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Marcus Grote, postdoctoral fellow, was supported during this reporting period.

3. Report of Inventions

none

4. Scientific Progress and Accomplishments

During the period of the grant, one large effort by Majda involved novel wavelet methods
for Monte Carlo simulation of turbulent diffusion with random velocity fields having many
spatial scales. Majda and Elliott [(10)] have applied these methods to verify Richardson’s t3 law
for pair dispersion over eight decades of separation with an accurate preconstant over these same
eight decades with the velocity field defined through Taylor’s hypothesis; these are the first
simulations checking Richardson’s law for more than one decade of separation. Majda has
worked with his post doc, Horntrop, on Fourier-based wavelet Monte Carlo methods for turbulent
transport which are more flexible and suitable for random fields generated by waves. Horntrop
and Majda have also used exactly solvable models to demonstrate subtle numerical issues with
conventional Monte Carlo algorithms ([4], [6]; to appear [4]). During this granting period,Majda
and his research group have also established, both rigorously and practically, that the “successive
random addition algorithms” for generating fractal random fields, which are very popular in the
physics community, cannot be consistent with a stationary Gaussian fractal field.



Another major effort by Majda and his collaborators has been to provide the first
unambiguous check of the G-closure procedure for turbulent combustion as compared with the
rigorous renormalization theory developed recently by Majda and Souganidis. For small scale
turbulence defined by shear flows, there are both regimes of success for the G-closure method
and also regimes of strong underprediction of the flame speed through G-closure. Majda and
Souganidis ([13]) have developed the first upper bounds for turbulent combustion with fractal
velocity fields. Also, Majda, Embid and Souganidis ([15]) have shown through systematic
unambiguous models that the Huygen’s principle for large scale flame propagation can be
violated strongly even for F-K-Z chemistry at high activation energies; the true large scale flame
front dynamics are governed instead by a variational inequality, as developed earlier by Majda
and Souganidis for K-P-P chemistry.

As regards fluid dynamics, Majda has continued his work on singular solutions for the 3-
D Euler equations as well as related models ([12], [14]). With his post doc, Marcus Grote, he has
also developed new model dynamics which display vertical collapse in strongly stratified flows
([71, [8]). Majda has also developed the first models with D. McLaughlin and E. Tabak where
dispersive wave turbulence can be checked in an unambiguous fashion.
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