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CHAPTER I

TECHNICAL DEVELOPMENT AND PRODUCTION
AN INTRODUCTION TO RADAR
ITS CAPABILITIES AND LIMITATIONS

RADAR is a system by means of which objects situated on the direct optical path can be detected
irrespective of visibility, use being made of the fact that electromagnetic energy directed at an
object is reflected from it.

The radar system can be put to various uses, but any particular radar equipment can be used
efficiently only for the specific function for which it was designed. In this book only shipborne
radar is considered, and airborne radar is not covered except for ancillary developments which
function in conjunction with shipborne equipment.

Initially radar was designed for the sole purpose of giving long-range warning of the approach
of aircraft. It was not long, however, before it was recognised that radar would be of value for
other purposes, e.g., to provide the accurate range necessary for gunfire and for giving warning
of the approach of surface craft, and sets were designed for such specialised functions.

Types of Radar Sets

Radar sets are classified according to the function they are designed to perform. The general
capabilities of each class are described below.

WA (WARNING OF AIRCRAFT) SETS

These sets operate on metre wavelengths and give general long-range warning against aircraft.
They give good results against medium and high aircraft, but poor results against low aircraft and
surface vessels. Ranges of about 120 miles (about 200 miles with the latest sets) can be obtained
against high-flying aircraft. A bearing accuracy of about two degrees is obtainable with the more
modern equipments. The range and bearing discrimination are not good though usually adequate
for general warning purposes.

A drawback to all sets of this category is that continuous radar coverage is not possible owing
to unavoidable gaps in the vertical coverage; because of these gaps the echo from an aircraft
varies in amplitude and sometimes fades completely. Some advantage, however, can be gained
from this characteristic because the approximate height of approaching aircraft can be estimated
by observing the variation of echo amplitude.

WS (WARNING OF SURFACE CRAFT) SETS

These operate on centimetre wavelengths and are designed to give the maximum possible range
of detection against surface targets. Good results are obtained against low aircraft, but high
aircraft cannot be detected. With the most up-to-date sets ranges against large ships can be
obtained up to, and sometimes slightly beyond, the optical horizon. Thus, for best performance,
it is advantageous to site the aerial as high as possible.

In general WS sets give better range and bearing discrimination than WA sets due to the shorter
pulse length and narrower beam than the former normally have.

The bearing accuracy of WS sets is usually of the order of 1°-2°.

A high power WS set (Type 277) has been used to determine the height of aircraft within a range
of about 25 miles. When the aerial is elevated the beam subtends a small angle in both vertical
and horizontal planes, and thus angle of elevation of the aircraft can be determined in addition
to azimuth bearing and range.
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WC (WARNING COMBINED OF AIRCRAFT AND SURFACE CRAFT) SETS

These are designed to detect both surface craft and aircraft at all heights. In the design of these sets
fair all-round performance has been achieved by sacrificing the optimum performances obtainable
by WS and WA sets in their respective spheres. The following two frequencies have been used
for these sets.

(a) One and a half metres (Type 291). This set was designed primarily for small ships.
Compared with WA and WS sets, ranges are much reduced. As with the WA sets there
are gaps in the vertical coverage, but at this frequency they are more numerous. Bearing
accuracy is about 5°. Maximum range against aircraft is about 35 miles, and against a
battleship about 17,000 yards.

(b) Ten centimetres (Type 293). This set was designed primarily as a target indicating set,
1.e., to display all targets in the immediate vicinity. The latest equipment gives warning
of aircraft at all heights from 200 to 20,000 feet up to a range of about 25,000 yards. The
performance against surface craft approaches that of WS sets. Discrimination and bearing
accuracy are likewise comparable with those of WS sets.

GUNNERY RADAR SETS

These are normally designed to form an integral part of their associated fire-control equipment.
To be of value a gunnery set must be able to range on targets beyond the maximum range of the
guns with which it is associated, and it must have good accuracy and discrimination in both range
and bearing. Range accuracy depends largely on the design of the display unit. Bearing accuracy
depends largely on aerial design, and, owing to topweight considerations in ships, better bearing
accuracy is obtained at the higher frequencies.

The original gunnery sets operated on a wavelength of 50 centimetres. At this wavelength bearing
discrimination was poor and it was not practicable to use an aerial giving the narrow beam in the
vertical plane necessary to determine angle of elevation. In the later sets operating on the shorter
wavelengths (10 and 3 centimetres) the bearing discrimination is far superior, and azimuth and
elevation bearings can be determined to an accuracy of about +/-5 minutes.

Gunnery sets fall into the four following main categories.

(a) GS (Gunnery Surface) sets which are used for the control of main armament in
battleships and cruisers, supplying range and azimuth bearing. The most recent
development is an auxiliary set giving complete plan display of fall of shot round the
target so that quantitative spotting for both range and line can be carried out in blind fire.

(b) GA (Gunnery Aircraft) sets are used for control of long-range H.A. armament in large
ships and for control of both H.A. and L.A. armament in small ships. The early sets
supplied only range and azimuth bearing; later sets supplied in addition angle of elevation.

(c¢) GC (Gunnery Close Range) sets are used for control of close range H.A. armament.
Such sets are only required to range on targets out to about 8,000 yards. The original set,
Type 282 operating on 50 cm., supplied only range and azimuth bearing. The later set,
Type 262 operating on 3 cm., searches automatically for a target in a preselected space;
when a target is picked up in the space thus searched the aerial ' locks on ' to the target and
the set provides automatically all the necessary data.

(d) GB (Gunnery Barrage) sets are used for control of barrage fire of the main armament
in cruisers and secondary armament in battleships, one set being fitted for each turret to
be controlled. The present Type 283 is similar to Type 282.



TECHNICAL DEVELOPMENT AND PRODUCTION 3
Radar Displays

Two basic types of radar display were used during the Second World War, the ' A ' display and
Plan Position Indicator (P.P.I.). From time to time variations of these two basic types were
introduced.

The ' A' display was the original type used with British radar. In this display a trace, usually
horizontal, was used on which echoes caused vertical deflections. The characteristics of echoes
from different objects vary, and so the appearance of the echo on the ' A ' display could be used
to a certain extent to classify the type of target. Thus, with a WA set the echo can give the operator
an indication of the number of aircraft in a raid, and by noting the amplitude, an estimate of their
height can be made.

In warning sets the ' A ' display has two main disadvantages: firstly the aerial must be stopped to
read the bearing of any target, and secondly, if the radar has a narrow beam, there is a possibility
that an operator may fail to detect for several sweeps the echo from a fresh target. For these
reasons the ' A 'display is obsolete as the main warning display, being displaced for this purpose
by the P.P.I.

The advantages of the P.P.I. over the ' A ' display are that the relative positions of all targets can
be readily seen and that the aerials do not have to be stopped to make a report of the target. The
use of the P.P.I. enables a higher rate of reporting to be maintained and there is greater reliability
in the detection of fresh targets. On the other hand, as the echoes on the P.P.I. are uniform in
brightness, it is not possible to classify targets from the appearance of the echo as can be done
with the ' A ' display, although land can usually be recognised by its irregular shape.

A development of the P.P I, the Skiatron, is often fitted with WA sets. The skiatron presents a
picture similar to that of the P.P.I. except that the picture is much magnified and is projected on
to a screen, the screen itself being suitable for plotting.

Modern warning sets whose main operational display is the P.P 1. are often fitted with an auxiliary
type of display called the Sector display (or, sometimes erroneously ' R ' display). The Sector
display has the advantages of the ' A ' display without the disadvantage of having to stop the aerial
to observe a target. By means of a Sector Selector the echoes on any one bearing can be displayed
momentarily on an' A ' display as the aerials sweep through the selected bearing, giving as it were
a " photographic still " which lasts for about 6 seconds. The Sector display has many applications
such as height-finding, classification of target and accurate ranging, for the echo characteristics
can now be examined while the set continues to carry out all-round searching.

As gunnery sets are normally required to give accurate range and bearing of a target whose
approximate position is already known, the ' A ' display, or some modification of the ' A' display,
is generally all that is required with these sets. An exception is the ' B ' display which is used for
splash-spotting for L.A. firing. The ' B ' display gives a plan display of a small pre-selected area,
say, 2,000 yards long by 20° wide.

Accuracy of Radar

The accuracy of radar range depends largely on the accuracy with which the operator can read off
the range of the echo on the display. This in turn depends on the steepness with which the front
edge of the pulse rises (the steeper the rise of the pulse the more clearly defined is the leading edge
of the echo, and therefore its range), and what is of greater importance, on the amount by which
the trace itself is expanded or magnified (the greater the expansion of the trace the more easily can
the operator compare the echo with the range scale). In modern equipments it is usual to expand
only a short portion of the trace,
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the operator being able to select the portion that is to be expanded. The range accuracy of displays
varies from about 1 mile for WA sets to about 10 yards for the latest gunnery sets.

The bearing accuracy, on the other hand, is largely dependent on the aerial design; in general, the
narrower the beam of radiation the more accurate is the reading of bearing. The most accurate
bearing is obtained, however, by the use of the beam-switching system, in which case an' A"’
display or meter display must be used. If there is no beam-switching, then the bearing can be read
from either an ' A ' display or P.P.I., the latter giving a slightly more accurate reading.

Factors Affecting Performance of Radar

A number of factors affecting the performance of radar are explained below, and they must always
be borne in mind.

GROUND WAVE

This obscures the early part of the trace so that no echoes from targets within a certain distance
of the radar can be detected. The extent of the ground wave is a function of the pulse length; in
general, the shorter the pulse length, the closer can targets be followed by radar.

MAXIMUM RANGE OF DETECTION

Under normal conditions radar cannot detect objects much beyond the optical horizon and this
limits the detection range against ships and low-flying aircraft. The range of detection of aircraft
above the optical horizon is a function of the power output and overall sensitivity of the set.

The range of detection is also affected by the inclination of the target, a better response being
received from a beam-on target than from an end-on target.

IRREGULARITY OF THE PLOT OF A TARGET

This arises from the combined inaccuracies of range and bearing. When the plot is irregular
several readings of range and bearing are required before the target's course and speed can be
accurately deduced. Gunnery sets giving a very accurate range and bearing give a good plot more
quickly than warning sets.

DISCRIMINATION

The range discrimination and bearing discrimination jointly largely determine to what extent it
is possible to distinguish between adjacent targets; in the extreme, the echo from one target will
obscure the echo from another. The best discrimination is obtained by a set which has a narrow
beam and a short pulse length. On the display the short range scale gives better range
discrimination than the long range scale.

UNWANTED ECHOES

These are obtained from time to time, and they may confuse the radar display and impede
reporting. The principal unwanted echoes are described below.

(a) Side echoes, which are caused by subsidiary beams of radiation. A large target at close
range may give rise to several echoes on different bearings due to such subsidiary beams.
Aerial siting may affect these subsidiary beams though they are usually unavoidable
except at very high frequencies and using large aerials.

(b) False bearing echoes, which are caused by reflections off own ship's superstructure or
rigging and are worse with high-power centimetre sets.

(c) Land echoes, which tend to obscure echoes from other targets. Land echoes are

particularly troublesome in the case of sets having either a wide beam or subsidiary beams
of radiation.
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(d) Double reflection, which is most likely to occur at close ranges using a high-power
centimetre set; a single target gives rise to two echoes, one at twice the range of the other.

(e) Rainclouds and cold fronts, which sometimes give echoes rather like large land
masses.

(f) Birds, which can give echoes of a weak and fluctuating nature.

(g) Wave-clutter, which is caused by reflections from waves. The resulting confused
echoes, or clutter, can extend out to several miles on the trace on a rough day in the case
of a high-power centimetre set. The presence of clutter makes difficult the detection of
nearby targets.

ROUGH WEATHER
The performance of radar, especially of WS sets, may be adversely affected by rough weather.

(a) The roll and pitch of the ship tend to lift the radar beam clear of the horizon and thus
reduce the performance against surface craft. This is countered either by designing the
aerial to give a broad vertical beam or by stabilising the aerial.

(b) Heavy swell makes the detection of small targets difficult due both to the excessive
clutter on the trace and to the fact that the swell may at times actually obscure the optical
line of sight. This can be alleviated by the use of a device to reduce the clutter on the trace.

ATMOSPHERIC CONDITIONS

The performance of radar sets, especially the centimetre sets, may differ markedly from normal
under certain atmospheric conditions. Such conditions give rise to the phenomenon of anomalous
propagation. When anomalous propagation occurs the range of detection against surface craft may
be greatly increased or, less commonly, reduced. With the present state of knowledge it is not
possible to do more than to say in what regions and at what seasons of the year anomalous
propagation is likely to occur.

Interference by W/T and Voice Transmissions

W/T and voice transmissions, especially in the higher frequencies, in own ship or in the vicinity,
may cause serious interference to the radar. This trouble can be alleviated by choosing a suitable
communication frequency and, occasionally, by resiting the communication aerials; sometimes
special filters in the radar aerials feeder have proved efficacious. Equally, radar can cause serious
interference with communications in own ship. To reduce such interference a device known as
a radio interference suppressor is fitted to most communication receivers.

Interception of Radar Transmissions

Radar transmissions can be intercepted, and D/F'ed in the same way as W/T. It is, however, much
less 'dangerous' than W/T because of the very short wavelengths employed and the fact that the
energy is concentrated into a directional beam instead of being an all-round transmission.

Radar Countermeasures

Certain countermeasures can be adopted against radar. The principal countermeasure is jamming,
i.e., deliberate radio interference by the enemy; this confuses the radar display making it difficult
to detect echoes through the jamming signals. Jamming only occurs when the radar aerial is
trained in the direction of the jamming transmitter. "Window" is produced by a 'cloud' of strips
of metal foil, cut to a length corresponding to the wavelength of radar set; this 'cloud' obscures a
portion of the radar trace on the particular bearing. Various Radar Decoy devices have been used,
the echoes from which are intended to distract the attention of the operator from more important
targets or to obscure the target echo completely.
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Maintenance of Radar Equipment

The radar set is a complicated instrument, and as such it is important to realise it requires regular
inspection and servicing. If full confidence is to be placed in radar the possibility of complete
breakdown, or even a deterioration in performance, must be reduced to a minimum. And this can
be achieved only if the services of specially trained maintenance staff are constantly available.

Radar should not be considered purely as an automatic device. To obtain the best results operators
must be thoroughly familiar with the sets they have to operate; this can be achieved only by
making the operators use their sets at regular and frequent intervals. If the best use is to be made
of all the radar fitted it is essential that the users of radar information should be well acquainted
with the capabilities of radar and the various factors that influence performance.

WARNING RADAR

Naval warning radar sets can be divided into two groups, sets operating in the frequency range 40
to 200 Mc/s, and sets operating in the frequency range 3,000 to 10,000 Mc/s. During the Second
World War there was a sharp division between the two groups in the development of aerial,
transmitter and R/F receiver techniques, though to a considerable extent the development of
modulator, receiver I/F and display techniques was common to both groups. The information
provided by the two types of sets was complementary; sets in the 40 to 200 Mc/s band, known as
the metre wave sets, provided early warning of aircraft, while sets in the 3,000 to 10,000 Mc/s
group, known as centimetre sets, were put to a variety of uses which embraced warning of low-
flying aircraft, surface warning, accurate height-finding and target indication.

Metre Wave Development

Development of radar before the Second World War was concerned with the one object of
providing some means of detecting aircraft at a range which would give from 10 to 20 minutes
warning of their approach. It was known that high-frequency radio waves are reflected from
aircraft, and though it was not known what frequency actually gave the best reflection it was
believed that the longer wavelengths were more efficient. The choice of frequency was, however,
largely determined by consideration of the type of aerial required. It was necessary to determine
the bearing of the aircraft and it was decided to use a directive beam from a rotatable aerial array.
As the size of the aerial array which could be mounted in a ship was limited by considerations of
weight and windage, a frequency of 39 Mc/s was considered to be the lowest frequency
compatible with a suitable design of aerial. Also, transmitter and receiver valves for this frequency
had already been developed, making possible the high peak-power pulse transmitter and the
sensitive receiver necessary for radar.

The characteristics of the first naval warning radar, Type 79, were as follows:

The peak power output was 70kW with a pulse length variable between 8 and 30
microseconds.

The echoes were displayed on a range-amplitude display, on which the range of the target
was read off against a scale calibrated in miles.

Bearing was determined by rotating the aerials and setting them in the direction which
gave maximum echo amplitude; the target bearing could then be read off an aerial bearing
indicator.

A more accurate estimation of bearing could be obtained by noting the bearings for zero
signal on each side of the echo bearing and taking a mean of these two bearings, and this
process was known as bracketing



Figure I. Type 79 aerial
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The aerial developed for this set was of importance because it served as a pattern for other metre
wave aerials. A photograph of the aerial is shown in Fig. /. The aerial dipoles were mounted on
a pole-mast which could be rotated. This array was eminently suitable for shipborne use since it
could be conveniently mounted at the masthead, thus giving a clear field of view in all directions.
It was also of a light type of construction and had small wind resistance. Separate identical aerials
were used for transmission and reception, one being mounted at each masthead. A selsyn
transmission system was used to rotate the aerials, both being driven from a hand-turned selsyn
in the radar office. Open-wire feeders to the aerials were used, the last section being flexible
giving the aerials 400° of rotation. The aerial horizontal radiation pattern, which was broad by
modern standards was, however, sufficiently directive to give a bearing accuracy of some 5° on
a target.

Only three of these sets were fitted in the Navy by September 1939. One of them was fitted in
H.M.S. Curlew, a cruiser specially adapted as an anti-aircraft ship.

Though Type 79 achieved the prime objective of detecting enemy aircraft in time to warn the fleet,
the further possibilities of radar were quickly realised. The next stage of development was the
provision of accurate range and bearing of the target in order to direct the fire of anti-aircraft guns
at targets within some seven miles of the fleet. Accurate ranging was fairly easily achieved by the
addition of a special ranging display to the Type 79, the set then being known as Type 279. It was
considered, however, that accurate bearing could not be achieved on this frequency with a
shipborne set. The use of a switched beam technique was considered essential to obtain the
necessary bearing accuracy without appreciably increasing the aerial size, and this could only be
achieved by developing a set on a much higher frequency. The frequency chosen, 90 Mc/s, was
considered to be the lowest frequency for which a satisfactory aerial incorporating a switched
beam could be developed. The new set was known as Type 281 and its aerial, which was similar
to the Type 79 aerial, is shown in Fig. 2. The transmitting aerial was fed symmetrically, but the
receiving aerial had beam-switching applied. By this means a bearing accuracy of +/- 1/2 degree
was obtained. The use of this higher frequency resulted in an inherently narrower azimuth beam
width, which in turn increased the gain of the aerial system. This reduction in azimuth beam width
was of advantage since it increased the discrimination of the set against targets at the same range,
but of different bearings. It also improved the bearing accuracy without beam-switching to 2
degrees.

One very important characteristic of metre wave radar is the vertical coverage diagram. It was
realised at the inception of radar development that an interference pattern would be formed by
reflection of radiation from the surface of the sea. At 43 Mc/s, and with the radar aerials 110 feet
above sea level the path difference between the direct path and the path formed by reflection at
the surface of the sea varied from practically zero at maximum range to about 10 wavelengths
when the target was directly above the radar. This meant that with aircraft closing the set the
received signal passed through a series of ten maxima and minima. A vertical coverage diagram,
constructed for a 90 Mc/s set with an aerial height of 120 feet, is shown in Fig. 3 overleaf.

With metre wave sets, first detection of an aircraft is normally obtained somewhere on the contour
representing the bottom of the first lobe. Fig. 3 has plotted on it this lowest contour for the 43
Mc/s set with an aerial height of 120 feet. Comparison of the lowest contours for the two sets
shows that the increase in frequency from 43 to 90 Mc/s affected the range of the air warning in
some respects. The detection range on aircraft flying at heights less than the height of the tip of
the first lobe was improved but high cover was sacrificed,
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and aircraft could fairly easily fly over the top of the first lobe, not being detected until reaching
the second lobe at a very much reduced range. This situation was further aggravated by the use
of beam-switching which reduced the effective sensitivity of the receiver aerial. With the
introduction of the 600 Mc/s series of sets for fire control which made the provision of fire-control
facilities on early warning radar redundant, the beam-switching facility on the 90 Mc/s aerial was
removed.

Both of the air warning sets described so far were only suitable for installation in large ships, of
the size of cruiser or larger. They required transmitting and receiving offices of some size. In their
original design both these sets required two masts to carry the aerials; later, common T and R
switching was introduced so that one aerial could be used both for transmission and reception.
This modification permitted the fitting of two air warning sets in some of the larger ships: It was,
however, necessary to provide air warning for small ships. Sets had to be developed with lighter
aerials and utilising considerably less offlce space. Equipments were developed on 214 Mc/s for
this work. An early aerial is shown in Fig. 4, in which the aerial was not rotatable but the ship was
swung to face the direction which it was required to search. This set, Type 286, employed beam-
switching on the receiving aerial. Type 286 was later replaced by Type 291, having an aerial
which was simply a scaled down version of the 90 Mc/s aerial. In order to reduce topweight,
common aerial working was developed for these sets.

Surface Warning Equipment

Although the main purpose in view for radar development up to and during 1940 had been the
provision of adequate air warning, the value of being able to detect surface vessels had not been
forgotten. Now the 43 Mc/s set did not yield any useful range on surface craft, but the 90 Mc/s set
with its higher frequency and greatly increased transmitter power -- 350kW peak as compared
with 70kW peak -- did provide useful ranges. At 90 Mc/s, however, the performance decreased
rapidly as the target size decreased, a range of about 10 miles being possible on a cruiser whereas
the range on a trawler was only about four miles. It can be shown that, in general, the shorter the
wavelength of the radar the greater is the field strength near the surface of the sea.

In the autumn of 1940 the problem of detecting small surface targets became acute. Very high
priority was therefore given to the production of a radar set which would give warning of approach
of a surfaced submarine. The sets already developed on the metre-wave band were not suitable
for the detection of very small targets on the surface and it was considered that the best solution
would be obtained by use of the highest possible frequency. Because development had to be
completed as quickly as possible a frequency of 3,000 Mc/s, which had recently been made
available for radar owing to the development of the resonant cavity magnetron, was chosen.

Two development programmes were taken in hand simultaneously. The first, a short-term
programme, utilising all existing information, was to develop and produce within six months a
3,000 Mc/s set which could be fitted on convoy escort ships. The second, a long-term programme,
aimed at developing valves, aerials and a modulator capable of giving a high-power set in the
centimetre waveband.

The set produced under the short-term programme (Type 271), used the original type of resonant
cavity magnetron as the transmitting valve, which, with 1 1/4 microsecond pulse, gave a peak
power output of SkW. The use of this very high frequency made it possible for an aerial to be
designed giving a very directive beam. It was, however, necessary to develop an aerial system with
a wide beam in elevation to compensate for the roll or pitch of the vessel, but with a narrow beam
in azimuth to give accurate bearings and good bearing



10 RADAR

discrimination. The form of aerial chosen was a dipole fed, metal parabolic reflector of the
"cheese" type. To ensure that the maximum energy was " focused " by the parabolic cheese, a
small dipole reflector was fitted in fronts of the radiating dipole. A photograph of such an aerial
is shownin Fig.5.In Type 271, separate, identical, aerial systems were used for transmission and
reception, the two cheese aerials being mounted one above the other.

In order not to sacrifice too much performance due to the losses in the coupling cables, the
attenuation at this frequency even in the best cables available being high, it was necessary to
mount the transmitter and the early stages of the receiver immediately behind the aerial (see Figs.
6 and 7). In order to make the whole aerial system, with transmitter and receiver, weatherproof,
the whole assembly was placed inside a lantern fitted with perspex windows.

Although the transmitter power available in this set was low compared with that of the metre-
wave-band sets, the trials of the first set proved it capable of detecting submarines at useful
ranges. The low transmitter power was to a large extent offset by the very large aerial gain
obtainable by the use of parabolic reflectors.

A demand arose for the installation of a set in the larger fleet units to provide general surface
warning as well as anti-submarine protection. Because the roll and pitch of the large ship is not
so serious as in escort vessels. it was decided to use an aerial system with a higher gain for this
application. Instead of "cheese" type aerials, two 3-foot diameter paraboloids placed side by side
were used. The performance of the set, known as Type 273, was further improved because it was
possible to mount it higher above the water than in escort vessels.

While the development of a new surface warning set on 3,000 Mc/s was under consideration a
new magnetron became available. In this valve the efficiency had been increased by strapping of
the segments. This new magnetron made possible the design of a transmitter of some 90kW peak
power.

As the new set, Type 271Q for small ships and Type 273Q for large ships, was wanted as a direct
replacement for the original set it was necessary to design it to occupy the same space. The aerials
were identical with those used previously; a front view of the Type 273Q aerial is shown in Fig.
8. Owing to the increased transmitter power, however, the use of a cable feed to the transmitting
aerial became impracticable. The transmitting aerial was therefore altered to a waveguide feed
with a horn acting as radiator at the focus of the mirror. This was the first use of waveguide
technique in naval radar.

The final model of the new surface warning set, using the same size of aerials, was capable of
ranges on surface targets 50 per cent greater than the set it was replacing. Operational experience
had shown, however, that even in large ships the roll of the ship could significantly diminish the
performance of the set. It was therefore decided to fit a simple form of stabiliser to the paraboloid
aerials to stabilise them in elevation along the line of sight.

Low Air Cover

Controlled interception of fighters, using radar to give an instantaneous position of both the enemy
and friendly aircraft, was an operational technique that had been firmly established both on shore
and at sea by 1943. There was, however, one fundamental weakness in the radar cover provided
by the metre-wave air-warning sets: insufficient warning of approach of low-flying aircraft.

As shipborne radar is limited to a maximum aerial height of about 150 feet no appreciable
improvement in detection ranges of low-flying aircraft could be obtained using metre-wave
equipment. Attention was therefore directed to centimetre waves. Some trials of the 90kW 3,000
Mc/s surface warning set had shown that it was possible to detect large low-flying aircraft at
useful
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ranges. It was, however, very difficult to locate the aircraft using the range-amplitude type of
display unless the bearing of the aircraft was known. These trials showed that two improvements
were necessary to give a satisfactory low-air-cover set; firstly, higher power in order to improve
first-detection ranges and, secondly, the provision of a more suitable type of display.

The development work on 3,000 Mc/s had by this time resulted in the production of an equipment,
known as Type 277, giving a 2-microsecond pulse with a peak power of S00kW. This equipment
had been primarily developed as a surface-warning equipment and, in the first instance, was used
in a trailer installation intended for harbour guard duties. Later, an aerial was developed for
shipborne use. Trials of this equipment showed that the Plan Position Indicator, fitted to a naval
set for the first time, overcame the difficulty of detection caused by the very narrow beam.

Very considerable advances in waveguide technique were also stimulated by the problems
encountered during the development of this set. With transmitters of such high power the only
type of aerial feeder which could be used was a waveguide. In addition, it was decided to develop
acommon T and R aerial system for this set in order to enable larger aerials to be fitted within the
limitations imposed by space and weight in a ship. For the trailer equipment a large "cheese" type
aerial was designed. The aerial was mounted on the roof of the cabin in which the radar set was
fitted. The whole cabin was rotated, thus avoiding any difficulties in providing a means of rotating
the aerial waveguide relative to the standing portion of the waveguide. Such an arrangement was
not practicable in a ship, and it was necessary to develop a rotating joint for the waveguide so that
the aerial above could be rotated continuously. A 4ft. 6in. diameter paraboloid was chosen as the
reflector for the ship aerial as this required a very much smaller circular space in which to rotate
than a "cheese" type aerial of comparable gain. The paraboloid reflector was fed at the focal point
by a flare. The aerial was power-driven and the waveguide rotating joint was designed to give
continuous uni-directional rotation. This was of considerable advantage for use with a P.P.I. as
it gave a smoothly painted display. The aerial was also stabilised along the line of sight as had
been the large ship version of the previous set. A further advantage of waveguide feed to the
aerials was the low transmission losses. This enabled the transmitter and receiver to be installed
some distance from the aerial and made unnecessary the use of an aerial lantern. As a surface-
warning and low-air-cover set this equipment was fitted to both escort ships and the larger fleet
units early in 1944. A photograph ol the aerial is shown in Fig. 9.

Fighter Direction--Height-Finding

The requirement for the direction of fighter interceptions from ships resulted in demands for radar
information in a new form. The most important aspect of this operational technique was the
establishment in a ship of an information organisation of which radar formed an integral part.
Originally, radar displays were installed in the radar offices with the sets, but to meet the needs
of fighter direction the displays had now to be centralised, being fed from the distant radar set.

In the large ships three sets were directly concerned in the fighter direction organisation, Type 79,
Type 281 and Type 277. Two metre-wave sets were fitted because it could be arranged that the
gaps between the lobes of one set could be filled by the lobes of the other, thus ensuring
continuous long-range air-warning. In order to allow for the installation of both these sets in one
ship they were modified for common T and R working. Type 277 provided warning of low-flying
aircraft and filled the gap below the bottom lobe of Type 281.
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The P.P 1. display was the display used for warning purposes; several displays could be fed from
one set and were located wherever the information was required. In order to obtain a good P.P.I.
picture with Type 281, this set was fitted with a slip-ring feeder system allowing for continuous
rotation. Owing to its broad horizontal beam it was not considered practicable to use a P.P.I.
display with Type 79. In this case it was necessary to continue with the old method of passing
reports from the radar office to the Aircraft Direction Room. For interception purposes a skiatron
was installed in the Aircraft Direction Room; this was usually fed from the Type 281. Sector
displays were also fitted, usually in the Radar Display Room, and were used to provide the
information that could only be obtained from the range-amplitude type of display,i.e., estimation
of number of aircraft in a group, interrogation and echo-amplitude for height estimation.

Two sources of height information were available. A rough estimate of height could be obtained
using the metre-wave sets, by observation of the variation of echo-amplitude with range; and
secondly, at close ranges only, an accurate height could be obtained by elevating the aerial of Type
277.

Accurate height-finding by Type 277 was troublesome because it was difficult to search for a
target both in azimuth and in elevation using a narrow beam aerial system. In order to provide
target-bearing information at the Type 277, a P.P.I. was modified to have an additional cursor in
front. This cursor was driven in bearing by the aerial of Type 277. The P.P.I. was fed from Type
281. The Type 277 was trained until the cursor on the P.P 1. coincided with the target, then the
operators were able to search in elevation in the knowledge that the set was trained on the right
bearing.

GUNNERY RADAR

In the early stages of the Second World War, the only radar sets fitted were WA sets, in
battleships and cruisers. These sets were Type 279 working on 7 metres and Type 281 on 3 1/2 -
4 metres. For aircraft-warning accurate range was not required, and therefore to provide accurate
range for fire-control the GL Mark 1 ranging equipment, developed for the Army, was added to
the Naval WA sets.

The use of WA sets for fire-control suffered from three serious disadvantages:
(1) When the WA set was used for fire-control the ship was left without air warning.
(2) Only one target could be engaged at a time.
(3) WA sets were too curnbersome for fitting in destroyers.

Type 280 working on 3 1/2 metres was fitted in H.M.S. Carlisle and a few special anti-aircraft
ships. Type 280 consisted of a modified GL Mark 1 with a special aerial system mounted at the
masthead.

Because of the number of directors in a modern warship it was evident before the war that it
would be necessary for each director to carry the aerial for its own radar. Further, in view of the
probability of multiple targets and of the necessity for ensuring that the radar is ranging on the
same target that the layer and trainer are tracking, a narrow beam is clearly required. Therefore,
it was recognised that for gunnery purposes the shortest possible wavelength must be used.

50 cm. Gunnery Radars

By 1940 the successful development of a new valve for pulsed transmitters, giving a peak output
power of 25kW on a wavelength of 50 cm., made possible the design of a gunnery ranging set
whose aerials were sufficiently compact to be fitted on a director.

Type 282, the first of the sets working on a wavelength of 50 cm., had an aerial that could be fitted
on the lightweight director used for close range
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weapons. The Yagi type of aerial was used, and, initially, separate aerials were used for
transmission and reception. With this set a range accuracy of +/-50 yards was possible and aircraft
could be picked up at distances of from 6,000 to 7,000 yards. A photograph of the aerial is shown
in Fig. 10.

In November 1940 trials were conducted on a long range A.A. fire-control set, Type 285, which
also worked on 50 cm. Type 285 had a larger aerial array than Type 282, and was designed to fit
on the H.A. director. As in Type 282, the aerial array was designed to elevate with the line of sight
of the director so as to point at the target. Type 285 could provide ranges on aircraft out to about
17,000 yards to an accuracy of +/-150 yards.

In June 1940 trials were carried out on a low angle fire-control set, Type 284, which also worked
on a wavelength of 50 cm. The aerial array of this set consisted of two 24-dipole broadside arrays,
one for reception and one for transmission, each fitted with a 21-foot long parabolic cylindrical
mirror (the length of the mirror corresponded to the length of the visual range finder also fitted
on the director control tower). Type 284 could range on a battleship at about 20,000 yards to an
accuracy of +/-120 yards.

The first 50 cm. radar range finders were fitted at the end of 1940 and these produced a very
marked improvement in the accuracy of surface fire. Against aircraft, however, the improvement
was not so marked, because the prediction equipment fitted at that time could not take full
advantage of the great increase in accuracy and continuity of the range data available. Another
important factor that gave rise to the inaccuracy of anti-aircraft fire at that time was the "dead-
time" interval.

Auto-Barrage Unit

In order to reduce the prediction errors and to overcome the difficulty of "dead-time" it was
decided to introduce a system of barrage fire in which the fuses were set to a predetermined time-
of-flight corresponding to some chosen range between 1,000 and 5,000 yards. The range and
range-rate of the target were determined by radar and the guns were fired automatically when the
target arrived at the correct range. Bearing and elevation still had to be determined visually.

The Auto-Barrage Unit, which controlled this type of barrage fire, consisted of a radar display
mounted on top of,, and operated in conjunction with, a prediction unit. The A.B.U. could be fitted
in addition to the normal ranging panel of Type 285 enabling the Control Officer of the H.A.
director to select either controlled or barrage fire; it could also be fitted as an independent radar
set with separate aerials mounted on a special Barrage director, to control the barrage fire of low
angle guns. In the latter case the complete set was known as Type 283.

Trials of this method proved most satisfactory, showing that at 2,000 yards range a hit could be
obtained for every two four-gun salvos, but, at sea, barrage fire was not liked because it meant that
fire had to be withheld until the target was very close and then there was only one chance of
destroying it.

Improvements to 50 cm. Equipment

All the 50 cm. sets, Types 282, 283, 284 and 285, underwent progressive improvement. Such
improvements were the increase of transmitter output power, increase of receiver sensitivity,
improvement of displays and ranging accuracy and the application of the principle of common
aerial working; this last improvement gave rise to an increase in aerial gain and better bearing
discrimination and was an indispensable step towards the later fitting of beam-switching.
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Remote Displays from WS Radar

By the middle of 1941,a 10 cm. set, Type 271, had been fitted in most battleships and cruisers for
surface warning. This set was found to outrange Type 284 on surface targets and so a remote
display fed from Type 271 was fitted in the transmitting station. The range from this equipment
could be plotted on the fire-control table and, by this means, a solution could often be obtained
at maximum gun range, which was not possible with Type 284. Since the use of Type 271 for fire-
control prevented its use for surface warning, the range from Type 284 was normally used when
available.

Beam-Switching

The experience of the Fleet in using radar led, in 1941, to an urgent requirement for a radar
adequate for purposes of blind-fire; for this, in addition to range determination, the bearing of
surface targets and the bearing and elevation of air targets had to be determined to an accuracy of
a few minutes of arc.

With this in view the WA set Type 281 was fitted with beam-switching, and, though the beam of
this set was very wide, ships and aircraft could be tracked in bearing with an accuracy of +/- 1/2
degree. This, however, suffered from the disadvantages mentioned previously, and was therefore
not much used for gunnery purposes.

Up till 1941, in the fitting of the 50 cm. sets provision had been made to bring the director to the
bearing for maximum signal by means of a remote indicator system, but this was really inadequate
for fire-control purposes. At this stage, because the 10 cm. sets were as yet unable to give
adequate ranges against aircraft, the 50 cm. sets were converted for beam-switching, in bearing
only; it was not considered practicable to convert these sets to give angle of elevation as well
owing to the size of the aerials they would require.

When fitted with beam-switching, Type 284 gave a bearing accuracy of from +/-3 to +/-5 minutes
of arc against surface targets compared with the +/- 15 minutes of Type 285 against aircraft. Type
284 proved a great success in blind-fire against surface targets, but Type 285, so far as blind-fire
was concerned, was only of value against low-flying torpedo bombers. Above all, beam-switching
was of value in assisting the operator to determine which echo, of the several that were usually
present on the radar display, corresponded to the target being engaged by the director.

Radar Training Sight

To facilitate training in blind-fire, Types 284 and 285 were equipped with a remote indicator unit;
with the Type 285 this unit was invariably fitted in the H.A. director, but with Type 284 it was
usually fitted in the TS. Owing to the bulk of this remote indicator unit it was often impossible
to find a position for it in the director convenient for the trainer; for this reason development of
a Radar Training Sight to replace the original remote indicator unit was undertaken.

The Radar training sight, besides being of much smaller size, had the added advantage that the
trainer could view an image of the radar display in one eyepiece of the binoculars, with normal
vision in the other (the radar image could be quickly switched in or out of the field of vision by
means of a simple lever mechanism).

10 cm. Gunnery Radars

It was clear that the only way to attain a useful accuracy in the measurement of elevation was to
use a shorter wavelength. It was not, however, possible to design a 10 cm. equipment with the size
of aerial which could be fitted on existing H.A. directors and which would at the same time give
adequate range performance. Accordingly, the design of a new 10 cm. radar set, Type 275, and
the design of a new H.A. director for it were put in hand; the development
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of the latter, however, of necessity took several years and it was not until early in 1945 that a Type
275 was fitted in a destroyer for trials. This set was the first in which the conical scanning
technique was used. The requirement for this set was that it should be capable of picking up a
target at 36,000 yards and be able to track it accurately below 30,000 yards. Owing to the
limitation on the size of the aerial mirrors, under certain conditions tracking was possible only
under 25,000 yards. As time was insufficient to develop a conical scanning system for the very
high voltages involved in transmissiori (400kW peak power output) a separate aerial had to be
used for reception.

For ranging against surface targets too, everything was in favour of the 10 cm. rather than the 50
cm. wavelength. For the same aerial size a greater range and a better bearing accuracy could be
obtained by using a wavelength of 10 cm. instead of 50 cm. As the existing director control towers
were suitable for carrying the new 10 cm. aerials, the new 10 cm. surface ranging equipment, Type
274, was developed.

Type 274 was designed to ensure adequate signals from destroyer targets at maximum gun range.
It was also hoped that shell splashes would give adequate signals at maximum gun range so that
spotting corrections could be applied in blind-fire. To obtain accurate "blind" bearings, beam-
switching in azimuth was incorporated. The bearing accuracy against small targets was better than
+/-3 minutes, but on large targets such an accuracy was not obtainable. The peak power output
of the transmitter was 500kW, and, because of the difficulties of switching this high power,
separate aerials were used for transmission and reception, beam-switching being applied to the
receiving aerial only.

Radar for Spotting Fall of Shot

For the purpose of spotting fall of shot, Type 274 was fitted with a special display showing 2,000
yards about the target range. By means of this display the operator could estimate fairly accurately
the distance between the target and the Mean Point of Impact (M.P.1.). This device did not,
however, permit the operator to measure the amount of "error for line" of the M.P.L., it being
possible only to estimate roughly whether the M.P 1. was to the ' right ' or ' left, or ' on ' the line
of sight.

The " error for line " of the M.P I. can only be measured accurately on some form of plan position
indicator. In order to provide this facility the development of a new equipment (Type 931) was
undertaken in Canada but was not completed by the end of the war.

Type 931 was designed for the observation of fall of shot as part of the main armament radar fire-
control system in cruisers and battleships. The general performance of the set was such that it
could be used to provide the primary fire-control data in an emergency. Type 931 worked on a
frequency of 1.25 cm. wavelength at a peak power output of 40kW; " B " display presentation was
used.

TYPE 262

A 3 cm. wavelength set, Type 262, was developed to provide for blind-fire with a twin Bofors
gun-mounting; this mounting was self-contained, i.e. all the equipment, guns, predictor and radar
were on the mounting. Type 262 was not available for fitting until after the war. A photograph of
this mounting with the Type 262 equipment is shown in Fig. /1.

The peak power output of Type 262 was 30kW. A single aerial was used for transmission and
reception. Conical scanning was used and achieved by rotating the mirror itself, the mirror axis
being skewed from the axis of rotation.

The requirement for Type 262 was that it should pick up a target at 7,000 yards range and be able
to track it in all three co-ordinates, sufficiently
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accurately for fire-control purposes, by the time the target has reached 5,000 yards.

As Type 262 is essentially a close-range set it was essential that a target should be picked up
within a few seconds, and because the bearing and range indications of a target may be in error
by as much as 50 and 500 yards, respectively, and because of the narrow pencil beam of this set,
it was decided that it would be necessary to provide for searching a volume of sky mechanically.
In order to do this with the certainty of picking up the target in the shortest possible time, it was
considered that the " search and lock on " must be entirely automatic, the normal manual search
procedure used with earlier sets being too slow and unreliable.

Type 262 works as follows. When a target has been indicated to the Type 262 it scans 30° in
azimuth, the aerial being elevated 3° at the end of each sweep; at the same time the set explores
the space to a depth of 750 yards either side of the indicated range. Once the target has been
picked up the aerial automatically "locks on" to the target and the predictor runs into alignment
with the mirror axis; the guns then automatically follow the predictor.

Target Indication

The introduction of narrow beam gunnery radar sets, i.e. Types 275 and 262, stressed the necessity
for an efficient Target Indication system. Because of their narrow beams these sets were quite
unsuitable for the purpose of searching for a target and they had to be provided with up-to-date
and accurate indications before they could find the target.

Ideally, the indications required are range, bearing and angle of elevation. Hitherto, it has not been
possible to design a Target Indication set capable of providing angle of elevation in addition to
range and bearing.

The target indication set, Type 293, was first introduced into the Fleet in 1944. The set was
designed to detect both air and surface targets in the immediate vicinity, to give the Target
Indication Officer an up-to-date picture of the tactical situation and to provide facilities for the
rapid indication, by instrument, of range and bearing of targets to the various fire-control
positions.

Type 293 worked on a wavelength of 10 cm. at a peak power output of S00kW . The main display
consisted of a Plan Position Indicator mounted in a Target Indication Unit (T .1.U.); in conjunction
with the T .I.U. were fitted Sector Selector panels. The T.I.U. was used to transmit bearing and the
Sector Selector panels were used to transmit range to the various fire-control positions.

In its later, modified, form Type 293 gave warning of aircraft flying at heights of from 200 to
20,000 feet, up to a range of about 25,000 yards; its performance against surface targets
approached that of Type 277. Range and bearing could be passed with an accuracy of +/-500 yards
and +/-2° respectively.

DISPLAYS

As the simplest type of display is one in which the amplitude of the signal is displayed against
time or range, a tube for use in an oscillograph is fairly suitable. Commercial tubes of this type
were used in the first radar sets. As radar sets became more elaborate, the demands on the tube
became greater, and special tubes had to be designed, because Plan Position Indicators (P.P.I.)
demand long-afterglow screens. Tubes used in fire-control display units are required to have a fine
focus, and in addition they must be suitable for certain very special types of intensity modulation.

The first display unit, designed in 1939, contained a C.R. Tube using about 1kV h.t. The need for
good focus and high brightness in tubes used in precision fire-control equipment resulted in the
h.t. being raised to 5kV, at which figure it has remained for that type of tube. P.P s initially used
5kV, but with the
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introduction of the electrostatically focused model the h.t. was raised to 7.5kV and the tendency
is to use still higher voltages.

In naval equipment it has been the rule to run the tube with the third anode at earth potential. This
complicates the design, but allows the operator to touch the face of the screen with impunity.

C.R.Ts are often located in compartments where a high level of illumination is necessary. This
results in a demand for tubes which can be viewed under such conditions. Most of the non-
afterglow tubes are provided with screens giving green traces, and it is customary to view these
traces through a green filter. This reduces the effect of external lighting, as light which causes
reflections from the screen has to pass through the filter before it gets to the observer's eye.
Afterglow screens are also viewed through suitably coloured filters, in which case the filter
reduces the effect not only of external light but also of "flash" if a two layered screen is used.

Where no great precision is required, measurements can be made on the tube face. When,
however, high accuracy is demanded it is more satisfactory to use the tube as a means of
comparing two voltages or currents. This technique is almost always adopted in precision
equipments.

In naval radar every effort is made to keep the number of types of displays to a minimum. This
policy eases the stores problem and makes for satisfactory manufacturing conditions.

Range-Amplitude Presentations
RANGE-AMPLITUDE DISPLAYS

The range-amplitude display is a display in which range is presented parallel with one axis of the
C.R. Tube, usually the X-axis, and amplitude of the received signal is presented parallel with the
other, usually the Y-axis This type of display, which was the first type to be developed and was
the sole display of the first naval radar set, is always fitted in naval equipments because it is
necessary for tuning the set and also acts as a standby in case of damage to the more elaborate
systems.

The range-amplitude display provides much useful information which cannot be presented on
other types of display. For example, the appearance of the echo returned from a group of aircraft
can sometimes be used to estimate the number of aircraft in the group; also, when used with
metre-wave radar, observation of the variation of echo-amplitude with range can sometimes be
used for the purpose of estimating the height of an aircraft.

When the simple type of range-amplitude display is the only type of display fitted with a radar set,
the direction of a target can be determined, but only approximately, by rotating the aerial until the
signal-amplitude is a maximum.

In the first naval radar set the C.R. Tube was of the gas-focused type. The time-base was produced
by applying the alternating supply voltage, which also was supplied to the transmitter, to a
deflection coil which provided the horizontal deflection on the C.R. Tube. This system, although
simple, suffered from the disadvantage that the picture on the tube drifted to and fro to an extent
that was troublesome. In this early set this defect in the display system was overcome by
replacement of the existing X-deflection by a conventional, triggered, valve, time-base. This latter
system is now standard practice for all range-amplitude displays.

Since 1941 the range-amplitude display unit has remained virtually unchanged and has been fitted
in almost all warning radar equipments built since that date. It consists of a 6-inch C.R. Tube
electrostatically focused. In early naval fire-control equipment a 12-inch tube, also electrostatically
focused, was employed with a cursor mounted in front which could be moved mechanically
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to cut the leading edge of the echo. The range obtained was transmitted automatically by a data
transmission system. This scheme using a cursor suffers from many drawbacks, and was
abandoned in favour of a properly designed precision system.

PRECISION RANGING SYSTEM

A considerable amount of thought was given in 1941 to the development of a system that would
give very accurate ranges, and would at the same time be simple and easy to manufacture. For this
reason it was important that a conventional type of tube should be employed. Such a system was
developed, the basic ideas of which have been embodied in all subsequent British naval precision
ranging equipment. In this system two traces, a few millimetres apart, are displayed. The upper
trace shows the ground wave and echoes as in the conventional range-amplitude display, except
that a small portion is considerably speeded up. The lower trace is identical with the top trace, but
in place of signals it shows calibration pips. The unit is so designed that the expanded portion of
the trace can be readily selected and at the same time the same calibration pip remains in the
centre of the expanded portion at all times. The setting of that calibration pip against the echo
results in the correct range of the target being given. A feature that is of considerable operational
importance is that the range taker can see the whole picture from zero to maximum range.

As fire-control equipment grew more complicated it became necessary to adapt the ranging system
to meet new requirements. The new precision ranging display differed from the old type in that
the lower trace was renewed and that the calibration pip was replaced by a bright spot on the
actual trace. When used for ranging this bright spot is set on the leading edge of the echo.

PRECISION BEARING AND ELEVATION DISPLAYS

In precision equipment the accuracy is usually obtained by swinging or switching the aerial beam
at high speed and comparing the amplitude of the signals obtained with the beam in two different
positions. In naval equipment the "side-by-side" or "switched" display is usually used. This
display is a range-amplitude presentation on which the two echoes, side by side, represent the
responses from the target in the two positions of the aerial beam.

Plan Displays
PLAN POSITION INDICATORS

It soon became apparent that range-amplitude displays do not make full use of all the data
available from warning radar sets. The year 1942 saw the introduction to the navy of P.P.Ls. In
a P.P.I. aradial time-base is employed, range being measured from the centre outwards, the time-
base being so arranged that it rotates in synchronism with the aerials. In the absence of signals the
trace is invisible, echoes being made to brighten the trace. The P.P.I thus builds up a radar map
of the neighbourhood. A C.R. Tube with an afterglow screen is used.

The extensive use of P.P.I.s on board ship brought to light the need for careful magnetic screening
of the tube. It is necessary to guard against deflection of the spot caused by the degaussing coils
in the ship, and against changes in the local magnetic field when the ship alters its position in the
earth's magnetic field. The amount of screening required varies greatly, depending on the position
of the instrument.

Early models of naval P.P.I.s used electro-magnetically focused C.R. Tubes, the deflecting system
being also electro-magnetic. The design of existing tubes is such that careful lining up of the
focusing coil, the deflecting coil and the tube is necessary if a well-focused spot is to be obtained.
Under
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Service conditions it is difficult to ensure that this is done properly. This has resulted in a change-
over to the electrostatically focused tube, in which the responsibility for accurate alignment of the
electrode system in the C.R. Tube is undertaken by the tube-maker, and the radio mechanic is
relieved of the responsibility of carrying out one set of adjustments.

SKIATRONS

The Skiatron is a type of C.R. Tube in which the usual screen is replaced by one of potassium
chloride. This type of tube renders possible an episcopic type of projection, and pictures of at least
2 ft. diameter are quite practicable.

The great benefit that can be obtained from a skiatron equipment is that a large picture is possible
and plotting can take place direct on the screen on to which the picture is projected. This system
enables a greatly increased speed of plotting to be attained, a feature which is of immense value
operationally.

If an echo is allowed to paint once on a particular spot on the screen it very rapidly fades out and
disappears. If, however, it is allowed to paint many times on the same spot it is found that when
the signal is removed the stain remains on the tube and only fades away very slowly. This feature
is most objectionable, especially when the ship is steaming close to land and picking up many land
echoes. Special steps have to be taken to clear the screen of permanent echoes from time to time.

For plots of surface craft, or under conditions where the movement of one's own ship has to be
taken into account, a variant of the skiatron was produced. In this equipment the plotting surface
is moved in accordance with the course and speed of the ship. The technique of moving the
surface rather than the projected plan display was dictated by mechanical considerations. A
complete plot of own ship's movement combined with the true movement of all targets picked up
by the radar set is thus obtained.

RANGE-REARING DISPLAYS

In the range-bearing system of presentation, range is on one axis of the C.R. Tube and bearing on
the other, signals being applied as intensity modulations

There are two types of this display. The first is used in conjunction with a continuously rotating
aerial, the second with an aerial that swings to and fro about a selected bearing.

If a P.P.I. is used with a radar set that has a narrow beam and a short pulse-length, the limit of the
resolving power of the radar equipment is usually set by the size of the spot of the P.P.I. The use
of one or more range-bearing displays in conjunction with a P.P.I. can allow the full resolving
power of the equipment to be used, as the range-bearing display can be used to show a few miles
about any selected range between two selected bearings.

The second type of display, in which the aerial beam swings over a limited arc, is used in the case
of low-angle fire-control equipment for spotting fall of shot relative to the target.

Sector-Selected Displays

With the general introduction of continuously rotating aerials necessary for satisfactory P.P.I.
operation the value of the normal range-amplitude display became small. A presentation which
shows the shape and size of an echo is of great value, however, and a series of displays known as
"sector-selected displays" were developed for this purpose. In this type of display a range-
amplitude trace is automatically switched on to the tube as the aerial passes through the selected
bearing. The C.R. Tube screen is of the afterglow type, so that the picture persists from one
excitation to the next, each excitation occurring as the aerial passes the selected bearing.
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L.F.F. AND BEACONS

The ability of radar to "see" through darkness, rain and fog opened up enormous tactical
opportunities. How well and how speedily those opportunities were taken can be realised from
the vital part which radar played in the war. Like most new inventions, however, radar brought
its own peculiar problems, not the least of which was the need to distinguish between friend and
foe when detected by radar.

Early Methods of Identification

In the early stages of the war, when radar was used mainly for warning purposes, distinction
between friend and foe was attempted by carefully controlling the disposition and movements of
all friendly forces so that any such forces could be identified as soon as they were detected by our
own radars. This placed an unacceptable restriction on operations, particularly in the air where the
speed of aircraft and last-minute changes in routeing and urgent missions often made it impossible
to keep radar stations fully informed of the situation. Full advantage of the early warning given
by radar could not be taken if any doubt existed as to the friendly or hostile nature of echoes.

The first step towards a solution of the problem was made by fitting a small transmitter-receiver,
known as a transponder, in friendly aircraft. The trans-ponder was designed to receive the signals
from the locating radar and to re-transmit them so that the amplitude of the echoes on the radar
display increased perceptibly whenever the transponder made a reply. This system, known as
LLF.F. Mark 1, was only fitted on a limited scale. It was superseded by I.F.F. Mark 2, which was
much more widely fitted.

The number of types of radar sets at that time was small, and they all operated within narrow
frequency bands so that it was possible to design the transponder to respond to the transmissions
of all radar sets then in use. Designed and produced to meet an urgent requirement [.F.F. Mark 2
was crude and unreliable when judged by present-day standards. Nevertheless, it provided a
temporary answer to the aircraft identification problem and on many occasions established the
friendly identity of echoes when no other means were available. Its usefulness in aircraft led to
its being fitted in ships, but it was never satisfactory owing to its poor sensitivity, low transmitter
power, and inability to withstand mechanical shock and vibration.

The rapid development of new radar sets operating on frequencies far outside the bands previously
used rendered I.F.F. Mark 2 obsolete. This scattering of frequencies, while highly satisfactory
from the radar point of view, made the identification problem all the more difficult because it
became impossible to design a reliable transponder which could reply on all the frequencies
coming into use. It was also quite impossible to foresee what new frequencies would be used in
the future. The only possible solution was to develop a new identification system which could be
made independent of the frequencies used by the main radars. As transponders could no longer
be designed to receive signals from all the radar sets coming into use it was decided to use a
frequency band for the new L.LF.F. system as clear as possible of radar signals, and to build special
transmitter-receivers known as interrogator-responders which would be tunable to any frequency
in this band, and to design the transponders to receive signals and transmit replies on any
frequency in the band, this being generally known as " A 'band. "

Identification Friend or Foe Mark 3

The introduction of the new system, known as [.LF.F. Mark 3, was clearly a far greater undertaking
than that of I.LF.F. Mark 2. Not only had the numbers of ships and aircraft to be fitted with
transponders increased enormously, but the design, production and fitting of interrogators
constituted an additional major commitment.
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The interrogator-responders, which were in effect low-powered radar sets, were designed to
operate in conjunction with main warning radar sets, so that the transmitted pulses were
synchronised and the received signals displayed on the same tube as the radar echoes. A separate
aerial, and usually separate power supplies, were also required with each interrogator. With the
limited mast and office space available in ships the introduction of I.LF.F. Mark 3 therefore
involved heavy new commitments, particularly for the Navy, at a time when all available effort
was fully extended in fitting the Fleet with radar.

In spite of every effort having been made to change over to the new system as smoothly as
possible, the task proved too great for the resources available. Although the introduction was
carried out in stages, by changing ov