
Formulas: PHYS/OCEA 4520/5520 Introduction to Atmospheric Science

Constants:

Radius of the earth Re = 6.37 × 106m

NA = 6.02 × 1023 molecules/mole

g0 = 9.80 m/s2

1 Pa = 1 N/m2

p0 = 105 Pa

σ = 5.67 × 10−8Js−1m−2K−4

Γd = cp/g = 9.8 oC/km

k = 1.38 × 10−23 J/K

γ = cp/cv = 1.4 (dry air)

Rd = 287.05 J/(kg K) (mean gas constant for dry air)

cvd = 717.5 J/(kg K) (dry air)

cpd = 1004.5 J/(kg K) (dry air)

cpw = 1004.5 J/(kg K) (water vapor)

Md = 28.94 g/mole

Mw = 18.015 g/mole (molecular weight of water)

Rd = 287.0 J/(kg K)

Rv = 461.5 J/(kg K)

R∗ = 8.3145 J mol−1 K−1

ε = Mv/Md = 0.622

Lv = 2.5 × 106 J/kg

Lm = 3.34 × 105 J/kg

ρwater = 1000 kg/m3

ρice = 917 kg/m3

σ = 5.67 × 10−8Js−1m−2K−4

Ideal gases:

p = ρRT

R = 1000R∗/ < M >= 1000R∗/(fdMd + fvMv)

< M >= fdMd + fvMv

fd : molar fraction of dry air (= pd/p)

fv : molar fraction of water vapor (= e/p)

p = ρRdTv

pd = ρdRdT

e = ρvRvT

p = e + pd

ρ = ρv + ρd (in a cloud would include liquid water density ρl)

Tv = T (1 + 0.608w) = (Md/ < M >)T = (R/Rd)T

du = cvdT

cvdT = dq − pdα

cp = cv + R
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h = cpT

Thermodynamic Definitions:

α = 1/ρ (specific volume)

dU = dQ − dW (first law)

dH = dQ + V dp (first law)

dq = du + pdα (first law)

dh = dq + αdp (first law)

dW = pdV =
∫ V2

V1

= pdV

du = dU/M , dh = dH/M , dw = dW/M = pdV/M = pdα

H = U + PV

h = u + pα

cp = (dq/dT )p

cv = (dq/dT )v

cp = Cp/M

dp/dz = −ρg (Hydrostatic relationship)

Z = Φ(z)/g0

dZ = (g/g0)dz

dΦ = gdz

Φ2 − Φ1 = −Rd

∫ p1

p2

Tvdp/p

Z2 − Z1 = (Rd/g0)
∫ p1

p2

Tvdp/p = (RdT v/g0) ln(p1/p2)

es = esoexp[22.49 − (6142/T )] (T in Kelvin, eso = 6.11 hPa):

C-C equation: (1/es)(des/dT ) = (Lv/RvT
2)

e = es(Td)

relative humidity: RH = e/es × 100%

specific humidity: q = mv/(md + mv) = ρv/ρ = w/(1 + w)

mass mixing ratio: w = ρv/ρd = εe/pd = εe/(p − e)

e/p = w/(ε + w)

ws = 0.622es(T )/p

θ = T (p0/p)0.286, p0 = 1000 hPa

θe ≈ θexp(Lvw/cpTLCL)

moist static energy: MSE = cpT + gz + Lvq

dry static energy: DSE = cpT + gz

B = g(ρ − ρ′)/ρ′

ρ′: parcel density

ρ: background density

B = g(T ′

v − Tv)/Tv (ignoring possible condensate)

B ≈ g(T ′
− T )/T

d2z/dt2 + N2z′ = 0

N2 = (g/T )(Γd − Γ)

η = (Q1 − Q2)/Q1 = 1 − (T2/T1)

∆Q = cpM∆T
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Dynamics:

Pressure Gradient Acceleration in One Dimension:

du

dt
= −

1

ρ

dp

dx

Radiation

dΩ = dA/R2

I(P,n, λ) = dE/(dΩ dAdλ dt)

A(P, λ) =
∫ 2π

0
dφ

∫ π/2

−π/2
I(λ, θ, φ) sinθ dθ

F (P, λ) =
∫
2π

I(λ) cosθ dω =
∫ 2π

0
dφ

∫ π/2

0
I(λ, θ, φ) cosθ sinθd θ

F = σT 4 (black body)

F = εσT 4 (grey body)

dIλ/dz = −Iλρrkλ = −IλKλNσ

r: mass mixing ratio of absorber

Kλ: Scattering efficiency

σ: areal (geometric) cross-section

kλ: mass absorption cross section

N : molecular number density

ρ: mass density

Transmission : T = e−τ/cosθ

Iλ(z, θ) = I∞e
−

∫
∞

z
kλrρdz/cosθ

τλ = −

∫
∞

z
kλrρdz

need def in terms of scattering efficiency

Iλ(z, θ) = I∞e−τλ/cosθ = TλI∞

dT/dt = −1/(ρcp) × dF/dz (F is the net SW + LW radiative flux)

molecular scattering cross-section kλ ∝ 1/λ4 (small x “Rayleigh regime”)

size parameter x = 2πr/λ

Scattering phase function P (θ, φ; θ′, φ′)

Iν,∞ = Bν(Ts)e
−τν +

∫
∞

0
Bν [T (z)]e−τν(z)kνρrdz

weighting function: wν = e−τν(z)kνρr
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