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... but t__-.7 Stratosil Sealed VIBRATORS 
OPERATE EFFICIENTLY UNDER ALL CLIMATIC CONDITIONS 
Come rain, come shine, or any other climatic condition, 

Wearite ' Stratosil Sealed ' Vibrators will continue to 

operate without trouble. Why? Oh ! We designed and 

built them with just that end in view, and after 

tests, specified the following as essentials ... 

W R I G H T 

All steel construction - even the -ivets - uniform ex- 
pansion under temperature extremes ensured. Vibrator 
acoustically and electrically shielded by Metal Can, sponge 
rubber lined. Precious metal driving contacts - non - 
tarnishable - ensure starting under the lightest pressures 
and voltages. Contacts ground almost to optical limits. 

Stack assembly- mica and steel only used. Base sealed 
by the WEARITE Stratosil process. Always keep going... 

STRATOSIL Sealed VIBRATORS 
SEND TODAY FOR FURTHER DETAILS, AND REMEMBER, WE ALSO MAKE 
SOME OF THE BEST TRANSFORMERS, COILS AND SWITCHES. 

a n d W E A I R E LIMITED 
HIGH ROAD TOTTENHAM LONDON, 14.17 TELEPHONE; TOTTENHAM 3847.9 
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260 Wireless World August, 1946 

DECCA NAVIGATOR STATIONS 
Details of the Transmitter Chain 

By M. G. SCROGGIE, B.Sc., A.M.I.E.E. 

THE operation of Decca Navi- 
gators at sea and in the air, 
described in the March, 

1946, issue, depends upon a con- 
stant service from a " chain " of 
fixed transmitters. Their duty 
is to maintain, over the whole 
surrounding service area, a phase 
pattern that is stationary and 
permanent. Failure in either of 
these respects might have serious 
results for any craft relying on the 
Navigator for guidance. After 
examining the details of the 
system, however, only an extreme 
sceptic could find any ground for 
misgivings. 

First as regards fixity of the 
phase pattern. Two trains of 
continuous waves cannot, of 
course, maintain a fixed phase 
relationship with one another 
unless they are of exactly the 
same frequency. And if they 
are of the same frequency 
they cannot be separately 
received by radio for purposes 
of phase comparison. This 
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phase comparison frequency, 
which is reconstituted from them 
in the Navigator receivers by ex- 
tracting the appropriate har- 
monics. If the phase difference 
between them is constant and cor- 
rect at any one geographical posi- 
tion it must (apart from irregu- 
larities in wave propagation) be 
constant and correct everywhere 
else. All that is needed, then, is 
to install a Decca Navigator re- 
ceiver or its equivalent at some 
fixed point and arrange that its 
phase discriminator output vol- 
tage controls the phase of one of 
the two transmissions, pulling it 
back if it tends to stray, in essen- 

-T 
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PARALLEL WIRE 
FEEDER 

PHASE CONTROL 

dilemma, it may be remembered, 
is overcome by transmitting on 
two exact submultiples, say one - 
third and one -quarter of the 

tially the same 
manner as auto- 
matic frequency 
correction. 

To relieve the automatic 
Fig. z. Block 
diagram of Slave 
Station equip- 

ment. 

phase corrector of any responsi- 
bility for keeping the trans- 
mitter frequency in step, thus 
enabling it to concentrate on 

Fig. z. Aerial, consisting of 
self- supporting 325 -ft tower 
insulated from the ground. 
The efficiency of the tower 
as a radiator is improved by 
aerial wires strung from the 
horizontal booms. The hut 
at the foot of the tower 
contains the coupling trans- 

former. 

(Left) Fig. 3. Two of the 
three transmitters at the Decca 

Slave Station near Lewes. 

holding the phase within the ex- 
tremely narrow limit of 1 /tooth 
part of a cycle (only 0.015 sec ! ), 
the drive for one transmitter in 
each pair (the Slave) is obtained 
from the other (the Master) by 
frequency multiplication and 
division. The Master, station 
A, is crystal controlled, and 
in the British chain radiates 
at 85 kc /s. Its signal is picked 
up at the Slave station on 
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a small vertical aerial and fed, 
via a filter to reject the relatively 
very strong Slave signal, into an 
amplifier (see Fig. r), the fre- 
quency of whose output is 
divided by three and then 
doubled twice to give a r 13.3 -kc / s 
drive for the Slave transmitter. 

Although the correct frequency 
ratio is thereby automatically en- 
sured, the phase relationship of 
the Slave's third harmonic to the 
Master's fourth harmonic (both 
34o kc /s) would be quite random 
and liable to fluctuate unless it 
were controlled. The dotted line 
in Fig. [ encloses the phase lock 
unit, the left -hand portion of 
which is similar to a two- channel 
section of a Navigator receiver. 
To one amplifier is fed the 85- kc/s Master signal, and to the 
other the [13.3 -kc /s Slave signal 
picked up by a small loop close 
to the transmitting aerial lead. 
The 340 -kc /s harmonics are ex- 
tracted from both and passed into 
the phase discriminator, the 
D.C. output from which actuates 
not only the usual " Decometer " 
indicator, but also an electronic 
phase control in the drive fre- 
quency multiplier chain. 

The phase of the A amplifier output is adjusted so that when 
the space phase pattern is correct 
and in agreement with the Decca charts the discriminator output is 
zero. The amplifiers themselves 
are periodically checked for rela- 
tive phase shift by means of a reference oscillator having har- 
monics on both A and B frequen- 
cies, in the same way as in the 
Navigator receivers. A manual transmitter phase control is pro- 
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vided for initially setting the 
automatic phase control at the 
centre of its working range, where 
the phase error is nil and the 
locking most effective. It is re- 
adjusted if ever there is any long- 
term phase drift in either direc- 
tion, indicated by a reading on 
the discriminator output volt- 

, meter. The phase -lock unit, in- 
stalled in duplicate in a screened 
cabin, is in Fig. 4. 

As a further check on the cor- 
rectness of the phase pattern, a 

Fig. 5. " Decometer" 
indicators of Decca 
Navigator for use 
with 4- station chain. 
On the right is an 
exploded view of the 

Decometer. 
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Fig. 4. Phase -lock units in duplicate. 

remote monitor 
receiver is sited 
roughly m i d- 
way between 
the two sta- 
tions. An error 
in the indica- 
tor reading 
shown there is 
notified to the 
Slave station. 
At present it is 
done verbally, 
but the inten- 
tion is to make 
this remote con- 
trol fully auto- 
matic. 

The other 
essential of the 
service is con - 

Fig. 6. Situations 
of the four 
stations forming 
the Decca South 

England chain. 

tinuity. Fortunately literal con- 
tinuity is not needed, as the 
characteristics of the Naviga- 
tor are such that breaks of the 
order of one second can be toler- 
ated. It is this feature that 
renders the system so remarkably 
immune from relatively strong 
" noise " and other impulsive 
types of interference. At each 
station there are three complete 
transmiters (Fig. 3). One is in 
action, another has its filaments 
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Decca Navigator Stations - 
lit and all ready for immediate 
change -over, while the third can 
be shut down for maintenance. 
If the working set fails, relays 
switch over to the ready trans- 
mitter, and the service is restored 
within r to i seconds of the 
breakdown. The new wave 

comes up from the start in cor- 

rect phase, so there is no possi- 

bility of Navigators slipping a 

whole cycle and indiçatjng the 
wrong " lane." 

Power supply is safeguarded by 

having available the public mains, 
two diesel -driven generators (one 

running in readiness), and one 

petrol -electric. 
Owing to the relatively low 

radiation resistance of aerials at 

OUR COVER 

This month's cover shows 

mast -head details of the 

aerial at one of the Decca 

transmitting stations. 

Wireless World August, zq¢b 

completed in England is com- 
posed of four stations : a central 
Master and three Slaves spaced 
120 ° around it, as shown in Fig. 
6, enabling three position lines tò 
be determined on triple- indicator 
Navigators (Fig. 5). Besides giv- 
ing greater accuracy, this arrange- 
ment provides a further margin 
against breakdown. Other chains 
are under construction in France 
and Scandinavia. 

frequencies of the order of 

zoo kc / s, it is a problem to coun- 

teract the tendency for loss re- 

sistances to predominate, wasting 
most of the R.F. power supplied 
by the transmitter. The radia- 

tors at the Decca stations are of 
of a new design (Fig. 2), ac- 

cording to field strength measure- 
ments, are stated to have the re- 

markably high, radiation effi- 

ciency of 45 per cent. The trans- 
mitter output being 2 kW, 'actual 
radiation is therefore 90o watts. 
As the successful results over a 

radius of hundreds of miles dur- 
ing the war were achieved with 
a radiation of about 15 watts, the 
service now being established pro- 
vides a substantial margin for 
unfavourable reception condi- 
tions. 

To obtain a fix, at least two 
pairs of stations are needed, of 

which one station (the Master) 
can be common to both pairs, 
making a three -station chain. 
The second Slave (station C) is 

similar to the first except that its 
frequency is 3 /2 that of the 
Master, giving a common com- 
parison frequency of 255 -kc / s. 

A two -pair chain has certain 
ambiguities and ineffective zones, 
so the Decca chain now being 

NATIONAL PHYSICAL 

LABORATORY 

THE work of the N.P.L. was 
necessarily kept secret dur- 

ing the war, but this ban has now 
been lifted, and demonstrations of 
work in progress have recently 
been given to this journal. In the 
Radio Division much work has 
been done on the measurement of 
the effect of the moisture content 
of the atmosphere on the propa- 
gation of centimetre waves. The 
dielectric properties of water are 
measured, as well as the reflection 
and transmission coefficients of 
thin layers of water, with the aid 
of miniature transmitters and re- 
ceivers. 

At wavelengths below some 3 

DYNATRON 
RADIO -GRAMOPHONE 

A RADIOGRAM version 
of the " Merlin " receiver 
described in our June 

issue has been produced by Dynatron 
Radio, Ray Lea Road, Maidenhead. 
It incorporates automatic record 
changer with a sapphire needle arm- 
ature pick -up. The walnut cabinet is 
plastic bonded and has independent 
lids for the radio and gramophone 
sections. The price is 15o guineas 

plus £38 is. 3d. purchase tax. 

cm, the absorption of a humid 
atmosphere can be quite high, but 
under normal conditions in this 
country it seems unlikely to be 
serious until the wavelength is 
under r cm. 

Research of considerable ulti- 
mate importance is being carried 
on into atmospheric noise. Daily 
observations of noise level are 
made at a large number of 
stations distributed over the world 
and the N.P.L. carries out the 
tabulation and analysis of thé re- 
cords. The object is to obtain 
sufficient information for the pre- 
diction of the noise level at any 
time and place. 

The location and determination 
of the paths of thunderstorms is of 
meteorological value and was im- 
portant during the war on account 
of the vulnerability of balloon bar- 
rages to lightning. Cathode -ray 
D.F. equipment with crossed -loop 
aerials is employed for this, with 
the usual D.F. technique of simul- 
taneous observation at two 
widely spaced receiving stations. 

A considerable amount of centi- 
metre -wave apparatus was shown, 
including a low -power transmitter 
and receiver for 1.2 cm. A klys- 
tron valve is used and feeds a 
rectangular waveguide with a 
horn radiator. Wavemeters and 
cable -measuring apparatus were 
important items of the display. 

Radio- frequency heating was 
used during the war for drying 
cabbage, since dehydration could 
be effected in about oñe hour with 
dielectric heating as compared 
with eight hours in a normal oven. 
The apparatus demonstrated had 
an output of some 74 kW at 5 

Mc /s. 
An interesting exhibit in the 

acoustics section was a lorry fitted 
out as a travelling laboratory. It 
is intended for noise and acoustic 
measurements in factories and in 
connection with housing schemes. 

The high -voltage section demon- 
strated an oscilloscope of the con- 
tinuously evacuated type operat- 
ing at 55 kV. High -voltage cable 
measurements at 600 Mc / s were 
also shown. The method of vol- 
tage measurement used is closely 
akin in principle to that used at 
power frequencies, but the modern 
high- frequency crystals are used 
as rectifiers ; they are fed from a 
minute probe in the wall of a sec- 
tion of the cable. 
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