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5.9A THE ARECIBO OBSERVATORY AS AN MST RADAR 

R. F. Woodman 

I n s t i t u t o  Geofisico D e l  Peru 
Apartado 3747 

Lima, Peru 

The radars  and other systems a t  the Arecibo Observatory were designed and 
b u i l t ,  o r ig ina l ly ,  for  incoherent-scatter and radio-astronomy research. More 
recent ly ,  important additions have been made fo r  planetary radar and a r t i f i -  
c i a l  RF heating of the ionosphere. 
d i f f e ren t  application, these systems have shown t o  be very powerful t oo l s  fo r  
tropospheric, s t ra tospheric  and mesospheric research. The Observatory a t  
present has two main radars:  one a t  430 and the other a t  2380 MHz. I n  
addition, 50-MHz MST radar work has been done using portable t ransmit ters  
brought t o  the Observatory for  t h i s  purpose. This capabi l i ty  w i l l  become 
permanent with t h e  recent acquis i t ion of a t ransmit ter  a t  t h i s  frequency. 
Furthermore, control and data processing systems have been developed t o  use 
the powerful HF t ransmit ter  and antennas of the HF-heating f a c i l i t y  as an HF- 
b i s t a t i c  radar.  

Although designed and b u i l t  f o r  a 

The present paper w i l l  make a br ief  descr ipt ion of the four radars 
avai lable  a t  the Observatory. 
references where more de t a i l ed  descr ipt ions of these systems can be found. 
The l i s t  a lso includes papers of s c i e n t i f i c  nature  which fu r the r  i l l u s t r a t e  
the capab i l i t i e s  of the Arecibo Obsematory as an MST radar. 
cover the capab i l i t i e s  of the observatory for mesospheric research using in- 
coherent s c a t t e r  techniques. These capab i l i t i e s  have been recent ly  reviewed 
by MATHEWS [1981 19841. 

We have included i n  the bibliography a l i s t  of 

We w i l l  not 

THE 430-MHz RADAR 

The 430-MHz Arecibo radar i n  i t s  ST mode configuration has been described 
by WOODMAN (1980a). 
(1979) and SULZER and WOODMAN (1983). 
i s  shown i n  Figure 1. 
i t s  large power-aperture product, a very powerful processing system and a very 
f l e x i b l e  radar control.  

Some recent improvements are described by WOODMAN e t  a l .  

The most outstanding cha rac t e r i s t i c s  of the system a r e  
A block diagram of t h i s  configuration 

The t ransmit ter  has 2 MW of maximum power a t  a 6% maximum duty cycle. 
I t s  phase-coding bandwidth permits a minimum code length of 1 w e c  which 
corresponds t o  a maximum a l t i t u d e  resolut ion of 150 meters. 

The antenna i s  the l a rges t  r e f l ec t ion  antenna i n  the world. The 
r e f l ec to r  i s  spherical  with a diameter of 300 meters. 
by moving the posi t ion of the feed point. 
almost evenly. 
i s  commanded by the cen t r a l  control and processing computer. Beam width a t  
MST a l t i t u d e s  i s  cy l ind r i ca l ,  since these a l t i t udes  a re  in  the nea r f i e ld  of 
the antenna. 
negligible e f f ec t s  on the a l t i t u d e  resolut ion or beam width broadening of the 
spec t r a l  width. 

Steering i s  performed 

Control 
The feed i l luminates the r e f l ec to r  

It can point i n  any direct ion within 20' of zenith.  

The e f f ec t ive  beam width i s  su f f i c i en t ly  narrow t o  produce 

Receiving performance i s  determined by the noise l eve l  of the f r o n t  end. 
System temperature i s  of the order of looo  K. Receiver bandwidth i s  select-  
able  a t  both, the I F  (30 MHz) and dc level .  Gaussian-shaped f i l t e r s  of 
d i f f e ren t  bandwidths can be patched a t  IF  frequency, and square-shaped pulse 
f i l t e r s  a t  the coherently detected level .  - -- - 

The control  and processing system works around a cen t r a l  IIarris/6 mini- 
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computer. 
mainly determined by a special  purpose control ler ,  a powerful decoder and an 
array processor. 

But, the f l e x i b i l i t y  and processing capab i l i t i e s  of the system a r e  

Control pulses for  the radar t o  the ADC and the decoder, including the 
code sequences, are generated by a Synchronous Programmable Sequencer (SPS) 

1979). This sequence can generate 16 independent, TTL level ,  
ces with a r b i t r a r y  length and t r a n s i t i o n  resolut ion of 0.1 

usec. It i s  capable, f o r  instance,  of c l u t t e r  which makes the evaluation of 
v e r t i c a l  v e l o c i t i e s  d i f f i c u l t .  

TEE 2380-MHz BISTATIC RADAR 

The S-band 2380 radar w a s  b u i l t  €or planetary radar research, but it has 
been adapted f o r  s t r a tosphe r i c  research i n  a b i s t a t i c  mode. The system 
techniques and capab i l i t i e s  is described i n  d e t a i l  by WOODMAN (1980b). 
we w i l l  l i m i t  ourselves t o  a short  descr ipt ion underlining i ts  more important 
features  and l imitat ions.  

Here 

A block diagram of the system is depicted i n  Figure 2. 
i s  the most powerful radar presently i n  use for  MST applications.  
m i t s  continuously 500 kW of average power. 
transmit-receive switch, hence the need fo r  a b i s t a t i c  approach. It uses the 
300-meter-diameter spherical  r e f l ec to r  as a transmission antenna and a 30- 
m e t e r  parabolic a t  Higuiales, 11 km north of the Observatory, for  reception. 
The receiver  has a low-noise parametric receiver,  with a 25" K system tempera- 
ture.  
telemetry l i n k  fo r  processing. 

The t ransmit ter  
It trans- 

The transmitter does not have a 

_ _  - 

The received s ignal  i s  sent back t o  the Observatory v i a  a wide band 

A t  any one t i m e  scat tered s igna l s  are received mainly from turbulent 
f l uc tua t ions  within the common volume defined by the intersect ion of both 
antennas. One of the outstanding f ea tu res  of t h i s  system i s  i t s  high a l t i t u d e  
resolution. Resolutions as small as 30 meters have been obtained. Higher 
resolut ion than the  s i ze  of the  common volume i s  obtained by means of phase- 
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s h i f t  coding. Continuous per iodic  pseudorandom codes are used with adjustable  
baud and period length. 

Typical values f o r  the above-mentioned resolut ion are 0.2 psec baud length 
with a period of 1023 bauds. 
lag co r re l a to r ,  by cross-correlating the r e a l  and imaginary components of the 
coherently detected s ignal  with the t ransmit ter  code. 
observations i s  from 14 to 19 km. The lower a l t i t u d e  i s  determined by the 
geometry of the antennas a t  maximum zenith angles (20’1, and the  highest  by 
the s e n s i t i v i t y  of the system. Sens i t i v i ty  a t  t h i s  a l t i t u d e  i s  apparently 
determined by the sharp cut-off of the f luctuat ions k-spectrum a t  the inner 
scale ,  which becomes comparable t o  the wavelength of the radar a t  t h i s  
a l t i t ude .  The small probing wavelength should a l s o  permit the study of the 
turbulence spectrum shape a t  ks close t o  the inner scale. 

Decoding i s  performed with the Arecibo’s 1008 

The a l t i t u d e  range of 

The o r ig ina l  observations gave only power information, because of the 
slowness o t  the correlator  t o  dump the decoded p r o f i l e s  t o  t h e  computer. This 
has been circumvented recent ly  with a scheme i n  which two consecutive decoded 
p ro f i l e s  are dumped a t  any one t i m e ,  permitting the wa lua t ion  of veloci ty  and 
spectral  width information. A new correlator  i s  being b u i l t  which w i l l  allow 
the evaluation of f u l l  spec t r a l  information and greater  s ens i t i v i ty .  The 
s e n s i t i v i t y  i s  improved by reducing the amount of processing i d l e  t i m e .  

There i s  a project t o  provide the t ransmit ter  with a f a s t  transmit 
receive switch which would allow the use of the radar as a monostatic radar. 
This w i l l  permit the study of lower tropospheric a l t i t udes .  

THE MPI-ARECIBO 50-MBz RADAR 

During 1980-81 the Max-Planck I n s t i t u t e  brought t h e i r  mobile radar t o  the 
Arecibo Observatory (ROTTGEB e t  al.,  1983). 
t ransreceiver ,  control  and processing systan and the large 300-1neter Arecibo 
r e f l e c t o r  with a special ly  designed feed f o r  t h i s  frequency. T h i s  equipment 
i s  no longer a v a i u b l e  t o  the Observatory. 
placed an order for  a 50-100 kW MBz transmit ter ,  which with ex i s t ing  receivers  

The system used a self-contained 

Recently the Observatory has 



312 

control  and processing system, (Figure 1) including software w i l l  allow MST 
research a t  these frequencies. The poss ib i l i t y  of observing a t  3 d i f f e ren t  
frequencies from the same locat ion w i l l  be an important capab i l i t y  of the 
Arecibo Observatory. 

THE ARECIBO HF BISTATIC RADAR 

A l a rge  antenna and a powerful HF transmit ter  has been recently con- 
s t ructed north of the Arecibo Observatory for  the purpose of a r t i f i c i a l l y  
heating the ionosphere. 
periodic v e r t i c a l l y  pointing antennas covering an area of 340 x 680 meters. 
The t ransmit ter  has a continuous r a t ing  of 800 kW. 
nominal frequency range of 3 to  12 MBz. 

The antenna consis ts  of an array of 8 x 16 log- 

Both systems have a 

A b i s t a t i c  radar  has been recently implemented (GONZALES and WOODMAN, 
1983) f o r  par t ia l - ref  l e c t i o n  and backscatter studies.  The HF-heating f a c i l i t y  
i s  used fo r  transmission and t h e  large Arecibo disk f o r  reception. The system 
uses pulse coding on transmission with a maximum resolut ion of 8-16 vsec. 
Coherent addi t ion i s  performed on reception and f u l l  spectrum information is 
obtained i n  p a r a l l e l  from "ground wave a l t i t udes"  to  F-region ionospheric 
heights (256 a l t i t ude ) .  A new coding scheme has been used; it i s  based on a 
continuous s e t  of complementary codes which vary from pa i r  t o  pair .  
sequence has the property of cancell ing echoes which have been range folded 
i n t o  the a l t i t u d e s  of i n t e re s t ,  i .e.,  only the echoes which belong t o  the 
previous pulse contribute t o  the prof i le .  
f o r  the cancel la t ion of strong-multiple r e f l ec t ions  from the F- and E-region 
ranges. 

The 

This i s  important, since it allows 

A schematic diagram of the system i s  shown i n  Figure 3. 

The Arecibo HF b i s t a t i c  radar,  because of its power, antenna gain and 
sophis t icated processing i s  today perhaps the most s ens i t i ve  HF radar i n  the 
wor Id, 

(References i n  t h i s  paper are included i n  the publications l i s t e d  below.) 

. .  

Lop-Pericdii 

Arecibo Observa tory 
HF B i s t a t i c  Radar 

Figure 3. 
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