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We have i so la ted  th ree  very i n t e r e s t i n g  events of mesospheric radar  re- 
tu rns  t o  i l l u s t r a t e  the po ten t i a l  of a three-ant enna interferometer i n  the  study 
of the  neu t ra l  atmosphere. The f i r s t  p l o t  (Figure 1 )  shows contour p lo t s  of 
echo i n t e n s i t y  and the presence of i r r e g u l a r i t i e s  i n  i so la ted  and well-defined 
regions. These measurenents were ca r r i ed  out using the  SOUSY radar  izi the Harz 
mountains i n  Germany, on September 9 ,  1980. The systan frequency i s  53.5 MHz. 
Local time i s  2 hours i n  advance of Universal time. The i r r e g u l a r i t i e s  wave- 
Length i s  2.81 m and the  th ree  arms of the interferometer were sampled with 167 
me of time difference.  

To provide precise estimates of v e r t i c a l  ve loc i t i e s ,  the measured ( r a d i a l )  
Doppler s h i f t  has t o  be corrected t o  subtract  the contribution due t o  the 
hor izonta l  motions. For near-vertical  observations (zenith angle l e s s  than 
about 10') it i s  readi ly  shown t h a t  the r a t e  of change of the measured phases 
a r e  r e l a t ed  t o  the v e l o c i t i e s  V , Vn ( i n  the East-West and North-South 
directions., respect ively)  a s  i n E c a t e 8  

with 1 " 24.lm, k the radar wave number, r the range (or height)  and ;I the r a t e  
of change o i  the phase of the s ignals  a r r iv ing  a t  the antennas speci f ied  by 
the  d i f f e r e n t  subscripts.  The geometrical arranganent of the antennas which 
c o n s t i t u t e  the  interferometer i s  shown i n  Figure 2. The s ignals ,  a f t e r  decod- 
i f i c a t i o n ,  a r e  Fourier analyzed and multip.lied t o  form the spectrum and cross- 
spectrum (e.g. FARLEY e t  al . ,  1981). 

Selected but representa t ive  examples of spectra and cross-spectra (co- 
herency and phase) a r e  presented i n  Figures 3a-c. A l l  the transforms a r e  aver- 
aged by 40 s and they have a rang of +I Hz with a frequency resolut ion of 
0.083 Hz. There a r e  some observations on the data  t h a t  a r e  worth bringing out.  
Figure 3a (event I) shows c lea r ly  a continuous change of Doppler s h i f t  with time 
and a l s o  i l l u s t r a t e s  frequency a l i a sed  spectra.  The coherency maximizes wi thin  
the  energy containing frequency ranges and the  corresponding computed phase 
changes, increasing s teadi ly .  Event I1 (Figure 3b) i s  more complex because it 
shows double-peaked spectra. From the graphs of phase it i s  c l ea r  t h a t  the 
opposite Doppler s h i f t s  a r e  associated with physically separate regions of the 
atmosphere (about 4 km apar t ) .  I n  t h i s  example we can appreciate the great  
resolving capab i l i ty  of the in te r f  eroneter.  Figure 3c (event 111) presents 
sharp and well-defined spectra  and includes a l l  (3 ) combine t ions  of cross- 
spectra.  From the high values of the coherency i t  can be deduced t h a t  the 
echoes a r e  coming from horizontally local ized regions or "blobs" (ROTTGER, 
1983). The horizontal  v e l o c i t i e s  f o r  each event can be estimated measuring 
the  r a t e  o t  change of the phases. From the data ,  Table 1 was constructed f o r  
the  hor izonta l  ve loc i t i e s .  

*presently a t  Arecibo Gbservatory, Arecibo, Puerto Rico, on leave from Max- 
Planck-Insti tut  f u r  Aeronomic , Lindau, W. Germany 
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Figure 1. Contour plots of the intensi ty  of mesospheric 
backscattered signals.  Three events are distinguished 
for further study. 
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Figure 2.  Geometrical configuration of SOUSY 
interferometer system. 
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Figure 3. Measurements of spec t ra  ( s )  atid cross  spec t ra  (cs) .  ' 
( a )  Example with frequency a l i a s e d  spectra.  

' (b )  Example with double peak spectra.  

Table I. 

Event Vew(m/ s ) Vns(m/ s Time (LT) 

Knowledge of the hor izonta l  component of the ve loc i ty  and of the r a d i a l  
( l ine-of-sight)  ve loc i ty  allows f o r  an unambiguous est ircate of the v e r t i c a l  
component. For the  data  a t  hand and during the  time t h a t  the  "blobs" were ob- 
servable the  v e r t i c a l  Doppler s h i f t  changed from negative t o  pos i t ive  i n  a 
reasonably l i n e a r  fashion ( t o  f i r s t  order)  and with t h t  following parsmeters 
where Ts t ime w i t h i n  s i g h t ,  V v e r t i c a l  v e l o c i t y ,  Vv r a t e  of change of t h e  
v e r t i c a l  ve loc i ty .  The events h u l a t e d  i n  Table 2 occur wi th in  a v e r t i c a l  
ex ten t  between 3 and 4.5 km. The t h i r d  event i s  character ized because it has 
t h e  l a r g e s t  values of the i n t e n s i t y  of the echoes a s  wel l  a s  of the coherency of 
the  cross-spectra. 
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Figure 3(c). Measurements of. spectra .  ( s )  and cross  spectra  (cs).  
Example of a "compact" backscattering region. 

Table 2. 

Event Ts(min) Vv(m/s) tv(cm/s2) 

The technique used here makes possible some understanding of the mor- 
phology of the sca t t e r ing  medium. I n  f a c t  the data suggest t h a t  patchy regions 
("blobs") f a i r l y  localized ( t o  within about 3 km) exis t .  Moreover these blobs 
a r e  carr ied away by (or  they r ide  on) prevalent winds and waves. The o r ig in  
of the blobs has not been invest igated ye t ,  but some preliminary notions a r e  
worth mentioning. They could r e s u l t  from short-scale turbulence due t o  the 
breaking of s o l i t a r y  waves. It i s  in te res t ing  t o  note t h a t  i r r e g u l a r i t i e s  were 
observed alwayswhen the blobs were l i f t e d  upward, soon t o  be pushed downward. 

. Another poss ib i l i ty  r e l i e s  on the presence of ("frozen") local  deviations i n  
the  value of the index of r e f rac t ion  r e l a t i v e  t o  the s p a t i a l  average. This 
l a s t  in te rp re ta t ion  is, i n  a sense, analogous t o  the well-known ionospheric 
holes phenomena. 



Figu re  4 p re sen t s ,  f o r  t he  d a t a  ana ly ied ,  t he  (two-dimensional) h o r i z o n t a l  
t r a j e c t o r i e s  fol lowed by t he  i r r e g u l a r i t i e s .  Event I1 i s  composed of two sub- 
even t s  w i t h  g e m e t r i c a l  s e p a r a t i o n  of about 4 lan. A more extended da t a  base 
will be necessary  t o  e s t a b l i s h  t h e  frequency of occurrence of the  events  h e r e  
de sc r i bed  a s  w e l l  a s  t h e i r  s p a t i a l  d i s t r i b u t i o n .  This  w i l l  a l low b e t t e r  
c h a r a c t e r i z a t i o n  of t he  phys i ca l  p i c t u r e  presen ted  and a l s o  w i l l  he lp  t o  dec ide  
i f  e s t ima t e s  of t he  v e r t i c a l  p r o f i l e s  of t h e  v e l o c i t i e s  a r e  f e a s i b l e .  
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Figu re  4. I i o r i zon t a l  t r a j e c t o r i e s  of observed i r r e g u l a r i t y  patclles. 
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