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Exact differential quations
General form is Mlt.y t Nlty y e 0

Exact if and only if 4 3 In this

case MtNy 1414g e 0

Goal Find 4
Integrating factors for non exact DE

If M Ny O is not exact then

µMtµNy O isexact if and only if

Inn Elam
IgMtrying FIN MINI

In general this is not solvable analytically for µ
when it turns out that marl4 or µ yly

Finally Existencee unigunesi
For an initial valve problem

A y Hty Does a solutionexist near to

yltol yo IS there more than one solution

Whydowe care
about if

we cantsolve11analytically



Answer first The existene uniguness is civil for designing
numerical methods for solving ODES which are the only

option most of the time

Idea d existence proof
We need to pwn the existence of a function without
constructing it Motivate for technique
In calculus
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it canbe shownthat this
series converges for any I this implies the existence of safe

furchin f sit Axl
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even if we don'tknow that f11 1

Outlineforta
Construct segunu of functions yeyen yen that has a

hinit y on some interval toE t E tox and show that

y _felty on this interval

Examine the exact solution
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Rewrite as

yHl leftyH

Ll.lyti1 ylto t fflsy1ds
Li an operator or transformation or neap

Theatre a solution yHl to Y
f T is a fixed point

y1Hgo
of L This menu Llyitt ylt JAlgorithm Guess a solution yolt To

Compute yHl yo t fotflt.y.is d's

If Lly y stop solution found

Otherwise Let yaltl yotftfls.y.la ds
se

And so on

The computation yet Itt yotftfls.gesi1ds is called a

PicardIteration
The sequence y ya y defined above via

Picard Iteration can be shown to alwaysconveye for t c tototal
for some suitably small x

Idea µ tg.IE kwffrtittakfpwximatioutoyltotal

Repeat

Example y y solution y et
yw I y.lt yotfty.laIs 73

ThinkofTaylor
Ty yo ftlds Itt Yotsotlltslds gene

reverse
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ConverynudthePicarditerativI
Lemuria Choon ang a b 0 let 12 be the rectangle initial

R toEt Etta value yoYotb

ly pleb y j
Define M max lflt.gl

tiyeRxmin la
then lynltl yo E MIt.to f to Et E Lota

Proof page72 of textbook

Thy If
y
exists and is continuous in R the Picard

iterates yelt converge for any to Etta

Proof page72 in text

Mainthem Let f and d y be continuous in the

rectangle toc tea lyTolEb Compute

Me mqxlflt.gl and set min a

then the IVP y uf ylLoi yo has a unique

solution on to toto

Example y tty fIty t Fyi is continuous
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