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What techniques
can we use

to sole there how does the

theory work

Any ODE can turn into a

linear system
as follows



Sci 22
Ki y sci x
x y n i
i kn z open

kn y
Ark

Ex for a
3rd order ODE

y t a

y
t ang't

a

y
o

y
Y

i w

w
a w day day

As a result of this all

the theory of systems
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Carries over to give us the

things we want

Existence and Uniqueness then

linear combination of Sol's
are

Still Sol's

Degree n ODE has a fundamental

Solution that make up
the

general solution

Can always use the Matrix

exponential techniques
from

yesterday
to sole the system

However this is cumbersome



esp if the degree of ODE
is

big
We'll talk about

how to use the general
theory

to avoid doing
this
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Corresponds
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Y AY Sol to this

System are vectors that look
like

4th
so we really
Only care about
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The Wronski an if ya ignore
Solutions is the ODE we define

the Wo skin of them by

w.at i E
Like before y yn are linearly

Independent sold W O

In system land Yi Gta
Checking if y syn are lii is

equivalent to cheeking if
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From linear algebra this happens

iff det Y I 0
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this is just the wronskin

ConstantCoeff ODES
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Ai are constants

Like before don't have general

techniques k sole
non constant

Coeff equations very easily
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Recall that Sol to the corresponding

system Y AY can be

found by finding solution coming

from generalized eigenvector
of A

Yi t te Atty vi generalized
eigenvalue fort

of degree P
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Constuchy enough
of them Sol's

lets us get the general
Sol



We can define the characteristic

polynomial of the
ODE by

a I i n t an

this turns out to be the same

as char poly of
the system

let's say that x is an eigenvector

for X Then we get
a Sol that

looks like Yet etty

So we get a corresponding
son

gets
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When I in a repeated root the
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Sol's coming from generalized

eigenvector
in frat component

look like pity for some

PCH of degree e p
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So we are led to believe that

if X is a repeated root of

malt p that we get Sol's

that look like

e't te't te't the't

Can use linear algebra to
show

these are indeed solutions

So that a general solution
look
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general Sol
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Complex roots have the

Same story
If X

Complex root of char

poly of malt g
ther

e te't the't and
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Y AY r F A ACH

F FA

How do we sow such
systems

Very Similar to what we

did before
general

sol

Then Yn to Y AY

and Yp is a particular

Sol then the general

Sol to Y AYtF Ii
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roof in same as before

Yi in a fundamental

Sol set to Y AY then

the fundamenhloatrix
is

Yf ti Tn i e the

Matrix whose columns are

the vectors Yin Yn

Variation of Parameter



Look for Yp of the form
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Combination of fundamental

Solutions

What we need

Yp AY t F Let's see

what that means here

Yp YfV So

Yp EV Yu't Yy y

Yu't Yy y
AYf V F

Note Atf Yp why



No e f f

t Y Y

At Ai Ay Y Y
Yt

Yy y Yf v Yf v F

Y v F

Y YI F

Y f g't dit



4p Yf.ttdt
Example Find a particular

Sol to Y I Yt E

First solve Y E Y to

get fundamental
matrix

Patel X 2x 3
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X l 3 eigenvectors
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How can you
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hour
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where Coeff matrix
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is not constant

Y ACHY

Can still use matrix

exponential

If Blt SAN dt

then
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use the method
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relevant simplifications

you get
Bit et

cos lift sin sin th
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This technique is actually

a general way
of solving
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Convert to system use

Matrix exponential recon

fist component of Sol
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