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INTRODUCTION 

S ince  i t s  establ ishment  i n  1945, Wallops F l i g h t  Center has been a f a c i l i t y  
where both government r e s e a r c h  agencies  and independent i n v e s t i g a t o r s  from 
t h e  United S t a t e s  and abroad can conduct a broad range  of experiments.  Over 
the years  Wallops has  i n s t a l l e d  a wide a r r a y  of ins t rumenta t ion  systems and 
has assembled a h ighly  t r a i n e d  group of personnel t o  support  t h e s e  experiments.  

I n  t h i s  r e p o r t  w e  w i l l  d i s c u s s  some of t h e  ins t rumenta t ion  systems used i n  
support  of NASA's Storm Hazards Program. These systems inc lude  t h e  Radar 
Atmospheric Research F a c i l i t y  (RARF) wi th  i t s  u l t r a - s e n s i t  i v e  , high- 
r e s o l u t i o n  Space Range Radar (SPANDAR), a near real t i m e  d i s p l a y  from t h e  
Nat ional  Weather Serv ice  WSR-57 r ada r  a t  NAS, Patuxent River ,  a Lightning 
Detect ion and Ranging System (LDAR), and a Ryan Stormscope. 

W e  w i l l  f i r s t  d i s c u s s  t h e  measurements t h a t  can be made w i t h  t h e  systems t h a t  
make them u s e f u l  t o  t h e  program and then  desc r ibe  t h e  ind iv idua l  systems i n  
some d e t a i l .  Las t ly ,  w e  w i l l  d i s c u s s  modi f ica t ions  being made t o  prepare  f o r  
t h e  1981 storm season. 

MEASUREMENT CAPABILITIES 

Wallops has a v a i l a b l e  a combination of u l t r a - s e n s i t i v e ,  high-resolut ion,  mul t i -  
wavelength r ada r  system t h a t  can d e t e c t ,  t r a c k ,  and quan t i fy  t h e  p r o p e r t i e s  of 
severe storms. Simultaneous measurements i n  t h e  UHF (70 c m ) ,  S (10 c m ) ,  and 
C (5 cm) bands can be  made of c louds  and p r e c i p i t a t i o n  t o  deduce p a r t i c l e  s i z e  
and characteristics, inc luding  q u a n t i t i v e  c r o s s  s e c t i o n s  of i nd iv idua l  hail-  
s tones  and ra indrops .  Re la t ive  a t t e n u a t i o n  a t  t h e s e  wavelengths can be  used 
t o  c a l c u l a t e  p a t h  i n t e g r a t e d  r a i n f a l l  and water conten t .  
instrument a i r c r a f t  can  be  d isp layed  on a S-band r e f l e c t i v i t y  map of t h e  
ind iv idua l  storm cells, t h u s  c o r r e l a t i n g  i n  s i t u  a i r c r a f t  measurements w i t h  
t h e  o v e r a l l  s t r u c t u r e  of t h e  storm. 
S-band r a d a r  , planned f o r  1981, w i l l  permit i n v e s t i g a t i o n s  of v e l o c i t y  
f i e l d s  a s soc ia t ed  w i t h  thunderstorms o r  c o a s t a l  hur r icanes .  

The track of an  

The a d d i t i o n  of doppler  processing f o r  t h e  

The  Lightning Detect ion and Ranging System (LDAR) and the Ryan Stormscope can 
be used t o  s tudy  t h e  electrical p r o p e r t i e s  of storms. 
determine t h e  l o c a t i o n  of l i g h t n i n g  d ischarges  i n  real t ime and measure and 
record  t h e  electric f i e l d  waveform f o r  f u r t h e r  s tudy.  

The LDAR system can  

The Ryan Stormscope can 
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d e t e c t  and range l i g h t n i n g  out  t o  320 k i lome te r s  (200 m i l e s ) .  The r a d a r s  and t h e  
l i g h t n i n g  d e t e c t i o n  systems should be  a b l e  t o  d e t e c t  t h e  earliest phases of c loud 
e l e c t r i f i c a t i o n  and p r e c i p i t a t i o n .  

Other weather phenomena which may b e  s tudied  as p recu r so r s  of storm systems o r  
f o r  t h e i r  own i n t e r e s t i n g  behavior are: sea breeze  f r o n t s ,  gus t  f r o n t s ,  and 
tenuous r eg ions  of tu rbulence  i n  t h e  upper atmosphere. 

A s  a n  i n t e g r a l  p a r t  of any program, Wallops makes a v a i l a b l e  opera t ion  meteoro- 
l o g i c a l  support  i n  t h e  form of s tandard and s p e c i a l  su r f ace  and upper atmos- 
phere measurements, r o u t i n e  and s p e c i a l  weather f o r e c a s t i n g  and weather 
b r i e f i n g  . 

RADAR ATMOSPHERIC RESEARCH FACILITY (RARF) 

The Radar Atmospheric Research F a c i l i t y  (RARF) c o n s i s t s  of two s e p a r a t e  re- 
search  and development r ada r  systems, one ope ra t ing  i n  t h e  UHF (70 cm) band and 
t h e  o the r  i n  t h e  S (10 cm) band. The f a c i l i t y  w a s  cons t ruc ted  i n  t h e  la te  
1950's f o r  a program involving atmospheric r e e n t r y  of missile payloads. It 
o r i g i n a l l y  included an X ( 3  cm) band r ada r  which has s i n c e  been dismantled.  
S ince  1965 t h e  f a c i l i t y  has been used almost exc lus ive ly  f o r  atmospheric re- 
sea rch  p r o j e c t s .  (See r e fe rence  1.) A l l  of t h e  ground based da ta  c o l l e c t i o n  
ins t rumenta t ion  f o r  t h e  Storm Hazards Program are p r e s e n t l y  loca t ed  a t  RARF f o r  
convenience of ope ra t ion ;  however, i n  t h e  f u t u r e  some may be loca ted  elsewhere.  

Only t h e  S-band r ada r  (SPANDAR) i s  used i n  t h e  Storm Hazards Program. It i s  
used t o  survey any storm wi th in  a 100 n a u t i c a l  m i l e  r a d i u s  of Wallops i n  order  
t o  choose i n t e r e s t i n g  storm ce l l s  as p o s s i b l e  cand ida te s  f o r  a i r c r a f t  penetra-  
t i o n ,  t o  monitor t h e  a i r c r a f t ' s  f l i g h t ,  and t o  d i s p l a y  and t o  record r ada r  re- 
f l e c t i v i t y  d a t a  from t h e  storm t h e  a i r c r a f t  pene t r a t e s .  The radar  PPI scan is  
d isp layed  on a 19-inch c o l o r  t e l e v i s i o n  monitor a long wi th  t h e  range time and 
t h e  p o s i t i o n  of t h e  a i r c r a f t .  This  real time PPI scan is  a l s o  recorded on 
video tape .  
on d i g i t a l  t ape .  

The PPI and RHI d a t a  scans  are recorded both  photographical ly  and 

A s  a supplement t o  t h e  SPANDAR r a d a r  system, near  real t ime p resen ta t ion  of t h e  
d a t a  from t h e  Nat ional  Weather Se rv ice  WSR-57 weather r a d a r ,  loca ted  a t  NAS, 
Patuxent River, Maryland, is d isp layed  on another  19-inch c o l o r  t e l e v i s i o n  
monitor. These d a t a  are recorded when SPANDAR d a t a  are not  a v a i l a b l e  and a t  
o the r  t imes  f o r  documentation purposes.  

A more d e t a i l e d  d e s c r i p t i o n  of SPANDAR and t h e  t w o  d i s p l a y  systems is  given be- 
low. 
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SPACE RANGE RADAR (SPANDAR) 

The Space Range Radar (SPANDAR) is  a p rec i s ion ,  long-range, S-band, c o n i c a l  
scan, t r ack ing  r ada r .  It w a s  o r i g i n a l l y  designed t o  c o l l e c t  missile r e e n t r y  
t r ack ing  d a t a  and deep space t r a j e c t o r y  d a t a .  While it is  s t i l l  capable  of 
performing t h e s e  func t ions ,  it has been used most i n t e n s i v e l y  s i n c e  t h e  middle 
1960's i n  atmospheric research .  
Table 1 g i v e s  t h e  t e c h n i c a l  c h a r a c t e r i s t i c s  of the rada r .  F igures  2 and 3 are 
v i e w s  of t h e  SPANDAR antenna and t r ack ing  console .  

F igure  1 is a b lock  diagram of t h e  SPANDAR. 

The SPANDAR has two t r a n s m i t t e r s  which d i f f e r  on ly  i n  power ou tpu t .  The high- 
power t r a n s m i t t e r ' s  peak power output  is 5.0 megawatts wi th  a 10 MHz bandwidth 
over a frequency band of 2700 t o  2900 '%Mz. 
power i s  1 . 3  megawatts w i th  a 10 MHz bandwidth over a frequency band of 2800 t o  
2900 MHz. 

The low-power t r a n s m i t t e r ' s  peak 

For meteoro logica l  measurements both t r a n s m i t t e r s  are con t ro l l ed  by a frequency 
d i v e r s i f i e r .  The d i v e r s i f i e r  s h i f t s  t h e  t ransmi t  frequency of each rada r  pu l se  
by t h e  r e c i p r o c a l  of t h e  pu l se  width,  t hus  making each pu l se  independent i n  
frequency from every o t h e r  pu lse .  The r ada r  r e c e i v e r  i s  programmed i n  s t e p  wi th  
t h e  t r a n s m i t t e r  so that echoes from each p u l s e  are rece ived  i n  t h e  proper range  
ga te .  

Frequency d i v e r s i t y  a l lows  f o r  t h e  accumulation of a l a r g e  number of independent 
meteorological  echoes a t  a much f a s t e r  rate than  normal, t hus  increas ing  t h e  
radar  scan rate. It a l s o  rejects second-time around t a r g e t s  which f a l l  out-  
s i d e  t h e  receiver bandwidth. Another advantage i s  that it i n s e r t s  a cal i -  
b r a t i o n  s i g n a l .  
compensated ( r e fe rence  2) .  

I n  t h i s  way any receiver d r i f t  can be au tomat ica l ly  

The r e t u r n  s i g n a l  from a p r e c i p i t a t i o n  volume i s  routed from t h e  r ece ive r  t o  a 
D i g i t a l  Video I n t e g r a t o r  and Processor  (DVIP) ( r e fe rence  3 ) .  The DVIP i s  an  
i n t e n s i t y  contouring dev ice  that cont inuously averages  radar  logar i thmic  v ideo  
i n  range  and dz rec t ion  t o  o b t a i n  q u a n t i t i v e  estimates of mean de tec ted  
p r e c i p i t a t i o n  r e t u r n s .  The accuracy of mean i n t e n s i t y  estimates is  improved 
over that of a logar i thmic  r ece ive r  by 1.0 db o r  less a t  range  increments of 
1 and 2 ki lometers .  S p e c i f i c a l l y ,  the DVIP (1) accep t s  logar i thmic  v ideo  
over a maximum range of 80 db, (2) cont inuously i n t e g r a t e s  l og  video samples 
d i g i t a l l y  i n  range and on a pulse-to-pulse b a s i s  i n  range  increments of 1 and 
2 ki lometers ,  (3) provides  a f i x e d  range  normalizat ion func t ion  as p a r t  of t h e  
d i g i t a l  processing,  ( 4 )  provides  a contoured l o g  v ideo  output  of six contours  
of mean s i g n a l  i n t e n s i t y  t o  the rada r  PPI and t o  a 19-inch co lo r  t e l e v i s i o n  
monitor,  and (5) provides  a s e p a r a t e  d i g i t a l  ou tput  of one 8-b i t  b inary  word 
f o r  each in t eg ra t ed  video sample. 

A s  s t a t e d  earlier, t h e  d i s p l a y  of r a d a r  r e f l e c t i v i t y  d a t a  i s  used both  f o r  
s e l e c t i o n  of storm cells and f o r  i n v e s t i g a t i o n  and f o r  monitoring t h e  a3r- 
c r a f t  p o s i t i o n  during f l i g h t .  
band t r ack ing  r a d a r  and superimposed on t h e  SPANDAR d i s p l a y  i n  real time. 
p o s i t i o n  d a t a  are a l s o  recorded on d i g i t a l  t ape  f o r  pos t - f l i gh t  a n a l y s i s .  

Aircraft p o s i t i o n  i s  t racked  by a s e p a r a t e  C- 
The 
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WSR-57 DATA DISPLAY 

The Nat iona l  Weather Se rv ice  WSR-57 weather r a d a r  range  normallzed r e f  lect iv-  
i t y  i s  t r ansmi t t ed  by a Radar Data Remoting System ( re ference  4 )  over  a 
dedica ted  te lephone  l i n e  from the r a d a r  l o c a t i o n  a t  NAS, Patuxent River, 
Maryland, f o r  d i s p l a y  on a 19-inch c o l o r  t e l e v i s i o n  monitor a t  t h e  RARF si te .  
The up-date time f o r  t h i s  d i s p l a y  is two minutes.  Range time i s  superimposed 
on t h e  d i sp lay .  
d i sp lay ;  however, t h e  ground t r a c k  cannot be  d isp layed  s imultaneously on t h e  
SPANDAR and t h e  WSR-57 d i sp lays .  The WSR-57 r e f l e c t i v i t i e s  are given in t h e  
same s ix  d i s c r e t e  levels as t h e  SPANDAR d i sp lay .  
monitors  used t o  d i s p l a y  weather d a t a .  
SPANDAR da ta ;  t h e  l e f t  one normally d i s p l a y s  Pax River da t a .  

It is  p o s s i b l e  t o  superimpose t h e  a i r c r a f t  t r a c k  on t h i s  

F igure  4 shows t h e  TV 
The r i g h t  one i s  normally used f o r  

LIGHTNING DETECTION AND RANGING (LDAR) 

The LDAR w a s  o r i g i n a l l y  developed a t  NASA Kennedy Space Center t o  d e t e c t  
p o t e n t i a l  hazardous electrical a c t i v i t y  that might impair m i s s i l e  launch 
ope ra t ion  ( r e fe rences  5 and 6 ) .  
i n  1979, bu t  because of funding and manpower l i m i t a t i o n  could not  put it i n t o  
ope ra t ion  f o r  t h e  1980 storm season. 
ope ra t iona l  f o r  t h e  beginning of the 1981 storm season. 

Wallops acquired it from Kennedy Space Center 

Our c u r r e n t  p l a n s  are t o  have i t  

LDAR measures t h e  times of arr ival  of t h e  pulsed RF r a d i a t i o n  emit ted by an 
electrical d ischarge .  
l y ing  si tes and re layed  t o  a c e n t r a l  s t a t i o n  where t h e  s p a t i a l  l o c a t i o n  of t h e  
d i scha rge  i s  determined. The ou t ly ing  sites normally are i n  a Y conf igu ra t ion  
wi th  an  antenna s i te  a t  t h e  extremities of t h e  l e g s  of t h e  Y and a c e n t r a l  s i t e  
where each l e g  m e e t s .  
charges  i s  t o  have an  azimuth of 120' between t h e  b a s e l i n e s  and w i t h  t h e  
c e n t r a l  s t a t i o n  loca ted  aT. t h e  j u n c t i o n  of each l e g  of the Y. A t  Wallops, 
geographical  cons ide ra t ions  and t h e  a v a i l a b i l i t y  of electrical power have 
caused us t o  d e v i a t e  s l i g h t l y  from t h e  120' conf igu ra t ion .  
loca ted  t h e  c e n t r a l  site t o  t h e  extremities of one of the l e g s  and placed it i n  
t h e  SPANDAR rada r  bui ld ing .  
Wallops. 

This  RF r a d i a t i o n  i s  de tec t ed  by VHF antennas a t  out-  

The b e s t  conf igu ra t ion  f o r  a c c u r a t e  l o c a t i o n  of d i s -  

W e  have a l s o  re- 

Figure  5 shows t h e  l ayou t  as configured f o r  

Two b a s i c  measurements are made a t  each antenna site: t h e  time of arr ival  of 
t h e  pulsed RF s i g n a l  and the electric f i e l d  (E-field) waveform. 
is  de tec t ed  by a v e r t i c a l l y  po la r i zed ,  omnidi rec t iona l ,  40 t o  100 'MHz antenna 
( f i g u r e  6 ) ,  and the E-f ie ld  s i g n a l  is picked up by a c i r c u l a r  f l a t  p l a t e  
antenna ( f i g u r e  7 ) .  
s t a t i o n  over a 8 MHz bandwidth microwave l i n k .  
waveform of t h i s  l i g h t n i n g  d i scha rge  is recorded on bo th  d i g i t a l  and analog 
recorders .  
equa t ions  t o  l o c a t e  the p o s i t i o n  of t h e  d ischarge .  The  rangelazimuth p o s i t i o n  
of t h e  d ischarge  i s  p l o t t e d  as a d o t  on a PPI p l o t ;  the he ight  of t h e  d i scha rge  
is p l o t t e d  as a do t  on two s e p a r a t e  range/height  i n d i c a t o r s  (RHI) .  

The pulsed RF 

S i g n a l s  from both  antennas are t r ansmi t t ed  t o  t h e  r ece iv ing  
A t  the  rece iv ing  s t a t i o n  the 

A mini-computer u s e s  t h e  t ime of a r r iva ls  t o  s o l v e  t h e  hyperbol ic  

Those 
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d i scha rges  n o r t h  of a n  east-west l i n e  passing through t h e  c e n t r a l  s t a t i o n  are 
p l o t t e d  on one RHI and t h o s e  south  of t h i s  l i n e  are p l o t t e d  on another  RHI. 

An accuracy a n a l y s i s  of t h e  LDAR system ( re ference  7) has shown that the 
symmetrical Y conf igu ra t ion  produces a uniform low measurement e r r o r  w i th  a n  X, 
Y p o s i t i o n  accuracy w i t h i n  the b a s e l i n e  of t h e  system of less than  one percent .  
A t  d i s t a n c e s  g r e a t e r  t han  t h e  b a s e l i n e  length ,  the accuracy dec reases  w i t h  
d i s t ance ;  however, q u i t e  u seab le  d a t a  can s t i l l  be  obtained a t  d i s t a n c e s  as  f a r  
away as 110 n a u t i c a l  m i l e s .  
measured w i t h  an  e r r o r  of less than  0.1 degree.  
o r i e n t a t i o n  of t h e  r ece iv ing  s t a t i o n s ,  he ight  i s  measured w i t h  a lesser 
accuracy than  azimuth o r  range. Height is measured more a c c u r a t e l y  above 
300 meters (1000 f e e t ) .  Typica l ly ,  t h e  he igh t  e r r o r  is less than  100 meters. 
Figure 8 shows t h e  LDAR equipment i n  t h e  SPANDAR c o n t r o l  room. 

Within t h e  base l ine ,  azimuth p o s i t i o n  can  be  
Because of t h e  p lanar  

RYAN STORMSCOPE 

A Ryan Stormscope i s  i n s t a l l e d  i n  t h e  RARF bu i ld ing  f o r  u s e  i n  conjunct ion wi th  
LDAR ( f i g u r e  9 ) .  The Stormscope i s  a four-component s o l i d  state rece iv ing  
system which provides  bear ing and range  information between a i r c r a f t  and 
electrical d ischarges .  Radio frequency s i g n a l s ,  generated by electrical 
d ischarges ,  are picked up by a s i n g l e  f la t -pack  antenna which provides  both 
t h e  V and H d i r e c t i o n  loop antennas and a n  e lectr ical  sense  antenna followed 
wi th  a s i g n a l  a m p l i f i e r .  
&here processing and c o n t r o l  f u n c t i o n s  t a k e  place.  The receiver is  broadband 
tuned wi th  a c e n t e r  frequency of 50 kHz. 
determined from t h e  r a t i o  of t h e  two crossed  loop antenna inputs .  
P o l a r i z a t i o n  of t h e  f i e l d s  is de tec t ed  and processed.  S igna l s  from hor i zon ta l  
d i scharges  are r e j e c t e d .  
eva lua t ion  of s i g n a l  s t r e n g t h ,  time t o  peak, decay t i m e ,  s p e c t r a l  con ten t ,  and 
comparison of electric and magnetic f i e l d  ampli tudes.  (The d e t a i l s  of t h e  
phys ica l  concept of t h i s  eva lua t ion  cannot be found i n  t h e  open l i t e r a t u r e  and 
are notprovided  by t h e  company). 
monitor over 360'. Range is s e l e c t e d  i n  t h r e e  s t e p s  of 40,  100, and 200 nau t i -  
cal m i l e s  (NM).  The system reco rds  and d i s p l a y s  up t o  128 ind iv idua l  e lectr ical  
d ischarges ,  as  small green d o t s  on t h e  CRT, and au tomat i ca l ly  updates  t h e  
"oldest"  d i scha rge  information wi th  t h e  "newest .I1 I n  t h i s  manner , t h e  d i s p l a y  
is  c o n s t a n t l y  updated. I f  t h e  d o t s  are not  rep laced  by new d a t a ,  each i s  
automat ica l ly  erased a f t e r  f i v e  minutes.  Also, d o t s  may be manually erased by 
t h e  opera tor .  Changes i n  heading and p o s i t i o n  of t h e  a i r c r a f t  w i l l  no t  a f f e c t  
d a t a  a l r e a d y  d isp layed ,  so pe r iod ic  c l e a r i n g  i s  necessary  t o  main ta in  a n  
a c c u r a t e  p re sen ta t ion  w i t h  r e s p e c t  t o  t h e  changing p o s i t i o n  of t h e  a i r c r a f t  i n  
f l i g h t  ( r e fe rences  6 and 8).  

The antenna s i g n a l s  are routed t o  t h e  receiver 

Azimuth of t h e  d ischarge  i s  

The range  of t h e  d i scha rge  i s  obtained by computer 

Bearing information is  d isp layed  on a CRT 

Severa l  yea r s  ago, t h e  A i r  Force F l i g h t  Dynamics Laboratory conducted an  in-  
f l i g h t  test program t o  eva lua te  t h e  Stormscope performance i n  conjunct ion  wi th  
a Bendix X-band a i r b o r n e  weather r a d a r  and a ground-based LDAR d e t e c t i o n  
system opera ted  a t  NASA Kennedy Space Center. 
i s  given i n  r e fe rence  9. 

T h e  r e s u l t  of t h i s  comparison 
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PREPAXATIONS FOR 1981 

A major e f f o r t  i s  being made t o  improve t h e  ins t rumenta t ion  a v a i l a b l e  f o r  t h e  
1981 storm season. 
Laboratory, Cambridge, Massachuset ts ,  i n  upgrading t h e  SPANDAR rada r  t o  pro- 
v i d e  doppler  information on t h e  r a d i a l  wind components w i th in  t h e  storm c e l l .  
The AFGL equipment w i l l  be  on t h e  SPANDAR f o r  on ly  t h e  f i r s t  po r t ion  of t h e  
1981 season. Af te r  the AYGL equipment is  removed w e  w i l l  t r y  t o  record  t h e  
coherent  SPANDAR s i g n a l  f o r  f u t u r e  process ing .  

W e  are coopera t ing  wi th  t h e  A i r  Force Geophysical 

Another major e f f o r t  i s  t o  have t h e  LDAR system f u l l y  i n s t a l l e d  and ope ra t ing  
f o r  t h e  1981 season. 
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TABLE 1.-SPANDAR TECHNICAL CHARACTERISTICS 

Transmit ter  System: 

Frequency 
Frequency Resolut ion 
Peak Power Output 
Pul  sewid t h 
P u l s e  Repe t i t i on  Rate (PRF) 
Pu l se  Coding 

Receiver System: 

Type 
Dynamic Range 
Noise F igure  
Sen s it  iv  i t y 
I. F. Frequency 
Bandwidth 
Tracking Gate 

Antenna System: 

Ref l e c t o r  
Beamwidt h 
Beam Crossover 
Gain 
P o l a r i z a t i o n  
Antenna Temperature 
Feed 
Azimuth Coverage 
Eleva t ion  Coverage 
Tracking Rates (Az.  and E l . )  
Slew Rates (Az. and El.)  

Ranging and Tracking System: 

Mea s u r  ement Range 
Range P rec i s ion  
Angle P rec i s ion  

2700 t o  2900 MHz 
1 MHZ 

5 MW o r  1 . 3  MW 
1, 2, o r  5 Microseconds 
160, 320, 640, and 960 FFS 
1 t o  3 Pu l ses  

Superheterodyne 
70 db 
2.5 db 

30 Mkz 
230 kHz , 480 kHz, 1.1 MHz 
6 o r  18 Microseconds 

-119 db 

18.30m (60  f t )  Pa rabo l i c  
0.39 
1 .5  db 
52.8 db 
C i rcu la r ,  Vertical, o r  Horizontal  
3 O°K 
NUT&TING (Conical,  30 Hz) 
360 

6 Per Second 
15' Fer  Second 

9go 

910 m (1000 Yds.) t o  25,000 NM 
4.57 m ( 2  5 Yds.) 
0.06' 
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Figure  1.- Space Range Radar (SPANDAR) System block diagram. 
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Figure  2,- SPANDAR antenna. 

F igure  3 . -  SPANDAR t r ack ing  console .  
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Figure  4 . -  Weather r a d a r  t e l e v i s i o n  monitors i n  SPANDAR 
c o n t r o l  room. 

Figure 5.- LDAR antenna layout .  
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Figure 6.- LDAR RF antenna. 

F igure  7.- LDAR e - f i e ld  antenna. 
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Figure  8.- LDAR receivers and d a t a  handl ing  equipment. 

F igure  9.- Ryan Stormscope i n  SPANDAR c o n t r o l  room. 
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