
Formula sheet – Part A. Nenes 
R* = 8.3144 J/°K mol, 1 bar = 1 atm = 105 Pa, 1 atm = 1.013×105 Pa, 1 Pa= 1 N m-2,  
1 N  = 1 J/m, Molar mass of Air = 29 x 10-3 kg mol-1, Llv = 2.47x106 J kg-1 
 

,  R is the specific gas constant = R*/M, where M is the molar mass of the gas. 
 

For an ideal gas:  du = cv dT, dh = cp dT, cp – cv = R 
 
Combined 1st+2nd law:  du = dq – pdv = Tds – pdv             
 
Gibbs Free Energy   dg = -sdT + vdP 

Clausius-Clapeyron Equation: 2RT
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vapor mixing ratio (at temperature Tw), and vw  is the water vapor mixing ratio. 
 
Dew point: temperature for which wv* (Td) = wv 
 
Humidity variable relationships: wv = 0.62 e/P        wv* = 0.62 es/P       H = e/es 

 
Saturation vapor pressure of water at room temperature: 30mbar. 
 
Enthalpy for parcel: 

 
, where the subscripts d, v, and l 

refer to dry air, water vapor and liquid water, respectively 
 
Hydrostatic equation: , where ρ is density. 
 

Kelvin Equation: 
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σ4exp , where σ is the surface tension of water 

(=0.072 J m-2), ρw is the density of water (=1000 kg m-3), Mw is the molar mass of 
water and Dp is the droplet diameter. 

 
Idealized Raoult’s Law: P = Psat(T) χw 

 

Lognormal distribution: 
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Formula sheet – Part J. Gehring 
Equation of motion: 𝑑𝑑𝑈𝑈
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Total derivative: 𝑑𝑑𝑈𝑈
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Geostrophic balance: 𝑉𝑉𝑔𝑔���⃗ = 1

𝜌𝜌 𝑓𝑓
𝑘𝑘�⃗ × 𝛻𝛻𝛻𝛻, where 𝑓𝑓 = 2𝛺𝛺 sin𝜑𝜑 and 𝜑𝜑 is the latitude (positive 

in the Northern Hemisphere and negative in the Southern Hemisphere). 
Hypsometric equation: 𝑅𝑅𝑑𝑑𝑇𝑇𝑣𝑣
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the column-averaged virtual temperature. 
 
Geopotential: 𝑑𝑑𝑑𝑑=𝑔𝑔𝑔𝑔𝑔𝑔 , where 𝛷𝛷 is the geopotential. The geopotential height is 

defined as: Z =  𝛷𝛷
𝑔𝑔0

 

The altimeter equation : 𝑝𝑝1 = 𝑝𝑝2𝑒𝑒
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𝑅𝑅𝑑𝑑𝑇𝑇𝑣𝑣���� 

 

The thermal wind : 𝜕𝜕𝑉𝑉
��⃗𝑔𝑔
𝜕𝜕𝜕𝜕
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𝑘𝑘� × 𝛻𝛻𝑇𝑇. The thermal wind vector is defined as: 𝑉𝑉�⃗ 𝑇𝑇 = −𝜕𝜕𝑉𝑉��⃗𝑔𝑔
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The ageostrophic wind: 𝑉𝑉�⃗𝑎𝑎𝑎𝑎 = 𝑉𝑉�⃗ − 𝑉𝑉�⃗𝑔𝑔 .  
 
Simplified form of the equation of the motion (retaining the three highest order terms): 
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�

𝑓𝑓
× 𝑑𝑑𝑉𝑉��⃗

𝑑𝑑𝑡𝑡
= 𝑉𝑉�⃗𝑎𝑎𝑎𝑎 

 
Continuity equation: 𝛻𝛻𝑝𝑝 ⋅ 𝑉𝑉ℎ����⃗ = −𝜕𝜕𝜕𝜕
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The pressure tendency equation: 𝝏𝝏𝑝𝑝𝑠𝑠
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Formula sheet – Part A. Berne 
 
Richardson number (bulk): 

 
 
Brunt-Vaisala frequency: 

  
 
Dimensionless mountain height: 

 


