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The physical parameters of an average atmosphere. 



The graph of h (in km) vs Density  

    (in  gr cm^(-3) ) 

Enter the data as two  1D   arrays…. 



The graph of h (in km) vs Density (in  gr cm^(-3) ) 

Plot the graph….. 
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To model the data set … 

To Model ….. 
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Modeling… 
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Modeling Part … 

Modeling  ….. 
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Modeling Part … 

Modeling  ….. 

{h^2, h, 1} 
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Modeling Part … 

Modeling  ….. 

{h^2, h, 1} 

Sin[x] Cos[x] Tan[x] 

x^2 x^3 …….. 

1/x 1/x^2 1/x^3 

Exp[x] Exp[-x] Exp[- a x] 
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Modeling Part … 

Modeling  ….. 

a = 1, 2, 3, ….. 

Exp[- a x] 

a = ½, 1/3, … 
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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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The graph of h (in km) vs Mean Molecular 
Weight 

Enter the data as two  1D   arrays…. 
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To model the data set … 

To Model ….. 
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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 



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

Enter the data as two  1D   arrays…. 
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To model the data set … 

To Model ….. 

P(h) = a h + b 
P(h) = a h^2 + b h + c P(h) = e^h 

P(h) = e^(-h) P(h) = e^(-h/8) 

100 200 300 400 500 600 700
h km

200000

400000

600000

800000

1 106

Pressure dyn cm^2

Graph of Pressure vs h



100 200 300 400 500 600 700
h km

200000

400000

600000

800000

1 106

Pressure dyn cm^2

Graph of Pressure vs h

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) 

Enter the data as two  1D   arrays…. 
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To model the data set … 

To Model ….. 

mfp(h) = a h + b mfp(h) = a h^2 mfp(h) = a h^4 

mfp(h) = a h^5 mfp(h) = a h^6 
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Mfp(h) = a h^7 



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) 



The graph of h (in km) vs Gravitational 
Acceleration (in cm/s^2) 

Enter the data as two  1D   arrays…. 
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To model the data set … 

To Model ….. 

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



Part by Part 
Modeling… 



The graph of h (in km) vs T (in K) 



The graph of h (in km) vs T (in K) 

The h vs T graph 

The T vs h graph 
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T1(h) = 3.40×10^(-7) h^5 - 0.000042 h^4 - 0.0013 h^3 

+ 0.299 h^2 - 8.98185 h + 290.294 

T2(h) = 2.0×10^(-10) h^5 - 4.81×10^(-7) h^4 + 

0.00045 h^3 - 0.2089 h^2 + 47.7 h - 2895.7 
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Thank You ! 



Planetary Atmospheres  

 
Planetary Atmospheres 
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4218  1067.5  KmJs

)6000(~5778 KKTS 

) 107 (~ 695500 5 kmkmRS 

)1 ( 000 598 149 AUkmd 

The Temperature of the Neutral Atmosphere 

Surface Temperature, Ts  

Rs  
Surface 
Temperature, 
Te  

R 

d = 1 AU 



Surface 

Temperature, Ts  Rs  
Surface 

Temperature, Te  

R 
d 

The Energy Density per second (Energy per unit area) at our orbit = 
2

24

4

4 

d

RT SS



 

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 ) 

1 

2 

The Total Energy to the Earth = 
2

2

24

4
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R
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RT SS 
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

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Surface 

Temperature, Ts  Rs  
Surface 

Temperature, Te  

R 
d 

Connect equation  1  &  2 ; 
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Where  e  should be  [ 0 – 1 ] 

??? 
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Temperature, Ts  Rs  
Surface 

Temperature, Te  
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The Temperature of the Neutral Atmosphere 

Surface Temperature, Ts  

Rs  
Surface 
Temperature, 
Te  

R 

d = 1 AU 

Let us first consider the Earth as a rapidly rotating solid sphere of radius    
R.  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. Let the sphere also radiate like a black body at an effective 
temperature Te. 

The Energy absorbed by the Earth = 
Using Stephan’s 
Law 

24
4  RTe  



Surface 

Temperature, Ts  Rs  
Surface 

Temperature, Te  

R 
d 

Under condition of thermal equilibrium; 

The Energy emitted by the Earth = 

Where  So  is the Solar Flux at 1AU. 

2 )1( RSA o 

The Energy absorbed by the Earth    =  The Energy emitted by the Earth  

224
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The Total Energy emitted per second by the Sun = 
24

4  SS RT  



Surface 

Temperature, Ts  Rs  
Surface 

Temperature, Te  

R 
d 

The Energy Density (Energy per unit area) at our orbit = 
2

24

4

4 

d
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This is called  Solar Flux, So  at 1AU ( at  d   or   at our orbit ) 
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The Total Energy emitted per  
 

second by the Sun = 
24

4  SS RT  



Solar Flux at 1 AU 
2
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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  



Surface 

Temperature, Ts  Rs  
Surface 

Temperature, Te  

R 
d 

The value of  Te  is  ~ 245 K.  It is approximately  45 K  lower than the 
average ground temperature,  Tg  ( Tg = 290 K) of the Earth.  
The difference is due to the Green House Effect of the terrestrial 
atmosphere which act as follows. 

KTe  181.245  

The value of the effective 
temperature of the Earth, 

The incident Solar radiation has its maximum intensity in the visible portion 
of the spectrum and passes with practically no attenuation through the 
transparent atmosphere of the Earth. Thus, the  ( 1 – A )  fraction of the 
Solar radiation that is not reflect back, is absorbed by the ground and heats 
it up. The Earth radiates as a black body at a temperature Tg = 290 K , 
which is the average temperature of its surface. At  Tg = 290 K  most of 
the emitted energy is in the infra-red region. 

The maximum intensity, according to Wien’s Law, occures at a wavelength  
λm = 10^(-5) m. 

mK
k

hcTm  003.0    
6

      



The maximum intensity, according to Wien’s Law, occures at a wavelength  
λm = 10^(-5) m. 

mK
k

hcTm  003.0    
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  003.0    
Tm 

  
290

003.0    m

mm  10    5

The infra-red spectrum is strongly absorbed by the tri-atomic molecules of 
the atmosphere, namely CO2, H2O and O3. The energy absorbed by these 
molecules is re-emitted in part toward the outer space and in part toward 
the ground, thus providing an additional heating source for the surface of 
the Earth. 

Upward flux from 
the ground 

 Downward flux from the 
tri-atomic molecules of the 
atmosphere 

= 
 flux of Solar radiation 

absorbed by the Earth 
+ 

= + 
4  gT   dF 4  eT24 R 24 R 24 R



The Equation of Radiative Transfer 

Upward flux from 
the ground 

 Downward flux from the 
tri-atomic molecules of the 
atmosphere 

= 
 flux of Solar radiation 

absorbed by the Earth 
+ 

= + 
4  gT   dF 4  eT

Using Eddington Approximation (  See Appendix I  ) dd IF       

and the intensity of the downward 
flowing radiation (Id) 
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FFd  Where, 

4  eTF  and o 

The opacity in the infra-red of the terrestrial atmosphere 

4 



Using Eq 4: 
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It has been observed that approximately 85% of the infra-red radiation is 
absorbed in the atmosphere and only 15% of the ground intensity (Ig) 
makes it through the Earth’s atmosphere. 



How to find  Ʈo : 
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The value of ground temperature of the Earth, 
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Surface 

Temperature, Ts  Rs  
Surface 

Temperature, Te  

R 
d 

The temperature obtained in the above equation 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. 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 ( A-
30, appendix I ), which yields a value for  Ta  lower than  Tg. 

4
1

4

 3

2

1
   








 o

ea TT
 4

1

4

)9.1 (3

2

1
 245   








aT

  288   KTa 



Surface 

Temperature, Ts  Rs  
Surface 

Temperature, Te  

R 
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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. 



It is significant to note that if the Earth did not have an atmosphere, or if 
the terrestrial atmosphere did not have any absorbing molecules such as 
CO2, H2O and O3, we would have  Ʈo=0  and  Tg = Te = 245 K = -28 °C. 

This shows the importance of the green house effect, i.e. the trapping of 
the infra-red radiation emitted from the ground by the tri-atomic molecules 
of the atmosphere, and emphasizes the critical role of the minor 
atmospheric constituents. 

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



Thank You ! 


