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FORENORD

The bulletins comprising the Airways Operations
Training Series are intended to provide CAA personnel,
especially aircraft communicators and air traffic con
trollers, with readable, factual information concerning
the latest developments in air navigation aids, communi
cations equipment, and air traffic control.

To date, the following bulletins have been issued:

No. 1 - Instrument Landing System

No. 2 - Location Markers and Homing
Facilities

No. 3 - Visual-Aural Ranges and Omniranges

No. 4 - Distance Measuring Equipment and
Offset Course Computer

No. 5 - SEC0 (Sequential Control)

No. 6 - Radar Fundamentals and Surveillance,
Precision and Route Radar

The following are now in preparation:

No. 7 - LORAN (Long Range Aid to Navigation)

No. 8 - MEDIS (Message Diversion)



WISUAL-AURAL AND OMNIRANGES

THE WISUAL-AURAL RANGE (WAR)

Principles of Operation From the time the first conventional four
course low frequency radio ranges were installed, the disadvantages
inherent with this type of equipment have been troublesome.

For one thing, the low-frequency band (200–400 kc) is vulnerable to
atmospheric noise (static). Other characteristics of this frequency
band are conducive, under certain conditions, to such operational
Vagaries as bent beams, multiple courses, and night effect.

From the navigational standpoint, the major disadvantage of the con
ventional four-course range lies in the fact that two "N" quadrants,
and likewise two "A" quadrants, lie on opposite sides of the range
station from each other. A pilot who is lost, with only the quadrant
signals to guide him, must often go through a complicated and lengthy
orientation procedure to discover in which of the two similarly-identi
fied quadrants he is flying. (Figure 1) -

Radiation Patterns Orientation Problem: Pilot
receiving “A” signal might be
in either quadrant.

Figure 1. CONVENTIONAL 4-COURSE Low FREQUENCY RANGE



This signal - This signal not
received receivedº -

- § º §§§º º ººº::cºrr - - -- -- -§§2- -
~fº: - º

2.
- º #: º
º º EARTH ºC.’ ºr. ---º º

Ground º: *& Ground
Station
#" *&^ Station

Figure 2. LINE OF SIGHT TRANSMISSIONS

In order to supply the pilot with an unmistakable, instantaneous indica
tion of which quadrant he is in, the visual-aural system was developed.
At the same time, in order to eliminate the handicaps inherent in the
low frequency spectrum, the new ranges were designed for operation on
a very high frequency. The resulting facility, known as the Visual-Aural
Range (or more familiarily as the "WAR"), operates in the 108-112 me
band.

The visual-aural range has two visual courses and two aural courses. It
is normally equipped with a simultaneous voice feature. Power outp: it is
approximately 200 watts.

Being a VHF facility, the WAR's usable distance is subject to the line
of-sight restriction illustrated in Figure 2. This restriction limits
the usability of the range to an area above the horizon of the trans
mitting station.

Although it is possible, at high altitudes, to receive WAR signals 200
miles away from the station, the limit of effectiveness of the facility
as an airway aid must be based conservatively on its range at the
minimum instrument altitude for the airway on which it is located. This
precept reduces the dependable operation distance of the WAR station to
about 50 miles, and for this reason WAR facilities are spaced approxi
mately 100 miles apart on the airways.



Visual Courses The visual courses of the WAR are produced by the
radiation of two overlapping patterns, which the engineers describe as
"essentially cardioid shaped". To anyone else, they would look more
like lima beans. One pattern is modulated at l;0 cps, and the other at
90 cps. The sector in which the ljQ-cycle signal predominates is known
as the blue sector, and the sector in which the 90-cycle signal pre
dominates is known as the yellow sector.

Yellow

N
Blue

i
N

90 Cycle Pattern 150 Cycle Pattern

Blue

Figure 3. RADIATION PATTERNS FOR VISUAL COURSES





Since there is often considerable misunderstanding about the direction
in which the pointer will swing when the aircraft deviates to either'
side of the course, it may be well to repeat the following simple rule
from Training Bulletin No. 1:

REGARDLESS OF THE POSITION OR HEADING OF THE AIRCRAFT, THE
LOCALIZER POINTER WILL ALWAYS BE DEFLECTED IN THAT COLOR
AREA IN WHICH THE AIRCRAFT IS FLYING.

Aural Courses The aural courses of the WAR are l80 degrees apart and
are located at 90 degrees to the visual courses. Like the courses of
the conventional low-frequency range, the aural courses of the WAR are
produced by the alternate, interlocked keying of the code letters "N."
and "A".

However, in contrast to the "figure 8" patterns of the conventional
4-course range, the two field patterns which produce the WAR aural courses
are lima bean shaped like the visual field patterns (Figure 5). The
modulation frequency of the aural signals is lo20 cps.

1020 Cycle Aural “A”
Pattern

1020 Cycle Aural “N”
Pattern

Figure 5. RADIATION PATTERN FOR AURAL COURSES

Like the low frequency range, the aural patterns of the WAR transmit
a cycle of 12 "N" signals interlocked with 12 "A" signals, followed by
the identification letters which are transmitted first in the "N" pattern
and then in the "A" pattern. Approximately two complete cycles are
completed each minute.

836900 0–49—2 - 5 -



Alignment. The visual-aural range was intended primarily to be flown
by reference to the visual courses. For this reason, the visual courses
are the ones which are aligned with the airway on which the range is
located.

The purpose of the aural part of the system is to serve as a positive
means of orientation, indicating to the pilot on which side of the range
station he is flying. Receipt of the visual signal (blue or yellow
pointer indication), together with an aural signal ("N" or "A"), pro
vides instant identification of the quadrant he is in, since no quadrant
would give the same combination of signals as any other quadrant.

Visual BLUE, Aural N
3r

Visual BLUE ,

3r Visual YELLOW,

Aural A 3r
Aural N

*
Visual YELLOW, Aural A

Figure 6. POSITIVE QUADRANT IDENTIFICATION OBTAINED
WITH WAR, THROUGH COMBINATION OF VISUAL
AND AURAL SIGNALS

On Green or Red Airways (east-west) the blue sector is established
on the north side of the station, with the yellow sector to the south.
The "A" sector is to the west of the station, with the "N" sector to
the east.

On Amber or Blue Airways (north-south) the above arrangement is simply
rotated 90° counter clockwise. Blue is now to the west, yellow to the
east, "N" to the north, and "A" to the south.
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The only exception to this standard alignment system occurs at loca
tions where a WAR is installed as a terminal range. In this case, if
there is no localizer, one visual course of the terminal range passes
over the airport. The sector orientation of a terminal range is the
same as for a localizer; that is, the yellow sector is on the left and
the blue sector on the right when the aircraft is inbound on final
approach.

Aural courses are so arranged that the "N" signal will prevail until the
aircraft reaches the range station. Between the station and the airport,
the "A" signal will prevail.

BLUEYELLOW
N
§

Airport

A Aarº------
!

N., ºr

BLUE

N

YELLow

-— Aircraft on Final Approach
2. *

Figure 9. SPECIAL SECTOR ORIENTATION AT
CERTAIN TERMINAL AIRPORTS



Status of WAR Program. At present, 70 visual-aural ranges are being
operated by the CAA. No additional installations of this type are
planned.

A more recent development, the omnirange, with its greater utility, has
pushed the visual-aural range system into the category of "interim
facilities". It is planned to convert existing visual-aural ranges to
facilities of the omnirange type. . Some of them will probably be relocated
in order to provide more efficient routing for the multi-lane airways of
the future.

When recommissioned as omniranges, these facilities will all be within the
ll2–ll8 me band. This will mean that the 108–ll2 mo band will then be
left for the exclusive use of ILS localizers. (See Figure 10)

PRESENT WAR
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Figure 10. AIRCRAFT VHF BANDS

THE ONINIRANGE

Introduction A radio range system is designed to furnish directional
guidance to the pilot by producing definite courses in space. However,
the usefulness of the conventional low-frequency and visual-aural ranges
is limited by the fact that they produce only four courses. Unless the
pilot has a radio direction finder, the only time he knows his exact
direction from the range station is when he is on one of these courses.

Obviously, the radio range would have much greater utility as a naviga
tional aid if it could furnish exact directional information to the pilot
at all times, regardless of the position of the aircraft with respect to
the range station. This objective has led to the development of the omni
range (formerly called Omni-directional range).

The omnirange (derived from the Latin "OMNIS", meaning "all") produces a
theoretically infinite number of courses, which radiate from the station
like spokes from the hub of a wheel. These courses are known as radials.
Directional information is thus generated at the station and transmitted
to the aircraft. Airborne omnirange equipment intercepts this signal and
converts it into a visual directional indication for use by the pilot.



To provide a basis for understanding the principles of operation of the
omnirange, a brief description of the transmitting and receiving equipment
is given in the two following sections. Readers who are interested in
obtaining more detailed information about actual circuits can find such
data in the booklets listed in the bibliography at the end of this bulletin.

Principles of Transmitter Operation The principle of the omnirange is
based on the comparison of the phase difference between two radiated audio
frequency signals, the difference in phase varying with change in azimuth.

One of these signals is non-directional. It has a constant phase through
out its 360 degrees of azimuth, and is called the REFERENCE phase. This
signal is radiated from the center antenna of a five element group (Figure
ll). In order to separate the two signals for comparison in the receiver,
a 10 kc FM subcarrier is used to carry the reference signal.

The other signal rotates at a speed of 1800 RPM, varies in phase with azi
muth, and is called the WARIABLE phase. It is produced by a group of four
stationary antennas, which are connected in pairs to a motor-driven gonio
meter (Figure 12). As the goniometer revolves, the RF voltage fed to each
pair of antennas varies sinusoidally at the rate of 30 cps to produce the
rotating field illustrated in Figure 13.

Rotor is motor- TO Antenna
driven at Pair No. 1

!1800 RPM

Ó-}=====# () 4)
- ANA

WS
A TNy

From
XMTR To Antenna

Pair No. 2

Figure 12. GONIOMETER
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The rotating signal is initially set so that at magnetic north the
reference and variable signals are exactly in phase. In all other di
rections, the positive maximum of the variable signal will occur at some
time later than the maximum of the reference signal. The fraction of
the cycle which elapses between the occurrence of the two maxima, at any
point in azimuth, will identify the azimuth angle of that point (Figure lA).

\
\
\
\
\

. .”
~!. -

Phase angle depends
W V on direction of

v receiving antenna
from omnirange
Station.

Figure 14. PHASE ANGLE RELATIONSHIPS

For an analogy to help visualize the method of determining bearing from
the transmitter, let's use the case of an airport beacon. Suppose the
identification flasher cam is so adjusted that the green airport identi
fication light flashes each time the light beam sweeps past magnetic
north, and the beacon rotates clockwise at 6 RPM (one revolution each 10
seconds, or 36 degrees per second).

If we wanted to determine our direction from the beacon, we could use a
stop watch, starting the watch at the instant we see the start of the
green flash, and stopping it when the rotating beam sweeps past us. Then,
multiplying the number of seconds shown on the stop watch by 36, we can
obtain our magnetic bearing from the beacon.

• 15 -



M
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N * 5 seconds later,
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5* Green light flashes aslight beam passes
north heading Since beam rotates

clockwise at 36° per
second, bearing of

Time in Sec. observer from beacon
is 5 x 36 = 180 degrees

o- Observer O

Figure 15. BEACON ANALOGY

Suppose that exactly five seconds elapse from the start of the green
flash until the rotating beam flashes past us; 5 X 36 = 180 and our
bearing from the beacon is l80 degrees.

It is evident that the same time would elapse and the same bearing be ob
tained should the observer move directly toward or away from the beacon
without changing direction with respect to the beacon, regardless of
distance. If the observer should deviate to the right (approaching the
beacon), less time would elapse between the green flash and the beacon
flash; if the observer deviated to the left, the interval would be
longer. In effect, the reference and variable voltages of the omnirange
provide the same information electronically that the flasher and beacon
supply visually in this example.

- 14 -





Receiving Equipment. The airborne receiving system used with the
omnirange is composed of a special antenna (Figure 17) and three basic
circuit groups:

l. Frequency control
2. Conventional superheterodyne receiver
3. Navigation circuits

V-Type Dipole Antenna
for VHF Omnirange -

Inverted “L”. Type
Antenna for LF
Omnirange
-

Figure 17. OMNIRANGE RECEIVER ANTENNA INSTALLATIONS
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The basic function of the navigation circuits is to measure the phase
angle between the reference voltage and the variable voltage. As des
cribed previously, each point or degree of azimuth radially from the
WOR transmitter has a definite, fixed phase difference between the
reference and the variable signals. Therefore, if our receiving equip
ment can translate and provide in readily usable readings on the in
strument panel the phase difference existing at the receiving position,
a bearing from the transmitter is obtained. Likewise, if our equipment
can be adjusted to any desired bearing (or phase difference), and
indicate when the aircraft has reached that bearing, we may preset courses
and then fly to and continue along them. That is exactly what the re
ceiving system is designed to do, and a great deal of information is
available to the pilot taking advantage of all its possiblities.

Thus, the navigation circuits are connected to a manually-operated course
selector, a deviation indicator (which is the familiar localizer pointer
of the ILS indicator) and a special device known as a sense indicator.

Navigation with the Omnirange To determine the bearing of the aircraft
from the omnirange, the station is tuned in by using conventional tuning
controls, and the course selector' turned manually until the localizer
pointer is centered. Regardless of the heading of the aircraft, it is
somewhere on the radial or course line then shown by the course selector.
However, the bearing shown may be either the bearing from the station or
to the station. To resolve this 180° ambiguity, the sense indicator is
checked. Action of the sense indicator is illustrated in Figure 19, page 18.
Rotate course Aircraft is On
Selector until deviation 90 degree radial TO station “A.”
indicator is centered. Tºº-Ti.---------------> :

Check Sense indicator
to see if radial is
TO or FROM station.

Aircraft is on
350 degree radial
FROM station “B”

*~

350°

Figure 18. DETERMINATION OF BEARING \
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A.

In flying a course toward the station, set the course
selector (1) to the magnetic heading of the track
it is desired to make good to the station.

Head the aircraft in a direction calculated to
make good the selected track, and observe
the sense indicator (2). Unless
the aircraft is more than 90° from
the selected course, the ‘‘to-from.”
needle will show ‘‘to’’.

Deviation indicator (3) will
point toward direction
aircraft must be
Steered to reach
Selected track.

-MN 1-ANºt

B.

In flying a course away from the
station, the same course selector
indication (1) is used.

Unless the aircraft is more than 90° from
the selected course, the sense indicator
(2) will show “from”.

Deviation indicator (3) will continue to point toward
direction aircraft must be steered to reach selected
track (as when making final approach on the ILS,
“Steer into the needle”).

Figure 19. OPERATION OF OMNIRANGE EQUIPMENT
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If the aircraft is equipped with an accessory known as the Radio
Magnetic Indicator, the magnetic bearing from the aircraft to the
station may be read directly from an azimuth dial with a rotating
pointer. This instrument is illustrated in Figure 20.

N

Rotating scale
indicates magnetic
heading of aircraft
(800).

Pointer indicates
magnetic bearing - wº
of omnirange
(400).

Figure 20. RADIO MAGNETIC INDICATOR

In order to fly a particular course of the omnirange, it is necessary
to set the course selector to the desired magnetic bearing, then locate
the course, and keep the localizer pointer centered thereafter. Here,
again, the sense indicator is used to show whether the aircraft is
headed toward, or away from, the Omnirange station.

Since the Omnirange supplies directional information only, determina
tion of the actual position of an aircraft in flight (using omnirange
equipment exclusively) requires the bearing of the aircraft from two
different stations. The position can then be plotted on the map by
triangulation, as illustrated in Figure 18, page 17.

It may be seen that the complicated orientation procedures needed with
the low frequency four-course ranges are unnecessary when the omnirange
is being used. With the latter, a pilot may determine his position at
any time, not only with respect to the transmitting station but his
geographic location as well, promptly and with little effort. More
attention can thus be given to the actual handling of the aircraft, an
important advantage during adverse flight conditions. By installing
additional apparatus, such as distance measuring equipment and the off
set course computer in the aircraft, further navigational information
and utility are gained.



Types of Omniranges The VHF omnirange (abbreviated WOR) is designed
to operate within the ll2–ll8 mc band, where it is relatively free
from atmospheric and precipitation static. The power output is approx
imately 200 watts. Since the facility utilizes Very High Frequency, it
is subject to the same line-of-sight restrictions as the visual-aural
range. Although the WOR may normally be received l30 miles from the
transmitter at high altitudes, its operating range for providing depend
able signals at minimum instrument altitudes is considerably less.
Therefore, WOR facilities are spaced approximately 100 miles apart.

In the same way that an intervening hill or other obstruction will block
or reflect a light beam, such objects will interfere with VHF reception.
Thus, the actual locating of WOR sites present a critical problem. For
dependable operation, it has been found necessary to locate WOR sites
on "high ground" and remove nearby obstructions.

A selected WOR course is considered to be approximately the same width
as the visual course of a WAR facility (normally four degrees, from
one-point right to one-point left deflection of the localizer pointer).
(See Figure 4).

The WHF omnirange is equipped with a simultaneous voice facility. Except
during voice transmissions, the station identification is transmitted
intermittently by means of a 1020-cycle keyed tone.

Intended primarily as a navigation aid for long-range transoceanic and
transcontinental flights, a low frequency omnirange has been designed
for a power output of 10 kilowatts. It is expected that this power will
give the facility a dependable operating radius of over 500 miles. Over
water and non-mountainous terrain, the coverage will probably be even
greater.

Formerly abbreviated LOR, the designation of the low frequency omnirange
has been changed to MOR in order to avoid possible confusion with LORAN.

Recent studies indicate that the most desirable frequencies for MOR use
will lie within the 365-415 kc band. Where adequately separated geo
graphically, two or more facilities may operate on the same frequency.

The first four MOR stations are slated for installation at Honolulu,
San Francisco, Nantucket and San Juan. Plans for either one or two
stations between San Francisco and Nantucket will be made as soon as the
effective radius of the facilities can be determined. If only one addi
tional facility is necessary to bridge the gap for complete coast-to
coast coverage, it probably will be installed at Omaha. If two are neces
sary, they probably will be spotted in the vicinities of Fort Wayne and
Cheyenne.

It is expected that a selected MOR course will be somewhat sharper than
an equivalent WOR course, probably 29 from one-point right to one-point
left deflection of the localizer pointer.

MOR facilities will not be equipped for voice transmissions. The stations
will be identified by a 1020-cycle keyed tone.



10.

ll.
12.

l3.

l4.

lj.

l6.

17.

STUDY QUESTIONS

What are three of the advantages of the WAR.?

Describe the method of orientation using the WAR.

How may a pilot determine that he has passed the station when
flying the aural course? Wisual course?

What rules are applied when a pilot drifts off course when flying
the visual courses of a WAR range aligned on an east-west airway?
North-south airway?

How would a pilot determine his position with respect to a WAR
station on an east-west airway, assuming that his position was
south of the airway when the orientation began.

What additional equipment is utilized when a pilot changes from a
WAR to an ILS 7

On what frequencies do VARs operate?

What is the average usable range of the WAR’

Can the WAR be used by pilots of aircraft equipped to fly the
conventional radio range?

Why are the blue and yellow visual, and "A" and "N" aural, segments
of a WAR, referred to as sectors rather than quadrants, as referred
to in the conventional LF range?

Can visual indications of a WAR be monitored aurally?

Approximately how many WARs would be required to complete a flight
of 275 miles?

Name three disadvantages of the conventional low frequency range.

Name three advantages of the omnirange facility.

In practice, how many visual courses does WOR offer simultaneously
at any given altitude level? (1) 4. (2) le. (3) 90. (4) 360.

When flying along an omnirange course, which instrument is referred
to in remaining on the course selected? (l) The azimuth indicator.
(2) The cross-pointer instrument. (3) The sense indicator. (4)
The gyro.

Theoretically, there are an infinite number or range courses
around an omnirange station. Why is this not true in practice?
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18.

19.

21.

22.

23.

24.

25.

26.

28.

29.

31.

32.

33.

What may normally be considered as the reliable service radius of
the VOR type facility? (1) 50 miles. (2) 100 miles. (3) 150 miles.
(4) 200 miles.

What would be the expected width of an omnirange course at a distance
of 45 miles from the transmitter? (1) 2 miles. (2) 2.5 miles.
(3) 3 miles. (4) 3.5 miles. (5) 4 miles.

How can the pilot determine that he is receiving signals from the
desired omnirange station?

Is voice communication possible on the WOR frequency?

During what periods will the WOR station identification not be trans
mitted?

What is the power output of the transmitter used with the WOR7

What visual indication will make it evident that an aircraft has
deviated slightly to the left or right of the selected omnirange
course?

What principal characteristic of the WOR is a limiting factor on the
distance over which the range signal may be heard?

What is the frequency of the keyed tone producing the WOR station
identification signal? (1) 500 cps. (2) 1020 cps. (3) 3010 cps.
(4) 3000 cps. (5) 3105 cps.

In what radio frequency band do WOR facilities operate?

What effect, if any, will high terrain between the transmitter and
aircraft have on the reception of WOR signals?

What is the signal called that is radiated from the center loop of
the WOR facility?

What is the signal called that is radiated from the four sideband
loops of the WOR station?

What determines the course at any given point selected around the
WOR7

With a strong right cross wind, the pilot notes that as the ship
drifts to the left, the vertical pointer of the on-course indicator
moves to the left. He momentarily turns toward the left and the
pointer moves farther left. Is the station ahead or behind the air
craft,7

How can the pilot determine that the setting of the course selector
used with the omnirange is l80 degrees in error?
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34.

35.

36.

38.

39.

40.

Does the pilot automatically compensate for wind drift when he
follows a selected WOR course? Explain your answer.

The approximate minimum effective range of the low frequency omni
range based on daytime hours and average to poor ground conditions
is: (1) line of sight. (2) 100 miles. (3) 800 miles. (4) 500
miles. (5) 1,000 miles.

The average power output of the MOR is: (l) 8 kw. (2) 400 watts.
(3) 10 kw. (4) 50 kw.

The best frequencies for world-wide use of the MOR lie between:
(l) Al 5 and 500 kc. (2) lº) and 200 kc. (3) 450 and 550 kc.
(4) 365 and 4.15 kc.

Will voice communication be available on the range frequency of the
MOR2

What audio frequency keyed tone is utilized in transmitting the
station identification. On an MOR.?

A pilot flying along a pre-selected course toward an omnirange facility
is being helped by a tail wind. How can he check his progress to
determine distance from the facility? (1) By obtaining the informa
tion from the course selector. (2) By reading the sense indicator.
(3) By taking a bearing from another facility and determining the
point at which this bearing intersects his course.
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