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Part II: Damping, but no external forces.
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Finding the General Solution to the
Homogeneous Equation
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As in the setting of 2nd order equations, these functions are linearly
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/ Finding the General Solution to the Constant Coefficient

Homogeneous Equation
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Examples: Find the general solution of the differential equation.
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Examples: Find the solution of the initial value problem.
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Example: Find a homogeneous linear constant coefficient differ@/tial equation
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This is only possible if the ODE is fairly simple. For example, the coefficients are
constant and the function f(x) is made up of special simple functions.
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Finding a Particular Solution in the
Constant Coefficient Case
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Example: Find the general solution to
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5 G.37
T '
' Laplace Transforms

Motivation: Laplace transforms can be used to turn linear constant
coefficient differential equations into algebraic equations.
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DEFINITION Let f be a continuous function on [0, >). The Laplace transform of f,
denoted by L[(f(x)], by F(s), is the functi iven by
enoted by L[(f(x)], or by F(s), is the function given by "pmnc_“m J_L S

LIf ()] = F(s) (1)

The domain of F' is the set of all real numbers s for which the improper integral converges.
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Ilustrative Examples:

boO _.Cg‘-w\x
o0
_x -S> =% e, okf-
L[e }: o o, Arx =
¢ C
] C \ _(sr\\)t.
Ay K -— .
g e(“-‘- ) ka ‘._-LV’V\ 0
Lle™ )= 5 L C=>be _ (e
=+ c>oo 9 } -\ e N
7 = Lim \-gﬂ S+
C>no
eed S+ 70
L|:33x:|: H =3 sS7-
s-3 7 W
S+ |
Lle™ |= — S7 @
< -0 o
PO _(Cs-3d %
o0
-S> oK S e, d\?‘-
e e o, = ), .
0 C X _(S-B“){-
NG P . —
o A =Llm o
Lim C=> P (=-n¢C
oo 9 — e y -
= \a‘:M \g_z <-2
Cone
eed s-370
- <> 3
- ...-5-- S= 3 16



Recall: LI f(x)]=[e”" f(x)dx
0 ot vt
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Example: Find the Laplace transform of the solution to

Y'=2p'+2y = y(0)=1 3'(0)=-1

We can do this directly, without finding the solution first!!

Recall: L[ y'(x)]|=-y(0)+sL| y(x)]
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AMAZING !l We can find the Laplace transform of the solution without finding the
solution.

How?7?7?? BIC the Laplace transform changed our ODE into an algebraic equation
that we could solve for L[y].



More Examples: L[ y'(x)|=-y(0)+sL] y(x)]
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Table of Laplace Transforms

Add others, or create your own!!

f(x) F(s) = L[f(x)]
1
1 —, s =0
S
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e 5 =
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I will provide this table
on the midterm exam.
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Use the Laplace transform to solve
y'-2y+y=e ,y(0)=13'(0)=-1

(Note: We can do this easier, without Laplace transforms, but I want to
illustrate the process.)

Recall: L[y'(x)] =-y(0)+sL [y(x)]

Example:

Ll y'(x)]=
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The TRUTH!!

The Laplace Transform 1s typically used to solve

problems of the form
{y "+ay'+by=f(t)
y(0)=5, y'(0)=m
where f(7) is a piecewise defined function.
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