November 8 Math 2306 sec. 52 Fall 2021

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.

Let’s see it in action (i.e. with a couple of examples).
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Example

Solve the system of equations

CZ;; = —2x—-2y+60, x(0)=0
Z}; = —2x-5y+60, y(0)=0

L X L {xlp)y ad Y- L{y)

L{xY - L {-2x-oy~ oy
${yY = £ ax-syeb0]
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Example Continued...’

sYXG) = x(o) = =& X&) -3 Yes) + =
SO Y = _aXe) - D) + (239‘
d

OSe nyYs>y=0 L Yo = o

SX(S)—\—’ZX(S)-\— 2 kQ(s\ €9

ST + 2 X + 5 T

mig ‘/‘\

(s+yY () + 2 Lisy =

e
S
2 X (o) £ (s+ DY) = L=

1@EAINEEED will be helpful at some point.
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Osing  Crenmmars e

A S+ & A - e 2 A - S+1

A S X ) GO ! a4 l )
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dx(Ay) = B 3= R (- L (se5-2)- €2 (g0

(ALY = G+ -2 - € (s42-2>= Ls = 6O

%~ Ax(Ax) 2 EAIGED)
A& (A). (s+1) (s+6) NEENETS)
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(A 60

dx (- Cse (¢ )
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Example

Use the Laplace transform to solve the system of equations

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

Lk Xz Loy ma Q. f{blj

L{xy - f{bﬁ
3[{‘9) = L A%

1, X'(0)=0
1

\
XY -sxm - Xy = Y Ve X9, N

(=
Sﬁ’_\ou)):‘ >< y)i
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We'll Finish Next Time.
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Crammer’s Rule

Crammer’s Rule is a method to solve an algebraic linear system of the
form

ax + by
cx + ay

~

Define the following matrices

ab e b a e
A:[C d}, sz[f d}, and Ay_[c f]

If det(A) # 0, then the system is uniquely solvable and the solution

_ det(Ay) _ det(Ay)
X= Get(a) 2 Y= det(Ay)'
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Crammer’s Rule 3 x 3 case

anX + apgy + aiZ
as1X + azy + a3z
az1X + aspy + azs3z

Let

a1 ap a3 |, Ax =
ds1 ds2 ass

ann by as
Ay=| a1 by ax |, Ay =
azt by ass

If det(A) # 0, then the solution to the system

_ det(Ay) _ det(Ay)
X= et VT der(a) 2

{311 a2 a | [

aty
ao1
asq

by
b>
b3

a2 ais
dgo  aps
az2 as3 |

a2 by |
ap bo

asy bs |

S det(A;)

det(A)
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