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Announcements

Please make sure to upload your first Skew-T a week to Canvas.


HW1 is due this Thursday! HW2 will be uploaded that same day. 
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Substituting de with cvdT we get the 
following

cvdT = δq − pdα

Where the variables are defined as

Last class: Thermodynamic energy

de = dE/M
δq = δQ/M
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Describes the notion of conservation of energy.  

Also describes the time rate of change of the thermodynamic state

In time-derivative form, we can write as:

cv
dT
dt

= ·Q − p
dα
dtChange in  

Internal energy
Diabatic heating

Work done  
by system

The first law of thermodynamics

·Q ≡
δq
δt
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We can use the ideal gas law to write the first law as

cp
dT
dt

= ·Q + α
dp
dt

Alternate form for ideal gases 

cp = cv + Rd

We are ignoring the virtual temperature effect. 

Is the specific heat at constant pressure. 
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Today

Continue our discussion of the first 
law
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Types of thermodynamic processes

Isobaric: pressure does not change 

Isothermal: temperature does not change 

Isochoric: volume does not change 

Adiabatic: no heat exchange
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Adiabatic processes

When there is no diabatic heating (q=0), the system is adiabatic

cp
dT
dt

= α
dp
dt

cv
dT
dt

= − p
dα
dt

Can use ideal gas law to obtain the following equation

cp
d ln T

dt
= Rd

d ln p
dt
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Adiabatic processes

1.3 A Brief Survey of the Atmosphere 9

Although aerosols and cloud droplets account for
only a minute fraction of the mass of the atmos-
phere, they mediate the condensation of water vapor
in the atmospheric branch of the hydrologic cycle,
they participate in and serve as sites for important
chemical reactions, and they give rise to electrical
charge separation and a variety of atmospheric opti-
cal effects.

1.3.4 Vertical structure

To within a few percent, the density of air at sea level
is 1.25 kg m!3. Pressure p and density " decrease
nearly exponentially with height, i.e.,

(1.8)

where H, the e-folding depth, is referred to as the
scale height and p0 is the pressure at some reference
level, which is usually taken as sea level (z # 0). In
the lowest 100 km of the atmosphere, the scale height
ranges roughly from 7 to 8 km. Dividing Eq. (1.8) by
p0 and taking the natural logarithms yields

(1.9)

This relationship is useful for estimating the height of
various pressure levels in the Earth’s atmosphere.

Exercise 1.2 At approximately what height above
sea level does half the mass of the atmosphere lie
above and the other half lie below? [Hint: Assume
an exponential pressure dependence with H # 8 km
and neglect the small vertical variation of g with
height.]

Solution: Let be the pressure level that half
the mass of the atmosphere lies above and half lies
below. The pressure at the Earth’s surface is equal
to the weight (per unit area) of the overlying col-
umn of air. The same is true of the pressure at
any level in the atmosphere. Hence,
where is the global-mean sea-level pressure.
From Eq. (1.9)

Substituting H # 8 km, we obtain

zm # 8 km $ 0.693 !  5.5 km

zm # !H ln 0.5 # H ln 2

p0

pm # p0 /2

pm

zm

ln 
p
p0

" !
z
H

p " p0e!z#H

Because the pressure at a given height in the
atmosphere is a measure of the mass that lies above
that level, it is sometimes used as a vertical coordi-
nate in lieu of height. In terms of mass, the 500-hPa
level, situated at a height of around 5.5 km above
sea level, is roughly halfway up to the top the
atmosphere. !

Density decreases with height in the same manner
as pressure. These vertical variations in pressure and
density are much larger than the corresponding hori-
zontal and time variations. Hence it is useful to
define a standard atmosphere, which represents the
horizontally and temporally averaged structure of
the atmosphere as a function of height only, as shown
in Fig. 1.8. The nearly exponential height dependence
of pressure and density can be inferred from the fact
that the observed vertical profiles of pressure and
density on these semilog plots closely resemble
straight lines. The reader is invited to verify in
Exercise 1.14 at the end of this chapter that the cor-
responding 10-folding depth for pressure and density
is !17 km.

Exercise 1.3 Assuming an exponential pressure
and density dependence with H # 7.5 km, estimate
the heights in the atmosphere at which (a) the air
density is equal to 1 kg m!3 and (b) the height at
which the pressure is equal to 1 hPa.
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Fig. 1.8 Vertical profiles of pressure in units of hPa, density
in units of kg m!3, and mean free path (in meters) for the
U.S. Standard Atmosphere.

cp
d ln T

dt
= Rd

d ln p
dt

For an ideal gas, an increase in pressure 
increases its temperature. An increase in 
volume decreases it’s temperature

Wallace and Hobbs (2006)
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Adiabatic processes

cp
d ln T

dt
= Rd

d ln p
dt

In the atmosphere, lifting causes 
parcels to expand and hence cool. 

This is because we are moving 
towards a region of lower pressure, 
which causes our parcel to expand 
outward. 

The parcel wants to be in the same 
pressure as its surrounding air. 
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Adiabatic processesAdiabatic processes

cpd ln T = Rdd ln p
Can solve this equation by 
integrating 

T0 = T ( p0

p )
Rd/cp

When p0 = 1000 hPa

T0 = θ

We refer to as the potential 
temperature
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Adiabatic processesAdiabatic processes

θ = T ( p0

p )
Rd/cp

The temperature a parcel would 
have if its adiabatically brought back 
to the surface.
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Potential Temperature
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Dry static energy

ss = cpT + Φ

The temperature a parcel would 
have if its adiabatically brought back 
to the surface. 

The process needs to also be 
hydrostatic (vertical acceleration is 
small)

A similar quantity to potential 
temperature is the dry static energy
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Dry adiabatic lapse rate

Γd =
g
cp

If a parcel is displaced vertically dry 
adiabatically, it would cool following 
the dry adiabatic lapse rate

Γd = 9.8 K km−1



Dry adiabatic lapse rate on a Skew-T

Green line in this diagram Solid red line in this diagram



Skew-T a week #2

Download a Skew-T from your preferred 
website. 


Pick a parcel at 600 hPa and bring it down 
adiabatically to the surface. 


What will its temperature be and how does that 
compare to the surface temperature of the 
sounding? 


Discuss your finding. 


