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Beacon Direction Finding System of High Accuracy 
CONSOL is the name used in 

England to describe a radio 
aid to long -range navigation 

originally developed by the Ger- 
mans and first used by them in 
1941. The Germans called the 
system " Sonne" meaning 
" Sun." This name was presum- 
ably used because of the resem- 
blance Of the radiation pattern of 
the beacon to the rays of the sun. 
So far as the author is aware there 
is nothing significant in the word 
Consol. 

There were three component 
parts in the system : 

(i) One or more ground trans- 
mitting stations (beacons) ; 

(ii) A radio receiver 26o kc /s to 
420 kc /s (in the aircraft) ; 

(iii) Maps, charts or tables of 
bearings '(in the aircraft). 

The Germans erected beacons 
extensively to provide overland 
cover over Europe. They also 
erected beacons on the western 
coastline of Europe at places such 
as Brest, Stavanger and the Lofo- 
ten Isles to give navigational 
assistance in the Atlantic to their 
long -range aircraft and U- boats. 
Most of these beacons have been 
destroyed except the one at Sta- 
vanger (31g kc / s) which has been 
kept in continuous operation. 
There are also two beacons in 
Spain, at Seville (311 kc /s), and 
Lugo (303 kc / s), but their opera- 
tion is irregular. The U.K. has 
erected a beacon in Northern Ire- 
land, which is of British manufac- 
ture and which incorporates de- 
tailed improvements over the Ger- 
man beacons. This beacon is ex- 
pected to be on the air for testing 
very shortly on a frequency of 263 
kc/s. 

The System. -Consol has in- 
herited many of its features from 
pre -war radio navigational aids. 
For instance, it uses a beam iden- 
tified by dots and dashes as in 
Lorenz or S.B.A. It also bears 
some resemblance to the American 
Radio Range except that the 
beams are not fixed but rotating. 
The word " beam " is here used 

By JOHN E. CLEGG, 
M.Se.Teeh., A.M.I.E.E. 

to describe the equisignal zone 
produced by the intersection of 
two overlapping lobes of a radia- 
tion pattern as in Fig. 1. 

The bearing of an aircraft from 
the ground station is obtained by 
making use of the directional pro- 
perties of a ground station aerial 
system as in ground station direc- 
tion finding. However, in the 
Consol system the transmission is 
made from this directional aerial 

DIRECTION OF (a) 
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DASHES 

is 
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AERIAL AERIAL AERIAL 

lOOft. V 
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Fig. z. (a) Polar diagram and 
(b) plan of Consol aerial system. 

to the aircraft and only a receiver 
is necessary in the aircraft. Con - 
sol compares favourably with the 
best medium -frequency Adcock 
D.F. in accuracy and additionally 
has three important advantages. 
First, it is more convenient and 
economical to generate on the 
ground the powerful signals re- 
quired for long -range working, 
especially at low frequencies 
where high aerials are required for 

good efficiency. Second, the sys- 
tem can serve an unlimited num- 
ber of aircraft at the same time. 
Third, only a one -way circuit is 
required instead of the two -way 
circuit required for ground D.F. 
where an operator measures the 
aircraft's bearing on the ground 
and transmits it to the aircraft. 

Operating Frequency. -Consol 
beacons operate on low frequen- 
cies between 26o and 42o kc /s in 
order to obtain long distance 
coverage by day and night over 
land and sea. Except in the tro- 
pics, the reliable range of a Con - 
sol beacon is i,000 miles by day 
when the path lies over the sea. 
When the path is entirely over 
land the reliable daylight range is 
600 miles. At night the range is 
greater and not less than 1,500 
miles over land and sea. These 
figures are based on the use of a 
transmitter delivering an output 
of 2 kilowatts to aerials 300 feet 
high. The precise ranges obtained 
depend also on the nature of the 
transmitting site, on the goodness 
of the aircraft receiver, and on the 
severity of interference. 

In the tropics it is expected 
that the range will be consider- 
ably reduced by the high noise 
levels often experienced in these 
regions. 

The Beacon. -This consists of 
a conventional low - frequency 
transmitter producing an un- 
modulated output of 2 kilowatts. 
This is fed into a phasing unit 
which is of about the same physi- 
cal size as the transmitter itself. 
The aerials consist of three verti- 
cal radiators 3ooft high which are 
arranged in Iine about two miles 
apart. This represents a spacing 
of three wavelengths. Four times 
as much power is fed into the 
centre aerial as into each of the 
outer aerials. Initially the phases 
of the currents in the outer aerials 
are arranged so that one leads and 
the other lags on the centre aerial 
by 90 degrees. This produces a 
variation in field strength as one 
moves around the aerial, as 
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Consol- 
shown by the solid line of Fig. i. 
If now the direction of current in 
the outer aerials is reversed the 
diagram will reverse, as shown by 
the dotted diagram in Fig. r. The 
direction of current in the outer 
aerial is reversed in dot -dash 
rhythm and this produces 24 
equisignal zones or beams along 
the directions of equal signal 
strengths from the two diagrams 
(see Fig. I.). 

There is a resemblance here to 
the Radio Range except that there 
are 24 courses instead of four. 
However, this is as far as the 
resemblance goes, for a clever 
artifice is introduced which causes 
the beams to rotate slowly. In 
one minute the beams each move 
steadily through one whole sector 
during which time the outer 
aerials are keyed 6o times. Dur- 
ing the next minute the centre 
aerial only is fed and the current 
is removed from the outer aerials 
to dummy load resistances and 
the system returns to its normal 
state. The process is then re- 
peated. This rotation of the 
beams is produced by a goni- 
ometer which advances the phase 
of the current in one outer aerial 
and at the same time retards the 
phase of the outer aerial. 

During the interval in which 
the system is returning to its 
original state an identification 
signal is radiated in morse 
characters. 

The Airborne Receiver. -One 
of the great advantages of this 
system is that no special equip- 
ment is required in the aircraft. 
The normal receiver which is 
found on all long -range aircraft 
will receive the signals satis- 
factorily. The transmission is 
unmodulated and a beat oscillator 
is used to produce the heterodyne 
beat note as for C.W. morse 
reception. 

Although a normal receiver 
can be used, improved results and 
longer range in bad conditions can 
be obtained by using a receiver 
with a very narrow bandwidth to 
improve the signal -to -noise ratio. 
A bandwidth of zoo c /s is amply 
wide enough to pass without dis- 
tortion the keying of the trans- 
mitter. The best performance is 
obtained by limiting the band- 
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width before the final detector, 
but some improvement can bè 
obtained by the use of a simple 
note filter tuned to r,000 c /s. 
The system also lends itself 
readily to the use of an automatic 
recorder though this is not yet 
normal practice. This will enable 
the navigator to be dispensed 
with in some circumstances, and 
will enable higher accuracy to be 
obtained when fading is causing 
variations in the counts. 

Maps, Charts and Keys. -A key 
is made relating the character 
counts to bearing at the beacon. 
This is done from a knowledge of 
the dimensions of the aerial sys- 
tem and its geographical position. 
A portion of a typical key is 
shown in Fig. 2 (b). 

RIGHT 
BISECTOR 

(A) 

2 LINE OF 
AERIAL MASTS 

25 14 

22 - - 15 

16 

RIGHT 
BISECTOR 

BEARING - 
010° 020° 050 

50 
i rrriti,ii 

i ii 
l0 50504050 10 00 501050 10 

0 DASHES O DOIS 0 

SECTOR 8 SECTOR 9 
(b) 

Fig. 2. (a) Sector diagram for 
Consol and (b) part of a typical 

key for use by the navigator. 

Radio waves travel along great 
circle paths, and the simplest type 
of chart to use is one on which 
great circles are straight lines. 
Gnomonic projection has this pro- 
perty and bearings can be marked 
on the map or chart directly as 
straight lines emanating from the 
beacon. Bearings may also, for 
all practical purposes, be drawn 
as straight lines on the interna- 
tional modified polyconic maps. 
The Germans used Mercator's 
Charts overprinted with curves of 
constant bearing, calibrated in dot 
and dash counts. 

For practical purposes, particu- 
larly over the longer distances, it 

is usually more satisfactory to 
transfer a position line from a 
special over -printed chart, rather 
than to plot directly from the 
station. 

Operating Technique. - The 
equisignal or beam swings through 
a sector of about ro degrees in one 
minute, during which time 6o 
characters are radiated. Signals 
in odd sectors will start with dots 
and in even sectors with dashes, 
as shown in Fig. 2 (a). An opera- 
tor listening in a dot sector hears 
a certain number of dots followed 
by a brief interval of steady tone 
as the beam sweeps past him and 
the signal changes slowly and 
smoothly from dots to dashes. 
The cycle is completed by the 
number of dashes required to 
make up the 6o characters. The 
operator determines his position 
in the sector by counting the num- 
ber of dots (or dashes in a dash 
sector) which elapse before the 
beam sweeps past him. He can 
normally judge this to one charac- 
ter and thus determine his bearing 
to I /6th degree. 

In the absence of interference 
the procedure is quite simple. 
When conditions are difficult the 
beam or equisignal interval may 
have a duration of several seconds 
and then the centre of the beam 
can be estimated by noting the 
last recognizable dot (or dash, de- 
pending on the sector), and then, 
keeping to the same rhythm, con- 
tinuing to count through the 
beam to the first recognizable 
dash. The mean of these two 
counts gives the centre of the 
beam. For example, 12 clear dots 
may be heard, followed by, say, 
four seconds of steady tone, dur- 
ing which time the operator would 
have continued counting up to the 
1.7th character, which would be 
recognized as a dash. The centre 
of the beam would therefore be 
r4 dots. 

Ambiguities. -It will be obvious 
that there are ambiguities in the 
system. There are r2 -dot sectors 
and /2-dash sectors, and therefore 
there are 12 possible bearings cor- 
responding to any one count. By 
changing the spacing of the aerials 
(which, for the present case of 24 
sectors, is three wavelengths) the 
number of sectors can be altered. 
Twenty -four has been chosen as 
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a compromise between accuracy 
and multiplicity of ambiguities. 
There should not be difficulty in 
deciding in which sector one is, 
when it is considered that the 
range of the beacon is at least boo 
miles. At this range the nearest 
ambiguous position line will be 20 
degrees, or Zoo miles away (except 
in the sectors adjacent to the line 
of the aerials). It is sometimes 
recommended that the sector be 
identified by a loop bearing, but 
this is seldom necessary. 

Accuracy. -The sectors lying 
near to the right bisector of the 
line of aerials are about io degrees 
wide and these are the most use- 
ful sectors. Those lying close to 
the line of the aerials are wider. 
The four sectors adjacent to the 
line of the aerials, numbers 
12 and 24 are not normally used 
because of low accuracy and am- 
biguities. The beacons will there- 
fore be sited so that the good sec- 
tors lie in the direction where good 
coverage is most important. 

During daylight the accuracy of 
the system is high and in the sec- 
tors at right angles to the line of 
the aerials the accuracy is o.3 
degrees. The accuracy falls to r 
degree in the sectors adjacent to 
the line of the aerials. At night 
the situation is complex. Errors 
are very small in those sectors (5, 
6, 17 and 18) adjacent to the right 
bisector of the line of the aerials, 
i.e., less than r degree. As the 
angle between the bearing and the 
right bisector increases the bear- 
ing becomes less reliable. It is in- 
advisable to use sectors r, z, ro, 
ii, 12, 13, 23 and 24 at night at 
distances beyond zoo miles. 

Night errors are, of course, due 
to sky -wave propagation. This 
has two distinct effects. A sys- 
tematic error and a random varia- 
tion of bearing are produced. The 
systematic error is always such as 
to swing the beam towards the 
right bisector. The sky waves 
leave the transmitting aerial at an 
angle inclined to the horizontal so 
that the path difference between 
the radiation from the two outer 
aerials is less than is the case 
with ground waves which leave 
horizontally. Thus the waves 
appear to have left at a smaller 
angle to the right bisector than 
they actually have. The effect is 
zero along the right bisector and 

hence the perfotmance is good in 
this direction. The magnitude of 
this systematic error is also a 
function of distance from the 
beacon. Out to 150 miles where 
the ground wave predominates the 
error is negligible. As the sky 
wave begins to overpower the 
ground ray the error increases 
rapidly to a maximum value at 
about 30o miles. Beyond this 
distance the error decreases 
slowly because now although the 
signals are entirely due to sky 
waves the angle at which the 
waves have left the beacon de- 
creases. Contour charts showing 
the error as a function of bearing 
and distance can be produced and 
their intelligent use will increase 
the accuracy of the system at 
night. 

Besides the systematic error 
there is a random variation of 
bearing due to interference pheno- 
mena between the ground wave 
and the sky wave and between one 
sky wave and another. The mag- 
nitude of this variation is also a 
function of bearing and distance 
as with the systematic error. This 
error can obviously be reduced 
by taking a number of readings 
and finding the mean. Observa- 
tions made by the author indicate 
that when, owing to abnormal 
ionospheric conditions, the varia- 
tion between counts is high the 
systematic error is also high and, 
in fact, is approximately equal to 
the maximum variation between 
counts. The systematic error 
determined in this way can then 
be subtracted from the main read- 
ing to give the true reading. 

The introduction of automatic 
recorders, as mentioned earlier, 
will do much to improve the 
accuracy when using sky waves. 

Conclusion.-The Consol sys- 
tem whilst being far from perfect 
yet represents a great improve- 
ment over pre -war aids such as 
medium frequency direction find- 
ing. During daylight the accur- 
acy and coverage are very good. 
The accuracy is of the order of 
0.5 degree, the range about r,000 
miles and the angular coverage 
about 30o degrees. At night time 
the accuracy decreases to r to 3 
degrees, the range increases to 
1,50o miles but the useful angular 
coverage decreases to about 150 
degrees. 
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Tannoy are introducing many 
new features in their post- 
war range of products, and 
highly specialised equipment 
is now available. Illustrated 
is the latest pattern Tannoy 
Ribbon Velocity Microphone. 
Write for full details of the 
extensive range of Tannoy 
Sound Equipment. 

TANNOY 
Tite Soo ad People 
"TANNOY" is the registered trade mark of 

equipment manufactured by 

GUY R. FOUNTAIN LTD. 
"THE SOUND PEOPLE " 

WEST NORWOOD, 8.E.27. Gipsy Hill 1131 

and at Manchester, Belfast, Newcastle, Birmingham 
Bristol, Edinburgh, Glasgow, etc., etc. 

The largest organisation in Great Britain 
specialising SOLELY in Sound Equipment. 
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