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Proceedings of the Institute of Radio Engineers
Volume, 20, Number 11 November, 1932

RADIO GUIDANCE*

BY

J. Edward MILLER
(Lincoln Way Cottage, Ames, Iowa)

Summary-The writer proposes a system for radio guidance by means of
the rotating radio beacon.

The system described would employ two rotating radio beacons transmitting
simultaneously and on the same frequency. A radio receiver carried aboard the craft
to be guided would receive the combined transmission from the two beacons. Special
equipment for this receiver's output would take bearings from the two beacons and
graphically triangulate to fix the position of the craft. Triangulation would be made
and the position of the craft shown by means of intersecting light beams thrown upon
the under surface of a map.

The device would be continuous and nearly automatic in action. After the neces-
sary initial adjustment, operation would be automatic as long as the craft stayed
within effective range of the beacons.

Guidance might be obtained at any point within the useful range of the beacons.
There would be no limit to the number of routes and of planes served simultaneously.
The routes might take any direction relative to the beacons and be as irregular as de-
sired without decreasing effectiveness.

The writer believes that with beacons suitably located the system could afford
guidance for landing on a fairly large field.

INTRODUCTION

flying, both commercial and military, is making in-
creasing demands upon radio guidance as an aid to navigation.
The older forms of the radio direction finder, though very

useful in marine navigation, prove in most cases inadequate in connec-
tion with airplanes. While European practice has made some use of the
radio direction finder, American opinion has quite generally considered
this form of radio guidance insufficient, due to several important fac-
tors. The time required for the determination of position by any form
of the radio direction finder is too great when the craft is moving with
a speed in excess of 100 miles per hour. The successful use of the radio
direction finder involves almost constant attention and smaller air-
planes, at least, can not conveniently carry a radio operator.

The present radio range system in use on the American Airways
meets many of the demands of commercial aviation in a highly satis-
factory manner. Not only is it simple, but the equipment carried in the
airplane is light in weight and compact in volume, and very little atten-

* Decimal classification: R526.2. Original manuscript received by the Insti-
tute, December 7, 1931. Revised manuscript received by the Institute April 8,
1932.
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tion is required from the pilot. The radio range will mark out a direct

route from the transmitting station, which the pilot may follow with a

maximum deviation of only a few degrees. When the commercial route

can be made to coincide with a radio range course, the service afforded

by the latter is most satisfactory. There are, however, a few limitations

to the present radio range. No adequate provision can be made for the

itinerant flyer who is not following an established air route. It is very
difficult to adjust a radio range course to a commercial route other than

an airline path between two points. The problem would appear in a
route for land planes, laid out to avoid flying over water, or in the case

of unfavorable terrain. Finally, the radio range does not indicate posi-

tion, but only direction. In other words, the observer can assure him-

self that he is flying toward a certain point, but obtains no definite indi-

cation of the distance to it.
The writer has attempted to devise a system of radio guidance com-

bining the advantages of the radio direction finder with the special
requirements of aviation. This system, if successful, would make avail-

able at any point within the useful range of the beacon, a visual indica-

tion of the observer's approximate position. This indication, repeated
as often as five or six times per second, would appear to be continuous

due to the extreme brevity of the intervals. A minimum of attention
would be required of the pilot or operator. Simplicity of method, always

an important factor, has been sought during the investigation of sys-

tems designed to secure these desired features. Up to the present time,
however, no actual development of this proposed system has been
undertaken.

THE ROTATING RADIO BEACON AS Now USED

The systems for radio guidance to be described here are the result
of study along a line suggested by the work of Smith -Rose and
M. S. Chapman.' As the operation of these systems is based upon the
rotating radio beacon, a brief description of the device is included
here.

The rotating radio beacon employs for transmission a coil antenna,
rotated at a uniform speed of one revolution per minute about a verti-
cal axis. As the plane of the antenna coil passes through the east -west
position a characteristic signal, which will here be called the "north
signal," is emitted. The field pattern resulting from the coil antenna is
the familiar figure -of -eight as shown in Fig. 1. With the plane of the

"An investigation of a rotating radio beacon," Smith -Rose and M. S.
Chapman. Special Report No. 6, Radio Research, Department of Scientific and
Industrial Research. London, 1928. Pamphlet obtainable from the British Li-
brary of Information, 45 E. 45th St., New York City.
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antenna coil east and west, the minimum signal zone of the field pat-
tern will lie in the north and south direction.

The observer who wishes to obtain a bearing from the rotating
beacon is equipped with a suitable receiver and a stop -watch. This
is started upon reception of the north signal and allowed to run until
the line of the minimum signal zone center reaches him. At least two
observations will be necessary to determine the interval requirqd. The
first may establish the time from the north signal until the transmis-

MINIMUM .5/GIVRI-
ZONE

Fig. 1-Field pattern of loop antenna. Solid circles are the pattern with the
antenna coil in the east -west plane. Dotted circles show pattern ten secondslater, after 60 degrees of rotation.

sion becomes inaudible, while the second may fix the interval required
for the signal to become audible once more after passing through the
inaudible period. The mean of the two readings determines the time
required for the line normal to the plane of the coil antenna to rotate
from a north -south plane into a plane passing through the positions of
the observer and the transmitting beacon. Since the beacon rotates
through six degrees of angle during each second of time, the time in
seconds is converted into bearing in degrees from North by multiplying
by six.

If the standard dial of the watch is replaced by one having a com-
pass card, the bearing may be read directly from the watch.

When bearings have been obtained from two such beacons, the
observer's position is readily fixed by triangulation.
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PROPOSED RADIO BEACON

Both the system to be first described, and a second slightly modified

arrangement, would employ two rotating radio beacons, the distance
between them to be determined by the nature of the guidance desired.

For example, if one intended to employ the beacons for guidance over a
considerable distance, the space between them might be several miles,

while if the system were to be used for guidance in the vicinity of an

airport, or more particularly for landing there, the separation might be

equal to the width of the field. With the beacons only a short distance

apart, indication of position when near them would be very good, but

at greater distances only directional guidance would be available. With

the beacons placed far away from each other, the results at long range

would be bet ter, but more exact guidance near the airport would be lost.

Fig. 2-Map showing the location of rotating beacons relative to an airport.

In the first of the two systems, the loops, lying in parallel planes at
all times, would be rotated in synchronism by synchronous motors

operated from a common power supply. This would, of course, require
electrical transmission lines between the ground stations. The two
transmitters would operate on the same frequency, each transmitting
for one-half revolution of the coil, or through 180 degrees of rotation.

To avoid interference between them, they would be employed alter-

nately, resulting in a continuous signal originating half of the time
from each position.

The north signal, sent from one of the beacons only, would consist
of a momentary interruption of the signal as the plane of the coil
passed through the east -west position.

A much higher speed of rotation than that previously mentioned,
namely 5 or 6 revolutions per second, is contemplated. The transmit-
ting stations above referred to are designated in Fig. 2 by numerals 1

and 2.
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There would be employed also a third transmitting station of a
nondirectional type whose function will be explained later. This station
would transmit a continuous wave on a frequency differing slightly
from that of the rotating beacons, the difference being in the neighbor-
hood of 1000 cycles per second. A beat frequency of about 1000 cycles
per second would result from the combined transmissions of the rotat-
ing beacons and the nondirectional station. The transmitted wave of
the nondirectional station would be modulated by the frequency of the
power supply, for example, 60 cycles per second.

The indicating device and the suggested method of operation will
now be described with the aid of Figs. 3 and 4. Fig. 3 represents a map
of the territory surrounding the beacons, over which it is desired to use
the guidance afforded by them. Indication of the position of the ob-
server would be made by the pattern of light beams thrown upon the
lower surface of this map, made of translucent material.

Any suitable receiver might be employed for the receptions of the
transmissions from the three stations. Its output would be fed through
the primaries of two tuned transformers, one of them tuned to the
beat frequency existing between the rotating beacons and the non -
directional station, the other to the power frequency used for modulat-
ing the nonrotating transmitter.

The low -frequency transformer's output would control the speed
of a small motor, which might be of synchronous type, or a combined
direct current and synchronous motor such as an impulse motor. This
motor would of necessity operate in synchronism with those used for
rotation of the beacons, since the current supplying power to the bea-
con motors is used also for the modulation of the nondirectional trans-
mitter. Thus the receiver motor would be fed a current exactly like
that supplied to the first two.

This small motor in the indicating mechanism would be used to
rotate, through a shaft and gear train, two lenses placed with their prin-
cipal axes parallel and their centers in the same plane normal to these
axes. The map would be drawn to a scale making the distance between
the rotating beacons correspond to that between the principal axes of
the lenses. That is, if the distance between the beacons were one mile,
while the distance between the principal axes of the lenses were three
inches, the map scale would be three inches to one mile. Such a scale
would be satisfactory where guidance for landing was desired. The map
would then be placed so that the principal axes of the lenses would
intersect it at points corresponding to the positions' of the rotating
beacons. The map would be normal to the direction of the principal
axes of the lenses.
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Each of the lenses would be designed to throw a long, narrow beam

of light upon the undersurface of the map. The rotation of the lens

Fig. 3-Map carried in the airplane upon which the position of the airplane is

indicated by the shaded segments intersecting above the airport.
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Fig. 4-Diagrammatic sketch of indicating apparatus for first system described.

about its principal axis would cause this beam of light to rotate about

its center, producing an illuminated circular area on the map, provided

the speed of rotation of the beam was sufficient to bring into play the

phenomenon of persistence of vision.
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Illumination would be furnished by placing behind each lens a neon
lamp, a type chosen because of its rapid response to energy. The energy
required to light these lamps would be secured from the secondary of
the 1000 cycle transformer. A rotating switch, mounted upon the
motor shaft, would be connected to the secondary of the 1000 cycle
transformer and to the lamps in such a way that each of them would
receive energy from the transformer during one-half revolution of the
lenses.

To describe the cycle of operation, let us assume that the observer
is located in the position shown in Fig. 3, and that the planes of the an-
tenna coils are north and south, with the transmitter, 1, beginning its
half revolution of transmission. The minimum signal zone would lie in
the east -west direction and a fairly strong signal would be received
at the indicated position. This signal would combine with that from
the nondirectional station to cause the above mentioned beat frequency
of 1000 cycles. Through the rotating switch, this 1000 -cycle current
would supply energy to the neon lamp corresponding in position to the
first beacon. The illumination from this lamp, passing through the lens
directly in front of it, would fall upon the underside of the map. With
clockwise rotation of the beacons and lenses, the minimum signal zone
would rotate from the east -west position to a line between the trans-
mitter and the observer where little or no energy would be received
from the rotating beacon. Due to the momentary absence of the beat
frequency, the energy received from the transformer would be insuffi-
cient to light the neon lamp. In the meantime the lenses would have
rotated through the same angle as the beacons, and the beam of light,if present, should extend from the beacon in the direction of the ob-
server. However, since the energy received at this point would not be
sufficient to furnish illumination, a shadow would result. This shadow
is represented by the shaded area extending southeast and northwest
from the first beacon position.

As the beacon rotated farther, the energy received would be suffi-cient to relight the neon lamp, whereby another portion of the mapwould be illuminated. When the planes of the transmitting coils reachedthe east -west position, the neon lamp would again be extinguisheddue to the interruption of the current to the transmitter. This wouldgive rise to the shadow extending north and south from the first bea-
con. Upon the return of the transmitting coils to the north-south planesin the course of their rotation, transmission from the first beacon would
cease and begin from the second. At the same time, the rotating switchwould connect the second lamp instead of the first with the trans-former. In the indicated position of the observer, a fairly strong signal
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The ground system would consist of two rotating beacons suitably
placed, transmitting on a common frequency, and without modulation
during most of the cycle. Each of the beacons would be modulated
by some convenient frequency for a few degrees of rotation as the
plane of the antenna coil passed through the north -south position,
to provide a north signal. The north -south position of the antenna
coil, minimum signal zone east and west, would be employed with this
arrangement as it is expected to make the indication of direction

3000

MOTOR *NEON NEON
LAMP !AMP

111111111 1111111111111111111111

L ENS

Ii MOTOR

11.1111111b 111111111111113

L ENS

MAP
Fig. 5-Diagrammatic sketch of indicating apparatus for modified system.

on the maximum signal strength instead of the minimum as before
employed. The two beacons would use distinguishing modulation fre-
quencies, as 3000 cycles per second for the first, and 5000 for the second.
Modulation would not need to take place with every revolution of the
beacon but might occur at regular intervals of a second or two. While
transmission of the two beacons should be near a common frequency,
they would not necessarily be maintained on exactly the same. A beat
existing between the transmissions of the two beacons would have no
effect so long as it did not interfere with one of the modulation frequen-
cies.

Each of the beacons used in this arrangement would be rotated with
a uniform angular velocity, but the speeds of revolution would differ.
One of them might make five revolutions per second, while the other
made seven.

The indication of the observer's position would be made upon a
map of the region in the same manner as that described in the first
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arrangement. Light beams would be thrown across the map from the
positions occupied by the beacons, intersecting over the position of
the observer. The second arrangement differs from the first in that the
observer's position would be marked by the intersection of illuminated
segments on a dark background, whereas, in the former, position would
be indicated by the intersection of shadow segments against an illu-
minated background.

Two lenses of the same type as specified above would be placed
behind the map with their centers directly back of the beacon posi-
tions; behind each of them would be a neon lamp. Each lens would
be rotated in synchronism with the beacon employed with it by means
of a separate impulse type motor deriving its power from a battery.

The output of the receiver would be fed into two similar circuits,
one for each beacon and its associated equipment. Each circuit would
contain the primary of a transformer tuned to the modulation fre-
quency of the beacon with which it was to be used, and a solenoid actu-
ating a tuned reed whose natural frequency of vibration would be equal
to the number of revolutions per second of its particular beacon. Let us
assume that one of the beacons rotated five times every second and that
it was modulated for the north signal with a frequency of 3000 cycles
per second. One of the circuits would then have a 3000 cycle trans-
former and a reed tuned to vibrate five times per second.

The secondary of the transformer would be connected, through a
blocking condenser, to the terminals of the neon tube behind the posi-
tion occupied by this beacon. The neon lamp would be illuminated
whenever the north signal was present.

The tuned vibrating reed would carry an electrical contact which
would close a circuit containing a battery, and in parallel the terminals
of the neon lamp mentioned in the above paragraph and the solenoids
of an impulse motor used for rotating the lens. The neon lamp would
flash with each closing of the contact carried by the vibrating reed
while the speed of the motor would be controlled by the frequency of
the reed. This vibrating reed would, of course, have the same fre-
quency as the rotating beacon, and in addition would maintain a
constant phase relationship between the displacement of the reed and
the position of the rotating antenna coil. The displacement of such a
vibrating body will at all times be ninety degrees behind the disturbing
force, in this case the electromagnetic force due to the current flowing
in the solenoid. The reed would then have zero displacement when a
maximum current was flowing in the solenoid, or at substantially the
time when the plane of the transmitting coil pointed toward the ob-
server. The contact of the vibrating reed would be placed so as to close
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at the moment when the coil was pointed toward the observer, resulting
in a flash of the neon lamp.

Two beams would be thrown by the lens upon the surface of the
map, one occurring intermittently upon reception of the north signal,
the other occurring twice each revolution at the time the plane of the
loop pointed toward the observer. It would again be necessary that the
beam caused by the north signal lie north and south across the map;
provision for adjusting it thus would be made by the same means as
indicated previously for rotating the motor in its mounting collar.

The second circuit, operated by the second beacon, would function
exactly as the first, differing from it only in the natural frequencies
of the tuned transformer and tuned reed.

It will appear that a single beacon used in the manner suggested
would afford directional guidance of a type somewhat similar to the
present radio range system. This guidance would be available for a
route radiating in any direction from the beacon, except for routes
nearly east and west. By providing an east signal in addition to the
north signal, guidance would be available for any radial course from
the beacon.

By employing both beacons as above described, position guidance
would be afforded for craft anywhere within the useful range of the
beacons, again excepting positions east or west of either beacon, unless
east signals as well as north signals were employed. It will also be evi-
dent that directional guidance only would be available for a craft in line
with the two beacons.

CONCLUSION

The writer believes that possible applications of the system might
include its use as a field localizing device, and its use on airways which
could not be air -line routes. It would also seem feasible to apply it to
certain military and naval operations, such as the guidance of aircraft
to avoid certain areas, and the use as a beacon upon a vessel moving at
sea for the purpose of guiding airplanes to it. The writer believes that
the system has interesting possibilities and offers these plans with the
hope that further investigation may be possible.


