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FUNDAMENTALS OF RADAR 
3. Radar as a Weapon of Offence 

IN the previous two articles in 
this series we examined radar 
in its original role as detector 

and locator of enemy aircraft, first 
from the ground as a warning 
device and later both from ground 
and air for counter -offensive 
action. This was part of what may 
be called the RDF phase of radar. 

Airborne radar reached its peak 
with the introduction of HzS, 
and this month we shall examine 
the workings of H2S and its close 
relation ASV. 

From September 1939 to the 
end of hostilities a continuous 
battle went on in the Atlantic, 
which was only kept in precarious 
balance by the sustained efforts 
in the radar laboratories. Only 
the use of ASV (" air to surface 
vessel " radar) enabled the sub- 
marine offensive to be contained. 
ASV development went through 
several stages of wavelength 
shortening, just as did AI, each 
new design appearing as the radar - 
tactical situation changed. 

The first experimental ASV 
equipment was demonstrated 
during the fleet manoeuvres in 
September 1938. It became opera- 
tional in October, 1939, and was 
thus the first airborne radar of 
the war ; improvements in 1941 
made possible the detection of sur- 
faced submarines. This first ASV 
was in the 15 metre band, in 
which most of the equipments of 
the period were working. It 
closely resembled the correspond- 
ing marks of AI equipment in 
principle. The transmitting aerial 
was carried on the nose of the air- 
craft and was beamed slightly to 
floodlight the sea in front of the 
aircraft. Out on each wing were 
mounted receiving aerials. These 
were usually of the " Yagi " type, 
giving a fairly narrow beam. The 
echoes from a target were picked 
up by the receiving aerials and 
presented alternately on the 
cathode ray tube by means of a 
rotating switch. This " split " 
display enabled the operator to 
judge when the aircraft was 
heading towards the target by the 
consequent equality of the echoes. 

The distance of the target was 
given by the interval between the 
transmitted pulse and the echo. 
The final attack was made by 
visual bombing, eventually assisted 
at night by the Leigh Light which 
was introduced in the summer of 
1942. 

The range of this 1} metre 
ASV equipment was about to 
miles for ship detection, but 
surfaced submarines could only be 
detected at shorter ranges. A 
single aircraft could, however, 
sweep a very large area of sea 
during a single flight. Another 
important feature of ASV was that 
aircraft returning from anti -sub- 
marine patrols could home on 
beacons, which transmitted arti- 
ficial echoes when illuminated by 
radar pulses. Navigation problems 
were thereby simplified. for when 
the aircraft had arrived within 
about go -loo miles of its base it 
could be navigated by ASV. This 
greatly increased the number of 
patrols. which could be flown in 
bad weather. 

By the end of the summer of 
1942 it had become clear that radar 
was acting not only as a detector 
of submarines but also as a warn- 
ing to them. Listening sets picked 
up the ASV pulses at ranges of 
possibly go miles, and long before 
the echoes were strong enough to 
be detected by the aircraft the 
submarine could submerge un- 
detected. This installation of 
listening sets was part of a private 

: ASV and H2S 
war which went on all the time, 
about which very little can be 
written. The original idea of 
radar was to detect " non co- 
operating objects." In doing so, 
the radar station itself co- operated 
in enabling the " object " to find 
the radar station. The blacked -out 
ship and unlit aircraft were carry- 
ing brilliant radiators of electro- 
magnetic waves, and it was 
constantly necessary to introduce 
new wavelengths so that the 
enemy could not use the informa- 
tion thus offered to him. Much of 
the story of wartime radar de- 
velopment is a story of a search 
for novelty which would provide 
the element of surprise. 

The ASV problem was already 
solved. Centimetre equipment 
was ready to go 'into service by 
the early spring of 1943, just as 
the enemy were seeking to profit 
by his 1 jt metre listening sets and 
his apparent tactical freedom 
from air attack. The impact of 
a new radar technique against the 
unjustified confidence of the 
enemy submarine commander had 
a most devastating effect. 

In many ways centimetre ASV 
resembles centimetre AI. The 
family likeness appears in the use 
of the magnetron, the Sutton tube 
local oscillator and the gas gap 
for common transmission and 
reception from the same aerial. 
We may digress at this point to 
indicate the action and use of the 
gas gap. ; The problem is to 

The blister enclosing the H2S scanner on the latest R.A.F. heavy 
bomber, the Lincoln, can be seen below the roundel. 
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Fundamentals of Radar - 
connect, as efficiently as possible, 
a powerful transmitter and a 
sensitive receiver with a crystal 
mixer to the same aerial. Without 
some special precautions the 
crystal would be burnt out by the 
transmitter power, and the re- 
ceiver would also absorb much of 
the power. The basic circuit is 

T 

COUPLING LOOP 
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of course, it resembled the Bell- 
man's Chart* 

" representing the sea, 
Without the least vestige of 

land : 

And the crew were much 
pleased when they found it to 

be 
A map they could all under- 

stand." 

xIs xIs 

R 

GAS GAP 

TO AERIAL 

Fig. i. Aerial switching arrangement in centimetre radar equipment. 

shewn in Fig. i. The gas gap 
consists basically of two electrodes 
in a " soft " valve. When the 
transmitter is on " space," the 
coupling loop acts as a short 
circuit, and by the usual imped- 
ance- transforming property of a 
quarter -wave line an infinite im- 
pedance is presented by the 
left -hand section at J. Received 
pulses therefore pass to the re- 
ceiver. The gas in the protective 
tube being unionised, the gap 
absorbs no energy and the whole 
signal reaches the receiver. When 
the transmitter " marks," the 
gap breaks down and the ionised 
gas provides an effective short 
circuit. The receiver line presents 
infinite impedance at J and all the 
power goes to the aerial. In 
practice refinements are neces- 
sary ; the capacity of the gas 
gap must be allowed for in design- 
ing the system, impedance trans- 
formations are introduced to give 
maximum protection, and biasing 
voltages are applied to encourage 
the gas gap to ionise as soon as 
the transmitter mark begins. 
These details are not material to 
the present outline. 

The display unit of ASV differs 
from that of AI in using a true 
PPI, which provides the observer 
with a map of the sea, with ships 
and coastline shown, just as the 
GCI operator was given a picture 
of the position of aircraft in the 
sky, so the ASV operator could 
see, as though plotted on a chart, 
the positions of all ships and 
coastlines within range. Often, 

For convoy protection, however, 
the view of the whole convoy was 
invaluable. 

Beam Shape in ASV 
The aerial system was mounted 

in a turret placed below the nose 
or belly of the landplanes of 
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A cut -down paraboloid is used 
and the resulting beam is narrow 
in azimuth, where the reflector 
has its full dimensions. In eleva- 
tion, however, the beam is spread 
out in such a way that although 
most of the energy is sent out at 
a few degrees below the hori- 
zontal, the lobe is deformed at 
greater angles from the horizontal, 
and is free from minima (Fig. 2). 
The shape of the deformed lobe 
is such that an aircraft flying at 
its normal operational height will 
receive echoes of approximately 
equal strength from all targets 
within range. 

By rotating the aerial system 
the whole sea can be searched 
within a circle whose radius 
equals the range of the equip- 
ment. As the aerial system 
rotates, the radial timebase of 
the PPI goes round in synchron- 
ism, and echoes brighten up the 
beam of the cathode -ray tube. 
When the aircraft comes within 
range of land the coastline is 
clearly shown and salient features 
can be used for navigation. This 
fact was made full use of in the 
development of 112S. 

Centimetre ASV was a purely 
war -like weapon, but its close 
relation, H2S, has tremendous 
peace -time possibilities, in addi- 
tion to being a truly offensive 

ELEVATION 

PLAN 
TARGET m 

Fig. 2. Approximate shape of aerial 
polar diagram for ASV search. 

Coastal Command. Inside the 
fairing an aerial and reflector were 
mounted so that they could rotate 
about a vertical axis. 

"Hwwting of the Sew*, Fit the Second." 

war- weapon. If an ASV set is 
operated over a coastline it is 
found that in general land scatters 
back more energy than water' 
and buildings scatter back more 
than open country. Thus over 
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land, rivers and lakes appear as 
black marks against a faint 
" land " background, while towns 
stand out quite brightly on the 
PPI. Changes in detail design 

A transmitter T is at a height 
ht, above the ground, and a re- 
flecting object O is at a height 
ha. Both heights are such that 
we may consider the ground range 

Fig. 3. In later types of H2S the height of the aircraft 
is taken into account and a correction is applied 

to the time base to compensate for 
r the difference in the 

a _ ratios r, /r,' and ra/r,' . 

are necessary, for the operating 
height of a bomber is greater 
than that of a sea reconnaissance 
machine. In addition, the map 
presented on the PPI is a " slant 
range " map and is thus badly 
distorted in the region imme- 
diately below the aircraft. This 
is inconvenient both for naviga- 
tion and for bombing, and it is 
necessary to distort the PPI 
timebase to make the H2S map 
resemble the ordinary geographi- 
cal map. The difference can be 
seen from Fig. 3. 

The H2S system is probably 
the most interesting radar device. 
It represents the introduction of 
a new sense for man, that of 
vision at centimetre wavelengths, 
with apparatus which can be 
carried in a fairly small aircraft. 

We saw last month that the 
range of a radar system in free 
space was proportional to the 
fourth root of the transmitter 
power. In calculating the range 
of air -to- ground radar systems 
we must take into account the 
effect of the wave which reaches 
the target after reflection from 
the ground as well as the direct 
wave. For the case of horizontal 
polarisation we proceed as follows. 

m m 
R equal to the slant range : that 
is we can write s /R' in the inverse 
square law. The field strength 
at O produced by a transmitter 
of power W at T can be shown 
to be 

4onhihs . VW 
A R' 

R 

Fig. 4. Ground reflections must 
be taken into account in the HzS 

radar system. 

If the power scattering coefficient 
of the reflector is Q, the power 
re- radiated will be 

(4oahih,\' W 
A )R4 

This produces at T an available 
signal power which is proportional 

14 !' to This expression 

must be multiplied by the power 
gains of receiving and transmitting 
aerials, and if these are both 

Q 

,l'R" 
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equal to G the power available 
at the receiver will be 

Qh'4h 
G2 W: 2 . W 

* aaHa 

Thus as the range is fixed by 
the minimum detectable value 
of W,,, which is a constant of the 
receiver, the range R is pro- 
portional to Wi, the eighth root 
of the power. The use of ten 
times the power results in a range 
only 33 per cent. greater. As 
we saw in the description of the 
free space case, the choice of 
G and a are the most important 
factors in radar system design. 

IThe photograph of mechanism 
for spiral scanning on p. 328 of 
Part 2 of this series was reproduced 
by courtesy of the makers, Nash 
and Thompson of Tolworth, who 
were the principal producers of 
radar scanners. -En.] 

RADAR MAP 
THE illustration on the front 

cover of this issue shows the trace 
reproduced on the CR tube of the 
latest version of H2S (designated 
H2X) when the aircraft was flying 
in dense cloud over the Thames 
estuary. 

RADIO IN NORWAY 
SIX of the sixteen broadcasting 

stations in Norway were de- 
stroyed during the war. They are 
those at Porsgrunn, Notodden, 
Vigra, Vadsoe, Narvik and Bodoe. 
As a result, listening conditions in 
many districts, particularly in the 
north, are very poor. To alleviate 
the difficulty a transportable 20 -kW 
transmitter has been erected at 
Vigra until the new roo -kW trans- 
mitter is completed. New trans- 
mitters are being constructed as well 
as replacing those destroyed. Among 
the new stations is a 5o -kW short- 
wave transmitter, which will re- 
place the present 5 -kW station, and 
is intended particularly for Norwe- 
gian listeners abroad. 

Wireless sets valued at about 
i 20,000,000 kroner (approximately 
£ó,000,000) were confiscated by the 
Germans in Norway in 5945. A 
large number of these have now 
been restored to their owners, but 
many more are needed to meet the 
demand. The present policy is to 
import the components and manu- 
facture the sets in Norway. The 
Norwegian Broadcasting Service 
has, therefore, ordered components 
for 22o,000 sets, some of which are 
expected to be on sale at Christmas_ 


