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(o) DITLCTION OF OBJI.CTS ON THE SURFAT

TTTITT T TT T I7 77777777 777777 7277

_ Consider the effect of a station S emitting short waves which
are received at T. The waves travel by two paths "S-T" and "S-G-T",
- the latter being reflected from the ground. Where S and T are
near to ground level, the two signals tend to canocel out as the lower
ray on reflection undergoes a phase change of half a wave-length.
Thus if the difference in the two paths is small in terms of a2 wave-
length, the two waves tend to destroy each other.

. The principal effect of this is that at metre wavelengths it
is impossible to gbtailn a long range echo frou & target necar the
surface. At centimetre wevelengths, this is not the case and no
difficulty exists 1n obtalning eohoes from targets olose to or on
the suriece as far as the horizon. Thus centimetre wavelengths are
essential for radar designed for surfaoce deteoction,.
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Lirpuerd radar 1s however

a wavelen;th of several wetres and thus

objeots on the surfact.

corpelled for verious reasons to use
such a set will not detect

The arcaes where no signals are received arec

indicoted by the set's vertical coverage dragran a typical example

of whioh 1s shown in Fipure 8 in
281 are shown together.
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The hatened areas indicate where alroraf't will produce echoes
and the unhatched where thcy will not. It will be observed too,
that the VCD of the set with the lonser wavelength (79) is much more
elevated than that of 281.

is an aircraft approaches, its echo amplitude will vary from
a maxirun near the centre of the lobe to a complete fade between the
«DES e 4L study of this flnctuation can give information about the
tarretts height.

(b) KROFII'CTION FRO: THI. IONOSPHUH

It 1s undesirable for signals to be reflected from the
ionospherc and the wavelensth 1s normally ohosen so that
this 1s not so. The critical wavelength is about 11
netres and wavelengths rreater then this are not suitable
for radar.

(c) DRTICTION RANGES

For detection of airoreft maxinum rance of dotection
varies approxirately as the square root of the wavelensth.
In other words less power i1s required to detect aircraft
usin lonser waves, But small obJects such as peri-
soopes can only be detected by centinmetre waves whose
wavclensth 1s comparable to the size of the tarpet.
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TH® 4THOSPHERD

o

wibsorption by the Atmogbhere“

The radio erergy is more repidly
absorbed and dissipated by the water vapour
etc. in the atmosphere if the wevelength is
short. Hence longer wevelengths are used
with long range silr warming sets.

(e) ROFR:ACTION

Certain atmosphere oconditions will
oasuse & bending of the trensmission pathe
This is most noticeable with ocentimetre
waves and during conditions of super-
refraction enable such sets to detect tar-
gets beyond the horizon. In effect this
inoreases the range of the set while suoh
oonditions last.

Similarly conditions of infra-
refraction (during fog) may cause the
opposite effect and reduce.rangese




tDean Widoa®

| () H/ WIDTH

It 1s casier to foous the shorter
wavelensths into a narrow beam and
thus concentrate the enerpy where 1t
15 required and enable. the set better
to disorininate between targets

close together in bearing. See below
(para. 6).
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"The duratdon of the pulse
length has #n Important
effect on the Space that
aach echo occuples on the
Sereen

PULSE TENGTH

The duration of the pulse has an
important effect on the space that
each coho ocoupies on the soreen,

4s explained in Chapter 2 above the
use of pulses enables the trensmitted
signal to be completed before the
echo sipnal 1s returned. If the
pulse is too long, 1t means that
echoes from neer targets will not be
distinguishable, Similarly, if
tarpets arc olose together the tar-
get echoes will merge.An Aim of
designers therefore is to reduce the
pulse length as nuch as possible,

4s howover maximum detection range
roughly depends on the mean power of
the pulse long range airguard sets
will continue to use long pulses at
the expense of discrimination.
Shortening of pulse length is easier
with a shorter wavelength and con-
sequently range disorimination is
usually better at these wavelengths.
4 typical pulse length is that of the
277 which gives an echo occupying
about 300 yords of the dasplay for
cach target. Tohees closer than this
will EErec.




{RIAL HEIGHT
3 With centimetric sets the normal linit of detection is the

horizon as the bean, like light, will travel in a straisht line
unless it is reflected or refracted. Henoce a higher aerial means
a longer horizon and a preater detection range.

4 Similarly, with retre sets, such as those for alr warning, a
hiph nerial causes more of the cnersy to travel close to the surface
of the earth, This increases the ability of the set to detect low
flying aircraft or surface objects.

5 The inportance of a high serial may be reduced during conditions
of onomalous propagation when the radar beam may be bent round the
surface of the earth and so detect objects beyond the horizon, If

the refractuing layer is low, 1t is possible for the aerial to be too
high to take advantage of it.

JRILL SIZE

6 The unit oft an aerial array 1s a dipole of lensth holf o wave-
length. 4 simple dipole is insufficlently directional for radar
purpeses and 1t 1s usual to use 2 nultiple array of dipoles and
refleotors to concentrate the enersy into a beam.  For centimetrio
waves, the been is concentrated and fooussed by a metal parabolic
reflector with o dipole (or waveruide aperture, at its focus. The
ratio of the total



width of the array to the wavelength determines the width of the beam:
the greater the rotio the norrower the beam.

7 Thus in practice, it is ognly possible to produce 8 very norrow
beam at centimetrio wevelengths owing to the need %o keep aerial
height and size to & minimum.

8 - Inother effect of concentrating the beom is that all the aveil-
able energy tends to be directod to the terget and not wasted. This
€conomizes transmitter power and also increases the range of detection
of small objeots within horizon range.

PULSE REZETITION RATE

9 It 1s necessary to send out a rapid succession of pulses so
thet the echoes may be continuously observed. If they oceur in too
rapid succession, there will not be time for an echo from a long range
target to be received before the next pulse is transmitted.

10 In practice, the normal rate is 500 per second. A lower rate
is used for Airguard sets becasuse of the longer ranges iwvolved.
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11 & slow speed of sweep detracts fron
oonstant all round warmane but 1t 1s possible
for the specd of sweep to be so ~reat that
seotors arc missed between successive pulses.
Thus if the beam width of the set 1s less
than the anpular distance swept by the bean
between two pulses, the aerial is- sweeping
too fast, 4L rapid sweep also cpuscs
"spoking'" on PPI displays and incomplete
echo paints, which is a nuisance and leads
This lamits the speed of
sweep with old airguard sets where FRR is 5G

12 Again, in practice 1t 1s found that

a tarset at sea at nearly maxinum range will
not reflect an eche from every pulse owing
to the motion of the vessels in the waves
and optimum detection conditions require a
slow sweeps  Trials have shown however that
no aporeoiable loss of performsnce results
1f the speed of sweep 1s greater than this
optinum. The faster sweep means that the
target 1s swept more often and this com- .
nensates for the fact that durin- some
sweeps, no echo will be returned.
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In practice with o pulsc repetition rate £ 500 a speed of
0-15 rpu is satisfactory and for 50 a speed of 2 or 4 rpm.

\NSMITTFR POWER

; in increase 1in transmitter powcr effects an increase in either
1ze »f echo or dstection ranpe. To double to size of an echo 1t is
ossary to increasc transmitter power four times. To Couble the
ction range the power multiplying factor i1s 16 for ailrcraft and
for surface tarpets: in the latter case within the limits of
"optical horizcon'.

=
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Chapter IV
LIMITATIONS ON FRFORILICH

14 Certain lamitations to racdar perf rmonce oxist and the ainm of
‘Gevelopront and desirn is to overoone then as wch as possible. 4
knowledge of the chief of thom will help “to an understandin: of the
dafficulties of desirners an’ the possibilities of improvencnt in
future sects,

i

RANGR

15 Sorg f the factors affceting rance have alrcady been discussed,
narely acrial height, transmitter oower an’ aerial size. Increasing
any of these will, wp to a point, increasc ranpe of Jctocticn.

16 The limit of dctection is reachcd whon the radiation from tho
acrial 1s unable to reach the tarict. Thus af the tarsct 1s below
the horizen an inercosc in cerinl power will not enable 1t to be
detcetor. The nly zethod then of cxtending renge 1s to raise the
agrial,

17 If', however the tarsct is very small but within herigon range
an increase of poWer mny eneble 4t $0 b deteoted.



18 Conditions of anomalous propagation mny increase ranges while
they oxist.

19 The accuracy of measurcment of range is set by the hwion factor
in using the apparatus., In proctice an error of 15 yards should not
be excueded when using proper ranging equipment.

BEARING

20 The ccho from a target which subtends an onglc smnll in relation
to the beam width will occupy an arc on the display cqual to the beam
width of the set., With worning sets, the bearing of the echo is
measured by bracketing and with small beam widths on accuracy of one

or two degreces is cnsily achieved., To improve this it is nccessary

to reduce the width of the beam and this involves an incressc in

aecrial size or a reduction of wavelength.

21 Where extreme accuracy is required as in gunncry radar beam
switching (scec Chapter II para. 18 above) is cmployed. This, with
modern scts as 274 and 275 will give an accuracy of about 3=~10 mins.
This method is not suitoble for worning sets as it roquires the acrial
to be stopped, nor will it opcrate with lond cchoes ns it rcquircs a
dectached target.

HETLGHT
22 This is the dimension radar at seo finds difficult to mcasurce.
With airguard sets it con be cstimated by plotting the height

of the echo as the target approaches the ship ond comparing it with
a vertical coverage diagram for the set in question. The method may
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produce a heirht accurnote to within 1000 feet but 1t requires much
skill and expericnce to achieve scceptable results.

23 The better way is to elevate a narrow beam on to the tarpet

and measure the anple of sirht, If at the same tire vertical beanm
switching and at loast two-plane stabilimation are employed on’ coourecy
of a fow minutes of arc can be achieved, - This method is used in

s0ne gunnory scts intended to operate against aircraft.

DISCRIMINATION

2 In this connection, discramination
means:

(a) The ebility to distinguish
tarpets which are close
together.

(b) The sbility to distinguish
wanted from wwanted echoes.

"Discrinination®
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L. TARGETS CLOS TOGETHER .

25 Wwhen the pulse length 1s so great

[

!
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)
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__Marpets close together?

thet the echo from the farther of two targets
1s reoeived before the whole of the echo
fron the nearer, the echoes nerse and ocannot
be distinguished. Tt is then necessary to
reduce the pulse lengtn ond most warning
sets incorporate a switch to enable this %o
be dong. This as a rule reduces the trons-—

_mitter wean power and thus the range of the
set and 1s only used when ncoesserye Pulse
lensths of punnery sets are purposely made
very small, 1f necessary at the expense of
rangSe .

26 In the came way besn width sets the
1irit to sbility to distinruish between
cohoes from tarcets at the same range but
close topether 1n bearinge. It 1s not
normally possible to differentiate between
tarpets that are so close together that the
rador bean. strikes them both simultaneously.

?7 Thus an aim of designers is to reduce both pulse length and
peam width and this is most easily achieved at short wavelengths.

The 10 ocentinetre sets
length of 300 yards.

have on average a beam width of 4° and a pulse
This cannot be substantially inproved without

drewbacks, which are acceptable in the ocase of soue cunnery sets out

not warning setse.
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28 Reduction of the wavelength to 3 or 1% centimeters as in 268
and 931 respectively enables both these factors to be improved, and
the display pioture on both these sets 1s much sharper than with
others, This is particulerly valuable when comparing land echces
with a chart. Twery improvement in beam width or pulse length makes
the FPI picture approximate more and more to that of the chart.

29 The practical limits are likely to be resohed with a pulse
length of 75 yoards and a beam width of 41°,

B, WANTTD AID UNWANTID T'CHOBS

WiVF _BECHOFS

30 During rough weather, large waves produce echoes which blot
out the first few thousand yards of the display, snd obsoure eghoes
from small tarpgets such as periscopes, Warning sets are fitted with
a device -~ Swept Gain unit - which reduoces the gain of the receiver
while wave echoes are being received and enables small target echoes
%o be more easily distinguished, Care is required in adjusting this
oontrol as 1t is easy to wipe out terpet as well as wave echoes,

LAD T'CHAES

1 T'ohoes of nircraft flying over land will be confused on the
display with the lond echoes and difficult to distinguish, It is
techniocally possible to separate "moving" fron "stationary" echoes

by employing doppler effects but no such apparatus has yet been fitted
t0 naval radar. This 1s a line of development which might be

S E&xpeoted to influence future sets. :
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Chapter V

RADAR TI7 CURRENT USE

The principal naval sets are as follows

ATRGUARD
279 - Double mast aerials
79B - Single mast aerials ; obsolescent

281 - Double mast aerials

281B Single mast aerials obsolescent
281BQ - Single mast aerials, 2ll round rotation

960
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1 TYPF_]9 os modified is the survaivior

of the mavy's first Radar sect. It is rcli-

eble and gives cxcellent high cover but
these advantages are outweighed by the
following disadvantapges:

a) Poor low cover.

b) Wide beam width making sct usc-
less for use with FPI.

(¢) Wavelength 7¢5 metres is not in
o band allocated for futurc
naval usge

No nere sets of this type arc being
fitted and those already in ships will be
removed and replaced by 960 as ships comg
in for refitting.

2 281 and its varicties is at presont
fitted in the lorge magority of cruisers,

battleships and carriers. Its wavelongtn
is 3+5 metres, this having been chosen as
the best compromise between the factors
mentioned in chapter 3. Provided the
targot airoraft 1s not low 1t cives long
range warning out. to about 80-100 rilcs.
Its low cover is not sood as o result of
its fairly long wavelcngth. &L choice of
ashmerﬂmknwnwmdummﬂt1nmmw-
mua renges of detcotion beins loss and this
dcfect 1s partly met by the use of the sca-
puard set 277 i conjunction with 1t.

WA TYPE 201




