Instructor’s Notes

These two sets of simple exercises are from an Atmospheric Thermodynamics course.  This course is taken by students in the spring semester of their sophomore year, although some third year students may also be in the course.  They must have completed a year of calculus and the first semester (preferably both semesters) of calculus-based physics, as well as a 200 level introductory meteorology course.  Some of the students will have taken or will presently be in Differential Equations also.  However, they typically do not make the connection between the mathematics and physics that they’ve had and the atmospheric processes they can observe.  Further, research in physics education (Metzler, 2001; Loverude et al., 2002) indicates that even the best students do not grasp basic thermodynamic principles in the short time devoted to it in most college physics courses.  

Therefore, one of the challenges of an Atmospheric Thermodynamics course is to begin to get the students to make the quantitative connection between their math and physics background and the weather.  A central focus of the course is the application of the First and Second Laws of Thermodynamics in meteorology.  The course outline is as follows:

Atmospheric Thermodynamics Course Outline:
I.
Introduction

II.
Equation of State of a Gas


A.
State variables


B.
Eqn. of State of an Ideal Gas



1.
Derived macroscopically



2.
Derived microscopically (Kinetic Theory)



3.
Mixture of gases



4.
Mixture of dry air and water vapor


C.
Applications



1.
Hydrostatic pressure and the stratification of mass



2.
Thickness – the Hypsometric Eqn.

III.
Thermodynamic Principles


A.
Basics


B.
1st Law


C.
Adiabatic process


D.
Entropy and the 2nd Law

IV.
Thermodynamics of Moist Air


A.
Measures of moisture


B.
Eqn. of State for moist air


C.
Properties of water


D.
Changes of phase


E.
Clausius-Clapeyron Eqn.


F.
Isobaric Cooling:  Dew and Frost Points


G.
Adiabatic Processes in Saturated Air

V.
Thermodynamic Diagrams


A.
Purpose


B.
Desired characteristics


C.
Equal area transformation


D.
Specific Examples



1.
Emagram



2.
Tephigram



3.
Skew T – log p diagram



4.
Stüve diagram (“pA chart”)

VI.
Atmospheric Statics


A.
Geopotential


B.
Hydrostatic Equilibrim


C.
Hydrostatics of special atmospheres

VII.
Hydrostatic Stability


A.
Parcel method


B.
Conditional instability


C.
Summary from parcel method: LCL, CCL, LFC, CAPE, CINH, etc


D.
Changes in stability due to lifting and subsidence


E.
Changes in stability due to radiation


F.
Potential Instability


G.
Entrainment

VIII.
Application of Thermodynamic Principles in Dynamic Meteorology
The textbook I use for the course is Tsonis’ Introduction to Atmospheric Thermodynamics supplemented by the Air Weather Service manual The Use of the Skew T, Log p Diagram in Analysis and Forecasting (AWS/TR-79/006).  

The exercises illustrated here are used in section III. B. and section III. C. in the outline above.  

A problem that many meteorology students struggle with is understanding why the temperature of an air parcel decreases as the parcel ascends through the atmosphere.  They understand that this happens – they’ve learned this fact – but they have difficulty explaining why it happens.  In addition, understanding the vertical structure of the atmosphere and the implications of that structure on atmospheric motion and stability are at best loosely understood at this stage in their studies.  For the students to make the desired physical/quantitative connections requires, in my experience, a concerted effort at building the relationship between the First Law as a statement of energy conservation and its implications for atmospheric structure, atmospheric stability, and the construction of thermodynamic diagrams.  Relating the basic principles to the current weather is an important and useful way to pique the students’ interest.

In the last exercise the students are asked to identify inversions by type and examine the value of 
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 in the inversion layers compared to elsewhere in the sounding.  This allows the instructor to point out that when we study atmospheric stability later in the course, we’ll find that the static stability depends upon 
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, and if 
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 is negative the atmosphere would be absolutely unstable and convective overturning would immediately lead to making 
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.  Looking ahead, the instructor can then note that this is an application of the Second Law of Thermodynamics.  At the instructor’s discretion, this could lead to some general discussion about the stably stratified nature of the atmosphere and the higher stability in the lower stratosphere compared to the troposphere.  In addition, it allows the instructor to preview some of the subjects that most meteorology students will find very interesting in a thermodynamics course, namely, atmospheric stability and the use of skew T-log p diagrams to diagnose it.  That will be fun, but much information about the thermodynamics of moist air must be covered first!  
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