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In-class Preliminary Exercises

1.
After spending some time at the beginning of the course developing the Equation of State for the atmosphere, introducing the First Law of Thermodynamics and reminding the students they saw p-V diagrams in physics, I pose the following question to the class and wait for their oral answers:

“Everybody knows that warm air rises, right?  So why is the air in the upper troposphere, say near the tropopause, so much colder than the air near the ground?  Shouldn’t the warmer air have risen, so shouldn’t it be warmer aloft?”  

After some pause for contemplation, the answers usually involve some mumbling about the Ideal Gas Law and there are usually one or two ‘creative’ answers.  Depending upon their answers, I will pose further questions to the students about their explanations until their reasoning (usually) fails.  The idea is to reveal gaps in their understanding that we will attempt to fill.  
2.
Next, we derive a conservative quantity that, by accounting for energy conservation (for both dry and, eventually, saturated motion), allows us to understand that the warm air (measured in more absolute terms) really is above us, not at the surface.  This derivation can be done as an in-class assignment, either as an individual assignment or preferably in groups of two.  It will reappear as an exam question.  

From the First Law we have

dq = du + dw

where q, u and w are the diabatic heating, internal energy and work done per unit mass respectively.  Alternatively, this becomes 

dq = cvdT + pd
where cv is the specific heat at constant volume, T is the temperature, p is the pressure  and  is the specific volume.  By employing the Equation of State, we can express this as
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where cp is the specific heat at constant pressure and Rd is the gas constant for dry air.  For an adiabatic process the diabatic heating dq=0, so this expression can be integrated to define the potential temperature, .  

From this point I have the students do this themselves in class.  It is an easy, standard derivation, but they’ve never done it before.  By doing it themselves, say in groups of two, they gain confidence that their calculus skills are useful in meteorology.  First, separate variables
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then integrate from any arbitrary temperature and pressure (T,p) to the reference pressure of 1000 mb, where the parcel temperature will be 
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and finally
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It is important for the students to grasp that for a dry adiabatic process, 
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.  That is,  is a conservative property of an air parcel.  
To apply this, we examine a couple of homework assignments.  Later we will see that  is an entropy variable and we will use it as a mechanism for applying the Second Law.  
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