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Problem

The equation of state does not itself define the
reaction of the atnosphere to the variety of processes
occurring in nature. For exanple, if we decrease the
pressure of a mass of atnosphere by forcing it up a
mount ai nsi de (say), we do not necessarily know how

vol unme (or density) and tenperature will change

i ndependently, we only know how their ratio changes

P g
:

| f P doubles, ao/T decreases to half its original
val ue, but how does T itself change? W need to know
nore about the process. Stay tuned!

First, we will consider how pressure decreases with
hei ght in the atnosphere. This is given by the
hydrostatic equati on.
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We can substitute the weight sitting on the piston by
the mass of the entire atnosphere above the point of
interest, and acted upon by gravity.

My=pA
P=My/ A
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Hydrostatic balance

Why clouds do not fall?

Now consi der a colum of atnosphere:

decreasing
pressure

gravitationa force
on mass of atmosphere

W— 7\/‘7\ surface of earth

Decreasing pressure with height inposes an upward force
on any elenent of fluid (the pressure gradient force),
whi ch al nost exactly bal ances the gravitational force
due to the mass of atnosphere above.

O, the upward pressure gradient force acting on a thin
slice of air (p decreases with z) is generally very
closely in balance with the downward force due to

gravitational force.

Not e: gradi ent neans change with di stance (e.g., tenperature

gr adi ent)
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We can express this bal ance nat hematically:
The net upward force (+) acting on this slice of air
is:

Fp:_Ap'A’ Ap:pz_p1<0

where A is the horizontal cross section area of the
thin slice.

The gravitational force acting on this slice is:

F,=-m-g, (g = 9.81 ms™?

where g is the gravitational acceleration, and mis the
mass of the thin slice and it is:

m=p-(A-Az)(density x vol une)
Pressure gradient force = gravitational force

F, =-F,

_Ap.Azp.A.Az.g

1Ap
p Az

Wen Az—0, Ap—>0 (Az—0), the differential formis:

1ldp
——=-g, Or
p dz J
o-dp=-g-dz

where o is specific vol une.

This is the hydrostatic equati on and expresses the
magni tude of the rate of decreases of pressure with
hei ght under the condition of hydrostatic bal ance. The
equation is of fundanmental inportance in neteorol ogy.

An alternative way of witing the hydrostatic equation
is to express density in ternms of tenperature and
pressure using the equation of state

i.e. p=pRT, pzi

RT
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Questions

So, % = _ﬂ
dz RT
For small increnment,
Az RT
1) Under what conditions does pressure decrease exponentially with

2)

3)

height (as we assumed in one of our early class sessions)? Can you
express the “scale height” of the atmosphere in terms of
temperature?

How quickly does pressure decrease with height near the earth’s
surface?

Can you derive scale height using ideal gas law and hydrostatic
balance equation?
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Scale height and the hypsometric equation
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