Formulas: PHYS/OCEA 4520/5520 Introduction to Atmospheric Science
Constants:
Radius of the earth R, = 6.37 x 105m
N4 = 6.02 x 10%® molecules/mole

go = 9.80 m/s?
1 Pa=1N/m?
Po = 105 Pa

o=567Tx10"8Js"tm2K~*
Ly=cp/g=09.8°C/km
k=1.38 x 10-2 J/K
v = c¢p/cy, = 1.4 (dry air)
Rg = 287.05 J/(kg K) (mean gas constant for dry air)
cyva = 717.5 J/(kg K) (dry air)
cpa = 1004.5 J/(kg K) (dry air)
Cpw = 1004.5 J/(kg K) (water vapor)
M, = 28.94 g/mole
M, = 18.015 g/mole (molecular weight of water)
Ry = 287.0 J/(kg K)
R, = 461.5 J/(kg K)
R* =8.3145 J mol ! K1
e = M, /My = 0.622
L, = 2.5 x 10% J /kg
Ly, = 3.34 x 10° J /kg
Puwater = 1000 kg/m?
Pice = 917 kg/m?
o=567x10"8Js Im2K~1
Ideal gases:
p = pRT
R = 1000R*/ < M >= 1000R*/(f4Mg4 + f,M.,)
<M >= fqMg+ foM,
fa : molar fraction of dry air (= pg/p)

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

p = pR4T,
Pd = palaT
e = pyR,T
p=e€e+pd

p = pv + pa (in a cloud would include liquid water density p;)
T, =T(1+0.608w)=(Myg/ <M >)T =(R/Rq)T

du = c,dT
cpodT = dq — pda
cp=Cy+ R



h =¢c,T
Thermodynamic Definitions:
a = 1/p (specific volume)
dU = d@Q — dW (first law)
dH = dQ + Vdp (first law)
dq = du + pda (first law)
dh = dg + adp (first law)
dW = pdV = [}* = pdV
du=dU/M, dh =dH/M, dw = dW/M = pdV/M = pda
H=U+PV
h =u+ p«a
cp = (dg/dT)y
¢, = (dg/dT),
¢p = Cp/M
dp/dz = —pg (Hydrostatic relationship)
Z = ®(2)/g0
dZ = (9/90)dz
d® = gdz
Oy — &y = —Ry [ T,dp/p
Zy — Z1 = (Ra/g0) [, Tvdp/p = (RaTv/g0) In(p1/p2)
es = €soexp[22.49 — (6142/T)] (T in Kelvin, eg, = 6.11 hPa):
C-C equation: (1/ey)(des/dT) = (L,/R,T?)
e=es(Ty)
relative humidity: RH = e/es x 100%
specific humidity: ¢ = my,/(mq +my) = pu/p = w/(1 + w)
mass mixing ratio: w = p,/pqg = €e/pq = ee/(p — e)
e/p=w/(e+w)
ws = 0.622e4(T) /p
0 = T (po/p)°28¢, pg = 1000 hPa
. ~ Oexp(L,w/cyTror)
moist static energy: MSE = c,T + gz + L,q
dry static energy: DSE = ¢, T + gz
B=g(p—1p)/r
p': parcel density
p: background density
B = g¢(T) —T,)/T, (ignoring possible condensate)
B~g(T' —T)/T
d?z/dt? + N2z =
N? = (g/T)(Tq—T)
n=(Q1—Q2)/Q1 =1~ (Tx/T1)
AQ = c, MAT



Dynamics:

Pressure Gradient Acceleration in One Dimension:

du 1dp

dt pdx

Radiation

dQ = dA/R?

I(P,n,\) = dE/(dQYdAd\dt)

AP N = [77dg [T 72 1(\,0,¢) sinf) df
F(P,X) = [, I(\) cosOdw = [7™ d [ (), 6, $) cosh sinfd 0
F = oT* (black body)
F = eaT* (grey body)
dly/dz = —I\prky = —I\K)\No
r: mass mixing ratio of absorber
K : Scattering efficiency
o: areal (geometric) cross-section
kx: mass absorption cross section
N: molecular number density
p: mass density

Transmission : T = e~ 7/cos?

I(2,0) = Loe™ 7 karpdz/cos6

T = — fzoo karpdz

need def in terms of scattering efficiency

In(2,0) = Ioe™ /%0 = Ty I

dl'/dt = —1/(pcp) x dF'/dz (F is the net SW + LW radiative flux)
molecular scattering cross-section ky o 1/A* (small x “Rayleigh regime”)
size parameter z = 2771/

Scattering phase function P (6, ¢;0’, ¢')

Lo = Bu(Ts)e™ ™ + [° B,[T(2)]e”™®k, prdz

weighting function: w, = e~ ™k, pr



