L aplace Transform in M aple
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[> restart;
[>with(inttrans): with(plots):

In addition to just computing Laplace and inverse Laplace transforms, Maple can apply the Laplace transform
directly to alinear differentia equation:

> odel:=di ff(y(t),t,t)+4*y(t)=cos(t):
2

odel := %:%y(t);; 4y(t) = cos(t)

> Lapl: =l apl ace(odel, t,s);

LapL =5 (slaplace(y(t), t, 5) - Y(0)) - D(y)(0) + 4 laplace(y(1), t, 5) :Sz—f_l

We can make the equation look comfortably familiar by introducing Y (t) for the Laplace transform of the
unknown function y(t).

"> Lpl: =subs(lapl ace(y(t),t,s)=Y(s), Lapl);

LpL=s(sY(s)- ¥(0))- D(y)(o>+4v(s):sz—i’1

Now we let Maple do the algebra

(> sol ve(Lpl, Y(s)): Y(s):=%
y(0) S’ +sy(0) + D(y)(0) & + D(y)(0) + s

4 2
s +5s +4

Y(s) =

To solve the differentia equation we can now take the inverse Laplace transform

> sol nl: =invl apl ace(Y(s),s,t);

solnl :=- %cos(Zt) +y(0) cos(21) +%D(y)(0) an(2t) +%cos(t)
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Notice the solutions are conveniently paramterized by the initid vaues y(0) and D(y)(0).

Of course, if we just want to solve the differential equation we can do so directly:

"> initl:=y(0)=A D(y)(0)=B;
i initl:=y(0)=A,D(y)(0)=B
[ > sol nlb: =dsol ve({odel,init1},y(t));

A 1 . 0 . el 1 0 1 .
solnlb::y(t):gzsn(t)+Esn(3t)gsn(2t)+gﬁcos(3t)+Zcos(t)gcos(2t)+EBsn(2t)

el 0
+§'§+A,§C°9(2t)
> subs(y(0)=A,D(y) (0)=B, sol n1)-rhs(sol nlb): sinplify(%;
0

In spite of initid gppearances the two solutions agree!

The nice thing about the Laplace transform of courseisthat it correctly handles the case where the driving
term has discontinuities. Let'slook a asmple example.

> ode2: =diff(y(t),t,t)-diff(y(t),t)+6*y(t)=Heaviside(t-1)-Heavi si
de(t-2);

2 f5) .
ode2 ::%y(t)%- g%y(t)%+ 6 y(t) = Heavidde(t - 1) - Heavisde(t - 2)

> Lap2: =l apl ace(ode2, t, s);

Lap2 =
s(slaplace(y(t), t,s) - y(0)) - D(y)(0) - slaplace(y(t), t, s) +y(0) + 6 laplace(y(t), t, s) =
o9 a-29
s s

Before we subgtitute Y(s) we had best unassgnit. Otherwise we will be subgtituting its previous vaue
rather than just anew symbol for laplace(y(t), t, S).

E> unassign('Y(s)');

[ > Lp2: =subs(l apl ace(y(t),t,s)=Y(s), Lap2);
(-s) (-25)

Lp2 :=s(sY(s) - ¥(0)) - D(y)(0)- SY(s) +Yy(0) +6 Y(s) = es e

S

(> sol ve(Lp2, Y(s)): Y(s):=%
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5 y(0) + D(y)(0) s- sy(0) + e-s) _ g(-29)

s(sz- S+6)

Y(s) =

> sol n2: =i nvl apl ace(Y(s),s,t);

1 A 0 el 0
soln2:=- —y(0) e'*/2Y /23 sng=+/23 t=+y(0) e'* /2" cosg=+/23 t £
23y( ) & P ¥(0) %> P
2 A o 1
+—D(y)(0) e*/2Y /23 Sne—+/23 tT+ = Heavisde(t - 1
23(y)() 'ﬁz e isde(t - 1)

1 ad 0
+—— Heaviside(t - 1) et/ 2" 12 /23 grg=4/23 (1 - 1)

138 - 1) VB (- DF

1 d o 1
- ¢ Heaviside(t - 1) elt/2t-172) cosg?/zs (t- 1)%- = Heaviside(t - 2)

1 el o
- — Heavisdg(t - 2)e*/2" V. [23 sn—4/23 (t- 2)=
138 &(t-2) rgz ( )z

1 A 0
+=Heavisde(t - 2) e/ Yo —4/23 (t- 2)=
i g Heav et - 2) sgz ( )g
[ > exnp2: =subs(y(0)=0, D(y) (0) =0, sol n2);

1 1 A o
exmp2 :=— Heaviside(t - 1) + —— Heaviside(t - 1) el1/2t-1/2) [o3 g —4/23 (t- 1)=
<=6 - D+ de(t- 1) g3 (- DF
1 o o 1
- ¢ Heaviside(t - 1)elt/2t-172) co%g«/ZB (t- 1)z- Heavisde(t - 2)

1 oA 0
. (1/2t- 1) . 9
- — Heaviddg(t - 2) e 23 9ng—+/23 (t- 2)=

138 . ) ngz ( )ﬂ

1 A 0
+ = Heavisde(t - 2) et/ 2" 1) cosg=4/23 (t- 2)=
q 5 et - 2) %2 ( )(J

[ > pl ot (exnmp2,t=0..3,thi ckness=3, col or=red);
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Be sure to check the Maple hdlp facility for more information and examples.

Note as mentioned at the beginning Maple can aso be used just to compute transforms. Here's a couple of
examples.

F > | apl ace(exp(at)*si n(onega*t-phi),t,s);

a2 cos(f)w an(f)so
I S+w’  f+w o
[ > invlaplace((2*s-3)/((s"2+4)"2*(s+1)),s,t);

Lo, l s(2t) & in(2t) 1t s(2t)+1t in(2t)
-—-e — CO - ——9n - —1cCo —19n
5 5 80 8 4

| That sure beats doing the algebra by hand!
[>
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