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Space & Atmospheric Physics
Field of Study

Tﬁ%course IS an introduction to the fields of Solar
and Space Physics; it addresses the physics of
plasmas in our solar system, emphasizing both
observations and theory in a unified fashion. The
domain of Space Physics is from Earth's upper
atmosphere to the solar photosphere to the outer
boundaries of our solar system where the solar wind
encounters the local interstellar medium. Space
Physics is sometimes defined as "astrophysics of our
solar system", overlapping with solar physics in the
study of the Sun.



Space & Atmospheric Physics
Field of Study

Tﬁsrcourse should be of particular interest to people
wanting to learn more about our solar system and
near-Earth space environment, astrophysics, plasma

physics, atmospheric physics, and solar-terrestrial
interactions.




Space & Atmospheric Physics

M%Lhod of Assessment
Continuous Assessments ( 10 - 15) - 40%

End of the Semester Theory
Examination - 60%

Total - 100%



PHY 458 2.0 / 497 2.0 — Space and
Atmospheric Physics

Eilxamination Paper

You should Answer

All the Questions
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Space & Atmospheric Physics - Syllabus :

Planetary Atmospheres

m Formation and Evolution of Planetary Atmospheres
+ m The Structure of the Terrestrial Atmosphere

m The Temperature of the Neutral Atmosphere

m The Escape of the Atmospheric Gases

m The Atmospheres of the Planets

Earth’s Atmospheres

m Retaining of Gases in the Earth
m Major / Minor constituents

m Barometric Equation

m Scale Height

m Atmospheric Regions

m Temperature Profiles

m Retaining of Gases

s Number Density Profiles



Space & Atmospheric Physics - Syllabus :

The Ionosphere

I m Introduction
m The Chapman Layer Theory

m Plasma Frequency

m Collision Frequency and Absorption

m The Structure of the Ionosphere and the Plasmasphere
m Regular and Irregular Variations of the Ionosphere

The Magnetosphere
m The Earth’s Magnetic Fields
m The Dipole Magnetic Field
m Motion of charged particles in a Dipole Magnetic Field
m The Radiation Belts
m The boundary and the tail of the Magnetosphere



Space & Atmospheric Physics - Syllabus :
The Active Sun

m The Sun and Stars
~|— m Introduction of the Active Sun
m The Photosphere
m The Chromosphere and the Corona
m Sunspots and the Solar Cycle
m Faculae, Flares and Prominences
m Radio and X-ray Bursts from the Sun
m The Development of an Active Region on the Sun
m Effect of the Solar Cycle
m Life Cycle of the Sun

Solar- Terrestrial Relations

m Introduction

m Geomagnetic Storms and Ring Currents
m Galactic and Solar Cosmic Rays

m Auroras

m Ionospheric Disturbances



Space & Atmospheric Physics - Syllabus :
Radio Wave Communication

m Reflection of Radio Waves
~|— m Absorption of Radio Waves
m Complex Refractive Index
m Reflection Heights
m Deviating Region Absorption, Non- Deviating Region Absorption
m Ordinary/Extra Ordinary Waves
m Ionosphere — Sounding Techniques
m Pulse Reflection Methods

The Interplanetary Space

m Introduction

m Characteristic Parameters of fully Ionized Plasmas
m Hydrodynamic Equations in the Solar Corona

m The Supersonic Flow of the Solar Wind

m The Interplanetary Magnetic Field

m Interplanetary Dust



Space & Atmospheric Physics
References:

& S‘phe Physics and Space Astronomy — Michael D. Papagiannis
* Space Physics - May-Britt Kallenrode

* Radio Emission of the Sun and Planets — V. V. Zheleznyakov

* Horizons - Exploring the Universe — Michael A. Seeds

* Introduction to Astronomy — Cecilia Payne - Gaposchkin

* Foundations of Astronomy — W. M. Smart

* Answer Book of Astronomy — Iain Nicolson

* Sun, Solar Cycle, Ionosphere, Absorption cross section, Maxwell's equations, Atmospheric
dispersion modeling, Wave plate — Wikipedia (Internet)

* Solar Radiation - Encyclopedia of Earth (Internet)

* Ultraviolet - Wikipedia (Internet)

* Sunspot Numbers - IPS - Solar Conditions (Monthly Sunspot Numbers) (Internet)
* Solar Physics — NASA - Marshall Solar Physics (Internet)

* Interplanetary Ionization by Solar Extreme Ultraviolet Radiation, Hinteregger, H. E.,
Astrophysical Journal, vol. 132, p.801

* Tonospheric Physics of Radio Wave Propagation - Edwin C. Jones (Internet)



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




Formation and Evolution of Planetary
Atmospheres

I—y{:h'ogen and Helium are by far the most abundant
elements in the universe. For every 1000 atoms of
Hydrogen there are nearly 100 of Helium and only
one or two of all the other elements. Most of the
Helium, it is believed, was formed during the Initial
Explosion (Big Bang) of our expanding universe,
probably something like 10 billion (10710) years
ago. A substantial amount, is also produced
through the continuous “burning” of Hydrogen to
Helium in the interior of the stars.
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about 400 million yrs,

Blg Bang Expansion
13,7 billien years
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Formation and Evolution of Planetary Atmospheres

Our solar system was formed approximately 5 billion
(5 x 10M9) years ago from galactic matter already
elﬂ%hed in heavy elements. The most common of
these elements are O, C, N, Ne, Si, Mg, S, Fe, Al, Ca
but they still comprise only about 2% of the total
mass of the solar system.

Stellar nucleosynthesis




Formation and Evolution of Planetary Atmospheres

A vastly enhanced solar wind in the early stages of
tmthun’s ife stripped the inner planets (Mercury,
Venus, Earth and Mars) of all their gaseous matter.
What remained were essentially the chemically
condensable materials which represented only a

small fraction of the total initial mass.
The Inner Plane_ts |

Mercury, Venus, Earth, and Mars




Formation and Evolution of Planetary Atmospheres

The outer planets were too far to suffer any
significant losses at this stage. Thus all of them
(Jupiter, Saturn, Uranus and Neptune) are much
more massive than the inner planets and their
composition is probably very similar to the
composition of the initial nebula from which the
solar system was formed.




Formation and Evolution of Planetary Atmospheres

The formation of the first solid bodies in our solar
system took place approximately 4.7 x 10°9 years
ago. Studies of rocks and minerals on the surface
of the earth show that these minerals have
remained unchanged for not more than 3.6 x 1079
years. As a result, we know very little about the
first one billion years of the history of our planet.



Formation and Evolution of Planetary Atmospheres

Chemical analysis of ancient rocks shows that the
early atmosphere of the earth was reducing, i.e., it
waFIacking in free Oxygen and contained mainly
H2, CH4, N2, NH3 ,CN, CO and H20. Part of the
water vapor condensed later to from lakes and
seas, and at the same time the different sources of
energy available such as lightning, volcanic action,
solar ultra-violet radiation, etc..., acted to from
amino-acids and other organic substances from the
above mentioned atmospheric constituents. The
organic compounds were then dissolved in the
water bodies on the surface of the earth and
formed what is sometimes referred to as the
primordial soup.
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Formation and Evolution of Planetary Atmospheres

In the depth of the lakes, protected from the
hagardous ultra-violet radiation of the sun, these
o?ﬁanic chemicals combined through different
catalytic reactions to form dioxyribonucleic acid
(DNA), ribonucleic acid (RNA), and certain proteins
called enzymes, which are the beginning of life.
This took place on the earth probably close to 3.5
billion years ago. The early organisms resided in a
molecular Garden of Eden because they could
feed, without doing any work, on the organic
substances that was dissolved in the primordial
soup.
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Formation and Evolution of Planetary Atmospheres

It was not too long, however, before all the
available food was consumed, and the survival of
living organisms had to depend on their ability to
develop new feeding processes. The crisis was
solved by some organisms which managed to start
synthesizing their food from H20, the CO2 that was
naturally dissolved in the waters, and the energy of
the solar rays. This new process, which has Oxygen
as its by-product, is called photosynthesis and it is
believed that it appeared on earth approximately 3
billion years ago.
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PHOTOSYNTHESIS CHART
M v/

SUNLIGHT \\ & =

CARBON DIOXIDE \5
WATER

Photosynthesis



What is Photosynthesis?

L S—

[ e AN .'. “--., R E— * - . - ¢.. ae
LR S N AT SR Cub s 15 G s D O R

Worksheets

Photosynthesis is the biological process by which plants,
algae, and certain bacteria convert light energy into
chemical energy to fuel their growth.

It occurs in chloroplasts, where pigments like chlorophyll
absorb sunlight. During photosynthesis, carbon dioxide
from the air and water from the soil are combined to
produce glucose and oxygen.

This energy-conversion process is fundamental for
sustaining life on Earth, as it generates the oxygen we
breathe and provides the foundation of the food chain, as
plants serve as primary producers.

PLANET |www.WorksheetsPlanet.com | All rights reserved | @ This is a copyrighted material




Formation and Evolution of Planetary Atmospheres

During the pre-Paleozoic (pre-Cambrian) era (700 —
6%% million years ago) the process of
photosynthesis allowed the accumulation in the
atmosphere of small amount of Oxygen, which in
turn gave rise to minute traces of Ozone (O3).
Ozone is a very essential element in the
evolutionary process of life because it stops the
ultra-violet radiation from the sun before it can
reach the ground and cause irreparable damage to
all unprotected living organisms.



Formation and Evolution of Planetary Atmospheres

gy

ultraviolet ray

In the beginning of the
Paleozoic era, i.e., about 600
million years ago, the
Oxygen probably reached a
level of about 1% of its
present abundance, and the
Ozone that was formed
allowed life to survive even
at very shallow depths of
water.
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In the late Silurian, i.e., about 400 million years
a Oxygen was probably close to 10% of its
oresent level and Ozone had reached a level their
permitted the existence of life outside the water.
_iving organisms again underwent and evolutionary
explosion, and by the early Devonian, i.e., about
380 million years ago, great forests appeared on
the surface of the Earth. This produced a rapid
increase in Oxygen and, therefore, more protective
Ozone. Amphibians and insects appeared on the
land.
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about 380 million years ago, great forests appeared
on| the surface of the Earth

e, Ve



Formation and Evolution of Planetary Atmospheres

It is estimated the amount of CO2 that has been
released over the ages in the atmosphere of the
earth through volcanic action is of the order of 2 x
10”5 times the present content, i.e.,, about 4 x
10723 gr.

(gr=gran and 50mg=0.77 gr )
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If all this CO2 had remained in the atmosphere, it
would have produced a CO2 atmosphere similar to
the one of Venus with a ground pressure of about
80 a.t.m. Most of this CO2, combined with metal
oxides to form carbonic rocks and minerals such as
limestone (CaCO3) and dolomite (MgCO3). A
Substantial part of it was also taken out from the
atmosphere by living organisms and was converted,
through photosynthesis, to organic matter with the
simultaneous release of free Oxygen.
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Formation and Evolution of Planetary Atmospheres

An important fraction of this organic matter is
continuously withdrawn from the cycle of
ph{}tosynthesis and oxidation as the remains of
dead organisms are mixed with the soil or buried at
the bottom of the oceans. If all dead organic
matter were burned back into CO2, it would
consume all the available Oxygen and it is only
sedimentation of organic matter that has allowed
the accumulation of Oxygen in the atmosphere.
Unfortunately only a very small fraction (3 x 108
gr) of these carbon-containing sediments was
transformed into the valuable, concentrated
deposits (coal, petroleum, natural gas, etc...) which
are known as fossil fuels.
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Formation and Evolution of Planetary Atmospheres

If the earth did not have any water, life would have
not evolved on our planet to change CO2 to organic
matter and Oxygen, and ultimately help to
withdraw part of the carbon in the form of organic
sediments. Furthermore, there would have no
weathering of the silicate rocks to produce metal
oxides which, combined with CO2, to form carbonic
rocks and minerals. As a result, without water the
earth would have had a thick atmosphere of CO2,
probably very much like the one of Venus.
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“Venus and Earth compared”

Copyright © Walter Myers
http://www.arcadiastreet.com
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The Structure of the Terrestrial
Atmosphere

To| facilitate the study of the atmosphere, we
usually divide it into shells with common properties.
These shells bear names ending in sphere (e.q.,
stratosphere) and the boundaries between them
follow the name of the lower layer with the ending
pause (e.g., stratopause). The several layers into
which the atmosphere is divided vary depending on
the principle properties of the atmosphere under
investigation. One of the most common
classifications is when the temperature is used as
the guiding parameter. In this case we recognize
the following regions of the terrestrial atmosphere:
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Mesopause

Masosphere

Stratopalse

Stratosphere
Tropopause

Troposphers




The Structure of the Terrestrial Atmosphere

Troposphere:

TﬁE is the lowest layer and extends from the
ground to about 13 km. The heat source for this
region is the surface of the Earth, at a temperature
of 290 + 20 K and, therefore, as we move away
from the ground, the temperature decreases at a
rate of ~7 K/km reaching a minimum of 210 %
20 K at the tropopause.



The Structure of the Terrestrial Atmosphere

Troposphere:

T(-:T'lﬁ:erature
at height h :

Tropopause:

The upper :
boundary of the §
Troposphere...




The Structure of the Terrestrial Atmosphere

Stratosphere:

Tﬁg temperature beings to rise in this region
reaching a maximum of 270 + 20 K at the
stratopause. The heating of the stratosphere is due
to the absorption of the ultraviolet radiation in the
2000 A - 3000 A range by the Ozone in the
ozonosphere. The Ozone layer reaches a maximum
concentration around 20 — 25 km.

Altitude (km)
8




The Structure of the Terrestrial Atmosphere

Stratosphere:

+

Stratopause:

The upper boundary
of the stratosphere
occurring at an

altitude of 50 = 5 km.

ER2
(23 km)

Stratosphere

Altitude (km)

A 50

40

10



The Structure of the Terrestrial Atmosphere

Mesosphere:

Tﬁg temperature starts decreasing with height in
the region due to an energy sink provided by the
CO2 and Oxygen emission in the far infrared. It
reaches a minimum of 180 + 20 K at the
mesopause. |

Mesosphere : 480

A radiosonde (Sonde is
French for probe) 1s a unit
for use in weather balloons
that measures various
atmospheric parameters
and transmits them to a
fixed receiver.

70

Altitude (km)



http://en.wikipedia.org/wiki/French_language

The Structure of the Terrestrial Atmosphere

Mesosphere:

+

Mesopause:

The upper
boundary of the
mesosphere
occurring at an

altitude of 85+ 5

km.

Mesosphere -
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Radiosonde
- (75 km)

o

Altitude (km)
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The Structure of the Terrestrial Atmosphere

Thermosphere:

The temperature increases steeply with height in
this region reaching its peak value of 1500 + 500 K
at the thermopause. The very effective heating
source of this layer is the far ultra-violet (100 A —
2000 A) radiation from the sun which is absorbed in
this region causing the photodissociation and
photoionization of the atmospheric constituents.
Solar particles and meteors also make a smaI
contribution to the heating process. @ ™™ ’°°
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Thermosphere: " Thermosphere

Thﬂ?mopause:

The upper boundary of the ;
thermosphere occurring at an

altitude of 350 + 100 km. Above -
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The physical parameters of an average atmosphere
are shown in the following figure and are listed in the
following table.

TABLE 1.5-1

Distance Radius Mass Gravity Esc. Vel.

Name Symbol . : : . . :
! in AU. inR, in Mg inm/s* in km/s

Albedo

Mercury 0.387 0.38 0.054 3.6 4.2 0.06
Venus Q 0.723 0.96 0.815 8.7 10.3 0.75
Earth 1.000 1.00 1.000 9.8 11.2 0.4
Mars o) 1.524 0.53 0.108 3.8 5.0 0.15
Ceres (Asteroid) 2.767 0.055 0.0001 0.3 0.5 0.07
Jupiter 2 5.203 11.19 317.8 26.0 61.0 0.5
Saturn h 9.540 9.47 95.2 11.2 37.0 0.5
Uranus o) 19.180 3.73 14.5 9.4 22.0 0.5
Neptune W 30.070 3.49 17.2 15.0 25.0 0.5
Pluto P 39440 ~04 ~A0.2 ~12.3 ~17.6 ~A0.4

1 A.U. 1.5 x 1013 ¢cm ; 't
By wE3H% 108 o Albedo, is defined as the ratio of

1 Mg = 548 x 1077 gr reflected radiation from the surface to
incident radiation upon it.
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Earth Neptune
2003 UB313

Ty Uranus Pluto and
upiter Charon
B Planets

B Dwarf planets




PLANETARY ATMOSPHERES

TABLE 1.2-1

Tempe- Accel.
Grav.
in cm/s?

Altitude Density Mean Mol. Pressure Mean Free
rature

inkm . op in gr/cm™3 Weight in dyn/cm? Path in m
in

288 1.23 x 10-3 28.96 1.01 x 10° 6.63 x 1078 981
219 1.01 x 1073 28.96 7.95 x 10° 8.07 X 10~® 980
262 8.19 x 10~* 28.96 6.17 x 10° 9.92 x 108 979
249 6.60 X 1074 28.96 4.72 X 10° 1.23 > 10~ 979
236 5.26 X 1074 28.96 3.57 X 10° 1.55 % 107 978
223 4.14 x 107* 28.96 2.65 x 10° 1.96 X 1077 978
217 8.89 x 1073 28.96 5.53 x 10* 9.14 x 1077 975
250 4.00 x 10°° 28.96 2.87 X 103 2.03 X 10~3 968
256 3.06 X 107 28.96 2.25 X 10? 2.66 X 10~ 962
181 2.00 X 107° 28.96 1.04 X 10 407 x 1073 956
210 4.97 x 1010 28.88 3.01 x 107! 1.63 x 107! 951
714 3.39 ¥ 19712 27.20 7.41 % 10~ 2.25 X 10 939
1156 5.86 x 10713 26.15 2.15 % 1072 1.25 x 102 927
1294 1.99 x 10-13 24.98 8.58 X 3.52 % 107 916
1374 8.04 X 1014 23.82 3.86 > : 8.31 x 102 905
1432 3.59 x 10~14 22.66 1.88 > 1.77 % 10° 894
1487 6.50 x 10-13 19.94 4.03 X 8.61 x 103 868
1499 1.58 X 1072 17.94 1.10 X : 3.19 x 10* 843
1506 4.64 x 1071 16.84 345 X 1.02 X 819
1508 1.54 % 10~ 16.17 1.19 X 2.95 x 10° 796




The Structure of the Terrestrial
Atmosphere

Avae mentioned earlier, the atmosphere is divided
in to different layers for different subjects of study.
We have already seen the division according to
temperature. When our main interest is the
chemical composition of the terrestrial atmosphere,
we recognize the following regions.



The Structure of the Terrestrial Atmosphere

Hﬂposphere:

It extends from the ground to about 100 km and is
the region where a complete mixing of the
atmospheric  constituents takes place. The
homosphere has a uniform chemical composition
with a 28.96 mean molecular weight. It should be
noted that layers of minor constituents, such as
the Ozone layer around 20 km, are nothing more
than traces and, they do not violate the basic
picture of homogeneity prevailing in this region.



The Structure of the Terrestrial Atmosphere
Hetrosphere:

T%@ is the region above 100 km where, due to
diffusion and molecular dissociation ( e.g. 02 —
O + O ), the chemical composition varies with
neight, decreases with altitude. Thus, around 600
Km the average molecular weight is near 16,
pecause pre-dominant atmospheric constituent is
atomic Oxygen. Nitrogen dissociates at a slower
rate recombines faster than Oxygen so there is
very little atomic Nitrogen in the up‘ﬁer
atmosphere At even hlgher aItltudm atomic

to Hydrogen. | ,x,&g% e T

A i



The Structure of the Terrestrial Atmosphere

Hetrosphere:
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The Structure of the Terrestrial Atmosphere

Heliosphere:

7X|Tayer roughly 1000 km thick between 1000 and
2000 km where Helium becomes the main
atmospheric constituent.

VOYAGER AT THE EDGE OF THE SOLAR SYSTEM

SOLAR WIND e
BOW
HELIOSHEATH TERMINATION
-‘/ SHOCK
__# VOYAGER1 l \

INTERSTELLAR

] HELIOPAUSE

SUN |

=

VOYAGER 1 Heliosphere
Almost 15bn km
from the Sun
VOYAGER 2 —
Voyager 1 launched 5 Sept 1977
Voyager 2 launched 22 August 1977




The Structure of the Terrestrial Atmosphere

Heliosphere:

VOYAGER AT THE EDGE OF THE SOLAR SYSTEM

S0 -— ‘
BOW LAR WIND HELIOSHEATH

SHOCK TERMINATION
. SHOCK ",

_# VOYAGER 1 I \

INTERSTELLAR

INDS HELIOSPHERE
SUN l
HELIOPAUSE
VOYAGER 1
Almost 15bn km
from the Sun

VOYAGER 2 —
Voyager 1 launched 5 Sept 1977

Voyager 2 launched 22 August 1977
OLAR WIND B - OURCGE i MASA

Heliosphere

Protonosphere:

The region above about 3000 km where the main
constituent is atomic and ionized Hydrogen.



The Structure of the Terrestrial Atmosphere

Other regions of the upper atmosphere characterized
by_some common property other than temperature or
chemical composition are the following:

Exosphere:

It defines the regions from which neutral atoms can
escape the gravitational attraction of the Earth and
extends from approximately 600 km on up.

Exosphere

5 g‘\1o’mmkm 44 //‘r




The Structure of the Terrestrial Atmosphere
Exosphere

Thermosphere

_{_

Mesosphere
> 400 km Stratosphere
SO A2 Troposphere

30-50 km
10-30 km
010 km

Exosphere

. 10000km



The Structure of the Terrestrial Atmosphere

Ionosphere:

This_is the region where a partial ionization of the
atmospheric constituents takes place. The ionosphere
extends from about 70 km on up and reaches a
maximum of ionized particle density around 300 km.

Very High Frequency Waves Pass Through the Atmosphere — ,;%
e E ¥




The Structure of the Terrestrial Atmosphere
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The Structure of the Terrestrial Atmosphere

Magnetosphere:

ThT&Fis the region where the motion of the ionized

particles is governed by the Earth’s magnetic field.

It

is rather difficult to define the beginning of the

magnetosphere, and one can only roughly place

it

near 1000 km. The upper limit of the magnetosphere

IS clearly defined and as expected it is called the
magnetopause. On the sunlit side of the Earth the
magnetopause occurs at approximately 10 earth radii,

whereas, on the night side of our planet it takes t

ne

shape of a long (100 earth radii) cylindrical magnetic

tail.



The Structure of the Terrestrial Atmosphere

Magnetosphere:

T magnetopause defines the boundary of the
terrestrial domain beyond which, after a transitional
region which is called the magneto-sheath, stars the

vast realm of the interplanetary space.




The Structure of the Terrestrial Atmosphere

Magnetosphere:

L,
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Magnetosphere N e, e Magr{etc;pguse:The'boundary.

of the magnetic

Where the' magnetic
field i1s drawn away
by the solar wind

/Magnemt:2

1

I
Solar Wind

Van Allen Radiation Belts

Tail Lobe

Curtent Sheet

Plasmasphere

Plasma Mantle
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The Atmosphere — (simplified)

Laver Approximate thickness and other information
Exosphere From 700km to 10 000km above Earth

- The upper laver of the lonosphere

Thermosphere From 85km to 700km above Earth

- The lower laver of the lonosphere
- contams the D, E and F lavers

- Space shuttles fly to here

- Auroras occur here

Mesosphere From 50km to 85km above Earth

- Most meteors burn up here

Stratosphere From 20km to 50km above Earth

- contams the ozone laver
- air not breathab le without assistance
Troposphere Up to 20km thick

- all weather occurs here




PLANETARY ATMOSPHERES

TABLE 1.2-1

. Tempe- : Accel.
Altitude ratuIr)e Density Mean Mol. Pressure Mean Free

: ; , . : : Grav.
inkm L o in gr/cm™3 Weight in dyn/cm? Path in m g R
in “K in cm/s

+

288 1.23 x 1073 28.96 1.01 x 10° 6.63 X 1078 981
275 1.01 x 1073 28.96 7.95 x 10° 8.07 X 1078 980
262 8.19 X 10~* 28.96 6.17 X 10° 9.92 x 10-8 979
249 6.60 x 10~% 28.96 4.72 X 10° 1.23 > 10~ 979
236 5.26 x 10~% 28.96 3.57 X 10° 155 % 107 978
223 4.14 x 107* 28.96 2.65 X 10° 1.96 x 1077 978
217 8.89 x 10~ 28.96 5.53 x 10* 9.14 x 1077 975
250 4.00 x 10°° 28.96 2.87 x 103 2.03 X 1073 968
256 3.06 X 1077 28.96 2.25% 10* 2.66 X 10~* 962
181 2.00 % 107° 28.96 1.04 X 10 4,07 x 1073 956
210 497 x 10-1° 28.88 3.01 X 1.63 x 1071 951
714 3.39 % 16712 27.20 7.41 X ’ 2.25 X 10 939
1156 5.86 x 10-13 26.15 2.15 X 1.25 x 102 927
1294 1.99 % 1078 24.98 8.58 X 3.52 X 102 916
1374 8.04 x 10714 23.82 3.86 > 8.31 102 905
1432 3.99 ¥ 107'* 22.66 1.88 > 1.77 % 10° 894
1487 6.50 x 10713 19.94 4.03 X 8.61 x 103 868
1499 1.58 X 10-1° 17.94 1.10 X - 3.19 x 10% 843
1506 4.64 x 1071° 16.84 3.45 X 1.02 x 10° 819
1508 1.54 % 19~Y° 16.17 1.19 X 2.95 x 10° 796

atmosphere.
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Altitude Density The graph Of h (ln km) VS DenS|ty

. . [} =
in km in gr/cm—"

(in grcm”(-3) )

1.23 x 103
1.01 X 10~3
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




Thank You !
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