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THE CAA LOW FREQUENCY OMNlRANGE 

SUMMARY 

A low frequency ommrange sutable for 
long-distance a 1 r navlgatlon has been con- 
structedand tested at Avon. Indmna, approxl- 
mately seven m&s northwest oi the Experl- 
mental Statmn. In prmclple this range oper- 
ates the same as the VHF omnlrange now 
bemg mstalled on the Federal Amuays 

As mthe VHF system, the low frequency 
ommrangeproduces I., the alrcraft rece~vmg 
system two 30-cps signals, one of which 15 
constant and the o the r varmble ln relabve 
phase for various az,muthal angles around 
the s tatlon The receiver mcorporates a 
conventlonalsuperheterodyne clrcmtfollowed 
by suitable audio ampl,fxatmn, a phase- 
s p 11 t t 1 n g clrcut to drive the ommbearmg 
selector, and a phase dlscru-mnator cxrcut 
to operate the course-devmtlon mdlcator 

The ground statmn 15 a standard 400- 
watt AN (Adcock) rad,o range, except for the 
addztmn of a rotatmg, lnductlve gonmmeter 
The statlonoperatesona frequency of 194 kc 

A course-width of lo”, twxe a5 sharp 
as that of the VHF ommrange 1s used, and 
flight tests mdlcate good performance free of 
attitude or other s~mllar effects wlthm the 
s e r Y I c e area Although guidance has been 
observedasfaras 600 m~les,thefmal service 
area IS dependent upon output power, atmos- 
pherx Interference, and ab,l,ty to use the 
mght-tme sky wave, all of which are to be 
studled 11, the contmuatxon of the pro,ect In 
this experunental mstallatlon, usmg standard 
133-foot towers, the antenna mput power was 
40O-watts, some ofwhlchls lost in the feedmg 
and tunmg networks Distance checks, there- 
fore, are not to be consldered conclusive 

INTRODUCTION 

Followng successful prelm,mary tests 
on a VHF ommrange system at the Experl- 
mental Statlon, plans were made to develop 
a sun11ar system for operatmn at low fre- 
quenc,es 

Two methods of transmlttmg the ref- 
erence andvarmble signals were consIdered 

In the first method two carriers of dli- 
ferentirequencywere radmted The reference 

carrier was amplitude modulated at 60-cys, 
while the varmble sqnal carrier was modu- 
lated at 60-cps. mspace, by the output of the 
sldeband generator and ,ts assocmted radl- 
ators 

The secondmethodusesas~nglecarrler 
The reference signal ,s produced by amply- 
tude modulation of the carrier by a 210-cps 
subcarrler which II, turn was frequency 
modulated at 30-cps The variable srgnal 1s 
produced by space modulation of the carrier 
at 30-cps 

After conslderatlon of the two plans of 
traninuttmg the reference and varmble phase 
signals, the method usmg the two tarr,er 
irequenc~es wasplaced moperat~onin 
December 1945. The constant, or reference 
phase signal was radmted on 172 kc, and the 
varmble phase signal was radmted 01, 194 kc 
Twoa~rborne receivers were usedior 
reception of the signals 

At the completion of numerous tests 
de s 1 gne d lor the collectlo” of data, to r,- 
vestlgate the basic prmclples of this type of 
system, the omn~range was converted iron, 
the two-frequency to the smgle-frequency 
type I” September 1946 

THEORY OF OPERATION 

The ommrange system now in use was 
deslgned to produce ,n the rece~wng equp- 
ment, two 30-cps voltages the phases of which 
have a deflnlte relatIonshIp depending upon 
the azimuth angle from the statlon One 
30-cps voltage, commonly referred to as the 
‘varmble phase signal,” results from a Ileld 

pattern rotating ata 30-cps rate, which 
produces in the I‘ e c e ,ve r a 30-cps voltage 
with a p h a s e dependmg upon the azImuthal 
PositIon from the statlo,, Th,s rotatmg field 
1s made possible by the use of a gonlometer 
driven by an 1800-rpm synchronous motor 
The se co nd 30-cps voltage, commonly re- 
f e r r e d to as the “reference phase signal,” 
has a flxed phase in all dIrectIons To avoxd 
crossmodulatmn ,n the receiver between the 
reference and variable 30-cps signals the 
reference 30-cps signal 15 xnposed by fre- 
quency modulatmn on a 210-cps subcarrIer 
and this combmatlon then amplitude modulates 
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the carrier. A typical AN range Adcock an- 

tenna installation with 133-foot towers was 

used in these experiments. 

GROUND EQUIPMENT 

Transmitter 

The transmitter, illustrated in Fig. 1, 

Fig. 1 Transmitter 

is a self-contained unit in which are assembled 

all the control circuits, power supply, radio 

frequency, and audio circuits necessary to 

provide a carrier channel output of 400-watts 

and a sideband channel output of 275-watts. 

The control circuits provide either local or 

remote control of the transmitter. 

Plate voltage for the vacuum tubes is 

obtained from two rectifier systems. One 

supplies power to the smaller tubes in the 

equipment at a potential of 500 volts. The 

second supplies pow e r to the larger radio 

and audio frequency tubes at a potential of 

1400 volts. 

The radio frequency system of the 

t r a n s m i t t e r consists of two separate and 

distinct channels. One channel, known as the 

sideband channel, provides an output of 275- 

watts. The second channel is known as the 

carrier c hanne 1 and provides an output of 

400-watts. Each channel consists of an un- 

tuned c r y s t a 1 controlled oscillator, buffer 

amplifier, two intermediate amplifiers , and 

the power amplifier. The audio system con- 

sists of two stages of Class A amplification 

feeding a modula to r stage operating as a 

Class B push-pull amplifier. 

Thenormal frequency range of the dual 

transmitter unit is 200 to 400 kc. Because the 

a s s i g n e d frequency of 194 kc is below the 

normal tuning range, modification of the tuned 

c i r c ui t s was necessary to bring them into 

resonance. The only modification necessary 

in the transmitting unit was a circuit change 

in the exciter section of the sideband channel. 

In this section the oscillator and buffer- 

amplifier were removed. An rf network in 

the carrier channel provides power to drive 

the intermediate amplifiers of the sideband 

channel. This in turn provides rf excitation 

to two separate power am p 1 if i e r s from a 

single crystal source and rf phase control of 

the amplifiers. 

Antenna Array 

The antenna array used in the low fre- 

quency omnirange is similar to that used on 

all low frequency four-course simultaneous 

radio ranges. The radiation of energy is 

effected by means of five vertical tower radi- 

ators, one tower located on each of the four 

corners of a square, with a diagonal distance 

of approximately600 feet, and the fifth tower 

in the center of a square. The towers are of 

the self-supporting insulated base type. The 

total height is 133 feet, and the distance above 

the insulators is 124 feet. (See Fig. 2). 

Each tow e r is equipped with a tuning 

unit containing means for properly tuning the 

tower and for ef f e c t in g impedance trans- 
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formations FIB. 3 IS a schematlc dmgram 
of the antenna tunn-,g network used I=, tunu-,g 
the tower radiators Each tower 1s energized 
b y means of a c0ax1.31 t=ansm1ss10n line “1 
approxnnately 70 ohms characterlstlc xn- 
pedance. and all four corner tower lmes are 
of equal length The sendu,g end of the lmes 
from dmgonally “pposlte towers a=e connected 
mparallel to one of the gomometer secondary 
wmdmgs The other secondary wndu,g sxn~- 
larly energues the second pal= of diagonally 
“pposlte towers The towers of each pal= are 
connected 180 electrlcaldegrees out of phase. 
When each pal= of opposite towers are ener- 
glzed, a sug,al having a “figure-of-eight” 
space pattern 1x1 the horizontal plane ,s radl- 
ated. 

The sidebandgenerator. sho\uninFlg 4, 
15 an r,ductlve type gonlometerl and 1s com- 
prxed of one rotatmg p=,ma=ywu,dr,g and two 
fxed secondary wndlngs Each wndlng may 
be tuned from 190 to 400 kc The rotatmg 
primary IS drlvenat 1800 rpm by direct 
coupling to a synchronous motor Coupled 
to the “ppos~te end of the motor shaft IS a 
tone wheel which gene = a t e s the reference 
subcarr1er signal 

lH F Keary, “A Rotating Gonlometer for 
the Low Frequency High Power Omnlrange.” 
T. D. Report No. 70. March 1947. 

F,g 3 Antenna Tunmg Network 
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Fig. 4 Goniometer and Subcarrier Generator 

Characteristic curves of the goniometer 

inactualoperationare showninFig. 5. These 

curves show the input voltage to the primary 

and the output voltage of the two secondaries, 

as the primary is rotated through 360”. 

Subcarrier Generator 

The reference phase signal is generated 

by an electromagnetic pick-up in proximity to 

a rotating tone wheel. This tone wheel is an 

iron disc with seven teeth. The tooth spacing 

varies with angular displacement to produce 

a varying frequency. When the tone wheel is 

rotated at 1800 rpm, the pick-up generates a 

210-cps signal, f r e q u e n c y modulated at a 

30-cps rate with a deviation ratio of one. 

Antenna Tuning 

The tuning of the ante nna system is 

directly responsible for the accuracy of the 

omnirange. This tuning procedure is described 

inthe two sections, general tuning procedure, 

and rf phase and amplitude correction. 

(1) General tuning procedure 

The general procedure for tuning the 

five tower radiators is identical to that em- 

ployed on a standard four-course AN radio 

range. This procedure may be obtained from 

any simultaneous radio range and broadcast 

equipment instruction book and will not be 

described in detail here. Briefly, with the 

aid of a substitution type impedance box, the 

antenna tuning network is adjusted to make 

the reflected impedance exactly 70 ohms and 

purely resistive. S p e c i a 1 precautions are 

taken to make sure that the antenna towers 

are tuned for high stability and that they will 

maintain this stability. Standard phase sta- 

bility t e s t s are made and curves plotted to 

check the accuracy of this preliminary tuning. 

The accuracy of the omnirange is not 

assured at the completion of the general tuning 

procedure. It is quite common for an omni- 

range checked at this point to reveal an error 

of the order of plus or minus 6”. 

The following conditions mu s t be met 

before the antenna system can be considered 

properly tuned. 

(a) The current in diagonally opposite 

pairs of co r ne r towers must be 

180” out of phase. 

(b) The rf currents in diagonally op- 

posite corner towers must be equal. 

(c) The two diagonal pairs of corner 

towers must be tuned inphase. 

(d) The center tower current must be 

in quadrature with that in the corner 

towers. 

(2) Rf phase and amplitude corrections 

The conditions (a) and (b) are satisfied 

when the nulls produced by the figure -of -eight 

patternof a diagonally opposite pair of corner 

towers lie on a line perpendicular to the 



Fig 5 Gomometer Characterlstzcs 

towers The poslt~on of the nulls may be 
determined 1~1th the sld of a field lntenslty 
meter 

The posItIon of the field meter durmg 
these measurements depends on local con- 
dltlons at the range site. Power lines m 
p r ox 1 m I t y to the range ~111 reradiate the 
signals and give false null rndlcatlons If the 
field mete r 1s used too close to the range 
StatlO”. 

If the nulls are notmthe proper posltlon, 
the antenna couplmg control m the antenna 
tunmg network (Fig. 3) should be adjusted to 
give proper null posltlon This ndlustment 
can be made m either of the corner towers. 
however, at should be made In the particular 
tower which ~111 result m proper null posltlon 
andalso equal corner tower antenna currents 

In order to determme If the condltlons 
(c) and (d) have been complled wltha samplmg 
loop andascllloscope are used to measure the 
rf phase of the five radiators A small portlon 

of rf energy, from the transmitter, IS fed 
througha callbratedphase shifter and applied 
directly to one set of plates of the osclllo- 
scope. Rf energy Induced m a samplmg loop 
at the antenna 1s Ied through a coaxial cable 
totheotbersetof plates The same samplmg 
loop and length of coaxial cable IS moved from 

tower to towerandtbe rf phase measurements 
made and recorded. The proper phasmg of 
the center tower w1t.b respect to the corner 
towers IS controlled by the phasmg network 
m the transmitter between the common 
crystal source and the sldeband ampllixer. 

If condltkon (c) 1s not sahsfled, an artI- 
flclallme of the proper electrical length must 
be mserted to brmg the diagonally opposite 
purs of towers Into the same phase 

AIRBORNE EQUIPMENT 

Recerver 
A block dla g rirm of the aIrborne re- 



ce~v,q equipment 1s shown I* Fvg 6 The 
receiver used III the airplane for low fre- 
quency ommrange receptmn was a modtiled 
alrcraftradm receiver, Model ARB. tuned to 
194 kc The madlixatmn conslsted of addmg 
an AVC ampl,f,er c I r c u 1 t together with an 
assocmted bias oscillator to pravlde Improved 
AVC actmn 

The detector output of this receiver 1s 
Ied u,to a converter unit, and after passing 
through a co mm o n amphf~er. the slgnal 1s 
s e p a I ate d ,nto ,ts two component parts by 
filters The 3O-cps v a r 1 a b 1 e signal taken 
dlwctly from the common amphfler. 1s ISD- 
latedthroughalow-pass fllter,ampllfwd. and 
fed Into a phase dlscrmunator clrcult 

The frequency modulated. 210-cps. 
references,gnalls fed through a 180-240 cps 
band-pass filter to an ampllfler stage. The 
output 15 1 IX, 1 t e d and fed mto a frequency 
dlscr,mlnator clrcut, where the 30-cps 
reference phase signal 1s detected. This IS 
agamflltered to remove 210-cps components, 
and fed through a phase-splitter clrcult and 
ampl~i,er stage to prov,de two equal voltages 
which have a phase difference of 90’ These 
voltages are connected to the stators of a 
phase shlftmg device called an omnlbearlng 

selector The phase of the voltage on the rotor 

of the omn,bearu,g selector can be contlnu- 
ously varied through 360”. and this rotabon 
1s mdxa+xd on the dml scale in degrees of 
azrnuth This provides a means of selecting 
on-course mdlcatlons at any aznnuth angle 
The output from the rotor of the omnlbearmg 
selector 1s fed through an ampl~ixr stage to 
a p ha s e dlscrrnmatar c,rcu,t, where It 1s 
m,red with the varmble phase signal to obtam 
plus or m,nus dc lndlcatlons The amplitude 
and polarity of this current depends upon the 
amphtude and phase relatmnshlp of the two 
voltages 

The output oi the phase dlscnmmator 
,s connected to a zero center type mstrument 
called a course-devmtmn ,nd>cator which 1s 
locatedon the ,nstrumentpanel of the alrcraft 

Indicators 
The mdlcators used in con,unctum with 

the omnuange receiving equpment are as 
follows 

(1) A course-devmtmn lndlcator, the 
p o 1 n te r of which, when centered. in- 
dlcates an on-course posltmn (Fig 7) 

(2) Anomn~bear~ng selector, the pomter 
of which 1s rotated manually to center 

7 

I 

Fig 6 Block Dmgram - Low Frequency Omn,range Rece,v,ng Equipment 
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Fig. 7 Receiver Indicating Instruments 

the course-deviation indicator needle or 

to select a predetermined course. It 

indicates the true bearing of the aircraft 

either to or from the station. (Fig. 7). 

(3) A zero-center type instrument lo- 

cated near the omnibearing selector to 

p r o vi de ambiguity and loss of signal 

indications. It is mounted so that the 

pointer deflects up or down. The word 

TO is at the top of the meter scale and 

the wordFROM is at the bottom. (Fig. 7). 

When flying on-course to the station 

with the TO-FROM indicator pointing to TO the 

omnibearing selector will indicate the true 

bearing of the station from the aircraft. The 

sensing will be correct or normal, such that 

if the a i r c raft deviates to the right of the 

course, the deviation indicator will deflect to 

the left. In order to return the ne e d 1 e to 

center the pilot must fly to the left or “fly to 

the pointer .‘I If the aircraft continues in a 

s t r a i g h t line over the station, and is now 

flying from the station, the course-deviation 

indicator will still show on-course, the TO- 

FROM indicator needle will point to FROM, 

and the omnibearing selector will indicate the 

bearing of the aircraft from the station. The 

pilot must again fly to the pointer in order to 

remain on course. 

Whenfirst tuning in the station, and the 

azimuth is unknown, the pointer of the omni- 

bearing selector is rotated until the course- 

deviation indicator p o 1 n t e r is centered and 

the TO-FROM indicator points to TO. The 

selector will then indicate the bearing of the 

station from the aircraft. 



Recelvmg Antennas 
The antenna used with the receiver on 

the al rplane 1s a long wire type extending 
from nose to tall wth shlelded coaxial cable 
lead In 

TESTS 

Night Effect 
There has been consIderable con,ecture 

as to the extent of Interference mhlch may 
be encounterea with the o m nl ran g e due to 
mght effect. T hl s anomalous transmlsslon 
1s caused by the reflectmn of signals by the 
lom&ed gas layer located above the surface 
of the earth, oftenreferred to as the Kennelly- 
Heavlslde layer, but more properly known as 
the Ionosphere. This effect 1s observed for 
the mast part at sunset and after nightfall 

Numerous tests were made during the 
past year and a half to determine the Influ- 
ence of night effect on the ommrange signals 
Over-mght recordings were made on the two- 
frequency ammrange at distances from 100 
to 600 mules Sxnllar recordmgs were made 

on the s in g 1 e frequency ommrange There 
were recorded. as expected, severalmstances 

In the two-frequency ommrange wh e r e one 
frequencywould fadealternately with respect 
to the other This constituted one reason ior 
a change to the single frequency ommrange 

Inthe recordings of the smgle frequency 
omrurange there 1s no evidence of selective 
audm frequency fading As long as the nec- 
essary Input sIgna to operate the receiver 
AVC clrcults 1s avallable, sufflclentreierence 
and varmble sIgna levels ~111 be obtalned to 
provide no rma 1 operatmn of the recelvmg 
equpment 

Fig 8 shows receiver reference and 

variable sIgna levels plotted from over-mght 
recordmgs which were at the dlitances of 
350 miles and 570 rrules an the single fre- 
quency ommrange The reference and varl- 
able levels, in volts are shown durmg the 
trne from 6 p m. In the evemng until 6 a *n 
~nthe mormng Varlatlons in Tlgnal amplitude 
and f r e q u e n c y of fading are evident at the 
dliferent distances and, at the dlbtance of 
570 nules, the recording shows no ?lgnal re- 
celved atall until 9 p m., at which time strong 
signals were r e c e 1 v e d ana continued until 
sun-up the next mormng The antrnna power 
Input at the ommrange statvan during these 
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tests wa 5 approximately 400-watts From 
this, ,t can be seen that mght effect does not 
Introduce anynotlceable audm selectlw fadm& 

Measured Error Curve 
The callbratlon consists of recordmg 

the movement of the course-devlatmn II-I- 
dlcator 11, an urplane as It circles the omnl- 
range statIon at a distance of approxunately 
51x m&s The ommbearmg selector 1s ad- 
vanced m 10’ steps to keep the course- 
devlatmn xndlcator on scale and to present, 
at center scale, the in d 1 cat e d poeltmn III 
azimuth from the statlon This mdxated 
azm,uth IS checked agamst the absolute azl- 
muthwhxhismeasured by a theodollte oper- 
ated on the ground at the statmn, the III- 
formatlon be ~ng relayed to the airplane by 
V&F radio commumcat~on. 

The error curve, shown III Fig 9. 
represents the over-all error of the entue 
system, which Includes the receiver and trans- 
mlttmg StatIon The receiver Itself 1s known 
to have had an error of fl ’ at the tm,e of this 
callbratlon The recelvmg antenna used durmg 
callbratran was the long wxre nose-to-tall 
horizontal antenna onalrplane NC-181, a 
Douglas DC-3 

Attitude Effect Tests 
To check for attitude effect, extremely 

steep-banked turnsweremadeinalldl- 
rectmns, and the wmgs were rocked while on 
radial flights There was no evidence of any 
type of attitude effect u, these tests. 

Durmg the fhghts, tests were made to 
determme the extent of pushmg and pullmg 
5pec,f,c landmarks were crossed on two or 
more he a d I n g s and always resulted I* the 

same azimuth recordmg. No pushmg or 
pullmg WBS detected. 

Radml Flights 
On-course flights, followmg a straight 

ground track acros.s the statmn, were made 
on many different headmgs. The results are 
co n s 1 de r e d satisfactory m that a straight 
course was contmued as the alrcraft passed 
over the statmn, flymg on the same headmg 

CONCLUSIONS 

The development of the low frequency 
omrurange provides a long-range al< navl- 
gatlonal ad which 1s sxnple to mstall, Mann- 
tam, and operate It 15 umque In 1ts presen- 
tatmn of mformatmn to the pilot 

The p&at, wlthout assistance, may use 
thus nav~gatmnal aId ,n two ways 

1. By rotatmg the ommbearmg selector 
until the course-dev~atmn mdlcator 1s 
centered, the pIlothas avaIlable a course 
to or from the statlon 

2 By successively centermg the 
course-devxatlon mdxator on two dlf- 
ferentommrange statIons, a fix may be 
plotted usmg the two be a r in g s thus 
obtamed 

From the flight t e s t s and theoretIca 
conslderatmns, It appears that the low fre- 
quency omnxrange possessed exceptmnally 
good flrght characterlstxs and, when aper- 
ated at high power with adequately high 
antenna towers. presents a solution to the 
long-range arcraft navIgationa problem 


