Thermodynamic energy equation
(Ch. 2.6)

The first law of thermodynamics
internal energy change
+ work done by the air parcel
= external energy input
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Ideal gas law
p = pRT take total differential w.r.t. time
_R DT
pa = RT Dt

Rewrite the first law of thermodynamics

divide by T
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Thermodynamic energy equation
(Ch. 2.6)

The first law of thermodynamics with J=0 (adiabatic)

in differential form

Potential temperature (6)

integrate above fromp, T to p,, 6

0 =

take logarithm and total differential w.r.t. time
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Rewrite the first law of thermodynamics
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Scale analysis of the thermodynamic energy equation
(Ch. 2.7.4)

Thermodynamic energy equation

Decomposition of potential temperature

0(x,y,zt) = 0p(z) + 0'(x,y,2, 1)
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Scale analysis of the thermodynamic energy equation
(Ch. 2.7.4)

Scale analysis of the thermodynamic energy equation

after decomposition

A"\ deo
+ Cp

¢, = 1004 Jkg~ 1K
lu, v|~10 m s~
lw|~10"?m s~
|6x, 5y|~10° m
|6z|~10* m
|6t|~|6x/u|~10° s

|59I/90|~10_2
1(860),/601~107"
/| <1072 W kg1
Continuity equation scaled for midlatitude synoptic scale motions

=0
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Adiabatic lapse rate and static stability
(Ch. 2.7.2, 2.7.3)

Adiabatic lapse rate

Start with the definition of potential temperature,
take logarithm and total differential w.r.t. height

dn®  JdInT Ralnp
T 0z
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00z B
If potential temperature is constant in vertical
Lo 0T
1= 9z

Static stability
If potential temperature varies in vertical
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Adiabatic lapse rate and static stability
(Ch. 2.7.2, 2.7.3)

What would be the vertical acceleration that the air parcel would get when it is adiabatically

moved up by delta z?
Z+ 6z po(z + 62z) = po(z) +

00(z + 62) = 0y(2) +

Po(2)
Z
00(2)
(unscaled) vertical momentum equation after decomposing pressure and density into resting
atmosphere and perturbation

Dw u? + v?

= —g—2Q + VP2
Dt " g ucos@ + vlew

the parcel has no horizontal motion, assume pressure adjust to environmental value quickly

DW_
Dt
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Adiabatic lapse rate and static stability
(Ch. 2.7.2, 2.7.3)

the acceleration of the air parcel

Dw D26z
Dt Dtz |
D26z — _N28,
Dt2

Buoyancy frequency
N? =

general solution
6z =

What would be the trajectory of the air
parcel if N°>0?

What’s the relationship between the
buoyancy frequency and the static
stability?

Z+ 0z
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