from y our initials as explained b elo w.

Y our passw ord is built from y our initials and y our so cial securit y n um b er. Both Unix and

Maple are case sensitiv e, so pa y atten tion to upp er and lo w er case in the examples:

NEW SYSTEM: Here y our login name is built from the c- prefix follo w ed b y the

first and last letters of y our last name, the first letter of y our first name, and y our

middle initial. F or example, if y our name is K arl F red Gaus s, then y our login name is

c-gskf. If in addition y our so cial securit y n um b er is 550-00-1234 then y our passw ord

is gskf1234.

OLD SYSTEM: Here y our login name is built from the c- prefix follo w ed b y the first

letter of y our last name, the first letter of y our first name, and y our middle initial.

F or example, if y our name is K arl F red Gauss, then y our login name is c-gkf. If

y our so cial securit y n um b er is 550-00-1234, then y our passw ord is gkf1234.

NOTE: If there is more than one Karl F red Gauss, then the login names will b e c-gkf1,

c-gkf2,... in the old system or c-gskf1, c-gskf2,... in new system. Ho w ev er, if

the first Gauss’s so cial securit y n um b er is 550-00-1234, then his initial passw ord is still

gkf1234 in the old system or gskf1234 in the new system.

Once y ou think y ou kno w y our login name and passw ord, lo ok at the screen. If it is

dark, jiggle the mouse. The screen should brigh ten, and a little rectangle with the w ord

“Login:” should app ear. T yp e y our login name. Press return. Then t yp e y our passw ord,

and press return again. Rep eat if this fails (Y ou will get a message that Login failed). Y ou

ma y ha v e misst yp ed y our passw ord or y ou ma y not ha v e t yp ed the correct login name.

The lab T

A on dut y or y our instructor can help y ou figure out y our login name if y ou ha v e

trouble.

A t a time other than this in tro ductory session y ou should c hange y our passw ord using

the passwd command. Don’t c ho ose a w ord in the dictionary or a prop er name.

Comp osites of dictionary w ords, lik e strawdog are go o d. Ev en b etter is to use one or

t w o upp er case letters, e.g., strAwdog. F or still more securit y , add some digits, e.g.

strAwdog734. Note that it tak es ab out 30 min utes for y our new passw ord to tak e

effect. Also, y ou should b e a w are that if y our passw ord is not c hanged within the first

t w o w eeks of class, then y our computer accoun t will b e disabled for securit y reasons.

THE LOCAL WINDO W: after a dela y , long or short dep ending on pro cessor sp eed, sys-

tem, load, phase of mo on, etc., a windo w named lo cal will app ear. Notice that it has

v arious parts: b orders on the top (title bar), b orders on the side (scroll bars), etc.

THE MOUSE AND THE CURSOR: When y ou mo v e the mouse around, it mo v es a p oin ter

on the screen. This is called the cursor. Mo v e the cursor no w. Notice ho w it c hanges

shap e as y ou mo v e inside the windo w, then mo v e outside to the “bac kground.” Notice also

ho w the cursor c hanges shap e as y ou mo v e it to v arious parts of the windo w.

LOGGING OUT: Just as imp ortan t as logging in is logging out. Y ou do this when y ou

finish w ork (or when y ou lea v e the ro om). T o log out, mo v e the cursor to the bac kground,

press the left mouse button, and c ho ose the last men u item: Exit X-Windo ws. Don’t

do this no w, but b e a w are of ho w it is done. Y ou will need it later.

Basic Windo w Stuff

DISAPPEARING WINDO WS: If y ou clic k on the title bar with the left mouse button it

will disapp ear. Actually

, it is still there in miniature form. Lo ok at the top of the screen.

Both on the left and righ t y ou will see little rectangles lab elled lo cal. Clic king on such

a rectangle with the left mouse button causes the windo w to reapp ear. Practice making

windo ws disapp ear and reapp ear.

TYPING: T o t yp e something, the cursor m ust b e inside a windo w. Put it inside the lo cal

windo w and t yp e whoami and press return. Put it outside the lo cal windo w (on the screen

bac kground) and t yp e the same thing. Did y ou notice a difference? In the first case y ou

successfully ga v e a command to the computer, who (of course) ob ey ed. Practice t yping

commands.

MO VING WINDO WS: Press on the title bar with the righ t mouse button, drag to a new

p osition, and release. Practice!

RESIZING WINDO WS: Press on the square in the upp er righ t corner of the windo w with

the righ t mouse button, drag, and release. Note that y ou m ust enlarge the windo w b efore

y ou can shrink it. In other w ords, to mak e a windo w more narro w, y ou m ust hold do wn

the mouse and drag to mak e the windo w a bit wider than it w as originally; then still

holding do wn the mouse button, drag the mouse in the opp osite direction un til y ou ha v e

the desired width and then release the mouse button. Practice! Y ou migh t also try what

happ ens if y ou clic k the left mouse button on the other small square in the upp er righ t

corner of y our windo w. What happ ens if y our clic k on that b o x a second time?

Starting a Maple File

ST AR TING UP: Mo v e the cursor in to the lo cal window and t yp e xmapleV3 & to op en

a Maple windo w. Presen tly the ghost of a new windo w will app ear in a kind of “dotted

outline form.” Mo v e the mouse to p osition this windo w and clic k with left mouse button

when satisfied. (T ry to place windo ws so that part of the title bar is visible for eac h

windo w.)

GOING FR

OM ONE WINDO

W TO ANOTHER: Practice mo ving the mouse from the

lo cal windo w to the Maple windo w. Observ e the c hange in app earance of title bar. A

dark title bar indicates the activ e windo w. The activ e windo w can b e b ehind another

windo w. T o bring a windo w forw ard, clic k on its title bar with the middle mouse button.

Practice this. (Sometimes the mouse gets a bit wild and hard to con trol so y ou ma y end

up with a windo w whose title bar is completely obscured. In that case, y ou can mo v e and

resize windo ws as explained ab o v e to get access to the title bar.) If y ou need help, ask!

Getting used to the mouse and m ultiple windo ws can b e v ery frustrating at first, esp ecially

if y ou are un willing to get help when y ou need it.

SA VING YOUR FILE: A t the top of y our Maple windo w y ou will see sev eral men us.

Clic k on the File men u with the left mouse button. T o name a Maple file clic k on the

option Sa v e As with the left mouse button. A Sa v e Session windo w app ears: If the b o x

lab elled Selection near the b ottom of this windo w is empt y and y ou w an t to sa v e y our

Maple file under the name hw1 (for example), then clic k an ywhere in the Selection b o x

with the left mouse button and t yp e hw1. Then press the return k ey or clic k on the Sa v e

b o x at the b ottom of the Sa v e Session windo w.

(It sometimes happ ens that the Selection b o x app ears con taining y our full computer

name. In that case y ou m ust place the cursor at the end of the name that app ears in the

b o x (after the =) and t yp e y our file name, etc.)

If this pro cess w as successful then the name hw1.ms should app ear at the top of the

Maple windo w. Maple adds the .ms extension to iden tify the sa v ed file as a Maple file. T o

a v oid headac hes y ou should use some care in naming y our files. Keep it simple. Use only

letters and n um b ers in y our file names. Don’t use an y sp ecial sym b ols and in particular,

a v oid using spaces, p erio ds, and h yphens.

All y ou ha v e done so far is to sa v e a blank file. As y ou con tin ue w orking y ou will

need to up date y our sa v ed file. Do this b y clic king on the File men u and then the option

Sa v e in that men u. Do this frequen tly . P o w er failures or Maple memory failures can o ccur

without w arning at an y time. In that case y ou will lose all w ork done since the last time

y ou sa v ed the file.

A Sample Maple Session

The follo wing examples giv e an in tro duction to a few basic Maple commands and

further tec hnical details of using Maple in the Undergraduate Lab.

Example: Find the p oin t of in tersection of the t w o lines defined b y 3 x + 2 y = 5

and 2x + 4y = 5 in the plane. Use Maple to find the in tersection algebraically

and graphically .

Solution: The first line of y our Maple windo w should con tain the sym b ol ¿. This is called

the Maple prompt. It is an indication that Maple is w aiting for y our next command. It is

of course an easy matter to solv e this system b y hand, but for larger systems with more

equations the help of a mac hine will b e v ery w elcome. T o solv e in Maple, w e write:

¿ solve( – 3*x + 2*y = 5, 2*x + 4*y = 5 ˝ );

and Maple resp onds with this:

fx = 5 =4 ; y = 5 =8 g:

Except for minor (but imp ortan t) differences of punctuation, w e form ulate the problem

for Maple in the same w a y as we do for a fello w mathematician. Note that we give the

system of equations as a set: a list of items separated b y commas and enclosed b y curly

braces. This tells Maple to apply the function solve sim ultaneously to b oth equations.

T ypically

, a Maple command tak es a set as its argumen t if the order of the elemen ts is

not imp ortan t — in other w ords, since nothing ab out this problem c hanges if w e giv e the

equations in the other order, w e giv e the list of equations as a set. The solution is also a

set — its elemen ts are the simplified equations.

Notice that Maple commands end with a semicolon. Maple is v ery finic ky ab out suc h

things. It will not carry out an y of y our instructions un til y ou end the command prop erly .

F or the most part, spacing is not imp ortan t in a Maple command, although generous

use of the space bar mak es y our commands m uc h easier to read.

Often y ou will w an t to en ter a command that is a small v ariation on an earlier com-

mand. In that case instead of ret yping y ou can use the mouse to cop y an old command and

then paste it on to a new command line. Then y ou can mo v e the cursor in to the command

and mak e mo difications.

COPYING AND P

ASTING WITH THE MOUSE:

ffl Press the left mouse button at the b eginning of the text y ou w an t to cop y .

ffl Hold the button do wn and drag the mouse un til y ou ha v e blac k ened the desired

text. Release the mouse button.

ffl Mo v e the cursor to the p osition where y ou w an t to paste. Clic k the left mouse

button to mark this sp ot.

ffl Clic k the middle mouse button to paste.

F or example, notice that in our in tersecting line problem Maple ga v e the result in

fractional form. If p ossible, Maple tries to use algebraic metho ds to find solutions exactly .

If w e rephrase the question using decimals instead of in tegers for ev en one of the co efficien ts,

then Maple approac hes the question v ery differen tly and w e get answ ers in decimal form:

¿ solve(–3*x + 2*y = 5.0, 2*x + 4*y = 5˝);

giv es (1:250000000; 0:6250000000) as the p oin t of in tersection.

Use the mouse to cop y and mo dify the solv e command to get an answ er in decimal

form as describ ed ab o v e.

Y ou can paste rep eatedly—the copied text sta ys in memory and an ytime y ou press

the middle mouse button it will b e pasted at the curren t cursor p osition. This can cause

some problems for y ou if y ou acciden tally hit the middle mouse button later on so y ou

ma y w an t to cop y some blank space to clear the copied text.

If y ou made some t yping mistak es in y our command y ou ma y ha v e gotten a syn tax

error. This means that Maple do esn’t understand y our command. With practice y ou will

b e able to use Maple’s error messages to get clues ab out what kind of mistak e y ou ha v e

made but at first they will probably b e a bit m ysterious. F or example, y ou ma y see that

y ou left out one of the * sym b ols or that y ou ha v e t yp ed = instead of +. T o correct this

kind of error y ou need not ret yp e the en tire command. Y ou can use the arro w k eys to mo v e

the cursor bac k in to the line and then use the bac kspace k ey to erase y our mistak e. Insert

the missing sym b ol and press Return. Maple will attempt to carry out y our instructions.

(Y ou don’t need to mo v e the cursor to the end of the line. Maple will just lo ok at the line

the cursor is in.) Another common error is to forget to t yp e the semicolon at the end of

y our command. Y ou can mo v e bac k in to the line and add the semicolon as with the other

t yp os. Ho w ev er, for a mistak e lik e this y ou will probably ha v e to en ter the command t wice

b efore Maple gets it straigh t.)

Another w a y w e could use the solve command is to solv e the equation 3x + 2y = 5

for y as a function of x:

¿ solve( 3*x + 2*y = 5, y);

W e see that the line 3x + 2y = 5 is the graph of the function f

1

(x) = Γ 3x= 2 + 5= 2. Maple

has a built-in command plot for pro ducing graphs of curv es in the plane. T o obtain a

graph of the line for x 2 [ Γ2 ; 2] w e use the command:

¿ plot( -3*x/2 + 5/2, x = -2..2);

In this command w e see an example where spacing is imp ortan t in Maple; no space is

allo w ed b et w een the dots in this command. A new windo w, called a plot windo w should

app ear in resp onse to this command. This plot can b e prin ted b y itself or it can b e pasted

in to y our Maple windo w to b e prin ted later (see b elo w).

W e ha v e graphed the line giv en b y the first equation and w e can mo dify our w ork

ab o v e to get a plot that con tains b oth lines.

¿ solve( 2*x + 4*y = 5 , y);

tells us that the second line is the graph of the function f

2

(x) = Γ x=2 + 5 =

4 and we can

tell Maple to graph f

1 and f

2 together:

¿ plot( –-3*x/2 + 5/2, -x/2 + 5/4˝, x = -2..2);

Again notice the use of braces to tell Maple to apply the command plot to b oth functions.

W e see from the resulting plot that the lines meet at the p oin t (5 =4 ; 5 =8) = (1 :25 ; 0 :625)

as exp ected. Use the left mouse button to clic k on the in tersection p oin t; the co ordinates

of this p oin t will then app ear in the upp er left corner of y our plot windo w.

It is often a go o d idea to giv e y our plot an explanatory title:

¿ plot( –-3*x/2 + 5/2, -x/2 + 5/4˝, x = -2..2,

title = ‘ the lines 3x + 2y = 5 and 2x + 4y = 5 ‘);

The quotation mark here is the bac kquote, lo cated in the upp er left corner of the lab

k eyb oard; don’t confuse it with the single quote. Also, note that this command is to o

long to fit on a single line. T o en ter a m ultiline command in Maple just press the En ter

k ey instead of Return when y ou finish t yping the first line of the command. When the

command is complete and y ou are ready for Maple to carry it out, press the Return k ey .

Y ou should b e a w are that Maple c ho oses the scale on the x -axis and the y -axis inde-

p enden tly . T o force Maple to use the same scale on b oth axes y ou can c ho ose the option

Constrained in the Pro jection men u in the plot windo w. Another w a y to ac hiev e the

same thing is to sp ecify the range of v ariation for y in y our Maple command:

¿ plot( –-3*x/2 + 5/2, -x/2 + 5/4˝, x = -2..2, y = -2..2);

or to sp ecify the scaling option in y our plot command:

¿ plot( –-3*x/2 + 5/2, -x/2 + 5/4˝, x = -2..2, scaling = constrained);

PRINTING A PLOT:

ffl In the plot windo w clic k on the File men u with the left mouse button.

ffl Clic k on the option Prin t. A new men u will app ear.

ffl Clic k on the option P ostscript. A small windo w will app ear.

ffl If y ou clic k on the b o x lab elled Confirm or hit the return k ey y ou will create a

prin table file named plotoutfile.ps.

ffl T o actually prin t the plot y ou m ust return to the lo cal windo w and t yp e print

plotoutfile.ps . The plot will b e enlarged to fill one standard size page.

EDITING YOUR MAPLE FILE: Before y ou prin t y our Maple session y ou should clean it

up a bit. In the Edit men u of y our Maple windo w y ou will find some useful commands

for this purp ose. F or example the option Delete Cursor Region will delete whatev er

line the cursor is in. Note that holding do wn the “con trol” k ey while y ou hit the “delete”

k ey will ha v e the same effect. This giv es y ou a quic k w a y to erase y our mistak es.

Also in the Edit men u y ou find the option Delete b y T yp e. Cho osing this option

brings up another men u. Most of these c hoices are rather drastic and self-explanatory . T ry

the option Delete all Separators.

It is also a go o d idea to include some explanations with y our w ork. There are t w o w a ys

to do this. First y ou can use commen ts. In an y command line, Maple ignores an ything

t yp ed after the sym b ol #. So inserting a line lik e

¿ solve( 3*x + 2*y - 5*z = 1, z); # Get z in terms of x and y:

mak es y our w ork m uc h easier to follo w. Notice that y ou can mo v e an ywhere y ou lik e inside

y our Maple windo w with the arro w k eys or the mouse and the option Insert Prompt in

the Edit men u allo ws y ou to insert a command line.

Also in the Edit men u y ou find the option Insert T ext. This allo ws y ou to t yp e

some explanations in to y our Maple file. Ho w ev er, editing is v ery crude and there is no w a y

to get decen t lo oking mathematical form ulas with Maple’s text mo de so if y ou w an t to sa y

something complicated y ou ma y b e b etter off with a handwritten note. Also b e careful

using Delete Cursor Region with text. Maple will delete the whole section of text

rather than the line the cursor is in. (T ry Displa y Region Boundaries in the View

men u of y our Maple windo w.)

PRINTING YOUR MAPLE SESSION:

ffl Clic k on the File men u and c ho ose the option Sa v e to up date y our file.

ffl Clic k on the File men u; again c ho ose the option Prin t. A P age Setup Dialog

windo w will app ear.

ffl Clic k on the b o x lab elled OK at the b ottom of this windo w to create a prin table

v ersion of y our Maple session and store it in a file named hw1.ps (assuming that

y our Maple file is named hw1.ms as in the example ab o v e).

ffl T o actually prin t y our Maple session, y ou m ust go to y our lo cal windo w and t yp e

print hw1.ps.

Alternativ ely , y ou could clic k on the option Prin ter Command in the P age Setup

Dialog windo w to send y our Maple session directly to the prin ter.

Go to the File men u and c ho ose the option Exit to end y our Maple session.

Pic king Up Where Y ou Left Off – Y our Second Maple Session

In y our w ork ab o v e y ou created a Maple file and sa v ed it under the name hw1

. Our

task no w is to reop en that file and get bac k to where w e left off.

ffl Go to y our lo cal windo w and op en a Maple windo w.

ffl Clic k on the File men u with the left mouse button and select the option Op en.

A Load Session windo w will app ear.

ffl In the middle-righ t of this windo w y ou should see a list of Maple files, including

y our file hw1.ms. Clic k on this file name with the left mouse. Then press the

Return k ey or clic k on the b o x lab elled Load.

Y our Maple windo w should no w lo ok lik e it did the last time y ou sa v ed y our file hw1.

Ho w ev er, y ou are not quite ready to con tin ue w orking. F or example in y our first session

y ou made some assignmen ts (using := ). Maple displa ys a record of these commands but

it do es not remem b er an y of the assignmen ts y ou made last time. Also, if y ou

loaded a pac k age of functions using with, the command will b e there on y our screen, but

Maple will not ha v e an y of the functions of that pac k age in its w orking memory .

The easiest w a y to get Maple to remem b er what happ ened last time is to go to the

b eginning of y our file and hit the Return k ey un til y ou get to the last line of the file. (Y ou

migh t w an t to use the arro w k eys to skip the lines that displa y ed plots or requests for help

files). This will ensure that Maple’s memory of y our last session is restored. The most

imp ortan t lines to re-en ter are the lines where y ou loaded a pac k age or read in a file (using

the command with or read) or lines where y ou made assignmen ts (using :=).

Remark: Y ou will find it incon v enien t to w ork with a Maple session file that is more than

a few pages long. It is a go o d idea to start a new Maple file when you b egin a new section

of problems.