Mathematics 251: Lab O INTRODUCTION TO MAPLE

This lab contains ten problems intended to introduce you to some of the basic features of Maple and
to give you practice preparing a Maple worksheet. Most 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 handoumstructions for Use of Maple in Mathematics 251

This lab is for practice only: although the grade will be ignored in computing your grade for the course,
the lab will be graded using the same standards that will be applied to later labs. Use this lab to learn how
to prepare your Maple worksheet in the way you will be asked to do it in future assignments on which you
will be graded. In particular, be sure to include explicit answers to all questions asked, udieg feature
of Maple to insert them in the worksheet. Also use tlet feature of Maple to include your name and
section number at the top of the worksheet (do NOT write any of this material in by hand). Use the editing
capabilities of Maple to remove from the worksheet any extraneous material such as any errors you have
made or cries for help.

Problems

1. Itis said that the first thing that everyone does when introduced to Maple is to compute many digits of
To ask for 100 decimal digits, you need only erggalf(Pi,100); . Computations like this are based
on formulas that show that numbers likediffer by an amount known to be small from something that can
be found exactly. For example, the Maclaurin series for afgtaconverges sufficiently quickly that about
70 terms suffice to find arctéty5) to 100 decimal places. This led Machin, in 1706, to compute 100
decimal places using the formula

/4 = 4arctarfl/5) — arctar(1/239).

Duplicate his effort using the Maple commamu®ver4:=4*arctan(1/5) - arctan(1/239);
(which shows that Maple will accept unusual names for variablesgaali(4*piOver4); . Note the
use of* when two terms are multiplied.

Although, Maple will do this type of computation, its real strength is in symbolic work. Itgrake
Machin’s formula. To do this, entexpand(tan(piOver4)); . This value is exact: to see how it was
done, look aexpand(tan(A+B)); . All that is needed to complete the proof is a very crude estimate
on the value we callediOver4 . Why is this? (Usdext to explain whyx is not determined from ta®)
although we claim that the arctangent is an inverse function.

2. Use Maple’ssimplify ~ command to simplify the expression

X2y — 4y3
3x3y + x2y2 — 2xy®’

Introduce a variablé to represent the expression. After you look at the simplified form by sasimg
plify(h); take another look dt. Has it changed? (Answer taxt). Repeat thsimplify ~ command,
assigning the result to a new variable. Both variables will be used in the next problem.

3. Use Maple’ssubs command to evaluate the two variables of Problem 2 at the poist2, y = 3.
Explain the difference (usintgxt).



4. Use Maple’splot  command to determine if the functio has any local maxima or minima on the
interval 0 < x < 4. The instructiorplot(x"x,x=0..4); gives a graph that shows some features of

the function on the given interval, but is useless for studying local maxima or minima. To get a more useful
graph, you can also restrict the second coordinate. The instrualdéx"x,x=0..4,y=0..10);

limits the range shown and also introduces the Iabfdr the vertical axis. Then choose ranges for both
variables to give one more graph thatillustrates a smaller region that is more useful for studying local maxima
or minima. (Note:x* is not defined fox = 0, but except MapleV, release 5, this has caused no difficulty.)

5. Find the first, second, and third derivatives of the expreshsierexz. (First define an expression foland

then repeatedly use Mapladf command to introduce new named expressions for the higher derivatives.)
Form alist of these expressions and uses$iiles command to evaluate the these derivativesat0. Some

of these terms are zero. Do you think this is the beginning of a pattern? (Give teltiahswer, indicating
other things that might be done to test for a pattern.)

6. Useplot({x,cos(x)},x=0..1); to graphy = x andy = cogx) on the same set of axes. The
graphs intersect at a point whete= y = cogx). Use Maple’dfsolve command to find th& coordinate
of this point. Check by finding the cosine of the result.

7. Use Maple'sint command to find the indefinite integrgﬂx2 cogx)dx and the definite integral
o X?cog(x) dx.

8. Maple’'splot command can also be used to plot parametric equations. For example, the command
plot([2*sin(t),2*cos(t),t=-Pi..Pi]); plots a circle of radius 2. Use this feature to plot (in
your worksheet) the equations

X(t) = cogqt)(1 — 2sin(3t)), y(t) = sin(t)(1 — 2 sin(3t)) forO<t < 2n.

9. To obtain special plots, it is first necessary to issue the Maple comwigimgblots): . Do so, then
implicitplot(2*In(F) -1.2*F=-In(R)+0.9*R -2.1,F=0..3,R=0..3); to graph an ex-
act solution of the system of differential equations

d—R =2R—-1.2RF

dt

dF

— =—-F+09RF

dt *

with the initial conditionsR = F = 1. Then (intext) estimate the largest values of the varialfeand F
on this curve.

10. Use the Maple commarnmiot3d to obtain a plot (in your worksheet) of
z=y(1— 10xy)e XY

over the range-3 < x < 3, —3 < y < 3. (This requires th@lots package, but Maple remembers that

you loaded it in the previous problem.) Rotate the plot until you get a good view of the surface. Then use
the Context Bar (or menu) to change th&xesoption toBoxedto get a better idea of the function values.
Rotate the plot again until you are able to estimate (to about one decimal place) the maximum value of
the function. Enter this value into your Maple worksheet (with a sentence stating what it is) ustegtthe
feature of Maple.



