


Flux Integrals?

1
hx

Z tℓ+1

tℓ

f (uj+1/2)dt?
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The Godunov Scheme
Altogether:

ūj ,ℓ+1 = ūj ,ℓ −
ht
hx

(f (uj+1/2,ℓ)− f (uj−1/2,ℓ)).

Overall algorithm?

Heuristic time step restriction?
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Riemann Problem




ut + f (u)x = 0,

u(x , 0) =

(
ul x < 0,
ur x ≥ 0

Exact solution in the Burgers case?
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Rieamnn Solver for a General Conservation Law
To complete the scheme: Need f ∗(u−, u+). For Burgers: already known.
For a general convex (f ′′(u) > 0) conservation law?

Equivalent to

f ∗(u−, u+) =

(
maxu+≤u≤u− f (u) if u− > u+,

minu−≤u≤u+ f (u) if u− ≤ u+.
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More Riemann Solvers

Downside of Godunov Riemann solver?
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Back to Advection
Consider only f (u) = au for now. Riemann solver inspiration from FD?
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Side Note: First Order Upwind, Rewritten

uj ,ℓ+1 − uj ,ℓ
ht

+
f ∗(uj ,ℓ, uj+1,ℓ)− f ∗(uj−1,ℓ, uj ,ℓ)

hx

with

f ∗(u− , u+) =
au− + au+

2
− |a|

2
(u+ − u−).
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Lax-Friedrichs
Generalize linear upwind flux for a nonlinear conservation law:

f ∗(u− , u+) =
au− + au+

2
− |a|

2
(u+ − u−).

Demo: Finite Volume Burgers [cleared] (Part I)
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