"AN” NOMENCLATURE
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It is thought that the following extract taken from
an /merican contemporary, "Digest" (of Lirborne Radio
and Radar News) for September 25, 194k, will be of
interest to persomncl having to deal with American
Radar equipment.

For a completc, basic cquirment, you'll find AN (army-navy)
on the left and usually thrce lctters plus a figurc on the right,
such as any combination from thesc columns

AN /A I 4 - 1
C P C 2
F R D 3
M 8 G
S X M
T N
U Q
R
. P S
T
X

The first column stands for installation of thc cquipment -
L, airbornc; C, air-transportablc; F, fixcd on thc ground;
M, mobilec on thc ground; 8, shipboard; T, ground-tronsportable;
U, geonerel utility; P, Ground Pack or portablec,

In the next column, lectters show typc of cquipment - I,
- interphone; P, rador; R, radlo; S, special types of equipment
- such as mognetic detcction; X, tclevision.

Finally, the third column shows purposc of the cquipment -~
dyy auxiliary assemblics; C, communications; D, dircetion finder;
Gy gun direction; M, maintcnance; N, navigational aids; Q, special;
R, receiving; S, scorch and/or dctcction; T, tronsmitting; X,
identification.

c The number, as you might suspoct, indicatcs a specific cquip-
ment used for the gencral purposc shown by the lctters, Now, with
thosc columns in mind, you con translate the trickicst nomonclaturc

- fastor than a puzzlc fan gocs through a crossword book,

1 Here's onc to try: AN/APG = 13 — airborne, radar, gun-dircc—
tion equipment, specifically identificd as No. 13.

Another, AN/UPM-3. You can tcll thot's a goneral utility
dpment (usable both in the air snd on the ground) for meintaining
scts,

There's one catch to look out for - the numbcr doesn't refcr,

3 numbers did in the old Nevy nomenclaturc system, to modificetions
the samc cquipment, In the o0ld nomenclature, ASE-8 is an

od version of the basic ASB, But, in thc new nomencleturc,

~6 is not an improved version of LN/APS-2, They're o entirely -
ent equipments, I fet,No, 1 may be o later cquirment then No.5 -
AN/IRC-1, for oxample, is a radio communications set much newer
than the AN//RC-L,

That's the basis for AN nomeonclaturc. Now you can add somc
'ix lotters for further identification. A "T" hitched on to the
designation indicetes training equipment: AN/AFS-2-T2 meens the
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second trnining equipment designed for use with AN/APS-2 search rader.
An "X", "Y' or "Z" used after the main designation indieates a change
in voltage, phese or frequency of the input power supply; AN/APX-8X
means the voltage, phase or frequency of the input is different fron
that of the regular AN/APX-8, Suffix letters "A", "B", "C" cte,
indicate a change in design (othcr than the voltage, phase or frequency
of the input) which will not affcct the cquipment's military character-
istics or interchangecability of the cquipment as o whole. For
examplec, various changes in the AN/AES-2 have resulted in nomes up to
the AN/APS-2G,

Still another suffix nay pop up when cxperimental equipment is
being discusscd - X plus a lctter designating a certain laboratory,
such as XA for the Aircraft Redio Laboratory or XN for Naval Research
Laboratory.  The AN/ARC-6(XN) would mecan a new airbornc radio
communications set under development at the Naval Rescarch Laboratery,

You'll noticc that "X" is a popular leotter — you may find it
in four spots:

for telcvision -
AN/LX T

for IFF equirment
L2/ 0PX-8

Zor o change in voltoge —
LN/ 1 PX=8X

for cxperimental cquipment -
LN/APX-1 2(XN)

So far, nomenclaturc for completc, basic cquipments has been
g#1ven the once-over, In addition, the AN system provides desig-
nations for major units of thosc complcte cquipments. A recciver is
R; dynamotor, DY; indicator, ID; tost sct, TS, ctc., and thosc ’
letters arc pleccd left of the slant linc instead of LIV, It's cosy
to sce, then, that the T8~1/LRC-5 is o tcst set for use with airborne
communications radio sct No, 5.  The R-10/CRN-8 is a radio recciver
for usc with air-transportable radio navigation equipment. If the
unit is modified, it gets a suffix letter - R-10./CRN-8,

One morc point: when a stor appcars in front of an AN desig-
notion (¥AN/ARR-2) , it means the equipment has been stendardized by
cither the famy or Nevy and any other United Nation. It docs not
nccessarily mean that both the Army, and Navy, as well as an allyy
usc the cquipment,

Tt moy sccm hard to work up as much affection for the "AN/APS=2F"
ng for n nickname like George or Easy, but that's the price of leaving
redar's horse ~nd buggy days. With 21l the dozens of uses being found
for radnr and the scorcs of cquipments being developed, a standard
rcthod had to be developed which would be logical, casily understood,
and flexible enough to mect futurc needs as new ecquirments ecvolve.:



REPORT ON RADAR TYPE 276
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H.M.S. BLACK SWAN

A Number of sxtracts from a report received from the Scnior

. of Escort Group 37 and A.S.E. comments on them are given

USE OF BRITGE P, P, I,

"The use of the remote Bridge Indicator very greatly

the valuc of the sct in many ways. During opcrations
it enablcd thc Commanding Officcr to appreciate quickly
tactical situation, disposition of convey, escorts cte.
s could he deteccted, and Jjoincrs dirccted into position
ifficulty, When mecting and passing otheor convoys, any
n of course ncceossory could be cstimnted repidly and
 the Commodore,  Even during deylight, whilc forming up
it was found of considerable valuc to hove a "birds cyc"
he whole, and on scvernl occnsions it was possible to pess
information to thc Scnior Officer,

hilc the advantoages of P.P.I. in station kceping arc sclf-—
; the navigational voluc of hoving a plct which could be
dircctly with thc chart, wers also found to be considerable,
practice in interprectotion, blind novigation should beconc
¢ and accurate.

Commanding Officcr proved by cxpcricnce that, by thc usc
it was quite possiblc to cnter between the convoy colunns
nen necessory, and closce a sclected ship without great
under conditions when it would hoave been mogt difficult

: remote tube, It was olso of great assistance to be able
and estimate nltcrations of coursc by the convoy, withcut
cases somoetimes occur when sound signels arc nct rcceived

P.P, I, RANGE SCALLS.

Experience seemed to show that 75,000 yords wos unsuitable
um scaele, boing too similar to the long scele to be of
It was found thnt o medium scele of 30,000 yrrds
age, the most sotisfactory, (though the usc of long
make 40,000 yards more suitablc),

5 also considered thnt usc could have beeon node of a

¢ then 15,000 yords whon conning ship between colunns,
at night; end it is submittcd that it would be of
meke the seen speed, on short ronge, copablc of adjust-
t dowm to 10,000 yards full scolc, os with the prescnt
lues, eircuit modification hns to be nade in order to

A.8.E, Corment,

ision of a 10,000 yerd ronge scnle hos beon
ered but considerable techniesl difficulties
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MAGNETRON LIVES

"Of five of these valves obtained at different times, three
were completely soft, and only onc worked corrcctly on normal H,T. and
long pulse. This had been used whon the sct was first fitted, but
afterwards it too began to show n tendency to flash over (blue glow)
at gradunlly decreasing H.T. ,Voltnges, It was found, howevcr, that
this valve, and onc slightly/soft sparc, could be run on short pulse
satisfactorily with normal H,T., ~and did not ~ppear to deterioriate
appreciably further under thesc conditions, The trouble in both
cascs appcared to be the liberation of gns from the clcetrodes under
bombardment, as thc vealve heated up,

The working conditions of thesc valves werce thoroughly
checked, blowers werc corrcct, ~nd full hardening routinc was carricd
out, There wes no mismatching, or other indirect causc, as foar as
could bc ascertained.,  fLis no sparcs viere available, it wns considered
advisable not to run the risk of complete breakdovm, so short pulse
was uscd for normal operation,

It is understood that this tendency towards internel liber-
ation of’ gas, as well os initiel softncss, has been o common exper-
icnce. It was noticed that by using short pulsc, o number of
foults cncountercd in other scts werc completely avoided, while
the lifc of CV12's and Gas switch units (W6389) wierc on average
increascd by more than 100%", ’

A,.3.E., Comment,

Reports received have not indicated that an sxcessive
number of (V76's are faulty when supplied. Investig—=
ations into “he lives of thesg, and other valves arc
continually beding carried out, On short pulsc, lives

of magnectrons and spark gaps will incrcasc owing to theo
rcduction of mecan power. This is not accecptablc from

the opcrational requircments and should never bce nccessary,

OFFICE NOISE.

"In spitc of the sound-proof cebinct (W7556) fitted to the
Transmitter blower (W1818), thc noisc in the operating officc was
still considecrable, This scriously nffeccted the efficicney of all
communications, as well as tcending to hove an adversc offcct on the
concentreation of the opcrators,

It is suggested that in ships wherce this 1s possible, the
blower should be positioncd outside the officc, with o~ hosc or trunk
supply to thc Transmitter box, The residusl noisc duc to other
blowers, acrial troining motor cte. docs not appecar to be morc thon
about 305 of the totnl, and thc romoval of the blower would, it is
thought, go a long way to improve the gituation",

A,S.E, Comment,

Further noisc rcductions arc in hend i.Ce:-
(1) Recmovel of the modulator blower and ventilation of
the modulator from thc transmitto..
(i1) Fitting of the Waveguide dryer outside the office.
(1ii) Revision of the office layout so that it may Dbe sub=—
divided, with display cquirmont scporated from the
noisy rcmainder by a sound-proof portition.

MAGNETRON FREQUENCY DRIFT.

"Tt was found that quite apprecisblc chonges in Magnetron
performance took place during intervels of o fortnight, ond 1t appeors
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t for maintonance at peak operation, tuning should be checked
gularly, though curves can be plottcd over smnller ranges thon
he first tuning,"

A,.S. I, Conment,

There is no cvidcencc to support the contention of drifting
in tuning, It may be, howcver, that the CV76 had beon
tuned ncar o frequency unstable point in which casc the
frequency, powier ctc. might casily vary over o period of
a fortnight,

MAGNETRON POWER OQUTPUT INDICATION.

"It is also belicved that o permencntly rigged output

r would be of considcrablc valuc for a number of purposcs.
ed with an adjustablc attcnuator at the acrial cond, it

. be possible to check the performance of the transmitter,
system and rcflcctors, at frecquent intervals, rcadings

en at somec given acrial training position. Losscs duc
de or magnetron variation could be detected ot once
apparatus maintained at optimum working condition while
=tracking would at timcs be greatly assisted.  The prescnt
unit (W6281) fittcd on thc mast opposite the reflector, but
an added aperiodic (as ncarly as possiblc) attcnuntor on the
» 8ide of the thermocouple, would probably be satisfactory™.

A.S,E, Cormmcnt,

¢ new Radintion meter (patt, 56168 for Typc 276/293
patt, 56268 for Typc 277) should mcct this nced,
5 is aperiodie in design and has no tuning adjustment.

FLIFTER - RPATLURE OF DECQUELING CONDENSERS.

eference has previously been madc to the froquent break-
ese condenscrs in Typcs 271/2 and 271/Q, as well as to the
orious socondary cffcects (E.G. 37's rcport on "Radar
" to Cop. (F), Llexandrie, dated 30th November, 1943,

As the present I/F and Mixer units arc of the samc
on as tho old typc, it is probablc that the sauc trouble
ts Already two such cnscs of breakdovm have been encoun-—
danger of burning out thc Recceiver transformer as well
bruction of rectifior valves and resistances, and the
produced in the I/F stages by replaccment, nnke thesc
constant liability unlcss an H,T. fusc is fitted, as
y suggested, "

Il-c Sl Et Gomon't.

16 unreliobility of patt. W3953 condenscrs ns platc and
decouplers is fully cstablishced, It was hoped
he usc of a surgc limitcr across the H,T. linc would
some this trouble, This was included by L.F.0.276L/LL
ype 271Q and in the dosign (R32 fig. 17 of H546A) of
276/277/293. This has rcduccd but not complctely

ted troubles cccurring, Pubure production will therc-—
s¢ condenser patt, W2319 in licu of patt, W3953.  This
cment is slightly larger than the original but con be
d in its place, Spares of the replagcoment pattorn will
 issued to ships but they will not be asked to replacc all
3 condensers as there are 11 of them as plate and
decoupleors alone in M70, The vwse of W2319 conden—

rs will also be opplicable to o number of other scts and
L A,F.0, will be issued on the subjoct, No rctuning of
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the I/F circuits is nocessary vhen plate and seroen docoup-
ling condenscrs arc replaced,

CONTROL TABLE SWITCHES - CONFUSION.

"These two switches, fitted at a low position on the AUJ
control table (below the norisl treining indicator) are identical
in cxternal shape and appearancoe, Undeor the lighting conditions
normelly usecd while operating it is very casy, oven when used to
the set, to break the wrong switch when stopping the acrials for
investigation of an coho (usunlly donc in o hurry), or for lining
up. The immedinte rcsult of brenking the maing switch is to throw
all P.P.I's, rerial and gyro ropeators on the set, out of ling,
often very badly. Up to four minutes nust then be wasted in reo—
lining all apparatus again,

A8 the "Maing input" switch requircs to be only of double-
throw typc, viile the "Auto train" switch is o threc way, it is
suggested that some diffcrence should be made between the twe,
¢ither in cction or ot lenst by o ddiffcrent type of control knob.
Though seccming o ninor onc, this point hos couscd congiderable
difficulty becrusc, besides the deley nccessory to rectify crrors,
in sonic cescs opcrators brenk the wrong switeh and fail to notice
(becnrusc the irmediate result is similer), ~nd continuc to operate
until the bad crror is noticcd. In vicw of the danger involved,
it is submittel thet this is o cesc where the arrongement should
be "foolproof!,"

Lo S,B. Commnent.

These twie switches have now been scparafed and in o1l
later production control tablecs 20G and 20J the troublc
will not orisc. No rctrospective modification is being
arranged as all Types 293 will eventually rcplacce 20G
or 20J by control tablce 20H,

Py . |
By IF You DONT EXPLAIY,
RADAR o, HIM,JOAN, /M AF
HE'LL PICK /7‘0f’/7€9h4]7¥

N THE STREET,

W)

Wic orc indebted to Lb, W,J, iddlemiss, R.N.V.R,, PRLDO, Eclfast,
for the nbove cartoon,
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USE OF RADAR_FOR NAVIGATION

EXTR,CT FROM .. REPORT RECEIVED FROM
THE COMM/ANDING OFFICER, H,M,S.VICTORIOUS

M esssse The following Types of Radar orc uscd as noy be
ed for navigation in H,2,S. VICTORIOUS :=

Type 277 vith P,P.I, in the L.D.R,

Type 293 with P.P,I, in thc Plotting Office and
on thc Compass Platform,

Americon Type S.G. with P.P.I. in thc Plotting
Office and on the Compass Platform,

perfoermance of the above scts on lond and the uscs to
are put arc as follows,

pe 277. This is By foar the longest range surface sct,

dcks up low lying land at much greater ranges thon the
igh mountains (5000 ft. and above) arc clearly visiblc
at 80 miles distance, (On passage from Colombo to

keeping 30 nilcs off thc coast, thc mountains in the
Ceylon were ncver lost sight of).

0 foot Islond (Ronde off Sabang) was on the scon as soon
was switched on, ot o ronge of 43 milcs.

0w lying coast north of Colombo with only the height of its
cked up botwecn 20 and 25 miles. Howcver, this sct is
r navigation as soon os cnough data has been picked up by
ts, s0 as to kcocp it frce for its primary duty as a low
Werning Sct.

: This set has greater range than the S.G. for high

s thon the 277. Mountains of 2000 ft, ~nd ~bove arc
about 35 miles, Land of height 500 f4, ot about 30

7 land with trces ot about 20 miles, (On its large scen,
roduce a particularly good diagran of the flect in com-
other ships in thc vicinity, so thet it is generally

s use as soon as the S,G, has picked up sufficicnt data
JITh.fLa! set is also uscd by the Gumcry Departrment for
on).,

» This is a less powerful sct but produces similar
293 inside 25 miles, Howcver, apart from its range,
es over the sct and is nuch the nost suiteblc for
igation at close ranges. Once the land is in its

's paint an excellent picture which is cxectly like
11 the land is clear cut ond solidly pointed,  Copes,
cks of land can be picked out as clcarly as the chart,
shows up well, and buoys are picked up at about 6000
s marked by buoys (or rocks) show up well, however
oursc to stocer between the mearks cen be chosen by

T, without refcrence to any other instrument or chart.



Page 21.

The following cre two exemples of passages vwhich could not
have been nade until at least a day later without the nssistonce
of Radar,

(a) On prssnge from Norfolk, Virginia to Argontia, Newfoundland,
thick fog was enc untered the whole woy, . rensonable
estinated position was maintained by soundings and W/T D/F
bearings, until approach to Newfoundland, The Islands of
St. Picrre and liiquelon and the Westorn cdge of Flacentia
Boy were then picked up and recopgnised by their shape and
sizec on the S.G.P.P.I. It was Gosirable for operational
rcasons to get in that night. VICTORIOUS then incronsed
to 24 knots nlthough the fog was densc and rmuch shipping
was knovm to be about, ~nd was oblc to nnvigatc up Placentia
Bay ond into iArgontia Bey with perfect safcty, as thc chart
wins constantly shovm on the S,G. 2.7, 1.

(b) On passege from the Clyde t9 Scapn vie the Minches North
bound routc ot night, visibility clescd right dovm before
arrival ot the nerrow Trodday pnssage, Light Buoys could
not e scen until the ship was right on top of them,
rcduction of spced wias undcesirablc becausc of the cffect
of the tidal strecom, The Officcr of the Watch was on the
Compnss Platform looking out but of coursc, could nct scc
anything until far too late to avoid it, The Captain and
the Navigating Officer remained in the Plotting Office -
directing the course of the ship from the S.G. P.P.I.(wherc
everything was as clear as daylight) crossing off the marks
on the chart as they were passcd, In this way no risk was
taken at all although VICTORIOUS purposely passcd within
helf a mile of the invisiblc shore, and was stcmming o
cross tide,

Plotting Radar information for navigational use is simplc in
VICTORIOUS, as the P.P.I's arc alongsidc thc Plot on which is kopt
the chart, It is theorcefore mercly nccessary to transfer what is
secn on the P,F,I, alongside to thc chart in front, In somc cascs,
such as narrow channcls, or a lot of shipping at night, it is simpler
to usc the P,P.I, as a chart, and thc Captain cons the ship looking
at tho P.P.I., thc Navigating Officcer providing a chceck with the
chart, Occesional becarings and distances must be obtained from the
set itsclf to check that the P,F,I, is rcading nccuratcly, and this
is morc cesily donc with the S.G. wherc therc is dircct voilccpipe com=
munication between Compass Platform, Flot Officcr and S.G, operator,
then with the other sets whorc communication is by telcephonc only.

| On the S.G. it is casy to point out a perticular Island, Hoadlend,Bay
or Isthmus of which it may be desirablc to have a rangc and bearing,
(BEdges of land arc not very good as thc sidc lobes arc apt to ~dd o
couple of degrces to the real bearing, but bays and inlcts invisiblc
to the neked cye ot o distance arc often good Rndar marks by rcason
of their rccognisablce charted shapc. The best marks of all ocrc smell
Islands which arc srsily indicated to the opcrator). In low visibil~
ity it is goncrally convenicnt to have onc sct with P.P.I. on Compass
Platform ~nd in Plot on closc rangc, showing the movement of ships in
company and closc to, whilc thc other scorchcs on a lenger ronge,
The long rangc onc being normelly the onc uscd for navigation,

By having thc P.P.I's both on the Compass Platform ond in the
Plot information can casily be described, both parties looking simul-
toncously at the samc picture.

Jlerther coffccts, Anomolous propagetion cffects, i.c., the
"yending™ of thc Radar beam parallcl to the earth's curvature, is
frequently expericnccd on the station and as a result cxceptional
surface ronges are cormon with Types SG/293 and 277. The range
performences quoted in this report are the normal and not thc
exceptional cffects,




A.S.E, Commente.

In the report it is stated that Type SG is preferred to
Type 277 for navigation at close rangcs.  The higher power
of Type 277 nokes the P,P, I, picturc at closc renges lcss
clear thon that of Type SG. It is possible, hovwcver, by usc
of the receciver goain control (as opposed to the P.P.I. goin)
to obtain just as good a P.P.I. picture from Typc 277 ot
Closc ronges as from Typc SG. This was rccecently demonstrated
in the Copper Cliff trinls, when Typc 277 was uscd for piletrge
“up to and through the Clyde Boom.

The usc of the receiver goin control offects 211 P.P.T's
on the sct and is thercfore only acceptable when the reguire-
nent for cxtremc low cover cen be relexed, Although this
compromisc will genecrally be satisfectory, it is rccogniscd
that therc arc occasions vhen both cxtreme low cover and
preecise information for closc range navigation, arc required
ot the samc time, A proposcd nodification to Type 277 will
cover this requircrent. The improved closc range novignt-
donal pcirformance of Type 277 which con be cbtained by the

us¢ of the receiver gain control should be noted.
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THAT IF YOU ARE SMART AND EFFICIENT PINK
YOU MICHT BE TAKEN ON AFTER THE WAR*



RANGING OUTFIT RTC

This ronging outfit which compriscs o gencroator strobe nand
signal unit Design 9, o colibrator step strobe and sviitch unit and
o ronge hondvhecel bex, i1s an accuratc ranging outfit designed to
give reaxges to an accuracy of down to + 5 yards when uscd in con-
Junction with Typc 277 or Typc 271Q.

This unit vill bc fitted in all ships vith cither Types
271Q and 277 which carry SQUID and/or arc fittcd for firing
SHARK.,

This accurate renge, which is obtaincd on o range scole of
34500 yords, can be transmittcd clectricnlly via the ronge hand-
whecl box to A/S sct 147 to provide rangc morks on the range
recorder so thet SQUID can be operated ogainst o surfrccs submerine
using Radrr ronge, This rangc can alsc be trensnitted to o five
yord step counter-drum renge roceiver situated ncer "." gun plat-
form, and provides accuratc range informntion for firing SHARK,

Therc is a follow—-up device fitted in the .sdic officc which
con bc switched into circuit if Rader ranges on o submarine arc to
bc used, This device couscs the Asdic domc to follow the Radnr
agrial so that the lsdic bearing rccorder will rccorc the rclative
bearing of the Radar acricnl. Thus both thc ransc ~nd bearing of
the torget as given by the Rader is cutonntically displeyed in the
Asdic cabinct.

The display on the Redar scen (3,500 yerd renge) is in the
form of the step strobe instead of the ncrmal bright spot. The
strobe is moved along the scan by means of the range handwheel and
is lined up with the echo so that thce bottom of the step coincides
as closely as possible with the target ccho. As the target
closcs the Radar opecrator must oporate the handwhccl so that the
step moves smoothly in with the ccho.

This smooth change of rongc is rccorded on the &4/8 rangc
rccorder, During trials with thc gear described it was found
that o Typc 2719 working in conjunction with Ronging Outfit R.T.C.
vwies capable of giving ronge vorying in nccurccy by an cmount no
morc than + 8 yards, The opcration obviously depends upon the
skill of the operator and hc should be given cvery opportunity
for practicc using oany convenicnt ship as o target, The sctting
up procedure for thc equipment is fully described in the Hondbook®
which will bc issucd shortly,

The Handbook for R.T.C. is RH, 669.
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. EFFECT OF PROPAGATION CONDITIONS
ON RADAR SURFACE RANGES

ke object of a study of propegation is to obtain ~n under-
of the cffects of the carth and the atmosphere on the

sion of radio waves., The effect of the earth is found to

d on the electromagnetic wavelength and the height of the
ting aerial above thc sea. These quantitics are fixecd

or any particular radar sct and conscquently for any given
carth canmnot introduce any cffect that changes with time,
‘other hand thc propertics of the atmospherc change with
meteorological conditions.  Thesc variations arc confincd

> most part to the lowest thousend fect of the atmosphore, so
though the performance of surfacc warning radar must show
nding changcs, thc performance of air warning rader will not
ted when opcrating against high flying aircraft, The proscnt
describes in outline the naturc of the metcorological con-

5 that influencc propagation in the lower atmosphcre,

The terminology in common usage is cmployced in which the
owing three definitions arc the most importent.

Propagation is said to be "normal® when the atmospherc hos no
ortant effeoct on radar surfacc rangos.

Propagation is said to be "subnmormal" wheon radar surfacc ranges
less thon their "normel" valuc.

pagation is snid to be "anomelous" when rader renges ore
¢dly grenter thon their normel values,

ns intermedintc botween "normoal" and "enomelous" cxist, and
radar ranges may vory frequently between "nmormel" volucs and
88 as much as fivc times "normel", "Anomnlous" conditions nrec
: ﬁ.rﬁgnrdad as giving rader renges of at least twice "normal',

NORMAT,, SUBIICRMAL AND ANOMALOUS PROPAGATION,

- It is well kmovm thnt cxcept at closc renges the superstructurc
gives the mnin contribution to the radar rceflcction from the
it is possiblc for this reason to rcgord the ship as giving
reflected signal as on cquivalent arca mounted ot a fixed

H feet above the sca, The valuc of H for rader scts

on centimetre wavelengths is given in the follcwing toble
rent classes of target ship.

s

50 fcet
75 fect
100 feet

the transmitting ccricl of the radar sct is mounted at h
g the sen, thon optical roncc of o target ship is defined
n + soa miles, where H hoas the appropriatc valuc for

t B?ip in quoestion (i.c. if the target ship is o destroyocr
= B!

r distances d(0-66/5‘+ D) soa miles, the signal amplitude
ho from the target ship is proportional to d%, ond this

) is maintained whatever the atnospheoric conditions, On

or hand for a»1+2(/h + JH) the signnl amplitude usunlly

is on d through en cxponentiel factor o—2d where a is ~ quantity
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thrt “ozs not Gepend on ¢ bub vorics auith the. clectronsenetic weye—.
length and with meteorological ¢ Oﬂdifionu.;H Under normal atmos—é"
vheric conditions the value of 2 1is 0:6 at a wave slength of 10 cm,
while at any other wavelength, A metres, the valuc of a can be cal-
culated from the formula :- ' St a2

(1)

1)
(T 1o0N)

Urder subncrmal conditiong the valuc of a is greater than the valuc
given by (1), vhercas when anomalous conditions prevall the deercasc
of signel amplitudc vith 4 is much smallcr then under normel conditions,

For valucs of d lying between 06 /F +/H) and 1.2 Q/E_+VCE—
the dependence of the signal amplitude on d commot be accuratcly
strted in simple terms, but as o rough cppreximation the rulcs given
in the folloving table may be cmployed,

Ronge of d in which signol amplitude |

i
Fropagation | o dﬂg oC o—nd | valuc of o
|
Normel | | 3€0e 9(/0 + /H) >0+ 9(/F + /) 0.6 § 12}}\ %1/3.
! ! J' y i/l
Subnormal !d(O-éQ/H~+\/H ) d>0'6(/5f+\/ﬁf) 0.6 E ”é/Ng 5
; i | l
Anomnlcus fac0e9(/h +,/H ) - | -

The dependonce of the signel emplitude on d for @0+9(/h + /I ) is
not given in the anomnlous casc becrusce it cannot ~lwnys be repres—
cnied in tems of the simplc cxponential factor. Indecd the deren—
dence on I nay e highly conplicated in this case and morcover it
chrnges with verying netcorological conditions. It con be stoted,
however, thot for >009(/h + /H ) the signal smplitudec is nlwnys
lerger in the anomolous casc than in the normel casc (and is some-
tines very nuch largor).

THE CAUSE OF ANOHALOUS AND SUBNORMAL CONDITIONS,

The offect of the atmosphere may be understood by referring
the optical oxrmple of light proprgated ot a small angle to the horl—
zental in o nediun whosc refroctive index varics with height, for
it is kncwn thot if the refrective index decrenscs with increasiag
height then the light will be bent Covmwards, vhercns if the refrrc-
tive indcx incrcascs with heipght the light will be bent upwords, e
similar refraction phenoncnon occurs in the casc of radio waves trong—
nitteld through the atmosphorce ot annll angles tc the horizontol, Tho
cesc of upwcrd bending correspends to subnormnl propogation, whilst
the dovnmrard bending, provide! it is gufficicntly pronounced, corrcs-—
rouds Lo nnonnlous propogzrtion.

The veriation of rofroctive indcux vith heicht is mest proncoun-

ced in the lovier atmospheore and is lergely Juc to varintion in watcr

vepour content, L roto of chanse with heisht in the prrtinl pres-
sure o vinter vapour of 1 nmillibar per 100 £, is gufi'icicnt to pro—
duce anoinnlous propagaticn,  Pxpordmentel wcrk hag showm thet wetcer
vepour sradicnts of this nngnituls occur ~~“thin the first 200 foot of
he atmosphere, ortuna 7 contrelled oxperimcents hove not yotb
the atmosphere Unfor toly trolled cxperincenty have n ¢t
been carricd out to determine the nexinmun heicht ue to ﬁhioh such
grodicnts noy cxtend, Tt is belicved, hewover, on the Lesis of both
the nvnileble radic date ond oncrel ricteorologicel co nzltlons thet

lar;:c vieter vapour rrﬂclunt nover porsist tc heiskis of nore thon
a fow thousand feet, ~nd thnt in ;oncral lorge grolicnts only cceur
in the first tnouu“ A feet of the atiwespherc,
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Large woter vepour gradicnts can only be bullt up provided there
appreciablec amount of verticel mixing duc to turbulence. It is
1 known rcsult in the theory of gascs that vertical mixing is
811 when the temperaturce of the n‘bnosphorc increascs with height so
it conditions favournble for the building up of large watcr vapour
ents arc most likcly to occur in atmosphceric temperaturc inver—

« This associntion of temperature inversions with water vapour
ents would appear to provide the cxplanation of corrclations that
ofton beeon claimed between tomperature inversions and anomalous
gation, Terperature inversions occur when warm oir blows off
over a cooler sco, since the oir neor sca leovel 1s cooled, thorcby
on increase of temperaturc with height, If the worm oir vicrs
ed with water vapour when it lcf't the land then the coffect of
ooling will bc to producc condensation of water in the lower leoyors,
t an increosc of water wapour content with height must occur ~nd
tion will conscquently bc subnormol, If on thc other hond the
ive humicdity of the warm air beforc leaving the lend were suffici-
low the oppositc effeoct rust occur, This nriscs beceousc the

er loyers will pick up water vapour from the sco provided the

ginal reletive humidity was small cnough to offsct the cooling of
layeors.

- In the previous paragraph a simple process was described theat is
able of leading to cither subnormal or cnomalous propegation con—

ns according to the relation of the sca temperaturc to the ncteor—
al properties of thc air, In the following tablcs vorious repions
e world are given wherce metcorological oonc:Lt:Lonu arc cxpcctod

to cxcoptional propagation conditions.

ANCMAT.OUS PROPAGATION,

Timcs of year at which anomalous

Rogion propagation is cxpected to occur '

frequently |

.

British Isles May to August g

|

|

Newfoundland April to Lugust ;

|

!

ancon April to hugust }

N Australia

ch Bast Indics, Scptember to November,

SUBNORMAT: PROPAGATION,

| : .

| Times of ycar ot vhich subnormal

| propagation is cxpectcd to cccur
frequently

March to August,

ntry of the region around Newfoundland in the tables of

s propagetion and subnormel propogation shows that for the
L to August propagation conditions in this region may be
ary widely and repidly. This bchaviour is beliceved to be
2s in othor remions, the Mediterrancan for oxample, stend
conditions arc cften mainteinel for meny Aays. The ton-—
orologicel conditions to persist is of great valuc in
opagetion conditions in regions such as the lediterrencen,
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It has been found thnt by esssuming persistence of propagation conditions
corrcet prodictions could be given in about 7C% of the cascs exenined
in the English Channel, YMore complicatced systenmg of prediction basoed
on detailed motcorological considerations hoave not met with any appreci-

ably greatcr mcasurc of succcss,

OFERATION/L EFFECTS OF ANOMILOUS PRORULGLTION,

Vhen propagation conditions arc anomalous the following points
should bc rcemembercd:~

(1) The ronce at which the cnomy mey D/F n rodar tronsmission is
corrcspondingly incrcnscd, For cxemple if the range at vhich
o radar sct cen normally be intorcepted is about 50 niles under
anonalous conditions the intcrccpticn renge nay be greatcr than
100 niles,

(2) The ranrc of detcction of low flying sircraft is corrcspondingly
increcascd, This cffcect on W,/ . scts nay lend tc incorrcct
cstimates of the heights of closing nircraft (the cstinated
heisht is too high),

(3) The incrensc in surfece ronges duc to anomrlous propegoticn con
lead to o radar sct with peor clectrical perfornonce giving an
cpparcntly good surfacc rangc, This offect is porticularly
serious for dusl purposc scts that arc also rcquired to give
verning against high flying aircroft, sincc the renges of
detection of high flying aircraft arc nct affected by anomalcus
propagation and depcnd only on thce clectrical performance ©f the
equirment, It is very important vhen o rader sct gives oncm—
alous ronges on the surferce topgether with pocr ranges on high
flying aircraft, that an cxamination of the clectrical perfor-
nance be nade.,

(Editor's Notc: Attention is drovm te the scnrcity of inform-

otion on this subjcct, and to the nccessity, thercforc, for .
Roder ond lictecorologicel officers to forwnrd naterinl likely
to be of uso).

ANOMALOUS PROPAGATION
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RADAR REFLECTIONS FROM CLOUD

AND THUNDERSTORMS

An account is givon of mcthods by which an opcrater
can distinguish cloud from other cchoes,

THECRETICAL CONSIDERATIONS

The ccho amplitudc vill depend chicfly on:

Te The mean size of water drop in the cloud,
2, The number of watcr drops per unit volumc,
.3, The illuminating frequency,

_ A cloud is formed when a region containing water vapour
drops in tcmperature below its dewpoint: this rcsults in the
accumulation of water molecules into droplets, which incrcasc
in size as thc tomperature falls, In the casce of feoir weather
cumulus cir resistance is sufficient to keep the droplots from
falling below the cloud, and in the heavier storm cleouds the
drops oftcn evaporate again in passing through weormer roegions
bétween the cloud and corth, ‘

: The power reflected from cach droplet varics as the

ixth power of its diamctcer, The e¢choes from the dreplets

11 have » random distribution of phase relative tc cech

ther, and the ncen roflccted power will therefcere be the sun

the individual powcrs, The total power cchocd is thercefore
ghly proportional to the nwiber of drops, (so that for o given
s of watcr vepour the power rcflected will vary as the cube

f the average dicmeter),

Thesc considerations account for the large cchocs from
wnderstorns ond cold  fronts, which consist of numbers of
go wetcer drops, and for the fact that « heavy shower or
rm cloud will show on the screcn whercas ordinary light
d will not,

The Reylcigh scottering law applics for all wavcelengths
nuch greater thon the drop diametcr: that is, roflccted
inverscly proportional to the fourth power of the wavelength,

For redor scts of cqual scnsitivity (cquel pover tronsmitted,
1 gnin, recciver noisc factor, ctc,) the signal voltage
ved from a cloud will vary inverscly cos )\2.

In vicw of the higher vertical discrimination obteinable
small pirrors cs frequency is inercescd, the difficulty of
nguishing aircraft from cloud cchoes should not be so great,
ﬁﬁ! attcnuation, mey be expccted to causc guitc considercoble
ud shadovs,

Echoes have becn observed very occasionally at 50 cr, but not
longer wavelengths,

PRACTICAL CONSIDERATIONS

The character of the cloud reflection enables it to be
uished froa most other types of radar echo, in thet the rondom
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phase distribution produces a signal beating right dowm to
zero very much like noise, This effect causes a mottled
appearance on the P,P.I,, with a ragged variablc edge where
the tapering side of the cloud has been 1lit by the cdge of
the aerial beam; for heavy storms (or high gain settings)
this mottle will join up, and for very heavy thunderstorms
the edge will become almost clear out, The mottled appear-
ance can always bc obtainced by using sufficiently lcw gain,
This noise structurc is far morc casily obscrved on an 'A'
display and, in the casc of small low clouds, thc 'i' display
provides the only means of detecting the spurious from the
real conning towcr or ship ccho, Cold fronts prescent the
additional peculiarity of a linear advancing cdgc, covering a
distancce up to 50 miles or more,

METHODS OF DISTINGUISHING CLOUD ECHOES

TYFPE OF ECHO DISTINGUISHED FROIM CLOUD BY:
Permanent Motion of cloud, WNoise-=likc structurc
Ship, Motion of cloud if greater than 30

Knots, Constant coursc, 'i' display
noisc structure, Elcvating the acrial
in which case a cloud echo will
increase,

&ircraft, Clouds vill be travelling with about
the prevailing wind speed, rarcly more
than 100 m,p.h, An expcricnced op-
crator will be able to distinguish
between the rapid fading of an air-
craft, as its aspect changes, and the
cloud eche, fluttering to zero with
occasional high, spiky pcaks,

Window, The cloud ccho is almost cxactly the
same in both structure and motion as
that of window, cxccpt for the latter's
rapid ratc of growth, Thc balloon
structurce decoy, reported to bc uscd
by Japanesc aircraft, also hns similar
choracteristics, It is perhaps morce
important however that operatcrs should
learn to ignorc all threc types,

rathcr then to distinguish between theny




TYPE 281 BQ

pe 281 has had a proud career, and it is not without
‘that we print in this issue a picture of the necw
2 BQ receiving office arrangement, New units are:

The coupled P,P.I,'s (0 ~ 80 miles and 80 - 160 miles)

€ control unit 20L, On top of it sits the auto-aligning
rial indicator,

e central rack containing:

Receiver P107 (modificd P23)

Panel 1,50 (modified L,11)

Switch units for Type 941 and Type 243

Swept gain unit (provides anti-clutter facilitics)
81 pre-amplifier

Video Filter Unit

Type 243Q acrial indicator

‘Rectifier Unit,

""e right hand rack containing:
- Performance meters for Type 281 BQ, Type 941 and Type 2434,
~Aerial Control Unit for Type 243Q.




