


Today : Get an account at

r C
.

Colorado .
edu

1.Use your iduti key and 2- factor auth

The smart phone app
Duo is easy to use

and more convenient than getting a token
.

Let me know when you are done
when every one are done I will request an

allocation for the class
.
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System How to choose flux ?

Start with

9£
+ U×=o

,9is
density and his

velocity perturbations

Utt9x
=0 of a guiseenb Hurd .

Hutto.to#suH:) ⇐ Enter .

what does upwind mean now ? in 2 variables
.

=
Note ;
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let S= tivzkfz (
l

, !, ) and introduce

Characteristic
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We have thus reduced the problem to two

scalar ear and can write down a DG scheme

f.gg#dott.t..qax=.8lo9Ygxm.9*=e9+tatD9i
,

fg#yqty×rdx=t[Yr4g%
'

,

r*= pzrttap . )rj .

Choose B ,
and Bz by the same

analysis as before ←



This approach works in ID and one can

Eonveh to § , n whenever needed
.

In ZD the characteristics will be different and

we cannot ( typically) work En characteristic variables
.

Lets try to work directly with

Witt AWI = 0
.

Suppose that all eigen values of A are real

and the the is a full set of eigenvectors

(The problem is hyperbolic )



Also assume that Max {1/11}<-11 #
then

We can use the scheme :
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GH
×tH

fYutt49×dx=[
Yes- g*.

Xy



.  1

tftjtsttyuxdx
⇐

[¢ueu*sfj*"

tfgulutt #dx=[4859M¥"

Her # choose
2

A = -1

Addington
stain'y→tEny + utters'ynyE→*j

=
gtut - Eni + u*cEs7+s*Cu=u+)



gtnt - g- n + ME . st ) + Mutt )

g*=

tzl8ttE1txmgIlnTitntuY-tzlgttg7nt-nyUtt-tzluttMtdmqfn-g-tntgY-tzluttu-t9t-STgtnt-g-nttzlg-gtflgt.gytouttuifttzlui-utHut-uTtgttFf-9tut-ofntlz@utttgOu.Ezut.d

# - { ( g- - gt )2

t¥@E¥E#E€¥{hints%ae%ab.es
Upwind

,
,

= 3



Higher order equations .
( Basics )

Consider the heat elf .

Ut = U×× ,

- ITEXEF
,

tzo

N( X. �1� ) = sin ( x )

has solution W x. f)
=e# sin ( x )

.

To make this booh the a fins Lord

eq .
we wrote ¥u=of×U×



¥ U = of Ux . Tntoducirg of = Ux

we have

u← = qa }
flout - tfxdx =

- Hot-g*y io

of = U* f4qdx= SYUX @

We try to solve 2 first as this is a linear

system of ego then we compile Ut to evolve

question : This is a heat elf
,

how should

we choose of
* ?



The "
natural choice

" q*={{9-3} does not work !

this was very surprising and was a

mystery for some tome .
The central flux on g*

by itself is Veawy unstable but often locks

stable ( although there is no= convergence )

what to do ?



Another formulation

ftutaeftqxdx
- [ 10 ( q - qxy

]8
"

as sg G

f4fdr=f4U×dx
- [ 4h - uxy]8

"

g of 8

To get a local method we choose

U*= tzluttu ) → solve locally for 9- everywhere

mm Choose q*= tdqtq) and compile Ut locally .



It turns out that this gives a stable method

but a method that is only optimally converged

for every own degree ( which is not really a

brs deal ? )

An alternative is to choose so - called

local DG ( LDG ) fluxes q*=qt ,
u*= a-

this gives optimal
or F*=F ,

u*=u+

convergence .

Alternating sides
. for

µ and at . .



At boundaries one may enforce Dirichleh

be by outside Statesut=-u,g=#
or Neumann BC as .Ut=n-

, gt= -

q÷
Show program / results for

Utt ( Ek + (E)y=H××tuyu)0



Nonlinear terms
.

A safe but Solow way
to impanel a nonlinear

term is

ftuet.
,tEld×=[lqEP ]

⇐ e.

Treated with Lax
' Friedrich

¥ al n on quadrature

nods , square ,
fhen

integrate .

Non adds is
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