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The physical parameters of an average atmosphere.

PLANETARY ATMOSPHERES

TABLE 1.

Tempe- . . Accel.
S Density Mean Mol. Pressure Mean Free
rature Grav.

inkm in gr/cm™3 Weight in dyn/cm? Path in m g o
i in cm/s

Altitude

n °K

1.23 x 1073 28.96 1.01 x 10° 6.63 x 10°8 981
1.01 x 103 28.96 7.95 x 10° 8.07 X 1078 980
8.19 x 104 28.96 6.17 x 10° 9.92 X 10°8 979
6.60 x 1074 28.96 4.72 %X 103 1.23 5 107 979
5.26 x 1074 28.96 3.57 X 10° 1.55 X 1077 978
4.14 x 104 28.96 2.65 x 10° 1.96 x 10~7 978
8.89 x 103 28.96 5.53 x 10 9.14 x 1077 975
4.00 x 10°° 28.96 2.87 X 2.03 x 103 968
3.06 X 1077 28.96 2.257% 2.66 X 10~4 962
2.00 X 1078 28.96 1.04 X 4,07 X 103 956
4,97 x 10710 28.88 3101 % 1.63.% 10+ 951
3.39 x 1012 27.20 7.41 X = 2.25 X 10 939
5.86 X 1013 26.15 2.15 X 1.25 x 10? 927
1.99 x 10713 24.98 8.58 X 3.52 X 10? 916
8.04 X 10-14 23.82 3.86 ' 2.31 % 108 905
3.59 x 10~14 22.66 1.88 > 1.77 x 103 894
6.50 X 10~13 19.94 4.03 X 8.61 x 103 368
1.58 x 101° 17.94 1.10 X : 3.19 x 104 843
4.64 x 1016 16.84 3.45 X 1.02 X 10° 819
1.54 % 10~%° 16.17 1.19 X 2.95 x 10° 796




Nl [ e graph of h (in km) vs Density

R . I =~
in km in gr/cm—"

(in gr cm”™(-3) )

1.23 x 103
1.01 X 1073
8.19 x 104
6.60 < 1074
5.26 X 10~4
4.14 x 1074

hgh = {0, 2, 4, 6, 8, 10, 20, 40, 60, 80, 100, 140, 180, 220,
260, 300, 400, 500, 600, 700} ;
= {1.23%10%(-3), 1.01%104 (-3), 8.19%10~ (-4),
.60% 10~ (-4), 5.26%10* (-4), 4.14%10~ (-4), 8.89% 10~ (-5),
.00%10* (-6), 3.06%10% (-7), 2.00%10~ (-8), 4.97 %10~ (-10),
.39%10* (-12), 5.86% 10~ (-13), 1.99% 10~ (-13),
.04%10* (-14), 3.59% 10~ (-14), 6.50% 10~ (-15),
.58 %10~ (-15), 4.64 %10~ (-16), 1.54% 10~ (-16)} ;




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

dl = Transpose[{xrho, hgh}];
ListPlot[dl, PlotJoined = True,
PlotStyle - {RGBColor[l, 0, 0], PointSize[0.02]},
PlotLakel -+ "Graph of h vs Density",
AxesLabel » {"Rho (g/cm”3)", "h (km)"}]
Plot the graph

Graph of h vs Density

—

0.0002 0.0004 0.0006 0.0008 0.0010




To model the data set ...

data = Transpose[{hgh, rho}]; To Model
gl = ListPlot[data, PlotJoined = True,
PlotStyle - {RGBCocloxr [0, 1, 0], PointS8ize[0.02]},
PlotLabel - "Graph of Density wvs h",
AxesLabel » {"h (km)", "Rho (g/em”™3)"}]

Graph of Density vs h




Modeling...

biodiversity

e C0 You et e Dol Wi "l
0208 LK RKAOS T 0@ O

Avnrape Pascort Enir o Ao Velkic by

&
v« D
L) -

o S
-

LR
d =

- D
O e

Sub-theme 2
Mathematical
modeling on
svmbiotic systems

Test of :
of organisms

hypotheses




Modeling Part ...

f = Fit[data, {h, 1}, h] Modeling

g2 = Plot[£f, {h, hgh[[1]], hgh[[Length[hgh]]]},
PlotStyle - {RGBCoclox [0, 0, 1], PointSize[0.02]1}]

Show[{gl, g2}]

Graph of Density vs h

Graph of Density vs h

100 200 300 400




Modeling Part ...

f = Fit[data, {h,..l} , h] Modeling

L 4
.
.
~
¥
o,
L 4

g2 = Plot[£f, {h, hgh[ [i']"]w., hgh[ [Length[hgh]]]},
PlotStyle - {RGBColox [0 ,."E.'r'.,,. 1], PointSize[0.02]1}]

L 4

Show[{gl, g2}]

Graph of Density vs h
0.0005

- (2, h, 1)

0.0001 |-

0.0001 [ Graph of Density vs h

. . . . . . . km,
100 200 300 400 500 600 0.0002 -




Modeling Part ...

f = Fit[data, {h, 1}, h]

Show[{gl, g2}]

{h~2, h, 1}
Sin[X] Cos[x] Tan[Xx]
X2 X3
1/x 1/x"2 1/xX"3

Exp[X] Exp[-x] Exp[- a X]



Modeling Part ...

£ = Fit[data, {h, 1}, h]

Graph of Density vs h

Exp[- a X]

a=1 23, ...
a="1%,1/3, ..




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

Altitude
in km

Density

in gr/cm™

3

1.23
% 10°°
¥ 107
6.60 X
5.26 X
4.14 X
W ]0—5
X 10~°
X 10~7
2.00 X
4.97 >
3.39 %
5.86 X

1.01
3.19

8.89
4.00
3.06

1.99

1.58

1.54

10-3

10-*
10-4
104

108

]0—10
10-12
1042

% ]0—13
8.04 X
3.59 X
6.50 X
< 10713
4.64 X
% 107"

16727
1071%
]0—15

g1

Graph of h vs Density

~ N

Graph of Density vs h

X [ 3

0.0002 0.0004 0.0006 0.0008 0.0010  0.0012

Jo,

Rho . g cm”3;

Graph of Density vs h

_h
(h)y=re "
Where, r = 0.0013 and
Hel[8-9] ~ 84

100

‘1““1““1““1““1““1h.km.
200 300 400 500 600 700




The graph of h (in km) vs Mean
SRRl Molecular Weight

in km Weight

28.96
28.96
28.96
28.96
28.96 :
58 06 Graph of h vs Mean Molecular Weight
28.96 "
28.96
28.96
28.96
28.88
27.20
26.15
24.98
23.82
22.66
19.94
17.94
16.84
16.17




To model the data set ...

Graph of Mean Molecular Weight vs h

Graph of Mean Molecular Weight vs h Graph of Mean Molecular Weight vs h Graph of Mean Molecular Weight vs h

n=1

. . . I ) B )
100 200 300 - con con o KL ; e
Graph of Mean Molecular Weight vs h

600 700

h km

n=4 n=>5

100 200 300 400 500 600 o 100 200 300 400 500 600




Altitude Mean Mol.
in km Weight

28.96

2 28.96

4 28.96

6 28.96

8 28.96
10 28.96
20 28.96
40 28.96
60 28.96
80 28.96
100 28.88
140 27.20
180 26.15
220 24.98
260 23.82
300 22.66
400 19.94
500 17.94
600 16.84

16.17

The graph of h (in km) vs m

Graph of Mean Molecular Weight vs h

m (h) = 3.14x10~(-13) hA5 -
7.52x10~(-10) hA4 + 6.96x107(-7)
hA3 - 0.000277 hA2 + 0.0171 h +




The graph of h (in km) vs Pressure (in

Altitude Pressure
in km in dyn/cm?

dyn/cm”2)

1.01 x 10°

7.95 % 10°

6.17 X 103

4.72 X 10°

3.57 % 10°

2.65 % 10°

< 4

;2? ;83 Graph of h vs Pressure
2.25 X
1.04 < |
3.01 X
7.41 X
2.15 X
8.58 X
3.86 >
1.88 X
4.03 X
1.10 X :
3.45 X L

1.19 X 200000 400000 600000 800000

‘ Pressure | dyn, cm”2,
11 100




To model the data set ...

Graph of Pressure vs h
Pressure , dyn, cm”2,
10100
800000
600000

400000

200000

Graph of Pressure vs h Graph of Pressure vs h

Pressure . dyn, cm”2,

P(hy=ah +b

b
600 700
Graph of Pressure vs h
Pressure . dyn, cm”2,

1100

800000 800000

600000 600000

400000 P h E /\ h
h  km,

200000
100 200 300 500 600 700 100 200 300

600

700

Graph of Pressure vs h

(h) = e”(-h/8)

100

200

3

00

400

600

700

h  km,



Altitude
in km

The graph of h (in km) vs Pressure

Pressure

in dyn/cm? (ln dyn/CmAZ)

1.01 X

7.95 X
6.17 X
4.72 X
3.57 X
2.65 X
5.53 X

2.87
2.25%

1.04

3.01 X
7.41 X

x 1073 200000 -

X 1074 He[8-9] ~ 8.4

21D
8.58
3.86 >

1.88 X
4.03 X
1.10 X
10—6
% 10—6

3.45
1.19

% 10

10°

10° Graph of Pressure vs h
103 Pressure | dyn, cm”2,

105 1 1065
107

10° 800000 |
10%

| _h
N py=pe

10-1 400000 |

o |  Where, p = 991095 and

10-4
104
10-3
10-°




The graph of h (in km) vs Mean Free
Altitude Mean Free Path (In m)

in km Path in m

6.63 X 1078

8.07 X 10-8

9.92 x 108

1.23 x 1077

1.55 % 107

196 % 10-7 Graph of h vs Mean Free Path
9.14 X '
2.03 X
2.66 X
4.07 X
1.63 X
225 %
1.25 X
3.92 X
8.31
17T %
8.61 X
1.02 % 10000 15000 20000
2.95 X

 Mean Free Path , m,




Graph of Mean Free Path vs h
[Mean Free Path . m,

20000 -
15000 -
10000 -
5000
L + 1 1 1 1 1 h | kIn
100 200 300 400 500 600 700
Graph of Mean Free Path vs h Graph pf Mean Free Path vs h Graph of Mean Fiee Path vs h
[Mean Free Path , m, Mean Free Path . m, Mean Free Path . m,
20000 - 20000 -
15000 - 15000 -
mfp(h) =/a h + b} mfp(h) ='a h~2 I mfp(h) =/a h"4
5000 - 5000 -
00 200 300 400 500 600 700 100 200 300 400 500 600 700 100 200 300 400 500 600 700
Graph of Mean Free JPath vs h Graph of Mean Free Path vs h Graph of Mean Free Path fs h
[Mean Free Path  m, Mean Free Path . m, [Mean Free Path . m,
20000 + 20000 | 20000
15000 - 15000 15000
=
mfp(h) #/a h~5 [mfp(h) =/a h”~6 | t™fp(h) s/a h"7
5000 5000 |- 5000
L : . . . . — h_km, . . . . . ~ h . km, - . L . L — h_ km,
100 200 300 400 500 600 700 100 200 300 400 500 600 700 100 200 300 400 500 600 700



The graph of h (in km) vs Mean Free
Altitude Mean Free Path (In m)

in km Path in m

6.63 X 1078
8.07 X 10-8
9.92 x 108
1.23 x 1077

1.55 % 10~7 Graph of Mean Free Path vs h
e Mean Free Path , m,
1.96 x 1077 ]

9.14 X 1077 20000 |
i Mean_Free_Path (h)
;:07 : 15000 -

1.63 X : Where
2.25'% i

1.25 X I a — 2.457 X 10 A('].Z)
3.52 ¥ i

8.31 X
L7 2%
8.61 X
3.19 X
1.02 X
2.95 X

S TS S O 7'
300 400 500 600 700




Altitude ACER. The graph Of h (In km) VS

i Gravitational Acceleration (in cm/s™2)

in cm/s?

981

980

979

o Graph of h vs Gra Acc
978

978
975
968
962
956
951
939
927
916
905
894
8368
843
819
796




To model the data set ...

Graph of Gra Acc vs h

Graph of Gra Acc vs h Graph of Gra Acc vs h

(h)=ahl2+bh+c

h | km,
700




The graph of h (in km) vs

ke ol Gravitational Acceleration (in cm/s”2)

in km

g . cm,s”2,

Graph of Gra Acc vs h

gh)=ah”2+bh+c

Where,
a = 0.00006244
b =-0.307072
c = 980.625
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The graph of h (in km) vs T (in K)

: Tempe-
Altitude
rature

mkm . .
in K

hgh= {0, 2, 4, 6, 8, 10, 20, 40, 60, 80, 100, 140, 180, 220, 260, 300, 400, 500, 600, 700} :

tem = {288, 275, 262, 249, 236, 223, 217, 250, 256, 181, 210, 715, 1156, 1294, 1374, 1432, 1487, 1459, 1506, 1508] ;

dl = Transpese[{tem, hgh}]:

ListPlot[d1, PlotJoined » True, PlotStyle » [RGBColor[1, O, 0], PointSize[0.02]}, PlotLabel -+ "Graph of h vs Temperature", AxesLabel » {"T (K)", "h (km}"}] :

data = Transpose [ {hgh, tem]]:

gl = ListPlot[data, PlotStyle + {RGBColor[0, 1, 0], Point3ize[0.02]}, Plotlabel -+ "Graph of Temperature vs h", Axeslabel + {"h (km)", "T

nnn = 11;

ttl = Take[data, nnn] ;

tt2 = Take[data, - (nnn-1)];

gttl = ListPlot[ttl, PlotStyle -+ [RGBColor([0, 1, 0], PointSize[0.02]}, PlotLabel -+ "Graph of Temperature vz h", Axeslabel -+ {"h (km)", "T (K)"}]
gtt? = ListPlot[tt2, PlotStyle » [RGBColor[0, 1, 1], PointSize[0.02]}, PlotLabel » " f Temperature vs h", Axeslabel » {"h )", T (K]
s1 = Show[{gttl, gtt2}]:

nl=75;

phl = Table[h*i, {i, 0, n1}] ;

Print["Suitable First Polynomail Function is : "]

f1 = Fit[ttl, phl, h]

gfl = Plot[f1, {h, hgh[[1]], hgh[[mnn]]}, PlotStyle » [RGBColor[0, 0, 1], PointSize[0.02]], PlotRange -+ Full] ;
51 = Show[{gttl, gfl}]

n2=5;

ph2 = Table[h*i, {i, 0, n2}] ;

Print["Suitable Second Polynomail Function iz : "]

£2 = Fit[tt2, ph2, h]

gf2 = Plot[f2, {h, hgh[ [nnn] ], hgh[[Length[hgh]]]}, PlotStyle » {RGBColor[l, O, 1], PointSize[0.02]}, PlotRange » Full] ;
82 = Show[{gtt2, gf2}]

mml = 1 /. h -> Take[hgh, nonn - 1] ;

mn2 = f1 /. h->Take[hgh, - (nn-1)];

tempm = Join[mml, mm2]:

datam = Transpose [ [hgh, tempm]];

gtm = ListPlot[datam, Plot5tyle -+ {RGBColor[0, 1, 1], PointS5ize[0.02]}, Plotlabel -+ "Graph of Temperature w= h", AxeslLabel -+ {"h (Em) "T (K)"}]:
Show[{gl, gtm}]




mwm | he graph of h (in km) vs T (in K)

rature Graph of h vs Temperature
n °K

Altitude
in km

- The T vs h graph

1
200 300 400 500

M| h [lﬂIl:I
700




Tempe-
rature
in °K

Altitude
in km

Graph of Temperature vs h

S S T I S sy 3§ 2 Y
0 200 300 400 500 600 700

Graph of Temperafare vs h Graph of Tempx rature vs h




3 Tempe-
Altitude P

in km

rature
in °K

Graph of Temperature vs h Graph of Temperature vs h

h km,
700

8.98185 h + 290.294

T2(h) = 2.0x10~(-10) hA5 - 4.81x10(-
7) h”~4 + 0.00045 h/A3 - 0.2089 h”2 +
47.7 h - 2895.7




Tempe-

Altitude
Altitude . Graph of Temperature vs h

mkm . .
in °K

288
275
262
249
236
223
217
250
256
181
210
714
1156
1294
1374

1432 (3.4x107h° —4.2x107°h* =1.3x107 K> Qon < 1 < 100km
1487

1499 +2.9X10_1h2 —8.98h+290.3
1506 2.0x107°h" —4.8x107" A" +4.5x107* A

L ~2.1x107 A +47.7h—2895.7 ML= T0 e
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1 Planetary Atmospheres

Planetary Atmospheres
Formation and Evolution of Planetary

Atmospheres
The Structure of the Terrestrial Atmosphere

The Temperature of the Neutral

Atmosphere
The Escape of the Atmospheric Gases

The Atmospheres of the Planets



The Temperature of the Neutral Atmosphere

Surface Temperature, Ts

Surface
Temperature,
Te

+

d=1AU

oc=567<10°%Js'm K
7, =5778 K (~ 6000K)

R, = 695500 km (~ 7 =10° km)
d =149 598 000 km (1A4U)




Surface Surface

Temperature, Ts  Temperature, Te
€~
- et R

d

> p:

Using Stephan’s Law;

The Energy emitted per unit area, per second by the

Sun -

The Total Energy emitted per second by the Sun =

The Energy Density per second (Energy per unit area)

at our orbit = oT. x 47R. >
A7ed

Where this d is distance from the
Sun to the Earth’s Orbit (1.0 AU )




Surface Surface

ﬁl’emperature, Ts  Temperature, Te
i ¢ R Using Stephan’s Law

d

> p:

1
The Total Energy to the Earth =

The Energy absorbed by the Earth =

2

Where this e is emissivity of the
Earth ( Factor per BB, for BB ; e=1)



Surface Surface

Temperature, Ts Temperature, Te
€~
: et R

d

> p:

‘Eonnect equation 1 & 2;

oT,* <x4nR >
4 7zd *

Where e shouldbe [0—-1 ]

2 :‘.“ 4 2
<X 7tR* =e:ocT, xX27zR

1
= T4_GTS4><47zRS2><7zR2 o T,' xR’ g
© Ard* x e o x 2R’ © ed’x2

T, = {1047.62,589.123,393 .97,340.13 ,332.12



Surface Surface
Temperature, Ts  Temperature, Te

d iR

. >

% Space Physics 01.nb * - Wolfram Mathematica 10.0

File Edit Insert Format Cell Graphics Evaluation Palettes Window Help

1= 8ig=5.67=% (10* (-8)):
ts = 5778;
rs = 695500+ 1000
re = 6400 +1000;
d =149598000 %= 1000

e={0.01, 0.1, 0.5, 0.9, 0.99, 1.0}

te = ( ( (t=*4) = (ra*2)) / (e x (d*2) » 2) Y*(1/4);

Print["Temperature on the Earth is ", te - 273, " C"]

Temperature on the Earth i3 : {774. , 316.123, 120.97, 6€7.1301, 59.1214, 58.288} C




Thank You !
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