1 Exercicios Resolvidos — Transformadas de Laplace

Transformada de Laplace Directa

Exercicio 1. Calcular as transformadas de Laplace das fungoes.

(a)2 (b) e © 5 (a) £
(e) t?e™! (f) e Ptsen(8t) (g) t3cos(6t) (h) sen(t +m/4)
(@) u(t) (j) u(t — 0.3) (k) 55(t — 2) (1) 8(t = 5).7
(m) u(t — 1)sin(t — 1) (n) u(t — 1)sin(t) (0) u(t —0.3)(t — 1)?
(p) ult - 2)¢*
1. Resolucao
2
(a) £(2) = 22 (1) s
ot _ 1
(b) £ (™) F.15a=-2 542
t 1 1
(c) £ <2) - 53 (t) P ollin=1 252
@LE), 5 5
. d2 - B d? 1 B 2
(e) £ (Pe™) = _, (W52, = Vs (s+ 1> T (s+1)°
(f) £ (e ’ sen(8t)) F.22 a= —5k =8 m
3 3 s
(g) £ (t°cos(6t)) F.7.n=3 (71)3%‘% (cos(61)) F. 14 k=6 7% <82+36>
_6(s" — 2165 + 1296)
o (s2 +36)%
(h) £ (sen(t+7/4)) = £ (?sen(t) + ?cas(t))

obs. sen(a+b) = sen(a)cos(b) + sen(b)cos(a)
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Exercicios Resolvidos — Transformadas de Laplace 2

£ (?sen(t) + ?ws(t)) =2 (?sen(t)) +2 (?cos(t))

V2 V2 V2 1 V2 s
= L)+ 5L lost) L = S et 2o

) L), = -

F.3,a=0

670.35

() £ (u(t-03) =

F.3,a=03 &

(k) £ (58(t ~2)) = 5e>

1) £ (5(t—5)t2 = 5% % = 25¢ 7"

() (( ) )F.38,a:5 © ¢

A resolucdo das alineas seguintes aplica o teorema da translacdo em t¢:
u(t—a)f(t—a) =e *F(s)

(m) ut =D f(t—1) =ult — Dsin(t — 1) = f(t) = sin(t)
1

F(s)=2£(sin(t) - = w71

—S8

. e
L(u(t—1)sin(t — 1)) b P

() ut—1)f(t—1)=u(t—1)sin(t) = f(t—1) =sin(t) = f{t) = f(t+1)—1) =sin(t+1)
Como sin(t+ 1) = sin(t)sin(1) + cos(t)sin(1), temos
F(s) = L(sin(t)cos(1) + cos(t)sin(1)) = cos(1)L(sin(t)) + sin(1)L(cos(t)

cos(1) s sin(1)
F.o13, 14, k=1 s2+1 8241

L(u(t—1)sin(t) = €e° (

F. 4; a=1

cos(1) 43 sin(1)
241 241

(0) u(t —0.3)f(t—0.3) =u(t—03)(t—1)> = f(t—0.3) = (t — 1) == f(t) = f((t+0.3) —0.3) = (t — 0.7)?
F(s) =2((t—0.7)%) = L(t* — 1.4t +0.49) = L(t?) — 1.4L(t) + £(0.49)

_ 2, -14 049
F. 11,1 83 52 s

Lut-03)t—-1)2% = 03 (2 L4 049)

F. 4; a=0.3 53 52 s
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3 Exercicios Resolvidos — Transformadas de Laplace

() u(t =2)f(t=2) =u(t =2)t* = f(t —2) =t* = f(t) = f((t +2) —2) = (t +2)?
F(s) =L((t+2)?) =L(t* + 2t +4) = L(t*) +2L(t) + L(4)

_ 2,2 4
F.11,1 83 §2 s

Llu(t-2)2) = e ( 2y )

F. 4; a=2

Exercicio 2. Calcular as transformadas de Laplace das fungoes (assumir z(0) = 1, ©(0) = 2, #(0) = 3).

(a) f(t) = a + bt + ct? (b) f(t) =2 — e~ (¢) f(t) =3%+4i — 2z

(d) f(t) =24 — 2z +2 (e) f(t) = & + i — 2 (f) F(t) = 2D 1)
2. Resolugao

b2
(@) L (a+bt+ct?) = £L(a)+bL(t) +bL (t7) F=11%+5—2+5—§+

(b) £ (Qeat _ e—at) — 9 (eat) _ (e—at) . 21

F.15 s —a s+ a

(c) =L (3@ +4i —2z) = 3L (&) + 4% (&) — 2% (x) = 3(s2X(s) — 5 — 2) + 4(sX(s) — 1) — 2X(s)
= X(5)(3s + 45 —2) — 35— 10

(d) £ (2i —x+2) = 2% (i) — L (x) +2£ (1) = 2(sX(s) — 2(0)) — X(s) +2/s

= X(s)(25 — 1) +2/s — 2

(e) L (i +i—2e7t) = L(i)+ 2L (F) - 2% (e7)

2
s+1

2
s+1

= (83X (s) — 52 — 25 —3) + (s°X(s) — 5 — 2) — = X(s)(s®+5%) —s>—3s—5—

(f) £ (x(4)(t)> = 5*X(s) — $*x(0) — s%2/(0) — sa”(0) — 2’ (0)

Transformada Inversa de Laplace
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Exercicios Resolvidos — Transformadas de Laplace

Exercicio 3. Calcular as transformadas inversas de Laplace das fungoes.

(a) F(s) = O F)= oy () Fls) = (@) Flo) = >
O F6) =g (NF6) =5 WFO =i WFE =S

3. Resolucgao

-1 3 = i -1 V2 = isen
(b) £ (52+2) - ﬁ"% <S2+2> P 137;:\/5\/5 (\/it)

3 _ By 7\/5 = isen
(82—2) B ﬁg <82—2> F. 16, k= v3 /2 h(\@t)

Exercicio 4. Calcular as transformadas inversas de Laplace das funcgoes.

@ FO) = a3 ) Fe) = 77T @ F6) = 5

4 6 3
(d)F(S):m (e) F(S):m (f) F( ):3(5+1)2(s—3)
@F@= -5 WF@=e g () Pl = arctan ()

4. Resolugao

Maério Abrantes http://ww.ipbw.pt/~mar/




Exercicios Resolvidos — Transformadas de Laplace

(a) 27 (+é+3) - <<+31>—6> - %‘w <¢16<+3\/>6—6>

|
= e 3tsenh(V6t
F.24k:ﬁ,a:73\/6 ( )

2 i
= —e sen(V/3t/2
F.22k:\/§/2,a:71/2\/§ ( /)

(c) £ (3(36+1)> = 627! <5(31—|—1)) T

@+ ()

b 4 1+ -5
obs. ———=-+ ———
s(s24+4) s s2+4

-1 4 _ 1L —1(_—8 _ _
= (s(s2+4) N s £ s2+4 F.s_1,141 cos(21)

SIS

6 2
1 _ 1 _ —t
(e) £ <(3—|—1)2—|—4> 34 ((3+1)2+4> F. 22, a=—1, k:23e sen(2t)

(f) &£ (s(s+1)32(s3))

e 3 _ -1, 34 2516 1/16
Cs(s+1)2(s—3) s (s+1)2 s+1  s—3

) - () (25 o (220 (2

(g) £7! (s 3 1™ 52?—)|—5> = 2! — %sen(\/gt)

(h) £~ (e‘BS 0 ) = u(t—3)6 (1 —e—<t—3>)

s(s+1)) F.4

(i) £~ (arctan(6/s)) = sen(6t)/t
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