> restart;

Differential Equations

In this worksheet we demonstrate basie techniques of working withordinary
differential cquations, (ODE’s), using Maple. An ODE iz a differential cquation
in which the unknown funetion is a function of one variable. We shall stick
withfirst orderODEs which contain only the first derivative of the unknown

funetion. Moreover, we shall consider only first order ODEsin the normal form,
that is in the form:

f = f{x,y)

H

where the left hand side is simply the derivative of the unknown funetion,y = v ()
in this ease, and the right hand side is a given function of x and v. You know

that for such ODE's, under reasonable assumptions about f (=, v) , there exists
A unique solution to anyiniza value problem, [ IVP ), of the form

% f(x. )
' Y (xo) = wo ,

wherery ,yp ARG given.

0.1 Solving and Plotting ODE’s

Bagie wols for solving and plotting ODE: are contained in the packagres
"plots™ and "DEtools”. We hegin with loading these packages. Please, don't
forget to click on the two commands below.

= with{plots):

> with(DEtools):

We are familiar with the packapge "plots”™ . If you are eurious about the content

of "DEwols”, replace the colon at the end of the command with & semicolon
and elick on it again.

Example 1.(a) Find the general solution to the l'.:Il]:lI-']:.E — —2xy .

(b) Solve the following two initial value problems: ’
= 2 Ty
€I
y0)=2,
and
.
I

H0)=1f2.



{e) Plot the solutions to the IVP's together with the slope ficld corresponding
to the ODE.

In order to simplify many commands below let's first label our ODE:
=  ODELl:=daff(y(x),x)=-2=x+y(x);

ODED - %ﬂ'{j] 2 1y ()

Ohserve that correet syntax. The derivative 18 entered using the "diff” eom-
mand. The command "D{y){x)"” eould be used as well. Note that "y” has to be
entered as "y(x)". The main command for solving ODE's is "dsolve”.

= dsolve(DDEL,y(x));
y(r})=_Cle =

Maple returned the gencral solution. 7 _C17 denotes, of course, an arbitrary
constant. Inmstead of using the name "ODEL™ you could have entered the differ-
ential equation "diff{y(x).x)—2*x*y(x)" direetly into the "dsolve” command.
Maple can handle initial value problems, as well. The proper syntax looks as
fiollowrs.

» dsolve([0DELl,y{0)=2},y(x)); dsolve([0DEL,y{0)=1/2},y(x));

y({r})=2e"

y(z) =112

Maple can plot slope ficlds, as well as slope ficlds topether with partienlar solu-
tions. Proper commands are "dficldplot”™ and” DEplot™, both contained in the
"DEtols” packare. Let's see how they work. Pay attention to the syntax.

= dfieldplot(0DE1, [y(x)],x=-2..2,y=-2..2,color=blue,scaling=constrained , arrows=LINE, dirm
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Maple plotted the slope field for our equation. All the options under the " dficld-
plot” command regarding color, appearance of the arrows, sealing and dirgrid
are, of eourse, optional. You can play with them and see what will happen.

"dirgrid” tells Maple how dense you want the field of slopes to he. The default
setting is dirgrid[20,20] and it tends to be a little rough. On the other hand, a

fincr grid may take more time to compute.

The command "DEplot™ plots the slope ficld together with particular solo-

Lions.

lemark. Whenever plotting ficld of slopes, yon should nse the "sealing
constrained” option. Otherwise, the pictures may appear misleading, as slopes

become distorted.

= DEplot(DDE1l,y(x),-2..2, [[y(0)=2], [y(0)=1/2]1]1, linecolor=magenta,color=blue,zcaling=con:



