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Atmospheric Dynamics    



Summary of Salient Results
Lecture 1 – Basic Thermodynamic concepts
Exciting this material is not, but we need to understand these concepts to progress in atmospheric physics.

1. Equation of state for dry air (air with no water vapour in it – i.e. 78% N2, 21% O2, 1% A)

The familiar ideal gas law applies extremely well to dry air at atmospheric pressures:
pV = nRT

where n is the number of moles in a system. To be of use, this equation needs to be re-cast in a specific form – i.e. per unit mass of air rather than for an arbitrary mass. It becomes:
p = ρrT  ……………………………… (1)

where ρ is density and r = 286 J kg-1 K-1 is the gas constant per unit mass of air – R/M where M is the relative molecular mass. M is 29 in the Earth’s atmosphere but is 44 on Venus and Mars where the major gas in the atmosphere is CO2. 

In a later lecture I will use 
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 for the gas constant per unit mass of water vapour. 
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 = R/18 = 462 J kg-1 K-1.

2. Hydrostatic equation.

By considering the balance of forces in the vertical on a static parcel of air of horizontal cross-sectional area A we deduce that the pressure at the top must be less than at the bottom: 

PB A = PT A + mg

from which the hydrostatic equation is readily derived:
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For an isothermal atmosphere at temperature T this equation may be integrated to give:
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 where the scale height H = rT/g. In the troposphere H ~ 6 – 8 km.
3. Laws of Thermodynamics and potential temperature
Again these need re-casting in specific form, so

dU = TdS – pdV    →    CvdT = TdS –RdT + Vdp   →       cpdT = Tds + αdp
where α is specific volume (volume per kg) = 1/ρ
We isolate ds and manipulate the equation to get:

ds = cp dln{Tp-κ}
where cp = 1003 J kg-1 K-1 for dry air, and κ = r/cp = 0.286

From this meteorologists define the potential temperature of an air parcel θ:
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θ is defined as the temperature a parcel of air would attain if it was brought adiabatically to 1000 mb. Since adiabatic in the atmosphere means isentropic (air does not have internal degrees of freedom other than heat) this simply follows from ds=0 ( Tp-κ is conserved in an adiabatic process.

We shall find that the major dynamical processes in the atmosphere are all adiabatic so they conserve θ. Processes that change θ are radiation, condensation/evaporation and contact with the Earth’s surface.
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