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ABSTRACT 

Since modern d i g i t a l  ionosondes and minicomputers are now general ly accessible there is no j us t i f i ca t i on  
any more for  using inversion schemes in which the influence of the magnetic f i e l d  is ignored or a 
monotonous p ro f i l e  is assumed so that the regular presence of val leys ts neglected. Therefore Inversion 
schemes l ike  POLAN and ARTIST should at least be applied. 

We propose a new global and analytical representation of the F2-1ayer profi les which is found to be 
helpful for specific ionospheric situations. 

A NEW INVERSION METHOD 

IonoQram select ion 

A general discussion of the inversion of tonograms encounters too many problems: missing information, 
presence of val leys,  uncertaint ies in the c r i t i c a l  frequencies and in the v i r tua l  heights, and so on. I t  
is also d i f f i c u l t  to evaluate the precision that can be achieved. We shal l  therefore res t r i c t  our 
considerations to rather simple ionospheric conditions: namely night-t ime at mid- lat i tude stat ions. 

In th is  case the ionogram normally shows only traces from the F-layer at frequencies above a minimum 
frequency fmin (often near 1.6 MHz). The c r i t i c a l  frequency of the E-layer is not observed but can be 
evaluated using s ta t i s t i ca l  results obtained from other measurements /1 /  or from the X-trace. Further, 
when the separation between foE and fmin exceeds about 0.8 MHz, the retardat ion Rv(f ) due to the 
ionisat ion beneath the top of the va l ley  becomes less than 5 km, decreasing slowly with frequency 
approximately l i ke  ( f  - foE} -2. Figure la shows one of the prof i les  used in the simulations; more 
deta i ls  of the p ro f i l e  and of the ionogram above h V (the top-height of the va l ley)  can be found in 
Figure lb. 

Extrapolation 

The i n i t i a l  step consists in extrapolat ing the v i r tua l  O-trace from fmtn to foE. Of course, th is 
extrapolat ion can be made in d i f fe rent  ways. In the fol lowing we assume a l inear F layer p ro f i l e  between 
foE and fmtn, and we match the corresponding v i r tua l  height trace connecting i t  smoothly with the 
observed trace that was previously corrected for  the ef fect  Rv(f) of the tontsation beneath the top of 
the va l ley .  The resul t ing trace w i l l  be denoted as h ' * ( f } .  

This yields a first approximation over the whole frequency range to the virtual F-profile; it gives at 

the same time an approximate value of h V, the top-helght of the valley. 

Comparisons with simulations using parabolic F profiles have shown that, when the gap between foE and 

fmin is not greater than I MHz, the differences between the extrapolated values of h V rarely exceed I0 

km. For an example see Figure 2 {fmin = 1.5 MHz). 

# Also: Institut d'Astronumie et de G~ophyslque Georges Lemaltre, UCL, B-1348 Louvaln-la-Neuve 
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f i g .  la .  [xample of  p r o f i l e  used in the simulat ions 
Fig. lb .  Ionogram, v i r t u e ]  and real  heights o f  the F region, re ta rda t ion  R V in the va%ley 
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Fig. Z. Sam tonogram as in Fig. lb. Comparison of the v i r t u a l  and res1 he%ght F -p ro f i l es .  
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Fig. 3. Mi l lstone H i l l  1989. 210, 07UT 
foe = 0.61MHz, fmin l 1.60 MHz, foF2 = 5.94 MHz 

h v = 234.3 km, h(fmin)= 250.6 km, hmF2 = 362.1 km 

Analytical Reoresentation 

Without entering into too many details, we propose to construct the true height prof i le h(f) in two 
steps such that: 

h{f) = hi( f  ) + h2(f ) 

The function hl( f)  is f i r s t  determined; i t  shall mainly represent the profi le near foF2. An earl ier 
approach /2/ is used in which the value of foF2 is improved i f  needed. 

Method /2/ has now been sl ight ly modified by introducing a cos 2 f i l t e r  function that equals one at foF2 
and zero at foE so that hl( f)  cannot affect the virtual heights near foE and also their derivatives with 
respect to the frequency. 

h l ( f )  then takes the fo l lowing shape: 

h l ( f )  = cos2(~g/2) {A 1 (1 - g l /2)  + A2 (1 - g3/2)} 

with 

g = l n ( f / f s ) / l n ( f l / f S ) ,  f I  = foE, fs = foF2. 

In a second step we substract the v i r tua l  heights contr ibut ion h ' l ( f )  that is due to of h l ( f )  from the 
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corrected v i r tual  heights; the difference h'2(f) is approximated using a function h2(f) defined by 

h'2(f) = h ' . ( f )  - h'1(f) = h ' . ( f )  - f #' dhl/dg N dg N 

= f #' dh2/df N df N 

(fN plasma frequency, gN corresponding value of g). 

For h2(f) the following set-up is f i na l l y  used so that h'2(f) is sat is factor i ly  represented: 

h2(f ) = h V + ~ B i [ ( f  - f l ) / ( f s  - f l ) ]  i ( i  = 1,. .4). 

With 3 given parameters: f l  = foE, fs = foF2, h V = h( f l ) ,  the 6 coefficients A and B can be obtained in 

the approximation, e.g. by least squares f i t t i ng .  

The geophysical value of the prof i le f i na l l y  obtained depends on the precision of the inversion and on 

that of the extrapolation. 

Figure 3 shows the dif ferent steps of the procedure applied to a Millstone Hi l l  ionogram, and the 

differences between h ' . ( f )  and the corresponding sum h'1(f) + h '2(f) .  
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