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The Structure of the Terrestrial Atmosphere



The Structure of the Terrestrial Atmosphere

Ionosphere:

Magnetosphere:



The physical parameters of an average atmosphere.
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The graph of h (in km) vs Density (in gr cm^(-
3) )

Where, r = 0.0013  and  

H є [8 - 9] ~ 8.4
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Graph of Mean Molecular Weight vs h

The graph of h (in km) vs m 

m (h) = 3.14×10^(-13) h^5 - 7.52×10^(-
10) h^4 + 6.96×10^(-7) h^3 - 0.000277 

h^2 + 0.0171 h + 28.86
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The graph of h (in km) vs Pressure 
  (in dyn/cm^2)

Where, p = 991095  and  

H є [8 - 9] ~ 8.4
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The graph of h (in km) vs Mean Free Path 
(in m)
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Mean_Free_Path (h) = a h^6

Where a = 2.4571 * 10 ^(-12)
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The graph of h (in km) vs Gravitational 
Acceleration (in cm/s^2)

g(h) = a h^2 + b h + c 

Where, 
 a = 0.00006244
 b = -0.307072
 c = 980.625

Where,  
 a = 6.2 * 10 ^(-5)
 b = -0.31
 c = 980.6
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The Temperature of the Neutral Atmosphere

Surface Temperature, Ts 

Rs 
Surface 
Temperature, 
Te 

R

d = 1 AU
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Temperature, Ts Rs 
Surface 

Temperature, Te 
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The Energy Density per second (Energy per unit area) at our orbit =
2
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Where this  d is distance from the Sun to the Earth’s Orbit (1.0 AU )

The Energy emitted per unit area, per 
second by the Sun = 4

  STE =

The Total Energy emitted per second by the Sun =
24

4  SS RT  

Using Stephan’s Law;

The Energy absorbed by the Earth =

Using Stephan’s Law

24
2  RTe e  

Where this  e  is emissivity of the Earth ( Factor per BB, for BB ; e=1 )
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Temperature, Te 
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Connect equation  1  &  2 ;
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Where  e should be  [ 0 – 1 ]
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Solar Flux at 1 AU
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The value of the effective temperature of the Earth,
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Where,
4218  1067.5 −−−−= KmJs

)6000(~5778 KKTS =

) 107 (~ 695500 5 kmkmRS =

)1 ( 000 598 149 AUkmd =

1295.1365 −−= sJmSo in our orbit…

Where, 4.0=A

Albedo of the Earth…

KTe  181.245  =

Let the reflectivity of this sphere be such that 
it reflects a fraction A (Albedo) and absorbs 
the remaining fraction ( 1 – A ) of the 
incoming solar radiation. 
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KTe 305  =

The value of ground 

temperature of the Earth,

The temperature obtained in the above is somewhat higher than the 
average temperature on the surface on the Earth, but still it describes to a 
good approximation the Green House Effect.

In a greenhouse sunlight—which is made up of 
different wavelengths, some of which are in the 
visible and infrared spectrum—shines through the 
transparent glass or plastic roof and walls. Only 
the light in the visible spectrum can penetrate into 
the greenhouse whereas incoming infrared light, 
which is also known as heat radiation, is blocked 
by the glass or plastic.

Inside the greenhouse the visible light is absorbed by the plants and soil and is 
converted into heat, which is then emitted by the plants and soil in form of infrared 
radiation. Because that heat radiation is blocked by the glass, most of it cannot 
escape, and the temperatures inside the greenhouse will steadily increase.



The greenhouse effect is the 
process by which radiation from 
a planet's atmosphere warms 
the planet's surface to a 
temperature above what it 
would be without this 
atmosphere.

Radiatively active gases in a planet's 
atmosphere radiate energy in all 
directions. Part of this radiation is 
directed towards the surface, warming 
it. The intensity of the downward 
radiation that is, the strength of the 
greenhouse effect will depend on the 
atmosphere's temperature and on the 
amount of greenhouse gases that the 
atmosphere contains.

Earth's natural greenhouse effect is critical to supporting life, and initially was a precursor to life 
moving out of the ocean onto land. Human activities, however, mainly the burning of fossil fuels 
and clearcutting of forests, have accelerated the greenhouse effect and caused global warming.



Surface 

Temperature, Ts Rs 
Surface 

Temperature, Te 

R
d

The small excess we have found in  Tg  occurs in part because we have 
neglected the convective transport of heat in the lower atmosphere, which 
would tend to cool down the surface of the Earth.

KTe 305  =

The value of ground 

temperature of the Earth,

Note that the temperature of the air  Ta  near the ground is given by which 
yields a value for  Ta  lower than  Tg.

  288   KTa =

The temperature obtained in the above is somewhat higher than the 
average temperature on the surface on the Earth, but still it describes to a 
good approximation the Green House Effect.



Heat Transfer in the Atmosphere

Heat moves in the atmosphere the same way it moves through the solid 
Earth (Plate Tectonics chapter) or another medium. What follows is a 
review of the way heat flows and is transferred, but applied to the 
atmosphere. Radiation is the transfer of energy between two objects by 
electromagnetic waves. Heat radiates from the ground into the lower 
atmosphere.

In conduction, heat moves from areas of more heat to areas of less 
heat by direct contact. Warmer molecules vibrate rapidly and collide with 
other nearby molecules, transferring their energy. In the atmosphere, 
conduction is more effective at lower altitudes where air density is higher; 
transfers heat upward to where the molecules are spread further apart or 
transfers heat laterally from a warmer to a cooler spot, where the 
molecules are moving less energetically.
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Temperature, Ts Rs 
Surface 

Temperature, Te 
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The discontinuity between  Tg  and  Ta  is in practice removed through 
conduction and convection and tends to lower the value of  Tg obtained 
above.

KTa 288  =

The temperature of the air  Ta  
near the ground,

This figure describes 
the balance between 
the radiation received 
and the radiation 
emitted by the Earth, 
including the green 
house effect.

A diagram showing the balance of heat, 
including the G.H.E. in the atmosphere of 
the Earth.
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The Escape of the Atmospheric Gases

The kinetic theory of gasses shows that the particle velocities of a gas in a 
thermal equilibrium follow a Maxwellian Distribution, which in polar 
coordinates is given by the expression,
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The Escape of the Atmospheric Gases

The most probable speed (Vm)
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The most probable speed is the speed 
associated with the highest point in the Maxwell 
distribution. 

Maxwellian Distribution

( )
RT

MVV
RT

M
Vf

2
exp 

2
4)(

2
2

2
3

−







=




0
)(
=

dv

vdf

( )( ) 0
2

exp 
2

4
)]([ 2

2
2

3

=−







=

RT
MVV

dV

d

RT

M

dV

Vfd




The Maximum/Minimum value is :



The Escape of the Atmospheric Gases
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Then this V value should be the maximum value of the Maxwellian 
Distribution. This is called “The most probable speed ” , 

To find is it Maximum or Minimum  : should be checked the second 
derivative of the Maxwellian Distribution
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The Kinetic Energy of a particle in the Earth’s atmosphere whose mass is 
m,
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The Potential Energy of a particle on the surface of the Earth,
R
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Kinetic Energy exceeds Potential Energy, the particle can escape ;
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Where,  M  is the mass of the Earth and  R  is the Radius of the Earth.

Where,
2gRGM = Proof :  P.T.O
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Therefore, the Escape Velocity of a planet:
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•    For the Earth
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The ratio of  Ve : Vm

As a result, particles in the atmosphere can 
not escape to the interplanetary space! 
(But this is not the only condition necessary 
for the particles to escape)Escape 

Velocity
Most Probable 
Velocity
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Atmosphere of Earth 

Atmospheric layers

The properties of the Earth's 
atmosphere vary with altitude. 
Based on these properties, the 
atmosphere may be regarded 
as having different layers or 
zones. According to one system 
of nomenclature, there are five 
layers: the troposphere, 
stratosphere, mesosphere, 
thermosphere, and exosphere. 
The boundaries between these 
regions are called the 
tropopause, stratopause, 
mesopause, and exobase.



Atmosphere of Earth 

Troposphere

The troposphere is the atmosphere's lowest and densest layer, and it is also 
known as the lower atmosphere. It starts from the Earth's surface and reaches 
up to about 7 km at the poles and 17 km at the equator, with some variation 
caused by weather factors. The upper boundary of this layer is called the 
tropopause.



Atmosphere of Earth 

Stratosphere

The stratosphere is situated directly above the troposphere and just below the 
mesosphere. In terms of its altitude range, it lies between about 10 km and 50 
km at moderate latitudes, but it starts at about 8 km at the poles. This layer is 
dynamically stable, with no regular mixing of air and associated turbulence.

The upper layers of the stratosphere are heated by the presence of an 
ozone layer that absorbs ultraviolet (UV) radiation from the Sun 
radiation that would otherwise be harmful to living organisms on 
Earth. 

http://www.newworldencyclopedia.org/entry/Ozone
http://www.newworldencyclopedia.org/entry/Ultraviolet
http://www.newworldencyclopedia.org/entry/Sun


Thank You !
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