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INTRODUCTION 

The spaced antenna d r i f t  (SAD) technique has been used extensively fo r  
measuring horizontal  wind by M/HF radars  (BRIGGS e t  al., 1950). Recently 
it has been suggested t h a t  t h i s  technique could a l s o  be successfully used by 
W F  radars  (VINCENT and ROTTGER, 1980) and t h a t  it would be superior t o  a 
Doppler-beam-swinging (DBS) technique because it would take advantage of the 
aspect s e n s i t i v i t y  of the scat tered s igna l ,  and a l s o  might benefi t  from re tu rns  
from s ing le  meteors. It appears, however, t h a t  the technique su f fe r s  from 
several  l imitat ions.  
large Jicamarca radar it i s  concluded t h a t  the SAD technique can be compared i n  
accuracy t o  the DBS technique only i f  small antenna dimensions a re  used. 

A SAD experiment was run on the Jicamarca radar on October 17, 1981. 
f u l l  antenna was used t o  transmit a 20 usec pulse v e r t i c a l l y ,  and the west, 
north,  and east quarter  sect ions were used f o r  separate reception of the 
scat tered s ignal .  
degree, and the separation of the receiving antennas were 150, 150 and 211 m for  
the d i f f e r e n t  p a i r s  of antennas i n  the t r iangle .  
calculated using the method of s imilar  fades (BRIGGS and PHILLIPS,1950 and 
FOOKS, 1965). 

On the bas i s  of one SAD experiment performed a t  the very 

The 

The 3 dB beam width of the transmitt ing antenna w a s  only one 

Horizontal v e l o c i t i e s  were 

Minute-by-minute horizontal  ve loc i t i e s  were attempted calculated fo r  f i v e  
a l t i t u d e s  from 67 km t o  79 Irm i n  the region of strong scat tered power. 
about 50% of the minutes yielded a successfully calculated veloci ty .  and a large 
f r a c t i o n  of these ve loc i t i e s  were unreasonably large (>IO0 m / s ) .  This compared 
t o  the v e r t i c a l  veloci ty  t h a t  was successfully calculated i n  more than 90% of 
the minutes. Only by r e j ec t ing  such large ve loc i ty  points,  and averaging the 
remaining v e l o c i t i e s  for  one hour w a s  it possible t o  g e t  somewhat reasonable 
r e su l t s .  
a f f e c t  d i f f e ren t  s i z e  radars t o  a d i f f e r e n t  degree w e  s h a l l  consider them 
separately and not t ry  t o  give any de ta i l ed  blame f o r  the problems. 

DEPENDENCE ANTENNA SIZE 

Only 

The reasons fo r  t h i s  l imited success a re  multiple.  and since they a l l  

It i s  possible  t o  use separate transmitt ing and receiving antennas and thus 
the spacing between the receiving antennas can be chosen randomly. However, 
since it  i s  more convenient t o  use sect ions of the t ransmit t ing antenna for  
reception w e  w i l l  consider only t h i s  poss ib i l i t y .  
have shown t h a t  such an arrangement r e s u l t s  i n  a reasonably large cross  
co r re l a t ion  between the s ignals  i n  any two antenna sect ions regardless  of the 
ac tua l  antenna s i ze ,  i f  it i s  assumed t h a t  the sca t t e r ing  i s  isotropic .  

BRIGGS and VINCENT (1973) 

We s h a l l  f i r s t  assume semi-isotropic and homogeneous sca t t e r ing  and show 
t h a t  the accuracy of the  calculated horizontal  veloci ty  depends on the antenna 
size.  We w i l l  a l s o  assume t h a t  the signal-to-noise r a t i o  i s  large. 

The t rue  d r i f t  ve loc i ty  of the i r r e g u l a r i t y  pat tern over a one-dimensional 
surface i s  given by (FOOKS. 1965) 
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d d 
Here V'  = 7 and V,' - 7 where T~ i s  the t i m e  delay a t  which the auto- 
co r re l a t ion  function hasSa value equal t o  t h a t  of the cross-correlation funct ion 
a t  zero t i m e  delay. 
d r i f t  ve loc i ty  Vt  and the t rue fading ve loc i ty  V, and can be expressed as 
(BRIGGS, 1980) . 

It can be shown t h a t  T~ i s  a funct ion of both the t rue 

T li kTOs5(1 + Vt2/Vc 2 ) -1/2 

To 
r&wed  and k i s  a constant. 

i s  the half-correlation t i m e  after the e f f ec t  of the mean d r i f t  
Then combining these equations w e  get  

has been 

(1) 

A t  t h i s  point w e  make an assumption t h a t  can be shown t o  be v a l i d  fo r  the 
Jicamarca radar  and other radars with antenna dimensions of more than one 
hundred meters. The inequal i ty  

2 
vt2 << vc 

reduces the equation (1) t o  

dT 

T0.5 

v =:- 
t 2 2  

A s  long as the correlat ion t i m e  is mainly a function o f  i n t e rna l  changes i n  the 
i r r e g u l a r i t y  pat tern and not dependent on the  d r i f t  ve loc i ty  the width of the 
peak i n  the cross-correlation function w i l l  be constant regardless  of the 
amplitude of the d r i f t  veloci ty .  The accuracy with which the locat ion of the 
peak i n  the cross-correlation function can be determined i s  proportional t o  the 
width of the peak. This means i t  i s  eas i e r  t o  f ind  the  locat ion of the maximum 
i n  a narrow peak, than i n  a broad peak. 
a f ixed e r ro r  AT' i n  the measurement of T' since the half-width of the 
correlat ion function i s  v i r t u a l l y  constant as a function of V t  as long as 
V t  << V,. 

Thus i t  seems reasonable t o  introduce 

Thus equation (2) yields  

d V + AVt = ~ dT +-AT' 2 2  t 2 2  
T0.5 T0.5 

(3) 

Equation (3)  expresses two r e l a t ed  r e su l t s .  
i s  not dependent on the antenna dimensions it i s  c l ea r  t h a t  an increase i n  d 
w i l l  decrease the t i m e  delay t o  maximum cross-correlation T' 
i s  assumed t o  be constant w e  see t h a t  an increase i n  antenna dimensions w i l l  

t' 
increase the e r ro r  i n  the calculated horizontal  veloci ty  AV 

BRIGGS (1980) t h a t  the DBS and SAD techniques both r e l y  on scat tered s igna l s  
from several  o f f v e r t i c a l  direct ions t o  measure horizontal  v e l o c i t i e s  i n  the 
ionosphere. Larger of f v e r t i c a l  look angle  w i l l  give b e t t e r  horizontal  veloci ty  
estimates i f  the DBS technique i s  used. Thus the most natural  conclusion i s  
t h a t  a l so  the SAD technique would give b e t t e r  measured horizontal  veloci ty  with 
increasing beam width, or smaller antenna dimensions. This i s  of w u r s e  i n  
accordance with the r e s u l t s  of equation ( 3 ) .  

Fi r s t ,  since the t rue veloci ty  V t  

Also since AT' 

I n  discussing these r e s u l t s  i t  i s  appropriate t o  emphasize the findings of 
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Summarizing, it i s  concluded t h a t  for  l a rge  antenna dimensions, comparable 
t o  the Jicamarca radar, individual i r r e g u l a r i t i e s  i n  the ground pa t t e rn  last 
only a f r a c t i o n  of the t i m e  i t  takes t o  cover the distance separating receiving 
antennas, and thus i t  i s  natural  t h a t  the horizontal  d r i f t  ve loc i ty  should be 
d i f f i c u l t  t o  measure. 

MEEK e t  al. (1979) have suggested using the normalized time discrepancy 
A (NTD) as one measure of the accuracy of individual veloci ty  measurenents. 

value of NTD of less than 0.2 has been advocated as a reasonable c r i t e r i a  fo r  
accepting the calculated horizontal  velocity.  
depends not  only on the accuracy with which the time delay of the peak i n  the 
cross  co r re l a t ion  can be measured, but a l so  on the veloci ty  of the pat tern over 
the ground. I n  the extreme case of almost zero ve loc i ty  and a f i n i t e  pat tern 
co r re l a t ion  t i m e  the equation 

It i s  c l ea r  however t h a t  NTD 

( C T ~ . '  + A . r i . ' l  
NTD = 

reduces t o  

I Z A r i .  ' I 
NTD = 

where  AT^.' is the error  i n  measuring T..'. 

d i s t r ibu ted  between zero and one. 
increased as a function o f  increasing veloci ty  it can also be seen 
decrease. 
w i l l  tend t o  select measurements with high wind values. 
re la t ionship between NTD and measured wind ve loc i ty  have been plotted,  and as 
can be seen the average wind veloci ty  measured decreases as the  NTD increases. 
It i s  concluded t h a t  NTD i s  not very useful as a test of the accuracy of the 
wind measurement, and using it can systematically change an averaged wind value. 
However, i n  p rac t i ca l  s i t ua t ions  use of NTD i s  more serious fo r  a l a rge  radar 
antenna l ike the Jicamarca than it i s  fo r  the substant ia l ly  smaller SOUSY-VHF 
radar  (ROTTGER, 1981). 

Since individual A-ri ' are expected t o  be s t a d i s t i c a l l y  independent NTD (V 3 =J 0 )  i s  expected t o  be randomly 

I f  Arij' i s  kept constant and ri 
NTD w i l l  

Thus using NTD as a measure of r e l i a b i l i t y  of the horizontal  wind 
I n  Figure 1 the 

%I 0.2 0.4 OS 0.8 IO 1.1 

NTD 

Figure 1. Normalized time discrepancy as a function of ionospheric 
veloci ty  averaged f o r  the t i m e  9 :40  t o  12:30 LST and f o r  a l l  
a l t i t udes .  
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REFLECTION FROM STRATIFIED LAYERS AND METEORS 

It has been suggested t h a t  the SAD technique i s  superior t o  the DBS 
technique because it takes advantage of the addi t ional  power received from the 
v e r t i c a l  d i r ec t ion  from p a r t i a l l y  r e f l e c t i n g  s t r a t i f i e d  layers  where such l aye r s  
e x i s t  (VINCENT and ROTTGER, 1980). Howwer, it can be eas i ly  shown t h a t  only 
t h a t  part  of the s ignal  t h a t  comes from the off-ver t ical  d i r ec t ion  gives any 
information about the horizontal  ve loc i ty ,  and the l a rge r  o f f -ve r t i ca l  angle 
the be t t e r  (ROYRVIK, 1983). 
useless  v e r t i c a l  s igna l ,  and useful o f f - v e r t i c a l  signal.  It should be obvious 
t h a t  the more aspect sens i t i ve  the sca t t e red l r e f l ec t ed  s ignal  is, the more of it 
can be a t t r i bu ted  t o  the useless  v e r t i c a l  s ignal .  Thus increased aspect 
s e n s i t i v i t y  decreases the signal-to-noise r a t i o  where the noise is  i n  the form 
of useless v e r t i c a l  signal.  So no advantage i s  had from an increase i n  aspect 
s e n s i t i v i t y ,  and thus the SAD technique cannot benefi t  from measuring it. 
the  other hand, it can be argued t h a t  the DBS technique has an advantage because 
i t  can more eas i ly  dis t inguish between the enhanced s ignal  i n  the  v e r t i c a l  
antenna, and the r ea l ly  useful s ignal  i n  the off-ver t ical  antenna howwer small 
t h i s  s ignal  may be. 

It then becomes a matter of superposit ion of 

On 

It has a l s o  been suggested t h a t  the SAD technique could ca l cu la t e  the f u l l  
This i s  c l ea r ly  not the veloci ty  f i e l d  from one s ingle  meteor (ROTTGER, 1981). 

case since the i r r e g u l a r i t y  pat tern on the ground r e su l t i ng  from a long t r a i n  of 
i r r e g u l a r i t i e s  would be a se r i e s  of semi-parallel l ines .  D r i f t  of the meteor 
t r a i l  perpendicular t o  the t ra i l  d i r ec t ion  would only s h i f t  the l i n e s  i n  the 
p a r a l l e l  d i r ec t ion  and thus produce no observable fading i n  the returned signal.  
It i s  a l s o  questionable whether the ve loc i ty  p a r a l l e l  t o  the meteor t ra i l  could 
be measured since the SAD technique assumes an e l i p t i c a l  i r r e g u l a r i t y  pat tern,  
whereas the actual  pat tern i s  a series of p a r a l l e l  l i nes .  
ca re  should be taken i n  using meteor echoes since contamination can r e s u l t  from 
both sa tu ra t ion  of the receiving system and r e f l e c t i o n  from the t ravel ing meteor 
head. 

I n  any case, great  

This appl ies  t o  both the SAD and the  DBS techniques. 

It i s  concluded t h a t  the most useful s i z e  of a SAD antenna i s  such tha t  the 
i r r e g u l a r i t i e s  on the ground on the average, d r i f t s  from one receiving antenna 
sect ion t o  another i n  one half-correlation time (ROYRVIK, 1983). Assuming 
co r re l a t ion  t i m e  of a VHF signal  of 1 s and horizontal  ve loc i t i e s  of typical ly  
15 m / s  i n  the mesosphere, a transmitt inglreceiving antenna 60 meters on a s ide  
would be ideal .  Larger antennas, although they may increase the  signal-to-noise 
r a t i o ,  only degrades the performance of the SAD radar. 
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