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continue to be a perfect seal for the period of 
its useful life. 

The " STRATOSIL " sealing of Wright & 
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conditions. Other principal features include : 

All -steel construction, Sponge -rubber lined 
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driving contact, Contacts ground almost to 
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FUNDAMENTALS OF RADAR 
4. Pulse Methods Applied to Navigation 

THE navigational aids which 
will be described in this 
article may or may not be 

radar in the purest sense of the 
word. In the transition from 
RDF, whose origin no one seems 
to remember, but which was 
probably coined in a lazy moment 
by some early worker, through 
radiolocation, which has always 
had a " popular press " sound to 
the worker in the field, to radar, 
the present official term, the 
problem of precise definition has 
always been overshadowed by 
the more pressing job of pro- 
ducing a new system. As it was 
convenient in the stress of war 

DATU A 

DIRECTIOM N 

FIXED 
STATION I 

FIXED 
STATION 2 

Fig. s. In a conventional mobile DF 
system the position lines are straight 
lines, and the mobile station 
carries its own "datum direction" 

(a compass). 

to lump the navigational aids 
with radar there seems no reason 
for abandoning this practice in 
the present series of articles. 

The navigation problem is one 
of determining the position of the 
observer with respect to an arbi- 
trary frame of reference. In its 
traditional form the frame of 
reference is defined by a line 
through Greenwich and the Poles 
and another line -the Equator. 
The early navigators normally 
measured their position with re- 
ference to convenient stars and 
then translated this into informa- 
tion related to the latitude and 
longitude frame. The intro- 
duction of radio direction finding 
enabled a technique used by sur- 
veyors to be used on a much 
larger scale : the angle between 
true north and a line joining the 
observer to a known fixed point 

was measured. This gives a 
position line. The intersection of 
two position lines passing through 
two known fixed points gives the 
" fix," the actual position of the 
observer. If the observer is to do 
all the work, he must carry about 
with him a fixed datum line, 
which in its practical form is 
provided by a magnetic compass. 
In a normal direction -finding 
system we require either one 
transmitter at the observer and 
two direction finders, each with 
a datum line and known position, 
or two transmitters with known 
positions and one direction finder 
with a datum line at the observer. 

A radar navigational system of 
the types to be described below 
carries with it not a datum line, 
but a datum length. For most 
purposes lengths are more easily 
set up than lines. The line must 
be defined either by astronomical 
observations for fixed stations 
(accurate but slow) or by a com- 
pass for mobile stations (quick, 
but much less accurate). Length 
on the other 
hand is defined 
by the time of 
travel of elec- 
tromagnetic 
waves ; the 
velocity is 
known to a 
very high de- 
gree of ac- 
curacy, and 
oscillators can 
be used as 
clocks to give 
very precise 
measurement s 
of time. The 
position finding 
problem is re- 
duced to that 
of measuring 
two lengths 
which are the 
co- ordinates of 
position in the 
reference frame 
chosen. 

In the " Oboe " system of 
navigation the lengths measured 
are the actual distances from the 
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observer to the fixed points. This 
system, although not the first or 
the most widely used, is probably 
the easiest to follow, and it is 
therefore treated first. Two fixed 
stations are set up, and the 
positions of their aerial systems 
are accurately defined. Each 
station consists of a pulse trans- 
mitter, receiver and range measur- 
ing equipment. The mobile 
station, generally an aircraft, 
carries only a transmitter- receiver. 
Pulses emitted by the fixed trans- 
mitters are picked up by the 
aircraft receiver and retransmitted 
by its transmitter. At the fixed 
stations the retransmitted pulses 
are received and the time for the 
round trip is measured. The total 
time between transmission from 
the fixed station and reception of 
the retransmitted pulse is equal 
to the time of outward travel, 
plus the delay in the transmitter - 
receiver, plus the time of return. 
As long as the second term is 
known accurately, the range of 
the aircraft from the fixed station 

\ POSITION 
LINE I 

\ 

FIXED 
STATION I 

FIXED 
STATION 2 

RANGE I 

RANGE 2 

POSITION 
LINE 2 

Fig. 2. Position finding by the Oboe principle. 

can be found. Each fixed station 
thus has the information that the 
aircraft is at a known distance 
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Fundamentals of Radar - 
away, so that the position lines 
are circles with the fixed station 
at their centres. By comparing 
notes, the fixed stations can 
determine the position of the 
aircraft and can then signal this 
to the pilot or navigator. 

Y 
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The same arrangement can, of 
course, be worked the other way 
round. The mobile station can 
initiate pulses and measure the 
time of their return from fixed 
transmitter -receivers. Such an 
arrangement in sans that more 
equipment must be carried by the 

mobile station. 
It will, however, 
be noted that 
whichever ar- 
rangement is used 
the mobile station 
must carry a 
transmi t t e r. 
There is no reason 
why a short -range 
system of this 
sort should not be 
devised using only 

FIXED 
STAT ON I 

POSITION 
LINES 

FIXED 
STATION 

Z 

the reflections 

Fig. 3. In the Gee 
2 system the differ- 

ence in distance 

X 

In the wartime use of Oboe, the 
observer was not actually in- 
terested in knowing his true 
position, but wished only to reach 
a predetermined position. To do 
this, the aircraft was directed to 
another point, which lay on the 
desired position line defined by 
one of the fixed stations, known 
as the " Cat " station. From this 
point the course was laid along 
the position line, and deviations 
from the position line were indi- 
cated by special signals from the 
ground. For all practical purposes 
the aircraft was flying along a 
very sharply defined beam which 
would bring it to the desired 
point. The second ground station, 
known as the " Mouse " station, 
watched this procedure and from 
time to time indicated the distance 
along the beam position line which 
was still to go. This information 
was, of course, determined by 
finding which of the set of second 
position lines the aircraft was on. 
The advantage of this arrange- 
ment was that all the calculations 
were done in advance, and the 
actual observing was done in the 
relative peace of tlfe fixed stations. 

(time of travel of 
pulses) from two 
fixed stations is con- 
stant for any par- 
ticular position line 

from the mobile station, but there 
is no point in doing this, for the 
directional accuracy of GCI and 
H25 is such that no advantage 
would accrue from the extra 
complication. 

Another system, " Gee," which 
came into use before Oboe, does 

not involve a transmitter in the 
aircraft. In this arrangement the 
position line is the locus along 
which the difference in time of 
travel of the pulses from two 
fixed stations is constant. The 
position lines defined in this way 
are a set of confocal hyperbola 
with foci at the fixed stations. 
The procedure for defining a 
position line is as follows : Station 
I transmits a pulse ; immediately 
after this pulse reaches Station 2 
another pulse is transmitted by 
Station z. At some point O, the 
pulse from Station arrives first, 
followed shortly after by that 
from Station z. The pulses are 
displayed on a cathode ray tube, 
and the difference in time of 
arrival is measured. The difference 
in time of departure is a constant 
of the system, so that the operator 
can tell the difference in time of 
travel. This difference defines 
completely one of the hyperbolic 
position lines. In the particular 
case where the lines of travel are 
equal, the hyperbola becomes a 
straight line bisecting at right 
angles the line joining the stations. 
As the pulse from Station z is not 
transmitted until after that from 
Station r has passed Station z, the 
first pulse to arrive is always that 
from Station i. Thus if the dis- 
tance between Station r and 
Station 2 is 93 miles, the pulse 
from Station 2 will be transmitted 
say 55o microseconds after that 
from Station r. An observer at 

Fig. 4. Gee grid laid down by three stations. 
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X in Fig. 3 will then find that 
the pulse from 1, having taken 
500 microseconds to go from 1 to 
2, arrives 5o microseconds before 
the pulse from 2. An observer 
at Y will find the pulse from 1 

the upper trace is the B trace, the 
lower trace the C trace. On the 
left of each is the A pulse, followed 
by the identifying " ghost " on 
the C trace. Farther along the 
traces are the B and C pulses 

Typical cathode -ray tube display of pulses received from three ground 
stations in the Gee system. 

arrives 1,05o microseconds before 
the pulse from 2. If the pulses 
were transmitted simultaneously, 
an observer at O would find that 
the pulse from 1 arrived t micro- 
seconds after that from 2, while 
at O' the pulse front 1 arrives t 
microseconds before that from 2. 
This is inconvenient, for a special 
mark must be sent to identify 
the pulses from Station 1 so that 
the four possible ambiguous posi- 
tions may be separated. This is 
analogous to sense measurement 
in ordinary direction finding. Fur- 
thermore, in the neighbourhood 
of Z both pulses would arrive 
almost simultaneously and the 
measurement of the delay time 
would present special difficulties. 

To get a fix, two position lines 
are required ; this means that 
two pairs of stations must be 
used. In practice, one station can 
be common to the two pairs, and 
the system takes the form shown 
in Fig. 4. Here A transmits a 
pulse, then B, then A again, then 
C. Of each pair, the pulse from 
A always arrives first, so that 
there is no ambiguity from this 
cause. In addition a distinguishing 
signal is sent out with the pulse 
from one of the other stations so 
that the B and C systems can be 
sorted out. It will be seen that 
the repetition rate at A, the master 
station, is double the repetition 
rate at the slave stations B and C. 
In the photograph of a Gee display 

respectively. The downward step 
on each trace is the " strobe 
marker,'" and this can be moved 
along to overlap the slave station 
pulses. By switching in calibrating 
signals a coarse reading can be 
made ; then the region selected 
by the strobe marker is displayed 
on a magnified scale to enable 
more accurate reading of the two 
position co- ordinates. The opera- 
tor is provided with a special map 
ruled with the two sets of hyper- 
bole on it, so that the readings 
taken from the cathode ray tube 
can be translated directly into 
co- ordinates on the map. 

It is of interest to see how accu- 
rate these navigational aids can 
be. If the velocity of propagation 
is taken as 200,000 miles per 
second, to simplify the arithmetic, 
the delay per mile of range in the 
Oboe system will be l/loth micro- 
second. If we can measure time 
intervals with an accuracy of r/lo 
microsecond, therefore, we can 
determine position lines to within 
a mile. This does not mean that 
the position can be determined 
accurately as within a mile of a 
chosen point. In Fig. 5 is shown 
the error diagram when the two 
fixed stations are loo miles apart 
and the position lies on the two 
600 -mile position lines within 
measurement accuracy. For this 
particular example, which is a 
very simple one, the long diagonal 

(Concluded on page 26) 
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NOTICE 
TO MUSIC LOVERS 
Announcing the first of the few, to uphold our usual 
policy of quality, first, last, and all the time : intro- 
ducing two products of special interest to " Sound 

Sales " Enthusiasts, present and future. 

FINGER TIP QUALITY CONTROL 
S.S. TONE CONTROL UNIT 
Employing tri.chamo l 

electronic coupling 
giving an independent 
range of 26db bass 
and treble, without 
the disadvantage of 
resonant circuit s. 

Adapted to plug -in 
to existing " Sound 
Sales " Equipment and 
equally suitable for 
other high -class audio 
systems. This unit 
will unmask the miss- 

ing notes. 
Price £7 17e. 6d. 

Type T.C. 

Special Model with ndditwwl pre -stage electronic 
coupled mixer, Price £8 18e. Od. Type T.C.1. 

Ideally suitable for Public Address Work 

EVEN BETTER QUALITY 
BY PHASE INVERSION 

THE NEW PHASE INVERTOR 
SPEAKER 

Incorporates our famous Dual Suspension Auditorium 
Unit, and solves the battling question of where to 
bouse the 41t. baffle, measuricg approx. 29in. x 14in. x 

181n. deep. The S.S. Phase Invertor Speaker repro- 
duces tones previously unheard, and like its unit, lu 

entirely free from " Dialect." 
PRICE £12 10e. Od. 

Designed to a well -known acoustic formula of which 
the characteristics of the Speaker Unit are an integral 
part, this Cabinet is unsuitable for any other make 
of speaker, but we can at customers' existing S.B. 

Auditorium Units, at £7 101. Od., including Cabinet. 

i 1131 I 
TRANSFORMERS -QUALITY RADIO&AMPLIFIERS, 

WEST ST, FARNHAM, SURREY,- 
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Fundamentals of Radar - 
of the slightly curved parallelo- 
gram is six times the length of 
the Short diagonal, and the short 
diagonal is approximately equal 
to the range error. Thus, if the 
error in time measurement is 
r /loth microsecond, the error in 
position may be as much as ± 
3 miles along the arc of the 
position lines. The chief advan- 
tages of this system are that the 
position lines can be very accu- 
rately determined, and that com- 
plex ground equipment can be 
used to give very precise measure - 
ments of time. 

In the Gee system the error 
diagram takes the form shown in 
Fig. 6. A rough calculation for 
the position shown, with the 
stations spaced as before, gives 
about the same dimensions for 
the uncertainty parallelogram. It 
will be noted that again the chief 
difficulty arises from the small 
angle of cut of the position lines. 
In Gee the principal error at 
distances greater than the station 
spacing is along the line joining 
the aircraft to the middle of the 
ground system, whereas in Oboe 

01 ' - 02 
Fig. 5. Error diagram for Oboe. 

the main error was at right 
angles to this direction. Although 
the error is, in the position 
shown, of the same order of 
magnitude as that for Oboe, three 
stations at loo -mile spacing have 
been assumed. This means that 
the baseline measured round the 

Wireless World 

" dog leg " is twice that for the 
Oboe system, although the theo- 
retical accuracy is the same. 
Further in- 
accuracies a ri s e 
from the fact that 
the measuring 
equipment, being 
mobile, is neces- 
sàrily more primi- 
tive and is thus 
an important 
source of error. 
It would seem 
possible to corn- 

Fig. 6. Error diagram for Gee. 

bine the two systems to give a cut 
between a circular position line 
of the Oboe type with a hyperbolic 
position line of the Gee type, thus 
providing an almost rectangular 
cut. 

At shorter ranges, comparable 
with the spacing of the stations, 
much better results are obtainable, 
and the aim should be to provide 
enough stations to permit good 
cuts at all points. 

This description has not ex- 
hausted the list of radar navi- 
gational aids. All it has tried to 
do is to demonstrate the two 
fundamental types of aid, one 
based on direct measurement of 
distance, the other on the measure- 
ment of distance difference. So 
far as is known, no system using 
distance sum, in which the mobile 
station emits a pulse which is . 

received by a fixed station A, 
transmitted on to a fixed station B 
and thence on to the mobile 
station, has been devised. Such 
a system would provide a set of 
confocal ellipses as position lines. 
These would be very attractive if 
used in conjunction with the 
hyperbole of the Gee system. 

January 1946 

TELEVISION 
SIGNAL GENERATOR 

IN order to assist in overhauling 
television sets which have been 

laid away during the war, and to 
test them generally at times when 
no television signal is being 
radiated, E. K. Cole, Ltd., have 
produced a test oscillator specially 
designed for the purpose. This is 
the Television Pattern Generator 
Type TSE /r. 

It consists of an RF oscillator 
tunable from go Mc /s to 5o Mc /s 
and modulated by a series of pulses. 
These pulses represent the line and 
frame sync pulses and also give bars 
to form a " picture." The bars 
appear as two narrow vertical black 
bands and a single horizontal grey 
band. 

The equipment enables the line 
and frame controls on a receiver to 
be adjusted approximately and the 
picture size to be brought to the 
correct value. Some idea of the re- 
ceiver sensitivity can be obtained 
and even a rough check on the band- 
width by examining the sharpness 
of the edges of the vertical bars. By 
tuning to the sound receiver one 
can also check this and by watching 
the CR tube at the same time it is 
possible to make sure that the dis- 
crimination of the vision receiver 
against the sound signal is adequate. 

The aerial rod can be seen plugged 
into its socket adjacent to the 

cable exit. 

The generator is normally con- 
nected to the receiver by a cable, 
but a short rod aerial can be in- 
serted instead and a feeble signal 
radiated in order to check the aerial. 
The signal is stated to be adequate 
for this checking at distances up to 
about loft. The apparatus mea- 
sures r2kin. by 91in. by 8in. and is 
AC operated. The complete equip- 
ment includes the connecting cable 

ith built -in attenuator, two 6in. 
aerial rods and seven valves. The 
price is expected to be ten guineas. 
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