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Based on the experience obtained with the s ta t ionary SOUSY radar i n  the 
Harz mountains, a mobile VHF Doppler system w a s  developed during the last two 
years. The e l ec t ron ic  pa r t  i s  i n s t a l l e d  i n  a 20-ft container and w a s  t e s t ed  f o r  
the f i r s t  t i m e  during a j o i n t  experiment a t  the Arecibo Observatory (Puerto 
Rico) using a spec ia l  log-periodic a e r i a l  t o  i l luminate  the 300% dish. In  1982 
t h i s  system was extended by designing a mobile phased antenna array with f i n a l l y  
576 Yagi elements. The grouping of t h e  s ing le  Yagis, t he  system of transmission 
l i nes ,  the phase s h i f t e r s ,  the power s p l i t t e r s  and the T/R-switch are described. 
A summary of r e s u l t s  obtained during the f i r s t  two campaigns i s  presented as 
w e l l  a s  a survey of fu tu re  programs demonstrating the f l e x i b i l i t y  of t h i s  mobile 
system. 

INTRODUCTION 

During the l a e t  decade the development of the upcoming VHF-Doppler radars  
designed t o  study the s t ruc tu re  and dynamics of the middle and lower atmosphere 
was mainly influenced by the demand t o  improve the eff ic iency of these systems. 
The power-aperture-product. therefore,  was increased using l a rge r  antennas and 
t r ansmi t t e r s  and d i f f e ren t  pulse coding techniques (e.g. , BALSLEY e t  al .  , 1979; 
CZECHOWSKY e t  al . ,  1979). 
s t e e r a b i l i t y  of the phased antenna arrays were extended and other  methods w e l l  
known from ionospheric research, such as the spaced antenna d r i f t  technique. 
were applied t o  invest igat ions of the middle atmosphere (ROTTGER and VINCENT. 
1978). 

The height and t i m e  resolut ion as w e l l  as the 

A t  the same time the SOUSY radar  f a c i l i t y  was extended by a second system 
which i s  completely mobile, i n  order t o  increase the f l e x i b i l i t y  and t o  enable 
pa r t i c ipa t ion  i n  other  s c i e n t i f i c  programs studying geographical o r  
orographical influences. 

The purpose of t h i s  paper i s  t o  describe the technique and design of the 
SOUSY mobile radar i n  comparison t o  the s ta t ionary system. which has been i n  
operation s ince 1977, and t o  discuss  f i r s t  r e s u l t s  obtained during common 
experiments a t  the Arecibo Observatory and during the ALPEX campaign. Final ly ,  
a br ief  ou t l i ne  of fu tu re  programs i s  presented. 

THE STATIONARY SYSTEM 

The SOUSY radar was designed i n  1975 and completed a f t e r  successful test  
measurements i n  summer 1977. This system i s  located i n  a va l l ey  i n  the Harz 
mountains ( l a t .  51°42'N. long. 10°30'E) 26 Eon eas t  of Lindau, i n  order t o  
minimize interference with TV systems operating a t  the name frequency and to  
reduce ground c l u t t e r  from distances behind the surrounding mountains. Since 
the radar has already been described i n  d e t a i l  by SCHMIDT e t  a l .  (19781, only a 
b r i e f  summary of the most important technical p a r m e t e r s  are presented i n  the 
block diagram of Figure la. 

The minimum usable pulse length i s  1 us corresponding t o  a height resolu- 
t i o n  of 150 m. 
technique was applied t o  improve the resolut ion t o  about 20-30 m (ROTTGER and 
SCHMIDT, 1979). 

During some s c i e n t i f i c  programs, however, a special  sampling 

The tran'smitter peak power is 600 kW with a maximum duty cycle 
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Figure la.  Block diagram of the  SOUSY s t a t iona ry  radar  i n  
the  Harz mountainsfGermany. 

of 4%. 
The f i n a l  ampl i f ie r  -- a modified P h i l i p s  TV t ransmi t te r  -- operates i n  a push- 
p u l l  mode using two water-cooled te t rodes .  Phase coding was introduced t o  
improve the  signal-to-noise r a t i o  espec ia l ly  for  mesospheric observations. The 
r ada r  t ransmi t te r  and r ece ive r  i s  tunable i n  the  frequency range from 48 t o  67 
MIIz (Table 1). The rece iver  has a video bandwidth of 1 MHz and a l i n e a r  
ampl i f ica t ion  wi th in  a dynamic range of 70 dB t o  enable hardware coherent i n t e -  
gration. 
using a 10-bit ADC and coherently added by a hardware adder with a maximum 

The power supply i s  capable of handling a maximum length of 100 11s. 

The complex s i g n a l s  a t  the  rece iver  quadrature output a r e  d i g i t i z e d  

Table 1. 

STATIONARY SYSTEM MOBILE SYSTEM 

Pulse peak power 600 kW 200 kW 
Duty cyc le  4% 4% 
Number of elements 19 6 576 
Single  element 4-element Yagi 4-element Yagi 
Po la r i za t ion  l i n e a r  l i n e a r  
E f fec t ive  area 3150 m2 aaao m 2  
Gain 31 dB 35.5 dB 
S t e e r a b i l i t y  continuously 3 independent 

d i r ec t ions  
Frequency 53.5 MHZ 53.5 MHZ 
Tuning 47-64 MHz 45-58 MHz 
Beam width 5" 39 
Pulse lengfh 1-100 p s  1-100 I.ls 
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storage f o r  1024 complex height values. The cen t r a l  un i t  i s  a radar con t ro l l e r  
which i s  programmed by a computer. 

Pulse length,  r e p e t i t i o n  frequency and coding are adjustable  by software 
in s t ruc t ions  based on t h e  requirements of t he  s c i e n t i f i c  programs. Transmitter, 
receiver and antenna are connected t o  a high-speed transmit-receive-switch (TR- 
switch) with a recovery t i m e  of less than 8 ps. 
far-f ie ld  range R of the antenna which i s  about 1700 m (R = 2d2/X, d = diameter 
of the antenna and A = wavelength). 
version of 76 Yagis which w a s  i n  operation from April 1977 t o  June 1978. 
detai led descr ipt ion of t h i s  phased array i s  given below i n  the following 
section, since both antennas are based on the same concept. 

THE MOBILE SYSTEM 

This corresponds t o  the near- 

This antenna i s  an extension of a f i r s t  
A 

The mobile SOUSY radar  (Figure l b )  was developed t o  increase the 
f l e x i b i l i t y  and t o  enable pa r t i c ipa t ion  i n  other s c i e n t i f i c  programs studying 
geographical or orographical influences. 
summer 1983 and can be operated using d i f f e ren t  f i n a l  amplif iers  r e su l t i ng  i n  
d i f f e ren t  average power-aperture-products from 1.4 x lo6 t o  7.1 x l o 7  Wm2, the  
maximum of which is  equal t o  the value of the s ta t ionary radar. The computer, 
the radar control ler ,  the hardware adder and the AD converter are  exchangable 
between both systems whereas the transmitter and the receiver a re  constructed i n  
a compact vers ion t o  be completely in s t a l l ed  i n  a s ingle  20-ft container. 

This system w i l l  be completed i n  

The f i n a l  power amplifier -- a modified Ph i l ip s  TV module - i s  aircooled 
and operates i n  a class-C push-pull mode with a peak pulse power exceeding 

I 
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Figure lb.  Block diagram of the  SOUSY mobile radar. 



436 

200 kW. 
power operation. 

Different d r ive r s  can be used separately with 4, 10 and 35 kW for low 
This system is continuously tunable from 45 t o  56 MfIz. 

Between transmitter and antenna a bandpass f i l t e r  with a bandwidth of 2 MHz 
and a low pass f i l t e r  with a cut-off frequency a t  about 65 MBz i s  inser ted t o  
prevent harmonic s igna l s  and TV interference.  
used a t  d i f f e ren t  geographical locations with d i f f e ren t  orographic shielding, 
special  e f f o r t s  were necessary t o  develop an antenna array t h a t  s a t i s f i e s  the 
requirements of maximum sidelobe suppression especially a t  low elevat ion angles. 
Therefore the  construction of the antenna, the calculat ion of the r ad ia t ion  
pa t t e rn  as w e l l  as the descr ipt ion of TR switch and phase s h i f t e r s  are main 
subjects  of t h i s  paper. 
array are also discussed i n  some de ta i l .  

( a )  Antenna Array 

Since the mobile system is  t o  be 

Results and experiences obtained with the s ta t ionary 

The design cri teria of the mobile system are mainly derived from the 
concept of the ex i s t ing  s ta t ionary phased a r r ay  antenna which i s  now i n  
operation i n  i t s  f i n a l  version since 1978 (CZECHOWSKY and MEYER, 1980). 
f i r s t  completely s t ee rab le  antenna was developed t o  increase the efficiency of 
the whole radar system by preventing c l u t t e r  and interference with other  users  
since the operation frequency band of f = 53.5 5 1 MHz f i l l s  the gap between 
colour and sound c a r r i e r  of channel 2 of the German TV system. The frequency 
a l loca t ion  therefore  was coupled with the obl igat ion t o  minimize the horizon- 
t a l l y  directed radiation. Consequently, the radar w a s  located i n  a val ley i n  
t h e  Harz mountains about 26-km east of the i n s t i t u t e  a t  Lindau. These mountains 
provide a considerable shielding up t o  e levat ion angles of 5" t o  25" a t  d i f f e r -  
ent  azimuths within a 2-lau range. Since t h i s  distance i s  equal t o  t h a t  r e su l t -  
ing from the near-far-field condition of the radiat ion pat tern of the antenna 
the  a l t i t u d e  of 2 km defines  the lower l i m i t  of the SOUSY radar. Ground 
c l u t t e r  from t a rge t s  behind the shielding mountains w a s  only detected during 
atmospheric conditions with strong ducting. 

This 

The second aspect t o  reduce interference can be achieved by the suppression 
of sidelobes which i n  turn requires an optimizing technique fo r  calculat ing t h e  
antenna diagram. Operation i n  a TV channel has, of course, the advantage t h a t  
several  modules such as t ransmit ter  modules, the Yagi antennas, and power 
s p l i t t e r s  could be bought from stock and were immediately ready for operation 
with s l i g h t  modifications only. 
4-element Yagis a s  s ing le  r ad ia to r s  instead of coaxial  co l l i nea r  dipoles of 
other systems. 

This advantage influenced the decision t o  use 

The two phased arrays which a re  now i n  operation consist  mainly of the same 
modules as e.g. , 4-eleolent Yagis, 3-dB power s p l i t t e r s ,  coaxial  r e l ays  combined 
t o  phase s h i f t e r s  and d i f f e ren t  types of cables and connectors. The differences 
between the two systems l i e  i n  the s ize ,  the weighting of the Yagis, and the 
construction of the a e r i a l  masts. 
Table 1. 

The technical parameters are summarized i n  

The aperture  of the f i r s t  antenna array -- the  s ta t ionary one -- i s  
mechanically and e l e c t r i c a l l y  weighted i n  order t o  suppress the sidelobes by 25 
dB a t  angles close t o  the zeni th  and by 40 dB a t  low elevat ion angles. 
weighting i s  achieved by increasing the element spacing from 0.77 A t o  1.17 A a t  
the outermost posi t ions and by feeding the antennas with d i f f e ren t  power, 
respectively.  

This 

The r ad ia t ion  pat tern of n Yagis each fed with a current amplitude JV can 
be expressed by (HEILMANN, 1970): 
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where dv and Qv are the polar  coordinates of an ind iv idua l  Yagi. 
d i r e c t i o n  Qm and em the f i e l d  s t rength  E has a maximum i f  6, = 2*d, * s i n  ern 
cos ($m-Qv)/A. 
a re :  (1) the  diagram F(Q,6 )  of t he  s ing le  element; (2) the  number n of 
elements; ( 3 )  the  polar  coordinates d, and 4,; and ( 4 )  t he  cur ren t  d i s t r i b u t i o n  
J, = lj,l e-j'v. 

with an optimum rad ia t ion  pa t t e rn  i s  ca l l ed  "evolution s t ra tegy"  and i s  based on 
t h e  p r inc ip l e  of "mutation" and "selection". A s  an i n i t i a l  condition a 
r e a l i s t i c  conf igura t ion  of the n elements i s  chosen t o  ca l cu la t e  a f i r s t  
diagram. Adding random v a r i a t i o n s  t o  the o r i g i n a l  parameters a second diagram 
i s  computed and compared with the  f i r s t  one. 
be an improvement the  new one i s  used a s  i n i t i a l  value fo r  a fu r the r  modifica- 
t i o n  or %mutation". Otherwise the f i r s t  ' bu ta t ion"  i s  cancelled and the  
o r i g i n a l  conf igura t ion  is used f o r  another "mutation". This l a t t e r  procedure is 
ca l l ed  t h e  "selection". Depending on the  i n i t i a l  values up t o  twenty successive 
s t e p s  were necessary t o  f i n d  the  optimum so lu t ion  i n  ca l cu la t ing  the  r ad ia t ion  
pa t t e rn  of the  f i r s t  s t a t iona ry  antenna system. The coupling between the  Yagi 
antennas as we l l  as the r e f l e c t i o n  from the ground were neglected i n  the  cal-  
cu la t ion  s ince  preliminary measurements have shown t h a t  the decoupling between 
the  antennas -- independent of the po la r i za t ion  -- i s  above 25 dB and t h a t  the 
front-to-back-ratio i s  about 15 dB. 

For a given 

The va r i ab le s  used f o r  the optimization of t h e  antenna pa t t e rn  

The method which was appl ied  f o r  ca l cu la t ing  the  conf igura t ion  of an a r r ay  

I f  the  second so lu t ion  appears t o  

Because of the  l a r g e  number of elements i n  the  mobile system, e l e c t r i c a l  
weighting only was s u f f i c i e n t  t o  assure  a cur ren t  d i s t r i b u t i o n  close t o  the 
Dolph-Chebychev d i s t r ibu t ion .  The 576 Yagis of the  mobile vers ion ,  therefore ,  
a r e  loca ted  on s t r a i g h t  l i n e s  with the same spacing. 

For t h e  mobile a r ray  Figure 2 shows the  r e s u l t i n g  cur ren t  d i s t r i b u t i o n  
(do t s )  i n  two planes a t  @ = 0' and Q = 45" t o  the d ipole  d i rec t ion .  
s o l i d  l i n e s  represent  the binominal (BI) and Dolph-Chebychev d i s t r i b u t i o n s  with 
theo re t i ca l  sidelobe suppression of 30 dB (DT1) and 60 dB(DT2>. 

The th ree  

SOUSY MOBILE RADAR 
Amplitude Distribution 

I 

d Im d Im 

SOUSY antenna compared wi th  Dolph-Chebychev (DT1: 30 dB s ide lobe  
suppression and DT2: 60 dB sidelobe suppression) and a binominal 
(BI) d i s t r i b u t i o n .  

Figure 2. Pro jec t ion  of t he  amplitude d i s t r i b u t i o n  of the  mobile 
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Figure 3 presents the f i n a l  diagram of the mobile antenna array for  the 
plane 45" t o  the dipole  d i r ec t ion  indicat ing a sidelobe reduction of a t  least 25 
dB close to  the main lobe and of 40 dB f o r  low elevat ion angles. The half  power 
beam width i s  3". 

The above-mentioned method fo r  obtaining an optimum rad ia t ion  pattern as 
w e l l  as a l l  assumptions made have been t e s t ed  by comparing the  theo re t i ca l  and 
measured antenna diagram. 
Harz mountains which i s  continuously s teerable  within a cone of 30" ver tex angle 
centered on the v e r t i c a l  has been used. This system w a s  operated i n  the 
receiving mode only during the t r a n s i t  of Cassiopeia A, which i s  the most 
intense point source detectable  fo r  the SOUSY radar. The beam d i r ec t ion  was 
t i l t e d  meridionally i n  s teps  of one degree from 12" north t o  8" south within 
1.5-min sweeps fo r  a t i m e  i n t e rva l  of 3 hours on Oct. 25, 1981. Pigure 4 
presents i n  a three-dimensional p lo t  the received noise power PN as  a function 
of time and zen i th  distance.  The power maximum was observed exactly a t  7' north 
which agrees with the posi t ion of Cassiopeia A ( e  
locat ion 51°42'N), confirming the correct  operation of the antenna steering. A 
de t a i l ed  ana lys i s  (Figure 5)  indicated t h a t  the measured half-power beam widths 
i n  the zonal and meridional planes fo r  the t i l t e d  antenna deviate by 5 0.1" from 
the  theo re t i ca l  value of 5.6". Unfortunately it w a s  not possible  t o  measure the  
suppression of the sidelobes applying t h a t  method since the l eve l  of the back- 
ground noise was only 10-15 dB below those of the point source. 

For t h i s  purpose the s ta t ionary array located i n  the 

58"35'N, SOUSY radar 

The f i n a l  configuration of the mobile array i s  shown i n  Figure 6 consis t ing 
of 144 squared subsystems with 4 Yagis each. 
mately an octogonal shape and i s  e l e c t r i c a l l y  weighted, indicated by the 
d i f f e ren t  symbols. The black subsystems i n  the center are fed with a power 
l eve l  *'l'', the white ones with "0.25" and only a few ones (grey) are fed with 
"0.5" to  smooth the current dis t r ibut ion.  
system i s  l imited t o  three independent beam d i r ec t ions  only. 

(b) Feeding Network 

The antenna aperture  has approxi- 

A t  present the s t e e r a b i l i t y  of t h i s  

The feeding network f o r  both antenna arrays i s  based on the same concept 
and consis ts  of a system of broadband 3-dB d i r ec t iona l  couplers and quadruple 
power s p l i t t e r s  arranged i n  a nine-level cascade. A quarter  of the scheme of 
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Figure 3. Diagram of t he  mobile SOUSY antenna, 
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Figure 4 .  Received noise power PN of Cassiopeia A using the 

s t ee rab le  s t a t iona ry  SOUSY antenna. 

cables, power s p l i t t e r s ,  phase s h i f t e r s  and antennas i s  shown i n  Figure 7 
s t a r t i n g  a t  the t h i r d  l eve l  of the cascade with an input power of 50 kW. 

The decoupling between the two output ports of each direct ional  coupler of 
about 35 dB prevents a d i r e c t  connection between the s ingle  antennas. 
Consequently the main part  of the r e f l ec t ed  power caused by the VSWR i s  fed back 
t o  the t ransmit ter  or i s  absorbed i n  the terminating r e s i s t o r s  a t  each hybrid 
(YSWR 1.15)measured fo r  the s ta t ionary antenna. 

Due to  the phase difference of 90" between the two output ports of each 
hybrid, four phase values ( 0 " ,  g o " ,  180°, 270") occur a t  the last  l eve l  of the 
cascade. 
formed t o  180" and 0" by in se r t ing  addi t ional  90" phase cables and the r e su l t i ng  
displacement of 180" i s  compensated by two d i f f e ren t  antenna types with a d i r e c t  
and crossed connection t o  the driven dipole, which i s  indicated i n  t h i s  f i gu re  
by the open and so l id  arrows. 

To balance these differences,  the phases of 90" and 270° a r e  trans- 
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Figure 6. Configuration o f  the mobile SOUSY antenna. (Weighted subsystems: 
black - power level 1; grey - power level 0.5, white - power level 0.25.) 

@ Mobile VHF-Rodor 

Figure 7. A quarter of the feeding system of the mobile antenna starting 
at the third level with 50 kW. 
the phase shifters. 

The circles represent the position of 
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The c i r c l e s  represent the posi t ion of the phase s h i f t e r s  which steer one or 
more subsystems each consis t ing of four antennas. This par t  of the antenna, the 
hybrids, and the phase s h i f t e r s  a r e  the most expensive elements of the whole 
array.  

(c)  & B i t  Phase Sh i f t e r  

Figure 8 presents the p r inc ip l e  of the 4-bit phase s h i f t e r ,  which i s  a 
combination of four 4-port coaxial  switches. The phase can be changed i n  s t eps  
of XI16 equal t o  22.5O controlled by a computer program. I n  the "low" posi t ion 
a l l  antennas a r e  fed with equal phase and the beam i s  directed v e r t i c a l l y .  The 
switch-over-time of the r e l ays  i s  less than 50 ms. 

(d) TR Switch 

The transmit-receive switch which connects the antenna with the t ransmit ter  
and receiver  i s  a combination of two 3-dB d i r ec t iona l  couplers as shown i n  the 
Figure 9. This pr inciple  was f i r s t  described by the Unitrode corporation 
(UNITRODE, 1968) i n  connection with the appl icat ion of pin diodes i n  high-power 
duplexers. 

The two hybrids a r e  connected with a system of two cyl indrical  tubes where 
2 x 6 high-power pin diodes are located on a c i r c l e  between the inner and outer  
conductor. The 
dis tance between the hybrid and the diodes is  less than a quarter  of a wave- 
length to  reduce the high voltage of about 11 kV (s ta t ionary system) at  the 
connector. 

The switching pulse fo r  the diodes i s  fed v i a  a T-junction. 

In  the transmit posi t ion the output power i s  s p l i t  by the f i r s t  hybrid, 

During the 
t ransferred t o  the pin diode switches, then r e f l ec t ed  a t  these diodes and fed 
back t o  the decoupled port ,  which i s  connected with the antenna. 
receiving phase -- with open diodes -- the s ignal  from the antenna i s  s p l i t  i n  
the f i r s t  hybrid, passes the tubes, i s  combined i n  the second hybrid, and fed 
i n t o  the receiver.  This system i s  capable of handling 600 kW. 

@ SOUSY-VHF-RADAR 

HF 
4 

4 BIT PHASE-SHIFTER A N T E F A  

Figure 8. &bi t  phase s h i f t e r  f o r  the SOUSY radar antenna. Phase 
can be changed i n  multiples of 22.5". 
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Figure 9. Scheme o f  the TR switch. Switching t i m e  is 8 ps. 

The qua l i ty  of the TR switch can be estimated by measuring the decoupling 
For the s ta t ionary system the between the transmitter TX and the r e s i s t o r  RE. 

r e su l t i ng  vol tage values were 5.5 kV a t  the t ransmit ter  and 11 V a t  the 
r e s i s t o r ,  corresponding t o  54 dB. 
the second hybrid, a t o t a l  decoupling of more than 80 dB t o  the receiver was 
proved. 

With the addi t ional  decoupling of 30 dB of 

The recovery t i m e  of the TR switch i s  less than 8 ps, enabling measure- 
ments from a lowest height l eve l  of about 1.2 km. The bandwidth of the TR 
switch i s  several  MEz. 

OBSERVATIONAL RESULTS 

I n  1980 and 1981 the mobile SOUSY radar was operated for the f i r s t  t i m e  a t  
the Arecibo Observatory i n  Puerto Rico. 
unique instrument consisting of a l a rge  dish with a diameter of 300 m; l i n e  
feeds and point-source feeds are i n s t a l l e d  on a platform 150 m above the base of 
the dish. This system can be s teered within 12.5" off  ve r t i ca l .  The SOUSY VHF 
transmit ter  and receiver  were connected t o  a special  log-periodic feed antenna, 
which w a s  i n s t a l l e d  on the feed arm of the platform t o  i l luminate the dish. 
This antenna configuration has a beam width of 1.6" with an antenna gain of 
41 dB. 

The telescope a t  the Observatory i s  a 

I n  1981, observations were carr ied out sporadically a t  d i f f e ren t  t i m e s  
during the day i n  order t o  analyze short-tern events (RUSTER and RLOSTERMEYER, 
1983) and t o  invest igate  s t ructures  and sca t t e r ing  mechanisms (ROTTGER et  al . ,  
1983). I n  general ,  s ign i f i can t  atmospheric radar  echoes have been observed i n  
the s t ra tosphere up t o  25 km and from 60 to  90 km i n  the mesosphere. 

The most i n t e re s t ing  r e s u l t s  concern the cha rac t e r i s t i c s  of mesospheric 
s t ruc tu res  indicat ing two d i f f e ren t  types of layers.  
10) presents d e t a i l s  of the height and t i m e  va r i a t ion  of the echo occurrence f o r  
a period of about one hour. The s t ructures  above 80 km can be described as 
cloud-like whereas those below as t h i n  laminated sheets. This d i s t i n c t  
separation i n t o  two d i f f e ren t  echo regions i s  a l so  c l ea r ly  expressed by the 
d i f f e ren t  shapes of the observed Doppler spectra. 

The contour p l o t  (Figure 

I n  Figure 11 the p ro f i l e s  of 
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Figure 10. Mesospheric s t r u c t u r e s  ind ica t ing  two d i f f e r e n t  types  of l a y e r s  

measured i n  May 1981 w i t h  the  mobile SOUSY rada r  i n  Arecibo, Puer to  Rico. 

the  s p e c t r a l  i n t e n s i t y  (grey  s c a l e )  are p l o t t e d  f o r  t he  Z O M l  and meridional  
component of t he  wind system. 
observed wi th  a change of t h e  wind d i r e c t i o n  of more than 90" wi th in  a he ight  
i n t e r v a l  of 6 lua. 
spec t r a  above 80 km. 

Below 80 km a s t rong  d i r e c t i o n a l  shear  i s  

The s p e c t r a  are extremely narrow i n  c o n t r a s t  t o  the broad 

On May 29 ,  measurements were c a r r i e d  out  t o  i n v e s t i g a t e  f u r t h e r  d e t a i l s  of 
t h e  s c a t t e r i n g  mechanism of these  s t r u c t u r e s  (Figure 12). For t h i s  purpose the  
beam d i r e c t i o n  w a s  changed i n  s t e p s  of 1.7 degrees  from the  v e r t i c a l  t o  6.8" o f f  
zen i th .  For f i v e  d i f f e r e n t  examples the  he ight  i n t eg ra t ed  power was ca l cu la t ed  

1355 LT 8 MAY 1981 1435 LT 
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I n t e n s i t y  p l o t s  of mesospheric echo power s p e c t r a  versus  he ight  
measured i n  May 1981 wi th  t h e  mobile SOUSY rada r  i n  Arecibo, Puer to  Rico. 

Figure 11. 
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Figure 1 2 .  Aspect s e n s i t i v i t y  of mesospheric s ignals  measured 
i n  May 1981 with the mobile SOUSY radar i n  Arecibo, Puerto Rico. 

f o r  both height regions and plot ted a s  a function of the antenna zenith 
distance.  
s e n s i t i v i t y  of about 1 dB per degree was observed. Above 80 km, however, no 
s ign i f i can t  va r i a t ion  i n  the echo power was measured during the  change of the 
beam direct ion.  
the same s ign i f i can t  differences a s  presented i n  Figure 11. I n  pa r t i cu la r ,  the 
narrow spectra below 80 km and the broad ones above tha t  height seem t o  indicate  
t h a t  turbulent s t ructures  are mainly present i n  the upper height i n t e rva l  giving 
rise t o  i so t rop ic  sca t t e r .  
l aye r s  dominate causing p a r t i a l  ref lect ions.  

Within the a l t i t u d e  range from 64 to  74 km a strong aspect 

The respective power spectra  r e su l t i ng  from these echoes show 

I n  the lower a l t i t u d e  range, however, laminated 

The airflow over and around mountains was one of the s c i e n t i f i c  problems 
selected f o r  a major f i e l d  study during the  Global Atmospheric Research Program, 
which led t o  the Alpine Experiment (ALPEX) conducted i n  1982 i n  Europe. Within 
the subprogram MERKUR designed for  scudying mesoscale phenomena, measurements 
have been carr ied out using the mobile SOUSY VHF-radar near Rosenheim i n  
Bavaria, Germany (CZECHOWSKY e t  al . ,  1982; WEBER and RUSTER, 1982; WEBER e t  a l . ,  
1982). 
the German Weather Service and the Meteorological I n s t i t u t e  of the University of 
Karlsruhe. During special  observational periods add i t iona l  i n  s i t u  measurements 
by airplanes were carr ied out.  These p a r a l l e l  measurements, therefore,  o f f e r  
the opportunity t o  compare the r e s u l t s  obtained by the d i f f e ren t  techniques and 
t o  study the wind va r i a t ion  on a north-south baseline. 
observed height p ro f i l e s  of the wind speed and wind direction. 
represents the VHP radar  data ,  the dashed l i n e  the radiosonde d a t a  from T h a l r e i t  
( 5  km south),  the crosses the radiosonde da ta  from Munich (54 km northwest), the  
open and closed c i r c l e s  r e f e r  t o  the ascending and descending par t  of the f l i g h t  
measurements. 
p r o f i l e .  The differences,  i n  p a r t i c u l a r ,  r e s u l t  from the  v a r i a t i o n s  i n  t ime  and 
locat ion a t  which the data were taken. 
meters, respectively,  can lead t o  va r i a t ions  i n  the wind f i e l d  of up t o  
10 m 8-1. 

North and south of the radar s i te  wind observations were performed by 

Figure 13 shows the 
The so l id  l i n e  

This comparison shows a good agreement of the ove ra l l  wind 

Differences of 1 hour and a few kilo- 

FUTURE PROGRAMS 

The mobile radar i s  now prepared fo r  operation during the MAPIWINE campaign 
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Figure 13. Height p r o f i l e s  of wind speed and d i r ec t ion  compared with 
r e s u l t s  from radiosondes from Munich and Thalrei t  measured with the 
mobile SOUSY radar system i n  March 1982 near Rosenheim, Bavaria 
during the Qine 9 e r i m e n t  (ALPEX). 

- ---.. 

and w i l l  be located on Andoya (Norway) during the winter season 1983184. 
the f i r s t  t i m e  the f i n a l  average power-aperture-product of 7.1 x 10 
kW, 4% duty cycle, 35.5 dB gain) w i l l  be avai lable  during t h i s  program. 
s c i e n t i f i c  goals can be summarized as follows: 

(1) 
turbulent s t ructures  i n  the winter mesosphere. 

(2) 
developments and t h e i r  e f f ec t  on s t ruc tu ra l  parameters and dynamics of the 
mesosphere. 

Star t ing i n  1985 j o i n t  experiments are planned together with the EISCAT and 
Heating f a c i l i t i e s  near Tromso (Norway). 

For 
Wm (200 

The 

Invest igat ion of the morphology of t i d a l  waves, gravi ty  waves and 

The study of sudden s t ra tospheric  warnings, t h e i r  temporal and s p a t i a l  
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