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SELECTIVITY TESTS OF 
TUIBABLE VOR RECEIVWS 

Tb .is report  preser 

STlMNLRY 

Its  the  results  of  tests con .ducted E r t  the CP A Tech d 
Development C e n t &  t o   d e t e m e   t h e   t o l e r a b l e  linuts for interfering siwals be- 

lice 

tween VOR stations and between a VOR and a localizer statlon. Data are  presented 
for each  of three  dlfferent  tunable  recelvers commonly used in   p r iva te   a i rc raf t .  

- -  

INTRODUCTlOfl 

conducted at the  Technical Development Center (TDC) t o  determine 1j + s of toler-  
able  Interfering simal levels between VOR statlons and between VOR and localizer 
stations when using Lear, Aircraft Radio Corporatlon (ARC),  and National 
Aeronautical Corporation (NARCO) receivers 

The CAA Office of A i r  Nangatlon  Faril l t les  requested  that   tests be 

Tests  for the following  combmations of conditions were requested. 

1. Two VOR stations having a frequency  separation of 0 t o  10 kc. 

2. l'wo VOR stations having  frequency  separations of 100, 200, and 300 kc. 
3 -  One VOR and one locahze r  having  a  frequency  separation of 100 kc. 

For each  of the above comblnatlons, it was desired t o  determine the 
levels of lnterfering  signal  for  various  levels of desired s i @ d  which w i l l  cause 

These were t o  be determined a t   the  phase relation between the  audio signals of 
1' error,  2" error,  "just-audible"  signal, and an "objectionable  audio s~gnal." 

the  desired end the  interfering  stations which causes  the  greatest  mterference. 

EQKE'MEKT AND METHODS 

receiver  laboratory  for  these  tests. An audlo osci l la tor  and amplifier were used 
to furnlsh Power of adjustable frequency  (approximately 59.9 cps) t o   t h e  motor of 
one of the Collins 479s generators in order t o  provlde  a  continuously  changing 
phase relation between deslred and interfering audio signals. This would produce 
8UtCenatlcallJ the phase conditions which would cause  'the greatest  bearing error. 

Figure 1 is  a block diagram of the equxpment  which was s e t  up in   the  

low-frequency receiver  outputs  to  filter  out  nolses not normal t o  the speech 
channel of a VOR. The low-frequency receiver was tuned to the  local low-frequency 
range for  the  contlnuous  weather  broadcast. 'phe record- on the  reproducer con- 
sls ted of weather  broedcasts.  Stable  co-channel  signal  frequency  differences 
were obtained by operatlng  both r-f generators by crystd  control .  By means of 
an adjustable   t r imer  in the   crystal   c l rcui t  of one osc i l l a to r ,   I t s  frequency 
could  be  adjusted up t o  10 kc from normal. The cathode-raJp oscllloscope and 

Voice band-pass f i l t e r s  were used on the  tape  reproducer and on the 
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Hew- ?-Packard audlo  oscil lator were used t o  deterrmne when t h e  frequency 
dlff.-..euce was of the  deslred  value, as well as t o   m v e  a SI@ frequency a 
knom amount for  use In  obtain- selectivity data. Large PPequency differences 
such as 100 kc, 200 kc, and 300 ke were obtained  by  operatmg one of the   r - f  
generators as a master oscillator- 

The course denation  lndlcator was a 40-microampere, zero-center  meter 
sufflclently  fast-acting  to  follow  the  rate of phase variation  prevlously  stated 
Tyle percentage  modulation  lndxcator was used t o  cheek mcdulatlon levels of  both 
desired and undesired slgnal sources. The levels of desired  signals  mdicated on 
the charts Fn thls report are voltages at the  recelver  Input  terminals. Except 

t o  the  level  of an interfermg  s ignal  i s  t o  be lnterpreted as a ratlc i n  db t o  
8s indzcated on Flg. 31, observations were made by TDC personnel. Any reference 

the  deslred signal. The phrase,  "objectionable  audio  anterference," i s  intended 
t o  mean a leve l  of Interference whlch 1s dlstracting,  or whlch rmght reduce m t e l -  
l i g ib l l l t y   o f  voice or identiflcatlon on a  desired  slgnal, A level  of m t e r -  
ference which is not  ObJectlonable wfll be re fer red   to  as t h e  "Just-audible" 
Slgnal, 

TESTS 

Figures 2, 3, and 4 show that the  tolerable   ra t io  of undesired t o  desired 
signal for a 1" error   l i rmt  r-bs *st constant  through  the range of desired 
signal  levels  tested. A t  the  frequency  dlfference of 30 cps, all t b e e   r e c e i v e r s  
to le ra te  approximately the   sme   l eve l  of mterfer lng signal. 

Flgures 5, 6, and 7 deplct  the  sme  eonditlons as Figs 2, 3 ,  and 4 
except  with a 2" error lm1t. The 30-cps  frequency  dxfference 1s t h e   l d t i n g  
factor,  with only sllghtly more tolerance  than  with a 1' error  hut.  The proba- 
b i l i t y  of co-channel statlons  belng  nearly 30 cps ln  frequency  dlfference 1s small, 
however 

of desired signal with I-, 2-, and 3-chmnel  separations when the lmt of toler-  
Figures 8, 9, and 10 show m t e r f e n n g  si@ tolerance  for  three  levels 

able  interference i s  1" error. Co-channel data f r o m  Figs. 2, 3, and 4 a lso  are  

smlar t o  Flgs. 8, 9, and 10 except for the  2' error  l lmit .  
shorn as far as practicable on the  above flgures  Figures 11, 12j and 13 are  

Figures 14, 15, and 16 show the  decrease or Increase In tolerance t o  
an mterfermng slgnal depending upon whether receiver  detuning 1s toward or  away 
fromthe  Interfering  frequency.  Figures 17, 18, and 19 show sllghtly more to le r -  
ance with  the  2"  error limit. Othemse,  conditions  are  the same. 

Figures 20, 21, 22, and 23 Indicate  ratlos  of  uodeslred t o  desired 

Results  are  glven  for  three  levels of desired  signals.  Figures  21 and 22 w e  
signal which cause  Just-audible  interference  during co-channel  operatlon 

r e su l t s  obtained  with  the same recelver by  two different  observers. 
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Figures 24, 25, 26, and 2'7 point up a tolerance for hlgher  levels of 
1nte:f'erlng signal If the frequency separation i s  about 5 kc,  This  refers  to 
objectlonable  audio  interference whlle navlgation  error  effects would  OccW 
at lower levels  of interfering signal. 

by three  observers. These are  for the  intermediate  level  of  desired  signal. 
Figures 28, 2ga and 30 show Just-audible  interference as established 

ObJectionable  audio  interference as interpreted by several  observers. 
Flgures 31, 2, and 33 show lmts of interference  ratios which give 

desired signal mll  allow less   re la t lve   l eve l  of interfering signal than does a 
lower leve l  of  deslred signal* 

It m11 be  noted In  Figs. 34 , 35, 36, 37, 38, and 39 that the  stronger 

Figures 40 through 45 show the  effect  of receiver  detuning upon the  
allowable  relative  level of undesired t o  desired s15al for Just-audible  lnter- 
ference and for objectionable  audio  interference  of  slgnds f rom near* channels 
insofar as aural effects  are concerned. When the  interference 1s llrmted t o  
tha t  which causes a 1" e r r o r   i n  azimuth, the  aural  effects w i l l  be below an 
objectionable  level. 

Figures 46,  47, and 48 show t h e   o v e r - d l   s e l e c t l v i t y   c w e s   f o r   t h e  
three  types o f  receivers  tested. A 5-microvolt unmodulated signal at resonance 
was taken as a reference. The automatic volume control (AVC) voltage  thus ob- 
tained waa held  constant  for other frequenc~es bJ increasing  the  input  signal 
level  as required. 

types of receivers  tested. The receiver  output was measured aa the  audlo 
Figures 49, 50, and 51 show the  over-dl  audlo response of the  three 

frequenc7 was varied. The r-f generator  mdulatlon  level was held  constant at 
30 per cent. 

The l imit ing  cr i ter ion was t o  be a 0.3" course error.  Wlth the  ARC receiver, 
Table I shows the data obtained for a VOR mterfer lng with a local izer  

course widCh doubled before a 0.3" course  error was experienced;  therefore, that 
condition waa taken as a lirmt for   the  ARC receiver. 

Here a l s o  the  ARC receiver gave double  course width before  the  llrmting  azbuthal 
error  was experienced. 

Tsble I1 shows the  data obtained fo r  a localizer interfering with a VOR. 

Table I11 1s a compilation  of the more c r l t i c a l   o r  lirmting values  for 
interference between two VOR's and between a VOR and a local izer ,  

cowcLlTsIoNs 

condition of using  the minimum level  of the  mterferlng  signal: 
It 1 s  concluded that, fo r  all three  recelvers  tested, baaed on the 
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1. For two VOR8s on the same channel, the  level of the  undesired VOR signal 
must, be a t   l e a s t  44.5 db below the  desired VOR slgnal  level to p e m t  operation 
with less than 1" error when the frequency  separation of the two VOR stations is 
30 cps. When the  frequency  separatlon i s  5,000 cps,  the  level of the undesired 
signal must be a t   l e a s t  24.5 db before it causes  a 1' error. 

properly tuned, the  level of the urdeslred signal a t  100-kc separation must be 
2. For two VOR's separated by loo-, 200-, and 300-kc uith the  receivers 

a t   l e a s t  12.5 db below the  deslred signal level.  A t  200- and 300-kc separations, 
the  undesired signal level  must not be more than 24 db and 30 db  above the  desired 
signal, respectively, to pernut  operation with l e s s  thm 1' error. 

3. For interference a localizer at 100-kc  separation,  the  level of the 
localizer signpal must be less  than  the  level of the VOR sign& t o  permit  operation 
with less than 1' error.  

the VOR signal must not be more than 8 ab above the   l ocd lze r  signal t o  avoid 
ObJectionable  audio  interference. 

4. For localizer  interference by a VOR a t  100-lrc separatlon,  the  level of 



TABLE I 

VOR INTEEWXING WITH LOCALIZER 

Ratio  in DB of  Undesired/Desired Signal for Three 
Levels of Desired Signal 

VOR  Frequency  Separation -100 kc VOR Frequency  Separation -1130 kc 
500 w 50 uv 5 uv 500 uv 50 uv 5 uv 

m e  L M t m g  
Receiver  Crlterlon 

ARC 
Course Width 

Double 

NARC0 0.3" Error 

ARC Jud -Audible 
Interference 

NARC0  Just-Audible 
Interference 

ARC Objectionable 
Audlo  Interference 

NARC0 Objectionable 
Audio  Interference 

t15.6 t14 -0 e20 .o c13.1 c20.8 c21.6 

t10.9 e16.9 t23 * 5 *20 9 0 e21.6 t27.6 

- 1.6 t 7.2 -15.6 t 2.9 -14.0 tl8.6 

0.0 t 6.0 t15.6 t 6.0 tI.2 .O +23.5 

t10.9 A 9.5 $16.9 9.5 t18.1 -18.6 

L 6.0 t 8.0 t16.9 tI.2 .O t15 6 $26.0 



TABLE I1 

LOCALIZW INTERFERING W I T %  VOR 

Ratlo  in DB of  Undesired/Desired  Signal  for Three 
Levels  of  Desired Signal  

m e  
Receiver 

ARC 

NARCO 

Le= 

NARCO 

Lear 

ARC 

NARCO 

Lear 

ARC 

LMting 
Crlterlon 

Double 
C O U f i e  width 

1" Error 

1" Error 

2' Error 

2' Error 

Just-Audible 
Interference 

Just  -Audible 
Interference 

Just-Audlble 
Interference 

Objectionable 
Audlo  Interference 

NARC0 ObJectionable 
Audio  Interference 

Lear 
A u b o  Interference 

0bjectlonabl.e 

LOC. Frequency  Separation -100 kc 
500 uv 50 uv 5 uv 

tlB.1 t22.9 525.1 

1.6 c 2.9 5 9.5 

L 0.9 t 1.6 - 8.0 
- 5.1 t 9.0 e13.1 

t20 .o k16.9 $14.0 

+ 4.1 t14.0 c20 .o 

- 2.2 + 3.5 e 7.8 

-10 5 - 4.4 5 2.9 

- 8.0 e19.1 e20 .o 

+ 6.0 $10 -9 -20 .o 

- 6.0 e 3.5 ?. 9.5 

LOC. Frequency  Separatlon -100 kc 
500 uv 50 uv 5 uv 

+18.1 $19 1 $24.1 

+ 8.0 t10 e 6 $18.1 

L 1.6 0.0 e14.0 

-14.0 -15.6 t23.5 

.20 .o -16.9 520.0 

- 4.1 - 9.5 $12 .o 

c 6.0 514.0 -28.0 

- 8.0 - 4.4 - 3.5 
t 8.0 4 .O -13.1 

6.0 + 3.5 - 9.5 
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TABU III 

PAR!I73L TABULATION OF TEST RESULTS 

TWO VOR's - 1' Error - Deslred Slgnal Level 50 uv - Maxurmm Acceptable 
Level In DB of Interfering StatLon (Lowest Level Observed) 

m e  Frequency Separation 

ARC -43 - 7.5 -14,5 t 9  4. 6* e38 r39* 645 

Recelver 30 cps 1000 cps 5000 cps 100 kc 200 kc 300 ke 

NARCO -44.5 -17 -21 - &,,5 - 5" +3105 *25* t52 

Lear -43 -22 -24 e 5 -12,5 -14* +24 ~17°C 630 5 

Receiver  detuned 10 kc where indfcated  br Sa o t h e m s e  tuned to resonance. 

Maximrrm Acceptable  Level in DB of Interfering Station [Lowest Level  Observed) 
W O  VOR's - Objectionable Audao Interference - Desired S i g n a l  Level 50 uv - 

m e  h-equensy Separation 

ARC -38 5 -39.3 -13 514 -1s ~6 -48~ $46 

Receiver 100 cps 1000 cpps 5000 CPS loo kc 200 ke 300 kc 

NARCO -20 -41 -15 e 6 ox 840 ?34* r60 

Lear -22 -45 -26 - 6  - 6 *  832 r23* +42 

Recelver  detuned  10 kc where indlcatcd by *; otherVrse tuned to resonance. 

100-KC Separation - Desired  Signal  Level 50 UT - Max- Acceptable 
Local-~zer - YOR Interference 

Level i n  DB of Interfering Station (Lowest Level Obsemed) 

Localizer Interfermng with VOR VOR Interfering  with  LoealPzer 
1" Error OF ObJeetlnnable  Either .3" Error ObJectionable 

Recelver C o u r s e  Width 
Audio 

In2erferenee 
or Double 

Course Wldth 
Audlo 

Interference 
m e  Double 

ARC el9 X 614 614 X $9 

m c o  s 3  B $10 5 *17 # P 8  

L e a  0 B 8 3  

X - Double C o u r s e  Width; B - 1' E ~ P Q ~ ,  # - .3" Error 
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I RECEIVER  DETUNING  IN KC 
FIG. 18 2' ERROR  INTERFERENCE  VERSUS  NARC0  RECEIVER  DETUNING 

FOR  ONE-  AND  TWO-CHANNEL  SEPARATIONS 



F I G .  19 2" E R R O R   I N T E R F E R E N C E   V E R S U S   L E A R   R E C E I V E R   D E T U N I N G  
FOR O N E -   A N D   T W O - C H A N N E L   S E P A R A T I O N S  



0 2 4 6 8 10 

GO-CHANNEL  SEPARATION  IN  KC 
FIG. 2 0  THRESHOLD AUDIO I N T E R F E R E N C E  VERSUS FREQUENCY 

SEPARATION ( 0  - 10  KC) FOR A R C  RECEIVER 



2 
r3 - 
VI 
n 
W 
d 

W 
a 

W 
0: 

W 

z 
3 
h 
0 
a 
a 
2 

;; 

n 
\ 

Y 
VI 

n 

Y 

I4 
W 

FIG.  

0 

VOR  DESIRED 
VOR  UNDESIRED 

-10 

& 500-UV LEVEL 

- 2 0  

-30 

-40 

0 2 4 6 a 10 

CO-CHANNEL  SEPARATION IN KC 

2 1  THRESHOLD  AUDIO  INTERFERENCE  VERSUS  FREQUENCY 
SEPARATION ( 0  - 9 KC) FOR NARC0 R E C E I V E R  - OBSERVER A 



GO-CHANNEL  SEPARATION IN KC 
FIG. 22 THRESHOLD  AUDIO  INTERFERENCE  VERSUS  FREQUENCY 

SEPARATION ( 0  - 9 K C )   F O R   N A R C 0   R E C E I V E R  - OBSERVER  B 
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CO-CHANNEL  SEPARATION IN KC 
FIG.  2 3  THRESHOLD  AUDIO  INTERFERENCE  VERSUS  FREQUENCY 

SEPARATION ( 0  - 9 K C )   F O R   L E A R   R E C E I V E R  
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FIG.  24  O B J E C T I O N A B L E  AUDIO I N T E R F E R E N C E   V E R S U S   F R E Q U E N C Y  
SEPARATION ( 0  - 10 K C )  F O R   A R C   R E C E I V E R  
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GO-CHANNEL  SEPARATION IN  KC 

25  OBJECTIONABLE AUDIO INTERFERENCE  VERSUS  FREQUENCY 
SEPARATION ( 0  - 9 KG)  FOR  NARC0  RECEIVER - OBSERVER A 
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GO-CHANNEL  SEPARATION IN KC 

2 6  OBJECTIONABLE  AUDIO  INTERFERENCE  VERSUS  FREQUENCY 
SEPARATION ( 0  - 9 KC)  FOR  NARC0  RECEIVER - OBSERVER B 



CO-CHANNEL  SEPARATION  IN   KC 

FIG. 2 7  O B J E C T I O N A B L E  AUDIO I N T E R E F E R E N C E   V E R S U S   F R E Q U E N C Y  
S E P A R A T I O N  ( 0  - 9 K C )   F O R   L E A R   R E C E I V E R  



FIG. 2 8  THRESHOLD AUDIO INTERFERENCE VERSUS FREQUENCY 
SEPARATION ( 0  - 10 KC)  FOR  ARC  RECEIVER - THREE  OBSERVERS 
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FIG. 29  THRESHOLD AUDIO INTERFERENCE VERSUS FREQUENCY 
SEPARATION ( 0  - 9 KC)  FOR  NARC0  RECEIVER - THREE  OBSERVERS 



FIG. 30 THRESHOLD AUDIO INTERFERENCE VERSUS FREQUENCY 
SEPARATION ( 0  - 9 KC) FOR  LEAR  RECEIVER - THREE  OBSERVERS 
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. 31 O B J E C T I O N A B L E   A U D I O   I N T E R F E R E N C E   V E R S U S   F R E Q U E N C Y  
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F I G  3 2  O B J E C T I O N A B L E  AUDIO I N T E R F E R E N C E   V E R S U S  FREQUENCY 
SEPARATION ( 0  - 9 K C )  FOR N A R C 0   R E C E I V E R  - T H R E E   O B S E R V E R S  



C O - C H A N N E L   S E P A R A T I O N   I N   K C  

F I G  33 O B J E C T I O N A B L E   A U D I O   I N T E R F E R E N C E   V E R S U S   F R E Q U E N C Y  
S E P A R A T I O N  ( 0  - 300 K C )   F O R   L E A R   R E C E I V E R  - F O U R   O B S E R V E R S  
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F I G  3 5  THRESHOLD AUDIO IYTERFERENCE VERSUS FREQLEhCY 
SEPARATION ( 0  - 300 K C )  F O R  h A R C O  R E C E I V E R  
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FIG 37  OBJECTIONABLE  AUDIO  INTERFERENCE  VERSUS  FREQUENCY 
SEPARATION (0 - 300  KC) FOR ARC  RECEIVER 
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F I G  39 O B J E C T I O N A B L E   A U D I O   I N T E R F E R E N C E   V E R S U S   F R E Q U E N C Y  
S E P A R A T I O N  ( 0  - 300 KC)  F O R   L E A R   R E C E I V E R  



RECEIVER  DETUNING IN KC 
FIG.  40 THRESHOLD  AUDIO  INTERFERENCE  VERSUS  ARC  RECEIVER 

DETUNING  FOR  ONE-  AND  TWO-CHANNEL  SEPARATIONS 
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RECEIVER  DETUNING IN KC 
FIG 41 THRESHOLD  AUDIO  INTERFERENCE  VERSUS  XARCO  RLCEIVEI; 

DETUNING  FOR  ONE-  AND  TWO-CHANNEL  SEPARATIOhb 
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FIG 42 THRESHOLD  AUDIO  INTERFERENCE  VERSUS  LEAR  RECEIVER 
DETUNING FOR ONE-  AND  TWO-CHANNEL  SEPARATIONS 
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FIG 44 OBJECTIONABLE  AUDIO  INTERFERENCE  VERSUS  NARC0  RECEIVER 
DETUNING FOR ONE-  AND  TWO-CHANNEL  SEPARATIONS 
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FIG.  45 O B J E C T I O N A B L E   A U D I O   I N T E R F E R E N C E   V E R S U S   L E A R   R E C E I V E R  
D E T U N I N G   F O R  ONE- AND T W O - C H A N N E L   S E P A R A T I O N S  
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FREQUENCY  IN  KC FROM RESONANCE 

FIG  46  SELECTIVITY  CURVE  FOR  ARC  RECEIVER 



FREQUENCY IN KC  FROM  RESONANCE 

F I G  47 SELECTIVITY  CURVE O F  NARC0  RECEIVER 
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FIG 51 AUDIO RESPONSE  CURVE O F  LEAR  RECEIVER 


