Mathematics 251 Maple Lab 0
Introduction to Maple
Fall 2004

This project This lab contains seven problems intended to introduce you to some of the basic features
of Maple and to give you practice preparing a Maple worksheet. Many of the Maple instructions are in the
“seed file”, but there are several places where you are asked to interpret results. Additional information you
need to do use Maple is contained in the handositructions for Use of Maple in Mathematics 251

This lab is for practice only: the lab will be graded using the same standards that will be applied to
later labs, but the grade will be ignored in computing your grade for the course, Use this lab to learn how
to prepare your Maple worksheet. In particular, be sure to include explicit answers to all questions asked,
using thetext feature of Maple to insert them in the worksheet. Also usedkefeature of Maple to include
your name and section number at the top of the worksheetl (@D write any of this material in by hand).
Use the editing capabilities of Maple to remove any extraneous material from the worksheet .

The seed file begins with the line: “Put header here.” That line is teepced with a header that
includes your name and any other information requested by your instructor. This is followeBduyian
0 that contains global settings used in the worksheet. For this lab, there is the line

with(plots):with(VectorCalculus):with(LinearAlgebra):

that loads theplots, VectorCalculus, and LinearAlgebra libraries. Eachwith command ends with a
colon to hide the list of all functions in the library that is the normal output of this command. Several lines
beginning, “Warning, ..” may be printed. These are harmless, and may be ignored.

Some of the problems refer to tools in the Student[Calculusl] package. If you want to use these tools,
use the Tutor0.mw worksheet available from the course web page.

Problem 1: Pi Itissaid that the first thing that everyone does when introduced to Maple is to compute
many digits ofr. Begin by asking for 100 decimal digits with the commamalf[100](Pi); (in the
seed file).

Various formulas approximate by something that can be found exactly, with a known bound on the
difference. For example, the Maclaurin series for arctaiconverges sufficiently quickly that you can be
sure that 70 terms suffice to find arctayb) to 100 decimal places, and 21 terms will give ar¢ia239) to
the same accuracy. This led Machin, in 1706, to computie 100 decimal places using the formula

/4 4 arct 1 ¢ 1

7= arc ang arc an239.
Duplicate part of his effort (ignoring the details of how the arctangent is computed) using the Maple
commandsVipiOver4:=4*arctan(1/5) - arctan(1/239); (which shows that Maple accepts
unusual names for variables), amhlf[100](4*MpiOver4); . Note the use of to denote multipli-
cation.

Although, Maple will do this type ofiumerical computation, its real strength is symbolic work.

It can prove Machin’s formula. To do this, enterxpand(tan(MpiOver4)); . This value is exact:
to see how it was done, look akpand(tan(A+B)); . Follow this with atext commentdescribing
how repeated use of this formula can expénd MpiOver4) . (Space has been left in the seed file for
comments requested in this project description.)
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Actually, a little more is needed because the arctaselects the solution of téan) = x with —/2 <
u < /2, so you also need to check that Machin’s value is in this interval. Crude estimates on this value
are enough to check this. Instead of doing this, we give a simple example where the arctiregent
not give the intended value. The seed file contains the lingsmnd(tan(2*arctan(2))); (which
returns the value-4/3), V1:=2*arctan(2.); , andV2:=arctan(-4./3); . Use atext comment
to explain the differencebetween the values 6f1 andV2. You should recogniz¥ 1 — V2. Include your
interpretation of this value and its significance in your comment.

Problem 2: Evaluation and Simplification Consider the expression

2x3 — 7x2y + 5xy?
2x3 — Tx2y + 7xy? — 5y3’

Write a command assigning the Maple versiorof this expression to theame express2 . (The seed
file contains a line to be completed andkat reminder noting that the line needs to be completé&iich
reminders are to be removedwhen you have done what they suggest.)

To test your definition, the seed file contains instructions to evaluateess?2  at(1, 0), (0, 1), (1, 1),
and(1, —1). Note how dist is used to pass the values of more than one variable tevthe command.

Compare the evaluations in the seed file to what you believe to be the values of the function. When you
are confident that you are able to evaluate this expression correctly, try to find its valugat (5, 2). It
should give an errorThis error should be left in your worksheet.

The linesimplify(express2); has aresult that shouldook simpler than the original expres-
sion, but you should give the commaagpress2; to see what that name represents after executing the
simplify ~ command. You should find thathas not changed In other words, theimplify ~ command
shows you the simplification butit does not modify its argument When you give the result to an new
name (the seed file contains the limegoress2s:=simplify(express?2); to do this), you will have
names for both the original and the simplified expression so that they can be compared.

Copytheeval commands and changepress toexpress2 . If there was a value for the original
expression, you should get the same value for the simplified expression. However, there is now a value at
X, y) = (5,2).

Add atext commentgiving what you think is the relation between the original expression and its
simplification. This comment may refer to results of this section, or any Maple instructions that you add to
the section to support your claims.

Problem 3: Plotting a function In this part, we use Mapleslot command to determine
if the functionx* has any local maxima or minima on the intervak < 4. The seed file contains a line
X"x; with a reminder giving a pointer to th&ot Builder. This is available from th@lots submenu at the
bottom of theContext Menu that appears if you highlight (by selecting with the mouse)xh®utput of
this instruction. If you prefer not to use this tool, you may build your own plots using the hints below. It is
recommended that you selédbt Builder from the submenu sindais will construct a plot command in
your worksheetthat will draw the same plot if you execute the worksheet at a later time. The other items,
which lead to further menus, construct@martplot  instruction that allows many types of modifications,
butdoes notremember them between sessions. Whichever method you use, the wosksheebe edited
to show only the plots enumerated later in this section and the instructions that dravinthemeasing
level of detail

The first plot should show = x* on the interval O< x < 4. From the first dialog box oPlot
Builder, you should sele@-D plot to get a menu of available options. Some lines should already be filled
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in: the functionx->x"x in the top line; the labet (with horizontal orientation) for the domain; and several
technical options on the lower part of the page. Begin by adjusting the domain to be from 0 to 4 and adding
aTitle such as “My first plot”. You may also specify that tRengeshould have the labgi (you may leave
the orientation as horizontal, since this refers to#iel on the axis and not the axis itself). When you close
the Plot Builder by selectinglot at the bottom of the box, an instruction to draw the plot will be written
and executed at that point in the worksheet. With the choices described here, it shoulthriedr, x
= 0 .. 4labels = ['x", "y"]title = "My First plot");
One way to get a more useful graph, is to restrict the second coordinate. For example, setting the range

to be from 0 to 10 and giving a suitable title leads to an instrugiiot(x"x,x = 0 .. 4yview =
[DEFAULT, 0 .. 10],labels = ['x", "y"],title = "Limited range"); . (If you
Constructthelot command by hand, you can avoid the awkwasdv andlabelsoptions using the instruc-
tion plot(x"x,x=0..4,y=0..10,title = "Limited range"); — thetitle option should al-

ways be used).

To get a plot thazooms in onthe critical point,choose a smaller domainyou may remove the
restriction on the range if the domain is small enough). Draw several graphsitoin onthe critical point
allowing you toidentify the nature (local maximum or minimum) andstimate the coordinatesof the
critical point. Remove all but three graphs: (1) th&inal plot with 0 < x < 4; (2) thelimited range plot
with 0 < x < 4 and O< y < 10; and (3) one graph showingsenall neighborhoodof the critical point.

Add a text commentinterpreting your third graph. The commediitould indicatewhether the critical
point is a local minimum or a local maximum, agde its coordinatesto two decimal places (By using
Calculus, Maple can find the location of the critical paitctly, but that is not part of this project. One
method is to use thextremePoints  function in theStudent[Calculus1] packagethat you can load by
including a linewith(Student[Calculus1]): — note the colon — in a worksheet. Since this is not
a part of the course project, such excursions should be done on a separate worksheet. The worksheet that
you submit should contain only instructions and output relevant requested in this project description.

Problem 4: Derivatives Find the first, second, and third derivatives of the expression

First, write theMaple input for this expression (using thexp function, not the”™ operator, and
assignthe result to the namiexsq . Then repeatedly use Maplel§f command to introduce new named
expressions for the higher derivatives. The nafes)l , Exsg2 , andExsg3 are suggested because they
are descriptive, but you may use any hames.

Collect these into &éist — consultMaple Help, if necessary, to see how to do this — and assign this
list to a named variable.

The values of these derivativesxat 0 are related to the series for this functionTaylor’s theorem.
Usethesval command applied to theame of the listthat you just constructed to find a list of these values.
Some of the terms should be zero. Do you think this is the beginning of a pattern?t&Jdeamnmentto
suggest a pattern and identify other things that might be done to test for a pattern.

Problem 5: Integrals Use Maple’snt command to find thendefinite integral [ x? cos(x) dx

and thedefinite integral fé’ x2 cogx) dx. If you want to step through this integration, use Thgor0.mw
worksheet from the course web page.
When you were first learningchniques of integrationy you were discouraged from attempting to find

/ e dx.

Since the integrand is continuousie integral certainly exists but it cannot be expressed in terms
of the familiar functions of calculus. Maple knows how to find this integral, because it knows about
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thenew function that was inventedto express this integral. The seed file contains the instructiaqs
exp(-x"2), x ); for finding the indefinite integral, anidi( exp(-x"2), x =-infinity ..
infinity ); to illustrate how certainmproper integrals are written in Maple.

Note that Maple doesn’t write theC that you were told to use to indicate that you were finished
computing an integral. If you want to define a function as an integral, it is necessary to specify the value of
the function at sombase point— we have a preference for functions that satisf@) = 0, although there
are exceptions.

End this section with g&ext commentgiving: thenamethat Maple uses for the function used to evaluate
this integral; thevalue of that function at zero. Your answer should be supported by a Maple computation
evaluating this function at zero. The integral we studieghisinusual multiple of the new function. Your
comment should also consider what property of the function makes it advantageous to use this definition
instead of our integral.

Problem 6: Parametric curves Maple'splot command can also be used to plot parametric
equations. Thestroid is defined by

X =cos’t, y=sint.

To plot this, use alot command whose argument idigt consisting of the expressions farandy in
terms oft, followed by the range of values of In the seed file, this list is assigned the naasér to
allow later reference to its components. Then, the plot is constructed with a name (suppressing output) to
allow later reference and a particular color; and the name is entered to show the plot. These commands are
astr:=[(cos(t))"3,(sin(t))"3,t=0..2*Pi]; A:=plot(astr,color=GREEN): A;
To use theVectorCalculus package, we build &ector by putting the components afstr between
angle bracketswith the instructionastrVec:=<astr[1..2]>; . This allows us to find the equation
of the tangent line dt = a, now usingt as the parameter of the line aado identify the point of tangency,
with

astrTL:=TangentLine(astrVec,t=a);

An interesting feature of the curve is thihe segments of all tangent lines between intercepts have
the same length The seed file contains instructions for using the equation of the line to find the intercepts,
build the Vector joining them, and find the length of this vector. They will not be reproduced here, but
we note that finding the length required therm command from thé.inearAlgebra package. The full
simplification of the expression for the length requires knowing that we are not interested in complex values
of a. Theassumingphrase takes care of that. This example is a trickier use of Maple than you will be
required to construct on your own, but you are encouraged to use it as a model for applying Maple to studying
tangent lines that appear in any of your studies.

To return to graphing, the comman&:=[astrTL[1],astrTL[2],t=t0..t1]; builds a list
that can be given to glot command to draw a tangent line forsaecified valueof a. For example,
TL1:=plot(eval(LS,a=Pi/4),color=RED): constructs a plot of the tangent line at a point in the

first quadrant. Adisplay = command is used to combine the two plots constructed so far.

You shouldfollow this model for a = 47/3, 77 /6, and 1% /16: build commandswith individual
namesto draw the lines iryour choice of colors then combine all plots in a singtésplay = command.

A Diversion section has been added to the seed file. The section is initialiien. To showit, click
on the+ sign beside the word “Diversion”. This will expose the sectionaaglatethe sign that you clicked.
Clicking this — sign will hide the section again. This special section is just for your amusement, and not
part of the graded project, soshould be hidden when the worksheet is printed It contains instructions

4



for constructing amnimated plot. This plot initially only shows the astroid in tHdaple Plot Structure

A . Select this graph to enablecantext bar at the top of the worksheet, or use@text menuwhen you
right-click on the plot to get access to commands for configuring or playing the animation. When you ask
to play the animation, the tangent lines will appear in the graph.

Problem 7: Surfaces Build a Maple command to perform the following assignment of an
expression to the variabie

7= y(1— 8xy)e 2’V
Before doing anything elseheck that your definition can be evaluatec@ndproduces numerical answers
This requires two steps: first sayal(z,[x=1,y=1]); (you may use any numbers, not necessarily
(X,y) = (1, 1), but you should use numbers that allow you to compare Maple's answer with the value
that you expect); then getdecimal approximation, either by typingevalf(%); , or by generating an
equivalent instruction from aontext menu To use the context menu, position your mouse over the output
and press the right button to bring up the menu; sélectroximate, and then the desired number of decimal
places. Five or ten places suffice for this check — you don’t need any more. If you don’t get a number, your
function definition is wrong — most likely because you entezed . ..) instead ofexp( ...) .

Now you can useé’lot Builder on the output ofz; to construct a plot oz = y(1 — 8xy)e‘2x2—y2
over therange-3 < x < 3, -3 < y < 3. (Use of this tool is not required, but it is an easy way to set all
the options that you need and have Maple remember them as you refine your plot.)P8gkethenPlot
Builder from the context menu. You will be given a choice of types of plots from which you should choose
3-D plot (it should be pre-selected). The function to be plotted will already be entered irfedcth@uilder
Dialog that opens after choosing the type of plot. On your first use of the tool, you will need to provide
the domain and atitle, but Maple will remember these choices whenever you launch the Plot Builder in
the same session. You should also nameztagis without specifying a range and chodiseced from the
options in theAxessection.

You should adjust this plot to get@ew showing the shape of the surfacandthe labels on the axes
to allow you to see thenaximum value of the function. The view should be selected to Thentext bar
at the top of the worksheet will show the valuessoftheta) andy (phi) for this view. Make note of these
values. Then return to the Plot Builder and enter these values into the dialog. The resulting plot should agree
with the one you used to choose the view.

Edit the worksheet to remove all but the last plot that you obtained. Then, @dd@mmentgiving
your estimate (to about one decimal place) of the maximum value of the function. Save this result — we
will return to this function in a later project where we will use calculus to determine the exact maximum and
the point at which it is attained.

End of Lab0
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