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Why it is important?

Because we need  to invert whistlers  
to obtain  plasma and propagation 

parameters

For inversion we need to use 

1. wave propagation model,

2. magnetic field model,

3. plasma density distribution model (along 
propagation path).



   



   

“ Standard” model
(Park, 1972)

1. Appleton-Hartree dispersion formula neglecting 
collisions,ions and assuming longitudinal 
propagation

2. Dipole field model

3. Diffusive Equilibrium models (DE-1,2)

+ nose extension methods for non-nose whistlers 
(Bernard, 1973; Tarcsai, 1975)



   

“ Standard” model
(Park, 1972)

=> f
n 
and t

n
 are the basic parameters



   

f
n

But where to measure t
n
 from? That is, which sferic generated the whistlers?



   

“ Standard” model
(Park, 1972)

Nose extension methods for non-nose whistlers 
(Bernard, 1973; Tarcsai, 1975) estimates f

n
, D

0
 

and t
n 
 —  but estimation of t

n 
is far less accurate 

than the estimation of the other two parameters.



   

 Automatic Whistler Detector and 
Analyzer (AWDA) system [Lichtenberger et al., 

JGR, 2008]:
Whistlers are searched in the broad-band VLF signal without 
human interaction
Automatic whistler analysis yields plasma and propagation 
parameters  electron density distribution  → → Space Weather

AWDANet
Extending network of AWDA systems covering low-, mid- and 
high (magnetic) latitudes  since 2002 including conjugate locations

~50 000-10 000 000 traces/year/station

 Real time operation is in experimental  phase



   

A new whistler inversion  method
+

Virtual (whistler) Trace Transformation
[Lichtenberger, JGR, 2009]



   

 Multiple path whistler group model:
● A  new,  simplified   equatorial electron density profile is introduced in a 

meridional section of the plasmasphere:  

● A and B are constants for a MP group, but may vary to time and place.
● This approximation is valid between ~ 2 < L < min (8, L

pp 
), where L

pp
 is 

the location of plasmapause.
● Taking a pair of (A,B),  the electron density in magnetic equator decreases 

monotonically.  In principle, a whistler can propagate along each field line 
described by an  L in this range with corresponding n

eq
 forming a virtual 

whistler continuum. Of course, in reality only a few whistlers of that 
continuum may be real.

log10 neq=AB⋅L



   

VTT –  applied to model MP group



   

2D FFT of VTT and the “sharpness” 
plot–  applied to model MP group



   

VTT –  applied to real MP group



   

2D FFT of VTT and the “sharpness” 
plot–  applied to real MP group



   



   

VTT –  unmatched parameters



   

VTT –  matched parameters



   

Both “ Standard”  and “ New” models
need t

n 
(and f

n
)  

for successful inversion

how can we get it? 
  



   

Implementation of AWA
algorithm

[Lichtenberger et al., JGR, 2009]

1. Application of VTT to the spectrogram matrix with an initial set of 
(dt,A,B) parameter triplet.

2. Computation of 2D FFT of VTT image.

3. Calculation of sharpness plot for the 2D FFT image and p
max

, |    − 90| 

and w from it. The     sharpness plot is used as an objective function in 
the optimiziation procedure

4. Iterate steps 1-3 while tuning the (dt,A,B) triplet to simultaneously 
maximize p

max
 while minimize |    − 90| and w. 

α

α



   

The traditional way is (was) to  estimate/guess the 
time of causative sferic –  e.g using repeated MP 
groups overlayed.

BUT!

  



   



   



   

This implicitly assumes that t
n 
is known!



   

 Let's apply the Q transformation on a spectrogram matrix!



   

 Let's apply the Q transformation on a spectrogram matrix!



   

 Let's apply the Q transformation on a spectrogram matrix!



   

 Let's apply the Q transformation on a spectrogram matrix!



   

Let's apply the Q transformation on a reassigned spectrogram 
matrix!



   

Let's apply the Q transformation on a reassigned spectrogram 
matrix!



   

Let's apply the Q transformation on a reassigned spectrogram 
matrix!



   

Let's apply the Q transformation on a reassigned spectrogram 
matrix!



   

Let's apply the Q transformation on a reassigned spectrogram 
matrix!



   

Q transformation on Antarctic whistlers:  Rothera



   

Q transformation on Antarctic whistlers:  Rothera



   

Q transformation on Antarctic whistlers:  SANAE



   

Q transformation on Antarctic whistlers:  SANAE –  2 groups!



   

Q transformation on Antarctic whistlers:  SANAE –  2 groups!



   

Q transformation on Antarctic whistlers:  Halley



   

Q transformation on Antarctic whistlers:  Halley



   

Conclusions
1. The automatic  determination method of nose 

frequency  and time of initiating sferic has 
established

2. Both the traditional and automatic whistler 
inversion method can use it

3. It particularly useful in AWA implementation
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