· There are some fundamental properties of air that we observe:

· Temperature, T

· Pressure, p

· Density, 
· Composition, pi
· These properties have systematic variations 

· There are some fundamental laws that describe how they are related or how they change with time or position

· Ideal gas law, p = RT
· Heat capacity, dE = CdT

· Conservation of energy, dQ = dE + dW

· There are some fundamental

· It is useful to think of air in terms of the individual molecules that it’s made of.  This image gives a beautiful explanation for what temperature, pressure and density are, and why the fundamental laws (ideal gas law, heat capacity, adiabatic cooling) work the way they do. 

The first thing we will do in this class is focus on three key properties of air, the temperature, T, pressure, p, and density, .  There are many historical ways that we have quantified these three thermodynamic variables.  Since this class will tend to use universal physical formulae, we use SI units, an international standard.  (See Table 1 for a reference to the standard units we’ll use, some convenient conversions from other commonly used units, and useful power prefixes.)  Absolute temperature is measured in Kelvins (K), pressure in Pascals (100 Pa = 1 mb), and density in kg m-3.  You are probably familiar with the ideal gas law, which relates how these three variables are interrelated.  
p = RT
where R is the gas constant for air.  R really isn’t a constant, however, since it depends on the composition of the air (esp. humidity).  In this class, we will use the equivalent (and more fundamental) gas law,
p = NR*T
where N is the molar concentration (mol m-3), and R* is the Universal Gas Constant (8.314 J mol-1 K-1).  R* really is a constant.  So really, our understanding of how density is related to pressure and temperature requires a third property of air – the relationship between the number concentration and the density. 

Of course, the relationship between N and  is given by the molecular weight of the individual molecules in the gas.  For a given molecular species, i, we have  = NiMi.
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For a given parcel of air, we might have a number of different molecules, i, each with its own concentration, Ni, and molecular weight, Mi.  The effective molecular weight for this particular mixture is a weighted average of the
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Since the molecular composition of dry air is pretty constant (homogeneous) through the lowest 100 km of the atmosphere (hence the name “homosphere”), we can define an “effective” molecular weight of air, by weighting by the number concentrations of the individual species.

The ideal gas law is one “equation of state”.  Water with a salinity of S has a completely different looking equation of state:

 = 0[1 - e(T – T0) + K(p – p0) + b(S – S0) ]
where e, K, and b are perturbations to the mean density 0 of 1000 kg m-3.
Basic SI units used in thermodynamics

Length: meters (m)


Volume: m3

Time: seconds (s)


Mass: kilograms (kg)


Force: Newtons (N = kg m s-2)


Pressure: Pascals (Pa = N m-2)


Energy: Joules (J = N m = kg m2 s-2)


(Work and Heat are just types of energy)


Power: Watts (W = J s-1)
Temperature conversions:


T (K) = T (°C) + 273.15


T (°C) = [T (°F) – (32 °F)]*5/9
Pressure conversions (to Pa)

1 atm =  101,295 Pa


1 mb = 1 hPa = 100 Pa


1 in. Hg = 3,385 Pa

1 mm Hg = 133.3 Pa


1 psi = 6,893 Pa


1 in. H2O = 248.9 Pa

Volume conversions (to m3)


1 cm-3 = 106 m3

1 L = 103 m3
Length conversions (to m)


1 in = 0.0254


1 Å = 10-10 m
Molecular number conversion:


1 mol = 6.022x1023 molecules
power of 10 prefixes:  (Their use is discouraged unless extremely convenient)


pico (n) = 10-12

nano (n) = 10-9

micro () = 10-6

milli (m) = 10-3

centi (c) = 10-2

hecto (h) = 102

kilo (k) = 103

mega (M) = 106

giga (G) = 109

tera (T) = 1012

peta (P) = 1015
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