
Ideas about the ionosphere

• What generates the ionosphere plasma?

• Ionosphere currents, What is σ?
– 1.  below 85 km altitude σ is isotropic

– 2.  85 to 150 km (D and E regions) σ is tensor

– 3. above 150 km σ is just σ||
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Ionosphere Properties and 
Structure

• 103 to 106 electron – ion pairs in every cubic 
cm

• Sources of ionization: both electromagnetic 
radiation and energetic particles

• Reflects, or retards radio waves
• layered structure
• Variations on all time scales from ms to solar 

cycle
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Charged and Neutral Structure



Rocket Flight data in 1995



Definition of the Ionospheric 
Regions

• For convenience, we divide the Ionosphere into 
four broad regions called D, E, F, and topside. 
These regions may be further divided into several 
regularly occurring layers, such as F1 or F2. 

• D-Region:

• The region between about 75 and 95km above the 
Earth in which the (relatively weak) ionization is 
mainly responsible for absorption of high-
frequency radio waves. 



• E-Region:

• The region between about 95 and 150km above 
the Earth that marks the height of the regular 
daytime E-layer. Other subdivisions, isolating 
separate layers of irregular occurrence within this 
region, are also labeled with an E prefix, such as 
the thick layer, E2, and a highly variable thin 
layer, Sporadic E. Ions in this region are mainly 
O2+. 



• F-Region:
• The region above about 150km in which the 

important reflecting layer, F2, is found. Other 
layers in this region are also described using the 
prefix F, such as a temperate-latitude regular 
stratification, F1, and a low-latitude, semi-regular 
stratification, F1.5. Ions in the lower part of the F-
layer are mainly NO+ and are predominantly O+ 
in the upper part. The F-layer is the region of 
primary interest to radio communications. 



• Topside:
• This part of the Ionosphere starts at the height of 

the maximum density of the F2 layer of the 
Ionosphere and extends upward with decreasing 
density to a transition height where O+ ions 
become less numerous than H+ and He+. The 
transition height varies but seldom drops below 
500km at night or 800km in the daytime, although 
it may lie as high as 1100km. Above the transition 
height, the weak ionization has little influence on 
radio signals. 



Why are there free electrons and 
ions in the ionosphere, and not in 

the lower atmosphere?
• Ion-electron pair sources:
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Ionospheric Variability

• Lightning causes – ms to minutes variations
• Aurora and solar events cause changes in 

seconds, lasting sometimes hours
• Atmospheric Temperature and waves cause 

ionospheric variations
• Electric and magnetic fields cause 

variability
• Earth’s rotation (no uv at night!)



Day to Night Variability

• Solar uv only effective on sunlit side

• After sunset ions recombine with electrons 
at lower altitudes (D and E regions)

• F-region remains strongly ionized at night 
because recombination is much slower

• Nighttime E-region goes away except 
during aurora





So the whole ionosphere drifts
when electric fields are present

View
from
above
N-Pole





ionogram



So, what about equatorial 
anomaly?

• On the day side a strong 
horizontal electric field 
exists,

• which causes the plasma 
to drift up

• This spills down to the 
off-equatorial latitudes
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Three views of ionosphere structure

• Electron density

• Thermal structure

• Ion density and source





Back to Ionsopheric currents

• J = σ E       Ohms Law

• We know there are large scale E fields 
(why), so what is σ in the ionosphere?



What is Conductivity?

• The scalar conductivity σ is defined as the 
ratio of the current density  to the electric 
field strength σ = J/E.  For a resistive 
medium this is just the Spitzer conductivity: 

• To get the components look at 

• So, σ can have many components:



(Another way to derive scalar conductivity)



e=2.71828182846…



Conductivity when particles gyrate

σ becomes a matrix












