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The ionosphere is that part of the upper
 atmosphere where free electrons occur in
 sufficient density [to have an appreciable
 influence on the propagation of radio frequency
 electromagnetic waves]. 

Less than 1% of constituents are ionized

Lower boundary at ~ 60 km
Upper boundary at ~ 1000 km

State variables: global electron density n
     global  neutral  density N

ORIGINS OF THE IONOSPHERE  
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ORIGINS OF SPACE
 WEATHER 

Sun 

1   August 1983 
27 August 1998 
29 March 2003 
27 December 2004 
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NON-ORIGINS OF
 SPACE WEATHER 

Sun 
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ORIGINS OF SPACE
 WEATHER 

O + hν → O+ + e      (91.0 nm)

O2 + hν → O2
+ + e  (102.8 nm) 

N2 + hν → N2
+ + e    (79.5 nm) 
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ORIGINS OF SPACE
 WEATHER 



16 June 2008 2008 CEDAR Workshop 

CONVECTION 
MAGNETIC 

FIELDS 
ROTATION 

+ 

+ 



16 June 2008 2008 CEDAR Workshop 

SPACE
 WEATHER =
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dI/dz = +σNI

d(N+2n)/dz = –κ(N+n)

σNI/E = va2n2

                                     as z→+∞       as z→–∞ 

I(z) :           erg/cm2/s         I0                    0

N(z), n(z) : #/cm3                   0, 0               ∞, 0

z = 0

ORIGINS OF THE
 IONOSPHERE 



16 June 2008 2008 CEDAR Workshop 

dI/dz = +σNI

σNI/Eva2 = n2
z = 0

I0/Eva2 =  ∫n2 dz

finite    =   ∫n dz    !!!!!

infinite  =  ∫N dz  

ORIGINS OF THE
 IONOSPHERE 
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N(z)n(z)
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ORIGINS OF THE IONOSPHERE:
 SHORT WAVE RADIATION 

DIURNAL & CYCLIC VARIATIONS
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Nominal solar
 photon energy
 flux shortward of
 100 nm!

ORIGINS OF THE IONOSPHERE:
 ENERGETIC PARTICLE PRECIPITATION 
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1 TEC Unit 䊽 16 cm

ORIGINS OF THE IONOSPHERE:
 TRANSPORT & NEUTRAL INTERACTIONS 
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ORIGINS OF THE IONOSPHERE:           
 TIDAL INTERACTIONS AND GRAVITY WAVES 
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ORIGINS OF THE IONOSPHERE:
 NUMERICAL SIMULATIONS 
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IMPACT OF THE IONOSPHERE:
 RADIO WAVE PROPAGATION  

124.5 MHz
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SATCOM MESSAGE ERRORS 
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SATCOM Message 

IMPACT OF THE IONOSPHERE:
 RADIO WAVE PROPAGATION  
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IMPACT OF THE IONOSPHERE: SOME
 PEOPLE WHO MADE A LIVING FROM
 IONOSPHERIC RESEARCH  

Edward
 Sabine

Oliver
 Lodge

Edward
 Kennelly

Giulielmo
 Marconi

John
 Dellinger

Oliver
 Heaviside

Sydney
 Chapman

Edward
 Appleton Merle Tuve

Gregory Breit

Your

Picture
 Here
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PARTING ADVICE: STAY
 ONE STEP AHEAD  

http://www.spaceweather.gov
“I don’t mind you thinking slowly, I
 mind you publishing faster than you
 think!”

 -Wolfgang Pauli


