Math 2250
MAPLE TUTORIAL and PROJECT | HINTS
Fall 2003

Thisdocument isatutorial for Math 2250 students who may not have done previous work with
MAPLE or in the Math lab, or who may just want to brush up on their skills. At theend of the
tutorial thereis an introduction to thefirst project. Linksto the precisetemplate for your project
answersand to an on-lineversion of thistutorial can be found at the home page for 2250 maple

projects, http://www.math.utah.edu/~korevaar/2250fall03/2250maple.html

The Math 2250 projects can be done in versions five and above of Maple, with minor changes. The
Math Lab, EMCB, and Marriott Library all have version 8 of Maple. A student version of Maple 9, for
home computersis available from the bookstore for $129.95.

1) Usingthe Math Computer Lab:

The Math Department has awalk-in computer 1ab in the Math Student Center, located undernesth the
plaza connecting JWB to LCB. Thereisaso acomputer classroom in LCB 115, where introductory
tutorials will be held. Useful information about most aspects of the lab can be found by following links
from the Math Department web pages, e.g. starting at  http://www.math.utah.edu/ugrad , or
http://www.math.utah.edu/ugrad/lab. Y ou can find out about lab hours, X-windows, Maple, Unix
commands, Netscape, file editing, mail, etc.

Y ou can access Math Department Maple (in its own window as opposed to the cumbersome line
command form) remotely from alinux/unix system, from a mac running OSX (download the free X11
xwindows from Apple), of from a PC running windows if you have ssh client capabilities and xwindows
capabilities. Apparently there is afree package for PC’s called cygwin which you can download to
enable this. You do not want to try remote access of Maple with only a modem connection, it will be
unbearably slow.

1a) L ogging on:

Almost all students who are registered in Math 2250, or in any other math class, will already have
accounts set up in our lab. Since these accounts are created from University classlists, late-registering
students may not be accounted for. If you fit in this case the lab assistant can help you apply for an
account - provided you have brought your student I.D. to show that you are a University student.

The lab machines are left on - move the mouse or hit a key to wake yours up. There should be a box
asking for your login name, and then for you password.

Your login name will be of the form c-azbc, where‘a ,'b’,'c’ are your last, first, and middle initial,
respectively and ‘Z' isthe last letter in your last name. For example, if your nameis Ulysses Attila
Eratosthenes, your login name will be c-esua. (Many

people have the same initials, to ensure your login name is unique, adigit may be added after theinitials,
eg. c-esual, c-esuaz, ...). For people with more complex (eg. hyphenated names) only the first
character of each name is used.

Passwords Your initial password will be the letters asin the login name, followed by the last four digits
of your University ID number (e.g., if your UID is 123456789 and your login name is c-esua, then your



password is esua6789) or if the login name is c-esua2 the password is still esua6789).

Once you'relogged in, the default environment of our unix-based syste is called the common desktop
environment, and you will see amaple leaf icon for MAPLE, aswell asaNETSCAPE icon. You can
open these programs by clicking on the icons.

1b) Changing password: Upon first logging in you should change your password. To do so, log in,
open an xterm window, then type ‘*passwd’’ (followed by RETURN). If thereisa problem heretry
typing ‘‘passwd’’ followed by your username (eg. ‘‘ passwd c-esua’’). Next type your old password (the
one you used to login), and then type your new desired password twice as instructed. Y our new
password is effective within 30 minutes. If you forget your password, request a new one (from the Lab
Assistant). Y our password must consist of at least 6 characters (upper and lower case letters, and digits).
Y ou should take care to choose one that is very difficult to guess, and keep it to yourself!

1c) Logging out: In CDE thereisalogout or exit icon at the bottom of your desktop. Y ou might also
be able to find it on your right mouse button, after putting your mouse cursor in a background field.

2) Opening netscape, maple, mail, more:

For your Math 2250 purposes you need to be able to open Netscape (to download files) and Maple (to
work on them). Open Netscape and Maple now: in CDE use the icons at the bottom of the desktop.
Alternately, you can open an xterm window and type the commands netscape &, followed by
<ENTER>, aswell as xmaple &, followed by <ENTER>. The & tells X-windows to create separate
windows for each process.

3) Maple:

If you are starting the tutoria at this point (because you're doing it on your own at another location or
already knew the Math Lab system), you should have opened a maple window, probably version 8
(versions 5,6,7, 9 should also work), as well as aweb browser.

Mapleis partly just avery fancy calculator; it can do practically any undergraduate mathematics
computation or symbolic manipulation. Y ou can write programsin Maple and draw pictures as well.
But you can also use it to create documents which mix text with computations, and you can export
Maple output to other software to create interesting documents.

If you are doing a homework assignment you can intersperse text with computations using the toolbar:
to get a computation prompt click on the *‘[>"’ box near thetop. To insert text click onthe ' T'’ box.
Or you can change command fields (starting with "[>") into text fields by putting the cursor into them
and then choosing "T". Y ou can use the mouse to cut, paste, and edit a document. Y ou can change
fonts, formats, and use other standard text editing tools by choosing appropriate menu items. This
document you are reading is a Maple document even though it is largely text. You will learn by doing -
and by asking your neighbor or the lab assistant.

New User’s Tour and more:

Under the Help button at the top right of your Maple window you will find the choice "New User’s
Tour". Thisisagood way to learn generally about what Maple can do. After making this menu choice
Maple may hide the beginning of the tour behind other active windows; use the "Window" menu item
to bring the tour window to the front. If you wish you can explore now, or you can continue with the



Math 2250 notes below and come back to the tour later. To close the new tour (or any other top
window), use the ‘‘close’’ option inside the ‘‘file’’ menu item. To keep the tour open but bring another
window to the front, use **window’’ menu item.

Another good introduction to Maple is located at http://www.math.utah.edu/~gardiner/Intro.mws. If
you have a browser open you can open Maple files directly off the internet by using clicking
successively on File-> Open URL, in the Maple menu items at the top of the Maple window.
Alternately you can save .mws files from your browser and then open them from Maple.

Entering Maple commands:

To giveyou abrief taste of what Maple can do, we will try afew commands. Move your cursor into the
"Untitled" (new) Maple window which you created in step (2). Commands begin on lines having a
command prompt ‘*>"", and should be ended with either asemicolon ; or acolon : If you end with a
semicolon you will see visible output, if you end with a colon the output will be suppressed even though
the command is executed. Maple will not execute acommand until you type the ‘“return’” or *‘enter’”’
key. If you have a multiline command use ‘* shift-return’’ to change lines without executing.

If you incorrectly align parentheses or brackets, or do something else which makes your command
unexecutable you will get a*‘syntax error’’” message and Maple will try to point out your mistake with
the cursor and cryptic diagnostic phrases. After awhile you will become good at fixing these mistakes
but they can be annoying at first. Spaces areignored in Maple, so you may use them to make input
easier to read. Y ou can enter explanatory comments in acommand line by inserting a‘‘#’ to the left of
the comments; Maple ignores any text after the # Sometimes thisis more informative then entering
nearby explanatory text, especially if you are explaining various steps in a subroutine.

Now, let’s try some commands. (Y ou try just the math commands, the editorial comments were only
added to explain what the particular commands areillustrating ! ) Check that you understand what each
command is doing.

> 3+4; 4+45. 6 * 7; #one of these conputations will not be shown
#even though all three will be done, illustrating the
#di fference between a sem colon and a col on

r> (3+4)7; #f you want to nmultiply you nust use *, so after
#trying the command as given, insert a * to fix the
#resulting syntax error. You can execute a line or
#execution group (bracketed on the left) if
#your cursor is anywhere in it. You can nove the
#cursor with the nouse or the arrow keys. Maple w |

#try to put it in a good place if it detects an error.
Error, unexpected numnber

> (3+4)"2/7; 3+472/7; eval f(3+472/7); #the evalf comand gives a
#deci mal approxi mati on i nstead of an al gebraic
#expression. Notice that if given a choice, Mple
#conputes powers first, then multiplies and divides,

L #and finally adds or subtracts.

> diff(x”2,x); # 'differentiate x*"2 with respect to x'’

:




V

di ff(exp(sin(x))*x"3,x); #a harder differentiation problem
#you shoul d get output:

sn(x) 3 sin|
cogx)e X +3e

> f:= x-> exp(sin(x))*x"3; #this is the syntax for defining a
#function, in this case the function we just
#differenti ated

(X)
N

> diff(f(x),x); #shoul d get the same answer as before.
r>int(t”2*exp(t),t); # ‘integrate (t"2)*exp(t) with respect

L #to t’’ (Maple doesn’'t put in the integration constant.)
(> int(t"3*exp(sin(t)),t); #this shows that Maple is not God, you

#w || get

in(t
%ﬁ e gt

> # since if Maple can’t find an elenentary function
#antiderivative it just echos what you put in.
eval f (int(t~3*exp(sin(t)),t=0..1)); #But you could do
#a definite integral (nunerically) even if Maple
#can’t conpute an elenmentary antiderivative
Pi;exp(l);eval f(Pi);evalf(exp(l));infinity;
#some i nportant nunbers

1
\Y%
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Downloading M aple documents:

This xeroxed tutorial is available online in several formats, if you follow the links from Professor
Korevaar's 2250 Maple homepage at http://www.math.utah.edu/~korevaar/2250fall03 . Fileswith
suffix ".mws" or ".txt" can be downloaded from your browser and then opened from Maple.

Alternately, if you know the URL you want, you can use the "open URL" file option. Do this now, for
this document’ s URL, http://www.math.utah.edu/~korevaar/2250fall03/2250falltut. mws. Maple will
download and open the document, and now you can follow the tutorial from your computer instead of
from your hard copy - so start doing so.

Sometimes, if you have several windows open Maple will put the wrong one on top. Use the Window
menu item to move between windows.

Making new files which mix text, commands and output:

From the "File" menu item, create a new worksheet.(It will start out being called Untitled(2) or
something like that. Thefirst time you save it you can pick any name you want, aslong asit endsin
.mws, for Maple worksheet. In your new worksheet turn the command field into atext field by putting
your cursor into it, and then using the'* T’ menu item. Typein the title ** My first Maple worksheet’’
(center it with the menu option on the right side of the toolbar), as well as your name and today’ s date.
When you are doing your Maple projects you will be expected to hand in more than a page of
computations. You will be expected to add text explanations of what you’ ve been doing. In generdl, if
you move your cursor to acommand field and the press the[> button with your mouse, Maple makes a
new command field directly below it. 1f you move to the new command field and pressthe T button you
will have atext field into which you may write, using the rudimentary word processing tools on the



Maple menu bar.

Use your mouse to copy the following sequence of commands from this worksheet into your new one.
Paste into acommand field. (Successive lines were entered here without execution by using shift-return
at the end of each line)
> restart: #clear all current definitions from nenory

#(regardl ess of which wi ndow was open when

#t he definition was made).
wth(plots): #load plotting library
pl ot (x"2,x=-1..1,color=red,title="ny first parabola’);

#use ' quotes, not ' or " ones

After pasting, execute this command field in you new window. By clicking on the plot you are able to
rescaleit and avail yourself of various new menu options. Y ou could export this plot to other documents
aswell.

Saving Files:

It isaways agood ideato save your maplefile periodically. Save all of your documents - this one,
which | called 2250tut.mws (you can change the name if you want), as well as your untitled documents.
Use the tool bar, using the "save" option under the "File" menu item. The first time you save anew file,
and any time you use the "save as' option, you will be asked to name your file and say where you want
to keep it. You nameit in the left part of the box, being careful to keep the suffix ".mws" so that Maple
knows thisfileisaMapleWork Sheet. If your directory is new you probably haven’'t made any
subdirectories yet (unix command mkdir, in alocal window), but as you create more files you may wish
to organize where you save them using the tree structure of Unix directories, which you can follow in
the right side of your saving box. Y ou use various UNIX commandsin your local or terminal window tc
organize your directories. For more information about this, go to
http://mww.math.utah.edu/ugrad/unix/unix-commands.html

It will probably happen some time that you will crash Maple long after your last save. Thiswill not
make you feel happy but will teach you an important |esson.

Printing:

In the menu bar click successively on file->print->print command. Then in the print command box
choose the name of the printer you want to use. In UNIX you also need the prefix Ipr -P (spaces
important), which stands for line printer - P. For example, the printer in the math center room 115is
called mc155c¢, so you want to enter Ipr -Pmc155into the print command box, and then click on the
print box at the bottom of the window and your file should print. The print command in the room LCB
115 would belpr -P Icb115. If you have trouble printing ask a lab assistant for help. One glitch
which seemsto occur isthat figuresdon’t print correctly. If thishappens try modifying the print
command to Ipr -1-Pmc155 or |pr -oraw-Pmc155. Y ou can aso print postscript filesto your math
directory by using the "output to file" choice in the printing dialog box.

Execution Groups:

Y ou can modify the text and input using the toolbar and menu options. Y ou will notice many brackets
on the left of the document. These are execution groups. Maple will execute everything in one
execution group at once, and then move the cursor to the next execution group. Y ou can create large



execution groups by highlighting sections of a document, using Edit->Split or Join->Join Execution
Groups You can remove brackets by highlighting them with the mouse and del eting them with the
delete key or the menu option. And you already learned how to insert new prompts or new text
wherever your cursor is, by using the [> and T buttons on your toolbar.

4)
INTRODUCTION TO PROJECT |

A preliminary paragraph of advice:

Students often approach the task of reading mathematical material asif they were reading anovel; they
sort of skim along quickly. That approach isO.K. to get an overview, but in order to have a chance at
real understanding you must be prepared to proceed much more slowly, sentence by sentence and
thought by thought. Otherwise you will amost certainly find yourself partly lost after several
paragraphs and completely lost after several more. (This might happen anyway.) If you are working
properly it can easily take half an hour to read through one page of mathematical text. Thistakesa
certain amount of discipline, patience, and practice. With the Math 2250 computer projectsthere isthe
added temptation of having Maple execute commands in successive command sections by repeatedly
hitting the enter (return) key, without pausing to digest the interlaced text or the meaning of the
commands. Thereisa seductive appeal in having this capability. Resist it.

Open your text book to page 55, and follow along. We will go through the Maple commands and text
corresponding to the section 1.5 Computing Project of Edwards-Penney. If you go through this section
carefully now, then your life should be relatively easy when you download the solution template from
the course home page. Make sure you understand what each command is doing, and what each equation
issaying, in the work below.

For further information about syntax and options related to commands bel ow, use the help menu button
at the upper right corner of your Maple window.

> restart: #When you start new work it is often a good idea
#to clear all old definitions etc. restart does this.
#O course, then you nmust then rel oad any packages you need
#and redefi ne anything you need as well.

C > with(DEtools): #load diffeq tools, for later. |If you want
#to see the |list of commands in the DEtools
L # package, end your command with ";" rather than "

At the start of the the project, on page 55, we see how to automate the method of solving a general first
order DE initial value problem, see equation (11) on page 48. So P(x) and Q(x) will be as shown there,
except we will use lower case p and q like on page 55. On page 55 we are considering the particular
first order linear differential equation

> deqtn:=diff(y(t),t) + y(t) =t;

#notice how we wite the derivative of y
#wWth respect to t

Following the algorithm on page 48 (with the roles of x and t reversed as on page 55!) the text tells us to



> p:=t->1;
#this is how to define functions in Mple;
#the command is saying p(t)=1. The := should

#be read as "is defined to be." The arrow
#can be thought of as saying "goes to"
q: =t->t;

#this command is saying q(t)=t
r:=t->exp(int(p(x),x=t0..t));
#the integrating factor r(t)
y:=t->(2/r(t))*(yo+int(r(x)*q(x),x=t0..t)
t

);
#the solution y(t) to the VP with y(tO0)=yO0.

For example, if we wanted to solve the differential equation on page 55, with y(0)=2, we would set
> t0: =0,
y0: =2;

éndevaluate
> y(t);

Y ou might want to verify this answer to theinitial value problem by hand. Of course Maple can solve
DE’s symbolically too, with the single command "dsolve." If you want to read about the syntax required
for this command, you should use the Help menu item at the upper right corner of your Maple window,
and search the topic "dsolve". Once you have arough idea about a command it is often helpful to scan
down to the bottom of the help file to see worked out examples. 1f you do this you will eventually

decide to try something like
- > dsol ve({deqtn, y(0)=2},y(t));

Error, (in pdsolve/sys/info) required an indication of the dependent variables in
the given system

[ Thiscommand didn’t work. It would’ ve worked, except that you have defined y(t) just above here, so
when Maple evaluates the differential equation "deqgtn" which you defined earlier, it plugsin the y(t)
you defined subsequently, so that the degtn evaluates to t=t, yielding the error message. ???!!!! You
can fix problem by never using the same symbols twice, or more practicaly, by restarting, to clear

L out conflicting defintions:

> restart: #clears all definitions and nenory

wi t h( DEt ool s) :

' Restarting and Reopening: Every time you reopen a Maple file you will neet to re-enter commands
and definitions. Similarly, if you restart but want some old definitions to hold, move your cursor to

L the appropriate command fields and reenter them using the <enter> key..

(> deqtn:=diff(y(t),t) + y(t) =1t;

#1 noused in sane deqtn from above
dsol ve({deqtn, y(0)=2},y(t));
#and sanme dsol ve command above. Now
#it should work, and even give an answer
#whi ch agrees wth your ealier one




deqgtn := %t y(t)% y(t) =t

(1)
y(t)=t-1+3e
We now continue with the book’ s discussion at the top of page 56.

> A =t->a0 + al*cos(onega*t) + bl*sin(onega*t);
#formula for anbient tenperature, with free
#paranmeters a0, al, bl, omega. This is equation
#(1) on the top of page 56. \Wen you enter multi-Iline
#commands hol d down the shift key while you hit
#'enter" or "return", to prevent prenmature execution

o> deqtn3:=diff(u(t),t)=-k*(u(t)-A(t));
#we nane our DE "deqtn3" since it’s equation (3)
#on page 56.

We will find the general solution to deqtn3 first, with all the free parameters, and then fix the parameters
for aJuly day in Athens Georgia second. Y ou should be able to use the integral table entries 49,50, or
aternately have the computer follow the recipe method we just outlined to find the general solution.
However, it iseasier to just use dsolve. Y ou should verify that the solution you get below agrees with
equation (4) on page 56.

"> eqt n4: =dsol ve({deqtn3, u(0)=ul}, u(t));

Now we set the parameters equal to the values at the bottom of page 56, so that we are studying
something like summer daysin Athens Georgia:

> a0: =80;
#average anbient tenp in Georgia in July
al: =-5;

bl:=-5*sqgrt(3.0);
#the al and bl val ues were worked out by hand,
#using the cosine addition
#angl e fornula, assumng 4 am tenp mn and 4 p.m nax,
#and range from 70 to 90 degrees,
#for trigononmetric tenp oscillation
onega: =Pi /12
#this makes the period equal to 24 (hours)
k: =0. 2;
#constant for a well-insul ated buil ding

With these parameter values, we get equation (5) on the bottom of page 56:

> eqtn5:=sinplify(eqtnd);
#1t automatically plugged in the paraneter
#val ues | defined above. | asked for "sinplify"



L #because ot herw se the expression | ooked too nessy.

Read along with the text on page 57. Notice that no matter what the initial house temperature was, the
negative exponential terms die out rapidly and oneis |eft with the steady periodic solution given by
equation (6) in the text. We can extract it from our eqtn5 above, by using the mouse to cut and paste:

> usp:=t-> 80 +

| 2.335105624*cos(.2617993878*t)-5. 603607924*si n(.2617993878*t) ;
[ We can reproduce figure 1.5.10 (it would take more work to get al the labelsin) as follows
r> with(plots):

#this is the plotting package. End with ;

#to see command i st
War ni ng, the name changecoords has been redefined

> anmbient:=plot(A(t),t=0..50, color=red):
#this is a plot of anmbient tenp defined
#above, with Athens paraneters. Make sure
#to end this command with col on, not sem col on,
#or you will get a very long list of points.

i nsi de: =pl ot (usp(t),t=0..50, color=black):
#t he steady periodic inside tenperature

di spl ay({anbi ent,inside}, title="inside-outside");
#di spl ay both plots together




inside-outside
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" Asthe text remarks, you see that the inside temperature oscillates trigonometrically with a smaller
amplitude and with atime delay, relative to the outside temperature. (The annual seasonal temperature
variations on earth lag behind the solstice-equinox dates, for asimilar reason.)

We can recover figure 1.5.9, together with the slope field, with a DEplot command. This picture
illustrates geometrically the fact that all solutions converge to the steady periodic one:

> DEpl ot (deqt n3, u(t),t=0..50, {[u(0)=65],[u(0)=70],
[u(0)=75],[u(0)=80], [u(0)=85],[u(0)=90], [u(0)=95]},
arrows=l i ne, col or=bl ack, | i necol or =bl ack,
di rgrid=[30,30], stepsize=1,
title="inside tenperatures");




inside temperatures
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Thisisthe end of the tutorial. To download your instructions and template for project 1, follow the links

from http://mww.math.utah.edu/~korevaar/2250fall 03, as they become available.



