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Everything You Always Wanted to Know About C.A.S. But Were Afraid to Ask

Read this before you get started. This will help you to avoid a lot of very frustrating errors. Errors
of which only one can easily swallow more time than reading thesethree pageswill costyou.

1. C.AS. : Maple
C.A.S. stands for computer algebra system; i.e. a program that does algebraic manipulations
for you. Howewer, as computer sciencehas ewlved rather nicely for a couple decades,your
typical CAS these days also calculateslimits, derivatives and integrals, usually has somefunc-
tion graphing interface and has a bunch of routines for standard and not so standard numerical
approximations.
The CAS's thesedays can be divided into two groups. On one hand, you have the specialized
onesthat are designede.g. to help you with nite elemen methods to designthe wings of an
aeroplaneor to solve a rather narrow range of partial di erential equationsthat are relevant to
guantum medanics.
On the other hand, there are the general purposesystemswhich aim to cover as much asthey
canin the way of solving equations and dealing with matrix algebra, calculus, di erential equa-
tions etc, etc, etc. The standard onesin this category are the four M's: Maple, Mathematica,
Matlab and Maxima. Matlab focusesmore on numerical analysis while the three others focus
on symbolic manipulations.
We will be using Maple becauseit is available on all the computersin the MacLab. If you want
to useanother CAS, you are free to do so, but then I'll probably not be able to help you when
you get stuck. Soonly make this decisionif you are already quite comfortable with another CAS.

2. Maple Settings
Maple input can be set in two very dierent modes: Maple Notation or 2D-Math Notation.
Maple notation is essetially the same as the input of an high end pocket calculator, e.g.
sin(x*y)-sqrt(z) stands for sin(xy) z, which is what you would expect.
The 2D-Math notation is more sophisticated. It essetially interprets what you are typing in
character by character and then displays it on the vy, i.e.,you will never seesomething like
a/(b+c)*sqrt(d) appear here, but as you type along, 2- d will appear. The latter is more
WYSIWYG, but can be quite infuriating whentrying to type in complex expressions.
Also, you can change the size of the letter that you type in in whatever input mode that you
choose. For somereason,the Maple software engineersseemto expect eaglevision asthe default.
To changeeither settings, goto "Maplel0" at the top left corner of your screen,then click "Ref-
erences"on the pulldown mernu. A window will appear in the middle of the screen. In that
widow, click on Display and on the rst line, you can choosethe "Input Display" if you want to
go from 2D-Math Notation to Maple Notation or vice versa.
To change the size of the fonts, click on "Interface” in that window and then the third line,
"Default Zoom" will allow you to setthe sizeof the fonts. My personalpreferenceis 200%, but
then again, my eyesare older than yours and have already seentoo much , .
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3. Packages
Maple doesn't load all its commandsat startup, it only loadsthe core commandsplus whatever
padkagesthat you tell it to load. It is designedin this way becausethere are literally over 100
padkages, so very few computers would be able to handle the full load. Furthermore, certain
commandshave di erent meaningsin di erent corntexts thereby making the setup with padages
almost unavoidable. For this project, your rst line on any terminal that you open should be

with(plots);with(VectorC alcu lus );

If you forget this, certain commandswill simply be ignored. Note that by and large Maple is
casesensitive.

4. Common Mistak es
One of the most common mistakes is implied in the previous paragraph; namely forgetting to
load these padkages. Other small things you should know are:

Put a semicolonat then end of eadh line beforeyou hit return.

Type Pi, not pi. The sneaky part is that pi will be understood, but will be considereda
variable of which one doesn't know the value, so your answer will cortain expressiondike
sin( ), rather than just 0.

Typeexp(x) and not e”x. This causessimilar behavior aswith pi. Maple considerse and
E just variables. The simplestway to get e (asin 2:718281828::) is by typing exp(1) .

If you need1l , just type infinity
If you need R X, just type root[n](x)

You might wonderwhy expressiondike sin(n ) don't dissapear, becausét's alway 0 anyway,
right? Well, it is if n is an integer. To inform Maple of this type assume(n:.integer);
and all is well. In this casecos(n ); will give ( 1)" where the tilde indicates that n
cannot be any real number, but has a restricted scope, in this case .

5. General Commands
Now, we'll go over a couple very useful commandsand shortcuts. They are useful regardlessof
what you are doing and might not be so obvious from the beginning.

Supposethat you have to juggle with expressionsthat often contain cos(a*x)+sin(b*x)

In this caseit is probably better to type X:=cos(a*x)+sin(b*x); and then just use X from
then on. When you no longer want Xto equal this expression,type unassign(‘X"; and
hit return.

To accesshe previous line use"%", e.g. simplify(%) simpli es the previous expression.
The simplify commandisn't always intelligent in its choices,but it hardly ever makesthings
worse, so it's usually a good idea to give it a shot when an answer just looks unbearably

ugly.
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evalf(x); ives the numerical value of x. For instance, if you set x:=root[5]3 , Maple
will return ~ 3. And you want to keepit like that, becausethis way, you keepthe algebraic
expressionrather than a numerical approximation. Meaning x"5; will give you exactly 3
again and not somenumerical approximation of it. Yet, sometimes,you want to know the
numerical value. For this, use evalf(x); and you will get 1.245730940. Furthermore,

evalf(x,30); will return 1.2457309396155173259666833664, i.e. 30 numbers!

At this point, you might ask yourself "How am | supposedto know all these things?". Well,
you're not. Arguably the most important commandin Maple is "?", asin ?solve; and then
you will get the help le for the solve command. Thesehelp les are quite extensive; usually,
the description is written in Geek, but the examplesare quite instructiv e, and at the end of the
le, related commandsare linked to it, e.g. for solve this would be fsolve which doessolution
through numerical approximation and dsolve which solvesordinary di erential equationsand
many more asyou can ched yourself now.

Somecommands, like e.g. plot3d which - as you can guess- makes three dimensional plots,
have a lot of settings. As could be expected, plot3d has di erent settings whether you want
the axesto show, or how preciseyou want it plotted and soon and soforth. To get information
about the di erent options of this command, type ?plot3d[option]; and you will getthat part
of the help le. In general(there are quite a few commandswith long lists of options), the op-
tion help le islinkedfrom the standard help le aswell, whereit is oneof the links at the end of it.

6. External Do cumen tation
Apart from the help les, you can alsotake a look at
http://www.math.uconn.edu/ itr esources/manual s.ph p#symbdic

where you can download a Maple tutorial. If you quickly want a de nition and someproperties
of a mathematical concept,

http://mathworld.wolfram.c om/
could be quite useful. In an increasingnumber of cases,even
http://www.wikipedia.or g
can be of help. If you want more links about mathematics, a good starting point is
http://www.math.uconn.edu /mathli nks/ mathlin ks.p hp

7. Patience
Sometimes,a calculation or plot will take up to half a minute. Although this shouldn't happen
in this project, in very complex cases,Maple can be ratteling along for sewral minutes. Suc
delays are of courseirritating and it is only human to start muttering things along the lines of
"piece of crap software". Indeed, Maple is far from perfect, but then again, be honestto yourself
and imagine how long it would take you to calculate a tripple integral by hand or to graph a
function of the form z = f (x; y). More often then not this would be a lot longer.
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1. Plots of 1d Functions (15 points)
Use Maple to plot the following functions. Make sure that you do appropriate rescaling be-
fore making a sketch. Clearly indicate asymptotesor endpoints on your graph; this will require
you to think a little, not just usethe computer.

Commands Needed: plot, polarplot

@ f: ! (X 7! e4In(x)

(b) f: I 2:t7 (% 4coq10t)) t
©f:o2]t 7!r:3sin(4+2)+1;

1

T
5 -4 -3 -2 -1 4 12 3 4 &
R

y o

3—
-2
-5
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2. Plots of Space Curv es (15 points)

This question is somewhat the opposite of the previous one. Come up with the parameter
equations of the graphs given.

Commands Needed: spacecurve

(@ f :[0;4 ]! 2:t7!

(b) f:[0;4 ]! 2:t7

() f:[0;4 ]! 2:t7
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3. Plots of Surfaces

All the plots in this question are graphsin 3 of functions of the form

fo2r oy M E(y)
i.e. z= f (x;y) is being graphed. Match the graphswith the following list:

(i) x2+y? wii) sin(” X2+ y2)
i "y i)

p 0:1+ x2+ y?
(i) 1 (x2+y?) 1
V) sinGxj + jyj) R T (A
(v) sin(x?+ y?) (x) 80

2 2 2 2
o) In(L+ X2+ ) @+ xZ+ YD1+ (x 22+ (y 3)?)

CommandsNeeded:plot3d Chedk the options axes=normal, scaling=constrained,

(50 points)

numpoints.

10.0

753
|
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4. Limits (35 points)

Command Needed: limit

.1 cogx) _
(@) x“!moT -

. .1
(b) Xl!llm X sin < -

X |

(© x||i1m In(x) +

d) lim In(x) +
x! o*

X |k

X |

(e) lim In(x) +
x! 0

1
lim ————— =
(xy:z)! (0;0,0) X2 + y2 + 72

(f)

X2 2

lim y
(xy;z)! (0;0,0) X+Yy

(9)

(h) The commandlimit is quite well developed in dealing with the one dimensional case,but
is not all that great for the multidimensional case.Find an examplethat getstossedright
badk at you, i.e. you don't get a number, 1 , or unde ned as an answer. You will notice
that this is not hard to do.
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5. Arclength (25 points)

Command Needed:int, ArcLength, evalf

(a) Calculate the arclength of 'r (t) =< coqt);sin(t);Ct > fromt=0tot =2 whereC is
someconstart.

(b) Now calculate the arclength of the same curve from 0 to 1. Expressthis is the simplest
possiblemanner, but do not make a numerical approximation.

(c) Calculate the arclength of 'r (t) =< 3coqt);5sin(t);t > fromt=0tot= 2 .
i. Write down the analytic expression.

ii. Write down the numerical value.

iii. The analytic expressioninvolvesa special function. Find the de nition of that function,
i.e. write down the integral that de nes this function.
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6. Calculating 1d Deriv ativ es (15 points)

Command Needed: diff,  plot

(@) d sin(x) _
x °x

(b) %In(cos(arctan(x2+ 1)) =

() —e™* cognx) = (with k;n 2 )

d.. . .
(d) gdxsin(x)] =

What happensatx=0; ; 2 ; 3 ;:::?
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7. The Laplacian (30 points)

Command Needed: diff,  Laplacian

(@) Takef (x;y) = sin(xy)edc@n(n(x* y%) and calculate

Rla Qe

(b) Usethe diff commandto calculatethe Laplacian of f (x;y) = e ***¥*) cogxy). Also write
down the exact input line that you useto do this.

(c) Now usethe commandLaplacian calculatethe Laplacian of this function. Also write down
the exact command. A lot lesshassle,right?

(d) Take afunction f (x;y) wherex(s;t) = e®coqt) and y(s;t) = €°sin(t). Calculate the Lapla-
cian with respect to s and t and seehow you can expressthis in terms of the Laplacian
with respectto x andy. You will haveto usethe simplify commandto seethe connection.
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8. Critical Points (20 points)

Command Needed: diff, UseBrain

(a) For functions of one variable, it is impossibleto have two local maxima and no local
minimum. Howewer, sud functions do exist in the multiv ariable case. Find the critical
points of f and determine their nature. f is de ned by

fxy)= (x2 1?2 (X% x 1)

(b) Sketchhow sud a function would have to look like. The f above is an example but you
don't have to restrict yourselfto that function.
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9. Multiple Integrals (40 points)
Command Needed: int

leZ eX

(a) Calculate x® dy dx.
o 1 Y

zZ
(b) Calculate

D

dy
x3+ 2

dA where D=f(x;y) : 1 x 20 vy 2xg.

zZ

(c) Calculate  arctan dA whereD = f(x;y) : 1 x?+y?> 40 vy xg

X I<

D

(d) Find the areaof the surfacez = xy inside the cylinder x2 + y? = 4.

zz
(e) Evaluate the triple integral y dV whereE is a solid described by

E
E= (xy;z) : x Oy 0z Oy 1 xandz 1 x?.

Typeset in Ap S IATEX - 10 - Compilation  Date: November 26, 2006



Math 210Q Computer Algebra System Project VO - FS - 2006

71
(f) Calculate e ** dx
1

(g) Evaluate the triple integral 777
y2 (x2+ y2 + 72) dV
E
where E is the solid described as follows:

All points are outside a spherewith radius 1.
All points are inside a spherewith radius 2.

All points are below the XY plane.

(h) Certain solids called ‘Bumpy Spheres'are usedin modeling brain tumors. This family of
solidsis de ned in sphericalcoordinatesbhy = 1+ %sin(m )sin(n ). Calculate the volume
of your brain tumor form= 5andn = 7.
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10. Vector elds

in 3

Command Needed: fieldplot3d  also ched the option axes=boxed

Match the vector elds

|
@ F=< x5 vy, z>

|
(b) F =< x%y*z%>

|

() F=<xy;1>
|

(d F=<123>

(20 points)

QN
N

N
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(20 points)

T T T T T T
SRS RSRAB=pZ

Computer Algebra System Project
Grad

Match the graphswith the list of f 's below.

/
a4
7 7]
11

- 7 7
- 7
!

2
2
y
X2+ y2

in
X2
p

NNl = 2 7

4—
~
2—

6—
~

\

\
T T T Y

NN~
NONON N
IR
| )
FRRARY

(c) f(xy) = xy
d) f(xy)=x2+y?

(@ f(x;y)
(b) f(x;y)

Command Needed: fieldplot,
The graphsrepresern r f.

11. Vector elds

Math 210Q

NN N
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12. Gabriel's Horn (15 points)

Command Needed: int

This surface is obtained by rotating the function f (x) = % taken over the domain [1;+1 [

around the X-axis thereby giving rise to an in nitely long trump et.
It was rst studied by Evangelista Toricelli (1608-1647),an Italian physicist and mathematician

who is best known asinvertor of the rst barometer.

(a) Calculate the volume of Gabriel's horn.

(b) Calculate the surfaceof Gabriel's horn.

(c) Looking at both previous answers, what is so special about this surface?
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