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THE CAA VHF OMNIRANGE 

SUMMARY 

Thx report descr,bes the development 
of a VHF omnuange system operating ,” the 
frequency band of 112 to 118 MC The range 
furnishes magnetic bear,“g mformatlo” w,th 
respect to the range statlo” andprovides def- 
lnlte track gutdance between the stat,,,” and 
any pmnt wtth,” Its serv,ce area 

The om”,ra”ge produces two 30 cps 
srgnals, one ,s constant 1” phase and ,“de- 
pendent of the aucraft’ s p o s 1 t 1 on. and the 
other var,es ,n relative phase dwectly L” ac- 
cordance w,th the magnettc bearing of the air- 
craft from the statm” A phase-measurL”g 
device I” the r e c e ,v e r enables the p,lot to 
determme h,s mag”et,c bear,“g w,th respect 
to the statlo” and to s e 1 e c t and fly a range 
course on any des,red magnetw bearing 

The accuracy of the system 1” aperatm” 
at the CAA Technical Development and Eval- 
uatm”Ce”ter, I”dw.“apol,s, I”dw,a. ,“cludt”g 
the receiver plus ground equipment 1s approx- 
1mately * 1 5” The g r D U” d equipment has 
been L” continuous operatmn for more than 
three years 

The VHF om”,ra”ge has been selected 
as partof the common C,v,l-M,l,tary System, 
Trans&onProgram as recommended by the 
Radm TechnlcalComm~ss,onforAero”aut,cs. 
report on A,r T r af f , c Control prepared by 
Spec1a1 Committee 31 

, 
INTRODUCTION 

Inplannlnga system of arways to pro- 
vtde a means of nawgatm” for all alrcraft, 
and to prawde fac,ltt,es for the separatm” 
and matntenance of a continuous flow of a 
large volume of traffx, ,t becomes apparent 
that radu, ranges def,“,“g courses of tracks 
m only a few d,rect,o”s are not adequate to 
the task 

There are as many as SIX a,r routes 
convergIng on some of our air termmals under 
present operatmns, and It 1s ltkely that this 
number w,ll be greatly exceeded under an- 
twlpated condltmns of a” expanded a,r com- 
merce To serve adequately such termmals 
wIthtwo-courseranges or four-course ranges 
would requue such a mult,pl,c,ty of stat,o”s 
as to be obvmusly m,pract,cal 

The CAA has carrted out the develop- 
ment of two-course visual. two-course aural 
VHF ranges m accordance wtth recornmen- 
datmns made by the RTCA I” the summer of 
1939 Development was completed early I” 
1942, but the convers,~” of the a,rways to 
VHF range operatm” was Interrupted by the 
“/a* Just pr,or to 1945, however. the con- 
vers,on program was resumed on a llmrted 
scale with the establishment of the Chlcago- 
New York VHF airway Sm,ultaneously, the 
CAA had bee” workmg on the development of 
aVHF om”td,rectm”al radro range. along the 
prmclples proposed by Dr D G C Luck of 
RCA. at the Kansas C1tymeet,“g of the RTCA 
m the summer of 1939 Progress onth,s 
developmenthad taken such a promising turn 
that two-course VHF ranges were raptdly 
superseded by om”ld,rectu,“al VHF ranges, 
more commonly referred to as omnuanges 

The general prmctple of the omnlrange 
dates back to Lee de Forest, who proposed 
rotatmg a radm beam keyed to rdentlfy the 
sectors formIngthe 360” sweep of the beam 1 
Another omnlrange was developed, us,ng a 
rotatmg beam, but with a “o”d,rectm”al s,g- 
“al transmltted each t,me the beam passed 
throughNorth 2 The beam rotated clockwise 
so that the tune Interval between the omnt- 
slgnal and the beam alvgnment w,th the ob- 
server. measured by means of a stop watch, 
would be a measure of the observer’s azl- 
muth A practical form of th,s type 01 range 
was developed m England by rotatrng a loop 
ante “na 3 Later this rotat,,,” was accom- 
pllshed electrxally 4 Others proposed purely 

lU S Patent No 833,034, 1906 
2J Zenneck (Trans Se&g) “Wweless 

Telegraphy, ” McGraw-H,ll. New York 1915. 
p 368 

3T H Gill and N F S Hecht, “R,,- 
tatmg Loop Rad LO Transrmtters and The,= 
Appllcatrons to Dlrectmn-Flndmg and Nav,- 
gatran.” Jour lnst Elect Engr , Vol 66, 
1928. p 256 

4H A Thomas “A Method of Exc,tt”g 
theAer,alSystemof aRotat,“gRad,oBeacon,” 
Jour Inst Elec Engr , Vol 77, 1935, p 
285 
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electrIca means of rotatm 
for use m anomn,range 5.6. f kt:::,:::;: 
developed by the Radm Corporatmn of Amerl- 
cawas descrtbed mapaper byD G C Luck a 
In a paper9 presented before the RTCA 
annual meetmg. January 1945, D M Stuart. 
Dwxtor. OffIce of Techn\cal Development. 
described an early model of the CAA omn,- 
range 

The present omn,range has elements 
,n common with other types of radm ranges 
and d~rect,onf,nd~ngsystems, and represents 
a refmement ,n practxe rather than a fund- 
amental departure m prmcxple It may be 
llkened to the standard fourcourse aural radm 
range wttb a means provtded for precisely 
determmmg the ratm of the two signals at 
any pomt. and thereby the azimuth from the 
statmn at anypomt. rather than at pomts lymg 
only on certam spec,flc courses where the 
signal ratm 1s un,ty 

The antenna system LS the famlllar ar- 
rangement of f,ve radlatmg elements located 
at the corners and the center of a square. 
which 1s so wtdely employed m d,rect,on 
fmdmg and radm range systems oppos 1te 
pairs of antennas are operated 18O’out of 
phase. andthe electrzcal spacmg between the 
elements 1s small compared to the wavelength. 
sothat aflgure-of-aght feldpattern results 
This field pattern 1s rotated. so to speak, by 
means of a capactty go n 10 mete r wh,ch IS 
drlvenby a synchronous motor at 1,800 rpm 
The rotatmg gonmmeter acts as a balanced 
modulator, ellmmatmg the carrier frequency, 
and supplymg s td e b an d energy at carr,er 
frequency l 30 cps to the two antenna pa,rs 
Smce the entIre f,eld 1s. m effect, rotated 
once for each rotatmn of the @-,,ometer. ,t 1s 

5P H Evans and J W Grwg, U S 
Patent No 1.933,248. 1933 

6~ w Grreg, u s patent No 1,988, 
006. 1935 

‘IG H BrownandD G C Luck, U S 
Patent No 2. 112. 824. 1938 

gD G C Luck, “An Omn,d,rectmnal 
Radm-Range System,” Part I, RCA Revww, 
Vol VI. No 1. July 1941, Part II, RCA Re- 
VEW. Vol VI, No 3. January 1942 

9D M Stuart, “The Omnlduectlonal 
Range I’ Presented before the RTCA Annual 
Meeting. January 1945, and later publlshed 
UI Aero Digest, June 15. 1945 

obv,ous that eachdwectmn ,n space w,ll have 
a certam phase of the rotatmnal frequency 
associated w,th It, and that th,s phase xv,11 
change degree for degree w,th a change ,n 
azimuth relative to the statvan If then we 
have a s,gnal supplymg a 30 cps voltage of 
reference phase wh,ch 1s mdependent of aa,- 
muth, we can determme az,muth from the 
statmn by comparmg the phase of the two 30 
cps signals 

The purpose of th,s report IS to present 
a detaIled techntcal descrlptmn of the latest 
CAA omn,range system and to mdlcate what 
,mprovements have been made over the 
earlxer model 

GROUND STATION EQUIPMENT 

General 
A block dmgram of the essenttlal com- 

ponents of the ground statmn transm,tt,ng 
equpment IS shown ,n Fig 1 A conventtonal 
VHF transm,tter has Its fmal stage amplitude 
modulated by a subcarrwr and simultaneous 
“OlCe The subcurler Itself 1s frequency 
modulated at 30 cps The output from the 
f,nal stage ,s fed to the center antenna of the 
5-100~ array and also to the Input of the mod- 
u1atmn e1,mmator A gomometer functmns 
as a mechanxal stdeband generator and de- 
lovers 30 cps stdeband energy to Its output 
ctrcults Output No 1 of the gonmmeter de- 
livers 30 cps s ldeband energy of 0’ audm 
phase to one pa,= of dmgonally opposite loop 
antennas Output No 2 of the gonmmeter 
feeds 30 cps s ldeband energy of 9O’audlo 
phase to a second pax of diagonally opposite 
loops The four antennas are arranged tn the 
form of a square around the center loop an- 
tennaand fed u, such a manner as to produce 
two f,gure-of-e,gbt fwld patterns The two 
f,gure-of-erght p at t e r n s are ,n both space 
and t,me phase quadrature and can be vls- 
ual,zed as a s , n g 1 e figure-of-elght pattern 
w,th a pos,tlve lobe and negattve lobe rotatmg 
at an audm rate of 30 cps, which. produces 
amplitude modulatmn (m space) of the ma,* 
rf carrwr, transm,tted from the center an- 
tenna Th,s energy. when detected ln a suit- 
ably desIgned receiver, 1s known as the 
“var,able phase” stgnal The 30 cps signal 
produced ,n the receiver from the frequency 
modulated subcarrwr 1s termed the”reference 
phase” s,gnal The purpose of the subcarrwr 
modulatmn 1s to provide a means of dlscrlm- 
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Fig 1 Block D,agram of VHF Omnlrange Transrmttmg Equipment 

matmg between the two 30 cps voltages m the 
l-eCelYe* 

Fig 2 1s a view of a CAA omn~range 
ground facrllty usmg a 30-foot tower The 
antennaarray~s located mstde the cylmdrxal 
housmg on the tower The transrmtters and 
associated equpment located ,n the but1dr.g 
onthe ground are shown II, F,g 3 Approxt- 
mately half the e q u L p m e n t 1s “standby” to 
perm,t mamtenance whrle provldrng contm- 
IlolLs SerVlCe 

Antenna Array 
The polarleatmn most desrrable for an 

omnlrange operatmg ,n the 100 MC regux, of 
the radw spectrum was determmed by ex- 
perrnent The f,rst CAA omnlrange was m- 
tended to p r o d u c e horizontal polaruatlon 
However. the dlffxultles encountered wtth an 
antenna array deslgned for this purpose led to 
the des,gn andtestmgoftwo snnplervert~cally 
polarized arrays 10 An rnproved horizon- 
tally polarued array also was developed and 

carefullyfllghttesteddurmg 1945 l1 Allthree 
arrays were tested at the same stte, under 
tdentlcal cond,tmns, usmg the same aIrcraft 
The two vertxally polarvzed arrays produced 
approxnnately the fame amount of scallop,ng.l2 
whLle the horreontally polarized array pro- 
duced approximately on e - f o u I t h as much 

lo5 R Anderson and H F Keary. 
“Comparrson Flight Tests Between Omn~- 
dlrectmnal Radm R an g e Antenna Arrays, ” 
C AA Unpublished Memorandum, December 
19. 1944 

1% R Anderson and H F Keary. 
“Six-loopOmnldlrect,onalRad~oRange Flight 
Tests,” CAA UnpubllshedMemorandum, May 
15. 1945 

12Scallopmg 1s deftned as the amplitude 
of the course dewatmn mdlcator’s fluctuatwns 
due to the effect of reflecttons from trees, 
bulldu,gs. wires, the earth’s surface. etc 



Ftg 2 Omnwange Ground Factllty 

scallopmg as either of the vertically polarized terns produced by the antenna array IS ~llus- 
arrays The maximum amount of scallopmg trated m Fig 5 The Parr of antennas with 
was *3- for the vertically polarwed arrays 
and*0 7’for the horlzontallypolarl.ed array 

currents 11 produces the ftgure-of-eight pat- 
tern ESB~ S~mllarly, the pair of antennas 

The site used for these tests was consIdered with currents I2 produces the pattern ESB~ 
to be better than average Trees probably It can be shown that, m free space, the elec- 
caused the scallopmg which was observed trlc fteld mtenslty 1s represented by 

The polarlaatlon used m the p r e s en t 
omntrange system 1s horleontal. as a result 
of conclusions drawn from the early com- 
partson tests The arrangement of the loop 
radiators IS shown m Fig 4 The approx~- 

mate shape of the horleontal plane field pat- 

~~~~ = 

sm pt sm (GS sm $ stn 8) 
J 

(1) 



Ftg 3 Omnlrange Transmlttmg Equipment 



Fig 4 MechanIcal Layout of Omnlrange 
Antenna Array 

similarly 

EsB2 = 
[ 

2 e-JGr IB sm e sm (Gb cos 13) 

cos pt sm (GS cos p sm 9) 1 (2) 

where 

G=z” 
A 

& = modulatmn frequency (v a r I a b 1 e phase 
s Ignal) 

Kl = a constant determmed by the units 

t = time 

r = dtstance from the radmtmg system to the 
receiver 

A = wavelength of the carrier 

Fig 5 Currents of Radiators and 
TheoretIcal Horleontal Plane 
Fteld Patterns 

h. s, b. 0 and 0 are shown m Fig 4 

IA = manmum rms current m the carrier 
antenna 

IB = maxmum rms current m each sldeband 
antenna 

The center antenna produces the circular 
pattern of Fvg 5(B), whtch 1s expressed by 

Ecz-$lIAe -JGr sm 0 sm (Gh cos ~3) (3) 

The electric field mtensrty m the wcmlty of 
the alrcraft due to all fLve antennas IS the 
resultant of the fields produced by each dl- 
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aganalpa~r of antennas and the center antenna 
as follows 

Et =Ec + Earn + E~~2 (4) 

q = -$l e-JGr sm @ 
{ 

IA sm (Gh cos 9) - 

IB sm(Gbcos e) v sm2 (GScos 9 sme) + 

, 
sm2 (GS s.1” q sm 0) cos (pt - B) 

1 
(5) 

B = arctan [-z-l (6) 

M = 9 sm(Gbcos8) VP 

-I 
~ 

IA sm(Ghcos 9) 
sm2(GS co5 q s1n 8) + 

sm2 (GS sm 9 sm Of} (7) 

Equation (5) may be rewritten 

q = -$l E-J== sm 8 IA s1n (Gh cos 8) 

-C 
1 - M co5 (Pt - B) 

1 
(8) 

Equatmn (8) LS an expresswn of an amplitude 
modulated wave. the modulatran frequency of 
which is 3 Themostsigntflcant character- 

xtlc about this amplitude modulated wave 1s 
the phase angle of the modulation frequency 
B, which va=les with 0 accordmg to equatmn 

(6) 

IIGS - 0 

Hence for small values of GS. a measure of 
electrIca phase angle us a dtrect measure of 
azimuth angle The modulatton percentage of 
the amp 11 t u d e modulated wave 1s equal to 
IMI x 100 FromequatIon (7) It can be seen 
thatthe variable phase modulatmn percentage 
1s a function of the posttwx of the alrcraft 
F1g 6 shows how the var,able phase modu- 
latmn percentage va=les with vertxal angle 
and bearmg angle The dashed curves are 
for parameters used on the CAA VHF omnl- 
range array at the present trne F,g 7 1s 
a plot of B-9, us,ng equation (6) for the 
present antenna array The terms ” cou=se 

erred , “errors” o= the equivalent as used 
throughout thts reporr refer to devlatmn from 
the correct readmg. and are not to be con- 
fused with observatlanal o= random errors 

The diagonal spacmg between each pair 
of srdeband antennas 1s 32 in Each sideband 
antenna 1s mounted on top If a pedestal 48 In 
above the counterpoIse The carrier antenna 
also 1s supported by a p e d e s t a 1 63 3/B in 
above the counterpoxe The spacmg between 
adJacent stdeband antenna stdes 1s 3 m and 
the stdeband antennas are symmetrically 
disposed around the carrter antenna It 15 
Importantthat the sideband antennas be prop- 
erly orIented wrth respect to each other and 
to the carrier antenna A template 1s usually 
provtded to accomplish this pu = p o s e The 
five pedestals supportmg the loop antennas 
are mounted on a circular base plate 40 ln 
m diameter The base plate can be rotated 
through a 360’ angle 

Three rf receptacles are mounted dl- 
rectly under each loop tramposItIon, see 
Fig 8 Twaofthe receptacles are connected 
d ore c tly to the transposltuxn Rf power 1s 
fed to the loop antennas through Type RG 8/U 
sollddlelectrtc coaxv.1 cable Smce the loop 
antenna 1s a balanced clrcutt. It IS necessary 
to convert from unbalanced to balanced lme 
m order to feed the loop in the proper manner 
The conversum LS accompllshed by the use 
of a 180’ sectmn of RG 8/U unbalanced lme 

Diagonally opposite pairs of sideband 
antennas are connected through 350” lengths 
ofRG B/U cable and exctted 180’ out of phase 
Thts lme length was found to be optrnum at 
115 MC for mmlmum parasltlc currents In 
the sldeband antennas, traduced therern by the 
center antenna The 180” phase relat,on 1s 
obtamed by reversmg the connecttons at the 
transposttmn in one loop antenna of each dt- 
agonal pa,= One pal= of sldeband loops 1s 
fed from the gonlometer output No 1 and the 
second pair of stdeband antennas from out- 
put No 2 The center car=ler antenna 15 fed 
dLrectlyf=om the transmttter output stage by 
RG B/U coav~al cable 

Tests conductedto determme the oper- 
atmg characterlstlcs ofthe VHF loop antennas 
Included f,eld measurements to obtam the 
hrarzontal plane patterns. Impedance measu=e- 
ments to ascertaIn unpedance matching =e- 
qulrements, rf current measurements to de- 
termme current d IS t = I b u t L o n and balance 
around the periphery of the loop. and meas- 
urements of parasrtlc currents due to mter- 
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Fig 8 Five-Leap Omntrange Antenna and 
Transmlsslon Lme Arrangement 

actmn between loops when grouped together 
undernormal operatmg condltxons The loop 
arraywas mounted at the center of a circular 
p 1 at f o r m elevated about e I g h t feet above 
ground Provlsmns were made to rotate the 
platform through an angle of 360’ A horl- 
zontal dipole connected to a dmde was used 
as a field detector The fwld detector was 
caltbrated by locatmg the mstrument about 
100 feet from a loop antenna and comparmg 
the dmde current with the loop antenna cur- 
rent measured with a closely coupled rf 
mllllammeter Fteld mtenslty measuremenk 
were made over the frequency range of 112 
to 118 MC 

The horizontal plane pattern of the center 
loop antennawas obtamed by feedmg rf power 
to the loop and plottmg the r e lat~ve field 
strength mdlcated by the field detector for 
each 10” posrtlon of the loop, through 360” 
The pattern so obtained 1s very nearly c~rcu- 
lar In shape The maximum field pattern 
change in terms of maxlmum field varled from 
7 4per cent at 112 MC to 1 2 per cent at 116 
MC 

It 1s desirable to adJust the length of the 
lmes connectmg the loops of each sldeband 
pa,=, refer to Fig 8, for mmlmum parasltlc 
current which 15 mtroduced by the center 
antenna current Smce a vrrtual short CU- 
cult exists at the T Jommg the two loops of a 
pair wtth respect to parasitx currents, the 
Impedance connected to the T by the gent- 
ometer and aseoclated lmes ~111 have little 
effect on the parasltlc currents The length 



Fig 9 Stdeband Loops Horizontal Plane Field Patterns With all F,ve Loops u, Place 

of 66 m of Fig 8 was arr,vea at by trymg 
various lengths until the parasltx currents 
m the sldeband loops reached a m~n,rnum 
The m,n,mum par as L t I c current candttmn 
was determmed at 115 1 MC , however, the 
66 ,n lengthwas checked throughout the band 
of omn,range irequenc~s and found to vary 
from three per cent of center loop current 
appearmg ,n each stdeband loop at 112 1 MC 
to5 3percentat117 9Mc 

Smce the lme lengths Jommg pams of 
loops hav? beendetermmed, the correct oper- 
atmn of the sxdeband pairs of loops may be 
determmed pr,or to any xnpedance matchmg 
If the cur r en t ratm ,s unLty and the phase 
angle 1.30” for currents of each pa,r of rad,- 
ators, the requued condltmns for producmg 
the des,red ileld pattern ~111 be met Co*- 
versely, li the fwld patterns are i,gure-oi- 
e,ght ,n shape with deep nulls located 180’ 
apart, and pi the max,ma are d,splaced 90” 
from the nulls with amplitudes of equal values, 
the currents have the correct phase angle and 
amplttude 

Each stdeband pa,r was energzed m 
turnandrelatlve field strengths measured as 
the array was rotated through 360” The re- 

sultant data were plotted and are shown ,n 
Fig 9 It may be seen from the data that 
the phase angle between the currents in each 
pair of sldeband loops 1s 180’ and the current 
rat10 LS un,ty In order to locate the exact 
positmn of the nulls for each stdeband pau, 
a s en 5 it 1 ve dc mlcroammeter was used to 
mdlcate the diode cur r en t m the f,eld de- 
tector The loops were excited with approxl- 
mate1y 200 w of rf power The ileld detector 
was sultably located to mdlcate a sharp r,se 
m rectlfled current when the antennas were 
rotated toelther srde oithe exactnullpos,t,on 
The accuracy of readmgs was better than 1’ 

The center and stdeband antennas were 
matched to their r e s p e c t L v e transm,ssmn 
lmes with the atd of a slotted lme and probe 
Prmr to matchmg the lmes. the probe was 
adlusted for mmrnum loadmg effect on a test 
lme This was accomplLshed by termmatmg 
the test lme m a standard res,stlve dummy 
loadhavmg a resistance equal to the charac- 
terlst,c impedance of the test lme, m th,s 
case 52 ohms The slotted lme was sunply 
a sectIon of RG 8/U cable with suItable slots 
spaced 1 ,n apartfor msertmn of the probe 
With a vacuum tube voltmeter connected at 
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one pomt on the slotted lme, the probe was 
connectedto a pornt along the lme about one- 
halfwave from the valrmeter toward the load 
end The probe was then adjusted until the 
voltmeter readmg was not affected by the 
presence of the probe across the lme The 
standmg wave ratlo obtamed with the stand- 
ard dummy load termmation was approxtmately 
1 02 The center antenna was then checked 
and produced a standlng wave ratm of 6 0 at 
115 MC Matchmg was accompllshed with a 
length of 52 ohm lme and an open-clrculted 
stub, resultmg In a imal standmg wave ratlo 

of 1 06 The sldeband antenna pairs were 
matched to present Identical loads to thex 
respective feed 1,nes It 1s important that 
the loads presented to the sldeband feed lmes 
be made as closely altke as pass,ble, other- 
wwe the figure-of-eight amplitudes ~111 not 
be equal andwlllproduce a quadrantal bearmg 
error 

The antennaarraywas ortgmallyhoused 
,n a shelter e,ght feet square and approx,- 
mately ten feet high Wood and masonlte 
matertals were used throughout m Its con- 
structton The over-all error m the system 
was found to be approximately 6 5” This 
error 1s typlcal of a number of flLght calm- 
bratIon e r r o r s obtamed w,th the rece~vmg 
equipment In a DC-3 type alrcrait, and m- 
eludes all errors contributed by the ground 

statlon and recelvmg equipment When the 
recelvlng equipment was removed from the 
axcraft and set up about one mile from the 
omn,range. a ground caltbratlon. obtamed 
by rotatmg the antenna array through 360”. 
produced an over-all error of 3” 

After a~erles of tests falled to uncover 
the discrepancy be tw e en flight and ground 
callbratlon errors, attention was dIrected to 
the antenna shelter as a posstble source of 
error The shelter was mounted on a c~rcu- 
lar track to enable Its rotation through any 
desired angle With the recetvmg equipment 
set up approximately one m&z dts tant from the 
station, the antenna shelter we.5 rotated through 
360” On-course varlatrons were re- 
corded for each 20’ of rotation, with the re- 
sults shown In Fig 10 Figs 11 and 12 
show f 1~ g ht callbratlon errors obtamed for 
different orlentatmns of the antenna shelter 
with respect to the antenna array These 
curves show that the shelter contrtbuted some 
error to the system The shelter was then 
removed and a illght callbratron conducted, 
resulting man over-all error of 3 5” A 
ground caltbratlon taken under s~mllar con- 
dttlons produced an error of 3 0” 

From the results of all the tests, ,t was 
concluded that a change In the conflguratlon 
ofthe housewas desIrableto reduce the error 
to a mmmnum Accordmgly, a cylmdrlcal 



Fig 11 Flight Caltbratlon Error for Shelter Stdes Facm,o 45 Degrees from Cardmal 
D~rectlons 

Fig 12 Flight Caltbratlon Error for Shelter Stdes Facmg Cardmal Dlrectlons 



Fig 13 Flight Calrbratlon Error With Cylmdrlcal Shelter Installed 
. 

FLY 14 Ground Caltbratron Error With Cylmdrlcal Shelter Installed 

wooden shelter eight feet m dmmeter and ten 
ieethlghwas Installed Fqs 13 and 14 show 
the errors me as u r e d for fltght and ground 
callbratvxns with the cylmdrlcal shelter m- 
stalled The callbratlon curves show com- 
plete agreement between g r o u n d and ilrght 
tests with the antennas In a shelter 

FLg 6 shows the expected varlatlon of 
modulation percentage of the variable phase 

sIgna with vertrcal angle Fl,ght tests were 
conducted to verify the theory and to deter- 
mme the characterlstlcs of the course while 
passmg over the statIon F,g 15 shows re- 

productIons of recordmgs of the course de- 
vlatlon mdwator deflectton and the reference 
and variable phase signals when flymg over 
the omnlrange The level of the variable 
nhase sIgna 1s essentially a measure of the 
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Fig 15 Flight Test Recordmgs of Variable and Reference Phase Slgnal Levels and Course 
Lme Devratton Indicator Deilectmn for Five-Loop Top Center Array 

modulatlonpercentage as long as the recetver recordmg of the reference phase signal 

LS m automatvz volume control The modula- Smce the reference phase sIgna 1s radiated 

t!onpercentage Increases near the statlon as from the center antenna exclusively, equation 

predicted by theory, when Gh = 240”and (3) accounts for the three nulls smce Gh = 

Gb = 180’, as shown In Fig 6 It LS mter- 240’ The mtddle null LS caused by the null of 

estlngtonotethat there are three nulls m the the center loop while the other two nulls are 
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caused by reflectlons from the counterpoIse 
Flight tests were conducted with the center 
loop of the array lowered to a posltlon below 
the stdeband loops The dlmenslons for this 
mode were Gh = 120- and Gb = 180” FY2 
16 shows the deflectIon of the course lme de- 
vlatlon mdtcator and the reference and vart- 
able phase slgnal levels, as obtamed durmg 
a iltght over the statton The smgle null 
would be expected by cons tdermg equation (3), 
where Gh = 120”. and the decrease In “art- 
able phase sLgna1 modulation near the statIon 
was predIcted by the theory as mdlcated m 
Fig 6 

Figs 17 and 18 show the vertLca1 plane 
ileld strength pattern of the present omnl- 
range antenna array mounted on 15 and 30 
foot high counterpolses, respectively The 
measurements were made while flymg away 
from the statIon and Include the pattern of a 
horizontal V recelvmg antenna located on top 
of thevertIcal stablllzer of a DC-3 axplane 
ItwIll be seen that the lobes, at small values 
of 13, are essentially mdependent of counter- 
poise height. because the energy 1s reflected 
from the counterpolse Instead of the ground 
On the other hand, the lobes at large values 
of 0 are dependent upon counterpoIse height 
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Ftg 17 Measured Verttcal Plane Fwld 
Pattern of Antenna Array Mounted 
on CounterpoIse 15 Feet High 

smce l,ttle energy 1s r eile c ted from the 
counterpolse at these angles, and the earth 
reflects a constderable signal 

Gonlometer and SubcarrIer Generator 
The gonlometer c on s 1 s t 5 of two me- 

chantcal stdeband generators on a common 
drive shaft, rotatmg at 1. 800 rpm One stde- 
band generator 1s orlented 90’ with respect 
to the other so that the electrIca outputs of 
the two generators are m phase quadrature at 
the modulatton frequency as shown mFig 19 (A) 
The Important capacltles of one of the stde- 
band generators are shown schematlcally In 

Fq 19(B) The gonrometer plates are shaped 
m such a way as to make 

Cl=K2(1-cospt) (10) 

C2 = K2 (1 + cos Pt) (11) 

for the No 1 sldeband generator. and 

C3 = K2 (1 fsm Pt) (12) 

Cq = K2 (1 - sm pt) (13) 

for the No 2 sldeband generator 

where 

K2 = a constant, dependmg uponthe maxImum 
capacity attamed between plates 

F1.g I8 Measured Vertical Plane Fwld 
Pattern of Antenna Array Mounted 
on Counterpotse 30 Feet High 

pt = the number of de g r e es of rotation of 
the rotor 

Fig LO(A) LS aschemat~cdmgramoistdeband 
generator No 1 A voltage E of frequency 
g, 1s applved to the clrcu,t It 1s required 

thatthe expresston for the load current 11 be 
found This may readily be done by applymg 
Thevenm’s theoremand imdmg the open CU- 
cult voltage e’ 

(14) 

The generator E 1s then replaced with a short 
clrcutt and the cxcult appears as shown m 
Fig 20(B) 

E WC1 - UC2 
2 z, (UC2 + oC1) - , (16) 

Substltutmg the values of Cl and C2 from 
equations (10) and (11) In equation (16) gives 

11 = 
E wK2 cos pt 

J - 2wZoK2 (17) 



(8) ONE SIDEBllNO GENERI\TOR SYOWING CAPA.CITIES 

Fig 19 Electrxcal Components and 
Connections of Gonmmeter 

Equation (17) may be shown to contam only 
the upper and lower sidebands of an amplitude Fig 20 SchematIc Diagrams of Stdeband 
modulated wave, by substltutmg the mstan- Generator 
taneous value of E mto equatmn (17) 

This equation takes a forms Imllar to equation 

“K2 cos pt sm wt IS substituted for E as 

I1 = Em sLnwt J _ 2&,K2 (18) 
(19) when Em 
follows 

Em 
12= 2 

wK2 -c- i 2wZoK2 [ cos (wt - pt) - 

s1n (d - pt)] (19) co* (d + pt)] (21) 

Equation (19) clearly mdwates that the cur- Equation (21) shows that theNo 2 output con- 
rent reload 22, 15 made up of two frequencies, 
one $ higher. and the other filower. than 

slsts of sidebands only and LS slmllar to (19) 
but 90’ out of phase at the modulation fre- 

the carrxr frequency g quency 
An analysis of the No 2 sldeband gen- Fig 21 shows avIew of the gonlometer 

erator gLves the followmg expressIon for the Two rotors, each havmg four p 1 ate s, are 
load current mounted one at each end of a longltudmally 

splat rotor shaft to form one sectwn of the 
sme wave modulatmg capacitors The rotor 

(20) IS driven at a speed of 1, BOO rpm by means 



F,g 21 V,ew of Gonmmeter With Shield 
Plates Removed 

of a synchronous motor The stators co”- 
s,st of f,ve plates each, angularly dwplaced 

by90” The gonmmeter rece,ves unmodulated 
rf power from the modulatmn ellmmator and 
de 1, v e r s two rf outputs havmg amplttudes 
proport,onal tothesme and cos,ne of the 
rotatmnal angle of the gonmmeter T*ZL*- 
m,ss,onl~“e balance sectmns are required to 
perm,t “per&m” of the balanced gomometer 
from concentrIc coaxtal cable The medium 
for couplmg rf carrier from the modulatmn 
el,m,“ator to the s,ne wave modulatmg ca- 
pac1tors cons,sts of a pair of rotor plates. 
locatednear the center of the rotor shaft and 
Incloserelatlonto a set of stators consisting 
of two plates each Faraday plates prevent 

capac,tlve couplmg between the modulating 
stators and the couplmg stators A 360” dml 
wlthavernler mdxzator perm,ts determmatm” 
of the rotor posltmn The dial LS adJusted to 
,“dlcate zero when the rf power from one of 
the two output c,rcu,ts ,s a m,n,mum 

A schematic diagram of the gonxxneter 
clrcu,ts 1s presented L” Fig 22 The Input 
tmpedance to the gonmmeter 1s 40 to 60 ohms 
reslstlve, and -1Oto t10 ohms reactive. over 
the frequency range af 112-118 MC The I”- 
put 1s resonant at 115 MC The rated rf power 
Input 1s approximately 100 w 

If the gonmmeter 1s t e r m ,” a t e d and 
energized XI the same way as It IS m normal 
operatmn. but Insteadof rotatmg at 1,800 rpm, 
,t IS turned by hand, data for a set of curves 
may be obtamed snn~lar to those of Ftg 23 
where, curve 1 1s the voltage from one Out- 
put, and curve 2 1s from the other output 
There 1s a phase reversal after passmg through 
a m,“,mum. wh,ch 1s not Ind,cated on the 
ftgure This may be checked by measur,“g 
the resultant field of the carrier pattern, plus 
the pattern produced by one gonmmeter out- 
put Ithas beenfoundmpractlce that sufficwnt 
accuracy can be obtamed If the null locatIons 
are 90” apart. ~2”. and the max,ma are equal 
to w,thm *5 per cent The wave form should 
be a true sine wave w,th not more than five 
per cent harmonic dlstortmn 

A dynamx test of the gonmmeter, to 
determme quickly Its operatmnalperformance, 
consists of termmatmg one output of the gonl- 
ometer at a tmne. m a 52 ohm dummy load. 
andreadmg the 30 cps phase produced by the 
other gonmmeter output atthe statmnmonltor 
ThedIfference betweenthe twophase readmgs 
should be 90’*1’ 

The 9 96 kc subcarrIer, wh,ch IS fre- 
quencymodulated at 30 cps IS produced by an 
electromecha”,cal subcarrIer gene r at o r I” 
the form of a tone wheel The subcarrwr 
g e n e r at o r and gonmmeter are driven on a 
c~mm”n shaft Teeth, machmed Into the pe- 
rtphery of the wheel, vary the magnetw fteld 
durtng rot&ton, producmg a voltage XI a pxk- 
up co11 

The subcarrIer generator was deslgned 
fromdata obtamed fromthe followmg analys,s. 
the FM wave desired at the output of the sub- 
carr,er generator may be expressed by 

e = E,l sm (Z,rf,t + m sun 2rflt) (22) 
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where 

E ml = a constant 

f, = carrier frequency 

fl = modulatmn frequency 

m = modulation Index 

The voltage appearing across a wlndmg of N 
turns depends on the time rate of change of 
flux and other f a c t o r s whwh are assumed 
constant 

dO 
e=K3Nx 

where 

K3 = a constant dependmg upon core material, 
units. etc 

From equations (22) and (23) 

e=KNti= 
3 dt 

EmI sm(2nf”t + msin2nfit) (24) 

Equation (24) shows that of the flux *. varLes 
with time m a deflnlte manner, the destred 
voltage wave xv111 be produced It can he see” 
from the diagram In Fig 24 that, when the 

plckup 1s opposite a tooth, the voltage e WLI~ 
be zero. smce the time rate of change of flux 
1s zero The flux dlstrtbutlon IS unchanged 
when a tooth 1s dwectly opposite the plckup 
The fluxwlllvary as the toothpasses the pxk- 
up and a new cycle starts, when the next 
tooth 1s opposite the plckup 

Hence, from equatton (24) 

2rrf,t + m 5m 2rrflt = 2rm 

where 

(25) 

n denotes the tooth number startLng wlth1 

If the wheel 1s deslgned so that one revolu- 
tmn produces one complete cycle at the fre- 
quency fl, the txne for one revolutmn equals 

1 

i; 

Then 

2afo& t msm (2rrfl*) = 29nl 

hence 

(26) 

fo 
-- = the total number of teeth “1 - fl (27) 
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Ftg 24 SubcarrIer Generator Teeth and 
Plckup Arrangement 

Smce 

f. = 9 96 x IO3 cps 

fl = 30 cps 

Hence, nl = 332 teeth The spacing between 

teeth 1s determmed from equation (25) by 
converttng txne t, Into angle x srice 

x : 360tfl degrees (28) 

SubstltutLng equation (28) Into (25) gtves 

afo 
fltmslnx=2n” (29) 

Equatlo” (29) gives the lot at,“” of a gwen 
tooth Indegrees, x, when the tooth number 1s 
substituted for n The lacatlon of each tooth 
IS found L” thLs way The t 0th shape m the 
manufactured tone wheel. however, was not 
made to follow equatlo” (24) exactly, because 
of the drfftcultles and cost Involved L” ma- 
chlnlng The 111 effects caused by the approx- 
mate desLgn used, gave rise to productIon of 
harmonxs , of comblnatwns off” and fl, whLch 

are fllteredout In practice The actual tooth 
shape IS srm~lar to that shown m Fig 24 
The output from the plckup co11 1s somewhat 

more than 0 6 mw Into a 600 ohm load An 
accurate phase adJustment of*lO” IS pro- 
vtded to permit exact adJUstment of the phase 
of the reference phase slgnal wtth respect to 
the vartable phase sIgna This adjustment 
1s accomplished by moving the yoke, con- 
tatnlng the pxkup cod The wheel provides a 
reference phase slgnal that can be securely 
locked In step with the 30 cps variable phase 
SIgnal 

Intestlngthesubcarrter generator, ttls 
desired to determIne the amount of amplttude 
modulatlonpresenton the 9 96 kc subcarrIer 
and to ascertaxn the exact mean frequency of 
the subcarrler and the modulation Index The 
amount of amplitude modulatvan on the 9 96 
kc FM subcarrlerwas measured by means of 
a cathode rayosc~lloscope and 1s of the order 
of 3 5 per cent 

The subcarrIer mean frequency may be 
checked by means of a s u 1 tab 1 e frequency 
discrrnlnator clrcutt and a standard stgnal 
generator w h L c h provtdes frequency modu- 
latxon at any modulation Index up to 20 The 
frequencydlscrlm~nator ctrcult 1s adJusted to 
lndlcate zero output for the mean frequency 
of the FM subcarner The standard frequency 
slgnal IS then substituted for the subcarrler 
and Its frequency IS adJusted until zero out- 
put 1s obtalned The mean frequency of the 
subcarrIer then corresponds to the frequency 
of the standard sIgna generator The sub- 
carrxrmodulat~on Index 1s checked by com- 
par~so” of the af voltage at the output of the 
frequency dlscrr”mator, aga,nst that pro- 
duced by a standard slgnal generator, fre- 
quency modulated at 30 cps. the modulation 
tndexofwhlchmay be adJusted to any desired 
value upto 20 A subcarrIer modulation Index 
of 16 was obtatned by thrs test 

ModulatLon Elxnmator 
‘Rae modulatton elnnlnator wz developed 

to remove the 9 96 kc subcarrIer modulation 
andvoxe modulatton from that portlon of the 
omnlrange transmttter output which 1s fed to 
the gonwmeter Provlslon 1s made for pro- 
portlonlng the transmttter output between the 

carrier and stdeband antennas 
ReferrIng to Fig 25, let us assume a 

brtdge cLrcult made of three equal lengths of 
coau~al transmLsslon hne, and a fourth length 
whxch 1s 180 electrxal degrees longer than 
the others The transmitter supplles power 
to the bridge at the JUnCtlon marked A The 
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F,g 25 Block D,agram of Modulation 
El,mmator 

other three termmals of the hrtdge are con- 
nected to Impedances Zo, 21. and Z2, 
which are normally pure resistances Z, 
represents the load Impedance presented by 
the capacity gonlometer The characterls- 
tic impedance of each of the transmlssuxn 
lmes of the brtdge also 1s Z. When 22 = Z1, 
the brtdge IS balanced A voltage Es, at pomt 
A sets up travelmgwaves in the branches ABC 
and ADC, which arrive at pomt C equal III 
magnLtude and opposite m phase Thus, the 
voltageE atpomt C 1s zero When Z2 f Z1, 

the output voltage E, 1s not zero and power 
1s delIvered to the load 

The osctllograms reproduced m Figs 
26(~) and 26(B) show the required performance 
of the modulation ellmmator All mstantan- 
eous v o 1 tag es that exceed the modulation 
troughvalue are reduced to the trough value 
This IS accomplished by maklng both Z1 and 
Z2 reslstlve loads The value of Z2 IS a 

functlan of Input voltage, equal to d,A, *a for 

all values of e3 equal to or less than the 
trough value. see Fig 27 When the mstan- 
taneous voltage e3 exceeds the trough value. 
It 1s ronvenlent to conslder ex 8s the sum of 
two voltages, e 1 and e2 The part el sees Z2 

deB ds - while 22 appears to e2 as - 
AlA *’ n 

Since 

% *=B 
ALA f Zl, while AIB = Z1, for reasons 

stated, e2 ~111 produce no output, whereas, 

Ftg 26 Voltage W a”e Forms of Modulatwn 
Ellmmator 

el and “alues of e3 less than el ~111 produce 
an output Pomt A, Fig 26(A), corresponds 
to pomt A, FLg 26(~), and Z2 f Z1, there- 
fore E, f 0 A short time later at pomt B, 
Fig 26(A), Z2 = Zl for the uxrement exceedmg 
the trough value, 50 that the instantaneous 
voltage outputts thatmarked by pomt B, Fig 

2W) Only that portmn of the applied volt- 
age. wh,ch exceeds the trough value. 1s can- 
celled at the output of the modulation elunm- 
ator 

Whtle a complete analysis of the modu- 
latlon e 1 L m I” at o r would be very complex, 
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‘W 
Fig 27 GraphIcal Representation of 22 as 

a Functmn of the Instantaneous 
Input Voltage 

smce It mvolves treatment of mstantaneous 
voltages, some understandmg of Its operation 
can be had by a steady state analysis Th,s 

IS gtven m the follawmg an a ly s IS, where 
Z2 = Z1 for the fwst part. and Z2 # Z1 for 

the second part 
When Z2 = Zl, there 1s a virtual short 

clrcult at C. Ftg 25, smce E, =O Fig 
20(A) Illustrates one-half of the bridge under 
this condItto* It can be shown that 

El = Es 

Referrmg to Fig 28(B), the equtvalent 
ctrcult of the other half of the brtdge. 

T 
Es2 

E 2= 
Es (31) 

2cos1 +J+lR 

also 

Let the variable load Z2 be changed to Z2 + 

AZ2 Ths change 1s equivalent to msertlng 
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a generator ,n ser,cs with Z2 + AZ2 in ac- 

cordancew,th the Compensation Theorem l3 
Figs LB(C) and LB(D) represent the bridge 
c~rcult arrangement for determInIng the 
change ,I, current due ta a change ,n Z2 

Z5 zz - tan1 + J2 
0 2 cot 29+, 

AI2 = 
-12 AZ2 

z2 + AZ2 + 
% 

E 
-12 AZ2 z, 

52 - 2 (Z, + AZ2) + z, 

Byusmgthe lossless transm,ss,an lne 
equatmn for voltage, and equatmn (35), the 
followmg expression for EL 1s obtaIned 

(36) 

Equation (36) may be rewritten usmg equation 
(32) with the result 

13T E Shea, ” Transm,ss,onNetworks 

and Wave F,lters,” D Van Nostrand Co , 
Inc New York, p 56 

EL = 
1 AZ2 Z, 

2 co51 +, SLriJ. 2(Z2 + AZ2)+ 2, 

Es 1 

Z2 2 cosI+Jzo5LnI 
(37) 

Z2 

E’2 = (I2 + Al2) (Z2 + AZ2) 

l- 
AZ2 

fZ2 t AZ2 (Z2 + AZ2) (38) 

where the prmxes denote that Z2 ~5 replaced 
by Z2 +AZ2 

The eff,cwncy of the bridge 15 defmed as 

Efficiency = 
[ 

I$+ kg+ 

&z& -w2 

2 2 1 ZO (39) 

where 

Z,, Zl, and Z2 + AZ2 are real Table 1 ,s a 

TABLE I 

Cand,twns Z, = 52 + ,O ohms El =Ei (The power output IS held 
constant at 15 watts ) 

Eo =o IELI: 28 V 

A tabulatwn of pertment voltages and efflc,encles of the modulat,on elmnmator for several 
values of 1. Z1 and Z2 + AZ2 

Z2 + AZ2 Volts Efflc,ency 

9. degrees Z1 ohms ohms lEsl IElI IE21 IEil 
Percent 

45 393 +Jo 16 + Jo 7.3 55 55 13 6 44 5 

90 393 +Jo 16 +JO 62 46 9 46 9 19 2 35 6 

90 108 + Jo 2700 +JO 58 9 122 122 152 9 2 

45 108 +,O 2700 + Jo 127 87 2 87 2 92 5 17 

180 393 f JO 16 + Jo No output EL = 0 0 
22 5 393 +Jo 16 + Jo 135 73 73 35 4 14 2 



25 

tabulation of data obtamed on the modulation 
ellmmator “smg equations (30) through (39) 

A rear v,ew of the modulation ehmmator 
unit 1s shown ln F,g 29, and a schematIc 
d,agramof the “n,t 1s given in Ftg 30 Three 
of the four brtdge arms are composed of soltd 
dlelectrlc 1 ,ne s one-eighth wavelength long 
at 115 Mc The fourth arm of the bridge 15 
also composed of sol,d d,electr,c line and IS 
five-eighths wavelength long The ML-322 
d I o d e s were especially deslgned for appl,- 
cat,on tn the m o d u 1 at 1 on elmnnator The 
plate-cathode dc reststance 1s approximately 
80 ohms ,n the f o r w a r d dIrectIon and ap- 
proaches ,nfm,ty mthe reverse d,rectton In 
order to obta,n a low value of diode plate- 
cathode resistance for satisfactory operation 
of the clrcu,t, the spacmg between plate and 
cathode was held to about 0 0 10 ,n The plate 
to cathode capacity of the diodes IS neutralized 
by a variable Inductor conslstmg of a short- 
cIrcuIted sect,on of 70 ohm coaxial lme 

The mod”lat,on elm,,nator 1s tested by 
observmg the output of the unit on an oscll- 
loscope wtth the dc path of the ellmmator 
opened and then closed When the dc path 1s 
open-clrcutted. the modulation el,m,nator IS 
mactlve so that the oscilloscope ~111 display 
the modulation at the output of the transmitter 
The transmttter should be modulated 30 per 
cent w,th 9 96 kc s,gnal for th,s test The 
dc path should then be closed to perm,t the 
un,t to fun&on, and the envelope observed 
The modulat,on percentage should be three 
per cent or less 

Typxal power measurements of a 
modulation elmxmator are 

PI = power output of transm,tter = 185 w, 

P2 = power Into el,m,nator = 58 w, 

P3 = power output of e1mlmator = 13 15 w, 

P4 = power Into carr,er antenna = 127 w, 

effxzlency of modulation el,mmator ~3 = 22 6 

per cent, 
P2 

effKK%lcy of system = u = 75 7 per cent 
Pl 

These data were obta,ned wtth carr,er only 
from the transmitter The modulation ellm- 

mator current was 56 ma, and since the “nit 
1s set to ltmlt to the trough value of the am- 
plttude modulated envelope. the theoretIca 
maxm~umeffw~encyof the equipment, meas- 
ured as abovewlththe 9 96 kc modulatvx, off, 
1s 67 per cent Th,s ae.s”mes that only the 
power represented by the voltage above the 
trough value 15 lost 

Transmitter and Aud,o Equipment 
lhe omnxange transm,tte>4 1s designed 

todeliver an output of 200 w of carrier ,n the 
frequency range 108 to 127 MC. capable of 
bemg modulated 100 per cent over the range 
60 to 12, 000 cps The mput clrcult of the 
audio sect,on prcwdes for s lmultaneous 
transmlsston of three modulations, ,nclud,ng 
voice. a 9 96 kc subcarrIer, and a 1,020 cps 
tone for the purpose of statton ,dent,flcatlon 
Thevo,ce and subcarrIer levels are each set 
to produce 30 per cent modulation of the 
carrier wh& the tone signal 15 adjusted for 
10 per cent modulation 

Monitor 
Proper operatton of the omn,range re- 

quires that the 30 cps sIgna of the variable 
phase channel and the 30 cps sIgna of the 
reference phase channel be exactly in phase 
at magnet,c north In order to mamtam a 
check on this relatIonshIp under contmuous 
service condltlons, some form of monltormg 
must be employed In the early stage of de- 
velopment of the omntrange the method used 
to mdlcate the relative phase of the two 30 cps 
voltages was s~m&,r III pr~nc,ple to that used 
In amnlrange receivers Callbratmn of the 
equipment was obtamed by substLtut,ng signals 
from a frequency modulated 9 96 kc oscillator 
equipment Relays KI the phase comparison 
ctrcult operated an alarm to mdlcate when 
thephase relatlonshlps of the two 30 cps 
signals were out of 1,m,ts 

Amore recent system developed by the 
Hoffman Rad,o Corporatwn achieves essen- 

14U S Dept ofCommerce. CAA, “ln- 
sta11at1on InstructIons for VHF Omn~range” 
FederalAwways Manual of Operat,ons IV-B- 
2-3 Also, refer to Federal Airways Manual 
ofOperatIons IV-B-I-3”Descr,pt~,nand 
Theory of VHF Omn,rangeS’ for further equxp- 
ment descr,pt,on 



Fig 29 Rear View of Modulation ElLmlnator 
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5 ~g 30 SchematIc Dmgram of Modulation Elnmmator 

ttally the same results by a different approach 
to the method of comparmg the relative phase 
of the two sqnals In addLt,on to warnmg of 
a shift In the relative phase of the signals. 
alarm clrcults are provtded to mdlcate a de- 
crease m amplitude of either the varmble 
phase or reference phase signals A block 
dtagram of the monitor 1s shown 1x1 Fig 31 

Statmn ldentlfxatlon 
Identrftcatlon of the omnlrange ~5 pro- 

vtded m two ways One method utllaes an 
automat~cvo~ce systemfor the benefit of air- 
craft pdots who are unfamll,ar with the lnter- 
natIona Morse Code StatLo* Identlflcatlon 
1s transmItted by voice approximately every 
20 set The voice 15 recorded on a sound 
fl!m which 1s moved contmuously by a motor 
and suItable arrangement of gears and pulleys 
to provide repetltmn of the translnlssLon at 
any desired mterval between 10 and 20 set 
The voxe level at the pickup head us ampilfwd 
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and fed to the d=,“e= unit of the ca==~e= modu- 
lator The output from the carrier modulator 
1~ adjustedto produce 30 per cent modulation 
of the rf ca==,e= 

A second method of statton tdent,f,catmn 
employs Inte=nat,onal Morse Code signals 
A motor drtven keyer, with suItable cam and 
contact arrangement, transmrts a series of 
dots and dashes in code to produce the 
,dent,f,catlon letters assrgned to the statmn 
The af tone used ,n this connectton 1s 1, 020 

CPs Modulatmn of the rf car=,e= 1s setat 
ten per cent Code tdentlflcatlon ~5 trans- 
m,tted at 15 set mtervals 

AIRBORNE EQUIPMENT 

Smce 1943, there have beenmanymodels 
of omn~range recelvmg equpments developed 
and tested Although many outstandmg ,m- 
provements have been made ,n the recelvmg 
equtpments, the general prmclples of omn~- 
range operatmn rema,n the same Several 
types of navlgatlon =ece,vers are now avatl- 
able on the market and others are ,n process 
ofdevelopment In add,t,on, the development 
of a low cost. llghtwerght. private flyer re- 
ce~verwas SponsoredbytheCAA, and several 
such =ece~“ers are now bemg marketed 

General Performance Requirements 
Some of the mportant requrements for 

the rece~vmg equipment may be lIsted as 
follows 

1 The range courses and bearmg shall be 
shown m a “lsual manner 
2 It shall be posstble for the pilot to select 
raptdly any range course to or from the 
station 
3 The course dewatlon mdlcator shall, ef- 
fe&vely, amplify the cou=se sens~twlty tn 
de g = e e 5 by approaunately fl”e t,mes when 
compared to a 360° mdlcator of sxnrlar 51rz.e 
4 An off-course condrtton shall produce a 
drrect voltage which can be used with auto- 
mat,= p,lot equtpment and w,th a coui-se lme 
computer 15 

15 Francis J Gross and Hugh A Kay, 
“Inttml Fl,ght Tests and Theory of an Ex- 
pe=lmentalPa=allelCou=seComputer.” 
CAA TechnLcal Development Report No 83, 
September 1948 

5 The recelvmg equipment shall operate on 
local~zers as well as on two-course and omn,- 
range facll,tles 
b The equlpment shall be capable of rece~vmg 
“OlCe communLcat,ons f=omlocalLzers. range. 
control towers and commun,catlons statmns 
7 It shall be posstble to provide an automat,= 
md,catlon of the magnet ,c bearmg to the 
statloll 

RF, IF, and Detector 
Ingeneral. the receivers are compr,sed 

of either a smgle. double, or t=,ple super- 
heterodyne rf sectton and an audio converter 
sectton, conslstmg of filters and measurmg 
c,=cu,ts whlchconnectto exte=nalna”,gat,onal 
mdlcators Ftg 32 1s a block diagram of a 
typlcalna”lgat,on=ece,“e= whlrh operates on 
the omn~range system and other na”,gat,onal 
facrlttws. such as the two-course range, the 
90-l 50 cps locallzer. and the phase local~zer 
The frequency selectlo=, 1s accomplished by 
etther manually tunmg the rf Input clrcu,ts 
and stmultaneously “arymg the frequency of 
a local oscillator, or by step tunmg ,n con- 
,ur,ctmn w,th c = y s t a 1 control of the local 
osctllator “Crystal sa”er” clrcults are used 
,n step-tuned =ece,“e=s to decrease the 
number of crystals requmed to p=a”,de 280 
channels at 100 kc Intervals over the fre- 
quency range of 108 1 to 136 MC A delayed 
actlon age c,rcu,t ,s used to provtde satIs- 
factory operation of the measurmg and I=,- 
d,catmg clrcults A h,gh level detector havmg 
excellent lmeartty LS required to rnlnlmlze 
c=oss modulation of the “a=~ous modulation 
components, mcludmg the unwanted compo- 
nents produced by propeller modulation 

FLg 33 shoxvvs the results of tests made 
antwodlfferent makes of receivers to deter- 
mu,e the,= senslt,“dyandagc characterlstlcs 
The method used for these tests consIsted of 
applymg as wnulated omn~ rf signal through a 
matchmg =es,sto= to the Input of the receiver 
and measurmg the mdlcated course-width 

The results ofselectIvIty tests made on 
these =ece~“c=s are shown In Fig 34 The 
method used for these tests consisted of 
“arymg the frequency and output of a sIgna 
gene=ato= tomamtama constant age condltlon 
in the =ece~“e= The rlgtd selectlvlty re- 
qumment for a,=lme type receivers 1s nec- 
essary to m1nLmLze mrerference berween 
statlons operatmg at 100 kc separation, when 
the aIrcraft 15 flown at altitudes above 20. 000 
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Fig 32 Block Diagram of Navlgatlon Rpcelver 
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Fig 33 Course-Wtdth Characterlstlcs of Navlgatlon Receivers 

feet It 1s not e x p e c t e d that private-flyer 
type alrcraft recelvmg equtpment ~111 be used 

. at such high altitudes 
The detector output of the recetver con- 

tams a combmatlonof several signals Su,t- 
able falters are necessary to separate these 
signals The most mnportant filter 1s the 30 
cps low-pass unit which attenuates the un- 
wanted sIgna caused by propeller modulation. 
see F,g 35 

Subcarrwr Lrmlter and Frequency 
D~scr~mmator 

F,g 36 shows several types of lwnlter 
and frequency dlscr,mmator ctrcults which 
have been used m nawgatlon receivers The 
lxmlter 1s requxed to remove any amplitude 
modulation on the subcarrIer, which may be 
caused by the transmlttmg equtpment, pro- 
peller modulation or cross modulation m the 
receiver detector clrcult The drscrunmator 
circuit shown m Fig 36(A) 16 a common type 
and operates as shown m the vector diagrams 1 
2, and 3 Referrmg todlagram 1, the voltage 
El adds to the voltage E3 to produce a re- 
sultant voltage E4. whLch 1s applred to rec- 
t,fler VI toproduce a rectlfled output voltage 
across resistor Rl In a s1m11a1 manner, 
voltage E2 add5 to the voltage E3 to produce 
ES, which 1s ~ect,f,ed by V2 to produce a 
rectLfled output voltage across R2 The rec- 
tlfwdvoltages across RI and R2 are opposed 

to each other, and. when the subcarrwr fre- 
quencyw 9 96 kc. dtagram 1 applies, glvmg 
a resultant zero voltage output In diagram 
2 the subcarrIer frequency 1s higher than 
9 96 kc, and. the resultantdlfference between 
vectors E4 and ES appears across the RI R2 
output clrcult Dmgram 3 shows the condltlon 
when the subcarrler frequency IS lower than 

9 96kc The repetltton of these vector con- 
dttlons at all points throughout the 30 cps 
modulatmg cycle ~111 result m the productlon 
of acontmuous 30 cps voltage across the out- 
put ofthedlscrlmmator Figs 36(B) and 36(C) 
show two other 11mlter and drscrlmmator 
ctrcu,ts both of wh,ch operate s,m~larly to 
thatshownmFtg 36(A). The curves InFIg 37 
show the characterlstlcs of the different 
types of 1xn,ter c,rcu,ts The charactertstxs 
of the dlscrlmmators are given m Fig 38 
Thesewere determmed by applymg a varmble 
frequency signal to the mput of the IunIter. 
and measurmg the dc output of the dlscrlmt- 
nators on a high Impedance dc mstrument 

Phase Shift Methods 
The phase angle to be measured by the 

phase shifter 1s thatbetween the 30 cps EREF 
signal. which has the same phase at all dl- 
rectlons from the range statton, and, the 30 
cps EVAR signal. which has a phase whxh IS 
a function of the magnetLc bearmg of the a~*- 
craft from the statIon The EVAR sIgna 1s 
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F,g 34 Selectmty Characterlstms of 
Navlgatmn Receivers 

m phase with the EREF signal at magnetic 
north of the statmn As the aircraft 1s flown 
clockwise around the statmn. the phase of the 
EVAR sIgna lags that of the EREF sxgnal by 
an amount equal to the magnetm bearmg of 
the amcraft from the statton 

As shownm Fxg 39. a quadrature ctr- 
cult arrangement 1s used to provtde the 90” 
phase difference requredfor the phase shifter 

unit If R =~ at 30 CpS) the phase Of Ei ~lll 

be advanced 45’ and the phase of Ei ~111 be 

retarded 45’from the phase of E The 
stators of the inductive type phase shifter 

F,g 35 Thirty-cps Low Pass Filter 
Characterlstlcs 

un, t ~111 have voltages El and EZ of equal 

amplitude. but havmg a phase dtfference of 

90” The magnitude of the r e s u 1 tan t rotor 
output 1s proportmna1 to 

)/E: smZ 0 + E; cos’ I3 = ER 

where 

B = rotor angle ,n degrees 

If El = E2, then ER 1s constant for any phase 

angle 

The phase angle of ER 1s 0 and 

For equal voltages. whenEl = EL, 0 = e 

The error Introduced by unequal voltages E 1 
and EZ ~111 be the dlfference of + and 0 m 
degrees The error caused by a five per 
centdecrease m EZ 1s shown ,n the followng 
tabulatmn 

, 



FLg 36 Lwnrter and Frequency Discrrnmator Cucutts 

Rotor Rotor 
PosItlon Phase 
(degrees) (degrees) 

Error 
(degrees) 

0 0 0 0 
45 46 4 t14 45 
90 90 0 90 

135 133 6 -14 135 
180 180 0 180 
225 226 4 +14 225 
270 270 0 270 
315 313 6 -14 315 

The error caused by L n c o r r e c t phasLng of 
El or E2 1s shown for a 1’1ncrease In the 
phase angle of E2 m the following tabulation 

Rotor 
Pas ItIon 
(degrees) 

Rotor 
Phase 

(di pees) 
Error 

(degrees) 

0 0 
45 5 to 5 
91 t10 

135 5 to 5 
180 0 
225 5 to 5 
271 t10 
315 5 to 5 

Errors also may be caused by var,atlon 
,npowersupplyfrequency at the transmitter 
The quadrature relatmnshtp of voltages Ei and 
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Ftg 38 Dlscrlmmator Characterlstlcs for 
Cmcults Shown m Ftg 36 

Fig 39 Schematic of lnductlve Phase 
Shifter 

Ei remams unchanged. but their amplitudes 
. 

~111 vary with a change m frequency 

At 30 CPS, R = Xc and Ei z E; = 0 707 E 

where 

At a frequency of 31 5 cps. the difference m 
amplitude betweenE\ and E> ~5 5 0 per cent, 
which wtll c aus e an e r r or of the amount 
shown In the followvlng tabulatwn 

Rotor Rotor 
Posltwri Phase 

(degrees) (degrees) 

Error 
(degrees) 

0 0 0 

45 46 4 +I 4 

90 90 0 \ 

135 133 6 -14 
180 180 0 

225 226 4 t14 

270 270 0 

315 313 6 -14 

In order that errors produced by the 
~nductlve type phase shifters be held to a 
negltgtble value. the untts are usually con- 
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F,g 40 Schemat,cs of Improved lnductlve 
Type Phase Shifters 

strutted of high permeablllty lammated core 
materral sun,lar toMu-Metal. with a skewed 
rotor wmdmg connected to a h,gh nnpedance 
load The number of turns on the two stators 
rr,ust be the same, and the two magnetx fields 
must be III exact quadrature 

F,g 40 shows two arrangements of an 
,mprovedmethod for usmg the mductlve type 
phase sh,fter unrt In th,s method a smgle 
tube 1s used to feed the phase shtfter, and an 
RC c,rcu,t 1s connected across each stator 
The use of a smgle tube insures greater re- 
llablllty The vector dmgrams show the oper- 
atton of th,s clrcult arrangement 

A resistance type phase shifter as shown 
schematzally,nF,g 41(A)alsohas beenused 
This phase shifter uttllzes a square shaped 
resistance elementwhxhprovldes a varut,on 
of phase equal to the angular pomter posltlon 
The amplitude of Eo varies w,th the angular 
pos,tmnofthe potentiometer arm. hawng four 
m,n~ma of 0 707 El, or 0 707 E2 at 90” ,n- 
terva1s The use of a circular shaped re- 

F,g 41 SchematIcs of Resistance Type 
Phase Shifters 

slstance element requxes that the resistance 
dutrlbutton be made to vary smusoldally 
through four cycles m order to obtam phase 
varv.tlon which ~~11 be duectly proportmnal 
to the angular posltmn of the pomter ,n de- 
grees The reststlve type phase ah,fter shown 
III Fig 41(B) provides aphase varlatLon pro- 
portmnal to the angular pos~tlon of the pamter 
This 1s accomplished by the use of two un,- 
formly wound square type resistance cards 

In general, the , n d u c t I v e type phase 
shtfter prowdes the sxnplest means of ob- 
tammg a c cur ate phase var,at,on. whwzh ,s 
directly proportmnal to the angular posltmn 
of the rotor and provtdes constant output for 
all phase angles The resLstance type phase 
shifter does not provide constant output, and 
1s dlfflcult to construct to provide accurate 
phase varlatlon proportional to the angular 
pornter pos,tron The results of extens,ve 
tests made on omn,bearmg selectors of both 
the mductlve and resistance types show that, 
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with good qualtty untts and properly adlusted 
clrcults. the measured error can be held to 
less than 1’ The error mhlghgrade lnducttve 
units, mcludmg the operatmg c~rcutt, has 
been found to be less than l/Z” 

Phase Compartson Methods 
The EVAR slgnalfromthe phase shifter 

unit. c a mm o n 1 y known as the omnlbeartng 
selector, 1s mtred with the EREF sIgna In a 
phase comparison c,rcult. m wh,ch a zero- 
center Instrument lndlcates the phase con- 
dltwn Fig 42 shows one type of phase com- 
par~son clrcult which has been used m nay,- 
gatlon receivers The cLrcult operates a dc 
mstrument. which LS a destrable feature. 
smce adequate dampmg 1s easily obtamed 
and operation Lnto au t a m a t I c pllot control 
systems 1s posstble From an Inspectton of 
the ctrcultdlagram, Fig 42(A), It 1s evident 
that current through rectlfler Cl causes pant C 
to be pas ltlve wtth respect to pomt D Current 
through r e c t 1 f I e r G2 causes poLnt C to be 
negatLve wtth respect to D Other polarxty 
condltlons may be deduced as follows 
1 If the currents through recttf,ers Gl and 
G2 are equal In magnitude, the net charge 
accumulatedby the 1,000 mf capacitor. 1 e , 
the sumofthe currents through the mdlcator, 
1s zero over each alternatmg current cycle 
2 If the current through r e c tl f 1 e r Cl 1s 
greater tnan that through G2. pomt C has a 
poslt~vepotent~alv.ithrespecttoD Indrcator 
current I, ~~11 flow from pomt C to D 
3 If the current through r e c t 1 f I e r G2 1s 
greater than that through G1, pomt D has a 
posttlve potentral with respect to C, and m- 
dxator current I, ~111 flow from pomt D to 
C, causmg the indicator pornter to deflect in 
a dIrectIon opposite to that In (2) 

Vector diagrams b to f. mcluslve. UI- 
dlcate phase relatlonshlps and mdwator cur- 
rents for various condltLons It has been 
shown that the resultant dwect current through 
the lndlcator varl6 In amplitude and dlrectlon, 
depending on the phase relatmnshlp of the 
apphed voltages Smce the Instrument In- 
dlcates av e rage currents, the pointer de- 
flectlon ~~11 be proportional to 

KI = J~E/E:.+E;+~E~E~w~~ )- 

vE/E:. + E; - 2 El E2 cos E 

where 

K 1s a constant 

It follows that the current I changes sign as 
0 passes through 90’ and 270’, respectively 
Thw action 1s desirable. smce It provides 
“sensing” to the uxstrument lndtcatwn, when 
used in the omnlrange system Sensmg IS 
deftned here as the relattve dIrectIon of 
motwn of a course devlatlon mdxator needle, 
resulting from departure of an aIrcraft ln a 
deftntte dlrectton from the des lred flight path 
The factthat there are twophase angles where 
the course devlatlon lnd~c ator current 1s 
zero, makes ltnecessarythatboth phase con- 
dltmns be resolved and mdlcated Two 
methods of domg thts are shown in Fig 43 
The methods used have a second phase cam- -1 
parIson clrcult operating at 90” phase dls- 
placement from the first phase comparison 
clrcult. together with an Instrument to pra- 
vlde the lndlcatton desxed The sensmg 
actton of this mdlcatlon 1s used in the omnr- 
range system to show whether the numerlcal t 
readmg of the omntbearmg selector for an 
on-course mdvzatlon of the course devlatlon 
Indicator, represents the bearing to or from 
the statlon This Instrument 1s commonly 
referred to as a TO-FROM mdxator In the 
clrcults shown, a small portLon of the EVAR 
and EREF voltages 1s rectlfred and fed to the 
course devlatlon end I c at o r, to operate the 
flag alarm movement. whtch 1s now included 
In the latest type mdlcators 

The results of tests made to determIne 
the output currentfrom the phase comparxon 
clrcult. when the phase of EVAR 1s varied 
through 360”, are shown in Ftg 44 For 
these tests, the rf Input to the receiver was 
modulated with a stmulated omnlrange signal 
Two types of test equipment were avaIlable 
for these tests, a spectal laboratory type, 
built at the TechnIcal Development and 
Evaluation Center, and a commerctal type 
supplied by the Colltns Radto Co 

Fltght and laboratory tests conducted to 
determme the dampmg required m the course 
devLatlon mdlcator clrcult to provide the best 
performance, showed that dampmg capacitors 
mthe order of 5.000 mf or greater are sates- 
factory for omnlrange courses, when eper- 
atmg from a source xnpedance of approxl- 
mately 1, 000 ohms It was found, however. 
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Fig 42 Phase Comparison Clrcult and Vector D~+grams 

that when flying localleer courses, the re- 
sultant lag In the rndlcated course was obJec- 
tlonable, and that a capacity of 1,25@ mf LS 
more desirable As a result of these tests, 
It was recommended that a nonpolarIzed, 
electrolytic capacitor of 1,250 mf be used on 
course devlatton lndlcators when the source 
Impedance 1s approxxnately 1,000 ohms 

Mmrmum Omnlrange Instrumentation 
An example of omnwange mstrumenta- 

tmnusmgthe Instruments desertbed thus far, 
LS Illustrated In Fig 45 In the example 
shown, the atrcraft LS south of the statlon 
and flymga course to the station and beyond 

The omnlbearmg selector 1s set for a course 
of 350’ When flymg this course to the sta- 
tlon, the sensmg 1s such that, when the needle 
of the course devlatmn mdlcator deflects from 
zero center, It 1s necessary to fly the atrcraft 
In the same dIrectIon m which the needle de- 
flects, In order to cause the needle to return 
to zero center, I e , If the alrcraft 1s flown 
to the left of the course, the needle ~111 de- 
flect to the right To return to the course 
and have the needle read zero, the alrcraft 
must be flown toward the right 

For the 350’ omntbearmg course to the 
statlon, the magnet,= compass m the alrcraft 
reads 350” also, neglectrng crab angle and 
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Fig 43 Phase Comparison Clrcults With 
Flag Alarm and TO-FROM 
lndxators 

mstrument errors As the alrcraft passes 
dtrectly over the statmn. the TO-FROM and 
course dev~atmnmd~cators w,ll show several 
rapId fluctuattons After passmg the statmn, 
and contmumgonthe same course, the course 
devlatmn mdxator ~111 show on-course and 
have the same sensmg as when approachmg 
the statmn. but the TO-FROM mdlcator ~111 
pomt to the word FROM mdLcatmg that the 
ma gn e t I c bearmg of the aIrcraft from the 
statKm 15 350’ The magnetx compass ~111 
conttnue to read 350”. s,nce no change of 
headmg has been made 

If, after contmumg on th,s course, the 
aIrcraftmakes aturn of 180”. to fly the same 
course back to the statmn. the course devla- 
tron mdxator and TO-FROM md,cator ~111 not 
change, except for small varmtmns due to 
bankmg, etc HoWeVer, the magnet,= com- 
pass xv111 now read 170” and the sensmg ~111 
be reversed Therefore, It 1s necessary to 
change the omntbearmg selector, to show a 
course of 170’ to the statmn This ~111 cause 
the TO-FROM mdlcator to pomt to the word 
TO, and show the COT r e ct sensmg of the , 
course devlatlon mdxator It should be 
pomtedout that, under the correct cond,t,ons 
of flymg omnlrange courses, the omnlbearmg 
selector should read approxwnately the same 
as the magnetic compass 

Fig 46 Illustrates how the ornnlrange 
may be used to provtde pos,t,on and ground 
speed mformatmn to the p&t The mter- 
sectlon of the two lmes correspondmg to the 
beartngs observed from any two statmns 
@“es the posltmn of the axcraft A second 
s1m11ar observatmnmade sometxne later ~~11 
provtde mformatmn that can be used to de- 
termme actual ground speed of the aucraft 

The clrcults and mstrumentatuxn de- 
scrtbedthus far cover the m,n,mum requ,re- 
ments for omn1range operatmn As shown I,, 
the block diagram, Fig 32. a switch 1s pro- 
vtded m the omnlrange cxcut. wh,ch also 
permits operatmn of the rece,ver on the phase 
cornparlson local1zer facllltLes 

Omntbearmg Indxators 
To provtde an automatic and contmuous 

mdxatmn of the magnetw bearmgto the omn~- 
range statmnrequres addltmnal cucults and 
ulstrumentat1on Four methods whxh have 
been used to accomplish th,s are shown ,n 
Fig 47 

The method shown m FLg 47(A) makes 



use of a cathode ray tube as the mdxator and 
operates on the prmclple of controllmg the 
IntensLty of the electron beam, which 1s 
makIng a circular trace on the screen A 
phase spllttmg clrcult 1s requxed to provide 
quadrature 30 cps voltages to the horwontal 
and vert,cal deflectmn plates for producmg 
the crrcular trace A trlggermg clrcu~t pro- 
duces sharply peaked pulses for the control 
of the electron beam The resultmg md~catmn 
1s a sharply defmed spot on the screen, the 
angular positvan of which 15 determmed by 
the phase relatmnshlp of the two voltages 

%EF and EVAR Thus type of lndlcator 
operates at a 30 cps rate, and. therefore, 
cannot be damped for the purpose of removmg 
raped varr+tmns caused by no,se, reflectmg 
oblects (either statmnary or movmg). pro- 
peller modulation, etc 

Themethodshown InFIg 47(B)uses adc 
selsyn mstrument as the md~cator The de- 
sign of the mstrument 1s srnllar to that of a 
magnetw c o m p as s, except that a magnetic 
shwld 1s prowded to prevent the earth’ s 
magnetic t,eld from actuatmg the c o mp as s 

needle, and two magnetic co,ls are arranged 
at right angles to each other to produce the 
magnetic f me Id which actuates the compass 
needle The clrcu~t operates on the prmclple 
that two phase comparlsan clrcults, havrng a 
90’ phase relatlonshlp with respect to each 
other, ~~11 produce two d,rect voltage com- 
ponents wh,ch are proportional to the s.me and 
coSme, respect,vely, of the phase angle be- 
tween the two 30 cps Input voltages The two 
direct voltages produce two magnet,= fields 
In the selsyn Instrument. and the resultant 
f,eld causes the compass needle to mdlcate 
the phase angle between the two 30 cps Input 
voltages Satisfactory dampmg can be ob- 
tamed by the use of c a p a c 1 to r s connected 
across eachileld ~011 The mstrument Ltself 
can be damped by a Hugh pole-strength/mass 
ratm of the cylmdrlcal permanent magnet, 
and by the damping effect of the copper 
hous mg 

A third method whxh has been used to 
provtde automatic mdlcatlon of phase angles 
1s shownmF,g 47(C) The Instrument shown 
has two stators at right angles to each other 





Fig 46 Omnlrange Utlllzatmn for Determmmg PosItIon and Ground Speed 

and a smgle rotor wmdlng The two stators 
are supplled by the EREF slgnal m a manner 
that provides 90’ phase difference m the two 
stator voltages This produces a 30 cps ro- 
tatmg field The rotor 1s supplled by the 
EVAR s lgnal ‘Ih~s IS, m effect, a phase meter 
s urn I 1 a r m prmclple to the type commonly 
used In electric power generatmg stattons 
The power r e qu 1 red to abtam satisfactory 
operatmn ~5 excessive. and no easy method 
of dampmg 1s known The most sermus de- 
fect of this type of mdlcator 1s that, eddy 
currents generated mthe rotor produce large 
errors when either supply voltage varies m 
amplitude 

Fig 47(D) shows a fourth method of pro- 
vldmg an auto mat I c phase mdtcator As 
shown m the dmgram. the EREF signal 1s 

split Into quadrature components and fed to 
the stators of a phase shifter unit The rotor 
output IS fed Into a servo ampllfler. where It 
1s combmed with the EVAR sIgna In a phase 
detector c,rcult The phase detector clrcult 
canslsts of two tubes which are connected to 
two saturable reactors which. In turn are 
connected to a balanced two-phase mductmn 
motor When an unbalance exists, the motor 
rotates, and, bymeans of agear arrangement, 
turns the rotor of the phase shifter unit to the 
pantwhere a balanced condltmnexlsts Vector 
diagram 1, Fig 47(D). shows the condltmn 
when the clrcuLt 1s balanced The voltages 
El and E2 combme with voltage E3 to pro- 

vlde equal voltages E4 and ES to the grtds of 
tubes Vl and V2 Under this condltmn, the 
two saturable reactors have equal currents 
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Fig 48 Error Curves of Omnlbearmg 
Indicators 

flowng through them, and. as a result, the 
InductIon motor ~~11 not rotate, smce Its 
supply c 1 r c u I t 15 in a balanced condltmn 
Vector diagram 2 shows the condttmn when 
the clrcutt 1s unbalanced Voltages E4 and 
E5 are of different amplitude and. as a re- 
sult, the currents through the saturable re- 
actors are of d lffe rent amplttudes This 
creates an unbalance m the motor clrcult, 
causmg It to rotate and turn the rotor of the 
phase shifter to a posltmn where a balanced 
condltmn agam exists 

Ftg 48shows the results of tests made 
to determme the error of two different types 
of omntbearmg mdxators when us ~ng lab- 
oratory test equipment Curve A shows the 
error of a dc selsyn mstrument when oper- 
atmg m the ctrcult shown In Fig 47(B), and 
curve B shows the error of an mductlve m- 
strumentwhen operatmg m the ctrcult shown 
m Ftg 47(D) 

Radm Magnetic Indicator 
The navlgatmn mdlcators described thus 

far provide omnlrange b e a r I* g and course 
mformatmn Independent of the aircraft head- 
mg An Instrument has been developed that IS 
known as the radm magnet,= mdlcator (RMI) 
wh,ch, when used m combmatmn wtth the 
omnlrange andflux gate or gyrosyn systems, 
~111 automatIcally show both the headmg of 
the aIrcraft and the magnetrc bearmg of the 
alrcraft to the statmn The mstrument ~5, 
In effect, an omnlbearmg mdlcator. as pre- 
v~ously described. together with a servo unit 
operatmg from the flux gate or gyrosyn sys- 
tem The c omp 1 et e omnlbearmg mdtcator 
rotates to a posItIon determmed by the headmg 
of the alrcraft The pomter of the mstrument 
~111 pomt to the statlon. and thus mdxatmn 
IS an a 1 o go u s to that of the 360’ mdlcators 
used with low frequency automatic radio 

H -T---f 

compasses FLg 49 shows the clrcults of 
this mstrument Fig 50 Illustrates the use 
of omnlrange mstrumentatmn, whtch 1s swnl- 
lar to that shown In Fig 45, except that the 
radm magnetic mdlcator 1s Included 



Fig 50 Omnmange Instrumentatton Combmed W rth Magnetw Informatmn 



FIN 51 Calculated Fxeld Pattern m Horizontal Plane, Balun Arrangement and Component 
parts 

AIrcraft Antenna 
Smce the sIgna radlatedfrom the omnl- 

range statmn LS horIzontally polarized. rt IS 
necessary that the aircraft antenna be de- 
slgned to receive horIzontally polarwed s,g- 
nals One type of antenna which has been 
used extens ~vely for receptmn m the frequency 
band of 108 to 122 MC 1s the V type antenna 
the parts of wh,ch are Illustrated III Fig 51 
The d lag r am In this lllustratlon shows the 
method used to convert from a balanced an- 
tenna to a coaxial transrmssmn cable The 
Impedance matchmg between the antenna. 
whlchhas been determmed to have a radlatmn 
res Istance of approxnnately 33 ohms, and the 
standard 52 ohm RG B/U cable. IS accom- 

phshed by us Ing a one-quarter wavelength 
balun sectmn havmg 42 ohms Impedance Also 
shown m this figure IS a calculated fwld pat- 
tern for an antenna havmg one-quarter wave- 
length elements and an apex angle of 80- 

The alrcraft antenna 1s usually mstalled 
etther ontopofthe fuselage behmd the pIlot’ s 
compartment or on the tall structure as shown 
m Figs 52 and 53 For thrs reason, It 1s 
necessary to make antenna measurements 
over a ground plane and also LII free space 
Standmg wave ratlo measurements of the V 
type antenna between 108 and 122 MC for free 
space condLtlons showed a mmlmum of 1 3 
and amaxlmumof 3 0 Slm&r measurements 
made over a ground plane showed a standmg 



Fig 52 Antenna Mounted on Fuselage 

wave ratIommrmumof 1 4 and a maxnnum of 
3 0 A slotted transmtssmn lme was used to 
make these measurements Fig 54 shows the 
compartson of gam measurements with re- 
spect to a standard dipole antenna 

Receivers and Thexr Characterlstlcs 
Inthe early stage of development of the 

omnlrange system, severalexperlmentalalr- 
borne recelvmg equipments were developed 
and tested One expertmental model developed 
m1945usedalocalwxr receiver. Air Forces 
Type BC-733-Dwhxhwas modlfwd for omnl- 
range operatmn by attachmg an omnlrange 
converter unit and changing the frequency 
range from 108-112 Mc to 113-117 Mc The 
r e c e Eve r was of the superheterodyne type 
and had SLX crystal-controlled channels 
Many dLffxult problems were encountered m 
the development of the amnlrange converter 
unit and navlgatmn c on t r o 1 s, however, the 
performance obtamed In laboratory and flight 
tests was very good Either of two types of 
omnlbearmg s e 1 e c t o r s could be used, one 
was an mductlve type, and the other was a 

resistive type The automattc omnlbearmg 
mdlcator was a dc selsyn Instrument The 
modlfLed z-ecelver welghed 30 lb and oper- 
atedfrom either a 14 or 28 v dc supply Be- 
cause of the bandwtdth 1 I m I t at 1 on of these 
experlmentalrecelvers. theywere eventually 
replaced by commercial navlgatmn receivers 
which became avaIlable m 1946 

The f L r s t commercial omnlrange re- 
cetvmg equLpment was developed m 1946 by 
the Aircraft Radm Corporatmn The recetver 
1s an a-tube superheterodyne haven g con- 
tmuously variable tunmg over the frequency 
range of 108 to 135 MC Bearmg mdlcatmn 
IS provrded by means of suItable nawgatlonal 
mdlcatmg mstruments Plate voltage 15 ob- 
tamed from a dynamotor power supply The 
equtpment, exclusive of cables and the lrke, 
weighs approxmately 30 lb , and units are 
produced for operatmn on either a 14 or 28 
v dc supply This equtpment 1s deslgned to 
receive omnlrange. phase comparison, and 
tone local~zer signals. as well as commune- 
catrons 

Fig 55 shows the Type 51R-1 awlme 
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F,g 53 Antenna Mounted on Vertical Stab,lwer 

Fq 54 Cam Characterlstlcs of Dipole 
and V Antennas 

type equipment recently developed by the 
Collms Radio Co The receiver 1s a double 
superheterodyne whxhmaybe tuned from 108 

to 135 MC ,n 100 kc steps by a remotely con- 
trolledmechanlsmcalled an”autoposit,oner ” 
Bearmg mformat,on 1s prowded by a complete 
s et of mstruments mcludmg. a course de- 
vmtmn mdwator wrth flag alarm, an omn,- 
bearmg mdxator, a radio magnetic mdlcator, 
andanomnlbearlngselectorwlth a TO-FROM 
meter Plate voltages are obtamed from a 
dynamotor power supply ava,lable for erther 
14 or 28 v dc operatton In addltmn. the full 
Instrumentation r e qu I r e 5 a 5ource of 28 v 
400 cps The total we lght of the complete 
untt 1s approxunately 48 lb , and reception of 
etther tone or phase compar~on local,zer and 
omnlrange facll,t,es. in addltlon to commune- 
catmns, 1s provided 

Late ,n 1947, aprogramwas undertaken 
by the CAA to create commercial mterest m 
the development of a low cost, l,ght weqht 
navtgatlon rece,ver for private flyer use A 



F,E 55 Collms Type 51R-1 Nav,gcst,on Rece,ver 
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Fig 56 NARCO Model VRA-1 Navtgatwn Receiver 

speclftcatmn was prepared w h L c h provides 
for the mwnmwn of performance constdered 
essenttal for Ltmerant flymg To Insure that 
the objective of the program be achieved. btds 
were obtamed on the basts of developmg and 
dehvermg ten complete receivers and fur- 
ntshmg quotations for addItIona quantlttes 
As a result, a contract was entered Into with 
the Nattonal AeronautIcal Corp , the low 
btdder Fig 56 shows the ModelVRA-1 equp- 
ment whtc h was supplled on this contract 
The r e c e Eve r 1s a ‘I-tube superheterodyne 
having contmuously variable tunmg over the 
frequency range of 108 to 122 MC Bearmg 
mformatton LS provided by a tapped-potentl- 
ometer type bearmg selector, a TO-FROM 
mdlcator. and a smgle needle type course- 
devlatton mdlcator Plate voltage may be 
obtamedby either a 12 or 14 Y vtbrator, or a 
24vdynamotorpower supply The totalweIght 
of the unit, exclusive of cables, us 15 lb and 
the equtpment provides for the reception of 
omntrange, phase comparison local~zer, and 
commun~catton signals ProvIsIon 1s made 
for addmg a VHF transmitter und to thus 
equpment 

OMNIRANGE OPERATIONAL 
CHARACTERISTICS 

SItlng of Ground Stattons 
‘Ihe VHF omnlrange requues reasonably 

good sites, and It 1s Important that sultable 
sites be selected Surfaces formedby objects 
such as trees, bulldmgs. w,res, htlls. etc , 
re-radiate or attenuate energy from the an- 
tenna system, causm 

18 
course devlatlon m- 

dlcator fluctuations Course errors result 
,f the fluctuations are very slow A large 
number of InstallatLons offermg a variety of 
sitmg condttlons have been studled to deter- 
mme 5 Ltlng requirements for satisfactory 
operation of the omnlrange 

To brwfly summarue sltmg requxe- 
merits. Ithas been found that the sate must be 
located on flat terram or on top of a knoll 
havmg un of o r m contours for a distance of 
1.500 feet and cleared of all obstacles, such 
as large bulldmgs. woods. power ln-ues, etc , 
capable of serious re-radlatlon. toad~stance 
of 1,000 feet In addttlon, all obstacles with- 
m 2, 000 feet should subtend an angle m the 
vertlcalplane of less than 2 0’. and the power 
1,ne to the statIon should be mstalled under- 
ground for a distance of 750 feet 

16J M Lee, R G Pander, and B M 
Lahr, “An InvestLgatlon to DetermIne the 
Characterlstlcs of Horuontal and Vertical 
Polarlzatlon for Very High-Frequency Two- 
Course V~sualRad~oRanges,” CAA Technical 
Development Report No 58, July 1947 



51 

Fig 57 Tree LocatIons and Heights of the 
Third Region VOR Site 

E x a mp 1 es of condltmns found at two 
sites on level terram are shown m Figs 57 
and 58 Inthe mstallatlon Illustrated III Fig 
57, fllghttests revealed anaverage scalloping 
of +2” at a radius of 25 mrles, while at the 
sate shown m Fig 58, scallopmg was llmxted 
to il” 

An mstallatlon m a mountamous locatIon 
mdxated that satisfactory results could be 
obtamed If the range IS mstalled on a flat, 
level-topped hill, at least the height of sur- 
roundmg terrain In mountainous terra,* lt 
has been found desuable to locate omnlrange 
statlow on high ground which 15 as level as 

possible m the vlctnlty of the statton In all 
cases It has been found that a counterpolse 
15 feet m height or less provtdes superror 
courses to a 30-foot type 

DLstance Range and Course Devlatlon 
lndwator Fluctuations 

FlIghttests have confIrmed the fact that 
VHF navlgatlonal facllltles are lImIted to a 
usable dwtance range approxlmatmg line-of- 
sight Certam rare cases have been reported 
where the distance range was found to be much 
greater than lme-of-sight for a short ttme 
However, thts phenomenon has not been ex- 
perLenced at the Technical Development and 
Evaluatton Center 

FLg 59 shows reproductions of fhght 
recordings of the course devlatlon mdlcator 
deflectlons, when f lyln g a straight ground 
track from an omnlrange statmn, and when 
flymg over the StatIon at 10, OOO-foot altitude 
Thevarutlon In course-width LS mdlcated by 
the deflectlons on the recordmg, for adJust- 
ments of the omnlbearmg selector, of +lO’ 
It ~111 be observed that the course devlatton 
mduzator fluctuations are very small m am- 
plltude on thx recordmg Course fluctuations 
are caused mamly by poor site condttlons at 
the range stations and. therefore, some 
stations ~111 show more course fluctuatLons 
than others Although a 2O’course-width 
was used for these tests, flight experience 
has shown that a 30’ course-wtdth LS more 
satisfactory from the pilot’ s vlewpomt The 
site condltlons at this range statIon are con- 
sIdered good The course fluctuations shown 
onthe recordmg made at 10,000 feet mdrcate 
a cone area dtrectly over the station where 
the bearmg mformatlon 1s not accurate How- 
ever, these “lolent fluctuattons are such that 
they provide a p o s it IV e posltlon mdlcatlon 
over the statton 

Course StabllLty 
The prototype VHF omnlrange whlchhas 

been operatmg for more than three years, has 
been monktored contmuously Faults have 
occurred at the station, due usually to a tube 
failure, causmg. for example. low power out- 
put with very htgh 9 96 kc modulation, at 
which tune a course me as u r em e n t by the 
monltorwas not posstble because of low s,g- 
nallevels However, durmgnormaloperatmn 
the course monitor has mdlcated a maxmum 
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Ftg 58 Tree and Butldlng Locations and Heights of the Experrmental VOR Sate 

of l’devlatton from the correct readrng 
Fig 60 shows a set of monttor readmgs whxh 
were taken over a pe r LO d of 30 days The 
monitor antenna 1s located on a line, magnetLc 
narthof the statron, where the two frgure-of- 
eight patterns are of equal magnitude. so that 
any change Ln relat,ve stzes of the patterns 
w~llbeobserved Courses mother dxectlons 
have beenchecked etther by a theodollte flight 

caltbratlon of the faclllty or by turnmg the 
antenna array through 360’ Stablllty com- 
parable to that mdlcated at the monitor was 
found 

Dur in g the development of the omnl- 
range, the capacity gonlometer was fed with 
unmodulated carrier from the ampllfler 
drtwng the fmal rf stage of the transmitter 
Thx arrangement proved ansatIsfactory. be- 



, 
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Fig 60 Course Shaft as Indicated by the VOR Monitor Versus Time 

cause detunmg of the power amplLf,er changed 
the phase between the energy fed to the gonl- 
ometer and the center antenna, resultmg m a 
change XL courses and m the modulation per- 
centage of the variable phase signal Figs 
61 and 62 show typical examples of the changes 
in 30 cps modulatmn percentage and course 
error caused by detunmg The modulation 
ellmmator was mcorporated m the equtpment 
for the exp r e s s purpose of ellmmatmg the 
mstablllty caused by detunmg effects 

StatIon Accuracy 
Followmg the completmn of the proto- 

type 0mnIrange. a 5erles of tests was con- 
ducted to de t e r m one the accuracy of the 
be a r in g mformatlon transmttted from the 
statlo* In these tests the antenna array was 
r o t a t e d through 360’. and the phase of the 
variable phase srgnal (obtaIned from a field 
detector) was c o mp a r e d on a cathode ray 
oscilloscope with a known amount of phase shaft 
Introduced by an accurately calibrated phase 
measuringdev~e The caltbratlonwhlch was 
obtamed m this manner 1s shown In Fig 63 

ELghteen months later, the accuracy of 
the statLo* was agam checked using stmllar 
techntques, except for the substltutlon of a 
phase standard for the earller phase meas- 
urmg devxe The results of these tests are 
shown m Fig 14 To simpltfy these call- 
bratlon tests the subcarrIer was not trans- 
mrtted s ,I, c e It had prev,ously been deter- 
mmed that no error was mtroduced by the 

presence of the reference phase sIgna The 
errors ofFIgs 63 and 14 may be caused by a 
departure from quadrature relatronshlp In 
the two outputs of the capacity gonlomrter, 
unequal amplitude of the figure-of-eight pat- 
terns, mcorrect locatIon of the null5 of the 
fLgure-of-eight patterns and the like Re- 
flectmg upon the theoretIca treatment m an 
earlier part of this report, Fig 7 lllusrrated 
the error curve that was p r e d I c t e d for an 
omn~range mstallatmn, but those 5 hewn in 
Figs 63 and 14donot adhere tothe theoretIca 
pattern The reasons for the difference are 
not fully understood at this time, but It 1s not 
surpr~suxg that a dtfference exists, smce the 
octantal error curve shown In Fig 7 1s 
based on pomt source radiators, each pro- 
ducmg a circular field pattern of constant 
phase The radiators used m practice are 
farfrompomt source radiators, thelrpatterns 
are not exactly circular, and the rf phase may 
vary wvlth azimuth 

Flight Callbratmn 
The flight callbratlon of an omnlrange 

system 1s descrtbed u, a previously publIshed 
report, 17 and only a brtef descrlptlon of the 
method used ~111 be given here F,g 64 shows 
the method used to calibrate an omnlrange 

l7T S Wonnell,” Flight Caltbratlon of 
VHF Omntrange System” TechnlcalDevelop- 
ment Report No 69, July 1947 



Fig 61 Varw.ble Phase SIgnal Modulation 
Percentage and Carrier Strength 
Versus PA Grid Tunmg 

statton and consists of recordmg the voltage 
applied to the course devlatlon mdlcator as 
the aIrcraft circles the statwn at a radius 
of 6 to 15 miles The omnlbearmg selector 
1s advanced m 10’ steps to keep the course 
devlatlon lndlcator on scale and to provtde a 
r e c o r d In g whereby the LndLcated magnet,= 
bearmg from the range statIon may be ob- 
tamed The mdxated bearmg 1s compared 
with the magnetic bearmg, as measured by a 
theodollte operated on the ground at the range 
statlo* 

The mterpretatlon of the recordmg ob- 
tamed by this method LS explamed with ref- 
erence to the sample recordmg reproduced tn 
Fig 64(C) The exact magnet,= bearmg, as 
observed bythe theodollte operator, 1s shown 
by the leadmg edge of the marker pen de- 

Ftg 62 Course Error Versus PA Grid 
Tunmg 

flectlon at the top of the recordmg The omnl- 
bearmg selector settmgs are s hewn at the 
lower part of the recordmg 

Startmg our mterpretatlon of the sample 
recordmg from the left, rt 1s seen that with 
an omnlbearmg selector settmg of 19O’at 
Pomt B, wh,ch 1s center scale the mdlcated 
bearmg of the awcraft 1s 190’ Pomt B 1s 
extended to Pomt C which, with respect to the 
markmgs made by the theodollte operator. IS 
m error by fl 8’ The distance between AD 
1s equal to 5” and by simple proportion the 
error of Pomt C 1s obtamed 

Fig 65 1s a reproduction of a typlcal 
omnlrange callbratlon recordmg, and Fig 64(D) 
IS the measured over-all error curve of the 
receiver and transmxttmgstatlon The error 
curve shows that the statIon must be corrected 
by 3’ toplace It at the average error posltwn 
and the resulting over-all error ~111 be 
il l/2- 



Polar~zatuJ” Errors 
Tests have demonstrated that. whole the 

omn~range antenna array radiates honzontally 
polarued e “e I g y, currents Induced on the 
surface of the pedestals supporting the side- 
band loops, r&late energy that 15 vertwally 
polarued Th,s vertically polaru.ed energy 
~~111 produce omntbearmg mdlcatmns which 
are at quadrature with true bearmg Info=- 
matlo”. and errors caused by such rad~atm” 
are termed polaruatm” errors 

If a” aircraft equpped with a nawgatm” 
rece,verflles over a fxed ground check po,“t 
at a “umber of different headings, the ,“dl- 
cated omntbearlng may be found to vary w,th 
headmg The a,rcraft has o”ly one correct 
om~tbearmgwhen over the ground checkpomt, 
and It 15 mdependent of headmg consequently. 
the change I” the ommbearmg with headmg 
1s one form of polarlzatmn error and IS re- 
ferred to as push-pull error The termcomes 

from early “avv&m”al atds work where the 
COUTSP was observed to be pushed ahead of 
the axcraft, or pulled tow a r d the aircraft 
when flying across course The aircraft re- 
cetves prunar~ly the stgnal from the horl- 
zontally p o 1 a r I e e d wave however, as the 
heading 1s changed. the ratm of vertically to 
honzontallypola~~edp,ckupva~es, producing 
d~fferentomntbearmg md~catmns when over a 
ground check point Polarlzatlo” e*rors ,” 
gene I- a 1 vary w,th the type of aircraft and 
with the locatlo” of the recelvlng antenna on 
the a,rcraft Table II shows how the push-pull 
errormayvarywth heading Many attempts 
have bee” made to r e d UC e the polarlzatm” 
error Themost successful of these was the 
placement of Uskon cloth around the pedestals, 
a5 a group. and Insulated from the pedestals 
by wooden strops This cloth, has a” rf re- 
slstance of about 377 ohms per square, and 
extends fromthe top flange located 39 l/4 1” 

TABLE 11 

(Aircraft Located at 0” Azunuth) 

Bearmg Selector Readmgs for the Following Headings 

Maxnnum 
Over-all 

Headmgs (degrees) 0 90 135 180 225 270 315 Err07 

Pedestals exposed -15 0 -3 0 -2 5 +1 0 -3 0 -6 0 70 

Uskon cloth around 
pedestals -1 0 0 -1 5 -1 6 -0 5 -1 0 -1 0 1 6 

Push-pull polarwatmn error tests L” a DC-3 a,rcraft vath a rece,vl”g antenna located lust 
behmd the astrodome 
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Fcg 64 Method Used to Caltbrate Omn~rangc Statmn 



Fig 65 Typ,cal Omn~range Caltbrat,on RL < ordmg 
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above the counterpoise to a level 3 l/4 m 
above the counterpoIse Table 11 1Lsts the I”- 
dLcatedbearmgs observedwhen the vertically 
polar,zed f,eld was r e d u c e d by a factor of 
approxrnatelyfour by the use of Uskon cloth 

Anotherform of polar,zat,on error oc- 
curs when an alrcraft 1s m a bank or turn 
Under these condltmns, the mdlcated omn~- 
bearmgmay change even though Its d,rectlon 
from the statIon 15 unchanged ThLs type of 
polartzatlon error ls generally referred to as 
attttude error FlLght tests made before and 
after the Uskon cloth was mstalled showed 
that the mstallatlon of the c 1 o t h decreased 
the attitude errors Table III lists the maxi- 
mum errors observed ,n 360” turns, at a 30’ 
bank, durmga flight test ,n a DC-3 a,rplane 
The tests were conducted at vartous distances 
from the s tatlon “smg ARC-15 recelvmg 
equipment and the tall V antenna Table IV 
s bows a comparison of the attitude errors 
noted when “smg the tall V antenna and the 
forward V antenna These tests also were 
conducted ,n a DC-3 a,rplane “smg ARC-15 
recetvmg equipment The Uskon cloth was m 
place durrng both tests 

TABLE III 

Max,mum Error 
DLstance W,th Cloth WIthout Cloth 

From Statmn Installed 
(rmles) (degrees) 

Installed 
(degrees) 

13 75 *15 f 2 25 
23 * 1 75 *3 4 
38 *2 1 +3 1 

Attitude error at various dtstances with and 
w,tho”t cloth u-,stalled 

Propeller Modulatton 
In the early stage of development of the 

omnrrange system, It was observed that atr- 
craft propellers caused modulat,on of the re- 
celved s,gnals The mod”lat,on produced by 
the propellers c a”5 e d the course devtatlon 
1 n d 1 c a to r to oscillate at an amplttude and 
rate dependmg on the amplitude and rate of 
the propeller modulation Flxght tests were 
conducted on omnlrange systems “smg 30. 
40, and 60 cps for the varLable and reference 
phase stgnals It was determmed that a fre- 
quencyof 30 cps would be the most destrable 

TABLE IV 

Dtstance 
Max,mum Error 

Tall V Forward V 
From StatIon 

(m&s) 
Antenna 

(degrees) 
Antenna 

(degrees) 

13 75 l 1 75 l 2 0 
23 A 1 86 il 8 
38 * 1 75 il 25 

Comparison of attttude e r r o r s when “s,ng 
tall V antenna and forward V antenna 

s,nce the crulsmg propeller rpm of all known 
alrcraft produces apropeller modulation fre- 
quency higher than 30 cps S1multa”e”“s 
fllghtrecordmgs of omnlrange courses “smg 
a 30 cps range system and a 60 cps range 
system are shown in Fig 66 The engme 
speed was ad J us t e d to provide a propeller 
modulation of approxm,ately 60 cps It Will 
be observed that the 30 cps range IS free of 
varlatlons c a” s e d by propeller modulatmn 
when usmgthe tall V antenna. and shows only 
a small varlatlon when “smg the forward V 
antenna whtch 1s located near the propellers 
Recent wnprovements m navlgatlon receiver 
desxgn provtde further improvement m free- 
dom from propeller modulatmn effects 

Interference Between Statmns 
FlIghttests have been conducted to de- 

termme the Interference charactertstws ex- 
lstmg between omnlrange statlone operating 
on the same carrwr frequency and on adjacent 
frequency channels of 100 kc separatmn 
ARC-15 navlgatlon receivers were used for 
all tests 

Todetermmethe mterference area be- 
tureentwo omntrange statIons operatmg on the 
same frequency, the stattons at Allentown, Pa, 
and Raleigh. N C , separated by 383 m&s. 
were both tuned to 117 5 Mc The area be- 
tween the two statlone was flown at >arlo”s 
altttudes from 12, 000 to 20, 000 feet and f,xes 
were obtamed by means of the MEW radar 
mstallatmn located at the Wabhmgtan NatIonal 
AIrport The mformatwn obtamed m the 
fltghttests ~5 shown mF,g 67 The mm~n>lun 
mterference altitude appear, to be approxl- 
mately 14, 500 feet smce below this level the 
Im=ltmgfactor ~5 madequate s,gnal stlength 
Above 14. 500feet, the mterference alea con- 



TAIL “V” ANTENNA , FORWARD “V” ANTENNA 
HEADIN< j IN DEGREES 

\ , \ \ \ \ 

360” TURN RADIAL COURSE 170” ~ DIRECTION OF FLIGHT - 

HEADING IN DEGREES 

360’ TURN 360 TURN 1 RADIAL COURSE -DIRECTION OF FLIGHT - 

NC-,B2(DC-3/C-471 2130 RPM BOTH ENGINES RECEIVER ANTENNAS TAIL “V” COAXIAL TYPE 

FLlGHT ALTITUDE 3000 FT - ABSOLUTE 30 Q OMNIRECEIVER NO 7 
FORWARD “V” DELTA TYPE 

DISTANCE FROM RANGES - 5 TO IO MILES LIMITER IN IOKC REFERENCE CHANNEL 
60= OMNITRANSMITTER 125 MC 

WElN BRIDGE IN VARIABLE CHANNEL 
30% OMNITAANSMITTER 114 3 MF 

60 ‘b WNlRECElVER NO 6 

Fig 66 Comparison of Course “ev,atLon IndLrato, Fluctuat,oni for 30- and 60-cps Omn>,ang< 4 
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s,sts of a combmatmn of severe audw hetero- 
dyn,“g and var,at,ons of the course devlatton 
lndxcator Summarizing. when two omnLra”ge 
stat,““5 are operated O” the same frequency. 
the useful distance range at high altitudes 1s 
approximately 40 per cent of the spacing be- 
tween the statIons 

The ,“vestlgat,a”of adJacentfrequency- 
channel mterference was made using ~mnl- 
range statmns located at Raletgh, N C , and 
Spartanburg, S C The Raletgh statlo” was 
operatedma frequency of 117 4 MC. and the 
Spartanburg statmn on a frequency of 117 5 
MC The geographxal separatm” was 192 
miles The ,“formatlo” o b t a, n e d I” these 
fl,ght tests, Fig 68, ,“d,cates that from ap- 
proxrnately 60 per cent at b,DOO feet to 75 
per cent at 13, 000 feet of the total distance 1s 
usable without Interference I” th,s test lt 1s 
Important to note that the results obtamed are 
dependent to a great extent on the selectlwty 
character,st,cs of the rece~v,“g equipment 
The “se of a” a,rl,“e type recetver such as 
the Collins 51R wauld have provided vastly 
different results 1” theusable distance range 

AddItIonal ,“formatlon concerning the 
co-channel Interference problemwas obtamed 
by laboratory tests and 1s show” L” Fig 69 
For these tests. stmulated omnlrange signals 
from two sIgna generators were fed to a” 
atrl,“e type receiver and the ratlo of the rf 
stgnal levels was varted The phase of the 
var,able phase s,g”als were adJusted to cause 
the greatest ,“terfere”ce O” the Lndlcators 

Power Frequency Var,atLon 
Insome remote sectuxis of the country 

where ,t may not be possrble to obtam a stan- 
dard commercial source of 60 cps power, It 
may be necessary to operate the statlo” from 
local power, or perhaps, to utlllze the emer- 
gency supply wh,ch 1s standard equipment at 
all CAA rad,o range statIons 1” SOme cases 
these sources ofpower do not malntaln a CD”- 
stant frequency of 60 cps, and devratlons as 
much as *2 cps maybe experienced At those 
statmns whe r e the power skpply frequency 
varlat,o” exceeds *O b cps, a stablllzed 60 cps 
tuning fork type generator and ampllfLer ~~11 
be Installed to supplypower to the gonlameter 
and subcarrler equipment 

I” order to determine the errors caused 
bypomersupplyfreque”cyvar,atlon, anumber 
of tests were conducted 1” which the gonlometer 
and the subcarrIer generator were operated 

from a “artable frequsncy power source The 
var,a+,ons ,n on--course ,“d,cat,o” were ob- 
served O” two types of “a”,gatto” rece,vers 
located approx,mately one-half m,le from the 
statmn as the frequency of the power source 
to the gonmmeter and subcarrIer generator 
was var,ed from 57 to 63 cps F,g 70 pre- 
sents the maximum errors obtamed with two 
types of rece,vl”gequ,pme”tunder these CO”- 
dlt,o”s Further tests were made by rotat,“g 
the antenna array through a” angle of 360’. 
r, 20’ steps for three values of pawer fre- 
quency The results of these tests are show” 
in Fq 71 The large errors show” ,“F,g 70 
for rece,ver No 1 are due to the fact that no 
prov,su,“was made mthe des,gn of the 30 cps 
ctrcults of the receiver to m~“,m,ze errors 
resulting from changes of frequency 1” the 
power supply atthe range stat,“” The errors 
observed using receiver No 2 are appreciably 
smaller as a result of unproved design of the 
30 cps c,rcu,ts 

CONCLUSIONS 

As a result of several years of study 
and development, 1” addlt,on to four years of 
operatlonof omnlrange fac,l,t,es, the followng 
general conclusmns have been reached 

1 The theoretIcalaspects of the phase com- 
parE.on system for omnlrange operatmn are 
sound 
2 Horizontal rather than vert,cal polar,za- 
tmn provides steadter course ,“dxatu,“s 
3 A transmitter power rating of 200 w 1s 
adequate for lme-of-sight operatro” to a d,s- 
tance of approx1mate1y 200 miles at a” a1t,- 
tude of 20, 000 feet, 100 mtles at 5. 000 feet, 
63 miles at 2,000 feet, and 45 mdes at 1,000 
feet 
4 An accuracy of approxtmately *l 5” may 
be realzed on radial courses where the sites 
are free of ser,ous reflecting obJects The 
accuracyf~gure 1s for the complete am”,ra”ge 
system, receivers, plus ground equpment 
5 SLtes located on flat terraI” w,th all ob- 
stacles suchas large buldlngs, woods, power 
11nes, etc , cleared to 1,000 feet, and all ob- 
stacles wIthIn 2,OOOfeet subtendIng a vertical 
angle of less than 2” have prove” to be satrs- 
factory Nearby hills, h,gher than the site, 
reduce the distance range O” rad,als passing 
over the hills 
6 Generatw” of stdebands by me ans of a 
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Fig 69 Course Error Versus ratio of 
Des,red to Undestred Signal 
Strength 

rotatmg capac,ty gonrometer was found more 
stable and relrable than methods using elec- 
tro”,c sideband generators 
7 For unattended operatm”, a monitor must 
be ,“cluded as part of the ground equpment 
Th,s provtdes the ma,“te”a”ce personnel wtth 
continuous knowledge as to the status of the 
facLl,ty, and a useful tool for co r r e c t 1” e 
maintenance The monrtar ~111 show up a 
fault a5 soon as ,t occurs, and w,ll further 
1”s UT e that the p,lot receives only correct 
Informat~o” 
8 E I the r automattc or manually operated 
lndxatmgdevxes may be used to pravtde the 
p,lotw,th”av,gat,o”al ,“format,on The latter 
type, however, define the range course more 
accurately 

9 Modulatmnfactors of 30 per cent each are 
satisfactory for the reference and varrable 
phase signals and the remanning 40 per cent 
1s adequate for voice modulation and 1,020 
cps tone tde”t,f,catlo” 
10 Propeller modulatmn of recetved signals 
rnterferes w,th the omn~range courses under 
certam critical candlt 10”s of heading and 
propeller speed A reductmn I” frequency 
from60 to 30 cps. for the reference and vary- 

able phase s,g”als, has mln,mtzed th,s Inter- 
ference 

As a r e s ult of this development and 
operat,o”al exper,e”ce, the VHF omn,range 
has bee” adopted as one of the bas,c elements 
of the CommonC~v~l-M,l,tary System, Tran- 
stt,onProgram, as recommended by the RadLo 
Technxcal Comm~ssu,“for AeronautLcs, 
Specral CommLttee 31 



x---x---x 63 

TRANSMITTER ANTENWI ROTATION IN DEGREES 

Ftg 71 Caltbrat~on Error Curve Versus Power Frequency 


