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The general rgizumnts tor an infr•.red doa., an &"ased.

easuw ts atm descrlbed of the emLsuio of standard LA.Y. flarese

and UZPerIftltal L.oRD. 1. rlaree. Por iV latter It In cstinated that a
deo0y waighing i lb V1A give four tims the zrdiation fr a V-bber In

the PbS bud tarw 6 ea.*, mAd j lb w11l give fm-r times t!A radiationa

in the Pb?. bwand

Seleotively mittitag a-aterials - AeMR Conates - have bem

Lwestigated with piomisci results. Of this mterial a NlM; 4 decoy guild

weigh j Ibg azd a!P~esc 1/3 lbý. cordite Itself bosever Is probably

unsatisfaotoy at high altitudes,

At the sgUgested disoharge rate, proteotlon ftr three periods ,t tfn

malutem vuld be given by 180 decoys, whle protection for t.11 thbn

bours would need souzt 1,000 deooys,
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Technical rca. No. MD 702

I Introduction

Deoay3 are cmu of the possible eanteoiauva to inft-rred binamissiles and their use is considered partioularly i1r pratectiom of the
V-alas bombers against air-to-air missiles of the Blue Jay type.

The main type ot decoy considered laa ains tM rs 1AoLh Isdropped or ejected hrom the bamber *bam Ueder attack, the raiatian tfro
the fla-e being such thLt in the oerpative umebsod or the detector it isseveral time as la•ge as that tram the bomber itsea . (It ha beau
decided it R.LJ. tenlsativelys to Use a ratio Of 4l41 IM aSaests
(see Appedix I),) The bon hebd of the missile should than look-cuto the decoy, so that the aisaile is deflected amy as the decoy separates
from the bomber

The chief lsadvantage of the decoy eoiatermeairs teobhlq&O 1s thatIt is an intermittent form of Counternmsain Ikick WaesItatea infonastion
to decide vdhon to use it, and since the bcml mssiale anW passive system.
there can be no direct warning of atteak. For this roea permanent IR.

Mlonrmeasureo are to be preferred hearver feasible - Let radiation
suppre3cion in tim ase of the V-bobera,.

When obatg lead sulphide homing systems It seen feasibl, toreduoe the radiation from the jet 6elres to a lovel ive curSW BtIU
:ay honing missile vw1d have Iaeqpate detection range. Mevere inthe more distant fliture it is likely that w shall havs to *ocbat missiles
with load to.luride detectors which detect not only the radiation from thehot mtal of the jet ewginss, but &lsw fro the hot pases themselves. A
there appears to be little hopeof cool•ng the exboust Sassa, it is
thcOght at present that the wst promisintg owitmaa.--e to the lead
telku-Lde homing mistill is a sultable deacge

Asao, aRoe there is a steady develoyena in the sensitivity oT Wdetection systems and in ti, power (and bnos radiation level) of Jet
engines, the" Is still saw interest •n the use of decoys In this field.Decoyu also may be needed " 1z.e countes;,maares, or in cases m'€ I.EL
suppression is inprwtioable. It may be desirable to use a oabiatima Oa
partial I.R. suppression wad a corresponding deooT.

puparently the U.&S are already dea•1oUg fLar ejectors far Bo47end D62 boebors. These ejectors (designated WIAU-i) each have 51 decoys
in a apace of a-beut I mubio toot. Bach 200 gC Vellot gives an emission of
I 000 watts/star, in the PbS band, for 6 se&ads.

Ths r.-p•rt assesses the zies of decoys wqoded for the 1bS and FPb?wavebandsl and Sescribes meaaurementa made ou va-riuus rossible flare
materials, It is hoped tCot it will provide a basis for discuesfosm onthe operational suitability or flares an infra--red couterMamINes andhe=ne the natura of future develup•ont wozk.

2 .aseesmant of' Decoy Endz-.sPn Re4uirad

In the FbS waviabasri or inasuregnts show that the uiassion #;f aV-bomber vith four large ergines at •anxaim cruise conditifo at Sn anlo200 from astern is--O watts/stur. To give fujr times this raiiaticn, the
required isotropio eaamsion fras th-t flhi r will be 20,3(0 watts. Taling &desirable burning time of 6 seconds (see Appmldx 0) we therefore rned an
mission of 120,000 joules.

'Temporary cooling of the ezhaust geass by cutting the engines is
possible and may be an a1tcrn=tlGe countezosam-e.

-3-
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Technical Kote 1;o. UD 70?-

7oe the PbeT band ergins data is not so omreheuative. However, for a
Sapphire engine at ma;ium paver radiation On the beam fr. ti. e iaust ga&es
aleon of 37 watts/ster. has been observed at RA.L.o lor a Coctay =,7
operaikag at saxium ciuls €onadition the beam -tataion has been f0MAn to be

60 watts/stew. when using a 10' 6 jet pipe - i.e. for a cd~itioa 'baen thore
is little mixing or the exzawst and by-pass gas stret . or a larne straight
jot engine the eMission will be greater than this. As a representative fiure
we will take the boas- raliation lioe gas radiation only) to be 80 watts/stor.

per exgine for muimm cruise conditions. Ths to cbat mah gas Traditin
from four engines with the sme 401 sacty factor and burning time need for

the Pbe band-1009000 Jaleso If in additin In the MbOe band there Is
radiation from hot metal (Lose stem attacks) the required decoy signl Will

be Increased. Yor straight jet enrines the sijnal rwqALrd will be nine tUms
the above, while for ensgine suppressed to 200W t&o metal emission shosld be

120 watts/star. per engine so that to combat the total amissio will them ueed
2j times the decoy s.ie, or 250,000 Ionics.

3 Details of Wield geaMrwmnts

Meaamz•emzte were made normally at ranges of 200 yards or mre.

Both 1Wb ad W Te detector systems used 3' ditamer optics and SOL)/s
chopping. These systems were calibrated in situ against blenk body radiators.
The Phi system used a germanium ti)ter and .-ad an effective bandwidth of

i ,5-2.6ip, the PbTe qstem was fitted witu a MS¶ filter giving an efTective
bandwidth or 3.2-5,11,i These detector syatems were the sam Ones Whi bad
beav used to determine the radia•tion from J46. eretne qwted in setion 2o

From t e asgal levels obtained the total :zAistiou In the abO wave-

bands on be calaulated.

SUxperiaental _,sultg for Cgw!entlonal ftrotechnic Materials

J.e Eiszsion Mastu-ements

Several types of standard R.LJ. flares were rostnd, iaMkhafl-g

(W) 3 Tl, 1,60 diaeter Target Indicator Candle

(11) 20 Up 4. Airaraft Anti-submarine Flare

(iLi) 4 lb, 1.70 AiLrcft rlbaminatcr Flare Noo. 1, Hk 1.

The last of these was mob more efficient than the others and detailed

rewmlts will be given only for this type.

bIs flare consists of 3 &tan* Iach star has 75 Ps of WrOteOhAoi
mnaterial. (S.580) with dimensions 2.66 long, 1.58 diameter. It bums tor

3 seconds after ij seconds delay. he o7& ma s*ctn is given in Appadlz nI.
The average measured missacas warse

fbs (1 .9-2,6&) band 0 700 watts/ster, w.r am etu

Mbe (3.2-5.1p) banfig 460 watts/ster. )

Abcut throe times this "a;se was obtaino4 when all three stars ware
fired together, provided the stars resmained In the fMuId of view Of the
detector.

To*k ar the development of flare materials has now started at A*R.DJ..,

Langhurst, az. two types of epecistans, have been suppUled to us fr testigN.

=-1.
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One type contained BR,580 composition as in the flare described a&;ovs.
These samples contained 75 gm& of composition In cardboard caesse 1.4 in-has

diameter a= burnt for 6 seconds.

The average emiasion at WOO yards raqoq v"

7Pb band 770 wit b/ter.
IbTe band 180 wattW/ater.

Assuming thie emismion to be isotropic and allowirn ftr the burning
time of the 1Ira4 we can derivo the following figures for the specific

mnAsaionl

lazZ I

EaM3fion Of SaRO= s3•=18

b band 270 Joulea/ka.

PbTe band 130 Joales/Sm.

Similar emission v&3ues to those in Table I would be obtained for the
1 .7' Lircraft Flares it the 3 nominal stcond stars were assumed to buim at
fu~ll power for 2.3 seconds.

The otihr ecmposition *upplied by A.R.DJ,. uws SR.A079. These
upeoimurn were or 1CO gas t..tal weight, 1o4 inhues diamter, and filled
with 75 sgs of SR,107 material. They burned eTfoctively ibr 13 to 14
so.onds, Tho avorogu moaawirod emission at 300 yards ra%* is given in
Table II.

Emtision of SR107 Su=•als

Pbt band 330 watta/ster. or 710 Joules/gm.

MTe band '80 watts/stor, or W90 Joules/&lM.

It will be seen that these experimental frireas givo two to three
tizwn as much I.R. emission as SR.580 used in thi atandard Aircraft
Illurhaator FiLare, From the ratio of the emaassa in the T.a wavebands
(s&a Figure i' after dditiomal .llowance for atmospheric absorption
(Sect ior. 4,2). the effective blazk body tesperaturc of the buinizg flare
is fCund to bo about 2,0300C. It should be noted that this method of
detuominirg tumperature is only valili witen no selective mission occurs,
as would bo th~e case If hot CO2 or we ar vapour reuulte3 fro.m €cobstion
This temrerattLr agrees wall with tho figure of 2,1000 C determned by
A.R.D.Z. by v ; al piromotry (A.R.D.E . Branch keno. 3W/2/7). *1or a
tuialorature ol 2,000oc the percentage at' the total radiation whi2:h falls
in the wanted wavodbarA ••t

PbTe band 1:4

Usirg tV.4 i'jj&urs ftr the reqaired euiasion given in Table II, the
amount of BRW07 matoria, reqatrad to give an ems•sion of four times that

"*Sue Appeiiiz II for oomporition

-5-



of a Vubaser for 6 secontds for the Pb3 bund will be 22i gav or I lb'.
Similarly, for the Pbre baund the masured values at 3•0 yards atir that to
give four t•mos the Las rediation of the V-;4aser will roqpre rougilY ' lb*.

"Z,2 Atmuoqherie Transmission MeSaSrements

)Measraients of the a.tmosphoric transamission at groand level in the PbS
and PbKe bands have been carried out on samples of SBRA07 ant S.580. The
remalts are givensLn Figures 2 , . W5 and 5 soag the :awde teLZ raldisttieC.
for runes up to about Itmile. These results apply only at ground level. 1t
high altitudep with little water vapour abaorption, no oppsiolable etttemasaW•
would be expected In the b band prowiled glass cpt~cs viro employed in thi
duteotor systuis to remove the offets Of C02 .bsOrPtIon at 2,.7o Haowver, u 1

the meaured absorption at &aud level is in fact mall, the Increase In
signal at high altitude will be slaght,

In Sho MtTe MO#ia at grQ•Un level both water vapour srA C02 absorpti"n
bends are prespnt. In feat the water vapour ebsorption at bcth edge& of thie
band mast be quite appreci•ble to accoAt for the relatively steep attea.Laion
observed. At high altitudes only CO2 absorption wuuld rsLt and the inira-rtd
tranmission wuld be cons derably increased. Piggre 5 indicates that at e.-v
range (ioe. no absorption) the uinal would be about 5% greater so that for
high altitude operation ihara absorption gay be unimpoartnt the weight el L&

ZR.107 decoy for the PbTs bend could be reduced to "bout • lb',

5 Selectively Emittinsa Materials

It eeemad that a considerable gain in radiant effic•ezEy would be
obtained If a flare material which emitted selectively •n the spectral regio
reoqired cwuld be used. 1n Particular it seeaed p]sloi•g tu investigate
decoys s hich gave CO2 amissioe for the Mt•e band and to a. lesser extent tn
have H20 emission in both bands. Both these requiraments o=n be wet by
barning hydro-oarbons and as a oonvenient foam of aterial carrying its own
oxycen we used Cordite of variaos types.

5W1 23ytral distribition of Coqrite Radiation

In ofder to mesure the spectral distribution of radiation mall saplaes
of Cordite were bursed at a fixed position near the entrance slit of the
spectromoter. Thire sualea were bhrned for e•ch wavelength settingx of the
spqctromster so that repuatability could be checked.

The saetrncwter and detection system were than calibrated over the
sao wavebeasb by uno of a black body radiator, so that the tnm spectral
emission oould be found.

The r•sults ibr type 30 are shown in Figure C, It will be seen that
th-I-j are muted oMS31son baids in the region of 208p and J•s•,5. All types ol'
Cort.te gave asi•lar results in the PbTe band - In the PbS lsnd the emaLsimn
of type C=C was about twioe that of type SC.

5.2 Total Emission of Cordite In M and5 Pbte Weveb,•,,

Me. amuvnta of the emiasion of weighed qtiantios of Cordite wore nude
using the PLA and Pbo. detecting system. Results for the best ty/e (C0 ) ami
shown in Table III. The values arm an averago of about 20 .rmalts at -*Ages
betwen 100 and 3C0 yards.

*-r.oaading an allowance of 2$ of total weight for a suitable cardboard
Canoe

-6.
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U=E~ III

Eaissien of Coaita

Pbs band PMe, ben

TYWe CSZ (kvsrage of 20) j36 watts/ster. 4.1 vmtts/s*er. 8 secca•a tbr 4.7

Frol the above results we find the spmoifel eamlsiot fur meawirtni
ranageO.-0O yarts to be%-

PUB band 780 JolaAvh/a

PMe band 880 joulas/4R.

C ison with Table Il shows that the Cordito I-& mote than twr.- &3 s iuJ
as. the 3R.107 composition in the Mbte b"asd W ..& esac~iat betto: im tr.a
Pbt banlo For six seconad #pcys the requirud ws4,hts of Cordite w.ILLd be

ib for the PbS band and Y 3 lb far the Me ball.

The reactio mergy of Cordite is quoted as 4.4W0 3ole'/ga, R.cca
from the above ftiguea 20 of the available enoro Is bein" IateS in the
IbTo bd and 17)o in the PbS bind - i.e. 3 of the xliation is use:NLl.
Trio Figure 6 It is clear that thire is eoaldseraboe radiation batvaon the
two u@e-al bads,, Le, 2.6-3.2*, blobh say be or val's at high altituees
who" water vapour absarptin is law.

54 Atons;heri•o Absozproon at Cordite dul•slte

Attempts to soeaa the astloeyberir absorptiO n of Cordite nrLAtiC.A

at grourd level have not been very satisfactory* This in mainly due to
tle err;atio burning of the samples in the open. However, an &averge of
many UanAlre-nnts of radiatica at ranges up to i,00'0 yards Indicate a
fairly rapid fall in radiation in the PbTo baed. The far. in ra'ia•ton
with rarl4a is greatier than that ezperinmnet by a jet engine plume Wtwve a
fall to I ocurs in 800 yards - wbich Is amawtat surpriasig Since CX2 in
the Jet plums wul be at a lower temperature than the Cordite flaw*.
A posible explanation mq be that water vao~ar is also causing a&pr'ecibl,
absorption since the Cordite eaissicn extends to the water va;a" bdrns
around 3 awd 5 miorwes,

The reAlts indicate that at sezo range (i.e. no absorption) the.
iassion would be about twice that mesai ed at ranges -200 yards wI d

qgited in Tamle 1I3, This at high altitudes twre absorption will be
snall it night be possible to reduie the weight at the Cordite decc•" to
1/6 l for 4se in the PbTo band.

6 ('uvl.v Lians

The $3.107 oumposition developed by L.RJJ'S. is aham to be a
usesfl lnr'ra-reI decoy material, and it Is strorgly r:o=mndWe that th03e
workers staild be en:ouraged to continue their diev-lcp.nt of" such
pynt echoic materials*

The h4gh specific emission of Cordite makes it a promising 1Mr.%--Yd
decoy material, In its normal form haoever it Is extruly presure
"sensitivti and wflL't burn at all well at low ambiet pressars
(see Appomrdx lIr). It may be possible to ov'me,=om this detlect by
partially confinint•t•e Cordite or by -4-41a it witi a magmasium based

eIrkWhiNg an allow•noe of 2%@ of total weight for a wAtible cardboard

-7-
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•P3r0technic material, or pussibly by using saw of thi other self oxidizinZ
hydrocarbons , dch would ba expected to have siatlwr infrnk.red properties.
It Is reoomanded that koRDez. should be uabwd 1U Itnestigate suh ss!*cti%*
eadtting aaterials, inh idLng Kul lP whoh is reporte4 frm America to be a
very e'fiaLent decoy material with a low bArniq teaporatue-1 ,7001C.

At the discharge rate mouestad in Appendix 1, hamly every 1U ssca~ds,
protection for t*re. periods of IC malites would be given l)y 180 decoys, ad
protection for a full three hoars by about 1,000 decoys.

The degree of protection expected from j lb decays for vanrca ccnd'.t'-LCD
is nmaaszted in terms of the zmbor of enirAs which would Pvs the sael
sisnal, U& Table IV,

Ut .whedi

Table IV
Appendices I - III
Diqeg Rsd1/VA'.38~esis
Detia.hble Abstract Cuds

-8-
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Kin•l. arA Decoy Chruscteristics

Y'Pokig Blue Jay as a reference tbr the hoaing 1kitile, the
insta'.:.Iaxoes field of -iew ard the umber of 4.ng;o or0 a Vbo=mbsr
seen al-ultanaouily at various ranges ae given in Tab.e T.

Missile Field of View

Blu-9 Jay iruisteatm~eous Field of Vie.* (WR2'I)

RAnro Field or View No. of lnaines

4,000 yasrd 42 feet 4
3,000 ysrzi 31 toot 4
2,000 yUr4s 21 feet 3
18000 yawUn 10 faot 2

?bus at nornal lgauchong ranges 1bur engines wdil be seen, but over
the last ¶,500 ywrs o• spproach not more than t-o enginos will be prortidicg
the .arget signal. Lsi view of this it might be Ismissible to re~uce the
decoy emission to twice that of the four enginesl, with the knowledge t.at
in the closing stages this will be four times the target signal. This vuuld
halve the weight of all the decoy@ quottd in this report.

Th. field of view for recapture t &a target for blue Jay in -t* j'° 0

iles the decoy must take the hmLng head at ]east this far off the target
betore burning ends or the target will be found again. At the max==um
likely launching range of 41,0O0 yards this eorresponida to t 300 1;.
To provide such a separation frc the target by falling freely under
pravity the decoy will require to turn for over four secands. 0n the other
hand, If the missile i a: 3,000 yards at launoh, and tLe missile head aI
slaved to the target by radar for example so that it dous not follow a decoy
before lauiohing. then Liter 3J seconds a decoy wjuld buyves fallen utaido
the field of viev, so that & bIrnitr tine =Aob longer thau tWe would be
wastefial. At optimm buniing tine of 5 or 6 secouit is i8ndU.ICzd by these
€on.sidurationsJ,

An estimate can be wade of the advisable rate of ejection of decoys
using the tentative asump.tiona that the overta•ki• speed or the aissile in
I000 flsao. aid, that it should approaph vithijn t1,000 yrds without aseesinc
a decoy. Nov for lmaunhing ranges of 2,000-4000 y~rds tne decoy is alusys
outside the field (of view aboult 4 wasnds after ejecttor.t so that the ai~aloe

could be fired at this t4"e, '*he iLntervening diets/e uill' be covwv~d in
3-9 second& an'd the psaui••ible interval between oJectic" is tht-s 7-13

For average oonditio.A thwrufore a 6 secorA deoay 6vuza 10 suondu
shAild be quitsble.

At thit di•charge rate, protoollon for three periods wf 10 amizutes
would requinr 180 decoy•, idaile protection for a ill thmee hours would noel
about 1,000 decojs.. In this latter case the overall weight 1±ludirs
ejectors wuald ~lproarh 1,000 lbs. This is soveral tiau birer than
estated in A.*RD.D. Branch Memo. S4/2,7 vainly became that report usuand
deooys only eqLivalent to the trgent and !wt four times &a la•zgo, an
considered here.

-10-.



Technioal Sote No. BAD 702

CoVositlon Percentage by 1eight

Magnesium TerricI Sodium &caroi
lzls 'Nitrate R481.

R.107 35 65 -

aR.580 60 - 36

The reactions of the abovea mLterias sa Q-. -- taaiu burnig 'to

Maineoul oxide with thd ox.en mspplied by a cocvenslnt ualid ckheUcal.

The BR.580 was Sesigned to give m much vesible rmiatio "a possihle "m
thie is shieved by making the flan burn &-s hut as possible, about 2,70-"

with this Atliturse A greater proportion of the radiation is mittod in the

insr-red if a mixture can be made to bumn at a lower tapierature such as
by Lwking it busrn at kalf the speed. Par magnesium to continue
reliably with zost .oxidising agents reqpires a temsprature of about 2,1O•QC -

this is attained In 31i007,

The rate of buwrvg of a 11ar can be obsWed by altering either the

couposttion or the pawtiole si•e of the aixture wbhih &f'oets the rate at

whith oZwi oan be wego available to the mapgesiu, Mt 1ow teaporatures
the emission my have wore Oatral seleativity Leas the radiation say not

correwAod with that ofr a black body #-t sas wavelesqths. In addition there

Wa, be some selective em seion froa the hot air arcund the burning flare -

partioularly CO2 a" U120 mission - It a suffiolent tb4nesa oC air is

hoatod, Uoveral attezpts have been uwAo to nsm5t.Z ttm s;uictraI ewi4eso.,
but tha remslts were inoonclusive.
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Tacfr 6Lcl Iote No. LW 702

AMMIX III

•ord~tt

Coaposition

Nltrocelhxlos Nitroglycerine Carbandte D.B.F.

74/3 55 22 3.5 19.5

CWC 50 35 9 6

Sc 49.5 01.5 9 0

fl5c 49.5 47 3.5 0

A/3 Contains 1 Potassium Cryolite; all coa.iticas con•ain &bout
0.1 twax or chalk. D.B.P. is di-butyl-phtha&We.

Unliks flares, Cordites do not react as & aolid-Alid phase9 but
instead as a V&Paur phao reaction. In consetaene the speed or Iodation
is hi 3 hly depe;mrd on the prearare of the atoJphdre in vich they bum.
It was tcund that none of the above Cordites wuld bum •t prossure less
tham 1/6 tmooptre and nm would burn rvLibly below 1/5 atmospbare.

It may be possible that Cordite cOM0$itionA Can o0 aditfl6d to bQM
at h4ih altitudes. Sin they cosLtain their own oxygen &Wply their aurn.-
ing is inaependent of the composition of the atu•hPore i whch they buJ.

eA 2-
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FIG.4
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