November 14 Math 2306 sec. 52 Fall 2022

Section 16: Laplace Transforms of Derivatives and IVPs

We can solve a system of ODEs using Laplace transforms. Here, we'll
consider systems that are

> linear,
» having initial conditions at t = 0, and

» constant coefficient.
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Example

Lo 1 3n=fa

Lﬂ‘é + R1(fg + fg)

E

T Loy + Ry(p+k) + Ry = E

Figure: If we label current i» as x(t) and current iz as y(t), we get the system
of equations below. (Assuming i1(0) = 0.)

Solve the system of equations

dx
o —2x —2y +60, x(0)=0
% = —2x-5y+60, y(0)=0
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dx
dt
4
dt

= —2x—2y+60, x(0)=0
= —-2x—-5y+60, y(0)=0
We took the Laplace transform of both equations and used the initial

conditions. We arrived at the following linear, algebraic system of
equations.

(s+2)X(s) + 2Y(s) = o X(s) = 2{x(t)}
where and
2X(s) + (s+5)Y(s) = 6?0 Y(s) = Z{yt)

We can restate this using a matrix formalism.
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Example Continued...

(s+2)X(s)
2X(s)

s+2 2 X | | 60/s
2 s+5 Y| | 60/s
stz 2 [ Stz eo)s
A_‘ [ A S{-‘:‘)] A“ﬁ . [ 2 (’o/s ]
69/, z
AX - [“’/g S+6/l
dX(A)= (s+2XE+5)=y = $% Fse (O-1 = s ¥+ 6

CU(AX) = & (s+5)- £2 (2)- %0— (s+5-1) = & (5+3)
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W) - Gy - 2(8) - ey 2 () - 6o

(s - S (s . 60(s)
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Qesy = 160 6O
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T’ru, 501,_,\3.-,@\ l,_,o A‘(I\\ \\JP
X = J-\fx(s% ~s yle) = Z [k&“j

-t - b+
x(h=- 30 -21e -G¢€
_ - bl
90l = 2ef- e
ZI’; — _2x—2y+60, x(0)=0
dy

G = “2x-5y+60, y(0)=0
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Example

Use the Laplace transform to solve the system of equations

X'(t) = y, x(0)=1, X (0)=0
y'( = x, y(0)=1

Ly Xeooe R{xt ~ Yo 2 (glen

i [X“\7 = f [‘9\] Slx(ﬂ-SX/aQ-'X,{Q - L()(S)

=] / o

s
j{\g'? = fx) S sy -9 = K(s)
2
SZX-'S = k])
s - 1 = X
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