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Radars operat ing i n  the  frequency range from 1 to  60 WIz have been used 
extensively  during the  l a s t  decades t o  study the  ionospher ic  D region. S w e  
progress  has been made i n  understanding the  mechanism t h a t  cause the  r e f l e c t i o n 1  
s c a t t e r i n g  of the  t ransmit ted  r a d i o  waves although some problans ranain  t o  be 
solved. THRANE e t  a l .  (1981) compared rocket  measurements of i o n  dens i ty  
i r r e g u l a r i t i e s  t o  radar  echo observat ions  a t  2.75 MHz and concluded t h a t  the 
received rada r  s i g n a l  was due t o  s c a t t e r i n g  from i s o t r o p i c  and homogenous turbu- 
lence i n  the  a l t i t u d e  region between 70 and 95 km. HOCKING and VINCENT (1982) 
on the  o the r  hand, compared s c a t t e r i n g  c r o s s  s e c t i o n  a t  two frequencies.  2 and 
6 MHz. and suggested t h a t  the r a d a r  echo from the  region below 80 km was i n  pa r t  
due t o  p a r t i a l  r e f l e c t i o n  from s t r a t i f i e d  layers .  

It i s  w e l l  known t h a t  t he  VIIF s c a t t e r i n g  c r o s s  sec t ion  i s  aspect s e n s i t i v e  
i n  the  D region below about 75 Irm. whereas i t  tends t o  be  i s o t r o p i c  a t  higher 
a l t i t u d e s  (COUNTRYMAY and BOWHILL, 1979; FUKAO e t  a l .  1980; ROYRVIK 1983). 
FUKAO e t  a l .  suggested t h i s  t o  be  the r e s u l t  of a mixture of s c a t t e r i n g  and 
r e f l e c t i o n  a t  the  lower a l t i t u d e s ,  and pure i s o t r o p i c  s c a t t e r i n g  a t  higher 
a l t i t u d e s .  However. ROYRVIK (1983) studying Doppler spec t ra  of the  mesospheric 
echoes. suggested t h a t  the aspect s e n s i t i v e  pa r t  of the  s igna l  i s  due t o  
s c a t t e r i n g  from an i so t rop ic  turbulsnce.  ROTTGER e t  a1  (1979) r e j e c t e d  p a r t i a l  
r e f l e c t i o n  of VHF r ad io  waves from ledges i n  the  r e f r a c t i v e  index bordering a 
tu rbu len t  region (BOLGIANO. 1968) because the  i n n e r  s c a l e  of turbulence i n  the 

- mesosphere i s  l a r g e r  than the rada r  Bragg wavelength. 

P o s i t i v e  c o r r e l a t i o n s  between sca t t e red  s igna l  power and s igna l  c o r r e l a t i o n  
time (PIC-correlation) have been observed by VHF radars  i n  the lower mesosphere 
by FUKAO e t  a l .  (1980) who concluded t h a t  it might be an add i t iona l  ind ica t ion  
of p a r t i a l  r e f l e c t i o n  from s t r a t i f i e d  l a y e r s  (ROTTGER and LIU. 1978). I n  the 
upper mesosphere where the  PIC c o r r e l a t i o n  f o r  the  VIIF s i g n a l s  i a  negat ive ,  it 
i s  believed t h a t  the  s c a t t e r i n g  i s  caused by i s o t r o p i c  turbulence. Recently, 
however. ROYRVIK (1984) has argued t h a t  s teady-s ta te  shear-induced turbulence 
should r e s u l t  i n  a p o s i t i v e  PIC-correlation i f  the  Bragg wavelength is wi th in  
the  d i s s i p a t i v e  subrange of turbulence.  

The Aeronomy Laboratory F ie ld  S t a t i o n  a t  the  University of I l l i n o i s  con- 
t a i n s  a 41-MHz MST r ada r  (MILLER e t  a l .  1978) and a 2.66-MHz p a r t i a l - r e f l e c t i o n  
antenna rada r  (RUGGERIO and BOWHILL, 1982). I n i t i a l l y  these  two radar s  used the  
same computer f o r  da ta  acqu i s i t ion ,  and thus  simultaneous runs  were not possi- 
ble.  Recently. however. a s e t  of microcomputers have been adapted f o r  separa te  
da ta  c o l l e c t i o n  from the  two r a d a r s  (RUGGERIO and BOWHILL, 1982). Several  
simultaneous runs  have been made i n  o rde r  t o  compare both measured hor izonta l  
v e l o c i t i e s  and v a r i a t i o n s  i n  s c a t t e r e d  power measured by the  two radar  systens.  
The r e s u l t s  of the  wind measurements have been repor ted by RUGGERIO and BOWHILL 
(1982.). Here w e  w i l l  r epor t  some preliminary r e s u l t s  from comparison of the  
r a d a r  s c a t t e r i n g  c ross  sec t ion  a t  the two radar  frequencies.  
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EXPERIMENTAL TECBNIQUE AND CALIBRATION 

The Urbana MST radar  operates a t  a frequency of 40.92 MKz i n  a pulsed, 
monostatic mode. Peak transmitted power i s  1.4 MW i n  20 vs pulaes. Pulse 
r e p e t i t i o n  frequency i s  400 Hz. The t ransmit t ing/receiving antenna cons i s t  of a 
r ctangular ar ray of 1008 half-wave dipoles with a physical aper ture  of 11000 9 m . The receiving system cons i s t s  of a transmit/receive switch, a blanker/ 
preamplifier  and a receiver  with IF frequency of 5.5 MHz. Autocorrelation 
funct ions  with twelve 1 / 8  s l ags  of the complex received s ignal  a re  ca lcula ted 
on l i n e  and s tored every minute i n  20 a l t i t u d e  bins  spaced 1.5 km apart. 

The pa r t i a l - r e f l ec t ion  radar  operates on a frequency of 2.66 Mfiz with a 
peak t ransmit ted  power of 3.5 kW. Pulse length i s  25 v s  and pulse r e p e t i t i o n  
frequency i s  200 Hz. Separate t ransmit t ing and receiving antennas a r e  used.  he 
t ransmit t ing antenna cons i s t s  of a 60 half-wave dipole  array.  The receiving 
antenna cons i s t s  of an almost iden t i ca l  ar ray which i s  divided i n t o  four  
sections.  The s ignal  s t rength  from each sect ion i s  separately detected f o r  use 
i n  a spaced antenna experiment. Scattered s igna l  power f o r  each antenna, and 
hor izonta l  wind v e l o c i t i e s  a r e  estimated and recorded every minute i n  e ight  
a l t i t u d e  ranges spaced 4.5 km apar t ,  i.e., a s l i g h t  undersampfing i n  a l t i t u d e  
(BUGGER10 and BOWHILL, 1982). 

Both radars  were ca l ib ra ted  so t h a t  absolute sca t t e r ing  cross  sect ion could 
be estimated from the echo strength.  The nature  of t h i s  ca l ib ra t ion  i s  d i f fe r -  
ent f o r  the two radars  and w i l l  be outl ined i n  the  following sections.  The 41- 
MHz s c a t t e r i n g  cross  sect ion i s  calcula ted from the radas  equation i n  the form 
given by VANZANDT e t  a l .  (1978) 

Here the  signal-to-noise r a t i o  S/N i s  measured d i rec t ly  from the autocorre la t ion 
function,  r i s  the range of the sca t t e r ing  volume, and c i s  the  veloci ty  of 
l i g h t .  The remaining constants a r e  defined, and values given i n  Table 1. The 
noise temperature (T ) of the receiving system was measured by a noise diode 
t o  approximately 90 W6. This i s  reasonable considering t h a t  the  manufacturer of 
the preamplifier  quotes a l-dB noise f igure  and a 20-dB gain. Measurement of 
the antenna eff ic iency fac to r  (a) gave a value of 0.35. This value is 
considerably b e t t e r  than t h a t  measured by ALLMAN and BOWHILL (1976) and 
approximately equal t o  the value predicted with a preamplifier  inser ted 
immediately following the tranemit/receive switch. Considering the  
uncer ta int ies  involved i n  equation (1) it i s  estimated t h a t  the sca t t e r ing  cross  
sect ion can be measured t o  wi thin  a f ac to r  of two. 

A t  2.66 MHz the sky noise temperature (T,) i s  highly va r i ab le  and cannot be 
used a s  a convenient reference t o  compare the scat tered power. Thus the 
par t ia l - ref  l e c t i o n  radar was cal ibra ted against  nighttime F-layer r e f l e c t i o n  
using the  equation 

Here X i s  a constant including a l l  radar parameters. X can be found by meosur- 
ing P a t  night and assuming t h a t  the nighttime F-layer r e f l e c t i o n  i s  t o t a l ,  

. i . eeSr  lp12 = 1. I n i t i a l  ca l ib ra t ion  of the pa r t i a l - r e f l ec t ion  radar  was 
out during a 2-hour run around midnigh5 between May 3 and 4,  1984. From t h i s  
experiment we calcula ted X = 1.27 x 10 7.  The sca t t e r ing  cross  sect ion per 
un i t  volume can then be calcula ted from the equation 



Table 1 

X wavelength 1.3 m 

m samples coherently in tegrated 24 

Pt peak pulse power 

a eff ic iency of radar antenna 

A e f f e c t i v e  antenna a rea  . 4 2 1.1 x 1 0  m 

A r  range reso lu t ion  2 x 103 m 

f radar frequency 41 MBz 

Fr pulse r e p e t i t i o n  frequency 400 Hz 

B . bandwidth of in teg ra t ion  f i l t e r  8 Bz 

Tc cosmic noise temperature lo4  OK 

T, receiver  noise temperature 90 O K  

Use of equa'tion (3) a s  opposed t o  (2) assumes volume scat ter ing,  an assumption 
t h a t  m y  be debated. However, VINCENT and BmROSE (1977) from a study of 2.66- 
ElfIz radar s igna l s  found t h a t  the majority of echoes were due t o  incoherent 
eca t t e r ing  from a number of i r r e g u l a r i t i e s .  

Cal ibra t ion of the 2.66-EXz radar i s  inherent ly  more d i f f i c u l t  than ca l i -  
-- - - -- - -- .i bra t ing  the  41-MHz radar. Consequently, the  uncer ta int ies  i n  the  measurements 

of the  sca t t e r ing  cross  sect ion a r e  l a rge r  a t  2.66 MHz; perhaps as  l a r g e  as  a 
f ac to r  of f ive .  

OBSERVATIONS 

Several days of simultaneous observations by the two radar s  were made i n  
l a t e  April and ea r ly  May 1984. .Some problens with the pa r t i a l - r e f l ec t ion  data  
recording system were encountered, however, a t o t a l  of approximately 24 hours of 
d a t a  were recorded. Both radars  were obta ining scat tered power p ro f i l e s  between 
approximately 60 and 90 km a l t i tude .  Observations of the r e a l  time display 
showed t h a t  the re  usual ly  were one or two sca t t e r ing  l aye r s  i n  both radars.  The 
a l t i t u d e  of the layers  i n  the  two radars seemed t o  agree most of the time, but 
the re  a l s o  were occasions when the scat tered power p ro f i l e s  looked q u i t e  d i f fe r -  
ent. Most importantly, perhaps, was the f a c t  t h a t  the short  period (-1 min) 
time v a r i a t i o n s  i n  the amount of scat tered power did not appear to  be re l a t ed  i n  
the  two radars  even i n  l aye r s  t h a t  were c l e a r l y  occupying the  same a l t i t u d e  
region. This  made data comparison q u i t e  d i f f i c u l t .  However, a s  a preliminary 
comparison.,. da ta  were chosen from times when the tenporal  va r i a t ions  were small. 

Exrrmples of scat tered power as observed by the two radars  a r e  given i n  
. . Figures 1 and 2. Four d i f fe ren t  s e t s  of da ta  have been compared on the  

assumption t h a t  the echoes a r e  due t o  turbulent  sca t t e r .  The comparison 



' Figure 1. Scattered power profiles from the 41-MHz radar, May 4 ,  1984. 

TIME (CST) 

Figure 2.  Map of scattered power from the 2.67-MIIz radar in  dB x 101, 
May 4 ,  1984. Zeros indicate time snd altitudes where correlation 
time i s  l e s s  than one time lag i n  the correlation function. This 
represents noise level .  



involves several  s t eps  as  explained i n  the .  following. sections. 

For each da ta  s e t  the  sca t t e r ing  cross  sect ion observed a t  2.66 MHz i s  
taken a s  a reference. Then the  corresponding sca t t e r ing  cross  sect ion f o r  the 
41-Ne radar  was calcula ted from the equation 

obtained from GAGE and BALSLEY (1980). However, t h i s  equation assumes t h a t  the 
r ada r  Bragg wavelength i s  wi thin  the  i n e r t i a l  subrange of turbulence. RASTOGI 
and BOWHILL (1976) have indicated t h a t  the Bragg wavelength of a VHF r ada r  i s  
i n  the  d i s s i p a t i v e  subrange of turbulence i n  the  mesosphere. ROYRVIK and SMITII 
(1984) showed spectra  of turbulent  i r r e g u l a r i t i e s  t h a t  confirmed t h i s  and 
indicated t h a t  the spect ra l  slope i n  the  d i s s ipa t ive  subrange i s  close t o  -7. 

We now assume t h a t  the discrepancy between the observed cross  sect ion f o r  
41 HBz and the  cross  sect ion calcula ted using equation (4) i s  due t o  the rapid 
f a l l o f f  of the i r r e g u l a r i t y  spect ra  i n  the  d i s s i p a t i v e  subrange. The mount 
of discrepancy observed should be a funct ion of the inner s c a l e  of turbulence. 
The inner sca le  of turbulence needed t o  expla in  the  discrepancy i n  each case i s  
found a t  the  in te r sec t ion  between the  l i n e s  with slopes -5/3 and -7 i n  Figure 3. 
These values,  p lus  addi t ional  values, of the inner sca le  as  a funct ion of 
a l t i t u d e  have been p lo t t ed  i n  Figure 4 along with an estimate of the l imi t ing  
values  of the  inner  scale. As can be seen, these estimated values  a r e  
reasonable indicat ing t h a t  the radar  echoes a t  both 2.66 and 41 MEiz a r e  due t o  
s c a t t e r i n g  from the same l aye r  of turbulence-generated i r r e g u l a r i t i e s .  Note i n  
p a r t i c u l a r  t h a t  the sca t t e r ing  c ross  sect ion o f  the 41-ElHz radar  i s  never 
s ign i f i can t ly  above the value predicted from the 2.66-EMz c ross  sect ion i f  
turbulent  s c a t t e r  i s  assumed. 

A continuation of t h i s  work w i l l  include calcula t ion of s ignal  co r re la t ibn  

WAVE NUMBER 

Figure 3. Spectra of sca t t e r ing  i r r e g u l a r i t i e s  
with the 2.67-EfEz radar  cross  sect ion as 
reference. The f igure  only gives information 
of the r e l a t i v e  cross  sec t ion  between the 
radars. 



WAVE NUMBER (md 6') 

F i g u r e  4. L i m i t s  of i n n e r  and o u t e r  s c a l e s  of 
t u r b u l e n c e  c a l c u l a t e d  from s i g n a l  c o r r e l a t i o n  
t imes  a t  t h e  J icamarca  50-MHz radar .  The 
s o l i d  d o t s  i n d i c a t e  deduced i n n e r  s c a l e s  of 
tu rbu lence .  The d o t s  w i t h  arrows i n d i c a t e  
t h a t  t h e  i n n e r  s c a l e s  a r e  equa l  t o  o r  s m a l l e r  
than t h e  41-MIz Bragg wavelength. 

t ime.  and e s t i m a t e s  of energy d i s s i p a t i o n  r a t e  a s  a f u n c t i o n  of a l t i t u d e .  T h i s  
w i l l  a l l o w  independent  e s t i m a t e s  of t h e  i n n e r  s c a l e  of tu rbu lence  t h a t  can bet 
compared t o  t h e  v a l u e s  shown i n  F i g u r e  4. A p a r t i c u l a r l y  i n t e r e s t i n g  s tudy 
would be  t h e  comparison of  t h e  time v a r i a t i o n s  of t h e  s c a t t e r i n g  c r o s s  s e c t i o n s  
i n  t h e  two r a d a r s  a t  a l t i t u d e s  where t h e  41-lEz r a d a r  o p e r a t e s  w i t h i n  t h e  
d i s s i p a t i v e  subrange of t h e  t u r b u l e n t  spectrum (ROYRVIK, 1984).  
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