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stability, dissipation, dispersion.

Pap nore

① Two-level schemen ig

P he+1
=Que +hbe

↑

time l + 1
↑

time l

② &is the numerical approx

#is the exact.

e
=a - u



③ Iis the truncation error
-

is "the remainder
after

applying the FD
scheme

tothe mostsolution"

=DPrx =Que +-h=
A
why?

Example
5,14



④How do errors propagate?
Ptex=QUe +chz

- (Pun+1

=Qur)
=>42x =Qee +3hz

20
=0 (since no

=0)

Pe=Q20
+40hz

=4.ht
e=p

+y.hz



Re =

3
=P-zet

2z
=p-Qe, + py,hz
=4

-

GP"x.h =
+P
-

7,3
Pes = ...
Pey =
....

:

e
=(p -2(ep-h +

+P



⑤
e =m(p "G)emp -xn

- 1

m=1

=>Ieell <n =
311(-G(e-up-11) ((n))
iheone more

stability consistent

⑥ Ascheme is consistent Ec ->0
->

if 4, -0 as he,hat (a),-0
⑦ Asdreme is convergent
if el to as he, hy t0.

⑦Ashame is stable if
-

1(P*a)p'1l c for some



⑧ How toshow stability?
①bound thematrixnorms

② von Neumann stability



VN tability
-
-

(Section 5.3.2 intext)
storySh
· Pand &are Toeplitz
·can write (PX) =E Pi-XR

[QX)i =Efi-kxm
·
..

114 "QHmayapplp
if(2,</ ↑FourierTrans
them stable

of
8,9



In practice:
= ((zik0letMm,r
1

C
V
=az

Example
Uk,e +1

=U um-,e
+(1 -V)Uk,e

/ i kG(*e =0(e40- 10 +(1 - V) *BeO
-iG

x =0e + (1 - 5)

Find conditions so that

(j) = (x) =1



X =0e
- if

+(1 - V)

(x|11?

X =i - u(1 - e-i8)

-> (5 =1 - 2(1 - e-i6)
- v(1 - 3i6)

2

+2=D1 - e:0
= 1 -27 +2Ucos()

- iQ iQ+Vr(1 - e - e +eif +it)
11#cos +1
-

2 - 2cosQ

=1- 20 +20cos8
+22-20sE)



(X(1 - 28 +252 +2(8-23)cos

take
-> 8(xF

=
- 2 (U -V) si8=OS m=

6t if o =mπ

1 - 28
+25 +2 (8-22)(E1)

if mis even:

(5) =1 - 25
+253 +20 -252

=1

if misodd
(xp =1 - 48 +482

=11 - 25/



(R =11 - 22R=/
iff

0 =0 =1

or

0 k ah11
Or

hz =hx
-

a

Ut +akx =0



Can we do better?

Taylor a(X,t +hz) =h(x,t)
+hHz(x, +)

Ut +aux
=Δ ·utilist

tosses

-> Ut =
- aux

also
Ux

= - aUtX

->ux
=auxx

2
hau(x,t+hz) =u + h

=Ux #
=
(xx

↑ M
centered centered



explicittime ered In ordernxxcen
↓ ↓

⑧
#


