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n express the equation of state for dry air as: -
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Where R is the gas constant for dry air (R=287 JkgtK1)



Pressure Measurement
Torricelli's Barorneier
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ht of column of air above your hes

“‘We can measure the density of the atmosphere by measuring the
pressure it exerts.
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standard sea-level
pressure from
‘ Torricelli’s experiment

Atmospheric Atmospheri
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IS 76.0 cm or 29.92
Inches or 1013
millibars

Container of Mercury
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(one of the best approximations in meteorology)



Pressure at any point is the weight per square meter
of the atmospheric column overlying that point.

For average conditions,
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This is the mean sea-level pressure.



Barometric Equation for isothermal atmosphere

dp/dz = -pQ -

P, the pressure of the gas at sea-level (z=0)
g the acceleration due to gravity at the surface of the planet

ﬂh, 0=9.81 m/s?)
eigh

In K "
the gas constant (if the units given above are used,
R=8.3145 J/molK is appropriate)
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Atmospheric pressure falls almost exponentially with
Height.

For each 8 km of altitude the pressure is dewn by ezt or
one “e-fold.”




Why does pressure
fall exponentially?
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& There are 2 lines to the argument
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-A-hypothetical atmosphere in which the density is constant with height.
dp/dz =-p,0

~ p, RT, 287x288

=8.4 km

JY- ST 9.8


http://amsglossary.allenpress.com/glossary/search?id=atmosphere1
http://amsglossary.allenpress.com/glossary/search?id=density1

Lapse Rate for Homogeneous Atmosphere

mE—— 9.8 N/kg
=34 °c/km
dp/dz =—p,0  287.05ikg K —
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@dT = —p0,09dT
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Gomg to the mouthalns*erShenandoah Natlonal Park the

~SUmmer is a nice way to escape Washington’s heat. Why?
Consider a parcel of air. If it rises it will expand and cool. |If
we assume it exchanges no heat with the surroundings (a
pretty good assumption, because air IS a very. peel conductor
of heat) it will cool “adiabatically.”
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First Law Thermodynamics:

dU = DQ + DW



U= Energy of system (also written E)

e ~ ASSUME:

" 4) Adiabatic (dH = 0)
b) All work PdV work —

c) (remembera=1/p)

CpdT = a dP

dT = (a/Cp) dP
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Result: dT /dZ=-g/C,

This quantity, g_/.g,O IS a constant in a dry atmosphere. lItis called the
jabatic lapse rate and is given the defined

-

7, = 9.8K/km —
For a parcel of air moving adiabatically in the atmosphere: -

=T, —v.(Z, - Z)



Where Z, is higher than Z, but this presupposes that no heat is added to
eStiiemthepaicelpanticentensationReyaperaticnpancNadiati
rigaiinie) car 2l grocucs 2 riori-adizigatis sysigm.
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~-“=I"hE‘dry'adlab*a:tlcﬂapseTate IS a general thermodynamlc‘proper \YA©
.._atmosphere and expresses the way a parcel of air will cool on rising or
warm on falling, provided there is no exchange of heat with the
surroundings and no water condensing or evaporating. The
environmental lapse rate is seldom equal to exactly the dry adiabatic
lapse rate because radiative processes and phase changes constantly -
redistribute heat. The mean lapse rate is about —6.5 K/km.

Problem left to the students: Derive a new expression for the change in

wwith height'for an atmosphere withya:.constant Iap_,s_e.[e@ﬂ—"
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1000 hPa level in a dry adiabatic process. -
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~ parcel of air would have if |t'wer'e broug

_g-_-—-_-level.(near_the-surface) In a dry adiabatic process.







