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" Autocar, Coventry." 
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" Autopress, Birmingham." 

MANCHESEER : 
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A 
As many of the circuits and 
apparatus described in these 
pages are covered by patents, 
readers are advised, before 
making use of them, to satisfy 
themselves that they would 

not be infringing patents. 

VIBRATORS TRANSFORMERS SWITCHES COILS 

MEET A GREAT LITTLE 1.F. 

Specially designed to give the maximum gain and 
selectivity combined with lilliputian dimensions*- 
Wearite I.F. Transformers are provided with one - 
hole fixing, the terminal wires being fed through 
insulated bushings thus preventing movement 
after mounting. They are available in the 
following "preferred' frequencies. 
M.400 460 Kc /s M.405 1.6 Mc /s 
M.411 2. 1 Mc /s M.415 4.86 Mc!s 

M.418 9 72 Mc /s 
as well as in frequencies for particular applications. 

Coils enclosed in pot -type iron dust cores 
Tuning by means of adjustable iron dust centre cores 
Fixed tuning condensers contained in screening can 

* Dimensions:- } - square x 1 ¡g" high. 

1 

Fullest details of the com- 
plete range of Wearite I.F. 
Transformers will gladly be 
sent on request. 

WRIGHT & UlEAIRE LTD 
A Name as Old as the Radio Industry 

HIGH ROAD TOTTENHAM LONDON - N 17 TELEPHONE: TOTTENHAM 3847 -9 
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March 1946 Wireless World 

DECCA NAVIGATOR 
Continuous -Wave 

IT is well known that if the 
distance of a ship from each 
of three known fixed points, 

or the bearings of two fixed 
points from the ship, can be found 
the position of the ship relative to 
these points is completely de- 
termined. The measurement of 
the bearings is the basis of normal 
position- finding by directional re- 
ception. With ordinary DF 
equipment the operator in the 
ship takes bearings on two or 
more signals of known and fixed 
origin and the ship's position is 
easily calculated from these figures. 

More recently distance measure- 
ment has come to the fore, largely 
because it is possible to measure 
distance more accurately than 
bearing by using the pulse tech- 
nique of radar. The Gee system 
operates on this principle and 
proved its value during the war. 
The disadvantage of a pulse 
system is that it occupies a. large 
frequency band. Sharp pulses 
are necessary for accurate range 
measurement and sharp pulses 
mean a large band -width. This 
in turn means a high operating 
frequency and this again means 
that the useful range is limited. 
The really high frequencies most 
suited to pulse work are limited 
substantially to ranges within the 
visual. This places a limit of 
20 -5o miles range at sea level, 
depending on the height of the 

Navigation 
transmitting aerials. For air navi- 
gation much larger ranges are 
possible, because of the great 
height of the aircraft, and it was 
largely this which made Gee 
usable over the Continent. 

The use of lower frequencies 
permits long ranges to be obtained 
because of sky -wave reception, but 
the accuracy is reduced. Sky 
waves inevitably reach the re- 
ceiver by a longer path than the 
direct and so give a false measure- 
ment of range. This could be 
allowed for if it were a constant, 
but in practice it is usually subject 
to variation. 

If accurate range measurement 
is to be made at great distances 
it is necessary to work on fre- 
quencies which provide a direct 
ray and preferably, but not 
essentially, do not provide any 
sky wave. This means low radio 
frequencies of, say, zoo kc /s or 
lower, depending on the range 
required. But such frequencies 
can hardly be used with pulses 
and some alternative method of 
measuring range is very desirable. 

Such an alternative is used in 
the Decca Navigator. Only con- 
tinuous waves, normally unmodu- 
lated, are used, and the band- 
width needed is thus negligible. 
Range is measured by comparing 
at the receiver the phase of 
signals from known spaced stations. 

As an example of the basic 

A marine model of the Decca Navigator. 
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System 
principle, suppose that there are 
two stations A and B in Fig. z a 
distance d3 apart and that each is 
radiating a wave of zoo kc /s in 
the same phase. That is to say, 
Fig. r. Trans- 
mitters A and 
B spaced d9 
apart are at 
distances dl 
and d2 from a 
receiver at C. 
The text ex- 
plains how this 
gives a phase 
difference in 
the signals at 

C. 

ds--. A 

t 

B 

dz 

at any instant of time when the 
wave at A reaches its positive 
maximum that at B also reaches 
its positive maximum. 

If this maximum is imagined 
to travel outwards from A with 
the velocity of light it will reach 
the receiver at C, after a time 
ti = dilc where c is the velocity 
of light. Similarly, the maximum 
from B reaches the receiver at 
t2 = d2 /c. At C, therefore, the 
two waves are not in phase 
because they have travelled 
different distances, and the diff- 
erence of phase is a measure of 
the difference of distance. 

The transit time of one cycle is 
z/f = A /c, so that the time in- 
tervals representing distances are 
di /A and d2 /d expressed as fractions 
of a wavelength. In terms of 
phase there are 360° to 
each wavelength so that the 
phases at C relative to the trans- 
mitters are Oi = 36o di /A and 02 
= 360 d2 /A. The relative phase 
of the two signals at the receiver, 
which is all that can be measured, 
is s = Bl - 02 = 360(d1 - d2).JA. 
The relative phase of the two 
signals at the receiver is thus a 
direct measure of the difference of 
distance from the two transmitters . 

It may well be asked at this 
point how the signals from the 
two stations are distinguished 
since they appear to be two con- 
tinuous waves of the same fre- 
quency. In fact, they are not. 
The frequencies transmitted are 
different but have a common 

www.americanradiohistory.com

www.americanradiohistory.com


94 

Decos Navigator - 
harmonic. Thus, A might radiate 
on 85 kc /s and B on 113.3 kc /s. 
The receiver at C receives these 
signals separately and generates 
harmonics of each. The fourth 
harmonic of 85 kc /s is 34o kc /s, 
and the third of 113.3 kc /s is 
also 340 kc /s, so that in this way 
the effect of two signals of the 
same frequency is produced and 
it is the phase difference between 
these harmonics which is actually 
measured. 

This is done by a phase- meter. 
The signals are applied to dis- 
criminators which produce direct 
currents proportional to the sum 
and difference of the phases. 
These are passed through coils 
at right angles and a magnet in 
the field, coupled to an indicating 
pointer, takes up a position along 
the resultant. The phase- differ- 
ences can thus be read directly 
from a dial. 

510 

520 

MASTER 
TRANSMITTER 

Wireless World March 1946 

This measurement of the phase - 
difference between the signals 
from two stations does not enable 
one to determine one's position, 
for there are an infinite number of 
points of equal difference of 
distance from the stations. It is 
easy to see that a receiver on a 
line bisecting at right angles the 
line joining the transmitters is 
always at the same distance from 
each, and hence that the phase 
difference is zero. All that the 
reading tells one is that one is 
somewhere on that line. 

Similar imaginary lines exist 
for each phase angle and take a 
hyperbolic form. Such a set of 
lines can be drawn as a grid on a 
map or chart, and would take the 
form shown in Fig. 2 by the solid 
lines. An indicator reading of 
24o would then indicate that one 
was somewhere on a line passing 
through Dover. 

This difficulty is resolved by 

PHASE -LOCKED ----P- 
SLAVE TRANSMITTER 

PHASE- LOCKED 
SLAVE 

TRANSMITTER 

using a third station, in the 
example of 127.5 kc /s, in con- 
junction with the 85 kc /s trans- 
mitter. The second harmonic of 
the one (255 kc /s) and the third 
of the other are the same fre- 
quency, and these two stations 
lay down a further grid, shown 
dotted. The receiver is provided 
with a second phase -meter to 
measure the phase difference be- 
tween these signals and the two 
readings give a definite fix. Thus, 
if the phase reading is 240 on the 
solid grid and Rio on the dotted, 
the two cross at Dover. For 
Brussels, the readings are 242 
solid and 76o dotted. 

There is another point of pos- 
sible ambiguity. The phase angle 
does not indicate only one line 
on the grid, for a given phase 
angle can represent many differ- 
ences of distance. The formula 
given earlier can be written 
dl -d2 = u Á/36o, but thisis not 
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Fig. 2. This diagram shows how the use of three transmitters enablçs a double -grid to be placed on a map to 

indicate the position of a receiver. The solid lines indicate a grid produced by one pair of stations and the dotted 
lines that caused by the second. 
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necessarily correct, for the phase 
difference repeats itself every 
wavelength. The addition to 4' 
of 36o n° makes no difference, 
so that the formula is more 
correctly d,- d a - (¢ + 360 n) 
A /36o = 0/360 n l where n is 
any integer. A given phase dif- 
ference thus indicates any number 
of differences of distance varying 
by whole numbers of wavelengths. 

ceivers of high stability and, 
incorporating an oscillator with 
the aid of which a zero adjustment 
for phase drift can be made at 
any time. Usually, a daily check 
is sufficient. Two indicators are 
provided each with a series of 
dials rather like a gas -meter and 
calibrated in " lanes." 

In use, the operator starts from 
a known position and sets the 

The aircraft version of the equipment is produced in this form. 

With a third transmitter this 
leads to a number of possible 
positions. Some of these may be 
excluded on extrinsic grounds ; 

thus in a surface vessel any posi- 
tions on land are obviously ruled 
out. 

In order to overcome this two 
means are adopted. The first is 
to start from a known position 
and keep the receiver operating 
continuously. The phase differ- 
ence indicator makes a complete 
revolution for every wavelength 
passed through, so that a revolu- 
tion- counter attached can indi- 
cate the total number of waves 
passed through and ties the 
reading down definitely. 

This fails, of course, if reception 
is interrupted and to enable a 
fix to be obtained at any time, an 
85 -kc /s signal is periodically trans- 
mitted in addition to the normal 
signals from the other stations. 
This has the effect of swinging 
the grid and from the second set 
of readings the true position can 
be obtained. 

All this sounds very compli- 
cated, but the apparatus is actually 
very simple to use. It consists 
essentially of three straight re- 

dials to read correctly by a hand 
control. The gear is in continuous 
operation and to find the position 
at any time it is necessary only 
to read the dials and refer to the 
gridded chart. If the initial posi- 
tion is not known or if reception 
has been interrupted, the operator 
takes additional readings at a time 
when the 85 -kc /s signal is being 
transmitted from the other stations 
and from this additional data a 
simple calculation gives the true 
position. 

Reference has been made to the 
indicators being calibrated in 
lanes. They actually measure 
phase difference and one revolu- 
tion of the main indicator covers 
36o degrees. This is called one 
lane and sub -divided into ioo 
divisions. The subsidiary dials 
geared to it as revolution counters 
read tens and hundreds of lanes. 
The lane is thus a purely arbitrary 
measure and is adopted as more 
convenient for the non -technical 
than a calibration in phase angles. 

The apparatus is produced by 
the Decca Navigator Company, 
a subsidiary of the makers of 
Decca broadcast receivers and 
gramophone records. 
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OVNO SfllfS 
SOUND IDEAS 
BY THE ORIGINATORS 

THE NEW PHASE IN- 
VERTER SPEAKER 
Solves the baffling problem of Baffles and 
measures only 29in. x 14ín. x 18ín. deep 
incorporating the S.S. Dual Suspen- 
sion P.M. Auditorium Unit. This 
Speaker, in its attractive light oak 
cabinet, sets a new standard in repro- 
duction and is entirely free from 
"Dialect." We regret that present stocks 
are exhausted. Delivery is' 2.10.0 now 7 days. Price +i L 

THE S.S. TONE CONTROL 
UNIT 
Based on the successful "Tri- Channel " 
principal introduced by this company, 
can be instantly plugged -in to the majority 
of Sound Sales' Equipments and is 
equally suitable for use with other high - 
grade apparatus; using three inde- 
pendent thermionic channels via valves 
additive tone control is obtainable up 
to 26d b. £7.17.6 Price TYPE T.C. 

INTRODUCING THE NEW 
D.X. PLUS I QUALITY 
FEEDER UNIT 
A quality super -het design, plus a 
unique system of tandem coupled variable 
selectivity. Covering short, medium, 
and long wave bands, this unit surpasses 
the ever popular D.X. Plus Unit. 

415 Price TYPE D.X. Plus I 

INTRODUCING THE NEW 
D.X. PLUS 7 QUALITY 
CHASSIS 
An entirely new, laboratory built, 
quality super -het chassis, designed 
especially for the music lover via radio, 
incorporating all the attractive features 
of the D.X. Plus I, Feeder Unit, together 
with a paraphased P.X.4 Push -pull Output 
Stage. The new chassis replaces and 
easily surpasses in both performance and 
appearance, the original D.X. Plus 
Feeder Unit, together with the Type 
346 amplifier. t 

Price TYPE D.X. Plus 7 £25 
PLUS PURCHASE TAX 

COMING ! ! ! 
A complete new series of 
quality Amplifiers, P.A. 
Equipment and Television 

Components 

i i 
TRANSFORMERS-QUALITY RADIO AMPLIFIERS. 
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