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High order methods

ut = ux

Solution

u(x; t) = ei! x + i! t

Discretize in space:

uj (t ) = ei! x j + Q̂ p t :
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Points per wavelength M

Compute q periods in time
Maxim um error "

2nd order M 2 � 2�
� � q

3"

� 1=2

4th order M 4 � 2�
� � q

15"

� 1=4

6th order M 6 � 2�
� � q

70"

� 1=6

1% error level:

q M 2 M 4 M 6

20 287 28 13

200 909 51 20



Fourier methods (Pseudo-spectral methods)

Approximate v(x) = @u
@x when u(xj ) known.

u(xj ) =
N =2X

! = � N =2

û! ei! x j

v(xj ) =
du
dx

(xj ) =
N =2X

! = � N =2

i! û! ei! x j =
N =2X

! = � N =2

v̂! ei! x j

Compute û! by FFT

Compute v̂! = i! û!

Compute v(xj ) by FFT � 1
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Joe Oliger's students:

John Strikw erda 1976 Wisconsin

Ken Bube 1978 Washington

Tony Chan 1978 UCLA

Bill Coughran 1980 Google

Bob Higdon 1981 Oregon State

Bill Gropp 1982 Argonne

Marsha Berger 1982 NYU

Randy LeVeque 1982 Washington

Nick Trefethen 1982 Oxford
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Wei-Pai Tang 1987 Boeing

Bill Skamarock 1988 NCAR

Pat Worley 1988 Oak Ridge

Amala Mahadevan 1995 Boston University

Patric k Wit-ting 1995 Dreamworks

Xiaolei Zhu 1996 Tykhe LLC

Margot Gerritsen 1997 Stanford

James Lambers * 2003 Stanford

* Jointly advised by Gene Golub



* Berger. M. and Oliger J.: Adaptive mesh re�nement for

hyperbolic partial di�er ential equations. J. Comp. Phys.,
Vol. 53, pp 484{512 (1984)

\Ov erlapping grids"
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31, pp 629-651(1977)
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University.
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Wave equation

1-D

utt � uxx = 0

Solution

aei! ( x + t ) + bei! ( x � t )

Fourier transform

@=@t ! i� ; @=@x ! i!
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(Boundary condition)



2-D

utt � uxx � uy y = 0
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(Boundary condition)



Bob MacCormac k

Stanford 1985{
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MacCormack R.W.: The e�e ct of viscosity in hypervelocity

impact cratering. AIAA Paper No. 69-354, Cincinnati, Ohio
(1969)

\The MacCormack scheme"
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310 publications!
Transonic aerodynamics



67 JamesonA., Schmidt W., Whit�eld D.: Finite volume

solution of the Euler equations of transonic 
ow over
airfoils and wings including viscous e�e cts. AIAA Paper

No. 81-1265(1981)



Mathematics:
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icolaou



Mechanical Engineering:

(e) Parviz Moin (f ) Charb el Farhat
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Margot Gerritsen



Aeronautics and Astronautics:

Sanjiva Lele




