ATMOSPHERIC SCIENCES 451b/551b





Fall 2009
Introduction to Physical Meteorology
This is the first semester of a two semester series introducing physical meteorology. The two courses cover the history, composition and chemistry of the atmosphere, kinetic theory, the mechanics of ideal and real fluids, aerosol mechanics, atmospheric acoustics, atmospheric radiation, scattering, radiative transfer, atmospheric optics, cloud physics, energy budget and climate theory, and (if we get to it) atmospheric electricity.
Instructor:


William C. Conant (conant@atmo.arizona.edu)

Office:



PAS 550





Phone:  
626-0624
Office Hours:


2:00 - 4:30 PM daily or by appointment (monitor website for changes).

Course Grading:


In-class Exams/Quizzes
30 %





Homework


30




Class participation

10




Final exam

          _30




TOTAL


100 %

Exam Schedule: 

Mid-term exams, in-class, dates TBD.




Final exam, Mon, Dec 14, 2009, 11 AM to 1 PM

Overall Goal:


Provide a foundation in atmospheric physics that is suitable for professional employment and/or advanced study in the atmospheric sciences.

Minimum Prerequisites:
Understanding of basic physics and mathematics through differential equations and the material covered in the courses ATMO 300a,b.

Textbooks:


Several references are on reserve in the ATMO/IAP library, others are in my office.  Tested material comprises lectures, handouts, and supplemental articles from website.  The texts used most heavily will be Wallace and Hobbs, Atmospheric Science; Seinfeld and Pandis, Atmospheric Chemistry and Physics; and Fleagle and Businger, An Introduction to Atmospheric Physics.  Please Buy Wallace and Hobbs, I can distribute essential chapters from other texts.
 Homework

I will assign homework that is based on the material covered in the lectures and class handouts. The ideas and methods used in the homework exercises will also be included on the exams, so the homework is important.  Several points:

1. Homework problems are best done individually, but you can certainly discuss your methods and the results with other students in the class.  Students can sometimes learn more by discussing the ideas and methods with others than they can on their own, especially at the beginning of the course.  Also, each of you has a different perspective and background, and the views of others can often be beneficial to a larger group.  Please do NOT copy your solutions from anyone else, and if your ideas and methods are not your own, please tell me that on the papers you turn in. 

2.
Homework problems will usually be assigned one week before they are due.  Graded homework with solutions will be returned before any exams.

3.   I am lenient about late homework; homework will usually be accepted for full credit as long as solutions have not been distributed in class.  However, because of this policy and the completeness of the solutions that will be distributed, any homework received after the solutions are distributed WILL NOT BE ACCEPTED for credit.  It is clearly in your best interest to submit your homework when it is due.  This not only keeps you from falling too far behind, but it prevents you from losing credit because the solutions may be distributed at any time after the due date.

Exams

There will be quizzes and 1-2 midterm exams (exam = 50 minutes; quiz = 15 minutes).  There MAY also be unannounced in-class quizzes, particularly if they are needed to motivate students to take the reading assignments seriously.  The exams will be based on material discussed in class, the handouts, the homework, class discussions, and certain articles mentioned in class that are on reserve in the ATMO library.  The problems will be designed to test your understanding of the material and to apply what you have learned in a new situation.  Of course, the work you submit on examinations must be entirely your own (see the UA Code of Academic Integrity).
COURSE OUTLINE 451/551

Note:  Some of these subjects will be covered in less detail than others.

1) Rationale: Why are we interested in the Atmospheric Sciences?

2) Introduction and Basic Concepts 

a. Composition: gases and particles 

b. Gravitation: Newton’s law, g, satellite orbits 

c. Mass density 

d. Barometers and pressure 

e. Hydrostatic equation

f. Gas law and temperature

g. Scale heights
3) Thermodynamics and Kinetic Theory of gases

a. Temperature, Heat and Energy

i. Thermodynamic Definition of T

ii. 1st and 2nd laws of thermodynamics

iii. Intro to kinetic theory – temperature, heat and internal energy

iv. Measurements of temperature – demonstrations

v. Vertical, meridional, diurnal, seasonal, + climatic variations in Temperature

b. Pressure, and Work

i. Pressure as F/A and isotropic nature

1. Newton’s laws

2. Work-energy thm.

ii. Hydrostatic approximation

1. Gravitation

2. Geopotential Height

iii. Kinetic explanation of pressure and work

1. Impulse momentum Thm

iv. 1st law of thermodynamics revisited

1. Isothermal/Adiabatic processes

2. Heat capacity at const pressure

3. Potential temperature

4. Adiabatic lapse rate

5. Adiabatic pressure profiles

v. Buoyancy

vi. Barometers

vii. Observed variations in pressure – quick deference to 541a,b

c. Humidity

i. Quantifying humidity

ii. Effects on ideal gas law

iii. Effects on heat capacity

iv. Latent heat

v. Clausius clapyron equation

vi. Moist adiabatic lapse rate

vii. Buoyancy revisited

viii. Distributions of humidity

ix. The convective heat engine

x. Measuring humidity

xi. Distributions of surface heat & moisture fluxes

4) Atmospheric Chemistry

a. Chemical reactions in the atmosphere

b. Equilbrium and rate equations

c. Kinetic theory and the frequency of 2-body and 3-body collisions

i. Mean free path

ii. Collisional cross-section

d. Stratospheric photochemistry: Ozone + Chapman mechanism

i. Basics of photochemistry – actinic fluxes + cross-sections – analogy with kinetic theory

ii. Importance of nitrogen

iii. Importance of CFCs
e. Tropospheric chemistry: NOx, OH and VOCs

f. Water and why homogeneous nucleation of droplets won’t happen (as segue)

5) Diffusion + Condensation (Under cloud physics and chemistry umbrellas)

a. Using kinetic theory for diffusion of species

b. Continuous diffusion equation and applications

i. Connection to heat transfer equation

c. Diffusion to a sphere

d. Heat diffusion vs. vapor diffusion

e. Droplet growth equation – sans Köhler theory

6) Basic fluid mechanics

a. Navier-Stokes Equations (briefly)

b. Acoustics (briefly)

c. Stress tensor

d. Kinetic formulation for dynamic (and kinematic) viscosities as diffusion of momentum

e. Kinematics of fluid motion

f. Dimensional analysis

g. Reynolds’s # + Stokes flow

h. High-Reynolds’s # flow

i. Bernoulli’s equation

ii. Basics of turbulence – Kolmolgorov lenghtscale, power-laws

iii. Turbulent diffusion coefficients

7) The atmospheric aerosol + Particle mechanics

a. Survey of aerosols in atmosphere

b. Formality of size distributions – moments, etc.

c. 2-phase flow mechanics – 

i. Drag forces + particle motion

ii. Diffusion Coagulation

iii. Graviational and Shear-induced coagulation

8) Cloud microphysics

a. Köhler theory + CCN

b. Growth of a population of droplets

c. Cloud dynamics

d. Ice

e. Precipitation

9) Radiation

a. The electromagnetic spectrum

b. Measures of radiation and solid angle

c. Blackbody laws

d. Transitions and lines / Broadening / Atmospheric Spectra

e. 2-stream IR radiative transfer + greenhouse effect

f. The sun

g. Single-Scattering

i. Formal Rayleigh scattering

ii. Mie Scattering/absorption

iii. Geometric approximatioin

h. Plane parallel Applications

i. Aerosols / Optical depth

ii. Clouds

iii. Variation of sky radiance for thin atmosphere

iv. 2-stream multiple scattering solutions - conservative

v. 2-stream multiple scattering solutions – non-conservative + semi-infinite atmosphere approx.

10) Radiation budget + climate

a. Simple radiation budget

b. Equilibrium models

c. Convection

d. Advection

e. Radiative Forcing + Feedback

f. Geological records + Milankovich cycles

g. Role of oceans

h. Role of surface ice

i. The true Gordian knot – feedbacks with biosphere

