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Example Using Maple 17

There are several computer algebra systems that can solve differential equations. Here is an example

using Maple release 17. We will find the general solution to y"' =x°cos’ (¥). The command we will use

is called dsolve. (Hit control m to input Maple commands. Then control t takes us to text mode.)

> dsolve (diff (y(x) ,x)=x"2* (cos(y(x))*2) ,y(x));
y(x) =arctan(% X +_C])

I'll explain the terminology. We write y(x) to indicate y is regarded as a function of x. Then diff(y(x),x)

means the derivative of y(x) with respect to x. This is to be equal to our given function of x and y. The
3

last y(x) means solve this diff eq for y(x). The answer is acrtan 2 +c|. Maple generated constants
3 p

start with an underscore symbol. It uses _C1 since higher order differential equations can generate
several constants. The semicolon means execute the command.

Next will we find a particular solution for y(m) = - 1. N

> dsolve ({diff(y(x) ,x)=x*2*(cos(y(x))*2),y(Pi)=-1},y(x));

y(x) =arctan( —% T+ % X —tan(1) )

If you prefer floating point approximations use the evalf command.

> evalf (%) ;
y(x) =arctan( - 11.89283328 + 0.3333333333 x°)
| The % symbol means use the most recent output.
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>> dsolve ('Dy=cos (y) *2#*x*21, 1x: )

ans =

atan (1/3*x*3+C1)

- ‘mQA*WCtﬁw\J‘jk‘P&W{EL&\Q\K*S a_,(g\{\\m A ..JQ,,._ \/ (?) =) N
N w7 dSOlve('DY=COS(y)Az*x*;jjj;?;;;:tzjjzé'i7 -

ans =

atan(1/3*x*3—1/3*pi*3—tan(1))

. _“L:p__*)/_du_ pm’ﬁ&r_ﬁﬂgc_;mlap[? /‘_:oKfM@*-‘_c?sﬁ use_
S Cmﬂﬂwmlh*é%#7hgich%4ffﬂwnffh) <

e vpa

>> vpa('atan(1/3*x"3-1/3*pi*3-tan(1))',5)

ans =

atan(.33333*x%3-11.893)
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:> with(DEtools):

> DEplot(diff(y(x),x)

_1] 3 [)’('1)

11, [y(1)=

(xA2+3%y (x)A2) / (2*x*y (X)) ,y (x) ,x=-5..5,y=-5. .5, [[y(1)

[red,green,blue,yellow]);

-111, linecolor=

11, [y(-D
Warning, plot may be incomplete, the following errors(s) were issued:

division by zero
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> int(exp(-tA2),t=0..1);

% erf(1) A/

> evalf(4*exp(1)*% + 3);
1L12031388,

> eva1f(4*exp(1)*int(exp(—tA2),t=0..1) + 3);

11.12031388
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[ In class we solved y’ +2y = g(x) where g(x) was a peicewise constant function; it is plotted below.
" > plot(piecewise( x<0, 0, 0O<=x and x<=1, 1, 1l<x, 0),
x=-3..3,y=-1..2,thickness=3, discont=true);
2_
151
s y 1

0.5

_ We can use dsolve in Maple to find the solution when y(0)=0 is the given initial condition.

[ > dsolve ({diff (y(x),x)+2*y(x)=piecewise(x<0, 0, 0<=x and x<=1, 1,
1<x, 0),y(0)=0});
( (=2x)
_ClI x<0
(23) I 2n 1
y@)=| 1 e | —2e +2 x<1
(-2%) 1 2n 1 (2x+2)
e x_C]—‘e x+—e( * 1<x
2 2 _CI=0

[ Notice that the form of the answer is a bit awkward. We simplify it by inspection and graph it below.
[ > plot(piecewise (x<0,0,0<=x and x<=1, -1/2%exp(-2*x)+1/2, 1<x,

| -1/2%exp (-2*x)+1/2%exp (-2*x+2)), x=-1..3,y=0..1,thickness=3,

~ color=blue) ;
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Furtunately direction fields can be done by compute, or even on some calculators. First
we use the "with" command to load a package of commands for working with differential

equations. Then we employ the command "DEplot" to plot the direction field for dy/dx =
(x+y)/3.

[> with(DEtools):

> DEplot(diff(y(x),x) = (x+y(x))/3, y(x), x=-5..5,y=-5..5, arrows=line,
color=black, thickness=3);
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For our next trick we overlay solution curves for two different initial conditions, y(0) = 1
land y(0) =-1.

> DEplot(diff(y(x),x) = (x+y(x))/3, y(x), x=-5..5,y=-5..5,
[[y(0)=1],[y(0)=-1]], arrows=1line, color=black, thickness=3,
Tinecolor=[red, bluel);
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>

If you set arrows = none you get just the solution curves.

_> DEplot(diff(y(x),x) = (x+y(x))/3, y(x), x=-5..5,y=-5..5,
[[y(0)=1],[y(0)=-11]1, arrows=none, color=black, thickness=3,
Tinecolor=[red, blue]);
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>> [x,y] = - meshgrid(-3:0.2:3, =S:0L2:8)
>> slope = 2%*xX-y;

>> length = sqgrt (1+slope.”2); . -
>> qulver(x Y,1./length, slope /length 0. 5)
>> axis equal” tight

>> Xlabel 'x:

>> ylabel Ty (x) —_—

>> tltle Dlrectlon Field for dy/dx=2x—y’
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