An Ingenious method has been adopted in the LCT(R)s of enabling them to
project thelr rockets Into the required aren, The rockets themselves are mounted
wvith a fixed elevation,-and thereforc employ 2 fixed range, Thus it 1s an entirely
nevigational problem to fire them accurately,

The rethod adopted {s to superirmpose over the faee of the PPI of the 970
a tale dise, on which Is dravn a pleture of what the time base will !tself paint
onto the PPI face on the morning ¢f the attack, from the exaet positicn for firing,
having regard to the helght of the tide, -The LCT(R)s then navigate in such a2 nanner
as to make the reol coastline palnting colnelde precisely with the synthetic one at
the required moment, whleh is the moment to [ire,

PPl disadvantapes: The PPI is not easy for the uninitiated to interpret
=t the best of times, and when employed for navigoticnal nzeds the user will require
sore training, Side echoes and wave clutter toth tend to make the plcture more
difficult to interpret, In additicn, the pleture of the coastline may look consider=
ably different from the coast {tself, due to the foet that the width of the beam
smears the fine detall and to the fact that prcminent objucts tend to mask smaller
objects bekdnd and telow tker, Finally the physical length of tre transmitted pulses
will also smear finer detalls in ronge on the PPI, Hence RADAR tronsmission on short
pulse will at close range give a clearer PPI picture than when long pulse transmission
i1s belnz employed,

With normal conditicns, objects which lle btelow the vislble horizon (viewed
from the 2erial helght above sea level) will not appear on the PPI, The PPl may not
alve an accuf&ce representation of the charted coastline, particularly at long rangs,
and when the terraln has only a small slope at the coastline and a steep slope further
Inland,

With practice 1t should be possible, by studying the chart, to estimate In
most cases what objects should appear on the PPI and in what form; also whether the
shore line is bteing truly exhibited, Faectors tending towards aceurate presentation are;=

a) Large aerial height,

b} Steepness of slope of ground,

c) Shortness of RADAK wavelength

d) Large RADAR power,

e) Short renge of objects sucwn on PPI
f) Narrowness of beam width,

a) Shortness of pulse length,

When in doubt aos to whether the actual shore line is belng shown, & comparison
between the ship's cstimated rate of approach, and the apparent rate obtained from the
FPI may show that the latter {s gpeater, This would meon that new echoes from points
nearer to the shore line are appearing on the PPI as the range decreases, glving the
impression of a greater rate of approach, When the apparent rate of approach equals
the estimated approach rate, it is probable that the actual shore line 1s belng shovn
on the PPi, It must still be remembered, however, that If there 1s 2 very low
beach without wuuch slope it may not show on the PPI at all,

For nevlgational purposes distinctlve features such as i{slands are very
helpful, but 1t nust be remembered that if the ship's posftlon is such that an iso-
lated objest sueh as an islaend or another ship glves a very large echo, It nay well
appear on the PPI as three separate objects at the same ronge, but on different bear-
Ings, In extreme cases the three Images may coalesce Into a single lom are, The
true bearing 15 the teering of the central objeet (or centre of the arc), and the
effect can be distingulshed from three penulne echoes at the same range by reducing
the gain of the set, which causes the dlsappearance of the two cuter Images before the
central image 1s 1ost.



The beam width of the RADAR transmission prevents objects being shown tc their
true size, Echoes will extend for about half the beam width of the transmission on
elther side of the limiting bearings of the actual object, This must be borne In mind
when reading bearings of a tangent of a land echo depicted on the PPI, For example, If
half the beam width is four degrees and the bearing of the right edge of an echo on the
PPI 1s 024°, then the true bearing of the actuazl tangent would be '020°, but this is not
necessarily the right hand edge of the land, since there may be low 1lying land to the
right of the land detected by the RADAR,

By the same beam width distortion, the bearing or cut off at the end of &
peninsula observed from & position roughly at tight angles to its length‘will not be
correct, as the beam will contlnue to produce a paint on the PPI when its aentre line
Is, in fact, pointing out to sea beyond the peninsula, .

The shortcomings of the PPI are perhaps better eppreciated if {t is kept
constantly in mind that the plan presentation {s not the product of the eye at, say,
two thousand feet = that Is purely an illusion, It is the production of thé eye, or
the beam, swseping n the horizontal piane, &t aerial helght above sea level,

The untrained may thererofe find it difficult to interpret the PPI, but with
practice a reasonably accurate. impression of what the coastline is actually 1like can
definitely be gained,

Minelaying,

The use of RADAR, mostly navizationally, has recently been of some importanee
in minelaying operationse It has been steted by Commodore (M) that the application
of RADAR to the navigational and tactical problems involved has enabled a considerable
advance to be made in minelaying operations, particularly in low visibility and fog, in
which several lays have recently been successfully completed solely by the use of RADAR,
without it they would have been Impossible,

Apart from the normal function of RADAR, such as giving warning of approaching
surface and alr targets, it has particularly important uses for minelayers in obtaining
an accurate departure fix for tautwire measurement when shore marks sre obscured, In
locating the vessel, standing by the mark beacon, on the finding of which the accuracy
of the lay very largely depends, and In enabling the squedron screen to maintain accurape
station when out of sight of each other, thus increasing the safety of a very -dangerous
operation,

Bombardment

Another navigational application of RADAR Is {ts use In bombardment, The
accuracy of an operation of this sort is almost entirely dependent upon navigational
accuracy, and therefore RADAR has helped to find the target more rapidly, which of
course leads to & reduction In the time during which a bombardment force needs to be
In the area,

A very interesting report frowm USS WICHITA on the performance of her RADAR
during the bombardment of Xiska, lends support to the useful employment of RADAR for
bombardment, She reported that RADAR navigation by the method used proved to be well
within the required limits of accuracy, It is believed that the same bombardment run,,
or any other bombardment run, could be made in dense fcg or at night, safely and
, effeotively, with no means of navigation except RADAR,

She also stated that the assignment of alphabet letter assignations to all
prominent land pofnts and possible RADAR navigational targets, was found to be extremely
useful, and 1s strongly recommended for all RADAR navigation, Such accurate designation
eliminates the necessity for lengthy and time=consuming discussion between Navigator
and RADAR Operators &s to exactly which target the RADAR is on,



Navigaticnal assistance from shore,

Before leaving the pure navigational aspect of RADAR, It is worth mentioning
the value of shore RADAR sets for assisting ships in their coastal navigation,

Any ship navigating close to the British Isles can signal te the local
Operational Authority for an estimate of her position when In doubt. If there are
a number of vessels In the vicinity It may be necessary for the ship In question to
use her IFF to assist the shore stations, There have been occasions when the shore
RADAR stations have been able to woern ships that they are standing Into danger,
withcut any application frcm the ships themselves, A typleal instance cecurred off
Duncansby Head when an HM ship was proceeding to Seapa, and appeared not to have made
the statutory allowance for tide, As she was headirg for the shcre, the Maval
Operations Room ordered the Duneansby Head lighthouse to be switched on, and disaster
was thus averted,

This led to on extension of this practice, and it was found possible to
direct ships Into anchorages and hartours when they were uncertzin of their position,
due to fog,

Again a further application developed which enabled HM ships to be directed
{rcm shore to suspicious echces, and amounts to a form of Fighter Direction without
the third dimensibn. This is applicable to both offense and defence, An example
of the former is the vectoring of our coastal craft on to shemy convoys on elther side
of the (hannely and of the latter In assisting a vessel patrolling an area such as
the Stralts of Glbraltar to Intercept suspicious objects attempting & passage,

This system can be extremely useful for the protection of shipping and
teaches, Several surface warning sets are landed, together with suitable plotting
arrangements and an operations rocmy To a cartain extent they will offset the danger
of not having boom defences in newly=captured harbours,

Station=keeplifg and Rendezvous.

The tendency to employ the RuDiR set far station=keeping on all occasicns
must be resisted, The RADAR set breaks down, or it may perheps be unpolitic to use
it, The Officer of the Watch therefore must be capable of using his normal station=-
keeping devices, and above all he must train his eye so that he can meet strange
situations with confidence, This naturally does not mean that the RADAR set should
never be used for station~keeplng, It will, on cccasion, prove extremely useful,
particularly when earrying out difficult and dengerous menoceuvres In low visibilicy,

Indeed, manoeuvres which hitherto were thought not only to be dangerous,
but impossible, are now mere child's play, Instances are too numerous to catalogue,
convoys are being left and joined In thick fog as a matter of routine, The following
report of u meeting at Westomp by SC.86 is typical:=

n1This was accomplished in & visibility of about 50 yards, Before the days
of type 271 1t would have been deemed miraculous, As it s, without any difficulty
and in perfect safety the group was led in from astern at 12 knots, and dispersed to
their places on {be screen as HESPERUS continued through the convoy, greeted the
commodore cn the loud=hailer in passing, and arrived alongside WALKER'S port quarter
for the convoy documents on a Coston Line, HESPERUS then went back and collected
the two ships from Champly, 15 miles astern, Watson effect was used while steaming
through the convoy",



ANTI~SUBMARINE APPLICATIONS

The three main A/S detecting instruments are H/F D/F, Radar and Asdics,
These operate at relatively long, medium and short ranges, but they are complementary,
and where all three come Into play the target must be passed from one to the other,
Thug an 4/5 escort may move ocut on the evidence of H/F D/F bearings, galn contact and
close by RADAR until the U=bcat dives, end carry out the final attack by ASDICS, or
alternatively If the U=boat does not dive, but remains surfaced, certain ships can
use thelr RADAK to control "SQUID', or supply accurate ranges to enable fire to be
opened with "SHARK",

Spocial consideration affecting the use of RADAR for A/S werfare: The
following are the special considerations which affect the use of RADAR for A/S warfare:-

Range. The U-~boat is about the smallest target which RADAR Is required to detect
operationally, Typical ranges obtainable by sets fitted in A/S vessels are:;=

Type Where fitted and Aerisl Helpht, Range in yards,
© Meximum, Relisble,

277 Frigate (30-40 feet) 12,000 9,0C0
276 Destroyer (70 feet) 12,000 9,000
293 Destroyer (70 feet) 10,000 7,000

8/A Sloop (70 feet) - 10,000 7,000
271q Destroyer, Frigate, Corvette (30=l0 feet) 8,000 6 5200
272p Destroyer (70 feet) 6,000 5,000

Sloop (35 feet) 5,000 - 4,000
SG Frigate (75 feet) 9,000 7,000
SL Frigate (75 feet) 11,000 9,000

The reliable ranges should always be obtalned under good conditions; the
maximum range of detection, however, may In some cases be greater, as shown above,
Under poor conditions, e.g. rough weather, interference from side lobes, etc,, the
reliable range may be considerably less,

Grovnd wave and sea roturns: At very close ranges, during the final stages
of the attack, or in the event of a U=boat surfacing inside the screen, diffleulties
may be caused by the ground wave, and cn a rough day by wave clutter, These can
be reduced considerably by using short pulse, and reducing the recelver gain or PFI
input, and accepting temporary loss of detection of more distant targets, It will be
found easier %o follow the target among the wave clutter on the PPI than on the A scan,
Should the target enter vhe ground wave, however, it will be necessary to make use of
Watson Effeet on the MAY scan,

Diserimination;  While searching for y=boats, whether on "A" sean or PPI,
long pulse length and ample receiver galn or PPI input should be used since these glve
-the maximum detection range, After detection, however, as the attack develops,
trouble {s frequently experienced from side echoes, blind areas; ete,, caused by ships
of the convoy, or other hunting vessels, Under these clrcumstances better diserimina=
tion will be obtained by switching to short pulse length and/or turning down the receiver
galn or PPI input {type 272P has only one pulse length),

Side Echoes, With powerful modern centimetric sets such as types 271Q,
276, 277 and 293, other ships may give side echoes at ranges which approximate to the
first detection range of a U=boat, This, naturally, may well lead to confusion,
Therefore when 2 new echo 1s detected with these sets at close ranges (i,e, less than
10 = 12 thousend yards) the redar operator should invariably check for side eshoes,
Checking for side echoes 1s, of course, greatly simplified when using PPI as opposed
to "A® display,



: False Echoegs False echces, whether from rain, birds, waves, etc, most
frequently occur at short range, amd again may cause confusion, They should soon be
apparent for what they are by the intermittent type of echo or by plotting thelr
movements, It will be seen, therefore, that there Is a need for starting a RADAR
plot at the sarliest possible rmoment after first detectlcn,

Radar Decoys, {Balloons and Spar BEuoys): These arc used by U~boats to
mislead escorts and the maximum ranges of detection of these deccys may compare
favourably with the maxinum ranges of detecticn of U=boats, One of the casiest ways
of fdentifyirg tlese decoy echoes as such is by plotting, The spar buoy will
invariably rewalin stationary; the ballocn will drift down=wind at approximately half
or two=thirds wind speed, This again enphasises the need for starting a [ADAR plot
as soon as possible after first detection,

Schnirkel: In an effort to avold detection by RADAR, U=boats are making
use of this deviee to enable then to use Diesels for charglng batteries and/or proceeding
at slow speeds without surfacing, Maximum detection rarges of Schnérkel are small
(in the reglion of 3,000 yards) and unless under very good RADAR conditions may well Le
detected by eye first, In this connection, to avold confusion with side echoes, it Is
advisable where possible for escorts to be stationed more than 3 - L,C00 yards apart,
The deteection of Schnérkel will call for great alertness on the part of the RADAR
operators, It should be remembered that this device Invariably hns a search receiver
which, although not at present eapable of detecting 10 centimetre transmissions, is
able to pick up transmissions from tyrce 842 or 291, In view of the large number of
aall echoes obtained at 3000 = 4OOO yards, each "possible" Schnérkel echo should be
confirmed by ASDICS, using hand transmissions if outside 2,50 yards, end closing if
necessary,

The identifieation of U=boat ecghoes: Owing to comparatively short range
of detection of U=boats there 1s very little time in which to establish the identity
of a new echo which is not showing IFF, Apart from the possibilities of decoys,
false echoes, ete,, the points tc be considered are:=

{a) Whether U=boats are known to be operating in the area,
(b)  Evidence frem H/F D/F or ASDICS
(c¢) Slghting by alrcraft ete,

If U=boats are known to bte about, an unidentified echo first detected &k the
appropriate range must elways be assumed to be a U=boat until proved to the contrary,

The requirement for rapid echo identification ahd the particular difficulties
of achieving this In Anti=-Submarine worfare emphasises the need to keep the RADAR
operators fully informed of the position of ships in company (and any changes), so that
they may nore easlly spot a new‘echo, They should also be givendetalls such as the
present course and speed, and any other information ineluding future movemen®s likely
to te of assistange to them, 4 mooring board or similor plotting device on which to
note the runges and bearings of other ships in company, convoy, etc,, should be provided
in the RADAR Office, S0 that they can have an up~to=date picture of the situation at all
tines,

Stationing and conduet of Anti-Subtmariie Eseorts; The capabllitles of the
RADLAR equipment fitted will be 2 major feature In determining the stationing of escorts
or the type of cnti=submarine sereen to be adopted, This applies particularly at
night or in low visibllity, Other considerations such as dsdic frequencies, fitting
of H/F D/F, number of escorts, etc,, must also te taken into consideration, From a
purely RADAK aspeet, it Is possible to extend the distance between escorts to twice
the reliable detection range of a U-boat, taking iato account prevalling weather .conditions,
The limitations of the equipment fitted In certein ships wmust, however, be remembered,
.8, Certaln destroyers have their WS equipment blanked on a forward bearing by the bridge
superstructure and funnel, ete,, while In other ships there {s a blind arc aft, Type
2710, 272P are not convenlent sets to operate Over an astern sector because of the
position of the aerial stops,



Action on obtaining suspected U=boat echo: The action taken by an escort
on obtaining a U=boat echo will naturally be governed maldly by the situation in
which the ship finds herself, One of the main considerations hcwever is the need
for starting & RADAR plot as soon as possible efter initial detection,

The contacting ship will normally close the suspiclous echo at maximum
speed until within ASDIC range (having due regord to Gnat precautions), When within
ASDIC range If the U=boat has dived speed should be reduced and an ASDIC sweep
cormenced either side of the last known RADAR bearing, If the U=boat does not dive,
however, action using the SQUID or SHARK will normally result, In either case,
accurate ranges and bearings from the RADAR will be required,

Other Escorts; Until the echo is identified as that of a U=boat, other
escorts are unlikely to take acticn other than moving aecross to cover the gap caused
by the ccntacting ship moving out to investigate, Once the ldentity of an echo has
bean established as belng & U-boat, the resulting action will conform to "Group" or
other loeal crders,

Detection of a U-boat by aircraft: In this case, provided the aireraft ean
reach the position of the U~boat while it is still surfaced or within 15 seconds of
diving, the alrecraft will normally carry out an attack, In any case, If surface
ships are in the vicinity the aircraft will endeavour to home or direct them to the
scene of the act,lo°n.

The main method of achieving this, is for the ships to home on to the
alreraft's IFF, The alreraft should be showing IFF Code L (see c.s.ohosa, Selection
13, parsgraph 2(b) ),

Types of SweeDs In order to get sufficlently accurate ranges and bearings
for plotting purposes it will usually be necessary to "hold" a U=boat contact, thus
sacrificing all=round warning, This will be especlally spplicable if it is required
to usc RADAR {nformation for the control of "SQUID" or "SHARK®, At the same time, however,
provision should be made for another ship to continue the all=round sweep or for own ship
to carry out an occasional all=round sweep for the purposes of:

(2) Detecting any other U~boat which may be in the vicinity,
(b) Confirming tlke position of other ships relative to own ship, and convoy, etc,

Due regard should be given to the fact that U=boats are fitted with Search Recelver
capable of detecting our RADAR transmissions, and therefore in order not to glve away
the faet that he has been detected, It may be necessary to continue the sweep vhile
closing the contact,

Except when necessary to hold a specific target, an all=round sweep is
recommended, Sector sweeping however, may be used under special circumstances,
With new sets (276, 277, 293, 5G, etc,) continuous all-round sweeping 1s the normal
procedure, using the best rate of sweep for surface detection, 1,e, L r.p.,m, for 277,
7% r.p.M, fOr types 276 and 293, Sector sweep should only be employed when it is
desired to obtain the maximum ronge of detection over a smell arc, i.,e, 1f the U~boak's
approximate bearing Is already known, Even under these circumstances, however, an
occasional all=round sweep should be ordered, for reasons given sbove,

The decision whether to order an all=round or sector sweep should be based
on the following consliderations:~

(a) If there Is & chance of & U=boat surfacing inside the screen, an all-round
sweep should be ordered,



(b} If the number of escorts lg Inodequate to form a complete RADAR screen, an
all=round sweep should be earrled out,

(¢} If sufficlent escorts are avallable to form a complete RADAR sereen, and
the chances of the U-boat surfaclng imside the screen are remote, the use
of a sector aweep should slightly increase the Initlal range of detection,

(d) when by virtue of proceeding at hich speed there is no necessity for sweeping
over an arc¢ astern naturally & sector sweep on the ahead bearings should be
used,

In all cases, where sector sweeping Is employed, the method should be the
same as for ASDICS, 1,e. frcm aft to forward, using o bow overlap of 200 exeept
when the arc of sweep extends to less than L0® cn the bow, when 1t Is permissible to
sweeD from forward to afg,

with hand=tralned sets (271G, 272F, ete,) the rate of sweep should normally
be 1800 a minute In calm weather under good econdfticns, end approximately 50° a minute
in adverse conditions or rough weather, and when investigating an arc, With these
sets, If fitted with PPI, the rotation speed should ncrmally be about 3600 a minute,
in this case sweep being continucus frcm aft through shead to aft egaln, alternately
clockwise and anti=clockwise,

Range Seale Lo use: The 15,000 yard scale should normally be used with
all types of WS equipment for anti=-submarine work, This pives the best diserimination
and accuracy, and a U-boat is unlikely to be detected outside this range even under
conditions of ancmalous propegation, It Is necessary, however, fcr an oacasional
sweep on the 75,000 yards scale to he carried out in order to detect any larger targets
which may be in the viecinity,

Co-operaticn with Asdics: 4s, In antl=submarine warfare we are dealing with
targets which may subtmerge or surface at will, i1t 1s necessary for the closest ¢o-
operation to exist between the ASDIC and RADAR offlices, This should be achleved
elther by direct volce=pipe or vio the operatlicns rocm or bridge,

Radar Control of A/3 Weapons,

Contrel of "Squid'g In order to allow the "Squid" to be fired at a surfaced
U=boat on which the ASDIC may not be able to galn contact, developments have teen going
torward which now enable RADAR o supply the necessary Information to the special
ASDIC instruments, namely the Range and Beoring Recorders,

To achleve suscess with the SQUID it {S necessary to have accurate ranges and
bearings, plus acsurate rate of change of bearlng, 1f RADAR can be made to supply aecurate
ranges and bearings of a U-boat at short ranges to the ASDIC Instruments, thoy will
automatically cenvert tlese Into course to steer anc deflection, and fire the mounting
at the correct ronge, In order to achleve this, a new Radar rRange Transmission Unit
has been brought into teing, It is the Qutfit RTC, and Is really a modified version
of Outfit RTA,

RTC can only be fitted in ships which Pave RADIR types 271Q, 276, 277 or 293,
A spot strobe 1s used In RTA for all range scales, but In the KIC the long range scale
is converted into 2 3,500 yurd secale, and has o step strobe, The medium and short
range scales remain the same, On the 3,500 yards scale tle ground wave extends for
approximately 200 yards, perhaps slightly less, T¢ obtaln best range discerimination
short pulse length should be used, and with this an accuracy of + 5 yards range and
+ 19 bearing should be achleved at LOO yards,

As RADAR range 1s to be superimposed on the ASDIC Recorder it Is necessary
to have the RADAR and ASDIC ranges callbrated tegether, Further, in this calibration
an sllowance must be made for cistance, RADaR aerials to mounting or gun, and in order to
avold ehanging the setting up of the ASDIC Recorder the allowance normally made on RTC
should be equivalent to distance, ASDIC Oscillator to RADAR serials, One method of
calibrating the RADAR to ASDIC s to employ an O.A,S5, target, or a submarine, towing
buffs fitted with RADAR Rellector,



- Ranges and beerinng are transmitted from the RADAR office to the ASDIC offlce
by "M" type transmission, and autcmatically mark the Range and Bearing Recorders,
When In RADAR control, the RADAR zerinls control the training of the ASDIC Osecillator
and this In turn, naturally, controls the stylus ¢n the Bearing Recorder, which under
these conditions have & contlnuous potential on them, As far as range s concerned,
this passed through a range attachment known as "Transmitter, Range, RADAR/ASDICY,
This instrument causes the Range Reccrder to be marked at the correct range, through
.the medium of the stylus, Thus, with an operator sweeplng across the target the
‘Bearing Recorder will mark with a continuous weaving line, The Bearing Recorder
Operator should adjust his lines of light to the mean of this trace, The Rarge Recorder
will continue to bs marked in a similar manner to when ASDICS ore supplying the range, end
the drill for the Rergs Recorder Operator will remain the same, A changeover switch
Is situated In the ASDIC Office to ccntrol whether ASDIC or RADAR information shall
be used on the Bearing and Renge Recorders,

The faet that the RADAR 2erials control the movements of the ASDIC Oscitlator
ensures that should the submerine dive, and the target be lost to RADAR, the ASDIC
Osclllator will be on the correct tearing and contaet should be gained by ASDICS almost
Immediately, thus not upsetting the attack, The changeover switch 8lso sets the
automatic fuzing of the SQUID to shallow, thus SQUID projectiles should explode In very
-elose proximity to the U=boat,
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RADAR operators should be instructed to work on the short pulse length and
as the echo grows, to reduco the galn in order If possible to maintain en echo amplicude
of about €x, The echo should be kept strobed as shown In the diagrams below, It will
be noted that the smaller the echo, the greater the "nick" between the strobe and the
echo should be, In the case of bearing, operators should be Instructed to sweep steadlly
across the target, toking care not to wander too far off on efther side, otherwise an
Irregular trace on the Bearing Recorder will result, and it will be difficult for the
recorder number to get an accurate slope,
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Control of SHARK: The "SHARK®™ projectile hes been designed specifically for
use sgainst surfaced U=boats, instead of tle ordinary type of shell, It is specially
designed so that at short ranges and low trajectory it will not rilcochet but continue
its trajectory stralght Into the water, Thus if this missile can be made to land just
short of a surfaced submarine It should strike the pressure hull, causing lethal damsge,
To achieve this naturally calls for accurate ranges, Outfit RTC can also be used to
supply these, and in this case a five yard step drum range recelver Is fitted at the gun;
thus accurate ranges should always be readily avallable to the Offficer of the Quarters,
If a ship is fitted with "SHARK" and "SQUIDY, the one RTC will cater for both weapons,

TORPECOQ APPLICATIONS,

The Torpedo Control Problem,

The nADMR requirements for Torpedo Control differ In several respects from
those for Gunnery and are chiefly influenced by the comparatively low speed of the
torpedo, which is of the same order as that of its target,

Except at very chort ranges, the torpedo must be fired frcm a position from
vhich the rate of approach of torpedo and target s high and the track of the torpedo
crosces that of the target at a broad angle, These reqdrements can only be met by
firing from a position on the bow of the enemy,

Thus, successful torpedo fire depends, firstly on tre achievement of a
suitable firing position, Secondly It requires a correct estimation of the probable
movements of the enemy during the run of the torpedoes in order that the salve or zone
~of torpedoes may be dirested to cover the enemy's probable aetion to as wide a degree
as possible,

The Loeal Qperations Plot: The problem is thus largely one of tactical apprec~
fation and the primary requirement 1s for a plcture of the tactieal situation {n the form
of a plot, This Is most effectively provided by the Loeal Operational Pldt, dorived
mainly from RAJAR sourees,

During the approach, the Information required frem the plot may be summarised
as follows ;=

(a) A general tactical picture to assist i{n the selection of the torpedo target
and of the most sultable firing position,

(b) The course or courses to Steer to achleve thls position,

{(c) An early indication of the probable line of flre to ensure the safety of
friendly forces.

(d) A plcture from which to forecast the enemy?!s most probable future movements,

(e) An accurate estimate of the enemy's present course and more particularly his

speed,

The line of sight: The only remeining requirement is a falrly accurate
bearing of the enemy at the moment ék”?lring. Thik {s obtained by the Torpedo Sight
or Binocular {f the cnemy Is visible, For blind fire) a RADAR line of sight 1s required
and 1s obtalned from the PPI presentation of the Warning Surface RADAR,

The degree of bearing accuracy from this source s sufficient for all
practical purposes, aml, sines the more accurate Gunnery RADARS may, and most probably
will, be directed at other targets, the WS set has been selected to provide the 1lige of
slght,



Controlled fire at night: Before the introdugcticn of RADAR, night toerpedo -
fire from destrcysrs In company was a matter for Individual estimetion In each ship,
The sudden appearance of the enery at close renge allowed no time for a considered plan
and as a result, torpedoes were fired haphazerd, no attempt to co=ordinate the fire
from {ndividual ships being possible,

R4DAR has provided the means of estimating the enemy!s movement before
sighting and imprcvements in R/T ecrmmunication, the means of directing the fire from
a formation of dsziroyerc or cruisers for a preconceived plan,

Blind firc: 1In certain circumstances, blind fire at long range may offer
better chances of sucegess, particulerly egainst an unsuspecting enemy, than close
attack within visual rarge,

The decision te adort this policy must be dietetec by the tactical situation,
always beaiing In mind that the shorter the range, the shcrter is the time available
to the enemy tc take evaslve acticn,

Torzedo Conirol Installaticnsg  The development of RADAR has rasulted in the
following cranges to existing Torpcdo control Installations,

{a) The remcval of tho calculating portion cf the Torpedo Control Equipment to
the Operations Reem, te facilitate the caleulation of settings at night,
leaving the actual sight In the externel control position,

(b) The Installation of dircet cormunication between the Torpedo Slght, the
Calculating Position and the Local Operational Plot provided for tactical
appreciation

(¢} The provision of a Torpeco Bearing Transmitter ai the WS PPI in the Operations
Rocm to enable the RADAR bearing of the torpcdo target to bc passed to the
sight and the Calculating Unit,

{(d)  The provision of & simple Distant Ship Restrietion Indicator for use with
the PPI to determine the safety of friendly units not visible to the eye,

Defensive oounter Measures:; Tactlceal ccunter measures against the torpedo
fire of the enemy require, above all, o clear plcture of the situation In order that
evasive manoeuvres may be correctly timed to rcduce to a minimum the chances of running
Into a wone of eneny torpedoes,

Future Developnents,

Sufilecfent experiencs of the new equipment and the facilitles available from
the Action Information Organisation hes not yet been galned to indicats whether they
are adcquate for the neods of Torpedo Control, The need for & separate Torpedo Plot
1s a possibla oquirement, but 2xisting Warning Surface RADARS appesr capable of
providing o1l necessary RACAR Information to a sufficlent degree of ecccurncy, Torpedo
fire 1s still a gamble and the gambler who bcst appreciates the chances 1s the ultimate
winner,

RADAR IN AIRCRAFT,

Alrcraft are all fitted with RADAR of ong type or* another, depending on the
dutles for which chey sre coslgned,

The aircraft which are requirsd to work with the Fleet end over the sea are
naturally fitted with 2 form of RADAR which will assist them to detect surface craft,
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This type of equipment has important uses in the destruction of U~boats, the
detecticn and shacowing of enemy surface craft, the finding ¢f an eneny foree which
Is to be attecked by a striking force, and also finding 2 friendly foree which Is to
be coverad,

Adreraft which are employed on night=fighting cre provided with equipment
purely for alr to air work for the Intercepticn of enemy bLombers in low visibility,
after the ground control statlions have plaosc them within a reasonable distance of the
epprcaching formation,

Heavy bombers, on the cther hand, are more concerned with equipment whieh
faellitates blind bombing,

Alr RADAR equipment: The H2S equlpment used by the heavy bombers had
elready been mentioned, and {s of no great interest to the student of RADAR applied
to the Navy,

The A1 set used by the night fighters is acw a 10 em, equipment, and works
well, There Is a new Al equipment using the X band coming out shortly wiieh is
suffering at present frcm bad meintenance troubles, A certaln amecunt of research In
night righting by Naval fighters 1s belng carried out based on the experlences of tre
American Flest in the Pacific, It has not reached en advanced stage, however, Al
equipment will be found In Naval flghters,

Asv:  The equipment known as ASV (Alr, Surface Vessel) fitted to all alr=-
craft which work with the Navy In their everyday tosk of cxerting ssa pcwer In all
its forms, whether Fleet Alr Arm, R,A,F,, or Coastal Cocmmend, is of the most Interest
to the Executive Offlcer,

Indeed, 1t must now be plaln to all that the aireraft makes an Indispensable
centribution to Navel activities, not only in combatting the U=bcat but in all its
other tasks, That belng the case, it 1s essentiel that Naval Officers should appreelate
to the full the alr point of view, and the RADAR possiblilities of the ASV set 18 no
exception to this If co~operation *s to be complate,

The ASV equipment is common to both R,A,F, and F,A,A, alreraft, and has
proved partieularly suecessful in the latter,

The criglnal ASV sets were on 21l re/s, and were actually the same sets which
were taken over as WU sets In the Navy and called 286, The next ASV set, the Mark
11, end Mark 1IN, were designed on 176 ne/s, and the latter Is still in general use,

The modern ASV set has two main funetioning principles, It can be desizned
elther vo throw out a beam ahead (Flgg ) or on the beam (Figg ).
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In big aireraft, facilities for both are provided so that {t can be switched
frcm one to the other, whereas in smaller aircraft the chead beam only is arranged,
Fleet 2{r Arm aircraft fall Into thc latter category.,

The gerials are arranged so that the transmitting aerial faces forward, and
throws out a broad beam, Two sets of receiving aerials are used, one facing each
bow, This glves the best compromise between early detection of objects ahead of the
alreraft, and maximum breadth of sweep when on search, and has proved satisfactory.
Each aerial Is connected to the receiver alternately and the type of presentation Is
vertical, as in Flg, 8 .

Fig, 8

Echoes from the port bow receiving aerial are fed into the left side of the
display end from the starboard bow into the right side, If the object detected Is
right ahead, equal=sized echoes will appear In each side, and thus by swinging the
alreraft a bearing can be obtained, By matching the two echoes the alreraft can be
kept fiying straight towards the target,

The observer normally watches the cathode ray tube, though an additional and
remote tube {s fitted In the alr gunnert!s position to glve relief to the observer,

ASV(X): The ASV(X) equipment which is being produced operates scmewhat
digferently, Due to the short wavelength a parabolie reflector is employed, and the
whole is mounted underneath the aireraft In & nacelle facing forward, The nacelle
has somewhat the appeararce of a car headlamp and Inside {t the reflector {s power
rotated In a plane close to the horizontal, Arrangements are made for the aerial
to sweep In succession slightly above, exactly in, and slightly below the true
horizontal, This ensures that changes in altitude of the aircraft will not lead to
areas of sea being left unswept by the RADAR beam, The results of this sweep In two
dimensions will be thrown on a PPI,

Performance of ASV: The actual performance of the ASV sets depends on the
inclination of the ship detected, the detection bearing from the alrcraft, the state
of the sea, the skill of the operator, and of course, the ¢fficlency of the set itself,

Generally speaking an alreraft throws out a beam ahead, as In Flg, &
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The distanze ahead of the alrcraft at which detection is achieved 1s dependent
on the helght of the alrzraft, The hisher the afreraft the greater the range, Hower |
ver, cnother limitation on the ASV set Is Increased by an Inerease in height Enown as
Sea Returns, These sre reflections obtained off the surface of the sea which appear
on the first part of the display and obliterate any small echoes, These become more
and mere pronounced as the height increases oand usually extend to a distance on the
display of aprroxzimately six timas the height, It 21s0 tends to be worse in rough
seas,

48 hag been ctated, the performance of the ASV set Is also affected by the
bearing on vhich the devection i3 made, due to the arrangement of the aerials with
the shead beam, The besh bearing of meximum sensitivity is clearly at h5° on either
bow,

In gereral ) an odveraft ng {0,000 foet can dstect a battleship at 4O to 50
miles, a destroyer at neerly 30, and & submarine at about 5,

Taccical ermclovments The eotual helght at which the alreraft would patrol
on any particulsr miscion s dependent therefore upon the type of target which is the
primary objective, ti.: du.y vhich Is assigned (1,e, elther attack or shadowing), the
state of the sea end the state of the clouds, )

In practice, for alrerafe ca reconnalssance, probably a height of 5,000 or
6,000 feet is the best, though in low visibility, when searching for U=boats, about
800 feet will be the best,

In aireraft wiich have the beam and ahead aerials, the latter is normally used
in low visibility since 1t sweeps out the biggest area; whereas the former 1s used In
EOOd'vislbllity in order to obtaln a detection before the alreraft {s sighted by the
U~boat, This would not occur in good visibility using the beam aerials, Both, of
course, have an unswept area down the centre, due to sea returns, A popular form of
sweep Is to uze thc beam aerlals, switching to shead for % mile every 8 minutes, This
helps to coambine the advantages of both,

The ASY RADLR has inereaced the value of the alrcraftts co=operation with
the Navy *rerendously, 1t lns given ¢reat aceuracy to 1ts enemy repcrts and the employ=
ment of the RADAR XLInk, Instead of the V/S link, is a good example of this, It has
enabled the alrcraft not only to find the enemy more easily, but alsc to shadow him from
far greater ranges, and consinue bosh night and day, The taectics of the striking alr-
eraft have been greatly altered since 1t 1s now possible to approach the eneny blind
and remaln hidden in clouds unsil the wery la2st minute possible, The ASV has {ts
applications also to the spotting zireraft,

The value of the RADAR set to the alreraft for navigation is as important
as any application. Naviganlonal fixes from prominent landmarks and beacons, the
facility of hciing, and locetion of not only the parent ship but also other aireraft
in touch with the encmy, ond the assistance In positioning {lluminants such as flares
and flame flnati, are a fe'v examples,

METEORNLOCI™. T.

One final application which might be mentioned in closing is the use of
the RADAR set for measuring thr elght of moueorological balloons, upon the accurate
estimatdion of whish cupend” zush valuable informotion coneerning the winds in the
upper air for the ¢se of a‘rerafs, if rhese balloons are fitted with trailing
dipoles, the CA RADAR 2% will give the required Information very aceurately,

From this linited survey of RADAR appllied to the detection of surface craft
and objeets and other nicrelleneous applicaticns, officers will perhaps be able to
apprec!aﬁe n no svall. measuwre some of the wonderful possibilities It has brought to
Naval werfare = things fndsed, which world not have been credited even flve years ogo,



