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50 -KC F~~EQITENCY SFS~~IIATION 
VGR TESTS WITE 

SWM:IARY 

Thls report  presents  the  re;ults of t e s t s  conducted  by the 
C lv i l  Aeronautics Admunstratlon  Tc.chnlcal Development Center t o  deterrmne 
the  lnterference between two VOH ;acl l l t les   operat lng 50 kilocycles  apart  
Vhen uslng two nuvlgatlon receivers hz-”=Lng different select ivl ty   character-  

VGR‘s hcving a frequency  separattlon of j G  kllocycles mI1 be affected  by 
m t i c s .  These tes ts   lndlczke  zbzt   the  mount of  lnterferencc between two 

%he geographc  so2matt;on of the  growd  s t3t lons,   the   a i t l tude o f  the mr- 
crdf t ,  and the  receiver   select lvl ty .  The maxmum d t l t u d e  %lorn  during 
t hese   t e s t s  was 15,000 f e e t .  

INTRODUCTION 

The contlnumg mcreasc i n  the number of VOR lns td l la t lons  In 
thc  Unltza  States  has  rzsulted 1-1 a decrease 1n t he  usable dastmce range 
of some VOR f a c l l i t l e s  because of the  Interference  that  occu-6 when two 
faczl l t les   operat lng on the same frequency do not have suf f lc len t  gcograph- 

hlsher   a l t l tudes.  
lcal scparatlon. The problem becomes more acute as more alrci-nft   f ly at 

A t  present  the VGR chmnel frequency separ%t.tlon 1 s  100 kllacycles 
(kc) It has been proposed tha t   t he  separat?tlon  be  reduced t o  50 kc.  Thls 
repor t   p resents   the   resu l t s  of t e s t s  conducted  during March i956, a t   t h e  
TEchnlcal Development Center (TDC) t o  determine  the  fcaslbil l ty of reduclng 
the VGR charmel  frequency  separatlon. 

RECEIVING EQUIPMENT 

A Colllns 51x1 comunlcattlon  receiver was modlfled f o r  VOR 
receptlon and used i n  t hesz   t e s t s .  A two-stage reslstmce-capacitor (RC) 

rece lver   to  ellm1n;te errors cawed. by feedback of t he  30-cycles-per-second 
f l l t e r  was connected In   the  automc”t;c--Yolume-contral (AVC) c l rcu l t   o f   the  

(CPs) s l g d  to  the  radlo-frequency (r-f) end lntfruedlate-frequency (i-f) 
S t q e s .  Also, o s h e l d e d  h a d  was connected to   the   de tec tor   c l rcu l t  for  
t he  purpose of  feeding  the  detected slmnal t o  the mdlo  c l r c u l t  of a 
conventiond  CoUlns 51R3 navlgattlon recelver.  

recelver and a 51R3 receiver  are shown I n  F q .  1. Figures 2, 3, and 4 show 
the   se lec t iv l ty   chaxac ter l s t lcs  cf the  nodlfled 51x1 recelver f o r  no modu- 
lz t lon,  50 per cent amplitude raodulattlon at 1,000 cps, and 50 per  cent 

The course s e n s l t l v l t y   c h u a c t e r i s t l c s  of the  modlfled 5lXl 
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voltage was malntalned c o n s t a t  a d  the  frzquency and output  level of a 
anputude  modulatlon 2t 10 kc, respectlvely. For thcse   t es t s ,   the  AVC 

aoonton Type 211 s1gne.l generrtor were vaned .  

Flgure 5 snows the  mterference  chas-acterlst lcs of t he  modlfled 
5 x 1  receiver   for  two VOE s1Gnd.s hav:ng dlflerent  frequency  sep2ratLons. 
F u s  1s plo t ted  cs the  declbel  rattio of t he  undesired to  the  desired  s lgnal ,  
whlch p rodues  a course  devlatlon  indlcmor ( C D I )  error  of plus o r  mmus 1'. 

p w c l l e l  nchoss the  Input cf t he  modlfled 51x1 recelver. The output of one 
To obtaln these data, two Type 4795-211 t e s t  generc.tors were conneCta3 In 

generator was mantrlned  constant at 118.03 Wc at a. l evz l  of 10 mlcrovoits, 
La& the  frequency and output of the second  ;enerator were var led   to  produce 
a plus  or mnus l.Oo course  nw-ation In the  lrldlca.tcd  -0ezrlng  produced  by 
the  signal frcm the f lrst  EenerLtor. I n  order  to  obsom  the m?xixlmum 1ndlCP.ted 
error,   the power supply f o r  one Type q73S ZenerFtor was obtclned Irom an 

mately 59.7 cps. T5e normal wlggle-Pllter dampng In   the  C D I  c l r c u l t  was 
osc l l i~" tor - rmpl l f ie r  unlt, the  frequency  of  whxh was adjusted t o  2pproxl- 

reduced to   ob t2m i. maxlaum lndlcated  error.  A General R&o Type 1213-1 
c rys td   o sc l i l a to r   s e rved  as a rad10  frequency s tmdxd.  F1gw-e 6 SLOWS 
the  Interference  chxacterLst1.c when the  frequency was ,adJusted t o  118.05 
Mc. The inttzrference  chrsacterlst ic of a 5U3 recelver when tes ted  under 
slmllar cond:tlons IS shown I n  Fig. 7. 

FLIGHT TXSTS 

ll8.00 Mc, It wzs necesszzy t o  conduct the  mterferunce  tes ts   auts lde of 
Slnce  the  larest  frequency  channel of t he  51x1 recelver 1s 

t he  VOR frequency bmd. Thr. Tilden,  Ind.,  experlloental VOR was adjusted  to  
operate   a t  118.00 Mc, and a p o r t a b k  TVOR unl t   loczted zt Arcola, Ill., 
(100 Mles vest  of  Tllden) WPS ZdJusted to   operate  at 118.05 Mc. Bsth 

from a comercml  60-cps power supply and the   pcr tzble  TVOR was operated 
s ta t lons  were adjusted  to  50 watts output. The Tllden VOR was operzted 

from a Zasollne  englne  generator unlt a t  e frcquency of approxlmately 
59.7 CPS. 

F l p r e s  8 and 9 show the   resu l t s   o f   the  flight tests  when both 
VOE's were ope;attmng a t  50-kc  sep,-a;itlon and uslng  the rnodlfled jLY1 recelver.  

!be zverage  useful  range of each s t a t ~ o n  was a.pp:oxlmately 80 per  cent 
Fl lghts  were made at various altitudes on iz course  between the  two stations. 

the  Indlcated vlsuzl coursf of the  deslrcd  stzttlon,  caused by the   ln te r fe rmg 
Of t he   d l s tmce  from e l ther   s ta t ion .  A varl%t.tloa of plus or mlnus 1.00 i n  

two VOR'S. Simultaneously, during these flights c 5LR2 recelver was In 
Stailon, was used as R meesure of the   usable   d l s ta lc2   rage  between the 

uslng th l s   rece lver  was found t o  be  approxunztely 30 per  cent of the 
Operation and tuned t o  118.00 Mc. The useful range f o r  each s t c t lon  when 

d l s t m c e  from e l the r  station. 

Uslng a nOrIiBJ. 511?3 recclver, s~mllar flight t e s t s  were CondIlcted With the 
I n  order t o  conpL-e 5 O - l ~  aeparattlon  wlth  100-kc separation when 



DISCUSSION 

sepwatlon,  there was evdence  thrk  the halmonl-s of the 9,96-lcc subcarrrcr 

t h e  system. It WFS lnd ic l ted  thc.t, by reducLng t h e   h m o n l c s  of the 9 96-kc 
signal s-uscd ZL derrognttlon la t he  expect2d zelcct ivl ty   chzxacter ls t lcs  Of 

s=@d radlated  fron VOR s ta t ions ,   the   resu l t s   ob taxed  usin2 a Type 53x1 
recelver   for  50-kc VOR sepxzttion wodd be s1Lulcx to   the   resu l t s   us lng  a 

t he  hmmonlcs of the  9 ,96 -1~  slgnal would improve the  mterfcrence 
5lR3 rezelver and 100-kc VOR sepasattion.  There wes no evdence  that   reduclng 

chzs ; t c t a l s t l c s  of a 5 l R j  r ecc lmr  for a 100-kc VOX sepazttlon. 

Durmg the l z b o r z t o q  and f l q h t  t e s t s   m t h  50-kc frequency 

co~K!LUsIoi\TS 

sepzratlon of 50 kc, was extended from approslmztely 30 per  cent of t he  
spzclng between s ta t lons  when usmng a conventional Colllas 5lR3 recelver 
t o  approxlmately 80 per  cent  of  the spzclng between s ta t lons  by u s l q  E 

modlficd Colllns 51x1 receiver.  

1. The useful r w e  of  d J a c e n t  VOR strztlons,  operattlng at n freqJcncy 

2. A receli ler  hcnng a selectivity characteristic simLar t o   t h e  
modlfled Cullms Ty./e 51x1, b u t   m t h  inlproved scns l t l v l ty  'and z be t t e r  AVC, 

from 1OO-icc t o  53-kc separattlon 
should  be E sLtlsfactory VCR yecclvcr,  should  the 'TOR c h m e l l n e  be chmged 

stattlons  operotlng  at n 50-kc sepax t lon  a d  by us~ng improved recelvers 
slrmlw t o  the  Cclllns gUl, the  results  obtcined  should  be sllnllar t o   t b e  
resv l t s   ob t rned   wl th  a Colllns 5LR3 a t  a NO-kc separattlon. 

3. Wlth a reductlon  In  the harmonics of the 9.96-ac slgnzl z t  VOR 

4. The ~ l l o c a t i o n  of  frequency  channels on a 50-kc basls  1 s  2 

techn1cc.l solutson  to   the problem  of mzkiupL- ' m ~ e  VOR 2nd ILS charnels 

the   108-   to  1 1 8 - ~ ~  b a d .  Thls  solutlon  rcqulres  the use of nmrow-band 
avallzble.  Thls would mcrecse  the numbcr of chmnels from 100 t o  200 In 

rece lvcrs   wl th   chucc ter l s t lcs   equlvdent  t o  the Collins 5lXt  recelver. 



FIG 1 COURSE SENSITIVITY CHARACTERIbTICS O F  51R-3 ANI) 51X-1 (MODIFIED) 
RECEIVERS 
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FIG 2 SELECTIVITY  CURVE O F  F I G  3 SELECTIVITY  CURVE O F  
MODIFIED 51X-1 MODIFIED 51X-1 



F I G  4 S E L E C I  I V l l  Y C U R V E  O F  M O D i F I E D  51X-1 



F R E Q U E N C Y   S E P A R A T I O N   B E T W E E N   D E S I R E D   A N D   U N D E S I R E D  VOR S I G N A L S  

FIG 5 INTERFERENCE  CHARACTERISTICS OF M O D I F I E D  51X-1 
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DISTANCE IN STATUTE MILES FROM ARCOLA 

FIG 8 FLJGHT  TESTS O F  COLLINS 51X-1 



DISTANCE IN STATUTE MILES FROM TILDEN 

FIG 9 FLIGHT TESTS O F  COLLINS 51X-1 



FIG 10 FLIGHT TESTS O F  COLLINS 51R-3 



FIG 11 FLIGHT  TESTS O F  COLLINS 51R-3 


