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"OVER TO YOU" 

From the skies to the tanks, from 
H.Q. to outpost "over to you " has 
meant comforting contact. Maybe just 
a routine " fix " for the navigator or, 
likely as not, vital instruction for a dis- 
tant patrol. Millions of times a year the 
" over to you " has been spoken, and 
millions of times Goodmans' equip- . 
ment responded. In every branch of 
the Services Goodmans' earphones, 
microphones and loudspeakers, as 
varied in their duties as in characteris- 
tics, have played and are playing their 
part. In their designing and produc- 
tion has been builded vast new data and 
experience. Now with present tasks 
completed, this enhanced knowledge 
is being applied to the no less formid- 
able needs of Peace. Now, with 
confidence we say " Over to you ". 
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Ground Stations: The Development of Pulse Technique 

IN Wireless World for February 
and March, 1945, Dr. Smith - 
Rose discussed the basic prin- 

ciples and history of radar. It 
was not permissible, at that time, 
to dìsctm more than the broadest 
outlines ; now, with the end of the 
war, details may be given of the 
instruments used. 

The radar story begins with the 
" Chain, Home." This was the 
first operational radar system and 
led by logical steps which w ere 
determined by the war situation 
to the host of devices which are 
now available. In December, 
1935, five operational stations 
were established on the east coast 
of England, and in August, 1937, 
fifteen additional stations were 
authorised to cover the east and 
south coasts of Great Britain. 
More were being set up at the be- 
ginning of the war, and with the 
fall of France CH coverage was 
extended round the south -west 
and west coast. The design of 
these stations was a peacetime de- 
sign, and was very dependent on 
existing techniques. The wave- 
length used was 10 to 13 metres 

s and pulses of about 10 to 15 micro- 
seconds duration were radiated at 
a recurrence rate of 25 pulses per 
second. The nominal pulse power 
was initially zoo kW, but later de- 
velopments brought it up to about 
Boo kW. As the transmitter was 
" marking " only for 25o micro- 

seconds in each second, the mean 
power was only } kW when the 
pulse power had reached 800 kW. 
This very small mark /space ratio 
is characteristic of radar trans- 
mitters and explains the very high 
pulse powers which have been 
obtained. 

The aerial systems of the CH 
stations were fairly conventional. 
The transmitting array consisted 
of stacks of horizontal dipoles and 
reflectors slung from 35oft. 
towers ; the receiving aerial sys- 
tem comprised a pair of crossed 
horizontal dipoles for direction - 
finding and two dipoles at differ- 
ent heights for elevation measure- 
ment. The receiving aerials were 
mounted on a 24oft. wooden 
tower. The whole transmitting 
system was not very different in 
fundamentals from a telegraph 
transmitter and array, while the 
receiver with its goniometer for 
direction finding follows normally 
from ordinary Bellini -Tosi or Ad- 
cock practice. The CH trans- 
mitter floodlit the area in front of 
it, so that any aircraft in that 
area was " illuminated " by the 
radiation. Scattered energy came 
back to the receiver and was 
handled by the direction finder in 
the familiar way. 

General view of transmitting and 
rreceiving aerials at a CH station is 
rreproduced at the top of this page. 

To determine the height of the 
aircraft, the angle of arrival of the 
echo in the vertical plane was 
measured. This was done, as was 

mentioned above, by using two 
horizontal dipoles at different 
heights. In Fig. 2 portions of the 
polar diagrams for the two aerials 
are shown. 

As would be expected, an air- 
craft at a small angle of elevation 
is received more strongly by aerial 
(2) than by aerial (z). The ratio 
of the strengths is related to the 
actual angle of elevation, and 
when this ratio has been measured 
by comparing the two signals 
with a goniometer, the height can 
be read off from a calibration 
chart. At a range of 15o miles 
and a height of 12,000ft. the 
angle of elevation is only about 
one degree (neglecting the curva- 
ture of the earth) so that only the 
first lobe need be considered. 

The time interval between the 
transmitted pulse and the re- 
ceived pulse gave the range. Air- 
craft could be detected at ranges 
of up to Zoo miles, and once de- 
tected they could be kept under 
continuous observation. 

The disadvantages of the CH 
stations must have been realised 
even before they were built. 
Radiation which leaked back in- 
land produced echoes from hills 
and from aircraft outside the zone 
of interest. Height- finding by the 



300 

Fundamentals of Radar - 
use of the polar diagram of 
elevated dipoles is unsatisfactory, 
and frequent calibrations were 
necessary. Crossed horizontal di- 

ARCA "FLOODLIT" 
By 

NEIGHBOURING 
STADION 

I I 

TRANSMITTING 
AERIAL 
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CHL stations described below, 
when mounted on towers, had a 
h/A value of about 45. 

With the huge box -like forma- 
tions used for day raids in the 

"FLOODLIT 
AREA 

TRANSMITTER 

RECEIVER EJ 

RECEIVING 
AERIAL 

Fig. z. " Floodlighting " and direction finding by Chain, Home Stations. 

COASTLINE 

poles are liable to polarisation error 
in direction finding and frequent 
calibrations to check the balance 
of the system were needed. Above 
all, however, the mean height of 
the aerial system was only about 
zoo feet, and it was found that 
low -flying aircraft could not be 
detected except at short ranges. 

This was because the aerial 
polar diagram, produced in the 
usual way by the aerial system 
itself and its image in the earth, 
has a minimum along the surface 
of the sea. The first maximum, 
which is the most useful region, 
is at an angle of elevation in- 
versely proportional to the height 
of the aerial measured in wave- 
lengths, that is to say, propor- 
tional to A /h. To provide a very 
low pick -up it is necessary to raise 
the aerial as high as possible and 
to make the wavelength as short 
as possible. The CH stations had 
a h / A value of about 8. The 

summer of 1940 this was not im- 
portant, but it was clear that 
sooner or later low -level raids 
would be attempted to prevent 
radar warning being given. It is 
at this stage that the real radar 
story begins, and that develop- 
ment moved away from conven- 
tional practice. 

For both coastal artillery range - 
finding and for protection against 
low -flying aircraft it was neces- 
sary to use shorter wavelengths. 

AERIAL (a ) 

AERIAL (1) 
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The CHL stations (" Chain, 
Home, Low ") were devised. 

A-wavelength of 1.5 metres was 
chosen. Transmitters capable of 
producing pulse powers of over 
zoo kW were designed and gave 
ranges exceeding ioo miles. A 
major change was also made in 
the method of radiating and re- 
ceiving the pulses. At a wave- 
length of z.5 metres it is quite 
practicable to produce a sharp 
beam with an aerial array of 
moderate dimensions. The actual 
array used was about four wave- 
lengths by five. 

The size of the array is ex- 
pressed in wavelengths because it 
is known that the width of the 
beam produced by an aerial array 
is proportional to A /I; that is, it 
is inversely proportional to the 
dimension of the array in the 
plane under consideration. An 
array ro wavelengths wide pro- 
duces a beam twice as sharp as 
an array 5 wavelengths wide. A 
beam which fell to a sharp 
minimum at ro degrees off the 
main radiation axis in the hori- 
zontal plane was produced. The 
whole structure was small enough 
to be turned continuously, so that 
the effect was rather that of a 
lighthouse. As the beam swept 
round it lit up a narrow section 
of the sky : any aircraft in that 
sector scattered radiation back 
towards the station. It was ob- 
viously desirable to use a beamed 
receiving aerial system to increase 
the sensitivity : such a receiving 
beam must be kept accurately in 
step with the transmitting beam 
so that the receiver is watching 
the " bright " part of the sky. A 
very ingenious arrangement was 
adopted. The . transmitter requires 
the use of the aerial system for 
only a few microseconds at a 
time ; then, for the next milli- 
second or so, the transmitter is 
dead and the aerial system can 

/,T ,T)5:" 

Fig. 2. Vertical polar diagrams of elevated dipoles at a CH station. 
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be used for reception. It is neces- 
sary to provide a protective 
device which will prevent the 
transmitted pulse being passed 
straight to the receiver. 

A technique using this idea 
had already been developed for 
ionospheric work, but a more 

tion in the CHL equipment. In 
a PPI the time base has its origin 
at the centre of the tube, and the 
spot travels radially outwards. 
The radius along which it travels 
is parallel to the searchlight beam 
of the radiation, and as the aerial 
array rotates so does the time 

efficient system for use on fixed 
frequencies was devised, and this 
will be described later. 

With the introduction of 
beamed transmission and recep- 

N tion came also a new form of 
" display " or indication on the 
receiver CR tube. The CH 
stations used a normal horizontal 
time base which was deflected by 
the reflected pulse in the way 
described by Smith -Rose. The 
goniometer used for direction - 
finding and elevation enabled the 
signals from two aerials to be 
compared or balanced. The 
." Plan Position Indicator " was 
introduced to display the informa- 

Rotating beam 
arrays used at 
CHL stations. The 
185 -ft. tower is 
used at sea level 
and the 20 -ft. 
gantry shown on 
the right is for 
installation on 

cliffs. 

Fig. 3. I Below) 
Rotating beam at 

a CHL station. 
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pencil. Further discussion of dis- 
plays will be given later. 

The arrival of a " direct appre- 
ciation " display enabled the CHL 
system to be used for fighter con- 
trol direct from the cathode -ray 
tube without the intervention of 
the plotters who moved coloured 
plaques about on a map -the 
arrangement used in the handling 
of CH information. The equip- 
ment was known as GCI (Ground 
Controlled Interception) and was 
an elaborated form of CHL in 
which a pair of arrays of different 
height provided measurement of 
the angle of elevation and thus of 
the height of the aircraft. 

When the CHL stations came 
into service there remained only 
a blind zone of a few hundred feet 
above the sea. To deal with wave - 
hopping coastal raiders, and to 
watch the movements of shipping, 
a further step down in wavelength 
was made. 

The latest systems using centi- 
metre waves and large reflectors 
enable very sharp beams to be 
produced which are largely inde- 
pendent of the proximity of the 
ground or sea. Very clear PPI 
pictures are obtained. 

Before continuing further with 
AREA ILLUMINATED AT ANY INSTANT 

base. Received pulses are used 
to brighten the spot. A target 
thus produces a bright spot of 
light at a distance and in a direc- 
tion from the centre of the tube 
which corresponds directly to the 
distance and direction of the 
target from the aerial system. The 
operator thus gets a direct 
physical picture of the position of 
the target without any manipula- 
tion of controls. If a map is 
drawn on the face of the tube, 
the picture is even easier to 
follow, and' the track of an air- 
craft can be followed by marking 
its position at intervals on the 
glass tube with a " chinagraph " 

the discussion of radar equipment 
there are some important funda- 
mental ideas which must be con- 
sidered. 

Pulse Repetition Rate 
The CH stations emitted only 

25 pulses per second. The reason 
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for this is that although aircraft 
are not normally detected at 
ranges greater than about 200 
miles, there is sometimes sufficient 
return by normal ionospheric 

Wireless World 

factor in the choice of repetition 
rate. 

Pulse Width 
In the discussion of pulse repeti- 

tion rate above we have seen that 

Fig 4. Sideband structure of rectangular pulse of length T. 

scattering to give echoes with 
delays of up to 40 milliseconds, 
corresponding to distances of the 
order of 4,000 miles. This scat- 
tering is believed to be due to 
ionic clouds in the E layer. When 
this happens it is essential that the 
scatter from one pulse should not 
appear after the transmission of 
the succeeding pulse, or a false 
short range reflection would be 
simulated. At shorter wavelengths 
ionospheric effects cease to be of 
importance, and the pulse repeti- 
tion rate can be increased. The 
limitation on repetition rate is 
always set by the maximum range 
from which an echo can be re- 
ceived. If the maximum working 
range of the equipment is 186 
miles, the repetition rate may not 
exceed Soo pulses per second. 
Even though the operational 
range required may be less, it is 
the actual range which sets this 
limit, and if a high repetition rate 
is required it may be necessary to 
reduce the working range by re- 
ducing the transmitter power or 
the receiver sensitivity. 

Another point to be considered 
in settling the repetition rate is 
the power dissipation. As the re- 
petition rate rises, so does the 
mark /space ratio. With 25 ten - 
microsecond pulses per second the 
ratio is 1/4,000; with 2,50o one - 
microsecond pulses per second the 
ratio is I /4o0. If the peak power 
is the same, the mean power, and 
in consequence the heat dissipated 
in the valves, is increased by a 
factor of ro. In centimetre equip- 
ments this is often the limiting 

narrow pulses permit higher peak 
powers for the same energy dis- 
sipation. Furthermore, as a ro- 
microsecond pulse corresponds to 
a range of about one mile, it is 
difficult to resolve two targets 
which are at nearly the same 
range, as the two echoes overlap. 
Targets within a mile of the sta- 
tion cannot easily be detected. 
Shorter pulses give better resolu- 
tion and more accurate range 
measurement. Obviously it is use- 
less to radiate very short pulses 
unless they can be received. A 
pulse of duration time T consists 
of a carrier and a continuous set 
of sidebands ; most of the energy 
lies in a bandwidth of about z / T. 
Thus a one -microsecond pulse re- 
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quires a bandwidth of at least two 
megacycles, while a ro-micro- 
second pulse needs only zoo kc /s. 
If a one -microsecond pulse is used 
it is therefore necessary to pro- 
vide a receiver with a pass -band 
at least two megacycles wide : 

otherwise energy is being radiated 
in sidebands which cannot be re- 
ceived and is being wasted. The 
noise level at the receiver is also 
dependent on bandwidth, and in 
early systems like CH, where 
sensitivity was more important 
than resolution or accuracy, long 
pulses and narrow bandwidths 
were used. As radar developed 
from being a warning device it 
became necessary to provide more 
and better information, and 
shorter pulses and wider bands 
were introduced. It is interesting 
to -note that with a communica- 
tions receiver provided with a 
bandspread dial the main peak 
and two peaks on each side shown 
in Fig. 4 could easily be separ- 
ated. In this way a good estimate 
of the pulse length used was made 
by measuring the spacing of the 
minima. 

Sweeping Rate 
In radar systems which use a 

beamed transmission it is neces- 
sary to consider the relation be- 
tween the pulse repetition rate and 
the rate at which the beam is 
moved. Assume that the trans- 
mitter sends out 400 pulses per 
second, as a CHL transmitter 
does, and that most of the energy 

Two forms of display are used at GCI stations. The PPI (Plan Position 
Indicator) with rotating radial time base is on the left and the range scale 

with linear time base on the right. 
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is concentrated within 5 degrees 
on either side of the line of shoot. 
If during the 2.5 milliseconds 
which has been allowed, in choos- 
ing the repetition rate, for the re- 
turn of an echo, the aerial array 
has turned through more than 
io degrees, the array will not re- 
ceive the echo. Therefore an 
angular velocity of 4,000 degrees 
per second will cause complete 
failure of the system. Of course, 
this is about boo revolutions per 
minute, and no one who has seen 
a CHL array would doubt that 
this speed is quite impossible. An- 
other factor, however, brings the 
limiting speed down. With long 

afterglow cathode -ray tubes, 
which are used to keep a steady 
picture on the PPI, it is necessary 
to receive a number of successive 
echoes to " paint " the tube. If 
we choose io as a convenient re- 
quirement, our limit becomes 3o 
r.p.m. For the CHL, mechanical 
considerations keep the speed 
down to something of the order 
of 6 r.p.m., so that no difficulty 
is experienced. With centimetre 
radar, the narrower beams and 
smaller structures lead to the limit 
being set by the " build -up " time 
of the cathode -ray tube rather 
than by the difficulty of moving 
the aerial system. 

RANDOM RADIATIONS 
By "DIALLIST " 

For This Relief . . . 

WELL it's come at long last! 
The radiolocation cat is out of 

the security bag and one can at 
length speak and write freely of 
principles which have been common 
knowledge in the scientific world for 
a dozen years and more: you'll find 
the whole business of ionosphere 
sounding described in text books 
published from 193o onwards -and 
the timing by means of a CRT of 
the delay between the sending of a 
short-wave wireless pulse and the 
return of the echo due to it is the 
basic principle of all radiolocation. 
I'm all for secrecy when and where 
it serves to hide from an enemy 
something valuable to us and un- 
known to him. It was very right 
and proper that microwave radio - 
location methods and the working 
details of many systems should have 
been kept as dark as dark could be ; 
but I never could see why things 
well known in all enemy countries 
and put to practical applications 
there should have been regarded as 
ultra hush -hush here. It was 
ludicrous, for example, to find two 
cinema films describing the cathode - 
ray tube and its use for measuring 
the height of the reflecting layers 
and for tracking breeding grounds of 
atmospherics placed in the secret 
category. These films were made 
by the N.P.L. and shown publicly at 
the Wireless Exhibition some years 
before the war! Many readers must 
have seen them then. In view of 
what we knew that our late enemies 
were doing in the radiolocation field 
a simple statement of the general 
principles of the art issued officially 
could have done no harm. On the 

contrary, it would have been good 
and heartening war news and might 
have taken a form which would 
have led the other side to believe 
that we had made far less progress 
than was actually the case. 

It Saved Us 
My own belief is that radioloca- 

tion, or rather our pre- eminence in 
the art, was the decisive factor in 
winning the war. I know from per- 
sonal experience that it saved us 
from losing it in 1940, when 
Goring's gigantic Luftwaffe attacks 
were staged as a prelude to the in- 
vasion which we could hardly have 
hoped to repel had it been made. 
If we hadn't had our chain of 
efficient early -warning radiolocation 
stations, the Spitfires and Hurri- 
canes of No. r r Fighter Group and 
the guns of the Sixth A.A. Division 
could never have routed the hordes 
of the German air -arm. Pilots and 
gunners had little enough rest as it 
was ; had we not known when raids 
%yere coming and what courses they 
were taking, they'd have been 
fought to a standstill through sheer 
physical exhaustion. We could not 
have brought off, later on, the mass 
air raids on German industry, whose 
effects were so decisive; we could 
not have tackled the submarine 
menace; we could not have pre- 
vented the destruction of our cities 
by bombers and " doodle -bugs " ; 

we could not have held Malta; we 
could not have wiped out the 
Italian fleet so effectively and 
cleared the Mediterranean if we had 
not had radiolocation and if we had 
not exploited it to the utmost. 
Providentially for us, our enemies 
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seemed to regard the development 
of their own radiolocation systems as 
of rather secondary importance, pre- 
ferring to concentrate their best 
scientific brains on the production 
of new and fearsome weapons, none 
of which ever quite came off. 

Very Neat 
There were some pretty neat bits 

and pieces amongst radiolocation 
equipment even in the earlier days 
before the microwave apparatus 
came along. One of my favourites 
was the transmitter of the " GL " 
used in AA gunnery. It was not 
merely foolproof, it was pretty well 
blinking- idiot -proof. If Ham - handed 
Henry (or, later, Scatter- brained 
Susie) tried to switch on the HT 
when the cooling device for the 
master -oscillator and power- ampli- 
fier valve wasn't working, there was 
nothing doing; unless the draught of 
air from the blower was raising a 
hinged shutter and operating a 
mercury switch, nothing could be 
done about it. Nor would the HT 
switch work if those valves weren't 
getting their grid -bias. In fact, if 
H,H.H. or S.S. tried in a moment 
of madness to do almost anything 
that was bad for its health, this 
transmitter simply switched itself 
off and bade them think again. A 
delightfully simple arrangement 
made it possible for the operator to 

.find out whether it was sending out 
a pulse of the right shape and of the 
right duration. The very accurate 
wavemeter, too, could be used suc- 
cessfully after a remarkably brief 
training period. A girl who had 
been, say, a dressmaker a few weeks 
before would report without turning 
a hair that the pulse was half a 
microsecond too " wide " or that the 
transmitter was " point three 
megacycle off tune." And a REME 
" Radio- Mech." (one of my best was 
a Scottish crofter, whose home was 
4o miles from a railway station and 
who had never handled even the 
simplest electrical appliance before 
the war) would go and set matters 
right. Before the end of the war 
not a few radio -mechs. were girls 
-and a radio -mech. had to be cap- 
able of tracking down all sorts of 
tricky faults and of putting them 
right in double quick time. 

Clean -up Needed 
THE medium -wave broadcast 

band is in a shocking mess just 
now. Running over it a few even- 
ings before this was written, I 
counted thirty -odd inter -station 
heterodynes in addition to natural 
interference so bad in some cases 
that it amounted to something like 
jamming. That is bad enough, but 
it's not the whole of the sad tale. 


