Section 6.4 examples using Maple.

New commands:
6.1: Maple can perform a Laplace transform and inverse transform: laplace(f(t),t,s)
inviaplace(F(s),s,t)
We must call in "inttrans” (for integral transforms): with(inttrans)

6.3, 6.4: u(t-c) from the text is Heaviside(t-c) in Maple.

| Exercises from 6.3 and 6.4:
> with(plots):
with(inttrans):

=6.3.15: Find the Laplace transform of the function f(t) (given in piecewise form)

> f:=(Heaviside(t-Pi)-Heaviside(t-2*Pi))*(t-Pi);
i f:= (Heaviside(¢t — ) — Heaviside(t —2 7)) (¢ —mn)
[> plot(f,t=0..8);

3,

> F:=laplace(f,t,s);

@)



6.3.23: Find the inverse Laplace transform of the given expression

> Fi=(s-2)/(s"2-4*s+3);

> Fl:=convert(F,parfrac,s);

1 1
Fl:=
| 2 (s—3) i 2 (s—1)
[> F2:=invlaplace(exp(-s)*F1,s,t):
F2 :=%Heaviside(t—1) (e3t_3+et_1)

Section 6.4 Examples follow (Exercises 3, 10, 17)

> #Exercise 6.4.3
G:=sin(t)-sin(t-2*Pi)*Heaviside(t-2*Pi); #Forcing function

G :=sin(t) —sin(t) Heaviside(t—Zn)
> DEO3:=diff(y(t),t$2)+4*y(t);
2

DEO3 := % y(t) +4y(1)

> #V\/Ie can solve the DE "manually"” if we want- Here is how you do
IEar}os::DEos:G;
Eqn03 := j—; y(t) +4y(t) =sin(t) —sin(z) Heaviside(t — 2 1)
> EgqnO03A:=laplace(Eqn03,t,s);
Egn034 = laplace(y(t),t,s) —D(y)(0) —sy(0) +4 laplace(y(t),t,s) = %

> EqnO03B:=solve(Egqn03A,laplace(y(t),t,s));
3

Eqn03B - - —20) 8 =D} (0) =5 p(0) +¢ **"=D(y) (0) =1
(s2+1) (S2+4)
> Eqn03C:=subs({y(0)=0,D(y)(0)=0},Eqn03B);
] e T
(sz-i-l) (s2+4)
> EgqnO03D:=inviaplace(Eqn03C,s,t);

Eqn03D := % Heaviside( -7 +2 1) (-sin(2¢) +2sin(z))

Egn03C := -

> plot({G,Eqn03D},t=0..3*Pi);

)
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Here we show the solution to Exercise 10 using Maple's built-in solver:

[> G:=sin(t)*(1-Heaviside(t-Pi));

i G:=sin(t) (1 —Heaviside(t — 7)) (13)
> DE10:=diff(y(t),t$2)+diff(y(t),t)+(5/4)*y(t):
ST NP BN |
DEL0:= =5 y(1) + g7 Y1) + 5 y(0 (14)

> Y1l:=simplify(rhs(dsolve({DE10=G,y(0)=0,D(y)(0)=0},y(t),method=
‘laplace')));

-—t+ -7
y1:=32 ¢ 4 4 Heaviside(z — 1) cos(?) sinh(i (- L n) (15)
17 4 4
! t+ ! b
8 "4 T4 . B : 1. 1
17 © Heaviside(7 — 1) sin(¢) cosh( 4 t 4 TC)
L, L
32 T4 1 g8 . T4 1
17 cos(t) e sin (4 t) + 17 sin(t) e cos (4 t)

> plot({G,Y1},t=0..3*Pi);
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We might do this "manually” to see if Y1 is actually a nicer expression:

> Eqn10A:=DE10=G;
& d 5 . .
Eqnl04:= — y(t) + — y(t) + = y(t) =sin(?) (1 — Heaviside(t — ) )
dr dt 4
[> Eqn10B:=laplace(Eqn10A,t,s);

EgnlOB = s laplace(y(t),t,s) —D(y)(0) —sy(0) +slaplace(y(t),t,s) —y(0)

5 e’ "+1
+ = laplace(y(t),t,8) = ———
] g Py sS4 1
[> Eqn10C:=subs({y(0)=0,D(y)(0)=0},Eqn10B);

-ST
Egnl0oC = s laplace(y(t), t,s) + s laplace(y(t),t,s) + % laplace(y(t),t,s) = € > +11
s+
> Eqn10D:=solve(Eqn10C,laplace(y(t),t,s));
-ST
Eqni0D = 4 (e 1)

(sz-l—l) (4S2+4S+5)

(> F:=4/((s"2+1)*(4*sN2+4%5+5));

(16)

A7)

(18)

(19)



4
@%+”(4£+4s+5)

> Fl:=convert(F,parfrac,s);

pp_ L _64s+48 1 -165+4

i 17 48 +45+5 17 &+1
> Y1A:=invlaplace(F1,s,t):;
1
16 4 . 4 3! .
YIA = -— — — 4
T cos(t) + 17 sin(¢) + 17 e (4 cos(t) +sin(t))

> Y2A:=invlaplace(Fl*exp(-s*Pi),s,t);

F =

11
-—t+ T
Y24 = 14—7 Heaviside(7 — 1) (4 cos(t) —sin(f) —e 2 (4 cos(t) +sin(t)))
> Y:=Y1A+Y2A;
1
__16 4 4 2! : 4 Heavisi
Y: 7 cos(t) + 17 sin(t) + 17 e (4 cos(t) +sin(?)) + 17 Heavmde(t

1 1
-—t+-n

i — ) (4cos(t)—sin(t)—e 22 (4cos(t) +sin(t)))
[> plot({G,Y},t=0..3*Pi);
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Looking at Exercise 17

> assume(k>0);
> F:=(1/k)*(Heaviside(t-5)*(t-5)-Heaviside(t-5-k)*(t-5-k));
e Heaviside(t — 5) (¢t —5) — Heaviside(t —5 — k~) (t —5 —k~)
. k’\‘
(> DE17:=diff(y(t),t$2)+4*y(t)=F;
2

DEI7:= %y(f) +4y(t) = Heaviside(z —5) (£ —3) —HeZV151de(t—5 —k~) (t—5 —k~)
4 ~

> Eqnil7:=laplace(DE17,t,s);

e—Ss —eS (5 +k~)

Egnl7 = s laplace(y(t),t,s) —D(y)(0) —sy(0) +4 laplace(y(t),t,s) =

> Eqnl7A:=solve(Eqnl7,laplace(y(t),t,s));

s (0) k~+D()(0) S h~+e >  —e
s% k~ (S2+4)

B Eqnl7B:=subs({y(0)=0,D(y)(0)=0},Eqnl7A);

-s(5+ k)

Eqnl74 :=

(25)

(26)

(27)

(28)



-Ss e—s(S + k~)

38
Egnl7B =
i s2k~(sz-|-4)
[> H:i=1/(k*s"2*(s"2+4));
1
H:=

i ks (s2+4)
[> Hl:=convert(H,parfrac,s);

1 1

HI =

i 48k~ 4k~ (5 +4)

> Yk:=invlaplace(H1*(exp(-5*s)-exp(-(5+k)*s)),s,t);

)%:Z% %((2t—sin(2t—10) — 10) Heaviside(t —5) — (-2 k~+2¢t+sin(-2¢+ 10
i + 2 k~) — 10) Heaviside(t —5 — k~))

[> Y1:=subs(k=2,Yk);

Yl = % (2¢t—sin(2¢—10) — 10) Heaviside(t —5) — %6 (-144+2¢t+sin(-21¢

i + 14)) Heaviside(t — 7)

[> plot(Y1,t=0..30);

TR
VI

> Y2:=subs(k=5,Yk);

(29)

(30)

31)

(32)

(33)



1 1

Y2: (2t—sin(2¢t—10) —10) Heaviside(t — 5) ~ 0

~ 0
i 4+ 20)) Heaviside(z — 10)
[> plot({Y1,Y2},t=0..30);

I
TN

(-20+2¢+sin(-21¢

0.1+

> Y3:=subs(k=10,Yk);

Y3: I (2t—sin(2t—10)—IO)HeaViside(t—S)—L(—3O+2t+sin(—2t

T80 80
i 4+ 30)) Heaviside(z — 15)
> plot({Y1,Y2,Y3},t=0..30);
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> )Eprszi(ll(8*k))*( (2*t-sin(2*(t-5))-10) - (-2*k+2*t-sin(2*(t-5-k)
-10 X

Fxpd :=% -sin(2¢t—10) +2k~k— sin(-2¢+10 +2 k~) (36)
> simplify (ExpA);
1 sin(2¢1—10) =2 k~+sin(-21+10 +2 k~)
8 ke~ S

> # To answer the remaining questions, it's easiest to use a
| formula for sin(A)+sin(B)




