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Statistical Characterization of the Signal

Plasma Fluctuation of the Medium
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Measurements of:

- Electron Density.

- Ionic Composition.

- Electron Temperature

- Ion Temperature

- Drifts (Electric Field)

- Magnetic Field



  

Oblique ISR (1): Faraday 
Double Pulse (DP)

•This is the traditional 
mode (sinde 1960’s) to 
get:

-Densities from Faraday 
rotation and power.

-Temperatures and 
composition from ACFs.

•Composition is hardly 
obtained.

•15 km and 5 minutes of 
resolution.



  

Oblique ISR (2): Hybrid 1 (Faraday 
DP – Alternating Codes)

•This mode combines 
the Faraday DP mode 
with an alternating code 
mode [Hysell, 2000]. It 
provides:

-Density and 
temperatures below 500 
km from Faraday DP.

-Density, temperatures 
and composition above 
500 km.

•Altitudinal coverage it 
is better at the expense 
of bottom side 
temperature estimates 
with slightly less 
accuracy.

•15 km and 5 minutes of 
resolution.



  

Oblique ISR (3): Hybrid 2 
(Faraday DP – Long Pulse)

•This mode combines 
the Faraday DP mode 
with a long pulse mode.

•Altitudinal coverage it 
is better than previous 
two mode at the 
expense of less 
altitudinal resolution.

•Similarly, it provides:

-Density and 
temperatures below 500 
km.

-Density, temperatures 
and composition above 
500 km.



  

Existing Data

 1960's
 1980'
 and, since 1996
 Available in several archive format from 

MADRIGAL database



  

Seasonal variability of Te 
over Jicamarca

100 < F107cm < 150100 < F107cm 150 < F107cm



  

Te and Ti: Diurnal Variation

- Te data between 

   [500 - 700 km]

 100 < F107cm < 150  

- IRI-95 option for Te



  



  



  

Finding the least-squares 
solution

 The problem becomes 

 As we have the data errors, these can be 
incorporated in the above system of equations as

 and

 The weighted system of equations is



  

Linear least-squares 
solution

 The system of equations may be

Overdetermined:

Well and Underdetermined:

 The linear algebra module of ”numpy” provides this 
function.

`



  

Binning and Fitting 
technique

 Te and Ti are binned according to local time, height 
and season.

 Solar activity dependence is determined by a least­
squares fit to a linear function to F10.7cm index.

 Median filter, 3 (hours) time and height bins, is 
applied to the fitting coefficients

 The bin size is 1 hour for local time
 10 altitude bins centered at: 200, 225, 250, 300, 

350, 400, 500, 600, 800, 1000 km



  

Dependence between Te (Ti) 
with solar activity

 It can be quantified with the following expression:

 Where f is the normalized F10.7 index

 P can be Te or Ti
       is the background plasma temperature 

independent of solar activity
       is the slope of the temperature change with 

respect to f change



  

Solar Activity Dependence 
(1): December Solstice



  

Solar Activity Dependence 
(2): March Equinox



  

Solar Activity Dependence 
(3): June Solstice



  

Solar Activity Dependence 
(4): Sep Equinox



  

Te and Ti, F10.7 = 124, 
December Solstice



  

Te and Ti, F10.7 = 148,
 June Solstice



  

Concluding Remarks

• More than 5000 simultaneous Ne, Te, Ti profiles available from 
1997.

• In general, ISR measurements are reliable over 200 km.
• These new equatorial ionospheric profiles are available at 

MADRIGAL database (www.openmadrigal.org).

Future Work
• Get statistical characteristics of ISR densities, temperatures and 

composition using improved database since 1996, e.g.
• To derive a F region empirical model for this new density profiles
• Include additional profiles model in our comparisons (e.g. vary-

Chap, NeQuick).
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