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Reduction of Night Error in Radio 

Direction�Finding Equipment for Aerodromes 

By H. BUSIGNIES, 

Les Laboratoires, Le Materiel Tetephonique, Paris, France 

(1) INTRODUCTION 
(1.1) General 

T
HE art of radio-goniometry or direction
finding may be said to have originated 
in the work of Blondel about 1902, 

m connection with the directional properties 
of spaced aerials in general, followed by the 
evolution of the large frame aerial type of 
directional receiver by Bellini, Tosi, and others 
prior to the development of the valve amplifier. 
With the advent of the amplifier it became 
possible to reduce considerably the size of frame 
aerial required for practical use, though still 
further work was necessary to improve the 
accuracy, in which connection the name of 
Mesny must be mentioned. At the present 
time the frame aerial or "loop" type of 
direction finder is extensively employed in 
one form or another for marine and aircraft 
navigation purposes. Development in this 
line is. still proceeding, and recent years have 
witnessed the introduction of the "automatic 
radio compass,"  of particular value on board 
aircraft, by which the direction of a trans
mitting station is automatically indicated with 
no further operation than tuning in to the station. 

The scope of the frame aerial radio direction 
finder is nevertheless inherently limited by 
what is usually referred to as "night error," 
which makes it difficult and sometimes even 
impossible to obtain reliable directional bearings 
at night beyond a comparatively short distance. 
A rather similar error generally referred to as 
"aeroplane effect" is also encountered, both 
by day and night, and renders unreliable bear
ings taken from the ground on an aircraft 
transmitting station unless the latter is flying 
directly towards or away from the direction
finding station. These two errors seriously 
affect the value of the frame aerial type of 
direction-finder, particularly for aerodrome 
work. 

The direction of a transmitting station may 
be obtained by orienting the plane of a vertical 
frame aerial so that it is in line with the station, 
as shown by the received signal being a 
maximum ; or by orienting the plane so that 
it is at right angles to the line of direction, 
in which case the received signal is a minimum. 
In practice the latter method is always adopted 
(apart from the rather specialised case of the 
automatic compass), since adjustment for a 
minimum signal can always be more accurately 
determined than for a maximum signal. It 
is obvious that in order to obtain really sharp 
directional bearings the minimum signal must 
be very small indeed compared with the 
maximum signal. 

Factors which depreciate the maximum/ 
minimum signal ratio are : (a) interference, 
(b) set noise, and (c) unwanted components 
of the desired signal. The first factor, inter
ference, affects all types of direction-finder, 
and is dealt with by incorporating a high degree 
of selectivity in the receiver portion of the 
equipment. The second factor, set noise, is 
also common to all types of equipment but can 
be minimised by careful attention to the design 
of the receiver, choice of valves and valve 
operating conditions. The third factor, un
wanted components of the desired signal, is a 
function of the signal collector system, and is 
responsible for both night error and aeroplane 
error when the collector system is of the frame 
aerial type, whether using a single rotating 
frame or two fixed frames in space quadrature 
combined by a goniometer. 

Another type of direction-finding system is 
that in which the signal collector is not a frame 
aerial, large or small, but an arrangement of 
spaced open vertical aerials. This arrangement, 
invented by Adcock some eighteen years ago, 
has the disadvantage that it requires a fair 
amount of space for the aerials, and is con-
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Fig. I-Illustrating the Night Error in a Loop Aerial. 

sequently unsuitable for use on board ships 
and aircraft. It has however the great advantages 
that it is inherently free both from "night error" 
and from "aeroplane error," and the increasing 
necessity for accurate and reliable radiogoni
ometry both by day and by night has led to its 
general acceptance as the best system for ground 
direction-finding stations, and in particular 
for aerodrome stations whose function is to 
determine the position of aircraft in flight. 

While the principle underlying the Adcock 
collector system is simple, its application to 
practice involves a number of by no means 
inconsiderable difficulties. It was therefore 
almost totally neglected for some years. The 
manner in which these difficulties are overcome 
is discussed below in connection with the 
description of the Standard-Adcock Direction
Finder, an equipment which has been specially 
designed to enable full advantage to be taken of 
the Adcock principle and its attendant freedom 
from "night" and "aeroplane" errors . 

(1.2) Night Error 

Night error when using a frame aerial 
direction-finder is characterised by a more or 
less rapid change in the apparent direction of 
the station under observation, frequently com
bined with such a blurring of the signal mini
mum that it becomes difficult to detect it at all. 

The source of this error is the reception by 
the frame aerial of a signal wave which has not 
followed the normal ground path between trans
mitting and observing station, but has been 
radiated. skyward and then reflected from 

the ionosphere towards the direction-find.er. 
Though the properties of the ionosphere have 
not been studied in the same detail for the 
medium-wave band, normally used for direction
finding services (100 kc to 600 kc) as for the 
bands used for short-wave communication, etc., 
there is ample evidence that during the day
time waves of these medium frequencies are 
absorbed without reflection and therefore do 
not reach the ground again, while at night 
they are reflected with good efficiency, and may 
be very troublesome in causing fading and in 
disturbing direction-finding. 

The reflected wave differs from the direct 
wave in two important points : 
( 1) The wave front instead of being vertical 

is tilted, arriving with an angle of incidence 
between 10° and 70° ; 

(2) The electric field instead of being polarised 
wholly in a vertical plane through the line 
of propagation is frequently skewed and has 
therefore a horizontal component in the 
plane of the wave front. 
Fig. 1 shows diagrammatically a transmitter 

source, the direct wave from which reaches a 
receiving frame with the electric field polarised 
vertically in the usual manner, together with an 
indirect wave in which, as an extreme case, 
the electric field is completely polarised hori
zontally in the plane of the wave front. The 
plane of the receiving frame aerial is at right 
angles to the direction of propagation. There 
is therefore no e.m.f. induced by the direct 
wave in the frame as a whole, since the wave 
front strikes both the vertical conductors 
simultaneously and induces in them equal and 
cancelling e.m.f.'s. If the indirect wave arrived 
with its electric field polarised in the vertical 
plane through the line of propagation, it also 
would induce equal and cancelling e.m.f. 's 
in the vertical conductors, and would not create 
any current in the frame. Since, however, the 
indirect wave has its electric field polarised 
horizontally in the plane of the wave front, 
and since the wave front is tilted, e.m.f. 's 
will be generated in the two horizontal con
ductors of the frame in opposite circuit directions 
but not of equal magnitude ; they would be of 
equal magnitude only if the plane of the frame 
were tilted to coincide with the plane of the 
wave front. There will therefore be an 
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effective e.m.f. acting round the frame as a 
whole, giving a signal response despite the fact 
that the frame is oriented to receive nothing 
from the direct wave. If the frame aerial were 
rotated around a vertical axis, it would not 
cease to pick up from the horizontally polarised 
indirect wave until it had been turned through 
90°, i.e., until it had reached the position for 
maximum pick-up from the direct wave. 
Under these conditions it is obvious that the 
direction of the frame for minimum signal 
must be displaced from its correct setting. 
If we assume that the directed and reflected 
waves arrive in time phase, we can write : 

E1 =Kcos L 
E 2 = k sin E sin y 

where E1 = e.m.f. due to direct wave ; 
E2 = e.m.f. due to indirect wave ; 
�- = angle between plane of frame and 

direction of propagation ; 
y =angle between arriving incident wave 

and ground. 
The total e.m.f. round the frame aerial, there
fore, is : 

E =E1 + E2 
= K cos L + ksin L,' sin y 

- K  
= 0 when L = tan-1 -. 

k sm y 

If the amplitude ratio of the direct to the 
indirect waves is two to one, and y = 30°, 
then the minimum is obtained at E = - 76° 
instead of 90°-an error of 14°. The position 
of this minimum would be well marked, since 
the two waves were assumed to be in phase. 
In  practice the reflected wave must be regarded 
as arriving with random phase, and the minimum 
is usually not sharply defined but rather blunt ; 
sometimes the variations in signal strength 
when the frame is rotated are so slight that 
reception might almost be described as of 
constant strength. 

Owing to irregularities in the reflecting sur
face presented by the ionosphere there may be 
more than one wave reflected towards the 
direction finder. The effect of each wave may 
be analysed in the manner outlined above, and 
the horizontal electric components of the 
downcoming wave fronts summed to give the 
total interference. 

If the frame aerial is at some height above 
badly conducting ground the effect becomes 
still further complicated as regards the relation 
between the phase of the direct wave and the 
phase and angle of incidence of the reflected 
waves. The principle underlying night error 
remains unaffected, however, and in substance 
is that illustrated by Fig. 1 ;-the error is 
due to a wave having in combination two 
special features (a) a tilted wave front containing 
(b) a horizontal component of electric field. 
Neither feature by itself would give rise to error 
-it is the combination which is harmful. 

It follows from the above that the ratio of the 
indirect wave to the direct wave is of prime 
importance in that it fixes the possible magnitude 
of the night error. With ground transmitting 
stations the error may appear at quite short 
distances, due to the rapid attenuation of the 
ground wave, and there is something to be 
gained by using anti-fading aerials, i .e . ,  aerials 
in which the horizontal radiation is improved 
and the skyward radiation reduced. Usmg 
the normal type of transmitting aerial, night 
error becomes evident on medium waves at 
distances of 70 km to 100 km over land ; with 
an anti-fading aerial, this distance may be about 
doubled. 

In the case of transmission over sea the 
attenuation of the ground wave is far less rapid 
than ove1 land, since the path traversed is 
both more even and of higher conductance. 
The distance at which night error begins to be 
appreciable is accordingly greatly increased, 
and may easily be as high as 200 km even with 
the normal transmitting aerial. The problem 
of night error is therefore much less serious 
in marine work than in the case of a ground 
station receiving from aircraft. Incidentally 
the use of direction-finders at sea in connection 
with radio beacons is usually restricted in any 
case to distances not greater than 200 km. 

Over land the magnitude of night error at 
comparatively short distances may be seriou.s ; 
on a wavelength of 900 metres ,  an error of 
± 20° at a range of 100 km is not uncommon 
when a frame aerial direction-finder is used. 

(1.3) Aeroplane Error 

Aeroplane error, experienced with frame aerial 
direction finders, is very similar to night error 
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in its nature and causes. It arises from the fact 
that, for communication on the medium wave
band, aeroplanes usually transmit on a trailing 
aerial. Since this aerial is largely horizontal 
the electric field radiated therefrom has a 
large horizontal component. The wavefront 
reaching the direction-finder is tilted, owing 
to the altitude of the plane. If the aircraft is 
flying at right angles to the line joining it to 
the direction-finding station, the horizontal 
component of the electric field (being parallel 
to the trailing aerial) will also be in the plane of 
the tilted wave front. We therefore have 
exactly the same conditions as shown for the 
indirect wave in Fig. 1 ,  with an e.m.f. acting 
round the frame through the horizontal con
ductors if [ is made equal to 90° ,  or through 
the vertical conductors if L., is made equal to 
zero. In these circumstances it is impossible to 
get a true bearing. If, on the other hand, the 
aircraft is flying towards or away from the ob
serving station the horizontal component is not 
in the plane of the wave front but parallel to the 
vertical plane of propagation, and cannot induce 
any current in the frame aerial if [, is made 90°. 
In these circumstances a true bearing will be 
obtained. For courses in between the two 
extreme cases mentioned there will always be 
some horizontal component in the tilted wave 
front acting on the frame aerial, and the 
minimum will be more or less displaced from 
its correct position. Since the error varies 
with the tilt of the wave front (i.e . ,  with angle 
y, Fig. 1) it will vary with course, altitude, 
and distance of the aircraft. 

It should be noted that this type of error 
occurs when receiving the direct wave from the 
aircraft, and is therefore encountered even 
during the day. During the hours of darkness 
the normal night error due to an additional 
indirect wave reflected from the ionosphere 
may be superposed on the aeroplane error 
itself, making direction finding of aircraft at 
night very unreliable indeed, if · frame aerial 
reception is used. 

(1.4) The Adcock Collector Systern 

It has been shown above that in a frame 
aerial signal collector both night and aeroplane 
errors arise from the fact that the frame aerial 
will respond to any horizontal component of 

A, 
IA,�<' , E , ' ¢  

: I // .  v ' )''--+---

[, i -- --��- - ---
{. 

VERTICAL 
DI RECT I O N  

----co.s :r: C05 Y CD.S cj> 
'---,.-' � 
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Fig. 2-Principle of the Adcock Atrial System. 

electric field in the plane of a tilted wave front. 
A collector which does not respond at all to 
horizontal components of the electric field 
should therefore be free from both types of 
error. The Adcock collector system, which is 
based on the use of a pair of spaced vertical 
aerials, responsive only to the vertical com
ponents of electric fields, meets this condition 
exactly. The main difficulties which so long 
delayed practical application of the system have 
been associated almost entirely with the avoid
ance of horizontal pick-up in the horizontal 
leads connecting the aerials to the receiver, 
etc. ; it is only recently that these difficulties 
can be said to have been fully overcome. 

Referring to Fig. 2, Al and A2 are vertical 
aerials constituting an Adcock pair. A wave 
arrives with horizontal direction Pr 1, making 
an angle L with the vertical plane containing 
the two aerials, and has a vertical electric 
field E 1• If [.; = 90°, the two aerials are ener
gised at the same time and therefore in phase, 
and will deliver no signal to a receiver to which 
they are oppositely connected. If, on the other 
hand, the direction of propagation is changed 
to coincide with the plane of the aerials ([; = 0), 
the field still remaining vertical, aerial Al is 
energised before aerial A2 or vice versa, the 

h cl
.
ff b 

. 2 TC 
d h • p ase 1 erence emg --, w ere d 1s the 

A 
distance between the aerials and "A the wave
length, and despite the opposite connection 
of the aerials there remains a definite voltage 
which can be applied to the receiver. 

By rotating such a system of aerials we 
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could therefore obtain a directional effect 
similar to that obtained by rotating a frame 
aerial. In order to obtain sufficient pick-up, 
however, it is necessary to use an "open" 
system, i .e. ,  one, say, with antennae 10 to 20 
metres in height and suitably spaced. Physical 
rotation of such an aerial assembly is obviously 
impracticable. Recourse is therefore had to 
the use of two such fixed pairs of aerials 
in space quadrature, connected through a 
goniometer, and the direction of propagation 
of the signal is obtained by swinging the rotor 
of the goniometer in the same manner as when 
two fixed frame aerials are used. 

Referring again to Fig. 2, let us assume that 
an additional and indirect wave arrives with a 
direction of propagation Pr 2 inclined at an 
angle y to the horizontal, and with an electric 
field which is of course always perpendicular to 
the direction of propagation but is also skewed 
at an angle qi to the vertical. In this case we 
find the response characteristic quite different 
from that of a frame aerial. Provided that the 
directions of propagation of the direct and 
indirect waves are in the same vertical plane 
(horizontal projection of Pr2 coincident with 
Pr 1) there is no error whatsoever, since the 
overall directivity of the two-aerial system 
referred to the relevant angles is proportional 
to : 

cos � cos y cos qi • 

Here cos L and cos y represent respec
tively the horizontal and vertical directivity 
relative to the direction of propagation of the 
wave front, while cos qi represents the direc
tivity relative to the electric field. 

All the advantages of the spaced vertical 
aerial system can be deduced from the fore
going expression, which passes through zero, 
corresponding to extinction of the signal, 
when any one of the direction-cosines passes 
through zero. If we neglect completely the 
direct field, the only vector which characterises 
the horizontal directivity is the horizontal 
component of the direction of propagation 
of the wave front. Whatever may be the angle 
of the electric field, we get a radiogoniometric 
extinction of the signal when the plane of the 
vertical aerials is perpendicular to the horizontal 
component of the direction of propagation. 

Thus, unlike the case of the frame aerial, 
skewing of the electric field cannot in this case 
create any error. Neither can the superposition 
of direct and indirect waves create an error. 

The e.m.f. available for the receiver from a 
two-aerial system is obtained as follows : 

Let E sin <M = vertical electric field horizon
tally propagated : 
The nett induced e.m.f. is of the form : 

. n d  . n d  
em = HE sm ((J}t- - ) - HE sm ((J}t + -) . "A "A 

where H = effective height of each aerial, 
d = distance between aerials, 
"A = wavelength. 

The variation of this e.m.f. as a function 
of L is given by : 

. 7t d cos [ e d = 2 HE cos (J}f sm . 
A 

When d is small compared with "A, as is 
usually the case, we may replace sin x by x, 
and the expression simplifies to : 

2 HE n d 
e d A 

cos (J}f cos L· 

Note that the angles y and qi are such as to 
satisfy the condition that the electric field E2 
is perpendicular to the direction of propagation 
Pr2• 

The spaced-aerial system of collector is thus 
entirely free from both the normal night error 
and the aeroplane error previously discussed. 
There remains only a small residual error 
sometimes encountered at night, when the 
horizontal component of the direction of 
propagation of the indirect wave may make a 
small angle with the true horizontal direction. 
This deviation of the indirect ray, arising from 
irregularities in the equivalent reflecting sur
face of the ionosphere, is very much smaller 
than the night error encountered with frame 
aerial collectors due to horizontal components 
of the electric field. 

It will be clear from the foregoing that the 
Adcock collector system is, in virtue of its 
freedom from both night and aeroplane errors, 
eminently suitable for aerodrome direction 
finding stations. In addition to its freedom 
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from the errors just mentioned, the system has 
the further advantage that it enables bearings 
to be taken even on the indirect ray alone ; 
its effective range is therefore not limited by 
the attenuation of the ground wave, but extends 
to the night (reflected wave) range of the 
transmitting station, which may be far greater 
than the (direct wave) day range. 

While a frame aerial is inherently balanced 
in itself, an Adcock system must be balanced up 
very carefully. Two opposed aerials connected 
in opposition will not give a satisfactory direc
tive nul unless the amplitudes of the e.m.f. 's 
induced in the two aerials are nearly equal ; 
otherwise, excess reception in one aerial as 
compared with the other will result in an ill
defined minimum and correspondingly un
satisfactory operation. 

It is also important that the e.m.f. 's induced 
in the four aerials be transmitted with un
changed phase relationship to the central 
point, where the bearing is determined by 
operation of the goniometer. A relatively 
small alteration of phase difference in this 
transmission produces a considerable error 
when the spacing between the opposed aerials 
is small compared with the wavelength. With 
reduced aerial spacing, the phase difference 
between the induced e.m.f.'s in the two aerials 
becomes smaller and the importance of the 
fixed transmission phase displacement increases 
correspondingly. The aerials are therefore 
placed fairly widely apart-about 1/10 of the 

Fig. 3-Radiation Diagrams, Loop and Vertical Aerial 
Systems. 

wavelength. Despite this precaution, it 1s 
necessary to obtain : 

(a) A maximum amplitude unbalance of 1 /100 
of the total electromotive force for a 
satisfactory radiogoniometric mm1mum 
extinction (40 db below the maximum) ; 
or a maximum unbalance of 1/1 000 if a 
really good minimum is required. (As 
explained later, the amplitude unbalance 
may be largely eliminated by a com
pensator ;) 

(b) Transmission of the e.m.f.'s to the 
goniometer with relative phase shift not 
exceeding a few tenths of a degree
a requirement presenting some difficulties. 
For a wavelength of 900 metres and an 
aerial spacing of 80 metres, the maximum 
permissible relative phase shift from all 
causes should not exceed half a degree. 

In the earlier forms of the Adcock collector 
system the vertical aerials were connected to 
the goniometer by long horizontal "lead-in" 
conductors, the latter being sometimes shielded. 
These horizontal conductors were naturally 
very liable to pick up from horizontal com
ponents of the electric field, and had to be 
particularly well screened and otherwise 
rendered inactive. A method frequently used 
was to allow two equal e.m.f. 's to be induced 
on tlie conductors in phase opposition ; but this 
method involved extreme care in arranging the 
conductors symmetrically relative to the gonio
meter location, and it was difficult to maintain 
satisfactory phase opposition over a sufficiently 
large waveband. 

A more satisfactory form of the Adcock 
collector, originated in England, makes use of a 
two conductor open-wire line for connecting 
the vertical aerials to the centre point. Even 
in this case, however, the system is liable to 
horizontal pick-up unless the conductors of 
the open-wire line are very well balanced. 

Anotlier form, that developed by Les 
Laboratoires, L.M.T., and Standard Telephones 
and Cables, Ltd., incorporates a different 
principle. Each vertical aerial is directly 
connected to earth through the primary of a 
high frequency transformer located at the base 
of the aerial. Between primary and secondary 
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of the transformer is an electrostatic screen. 
The secondary winding of the transformer is 
connected to the goniometer by means of a 
lead sheathed transmission line, which may be 
either buried or simply laid on the surface of 
the ground, and which is completely devoid of 
pick-up from external sources. 

This method of connecting the aerials has 
been found ideal, and has been incorporated in 
the Standard-Adcock series of direction finders. 
Each aerial operates entirely independently of the 
others, and the transmission lines can be allowed 
to follow any convenient path without regard 
to considerations of symmetry. 

(1.5) Radiation Diagrams of Frame and of 
Spaced Vertical Aerial Systems 

In the argument developed above the two 
types of collector system have been v iewed 
strictly from the reception standpoint. The 
same conclusions can be reached from con
sideration of the radiation diagrams of the 
aerials when functioning as transmitters. These 
radiation diagrams are shown in Fig. 3, in the 
form of curved surfaces of equal radiation 
intensity, the horizontal intensity being made 
the same for both the frame aerial and the 
spaced vertical aerial system. 

It is evident that with the frame aerial there 
is a radiation nul along one line only, that line 
lying in the horizontal plane, but with the spaced 
aerial system there is a whole family of lines 
of zero radiation, these lines lying in a single 
vertical plane. It follows that when used for 
reception, if there is no restriction on the plane 
of polarisation of the electric field, the frame 
aerial can in general give complete extinction 
of the signal only if the direction of propagation 
of the wave is horizontal, and coincident with 
the line of zero radiation ; whereas the spaced 
aerial system is capable of giving complete 
signal extinction, and hence an exact bearing, 
no matter at what angle to the horizontal the 
wave may be propagated so long as the line 
of propagation lies in the plane of zero radiation. 
Thus the comparative merits of the two col
lector systems can be demonstrated without 
recourse to the detailed analysis given earlier. 
In the case of the frame aerial, any direction 
of propagation other than horizontal and 
coincident with the zero radiation line will 

give rise to error unless the electric field is 
contained wholly in the plane of propagation, 
i.e., has no horizontal component in the plane 
of the wave front. This is a condition which is 
rarely satisfied with waves reflected from the 
ionosphere or radiated from aircraft with 
trailing aerials. 

Incidentally, it is also evident from Fig. 3, 
that the frame radiates a much larger proportion 
of its total energy in the skyward direction 
than does the spaced aerial system. For equal 
horizontal intensities the frame aerial must 
therefore have a larger power input, the 
difference in power corresponding to the 
excess sky radiation which ultimately reaches the 
ground in the form of a strong reflected wave. 
It is for this reason that in the United States 
the frame aerial radiators originally used with 
radio beacons have been replaced by spaced 
vertical aerial systems which reduce the magni
tude of the night error at normal working 
distances by virtue of their reduction in the 
skyward radiation and hence in the amplitude 
of the reflected wave. 

(1.6) Pulse Transmission with Frame Aerial 
Reception 

In recent years a very interesting scheme 
for avoiding night error has been put forward 
in Germany. Based on the system of pulse 
transmission evolved primarily for investigatmg 
the reflection of waves from the ionosphere, 
it consists in the transmission of very short 
pulses to the station by which bearings are to 
be taken and of there separating, by means of 
the rapid sweep of an oscillograph trace, the 
impulses carried by the direct waves from those 
carried by the indirect waves reflected from the 
ionosphere, the latter being retarded by the 
greater length of their path. Reception is 
accomplished with a rotatable frame aerial, 
note being taken of the bearing at which the 
image of the direct waves disappears, though 
that due to the reflected waves remains present. 

This system makes possible the use of a small 
receiving frame aerial, which is very convenient. 
Unfortunately, a number of inherent dis
advantages limit its practical value : 
(a) The process is dependent upon the 

reception of the direct wave. Unlike the 
Adcock direction-finding system, it can-
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(b) 

(c) 

(d) 

not operate at all on the indirect wave, or 
take advantage of the increased night 
range possible thereby ; 
Since reception is on a frame aerial, 
aeroplane error is not avoided ; 
It is unsuitable for taking bearings at night 
from an ordinary transmitter not specially 
equipped for sending impulses ; 
The short impulses occupy wide frequency 
bands (about 10 kc). This is a very 
troublesome feature in view of the re
striction of the available band width by 
Imernational agreement ; 

Fig. 4-Simplified Circuit Schematic of the Standard
Adcock Direction-Finder. 

(e) The receiver must not be highly selective. 
A highly selective receiver would round 
off the impulses and thus considerably 
reduce the efficiency of reception ; 

(f) The transmission of short impulses is 
equivalent to a low percentage of modula
tion, thus greatly reducing the range 
compared with that possible using a 
continuous wave signal ; 

(g) The operator must be highly skilled in 
order to extinguish only the direct wave 
response on the oscillograph whilst allowing 
the incorrect wave response to remain, 
since the images are close together and 
liable to confusion. 

(2) THE STANDARD-ADCOCK RADIO 
DIRECTION-FINDERS 

(2.1) General 

Fig. 4 shows a simplified circuit schematic 
of a Standard-Adcock type direction-finder. A 1  

and A2 represent a pair of aerials with e.m.f. ' s  
in opposition. The e.m.f. 's of aerials A 3  and A4 
(not shown in the figure) are similarly in 
opposition. The transmission lines are con
nected to the coupling windings of the standard 
type goniometer. 

The following indicates briefly the principle 
of operations : 

Consider two mutually perpendicular aerial 
planes A cA 2  and A 3-A 4• For a direction of 
propagation at an angle [; with the plane 
A cA 2, reception in A cA 2  and A 3-A 4 is 
proportional to cos L and to sin L. ,  respectively. 
These e.m.f. 's are applied, respectively , to 
two coupled coils arranged in quadrature within 
which is located a third coil arranged to rotate 
round the common axis and carrying a dial 
graduated to 360°. The design of the coils is 
such that the mutual inductances between the 
movable coil and the two fixed coils are pro
portional, respectively, to the sine and cosine 
of the subtended angles formed by their planes. 

The currents in the coupled coils give rise 
to a resultant high frequency magnetic field 
oriented perpendicularly to the direction of 
propagation of the incoming wave. Thus the 
movable coil in effect becomes a receiving loop 
indicating the direction of this magnetic field 
in accordan.::e with the standard method by 
adjusting to signal minimum. By suitable 
setting of the scale it becomes possible to 
read off the direction of propagation relative 
to geographical north, with clockwise rotation 
of the pointer. 

Fig. 5 shows diagrammatically a Standard.
Adcock Radio Direction-Finder constituted by an 
Adcock aerial assembly with centrally located 
goniometer and radio receiver. The length 
of the transmission lines may be much greater 
than from corner aerial to centre of the aerial 
layout, up to about 1 km. The aerial system 
may thus be erected on a relatively remote 
piece of unoccupied land, while within the 
limit of 1 km radius the goniometer and receiver 
may be located wherever it is most convenient. 
There is, however, a rather better arrangment for 
meeting such a requirement. This is used in the 
Standard-Adcock Radio Direction-Finder , and 
consists in connecting the aerials in opposed pairs 
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Fig. 5-Arrangement of the Aerials and Central Receiver. 

tight magnetic coupling to 
enable the transformer to work 
efficiently over the whole band 
of 100 kc to 600 kc. The 
presence of a screen between 
the windings is essential if the 
aerial is to be effectively separ
ated from the transmission 
line. In the absence of a 
screen the capacity between 
the windings, unavoidably high 
in view of the necessity for 
tight coupling to enable the 
bandwidth requirement to be 
met, would permit the circula
tion of "parallel" currents 
between the aerials and the 
reception of horizontal com
electric field set up by the at a centrally placed junction box from which 

two lines lead to the goniometer and receiver. 
Thus two lines are dispensed with ; moreover, 
the balancing of the aerial system need only 
be made on the short corner-to-centre lines 
since the longer lines to the receiver have no 
effect whatsoever on this balancing. 

The centrally located aerial is used to 
eliminate the 180° ambiguity and to perfect 
the balancing of the system as regards amplitude. 

Fig. 6 represents diagrammatically the case 
where the aerials are located 1 km from the 
receiver. Three cables are run from the junction ;  
one cable for each aerial pair and a third for the 
centrally located aerial. With this arrangement 
it is possible to place the receiver in any locality, 
even one subject to great interference. The 
losses in the lines are small, but it is necessary 
to have a reasonably good impedance match 
between the aerial transformer 

ponents of the 
indirect wave. 

Fig. 7 shows the following stages in 
construction of one of these transformers : 

the 

(1)  
(2) 
(3) 
(4) 

(5) 
(6) (7) 

(8) 

Primary winding, 
Electrostatic screen added, 
Secondary winding added, 
The completely wound transformer 
covered by several layers of insulation, 
Copper shield added, 
Collar, 
The shielded transformer mounted in 
its water-tight cast metal container with 
lid open, and 
Container with lid closed. 

In actual use the metal container 
protected by a wood box which 
from direct rainfall, snow, etc. 

ts further 
shelters it 

winding, the line, and gonio-
..;,. 

. 

meter winding. <-:--:.�:cc ·,-...-.----�-:_,,� ... �--�==---�:�:- , 
� (2.2) Aerial Coupling Trans

formers and Transmission 
Lines 

The design and development 
of the aerial transformers is a 
matter of some difficulty, since 
it is necessary to provide an 
electrostatic screen between 
primary and secondary windings 
and yet retain a sufficiently 

----
---

----
-
------

-
-----

-

-
-

-
---
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- "''-" 

Fig. 6--Arrangement of the Aerial System with the Receiver Located at a Distance. 
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Since the signal collector system requires 
for its effective operation great precision as 
regards amplitude and phase, it is necessary 
to use transformers with closely matched 
characteristics. Even with the greatest care 
in manufacture some differences are found 
from one transformer to another, and in order 
to cover this a small variable condenser is con
nected in parallel with the primary winding, 
and the transformers matched up in pairs on 
a special high frequency bridge by adjustment 
of these condensers, so that the maximum error 
introduced, from whatever direction the signal 
may be coming, does not exceed 0.5°. Under 
these conditions of test and adjustment the 
balance conditions are satisfied over the whole 
band of frequencies allotted for medium-wave 
direction-finding (545 kc to 150 kc ; 550 m to 
2 000 m), while the effective reception band 
is from 600 kc to 100 kc (500 m to 3 000 m). 

For the transmission lines use is made of 
special two-conductor cable with paper in
sulation for short lengths or super-Cotopa 
insulation for long lengths. The line loss, 
which varies with the square root of the 
frequency, does not exceed 3 db to 4 db per 
kilometre. 

(2.3) Goniometer Compensation and " Sense " 
Circuits 

When a wave strikes the collector system at 
right angles to the plane of one of the pairs of 
aerial, the opposing e.m.f.'s induced in the two 
aerials should be equal. In practice a small 
difference is always found, due to the following 
causes : 

( 1 )  Slight slope of the ground 
The plane of equal electric field intensity is 

then neither parallel to the ground itself nor 
parallel to the true horizontal, but occupies an 
intermediate position. 

In these circumstances some improvement 
can be made by a small increase in the height of 
the aerial with the lower base, but the correction 
is not complete over the whole waveband. 

(2) Small inequalities in the trans/ ormers and 
lines 

The difference in amplitude between the 
e.m.f. 's impressed in opposition on one of the 
goniometer windings from a given pair of 
aerials can be annulled by the introduction of 
an auxiliary e.m.f. from the centre aerial since, 
inasmuch as this centre aerial is in the same 
plane as the other two aerials, the e.m.f. induced 

Fig. 7-Aerial Coupling Transformer and its Components. 
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in it is in phase with the out-of-balance e.m.f. 
from the pair. A very valuable compensation 
can be obtained in this way. Such compensa
tion is, however, less nearly perfect when the 
direction of propagation makes some angle other 
than 90° with the plane of the unbalanced 
aerials. If this angle be L:, then the e.m.f. 
from the centre aerial differs in phase from the 
out-of-balance e.m.f. by 

2n d . e = -:;: . 2 . sm L,  
where d is the spacing between the aerials con

stituting the pair, and � the spacing between 

either aerial of the pair and the centre aerial. 
The effect of this phase difference reaches its 
maximum at around L = 45° , since when 
higher values of L are approached the com
pensation e.m.f. induced in the goniometer 
becomes unnecessary as the search coil is 
coupled less and less closely to the fixed coil 
energised from the aerial pair under considera
tion. Even at E = 45°, however, the effect is 
too small to introduce any serious error ; in a 
typical case, d = 80 m, /... = 1 000 m, and 
E = 45°, the phase difference cp of the com
pensating e.m.f. is only 10°. The direct balance 
of the system is sufficiently good to make 
compensation of the residual unbalance by this 
method extremely effective. 

The circuit connections of the centre aerial 
AS are shown in Fig. 4. By means of the two
pole switch the aerial is used either for com
pensation of residual unbalance, or for " sense " 
finding, i.e., the elimination of the 180° 
ambiguity. 

For compensation purposes the centre aerial 
energises through its transmission line a small 
inductance coil coupled to another coil which is 
connected in series in the tuned search coil 
circuit. Adjustment of the compensation is 
made by varying the coupling between the two 
coils. 

For suppression of the 180° ambiguity the 
centre aerial transmission line is switched so as 
to be terminated in a resistance a variable part 
of which is included in the tuned search coil 
circuit. The e.m.f. so introduced is out of 
phase by 90° with that introduced by the com
pensation scheme of connection, and instead 

Fig. 8-Standard-Adcock Direction-Finder and Recei•ver 
Installed at NorrkOping (Sweden). 

of correcting the unbalance the e.m.f. is now 
either in phase or in anti-phase with the 
effective e.m.f. derived from the main collector 
system. When these e .m.f.'s are equal and in 
phase for that position of the search coil which 
gives maximum reception, a cardioid directional 
diagram is obtained, giving for one complete 
rotation of the search coil only one " maximum " 
and only one " minimum," thus removing the 
180° ambiguity, i .e. ,  finding the " sense " of 
the bearing. 

In order to provide a very quick means of 
sense-finding the following method of opera
tion has been devised. If the e.m.f. delivered 
by the central aerial instead of being equal to 
that delivered by the aerial pairs is made much 
smaller (say one tenth, for example), then on 
switching the centre aerial from its " com
pensation " position to the " sense " position, 
it will be found that the position of the search 
coil for minimum signal has been moved a few 
degrees (about six degrees in the present case) 
in the direction of an increase in the angular 
bearing, if this was originally the correct one, 
or in the direction of a decrease in the angular 
bearing if it was originally at 180° to the true 
direction. Thus a very simple operation gives 
an immediate indication of the sense of the 
bearing. The amount by which the minimum 
is displaced is governed by the adjustment of 
potentiometer R which injects the e.m.f. from 
the centre aerial. I ncidentally it may be noted 
that the cardioid diagram corresponds to the 
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particular case in which the shifts of the 
minima have both been made 90°, with the 
result that since the shifts are in opposite 
directions the two minima originally 180° apart 
are made to coincide .  

The goniometer is  designed for accurate 
direction-finding on frequencies between 150 kc 
and 500 kc. The search coil circuit may be 
tuned over the range from 100 kc to 600 kc in 
two bands of 100 kc to 240 kc and 240 kc to 
600 kc. The first mentioned band is obtained 
by tuning the search coil with a variable con
denser of maximum capacity 1 000 µµF ; for 
the second band the search coil winding is in 
addition shunted by a suitable inductance. 

Equipments capable of sense-determination 
by the classical method, i .e. ,  by means of a 
cardioid directional diagram, have been de
veloped by Standard Telephones and Cables, 
Ltd. This method is favoured by certain users. 

(2.4) Receiver Circuits and Power Supply 
Systems 

The original receiver forming part of the 
Standard-Adcock Direction-Finders is of the 
straight type, and incorporates five stages-two 
high frequency amplifier stages, self-heterodyn
ing detector, and two resistance-capacity coupled 
low frequency amplifier stages, the second low 
frequency stage being used only for loudspeaker 
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Fig. 10-100 m Transmission Line Characteristics. 

reception. The frequency range covered 
extends from 100 kc to 600 kc, in two bands of 
100 kc to 240 kc and 240 kc to 600 kc selected 
by means of a single switch. All the valves are 
indirectly heated pentodes, that used for the 
second high frequency stage being of the 
variable slope pattern, while in all other cases 
fixed slope valves are employed. Three tuned 
circuits are used for coupling between the two 
high frequency amplifier stages and to the grid 
of the detector, the fixed inductances being of 
the iron dust core type with a reactance/ 

resistance ratio of the order of 
M E.A N  CURVE. FD R 4 TU Bf.!:i 

606 Ep =2SO E.s = 100 
E11 =6 

ME.AN CU RVE. FOR 4 TU BE.!:i 
6C6 

150 to 200, while the three 
variable tuning condensers are 
of the air dielectric type, and 
are ganged together and pro
vided with a tuning dial closely 
graduated in kilocycles. The 
input to the receiver, i .e., the 
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� search coil circuit, is separately 
z. 

tuned on the goniometer. These I? ij 
if �� 

•. 8 7 
'.� 

four tuned circuits give a 
selectivity corresponding to a 
pass-band of two to three kilo
cycles. By means of a switch 
it is possible to replace the 
resistance-capacity coupling 
between the detector and the 
first L.F. amplifier by inductive 
coupling between two circuits 
tuned to resonate around 800 
cycles, in which case the selec-
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Fig. I I-Steel Tube Mast Aerial of the Standard-Adcock 
Direction-Finder at Bordeaux-Merignac. 

tivity is increased and the effective bandwidth 
reduced to a few hundred cycles. 

The power supply system is arranged in a 
separate unit, and provides for alternative 
supply from either : 

(a) A.C. mains, 1 10 volts or 220 volts, with 
transformer tappings to cover variations 
in line voltage up to ± 15 per cent. ; in 
this case the valve cathodes are heated 
with A.C., while the D.C. supply for 
anodes and control grids, etc. ,  is derived 
from a Selenium rectifier and smoothing 
filter ; 

(b) Battery supply of 24 volts, heating the 
cathodes directly, and supplying H.T. for 
the anodes, etc., by means of a 24 V-
250 V rotary converter. 

Either of these supply systems can be selected 
at will by means of s\Vitches on the power 
supply unit. The 24-volt battery system is 
normally installed for emergency use only, and 
is arranged to be charged from a separate 
rectifier. 

The whole equipment, both receiver and 

power supply, has been designed on the basis 
of continuous operation. 

The receiver and goniometer units are 
mounted together on runners in a single con
tainer to form a desk-mounting assembly as 
shown in Fig. 8, the goniometer unit being at 
the right-hand end. The lid of the container 
may be raised to give immediate access to the 
valves and wiring. 

The receiver controls are confined to tuning 
on the frequency calibrated condenser dial 
already mentioned, and the auxiliary controls of 
waveband selection and reaction which are 
seldom touched . The goniometer controls 
include the search-coil or direction-indicating 
dial, the index of which is equipped with a 
magnifying lens, and the auxiliary controls for 
compensation and for " sense " finding, together 
with the waveband selector and search-coil 
tuning adjustment, neither of which latter need 
be moved unless there is a considerable change 
in the wavelength on which watch is to be kept. 
For use under congested ether conditions, 
a superheterodyne receiver of high selectivity 
is available. 

Fig. I2-Supporting Insulator and Base of Mast Aerial of 
Standard-Adcock Direction-Finder at Bordeaux-Merignac. 
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(2.5) Receiver Sensitivity and Background 
Noise 

In the case of radio receivers which form part 
of direction-finding equipment the degree of 
sensitivity and the amount of background noise 
are of more than ordinary importance. Particu
larly is this so when the equipment is reqmred 
to take bearings on aircraft, since the latter are 
provided with transmitters which are necessarily 
of small size and low power and give only a weak 
signal. In the absence of atmospherics it is 
primarily the inherent signal/noise ratio of the 
receiver which limits the utility of the direction
finder since the latter has to work not even on 
the signal as it would be used for communica
tion purposes, but on the radiogoniometric 
minimum of the signal, which may be 30 db 
to 40 db below the communication level. 
Obviously the effect of receiver noise is to mask 
the true point of signal extinction and turn a 
sharp minimum into a comparatively large 
" arc of extinction " or " swing " over the whole 
of which the signal is inaudible. For an arc of 
2° the goniometric minimum signal is 35 db 
below the goniometric maximum, while with 
an arc of 10° the ratio is of the order of 20 db. 
It is fortunate that even when noise conditions 
give rise to an arc of extinction of 10° a good 
operator can judge the correct bearing to within 
± 10 .  

Now it  can be said of  any receiver which, 
when adjusted to maximum sensitivity, does not 
exhibit any background noise, that that receiver 

does not incorporate as much sensitivity as 
could be effectively utilised. If the maximum 
useful sensitivity is to be obtained there is 
bound to be a certain amount of background 
noise. The sensitivity cannot, however, be 
judged on the background noise alone, for a 
badly designed receiver may have much more 
noise in it than a good one, and fail to detect 
signals which are still audible in the latter. The 
only real basis of comparison is the signal/ 
noise ratio, which should be as large as possible. 

Since the background noise is proportional 
to the bandwidth of the receiver the selectivity 
of the latter is also an important factor. When, 
however, the selectivity is high to start with, as 
in the case of the Standard-Adcock equipment, 
little further improvement in the signal/noise 
ratio can be obtained by increasing the selectivity 
without adversely affecting the ease of operation. 

In a well-designed receiver the background 
noise arises almost exclusively from thermal 
agitation of the electrons in the input circuit to 
the grid of the first valve, or in the plate-cathode 
path of this valve, the first named source pre
dominating if the input circuit is, in spite of its 
being coupled to the aerial system, only lightly 
damped. In the RC.6 equipment the noise from 
both sources is about the same, and is the 
minimum physically attainable. 

It is obvious that if the signal/noise ratio is to 
be kept high the first valve must be employed 
as effectively as possible. It is for this reason 
that in the RC.6 receiver the first valve, a fixed-

Fig. 1 3-Group of Five Aerials at Norrkoping . 
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slope H.F. pentode, is always run at maximum 
gain, and gain control used only on the second 
stage, a variable-slope H.F. pentode with 
variable grid-cathode bias. 

In Fig. 9-A is shown the relation between the 
background noise of a variable-slcpe  H.F. 
pentode and the bias applied to the grid, the 
noise being expressed in terms of the equivalent 
e.m.f. on the grid. Fig. 9-B shows corresponding 
curves for a fixed-slope H.F. pentode. From 
these curves can be determined the best 
operating region for good signal/noise ratio . 

The lower limit of high frequency signal 
which can be detected in an RC.6 receiver 
through the background noise is of the order 
of 0.5 microvolts on the grid of the first valve. 
Allowing a total swing or arc of extinction of 
10° (i.e. ± 5°) the signal e.m.f. received from 
the collector system must therefore be at least 
0.5 microvolts/sin 5° = 5.75 microvolts. From 
Fig. 10, which shows the e.m.f. transfer ratio 
over 100 metres of line between aerial system 
and the goniometer of an RC.6-A equipment, 
it will be seen that with an aerial effective 
height of 3 metres this gives a signal field of 
approximately 2 microvolts per metre at 300 kc 
as the minimum necessary to secure a good 
directional bearing. 

(2.6) Typical Installation Features 

In practice the actual form of the aerials 
varies according to local conditions. One type 
of construction is that of cage aerials 12 m to 
14 m high, carried by wooden supports ; in 
another, rather more common, the aerials con
sist of guyed tubular sectional masts, 14 m to 
16 m in height, insulated at the base. Such a 
mast aerial is shown in Fig. 1 1  ; it is part of the 
direction-finding equipment at Bordeaux
Merignac. The effect of the guys, which are 
sectionalised by insulators,, has been found to be 
negligible. Fig. 12 shows the base of one of these 
masts in the course of erection ; the base 
insulator, which carries the weight of the mast, 
can be clearly seen, as also the wooden box for 
protecting the aerial coupling transformer. 

Fig. 13 shows the complete system of five 
aerials of the cage type with wooden supports, 
as used at the direction-finding station of 
Norrkoping, Sweden. The goniometer and 
receiver are located in a hut about 350 m from 

Fig. 1 4-Junction of the Cables of a Standard-Adcock 
Direction-Finder at the Centre of the Aerial System. 

the centre of the aerial system and connected 
thereto by some 400 m of high-frequency cable. 
The interior of the operating room is shown 
in Fig. 8. 

Fig. 14 illustrates the method of connecting 
the goniometer cables to the centres of the aerial 
coupling transmission lines for a Standard
Adcock equipment. The photograph was taken 
during the installation of the station at Belgrade
Zemun aerodrome. The electrical joints are 
covered by soldered lead sleeves and further 
protected by cast metal junction boxes filled 
with compound, the whole being coated with 
tar and then buried in the . ground. The 
junction so protected is absolutely water-tight. 

(2.7) Performance 

The extensive series of measurements made 
during the course of development of the 
Standard-Adcock Direction-Finder has now 
been most usefully supplemented through the 
courtesy of users of one form or another of the 
equipment, who have communicated the results 
of numerous observations made on both fixed 
and aircraft stations and over widely varying 
distances. With the aid of this additional data 
the performance of this type of Direction
Finder with its Adcock collector system has 
now been well established, and may be roughly 
described as follows : 

It has been determined that up to 200 km 
the night error for a fixed or aircraft station does 
not exceed ± 2° when the direction-finding 
station is located in a region which, while 
irregular in surface, is not actually mountainous ; 
up to 100 km it is in fact difficult to observe any 
sign whatsoever of night effect. 

At greater distances, around 400 km to 
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Fig. 1 5--Comparison of Bearings Taken with a Standard-Adcock Direction-Finder (RC.6) and 
Two Frame Aerial Direction-Finders (all situated in the same region). 

600 km, the presence of night effect is evident 
through small variations both in the bearings 
( ± 2° to 4 ° on a wavelength of 900 m) and in 
the compensation required. The variations are 
definitely less on longer waves (1 500 m to 
2 000 m) and greater on shorter waves (500 m 
to 700 m). Over sea, they frequently do not 
occur at all. 

When the critical distance has been passed, 
the bearings become very constant and practic

During the day, direction finding in the case 
of aircraft is effective up to a radius of about 
300 km. At this distance the arc of extinction 
is of the order of ten degrees, the electro
magnetic field from an aircraft transmitter of 
average power then being at that distance 
only a few microvolts per metre. (The term 
" average power," as referred to above, means 
10 to 30 watts radiated from the aerial. Ranges 
of 500 km to 600 km are often obtained with 

N D RRKD P I N CT  RC6 D I R ECTI O N  F I NDER 

ally perfect stability is attained 
beyond 1 000 km, provided that 
the transmitters are sufficiently 
powerful to cover this range. The 
critical distance apparently coin
cides with the appearance of a 
reflected wave at a high angle of 

.STABILITY O F  6E.ARING5 AT .S U N S ET (1.5- 9-.36 ) O N  F l X E: D .STAT I O N �  

:;:) incidence, with the horizontal � :�� 1-t--------+---t--+---� 
component of the direction of § 1 !)�7·20 17 "30 11'40 11�50 3 1s·10 1e"20 1e"30 ,s�40 1s� :4o 
propagation rather ill defined :<= 
and the vertical component pre- � KAL U N DBDRCi : !'. 1�� ��. 
dominating. <r 

for frequencies of the same ordet, ��� 
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Dl!>TANCE : 460 k m .  

Fig. 1 6  indicates plainly that lJ:i :;: 

I the stability of the bearings on "' · 
... '---��-�-����-�-��--'--��-�-��� 

land transmitters is better at 11·za 17·3s 1 7 "45 17·,, 1 o"os rn·,, 

distances around 900 km than at 
460 km. Similar verifications for 
long ranges are difficult to obtain 
in the case of aircraft because of 
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Fig. 1 6-Bearings at Sunset Taken on the Standard-Adcock Direction-Finder their lower transmitter power. (RC.6) at Norrkoping. 

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  229 

aircraft transmitters of higher power.) An arc 
of extinction of ten degrees is still sufficiently 
good to give a bearing accurate within 2° or 3°. 
The arc of extinction diminishes rapidly with 
the distance ; between 100 km and 200 km 
bearings can readily be taken accurate to within 
1° ,  dunng either the day or night. 

At night it is practicable to take bearings with 
excellent accuracy by means of the indirectly 
propagated waves at distances often as great as 
800 to 1 000 km. This represents one of the 
great advantages of the Adcock collector over 
systems designed to separate the direct and 
indirect waves and to restrict operation to the 
directly propagated waves. 

For comparative purposes, the error of night 
bearings on tlie same fixed transmitting station, 
taken on a Standard-Adcock Direction-Finder 
and on two frame aerial direction-finders situated 
in the same region, is shown in Fig. 15 .  The 
wavelength used in taking these bearings, 862 
metres, is very close to the aeronautical direction
finding wave. The curves indicate strikingly 
the errors which may occur at a distance of 
150 km if direction-findmg is attempted with a 
frame aerial during the night. Although errors 
observed with frame aerials are frequently of 
the order of ± 16° under these conditions, 
the corresponding maximum differences en
countered with the Adcock equipment do not 
exceed ± 1° .  

The choice of location is of some importance ; 
its influence must, however, not be exaggerated. 
Of ten locations which were investigated only 
one proved unsatisfactory. Ordinarily, direc
tion-finding aerials are installed on well-open 
ground, perferably as horizontal as possible. 
Mountains are an undoubted hindrance, not 
only because of the resulting wave deflections, 
but still more due to their screening effect when 
they lie between the transmitter and the direc
tion-finder. This screening is most troublesome 
when the mountains are close to the direction
finder. Here again, however, the Adcock 
principle has proved superior to all other 
methods in that night bearings may be taken on 
indirect waves, which pass above the mountains 
if these are not too close to the direction-finding 
system. 

Direction-finding installations, as far as 
practicable, should therefore be located on free, 

open ground. A high plateau is often a very 
favourable site against the occurrence of night 
error, inasmuch as any fixed error produced by 
the plateau can be measured and a correction 
applied. 

In slightly mountainous regions, a favourable 
site may be determined without a preliminary 
installation. In very mountainous country it is 
advisable to carry out preliminary tests with a 
semi-portable Direction-Finder in order to 
determine the most favourable location. 

(2.8) Applications 

While the Standard-Adcock senes of radio 
direction-finders has a large field of use at coast 
stations for marine navigation, and also for 
military purposes, its most valuable application 
is clearly to aircraft navigation. This has been 
recognised by the aviation authorities, and 
equipments of this type will shortly be in use at 
many important aerodromes. 

The normal method of use is for two or three 
such equipments to operate as a group. When 
a pilot wishing to know his position asks for it 
by means of the radio transmitter on board his 
aircraft, his request is picked up by the direction
finding stations, each of which immediately 
observes the bearing of the signals. At the 
station in charge all the observed bearings are 
transferred to a special chart by means of a 
system of stretched threads, the intersection of 
the threads giving the position of the aircraft 
by triangulation ; the bearing so found is then 
transmitted to the aircraft in some such form 
as " 20 km south-west of Abbeville." All 
communication is by telegraph code, and the 
whole process takes remarkably little time � 
with skilled operators a position can be given 
to a pilot within 20 seconds of his request. 

Another application is that known as " homing 
on bearings." In this case the pilot is kept 
informed at short intervals of his bearing on an 
aerodrome, and continually adjusts his course 
to fly on this bearing ; usually the process 
commences when he is still distant by 30 km 
to 50 km. When by this means the machine 
has been guided over the aerodrome, which may 
be obscured by clouds, a special signal is 
transmitted to the pilot, and he then follows 
the "ZZ" procedure and descends through 
the clouds (" breaks the ceiling "),  knowing that 
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Fig. 1 7-0perating Room in Motor Van. 

the aerodrome must be beneath him, and 
completes his landing in the usual way. The 
Standard-Adcock equipment is particularly use
ful for this method of navigation owing to its 
complete immunity from aeroplane effect and 
consequent ability to give accurate bearings even 
when the aircraft is close in and the transmitted 
wave arrives with a large angle of tilt. If a frame 
aerial system is used it is  true that the aeroplane 
effect is at its minimum because the aircraft is 
flying towards the system (assuming the latter 
to be close to the aerodrome) but even so better 
accuracy is obtainable with an Adcock system 
of quite low height, 9 m to 10 m at the most. 

It is the opmion of the writer that for 
maximum efficiency aerodrome eqmpment 
should include two direction-finders, one for 
long range work with its aerial system well 

Fig. I S-Accessible Rear Compartment of Motor Van. 

away from the landing ground, and another for 
short range work with a low aerial system erected 
at the boundary of the landing ground and on 
the normal line of approach. By the use of 
transmission line connections the goniometer 
and rece1ver units for both systems can be 
installed together in the same office quite 
conveniently. 

It should perhaps be pointed out that fitting 
an aircraft with a radio compass does not make 
the aerodrome direction-finder any less 
necessary, and vice versa. Two safety measures 
are better than one. If the aircraft transmitter 
breaks down the aerodrome direction-finder 
cannot provide either a position or a bearing, 
but both can be obtained on the aircraft itself 
if a radio compass is carried, and disaster may 
thereby be avoided. In normal circumstances, 
however, navigation by the aid of bearings 

Fig. 19-Direction-Finding Motor Van. 

determined at a ground station seems preferable 
to homing or a radio range beacon ; the latter 
system has all the advantages but also all the dis
advantages of rigidity, and in particular it requires 
the pilot to fly a predetermmed course regardless 
of weather conditions. Against this, navigation 
by means of ground direction-finding stations 
offers all the advantages of perfect flexibility of 
course. 
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APPENDIX 

A Serni-Portable Direction-Finder with 
Adcock Aerial Systern 

A direction-finding equipment using the 
Adcock system of spaced vertical aerials cannot 
be built in a form portable in the same sense as 
a frame aerial direction-finder. It 1s possible, 
however, to arrange such a system to be semi
portable, i.e., capable of transport in a lorry 
and qmckly assembled or dismantled. Such an 
arrangement is greatly facilitated by the aerial 
coupling scheme and transmission line con
nections evolved for the fixed types of Direction
Finders. Recognising this, the French Air 
Ministry placed an order with Le Materiel 
Telephonique for a semi-portable equipment 
built on these lines ; this is shown in Figs. 17, 
18, 19, and 20. 

The entire equipment comprises aerials, coup
ling transformer, transmission lines, receiver, 
goniometer, and power supply system. It is 
housed in a van which is divided into three com
partments in addition to the driver's cabin. The 
rear compartment, shown m Fig. 18, carries all 
the aerial and associated gear which being used 
in the open is liable to become wet or muddy ; 
this includes masts, coupling transformers, 
pickets, guys, etc. 

In the centre compartment, shown in Fig. 17, 
are mounted the goniometer and receiver, and 
a certain amount of office furniture and equip
ment. As can be seen from the illustration it 
has been found possible, despite the limited 
space, to provide a compartment in which the 
operator can work quite comfortably. 

The third compartment, Fig. 20, opens off 
the operating room and contains a 24-volt 
battery, petrol-electric charging se( charging 
switchboard, Selenium rectifier, and. power 
supply panel for the receiver. It enables the 
batteries to be charged through the rectifier 
from 1 10-volt or 220-volt A.C. mains, if these 
are available, or alternatively by means of the 
petrol-electric set-a facility of great value in 
remote country districts. When electric mains 
are available the receiver may draw its supply 
directly therefrom precisely as in the case of a 
fixed station ; in other cases, the supply is 
drawn from the 24-volt battery. 

On the roof of the van, under a water-proof 
tarpaulin, are mounted the earth-mats used in 

conjunction with the aerials. The latter are of 
duralumin tubing, and are held by three sets of 
steel guys sectionalised by insulators. Each 
aerial is 12 metres high and weighs about 
20 kilograms, the weight being distributed by 
means of a metal mast shoe which enables the 
aerial to be erected even on rather soft 
ground. The mast shoe also carries the 
aerial coupling transformer with its protective 
wood casing. Four men are reqmred to erect 
an aerial, one at the aerial base and one for 
each set of guys. 

The transmission lines are of flexible type, 
and are shielded and rubber covered. The 
terminations are provided with moisture-proof 
connectors and identified by a colour-scheme 
which enables rapid connection to be made , 
without error, between the aerial coupling 
transformers, lines, and the van, the latter being 

Fig. 20-lnterior View of Power Supply Compartmt!nt 
in Motor Van.  
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if necessary 60 metres distant from the centre 
of the aerial system so as to avoid leaving the 
roadway. 

All the items are, of course, arranged in such 
a way as to simplify the work of installation. 
Guy wires are carried wound on special formers, 
plug connections are used wherever possible, 
etc. The nominal time required to erect the 
station is six hours, with a crew of four men ; 
with practice this time can be considerably 
reduced although, in addition to the work of 
erection as such, it includes the surveying 
necessary to ensure that the planes of the aerial 
pairs are accurately at right angles to one 
another, that all the masts are accurately 
vertical, and that the corner masts are rigorously 
equidistant from the centre point, together 
with careful laying of the earth mats and any 
necessary levelling of the site. It is perhaps 
worth mentioning that never yet has it been 
found necessary to re-adjust the aenal guys after 
erection has been completed, no matter how 
strong the wind. 

The official tests, begun in frosty weather and 

finished during a downpour of rain, showed 
that the performance of the semi-portable 
Standard-Adcock equipment is comparable 
with that of the fixed equipments. Since 
then it has been possible by means of this van 
to make numerous tests on different sites. The 
installation has been set up in various parts of 
France, in the east, in the south, m the west, 
and on the Breton plateau (reached over 
mountain roads of poor surface), and has enabled 
a direction-finding station free from night error 
to be erected in a few hours wherever necessity 
dictated. All the tests and temporary installa
tions were made by the French Air Force under 
the direction of the Technical Department of 
tlie Air Ministry. 

The usefulness of a mobile equipment of this 
character may be readily appreciated. It 
facilitates making tests and selecting sites for 
fixed stations, and moreover enables a direction
finding station, free from night error, to be 
put into service in a few hours to meet the 
needs of a new air route or for any other 
purpose. 

Inter,_national Radio
. 
Show, Vienna, Sept

_
ember, 1 937. Stand of Czeija, Niss! & Company, displaying Amplifiers, RC.;:, Standard-Buszgnze

_
s Automatic Radio Compass, Aircraft equipments, Radio components, etc. The Stand attracted 

great attention and icas vzszted by the Federal President of Austria and other prominent people. 
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