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Very high frequency radars  designed t o  measure ' t ropospheric wind p r o f i l e s  
usually detect  sca t t e r ing  t o  a maximum height of about 20 km. I f  the antenna 
e leva t ion  angle i s  45 degrees or more above the horizon, the maximum range of 
i n t e r e s t  i s  l e s s  than 30 Icm. A VHF pulsed Doppler radar wind P r o f i l e r  can, 
therefore., be operated art high pulse r e p e t i t i o n  ra t e s  (-5 kHz). The maximum 
bandwidth allowed (by frequency a l loca t ion  o r  by the antenna) i s  about 0.5 MKz 
(a t  most) so a radar  with uncoded pulses can operate with a duty cycle of I t o  
10% ,' depending on. the des i red height resolution.  This i s  approximately the 
duty cycle allowed i n  many t ransmit ters .  Therefore it is  often possible t o  
operate a troposphericwind Prof il e r  t h a t  u t i l i z e s  a l l  the average power avail-  
ab le  from the  t ransmit ter  without the complexity of coded pulses. However the 
'VIIP r ada r  can detect  echoes from the mesosphere on occasion and, with high 

> .  pulse ,  r e p e t i t i o n  r a t e s ,  these echoes w i l l  occur a t  the same apparent range a s  
" . tt!e tropospherfc e'ch6es of i n t e r e s t .  . These'mesospheric echoes may, a t  times, 

be stronger than the tropospheric signals.  The range-aliased mesospheric 
echoes can be g rea t ly  a t tenuated or ef fect ively .  eliminated a s  described below. 

F i r s t ,  suppose tha t  the phase of the transmitted pulse va r i e s  randomly 
from pulse t o  pulse. This random phase occurs i f  the t ransmit ter  uses a pulsed 
o s c i l l a t o r  ins tead of a pulsed ampl i f ier ,  as i n  a microwave radar  with a magne- 
t ron  ( o s c i l l a t o r )  t ransmit ter .  I f  the t r ansmi t t e r  uses an amplifier  the phase . . "  

-1 . . 'can. be va r i ed  from pulse t o  puLse by introducing a phase s h i f t  on a low-level 
reference o s c i l l a t o r  jus t  pr ior  t o  each transmitted pulse. The phase of the 
reference o s c i l l a t o r  i s  kept constant while a l l  echoes from the unambiguous 
range i n t e r v a l  a r e  received. co he unambiguous range i n t e r v a l  i s  0 to c ~ / 2  where 
c i s  ve loc i ty  of piopagation and T i s  the pulse r e p e t i t i o n  period). Then, a s  
i n  a magnetron microwave Doppler radar ,  the  s igna l s  from range-aliased t a rge t s  

- w i l l  be incoherent and cause an increase i n  noise,  but they w i l l  not produce a 
- , . Doppler. spectrum t h a t  can compete with (or be, mistaken f o r )  the  tropospheric 

Doppler spectrum. It i s  poss ible  t o  choose any ambiguous range in te rva l  (n 
---- cT/2 < R < (n + l )cT/2)  fo r  coherent recept ion while t a rge t s  a t  a l l  other ranges 

a r e  incoherent by se lec t ing  the  phase of the reference o s c i l l a t o r  used during 
recept ion t o  be equal t o  t h a t  used i n  previous transmitted pulses. Range- 
a l i a sed  s i g n a l s  t h a t  appear as white noise  i n  the Doppler spectrum a re  much l e s s  
troublesome than i f  they were coherent. However, because VHF radars  with high 
pulse r e p e t i t i o n  r a t e s  can use time-domain in tegra t ion  of the video samples from 
consecutive pulses,  the range-aliased echoes can be g rea t ly  attenuated o r  ef- 
f ec t iv  ely eliminated ra the r  than made incoherent (causing increased noise 1. 

Next, l e t  the phase of the transmitted pulse change from pulse to  pulse 
with a pseudorandom binary code. Then s ignals  i n  the range 0 to  cT/2 w i l l  add 
i n  the  time-domain in tegrator  jus t  as though the t ransmit ter  had constant phase, 
but range-aliased s igna l s  w i l l  add or subtract  depending on the phase of the 
code during recept ion r e l a t i v e  t o  the phase during tranmnis sion- of a pr ior  
pulse. I f  the s ignal  phase of the range-aliased targets  remains constant dur- 
ing the time-domain in tegra t ion  period, the range-aliased s igna l s  w i l l  cancel i f  
the re  a r e  a s  many pos i t ive  as  the re  a r e  negative elmtents i n  the  code. A 
pseudorandom code can cancel the s ignals  (except fo r  a t  most 1 pulse)  fo r  a l l  
range-aliased in tervals .  I f  the range-aliased s igna l s  a r e  i n  motion but have 
small ve loc i ty  compared with +- X/4tlT, where M i s  the number of samples averaged 
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i n  the time domain, then the cancellation of range-aliased echoes i s  s t i l l  ef- 
fective. I f  t h i s  were not so, one could not perform time-domain integrat ion on 
the s i gna l s  from the range of interest .  I n  fac t ,  when targets  a re  i n  motion, 
the cancellation of the range-sliased signals i s  more e f f ic ien t  than the co- 
herent addition of the desired signals,  because i n  the l a t t e r  case signals must 
r m a i n  nearly i n  phase throughout time In, while i n  the former case cancella- 
t i on  occurs during subintervals of Wl'. 

The VEP radars i n  the Colorado Wind Profi ler  Network have been designed t o  
operate at high pulse repe t i t ion  ra tes  with lmcoded pulses and t o  be able t o  
re jec t  mesosphesic echoes on the basis  of the above considerations. We have 
not a s  ye t  implenented the mesospheric echo cancelling feature. 




