Maplein Math 647

We will be using Maple for some symbolic computasiol'll give you some of the basics in this
document; of course it can get much more sophtstichan what I'm doing. I'm actually creating this
document in Maple 12, and you will probably wantitothe same for your homework. There are two
interfaces in Maple 12: document mode and the iclagsrksheet. I'm using document mode. On
calclab, this is the button labeled something Tikaple Java".

I'm inputting this as text (so that Maple doeantérpret all of this as one long equation). Totgeext
mode, click on "text" in the upper left. Of courses'll need to use Maple for more than a not-vergey
word processor. Although you can put math righa teixt, I'll use the "insert Maple input” button thre
tool-bar. It's the symbol which looks like whatd'got below. I'll add 2 and 2; notice that | put a
semicolon at the end of the input. When | hit netiirgives me another Maple execution group.

[> 242
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To get back to text, | pressed the "insert plakt"tbutton on the toolbar, which is the capitalJsing
the toolbar, you can use different fonts, differgiaed letters, bold, italics, and so on. You cetualy
put live Maple in your text (this is the differenibetween document mode and the worksheet). Jakt cli
on math in the upper left. Here's how | could take the 20th power:zﬁ;

1048576 2
| put it in Math mode, and then typed in "2720'gmright arrow to get out of the exponent, then
semicolon, then return. | suggest that you donlit tlas way in general; it's harder for someorsedb
follow when they look at what you do.

Defining and evaluating functions and expressions

4 )

One feature of Maple that takes some getting uséslthat "functions” and "expressions" are similar
but not the same. First, I'll defihas a function.

> fi=x—> X +3 X

fi=x—x +3Xx (©)]

What | actually typed was "f:=x->x"3+3*x". Some corants: notice that | put a colon sign and then an
equals after f. Think of ":=" as saying "definedb® equal to". The "x->" is saying that this wid b
function of x, and -> turns into an arrow. The prits me up in the exponent. To get out of it (auet
the +), | used the right arrow key. This is usédutemember: the right arrow key will get you otibo

lot of stuff. | end the input line with a semicoldif | want to suppress output, I'd use a coldioyv that
I've got a function, let's evaluate it at 2.

> f(2);
| 14 4
which is of course what it should be. Now I'll defg to be an expression.

> g:= X 43X
| g:= X +3X 5)
To plug an x value into an expression, use "subs":

> subs(x=2,Q);

L 14 (6)
A common mistake in defining functions is to tryrsething like "h(x):=x"3+3*x". This doesn't work:
Maple gets confused and will complain.



Differentiating and integrating

In differentiating and integrating, you have toatréunctions and expressions differently. First |
differentiate the expression g which | defined abdne way to do it is with the "diff" command.

> diff (g, X);
3x +3 @)
Here, the "x" told it to differentiate with respeotx. | recommend another way, however. Use "Diff"
(which doesn't evaluate it), and then "value" taleate it. This way you can check for typos.
> Diff (g, x); value(% );

d (3
< (x> +3x)

3% +3 ©)

Notice that | put two statements on a line. Thatksdine, as long as you have a semicolon between
them. Also notice the "%". This says to plug in thest recently executed statement. Be careful using
this, since if you're jumping around in a workshéee most recently executed statement might not be
what you think it is. The result of the above iseapression. If | want, | can give that expressidabel,
for example "Dg":

> Diff (g, x); Dg:=value(% );

d (.3
< (X +3x)

i Dg:=3x*+3 9)
‘To differentiate a function, you can use "D".
> D(f);
i Xx—3x +3 (10)
The result is a function. If | want to find the tl@tive of f at 2, here's one way:
> Df:=D(f);
i Df :=x—3x° +3 (12)
> Df(2);
| 15 (12
Using the expression Dg, I'd have to use "subslhaga
> subs(x=2,Dg);

15 (13
For integration, the Maple commands "Int" and "&xpect an expression. We can turn the fundtion
into an expression by puttingfiix). Get into the habit of using "Int" and "value"hat than "int", since
this lets you check for typos. Here are some defintegrals. | enter the interval [0,2] as "x=0..2ou
use this a lot.

> Int(f(x),x=0..2);value(%);

2

(x®*+3x) dx

0
L 10 (14
> Int(g,x=0..2); value(% );

2

(x®+3x) dx

0

(15)
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Here are some indefinite integrals. Notice that Majmesn't add "+C".

> Int(f(x), X); value(% );

:> Int(g, X); value(% );

(15)

(16)

(17)

The "plot" command expects an expression. You mpuisin a range fax, you can put in a range fgr

> plot(g,x=0..2,y=0..10);
10+
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> plot(f(x),x=0..2,y=0..10);

0 0.5 1 1.5

il'o plot the function f, we first have to turn iténan expression by evaluating it at x.
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Solving equations

Use "solve" for exact solutions.

> sol :=solve( f(x) =1,x);
1 1/3 2 1 1/3 1
sol := £ (4+4J5) — 73 "4 (4+4V5) + )1/3 (18)

(4+45) (4+4/5
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I5retty nasty looking. Notice the "I" in two of theots: Maple is giving us all of the complex rodige
can get numbers out of this by using "evalf".

> evalf (sol);
0.3221853540-0.1610926772+ 1.754380960 1-0.1610926772 1.754380960 | (29)

Many times you hit things which can't be solvedatlya For example, suppose that we want to find
wherey = e crossey =cos(7 - X). First I'll try "solve".
[> solve(s¢ = cos(7- x), X):

Warni ng, solutions may have been | ost




Maple comes up empty. So, I'll go for numericalsohs, using "fsolve".
> fsolve( X% =cos(7- X), X):
0.2176307779 (20

Looks great. Unfortunately, there's a problem at fhve missed 5 out of the 6 solutions. It's
immediately obvious when | look at a plot of theotfunctions. | need only plot from -1 to 1, since

outside of that intervaf is larger than 1, and can't eque$(7 - x), which is always between -1 and 1.
Notice how | use curly braces to plot two expression one graph.

> plot( {5 cos(7- x) }, x= —1..1);

-1-

To get all of the roots, | have to put differerteirvals into fsolve. | get the intervals by lookiagthe
plot. Get into the habit of using plots whenevesgble when you solve equations, especially when yo
use fsolve. Here are the three negative roots.

> rootl := fsolve(x* = cos(7- x), x=—1..—0.8);

i rootl := -0.9567758885 (1)
> root2 := fsolve(x* = cos(7- x), x= —0.8..—0.6)
i root2 := -0.7615922217 (22)
> root3 =fsolve(x® = cos(7- x), x= —0.4..0);
root3 = -0.2176307779 (23)

Here's an example which uses parametric curvesalanchas us solve a system of equations. Letls fin



the intersections of the two ellipses which areapeeterized as=2 - sin(t), y=3 - cos(t) and
x=3-s8in(t), y=cos(t). First off, I'l demonstrate how to plot a paranteturve by plotting the first
one:

> plot([2- sin(t), 3- cos(t), t=0..2- x|, scaling = constrained);

Notice the placement of the square brackets iplitecommand. To put two parametric curves on the
same plot, | put both sets of square bracketsensialy braces:

> plot({[2- sin(t), 3- cos(t),t=0..2 x|, [3- sin(s), cos(s), s=0..2 x|}, scaling
= constrained);




I'm using different parameters on the differentvest Now, the two curves cross at points where the

andy coordinates are equal. In other words we getwoeeijuations

> egl:=2-din(t) =3- sin(s);

| egl:=2 sin(t) =3 sin(s) (24)
> eg2:=3 - cos(t) =cos(s);

| €92 := 3 cogt) =cogs) (25)

and we want to solve these two equations in theumkmownss andt. First I'll look for exact solutions

using solve.

> solve({eql, eq2}, {s t});

{sz arcta % RootOf (-2 + 77 _Z2 label = 16) V5 77 ) t = arcsir{ 6Ro0tOf ( -2 (26)

+77 7 label=_L6)) }

That doesn't look very good. How about using fsdbrenumerical solutions? I'll look for the

. . . . TC
intersection in the first quadrant, so teahdt are both between 0 angl.

> fsolve({eql, eg2}, {st}, {SZO"g’t:O“gU;

{s=0.7005763163,= 1.313131055 @7



So, how do I plug one of these parameter valuek iné@ the parametric equations? It's crass to type
them in again. Instead, | should have labeled dh&isn something. let's try again.

> solution::fsolve({eql, egz2}, {st}, S=0--§’t:0--§]);

| solution:= {s=0.7005763163,=1.313131055% (28)
Now I'll let "ssol" to be the solution for s. Thelstion for s is the right hand side of the firstrh of the
list "solution”, so
> ssol :=rhs(solution[1]);
i ssol :=0.7005763163 (29
is how you do it. Now let's plug this into the etjoas for the second ellipse, and call the intetsac
(xsol,ysol).
> xsol :=3- sin(ssol);
i xsol := 1.933975114 (30)
> ysol :=cos(ssol);
i ysol := 0.7644707871 (31)
To check this, you can find the solution for t gohdg it into the equations for the first ellipse.
> tsol :=rhs(solution[2]);
| tsol := 1.313131055 (32
> 2-sin(tsol); 3- cos(tsol);
1.933975114
0.7644707859 (33)

Not exact, but pretty darn good.
Differential equations

The command that Maple uses to solve ordinary mdiffeéal equations is "dsolve". Here are some
examples. Notice how I'm using t$2 in diff to takeecond derivative.
> deql:=diff (y(t),t$2) +y(t) =0;
d2
deql = e y(t) +y(t) =0 (34

> dsolve(deql, y(t));
| y(t) =_C1sin(t) +_C2 cogt) (35)
Without specifying initial conditions, we got thereral solution. Now let's look for the solutioniarh
satisfies the initial conditions y(0)=1 and y'(0)=2

> dsolve({deql, y(0) =1,D(y) (0) =2}, y(t));
| y(t) =2 sin(t) 4+ coqt) (36)
Generally you can't solve a differential equati@actly. For example:

> deg2:=diff (y(t),t$2) —sin(y(t)) =1,

2
deg2 := jtz y(t) —sin(y(t)) =1 (37)
> dsolve({deq2, y(0) =0,D(y) (0) =1, y(1);
y(t) =RootOf | - 1 al| +t (38)
0 J-2cog a)+2 a+3

This is not much help. However, we can get a nuraésolution. | use "output=listprocedure" so that
can get a hold the function which solves it.



L> dsol :=dsolve( {deg2, y(0) =0,D(y) (0) =1}, y(t), numeric, output = listprocedure);

dsol := [t:proc(t) ... end proc, y(t) =proc(t) ... end proc, y(t) =proc(t) ... endproc| (39)

dt
Looking at the solution, which I've labelled "dsdl'tan see that the function y(t) that | wantis tight
hand side of the second equation in the list dflatall that function ysol (so that if | go baté the
original equation, | don't mess things up by pagtiim a specific function for what should be a valéd.
Here's how you do it:

> ysol :=rhs(dsol[2]);
i ysol :=proc(t) ... end proc (40)
So, is this what we want? Let's plot it and find.ou
> plot(ysol (t),t=—2..2);
4 -
3 —
2 -]
l -]
| | | 1
-2 -1 0 1 2
t

>

At least it looks plausible: it has the right valued derivative at O.



