
ATOC 513: Waves and Stability

The course covers a variety of wave types and instability mechanisms that are fundamental to at-
mospheric and oceanic dynamics. Most of the topics covered make simplifying assumptions that are
rarely valid in realistic settings; however, the course also discusses how these linear wave and stability
mechanisms give insight into the dynamics of more complex nonlinear flows. By the end of the course,
students should have enough familiarity with standard classic problems in geophysical fluid mechanics
so as to be able to engage in a research level discussion in a topic of interest in this field.

Course Outline

1. Review of basic concepts

(a) Linear plane waves, phase and group velocity

(b) Nonlinearity and convolution

2. Basic Atmosphere-Ocean wave types

(a) Acoustic waves

(b) Linear shallow water waves

i. Non-rotating

ii. Poincarré

iii. Kelvin

iv. Rossby

(c) Linear Boussinesq waves

i. Inertia-gravity

ii. Stratified Rossby

(d) The WKB approximation

3. Various instabilities

(a) Static and shear instabilities

(b) Kelvin-Helmholtz and barotropic instability

(c) Inertial and symmetric instabilities

(d) Parametric instability

4. Quasigeostrophy

(a) Review of the stratified QG equations

(b) Surface quasigeostrophy

(c) baroclinic instability
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5. Sample special topics for student presentations

(a) Wave-vortex decomposition and quasigeostrophy

(b) β-plane turbulence

(c) The equatorial wave guide

(d) Topographic waves

(e) Critical layers

(f) Frontogenesis

(g) Double diffusive instability

(h) Wave mean flow interaction

(i) Spectra and transfer spectra

Instructor: David Straub (david.straub@mcgill.ca

Grading: There will be one midterm (25%) and several homework assignments (25%). The remaining
50% comes from a student presentation/report on an agreed upon special topic (25%) and an oral
final exam (25%). The oral exam will be scheduled in the first week of the exam period unless special
arrangements are made.

References: B. Cushman-Roisin, Introduction to Geophysical Fluid Dynamics ; J. R. Holton, An
Introduction to Dynamic Meteorology ; A. E. Gill, Atmosphere-Ocean Dynamics; J. Pedlosky, Geo-
physical Fluid Dynamics, J. Pedlosky, Waves in the ocean and atmosphere ; P. G. Drazin and W. H.
Reid, Hydrodynamic Instability, G. Vallis, Atmospheric and Oceanic Fluid Dynamics

McGill University values academic integrity. Therefore, all students must understand the meaning and conse-
quences of cheating, plagiarism and other academic offenses under the Code of Student Conduct and Disciplinary
Procedures (see www.mcgill.ca/integrity for more information).
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