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CIVIL AERONAUTICS AUTHORITY

WASHINGTON

INTRODUCTION

Although airline tramsport pilots are familiar with the
operation of radio aids to mavigation and are experiemced in
their use, as demonstrated in their tests for airline trams—
port pilot ratings, more and more aircraft are beimg equipped
with radio sets by private owners who do not hgzve the bemefit
of the instructiom provided by the air carriers for their own
airmen. This publication, therefore, has been prepared by
the Civil Aeronautics Authority for the purpose of instruct-
ing the novice instrument and radio flyer in the fundamentals
of the use of the radio aids,

The material contained herein is imtended as a mon~techmi-
cal presentation of emough elementary theory to prepare any
pilot for practical flight traiming im the use of radio aids
on the Federal airways system, |
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THE USE OF

THE +
AIRWAY RADIO RANGE
AND OTHER RADIO AIDS

Tt is possible for an experienced pilot to learnm to fellow
a radio range course mechanically by observing a few simple rules
without necessarily knowing the theory upon which those rules
are based. It would be an entirely different matter, however,
were he suddenly faced with the problem of orienting himself from
an unknown position. In such circumstances it is essential that
the pilot follow through to completion a predetermined plan of
procedure, He must execute each step in precise sequence, with
complete reliance upon his ability to interpret correctly the
changing radio signals he receives, To do so he must be able to
Yisualize clearly the manner in which radio range courses are
formed, "

Begin by comparing a radioc range which controls the intensity
of its signals in certain directions with a conventional broad-
cast station which normally radiates its energy with substantially
the same intensity in every direction, Figure l=A illustrates the
circular shape of the pattern covering the area over which a broad-
cast station would be heard with an ordinary receiver. Signals
are strong near the transmitter and grow weaker gradually as they
gpread out in all directions until they fade out entirely. The
radius of this circular area (Fige 1=A) could be considered great—
er or less as the receiver volume is advanced or retarded, or the
transmitter power is increased or decreased,

The shape of the patterm in which signals are audible can be
controlled to some extent by use of specially designed transmitting
antennas, one type of which is the loop, illustrated in Fige. 2.

Comparing the pattern of the loop (Fige. 1=B)with the pattern
of the broadcast antemna (Fig, 1-A) it will be found that radiation
from the loop is suppressed in both directioms at right angles to
the loop, and maximm radiation is obtained in the directions in
line with it, The loop is represented at the center of Fig, 1-B
as it would appear if viewed from directly above, Note the di-
rections in which it points by reference to the aircraft compass
rose drawn around the figure., For identification purposes the sig-
nals radiated by this loop are broken up into a succession of dots
and dashes corresponding to the letter "A" (dot dash) and so represent-
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ed by blocking in the areas covered by the signals, Figure 1=C
represents the area which would be cavered by another identical
loop at the same location but rotated 90 degrees (at right angles)
and transmitting a succession of letter "N®g (dash dot).

T™wo such loops radiating alternately would cover the areas
shown in Figure 1-Do It is obvious, however, that only in the
zones in which adjacent areas overlap would both the "A™ and "N"
signals be audible (Fige 7)e |

At the landing field represented by "F" in Figure 1-~D both
the ™A™ and "N" gignals would be heard with exactly equal strength,
resulting in a steady monotone or “on—course®™ signal, This is due
to the "A" and "N® mignals interlocking. The same would be true
at any other point on a line drawn through the center of each of
the four zones of overlapping signals. It will be noted that the

ash of the ®N" is transmitted first, then the dot of the "AW, then
the dot of the "N", and then the dash of the "A" (Figure 7). It is

Now obvious that radio range courses are merely narrow wedgeshaped
zones in which two signals of equal strength interlock and are heard
as a monotone popularly called the "beam™, The degree of accuracy
with which the ear judges relative signal strength (particularly
station identification signals) determines the accuracy with which

a pilot can fly a radio range course. The course signals ("A" and
"N") are broadcast for thirty seconds, when they are imterrupted
‘and the station identification signals are broadcast twice (once
from each loop)e Seven seconds are used to tranamit the station’
identification signals. This results in a complete sequence every
thirty-seven secondse At present there are twelve "A"g and twelve
"Nfg transmitted between station identification signalse

An airplane taking off from the field (Fig, 1-D), flying away
from the tranmmitter and following the line azlong which the "A"™ and
"N" mignals contimue to be received with equal strength, would start
with the receiver mamual volume control near minimm, The signal |
strength would drop off rapidly at first, making it necessary to ad-
vance the mamial volume control at frequent intervals. As the Sige
nal becomes progressively weaker with distance the manual volume cone
trol would have to be advanced less frequently. Eventually, the
1imit of receiver semsitivity would be reached or the accompany-
ing atmospheric noises and interfering stations would become louder
than the desired signal, The distance from the transmitter at which
this condition occurs depends upon the power of the transmitter, the
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condition and type of receiving equipment, and the amount of al-
mospheric noises (static) present,

NOTE. Automatic Volume Control (A.V.C.) is unsuitable for
radio range navigation due to the fact that it automatically
brings in the weak signals and repels the strong signals thereby
defeating the accuracy of the radio ranges. AVC would cause a
pilot to hear an "on—course®™ signal at a point where he should
hear an ®off—course" signal, Using AVC the pilot could be flying
away from the transmitter and not be aware of the fact because the
automatic volume control was automatically twrning up the volume
thereby keeping the signals at the same level, It is extremely
difficult to hear a cone of silence with AVC for the same reason,
As the signal fades out the AVC autamatically brings in the weak
signal which eliminates to a great degree the possibility of getting
a definite fade, The "on—course" is also considerably wider when
on AVC, which is very misleadinge. Certain changes ol signals will
be heard on AVC which are entirely erroneous and will soon confuse
the pilot to the point of becoming campletely bewildered, There—
fore, it is quite obvious that the pilot should keep the volume con-
trol switch turned to MANUAL when flving the radio ranges, It will
also be noted that the radio receiver will operate as if turned on

AVC when the volume is carried too high, even when the switch is
turned to MANUAL,

The accuracy with which a pilot can detect a fade or change of

signal depends almost entirely upon his previous training and the
mammer in which he handles the mamial volume controle A pilot who
has not had training in detecting a fade or change of signal will
deviate a considerable distance to either side before his ear can
detect a change of signal, This would cause the course flown to be
erratic, The limits between which an airplane may range to either
side before a change in signal is apparent is approximately 13 degrees
each gide of the center line, This is actually the way in which the
courses are plotted on aeronautical charts. The magnetic bearing
of each course in degrees toward the station is published by the
Civil Aeronautics Mithority for all stations, with the magnetic varia-
tion specified in each case. The use of flying charts on which all
courses are plotted with magnetic bearings is explained in detail
in Special Publication Nos 197 of the Coast and Geodetic Survey.
This publication can be procured from the Coast and Geodetic Sur-

vey, Washington, De Co, at $0.50 per copye
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Iike the emtertaimmemt broadcast band, the aeronautical
radio range frequency band (200-400ke,) must accommodate a great
mmber of stations and some interference is unavoidable, To elimi-
nate all danger of mistaken identity, each station is assigned an
individual one or two letter station identification signal, which
corresponds to the teletypewriter identification, As previously
stated, the course signals ("A" and ®N") are transmitted for thirty
seconds and then the station identification signals are transmitted
twice (omce from each loop — from the "N® loop first and the A"
loop second) after which the course signals are resumed, Each
radio range station operates on a designated frequency (i.e. 344ke.,
etc,)s This means that only one radio range station should be re—
celved at any one place on the dial, Therefore, there are two means
of identifying a radio range station, First, by the radio frequency
or dial setting, Second, by the station identification signals,
For instance, the pilot wishes to tune ‘in the radio ramnge station
at Burbank, California, He knows that the radio frequency is 260 ke,
and that the station identification signals are B-U (weee se=)e He
turns the radio dial to 260 and receives a signal, He walts until
the station identification signals are tranmmitted and reads them as
B-U (wsee oe=)s This has definitely established the fact that he
1s listening to the Burbank station. | ;

When a pilot is flying amay from a range station, the farther
he progreases the less accurately does he know hig position, but if
he follows any ome of the four conrses toward the station he will be
- led to 8 definite point, That point can be identified aurally by
vhat 1s usually termed the "come of slilence"™, The *cone of silence®:
is an area normally directly above the station, in which all signals
fade out when the airplane passes directly through it, It should not
be confused with the momentary "fade~ocut® of signals sometimes found
along airways resulting from other causes, since it will be observed
that just before arriving at the ¥cone of silence" the signal volime
builds up rapidly and it will be necessary to turn the volume domn
geveral times in the last mile, Upon arrival at the "cone of silence®
the signal is observed to snddenly fade out for a few seconds, de—
pending on the speed and altlitude, and then surge back with still
greater volmme than before, Unless the receiver volume is kept at
a minimm value and the airplane is exactly "on—course® when passing
over the station the signal will not fade campletely out. Some pilots
have complained that even when they flew over the station by ¥contact™®
and were posgitive that they were directly over the statiom they did
not get a fade-out of signals, This would be true if the antenna in-
gbtallation on the airplane were not correct or the radio receiver
gritch were turned to AVC, Figure 3 shows the normal position and
shape of the “cone of silence® over a loop station,
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The pilot should have a complete understanding of the in-
herent 1imitations of each radio range he intends to fly before
attempting to fly them during inclement weather, Range courses
which theoretically should be perfectly straight may be found to
have kinks or bends. Thig is most likely to occur where the
courses pass close to or over hilly or mounmtainous terrain, large
bodies of water, or over mineral deposita. Under such conditions
a course is sometimes broken up imto peveral parallel courses,
asally referred to as "mmltiple courses®, "Multiple coursges”
are extremely difficult to follow due to their being very narrow
and usually very erratic. They are very confusing to the average
pilot who has had limited experience with them, A mmlitiple may
have the same signals on both sides or may have the normal sig-
nals on either side or may have the signals reversed, It is recom-
mended that reference be made to the Air Commerce Bulletin, Volume
6, Number 3 and Volume 8, Number 3, for importaunt discussions on
the observation of multiple courses at Salt Lake City, Utah and at
los Angeles, California. Bent courses sometimes called "dog~leg
‘courses® are usually of little comsequemce since the bend is gemer-
ally small and away fram and around the obstruction that camsed it,
Homever, in mountainous country bends have frequently been found
that necessitated a change of compass heading of 45 degrees for a
short distance in order to stay on course, Several such bends may
occur on a range in a short distance, Obviously such a range would
be hazardous to a pilot who was not familiar with that particular
renge and its peculiarities, These conditions may be found any-
where but mgamrﬂlymﬁmdtnhﬂlyarmbaﬂnmmtermin.
A bent course creates the impression that the course is awinging
if the airplame proceeds on a straight line., Thearetically, the
only time that courses actually do swing from their fixed position
is usually for a short period at sunrise and sunset, This has been
‘almost entirely overcome by gubstituting for the loop antemmae &
system of four steel tower radiators, located at the four cormers
of a large square plot and fed from a transmitter in the center
through mnderground tranasission lines, However, the signals are
trensmitted in the same mammer as in the loop type statlions.

Electrical or mechanical breakdown of the transmitting equip-
ment could cause complete failure, or more serious yet, a condition
which wight for the moment be mistaken for an om—course signal where
none should exist, Every conceivable precaution is takem to prevent
failure of radio ranges by frequent regular inspection, cleaning and
overhsul, In addition, a monitoring system is maintained. Not one,
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but several, receiving stations are charged with the responsibility
of listening to each range for evidence of course deviation or other
faults Any departure from normal is investigated immediately amnd
warnings broadcast to all concerned,

Other peculiarities may be observed such as a "leaning® cone
of silence, or inability to hear a range as far as expected. This
may occur where courses are not 90 degrees gparte Investigation
usually reveals that one or more of the four courses were intention—
ally shifted from the normal 90 degree aligmment when the station
was originally tuned. Such changes are necessary to make certain
courses coincide with the civil airways or line in same other de-
sired direction, These changes could be accomplished by rotating
the loop tranamitting antenna or relocating the tower radiators,
as the case may be, but in actual practice the same result is
more conveniently achieved electrically by meraly readjusting the
tranmtting apparatus,

In most cases 90 degree separation of courses will not bring
them all in the desired aligmment. Generally, there are two methods
of displacing courses from their nomal 90 degree separation, One
is termed "course shifting™ and is i1llustrated in Figure 4., The
theoretical explanation of shifting (sometimes called "squeezing")
of the courses may be visualized by plotting the pattern of the areas
covered by signals from each loop and noting the resulting displace-
ment of the on=-course zones when the relative size of adjacent pat-
terns is changed. The glize of these areas is, of course, governed
by the power radiated from the corresponding loops.. The heavy dot—
ted lines in the illustration represemt the pattern after adjusting
the trangmitting equipment for this purpose, It will be noted, in-
cidentally, that any displacement of the course is achieved at the
expense of a corresponding reduction of the diﬂtanna over which the
displaced couirses may be used,

After shifting courses in the manner described above, opposite
or reciprocal courses remain 180 degrees a.part, Occaaionally cir-
cumstances demand a bend in reciprocal courses, This is accamplishe-
ed by altering the relative size of the patterns in such a manner
as to produce the desired aligmment. (An example is illustrated in
Figure 5.,) This alteration is obtained not by a reduction of cur-
vent in the loop, but by cancellatlion of a pnrt:l.un of the radiated

energye.
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Marker Beacons
Class ™"

A class "™ marker beacon is a low-powered, non-directive
radio station which transmits a characteristic signal, such as
*H" (..ee) Once every ten or twelve seconds, Class "M" marker
beacons are normally equipped for voice communications with
aircraft. These marker beacons have a range of from three to
ten miles depending on the weather conditions and the type and
condition of receiving equipment being used. Marker beacons
are normally placed at the intersection of two range courses
indicating when to tune to the next station, In such a case
the characteristic. signals are transmitted on the same fre-
quencies as the adjacent radio ranges sc that they can be
heard if the recelver is tuned to either range. Marker beacons
may also be placed on or near some obstruction, such as a radio
tower, or at some particular point along the airway. A marker
beacon does not operate contimiously, but is turned on when the
local ceiling is less than ™unlimited® and/or when the visibility
is less than two miles, or at any time on request, This is because
a marker beacon is used by the pilot to check his position when
flying ®over the top" when the ground cannot be seen, A pilot re—
porting over a marker beacon sets the mapual volume control at a
comfortable level and notes the time on his clock when he first
hears the marker beacon, Suppose it was 10:00 AM, when the
gignal was first heard,s The pllot does not move the volume cone
trol either way but leaves it set as it was when he first heard
the klgnale The last marker beacon was heard at 10:10 AJM, The
pilot reports his position as “over marker at 10:05",

A properly qualified pilot, preparing to take off for a cross-
country flight in an instrument-equipped aircraft and expecting to
use the available radio facilities, files his flight plan with the
airway traffic control station of the Authority, if there is such
a station on the airport where he is preparing to take off, or the
alr-traffic control~tower (airport traffic control tower), or in
person, by telephone, teletype, telegraph or radic to the nearest
teletypewriter station of the Authority.. (Approval of a flight
plan, traffic control instructions, and any flight plan amendments
mist be receilved from the airway traffic ccontrol station of the
Authority if the pilot departs from an airport within, or at any
time plans to emter, the area in that vicirdty controlled by snch

station.)
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In the use of two-way radio, it is important that conversation
be kept to a minimmm, because the operator on the ground can talk to
only one pilot at a time, If some pilot is using the chammel un—
necessarily; he may be keeping valuable information from some other
pllot who is in dire need of it, When a pilct flies cross-country,
he checks the fuel and oil tanks, he checks the engines and radio,
and he checks the weather, It is obvious that he should also check
the maps, The maps ghould be brought up to date by referring to
the bulletins published by the Civil Aeronautics Authority for that
purpose, He should bisect the quadrants and get the average bi~-
sectors for the M"A™ and *N" quadrants of the radio ranges along
the route he plans to fly3 secure information such as the peculiar-
ities of those renges, if any; learn the magnetic bearings of the ranges,
and the relation of the radio range station to the airport; know the
dial settings and station identification signals of all stations
along and adjacent to the route so as {o eliminate any wnnecessary
work in the event that during the time of weather broadcast he should
get lost or should he, at any time, be compelled to fly with re-
duced visibility. A amall smount of work along these lines will eli-
minate a great many dfficulties, | |

Orientation

When lost in the vicinity of a radio range station the pilot
should immedigtely adopt a plan of action and follow it through to
completion, executing each step in precise ssquence with complete
reliance upon his ability to interpret correctly the changing radio
gignals he receives, He should be capable of visusalizing his ap-
proximate possible positions with relation to the radio station, but
ghould not asswme that he is ip a particular position, He should
adopt a course which is parallel to the ave - bisectors of the
quadrants or & course which is perpendicular (right angles) to the
average bisectors of the quadrants depending upon which method of
orientation is being used,

NOTE: The word "bisect®™ means to divide in half, In bisecting
a quadrant which has a spread of 60 degrees between the two Mon-course®
zones, the bisector will be a point midway between the two "on-~course®
zones or at a point 30 degrees from each "on-course® zone,

By referring to Figure 6 we find that the north "N" guadrant has
a spread of 80 degrees from 333 degrees to 53 degrees, It will be noted
that the bisecting course for the north "N quadrant is 13 degrees o
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193 degrees depending on whether the pilot is flying toward
or away from the station, This course is known as the bi-

secting course of the north "N quadrant, It will be noted

that the southern *N" quadrant has a spread of 72 degrees, from
270 degrees to 198 degrees. The bisector of this quadrant is

5/ degrees or 234 degrees, dependinrg on whether the pilot is
flying toward or away from the station, It is obvious that if

& pllot is lost he should pever sssume that he is in a certain
position., Therefore, g course must be flown which will be ap-
plicable to either guadrant, This is accomplished by laying

a straight edged ruler across the map and, by reference to a
compass rose, noting the average bisecting course, The average
bisecting course is found to be 35 degrees or 215 degrees for all
practical purposes, Since the average bisecting courses of radio
range stations are always 90 degrees apart the average bisecting
courses for this station are 35 degrees or 215 degrees in the "N®
quadrants and 125 degrees or 305 degrees in the "A™ quadrants,

The following are a few simple but irportant rules that
should be memorized by all pilots who anticipate flying the radio

ranges

Rules 1« The northern "N" quadrant is the quadrant in which
True North lies, Since the "N" quadrants are diametrically
oppogite, this rule immediately establishes which are the ™A™
and "N® quadrants, When the bearing of the northern range
course happens to be True North, the quadrant to ‘the West of
this north course will be the "H" quadrant,

Rule, 2, The first station idemtification signal is trans-
mitted in the "N® quadrants, the second in the ®A" quadrants,
the opposite of the alphabet, Figure 7.

Rule, 3, If two station. identification signals are heard,
one being louder than the other, it is obvious that the

pilot is near some M"on-course® zone, (Figure 7)., If the
weak station identification signal starts to fade out it is
obvious that the pilot is flying away from the nearest "on-
course" zone, If the weak station identification signal

gets louder, the pilot is flying towards the necrest "on-
course” zone, It will be noted that when "on-course® both
station identification signals are heard with equal intensity.
Thig information is particularly valusble when the volume is
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increasing and fading so as to make it difficult to tell
by sound whether the pilot is flying toward or away from

a station, It is also valuable when stabtic conditions
make the signals almost unreadable, The volume will not
change sufficiently fast to disrupt the relative intensity
of the two station identification signals. Normally, rain
and snow static will cause all signals to be blanketed out,
Many airline transport pilots use the relative intensity
of the station identification signals almost entirely as a
means of following the "on-course®™ when they are a consider—
able distance from the station,

The various radio range stations have different bisectors since
the ®on~course® zones are pointed in different directions, It is,
therefore, necessary that the pilot prepare this information in ad-
vance for each individual range he plans to fly,

It rust be remembered that radio range stations are to be used
gtrictly as an aid to dead reckoning, The pilgt should not rely on
~ the range alone, ignoring the compass and other instruments, as there
i8 alwayp the possibility that the range may be turned off becguse
" of mechanical difficulties or may be unintelligible due to shtabic
or other conditionsg such as receiving equipment being in poor cone

Orienmtation by the 90 Degree Method,

In working out a problem by the 90 degree method, a compass course
ig flovm which is at right angles to the average bisector of the ®A"
- or "N® quadrants, depending upon which signal the pilot is receiving,
This means thet the pilot can fly one of two directions in the "A"
quadrants, or one of two directions in the "N quadrants., In Figure 8,
the range courses toward the station are NE 240°, SE 330°, S 60°, NW 150°,
The right angle or perpendicular to the average bisector of the "A®
quadrants is found to be 15° or 195°, The right angle or perpendicular
to the average bisector of the "NM quadrants is found to be 105°
or 285°, The courses 15° or 195° azre the only two headings that can
be flown in an ®A" quadrant on this particular patterp using this method,
Agguming that the signal being received is an YAM, the pilet turns to
the nearest of these two headings. If when he turns on his radio two
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station identification signals are heard, the first one weak and
the second one loud, he knows that he is in the vicinity of some
one of the four "on—course" zones, but is aware that he can be in
any one of the four situations with reference to courses and aver-
age bisectors, as noted by positions 1, 23 3 and 4 in Figure 8,
Agsuming that he turnms to a heading of 15%, he immediately eli-
minates the southeast and the southwest “on-course® zones, which
are behind him., He knows that if he flies 15° there are only"
two ®on~course® zones that can possibly be encountereds that is,
the northwest or northeast “on-course®™zones, Remember, there

are two station identification signals, the first one weak

and the second one loud, He flies this compass course for two
or three mimites and notices that the weak station identification
gets weaker, That immediately tells him he is flying away from
the nearest "on—course® zone, and that he might have to fly as
long as fifteen or twenty mimutes to pick up the ®on-course™ zone
now in front of him, He makes a 180° twrn and flies 195°
(position 3 and 4 Figure 8), He notices that the first station
identification signal, which was the weaker, begins to get louder,
In flying 195° he has eliminated the northwest and northeast ®on—
course®™ zoner, and is now only concerned with the southeast and

southwest "on—course®™ gzones, (The map should always be held parallel

o the direction of flight so as to avoid becoming confused),

The pilot contimmes flying 195° until he encounters the "on-
course® zone, He flies through the "an—course® to the other side.
On the first "N® signal on the other side of the "on-course® he
makes a time turn of 90° to the right and immediately corrects
to the proper compass heading in case this turn was not exact,

He flies in the new direction for approximately one mimute., It
will be noticed that if he is in position No. 4, after making this
90° turn, he goes definitely inmto an "N" and definitely away from
the "on-course® zone, The pilot comtimues flying 195° until he
encountters the "on—course® zone, He flies through the "“on—course®
to the other side, On the first ®N" gignal on the other side of
the "on—course®™ he makes a time turn of 90° to the right and ime
mediately corrects to the proper compass heading in case this tum
was nct exact, He flies in the new direction for approximately
one mimite, It will be noticed that if he is in position No, 4,
after making this 90° turn, he goes definitely into an "N™ and

definitely away from the “on—course® zome, He knows ab once which

*on—course™ he has crossed because had he been in position No, 3,
- he would have immediately gone back into the "on—course® and into
an MAR gfiter making the 90° right hand turm, On flying from an
RA" 4o an"on-course® and back to an "A", a turn of 180° should be
made to the left, In flying from an "A" to an "om—course®and
into an ™", a turn of 270° should be made to the left, Remember,
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MAm 0 AW or like to like -~ 180° left. ¥A" to "N® or like
to unlike ~ 270° left, The purpose of this turn is to get
back tc the "on—course®™ at such an angle that a turn of ap-
proximately 45° to the left will place the pilot on the pro-
per course to stay in the Rom—course®™ gone, The pilot then
locetes the right-hand edge of the "beam" by sound, As soon
as the edge is picked up the pilot corrects to the proper
compass course of that leg of the station which is 330°, If
there i8 a wind, he will drif% into the "bean" or away from
the "beam™ unless he stays on the "beam edge® by sound, noting
the compass correction necessary to stay on the "beam edge®,
The compass course of that leg of the station and the compass
heading required to stay on the "beam edge" indicate to a
great degree the direction and velocity of the wind,

: It mst be remembered that in flying an oriemtation
problem by this method, two courses are immediately eli-
minated, and the right-hand turn after encounterirgthe
Ron—course® eliminates another, which leaves only one course
to fly, Strict attention must be paid to the station identificatiom
signals and their relative intemsity,

The 90° method is worked by following four simple rules as
followss

1, Fly perpendicular to the average bisector of the
quadrants you are in,

2. Upon intersection of opposite edge of the "beam",
turn 90° to the right,

3. When quadrant signals chamnge as a result of right
turn , make a turn of 270° left and upon reaching
oppogite edge of "beam™ turn 45° left,.

Le When quadrant signals do not change as a result of
right turn, make a turn of 180° left and upon reach-

ing opposite edge of ®"beam® turn 45° left,

Follow "on=coursge™ to the station,
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There are several occasions when the 90° method is un—
satisfactory, and for this reason other methods have been
devised, One example of unsatisfactory application is in a
wide quadrant with a strong wind from the station. Another
is an irregular angle station with the pilot on the right
of the station and a strong tail wind, Here the pilot would
be blown away from the "beam" into the quadrant ahead of his
original course instead of back into the quadrant he had just
left, thereby giving him the impression that he’'was to the |
left of the station,. With the pilot on the left of the statiom
a strong head wind will blow the pilot back into the sector
he has just left when he makes the 90° right turn, which would
indicate to the pilot that he was to the right of the station,.

(Figure 8).

The Fade~Out Method

Using the fade—out method, the pilot makes use of the
subsequent intensity of the signals to determine which quad-
rant he is ine The pilot flies the average bisecting course
of the two "A® or YN" quadrants depending on which signal he
18 receiving, and listens particularly to the volume, noting
whether the volume is increasing or decreasing. This iden— -
tifies the quadrant, Care must be taken to fly the average
bisecting course long enough to get a definite fade—out or
a definite build-up of signal strength, If the signal fades
it is advisable to turn the volume up and wait for a second
fade to make sure that the first fade was not a false fade -
which would possibly cause the pilot to make an incorrect de-
cisione The pilot must turn dom the volume as low as pos-
sible and still identify the signal, If he 1s flying away
from the station the signal will fade out completely, and he -
will not hear it at all unless the volume is turnmed up. If
he is flying toward the station the volume will build uwp and
the pilot will have to keep turning the volume dowmn to keep
the sound at the same levels -

CAUTION: DO NOT USE AUTOMATIC VOLUME CONTROL (AVC).

The average bisecting course takes the airplane generally
away from or toward the station, The resulting increase or
decrease of signal intensity, together with the direction the
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pilot is flying, determines the quadrant in which the air-
plane is flying, This method pormally requires less time
to work out a problem than the 90° method, but due to the
fact that the volume may be variable, increasing and fading
out rapidly, the pilot may have to fly as long as fifteen
or twenty mimutes in one direction in order to determine
whether the volume is actually increasing or fading, This
is especially true in a slow airplsne, If such a condition
prevails, it is obvious that the fade—cut method would not
be entirely satisfactory, due to the fact that the very
basis of the fade-out method is the subsequent intensity
of the signal,

However, should two gtation idemtification signalg be
heard at the start of the problem, one loud and one weak, and
the weak station identification signal fade out, it is obvious
that the pilot iz flying away from the station as well as away
from the nearest "on-course™, The opposite is also true. As
soon as the pilot has determined which quadrant he is in, he
turns 180° if necessary and flies the average bisecting course
towards the station, He encounters the "om—course" and flies
through the "on—course®™ to the other side, Upon hearing the
first opposite signal, the pilot makes a standard turn to the
left but does mot exceed 180° of twrn, As soon as the pilot
hears the Mon=course® building up ir the background he starts
a turn to the right in order to arrive at the "beam edge®™
parallel to the Pon~course®, Usually, the pilot will miss
the "beam edge” and will have to make several corrections by
getting a bracket on the headings in order to geb on‘the "beam
edge®, The vwolume is then turned down to the practical minimm
and it is noticed whether the volume is building up or fading
outs, If the volume is building wp, the airplane is headed
toward the stationes If the volume 1s fading out the airplane
is headed away from the station, whereupon a procedure turm is
made and the station is approached, On a station having g90°
sevaration of courses, the compass heading will also identify
the leg of 1he station BUT IF THE COURSES ARE SQUEEZED OR BENT
THE COMPASS HEADING CANNOT EE RELIED ON TO IIIE!«ITIFITE,"HEAH“
DUE TO THE DRIFT INVOLVED IN A HIGH WIND, -

CAUTION: If in flying the average bisectors, the volume
increases rapidly and only ome station identification signal
is heard, it is obvious that the alrplane is in the center or

e
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near the center of the quadrant, Also it would be obvious

thst the "on—course® will be intersected so close to the
gtation that it would be impossible to get on the Mon-—-course®
in time to pick up the "cone of silence", In a case of this
kind, the fade—out method should be abandoned and the parallel
mathod employed as described in the next paragraph, (Figure 9).

Parallel Method

Phe parallel method is so named because after identifying
the gquadrant in the same manner as in the fade—out method, the
pllet flies parallel to one "on-course® to intercept amother
"onmetmirse®, This method is closely associated with the fade-
out method and the procedure to identify the quadrant Is exactly
the same, However, after the pilot has idemtified the quedrant
he selects the "on-course® he desires to fly to the statiom,
This selection may be highly desirable due te obstructions om
a certain leg, strong winds, or a given leg may be the initial
approach for that station. After the pilot has .selected the
®on-course” he desires to fly to the gtation he then flies
parallel to the other Mon—course" forming the quadrsnt until
he imtercepts the desired "on—course™ and thent flies the *beam
edge” to the station by sound, |

CAUTION: On range stations having wide quadrants, cone-
miderable difficulty will be encountered if the pilot starts
to parellel an ®on-course® too soon, particularly if there is
a strong wind from the station, (Figure 10),

Eanbination Method

The éombination method utilizes all of the informastiom
given by the 90° method, the fade-out method, and the parallel
method, Namelyj the changes of signals, the changes of volume,

- and elimination of "beams®™ by adopbing certain compass headings,
The courses flown are as follows: When flying in an "A", fly
80°, If the signal fades out make a turm of 180° and fly the
reciprocal heading, When flying in an *i", fly 350°, If the
signal fades out, make a turn of 180° and fly the reciprocal
heading., From this point on the method is the same as the fade—
out method, The reason that these courses were selected was

that it was found that phe courgses 80°% and 350° are the average
bipectors of all average bisectors, of all stations. This method
i8 recommended only as an emergency method bo be used when maps

/840




are blown out of the cockpit or have been left behind, or when
the pilot is suddenly confronted with the problem of orientation
on a strange station of which he does not have a mape It is
particularly important that all turns, while flying by the fade-
out, parsllel or combination methods, be mads on the “beam®™ by
sound, OConsiderable practice will be found necessary before
accuracy is obtained,

Special Orientation

Lost at or Wear the Station

When the pilot becoames lost directly over the station or
8o close to the station that the signals are changing so fast
that he cannot work a standard problem, the following is sug—
gested: He should fly straight for a few seconds and then turn
to the nearest bisector and hold this new heading for at least
five mirmutes, By noting the fade of the signals he should be
able to identify the quadrant, He can then select a "beam" p
turn to it, and follow it to the station, _

(n=Course Orientation

When the pilot turns on his radio and finds himself Ron—
course™ he should turn to the nearest average bisecting course
until the edge of the "beam® is found, The "beam edge' is
followed by turming to the left in the same mammer as in the
fade-out and the "beam®™ identified,

Relative Tuning

When a pilot becomes lost a considerable distance from the
ghation he may orient himself by relative tuming. Two or more
radio range stations are tuned in other than the station that the

pilot is working, and the signal from each is noted, (together

with the signal intensity), and plotted, either memtally or on
papere This will, in many cases, generally establish the quad-
rant in which the pilot is flying,

Radio Compass

The radio compass, as used at the present time, consists of
a radic receiver equipped with a loop receiving antenna and a
visual right—left indicator which indicabtes whether the zirplans
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18 headed directly toward or away from the station to which the
recéiver is tuned, or is headed to the right or left of the
station, |

Radio Compass as a Homing Device

A radio compass will give a zero indication when headed
directly towards or away from the station to which it is turned,
In order to eliminate the possibility of 180° ambiguity, when
the station is "tuned in", the pilot starts a turn to the lefi

contimes the left t until the needle moves from ri
to center, This definitely indicates that the pilot is headed
toward the station, |

CAUTION: PARTICULAR ATTENTION MUST BE PATD TO THE ROTARLE
TOOP AZIMUTH SCALE INDICATOR, THIS AZIMUTH SCALE TNDICATOR MUST
BE SET AT ZERO IN ORDER TO WHOMEM DIRECTLY TO A STATTION.

From this point on to the station a2 left needle indication
is corrected by a right turn and a right needle indication
is corrected by a left turn. This is called "turn and bank®
sensing, If when the station is "tuned in"the needle is in
the center, the pilot makes a small correction to the left or
right and notes which way the needle moves, IZ the needle moves
with the rudder the station is ahead, If the needle moves op~
posite the rudder the station is behind, If the radio compass
has a sensitivity control for the needle, the following procedure
should be followed after heading toward the station: Turm the
~ airplane 45° to the right or left and adjust the radio compass
pointer sengitivity so thatv the needle gives a full scale in-
- dlcation tut does not hit the stop, Recenter the needle by
turnming the airplane, The aural volume control should be set
at a corresponding position, As the station is approached it
will be necessary to turn the volume down and the compass sen=
sitivity control should be turned domm a corresponding amount
to keep the needle from becoming too sensitive. The more sen—
sitivity the more accurate the course, but when nearing the
station the needle will swing wildly from side to side as cor-
rections are made imless the sengitivity is reduced, - When the
station is reached it will be noticed that the needle is very
sensitive even when the volume is low, and when passing over the
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gtation the needle will swing all the way tc one side, An
attempt ot to exceed 15 degrecs bank should be made to core
rect the needle to center. Due to the operation of the needle
being reversed this attempted correction will cause the needle
to cling harder to the side, This indicates positively that the
station has been passed, and the pllot should immediately re-
turn to the original gyro heading he had as he approached the
gtation, The procedure from that point on depends on the par-
ticular problem involved,

Radio Compass in camputing position, track, and ground
speed,

In using the radio compass for radio navigation tri-
angulation problems, the pilot determines his approximate
position by taking bearings on various known radio stations
in his vicinitye The plotted bearings of these statlons will
form a triangle and the apex of this triangle will indicate
the position of the airplane at the time the observation was
taken, After several such position checks have been taken,

a line comecting the fixes will indicate the track over ths

ground and the ground speed,

Genaral

In flying toward the station it is advisable to fly on the
right-hand side of the Won—course™. The edge on the "on-course®
is that portion where a strong "on~course® signal is heard and
-~ occasionally the right-hand zone signal is heard faintly in the
background, A 10° change of bearing, if made to the right from
the edge of the “on~course® and held for about ten seconds, with
an airplane flying atl00 m,pshe, Will bring the airplane definite-
ly into the right-~hand signal zone where the right-hand signal
will be heard every time, The same correction, if made to the
left, will take the airplane into the Mon—~course®" signal in which
the right-hand signal will not be heard at all, Flying along the
edge reduces wobbling or erratic course flying and keeps the pilot
on one gide of the "on—course™, to a great extent the possibility
of collision with other aircraft thus being eliminated,

When it becomes obvious to the pilot that he 1s close to the
station {by position of the volume control), he flies in the "on-
course” to the station, He has, of course, by that time corrected
for the wind and has definitely established a compass course, In
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case there is evidence of serious bends in the ®on—course®

he may be unable to stay "on~course® by sound but as a result
will have to pay more attention to the compass (gyro) course
than to the sound of the range, The pilot knows that he is
close to the station due to the fact that the volume is turned
all the way down and the signal is still coming in strong and
clear, If he hears what he thinks is a "cone of silence®, a
slight application of right rudder will take him off the “on-
course®™ into the right-hand signal zone, If an "A"™ has been
on the right of the "on-course™ while flying toward the station
and an "A® is received when he turns out to the right, he knows
that he has not yet arrived at the station; that it was a fade—
out or a "fake cone of silence®, However, if, when he turms
out to the right, he receives an "N® he knows that it was the
"cone of silence™ and the station has been passed because the
signals are reversed upon passing the station,

Corrections made while flying on the "on—course™ near the
station should be of not more than 10° and held for several
seconds in order that the corrections may take effect, A =mall
correction or series of small corrections will give much more
information than one violent correction, which might cause the
airplane to intersect the "on-course® at such an angle that con—-
giderable difficulty may be experienced in getting back "on-course®,
The pilot should be particularly careful to have every move de—
finitely planned out in his mind, and should be very dellberate
about the execution of these movements, He should always have a
mental picture of his position in relation to the ®on~course™ and
the station,

All aircraft, while progressing away from radio range stations,

gre required to keep to the right-~hand side and definitely off th e
"on—course™ sigmal at all times enroute,

It is obvious that the best results will be obltained if the
pilot is familiar with all four systems and flies a combinstion of
the four, depending upon the existing conditions, A pilot should
practice flying the radio ranges as much as possible whenever flye
ing eross—country, even when it is CAVU, so as to become familiar
with each particular range and the accompanying preblems, He
should practice intersecting the "cone of silence" at every pos—

- gible opportunity, until he becomes proficient, The pilot should
practice flying radioc range orientation problems from a lost posi-
tion as frequently as possible, in order that the sequence of e—
vents will become fixed in his mind to such an extenmt that they
will become semi-automatic, The pilot should be very deliberate
about his movements and not too impatient, but should wait suf-
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ficiently long after adopting a change of procedure to get a
definite indication that the change has been accomplished,

lle should always allow ample time for a correction to take
effect, After a pilot becomes proficient in flying radio

range problems, each succeeding signal gives him information
and by mentally filing this information he can, within a

very few minutes, orient himself with a high degree of accuracy,

Thig high sbandard of proficiency can be maintained only

by constant practice and bthrough study of the various conditiong
encountered,

The secret of using any system is to lay out a definite
plan of action and carry it through cooly and deliberatelYes

TLoop Orientation and Radio Directiom
Finders,

Because of its directional characteristic, a loop antenna
can be used for determining the direction of a radio station
with reference to the aircraft, Maximum signal response is ob-—
tained when the plane of the loop is in line with the line of
bearing which passes through the station being received, and
minimm signal response is obtained when the plane of the loop
is 90° from the line of bearing through the station, Either a
fixed or rotable loop may be used, Most present day aural
homing devices operate with a shielded lcop which can be rotated
manually from the cockpit at which point a dial is also incor-
porated to indicate the position (azimuth) of the loop with re-
ference to the longitudinal axis of the ship, Direction finders
providing aural signals alone can be classified as "Aural Null
Direction Finders", while those incorporating visual indications,
as well as aural, are usually referred to as "Radio Compasses”.
With an electro~statically shielded loop antenna it is possible
to eliminate a large percentage of precipitation static, Under
precipitation static conditions, the loop should be rotated so
that the plane of the loop is in line with a line of bearing
through the gtation when maximm signal response is desired, as
for example, when flying a radio beam in the usuel manner; but if
minimm signal response is desired (Mull), then the plane of the
Lloop may be rotated to a position 90° to the line of bearing
through the station, as for example, when taking a line of bear-
ing by the aural-mill method, Under precipitation static con—
ditions, it is more desirable to leave the loop in a position for
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maximim signal response,

When using the loop, (in any fixed positiom), if the plane
is turmed through a camplete circle at some position distant
from the range station, the signal will decrease {0 a minimm
for fade-out on two headings of the ship, These polnts are the
nvlls and are 180° from each other,

When flying the mull, with a rotable loop, it is necessary
that the pointer on the azimuth scale be exactly at zerog in
other words, the. loop is in an athwartships position, When fly=
ing a mmll properly, either a slight right or left twrn will pro-
duca and increase the signal, If the minimm signal (Mall) as
indicated by the pointer on the azimuth scale, gradually drifts
off the zero reference, then the course of the aircraft should

be altered to correct for this drift, always keeping the pointer
- at zero on the azimuth scale when the signal response is minimm
(Full), With the azimuth needle set on ze»o position when fly-
ing the null, the station is either directly ahead or behind the
plans, Methods of determining the true bearing of the station

will follow,
I£ the volume comtrol is advanced, the mull will be sharper.
If the volume control is retarded, the nmull will be broader,
Increased distance fram a. station results in a wider mull,

Inaccurate tuning broadens the mill,

| The most satisfactory mill for haming or orientation pur-
poses is approximately 3 to 5 degrees in width, The volume con—
trol should be adjusted to maintain the null within these limita-
tions if the signal strength permits,

The three most comonly used methods of loop. orientation are:

1, 90°. (Sometimes referred to as the angular change of bear-
ing method,)

2e¢ Left—right,.
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Pointer progression,
The 90° System

Set loop to hhming position (zero on azirmth scale),
Turn ship to obtain a mull,
Adjust volume comtrol for satisfactory muill width,

Check for center of mull with azimuth (if rotable loop),

Set gyro to zero degrees or note compass heading,

Turn left to gyro heading of 270° and fly this heading

for three mimutes or more, (Depending on distance from
the station approximately 5° or 10° change in angular
bearing with relation tc the station should result from
this maneuver,)

Turn ship right to zero degrees on gyroe

Hold heading carefully and rotate azimuth to mull position,
If mell bearing has shifted clockwise the station is ahead,
and if it has shifted counter—clockwise, the station is be-
hind,

The same system can be performed with a fixed loop. After
flying the same 2M°zyro heading for 3 mimtes or more and mgking
the tu™n to the right, a new mall mst be found by pointing the
airplane; then by camparing the original heading of the null with
the new gyro heading of the mull, accomplish the same right or
left comparison with the same ahead or behind indication, This
system is described in Figure 12,

le
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Right-Left System

Set loop in home or mull position,
Turn aircraft right or left until mull is obtained,

Adjust volume control for satisfactory mull width,

Observe gyro or compass heading.
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Make an exact 90° right turn. (Twrm assharply
as possible without causing abrupt precession of

gyro) e
Set loop in range position. (90° to mull position),

Fly new direction through mull until signal reappears,
Make very shallow, slow, left turm. (5° to 10°),

Note whether signal increased or 'if_ mill returned,
If.nn]l returns, station is off left wing,

If signal increased without rmull reappearing, station
is off right wing, (See Figurs 13,)

Pointer Progression System

Se;b loop in range positiom. (90° to mill position),
Turn ship right or left until mull is obtained,

Adjust volume comtrol to satisfactory mull,

Observe gyro or campass heading and fly a steady course,

Note direction or rotation of loop necessary to maintain
a mll gignale

If rotation is clﬂckniae, station is off right wing,

If rotation is gounter—clockwise, station is off left wing,

Knowing the direction of the station, a turn in that direction
is made and the loop may be rotated to homing position. See

Figure 14,
mull may be flown by either of two methods:

The directional gyro is used to determine the proper
direction of z turn to return to the mull, When a mull

is obtained the gyro is set to zero, If the signal ine
creases, it will be noted that the gyrce has wandered from
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zero, JIn returning to this heading of zero the
mull will be obtaineds This only holds trve under
comparatively still air conditions or when heading
directly toward or away from the station,

2¢ The easiest method, however, is to set the gyro on
zero when the mull is obtained, then fly this gyro
setting periodically investigating the nmull with the
loop rotator, If the mill is slowly falling to the
Mght or left (noted on the azimuth scale), a leisure-
1y correction in heading can be made so that the mull

- will again come on zero on the azimmth scale. Obviouse

ly, drift will result in progression of the gyro read-
ing in one direction as the mull is maintained,

It i3 necessary that the volume control is not radically
reduced as the gtation is approached, Although the
loop will not give a cone of silence and is definitely

| not recommended for this work, there will he a stromg
build up of signal when close to the statiom, after
which the mll disappears, Nommally, no cone will be
heard, but a surge pay be heard,

Radio fixes with loop

In taking cross bearing with a rotable loop, mull bearings
on two or more gtations are taken in rapid succession, and the
bearings thms obtained are plotted through their respective
stationss The intersection of the plotted bearings representa
the location of the aircraft, If the true heading is 170°,
the mull of station A is 40° to the right, and of statiom B 25“
to the left, it is not necessary to know whether these ata'tinns
are ahead or behind you, The airplane is on a bearing of 210°
true (or its reciprocal 40°) from station A, and is on a bearing
of 145° true {or its reciprocal 325°) from station Be On the
map draw a line having a bearing of 210° true through station A,
and a line having a bearing of 145° trme through station B. Whore
these lines intersect is the position fix, Note station B is

actually behind this l.ocatinn. (See Figure 15),

In taking cross bearings or fixes, it is important to take
bearings that intersect at large angles, preferably 30° at least,
thereby lessening chance of error, Generally, a fix within a 5 mile
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radius for stations more than 75 miles away is considered
fairly accurates DJF. (direction finding) maps greatly
gimplify the process of taking cross bearings, eliminating
computing of true bearings and their reciprocals, and make
ing only deviation corrections for magnetic heading necessarye

Ultra-high frequency marker receivers

These receivers pick up signals from the new "Z" type
(Poﬂtive cone of silence) markers and "RM* type (fan) markers,
These markers operate on a frequency of 75 megacycles (75,000 KC),

m7n type markers are located at range stations and give a
pogitive indication at the time a cone of silence should be re-
ceived, The "Z" type marker has an antenna which produces a high
intensity signal in a space immediately above the station, rough=
1y corresponding to a cylinder, "IM" markers are located so as
to give a positive indication of the user's position zlong the
airway. The "FM" type marker has s type of anterma which pro-—
duces a high intensity signal in a space immediately above the
station, roughly corresponding to a thick fan, This fan is placed
so that its plane is at right angles to the alrway,

The signal from both the ¥Z" and "FM" type markers is modun-
lated with audio tone of 3,000 cycles, This tone may be heard
in the head phones when a signal is being received., The tome is
not keyed at the "Z® marker stations, The tone is keyed at the
"FM" type stations with a mmber of dashes, depending upon which
leg of the range the marker is located. If the marker is on the
north leg or the first leg clockwise from north, the tone is key-
ed with one dashs If the marker is on the second, third or fourth
leg clockwise from north, it is keyed with two, three or four
dashes, respectively,

Operation of this receiver will not affect either loop or
beam rece.ption, An indicating light located on the instrument
panel shculd 1ight to full brilliancy when a strong signal is
received from either the "Z" or ®¥FM' marker stations.e The time
duration of the light indication will vary for given stations due
to differences in installation practices aboard different airplanes.
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Eventually it is hoped that all marker receivers will be ad~
Jjusted to give the same indication under given conditions. No
volume control is used on this receiver as it is fixed in sen=
Si'bi?ityn |

tomatic direction T8

Recently, experimental automatic direction finders of sev-
eral types have been developed. These indicates

l. In full antomatic positiomn, a contimous bearing toward
the station,

2¢ Freedom from 180° ambiguitys.

These compasses, however, camnot operate as a fully automatic
direction finding device during conditions of heavy precipitation
static, but may be altered by means of throwing a switch to pro=-
vide operation with a second shielded loop, in place of the regu-
lar sense antenna, but with 180° ambiguity. As a result of this
arrangement, contimous head phone signal is provided by this second
loop, which is maintained at the position of maximwm pick-up rela-
tive to the reference station,

Its greatest advantage lies, of course, in the fact that once

tuned to a station it contimmes to indicate the direction of that

station, irrespective of the heading of the airplane, whereas the
loop of the ordinary radio compass must be mamally adjusted to the
mill position whenever it is desired to take a bearinge The con—
timious, automatic, non-ambiguous bearing is a tremendous aid in
solving problems, The relative and magnetic bearings of the range
station are given at all times, It checks the cone of silence un—
mi stakably, the pointer swinging around 180° and pointing in the
opposite direction in the time it takes an airplane to cross the
cone of silence., This device provides contimmous, manually con-
trolled aural signals while functioning as an autamatic direction
finder,
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