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The Automatic Radio Compass and Its Applications to 
Aerial Navigation 

By H. BUSIGNIES 
Les Laboratoires Le Materiel Tetephonique, Paris, France 

SUMMARY : This article discusses the general principles of radio compasses; it de
scribes the R. C. 5 Radio Compass and applications to aerial navigation. Comparison 
is made with other methods of navigation by radio, and applications of the radio 
compass in France and other countries are indicated. 

T

EN years ago initial efforts were made to 

develop a radio compass system, then 
called "Hertzian compass,"  in which 

the angles indicating the position of a radio 
transmitter appeared automatically on a grad
uated scale, similar to the scale of an ordinary 
magnetic compass. Two years later, more com
plete studies were undertaken and rough models 
and testing apparatus were constructed. A first 
working model was then made and the essential 
principles established. 

The apparatus described in this article is, 
therefore, the outcome of an old idea that had 
been developed over a period of several years. 
This idea had previously found practical applica
tion and was taken over to suit the needs of 
aircraft. 

Thanks to the collaboration of the French Air 
Ministry, it was possible to make trial installa
tions which were given exhaustive tests and 
which proved that the conception of the ap
paratus was sound. As a result, commercial 
production was commenced. 

General Principles of Radio Compasses 

The essential aim of a radio compass is to 
indicate the direction of a radio station and, 
fixed on board an airplane, it indicates the 
direction of a station by showing the angle 
made by the direction of this station with the 
airplane's axis. 

An automatic and unbroken visual indication 
of the direction of a radio station with respect to 
an airplane has numerous advantages in navi
gation. By eliminating manual operation , navi
gation is made simpler and the chances of error, 
due to non-automatic and thereby intermittent 
indication, are reduced. 

Under normal conditions, natural landmarks, 

villages, houses, or other prominent indications 
are often sufficient for navigation, the necessary 
information being transmitted to the human 
eyes by light waves. The automatic radio com
pass with its continuous visual indication of the 
position of a distant and unseen radio trans
mitter in effect increases in a simple way this 
visible horizon of the pilot. 

We find in nature a similar extension of the 
horizon. Naturalists think that carrier pigeons 
and migrating birds navigate by using waves 
of a nature and in a manner unknown to us . 

The radio compass has other applications 
which will be indicated hereinafter. 

Description of the R. C. 5 Radio Compass 

Principles. Le Materiel Telephonique, Paris, 
has constructed a radio compass indicating the 
direction of a transmitter on a dial graduated in 
degrees completely around the circle. So far as is 
known, radio compasses built subsequently by 
others indicate merely the deviation of the air
plane from its proper direction : if the plane be 
headed towards the left, the needle indicates 
"left" ; if the plane be headed towards the right, 
the needle indicates "right," but no indication is 
given to the pilot as to how many degrees the 
plane has turned. 

The radio compass herein described is, in fact, 
an automatic radio goniometer : it indicates the 
direction of chosen transmitters which may be 
situated all around the plane. More varied appli
cations are thus possible than in the case of an 
instrument showing only the direction to the left 
or to the right of the axis of the airplane. 

The apparatus is based on the following prin-
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Fig. 1-Schematic Layout of Equipment. 

ciple : a rece1vmg loop aerial turning regularly 
around a vertical axis permits maximum reception 
every time that the plane of the loop passes in the 
direction of the transmitter. If the loop turns 
regularly at a certain speed, a certain number of 
maxima and minima of receptions per second can 
therefore be observed in a receiver tuned on a 
transmitter. 

A rotating speed of five revolutions per second 
has been chosen. Maxima and minima of recep
tions, therefore, take place at the rate of ten a 
second. 

The phase of these maxima and minima, i.e. , 
the moment at which they occur in connection 
with a given origin, depends on the direction of 
the transmitter in relation ·to the axis taken as 
origin. If the loop turns regularly, these maxima 
always appear when the plane of the loop points 
in the direction of the transmitter. If the location 
of the transmitter changes in relation to the radio 
compass, the minima and maxima · phases also 
change. This changing of phases is utilised in the 
apparatus to obtain the automatic indication. 

The high frequency waves received in the loop 
pass through amplifier, detector, and low fre
quency amplifier stages in the receiver. In the 
output stage a variable current, representing the 
maxima and minima of reception, with phases 
identical to the phases of the wave received, is 
thus obtained. To obtain the measurement of 
phase in the indicating instrument, it is necessary 
to adopt a determined origin. This origin is 
obtained by placing on the rotating axis of the 

loop a diphased current generator, the phase of 
which is constant in relation to the revolutions 
of the rotating loop. 

The variable current obtained at the output 
stage of the receiver, representing the maxima 
and minima of reception caused by the rotation 
of the loop, and the diphased currents from the 
generator are fed into a special, improved 
phasemeter. The diphased current creates a 
rotating field in a magnetic stator, comparable 
to the stator of a synchronous motor. This field 
rotates at a speed double the speed of the loop. 
The variable current from the receiver actuates 
an armature carrying a pointer associated with 
a dial. In this armature, therefore, an a-c. 
current is produced by the rotation of the receiv
ing loop and, in the stator, a fixed phase rotating 
field by the di phased current generator. Thus the 
magnetic reactions of one flux on the other give a 
definite position to the armature, which sets 
itself perpendicularly to the flux when the current 
going through it is maximum, thereby indicating 
the phase looked for and, as will be evident later, 
the direction of the transmitter. 

General Layout. Fig. 1 shows a schematic lay
out of the equipment.  As indicated, the receiving 
loop is connected to a detector-amplifier receiver. 
The variable d-c. current, proportional to the 
signal, passes through the armature of the indi
cator. To simplify the diagram, the entire indi
cator dial has not been reproduced but merely 
the needle and a portion of the dial. In reality 
the needle is fixed and the entire scale rotates. 

WINDING Of fND!CATOl2.5 

Fig. 2.  
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A112.PLANE AUTOMATIC RADIO COMPA55, TYPE QC-5 

F 
l 
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Fig. 3-Airplane Automatic Radio Compass, Type R.C. 5. 

The diphased current generator, reduction gear, 
and the motor for driving the loop at constant 
speed also are shown. 

The diphased current generator consists of a 
revolving potentiometer, fed by d-c. current, 
rotating regularly between fixed brushes. These 
brushes represent alternately opposite points of 
maximum positive or negative potential , and 
pass through all intermediate values in such a 
way that the result is the production on these 
brushes of an angular potential waveform which 
is rendered sinusoidal by the inductance of the 
stator of the indicating apparatus. Accordingly, 
an indication can be obtained at any distance, as 
only one simple electric link between the indi
cator and the other parts of the equipment is 
employed. 

The potentiometer is neither continuous nor 
circular, but consists only of half a circumference 
since there are two maxima and two minima for 
each revolution of the receiving aerial , i.e. , two 
periods of the variable current at the output
stage of the receiver for each one revolution of 
the loop. In order to synchronise the diphased 
currents with the variable current at the output
stage of the receiver, it is necessary that they 

should have the same frequency as the variable 
current. It is, therefore, necessary to double the 
rotation speed of the rotating magnetic field by 
doubling the frequency of the diphased currents 
relatively to the rotating frequency of the loop. 
When the loop rotates five times per second, the 
frequency of the output current of the receiver is 
10 periods per second. The diphased current 
generator rotating at five revolutions per second 
also produces a current of 10 periods per second, 
because its current is collected on a half circum
ference, and because the number of brushes is 
eight, the brushes being fitted at 1 80° and com
moned in pairs. The current reversals are twice 
as great as would be the case with four brushes 
and one complete circular potentiometer. 

The brushes, bearing on brass segments, are 
connected to a resistance. There is thus formed 
on the segments a potential which may be repre
sented by the lower curve of Fig. 2. This curve is 
simply due to the passing of the brushes from one 
segment to the other . The continuous line repre
sents the nearly-sinusoidal current obtained when 
applying to a large inductance a tension of the 
above form and, in this case, to the stator of the 
indicator. 
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Fig. 4-Loops and Receiver with Covers Removed. 

The upper part of Fig. 2 shows the diagrams of 
the diphased currents in the successive positions 
of the resistances. 

In the indicators, the magnetic reaction of one 
flux on the other causes the armature and dial to 
take up a steady position and thus to indicate the 
direction of the transmitter in connection with a 
predetermined origin. This origin is simply the 
setting which exists between the diphased 
generator and the receiving loop : by modifying 
this setting by mechanical means, the origin can 
be modified as desired and the indicators can be 
made to show the zero angle when the airplane is 
heading towards the transmitter. 

The indicator not only utilises the current 
maxima to show the direction , but it also entirely 
integrates the variable current due to the signal. 
Therefore, the sensitivity is very high and the 
stabilising of the indicator is proportional to sin a 
(a being the angle through which the armature 
might be artificially pulled out of position) .  

This integration of the effects of the variable 
current is due to inertia of the armature. How
ever, the inertia has been so limited that the 
armature vibrates at 10 periods per second on 
about � of a degree, which considerably lowers 
the initial friction of the pivots and has the added 

advantage of allowing the observer immediately 
to detect a possible "dead" receiver or any other 
fault which may occur. 

Description. Fig. 3 gives a general view of the 
equipment. The indicating apparatus and the 
control units are shown on a scale double that of 
the loop. "A" represents the receiving loop. 
Beneath it, the high frequency collector, which 
gathers the currents generated in the loop and, 
also, the high frequency transmission line leading 
to the receiver are mounted. "B" represents the 
small generator, the reducing gear, and the motor 
operating the receiving loop. 

The receiver D and the rotating loop A are 
entirely remote-controlled by a small control 

unit, comprising simply the mechanical remote 
tuning of the receiver, a volume control to adjust 
the signal intensity, and a main "on" and "off" 
switch which, in a third position, starts the 
rotation of the loop. 

Two indicators can be utilised. One is called 
"navigator's indicator" and the other, "pilot's 
indicator." In the first, the indication is read on 
a movable dial graduated in 360° and moving in 
connection with a fixed pointer. In the second, 
the indication is limited to plus or minus 15°. 

Fig. 5-Control Unit with " Navigator Type " Indicator 
( Upper portion of illustration) ; Converter 

(Lower portion of illustration) . 
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Fig. 6-" Pilot Type " Indicator. 

The first is called "navigator's indicator" be
cause it allows any of the crew of the airplane 
taking bearings to determine the position of the 
plane in relation to any given transmitter 
located around the plane. 

The second is specially limited and designed 
for flying toward any given transmitter, and 
especially concerns the pilot. I t  represents an 
important advantage over the so-called "hom
ing" systems, and permits correction for drift. 

By means of this indicator the pilot can modify 
the reference axis by ± 15° in such a way that by 
altering his pointer the same amount of degrees 
as the angle of drift he can still steer with his 
indicator on zero and thus fly a great circle course 
directly to the transmitting station. This would 
not be possible with a so-called "homing" device. 
In fact, for this facility, it is necessary that the 
indicating apparatus itself indicate angles and 
that it be not limited to indicating a movement 
to the left or to the right. 

In Fig. 3, E represents the converter for the 
anode high tension. This converter is fed by the 
storage battery J. 

The units L1 and L2 permit rapid disconnection 
of the remote control, and the junction boxes 
Ki, K2, etc . ,  allow very rapid replacement of any 

part of the apparatus by a standard, identical 
part. 

Fig. 4 shows in a more detailed manner the 
receiving loop of .3 metre diameter which, to the 
best of the writer's knowledge, is the smallest 
of its kind. Its aero-dynamic drag in a wind of 
1 70 km. per hour is about 3 kg. ,  and this drag 
only increases by 1 00 or 200 grammes when the 
loop is rotating. 

The receiver is shock-proof mounted. 
In Fig. 5 is shown the control unit with the 

remote control tuning dial on the left, and the 
milliammeter showing the current generated by 
the signal at the centre ; also the navigator's type 
indicator, which is movable in all directions to 
facilitate reading of bearings. For the same 
reason, the position of the magnifying glass also 
can be changed. 

The lower part of Fig. 5 shows the small 
rotary HT converter for the receiver. The radio 
compass is entirely fed by the airplane's  battery, 
24 or 1 2  volts, and will operate correctly with a 
current variation of ± 153. 

Fig. 6 shows the "pilot's indicator" permitting 
correction for drift. This indicator is constructed 
especially to make readings for the pilot as simple 
as possible and differs from the navigator's 
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Fig. 7--Installation of R.C. 5 Radio Compass on an Airliner. 

indicator with its 360° scale. When piloting, it is 
difficult to maintain an indicating graduated dial 
on a predetermined value and pilots prefer to 
keep a needle in one position without figures, 
even if they have to do the setting by other 
means. It is this principle which is used here. 

The reading is made directly by means of a 
needle associated with green and red sectors, the 
dead centre indicating the plane's position when 
flying towards the transmitter. These sectors can 
be moved ± 15° by means of a control knob and 
allow correction for drift. The position of the 
needle can be read either directly, or by means 
of a mirror in case the apparatus is placed high 
enough on the dashboard. 

The radio compass does not itself indicate the 
"sense" of direction. It will be shown later that 
there are several ways of eliminating this 1 80° 
ambiguity. 

The total weight of the apparatus without the 
wiring is 22 kg. Depending on the size and 
type of the airplane, a few kilogrammes must be 
added for wiring. 

Applications to Aircraft Navigation 

Installation on board airplanes gives rise to a 
certain number of problems. The first is the 
deviation of the waves due to the metal parts of 

the airplane or to the closed circuits formed by 
them. These deviations are constant and cause 
errors in bearings which may be as much as ± 1 0° 
or 1 5°. Nevertheless, by choosing the proper 
location for the loop it is possible to reduce these 
deviations to a small figure, sometimes even to 
zero. 

Let us take as an example the case of an all 
metal high wing monoplane : At certain positions 
on wings or fuselage, the refractions of the wire
less waves will be at a minimum. Therefore, it is 
essential to install the loop-aerial at one of these 
positions, provided, of course, that the position of 
the receiver inside the plane will permit. With 
the exception of the loop-aerial and receiver, the 
relative positions of which are governed by the 
fixed length of the transmission line connecting 
the two, all other parts of the equipment can be 
installed at the most suitable places. 

In the case of low wing airplanes, deviations 
cannot always be avoided. However, as the 
deviation is nil at right angles to either the 
longitudinal or athwartship axis of the plane 
and rises to its maximum only at a 45° angle to 
these axes, this constant error can be corrected 
by reference to a very simple correction curve. 

Fig. 7 gives an example of an installation, using 
the same reference letters for the various parts 
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as in Fig. 3. It shows a case where the frame and 
the receiver are installed in the tail of the air
plane. Sometimes there is not much room to 
spare, even for small apparatus, in the pilot's 
cockpit, and this is especially true in transport 
airplanes where the pilots are in front and the 
radio operator directly behind them. 

The control of the equipment is solely effected 
by the remote control unit, and the indication is 

given at the most suitable points in front of 
pilot and navigator by means of their respective 
indicators. 

A ccuracy. The guaranteed accuracy of the 
apparatus is ±2° for a distance of about 500 km. 
from a 300 watt transmitter. The receiver is 
extremely sensitive and, in most cases, this 
sensitivity is not fully employed. In fact, from 
the point of view of accuracy, it is difficult in an 

Fig. 8-Exaggerated Curve Illustrating Drift Due to Wind. 
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Fig. 9-Deviation Research with a Radio Compass. 
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Fig. JO-Illustrating Methods of Correcting for Drift. 

airplane to navigate within 1 °  to 2° and, there
fore , this figure is fully satisfactory for aerial 
navigation. 

Due to the well-known errors in magnetic 
compasses, such as the northern turning error, 
etc . ,  it is difficult to keep an airplane on a steady 
course by means of a magnetic compass alone. 
The great stability of the R.C. 5 indicators, 
therefore, considerably facilitates the keeping of 
a correct course. In this connection it should be 
noted that the indicators allow for a plane, an 
inclination of about 30° without producing a 
fault greater than 1° .  

The above reference is  not meant to be a 
criticism of the utilisation of the magnetic 
compass which, so far, is an indispensable 
apparatus, but it is desired to show the ad
vantages offered by navigating directly with the 
indications of the radio compass. Furthermore, 

the utilisation of the magnetic compass can 
always be combined with that of the radio 
compass. 

Interference. As indications are given auto
matically, an important point is the question of 
interfering transmitters. When using the equip
ment on broadcast transmitters, interference is 
not to be feared, due to allocation of wave
lengths. When utilising weaker transmitters, no 
difficulty has ever arisen , owing to the selectivity 
of the receiver. 

Very exhaustive experiments have been made 
on this point. Two stations of the same power 
were used, situated 90° one from the other, which 
is the worst case as regards interference : the 
frequency of one station was varied in order to 
note when it would start and when it would stop 
interfering with reception of the station having a 
fixed frequency. 
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A difference of 1 kc. between the frequencies 
of the transmitters is sufficient to give a correct 
indication on the fixed frequency transmitter. 
However, interference, if any, can both be seen 
and heard, and thus the operator is warned 
against the use of such indications. 

The range of powerful broadcasting stations is, 
of course, much greater than that indicated for 
the small power stations. Through a station like 
Radio-Paris (60 kw.) , it is possible to work the 
R.C. 5 radio compass as far as 2,000 km. ,  and 
even more, at sea. In fact, ranges at sea are much 
greater for a given power than on land. 

Night Ejf ect. Like all radio direction finders, 
the apparatus can be affected by the "night 
effect" produced by the fact that at night the 
radio direction finder receives two or more waves : 
the direct wave following the curvature of the 
earth , and the indirect waves being reflected by 
the ionosphere. On land this error starts at 
about 70 to 100 km. from transmitters employing 
ordinary antennae ; at sea, the error starts at 
greater distances : 200 or 300 km. 

In order to reduce this error on land, numerous 
means of transmission can be employed. Trans
mitters utilising an aerial strictly vertical or an 
"anti-fading" antenna, considerably reduce these 
errors and the operating range increases by 200 
km. ,  which is sufficient in most cases where the 
radio compass is utilised. It is possible to navi
gate by utilising stations situated one after the 
other without having to take, when starting, 
the most distant station. 

The question is often asked as to which 
stations can be utilised : 

First, the numerous broadcasting stations 
which, situated near big cities, form a close net of 
Hertzian beacons for navigation over great 
distances. 

Second, all radio beacons of any transmission 
system, directive or not, for air or sea navigation. 
The radio compass will indicate their direction, 
the same as in the case of an ordinary transmitter. 

Airport stations can also be utilised. On re
ceiving a call from an airplane, they can trans
mit for some ten seconds at regular periods to 
direct the airplane towards the airport. 

If necessary, further non-directive transmitters 
can be installed on regular air routes to serve as 
beacons. 

In this connection, it should be stated that 

modern broadcasting stations utilise the so
called "anti-fading" antennae, which also avoid 
the night error. 

The pilot and the navigator must have a small 
map of their flying area, giving them information 
on the transmitters that can be utilised , as well 
as their range without night error, their power, 
and their normal wavelengths. 

Navigation with the Radio Compass 

The easiest method of navigating with the 
radio compass consists in tuning the radio com
pass on a given station situated at the aerodrome 
of destination , and then to operate in such a way 
that the indicators show the angle as 0°. In this 
way, the airplane always flies in the direction of 
the station and, if the wind is nil , it flies in this 
direction along a great circle. In most cases when 
drifting by wind, a curve is traced that pilots 
and navigators call the "drift-curve." 

Fig. 8 illustrates such a curve. An airplane 
equipped with a radio compass always has its 
axis directed towards station B, but the wind 
causes deviations from the course and should be 
allowed for. On such a curve, it is easily seen that 
the angle indicated by the magnetic compass, 
i .e . ,  the magnetic course followed by the air
plane, constantly changes ; and, therefore, the 
true course of the plane also constantly varies. 
It should be noted that this curve is exaggerated 

Fig. 11-Calculator. 
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Fig. 12-Illustrating Methods of Correction for 180° Ambiguity. 

for illustration purposes. The true course varies 
from 90° to 54 ° and in the end the airplane 
reaches the station in the wind's direction on a 
37° true course. If it reaches the transmitter's 
aerial , it passes exactly over this antenna facing 
into the wind. Indication is given to the pilot by 
the rise of the volume of reception ; and, after 
having passed by a 1 80° change in indication, the 
pilot is enabled to read the wind direction from 
his magnetic compass. 

But it is possible to fly along a straight course 
between two points by allowing for the drift. If, 
after flying for a few minutes towards the sta
tion, the pilot finds that the magnetic compass 
angle is getting smaller, it means that the plane 
is drifting towards the right and that the wind 
is blowing from the left. Then the pilot must 
adjust his course with the aid of the R.C. 5 
radio compass. By a method of trial and error, 
the correct drift angle can be found and thus the 

airplane can be maintained on a great circle 
course towards the station. It is the course which 
gives a constant reading of the magnetic compass 
with a constant indication of the R.C. 5 radio 
compass (see Fig. 9) . Thus, when the correct 
drift angle has been determined, the pilot flies 
with the magnetic compass and radio compass 
readings corrected for drift. 

It should be noted that when a pilot possessing 
an R.C. 5 radio compass leaves a transmitter 
station , he can rapidly determine his drift angle, 
since it is only necessary for him to fly on a 
certain magnetic course and to measure the angle 
at which he sees the station on the radio com
pass. This angle is the angle of drift with refer
ence to the point of departure. By this means 
the angle of drift is determined, but it must be 
remembered that the angle of correction for drift 
is not the same and can only be determined by 
applying the previously mentioned process. 
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The methods just outlined were described in 
1927 in "O'Onde Electrique," and apparently 
they were new at that time. 

Referring to the left portion of Fig. 10 assume 
that, from the point A ,  the pilot wishes to main
tain a course 30° from the geographic north. He 
notes after a certain time that, with a 0° bearing 
of his radio compass on transmitter A ,  his mag
netic compass indicates a difference of 5° ; then 
he no longer flies on a 30° course, but on a 35° 
course. This difference enables him to determine 
the approximate distance he is off his course. 
If the angular difference had been negative, the 
pilot would have known that he was on the left 
of his course. The same process can be utilised 
with station B, but in this case a positive differ
ence indicates a deviation to the left, and vice 
versa. 

The right portion of Fig. 10 represents a gen
eral case where there are no stations either at 
the point of departure or destination, but where 
there is a suitable station situated on the side. 
Formulae for determining the distance of the 

GEOqRAPHIGAL. 
NOQTH 

"'--',, 

plane from this station are indicated in the 
illustration. 

Obviously, neither the pilot nor the navigator 
would have the time for applying these formulae 
on board an airplane. Simple course and distance 
calculators which can be read very quickly have 
been made. Given, on the one hand, the distance 
already traveled from T1 (the product of speed 
by time) in a direction known by the pilot be
tween the two points T1 and T2 ; and, on the 
other hand, the difference between two bearings 
taken on the stations T1 and T2, the pilot can 
determine the distance from T2• Information of 
this character is, of course, highly useful and is 

readily obtainable by reference to a regular 
broadcasting station in cases where a transmitter 
is not available at the points of departure or 
arrival. If a low power station is available at the 
point of destination , it can, of course, be used 
during the latter part of the journey. 

Fig. 1 1  shows the calculator in question. The 
coefficients apply regardless of whether the sta
tions are on the left or right. 

Fig. 13-Illustrating A pplication to Landing. 
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Fig 14-Experimental Installation of the R.C. 5 Radio 
Compass on a Small Airplane. 

Suppose that the plane is going in a certain 
direction and that it keeps a steady course. The 
pilot looks at the radio compass indications and, 
for example, reads 30°, at the same time noting 
the exact time. After an interval of S minutes at 
an air-speed of 300 km. per hour, i.e. , after flying 
25 km. ,  he reads 36°. On his "calculator" he finds 
the coefficient 4 .78 for 36°, and a simple multi
plication of this coefficient by the distance he has 
just flown will give him the distance at which he 
is from the station, i .e . , about 120 km. 

180° Ambiguity. The left-hand diagram in 
Fig. 10  shows the correct means of obtaining 
sense, i.e. , of ascertaining whether the trans
mitter is ahead or astern. When flying a fair 
distance away from the transmitter the possi
bility of not knowing the location of the trans
mitter is small. However, near the transmitter, 
it might be difficult to locate the exact position 
( 180° fault) . 

There are two main methods of coping with 
this situation : ( 1 )  there is the intensity variation 

of the received wave, which of course increases 
or decreases according to the direction of flight 
to or from the transmitter ; (2) a 90° deviation 
from the course flown, and, after a few minutes, 
again turning the radio compass to 0°. A decrease 
of the magnetic reading indicates that he is flying 
towards the station, whereas an increase points 
to the fact that he is flying away (see Fig. 1 2) .  

The larger the difference in these magnetic 
courses, the nearer the airplane is to the trans
mitter. 

Applications to Landing 

The fact that, with a radio compass, the air
plane passes just over the station towards which 
it has been flying leads to the possibility of using 
the R.C. 5 for landing under conditions of very 
low visibility. This has been demonstrated 
by numerous tests and was accomplished by 
methods indicated in Fig. 1 3 .  

With the radio compass the exact location of 
a transmitter can be found ; thus this transmitter 
becomes a marker beacon. 

Two different examples of landing with the 
aid of the R.C. 5 radio compass are described 
hereinafter (see Fig. 13 ) .  

First, i t  should be  noted that the airplane is 
fitted with a sensitive altimeter which, before the 
landing, must be adjusted to the actual atmos
pheric pressure of the aerodrome. This informa
tion is transmitted to the airplane in a normal 
radio message (QFE) . With such an instrument 
the pilot knows his height within 10 metres and 
this should be sufficient in most cases, inasmuch 
as, in practice , vertical visibility does not ordi
narily fall below this figure. 

Second, a directional gyro is of great assistance 
to the pilot during the last stages of the ap
proach. 

Further , it is assumed here that A and B rep
resent two transmitters lying in the line of ap
proach to the aerodrome. B only needs to be a 
transmitter of very small power. 

It is, of course, necessary for the pilot to know 
the direction of the correct line of approach (in 
Fig. 13 this is approximately 70°) . 

Example 1. When the pilot, who has been fly
ing towards transmitter A by means of the 
R.C. S radio compass , gets near A and the 
aerodrome (for instance, 10 to 20 km.) ,  he delib
erately flies off this course and continues on a 
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certain compass course. As shown in the diagram, 
this course makes an angle cp1 with the line of 
approach. <I>1 can be readily computed from the 
known course bearing and the known direction 
of the line of approach. As the pilot proceeds 
along this altered course, the direction of the 
R.C. 5 continuously changes. When the R.C. 5 
indication equals the previously computed angle 
cp1 the pilot knows that he is in the line of 
approach. He then only has to turn his machine 
till the R.C. 5 reads 0° to approach the aero
drome in the correct direction. He will now 
automatically pass over A and the moment he 
is overhead is indicated by the R.C. 5 .  He 
then starts losing height and tunes his R.C. 5 on 
B, keeping the same compass course and direc
tional gyro indication ; the R. C. 5 should still 
show 0°. In passing over B he should be low 
enough to be able to effect a landing at the aero
drome. This height depends on the distance of 
B from the flying field. The position of B, how
ever, should normally be such that, for a good 
landing, the airplane should pass over B at a 
height of approximately 30 metres. 

Example 2. If it is difficult to decide at what 
distance before A to discontinue the 0° reading 
of the R.C. 5 (as described above) , the pilot 
may approach A continuously till he actually 
passes overhead. The R.C. 5 will thus give him 
a "fix." He is not, however, flying in the correct 
direction of approach. But the R.C. 5 will again 
prove indispensable : after passing over A he 
continues on the same course, R.C. 5 again read
ing 0° for a certain time, for instance, 3 minutes. 
Then the pilot makes a wide turn through ap
proximately 1 80° , turning away from the aero
drome. He flies back on a certain compass course, 
and then the procedure is as in Example 1. 

Comparisons with Other Methods of Naviga� 
tion by Radio 

First, let us compare the radio compass with 
other direction finders used on airplanes. The 
radio compass gives automatically the indica
tions that, with a direction finder, can only be 
secured by a skilled operator. 

The trend is more and more towards auto
matic operation and, inasmuch as a direction 

Fig. JS-Seaplane Equipped with the R.C. 5 Radio Compass. 
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finder does not operate automatically, the indi
cations are that the radio compass will find in
creasing application in aerial navigation. In con
trast with the radio compass, the direction finder 
makes it necessary for the radio operator to take 
bearings of the transmitter and pass them on to 
the pilot in order that the latter may make the 
necessary course adjustments. Further, course 
adjustments on the part of the pilot are not made 
by direct indication , but through the medium of 
another navigating instrument, either the mag
netic compass or the directional gyro. 

The correction, if made with the help of the 
magnetic compass, will always be 3° or 5° behind, 
thus making the course unsteady. When opera
tions have to be rapid , the direction finder can
not be used and, for instance, cannot be used 
for landing or even for passing directly over 
marker beacons. Further, with an ordinary air
plane direction finder, the operator must find the 
point of minimum reception, which is difficult to 

determine on board a plane on account of the 
engine noise, while, with the radio compass, the 
noise question is quite secondary since the indi
cation is automatic and much more practical. 
With a radio compass the pilot navigates directly 
and, inasmuch as this instrument has less inertia 
than a magnetic compass, the course is held more 
accurately and with less effort. 

Ground Direction Finders 

If a comparison is made with ground direction 
finders, it is found that, in no case, can they 
render the same amount of service as the R.C. 5 
radio compass. This does not mean that the 
ground direction finder is useless ; on the con
trary, it appears to the author to be of great 
assistance in checking the position of airplanes. 

A single ground direction finder cannot furnish 
sufficient indications to numerous approaching 
planes to enable them to navigate safely under 
unfavorable conditions. At important aero-

F'g. 16-Near View of the Loop of the R.C. 5 Radio Compass on the Seaplane Shown in Fig. 15. 
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dromes, where ground direction finders are ordi
narily used, several planes asking for bearings 
(QDM) or for landing indications by means of 
the ZZ system, or both, during bad weather, 
quickly overload the ground direction finders and 
all demands cannot be answered. Several months 
ago, during a heavy fog in London, several 
airplanes had to return to their home aerodromes 
as they could not land, since the ground direction 
finder could not give the necessary indications 
to all of them. An R.C. 5 radio compass would 
have enabled them to navigate ; and the utilisa
tion of a landing system (as for example ,  a radio 
beacon and marker beacon system, or the R . C .  5 
radio compass system following the principles 
above outlined) would have facilitated landing. 

Radio Beacons. If we compare the radio com
pass to radio beacons on a definite route and, 
in general , to all systems in which directivity is 
given from a stationary transmitter, it is easy 
to see that the R.C. 5 radio compass offers more 
possibilities and, in addition, allows military air
planes to approach with great secrecy. 

The radio beacon has the disadvantage of 
indicating to anybody the route leading to it, 
enemies as well as friends. Its advantage is that 
the plane is able to navigate on a well defined 
beam. But, with the radio compass, airplanes can 
also navigate easily on a beam. Simultaneous 
observation of a magnetic compass or of a direc
tional gyro and of the R.C. 5 radio compass 
makes it easily possible to fly on a straight, great 
circle course towards the desired destination. 

A limitation of the radio beacon is that it can 
indicate only one or two directions of navigation 
and all airplanes using it must follow the same 
route. An ordinary non-directional transmitter, 
however, constitutes a complete Hertzian beacon 
for radio compasses. An equivalent result could 
not be obtained with directional radio beacons 
without employing an infinite number. In actual 
practice there ought to be as many radio beacons 
as airways to be followed, the realization of which 
would certainly appear difficult. 

The R.C. 5 radio compass, from this point of 
view, has many advantages for military pur
poses. In no case can it be accepted that a mili
tary plane experiencing navigational difficulties 
should have to ask indications from the ground. 
Such a demand might be useful information to 
an enemy. The military plane fitted with a radio 

Fig. 17-Insta!lation of Co1!trol Un�t and Indicators of R.C. 5 
Radio Compass in the Pilot Cabin of the 

Seaplane Shown in Fig. 15. 

compass can navigate without any assistance. 
It is even impossible to find out what station it 
is using for its navigation. This station may very 
well be a broadcasting station, serving as a radio 
beacon. Also, the transmitter may be changed 
frequently. 

The radio compass can be utilised on powerful 
stations situated at a great distance, thus per
mitting navigation over several hundred kilo
metres. When desired, the pilot can abandon this 
station to pick up a weaker station, which cannot 
be heard at a few hundred km. distance, but 
which will permit the pilot to traverse the 50 or 
100 km. to the transmitter and from there to the 
airport where he must land. 

Radio Compass Installations in France and 
Other Countries 

Experiments have been made on board a small 
plane (Fig. 14) and it will be seen that, despite 
the limited size of the cabin, the radio compass 
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is not in the way. The loop assembly, the re
ceiver, the control unit, and indicator are shown. 

Figs. 1 5  and 16 show the relative size of the 
loop of the R.C. 5 radio compass compared with 
a seaplane of a Norwegian Air Line. As in Fig. 7 ,  
the loop i s  a t  the rear end of the fuselage and 
the whole equipment is remote-controlled from 
the pilot's cockpit. 

Fig. 1 7  shows the pilot's cockpit of the same 
plane, where the pilot's indicator can be seen in 
the left-hand top corner of the illustration and 
the navigator's indicator on the right. As the 
radio operator sits between the two pilots he can 
easily operate the radio compass by the control 
unit shown in the centre of the cockpit. The 
operator only has to tune the receiver, by means 
of the control unit knob, on the desired station 
and read the bearing in the navigator-indicator, 
while the pilot reads the other indicator. 

In France, both civil and military aviation 
authorities have submitted the radio compass to 
exhaustive tests and many airplanes have already 
been equipped with it. These installations are in 
daily use and have given such good results that 
additional planes will be similarly equipped in 
the near future. Installations are also being made 
in Norway, Spain, Czechoslovakia, and several 
other countries. 

In some countries use is made of so-called radio 
compasses and considerable publicity has been 
given to such equipment. Practically all of these 
so-called radio compasses are in reality nothing 
more than "homing devices," the characteristics 
of which have been compared herein with the 
automatic radio compass. These "homing de
vices" should not be confused with the automatic 
radio compass which , so far as is known, is the 
only one of its kind now in existence. 
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