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F O R E W O R D  

This  C i r c u l a r  con ta ins  an e x t r a c t  from a r e p o r t  i ssued  by 
t h e  C i v i l  Aeronautics Administration of the  United S t a t e s  of 
America on recen t  VHF o m i  range improvements and s t a t u s  of t h e  
U.S.A. programme. 

The S p e c i a l  Radio Technical Divis ion (COT) of ICAO, i n  t h e  
F i n a l  Report of i t s  F i r s t  S$ssion, recommended t h a t  on in terna-  
t i o n a l  t runk r o u t e s ,  where shor t  d i s t ance  nav iga t iona l  a i d s  a r e  
r equ i red ,  VHF 'omni ranges" of th2 CW phase-comparison type ,  should 
be i n s t a l l e d  a s  soon a s  p r a c t i c a b l e  and .should be kept  i n  oper- 
a t i o n  u n t i l  a t  l e a s t  January 1st 1955. 
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The performance of the V H F  o m i  range has been demonstrated 
to exceed by a good margin the specified requirements of the COT 
Division of ICAO, All electrical and mechanical problems en- 
countered in its development have been satisfactorily solved, 
Siting of stations remains the major installation problem, but 
it has been found that satisfactory operation can be secured on the 
basis of clearing a 700-foot radius for obstacles 30 feet high, 
and by using a large dish-shaped counterpoise in rough terrain 
where clearing is not practical, 

Independent tests made by the Collins Radio Company on ten 
omnf ranges selected at random showed that course variations were 
less than two degrees for 99,25 percent of the flight time of 14 
hours 43 minutes devoted to such measurements, 

Initial flight tests have been made on a course line com- 
puter developed for CAA by the Kinneapolis-Honeywell Regulator 
Company, using the omnf range and DYG installed at Indianapolis, 
Parallel tracks over distances of 120 miles were flown with an 
accuracy of better than two miles, Distance t o  an arbitrarily 
selected way point was also indicated with an accuracy of two 
miles, ?' 

To meet the need of private flyers for a combined naviga- 
tion and communication receiver, negottalions are under way for 
a development contract, intended to establish facilities for 
quantity production at low cost, 

Among improvements effected in the omni range system during 
the past year and a half are the follawing: 

1) A circular antenna shelter has been devised which eli- 
minates errors found to be caused by the unsymmetrical configu- 
ration of previously used shelters, 

2) Resistance cloth has been installed around the antenna 
supporting pedestals to  educe erslorscaused by the emission of 
vertically polarized energy, 
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3) The aircraft antenna has been improved in design and 
location. 

4) Improved clippel circuits have been developed and 
applied to eliminate the possibility of course reversal, and 
also to reduce errors introduced by the receiving equipment when 
the action of the limiter circuit in the reference channel is 
inadequate. 

5) A new commercial design goniometer has been adopted 
which has an r-f efficiency of 90 percent, compared with 30 per- 
cent for earlier models, A tone wheel on the goniometer shaft 
has replaced the pilot generator and ten-kilocycle FM oscillator, 
which were previously used, improving stability and simplifying 
maintenance, 

6 )  Progress has been made in the development of a spinning 
transmitting antenna which [nay eventually replace the present five- 
loop array and gcniometer, 

7) Laboratory test facilities have been established which 
are capable of precision determination of omni receiver and con- 
verter characteristics. 



RECENT OPITJ I RANGE INPROVET-EPTTS AldD STATUS OF PHOG&L.q  

Ry U.S.A. C i v i l  Aeronautics Administration 
Technical  Development' Serv ice  

During t h e  p a s t  one and one-half yea r s ,  cons iderable  
e f f o r t  has  been made t o  improve t h e  accuracy and r e l i a b i l i t y  of 
the  VHF o ~ m i  range system. A t  t h i s  time s u b s t a n t i a l  improve- 
xen t s  l ~ a v e  been accogplishe6, an2 t h e  purpose of t h i s  nemorandum 
i s  t o  summarize t h e s e  j~ilprovernents and i n d i c a t e  t h e  s t a t u s  of 
t h e  omli range programme. 

Reduction of Er ro r s  Caused by House 

A t  t he  t i x e  of t h e  PIChO demonstration a t  t h e  Zxperirnental 
S t a t i o n ,  a house e i g h t  f e e t  square was  i n s t a l l e d  around t h e  an- 
tenna a r r a y  of the  south omni s t a t i o n ,  The s t a t i o n  bras cal-i-  
bra ted  by personnel f r o a  t h e  S l e c t r o n i c s  Subdivis ion of ?::right 
F i e l d ,  Ohio, and from the  Experimental S t a t i o n ,  The o v e r - a l l  
accuracy of t h e  system, iricluciing t h e  r e c e i v e r ,  was found Lo be 
L12.l degrees .  Tile r e c e i v e r  was an RC-103 type which was nodi- 
f i e d  by tlie Experimental Sti.,tion. A s  a r e s u l t  of cormitmewtts 
made a t  I>ICCIO, t he  monitor was moved from a poin t  n o r t h e a s t  of 
the  s t a t i o n  t o  a  poin t  having a magnetic bearing of n o r t h  from 
t h e  s t a t i o n ,  and the  antenna a r r a y  was r o t a t e d  45 degrees t o  
r e s t o r e  t h e  monitor on-course ind ica t ion .  C a l i b r a t i o n  measure- 
rnents showed t h a t  the  over -a l l  e r r o r  was s l i g h t l y  g r e a t e r  than  
-t3 degrees.  This e r r o r  was &1 degree g r e a t e r  than before  t h e  
antenna a r r a y  w a s  r o t a t e d .  Tile rezson f o r  the  i r ~ c r e a s e  i n  e r r o r  
w a s  no t  understood a t  f i r s t ,  and a  s e r i e s  of t e s t s  were made t o  
determine t h e  optimum r o t a t i o n  of t h e  house with r e spec t  t o  the  
loops f o r  ninimu~n e r r o r .  I t  was found t h a t  t h e  minirnum e r r o r  
of - 3 . 1  degrees was o l t ~ i r t e d  vhen the  v e r t i c a l  planes t h o u g h  
t h e  d iaeona l  loops were p a r a l l e l  t o  t h e  s i d e s  of t h e  house. 
This  corresponded t o  t h e  condi t ion  e x i s t i n g  durini. t h e  Y I C A O  
demonstration, except t h a t  the  house and loop a r r a y  had both 
been r o t a t e d  45 degrees.  
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In  order  t o  determine the  optimum o r i e n t a t f o n  wi th  a  
s tandard 12-foot Federa l  Airways house s i m i l a r  t o  those used 
a t  a l l  omni range s t a t i o n s ,  one was obtained from t h e  Third Re- 
gion and i n s t a l l e d ,  I t  was found t h a t  t h i s  l a r g e r  house in-  
creased t h e  e r r o r  with optimum house r o t a t i o n  t o & 3  degrees,  
Furthermore, the  optimum o r i e n t a t i o n  of  the  loop a r r a y  was found 
t o  be reversed from t h e  optimum o r i e n t a t i o n  f o r  t h e  smaller  house 
s ince  t h e  over -a l l  e r r o r  was smaller  when t h e  loop d iagonals  made 
an angle of 45 degrees with the  s ides  of the  house, Without t h e  
house, the  over -a l l  e r r o r  was approximately -f2 degrees.  With- 
t h e  house i n s t a l l e d  and loop a r r a y  o r i en ted  so t h a t  the  diago&als 
of the  a r r a y  formed an angle  of 4.5 degrees with t h e  s i d e s  of t h e  
house, t h e  ovep-all e r r o r  was *3 degrees.  With the  loop a r r a y  
r o t a t e d  so  t h a t  t h e  diagonals  of the a r r a y  were p a r a l l e l  t o  t h e  
s i d e s  of t h e  house, the  over -a l l  e r r o r  was *4 degrees,  Rota t ion  
of the  house alone about the  f i x e d  antenna a r r a y  caused approxima- 
t e l y 4 1 . 5  degrees v a r i a t i o n  i n  on-course i n d i c a t i o n s  during obser- 
va t ions  using an A i r c r a f t  Radio Corporation Type 15 rece iv ing  
equipment a t  tLe Experimental S t a t i o n  labora tory .  

The r e s u l t s  of a l l  t he  work a t  t h i s  s t age  ind ica ted  t h a t  
a  c i r c u l a r  house was necessary t o  e l imina te  e r r o r s  due t o  house 
conf igura t ion .  Accordingly, a  c i r c u l a r  house having a diameter 
of e i g h t  f e e t  and cons t ruc ted  of rnasonite m a t e r i a l  was i n s t a l l e d  
and i t s  e f f e c t  inves t iga ted .  

F l i g h t  t e s t s  were mads using t h e  same ARC-15 r ece iv ing  
equipment a s  before ,  and the  ovs r -a l l  error  was found t o  be a2.1 
degrees and was approxirnetely one degree lass than t h a t  obtained 
f o r  optPmum o ~ i e n t a t i o n  of t h e  loop a r r a y  wlth t h e  l a r g e  square 
house i n s t a l l e d .  A c a l i b r a t i o n  t e s t  wes a l s o  made with the a i r -  
c r a f t  a t  a f ixed  poin t  on the  ground by r o t a t i n g  the  loop a r r ay  
through 360 degrees.  The over -a l l  e r r o r  was&2,2 degrees,  and 
t h e  shape of t h e  e r r o r  curve was ve ry  much l i k e  t h a t  of t h e  
f l i g h t - t e s t  e r r o r  curve i n d i c a t i n g  t h a t  the  round house d i d  no t  
con t r ibu te  no t i ceab le  e r r a r s ,  For tho f i r s t  time good c o r r e l a t f o n  
between f l i g h t  and ground c a l i b r a t i o n  was obtained. 

Recent Measurements of Gta t ion  Error  

The measured e r r o r  of the transmitting s t h t i a n  wlth cir- 
cu la r  house i n s t a l l e d  was obtained by measuring the  v a r i a t f ~ n  In 
phase of t h e  30-cycle t r a n s m i t t e r  modulation a t  the  output  o f  
t he  second d e t e c t o r  of a  r e c e i v e r  loca ted  a t  a f i x e d  poin t  a s  
the  loop a r r a y  a t  the  s t a t i o n  was r o t a t e d  360 degrees with the 
frequency modulsteii s u b c a r r i e r  rriodul~tion removed from the  c e n t r e  
loop. The e r r o r  was found t o  Le kO.9 degree.  Tile phase of t h e  
output of the  phase d i s c r i m i n a t o r ,  with t h e  frequency modulated 
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s u b c a r r i e r  modulation res to red  t o  the  c e n t r e  loop and t h e  gonio- 
meter terminated i n  a  dummy load i n s t e a d  of the  outer  loops,  d id  
no t  vary a s  the  loop a r r a y  was r o t a t e d ,  

On December 3, 1947, a ground c a l i b r a t i o n  of t h e  s t a t i o n  
was made using a r e c e i v e r  developed by Federa l  Telecommunication 
Labora tor ies  i n s t a l l e d  i n  the  A i r  Transport  Associat ion a i r c r a f t .  
An over -a l l  e r r o r  of k l , O  degree was obtained when using t h e  
r a d i a l  conver ter  i n d i c a t o r ,  Idhen the  bearing s e l e c t o r  was used, 
an e r r o r  of * 2 , 2 5  degrees was obtained. The e r r o r  was g r e a t e r  
when t h e  bearing s e l e c t o r  was used, and t h i s  was a t t r i b u t e d  t o  
unbalance i n  t h e  bearing s e l e c t o r  c i r c u i t ,  These t e s t s  and the  
measurements of t h e  e r r o r s  i n  the  v a r i a b l e  phase s i g n a l  i n d i c a t e  
t h a t  the  omni s t a t i o n ,  exc lus ive  of r e c e i v e r ,  has an accuracy of 
approximately a1 degree,  

1% should be noted t h a t  the  e r r o r  obtained using t h e  ARC- 
15 r e c e i v e r  i s  f2,2 degrees,  while the  e r r o r  obtained using t h e  
FTL r e c e i v e r  i s  only * l , O  degree. The S i f fe rence  i n  over -a l l  
e r r o r  i s  a t t r i b u t e d  t o  l a r g e r  e r r o r s  i n  t h e  ARC-15 r e c e i v e r  and 
t o  d i f f e r e n t  e r r o r  d i s t r i b u t i o n  i n  t h e  ARC and FTL rece ive r s .  

Black Moshannon S t a t i o n  Er ro r  

The Black Moshannon omni range i s  loca ted  i n  the  mosb 
rugged and mountainous t e r r a f n  of the  Appalachian Mountains, 
A c a l i b r a t i o n  of t h i s  s t a t i o n  was made on December 18, 1947, by 
Experimental S t a t i o n  personnel. The c a l i b r a t i o n  curve  obtained 
i n d i c a t e s  an c v e r - a l l  e r r o r  of f 2  1/2 degrees,  I t  i s  bel ieved 
t h a t  r ep lac ing  the  square house now ins ta l led  with a  c i r c u l a r  
house w i l l  s u b s t a n t i a l l y  reduce t h e  e r r o r s  observed. 

Reduction of P o l a r i z a t i o n  E r r o r s  

Recent ly,  cons iderable  e f f o r t  has  been made t o  reduce the  
magnitude of the  v e r t i c a l l y  p o l ~ r i z e d  energy rad ia ted  from t h e  
antennas i n  order  t o  reduce e r r o r s  not iced  when f l y i n g  the  a i r -  
c r a f t  a t  d i f f e r e n t  headings over a  f ixed  poin t  and t o  'reduce 
a i r c r a f t  a t t i t u d e  e r r o r s ,  

For s e v e r a l  years  t h e  e r r o r s  due t o  changing the  a i r c r a f t  
heading were checked by f l y i n g  t h e  a i r c r a f t  over a  s p e c i f i c  point  
towards and away from t h e  s t a t i o n  and i n  both d i r e c t i o n s  normal 
t o  the  r a d i a l  through the  poin t ,  This  same procedure was f o l -  
lowed over po in t s  a t  d i f f e r e n t  azirn~aths from the  s t a t i o n .  The 
e r r o r s  were approxfrnately *l degree,  During t h e  period from 
October 15 t o  October 17, 1947, t h e  ATA made a  s e r i e s  of f l i g h t s  
over seve ra l  poin ts  a t  e i g h t  d i f f e r e n t  headings. Some of the  



t e s t s  made by the  ATA were repeated immediately by t h e  Experi- 
mental S t a t i o n ,  and i t  was found t h a t  errors of 1 2  t o  -4 degrees 
were obtained usicg %he ts i l  V antenna when the  a i r c r a f t  heading 
was equal, t o  the  bearing of a i r c r a f t  t o  s t a t i o n  f 45 degrees.  
When using tile forward V antenna, e r r o r s  from +2 ,5  degrees t o  
-2 degrees were obtained,  

Nurnerous clethods were t r i e d  t o  reduce the  e r r o r s  due t o  
t h e  v e r t i c a l l y  polar ized eomyonent, It w a s  determined t h a t  t h e  
b e s t  p r a c t i c a l  s o l u t i o n  was t o  r o t a t e  the  phase angle  of t h e  
v e r t i c a l  component so t h a t  i t  had a  phase angle of 90 degrees 
with r e spec t  t o  the  h o r i z o n t a l  conponent. I n  add i t ion  t h e  am- 
p l i t u d e  of the  v e r t i c a l  component was reduced 10  percent .  'This 
was accomrlished by using r e s i s t s n c e  c l o t h  wrapped around the  
four  outs ide  loop pedes ta l s  i n  the form of a  square. A s i n g l e  
l a y e r  of t h i s  c l o t h  tias wrapped aro~ultl t h e  t o p  and bottom of t h e  
four  ou t s ide  loop supporting pedes te ls  a s  a group. The t o p  and 
bottom l a y e r s  overlapped f o r  a  d i s t ance  of two f e e t  a t  the  cen t re  
por t ion  of each pedes ta l ,  The pedes ta ls  were not  wrapped ind iv i -  
dua l ly ,  This cLoth had a  r a t e d  r e s i s t a n c e  of 377 ohms per square ,  
although the  measured r e s i s t a n c e  was 500 ohms per square. 

The f i n a l  r e s u l t s  i n e i c a t e  t h a t  t h e  e r r o r s  a t  d i f f e r e n t  
headings vary from S 0 , l  t o  -0.8 degree when using t h e  t a i l  V 
antenna and t1,6 t o  -1,4 degrees when using the  forward V antenna. 
These r e s u l t s  i n d i c a t e  t h a t  a  s u b s t a n t i a l  improvement has , een  
made, e s p e c i a l l y  when the  t a i l  V antenna i s  used, and t h a t  t h e  
t a i l  V antenna l o c a t i o n  which i s  jus t  a f t  of the  ha tch  i n  t h e  
p i l o t "  compartment. 

Flight, t c s t 9 e  or) Decertber 8, 1947, made before ant1 a f t e r  
t h e  r e s i s t a n c e  c l o t h  wes i n s t a l l e d  shotred t h a t  the  i n s t a l l a t i o n  
of the  c l o t h  decreased the  a t t i t u d e  e r r o r s .  The foll-owing t a b l e  
l i s t s  t h e  rrraximum e r r o r s  noted during 360-tiegrec t u r n s  a t  a 
30-degree bank a t  vhrious d i s t a n c e s  e a s t  of the  s t a t i o n  during 
a f l i g h t  i n  a i r c r h f t  Nc-181 using A R C - 1 5  rece iv ing  equipment and 
t h e  t a i l  V antenna, 

Distance ----- l ~ i a x i r n u m  E r r o r  
From S t a t i o n  W i t h  Cloth I n s t a l l e d  Without Clo th  1n:;talled 

(mi les )  . - - - ' ( T F g r e e s )  (degrees)  

A comparison was made of a t t i t u d e  e r r o r s  when using t h e  t a i l V  
antenna and usint; the forward V antenna, The r e s i s t a n c e  c l o t h  was 
used during a11 these  t e s t s  made i n  NC-182 and using another  ARC-15 
r e c e i v e r ,  
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Distance 
From S t a t i o n  

(mi les )  

N a x i m u m  E r r o r  
T a i l  V Antenna Forward V Antenns 

(degrees)  (degrees)  

S t a b i l i t y  of O m n i  Range Courses 

During t h e  PICA0 demonstration and p r i o r  t o  t h i s  per iod,  
the  centre' loop and s i d e b a ~ d  loops were fed  from a common source 
of r-f energy. A c l i p p e r  was i n s e r t e d  between the source (output  
of t h e  t r a n s m i t t e r )  and t h e  goniorneter inpu t ,  The r e s u l t s  
obtained with t h i s  arrangement were e x c e l l e n t  i n  t h a t  t h e  courses 
were always found i n  t h e  same pos i t ion .  

Af ter  the  PICA0 demonstration, i t  was decided t o  i n v e s t i g a t e  
a d i f f e r e n t  method of feeding  the  antennas. This method cons is ted  
of feeding  the  cen t re  loop antenna from t h e  power ampl i f i e r  p l a t e  
c i r c u i t  and t h e  goniometer from e i t h e r  the  I.P.A. p l a t e  c i r c u i t  
or the  power ampl i f i e r  g r i d  c i r c u i t ,  These t e s t s  d i sc losed  t h a t  
s l i g h t  v a r i a t i o n s  i n  course pos i t ions  occurred and i t  was d i f f i c u l t  
t o  maintain cons tant  percentage v a r i a b l e  phase modulation. 
Var ia t ions  i n  the  phase of the  vol tage  f e d  t o  t h e  ou te r  loops 
with r e s p e c t  t o  t h a t  f e d  t o  t h e  cen t re  loop caused a v a r i a t i o n  i n  
course width and a marked inc rease  i n  course bends, It has a l s o  
been observed t h a t  an open g r i d  of one of t h e  power ampl i f i e r  
tubes c aused a s h i f t  i n  phase which reversed a l l  courses  180 degrees 
even though t h e  s t a t i o n  continued t o  opera te  and t ransmi t  an ap- 
pa ren t ly  normal s i g n a l  a s  observed i n  t h e  a i rp lane .  

Reversal  of courses  without o the r  apparent malfunctioning 
i s  very s e r i o u s  and must be prevented. The use of s i g p a l s  from 
a s t a t i o n  with such a d e f e c t  could e s s i l y  r e s u l t  i n  d i s a s t e r .  The 
s t a t i o n s  must be monitored i n  a manner such t h a t  t h e  s t a t i o n  w i l l  
be made inopera t ive  immediately should course r e v e r s a l  occur. 
Course r e v e r s a l  could occur unnoticed f o r  a period of time i f  the  
s t a t i o n  i s  n o t  monitored cons tan t ly ,  or  i f  t h e  monitor i s  de fec t ive .  
For t h i s  reason i t  i s  deemed necessary t h a t  t h e  goniometer be fed 
from a c l i p p e r  c i r c u i t  connected t o  t h e  output  c i r c u i t  of the  
power a m p l i f i e r  t o  eAlsure conztant  phase displacement of t h e  
energy f e d  t o  t h e  gonioneter with r e s p e c t  t o  t h a t  f e d  t o  the  c e n t r e  
loop f o r  any condi t ion  which z i g h t  ? r e v a i l  a t  the  t r ansmi t t e r .  

The e f f e c t i v e n e s s  of t h e  c l i p p e r  c i r c u i t ,  descr ibed i n  the  
pub l i ca t ion  "The CAA VIP Omni-directional Radio Range With Sirnul- 
taneous Voicew d i s t r i b u t e d  a t  the  FICA0 demonstration, has been 



improved by us in^ a VHP bridge and super ior  diode tubes.  Also, 
the  u n i t  housing the  tubes has been g r e a t l y  improved both from 
the  s tandpoint  of maintenance and cons t ruc t ion .  The o r i g i n a l  
c l i p p e r  reduced the  ten-ki locycle  modulation from 25 percent  t o  
approxim3tely f i v e  percent ;  the  l a t e s t  c l i p p e r  reduces t h e  ten- 
kilocyc1.e modulation from 30 pcrcent t o  a n e g l i g i b l e  percentage.  

S teps  a r e  now teinpl taken t o  i n s t a l l  c l i p p e r  c i r c u i t s  a t  
a l l  VHF omni r a n g e  s t a t f o n s ,  This w i l l  e l imins te  t h e  d i f f i -  
c u l t i e s  ou t l ined  above when supplying the  antenna a r r a y  from 
two r-f sources wI-,ich can vary i n  phase, The use of c l i p p e r  
c i r c u i t s  w i l l  a l s o  reduce e r r o r s  introduced by t h e  r ece iv ing  
equipment when the a c t i o n  of t h e  l i m i t e r  c i r c u i t  i n  the  r e fe rence  
channel i s  inadequate. 

The Goniometer and Tone Wheel 

The goniocnster, p i l o t  genera tor ,  and ten-ki locycle  FM 
o s c i l l a t o r  used 2:xring t h e  P I C A O  demonstration has been replaced 
by super ior  equapinent. The new goniometer u n i t  i s  much smaller  
and i s  dr iven  by a 1%20-horsepower synchronous motor, whereas a 
112-horsepower syr:ehronous motor was requ i red  t o  d ~ i v e  the  o ld  
u n i t ,  The r-f e f f i c i e n c y  of the  new goniometer i s  approximately 
90 percent ,  while t h a t  of t h e  old goniometer was 30 percent ,  

Also dr iven by t h e  1120-horsepower synchronous motor i s  a 
tone wheel which takes the  place of the p i l o t  generator  and ten- 
k i l o c y c l e  FM o s c i l l a t o r .  The tone wheel g r e a t l y  improves t h e  
s t a b i l i t y  and s i m p l i f i e s  the  i n s t a l l a t i o n  and maintenance of t h e  
s t a t i o n .  

Spinning Antenna DevelDprrlent 

The spinning d i p o l e  type antenna has been replaced  by t h e  
spinning double-loop antenna, The spinning d ipo le  antenna was 
not  s a t i s f a c t o r y  because of e r r o r s  introduced by v e r t i c a l  pola- 
r i z a t i o n ,  The new spinning antenna i s  made of magnesium, r o t a t e s  
a t  1800 rpm, and t f ~ e s r e t i c a l l y  only horizontally polar ized  energy 
w i l l  be r ad ia ted .  The c a r r i e r  i s  r a d i a t e d  from a loop antenna 
placed e i t h e r  above or below the  spinning antenna. T e s t s  a r e  
being made a t  the  present  time t o  determine the  c h a r a c t e r i s t i c s  
of the  new antenna. 

Method of S e t t i n g  UP and Monitoring OLm& Ranges 

P I C A O  s tandards  have been s e t  up which e s t a b l i s h  t h e  
d i r e c t i o n  of r o t a t i o n  of t h e  f igure-of -e ight  p a t t e r n  a s  clockwise, 
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I n  order  t o  check the  d i r e c t i o n  of r o t e t i o n  of the  f igure-of -e ight  
:3attern t h e  c a r r i e r  energy t o  the  c e n t r e  antenna i s  removed. A 
check i s  made of the  p o s i t i o n  of one 01' t h e  n u l l s  of t h e  f igure -  
of-eight  p a t t e r n  with a  f i e l d  meter when the goniometer i s  stopped. 
The goniometer i s  .rothteCi 45 degrees manually i n  t h e  same d i r e c t i o n  
a s  during normal opera t ion ,  and the p o s i t i o n  of t he  f igure-of -e ight  
~ i u l l  i s  again observed. I f  t h e  ~ u l l  has moved i n  a  clockwise d i -  
:rection, t h e  d i r e c t i o n  of f igure-of-eight  r o t a t i o n  i s  i n  accord- 
ance with P I C A 0  s tandards.  If the  r o t a t i o n  of the  f igure-of -e ight  
.3attern i s  found t o  t e  counterclockwise,  t h e  r-f  cab les  feeding 
the  two p a i r s  of sideband loops a re  interchenged a t  the  goniometer. 

In order  t o  ensure uniform alignment of a l l  s t a t i o n s  with 
:respect t o  magnetic n o r t h  and t o  l ~ r o v i d e  a  means of monitoring 
the  s t a t i o n  course alignment,  a  monitor has  been developed. A re-  
mote pick-up i s  loca ted  on a  pole a t  nngnet ic  nor th  and approxima- 
t e l y  200 f e e t  from t h e  s t a t i o n ,  an6 the  monitor i s  used t o  de ter -  
mine whether t h e  30-cycle nodulat ion vo l t ages  from the  v a r i a b l e  
and re fe rence  phase s i g n a l s  a r e  i n  ghnse. 

When t h e  CAL-MON switch i s  i n  the  CAL p o s i t i o n ,  t h e  only 
s igna l  f e d  i n t o  t h e  monitor phase comparison c i r c u i t s  i s  the 
s i g n a l  frorn the  tone wheel. Tile 3 ~ - c y c l e  output  vo l t age  of t h e  
frequency discr l rninator  c i r c u i t  which i s  designed f o r  zero phase 
s h i f t  i s  f e d  t o  tILe v a r i a b l e  phase channel c o n s i s t i n g  of a  30- 
[cycle pass f i l t e r  and arnplif i e r  . The d i sc r i a i r i a to r  output  voltage I s  
a l s o  f e d  t o  t h e  r e ~ ~ l a i n i n g  por t ion  of t h e  r e fe rence  phase crlaniiel 
which c o n s i s t s  of 30-cycle ai:i;~lif i e r s  and bearing s e l e c t o r .  The 
'2earing s e l e c t o r  i s  sajustec! t o  t he  s e t t i n g  t h a t  b r i l l  cen t re  the  
course d e v i a t i o n  inclicator needle  and ?rovide clockwise mot ion 
(of t h e  needle  when the bearing: s e l e c t o r  i s  rLloved i n  a clockwise 
cl i rect ion.  This  adjustrr-ent i s  na2e t o  ob ta in  on-course indica-  
t i o n  of the  course devl F t i o n  ini;icntor*  lien t h e  30-cycle v z r i a b l e  
.z~hase modulation vo l t egc  2nd t j ~ e  30-cycle r e fe rence  pl-),cse nclclu- 
.Lation vo l t age  a r e  i n  :chase. ;Jlien tLe CAL-1,;GI: switch i s  i n  the  
],;ON p o s i t i o n ,  the  v a r i a b l e  an6 r c f e r c ~ c e  phase vol tages  from t h e  
d e t e c t o r  i n  t h e  remote yiclc-up a re  fed  i ~ t o  tile monitor v a r i a b l e  
and re fe rence  7hase c h ~ ~ n e l s ,  r e s ~ e c t i v e l y .  I f  the  course de- 
 riat ti on i n d i c a t o r  r exa ins  centered ,  tlie phsse r e l a t i o n s h i p  of t h e  
tnodulatiorls of the  t rcns:ni t ted s i g n a l  a r e  i n  ~hase or  180 degrees 
out of nhase. I f  the  i n e i c a t o r  does no t  reitlain centered ,  t h e  
tone wheel pick-up c o i l  should be r o t ~ > t e d  t o  cen te r  t h e  i n d i c a t o r .  

In  order  t o  detersline t h a t  t he  rcf 'erence zri6 v a r i a b l e  phase 
vo1tap;es a r e  i n  phase i n ~ t e c d  of 160 degrees out of phase, t h e  
bearing s e l e c t o r  i s  3oveC i n  a  c1ocl:wise 6i . rect ion.  I f  t h e  
vo l t ages  a r e  i n  phase, t h e  course d e v i ~ t i o r i  Ir:dicator needle  w i l l  
a l s o  move clockwise. I f  the  ccedle  shoul6 ;iovc i n  t h e  counter- 
(:lockwise d i r e c t i o n ,  the alltenna z r r a y  cholilc' 5;c r o t a t e d  180 
tlegrees. 



 labor^ t ~ r y  _Test F a . c i l i t k  
f o r  VIIF O m n i  Iiange -'Tiec&ving Equipment 

Labora tory  t e s t  f a c i l i t i e s  t h % t  provide s i g c a l s  simulatir lg 
those from t h e  VHF omni ranges  have Leen developed,  These f a e i l -  
i t i e s  have been used t o  determine t h e  ;xrformance c h a r a c t e r i s t i c s  
of VHF omrli range r e c e i v i n g  rquipments,  He re to fo re ,  s a t i s f a c t o r y  
t e s t  equipment has  n o t  been a v a i l a b l e  oornmcrcially, al.thougk i i t  
is a n t i c i p a t e d  t h a t  t e s t  equipment s u i t a b l e  f o r  o v e r - a l l  perform- 
ance measurements w i l l  be made e v a i l a b l e  by C o l l i n s  Radio Company 
i n  a  few months. 

A b lock diagram of t h e  t e s t  f a c i l i t y  components developed 
a t  t h e  Exper imental  S t z t i o n  i s  sho~,k,m i n  F ig .  A .  The ten-megscycle 
s i g n a l  from t h e  s i g n a l  gene ra to r  i s  un~qodulated and i s  f e d  t o  t h e  
modulator u n i t  where i t  i s  ampli tude modulated by t h e  30-cpq 
s i g n a l  from t h e  v a r i a b l e  phase a l t e r n a t o r  and a l s o  by t h e  f requency  
lnodulated 9960-cps s i g n a l ,  The modulated 1;ctxi-magc?cycle s i g n a l  i s  
f e d  t o  t h e  VIIF c o r ~ v e r t e r  cons i s t i r lg  of  ari o s e i l l z t o r  o p e r a t i n g  a t  
s f requency of 1 2 5  megacycles, a mixer, and an a m p l i f i e r ,  The r e -  
c e i v e r  i s  tuned t o  t h e  115-megacycle s i g n a l  which c o n t a i n s  t h e  
same modulation a s  t h e  ten-rnegscycle s i g n a l ,  I f  d e s i r e d ,  vo i ce  
xodu la t ion  may be in t roduced  by means of the  nicrophone and vo ice  
a m p l i f i e r  connected t o  t h e  modulator i m i t ,  

The VfIF conve r t e r  nlay be removed 2nd t h e  ou tpu t  of t h e  
lnodulator connected d i r e c t l y  t o  t h e  int;ermedia?;e f requency  arnplf- 
f f e r  s t a g e s  i n  t h e  r e c e i v e r  i f  i t  i s  d e s i r e d  t o  nake t e s t s  in -  
' ro lving on ly  t h e  i n t e r m e d i a t e  f requency and audio s t a g e s .  

I f  d e s i r e d ,  t h e  f requency modulated tone  wheel a s s e ~ i b l y  
may be s u b s t i t u t e d  f o r  t h e  f requency modulate(? 9960-cps o s c i l l a t o r .  
' h e  tone wheel assembly i s  i d e n t i c a l  t o  t h a t  used a t  t h e  o ~ n i  range 
s t a t i o n ;  however, t h e  o s c i l l a t o r  i s  used f o r  development purposes 
s i n c e  the  f requency and frequerlcy d e v i a t i o n  can be v c r i e d  t o  s tudy  
the  c h a r a c t e r i s t i c s  of t h e  f requency c i i s c r imina to r  i n  t h e  r e c e i v e r ,  
.Also, p rov i s f  on i s  made f o r  ampli tude rnodulat ing t h e  f requency 
modulated s i g n a l  f o r  t h e  purpose of determining t h e  e f f e c t i v e n e s s  
of t h e  l i m i t e r  c i r c u i t s  preceding the  f requency d i s c r i m i n a t o r ,  

To s imu la t e  t h e  e f f e c t s  of y r o 3 e l l e r  modulation audio  
s i g n a l s  i n  t h e  f requency range  of 30- t o  90-cps a r e  a p p l i e d  from 
t h e  v s r i a b l e  f requency audio  o s c i l l a t o r  t o  t h e  g r i d  c i r c u i t  of 
the  6 ~ ~ 7  a m p l i f i e r  tube  i n  t h e  VIfk' conve r t e r .  

When determining t h e  e f f e c t  o f  power l i n e  f requency  varf- 
a t i o n  a t  t h e  t r a n s m i t t e r  upon t h e  r e c e i v i n g  equipment accuracy ,  



t h e  tone wheel assembly i s  s u b s t i t u t e d  f o r  the  9960-cps o s c i l l a -  
t o r .  The synchronous motors of t h e  tone wheel assembly and 30- 
cps a l t e r n a t o r s  a r e  operated from a  v a r i a b l e  frequency a l t e r n a -  
t o r  which i s  d r iven  by a d-c motor. By varying t h e  vol tage  
ap?l ied t o  t h e  d i r e c t  cu r ren t  no to r ,  t h e  motor speed and a l t e r -  
na tor  output  frequency i s  var ied ,  

To determine t h e  bearing accuracy of t h e  r e c e i v e r  the  
s t a t o r  of the  v a r i a b l e  phase a l t e r n a t o r  i s  r o t a t e d  i n  des i red  
angular increments,  and t h e  corresponding readings  of the  r e -  
ce iv ing  equipment bearing s e l e c t o r  a r e  noted and conpared wi th  
t h e  s e t t i n g s  of t h e  v a r i a b l e  phase a l t e r n a t o r  s t a t o r .  Accuracy 
and course s e n s i t i v i t y  t e s t s  may be nade a t  d i f f e r e n t  s i g n a l  
l e v e l s  and a t  d i f f e r e n t  s i g n a l  f requencies  by a d j u s t i n g  t h e  s i g n a l  
generator  output a t t e n u a t o r  and frequency of t h e  VHF conver ter  0s- 
c i l l a t o r ,  F l i g h t  t e s t s  w i l l  be made t o  determine the  over-a l l  
accuracy of t h e  system us ing  t h i s  r ece ive r .  

Irnvrovment of A i r c r a f t  Receiving Antenna 

I n  the onni range system i t  i s  inpor tan t  t h a t  t h e  a i r c r a f t  
r ece iv ing  antenna has  s a t i s f a c t o r y  e l e c t r i c a l  and mechanical cha- 
r a c t e r i s t i c s .  I n  a d d i t i o n  t o  being weather r e s i s t a n t  an< having 
good aerodynamic design,  t h e  f i e l d  p a t t e r n ,  s e n s i t i v i t y ,  and a t -  
t enua t ion  of  v e r t i c a l l y  polar ized  s i g n a l s  should be s a t i s f a c t o r y  
over t h e  band of f requencies  fram 103 t o  122 megacycles. 

An improved mock1 of the  pedes ta l  type of coax ia l  V antenna 
has been cons t ruc ted  using c a s t  magnesium p a r t s .  The model weighs 
f o u r  pounds t e n  ounces, and i s  e igh teen  inches over a l l  i n  height .  
Both t h e  stantling wave r a t i o s  and the  r a d i a t i o n  p a t t e r n  were taken 
under f r e e  s race  condi t ions  which a r e  s i m i l a r  t o  those encountered 
when the  V antenna i s  nlounteci s i x  inches above the  v e r t i c a l  s t a -  
b i l i z e r  of a  DC-3 a i rc ra . f t .  This l o c a t i o n  i s  t h e  most 2 S f i c i e n t  
mounting p o s i t i o n  from t h e  s tandpoint  of s e n s i t i v i t y  and freedom 
from p r o p e l l e r  moduiation In ter ference .  P o l a r i z a t i o n  e f f e c t s  a r e  
a l s o  reduced by l o c a t i n g  the  rece iv ing  antenna on t h e  v e r t i c a l  
s t a b i l i z e r  when r e s i s t a n c e  c l o t h  i s  not  used a t  the  omni range 
s t a t i o n ,  The second choice i n  l o c a t i o n  i s  j u s t  forward of t h e  
astrodome an2 18 inches above the  s k i n  of t h e  a i r c r a f t .  With twin- 
t a i l e d  a i r c r a . f t ,  t h i s  ?_as been found t o  be the  best loca t ion ,  In 
t h i s  l o c a t i o n  tile s e r v i c e  r a n g e  i s  e s s e n t i a l l y  equiva lent  t o  the  
t a i l  V when l-lea.deC towzrct the  onni s t a t i o n ;  hox~cver, t h e  s e r v i c e  
range i s  ret!uee$. r2ppro: : ina te  20 :>orcent when headed avay from 
t he  omni s t a t i o n ,  i 'urthcrnore,  t h e  p r o p e l l e r  modulation i s  
increased ay?roxirnately 200 percent .  



Since the  present  model i s  intended f o r  use with RG 8 /U ,  
52-ohm coax ia l  trarismission l i n e  ins tead  of the  balanced RG 22/U 
l i n e  formerly used, a balanced t o  unbalanced bazooka matchicg 
sec t ion  has been h i l t  i n t o  the  peciestal. This  adds 12 ounces 
to  the  weight of the  u n i t  and permits t h e  use of a l i n e  which 1s 
~nechanica l ly  more r e l i a b l e  and has considerably l e s s  a t t e n u s t i o n ,  

Coaxial  V antennas have been used on var ious  types  of a i r -  
c r a f t  f o r  the  pas t  two years  with very s a t i s f a c t o r y  r e s u l t s ,  

Course Line Computers Using Information 
from Omni R a n ~ e  and Dm 

In  add i t ion  t o  t h e  omni range i n s t a l l a t i o n  programme n ine  
d i s t ance  measuring equipment ground beacons a r e  now undergoing 
fac to ry  t e s t s ,  These u n i t s  w i l l  be i n s t a l l e d  e a r l y  t h i s  sp r ing  
f o r  exhaust ive f i e l d  t e s t s .  

Extensive f l i g h t  t e s t s  have been made on the  experimental  
aodel of the  course l i n e  computer developed by t h e  Minneapolis- 
Honeywell Regulator Cornpany f o r  the  C i v i l  Aeronautics Administra- 
t ion .  The omni range and DME f a c i l i t i e s  a t  t h e  Experimental 
S t a t i o n  were used f o r  these  t e s t s .  Resu l t s  of t e s t s  c o n s i s t i n g  
of f l i g h t s  over p a r a l l e l  ground t r a c k s  120 mi les  long i n d i c a t e  
t h a t  t r a c k s  can be flown with an accuracy b e t t e r .  than  + 2  miles .  
A map showing an a c t u a l  f l i g h t  t r a c k  and a recording of course 
devia t ion  i n d i c a t o r  d e f l e c t i o n s  i s  shown on Fig.  B.  These d a t a  
show t h a t  t h e  accuracy of t h e  computer i s  acceptable ,  The course 
width, however, i s  too  sharp  and i n  f u t u r e  t e s t s  f i v e  d o t s  on t h e  
course dev ia t ion  i n d i c a t o r  w i l l  be made t o  r ep resen t  s i x  mi les  
ins t ead  of 2 l / 2  miles ,  This  computer a l s o  i n d i c a t e s  d i s t s n c e  
t o  a s e l e c t e d  des t ina t ior l  on the  chosen t rack .  This i n d i c a t i o n  
i s  a l s o  accura te  wi th in  two mi les ,  Automatic r a d i o  f l i g h t s  have 
been made on t h e  present  computer; however, t h e  c o n t r o l  i s  some- 
what rough because o f  the  per iodic  v a r i a t i o n  shown i n  the  r i g h t -  
nand end of the  recording  of F ig ,  B. Smoothing of automatic: 
f l i g h t  will r e q u i r e  the  u t i l i z a t i o n  of new long-time i n t e g r a t i n g  
techniques which have r e c e n t l y  become a v a i l a b l e ,  

In  order  t o  determine t h e  c h a r a c t e r i s t i c s  of o the r  types 
3f computers, arrangements a r e  being made t o  ob ta in  computers 
from C o l l i n s  Radio Company and Bendix Radio, Also, an improved 
nodel has  been designed by t h e  Experimental S t a t i o n  and i s  now 
uncler cons t ruc t ion .  



T n n  n n r  .-,.. -I,, - 1th~14t  nu ~ L I G U I L L J .  , ~ ~ 4 . 4  Page I? 

VOR F l i g h t  T e s t s  and 1,abor;ltory E.:easurernents 

The C o l l i n s  Radio Conpany conducte2 f l i g h t  t e s t s  of t e n  
omni range s t a t i o n s  i n  October 1947, and r e p o r t e d  t h e  r e s u l t s  
:in a  27-page r e p o r t .  The f l i g h t  t e s t s  were made i n  a  DC-3 a i r -  
c r a f t  u s i n g  a t h i l  V antenna an6 t h e  C o l l i ~ s  51-R n a v i g a t i o n  r e -  
c e i v e r  t o t ~ e t h e r  wi th  r eco rd ing  equipnent .  The fo l l owing  g i v e s  
-:he p e r t i n e n t  d a t a  con ta ined  i n  t h e  r e p o r t ,  

~n a n a l y s i s  of f l i g h t  r eco rd ings  ob ta ined  by f l y i n g  
v a r i o u s  cou r se s  of t h e  t e n  s t a t i o n s  zhowed t h e  v a r i a t i o n  i n  on- 
cou r se  i n d i c a t i o n s  produced by cou r se  bends as  fo l l ows :  

Minutes Percent= 

T o t a l  t ime when i e f l e c t i o n  
exceeded k3 degrees  

T o t a l  t ime when d e f l e c t i o n  
exceedec, 5 2  degrees  

T o t a l  t ime t;nen d e f l e c t i o n  
was l e s s  t han  2 2  degrees  

:he 6 4/10 minutes  where t h e  d e f l e c t i o n  exceeded two degrees  
l a r e  made up of a number of i n t e r v a l s  each of s h o r t  d u r a t i o n .  
Cone e f f e c t s  were excluded i n  t h i s  a n a l y s i s ,  

Tho cour se  width  on a l l  s t a t i o n s  was found t o  be between 
20  and 23 degrees ,  A 1 1  s t a t i o n s  were found t o  d e l i v e r  a u s a b l e  
, ; ignal  o u t  to and soxlerzrhat beyond t h e  op t i ca l .  l i n e  of s i g h t ,  
i i e c i p r o c a l  c o u r s e  e r r o r  obthined by f l y i n g  s t r a i  gh t  t r a c k s  over 
the s t a t i o n  was found t o  be l e s s  t han  two degrees  ( o r  l e s s  t han  
one deg ree  on any given r a d i a l ) ,  The o r l e n t a t i o n  of t h e  s t a t i o n s  
w i t h  r e s p e c t  t o  magnetic n o r t h  o r  " indexing e r r o r u  was found t o  
be l e s s  t han  could  r e a d i l y  be a s c e r t ~ i n e d  from t h e  l i m i t e d  c h a r t  
data a v a i l a b l e  a n  t h e  p o s l t f o h  of t h e  s t a t i o n s ,  

A t  v a r i o u s  t i n e s  ciui?ing tile f ' l i g i l t  t e s z s  , t lie p rope l l . e r  
:;peed was v a r i e d  t o  make r e s i d u a l  p r o p e l l e r  e f f e c t  show up on' 
Lhe r e c o r d i n g s .  Occs s iona l ly ,  with c e r t a i n  c r i t i c a l  head ings ,  
an o s c i l l a t i o n  i n  i n d i c a t i o n  a s  h igh  a s  k1/2 degree  was expe r i -  
meed having a per iod  corresponding t o  t h e  t i i fTerence between 
she p r o p e l l e r  frequency and 60 c y c l e s ,  I n  c e n e r a l ,  p r o p e l l e r  
:?adulation produced no o b s e r v ~ ~ b l e  e f f e c t  on t h e  cou r se  i n d i c a t i o n s ,  

Exis t= Prob1ef;ls of Omni Range System 

E x p e ~ l e ~ c e  gb~: i r -~cd  t o  i a t c  ;rioth i n  t h e  development and 
i n s t a l l a t i o n  of VKF onnl ran{;es ha s  inc l ic~ i ted  t h a t  t h e r e  a r e  no 
.in,curmountetle pr^obl.e;,~s. A11 e!.ectrlcal and inechanical  problems 
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Iiave been s a t i s f a c t o r i l y  solved; however, i t  i s  concecied t h a t  
s i t i n g  of t h e  nioni s t a t i o n s  is the  ciajor problen i n  connection 
wi th  the  installation of f a c i l i t i e s ,  Summarize6 b r i e f l y ,  it has 
been found t h a t  i n  f l a t  t e r r a i n  i n  the v i c i n i t y  of t r e e s  and 
obs tac les  30 f e e t  high the  i n s t a l l a t i o n  should be nade a t  a site 
which i s  c lea red  t o  a r ad ius  of a t  l e a s t  700 f e e t ,  If the  trees 
o r  obs tac les  a r e  60 f e e t  high,  the  r ad ius  of the  c l ea red  a r e a  
should be a t  l e a s t  1400 f e e t .  If t h e  obs tac les  are 90 f e e t  high,  
t h e  r a d i u s  should be a t  l e a s t  2100 f e e t ,  In  mountainous t e r r a i n  
ri.t has been found d e s i r a b l e  t o  l c c a t e  onni ranges on top  of high 
f;round which i s  a s  l e v e l  as poss i5 le  i n  t h e  v i c i n i t y  of t h e  
s t a t i o n ,  It has  a l s o  been found d e s i r a b l e  t o  use counterpoises  
which a r e  15 f e e t  high i n  Lieu of the  30-foot counterpolses  when 
the  r a n g e s  a r e  loca ted  on h i l l s  or  ~ o u n t a i n s ,  I n  s i t e s  which 
have been lccatcn'  i n  rough tcrr:iin i t  hzs been found t h a t  a very 
consiricrable inprovenent i n  the e l imina t ion  of course bends has 
been mad? by e r e c t i n g  dish-shaped counterpoises  85 f e e t  i n  r a d i u s  
brhich decrease the  magnitude of t h e  r e f l e c t e d  wave t h a t  r e f l e c t s  
o f f  t h e  rugged s l3pes .  I n  l o c a t i o n s  where t h e  ground i s  abnor- 
r ~ a l l y  rough, o r  i n  the  c i v i n l t y  of t r e e s  which cannot be removed, 
a major improvement can be ~3.d.e by u t i l i z i n g  t h i s  technique. It 
i s  planned t o  malce nore extens jve  t e s t s  of s i t i n g  problems, and 
j-t i s  conf ident ly  f e l t  t h a t  a s a t i s f a c t o r y  s o l u t i o n  w i l l  be found. 

T e s t s  have been made where t h e  power l i n e  frequency a t  the  
omni s t a t i o n  was var ied  between 57 and 63 cps and benrlng obser- 
v a t i o n s  were made using an e a r l y  model ARC-15 omni r c c c i v e r  1rhich 
produced tbp under-noted r e s u l t s :  

Bearing V n r i a t l o q  
degrees 

- 8,90 
- 't, 10 

Nil 
+ )I-, 10 

+ 8.70 
+ 13,5O 

The C o l l i n s  r e c e i v e r ,  a Later  and more improved omni 
r e c e i v e r ,  produced the  small e r r o r s  shown below f o r  power 
frequency v a r i a t i o n ,  excluding t h e  phase s p l i t t i n g  c i r c u i t :  
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Power Line Freauency 
CPS 

Bearing Var ia t ion  
degrees 

T l i e o r e t i ~ a L l y  the ~?kt:se s p l i t t i i i g  c i r c u i t  should produce 
one degree per  cyc le  v a r i a t i o n  a t  60 cycles .  Tes ts  w i l l  he 
conducted on t h i s  r e c e i v e r  during t h e  ;~c:rt few weeks t o  clctermine 
i t s  e r r o r  with l i n e  frequency v a r i a t i o n ,  

Whfle n o s t  comnercial r:ower companies mainta in  t h e i r  
frequency t o  w i t h i n ?  1/10 cys of 60 cys,  a l o c a l  s t a b i l i z e d  
o s c i J l a t o r  has  heen developed arc?. i s  ~ v a i l a b l e  t o  supply power 
.€'or the gonioneter  and tone xrheei synchronous motor i n  t h e  
l o c a l i t i e s  where t h e  power frequency i s  not  s a t i s f a c t o r y ,  

S t a t u s  of CAA Onni Range Programme 

The s t a t u s  of the VHF omni range i n s t a l l a t i o n s  i s  a s  
fol lows;  it i s  planned t o  i n s t a l l  394 VI-IF omni range  station,^, 
50 of which a r e  a l r eady  i n  opera t ion ,  and 195 a r e  i n  the 
process  of cons t ruc t ion  and i n s t a l l a t i o n ,  

I n  order  t o  proxote c o m e r c i a l  i n t e r e s t  i n  the  dcvelop- 
ment and product ion o f  a  low c o s t  ~ r i v a t e  f l y e r s s  nav iga t i cn  
r e c e i v e r ,  approximately 1 2  c o m e r c i a l  concerns were  contacted 
f o r  tho purpose of de tern in ing  t h e  p o s s i b i l - i t y  of producing 
a low c o s t  r e c e i v e r  having performance c h a r a c t e r i s t i c s  s u i t a -  
S l e  f o r  the  p r i v a t e  i'l-yer. A s  a r e s u l t  of these  d i scuss ions ,  
a s p e c i f i c a t i o n  conta in ing  minimum e s s e n t i a l  performance 
requirements was prepared. Negotiations a r e  now being made 
t o  o b t a i n  a  q u a n t i t y  of these r e c e i v e r s  through a deve1opnen.t 
c o n t r a c t  intended t o  e s t a b l i s h  f a c i l i t i e s  f o r  ~ r o d u c t i o n  a t  
.low cos t .  
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