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In December 12, 1901, Marconi demonstrated 
transatlantic communication by receiving a signal 
in St. John's New foundland that had been sent 
from Cornwall, England. Because of his pioneering 
work in the use of electromagnetic radiation for 
radio communications, Marconi was awarded the 
Nobel Prize in physics in 1909.



On the 12th of December 1924, Edward Appleton 
and his student Miles Barnett, started a series of 
pioneering experiments which proved the 
existence of an electrically charged layer in our 
atmosphere which is now  known as the 
ionosphere.



Discovery of the Ionosphere
1819 Hans Christian Oersted discovers that electricity and magnetism 

are related 
1864–73 James Clerk Maxwell describes theory of eletromagnetic radiation 

and predicts existence of radiowaves 
1882  Balfour Stewart suggests w inds drive electric currents in the upper 

atmosphere 
1887  Heinrich Hertz proves existence of radiowaves 
1901 Marconi transmits radio signal across Atlantic Ocean from Cornwall, 

England to St. John's, Newfoundland 
1902 Oliver Heaviside; Arthur Kennelly propose existence of conducting 

layer in upper atmosphere
1909 Marconi awarded Nobel Prize 
1924 Edward Appleton and others develop the ionosonde and begin 

ground-based soundings; prove existence of ionosphere 
1925 Appleton discovers second layer (the F region)
1926 Robert Watson-Watt (later developer of radar) coins word 

" ionosphere" 
1927 Sydney Chapman describes theory for formation of ionosphere
1947 Appleton awarded Nobel Prize 
1948 Rocket probes begin 
1950's Riometer (Relative Ionospheric Opacity Meter using Extra 

Terrestrial Electromagnetic Radiation) developed  
1958 Incoherent Scatter Radar developed 
1962 Alouette 1 satellite makes first topside soundings 



Atmospher ic atom and molecule are ionized by 
Extreme UltraViolet lights from the Sun.



Charge exchange reaction

Dissociative recombination

��

��

��

��

��

�

�

�

�

�o�

�o�

�o�

�o�

�o�

�o�

�o�

�o�

�o�

2222

2

22

22

2

2

2

ONON

NONOON

NONONO

OOOO
NNONO

NNeN

OOeO
ONeNO

OeO hν

/sm)300/(105
/sm)300/(104.1

/sm105
/sm)300/(102

/sm102

/sm)300/(108.1
/sm)300/(109.1

/sm)300/(102

/sm)300/(108.7

38.017

344.016

322

34.017

318

339.013

35.013

385.013

35.014

��

��

�

��

�

��

��

��

��

u

u

u

u

u

u

u

u

u

T
T

T

T
T

T

T
Radiative recombination



F-layer

E-layer

Ear th’s 
Ionosphere/Thermosphere



Plasma

● Langmuir (1928)

’We shall use the name plasma to descr ibe this 
region containing balanced charges of ions and 
electrons’.

● >99.9%  of mater ial in space 
are Plasma.
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Lorentz force

Equation of motion
when

Conservation of energy

simple harmonic oscillation

Cyclotron frequency

Charged par ticle does helical motion around 
magnetic field line.

der ivation
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Magnetohydrodynamic Equations: MHD Equations
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Alfven: The Nobel Pr ize in Physics 1970 for  
fundamental work and discover ies in magneto-
hydrodynamics with fruitful applications in 
different par ts of plasma physics.



� �

� � BBVB

BVEJ

JB

BE

'�uu� 
w
w

u� 

 u�
w
w
� u�

PV

V

P

1
t

t

Maxwell' s equation

Ohm's law

Induction equation

Faraday’s law

Ampere’s law
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Equation of continuity

Equation of motion

State equation (per fect gas)

Basic equations of plasma atmosphere
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Plasma Bubbles 
at Magnetic Equator



Plasma Bubbles observed by ROCSAT Satellite



J icamarca Radar  Observation of Plasma Density Ir regular ities
associated with Plasma Bubbles



Signals from Geosynchronous Satellite
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= equilibr ium state + per turbed state

Continuity equation,   Cur rent conservation

Equations are linear ized with respect to 
the per turbed quantities.

Stability of Equator ial Ionosphere
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Growth rate Rayleigh-Tayler Instability

Generalized Rayleigh-Tayler  Instability

Plane wave solutions are assumed.

Continuity equation

Current conservation



Generation Process of Plasma Bubble 
in the Bottomside of equator ial F r egion
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Evolution of Plasma Bubbles
Continuity equation,   Current conservation



Evolution of Plasma Bubbles
with Neutral Wind



Space Weather



Plasma Bubble is One of the Impor tant
Research Themes for  Space Weather  Program.

However ,
We don’t under stand

* 3D structure and dynamics of 
plasma bubble,

* Generation mechanism of 
small scale ir regular ity,

* Seed mechanism,
* Effect of penetrating electr ic field 

from polar  ionosphere.


