Meteorology 436: Atmospheric Physics I (Radiation)
(109 Walker Building, MWF 11:15A-12:05P)

Instructor: Eugene Clothiaux (Cl6-t-6) Teaching Assistant: Jonathan Smith

Office: 603 Walker Office: Room 407

Phone: 865-2915 Phone:

Email: cloth@meteo.psu.edu Email: jws295@psu.edu
Office Hours: MWF 2:00 PM - 3:00 PM Office Hours: MTu 2:30-3:30 PM

Th 5:10 PM - 6:30 PM
5:40 PM Monday Night
By Appointment; When my door is open.

Exams and Homework Percent Date and Time Location

Running Wednesday Exam 30% Every 1 or 2 Weeks 012 Walker
1%¢ Exam 20% Monday 2 October 012 Walker
2nd Exam 20% Monday 6 November 012 Walker
Comprehensive Final Exam 30% Period of 18-21 December 012 Walker

Course Academic Integrity Policy:

EMS Academic Integrity Statement:
http://www.ems.psu.edu/students/integrity /statement.html

Academic Integrity Policies Specific to Course:
Exam problems (in and out of class) are to be done by oneself.

All regular homework problems and all other assignments can be discussed with
other students. The instructor will be available on Monday evenings
to discuss homework assignments. Students are always welcome to raise
questions in class regarding the homework. Solutions to the homework will
be made available on the Web after the Friday exam question related to the
homework and class lectures.

Class Reading Material:

From time-to-time I will post course notes on my web site and I am going to be working

hard on these notes this semester. I am in the process of developing my web site and the
http link will be

http://www.meteo.psu.edu/~cloth/classes/Meteo436/webpages/ Mete0436.001.MainPage.html.J

The following references will be on reserve at the Earth and Mineral Science Library located
in the Deike Building.

Author Title

C.F. Bohren Clouds in a Glass of Beer

C.F. Bohren What Light Through Yonder Window Breaks?
R.M. Goody and Y.L. Yung  Aimospheric Radiation

K.N. Liou An Introduction to Atmospheric Radiation
G.W. Petty A First Course in Atmospheric Radiation
G.L. Stephens Remote Sensing of the Lower Atmosphere
M.L. Salby Fundamentals of Atmospheric Physics

J.M. Wallace and P.V. Hobbs Atmospheric Science: An Introductory Survey



Course Outline

Brief Introduction
Energy Exchange between Matter and the Radiation Field
Radiation as Energy Bundles (1-4)
The Electromagnetic Spectrum
Matter and Radiation (Chapter 1: 1-23)
Internal Energy States of Matter (76-84)
Repartitioning of Energy within Matter (76-84)
Probability of Energy States of Matter (95-102)
Planck Function
Radiation and Matter in Equilibrium (4-8)
Stefan-Boltzmann Law (12)
Wien'’s Law (7, 9-12)
Change of Variable (8-9)
Quantifying the Energy in Radiation Beams (Chapter 4: 185-212)
Radiance (185-191)
Power (185-186)
Solid Angle (186-188)
Invariance of (191-192)
Visualizing the Radiation Field
Irradiance (206-211)
Application: The Solar Constant (22-23, Problem 4.8)
Attenuation of Radiation Beams (51-66)
Absorption and Scattering Cross Sections and Coefficients (60-66)
First Term of the Radiative Transfer Equation (Eq. 6.10 on 293)
Transmissivity and Exponential Attenuation (51-57)
Optical Thickness (256)
Application: Penetration of Solar Radiation to Earth’s Surface (Fig. 2.13)
Emission of Radiation by Matter
Radiation and Matter in Equilibrium (4-8)
Absorptivity and Emissivity (14-17)
Kirchhoff’s Law (14-15)



Second Term of the Radiative Transfer Equation (Eq. 5.102 on 277-279)

Wavelength Averaged Absorptivities and Emissivities (17-21)

Infrared (Absorption Only) Radiative Transfer (277-279)

Weighting Functions
Application: Retrieving Vertical Profiles of Water Vapor
Scattering of Radiation by Matter

Scattering Phase Functions (293-295)

Third (and Final) Term of the Radiative Transfer Equation (293-297)
Application (Single-scattering): Atmospheric Visual Range (397-401, 408, 415-418)
Multiple Scattering

Pile of Plates (Chapter 5: 241-255)

Two-Stream Theory (Chapter 5: 264-277)

Monte Carlo Approach (Chapter 6: 300-335)

Some Nomenclature

Mean Free Path (253-254)

Single-scattering Albedo (254-257)

Asymmetry Parameter (254-257)

Brightness and Color Temperature (21)

Wavenumbers (or Inverse Centimeters) (79)

Heating Rates (58-59, 212)
Properties of Matter
Overview of Particle Concentrations and Cross Sections (91-94)

Wavelength Dependence of Molecular Scattering (Fig. 2.12)

Wavelength Dependence of Molecular Absorption (Fig. 2.12)

Wavelength Dependence of (Spherical) Particle Scattering (Fig. 3.9, Fig.

3.11)
Wavelength Dependence of (Spherical) Particle Absorption (Fig. 3.9)
Why Matter Scatters and Absorbs Radiation the Way It Does
Overview of Classical Electromagnetic Theory
(125134 Paradigm Shift: Radiation as Energy Bundles to Radiation as Waves

Charges and Electric Fields
Moving Charges and Magnetic Fields






