April 15 Math 2306 sec. 54 Spring 2019

Section 16: Laplace Transforms of Derivatives and IVPs

For y = y(t) defined on [0, c0) having derivatives y’, y” and so forth, if

then

2 { dny} =5"Y(s) - "'y (0) — s" 2y (0) — -+ — ¥ (0).
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Solving IVPs

Apply Laplace

Transform

/ Solution
y(t)
(obtained unknown
from ¥(s)) ¥(s) /
/Solution
Y(s)
Take Inverse Laplace (obtained
Transform

by
algebra)

Figure: We use the Laplace transform to turn our DE into an algebraic

equation. Solve this transformed equation, and then trans;orm back.
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General Form

We get
Q(s) , G(s)
Y(s) =
9= B " P(s)
where Q is a polynomial with coefficients determined by the initial
conditions, G is the Laplace transform of g(t) and P is the
characteristic polynomial of the original equation.

z1 { ggzg } is called the zero input response,

7 { ggzi } is called the zero state response.
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Solve the IVP using the Laplace Transform

(a) (3;+3y:2t y(0)=2 Lo d{}lkf)g-— Yes)

Q{b\avg\;ts: iizt«}
385333505 = a2 {eh

\
S*LS\'QD) +3 9(0 - Q( Qv

( , (s¢3)TBY = % +
S _ - = -
+ ) - 2 = ) o 2 ) .

SH(5+3) $+3
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The Sabbn 1+ b WP 5 Y= P (0]

ylr = % i‘{%} *%f\{'\_{} 5 i{ s+3
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Solve the IVP using the Laplace Transform

y'+ay'+ay = te? y(0)=1,y(0)=0 Lk = L{yla

A5yl fo)- (e
b\[{CMwC{Jc)}t Fls-a) ~2 i{t}__ JS_:‘:

SzYLSW -Sb(u) 'éllo) +(‘| (g‘l’(g —\a(o\\ + L{ \IJLQ - \
P y , (s+2)*
1 © 1

SH -5 + YW -4+ YW - Zﬁ??jl
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(s%+ 4seu) D) -s- Y= Gs+2)*

(§7+L(s+‘~() Qsy = i S +Y

(s+2)*

Vs _\’__’ S+Y

)= sy t =
(s T (S 4Us 1) ¢ H+uUs+Y

Nebe S Us+Y - (SHY) &l S4Y:gyn 2

So S+1

sy = ’\—+ =

(s+2)" (v G-
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Solve the IVP

An LR-series circuit has inductance L = 1h, resistance R = 102, and
applied force E(t) whose graph is given below. If the initial current
i(0) = 0, find the current i(t) in the circuit.

0o, 0¢ ke
EM = Vg, 14€<3

o, €23

Y e ———
1) A e L

The ODE s L% +R=EL
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LR Circuit Example
u...);,,\z € i W o yrh N

E= 0 - OUle-1) + EoUlk-) = Esu(k-3) + 0U (e -3)
The WP s
Jo 4 (= EUk-D-Esu(e-3) | (=0

Ly {io)- T

31 %};} * 10 Y{LE < B {un - Eoi{hﬂ—-z\}
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