


The Renormalization Group in Applied Mathematics

Professor Nigel Goldenfeld

Lecture 1: Self-similarity, incomplete similarity and asymptotics of nonlinear PDEs

Wednesday May 21, 2003 at 12.00 noon.

Dimensional analysis; extended dimensional analysis and anomalous exponents in the long-time behaviour of PDEs;
modified porous medium equation; propagation of turbulence.

Lecture 2: Singular perturbations: uniformly valid approximations from RG

Wednesday May 28, 2003 at 12.00 noon.

Perturbed  oscillators, boundary layer problems with log ε terms, WKB with turning points, switchback problems;
spatially-extended systems and the derivation of amplitude and phase equations near and far from bifurcations.

Lecture 3: Numerical methods and under-resolved computation

Friday May 30, 2003 at 12.00 noon.

Similarity solutions are fixed points of RG transformations; velocity selection, structural stability and the Kolmogorov-
Petrovsky-Piscunov problem; universal scaling phenomena in stochastic PDEs; perfect operators.















N. D. Goldenfeld, O. Martin and Y. Oono. Intermediate asymptotics and
renormalization group theory. J. Scientific Computing 4, 355-372 (1989).

N. D. Goldenfeld, O. Martin, Y. Oono and F. Liu. Anomalous dimensions and
the renormalization group in a nonlinear diffusion process. Phys. Rev. Lett.
64, 1361-1364 (1990).

N. D. Goldenfeld and Y. Oono. Renormalisation group theory for two
problems in linear continuum mechanics. Physica A 177, 213-219 (1991).

L. Y. Chen, N. D. Goldenfeld and Y. Oono. Renormalization group theory for
the modified porous-medium equation. Phys. Rev. A 44, 6544-6550 (1991).

L. Y. Chen and N. D. Goldenfeld. Renormalisation group theory for the
propagation of a turbulent burst. Phys. Rev. A 45, 5572-5577 (1992).

References for lecture 1



All my RG papers can be obtained in reprint
form from

http://guava.physics.uiuc.edu/~nigel/articles/RG







Additional References for lecture 1
Mathematical articles by A. Kupiainen, J. Bricmont and co-workers:

Renormalization Group and Asymptotics of Solutions of Nonlinear Parabolic
Equations, Comm. Pure Appl. Math. 47, 893-922 (1994)

Renormalization Group and the Ginzburg-Landau Equation, Commun. Math. Phys.
150, 193-208 (1992)

Renormalizing Partial Differential Equations, in Constructive Physics, ed. by V.
Rivasseau, 83-117, Springer (1995)

Universality in Blow-up, Nonlinearity 7, 1-37 (1994)

Stable Non-gaussian Diffusive Profiles, Nonlin. Analysis, Theory, Methods and
Applications, 26, 583-593 (1996)

Stability of Moving Fronts in the Ginzburg-Landau Equation, Commun. Math. Phys.
159, 287-318 (1994)

Global large time self-similarity of a thermal-diffusive combustion system with critical
nonlinearity, J. Diff Eqn, Vol. 130, No. 1, 1996, pp 9-35

Stability of Cahn-Hilliard fronts, Comm. Pure Appl. Math. 52 (1999), 839-871































































End of lecture 1


