Meteo 421: Dynamic Meteorology I
1. Fundamental Physical Concepts
a. The atmospheric continuum and fluid parcels
b. Properties of a fluid parcel
c. Useful mathematical concepts
d. Reference frames
e. Basic ideas on the Earth and atmosphere
f. Fundamental forces
g. Apparent fcrces
2. Review of the Primitive Equations
a. Momentum equations: The Navier Stokes equations
b. Continuity equation
c. Equation of state
d. Thermodynamic energy equation
e. Nondimensional parameters
f. Tangent Planes: f~plane and B-plane
g. Navier Stokes equations in spherical coordinates
h. Scale analysis of the Navier Stokes equations for synoptic flow
i. The hydrostatic equation
j. The hypsometric (or thickness) equation
k. The continuity equation in isobaric coordinates
3. Vorticity and Circulation
a. Definition of circulation

b. Circulation theorem: Kelvin and Bjerknes
c. Relative and absolute vorticity

d. Relation between circulation and vorticity
e. Deriving a predictive equation for vorticity



4. Finite Differences: A Tool in Numerical Modeling

a. First order derivatives

b. Second order derivatives

c. Brief overview of the structure of a finite difference model
5. Kinematics

a. Moving a parcel: translation, rotation, divergence and deformation

b. Following a flow: streamlines, trajectories and particle paths
6. Potential Vorticity

a. Barotropic nondivergent form (absolute vorticity)

b. Barotropic form involving equivalent depth of the fluid

c. Rossby waves and lee cyclogenesis

d. Baroclinic form (involving static stability)

e. Derivation of the baroclinic PV equation

f. Exploration of the PV source terms

g. Isentropic PV conservation
7. Balanced Flows

a. Geostrophic wind 7,
b. Thermal wind: vertical shear of 7,

c. Geostrophic flow in natural coordinates
d. Inertial flow
e. Gradient wind 7,

f. Cyclostrophic wind 7,

g. Comparison of gradient and geostrophic winds
h. Invertibility of PV using balance constraints



8. The Neutral Planetary Boundary Layer
a. Frictional stresses
b. Reynolds’ averaging
c. Mechanical and buoyant production of turbulence
d. Eddy diffusion theory
e. Ekman layer and Ekman pumping
9. Unbalanced Flows
a. Concept of instability
b. Static stability and the Brunt-Vaisala frequency, N
c. Ageostrophic wind
d. Inertial instability
e. Inertial oscillations as an example of ageostrophic flow
f. Evaluating vertical motion using three approaches
g. The surface pressure tendency equation
d. Isallobaric wind and the surface pressure tendency equation
10. Issues in Numerical Modeling
a. Numerical stability
b. Barotropic and primitive equation models
c. Initialization and parameterizations



Dvnamie Meteorology [ Fall 2006
Class Schedule, Tutor, Office Hours, Project, Exams
tostructor: Dr b L. Evans (jle7@psu.edu)
Room 509 Walker

Tutor: Lindsay Sheridan (Ims436@psu.edu)
Room 530 Walker

Lecture classes will be held Monday and Wednesday at 8:00-8:50
pm in Room 102 Leonhard and Thursday at 1:25-3:20 pm in
Room 124 Walker.

Classes on Friday at 8:00-8:50 am in Room 102 Leonhard will
be used to work through questions on the (approximately weekly)
homework sets and clarify material from the lectures and quizzes.
Mid-term exams (19 October and 16 November) will be held in
the Thursday 1:25 pm time slot.

Weekly quizzes will be at the beginning of Thursday classes.
Vorticity project discussion sessions (7 and 14 December) will
be held in the Thursday 1:25 pm time slot.

o Drkvan office bours are Wednesdays at 9:30 — 10:30 am and
Thursdays at 1 5H30 am - 12:30 pm.

Lindsay Sheridan’s office hours are Mondays at 3:30 — 4:30 pm
and Tuesdays at 1:00 — 2:00 pm.






