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Mountain Effects and the Use of Radio Compasses and 
Radio Beacons for Piloting Aircraft * 

By H. BUSIGNIES 
Laboratoires L.M.T., Paris 

SYNOPSIS :-On the occasion of automatic radio compass demonstrations made on 
one of the American Air Lines airplanes in New York and Washington, D. C. , and 
during flights made between Salt Lake City and Chicago on the " Flight Research 
Plane " of the United Air Lines, most interesting effects were noted in the combined 
use of radio beacons and radio compasses. These effects, including direction finding 
observations in the Rocky Mountains, form the subject of the present study. 

First, errors and fluctuations in the indications obtained with loop radio beacons 
and vertical antennae in direction finding are examined, and it is shown that the 
results of calculations are in accord with the phenomena observed. Then mountain 
effects are considered-reception on a directional loop aerial of a " direct " wave and 
of a " reflected " wave. It is shown that calculated results are in agreement with experi
ments made whilst flying across the Rocky Mountains, and the regular fluctuation 
in the bearing noted in the mountain effect is explained. Corresponding details are 
given with regard to similar observations made in Switzerland between Berne and 
Basle. A description follows of demonstrations of the mountain effect on a reduced 
scale by means of an ultra-short wave direction finder and a system of reflectors. 
Further, the observation of the " cone of silence," as well as the detection of flight above 
a station (broadcasting or radio beacon) by means of a radio direction finder or a 
radio compass is discussed. The paper concludes with remarks on the advantages of 
the radio compass and radio beacon combination as shown, for example, by the results 
of tests made in the United States. 

I .  Introduction 

EARLY in May, 1 937 ,  following practical 
results obtained in France by Labora
toires L. M.T. with automatic direction 

finding on board aircraft, the International Tele
phone Development Company, New York, asked 
the Laboratories to give demonstrations in the 
United States. These demonstrations, it was 
thought, could subsequently be followed by spe
cial tests on the part of the American Air Lines, 
and also of Government Agencies, assuming the 
existence of sufficient interest in the problem of 
aircraft navigation by automatic direction find
ing methods. 

A number of RC.5 special radio compasses 1 

* Paper presented at San Francisco, Annual Convention, 
I .R.E. ,  June 27 ,  1 939. 

1 For the principle and design of this apparatus see Elec
trical Communication, No. 2 ,  Vol. 15, October 1936; and 
"Wireless Direction Finding" by R. Keen, 3rd Edition, 
pp. 694-7. 

44 

were prepared, and Mr. L. C. GALLANT, Engineer 
of the L.M .T. Laboratories, and the author 
visited the United States in September, 1 937 ,  
to carry out the proposed programme with the 
collaboration of I .T.D.C. engineers. From the 
very first demonstrations, remarkably interesting 
phenomena were noted. The technical work was 
consequently extended beyond the original pro
gramme, continuing over a period of some three 
months during which aircraft radio direction 
finding under difficult circumstances was investi
gated, such as during flights over the Rocky 
Mountains. The results of these experiments are 
described hereinafter. They have been confirmed 
during the months which followed by experi
ments made during flights between Berne and 
Basle, and by experiments on the reflection of 
waves on a reduced scale, thus reaffirming the 
interpretation of the first results. 
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E L E C T R I C A L  C O M M U N I C A T I O N  45 

Fig 1-Position of the Loop Aerial on the Stinson Machine. 

2. Demonstrations at Newark and TfTash

ington 

An RC.5 radio compass was installed (Figs. 1 
and 2) on a STINSON triple-engined airplane 
loaned by the American Air Lines, and demon
strations were made at Newark, N. J . ,  and 
Washington, D. C . ,  during the first two weeks 
of October, 1 937 .  The purpose of this first series 
of demonstrations was to stimulate interest in 
the equipment, the ultimate intention being to 
carry out more extensive experiments under 
practical conditions of operation in the United 
States. 

During this period about 40 flights were made, 
each lasting approximately an hour and repre
senting ( 1 )  a " homing" flight towards a broad
casting station with control route above the 
station, and (2) a "homing" flight over a radio 
beacon with a verified route above it. Positions 
were determined by lateral readings, either on 
the broadcasting stations or on the radio beacons. 
Some fifty bearings were thus taken, giving the 
position of the airplane within a few miles. On 

several occasions procedures proposed by visiting 
aircraft navigation experts were followed. The 
aggregate number of passengers carried on these 
flights was about 100. 

During one of the first flights made as a 
"homing" flight towards a loop radio beacon, 
considerable variation in signal direction within 
a few kilometres of the radio beacon was noted. 
Bearings taken on transmission A and N ,  respec
tively, differed more and more until they reached 
a divergence of some ten degrees within a short 
distance from the radio beacon. This represented 
a particular case of a general phenomenon which 
is discussed in the following section. 

3. Effect of Combination of Transmitter 
and Receiver Loop ; Experiments Made 
in Kansas City on a Radio Beacon and 
Spaced Antenna 

General Considerations 

On the occasion of the direction finding tests 
made in Spain in 1929 at Castellon de la Plana, 
an opportunity was offered of confirming m a 

Fig. 2-Inside the Stinson. 
RC.5 radio compass, pilot type and navigator type 

indicators, with control unit. 
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46 E L E C T R I C A L  C O M M U N I C A T I O N  

practical manner those phenomena which occur 
when, for example, a loop receiver direction 
finding system approaches a transmitter system 
within a distance of less than two or three 
wavelengths. 

Fig. 3 shows the lines of force of the electric 
field and the magnetic field around a vertical 
antenna. At a con siderable distance from the 
antenna, the magnetic and electric vectors ex
pressed in c.g.s. electro-magnetic units are in 
the ratio c (speed of light) and are in phase 
(outside and far from any conductor barrier) . 
These conditions do not apply in the neighbour
hood of the transmitting antenna where the 
electric field is considerably more intense than 
the magnetic field and out of phase by 7r/2 with 
respect to the latter. These fields may be com
pared with induction fields in electric or mag
netic couplings. 

In the Spanish tests an RC. 1  automatic direc
tion finder was used, requiring a fixed ratio 
between the intensities of reception on a small 
vertical antenna and on a loop oriented to its 
maximum. When this direction finder approached 
the transmitting antenna, the ratio was de
stroyed in favour of the vertical antenna on 
which the intensity of reception easily exceeded 
that of the loop by 20 db. 

Fig. 3-Electric and Magnetic Lines of Force A round a 
Vertical Antenna. 

The magnetic lines of force M are circles concentric 
about the antenna. The electric lines of force E are similar 
to those of the vertical plane shown, and occur in all the 
vertical planes passing through the antenna. 

In the case of a transmitter loop, complication 
would result due to a directional phenomenon, 
inasmuch as the lines of force of the magnetic 
"induction" field around the transmitter loop 
are always far from being perpendicular to the 
transmission radii (see Fig. 4) . When repeating 
the experiment with the same direction finder but 
with a transmitter loop, the magnetic field 

definitely was found to be more intense in the 
neighbourhood of the transmitter loop ; neverthe
less, readings were subject to considerable error 
since the apparatus always indicates a direction 

Fig. 4-Magnetic Lines of Force of a Loop in the Horizontal 
Plane. 

D1, Dz, Da are bearings taken perpendicular to the 
tangents at the lines of force. c/>2, </>a are the angles of error. 
In the case of D1 the error is nil. 

perpendicular to the lines of force. Fig. 4 shows 
the extent to which the indicated bearing may be 
inaccurate, depending on the relative positions of 
the transmitter and receiver loops. 

This phenomenon is quite general and appears 
as soon as a guiding radiating system is set up. 
It is, however, considerably less pronounced with 
an electric radiating (open) system than with a 
magnetic radiating (closed) system. 

Later this phenomenon was reproduced experi
mentally, not during transmission, but around a 
conducting body placed in the field of an electro
magnetic wave. This conductor, in its turn, 
radiates a field which, observed locally, is more 
predominantly magnetic or electric according to 
the form of the obstacle. In particular, closed 
circuits, plate-circuits, etc. ,  give rise to markedly 
magnetic fields, whilst filiform or threadlike 
bodies produce pronounced electric fields. In 
1929, a practical application of these local mag
netic fields was found in the compensation of the 
quadrantal deviation on board ships by arrang
ing metal plates around direction finding re
ceiving loop. 
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E L E C T R I C A L  C O M M U N I C A T I O N  47 

These phenomena may be directly deduced 
from the formulae for the field around Herz's 
doublet as a function of R, the length of the 
vector beam between the centre of the doublet 
and the point in space under consideration. 
According to Bouasse 2 the vertical electric field 
on the horizontal plane (x, y) may be written : 

R w'2 • , w' , 
- = - sm (wt - w  r) - - cos (wt - w  r) 
00¢2 r r2 

1 . 
( ' ) -3 sm wt - w  r .  

r 

The first term 1 /r is influential at a distance, 
whilst in the vicinity of the antennae the terms 
1 /r3 and 1/r2 predominate. Above the antenna 
(on the Z axis) ,  the term 1/r does not exist (no 
radiation) ;  the terms 1/r3 and 1/r2 are present 
but become negligible as the distance increases. 

The magnetic field in the horizontal plane may 
be written : 

M 
ww' . ( / 

) 
woo ( / 

) = - � · 80 sm wt - w  r +-
2 

cos wt - w  r ,  
r r 

2 "Herzian Waves" by H .  Bouasse, p. 172.  Edit. :  Dela
grave. 

p 

e h 

- - - - - - --1Ef-/ � 

P' 

Fig. 5-Electric and Magnetic Vectors of the Doublet on a 
Sphere Centered on the Doublet. 

The axis of the doublet is PP'. 
Er= radial electric field, prolonged in the direction of 

the vector radius shown, and parallel therefore to the 
direction of propagation. 

E, = electric field tangential to the meridian and per
pendicular to the direction of propagation. 

h = magnetic field, which is always tangential to the 
parallel. 

The ratio Er/E t is constant at any point on the same 
parallel. 

where the term 1 /r characterizes the radiation, 
and the term 1 /r2 the local field. The magnetic 
lines of force are concentric circles around the 
antenna ; no 1 /r3 term exists since there is no 
radial magnetic vector. The sine and cosine fac
tors indicate the variations in phase which occur 
according to the relative magnitudes of the 
different terms. Following R. Mesny 3 it is con
venient to express the equations with the angle () 
as a factor (Fig. 5) in order to show the values 
of the field at all points of the sphere. The 
advantage of this presentation is apparent ; how
ever, in this paper, the above formulae are quoted 
only in this x - y  plane, since they show most 
clearly the terms 1/r, 1 /r2 and 1/r3• Mesny's 
formulae 4 are : 

clAI cos o . Er = - -- • -- (cos v - ar sm v) 
7r r3 

clAI sin () . · 

E t = + -2- · -
3
- (cos v - ar sm v - a2r2 cos v) 

7r r 
sin () . h =  - ZI · -

2
- (sm v+ar cos v) , 

r 

all quantities being in c.g.s. electro-magnetic 
units. In vacuo, c = speed of light, a = 27r/"!-.. and 
v = (wt - ar) . 

Three terms for the tangential electric field 
are again obtained ; two refer to the radial elec
tric field (terms in 1 /r2 and 1 /r3) and, accordingly, 
this field at a distance is practically zero. Two 
terms represent the magnetic field. 

Mesny 5 calculated the values of the ratios 
between the magnetic and electric vectors for 
distances between O.OD. and SA as well as the 
phase angles between these vectors and between 
the radial and tangential electric vectors. On the 
occasion of the Castellon tests, a practical meas
urement of these ratios was made within the 
above range, in particular towards O.D..  

The deviation in phase between the resulting 
electric vector and the magnetic vector is con
siderable at a distance of 0.3 to O.SA (10° to 30°) . 
It only becomes negligible towards A. This is a 
matter of fairly considerable importance for the 

s "Use of Frame Antennae and Direction Finding" by 
R. Mesny, 1925. Edit . :  Chiron. 

4 All these formulae assume dimensions of the doublet 
which are small with regard to the wavelength and dis
tance. The doublet is in space. If it is on a good conducting 
ground, one can in practice take double the values given. 

6 "General Radioelectricity,"  R. Mesny, 1935 (Vol. 1 )
Edit . :  Chiron. 
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48 E L E C T R I C A L  C O M M U N I C A T I O N  

detection of passage above a station by means 
of a radio compass or a radio direction finder, 
particularly in the case of instruments with the 
receiver loop combined with a vertical antenna 
(homing systems) . In this latter case, the phe
nomenon can be detrimental or, on the other 
hand, may be utilized. 

Effect of the Combined Receiver and Transmitter 
Loop 

\Vhen an increasing deflection was noted in 
the indications of a radio compass on approach
ing a radio beacon loop transmitter, this was 
ascribed to the effect illustrated by Fig. 6. 
Under these conditions, an airplane, following a 
beam, enters the magnetic induction field of the 
latter ; the radio compass, as this field becomes 
stronger relative to the electro-magnetic field, 
tends to indicate a direction which is increasingly 
perpendicular to that of the lines of force of the 
magnetic induction field. 

These radio beacons, of course, function on the 
principle of a "signal resultant" transmission of 
A on one loop, and of a complementary N on 

Fig. 6-Dijference in Direction Found between the Trans
mission of A and that of N Near a Loop Radio Beacon. 
The airplane following the beam F1 of the loop radio 

beacon, the radio compass successively shows the direction 
DA on the transmission of A and the direction DN on the 
transmission of N. The effect is identical for the beam Fa· 
it is reversed in the case of beams F2 and F4• 

' 

the other perpendicular loop, thus yielding a 
continuous signal in the beam F on the course 
to be followed. The radio compass, therefore, 
tends to indicate a direction to the right of the 
transmitter sending transmission A, and to the 
left of the transmitter sending transmission N 
(or inversely for the beams F2 and F4) . However, 
an hypothesis, which perfectly explains the varia
tions at distances less than 2A. ,  would not appear 
to suffice as an explanation of the observed 
variations in the readings at greater distances. 

According to Mesny 3 the magnetic field of a 
loop (small relative to the distance) Hr following 
the vector beam may be written : 

2IS cos 8 . 
Hr = -

R3 
(sm u + aR cos u) ; 

the magnetic field Hn, normal to the vector beam 
(see Fig. 7 ) ,  is similarly : 

H 
IS sin 8 

( 
. 

+ R "R2 • ) n =  
R3 

s1n u a cos u - a· s1n u , 

where 
a =  27r/A. and U =  (wt - aR) . 

This expression for Hn includes the field at a 
distance. Since the first two terms rapidly ap
proach zero with increasing distance, the ratio 
Hn/Hr for an angle of 45° (radio beacon beam) , 
for example, depends essentially on 1 /aR, that 
is, A./27rR. It will be seen that in the vicinity of 
two wavelengths from the antenna (approxi
mately 2 km in the present case) the effect 
becomes fairly weak, and the considerable varia
tions noted at greater distances must be imputed 
to other causes. 

In fact the loop radio beacon in practice has a 
further disadvantage. The bearings taken in an 
airplane at a certain altitude, and at a distance 
sufficiently great to be free of the effect just men
tioned, are considerably falsified in certain direc
tions as a result of the horizontal component of 
the electric field ; 6 or, to put it another way, by 
the fact of the inclination of the magnetic field 
(see Fig. 7 ) .  

Fig. 8 represents the horizontal projection of 
the vector Hn and of the meridian m of Fig. 7 .  
The vertical loop receiver no longer receives a 

6 In his "Use of Frame Antennae and Direction Finding" 
(Ref. 3)  Mesny has dealt with the apparent displacement 
of the beam of a loop radio beacon, in the case of antenna 
reception on board an airplane. 
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E L E C T R I C A L  C O M M U N I C A T I O N  49 

signal when the vector Hn is contained in its 
plane ; that is to say, when in Fig. 8 the hori
zontal projection of Hn and the plane of the loop 
merge on the tangent to the ellipse at M'. 

The error in the bearing, therefore, will be 
equal to the angle 15 between the plane of the 

p 

, Hr 
/ 

p 

Fig. 7-Magnetic and Electric Vectors of an Elementary 
Loop on a Sphere with Its Center on the Loop. 

The axis of the frame is PP'. 
H, = magnetic radial field, parallel to the direction of 

propagation. 
Hn = magnetic field tangential to the meridian m and 

perpendicular to the direction of propagation. 
E = electric field tangential to the parallel p. 
The ratio Hr/Hn is constant at all points on the same 

parallel. 

p 

V' 

I ; 

I 
I 

I 

Fig. 8-Horizontal Projection of t�e Magnetic Vector for a 
Loop Transmitter. 

I n  any part of the vertical plane passing through PP', 
which contains the direction of zero radiation, the error is 
90° except in this direction. 

In the vertical plane VV', containing the loop, the error 
is nil. In other directions the error varies from 0° to 90° 
in accordance with the curves of Fig. 9b. 

m' = projection of the meridian. 
H'n = projection of Hn (Fig. 7),  and of the loop when the 

signals are faded out. 
o = angle of error. 

loop and the perpendicular to the vector beam 
at M'. The form and sign of these errors may 
easily be seen at every point of the sphere by 
means of this graphical construction. 

In order to find the value of 15, let a be the 
angle of the horizontal bearing of the receiver 
loop placed at M taken with reference to OA 
as in practical direction finding, a:nd {3 the angle 
of elevation of the receiver loop placed at M. 
It is seen from Fig. 9 (a) , where the radius of the 
sphere is unity, that OM' = cos {3. 

Now in the triangle A OM', a and OM' are 
known ; it will suffice to determine OA to know 
¢ and 8.  

It should be noted that : 

and 
ltfB = M' B' = cos a cos {3 = cos 8, 

1 1 
OA = - = · 

cos 8 cos a cos {3 

Hence from the triangle A OM' one obtains:  

or 

OA sin ¢ 
OM'

= 
sin [7r - (a+¢) ]  

1 sin ¢ 
cos a cos2 {3 sin (a+¢) 1 

which gives, after some transformation : 

cot ¢ = cot a cos2 {3 - cot a 
= - cot a sin2 {3 ;  

and, since o = (</> - 11"/2) ,  this becomes 

tan o = cot a sin2 {3. 

Fig. 9 (b) shows the curve of error o in terms 
of a for a few values of the angle of elevation {3. 

Fig. 9a-GeometricalJ,Representation of the Projections 
Whereby the Angle of Error o May be Calculated. 
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.,,,. 

Fig. 9b-Curves of Values of ii in All the Azimuths for 
Different A ngles of Elevation. 

Value of the errors arising from the loop radio beacon 
around the latter, and for different angles of elevation {3. 

At 0° and 180° the senRe is indeterminate as the electric 
vector of the field is horizontal. A slight variation of a in 
one direction or in the other from these two points causes 
a vertica! component of the electrical field to appear, thus 
symmetrically changing the phase to give a direction 
(90°- •) or (90°+ <) .  

It i s  obvious that direction finding systems using a loop
antenna combination are greatly affected, and even be
come inoperative, over the vertical plane perpendicular to 
a transmitter plane and in the neighboring zones. 

The table below 7 shows the value of these errors. 
It is seen that there is an error o of 6°45 ' for 

a = 45°  and /3 = 20°, which produces in the beam 
of a loop radio beacon a variation in the indica
tion of a radio compass of ± 6°45 ' ,  since the error 
changes in sign when the transmission changes 
frame in passing from A to N. 

Fig. 9(c) shows how this variation increases, 
on approaching in the beam of a loop radio 
beacon, for two different fixed altitudes. At short 
distances this error and the resulting variation 
in indication are added to the effect previously 

7 .The last line in the table shows the angle read on the 
ra�10 compass when passing immediately over the trans
mitter loop. 

described. It is interesting to note that the error 
is constant at any distance (usual) if a and j3 are 
constant. 

The values frequently observed in the airplane 
coincide with the values calculated to within a 
few degrees. It will be understood that the calcu
lation of the values was made with an unneces
sary degree of precision in order to establish 
suitable curves, but that fractions of a degree are 
of no practical interest for the moment. On the 
other hand, it is assumed all along that the 
transmitter loop is small compared with the 
wavelength. This is not absolutely realized in 
practice, but the approximation obtained, par
ticularly in the case of errors produced by dis
tance, would appear to be quite sufficiently 
accurate. 

When these effects are present, it is also 
possible to follow the false beams around a loop 
radio beacon with an ordinary direction finder on 
board. 

Fig. 10 shows that on the beam itself it is 
possible to note four positions of the loop equal
izing the signals A and N, two of these corre
sponding to the direction of the transmitter and 
two others to a 90° error. 

If the pilot leaves the beam or searches for it 
again, one of the signals will be more intense 
than the other, but the angular difference be
tween the two is then also greater ; and, there
fore, as will be seen from Fig. 1 1 ,  although the 
airplane is outside the beam, the pilot may find 
an apparent beam again by rotating the loop and 
placing it in positions D1, D2, D3, D4, where the 
signals are equalized. If conditions are difficult 
and if he has not observed this phenomenon 
beforehand, he presumably will be completely 

Table of Values of ii According to the Formula tan ii = cot a sin2(3. 
(Error calculated in the usual radiogoniometrical sense) 

a = { oo 22°301 45° 67°301 90° 1 12°301 135° 157°301 
180° 202°301 2 25° 247°301 2 70° 292°301 3 15° 337°301 

{3 = oo oo oo oo oo oo oo oo 

{3 = 10° 90° 40101 20 0°451 oo - 0°451 - 20 - 40101 
-----

{3 = 20° 90° 15°451 6°45 1 2°451 oo - 2 °451 - 6°451 - 15°451 

{3 = 40° 90° 45° 22°301 9°451 oo - 9°451 - 22°301 -45° 

{3 = 60° 90° 61° 36°501 17°15 1 oo - 17°15 1 - 36°501 - 6 1 °  
----- ----- -----

{3 = 90° 90° 67°301 45° 22°301 oo -22°301 -45° - 67°301 
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E L E C T R I C A L  C O M M U N I C A T I O N  5 1  

o ff  his course. Certainty of being in the beam, 
therefore, can result only from the fact that, in 
rotating the loop, A and N do not appear very 
quickly. 

it is hardly probable that these loops were in
variably placed in the most favorable position. 

It is thus easy to trace the false courses which 
the airplane might follow. In order to avoid 
these dangerous effects to a considerable extent, 
it is essential that the plane of the receiver loop 
be rigidly fixed in the direction of the long 
axis of the airplane when this loop is used as 
a collector of radio beacon signals. Inasmuch as 
this fact was not generally appreciated during 
the initial application of loop direction finding, 

If it be objected that the beam can be followed 
by means of a normal antenna receiver, a re
minder may be given that loops were installed 
in order to permit of reception of radio beacons 
during rain or snow static when antenna recep
tion is impossible, and to make radio direction 
finding practicable. It is exactly in the difficult 
circumstances provoked by rain or snow static 
that the consequences of an error in navigation 
are most serious. 

The alternation of the transmission of A and 

�===============�� = 
�1 '+10-+-.,,.+"o_o_" _______ ��-5+0�00�·�---�-------!0®0� -�---1 doo"' 1 DISTANCE HORIZOHrALE 

ALTITV0£ 20001/-

-�A �:J �,,t-D=-=�==========�""""":!:O""a"'+""' """"""""""""""""�-=A=LT.=7TU=D=tt:=5'=0=0-�---±�a' ______ _ 

SVRL'N r 
I :' 

,),' 

-45° / 

Fig. 9c-Progressive Errors in Alternate Directions of Approach in the Beam of a Loop Radio Beacon. 
Amplitude of the change in bearing from transmission A to transmission N of a loop radio 

beacon as a function of the distance, and at heights of 2000 and 500 metres. 
Altitude 2000 m: The effects of the magnetic field of induction may be ignored ; the appearance 

of the curve approaches reality very closely at short horizontal distances (wavelength of the 
order of 1000 metres) . . . . . Altitude 500 m: The effects of the magnetic field of mduct10n are no lc�mger negligible betw�en 
1000 m and zero horizontal distance ; this is why the curve has been contmued by the dotted lme 
at short horizontal distances (wavelength of the order of 1000 metres) . . . The effect shown by this figure is independent of the wavelength ; m partlcula:, on fairly short 
waves the induction effect becomes negligible as the result of the effect here descnbed. The curves 
may be considered accurate up to very small horizontal distances. 
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N is sufficiently rapid for these effects to be 
passed unperceived by pilots who simply found 
it impossible to take bearings under certain con
ditions, inasmuch as it was impracticable for 
them to turn the manual reduction radiogonio
metrical loop sufficiently quickly to obtain a 
bearing on A ,  and then a bearing on N. This 
procedure , however, is easily possible with the 
automatic radio compass. 

These variations make navigation by radio
compass difficult during the last few kilometres 
of "homing" flight towards a loop radio beacon, 
or the taking of bearings at a certain altitude. 
But there is no need to emphasize this point 

Fig. JO-Appearance of A and N on the Beam Whilst 
Rotating the Loop Receiver. 

Di, D2, D3, D4= directions of the loop in which the 
signals A and N are observed to cancel out. 

A = reception diagram of A .  
N = reception diagram of N. 
In all other directions, A 's or N's are received . 

Fig. 11-Appearance of False Beams at the Loops When 
Rotating the Loop Receiver. 

Outside the beam of the radio beacon-
D1, D,, D,, D.= directions of the loop m which the 

signals A and N are observed to cancel out. 
A = reception diagram of A .  
N = reception diagram of N. 

further inasmuch as loop radio beacons have 
been relegated to positions of minor importance, 
being replaced by simultaneous radio range 
beacons with improved vertical antennae. 

These serious disadvantages are avoided in 
practice by the radio beacon with vertically 
spaced antennae. 

Experiments Made in Kansas City on a Radio 
Beacon with Vertically Spaced A ntennae 

An opportunity presented itself of demonstrat
ing a radio compass on the ground in Kansas 
City. It was found that, in the beam from the 
spaced antenna radio beacon in Kansas City, at 
a distance of a few miles, a slight swing of about 
2° was produced by the A and N signal alterna
tions which were scarcely heard since readings 
were taken in the exact zone where the signals 
were equalized. 

It was shown that this swmg could not be 
ascribed to the radio compass, but was due to 
the transmitting system. Thanks to the courtesy 
of the T.W.A. and to the C.A.A. radio authori
ties, the A and N signal commutation of the 
radio beacon was actually stopped on one and 
then on the other antenna plane, and the 2°  
difference in bearings was thus clearly evident. 

Another experimental fact noted in the air
plane was a variation in the indications between 
transmissions A and N, reaching about ten de
grees when very close to the beacon. 

Between the beams, on the other hand, the 
greatest error originated from the antenna trans
mission plane which was the most perpendicular 
to the direction of observation. 

If examination be made of the distribution of 
the lines of force of the magnetic " induction" 
field at a short distance from a transmitter with 
two antennae connected in phase opposition, it 
will be seen that distribution in the horizontal 
plane is identical to that of the loop radio beacon, 
provided the distance between the antennae is 
small compared with 'A. It is thus possible to 
ignore the dephasing of the two fields due to the 
difference of distance with respect to the 180° 
feeding dephasing. The magnetic "induction" 
field is nevertheless much smaller, compared with 
the electric field and the field at 1/R , than is the 
case with the loop radio beacon. 
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Close to the radio beacon (less than X/2) ,  phe
nomena similar in nature to those observed at 
greater distances with the loop radio beacon may 
be expected. 

Differences in the bearings observed some 
miles from the antenna, nevertheless, require ex
planation ; the following permits analysis at any 
distance. Spacing of the antenna not being negli
gible with respect to X, it is logical to compare 
this case with that of two vertical spaced doub
lets by establishing the resultant of the existing 
fields for the point in space considered, i .e. , 
treating the problem as though it were concerned 
with the interference of two fields (Fig. 12 ) .  

It will be  noted that, by  restricting considera
tion of one antenna plane to near and medium 
distances (say, up to SX) , the resultant of the 
two magnetic fields 1 /R is no longer perpendicu
lar to the direction of the transmitter centre 0, 
the deviation decreasing as the distance in
creases. By compounding the magnetic fields 1/R 
and allowing for their differences in phase and 
amplitude due to the difference of the distances 
R1 and R2 an elliptic rotating field is obtained, 
the axis of which is not perpendicular to the 
direction of the centre 0 .  

Compounding the magnetic fields 1 /R2, an 
identical result is obtained with a phase differ
ence relative to the field 1 /R. This means that 
in the case of short distances, where the field 
1 /R2 is pronounced, there are four vectors to be 

d 

R 

.M. 
Fig. 12-Representation of the Geometrical Elements: 

Causes of Error at a Few A. Distance from a Spaced A ntenna 
Radio Beacon. 

A and B = transmitting antennae fed in phase oppo
sition. 

R and (R+d sin a) = distances from M to the two 
antennae A and B. 

compounded in order to obtain the polarization 
ellipse of the magnetic field. 

According to formulae and table of ratios cal
culated by Mesny, the field 1 /R2 is negligible 
beyond 'A. The error due to the presence of these 
two fields at and beyond A will now be deter
mined. 

Let A equal the amplitude of the field due to 
the antenna A ,  
B equal the amplitude of the field due to 
the antenna B, 
o their angular difference in direction, and 
<f> their difference in phase. 

The error � calculated in relation to the direc
tion of A and with the sign usual in direction 
finding, is given by : 

2"' 
B2 sin 2o + 2AB cos <f> sin o 

tan � = �-----------
A2+B2 cos 2o+ 2AB cos </> cos o 

The reader is referred to Section 4 for the 
establishment of this formula which, in the case 
just considered, gives the position of the maxima 
and minima of the polarization ellipse of the 
magnetic field. If 

1 
R 

1 
R+d sin a 

0 

21rd . 7r-T sm a 

a 

be the amplitude of A at M 

be the amplitude of B at M 

be the phase of A at M 

the phase of B at M 

the direction of M seen from A 

� d cos a 
tan u = -

R
-- · 

The simplifications introduced permit of an 
approximation sufficient for the relative values 
of R and d. 

The table below shows the values of the 
errors thus calculated from 'A to S'A in the beam 
(a = 45°) . 

d = 0.2A. 

o/2 I 0 ¢ :i; measured Error 
from 0 

--- ----

A. go 3 '  129°61 2°33' 4° H' - 1 °28�' 
2t. 40 129°61 1°38' 20 -0°22 '  
3)\ 2°40' 129°6' 1 0101 1°20' -00101 
St. 1 °37'  129°6' 0°48' 0°48t' -00 1 1 2 
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It may be concluded that at a distance from 
the radio beacon equivalent to 15 times the dis
tance between the antennae and for a wavelength 
equal to five times this latter distance, the error 
is negligible. 

A wavelength of the order of five times the 
antenna spacing substantially represents the case 
of American beacons where the spacing is 180 
metres, with a wavelength of about 900 metres. 

In order to explain the major errors, such as 
those observed, it is necessary to show the influ
ence of a supplementary dephasing introduced 
between the antennae and intended to adjust 
the beams of the radio beacons to the routes to 
be served. The four beams frequently form angles 
which differ from 90° amongst themselves, a 
result obtained by dephasing. The effect of the 
latter is indicated in the following table : 

d = 0,2>.; R = 3>-

Phase of Antenna B </> Error :i; 
------·-1------- -------

180° 
190° 
200° 
2 10° 

12906' 
139°6' 
149°6' 
159°6' 

- 10'  
- 14' 
- 25 ' 
- 52 '  

The last value clearly explains the variation of 
± 1° noted at approximately 3A from the radio 
beacon in Kansas City. 

The second antenna plane with transmission 
complementary to that of the first gives rise to 
an error of an inverse sign, producing variation 
in the indication when passing from the trans
mission of the A to that of the N signal. 

Reverting to the case where the beams from 
the beacon are perpendicular, it will be found 
that at a distance greater than A the errors are 
very small in all directions except in the vicinity 
of the direction perpendicular to the plane of the 
antennae at 0. In this case the error increases 
very rapidly and tends towards 90° when the 
angle a approaches zero ; at the limit, moreover, 
the resultant field is very weak. Around and 
beyond 10A, directions obtained with a loop 
direction finder are absolutely true. 

At a distance of one wavelength, the error 
tending towards 90° close to the perpendicular 
to the plane of the antennae at 0 was clearly 
shown by experiment. 

If the antenna phases are modified in order 
to adjust the beams to the aerial routes to be 

served, the line where the phases are equal is no 
longer perpendicular to the plane of the antennae. 
It is near this new line that the effect mentioned 
is noted close to the beacon. 

At any altitude the magnetic field is always 
horizontal ;  the bearings taken with a loop, there
fore, are stable and without error. A vertical 
plane of the zero field perpendicular to the plane 
of the antenna at 0 also is encountered. 

The bearings taken in flight confirm these 
conditions as well as the results previously men
tioned. The smallness of certain angles made their 
calculation with adequate accuracy necessary 
despite the fact that these fractions of a degree 
are not of practical importance. 

4. Cheyenne and Salt Lake City Experi
ments-Mountain Effects : Explana
tion of the Rapid Variations in Bear
ings and the Simultaneous Variations 
of the Beam-Mountain Effects in 

Switzerland Between Berne and Basle 

United Air Lines engineers were present at 
the Washington demonstrations and asked that 
experiments be carried out with the equipment 
under the most difficult direction finding and 
aeronautical conditions encountered in the 
United States, i .e . ,  on the Cheyenne-Salt Lake 
City route of the New York-Chicago-Cheyenne
Salt Lake City-Los Angeles or San Francisco line. 
This Company, with a view to increasing the 
safety of aerial navigation, had made extended 
studies and investigations with a twin-engined 
Boeing airplane, "The Flight Research Plane, " 
equipped with first-class mechanical, electrical 
and radio equipment (automatic piloting, various 
recording apparatus, etc. ) .  Using this airplane, 
its radio engineers, some months previously, had 
flown over 20,000 miles in the mountains investi
gating snowstorms in order to study "rain static" 
(electrified rain and snow) , which interferes con
siderably with radio reception in the United 
States. 

Studies giving the results of these experiments 
have been published.8 They showed that the 

8 "Snow Static Effects on Aircraft"-A report on 
United Air Lines study of the problem of snow static as it 
affects aircraft radio reception, and a discussion of counter
active methods being developed : Presented by H. M .  
Hucke, Superintendent o f  Communications Laboratory, 
United Air Lines, before a Meeting of the Institute of 
Aeronautical Science and the American Association for the 
Advancement of Science at Denver, Colo., June 22nd, 1937.  
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Fig. 13-Map Showing Route of Flight. 

shielded receiver loop on the one hand, and the 
discharge conductors trailed by the airplane on 
the other hand, made it possible to obtain maxi
mum protection against this type of interference . 
They also showed the advantages obtained by 
placing the receiver loop as close as possible to 
the head of the airplane. 

The radio compass was installed on the " Flight 
Research Plane" at Cheyenne (Wyoming) and 
after one or two test flights on 2nd December, 
1937 ,  the airplane was flown towards Salt Lake 
City. Below is a brief resume of the test results, 
which will subsequently be examined. For itin
erary of flights 1 ,  2, 3, 4, and 5, see Fig. 13 .  
Arrival of  the "Flight Research Plane" at  Salt 
Lake City is shown in Fig. 14. 

1 .  Cheyenne ( C X) to Salt Lake City (S L) 

Bearings were taken from Salt Lake City 
beacon (distance 280 miles-450 km) , from 
Pueblo (200 miles-320 km) , and from North 
Platte (200 miles-320 km) . The position was 
frequently checked within one or two miles using 
the loop beacons at Laramie, Medicine Bow, 
and Cherokee, over which the plane flew at 
1 2000 feet (3600 m) .  The geographical position 

of the above mentioned radio beacons can be 
seen on the map of Fig. 15 .  

The usual oscillation at the approach of  a loop 
radio beacon occurred and reached ± 30° at a 
distance of some miles. 

After Eagle Buttes, Rock Springs was flown 
over at 1 2000 feet (3600 m).  The radio beacon 
at this point is of the spaced antenna type, so 
that variations on approach were not great. 
Passage overhead gave rise to the usual oscilla
tions of 15°  to 20° amplitude, thus marking the 
passage. The same indications applied when fly
ing over Knight. 

"Homing" towards Salt Lake City, following 
the beam of the radio beacon, the United Air 
Lines engineers recorded the output power on 
the radio beacon's normal receiver. The output 
then varied continuously, and the radio compass 
oscillated regularly over ±8° and sometimes up 
to ± 20°,  the error in the mean bearing being 
from 5 to 10° .  At intervals, reception passed 
from A to N, and vice versa ; false cones of silence 
were produced, giving the impression of being 
over the radio beacon. Then, over groups of 
mountains, the lateral reflections were very great. 
In the valley leading to Salt Lake City, inter-
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-- ·-- -- -- ---- --·--

Fig. 14-The "Flight Research Plane" at Salt Lake City. 
From left to right: The Airplane Mechanic; Mr. Deweese, U.A.L. Engineer; Mr. Treher, Pilot; 

Mr. Tuckerman, Engineer of the "Federal Telegraph Company" ; Mr. Hodgson, Assistant to 
Director of Communications, U.A.L. ;  and Monsieur Gallant, Engineer, "L.M.T. Laboratoires." 
(Photograph taken by the author.) 

ference decreased progressively and operation 
became normal some ten miles before reaching 
the Salt Lake radio beacon. The latter was 
passed over three times in order to verify the 
indication of passage. 

2. From Salt Lake West and back to Salt Lake 

During this flight, bearings were taken on 
several stations without noting any considerable 
rapid variations. The angles found were correct 
on Bridge Buttes and Locomotive Springs. 

3. Night Flight from Salt Lake City to Cheyenne 

This flight confirmed the variations noted in 
approaching Salt Lake City. After the difficult 
part of the route was passed, good bearings were 
obtained over Rock Springs, Cheyenne, Walcoot 
and other broadcasting stations where the night 
effect made itself evident by variations of ±5°. 

It is in this difficult region that several aircraft 
accidents have occurred. Crashes on the moun-

tains during bad visibility would appear to be 
attributable to the anomalies of propagation and 
to the interference caused by snow static. 

Study of Mountain Effects 

The screening effect of mountains, as is well 
known, is a relatively simple one. Mountain 
effect, with regard to direction finding, is pro
duced by the simultaneous reception of several 
waves coming from the same transmitter after 
traversing paths of different lengths. In the 
majority of cases, a direct wave is received , 
but it is impossible to separate it from one or 
several superimposed reflected waves. In general , 
whenever two or more waves originating from 
a single source are present in space, the envelope 
curve of vector amplitudes represents a sta
tionary wave in space. Its amplitude is limited 
to that of the lowest amplitude wave, and its 
form depends essentially on the directions of the 
waves and their polarizations. 
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B y  way of example, Fig. 16(a,  b and c) shows 
the direction and amplitude of the magnetic and 
electric vectors for a given fixed direction, that 
of flight, in the case of two vertically polarized 
wave propagations forming angles of 40°, 90° 
and 180°, respectively. The elements of Fig. 
16(a) correspond to a case which will be studied 
in greater detail later on. All the configurations 
corresponding to any particular polarization can 
readily be traced by compounding independently, 
at each chosen point in space, the magnetic and 
electric vectors of the constituent waves. 

If the amplitude of a given wave is clearly 
greater than the amplitude of another wave or 
waves, the dephasing of the resulting vectors and 
their variations in amplitude will obviously be 
greatly attenuated. 

OMGON 

It  is likewise easy to trace the configurations 
corresponding to the presence of several waves 
of different polarizations at a fixed point. The 
novelty of the case under examination arises from 
the fact that the airplane cuts through the 
zone of interference rapidly and the indication 
of direction obtained with a loop receiver, for 
example, varies constantly since the resulting 
magnetic field changes direction regularly (Fig. 
1 7) .  According to the direction in which the 
airplane flies in relation to the system of inter
ference, the variations noted will be slow or 
rapid. 

In the case of greatest interest here, the air
plane flies towards the transmitter or towards 
the radio beacon, and it then cuts through an 
interference pattern which produces a regular 

M-M L-MRL TYPE 
ALTITUDE LOCATION SIGNAL KILO DIAL 

6640' MEDICINE BOW 344 71 
7070' CHEROKEE 260 37 
6275' GRANGER 290..218 s 1-3 1 
7 6 1 5' KNIGHT 248 32 

4 1 .0' PASCO 278 46 
'4237' WENDOVER 278 46 
5600' VENTOSA 3 9 1  8 7  
4680' BEOWAWE 3 9 1  8 7  
4 1 80' HUMBOLDT . .  iH-391 3'5-87 
4650' BUFFALO VALLEY _ , , ,  . . .  - 3 7 1  82 

NO FLO DONNER SUMMIT 272 ., 
5270' BLUE CANYON 242-25'4 29-35 
1 200' AUBURN 242 29 

1 30' WILLIAMS 365 79 
NO FLO POTRERO HtlLS 2'42-365 19-79 

H01 LIVERMORE . . 242 29 
4125' LOCOMOTIVE SP'G · - · ·  - - - 302 56 
5270' STREVELL 
27 1 0' KING HILL 
2 1 50' WEISER 
2800' LA GRANDE 

877' ARLINGTON 
1 91' CASCADE. LOCKS 

NO FLO CASTLE ROCKS 
BITTER CREEK 

1 160' EPHRAiA 
1 750' ELLENSBURG 

7270' LARAMIE 

272 ., 
350-272 H-43 

350 H 
H I  7 1  

230-H I 13-71 
130-331 ll-0 

332 49 
278 46 
269 42 
385 86 
278 46 

ALL SEARINGS ARE 
MAGNETIC AND POINT 

111 TOWARD STATI O N  

RADI O  RAN G E  
ALT I TUDE LOCATION 

6 1 '45' 'CHEYENNE 
6370' ROCK SPRINGS 
'4210' Sf.LT LAKE CITY 
5075' ELKO 
'4395' RENO 

S' OAKLAND 
'4250' BURLEY 
2745' BOISE 
1 -492' PENDLETON 
1 955' SPOKANE 
1 80' NORTH DALLES 
3 5 '  PORTLAND 

SIGNAL Kl L.O DIAL 

- · - ·  - · · - 326 
290 
338 
391 

· - · · - - ·  25'4 
242 

- · · ·  - · · - 272 
3 5 0  

· - - ·  - - - l-4 1  

6 6  
S I  
7 0  
87 
35 
29 
43 7' 
7 1  
79 
23 

VOICE COMMUNICATION AVAI LABLE UPON 
REQUEST ON FIXED FREQUENCY -OR ON 
2.76 K C  -DIAL 46 

J 01 SEATTLE 
50-40' MILFORD 
282' TACOMA 
280' FRESNO 

'4700' JOAHO FALLS 

365 
230 
332 
260 
320 
224 
3H 
359 
>8• 

�· 
l7 
M 
lO 
72 
77 
49 55261 BUTTE 

Fig. JS-Partial Map of the Cheyenne-Oakland-Portland-Seattle Radio Beacons. 
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8 
P I  t l0 � ---f.--��-

c I c, .J 
Fig. 16-Interference of Two Waves in Different Cases. 

Fig. 16a 
FA = wave front in direction A .  
FB = wave front i n  direction B. 
A and B = amplitudes : A /B = 2 .  
Cr = length of the oscillation cycle of the bearing. 
MA = magnetic vector of A .  
MB = magnetic vector of B. 
The resultant vectors are shown in the figure. 

Fig. 16b 

Same notation as in Fig. 16a but A =B and an angle 
of 90° exists between them. 

C2 = length of oscillation cycle. 

Fig. 16c 
Same notation as in Fig. 16a but A =B which are in 

opposite directions. 
C3 = length of the oscillation cycle. 

swing in the indication, accompanied by a fixed 
deviation from the mean value. 

In Fig. 16 ,  if the distance be studied in wave
lengths calculated on the direction of A ,  for 
which the vectors of the two waves are produced 
with identical phase, corresponding to a complete 
cycle of the signal oscillation, a number n may 

be found as follows : 

1 
n =  

1 
+ 1 .  

-- - 1  
cos 0 

For Fig. 16 (a) , n = 4.23.  If the airplane speed 
is 240 km per hour, the following durations will 
be obtained for a single cycle : 

A Length of Cycle Duration of Cycle 
in Space in Seconds 

1000 m 4230 m 63.5 
100 m 423 m 6.3 

10 m 42.3 m 0.6 
1 m  4.2 m 0.06 

In Fig. 16(b) , where the propagation direc
tions form an angle of 90°, n = 1, and accordingly 
one obtains for the same plane speed : 

A Length of Cycle Duration of Cycle 
in Space in Seconds 

1000 m 1000 m 15. 
100 m 100 m 1 .5 

10 m 10 m 0.15 
1 m  l m  O.D1 5 

In Fig. 16(c) , where the propagation directions 
are opposed, and for the same speed, n = 0.5,  
and no further oscillation in the bearings is to be 
noted. Considerable variations, however, occur 
in signal strength at the rate indicated in the 
following table : 

A Length of Cycle Duration of Cycle 
in Space in Seconds 

1000 m 500 m 7.5 
100 m 50 m 0.75 
10 m S m  O.D75 

l m  0.5 m 0.0075 

Due to irregular reflection, the amplitude and 
the duration of oscillation, as a rule, vary very 
rapidly as a function of displacement. 

Stated in an equivalent manner, the general 
effect may be explained as a function of the dis
placement of the airplane :  the direct distance 
towards the transmitter and the distance tra
versed by the reflected waves do not vary equally 
and, due to this fact, the reflected wave is peri-
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odically reversed in phase with respect to the 
direct wave. Thus the variation in bearing indi
cations results. 

This is accompanied by another effect : be
tween the extreme positions corresponding to 
the magnetic field of the reflected wave (in phase 
or in phase opposition with the direct wave),  
there is interposed the case where the two vectors 
are at 90° difference in phase which, in the loop 
receiver, represents a very poor minimum for 
signal direction finding (Fig. 1 7) .  A radio com
pass operating under these conditions will there
fore indicate deviations around a mean position 
which is inexact, the passage to the mean position 

Fig. 17-Rotating Field Produced by the Interference of 
Two Waves. 

Left Hand Figure: 
PA = direction of propagation of the wave of ampli

tude A .  
PB = direction of propagation of the wave of ampli-

tude B .  
MA = magnetic vector of the wave A .  
MB = magnetic vector of the wave B.  
Oc = plane of the receiver loop. 
In the diagram A /B = 2 and ll =40°. 

Right Hand Figure: 
Same value of A ,  B and /l .  
Osc. = amplitude of oscillation in indication for 180° 

change in phase. 
(From cf> = 0° to c/> = 180°, from R1 to R,, and conversely.) 

R1, R2 = limiting resultants of the magnetic vectors. 
D1 = reception diagram of resultant vector R1 (good 

direction finding zero) . 
D2 = reception diagram of resultant vector R, (good 

direction finding zero). 
D3 = intermediary diagram for a mean position with 

very bad direction finding minimum, due to the presence 
of a component in phase-quadrature. 

being accompanied by a very blurred minimum, 
whilst this minimum is transformed into a perfect 
zero for extreme positions of deviation. If there 
are several reflected waves , the phenomenon may 
be investigated by the same method, but is 
then more complicated. In practice, a predom
inant reflected wave seems to be most often 
encountered. 

It would appear useful to examine the general 
case of reception on a direction finding loop of 
two waves which are out of phase and of differing 
direction and amplitude. 

If A and B are the amplitudes of these two 
fields, cf> their difference in phase, � and (� + o) 
the angles made by the direction of propagation 
of the waves A and B, respectively, with the 
loop, the induced e.m.f. E is : 

E = A  cos wt cos � +B cos (wt+c!>) cos (� +o) .  

I n  order to find the maxima and minima of 
this function with respect to �. it is necessary to 
differentiate with respect to wt, eliminate wt, 
differentiate with respect to �. and then find the 
values of � for which the resulting expression 
becomes zero. 

From the final expression d(E)2/dt one obtains 

2 
B2 sin 2o+2AB cos cf> sin o 

tan � = - ------'-----"----

A 2+ B2 cos 2o+ 2AB cos cf> cos o 
( 1 )  

The tangents of  an  angle and of  the same 
angle plus 71' being identical, two values of � are 
found which satisfy the equation, namely, � and 
(�+7r/2).  The first corresponds to maximum re
ception, and the second to minimum reception. 
There are thus obviously two maxima and two 
minima, respectively, at 180° from one another. 

The value of � in the above equation gives 
directly the angle of error due to the presence of 
the field B, the field A being considered as the 
field of exact bearing. 

A particular case must be noted for which 
cf> = 90°, o =  90°, and A = B . A perfect rotating field 
free from maxima or minima is then obtained. 

Another particular case is that for which cf> =  0° 
when the equation yields a result identical with 
that obtained by another more easily established 
formula. If, then, the fields are in phase or in 
opposition when extinction is obtained by turn
ing the loop, the following relation obtains : 

A cos l:±B cos (�+o) = 0, 
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which gives 
A 

tan � =
B-;---;+cot o .  

sin u 

Without error � should be found equal to 90° 
since extinction must occur when the plane of 
the loop makes an angle of 90° with the direction 
of propagation. 

The error will ,  therefore, be given directly 
with the sign usual in direction finding, by : 

A 
cot E =

B-;---; +cot o .  
Sln u 

(2) 

In equation ( 1 )  given above and, referring to 
Fig. 1 7 , PA and P s are the directions of propa
gation of the fields A and B ,  MA and Ms the 
magnetic vectors ; then, if ¢ = 0, the vectors MA 
and Ms are in relation to each other as shown 
in the figure ; also, 

if ¢ = 7r the vector to be considered for P s 

is M's ; 
for ¢±t the equation gives the same value 

and the same sign because it does not 
show the alternative sinusoidal varia
tion of the magnitude of the vector 
on its direction. 

Values + � are calculated clockwise as from c ;  
values - � are calculated anti-clockwise as 
from c. 

The direction finding error in the standard 
sense is � with a changed sign. This is the error 
which is found in the following tables. 

Table I below shows some values of the error 
for fields in phase and in opposition (Fig. 1 7 ) ,  
corresponding to the extreme positions o f  the 
radio-compass variation due to mountain effect. 

TABLE I 

ii =  10° Error :;:; = 3 °20' 
ii= 10° + 1 so0 :;:; = - 9°30' 

(Change of phase) 
ii = 40° 
ii = 40°+ 1so0 

(Change of phase) 

:i = 2 ·  
B ' 

:;:; = 13°5' 
:;:;= - 27°28' 

:;:; and ii are calculated in the usual direction finding sense. 

Table II gives one or two values of the error 
for fields of intermediary phase between 0° and 

180° for the last example in the foregoing table. 
These values correspond to the intermediate posi
tions of the signal deflections (Fig. 1 7) under con
ditions where the mountain effect is experienced. 

</> =  oo 
10° and 350° 
45° and 3 1 5° 
90° and 270° 

= 100° and 260° 

TABLE II  

= 1 12°30' and 257°30' 
= 135° and 225° 

Error :;:; = 13° 5' 
13° 2 '  
1 1 °40 ' 

6°58' 
4°15 '  
oo 

= - 1 1°15'  
= - 26°3 7 '  
= - 27°28' 

= 170° and 190° 
= 180° 

:! = 2 ·  
B ' ii = 40°; 

:;:; and ii are calculated in the usual direction finding sense. 

In order to obtain the value of ¢ corresponding 
to the zero error, � = 0, it will suffice to make : 

that is, 
B2 sin 2o+2AB cos ¢ sin o = O ;  

B2 sin 2o B 
cos ¢ =  

2AB sin o
= -

A 
cos o. 

The amplitude and character of the oscilla
tions noted under mountain effect are clear from 
these quantities which correspond to recognized 
physical cases. The oscillations are accompanied 
by synchronous signal strength variations, which 
are not observed if the receiver is equipped with 
automatic volume control. 

The reflecting body may be situated in a 
direction which is opposed to the transmitter 
with relation to the airplane. In this event only 
slight variations should be noted in the bearings 
if the reflected field is vertically polarized (elec
tric field in a vertical plane containing the 
direction of propagation).  Regular and consider
able variation of reception would then occur. The 
reflected field may, nevertheless, be partially 
polarized horizontally, and the horizontal com
ponent of the electric field thus existing may pro
duce an error in the loop comparable to the night 
error. As direct and reflected wave-phases are 
inverted in relation to one another during oper
ation, the error thus produced changes its sign 
and a swing in the indications is produced around 
a position of mean error as in the foregoing cases. 

This is, however, fairly generally the case with 
a transmitter giving circular radiation. Trans-
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Fifi,. 18-Refiections o n  the Two Successive Radiation Dia
grams of a Radio Beacon with Multiple Signal System. 

Z = zone where interference is produced. 
A = reception of the A signal. 
N = reception of the N signal. 
F = points of equal signal strength corresponding to the 

beam. 

mitters with directional radiation give rise to 
more complicated phenomena since, according 
to the directions of maximum and minimum 
radiation, radio beacons producing a multiple 
system of signals give rise to reflections which 
are much higher for one system than for another, 
as is shown in Fig. 18 ,  where system A radiation 
is greater towards the reflecting mountain. Con
sequently, in a zone Z, the radiation of system N 

is much less affected by reflections than the 
radiation of system A . The practical result on 
board the airplane, as regards the direction finder 
or the radio compass, is a swing in the indication 
between the transmission of N and that of A , 

thus adding complication to that described above 
and appearing, this time, in the form of oscilla
tions in indication which, a priori , seem to obey 
no fixed law. 

This phenomenon also has a considerable 
repercussion on the beam. The beam is, in fact, 
affected simultaneously by the two phenomena 
just described. If a position is taken up, as shown 
in Fig. 18 ,  at successive points of the theoretical 
beam in the direction of flight a series of zones 
will be encountered where the interference of the 
two waves produces successive maxima and 
minima of reflection on the two transmissions ; 
but no simple relationship will exist between the 
variations in the mean field intensities of system 
A and of system N, the waves not being sub-

jected to the same reflections. The distortion of 
the beam, upon examination, appears to be 
very complex although, actually, the phenom
enon is quite capable of interpretation, at least 
in principle. 

For another type of reflection, the successive 
maxima and minima reception of system A and 
system N are shown in Fig. 19 .  When the signals 
are equal, there is an apparent beam and recep
tion, on either side, of the A and the N signals. 

The transmission of a frequency spectrum 
corresponding to a modulated wave, instead of a 
pure wave, is an additional cause of complication 
and distortion ,  as the phases of the components 

are affected differently by the reflections. It is, 
however, in the carrier that the principal effect 
is apparent. 

During experimental flights made between 
Berne and Basie by Monsieur Gallant on a 
plane of the Alpar Co. equipped with a radio 
compass, effects (which are identical with those 
at Salt Lake City) were noted in connection 
with the Beromunster transmitter when crossing 
the Jura. The regular variations in these bearings 
around a slightly inexact mean position are 

Fig. 19-Reflections of the A System with Shorter Period o 
Oscillation than on N 

Weaker reflections of the N system. 
Z = zone where interference is produced. 
A = reception of the A signals. 
N = reception of the N signals. 
F = points of equal signal strength corresponding to the 

beam. 
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clearly explicable in view of the foregoing para
graph, the phenomenon being much simpler than 
that observed at Salt Lake City since the trans
mitter had a circular radiation diagram. 

The points and paths along which these varia
tions occurred are shown in the map of Fig. 20. 

The table (Fig. 21) shows the amplitude and the 
nature of the variations noted. 

The following relating to the mountain effect 
is presented : 

1 .  The oscillation period in the indication 
depends on the wavelength and the speed of the 

l 

Fig. 20-Map of the Flights Between Berne and Basle Showing the Zones Where Oscillations Occurred. 

www.americanradiohistory.com

www.americanradiohistory.com


E L E C T R I C A L  C O M M U N I C A T I O N  63 

plane. The amplitude of the oscillation depends 
on the relative amplitudes of the two waves. 

2. The mean of the extreme values of the 
oscillations is in error in relation to the true bear
ing, except in the case where the direction of the 
reflected wave differs from that of the direct wave 
by 90°. The speed of the displacement of the 
indication in the course of oscillation does not 
vary as a sinusoidal function. 

3. Using a single loop antenna, the bearing 
always lies between the extreme positions of 
deviation ; a collector antenna of this kind, there
fore, is to be preferred to the permanent loop
antenna combination . 

4. The absence of an indication oscillation is 
a guarantee of accuracy ; the presence of oscilla
tions a warning. 

It must not be assumed that it is impossible 
to apply direction finding in mountainous regions. 
On the contrary, engineers could exploit the 
effects observed by making a diagram of oscilla
tions for given directions and speeds in good 
weather for the purpose either of determining 
the zone of flight, or of defining the mean pre
cision of the radio beacon bearings with respect 
to their reliability. 

In the operating field, improvement doubtless 
could be effected by additional research, as well 
as analysis involving the consistency of results 
obtained during flight and application of experi
ence gained. 

A cathode-ray oscillograph, instantaneous 
type direction finder will give information which 
is very much more useful than an indicator with 
finite inertia ; the manual direction finder here is 
entirely useless. 

A complex apparatus would make it possible 
to deduce from an examination of the successive 
intensities and directions of the resultant mag
netic vector, in the course of an oscillation cycle, 
the directions of the component fields. A simul
taneous examination of the variations of the 
resultant electric field would supply additional 
information. 

So-called "homing" devices permanently using 
a loop-antenna combination are much more 
affected by mountain effect than loop direction 
finders or radio compasses with a single loop. 
Actually, the amplitude of the resultant mag
netic and electric vectors never remains in the 

desired ratio for satisfactory operation. This ratio 
varies constantly for the stationary wave and 
also-which is more serious-as regards relative 
phase. In these "homings," in addition to the 
effect of alternative deviation as explained in the 
foregoing, the periodic disappearance of the indi
cations will be noted, accompanied by internal 
errors in the apparatus, as well as reversals of 
the indication of 180°. 

On short waves, and even ultra-short waves, 
the phenomenon is similar except for the oscilla
tion period which, on ultra-short waves, may 
become smaller than the operating alternations 
at A and N and thus give distorted indications. 
Reflections are very intense on ultra-short waves 
but, the diffraction being less, they only affect 
cones which are narrower than on long waves. 
Engineers studying instrument landing have 
at times experimented with short-distance re
flections. 

Identical effects are noted when taking bear
ings on airplane transmission at a ground D.F. 
station. These were noted on long, short, and 
ultra-short waves with reflections coming later
ally or from the ionosphere. 

Fig. 21-Table Showing the Effect of the Jura During the 
Flights from Berne to Basle, and Back Again (July 22, 1938) . 

Transmitter used: Beromtinster 
Frequency f: 556 kc/s 
Wavelength t.: 539.6 m. 

Traveling from Berne to Basle: 

Radio Bearings True Bearings 

Points 

Extreme 

8 Hindelbank 48-52 
7 Utzenstorf stable 
6 Soleure 75-85(+) 
5 (x) Rothlifluh 75-95 (+) 
4Cx) H. Wintle 95-115(+) 
3 Cx) Nunningen stable 
2 Dormach stable 
1 Basie 134-140 

Return Journey Basle to Berne: 

2 Dormach 306-320(+) 
3 Cx) Nunningen stable 
4Cx) H. Wintle 280-300 (+) 
5 Cx) Rothlifluh 270-280(+) 
6 Soleure 255-259 
7 Utzenstorf 249-251 
8 Hindelbank 221-225 
9 Berne 210-2 15 

Oscillations were on an average ±3°. 
Above the Jura, they attained ± 10°. 

Mean On the R.C.5 Map 

50 7 4  7 1  
60 82 81 
80 94 93 
85 98 98 

105 1 10 1 1 1  
120 120 1 1 8  
127 125 126 
137 134 133 

314 306 306 
300 296 298 
290 293 291 
275 283 278 
257 276 273 
250 272 261 
223 256 251 
212 .5 241 239 

Considerable variation in signal strength was noticed, using headphones, 
when the amplitudes of the oscillations were at a maximum (above 
the Jura) . 

Mean speed of the airplane = 180/200 km/h. 
Oscillation frequency =about ! cycles per second. 
The points marked (x) were above the Jura. 
The points marked ( +) corresponded to maximum oscillations. 
Altitude: 1500-2000 metres. 
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Before concluding this section, a brief survey 
will be made of the result of these effects in 
permanent direction finding stations located in 
mountains or their vicinity. One is sometimes 
inclined to think that a mountain will give rise 
to a fixed deviation in a determined direction 
throughout a region ; in short, the case of moun
tain effect is compared with that of deviation 
on board ships and airplanes. This is a grave 
mistake inasmuch as the direct and indirect 
paths, as well as the vector phases, are such that 
these deflections may be positive at a certain 
position and negative at a position relatively 
adjacent, the change in phase taking place at an 
intermediate point (see Fig. 16-A ) .  

Another effect, found i n  a large number of 
direction-finding stations, may perhaps have 
been inadequately explained : A slight change in 
the frequency of a transmitter (3 kc/s in 300 kc/s, 
for example) will suffice to produce a change in 
the bearing of some few degrees in a direction 
finding station. This is an indication of a reflec
tion. This difference of frequency ( 13) reverses 
the phase of a reception vector if the direct path, 
for example, amounts to 300A when the indirect 
path amounts to 3.SOA, and produces between the 
bearings on the first and second wavelengths a 
considerable difference which may easily be cal
culated by means of the formulae already devel
oped. It will reach one or two degrees, in the case 
of the example given, for a reflected energy which 
is equal only to 2 or 33 of the energy directly 
received. 

It is not necessary, in order to produce a 
deflection, that a phase should be reversed by 
180° ; a much smaller angle is sufficient. On short 
waves this effect may be particularly marked. 

Two other effects might be explained in regard 
to direction finding : The first consists of a slight 
irregularity in bearing with a variation of the 
compensation when tne transmitter frequency is 
not stable. This effect is produced by weak re
flections, as previously mentioned. In order to 
explain the variations of the compensation which 
accompany this effect, it is sufficient to recall 
that the phase of the reflected vector may have 
any value, and usually contains a component 
90° out of phase with the direct vector, varying 
in amplitude with the variation in frequency ; 
hence the variations in compensation which 

must be effected to maintain a satisfactory zero. 
The second effect relates to direction finding 

on modulated and damped waves. When trans
mission is effected by these waves, it may be 
compared with the transmission of a frequency 
spectrum comprising a predominant frequency
the carrier ; the other frequencies of the spectrum 
differ as a rule by some kc/s from the carrier, 
say 2 to 33 for stations broadcasting on long 
waves, or 0.5 to 1 % for medium-wave broad
casting stations. 

As an example, the frequencies of the side 
bands differ by 0.3% from the carrier for a 
transmitter modulated at 1000 cycles, and trans
mitting on 300 kc/s. 

This difference, in the presence of a reflec
tion, results in direction finder minima being 
obtained at angles which differ by some tenths 
or some degrees ; it is thus impossible to fade out 
the signals. Moreover, it is not possible to find a 
compensator position which will eliminate the 
effect of the different vectors of the frequency 
spectrum disposed at angles which differ with 
regard to one another and with regard to the 
carrier. It is, therefore, sometimes impossible to 
obtain clean minima on modulated and damped 
waves ; in connection with the latter, this fact 
has already been observed. On modulated waves, 
at the minimum signal, distortion of the modu
lation accordingly arises. This originates from 
the fact that certain but not all frequencies are 
extinguished, the maximum distortion obviously 
corresponding to extinction of the carrier. 

If, under such conditions, the modulated trans
mission is replaced by a pure continuous wave 
transmission (or interspersed by intervals of 
modulation) , a clean minimum is again observed 
for a definite position of the compensator, the 
latter being capable of eliminating a vector which 
is slightly dephased with regard to the principal 
vector and which originates from a reflection. 

5. Demonstration o.f Mountain Effect on a 
Reduced Scale with a Short- Wave 
Direction Finder and a Reflector 

System 

It seemed interesting to make a few experi
ments of reflection on a reduced scale in the 
course of which one could easily vary the dis
tances and relative positions of a reflector system 
and a radio direction finder. 
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Having had an opportunity of producing an 
ultra-short-wave direction finder, it was easy to 
make these experiments by using either the 
television transmissions from the Eiffel Tower 
( 7 . 14 m-6.52 m) or the field produced by a small 
transmitter situated some hundreds of metres 
away. The direction finder was installed in the 
grounds of the Laboratories experimental station 
in Trappes, where satisfactory bearings (within 
about 1° or 2°) were obtained on the two trans
missions of the Eiffel Tower at a distance of 
30 km. 

The first experiment consisted in erecting a 

reflector of about 25 m2 area about 50 metres 
from the direction finder during reception of 
transmission from the Eiffel Tower. By moving 
the reflector backwards and forwards through a 
certain distance, it was possible to produce posi
tive and negative deviations in the bearing 
according to the phase angle with which the 
reflected wave combines with the direct wave. 

Using the local transmitter and modifying the 
distance in the same direction, positive and nega
tive variations of the bearing were. obtained 
accompanied by a mean deviation of the bearing, 
as shown in Section 4. 

By selecting the correct distance between the 
reflector and the direction finder, it was possible 
to obtain a negative deviation of the bearing on 
a 6.52 m wave while a positive deviation was 
obtained on a 7 . 14 m wave. 

Fig. 22 shows the nature of the variations as a 
function of the distance of the reflector for these 
two wavelengths. The greater the extent to which 
the indirect path comprises wavelengths in excess 
of the direct path, the less is it necessary to vary 
the frequency of the transmitter in order to 
reverse the direction of the deviation. 

Assuming that the transmitter is not consid
ered as placed at infinity, the bearing varies 
regularly as a function of the displacement of the 
transmitter in the direction of the direction 
finder. 

If the reflector be placed behind the direction 
finder, there will be no deviation ; but, according 
to the distance between the finder and the re
flector, zones of maximum and minimum inten
sity will be produced, depending on whether the 
fields are in phase or in phase opposition. 

D " zo 40 >4tTRr;$ 

+ 

).. .. 6,52metres 

+ 
>..= ?  14metres 

_o_ 

R 'z. 

+ 
Fig. 22-Reflections and Direction Finding on Ultra-short 

Waves. 
Deviations as a function of the distance from a reflector 

for two different wavelengths. 
R = radiogoniometer. 
E = reflector. 
P = direction of propagation. 
F = wave front. 
T = direction of distant transmitter. 
D = distance in metres between the radiogoniometer and 

the reflector. 
A =  distance at which the deviations are equal and of the 

same sign on 6.52 and 7 .14 metres. 
B = distance where the deviation is negative on 6.52 m 

and zero on 7 . 14 m. 
C = distance where the deviations are zero on the two 

waves. 
D = distance where the deviations are equal and oppo

site on the two waves. 

While experimenting between Berne and Basie, 
as well as in the Rocky Mountains, the transition 
between maximum deviations was found to corre
spond to a very poor direction finding minimum, 
due to the quadrature phase difference between 
the two waves. This blurred minimum was clearly 
demonstrated with the ultra-short-wave direction 
finder. 

The variations in bearing produced by a tuned 
doublet moving away from the direction finder, 
perpendicularly to the direction of wave propa
gation, were identical to those obtained by the 
displacement of a reflec;tor under the same con
ditions. Variations were furthermore noticeable 
at a distance of 1 0  wavelengths (65 metres) , as 
shown i11 Fig. 23. The results of this reduced 
scale experiment correspond entirely with those 
obtained on longer wavelengths and on a larger 
scale, as was shown above. 

A reflector with a surface area of 25 m2 at a 
distance of 50 metres, using 5 metre waves, is 
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Fig. 23-Deviation as a Function of the Distance of a Tuned 
Doublet. 

R = radiogoniometer. 
d = tuned vertical doublet. 

P = direction of propagation. 
F = wave front. 
T = direction of the distant transmitter. 

D = distance between the radiogoniometer and the 
doublet. 

equivalent to a larger reflector about 2 km long 
by 500 metres high at a distance of 10 km, using 
1 000 metre waves. 

During the author's visit to the United States 
there appeared to be a widespread opinion that 
ultra-short wave radio beacons would give better 
results than medium-wave radio beacons, par
ticularly in mountainous regions, because of the 
decrease in lateral interfering reflection. The 
author is of the opinion that a reduction of the 
reflection effects on ultra-short waves can only 
be obtained with directional systems which are 
not directed towards reflecting bodies. In the 
case of ordinary systems, results with ultra-short 
waves would perhaps be worse than on medium 
waves ; also, in so far as direction finding in 
flight is concerned, variations in the bearings 
might perhaps be 100 times more rapid, result
ing in actual modulation of the reception at low 
frequency. 

It should not be inferred that the use of ultra
short waves in aerial navigation is limited ; how
ever, particular effects resulting from their appli
cation must not be forgotten, i .e . ,  considerable 
reflections and a weak or zero field on the surface 
of the ground at a certain distance from fixed 
transmitters. 

6. The " Cone of Silence" and the Detection 
of Flight Over a Station 

In the United States, detection of flight over 
a radio beacon depends on the observation of a 
decrease in signal strength observed above the 
station. The determination of this point is essen
tial before landing, yet observations have for a 
long time been found to be contradictory and 
confused. 

Consideration of Section 3 makes clear the 
many different cases which may occur, according 
to the nature of the transmission and the method 
of reception (open or closed aerials) . An airplane 
usually passes above the radio beacon at a dis
tance which has considerable influence on the 
results, i .e . ,  less than A.. 

An attempt has been made to condense the 
different cases which may arise into a table 
(Fig. 24) . The values in the table correspond only 
to the fields' values in conjunction with a specific 
type of collector-antenna. It must, however, be 
noted that the receiver plays a considerable part 
in the appraisal of results. For example, in the 
case of a receiver with automatic volume con
trol , the author has never noted the slightest 
"silent point, "  either above a radio beacon or 
over broadcasting stations. The silent point in 
question is, therefore, entirely relative with re
gard to the preceding or succeeding intensities 
of reception. 

To sum up :  a relative decrease in signal 
strength will only be noted above a station if the 
precaution has been taken of progressively de
creasing the receiver gain during a period of 
increase of signal intensity. This has the advan
tage of rapidly suppressing reception and thus 
calling attention to any inadvertent direction of 
the airplane away from the station. The ultra
short wave markers in course of installation, 
moreover, give a positive passage indication 
which is much preferable. 

Another effect which is clearer than the "cone 
of silence" is that which has been demonstrated 
with a radio compass while passing above a 
vertical antenna station. There then arise oscilla
tions of indication as shown in Fig. 25 .  If the 
route is sufficiently to one side, the indicator 
makes a complete revolution, showing a varia
tion of 180° in direction ; but, if the flight has 

www.americanradiohistory.com

www.americanradiohistory.com


E L E C T R I C A L  C O M M U N I C A T I O N  67 

Fig. 24-Table of the Variations of the Cone of Silence According to the Type of Transmitter and Receiver Aerials. 

Loop 
Radio 
Beacon 

Antennae 
Radio 
Beacon 

Vertical 
Antenna 

Above 
A 

Below 
"A 

Above 
"A 

Below 
"A r Ab�ve 1 Be:= 

A { Above ntenna, A Ordinary Below Types A 

Reception on: 
Loop 

With a single loop transmitter it would be pos
sible to obtain silence for a certain position of 
the loop receiver ; the fact of operation on both 
loops is an obstacle to this silence ; equally, if 
the loop receiver rotates. The intensity will 
increase in a normal way upon approach. 

With a single loop transmitter it would be pos
sible to obtain silence for a certain position of 
the loop receiver; the fact, operation on both 
loops is an obstacle to this silence ; equally, if 
the loop .receiver rotates. The intensity in
creases considerably upon approach, no silence 
is noted. 

Fairly sharp cone of silence, intensity increases 
normally. 

Fairly sharp cone of silence j ust above the 
transmitter only; the intensity increases nor
mally. 

Fairly sharp cone of silence ; the intensity in
creases normally. 

Fairly sharp cone of silence just above the 
transmitter. The intensity increases normally. 

Less clear than the above and more irregular. 

ditto 

A ntenna 
Since the electric field is horizontal, certain of 
the antenna positions make it possible to ob
serve the silence, or a considerable reduction in 
the signals. The intensity increases normally 
upon approach. 

The intensity increases normally upon ap
proach. The cone of silence may be observed 
as above. 

The intensity increases normally upon ap
proach. A relative silence will be observed; 
certain antenna arrangements can give com-
plete silence. 
The intensity increases considerably upon ap
proach ; very sharp cones of silence j ust above 
the transmitteroccur, but are difficult to observe. 

Fair cone of silence just above the trans
mitter, depending a great deal on the arrange
ment of the receiving antenna. The intensity 
increases normally upon approach . 
The intensity increases considerably. The elec
tric field is vertical and fairly intense above the 
transmitter ; only a special arrangement of the 
antenna makes it possible to observe relative 
silence. 

The expression "cone of silence" is not satisfactory since this cone is open to an infinitely small amount ; it is used 
here because it is the current expression in the United States. We define this region as the volume containing signals 
whose strength is below a certain value. It will, however, be noticed that this volume is not a cone. Moreover, above 
and below "A, the transition is obviously not sudden, and these references must be taken only as a matter of guidance. 

been directly above the station, the symmetrical 
effect shown in the figure will always be observed. 

A considerable number of experiments and 
tests show that the rapidity of the oscillation, like 
the amplitude, depends little upon the altitude. 
The simplicity of the form of the lines of force of 
the magnetic field around the antenna do not at 
first sight coincide with the effect itself. The ex
perimental determination of the exact reasons 
for this effect is a difficult matter inasmuch as it 
is not possible to remain stationary above the 
station or to pass slowly over it. It is thought, 
however, that the speed of passage in conjunc
tion with the relative inertia of the magnetic 
indicator of the radio compass is an influencing 
factor. 

The following explanation is therefore sug
gested in the absence of more accurate experi
ments : The magnetic field (although less intense 
than the electric field) has nevertheless a con-

A 

D 

Fig. 25-Swing of the Needle of the Radio Compass A bove a 
Station. 

A = Oscillation amplitude of the indication above sta-
tion with vertical antenna. 

· 

T = Transmitter antenna. 
M = Lines of force of the magnetic field. 
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siderable value above the transmitter antenna. 
It is zero only on the theoretical vertical line ; 
everywhere else it has a finite value ensuring 
strong signals. Irrespective of the accuracy of 
piloting, the airplane always flies some metres or 
tens of metres to the left or right of the ideal 
vertical line. The radio compass deflects very 
rapidly to one side but, turning less rapidly than 
the field, it acquires a sufficient lag to tend to
wards recapturing its zero position by a move
ment in the opposite direction, which follows 
rapidly upon the zero position to which it finally 
reverts. \Vithout the 180° uncertainty, which 
results in the positions of 0° and 180° being the 
same, this would not occur ; a half-turn would 
probably be observed in all these cases. 

7. Advantages of the Radio Compass Com
bined with the Radio Beacon for 
Aerial Navigation 

During the tests made on the United Air Lines' 
" Flight Research Plane" it was possible to as
certain and demonstrate advantages in con
venience and reliability accruing from the com
bined use of radio com passes and radio beacons. 
The radio compass is now more useful with radio 
beacons than it is with ground direction finders 
which, as a rule, can define the position of an air
plane which has lost its bearings. 

Taking the radio beacon by itself the pilot, 
who for some reason (temporary interference, 
rain or snow static ,  possible cessation of the 
radio beacon) ,  finds himself outside the beam, 
knows on reverting to normal conditions that he 
is no longer in the beam. He, however, has great 
difficulties in getting into it again, and in the 
course of this manceuvre finds himself out of 
control and in serious danger in mountainous 
country. 

The airplane radio compass, which is directed 
to this same radio beacon, makes it possible for 
him to define with certainty in what direction
in what quadrant of the beacon-he is flying, 
and what he must do to get into the beam again. 
If he is in the beam, the pilot can control his 
position by a sum-total of indications, giving him 
a high degree of safety. The radio compass should 
indicate the angle 0° (in the absence of drift) , 
the directional gyroscope should indicate the 
geographical direction corresponding to the 

beam, and the radio beacon receiver should show 
that the airplane is in its beam. Any deviation 
should be discerned immediately by rapid differ
ences between the three indications. 

If the airplane should be outside the beam from 
the radio beacon, and if the pilot rejoins it by 
cutting it at any angle, the only way of obtaining 
the direction of the beam consists in veering 
round from the point of entry of the beam until 
the radio compass is made to indicate the 
angle 0°. 

In the beam of a radio beacon, and whilst 
flying towards it, the pilot is sufficiently accu
rately aware of his longitudinal position in the 
beam by bearings taken on the lateral radio 
beacons. Their exceptional density in American 
territory permits frequent recourse to this 
method of location . 

In accordance with landing orders which have 
been particularly well studied, the pilot who 
wishes to land, after having noted his passage 
over the radio beacon, should make a circular 
movement around the latter in a fixed position 
during which operation he will have occasion to 
cut the four beams. This is a very simple opera
tion if the radio compass is tuned on to the 
radio beacon. It will, in fact, suffice to read an 
angle of about 90° or 270° on the radio compass 
and to cut the four beams at this angle, a circle 
being described around the radio beacon. 

It is in these two latter applications that the 
superiority of the indication of the direction of 
360° is most clearly followed. The last operation 
mentioned is far too rapid to be accomplished 
with a manual direction finder and it is not easy 
with a "homing" device. 

To quote one or two practical tests made in 
Cheyenne, Omaha and Chicago : Successive use 
was made of all the radio beacons, of which cer
tain ones situated well to one side, like Kansas 
City, gave bearings at 163 miles (260 km) dis
tance (see section map Cheyenne-Chicago, 
Fig. 26) . 

In Chicago an opportunity was utilized of 
checking up generally on the accuracy which may 
be expected in respect of bearings with a radio 
compass or a manual direction finder during 
flight at a distance of about 20 miles (32 km) 
around the Rockford radio beacon. The geo-
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graphical positions were noted with the greatest 
care. 

The table of Fig. 2 7  shows the precision which 
may be obtained. It is to be remarked that the 
error values are generally very similar on the two 
instruments and that this is a very clear demon- . 
stration, if one were required, that the majority 
of errors are due to the inexact knowledge of the 
airplane course. If this course is not known with 
a high degree of precision, errors will be found 
in the position determined ; all pilots, in fact, are 
agreed that the most necessary condition to make 
a "fix" on board an airplane is to know the air
plane's course within about one degree whilst 
taking bearings. 

Actually, by adding 5° to all values of the 
courses it will be found that the total error in 
miles is divided by 2 or 3. 

Another factor is revealed by these figures, viz. , 
the successive courses of the airplane are all 
affected by a regular error, probably of 5°. 

RADIO RANGE 

The taking of all these bearings by hand was a 
long and delicate operation. It suffices to note 
the values indicated with the radio compass ; and 
the use of a small circular calculating apparatus 
makes it possible to establish the true bearings 
with relation to the North within a few seconds, 
including all corrections. 

8. Conclusion 

In t his article various phenomena relating to 
aerial navagation have been considered. They 
include simultaneous directivity on transmission 
and reception, as well as the more troublesome 
effects due to wave reflections encountered in 

ALL BEARINGS ARE MAGNETIC 
ANO POINT TOWARD STATI ON.  

M-ML-MRL TYPE 
ALTITUDE LOCATION SIGNAL KILO DIAL ALTITUDE LOCATION SIG NAL KILO DIAL 

609' CHICAGO - . - • - - • 3SO 74 9S2' MONTEZUMA 2 1 2-224 1 3-20 
645-S90' DAVENPORT-MOLINE -- - - - 224 20 NO FLO ADAIR 2 1 2-320 1 3-67 

960' DES MOINES 2 1 2  13 2500' COZAD 160-184 37-49 

97S' OMAHA 320' 64 3590: BIG SPRINGS ��� :� 1 642' YORK - · - - - · - 260 37 4 1 30 SIDNEY 

1785' NORTH PLA;rTE - ·  - - · - 284 49 1 1 801 LINCOLN 278 46 
6 I 4S' CHEYENNE - • - • - • •  - 326 66 7270'. LARAMIE 278 46 

730' ROCKFORD 338 70 6640' MEDICINE BOW 3H 72 
700' BURLINGTON 326 66 795' MORSE 326-350 66-H 
7SO' KANSAS-CITY - • - - • - • J59 77 970' KIRKSVILLE 278 46 

4808' PUEBLO • - - . . • - 302 56 960' KNOXVILLE 359 77 
679' MILWAUKEE 242 29 650' IOWA CITY 278 46 
645' STERLING 272 43 RANTOUL 365 80 

VOICE COM MUNICATION AVA I LABLE UPON REQUEST O N  FIXED FREQUENCY - OR ON 278 K.C.- DIAL 46 

Fig. 26-Section Map of the Cheyenne-Chicago Radio Beacons. 
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Fig. 27-Bearings Taken Around the Rockford Radio Beacon at About 20 Miles. 
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mountainous regions and their reaction on the 
radio compass and the radio direction finder. 

It is hoped that, in some small way, this work 
may contribute to the safety afforded by radio 
to aerial navigation, and that it will be com
pleted by the practical observations of pilots 
who, in addition to their daily tasks, thus aid in 
promoting the safety of air communications. 
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