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THE CAA LOW FREQUENCY OMNIRANGE

SUMMARY

A low frequency omnirange suitable for
long-distance air navigation has heen con-
structed and tested at Avon, Indiana, approxi-
mately seven miles northwest of the Experi-
mental Station. In principle this range oper-
ates the same as the VHF omnirange now
being installed on the Federal Airways

Asinthe VHF system, the low frequency
omnirange produces i1n the aircraft receiving
system two 30-cps sipgnals, one of which 1s
constant and the other variable in relative
phase for various azimuthal angles around
the station The receiver incorporates a
conventional superheterodyne circuitfollowed
by suitable audio amplification, a phase-
splitting circuit to drive the omnibearing
selector, and a phase discriminator circuit
to cperate the course-deviation indicator

The ground station 1s a standard 400-
watt AN {Adcock) radio range, except for the
addition of a rotating, 1nductive goniometer
The stationoperates ona frequency of 194 ke

A course-width of 10°, twice as sharp
as that of the VHF omnirange 1s used, and
flight tests indicate good performance free of
attitude or other simalar effects within the
Although guidance has been
observedas faras 600 miles, the final service
area 1s dependent upon output power, atmos-
pheric interference, and ability to use the
mght-time sky wave, all of which are to be
studied 1n the continuation of the project In

Service area

this experimental installation, using standard
133-foot towers, the antenna 1nput power was
400-watts, some of whichis lost 1n the feeding
and tuning networks Distance checks, there-

fore, are not to be considered conclusive
INTRODUCTION

Following successful preliminary tests
on a VHF omnirange system at the Experi-
mental Station, plans were made to develop
a similar system for operation at low fre-
quencies

Two methods of transmaitting the ref-
erence and variable signals were considered

In the first method two carriers of dif-
ferentirequency were radiated The reference

carrier was arnplitude modulated at 60-cps,
while the variable signal carrier was modu-
lated at 60-cps, inspace, by the output of the
sideband generator and 1ts associated radi-
ators

The second method uses a single carrier
The reference signal 1s produced by ampli-
tude modulation of the carrier by a 210-cps
subcarrier which in turn was frequency
modulated at 30-cps The variable signal 1s
produced by space rmodulation of the carrier
at 30-cps

After consideration of the two plans of
transmitiing the reference and variahle phase
signals, the method using the two carrier
frequencies was placed 1n operation in
December 1945, The constant, or reference
phase signal was radiated on 172 kc, and the
variable phase signal was radiated on 194 kc
Twoairborne receivers were used for
reception of the sipnals

At the completion of numerous tests
designed for the collection of data, to 1n-
vestigate the basic principles of this type of
systerm, the omnirange was converted from
the two-freguency to the single-freguency
type i1n Septermber 1946

THEORY OF OPERATION

The omnirange system now i1n use was
designed to produce in the receiving equip-
ment, two 30-cps voltages the phases of which
have a definite relationship depending upon
the azimuth angle from the station One
30-cps voltage, commonly referred to as the
'variable phase signal," results from a {1eld
patitern rotating ata 30-cps rate, which
produces in the recei1ver a 30-cps voliage
with a phase depending upon the azimuthal
position from the station This rotating field
1s made possible by the use of a goniometer
driven by an 1800-rpm synchronous motor
The second 30-cps voltage, commonly re-
ferred to as the "reference phase signal,"
has a fixed phase 1n all directions To avo:d
cross modulation in the receiver between the
reference and variable 30-cps signals the
reference 30-cps signal 15 imposed by fre-
quency modulation on a 210-cps subcarrier
and this combination then amplitude modulates



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 seli-contained unitinwhichare 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 power to the larger radio
and audio frequency tubes at a potential of
1400 volts.

The radio frequency system of the
transmitter 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 channel and provides an output of
400-watts. Each channel consists of an un-
tuned crystal 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 modulator stage operating as a
Class B push-pull amplifier,

The normal frequency range of the dual
transmitter unitis 200 to 400 ke. Because the
assigned frequency of 194 kc is below the
normal tuning range, modificationof the tuned
circuits was necessary to bring them into
resonance, The only modification necessary
in the transmitting unit was a circuit change
inthe 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 amplifiers 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 approximately 600 feet, and the fifth tower
in the center of a square. The towers are of
the self-supporting insulated base type. The
totalheightis 133 feet, and the distance above
the insulators is 124 feet. (See Fig. 2).

Each tower is equipped with a tuning
unit containing means for properly tuning the
tower and for effecting impedance trans-



Fig. 2 Aerial View of Transmitter Site



formations Fig. 3 15 a schematic diagram
of the antenna tuning network used in tuming
the tower radiators Each tower 15 energized
by means of a coaxial transrmission line of
approximately 70 ohm s characteristic 1m-
pedance, and all four corner tower lines are
of equal length The sending end of the lines
from diaponally opposite towers are connected
inparallel to one of the goniometer secondary
windings The other secondary winding simi-
larly energizes the second pair of diagonally
opposite towers The towers of each pair are
connected 180 elecirical degrees out of phase.
When each pair of opposite towers are ener=-
gized, a signal havinp a "figure-of-eight”
space pattern in the horizontal plane 1s rada-
ated,

ANTENNA
RF GOUPLING

Goniometer

The sideband generator, showninFig 4,
1s an inductive type gomometerl and 1s com-
prised of one rotating primary winding and two
fixed secondary windings Each winding may
be tuned from 190 to 400 ke The rotating
primary 1sdrivenat 1800 rpm by direct
coupling to a synchronous motor Coupled
to the opposite end of the motor shaft 1s a
tone wheel which generates the reference
subcarrier signal

lH F Keary, "A Rotating Goniometer for
the Low Frequency High Power Omnirange,"
T, D. Report No, 70, March 1947,

ANTENNA
TUNING

"

o
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15V AC

USED FOR OBSTRUGTION LIGHTS

Fig 3 Antenna Tuning Network



Fig. 4 Goniometer and Subcarrier Generator

Characteristic curves of the goniometer
inactual operationare 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 anelectromagnetic 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, frequency modulated at a
30-cps rate with a deviation ratio of one.

Antenna Tuning
The tuning of the antenna system is
directly responsible for the accuracy of the
omnirange. This tuning procedure is described
in the 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. Special 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 tests are made and curves plotted to
check the accuracy of this preliminary tuning.

The accuracy of the omnirange is not
assured atthe completion of the general tuning
procedure. It is quite common for an omni-
range checkedatthis point to reveal an error
of the order of plus or minus 6°,

The following conditions must be met
before the antenna system can be considered
properly tuned.

(a) The current in diagonally opposite
pairs of corner 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
inquadrature with thatin 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
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towers The position of the nulls may be
determined with the aid of a field intensity
meter

The position of the field meter during
these measurements depends on local con-
ditions at the range site. Power lines 1in
proximity to the range will reradiate the
signals and give false null indications if the
field meter 1s used too close to the range
station,

If the nulls are notin the proper position,
the antenna coupling control in the antenna
tuning network (Fig. 3) should be adjusted to
give proper null position This adjusiment
can be made 1n either of the corner towers,
however, 1t should be made 1n the particular
tower whichwill resultin proper null position
andalso equal corner tower antenna currents

In order to determine i the conditions
(c) and (d} have been complied witha sampling
loopandoscilloscope are used to measure the
rf phase of the five radiators A small portion

of rf energy, from the transmatter, 1s fed
througha calibrated phase shifter and applied
directly to one set of plates of the oscillo-
scope. RI energy induced in a sampling loop
at the antenna 1s fed through a coaxial cable
to the other setof plates The same sampling
loop and length of coaxial cable 15 moved from
tower to tower and the rf phase measurements
made and recorded, The proper phasing of
the tenter tower with respect to the corner
towers 1s controlled by the phasing network
in the transmitter between the common
crystal source and the sideband amplifier,

If condition (c) 1s not satisfied, an arti-
ficial line of the proper electrical length must
be inserted to bring the diagonally opposite
pairs of towers into the same phase

AIRBORNE EQUIPMENT

Receiver
A block diagram of the airborne re-



ceiving equipment 15 shown in Fig 6 The
receiver used in the ar1rplane for low fre-~
quency omnirange reception was a modified
aircraft radio receiver, Model ARB, tuned to
194 ke The modification consisted of adding
an AVC amplifier circuit together with an
assoclated bias oscillator to provide improved
AYC action

The detector output of this receiver 1s
fed into a converter umt, and after passing
through a common amplifier, the signal 15
separated into 1ts two component parts by
filters The 30-cps variable signal taken
directly from the common amplifier, 15 1s0-
lated througha low-pass filter, amplified, and
fed into a phase discriminator circuit

The frequency modulated, 210-cps,
reference signalis fed through a 180-240 cps
band-pass filter to an amplifier stage. The
output 1s limited and fed into a frequency
discriminator circuit, where the 30-cps
reference phase signal 15 detected. This is
againfiltered to remove 210-cps components,
and fed through a phase-splitter circumit and
amplifier stage to provide two equal voltages
which have a phase difference of 90° These
voltages are connected to the stators of a
phase shufting deviece called an ommibearing

selector The phase of the voltage on the rotor

of the omnibearing selector can be continu-
ously varied through 360°, and this rotation
15 1ndicated on the dial scale in degrees of
azimuth This provides a means of selecting
on-course indications at any azimuth angle
The output from the rotor of the ommbearing
selector 1s fed through an amplilier stage to
a phase diseriminator circuit, where 1t s
mixed with the variable phase signal to obtain
plus or minus dc indications The amplitude
and polarity of this current depends upon the
amplitude and phase relationship of the two
voltages

The output of the phase discriminator
1s connected to a zero center type instrument
called a course-deviation indicator which is
located on the instrument panel of the aircraft

Indicators
The 1ndicators used 1n conjunction with
the omnirange receiving equipment aTte as
follows

{1} A course-deviation indicator, the
pointer of which, when centered, 1n-
dicates an on-course position (F1g 7)

{2) Anomnibearing selector, the pointer
cf whieh 1s rotated manually to center

r ______ - -0 0= Il
|
| | I | BAND PASSp—{AMPLIFIER |—{FREQUENCY |
FILTER LIMITER DISCRIMINATOR] I
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]
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@
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Fig & Block Diagram - Low Frequency Omnirange Receiving 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
provide ambiguity and loss of signal
It is mounted so that the
pointer deflects up or down., The word
TO is at the top of the meter scale and
the word FROM is at the bottom. (Fig. 7).

indications.

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 aircraft deviates to the right of the

course, the deviation indicator will deflect to
the left.
center the pilot must fly to the left or 'fly to
If the aircraft continues in a
straight 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

In order to return the needle to

the pointer.,"

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 pointer is centered and
the TO-FROM indicator points to TO, The
selector will then indicate the bearing of the
station from the aircraft,



Receiving Antennas
The antenna used with the receiver on
the airplane 1s a long wire type extending
from nose te tail with shielded coaxial cable
lead in

TESTS

Night Effect
There has been considerable conjecture
as to the extent of interference which may
be encounterea with the omnirange due to
night effect.
15 caused by the reflection of signals by the

T his anomalous transmission

1onized gas layer located above the surface
of the earth, often referred to as the Kennelly-
Heaviside layer, but more properly known as
the 1onosphere. This effeet 1s observed for
the most part at sunset and after mightfall
Numerous tests were made during the
past year and a half to determine the influ-
ence of mipht effect on the omnirange sipnals
Over-night recordings were made on the two-
frequency omnirange at distances from 100
to 600 miles Similar recordings were made
on the si1ingle frequency ommrange There
were recorded, as expected, severalinstances

in the two-frequency omnirange where one
frequency would fade alternately with respect
to the other This constituted one reason for
a change to the sinple frequency omnirange

Inthe recordings of the single frequency
omnirange there 1s no evidence of selective
audio frequency fading As long as the nec-
essary input signal to operate the receiver
AVYC circuitsis avallable, sufficient reference
and variable signal levels will be obtained to
provide normal operation of the receiving
equipment

Fig 8 shows recelver reference and
variable signallevels plotted from over-night
recordings which were at the distances of
350 miles and 570 miles on the single fre-
quency omnirange 1 he reference and vari-
able levels, in volts are shown during the
time from 6é p m. 1n the evening until 6 a m
inthe morning Variationsinsignalamplitude
and frequency of fading are evident at the
different distances and, at the di-tance of
570 miles, the recording shows no signal re-
celvedatalluntil 9 p m., atwhich time strong
signals were recei1ved ana continued until
sun-up the next morning The antenna power
input at the ommirange station during these
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tests wa s approxwnately 400-watts From
this, 1t can be seen that night effect does not
introduce any noticeable audio selective fadinp,

Measured Error Curve

The calibration consists of recording
the movement of the course-deviation in-
dicator in an airplane as 1t circles the omni-~
range station at a distance of approximately
s1x miles The ommbearing selector 15 ad-
vanced in10° steps to keep the course-
dewviation indicater on scale and to present,
at center scale, the 1ndicated position in
azimuth from the station This indicated
azimuth 1s checked against the absolute azi-
muth whichis measured by a theodolite oper-
ated on the ground at the station, the in-
formation being relayed to the airplane by
VBF radio communication.

The error curve, shown in Fag 9,
represents the over-all error of the entire
system, whichinecludes the receiver and trans-
mitting station The receiver itself 1s known
tohave hadan error of +1° at the time of this
calibration The receiving antenna used during
calibration was the long wire nose-to-tail
horizontal antenna on airplane NC-181, a
Douglas DC-3

Attitude Effect Tests

To check for attitude effect, extremely
steep-banked turns were made 1n all di-
rections, and the wings were rocked while on
radial flights There was no evidence of any
type of attitude effect in these tests.

During the flights, tests were made to
determine the extent of pushing and pulling
Specific landmarks were crossed on two or
more headings and always resulted in the

10

same azimuth recording,
pulling was detected.

No pushing or

Radial Flaghts
On-course flights, following a straight
ground track across the station, were made
on many different headings. The results are
considered satisfactory in that a straight
course was continued as the aircraft passed
over the station, flying on the same heading

CONCLUSIONS

The developrment of the low frequency
omnirange provides a long-range aic navi-
gational aid which 1s simple to install, main-
tain, and operate It 1s unique 1n 1ts presen-
tation of information to the pilot

The pilot, without assistance, may use
this navigational aid in two ways

1. By rotating the ommbearing selector
until the course=deviation indicator 1s
centered, the pilothas available a course
to or from the station

2 By successively centering the
course-deviation indicator on two daf-
ferentomnirange stations, a fix may be
plotted using the two bearings thus
abtained

From the flipht tests and theoretical
considerations, 1t appears that the low fre-
quency omnirange possessed exceptionally
good flight characteristics and, when oper-
ated at high power with adequately hiph
antenna fowers, presenis a solution to the
long-range aircraft navigational problem
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