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N
e Abstract :

Earth's ionosphere is an open laboratory that enable to study plasma in situ.
Composed of a myriads of chemical species subject to ionization and recom-
bination, it plays an important role for earth's environment. The ionosphere
is stratified composed of many layers that is responsible of protecting earths
from solar extreme radiations, meteorites and is crucial for communication
by using satellites or wave reflection from ground.
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N .
P What is atmospher :

Earth’s atmosphere is the
layer of gases that surrounds
the planet and is held in place
by Earth’s gravity. It plays a
critical role in

@ supporting life

@ regulating temperature

@ protecting from harmful
space radiation and
meteors.

Pr M. Djebli (NHSM and USTHB)
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Based on thermal profile the atmosphere can be divided into layers:
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THE iEARTH’S ATMOSPHERE.

-
EXOSPHERE
~700 TO 190,000 KM
EXOBASE
>700 TO 1,000 KM

THERMQSPHERE

TO 700 KM

- KARMAN LINE
= 100 KM
MESOSPHERE

50 1O BO KM

STRATOSPHERE
12 TO 50 KM

OZON LAYER

20 16 30 KM
4 moposiﬂ-usns
0 To 12 KM‘
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THE EARTH'S ATMOSPHERE

-

EXOSPHERE

~700 TO 190,000 KM

THERMQSPHERE

TO 700 KM

MESOSPHERE

50 1O BO KM

STRATOSPHERE
12 TO 50 KM

The ionosphere is ionized part of the atmosphere
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a4 Earth's lonosphere @

The ionosphere is a layer of Earth’s upper atmosphere (spanning from ~ 60
to 1,000 km in altitude) where solar and cosmic radiation ionize atoms
and molecules, creating a dense population of free electrons and ions.
Important

@ Radio communication
o satellite navigation

@ and space weather phenomena.

Open laboratory

lonosphere is a natural laboratory without walls, where plasma can be
studied in situ.

The ionosphere is also divided into three parts which can change between
day and night depending on UV flux and may disappear.
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Gaseous envelope common to all solar system planets.
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3wl lONOSphere layers

Gaseous envelope common to all solar system planets.

lonosphere is the ionized part of the high atmosphere which contains:
neutral atoms, electrons, ions (named upon them) and impurities 'dust’
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@ Surround the Earth and situated at altitude from 50 km to
~ 1000 km.
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@ Surround the Earth and situated at altitude from 50 km to
~ 1000 km.

@ Temperature ~ —20°C.
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@ Surround the Earth and situated at altitude from 50 km to
~ 1000 km.

@ Temperature ~ —20°C.

e Main ionization source is ultraviolet (UV) radiations from the Sun.
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@ Surround the Earth and situated at altitude from 50 km to
~ 1000 km.

Temperature ~ —20°C.

Main ionization source is ultraviolet (UV) radiations from the Sun.

Excellent radio waves transmitter

90 % of the atmosphere chemical elements are located between 0 km
et 10 km from the sea level, divided into two groups:
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Main ionization source is ultraviolet (UV) radiations from the Sun.
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90 % of the atmosphere chemical elements are located between 0 km
et 10 km from the sea level, divided into two groups:
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@ Surround the Earth and situated at altitude from 50 km to
~ 1000 km.

Temperature ~ —20°C.
Main ionization source is ultraviolet (UV) radiations from the Sun.

Excellent radio waves transmitter

90 % of the atmosphere chemical elements are located between 0 km
et 10 km from the sea level, divided into two groups:
e Permanents (constant proportion): nitrogen 78.08%, oxygen 20.95%
and argon 0, 93%.
e Depending on meteorologic conditions: steam (0 — 4%), carbon
dioxide, methane, ozone.... (average: ~ 0.1%).
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@ Surround the Earth and situated at altitude from 50 km to
~ 1000 km.

Temperature ~ —20°C.
Main ionization source is ultraviolet (UV) radiations from the Sun.

Excellent radio waves transmitter
90 % of the atmosphere chemical elements are located between 0 km
et 10 km from the sea level, divided into two groups:
e Permanents (constant proportion): nitrogen 78.08%, oxygen 20.95%
and argon 0, 93%.
e Depending on meteorologic conditions: steam (0 — 4%), carbon
dioxide, methane, ozone.... (average: ~ 0.1%).

The atmosphere is crucial for our life because:
@ Absorb part of (UV) radiations and heat the Earth surface.
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@ Surround the Earth and situated at altitude from 50 km to
~ 1000 km.

Temperature ~ —20°C.
Main ionization source is ultraviolet (UV) radiations from the Sun.

Excellent radio waves transmitter
90 % of the atmosphere chemical elements are located between 0 km
et 10 km from the sea level, divided into two groups:
e Permanents (constant proportion): nitrogen 78.08%, oxygen 20.95%
and argon 0, 93%.
e Depending on meteorologic conditions: steam (0 — 4%), carbon
dioxide, methane, ozone.... (average: ~ 0.1%).

The atmosphere is crucial for our life because:
@ Absorb part of (UV) radiations and heat the Earth surface.

@ Reduce the temperature gradient between day and night
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@ Surround the Earth and situated at altitude from 50 km to
~ 1000 km.

Temperature ~ —20°C.
Main ionization source is ultraviolet (UV) radiations from the Sun.

Excellent radio waves transmitter

90 % of the atmosphere chemical elements are located between 0 km
et 10 km from the sea level, divided into two groups:

e Permanents (constant proportion): nitrogen 78.08%, oxygen 20.95%
and argon 0, 93%.

e Depending on meteorologic conditions: steam (0 — 4%), carbon
dioxide, methane, ozone.... (average: ~ 0.1%).

The atmosphere is crucial for our life because:
@ Absorb part of (UV) radiations and heat the Earth surface.
@ Reduce the temperature gradient between day and night
@ Recycle the water.
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o D region: ( 60-90 km altitude), electron density 10% — 101m~3 and
dominated by negative many-atomic ions. Exists only in the presence
of sun rays. Absorb waves less than ~ MHz and reflects low
frequency waves (30 to 300kHz).

o E region: ( 90-120 km), electron density ~ 10'*m~3. Contains
metallic ions, NOT and O .

e F region: (150-500 km) the most ionized part of the ionosphere,
electron density can reach 10! to 1012m~3 at altitude 250 km. The
attitude change depending on the daytime. reflects high frequency
radio waves (3 to 30 MHz). The region where the lighter atomic ions
(H™ and He™) dominate.
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e |mportance of Layers

E layer

on. ~ 108 —1019m—3
e Exists in daytime.
e Absorb EMW~ MHz
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e Importance of Layers

Ground VWave
A v WA
VLF - - Pz
transmitter transmitter
D: E:
000 km 90150 km
®N, ~ 10° — 10"m on, ~ 1011m73

e Exists in daytime. e Composition: NO*, OF
e Absorb EMW~ MHz 12

Pr M. Djebli (NHSM and USTHB) Collisional Processes Plasmas School April 27" 2025 10/ 16




Importance of Layers

i Ground VWave
L VA

VLE — H -
transmitter frans mitter

D: E: F:
60 — 90 km . _ 150 — 500 km
on. ~ 108 —1019m—3 :?70 N 1(2)?1;”13 en. ~ 1011-1012m=3

e Exists in daytime. o Composition: NO*+, 05 o HF are reflected
e Absorb EMW~ MHz e species O, N,H
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Collision in Earth’s ionosphere

play a fundamental role in the dynamics and energetics, as they are

@ are responsible for the production of ionization, the diffusion of
plasma.

@ conduct heat from hot to cold regions by exchange of energy.
@ govern the interactions with radio waves and satellites.

Two classes of collisional processes
@ At low energies, elastic collisions dominate.

@ When the relative kinetic energy increases, inelastic collisions are
important.
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e Collision in Earth's ionosphere 5@1

play a fundamental role in the dynamics and energetics, as they are

@ are responsible for the production of ionization, the diffusion of
plasma.

@ conduct heat from hot to cold regions by exchange of energy.

@ govern the interactions with radio waves and satellites.

Two classes of collisional processes

@ At low energies, elastic collisions dominate.

@ When the relative kinetic energy increases, inelastic collisions are
important.

lonization Collisional Process

@ O

photon

atom ———

@ — @

electron electron
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il |ONiZation ,@

A process in which an atom or molecule looses at least one electron or
more

hy + A —20UTC€ L Atn | pe

Many sources are responsible of the ionization in the ionosphere:

© Photo-ionization: a daytime process. The Sun’s radiations (UV,
X-rays, strip electron from neutral species and creating a sea of
electrically charged particles with ions.

@ Cosmic rays: during nighttime, ionization is due to high-energy
particles or clusters of particles that travel through space at nearly the
speed of light (from Sun or stars) to lead to secondary electron
emission.

© Superthermal electrons; high-energy electrons which travel significant
distances and are a dominant heat source for the low and mid-latitude
ionosphere.

O+e— 0" +2¢  No+e— N +2e
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lon captures a free electron (or more) and forms a neutral atom, molecule
or a species with reduced degree of ionization.

AT 4 npe — 5 A+

In the Earth's ionosphere the main recombination mechanisms involve the
recombination of O>* and NOT ions with free electrons.

Dissociative recombination occurs when electrons attach positively charged
molecular ions to form highly energetic leading to electron removal.

Balance

between ionization and recombination processes determines the quantity of
ionization present in the ionosphere.
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e Collision frequency

Let us consider a large particle of radius ry

(atom) surrounded by a gas of small s 0°3000%el 3 g
particles (electrons of density density n). Let ° :é:oc’ £o%een e %0
v be the relative speed. In the hard-sphere N ;’ov

model the collision cross-section is o = 7r2. O e

At a given time At the swept volume is: V = o x (vAt)
Number of collisions in At: n x ovAt
Collision frequency (collisions per unit time):

Collisions (V)
V= ———— =nov, oc=o(v
At

The Mean-Free-Path ( Distance traveled between two consecutive

collisions):
1
)\mfp =V XT=—
on
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Cross section of binary Coulomb collision _m.'u;_,

represents the effective area that a target particle presents for collisions
with incident particles. It has units of area (1 barn =1072m?). Based on
e Conservation on momentum (linear and angular).
@ Conservation of kinetic energy for elastic collision.
@ Working in a frame which belongs to the center of mass.
@ Using the polar coordinates (r, ¢).

For a central force like Coulomb interaction between two charges
- 1 e 1 €2

F=—-———¢, V=-—

drey r dreo r

The scattering angle corresponds to

[ee) 2 2 -1/2
ezw—m@/ Z[-ﬁﬁ—‘m]

m

— = and b, =.
megmevg' " —ag+ (af + bg)l/> ’

Vo, is the initial speed and b, the impact parameter
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e Electron-ion collision

Collision between an electron and a heavy ion

(for more details see lonospheres Physics, Plasma Physics, and Chemistry P75)

Scattering
i Angl . . . .
Racledn N The differential cross section g—g gives the
S D probability per unit solid angle d< that a
Detector particle is scattered into a particular
Target . .
direction.
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