
04130120 Sec 5.11
. Stiff Differential Equations

- Main issue

° IVP : Y
'

= - 1004 , 4101=1
⇒ Yct ) = e

- loot

↳ well - posed problem

° Forward Euler

Wo = &{ Wu, = With f- Iti , Wi )
↳ stable

. consistent Ch → O )

Y ( ti ) x W
,
= Wot hflto

,
Wo )

⇒ I yet. ) - w.IE hit Y'' 15.71 ,

where to < 5. st .
.

• Y
"
(t ) = 100- e

- loot
.

If h = 0.1 and 31=0.01
,
then

I Ylti) - wit E COLI . "oe = 18

↳ can 't guarantee a good approximation w ,

with h -- 0.1
.

↳ with sufficiently small h
. we can get

the convergence .

'

How can we get a proper step size h

depending on a such that Y
'

- DY ?
'

↳ AKO ⇒ a stiff equation .



- One - step methods

Y' = ay , Yeo) -_ x : a test problem

• Forward Euler

Witi = ( IthD) Wi = ( thx )
"'d

⇒ It that L l : stability condition
( for given h

. good approximation )

Let n - hd be a complex number
.

NIMMI

111-7121¥T::
"

. * absolute

stability .

If Ds O
.

Im (7) = O
,
so R = ( -2 .

O )
.

⇒ - 251hL O

⇒ h s - ( 2K )
( If D= - 100

,
h s 0.02 )

° Backward Euler

Witi = Wit HD Witi

⇒
1-

L l
l l - hat

⇒ II - hat > I ( Il - ht > I )



Im ch) l l - ht > I

¥>
req,

If Rech ) so ,
then it is absolutely stable .

If 4<0 . it is absolutely stable
.

-

. A - stable ( { neat Renko ) CR )

- Mutistep methods

° characteristic polynomial
( different from Sec 5.10 )

'

plz , n )
'

° Stability region
Let 2, Cy ) . Zach ) be zeros of Plz

. M ) .

Then
.

R = { ME 1C I 12,43141 . 122911513
.

ex , A - B explicit method

Witi = Wit hz ( 3DWi - Dwi- i )
= ( I + 3h21) wi - hi Wi- i



⇒ Pez , y , = 22 - ( I +321 ) z + Iz
⇒ a = ( I -13¥) ± It
⇒ kief 's -13¥)'t ¥ ( Itn -19¥ )

= It n t -972 L l
4

( In midterm
.
9<0 : a real number )

If Piz , y ) is of order 1
.
then the

method is an one - step method
.


