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	The course covers the basic conservation laws of mass, momentum, and energy, and a scaling analysis of the equation of motion and the thermodynamic equation; concepts of circulation and vorticity, balanced flows in the atmosphere (e.g., the geostrophic wind and its vertical shear, and the thermal wind relationship), planetary waves and wave-mean flow interaction. It also covers the baroclinic instability theory and energy transfer in the life cycle of the baroclinic eddies, and two-layer quasi-geostrophic theory for the mid-latitude atmospheric general circulation. Hadley circulation dynamics may be discussed if time permits.
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General Information

New courses and deletions or modifications of an existing course all require approval through the college/school curriculum committee, and, if needed, the Graduate Council.

If you would like to request the course to fulfill a general education requirement, please go to the Provost’s website at http://provost.gmu.edu/gened/faculty.html for the appropriate forms and process.

A course approval form must be filled out for the following modifications:

· Title

· Credits

· Grade type

· Prerequisite

· Corequisite

· Schedule Type

· Repeat Status

· Restrictions (Major, college, or degree)

Please note:

· Changes to the course description of an existing course should be submitted during the catalog copy review.

· Changing the subject code or course number requires deletion of the old course and creation of a new course.

· Course numbers cannot be reused unless they have been inactive for 5 years or more.

How to Process a Course Approval Form

1. Complete the course approval form to create a new course, modify, or delete an existing course and attach a justification for the proposal.  For new courses only, attach a copy of the syllabus as well.  For modified courses, fill out only the sections that are being modified with the new information.  

· For title:  If you are requesting a substantive title change, you must delete the old course and create a new course.

· For credits:  If the course has a lab or recitation component, please indicate the credits for the lecture and 0 credits for the lab or recitation.

· For repeat status: If the course is repeatable, you must indicate the total number of credits that a student may take the course.  

For example: If the course is a fixed 3 credit course and the student is allowed to take it 3 times, indicate 9 in the total number of credits allowed.

· For grade mode: Indicate whether the course will have standard grading (undergraduate or graduate) or whether it will have one of the alternative grade types (S/NC, IP).  For more detailed information, go to the Registrar’s Office website (registrar.gmu.edu).

· For schedule type: Indicate what type of course this will be. If the course has a lab or recitation component, please indicate the credits for the lecture and 0 credits for the lab or recitation. 

· For prerequisite and corequisite: List all the prerequisites and corequisites for the course.

· Special Instructions: Courses can be restricted to specific groups of students in a school/ college, major, or degree. If you place a restriction on a course, the restriction will be placed on all sections currently scheduled and any future sections.  If the restriction should only be on a specific section of a course, the department scheduling coordinator should send an email to schedule@gmu.edu with the type of restriction along with the major, college, or degree code. The codes can be found in the Catalog. 

2. Submit the form and attachments to your departmental curriculum committee for approval then to your College/School curriculum committee for approval.

3. If the form is for an undergraduate course, forward the form with approval signatures to the Academic Scheduling Office, MS 3D1.  If it is for a graduate course, please see the additional instructions below.

For graduate courses only:

4. Save the word document as the subject and course number without spaces (ex: PSYC648) 

5. Send the document as an email attachment to Jennifer Bazaz (jbazaz@gmu.edu). Remember to include any related documents.

6. Bring the form with department and college/school approval signatures to the Graduate Council meeting. If approved by the Graduate Council, it will then be forwarded to the Academic Scheduling Office by the Provost’s Office. 

Course Proposal Submitted to the Graduate Council

by

The College of Science

1. COURSE NUMBER AND TITLE:

CLIM411, Introduction to Atmospheric Dynamics
Course Prerequisites:
Newtonian physics, vector calculus, partial differential equations 

Or permission of instructor
Catalog Description:
The course covers the basic conservation laws of mass, momentum, and energy, and a scaling analysis of the equation of motion and the thermodynamic equation; concepts of circulation and vorticity, balanced flows in the atmosphere (e.g., the geostrophic wind and its vertical shear, and the thermal wind relationship), planetary waves and wave-mean flow interaction. It also covers the baroclinic instability theory and energy transfer in the life cycle of the baroclinic eddies, and two-layer quasi-geostrophic theory for the mid-latitude atmospheric general circulation. Hadley circulation dynamics may be discussed if time permits. 

2. COURSE JUSTIFICATION:
Course Objective:
The main objective of this course is to introduce the basic physical concepts and rigorous mathematical treatment of the fluid dynamics of the atmosphere, and build a strong foundation for the undergraduate students who are interested in pursuing more advanced (graduate) studies in the areas of atmospheric dynamics or climate dynamics.

Course Necessity:

At present there is no undergraduate course providing a mathematical foundation of the geophysical fluid dynamics underlying much of the atmospheric and oceanic circulations at a level that will enable the students to undertake graduate work. 
Course Relationship to Existing Programs:

This course will promote student interest in climate change related research, drawing on resources within the Department of Atmospheric, Oceanic, and Earth Sciences (AOES) and other departments (such as Geography and Geoinformation Sciences, and Environmental Science and Policy).
Course Relationship to Existing Courses:
This course is the modification of the existing CLIM711 graduate course, with somewhat lower requirement in the standards of homework and exams. In particular, the undergraduates will have fewer homework problems than graduate students, and the problems will be at relative rudimentary level. Undergraduates will have midterm exam but exempt from a scientific project deemed necessary for the graduate students.

3. APPROVAL HISTORY:

The predecessor of this course CLIM711 was an approved core course for the Climate Dynamics Ph.D Program. 

4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering:

Fall 2010

Proposed Instructor:

Dr. Jian Lu

Email: jlu2@gmu.edu

Phone: (301) 902-1244

Fax: (301) 595-9793

5. TENTATIVE SYLLABUS: 

See attached syllabus on the next page.

CLIM-411
Introduction to Atmospheric Dynamics
-- SYLLABUS --

Summary: 

The course covers the basic conservation laws of mass, momentum, and energy, and a scaling analysis of the equation of motion and the thermodynamic equation; concepts of circulation and vorticity, balanced flows in the atmosphere (e.g., the geostrophic wind and its vertical shear, and the thermal wind relationship), planetary waves and wave-mean flow interaction. It also covers the baroclinic instability theory and energy transfer in the life cycle of the baroclinic eddies, and two-layer quasi-geostrophic theory for the mid-latitude atmospheric general circulation. Hadley circulation dynamics may be discussed if time permits. 

Format: 

There will be one class each week unless otherwise stated. Homework. Mid-term and final exams.

Credits: 

3-credits
Instructors:

Dr. Jian Lu
Email: jlu2@gmu.edu

Phone: (301) 902-1244

Office Hours: 

By Appointment

Course web page:

http://mason.gmu.edu/~jlu2/Clim711.htm
Text books and Supplementary Reading Materials:

- Main Textbook: Holton, James R., 1992 (2004): An introduction to Dynamic Meteorology, 3rd (4th) edtion. Academic Press. (REQUIRED)

- Reference book: J. Marshall and R. Allan Plumb (2008): Atmosphere, Ocean, and Climate Dynamics

--In Introduction Text. Academic Press

- Reference book: J. M. Wallace and P. V. Hobbs (2006): Atmospheric Science—An Introductory survey.

- Reference book: Vallis, Geoffery, 2006: Atmospheric and Oceanic Fluid Dynamics. Cambridge Press.

- Lecture Notes and supplementary reading materials will be posted on the course webpage each week.

Evaluation Criteria:

The assessment of student performance will be based on homework (40%) a mid-term exam (20%), a final exam or term paper (30%), and class participation (10%).

Prerequisites: 

Newtonian physics (PHYS 260 and 261), elementary differential equations (Math 214); vector calculus (Math 215)

Or permission of instructor
Academic Integrity:

All students are expected to abide by the honor code of George Mason University, which can be viewed at http://www.gmu.edu/catalog/9798/honorcod.html#code
Class Schedule:

Week 1: Introduction- Laws of Motion
Week 2-3: The basic conservation laws: fundamental forces

Week 4-5: The basic conservation laws: the equation of motion

Week 6-7: Circulation and vorticity

Week 8-10: Quasi-geostrophic analysis and theory

Week 11-13: Waves; Linear perturbation theory

Week 14-15: Baroclinic instability

Laws of motion (Chap. 1)

Fundamental forces

Gravitational, pressure gradient, friction, Coriolis

Mixing length theory, molecular vs. eddy viscosity
Structure of the static atmosphere
Generalized vertical coordinate, pressure vertical coordinate
 
Basic conservation laws (Chap. 2)

Total differentiation, Eulerian and Lagrangian reference frames

Total derivative of vector

Rotating frame
Conservation of momentum  in spherical coordinates
Conservation of mass
Conservation of energy

Potential temperature, adiabatic lapse rate

Static stability
Scale analysis

Hydrostatic balance

Geostrophic balance
Primitive equations in z coordinates
Primitive equations in pressure coordinates

Geostrophic balance

Thermal wind

Barotropic flow
 
Circulation and vorticity (Chap. 4)

Circulation



Bjerknes theorem (general case)


Kelvin theorem (barotropic case)

Relative circulation


Conservation of angular momentum and ideal Hadley circulation (*)

Absolute vorticity, relative vorticity


Natural coordinates: shear and curvature


Local Cartesian coordinates

Conservation of potential vorticity

Examples


Barotropic (conservation of absolute vorticity)


Baroclinic mountain forced

Absolute vorticity eqn.

Relative vorticity eqn. (vertical component)

Scale analysis


Ertel potential vorticity

Barotropic vorticity eqn.


Fourier analysis  (Sec. 7.2.1)


Free Rossby waves in 1D and 2D (Sec. 7.7.1)

Perturbation solution
Topographically forced Rossby waves (Sec. 4.5, 7.7.2)
 
Quasi-geostrophic theory

Derivation of quasi-geostrophic potential vorticity equation (Sec 6.2)


2-layer model of barclinic instability (Sec. 8.2)

Equations of motion in log-pressure coordinates (Sec. 8.4.1)

Extratropical energy cycle (Sec. 10.4)

Rossby waves in 3 dimensions (Sec. 10.5.1)
 
Waves (Chap. 7)

The perturbation method

Shallow-water gravity waves

Internal gravity waves

Inertio-gravity waves

Adjustment to geostrophic balance
 
 
Baroclinic Instability (Chap. 8)

Normal mode baroclinic instability: A two-layer model


Energetics of baroclinic waves

Baroclinic instability of a continuously stratified atmosphere

Growth and propagation of neutral modes
