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I PllOJECT N4 Y ltU. OVERVIEW (UI 

hn;el:t lolA Y BELL il41recte.i t~,_.-wrtdllance and t.l"tiAI early Wlnllllland II 1ft. 

... tin& Ill: feasillilil)' o( detCit1ina and UKtilllllrmft. •''riles, lhipt.and IIUIIawt- II --cllc · 

toruOII•JisWW:al&tin& HF r.m~a1t11X and biallldl: ~ 

Cl'l C'OIICtpq u-. die"*'' :aaio: ei:oii"fialndoN Ilion ill f.,n I an lleilla expl.xed. 

C l t) s-;-;.,;..; o( -u:. -a>ll 'tldclat Clleontlcll pndicliOIII, ptOI)aptiOIIIII-fttftCIIIJ, -

IIICtiollslll<:lia and feiiiMity tktectioft d11111'11111Su-llawc beea made. 

O'lle 1"011'1111 emrll!:lil dlltlftc 111e put clsflteea mclnlbs lias been IJ'C'.ificllt)· 41rectcd tmr.-anll 
ucter~~~in..~a :he a«aauat1011111d clllnu propaptloa ~~~till!: tpply to tl:: CO!ICCptl tllat Ult the 111,.. 

ftce wan: ""d im'estiptlna!M IICIIc fusillllity of detec:tlna lllkl -~ m"TIIit ur11 Mode nt. Fieri 
Ddeme ifAOl. Md ~ IV (a) and U.),lvoy Tactic:ll ful)' Wa.m.ina (J.11'W).I\ __ _, 

(U} Tile mioul eft'orlland d:dr nlatioft and lllilportlllce to the basi: a::omatnc -\.unti--
.,_inF"II'ft2. 

D IUNMAJtY OF USULTS (U) 

n.e., .ti6M--IDII (U} 

•. .. • .._ (ll) 

(.:') Jf1( Mearmmet~ll ~ •-l•ed >ipal strcnph - miiCk ower 1 lOO.tm ~~&Iii ntenJillc frv.n 0..-tw 
Cay in,.,. "".llamM to lhe ....a.tns lite at Cape kenne.:ly. Flooida. Detailed -memuatelldcd 
..,_ J&tt"""l' lluoutllllludl. 1970. 

{ t)) Jfl Tht ftl<all ....... strenph ~mnetltlqree well wl:ll pmlictod1 rocdwed oipa1 strm5thl ift a• 

\:: .Ute :r-d. Tht !ipftlld ot pc.mCI about the --'-to Jc. pm:ict.ioN-.. lbt.: at S llld 
llld 10 L'Jt&. l,..!fic:ient data - awlilable at IS ..t 2C MBa to permit_,..._,_ .,.,...., _,.tioll ot _...._, liiNI lnd wlfll• ttate ~no« :dlable bcawoe Ollly CNCie ~data
fiWILiallfe 0'1 ,.. 11Uie. System driftlae co11ducled to bo lesl lhlll 2 dB. EITecta ot lluctina 011 m- :'114 

llpuol ltft1'crN we VllblowL '-ible IIJ'iiiCIIIIIN ... ninc ot tile 4lrect lilnll by tile ID'Orina .. durittl 
ltd• ....... "'I!!CCi" J 011 - _.. 
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I. Attt11uation a a.atter ... Det.mlne lUI(- ..... llll:tlilltiOI' 1114 
<'llculatiGM .:Iutter a • fi'IM.IIOII of a IIIII, l'n:quency, 

andr.r.Jt 

.. 
Ovtter -~~~~ ESSA Oblain limulU~~eCM mult'f'nqaenqr blct· - attn- ~iuttn mewrrnmll 

) . An-lion a Outter llart-f Oblain '"''~lie clultu 11!11 Pith'--.. __ 1111 
AIL -""'." fuiiCiioll or~ 1114 ffeclutft<J -.. Atlllluatloft Ower E:iSA C'IJc:vlate tM Clllft pilll tc. fot IUifKC 

In: •"• 2n.t.c IM!Ip:IIOUI - fl'fflf mplar inll<~mop~~QU~temill 
T--. 

5. o-SmNa-.... SIU c-pk 111d ~aiua:e '--~!.ion 

- . 

mr- at~"' .1ft ':iLBM 

6. Ship llooW PI • su I Calclllallon and mo 1d u•• emaat.: trf :wo -- rypical llllp\ ri'CIU'tec:lion • 1 funrdoftof . 
lll!peet, and (~~qum..-y and poluiWion 

'· Ship o-Sectiroll NRL Meum""'"' or lilt ac:I:Jal ship a= •tloft 
wllll !be MADRE radar 

.. Wate!nd)' ESSA Th-.:tic:al ill•estiplioll of lilt HF ndar 
crosH<ctions of llllip 11!11 111bnulrine wakes 
a a runc:lioll or freq~~t~~<J 11!11 a.pect 

lillie .. Fleet Air o.r-

I. F.,.;bility Demoft. m/NRLIAI'L fnill:ll ft:&ibi6ty dC'II1onstntion or fl«tair 
-tioftTeR c~cr._ c.•eJit 11sina styw_.e WumilllliOII 

wltb a d•sl<lnl transmitter and bislatic ft' 
ccption with d- ill I* .,. • 

• :z. Sllip Dctectioft NllL lmatiption or detectifta sllipa 0111 o •• pier 
buialllina die MADRE-· 

J. Ship DetecUGII su lll'tatiplinallle detecdoll or llllipa 0111 
• power bail 111ina FICICWIIilb redllliOII 

tei:Mique. 
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TAK ORGAPIUAnOH oaJECTI'IES 

(", Buo, TIIC1ic::l Ea11J 
WAf11i111{8l!W) 

I . ITEW Fcuibility lt.t~theolll APL ... csllptir .. tilt fusibility or ddc!iftJ 
• ~cnlioi!No.l IIMf tno:tJna illft.'fll'l 1llhon lUI" 

Uliftl I buo)'·bued -illlf and laJict. 
llue4 """iftf llsil\l SUI'fiCe WIH mode 

• ITEW Fusibility $ymail lmesllpltiiJ die r:as'bility or 4ctectm• - 0em011SIIIIi011 No.: 1114 uxuna •tiona raft~tt uliftl • ....,.. 
~ transmill<t •nd allftd.bue!l 
-'Cinf Wflll sty-

D. Planftina IIMf Cowdl~t- APL Techllicll ass;SIMCC lo ARPA ill the 
lliolll orm~~ planm~~~o UMS coordinatioft or 

PfOIIUI' 

v) 2. Sea Qvner CUl 

~¥ 5e.Hcattere4 eMilY -observed 11 511Mf 10 Mlf.t, with -baiOM both from I buO)' ..._..., 
l :0 km f10111 die silo~ and from Carta Cay. The obl..'f'faliOIIs WetC mad~ both with CW siplalsand 
phaso<odcd sipWs. tilt lltta with cllec:lin pulse lenalhs or l5 alld lOO,... 

~) J!lf Tile ._ialonl f10111dle buoy ~ CO!IIiclenbly more import111l bec~~Aetllc alter-. 
aearthe touoy is deep oeean water, nthcr llwlllnd or shoals, ulllthr CMe of 1M Carter Car -

missions. The tiallal lj>CCtNm showed that the- alter- c011rtm:d to two ltudl;, or "pednlllsM. 

lelllhs or allcn.z wide alld located l)'mmetrically wilhllll\ hertz or the o.vrief; thne o!Jocrqtioftt,. 

with theory Uld predicliollt nblillllhe Doppler slliftl to the ftlocilia or the lrqa n:to~~ant OCCift 

•-•cspoillible fOf scalier. The observed intcMity for the- dullet qnal-pOIIds to an~ 

-·~er~~~a c-tion pet unit-... or··- ·24 and ·30 dB; this qrea wid! a predkled Uppet 

limit or. u dl. 
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•• flftt Air Der.- ..... Sloill' Dele- CUt 

1. l'looltAirDII-cFADt cu• 

~)/ ~lccli ... 7f lw-fl)'tltllt.Mit !(' IUifiiCr .... at a ntlft •fllcieniiO lfH !Mful-111111 lime 

lllllll'kkilll on·.-......ulioft II a ptoble111 wld..il miii'IW ..,.,: If !lie aurface ftl'fY illo IMiYc.. •-• of 
·IIW a.IY;nl• of dcft~i'IIIM el'ltmf llle )III'Cittll~ily of Ullint simp!e .lirecliofl fllll!iJII cecllniquea 10 

l«alt ""'' .. .,ill. ills c&..wabk lhatlllrolvlion aJt nqlllre ndial10111lrom lllc ftect. 

(u) ~ The feasibiliiJ of IID"' IIIYbliof tsly-e/lulflllC w .. et S)'IICIII IO ~ IIIla prablemllla .... 
do:IYt<'ft>IW<4 oiuf\nr FY 70 u pan nf tltr. llAY lf.U. Pt......... In this conc:cpl.llle t.qrt II UlumlnlleCI 
11r sty·wa•a fi"Cff\ ~tlllmilien (oitllet thipbonlol .. laNH!ut~lloo'Oied uoer·lhe-horil.uft at ....,. of 

perflaps I 000. ::000 km. Surf' ace .... a which PIOI,..Ie lrom the IITJ:d to a re..-cifin& I)IIICID ,......, a 
chip rnnii d<:tc~lions to w ntade C¥en. wllt11 die tarpt II below die line of aaht ndar ~ 

r .. 

(v) .JM' . An e&perimeat- perl'Cim!C4 at Cape kennedy, FJorlcla. where.~~ ltalioll 
.,., u...d to Ltrllalat< llle lh•pt-o.ord emiloMtent. r. Na..,.P3V.::oc:ntt IICf'fed as a...,.... 111 ~aft'. 
lho1'11 in a 5...,... of conll'OII:d ftiallt plans, and 'UIL'IIination wu ri'Wi4td by tk 14ADRE and CHAPEL 

BELL ttlnSIIl.i!tom laa.tec! respec:tloely In Nar)·llhcl and Viqinla. For 111011 or 111ae Gillltsthe ti!Jel 

altitud-. ., .. lOCI (etl, and det<C1i0111 wen made at nt1ft1 a peal a 100 km. It -"'-to be 
poaibl< to tract the tar:;et in both nnie IIIII uimuth with ac:.:uncia of about 5 malDCI - ....,_ 
(clependin& on 5NR). Theoe mulls were ~ned-. 1 receMns/p~ cyataa wllidl
-mbled ucint e•i11illl equtpment. and this equlp!!lent·wu In muy waya 1001 well matched 10 die 

eapmmrnt.ol requirements. therefore, lheae I'CIIIIIlllhould 1001 be lalten • ~nlilla die capabililia 

or •he limitetlons or • property daiped syttem. 

1 
f 
t • 
l 
• • l \:'1) J') The d}'lt1111ic nnp: requimnentslmpoaed 111 the -.it)' of ncdwi111 r.WI e.,et eo:"- in the 

pn::oeoce of the wi.knl skr-- alhl of duller W""' found to be well willtilllltl! Clf!lbllll)' or aistlnt 
teo:hnoiOI)'. CW--·P<>Iwed. bt-.talic tarplmlll ....:110111 were alw IOUftd to"" or •fficlent IIUII'IIitucle 

C.ar to 100 "'' '"'the 1'3Vlto J:"'f11it detection. Outler was r..,.lld to be c.1poaed primlfily of the 
rnonant sp.....-tnllina wt.ich an: 1enc:rally well undmlood ill termo of cxlsliJII t'-Y. 
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UfiGth~~iritu 
1. llllp Detlclloll tUI 

~) ,.r llle followinJ I& • fUm mil')' or lilt -~ HF propipllon tecM14;!. ... -lidemiiOIIIIIIip ck-le;;IIOII. 

( v ),)Sf M--.tlc Gtoulld- b4allsu --~nte~t • "pallilil)' totlllldetectloft or llllface ftWit.. 
Un Ilk' ... ~an (away from land), it It pndicted llllt my modnt t)'ll111"'.1. U- dtmtllllftltMII and I 
,,.,. hundred watta -..e ro-1 c&ll ptOYicle ~ beyOQd 50 IIIDi. Tile lillllta ctloc:lltioft 

.... -..no,. particlllarly llla&imutll. haft not bmiiiU4icd. 

(v) JB(' M-alle Strwawe b4allsu .._trilled • capabilil)' 1011 clctectiftJ lblps at-bop refnct.ioM 

1':11111" oo.tllo more dwl 1000 llllli. 1'111& lsu bml doM wllll-sratial molution (60 11111llly 

. I i..- rrlll and fine Doppltf (0.1 tk and llll&ller) ..:O.utloll. If llilflcr spectral molulloa II mployed. 

il is ptedic:ted IIIII JOOCI ""'" lrllllk IUJ'Ittft can lit made on a daily buis. Optimum balanc~ bft

tt.. -<1'11 focms of raolulloft lsu noc bmlwcli'ICI 

{ U) J1K Hybrid te1t uam, ttywne UlumlllatioiiiO lilt CUpt and poundwue propaplloa (ran Wpt 

\ ro ""''CM:r haft been -.Jucled. E.umlllat>on of refmnce III'Jell on tile llll'f'-llld cf re1umt fn~~~~ lilt 
sea permit- predictions. It appean that allytJrid lllalllle t)'l~ Clft (lolddllloa 10 Ill primar, 
function of detCICtlllt A/C. SSM. and ASN) prov1c1c 11111'f'ace wa.l clcmctioft capabilil)'. lllat II. a 

"'quiet" llectllftit equlppod with rile blstatic t)'ltCftl could haft many uf 1111 •min& abilil!es onliftlrily 

pi'OO'i'*lbr connr.liacaiiCIM radar Plutlddllioul capabilili& 

( v) t,l( It i> rtellmmended lllat llle propaplioa of -"tic styw.we Rdlr illumlnalinft of 1M 11111 

-lid a fleet Ullitlioe l'utlllct tcatcd. Ia particular, determinations of llle poaibililiea or ship ullll obll!:r

wtion of IIIJ atlackilfl miailel or mlalle bollt clctecd0111 should be mlde. "'- lesf.l should II'JdJ 

COI'tributiollt pined fromlfle Ylriou' fonns Of IIIah l'f'OOiulioa lo:ChlliqUOII and lilt nquin!menll for 

real-time ionosphtfe -er.l fw optimum illwaluliaft. 

(I)) JS( llle bistatlc hybrid lllllface wawe cancept should lie tested ill the !t.'lip-moo.t~~led en•bocuncm: 
sue!> tests could be coneumnl wllllllle monoslltlc lcltL Tile potential or slow tuaet detection ~ 
be ~onflrmea alld thorouJhly dCICribed. 
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...,, t-*'1 r..~, w...., ci1'£Wl Jl(lv) 

I. JTI.W.I CUl 

(:') , . Tile ll'f'n.l -.,, IIIWihn detec.ioll ollow ~ airmfUt OTH dillalleln ~ lllumlnatlftl 
the , ... 1 with a IIMW!r.er locatecl • 111 oCr-tltort ~ allOt I'IICeplioft ol tiM fllrJd ecllo lipullat a 
th«~ beli<'CIII'Cdoct ata •ia a fi'IIUNI ..... PfOPIIIItioiiiiiOolc. Fealilll!il) tau wen -cl\lcted oft tiM 

florida '-' uan, a tn:llmilltr locate:!• Outer C:.y (Ju.tt1101111 of Onn4 a.llaiD& bland) llld 1 re
cciwillc statioftat Cape IC.-.ty. Tilt path Jenath- 300 t.m ud the &lqet -a tuwy P3V AlKnfL 

( r)) .J5r" The feuibilll) tau were sut.;nd'ula~ demCftStnllld that t!4111dud ndlr calcul.iticlll s.duliqu-.. 

\..: with arrli.:alloll ollluriru'loamocil!! could be uliO'CI wit!l ,.,....,. ... Hr conru~encc. to dalclille the 

comae ~ alfonltd ~ the l'rEW-1 'orc:ept. The taatr.. thcll, establishlid ud nll4ata4 • lll04el far c.Jcv. 

latina NVCrqe. 

f v) ~ Snenl variatiCftS I)( the oci;WI COCICePI _., elllllille.i,lllii~C the modd. ill• flntallomlpt to 
L: -. potcnrill C~J~abililles Ill eppliQiioll to the 4<-fe.w of the CONUS. oiiPI(iallllr.ltqie _., ud 

of the lleeL The I'Cill.t.:ts or theac lllll)'ltl in'ticate the! SUI"eilllllce Clll be mainwnecl <All to f11111C1 of 

300 to 400 lm hl'lalbore 11111011 "'IIII I)'Sicm or prectical dlmcllll.lnl. Far eumpl:, the - co.a 
ol the U.S. f'nnl Non ScotiA to the Stnllll of Florida, eou.!d be -cml b)' about 10 II>CII'tltltiCftS ud 
• ,_of 30 lluoys. 

f.J)Y Allhoualllhc pr~nu~ry ~IM of the flarlda ~a~a- to 4<-toct 1ow lbilll ilfrmn there-
\..:. IIIIo the opportunity to o'*'": the lauiiCh of a '-'itlon~rJalle from tea. Excellmt detec:lioll mullll were 

oblained. No INIY* 11a been lltcmpt.ecl to 4cclbe the ear~, Wlmlna poter•lill or Chis kind ole,lkm 

.,.u.a SL8M'a; llo-.u- tppueat thr.tliallilkut-•¥ ollllit dlftlac ca be acllinlld willa 
a 9tJI'Y small IIUIIIIIet of taminll&. 

(") }t'( The l'fOII'In' has rech.:d the ro~n: where lillie flll!billty has been dc111Cftltnted. Some ren
ment to the uMel'ltlndiftt ol fullda'l>elllal :imllalions.la requiled but marc cmphatil - ~d be 

l'lKe4 upon "''' 4elinitkln or pertonr.ence and llltrrf- reotuiretll.:nll. of detailed concept 4<-li!\ilioll, 
and upon euminlllioll of 100ae or llle more ob>illt'l Cll,llincr.rina p:ooblmv.. 

2. · Jn"£W.2 CUl 

(_u) f'( The ITEW-2 concept lmoiYa ~~~rptdt-taclioll :.:t toni OTH nonaes ~ illumir.atinJ the IUJI:I with 
a buoy --.mtad tnuDitta 11'4 MCI''- of the IIUJel ._.,at a remote ftCeiYa' wtc Yia st)._. 
Tesll of dlia -P' .,...,-rw but lnclicata4 thet c:orcrqe would be "'Y limit eel far IDJ preacndy 

prw;Ciclll'-l of~ tnnnitta power. 

• 



W lEQl?IIEfiDA110NS IU) 

A. AllddoMI tl Ia CUI 

@) J9(" 11w -min. IICOIIIIII«. 11111t lddiliollll 111 rnauemmta lie 1111dertakcn- a 5 to 6 -Ill 

.,.no.s. l1lc priiAIIy """"* of' tuch m-MIInllwoukllle to ob~n ftll!'ded infomalioll W!ut doily 
path loll nuctn•tjpa wllll•llltc .. aiii!Oipllllric ldrKtiwity. Data preMftll)' ...W.lllc utlntuiT"ICielll 

to ttud) t'- ell'ecta« embl.illltreacla IIlii ~ lnld<lltloll, lilt water llloftallle ,.maw path 
II DOC tyJ!ka! ot 1M OMp -. An Ideal palll,f« tUIIIPie, -'d lie the 300 • 400 tnt Oftl Rlet 

sttelc:ll fton~ Cape Cod to Noctllem MaiM. Dilly li•llllltreftalll m-mne~~b lbould lie made 011 5, 
10, IS, and 20 MHz llld with pbue Ci"ded s.iplll10 U to clr :Ute lky.wne COIItamillllioft. 

I. a.e.ct~oaof'Ed•d•D.a CUI 

[:J) ,r AI mucllu poaiblc of' 1M tllistilll path IUIII mcuunmenll 011 S, 15, and 20 MH: sboukl be 

PI ocea 1d by Rayu.-. lllana, •n-.llld -ndence 1mb ot 1M patllloll data llboukl tiiCII be 
computed. NRL ,_.c lbouklcaaplete 1M Nduc11on of' aerial ptOiu-eter -..:.. iltlt cllta 

• 

. tUtti 011 tiMnl t1aya durina the r1ldlo _,_II. 1'llelle lhoulcl ptUfide 10me pooddw lluk f« • • 
compuitoft llld _..lion witll .. ltatc. Wilen poaiNe. brief INI)'Iellhould lie lllldcrtaken to 
permit 1001&11 esti!Mta ol tbe cll'ects of' atmQIIIbatc dudina 0111he te«lwed li&uL 

C. lleeU.IrDef-(FADI (U) 

~) cs( Now tbat the feuillillty of 1M llyllrid (.,._.'-.lice wne) QStcm ~t f« Fleet Air 

Oef- bu becllllem-ated beyond any -.ble doubt. it iiNCOIMiended lila! d\dinc 1M CGBinc 
,_ CFY 71) the followina ell'«<llhould be .:arried out utile next llep toward the pi of clt:YclopiJ!a 
.. opcralionaiQStcm: 

• 

• Proftde a I'IICCMnMfPioeeoai"'IYSfelll wtLidl II mobile llld llllitalllc f«inshllalioll 
abotlrd alllip aadl u a def.trora. wbich can mmlllally be intqmed illto a full)' auto
..,.1&4 $J1tem. 

• lmatiptc the llliplloud antenna pcoblem, Idee I ekmenb 11m suited !0 tile FAD 
l'llq\llnmelltl, and ptVride ... Ultenal ~ f«llliplloud -. 

• Tel« the p:lfCII'mii>CC of' IIIII ncel¥iaC/PIOC I Ill and lllleti.'IIIYSfetll in 1 latd t ' 
upabnent 111ina ...W.blc lllwuinaton (MADIU! llld CHAPEL BELL). 

UJ'n~ uv- •; '' 
tviJlA~~ItltU 

• • 
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• ,__ FIMt AJtl net- Sptemlludla. to l'urUier dellnot dw pelf-Nq.w-cllll, 
die lila.rlctioa tilta OCher.,.._.. :.4 Itt Clperllioftll ul&lil) • 

• Nab .... , •. -lila of the aa..cliollloflqlii.WIIIal'" alrcrlfllnd millile 
· ~~~pta fcx ftrioua flequlf Rei, polldullonl, Mel biNtic p>Qmetr'.a. 

It il u:: m 11 t f tllat ~ Ulollylia tlo -tlmled wltll-.aph181 ill tilt followi'!l -: 

• To p!IO'ride 1 - COIIlpltote f rlpllon of -cr~~e capabillt"" t• wuioulcleploynse~~t 
CGCWepb.. 

• To eallblilll the milllollalld PI'<Mde 1 dcfillltietl ot pelfonn-and illlaf~ee 
Nquin:lleDIL 

• To pelfOI'ID a pnllmiltuy CGfi lfldeooff Uloll)'1il ot tile ...nou. deploy~~~e~~t concept£. 

• To lmeollpte t11a anten'll pilla!ld 1111<1-M 1111telf- plOblciLI. 

• To~ Cecblqua for taaet l«atioft and tnctift&, 

• To- tile flllllllllldt of tile dynamic,.. protllem and to I!ICOIIItllelld dulior.l. 

• To otllaUI tliiCP.tic: aN ... -~~on llltormallon OIIIIPJeoenlat:fot alman Cld ,...,. 
taqlltl. 

!lflF1!1lENCR 
1. D.E. Barric:k, ~ ofGrouftd.Wne Ptorlption Acrva a lloup Sea at Dekameter 

W...da~~tlts (U). "llaealdl Report, llattdle lo:cm•oriallnsdtute. Columbus, Ohio, 
lam.wy 1910, UNCLASSIF!ED 
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Dt.T A.ILm PROGRAll OIJU.11\<ES AND KEY ISSUES lUI i 

·• . 

Dr .•• w. fellilt •••. 

'nit I :111M Horld,. linMnlty 
Ari>IKod "'yci<s Lt!orrai·"Y 

86ll G!oorp " ...... 
SlhG Spnn .. Md. N'JUI 

i 
I INTRODtiC110N lUI '· 

) 
1. 

~ y{ r " Y ,, !'ELL~ • .,. is li"•ed a1 obl&inin& oolvtiof'S to ~he.,. suncillance problem b<>tll for/ 
wtkal car.· .,..,.,.~"'of ilt.tsilt.S and lim"•ft allr.k.ine tile .:cnunu111l Uniled Stlte. and for aicet 'lir 
dtfcruc: IIIII .:. ~•N"""'orizon surve'Uance of altackiJI& tniailts.lin:raft and <!lips. (See r.,..rn I 

and 2.1 Alar"' • ..,t.cf of sysc""' COftl'ilufttions can be-d to lollv~ partJ or tllete problems. At this 
• • workshop •• .,.,- '" dctrnniM the belt tomllillatiOIII or tl sttms to do the iob Md to tllimate the 

~) ~ For lac!ical Ully \.am~n~ '' is pololiblc to- land-bued monostalic skywave or tutfKe "'""" ' I, 
ntc.mor 1 sllip-bued sutfacc !Oavt radar. V:aricus ~~'static .ystems involve buO)'t PI'Ori!tillll lifte.of1ipt /. 

or .,rf...,·c wave IIIJr! i'lumiNtim witll eitlltr sutfacc -..or skywave, tntnstHis<lion to a land-baaed · 

receiver. One intmstir.t posdbillty woul.t be transmission in tile opposite direct1on since mucb llijillft 1 

poWtr t.an be achieved. leadinato a <10 dB impi'O'temcnt in tyllffll per(Of'IIWI<:e. h110111e ~ 

itappcan IJI.tt 1 buoy·l...tiuoy biftatlc system would be effective Finally, the ux of an almll't to 

l'l"'ente a synthetic: ret:eivinllptrl\11• in conju~~<tic-n witll 1 tkyft·le illuminator m•y p1vvidc Ill<' 
tutveillance deolrecL 

I 

~) ~ !"or tbe fleo>t ail' defense system, chrMcts 1ft limited if it is dcsin:d 10 mai.-· •in radar 111ence a~d 
sllip. A .monostatic: laAd-tllsetl tkywne radar can monitor tile_. a-nd 1M Reet Md tnnanit the : 
ini01"111atioft tllroullt appropriate communication linb. Bistatic: systen11 include the tky_,IIIJrl 

• • • ~ 1 

illumwtion and sud- wave propaption to tile ship, buoy lifte.of1ill!l or ..wf--e fiiiCI ~ : 
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TARGETS 

SLOI 
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~ ) • ..{" Bcr- the cfrccll•- of theM aydemt caa k ddml'incd, the followlftl lr.ry 1~~:luU.al prublcmt 

?.:I must br answered: fM lllrf- WI ... the tfrec:ll ol&altllt 011 ~lulltf and propepliOII; for tlr.y· 

-"' tlw: .'Ohrftno.-e ofllw: ~eft 011 _,.,. Plfht. For &t.ipt ""' problem ill tffco:ti•• antenna 
~~~*'""'and ._.... acemna in the pmrwt of l'ftOIWlt wpenCNcl\ll'e,llld •ond. lilt PIOflle~~~ of RFI 
&... ontd"'ftoolui&tioft prod~~eta from othcr tnll>lllillen ebolhl tllip. For buoY plalf<>nll, the probltms 

;1ft W.•ojWIIC IJI:CIINS. power and -'Urity IndiO- Cttcnl SUI\';.ohilit)' uf the buoy. ltC')' fYSICIII 

.....,.....,.,.._ in addition to .. ..,,_,, •'Oft'fiJ'C', and tft'ec:doenta.ue £CM. a audcar ctl'rironmcnt. and 

llully ...,...bit liYH••Y of inf.--lion to !he eaemr • a mull of our tnmmillionl. 

cUt Tlltw by problcm•m the bL\0 oltlw: qiiCit.iolll prcpced for th• ditocuuion ,..,.."'and il il 
~ thai 111011 of thcm .:on br 1M-red 11 thil wottcshop. 

II RFQUIRDIENTS FOR EARLY WARMING IUt 

The 11•fulness of Ill OTH early waminatYttcm depends 011 tile ,obability of llctect.'ool, tlw: 

probability or false dctec:tlons. and lilt accunq of location ud idctllifbtioft. Th• par::mctm arc 

iat.-ndat•'CIIncl d<pend on the am010111 of additional wlf1linc lime IICI\inecl. 

(v) A and 

' 

• 

minimum of flY< millute:. (until the threat coma O¥tr-thH!orizoryb n:qvired to p:t !he tllip to Fn<ral 

qvartm. 111d llfl•CII millutes if lilhtm have to beiCIUIIbled. The n:quirec! aca•nq ill : S" li1lcc !be 

wtet must br dtlipuotcd within the IS • 20" Kquisilion II'Ctor ICIII of the fore COIItrol rac:u... It il. 

eopecwly important to note thatallomptato defeat a c- 'ae missile by ECM 01 chaff.,... m~~eh mono 
cfl'cctl¥c brfOft 1 missile locks on a ahip. 

(()) p.(' Fot buoy tactical wfy wvnmc aha-art tletccti'llll tiiOtJid allow intm:ep~<n to br tcnrmbled 

for illlm:ept oulsidc ASM ranee. Typkally this requires ranp of 200 • 300 nmi and IIIIICCIIIX)' 

ol S nrni. 
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UNCL..ASS I FlED 

THEORY OF ATTENUATION AND nUTTUt lUI 

lai~U. M-ulln .. IIUW 
SOSII:iftaAwaUt 

Columbou.Ot.io i 1!01 

I INTRODUCTION 1l:1 

tUl ()1,~, lhf past y~•• and a h.tlf ... nn. "" bftn undrrway on rllf problrm of ihr intenctil\n of II' HI' 

r.W.o WOI\1',· wrich the r~u-"' sta. Two moun pht•n•ltr.tna wne '"r con·:nr. in ,he shu!y: t) aHrnu•hon 

"'''f•'flld hy • puund *••• pro~apti!IJ acrosst:1c 0«1n under ••l')in&l<il •tate condiu~;~no: 1110 11th< 

..:all<t tor dullcrlten.rncd to th~ "''";..,'rom the oc;an l•ld ill n:lalio01ship to sea alate. 8oth ph~om

""" '""'ld <'Oftct'ivably he hmilin, factOR in noat pcrfOflll&ll«, and I knowle~ of !'wir masnitud< is of 

•mrurta"'• in the dr.ittn and d~t of such asyttem. 

CUI 0.. I he quntion of in.-n-•...-1 attrnuatioll •enouasa 5late. no musur.-mc:nta rnad• h<forc the MAY 

81:LL l'tn!mom wrff ;:ompt..tr rn.>u&h to either conrtnll or deny any ckprndr...:e on aca state. No· wn 

any theolt'ti<:al pre<:i<:tion a .. ilable 11 to the .,xprcted ruqnitudt of such 111 tiT ttl. With rrpnl to clutter 

ot sea ...-aucr. measu"'"wnts haoe bftn ... illb"' for ne>rl)! IS years which h:.ot utisfactorilv exp141ined 

the ,.tun• and l'llfl:llanism of the intenction. From obacroed Doppler shifts it wu aurmiscd tlut ocean 

wa•n s.;atltf Ktord•na to the Brag m«hanism,in the- mlftf'CI' ... simple diffno:lion antin,. 

Mell•Jn:mtnts of the matnit\ldr of lht aca tcall<r .echo and il; relauonlhlp to sea stat• at HF havt bftn 

cunsiderably Ina <Mipltte: only rec.·ntly hn mort th<>roupo meosurements alon&lhcselines heen t•ndtr· 

taktn by Crombie :>( ESSA. Headrick and '>thers 11 NRL. and Barnu:n of ~tanlord, 11 ••II •• lh< won o.t 

data r.-duclion prcstnlly und~rway al Raylll<-on. Tht11· effort\, all reportL'd undtr lht MAY BEI.L 

1'\Topam, should ptoYidt valuable data on o....,rved sc• clutter "r<nllth. As to the theory, it Wll <'nly ;., 

l"!«nt ytaR thai W<lleland Barrick r.-laled tht Sltei!Jih of the re.-..iYed siltnalspr<tNm dilt'CIIy •o the 

ocan w-"ri&ht speeiNm "aluated at the Braaaralial wavc-nu•nh<n. lbisrnabJ.:s 1 quantitative 

C'Oftne<:tion h<tween ..:ho stffnllh and •• slate whic:h should .-omplement th• mea111ffd J~ta. 
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II SUMMAkY OF ATTEI'IUATION PREDICTIONS CUI 

tlll nw ,....~~~;:m of 111~11111111011 of ..... r ... y WI'OC PfOPII&Iiun abo•~. IUIICh WI No b«nall;;o.iocd in 

th.l r .. alt .. iftl nutnnn. Fint. an dTt~;ti•• ... ,r.,.., impeda"'" iltkril<d whil:h _..,...,,,for IIIII rouid>.,.... 
• w.il..t' 111.1 finit• '"""'""li•ity of ... wll~r. Then th11 tffo:ctivr surf""~ impcdatiCI' il -.1 in an tsSA 

""""'''<' rtuttunt hi Pf\'!.lit:l lh~ boW.: tran>111i11ion lust IICtWft'n twu puinb ~ 11111 ... ~ ••rw• >o:a •talc. • 

•l'l l'lk- .:akulation of th• C'ff • .,;tRrturf;;o.'l: impcd•no:c of tlw _..at HI' is fadlill""' ho:caiiW l,tlw 

... '\'an •..tniltilhl il small .... mpar.'!J hi wawlcnalh. :. the llll'(.....,llopn aR" sm;,ll, and J. the ..,a wain 0. 

IIOJhl• """'...:lin~ at t!F. ('un>o.'q....,ntly,tlw houndaey pcnllrbotion apptOXh ol Rice wiJIHCOialor!tt with 

lh. L.·.~u ..... ..,h hllulkiary ··ullditiun for tlw surr-. 'The rnulllllh<M that the cffcttiwc i.npcdim1.' 

,,...._.,.,nt•n~ for rouJI!n.'UI ••m•nls of twu 1•-nM. 011e -"il:h is mcrtlr tho~ impedance ef wa wah'r aton..

MI..t tile utllcr whi<h <"Onta•n• tlw tfled ur ruutth-. The lath'l inw•d••"' an intqtl'lll own IIIII uo:o:an wa .. ~ 

h.liJIII "''''"'"'m. In nah:alii!J thr bll•'f numcricallv. lbe Phillips wind-wn~ tpa;lrlllll for the ~can sur
ra..., wat 'IC'k"C:cd IS a ~ypio:al" mod.o. Tho: Pl'ftC'ICle of swell ir.lltllcctcd ill this molkl. 11 well n any 

......... , t.liM.'Ii<>n.ality. One th111 obtains tftUIII for IIIII cffectiwc impedance which- functions of wind 

...-.~. 

• 

• • 

hai.: tr:onvnisvon luu an: obtained. To show •'featly IIIII ciTect of_., state. lua diiTcn:nce (in decibels I • • 

......... .,. a p:rf«tly smooth "'" and ••rious •'Onditions of roujthness wtre ploll•-d. Fipre I showt wdl 

...., ..-umpk for 10 NHz. Wf'5I.IS ranee and wind speed. Tlw conductivity of «elll water w,s t1kc11 IS 

4 mhutm an<l a 4/3 ~•rth n:fm:li•ity futor was IISCd in tho pqram. Transmitter andre~ are usumed 

lo.:at•'!J on the ~~o~rface in flprt 1. In fipre 2. tlw actual buic t.ansmiaion losses (ratlwr thon lite 

difl'ti'Cn''''' arr shown from 1 11.1rfa~based foOIINI' to an elftatcd receiwer. The fin.t 1111mlwr is the loa 

fott a fll.'rf..,tly smooth wa and the socond is fCI" aea alate S (i.e., 2511'01 wind). 

CU) The l'tSUII• show that sea 111te cff«IS become more pn.tnOUnredat putn nnaes, for eumplc. 

at 10 Mllz and I 00 nmi nnp:. tllll sipql .. n.:ion dUO! to Ilea alate is of the order of 8 dll for OM-way 

prupapli<Jft. 

• 4 "'pot11howinc the de-toils an<l results of this worlr. ir. aWltilablc u "Theory of Ground Wnc 

l'n>paption llaOSII Roush Sea at Dekameter w .. elrnJiha" by D. E. f.anidc,llattelle M.-uilnstillltc. 
,..,...,. 1970. 
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Ul SUMMARY OF CLIJITER CALCCLA TIONS CUI 

tUI 1lw a~~alylia or ..:ann from tile fOIIIh ocaallitf- llaPI'fOIICIIed with 1M aame lcdlaiquc n 

....,.. fur lilt.- all~nuation al, .. laliuns: namely, lllc Rkt ptrturl>ation analysis alon1with 1M l.eottlooich 

llou...Ury •'UIIOir-. • The r..'SIIIIl or lhilstlldy allow that tM tr.mn ... ntal ncci .. d ;!OWtt oprcrnl domsity 

and •""'''"'~ I'O'"tt a.:aii-.Jlrom th~ pat.-!1 or--. da, can k uprnucl "''"" uiiUII radar fllllt equation ,.,..,., ... 

Tnansm•llt'd powct is Pl. antenna pina an G,. G1 , clill•ancn frun. lflllli'lliller to 1M paid! da and ftom 

I~ p;sh:h d• lo n..'Civtr an R1 , R1 • and wan:C,ftllll is>.. The qU+r.titir• Fr and F"1 '" ll~e Nortoa 

llltlluation fiiiiCtiona from III"Jel paid! to 1M lnnlllliller ud .-iYw, mpeetiYely. tllwy 'f'PfOKII 

u:>ity f« ,._.,, ranaes.l Thty can bt npnwd in terms of tl•t basic tnmmiuiotl loa. Lr (Ia 118). for 

~a .. mpk·. as 

f
. lwL 

1
,. t,./~0 

y• ·-~ • v 

(UI n... sea scalier CI'OIIIIICiiun o" and relit~ spectnl dcNil~ for .ertic:al polarization obu.ined from 

the analysis an 

•• • flit.: Cl•c01'.,)2 wtt.ceos.,·ll. t.a., I 

.. ~ "• • 211n., r. • w.n.w is 111c carrier frequency,., 111M biltatic lftllc r10111 die fwwani aatm 
dinc:tion, W(p, q, w) is the apalial-temponl wavthcillltapectNm for the 1n and W (p, q) aiM apatial 

wanhtiJhl lJP"Cinlm only. Tlle ftOnll&lization llecwem rower and P<I"'Cfii!Cdnl deftsill• is 

... ~ r •(w)"" . -
WI As -n ill the above equations for • (w) and o", 1M apalial wavenumktl appearina ill the •

llcill•t t~f!Celra for p and q an predlcly thole reqllinlcl for Brqaancr. Tllis collflrmllllc ln~liol! 

deduced from -11. 

• A ftport lirina deriYalions of • acauer and the lipal ~Nm il in pnpantioft. MOlt of the derintiolll , 
- abo found ina paper "The lnmaetion of Hf /VHF Radio w- •itll tile Sa Surf~oa~ ancllll lmpiic»
&iolls", by D.E. Barridt, ~~ 11 AGARD •E~ectromapcticl ol the Sea~ Neetmc.lune 1970. 
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CUI FiJurr J. R~ CluiiC'f SiJnal SpKirvm 11 5 MHz for Betalk Radar wllh loo.l<m 8_._,, 

EITcoeti're l'ubr unalh I.U I'S. and for TIIM Dtlay One Pulst i..eflatll Bdtincl Oind 

l'ulrl'. PhiDips lmlropk-. Fully Arouted Ocftn-Wrre SpK!nl,. is Allllllled (Solid Lillrl. 

DIShed UM Rtpewnts L!lely Mta.illiellitllls ffom Nonilolropk- Selo. CUI 

.. 

•• • 
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-·- ........... ~1 ............. 

J; .t. ..!.. .!,._ ~ 

... ..... • •• I . .... 
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• 

.... - ..... 4 • ................... . ... 
CUI Flpre 4. Recrioed Clutter Sipal Spec.._ 1t 10 MHifor Blsllllc Rlldlt with 100 lm Baelilt. 

Enedltoc , ..... unsdll :u,... and for TiiM Dell, Onel'ulw .....,th Bdtincl Dftd 

Pulle. PhiWps ltotropl(, Fully Arouted Ocn~~<Y:-. S.Uinlm iiAIIIIIIICd cSolid Lillrl. 

Olllwd Une Repo•aob La.rit iltlealll'll!ftWIDb for ,.onisD!ropC Sa. CUI 
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tUI To nlimatc the lewllftcllhape of ora duller r.iaaW. the Phillips ootropic wind.,.awe spectrvm 

it .... ct4pio)e.l: 0°, obllintd i., IIIIa 11\.'IIIIH for ~latic ICIIIl'f, it •ll dB. Thiualur it more likcl~ 

111 ........ limit l>t.:.._ tlw ora in ,..,,;,.., is ftCitllet bol"'9io; llOf full~ dn~l"f'Cd, • im!'ii~ ill til~ modrl. 

tllt Tho :'lliHiPI itotrupio; woM-wnc!IIOd<!l is Q;2i11 uae.lto ,.,,,olate the duller apectrvlft for al)blarK: 

.,,,.._ ........ ,t.,'e ra.Jar. ~ Ka h n"Um!l\! l'ully dncloped. Th< anlfft ..... iii'O quartCf•W¥¥e Yerti<:IJ MUll ... 

.,..._ """''-d •wn ora watrt'. KP~ntfd ~ 100 km. The lllftll permits an •frn:lin: lime (Uf r&ftl<l 

ft'IO!uttOII of I!.~ """"· The •llipli<al "'"'" «II aclo!ct.:d connponds to Olk' pulso kftllh aft~ m.'1'ip1 .,,. 
til<• ohl\-.:1 sq:nal. Fil\ll'f'l ,\ and 4 showth~ npe..tfd apecln at S and I 0 Mll~o nonnalizfd to the in•id•nl 

"""'""· TM fi'C'Ciurll<"). f,_ • u.,IZ• iolhe ""'"" oniM outer sid<'l oi the •lutlor pednhls.lc .. 0.!1~ 
and 0.111 Hz rcapectivr~. The heilht obacned f'lt die Mean" d<'1't"'itupun the.,.._....,, l'e!IOiutiuM; 

the""'' tile lt'IOiution. tllr s~~Mn tt.c """' 

lUI The inr~rpnttatiol! of thnc- bistati<: dulltr •p:ctra is apin in <'OIIfonnancc with the Bnoa: ""'"" 

mcd.,.nism. The h~ f-.qucn<:in in the pedntah c:onw from the mdl of lhe dllptlcal rn.~ulioft <ell 

,.. •• , th• t.o<k><•llcr dinctions.. Th• lower fl\'<luencies in the pednuls come from th~ sidn of th• cllipsr. 

ftCam tile forward alleo ~a. For IJI...., ellipso s corrnpundiftiiO lonl\'f ck•lays. the pfdntals ~ollapso: 

tu an ;mpuhe f·on~tion a:nlff.:d on r.,. IM bodtsaoll"' Doppler. 

(UI Th• total clutter pow~r reo:med in this ranp <ell is about 23 dB below lhe clin.-el sianat. Allin, 

o"""..-1 <fuller siaftals are likel~ 10 be lower becll- 1M-is~ runy dneloped and itolropic for 

'""-' ..W..r ff'C'CiuendeJ. Tlwr.fUCI!, a differen« be!Y.cen Cllltler and direct tianal of 30 dB would be 

••r<o:ted to be tv"ical. 
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IIOMEX SEA SCA1TER C·BSfRVATIONS tUI 

D.D.Cn>mblt 

l111ritu1t< f« T.wommunintlioft Scirftcft 
ESSA ll-IC'dt l.aba, Boulder. Colol'lldJO IIOJOl 

I INTROOUCT10N 

w I Ohoc,.,.atiun• .... made dut:n& the BOMEX project or the L'(\h<kn! backscatter of Hf pou.ld 

....... rr .. m .... wa. alons ,,,,. tiiSt • .,.., of Batb:ld~• Island. Th ... .,., ....... ••ken usina. m~lhff"'UCftCf 

•-oh.-n:nt Hf r.;!!:r systetr> op:nhn& in the nn,.- of I. 7 to I :t.l7 MHt. 'lucc• ... i•e pubc ;>aifi "'""" """"" 

milled in ta<h of~~ pr<sdcct<d freque~cin in tile abo>t nnce. 1'he demodulated wiiJ!llt "'""" sampl<d 

a: four ran,.-. 12~.5 • 100 km). puwd throuah an I'JD converter. and rtconlc.J dieitally 110 billi with an 

in....,ment:d tap< ""'order. 

!Ul Short vertical broldban4 rr.nnopoln "'""'used for tnnsmis.sion and ~eption. Two or t.""" w•re 
..,.,.,u 100 rt. a~rt and switch<~! alltfnltely tn the re..:civtr between tach ~ir of tnftSIIIittcr pul..,. 011 

the toame fmtut•"Y· Thus. 64 te;>anle sc:ls of data""""' recorded. 

tUl Tht basic rtptlition rat• of the lransmittct was 60 pulan/sewnd and the pui,..Jen,th wa <10 "" 
Thul. each""' of data (Otic antC'Ina. one n.nae and one frequency) was sampled 3~ times p<r second. 

lUI The radiot<d po-r and n:ceiver/anttnna wnsitiYity wen ;ktennin<d usin& a fiCtd stre"'th meter. 
and a small taraet tnnsmitttr locat<d !lll:¥cn.l hundre-J feet from the anttnnas. Calibntions were made at 

-h op<ntina frequency. JUdiJted poweruana<d from 26 walls at 1.1 MHtto abolal I kW at the hieher 

frequent.:in. 

tlll The tranamittina and reccm"' antennas wen: Situated about ISO n. trom tile edac or a clifl'wltich 

..,.. about 30 n. abooc. and 200ft. away rrom the watct'ar.lp . 
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II OAT,l AIULYSIStU; 

I U I -rlurty-miftlll< umpln of tbl~ •~"' t•L•n - .ub;«lnl lo r .. e f'<MiroC'f U•r.al'unna!ion in llw 

"""""'"" al lloullkr. lb• ......,..,. was wri:tm 10 identify llw ~lrol .kMOion and lilt' bindwi<lllls •• 

1'1< ··'· ·IU •nd ·~0 dlltnb • wcU •llw (fnl.oe!WW. uf the '""''tral l"'•ks. h<>m •hnc datal!~< KM'> 

!O(t:Yik..,..l•l<a.:h l"'a ,..,...., bot ullt.innl. Kn.,.inathe ,.,,,.,;.., .. n .. ti¥itr all<llhc radiotcd pown. lloc 

"'"'lnllltl ~·- on:liooo. "· ur ................ be cak:ulattd from'"" fullu .. ;.... futmu .. . 

d • 

E, • , . 

... - • ,.z 
:!.:!5 • 1(1" , 

dis tan.:• of IM to:•ll•m in km. 
..... -..ind rocld .,,....., .. in ,.vtm .... 
radiated pown in lr.W 

tV. lbis definition of"· which is particularly appropriate to JI'OIInd wa~ radar, mulls in ••luft 'Mhich 

""' """'"'" hy I factor' f lh- than f,_,. apa<tt formula. Tole iKiot lh,_,c arises because it i! ...... m,'\1 thai 

the to:all•'t'CI' lwha•n u a short ~ical monopole contribuliiiJ a facio< of I.S I hot nt-radialn into lh< 

h.-misrlk'"' aboft the sea <OntribuliiiJ a ra..-tor or l. lbc <ffcc:ta or JI'OIInd wa .. allcnuation are not 

in.:ludtd in this fonnula. 

Ill OBSERVED SCATrn.ING CROS..SECTIONS lUI 

lUI SonM of the nluet. or 11 obstrocd ala ranp of ZZ.S km. whtre IJ'OUnd wa .. allenuation can lw 

ipoftd, af\"lhown in Fi,sure I. The rilflt-hallld scale shows 1M nlu• uf reiati¥t Klllmnt miSS section 

_. (i.e .. ,,..,. atclion prr unit illuninattd areal. lbc nlualhownare for opproa<:hiqw...,. rn~~llift& 

from partially or fully dnclopcd- at wind speeds of 110«11 1010 20 kts. 1bc recedinl•-omponenl& ha•« 

aosa scclioM •bout ZO dl unallct. lbc •alu.~ shown are ••••aaed O>Ctlhe whole 180" sn:tor illumm•ltd 

toy 1M tr.ai\SIIIilln • 

IV Sl'ECTJtAL DENSITY OF 1111! SEA SURFACE CUI 

fUI ICnowifllthc scall<rintcroa 1<clion •nd the bandwidth of the scatl"red siJftal, it il peaiblt to 
dctmni~~o: IM .-.dim:t-.1 speclnll deftlity, 5(0. of the ...... rr..,. (M 1M wnclentlhl obwrrfd. 
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• ,,,, 
Th• "'""'"'" nuti..lnoltir is 

5(0• 

•h•'"' d "tht "'all<rilla ,,.,.. k..:lion in m2 at a 1<1 w .. rlcn&th l m<l<n. ur 1 w••• frequ<n•")' of I' h011t, 

.I r. u..- :••-~ lml, d., I~ oiiOiiill lc.,.lh lmluf lht illluninlttoliOI<a, and a is the arcclmlioft of at:trily. 

WI !I.'""' nampltl of oonJiR'\'Iiunal frequency speeln ohlaintll in thio way are oltown in hau1'1.' ~. 
l'h~ ~ ..... , ,,.,... toll•""• on """-•rwtll .,...._..,..m for •'OIIIPatison with N•..tuwill'a !0-Usyn<'ptic sp«lrum. 

l'h,• ""'' , ... ,..c oltow.tht tnuhs fct a w•nd h<l;.,.to~ lobe li&fliL'I' than for tho lower curwt. 1"ht two 

urr<·r '"'"" "'""' sp<<tra ulltai111.'11 at th< same time u tht NASA w .. c-mcosunna airnaft was nyina owr 

th.• II\'~ tin th•· downwind dir«lionl wh~ the ndar data were obtoincd. Signi(....,..t •••• hci&flto ft. 

m.,..J fi'Um the NASA d•t• ""' o1su oltown for comparison with those dcm...t from the spectra showll. 

l'hc apwmcnt blood and althoop t~o •••• hci&flls an small. the comporiaoft oltowa thai wave hci&flt! 

aflll "~"<'""" <an b.: obtaintll from ho.itt<:all<t d.&ta. .Howner. tube u~tful under rou&hcr conditions. the 

r•d•r ••w.•l..•nJihs need tu II<' in•'ka&-.1. 

V BANDWIDTH Of' THE BACKSCATTf.REO SIGNAlS lUI 

t lll Sum• nprn<ntaliv..- bandwidth• <'f ba<k1c:aii<M sipals ar< oltown in l'isun l. The plolltll val'"" 

on: th< ""ndwidth 10 dB below the ~nal Dealt. Plots or tht sp<ctra show astrons tendency towank a 
<:.u .. •ian .nape rath<r th•n 1~ sin •I• form e1po.~tcd fmm simplolheol')'. Titc points in Fiaun: J tJiow 

that 1~ r~urplor bandwidth '""''""""will! frequency butlbatthc rate or incn:uc dtl"'e'nds on tea state. 

l'hc roint• for II July F'<pt<S<nt ttlali•cly roup C'OIIditions. whilelhose for lhc 14 and 16 July repracnt 

r.llhcr qui< I« ~a.. 

V1 SHIP SCATTEIUNG CROSS SECTION lUI 

(:!) }8f OurinJ lht BONiiX obt<:I'YIIions oom• data was obt.aintll oboul tho •'I'Oilst!.'lion or tho US('(;S 

-"•r Mt Mitchell. 1"ht n->is<'ll <'llimlllod ,.,.,.,. ... ..:lion was • 400 m2 usi"- the tl•linition of a J;.cll in 

•"'uation I. 1"ht frequcncy us.'ll was 2. 9 MHz. Obscl'\'olions al othtr frequcncicl•re un ... c..:nsful ..,_ 

n....- of lh< hiJh noise and intcrfenn.c ~~~ prncnt durin& the ni&hllimc ohtcrwJiiOIIS. 
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WAVE SPECTRA 

2 5 

.IU IJ II, lt6t letS Hr 

IUU A.,.,lihoft • 0 29• 
.. ,. 0.1 Ill 

ltoa•oir tto ""' •1.0 ... 1 

July 1•, tt6t 1111 If< 

RMS Amtlolllft • O.Z I ,. 

"'" • 1).6 "' 
ICoiiYOif 990 "'II. 0.6"' I 

July 13, 1969 II 1$ Hr 

RMS Amplilu-e • 0.19"' 

... , •• 0.$ "' 

.IUIIO 12, 1969 10$6 Hr 

AM$ Wo•e Alftphlude • 0 24"' 

"vs • o 67 "' 

Wove frtquellcy(Hz) 

ll 
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0035 

Bandwidth of Bockscottered Signals 
Range= 22.5km (l"ositive Component) 
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UiiGLkSS;titV -l 
t.-. n. l'unftd lop io arPf.ni,...tcly 40 r...,t aboorc the , .. ,., line. the '"'' <'f the t•llnl mall is 70 fttl 

...,.,..,. til~ •atcr lr e. 1M nw.t• ant appmaimatdy 100 f«l aport. 

~_~Wilen the,._ ,.'\7lintt is i~r~uo.'ll by • fao:toc of )to hriq '' inacmnlorn:c •ith eunwntiOIIid 

"'" ..,... ... ddillttiuns of • th~ •lll~~e 11.-.'Uftln I ~00 m1• Thcut~li<al coli~~~<ol..-. ..r the ~I'IHIIOCiiun of 1 

drr<ok· 1~0 r,, .. lon1 in fr,., "'"'"· •I ~-" llllu p.a ·1000 ml, The "'"''""•"' appem JI)Od. but the 
tho.~ll\·t..-•1•-.liflllltc "llnH~JIY tk-p:n.lo:nt on tho .. rrtctiw lcftllh of tho mal. 

VII CONCUi~IONS(UI 

• The •••,..., 5<1111•-rii!J ,...,.. .,-.,lion of lh•· va Clift b< estimal•'ll if tho noiHiiR<:Iio,.l 

'~"-"'"~"'of the Ka i> Lnown. 

• The intrinsic: handwl<lth ur the ha::t. Kallcrcd !lign.~~!o is ••'I'Y unall but i'ICJ'e.lvs with 

fn:qucm'Y and"'" llatc. 

• It •PP:IU th•l lh\'ft: is h:••<lllilbk l#ftmrftJ bc:IW\'Cft lhL'Uf.-li<•l CSfimlfC11 Of ship 

"""""...-e~iono balo.'ll on mast hcij!hl, and a measun:ment hcc 5..-ctW,n VII. 
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H.IIDDII 'n 

Raytbeoll ColofpuJ 
E.fldpmalt Dlrilioll 

OHD Ad••""" O"d 1 I lit lk! .. ,,_, 
Spew• Ul:.o. '""' lwtiniJI ... ~. 

lUI The pri.nal)" intft'<ll of NAY BELL pound wnc tianal amlllilude c.<perimenU Wlll tomeuu1e 

path loss on eoer.d ~R<I"'""'its- tn co:r<late tile si1:n~ Ruch&.ltions wilil- slate. and to Ia& lbe validity 

oflhc much cxun ~~:attcrina model ikoeiOII'".t ty D. B.urick .. r BMI. 

U AlftOAQI CUI 

( Ul Surfa.-c waoe siplll le-tels were measured 011 a pfOVAplion palb between the lra.11111.illef lrile on 

Carter C'ay in the 8aham"1 and :he receiviq site at C.pe KeMedy. Theft WCie two b'lnlmilters on 

Carter, radiatinc about I iW o-er monopole antennas. O..fina lbe first thn:e montha o/1970 operalic.a 

was on Cour frequencies. """' 5, 10. 15. •nil ~0 MHr.. 

(U) Sicnals we~e rec:med 'XI tile m 16-riementllfty on all fnque,.,;e. durin& the enlhe ~ 

and with rcC.mnce monopcle antenn .. on S. 10 and IS MHr. ewer a .ti:Mer period Alltnn<millina 

and I"!Ceivina antennas were in close proximity to lbellh01eline so lbatlbe PfOllaplion pall: -tub

stanti:&lly o-er an open stretch of ocean for • distance of :JOO lun between psth tctmiJial$. Howe¥CI'. 

~pprokimatdy 80 lun or this distance lay inside a shoal line dermin& a rqion or low water with deptha 

ranli"l from I to 5 fathoms. 

CUI The index for sea state uaed in maldnc ICOIII~- taka to be hindcaat wnc heilllt Cue 

F"IIJII"' II. The rP.ference 1111oot1111111 datum 11ru 1-i'>l'ton'l pmllcfion for ocean •~tcr witll conductmty 

of 5 mhos/rn. In this analf1is, computed lip&l kYdt wen dcriftd from Norton's formulation for a 

radiatinc elcmcnwy monopole. Eati.mates ror the IYaiJirble powet from • n:cciviniJ monopole wen thf:ll 

computed from lbc free space aputure. usin1 tile free spx:e ,an C'f 2 dB for the •· oropalc. 
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Ul RESUL'I1 I Ul 

CUI Path '-diu Oft S MHz with monopole m;cplioll (1ft Fipnr 21 wu IIYailablc r011 13 dlys in 

Mud~. SiplllmlliiKtualiona- a ,... or S 48 wen m.-red. The lowest lllue ol11i:NJincf -

......,td uoun~ the 9111 or Mild! whtre hin<kut dill showed a nouimum Wate' belcllt olll rttt. 
(\1) 0.. 10 MHz.l- cilia f~ 1M monopole aymm (a Fipnr 31 shCiftd Utile c-illciftl 
dlr*<lay comlalion with hindcut ds.ta with the eaccpli?n or the pcrio4 10 Mardi· IS Narr.h, clurinl 
wilidl rou,~~- were reported. Ourinc this time. the silftllllnd dropped by approaimaldy 10 48 
below the ..stima te for a smooth sea. Til< 01tmoll!lpfQII ill power me-mnents. 0 48 to I 0 dB below 

nrfe~~:n.-c. qreel c'-!y with the llarric;lt prcclictions for a dlltribulion or IUIUiel fiiiPnJ from 0 to 5. 

em Tllcnr wm> II dly• when the I HoiHz npllwu NCdoed on the 8SA. 'I'M 8SA wu calibrated 

apinstthe I S·MHz monopole and BSA m.uunrmenu weN ld,iusled ac:cordinpy. AlthQUJh the diU 
bat- monrrcslricted, 1111: I S..MHz data db;>layed tml4a simllu 1o the IO.NHz diU; tilde or no 
comlaliCMI with ~tex<cpt for the Mat.:b 10 • Marcil IS period, 111d a data spread nnaina from 

2 dhbcm to IOdB below the amooth .-.uslim&te. 1'1111-pam to larriclt'uatimate ohboue+l 
1o ·14 dB f011 sea .uta r. to s. 

(U) noe cilia base ror :'0 MHz bee Fil'll': 41-6 cla)'L Data was collected on lhe 8SA but a 

...rcmtCC monopole - not IYIIilable for c:alit.Ailon. Consequently, the BSA pin -IllUmed to ift. 
dude the full 12-d8 theor:tic:alamy f~ttor. On ltlis basia. lhe Hluc::: or received power cllsplay • ranac 
to IS 48 below lhe tmoolll sea estimate. n.ere - inaul'fident data to aearcll for low sipW Hlua in 

lhtdolarcll I 0 • March IS period. 

(U} A comparison- made ofhindcasldlla <- Fipnr I) with wind lpceda •-dod <*et the 11111ne 
pcrio4 at GBI and Cape Kennedy. Only a fair cortelatlon -noted. In the llindc.al data. the

or nor1herty winds appeared 1o coincide with the hilliest Hlua of wa•e beisftL 1'1111-ld imply OCI'III 

- lr.IVelllnf In a clim;tlon more or lea transv- to the propaptlon patll, wbere the effect 011 path 
'-is minimal, and consequently would be ex peeled to produce ad~ effKI belweenu state 

• and sipW bel on a point·toopoinl basis. 

(U) stywa•e conwnillalion proved to be a serious problem on all frequencies. On anal)'lls. a .... 
stantial ponjon (about 40 pet cent) or the data •• teiceted on the buis or ....,led biuina by sltywave 
tipaiL The ellmin.tlioft WI$ KCompllshed primarily lJy examiainj: the pcalta or the ~ apeclnl 

UNCLASSIFIED 

i 

• 



t 

• 

UNCLASSIFIED 

( Ul tl II concluded tllallhc mcuumnmlllllowtd little 6•)'•10odl)' eomtaliOII w.itll Nndeeet clata 
rot the- e~cept fot -llilll -state period 111 March. TR'ated • • wllolt. llotmft, 11M llodr ot clata 
did c,.ll,bit an 11nqunlioned ~~~uenq bclulviour !Ubltantlallyln -r~ty wltlllhe maes ced pre-

clio:lioftl (Of the ICaltaln UIII;OIIIIIaed. ' ·' ,,.; •!. ·,, 
~; • ff.l,; !" 
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m;: ClASSIFIED 

r u:..) ~ ...... .., ...,., lt~.•n dt'h'fflltft.lllllfh ""''' '"'·,•n ntJdt• ~ lf'l flw \1.\J)KI· filt!.lf U'tln• lfOUn\J·IIl.f\\' 

\: t'•~-r .. ,:..afh 1t1 -\ quo~rh:t·lti>.IH• m''"•*f'l'k lu,;o~h:d Hl1 tht+ (btwf'\'4Lt: Ita)' ho~~o ht"t•:t tht: ,,un ,t .. nd.atd thnf 

'•'f .ar.t,..·on.a -..llt~r..ttltlft. Th1.• "\llll'.lh"t ~.·un..Ju,·h\11)' hOI\ hr.. .... n IM'<.I'"f\~ for ra'h h,..,t and J ~th·IO\\ ..J~,.•tt.•rmtn .... 

'"'" n• .. hf,· .dh·t rtw r'"'~'"m df L lk·trl ue· t-.SSA. 

(
1.1 .,_.. ,.,, .... I sho,.s a MAY BHL """f thai was ftlltd with a moduloltdllMIU antrn,.. by I·.I'L·ITT. 

I r~:ut•· : , .. • m "'jmJ'It.~ of tht "h;~ra,·h.·t•'h''' "r &his tyrc: ta~t. T'tk- kft .. "Diumn \"Ontain" :rom top to 

+-.·n, ..... th .. • .. ·~hd •mrhtud\' tJf ttnr -.tdt:l\<.tnd wtnus Umt. the- n.,,prff.'t'i c«~.S fll :nd IO.S lfz) wn&n hmt· . 

.tthl lfh' .. mrhtudc' "'·r\Us fh'•WL'n"·). A un..-~.df Hz olfwt from uro was u~d to ohtain nw ab."'r. In tlh· 

,,tfa.tnltt ltn tlu: fJ~hr ~ ''mtiJt ..,.,., ,,f rtdtth~ fin diffcr~nt ordl•tt art !tllown ttut with I trut urn ftt:qu~n-:)

ft•du-.tu•n "''II"'"' rbotl tht.• h•u 'tdd\.&ftd\ dn inh:rftrr baCh .;un\ffUt.'ll\c.'IY ~nd dl."ifruCh'\ott)' JtrcndtnJ! 

4t"'t" ..... ltnh' 

l v\.,., I t):Uh.' ,\ \hmh tth· rt~d.n h.'turn hum the.• fint~l Vt.'F\IOR nf tth; ~HIY t,ifth"ftfttl t;ar~t. Tht ~.;l;fj:l"f 
"'J'f''.lf' Jt ... 4i .md H ~fit. tht.•l•,:"d h.'h .. rc.•n"·~ ;at 10.~ Itt# 1"tw roadat .. rt.•:.a dc.~tt.:rmlnftl (QJ on..• \klL•h.tnd """" 

I" dH .,.: . Th•• rd11mn u"'d ,._. 
• 

0 • 
... t4•1' _r.• ,,_: 

p ,,, l: 
• 

II./ I I '~'"'' 4 '''"' nmm•lllt"<l "~n•ll,•••k m.de u<in~ lht •lk.•w l<<hnutU•'\ on HMS AITihu ..... • 
tlutt~ htJ".tfi.· 1 bt.· t.hlh~rc.·n.·t• ~·t•t.•t•n tht.• ,.u,...t i.h.•hnt•d hy ~~· .... • f't"'"'' -01nd thr ptoUtd IO\\ cuntt I!"\' 

,,.,. ••d.!• •n•4. 1 ht drunp '" lhr "~•ll••ol• •I lht lon~<-r ran~• dut lo .!ucldnljl hy ltt~~t Plllnl 1< '<'\'ft 

tn ISJ"Uft.• ' 

•• • 
•••• 

I •a!uu• h '"" r•" turt.• ul ttw l 'SS 'I huu._.,# .anJ httvte "7 ~'' lht.• tokl.tr .th*.a dtltnntn.thnn . 

l•c:urr" "4 rH.ttth• nt tlh•l 'SS hut.·t . .ttt~ Ft,tJrC" 'I 11•~·' lht.• toul.tr 01tt-.a dt:tcrmtn<~:1toft • 
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UfWlASSIF!ED 

tit 11\t K S..'4nl K tlt0\1 4 Stiii''S WAKI Ill I 

ln•tttutr hlf Jrlft·olfftmUnk'~litm s.-.. 
USA R..,.....,,.h l..o"-. lluultltr. (·"~"~" 110.10: 

•' 

I llliTROUU('TION tUI 

It I In I•>N! lh< "'flh'l "'l!l'<'•h~l•l41k'l<n"· !i.-O<·n.;~ lk••fiiiiiSJIIm«•fonr lh•l lh< ht~hl) J'<'r•..Jh 

"""''""' "' • t.lur'• w•Lr moJht h••• a Ia~ r<>on4nt """tltrinJ .,.,...,...,.,.111. It .... alw> wu:t·•••·lllh~t 
41 "'""' •"""''· lilt••• thr U.•rrkr .hofl uf .. ,.,.,, IN>ru~rllly w•llr.-N from lht wok< wuuld hot dirfr,. 
c<nl ,-,.'"' th.JI ,,f tlh• ~tJtn.d-. r~tn.tt'-•1) ..,.. Uch"'l lrctm th<' ""'•· ,\,"' f\'\Uit Ur II ~uf\\ h"' tn\lt\tiF.Jkd 

fl,,. tht." IJ..•rrkr "'Ill .,,,41\ .t •• du• c:\ J"t.'llt.h ttn I h .. • Mur \ \1,."1th.'tf)'. on lh·: \ilrt.:-tiUfl ur tn\.ltlt:n..:t . .an,J h··~ 

''' ulut •• """"•ncr .:omr.on-. "'''h th< llorrltr .tlifl of lhr "'" dutt<r. II• II•• ol..u in•c.h~t<~l<<l 11,,.,.,11~ 

~:.aUtn~ .. ''"' .. ·.:htln dt.•f'l'"ru.l' on t.ht.• lrtr.ilimt' r .. ,:ton. Thi' note wiiJ wmmt~n/c hi' rcwlt1. 

•. 

ll DOPPLER Stiii'T CUI 

• 
4.1f,,, • • ~~ • .t'•f·b ""'' 1 , . .,. co 'o c' h 

• .. 

•lotrt a • .t'•;~"< • 0.9301>. I;, lhr an~lr ...,,,. . ._" lht dirtcrinn of lh~ Jron.mtllrr. •• -~~ from lhr .Jior. 

4nd lh~ <llfc<l«tn of I~ \htr'• mnt10n. and•· i• lh< .Jiir ••l...:ily whtlr I' iolhc O(cclcroli<>n <>f , .. ,.,,~ .. 

Thi' 41\Pr II c "lhr ondtnaltnn nf I~ ""'I' li~• of lh< "'•lr.r lo lht cli~,;liun of U•••l. and b .. a .. luc 

~~ • I"' Zll'. 

~~'ClAS~, r~l I UL.: ;, '· I ot ;:. .. :, , 



l•t"''""' I "rt"n~.l on I•~""' 1, •"'' ''"""' lhJI ••·•·t•t ,. hrn II "m u..- t<r'"" ul :u tu ~"' 
tlk't< '' • ... _mh••nl .I•IM<'Il•< m 'h< ,,..,lh'l't'l•·t -lull\ lh" .ltth·t<'lk<' •h•ould ,·n•hlo • , .. L< ,·,hn 

Itt"' ,_•r.luh.·d If''"' th\' "l'.t ,lu1ht tn .I ru*f"~tt~ dNII:Ik'.l fll\t1h"'l.IU\ ')""1\'IU 

Ill St'-'tTUUN<i«::I.USS SU"'IUN t\11 

(:})/ Ill t.ut" h•-''"' .s.-.·l·•t.,-dlurmniJ<' I"""~ til\' ••••"""'' ''"'' .. _.,,,.,,. ullh<. ,.,.lr o\n •1'1''""' 

m•t• "'''"'"· '""'"'·''"'m''' llo•t lh< '"""" nlth•• ,u-r luw "••.{;l.,.." 

1\ l. • 1.11-l~ n 1'' ( 0 

'""""f. "thr rlrultun ••lthr nth ~tr•l ill<•n~ 1hr ~u•r line. N i< tht numt>.·t nf <rnt• alon~ th< dlunu· 

,..,,,,, .. .,,.,.., ,,r thr <'U'I' hn<. Thr f..:IM WI 1 ~ont,..n•thr a~ular drr<ndrn« and 1\ J~>•n hy 

•h<t< ~. ~, •n.J 6
1 
.,. •h~>•n tn Fi~ut< I. Thr ••n•tiorll>f ntll,.ith 8 ;, .ho•·n In fi,U"' :. h iHVtolcnl 

th•l lhr "''" ""lior. .. ,.,.,when (I • e,. hut t>thrrwil<' !ibow• no Ul'll.l ll<r<nd•~· on II. 

( v) pl." ~~ • •h•r ><'""''~ .. r ~(llnoh. th< fn'<!u<~Y tfrl of''"''""""' with .:u,rtd~l ,..,mronrnl• of th< 

'\.. •u~r. •l<>n~ th< dor<"''"" of thr •h•r'• .-lo<tly. is •!.Oiollb. th< wake wa.rl<~th t)...,l" ·"'$m. If the 
•••~ •mrhtu.l.' '' 0. ·~m t I' 100 nf the wawlcn~tltl one wavrl<n~th h<~ind the ~iJ'. K.'k • I .31. If th< 

dlumtn•ted lrnfth ••f the wake i< IOI..m. S • 10.000175 • Ul •n.S N"'•700. Front Fi,ul'l! 1. ftOtaO. 74. 

l'h•" th< ..:•tttnnp "'"" .r.:uon f<ll unt .:umronenl of th< wake i< • !3.SOOm
1

• at rC'Onan.:t. 

( -.>) rr ,.,m • ...s Tuhn jn.lt.:JI< thatlht wrfa<< wal..< of. \Uhmarin< ~0 ft. in d!amtltr. 3~7 fl. lonf •••• 

\: t.l<rth "f M: fl.. an.! h .. m~ a vcl...:ity <~f :n """'' ••II ha•• an amrlitu.S< uf0.:7 m<l<" at5 '""'-'""~'h' 
t-:htnd th,· ,uNn.-r•nc. Thu~~ 

K/k • 1.11.1' t5111J" .!1• 1.1. 
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UNClASSIFIED 
I\' NOTU ON lllTLl'TION Of Sl:BM.\RINE AND SHIP W~kES tUI 

~ V} yt(" ( unrnt ,·4J .. ul•t•~tn' tndk.ACC' th.tt thr rA.Ur "t\t'\\·fllf\ h•'" nf 1 -.a~r -.·•n M U'f')' IJt;:t- t - If,. n!1 I 

... , ....... "''". 
( \) )yn' 1 h< h"'!>lrl\.:' <•f !It< 1...!.t d<J"'fld< <lUI It <nil< .-Jiy I ' I'; I nn lhr \hoJ> '• ><hk 11¥ 4ftd hradon(l. 

lhu•th< r•.S.r nou>l ''''' •llh "'f) >m•ll ,~u.,.,.., in frf<!utn.). 

I v) yt(' I hr ''"l'rl<r "''" "' ""' .. •L·· •"~~'···· \l~nofkonlly fmm ..... Unrrl« ""'' nf , .. ,. "'·· ...... , ...... 
\.. •kl< un~ ••I .wmuth •n~l,·-. u,,,.,.,,,,th< .l•llrrrn.:n aft' >~~•h lhJtllnrr·kr ,..,.~uhun of 11100 "'"' 

"' .lh' h*•IUih:d. n .. , unrltn ,,~·r:•httn lunn o{. ff'W rninul~ Thr u~ of .. hi\t.Jtk: fiJir ii ahu 

-'ttnU .Jotftdk".atf't!. 

( 
11 }.;K( Suhnt~nnn rrndu.:r >Url._r ••L<" ui\IJflifl\·anl •mrhtud,· If lhry at< \ha:Jnw tr.ou,J! and II\! 

""•-•Fft. ('umnt ukulatltlft\ •c~tthal lhr waLt\ miJ.hl be drlr.lrd lor cl•;•th> of up to ZOO ft and '"' 

'l"'<•h putrr than :0 kt>llu,.<r •rrt.S• rrquirr vnolltr dtplh>l. 

( v) J1t' AI \ll(h •rrtd• ·~dar fr~qur""i" •• low •• I Mlfz ,. r<quirrd. AI l~c.c r .. ,, ••. n. I<\ lht ohlaill< 

""''' ud.r un~ ;, quilt latl"' .:nmrar<d with thov oblainablt al hi,JI<r fro.:urn<in b«aust of thr """" 

f:ll'l.tnd -.·.a'"t .ath.•nu;ahtln. 

l
") )Iff" l'r•wiclf<l lht wakt Dorrl<r can~ Kparattd from lh< clulltr Doppltr, a radar fo1 d<trctinJ wakt> 

... n ~ n<>i..- bmilr<l. """' tlot minimum '"••• amrlitude IOhkh b ob>tf\'able will ckpcnd only on 

.am !~tent noi<t lrvrls and tr1n>miflrr powtr. 

( 1.)) .)'(( I \lsuo~lin that a radar for drlrclion or wakts would con>isl or a r.ul.,,d monO<tafk systtm with· 

\ .'Mr' tlluminatiOn. l'lllv rat .. •hould ~ as hi!lll at possibl• coniisttnt with a•oid•nc• of >kyw .. r dull<!. 

'"'" rulw "dl ~ tunsnunrd at a diffrfl.'nllhy « I'; 1 fff<!urn,-y from th<t·~icus onr. Th: comrlrtr 

frt•;•<n.) ..... n ••II ~ """'l'lth'<l within half thr rtriod nf tht Doppler shift> ••r«t<d. Succtssi•• 

'""'"'' atthr wmt h•<~••""Y will ht addtd •ohtrtnlly. 

(,) J J)l(" 1\ftrr .ap>al• from· ""• or hntlo "arms" of th< wakt arr •Mr<lrd th<ir htarinJ can ~ dtlrnmnrd 

· II) •an<t~:> mtlhud<.. Ill< rmumed lhallh• .....-ri>!td sip>ah "'ill ~ rr.,. .. ,.d as •ndi.alrd abo>< tn 
..... ,.1 ,.,,. plr<. 
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': ;t Ill RPM h2 .... • M rn.Mitl 

f'Lt.lT AIR Plf£Nst: Rt.QUIRE.\ItNts tUI 

Paul T. Stillf' 

~ p,.;,;..,., Na.,.l R..,..•,.·h LabooratUIW 
W ..... iftJIOft. J)J', :0}'10 

I INTRODUCTION tUI 

( t)) ~ Our :-.. •• ) \ rrul>km 1ft lwn• ,.r .,,..,, • ., d<l<nO<'If' ;i.UI I<IJU'I<m•'"''" -d ~~~ til< r .. tlh•l 

11<<1 untl• mu•l or<W< in a h"'lil~ ~•il'l>llm~nl undtr ~on>tonl "'rvoillan.:< by l,.wlcl\. •.ubmannn, 

''ft\'nlr•J'' •h•rrtn, \t\WI\, lll'l;fafl. ~tfl<ain lypn oi'J.ond·ha<.-.J \CII\tln, ar.d f'O>u:!ly loollolhll'\. U>h 

"'.,al.an,r _, .... ,. o€ """"""'"' tc,·hn•-Juc.•\ ''"'lJNr '" ~ t'P.wlt ol a ra:,uJiy adun~o·tn' tt..:hn,llnJ(. In nrdtt to 
•'~f,UC' t.•U,"h\tl)'. our n,·tt Llftlh nc-td imrtO'Vtd wnraU .. n-:r ¢.;U rrtn-i&hnt d~l~laon. tdrnllftt:attun. 

""d •• , ... "'",,, cu,-k of J lhtt"Jt wrhllt wrli-.:itnt ttm~ fflftllfl\ for drftft\t\'t ff"'-'1101'. ThJ\ W!'\f'lllan..t 

-..lt'.tl-&hh n~.·r-.1\ to tt< .t\lll.thlt undt."t ..:11 lll'C'.IIhrt rondllltln'. tfff."\"fl\'f under 1:~s Of'ft.Jtln' 

._t•n.,h1tt1n,, ht~l) tdt.thl~. tlnd ~~r .. Nt of rftl\Ulln, dati of wfti..:K"nt 1\.., Ut&'-')' lftd Cimdu.t\' ' ' IO bt 

u"ru1 "' 'h•rhotrd d,,•h.·n~t> t)'\trmL In addtttuft~ tht SUI'\<tllArk'C' \)'\ttM mu\l not oM·i.att an 

4rl~t'IJ~fuh· oth.·n'•'t 41dtn'\n .. b.l14fk.'t Ytttl:tn flt,~,._ unth. 

II tlO<'U\IE~TED REQUIRI::.'IIENTS tUI 

~) _prj om. ·~·I). lilt Sa•y ., rt•)UIItmtn .. fflf nnt ... clrf•n~ .. ~ ~O'l't"d by ('o('fttrll Orcr.tt<>nal 

ll<•t•"rrmtnlll;nR 1 I 1 hllrol "Surf...-< Anii·A.If •·~•f•rc" "'""h '"wnh•ll) .. ,, thol all .tl•r• mu•t ~ 

.oNe h• .lrfrnolthrm .... h .. ""'"'' .tluH·ronJ< mi>\llf'\. and l•r~t t:••ti.·al unih mutt ~ aNt to rounltr 

"""'' frum oil,.,,.,, .. tn,luoltn• <r"'t \'tht<:lr-. Ad>on.:<d Or>tlurmrnl OI>JC"IIH I A I)( }I I i.!JX. 
"Siurt• .. ard Suri.Kt ,. .••• Radar" clul• mort .,.....r .. ·ally with lh~ rrohaN<- lhrtal and ""'"" ... l\'ljUII'f' 

""'"'' tor \htrl>t..,rd "'''''~"'•" n11l•r •• a mun• of 0\rt•lht·honton tOTIII clrtr•lt<ll'l ut thr thrnt. 

Ill NATURE Of T1tE TIIRU T lUI 

( V) )If'(' II"' thrul "'.J<Iinod bf AllU I 1·!.1)(, ... mm•flll'.ltn ,,_.., .. I an.!!." a ltt•·Ot•n• 

140 II .dhtu.Jrltat,.I\Of''"'• uf ol lr0\1 IQnnmi """' aftd hn•n• • ud•t ··mu ~tton tRl'SI ut""" 

~ 
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ADO 11-lJX: SlfiPBOARD SllRfAC£ WAVE RADAR 

BRIEF 

-r u occ-pl"'- dw <lo•tlupiM 101 wort. -.-y 1U pruwt IM mitilllr) -fulr.n .. ltducal 

fasibilily. 1114 flnatoriol acuplabilily of a Shipbo.wd s..rr ... Wa•• lbdar." 

ULTIMATE OBJECJIVES 

a. -r o pro• We -'J •cection o' lvw-llyi"' air IOfFIS at a nnJI' of 

coo ......... -." 
IJ. -ro t•fOWi<lo uimulh :~nak aad Cinot lhal dw thmolntina llio ....... •IU 

ent« tlw normal <lor...W.ot radu ~-" 

~- "Whttt dw o~Jjocliw is ath~. 1 dtc:kion •"""""'"' nollo ~oali
inlo Enpftftrifta Dntt~,_.,.t •in lw no ... by CSO." 
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ADO 11-llX: SHII'80ARI> SIJRFACE WAVI. RADAR 

l .. 

• Ilana« rnotution or ' 1 ....,; 
• !Uimulh liCCUI1ICY or ! 5" 

• V<rloc'ity """lulion of ! I 0 .ftol\ 

• f"M fRqUmty bonds •ithift HF bond 

• Rapk' shiftiftsJK>t- r-.otiC, bonds 

It, Comlraiftls 

• Lipt•ripl and •-PKI 

• SnilabW for inslalblioot in a 00 "' ...... ship 

• No phyliral harm to pmo-c in ~•po¥4 ln<-ations 

0!) )Jlf FiJu~ l, ADO 11·2lX. Somma~ of A.mplif~inl Oata lUI 
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I'ROPOSED ~IEntOD OF OTH THREAT DETf.I:"JIOS 

1. Uw a l'ftiiOidy t.....attd OTH slywn~ nd;;r to &kttd mol local• atlnalanol po.silll} 
lo <utmnunical<' tloi!t h-ly waminJ" to lhr \hip.., la>lo. , ... ., tonoltr aluc•. 

2. Equip onr or IIIOft >hips in a task fon:t wiLO, a bkulk _,_ .... ....W apabiliiY 
-h that lhry caa mab UM' of lilt iUumin~tion of lht lhrnl lly lht st.yw.,... rodar. 

). Equip one or mort tllips In a bslr. fotee with a -talk 111rf1C't ..... ....., 

c-....bilily to ptoYiclt improud 4ata on OTH lafFb •hich hnt ....... iclmlirttd 
ulhrtals. 

.. .,. ...... 
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FLU."l AIR Of.fi::NS£ UQUIREMENTS 
fOR URLY WARt;lfliG tiJI 

• 
Thelt~lll" lln1t .. ill\ Uniu•NIJ 

At'lll..-d I'll) \in Loburatury 
llttll ~&it Awnow 

Sihft Sprllla. "•yland 20910 

rvL/ '- '} y• Th" r•l'l'' .~ ....... ~ ... ., ,, .. ,. l<qUII\'menl• for dell'l:tlcm and alcnin, or. s .. al T~·k "'"''f ·~·in•t 
tlo.·rum•') •nlt·!olup,nu"' mh.Ok dn\'•1. A')'''""' which >dt.'ttu•l<l~ ......,h lhi<o thr<at ,.illalm0\1 

,·,~rt.nnh utt,f)' r't'quu·rmtnh nl '""'~ fhr..·.1h. An t\~mrlt of a .:onrdinat~~~ mmitt aua..-k whkh mitbt 

.... ·'"'"''' .. ·~tn>ta Ta•l ,,.,,, .• in lhr ............... ;, """"'"""to hitthlitdl~lhr ........ ftaiU"'\ or lhr 

'""'"'" ·~rn of wraron• ••ail•N~ tu the ~11<111)'. Tu rnwidr ad•oqualt AAW dcfU!C! apin•l ouch Ill 

.rc.,l. ""' AAW (orcr conomandet ..,..,,.;,.... w•minJ of •~ im!"'ndinJ allack with rliOUJh timr 1o0 thai 

h< ma) u .. bts .lrlrn"" AAW wc•r<"'' '"the bnl way. Thcacuom that """d to be taktn lo 1'"'1'• ... 

lht """'"""'· ••thcr Wilh r:ciOf\ aff~tinJ d.-.:ision .. 11'1: outlin<'d. Crou l<qUif1:111tntwor thrnt 

"' tlJ.!ntlton. timt .1n&! ~;arinJE: arc J'iltn. B«auw ol tht ftf'C'd to ~ornr.tuftkatr ratty waminJ information. 

• lun,·hnnJI d.....,.riNiM of an int.•l'\hip •nmmuni>ation •Y•ttm ~~"" NTUS i•rnwidtd IFiJIIt< I L 

tl'l Tht '""'inJ di<l<u""'" fdllo,... ta.:h of lhr •hart• in tht prncntalion. 

II COORDINATED MISSILE AnACK !FIGURE :!I lUI 

1('1 The So> tel Nny ha• l.c<n (ll'owinJ >On<id~rahly duri"' lh~ last 10 ~~·,..with tht introdu~tiun 

or man) new typn or •hil"" mi<osiln and ail\·r•ft. Thr anti-<hir mi"ilt th,...al has nnw ft'achtd • lr••l 
of q•oahty, d~>rr.ily, force 'life and J<'O(II"Jphn:al drrJ~mtnllhalr<tahli\hn il as I major cOMttalnl ;'1ft 

u .. n.·rt opcrahons. The thrnt. allhUII~ d•'\'rlorintt in Mlail. is tstahl•\h•d in pnrral raucm and 
. . -

··•n""t lot .-~ltd tochan,c radk•DY any"'''" than tht US •auld ta<ily divtr,.iflnm the all~<k 
' 
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~ ,,. I U ttttnutn. "-"'-"'' .au tu •s rttl\~.t~.·, ••II hi• w-. .. -,·~tuU) U> •n~~: uh;~,;h •thJ wslt t:nh·r thc- ,.., ,,.,,,. 

•"'"'' thr l 'SN ""''t Arrrn\lm•l<ll :S·.IS .htlllld t... "l'<'r•l>lo· wc~tnl mi•"lr-. II """''" .... nutrd Ill• I 

'*II tt• 4~ m""'" .,... ~n.,a,.-•111• IMI<h wn.:r thr ddrn""' <annul know "'""' h '"~"' ••• '""'""''. 1 hr 

d<r<n"" ""' thu• r .. ...s •tlh ""'"'' ~ tu II '"'"'''I'<" minulr tf lht all"'k " •-rll uM>fd•n•lcd. """" 

'"'"'" ,.,., k •rrt......,.htiiJ tlw lk'lrnw "''' ~lot1111as !;or,.-"' I :u" aniJUlor "''''"· 

~) r h ........ .~"" IIUtt-.llh•t ruu~hl) h•lf lht "''"'''" ••m• '""" "'"'""""'"· m ....... , thr ... ,r ... ·ol 
i..ttUk '' '''"thtf111' .Ill" "'""llll.lft) un.k•h•..-t;thh,· until ~ tu ~ minut""' ~fntc burt\ h. 

f \)) y I hr ~"''"'l .••n t.r ••r-·•t<d lu "'"f""' ,.., ... an •:t•<k with lu~h ""''''' nf •l•nd·<>fl h<ln•,• 

\.... .. ..,,,,.,.~ I" •doli linn. 11t tum,· drll\it)· will t... hiJh and ··an t... nrro;trd •• • noffllal p.rt nf the rn-

"'''""''"1. ft•ffll' oltn"l) ... u ""••n•blr drrtndonJ rnmarily on ........... ltl\hun. hr•·•llr. on lhr 

• .,.~_, ••f ~0.100 rnrnollr .,, ''"'to •.. n ""t\f"-.:trd for or<"ralion> .,,_.on tu "''"'~ •nd ~~SO fmndl) 

lfok L' hw Urtft u-:t:•n wtualuxts.. 

Ill FUNCTION OF EARLY WARNING !FIGURE ll CUI 

(v) )"' fh<t•rimary pu~ otoarly wamint t. to l'tU\'idt timrly infonnaltun to tht AAW for,·r 

.:umm~n.Jer "' ... 10 '""'"' lh•t lh•· a< lions nto:tSSOf')' for prtr>riiiJ ~lpoll 1)'\ltllll 10 ""-t <"!'<'with an 

.u .. L h•"· h...-n t .. L,•n. TM .. ti<>n< that arc t•ken will <ltl'('nd on tilt information availablt to tht .:om· 

m.n.J,., •nd lht ••••• of .:onfilk'n.:< ht h•• in lht •alidity or tho information. 

(
. 1J) J"'1' fh,• m0\1 .-nli.:al fill:tor in a Food d;·f<n'li•o l'O'Itoft is brinJrinJ •Y<I<m mannin•l.,..•l•lo GQ. 

C <•mm•n.J<" aft ttlu.:tanl to toke lhi• a<lion unl,..o timtly and rositi .. thft'al m:opition .:an t... rro

.... ,.,1, Jtr.ent Orr I r«rd""' h••• drmon•tral<'<l that drlr.:lton of tarj!\'11 with modifir.J <'nnduion J 

,.,., "'"' " tht vnjllo mMtlimiliiiJ faclor in ddrnsi .. <arability apiMt llimubttd hiJh dtll'lil)· raid\. 

1 VJ . .JPf' Tc;blr•~• lht many noffllal ""!Utntialstrpt in tho Pltl<"H.<ina of tar,.. I<. SAM and ~.W S)'!iltms 

\. If< ktnJ boulttnoby '"""" tltmtnlary sydrms ha•e alr<'ldy """" in<lallrdl with -....:ailed 

'Thrtal ll,..ro,..••• Mod•' of OI'<'Mion. Basically. this systtm conrort drrrnds on,...,.,.,., .... ....,..ilion 

..... .s.nuCi.-.hon or;~: thr•••· Some thou,tliS on rrovidinJ ra.iti>othrr.l ....... ~notion ... <hown on the 

... ,, .:hlrt. lr tht n •• , hn .:h<I'C'n to USC' fMC'ON as a d«tph•~ m<asurt .... l""ili•• lhrtal t«:opnilion 

.:an k ohlaonrd. dn.:trint >hould bt tlOiabh<h<d In r~mcwr radi.tl1<1n sil<'n•·• 

(.0) p1' Som~ oftht a.:uons ,.hi<:h •ill ~nloan.~ drlr.:tion and tar,..tpro.:t<""J •rr to tm!'loy limttrd 

.lltmulh .... ro:h by lht orrratort or radar mn>Oin. to .. .., nrr ~onlrol , ...... 1ft automali< ............ >tar<h ..... 

to hnnJ tht fon:t l'lM to a dirr<llon ,..ht<h ,..,u unmask rod:,, and laun.:htn. thr"" acli••n• dr!'<'nd '"' an 

adrq11alt k-lrd,.- of attack btarin., 
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" PROVIDE INFORMATION WHICH WILL ASSIST THE AAW FORCE COMMANDER 

• 

IN BRINGING SHIPS EQUIPMEHTS a SYSTEMS TO BEAR IN THE BEST WAY 

FACTORS AFFECTING DECISIONS 

POSITIVE THREAT RECOGNITIUN 

6 TIME AVAILABLE 

POSITIVE THREAT RECOGNITION 

ATTACK BEARING 

ATTACK ~ARI"'G 6 TIME AVAILABLE 

ACTION ITEMS 

GQ MANNING LEVELS 

EMPLOY THREAT RESPONSIVE MODES 

REMOVE EMCON STATUS -
CONCENTRATED AZIMUTH SEARCH 

USE OF FCR SECTOR SEARCH PATTERNS 

UNMASKING EQUIPMENT 

" 

INTERCEPTOR a ASW AIRCRAFT DEPLOirMENT 

DISPOSITION OF SURFACE ELEMENTS 

(: .. ·· 
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o SOME CHAR .f.: rERISTICS OF' THREAT 

- SEPARATION OF' ATTACKING MISSILE FROM LAUNCH CRAFT 

ArRPLANE (DISCERNIBLE ~\' - 50 KNQ]:. DOPPLER RESOLUTIOH 

• WITH A 50 NM RANGE RESOLUTIOH • 

SURFACED SUBMARINE 

SURFACE V£SS£LS 

- TARGET PROFILE 

SPEED 

ALTITUDE 

VELOCITY VECTOR ( <i0°) 

o CAPITALIZE OH A&OVE CRITERIA TO KEEP PPOBABIUTY OF FALSE 

ALARM LOW 
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• .. 



... , ..... . . ... .. 
~,.· '•-'"'' .. 
'"; ..... , .. , ,., ' . 
~~,./' .. · 
Cj':· ...... ,. -. :·" 

• • • 

. ' 

·~ 

SAM GUN t EW SYSTEMS 
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_TIME_ - S. Ill MIN \1\oiTH <>t)()O SHIP OISP<ISITION 

TRANSIT \'I,ITH POO!" SHIP OISPOJiliON 

. . , .. ... 
, ..... ?"' ...... ..... 

r~··-r··'i 

··1- S MIN WITt· GOOD SHIP DISPOSITION 

ON-STATION 
-1 l HR WIT!t I>OOR SHIP DISPOSITION 

~EARl~. 

FOR SEARCH !tADAR - •o" 

FOR F CR WITHIPf REASONABLE FCR SECTOR SEARCH -15 '- 20° 

TIME CAP --J MIN FROM 100 NM (;AP STATION 

OLI -15 MIN 

"NITHIN A I RADAR :.;CAN 
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CV) y. ,, .. t,•tttoo ~·I 'ht· tut;lh' """I u .... nh•fi' "tt'hr~o.lk.a.h·d t.tU•,.· 

"''"~·n.tlh\th .in,t mtdh~·\·u,,• JlhJ pt tnnn1~ tnhttmo~etun. ·\ · ·.·nt .. 

·····h t 1h; 11J l'h'-.t ....... 
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( !1) J)lff Tb< mi"ll< tllrut to .tnr• "'"' lh< inlJ'iralion for con•idtnn, hl'lal..- IIF 7adar. Tht rn<thod 

..... ·~· u~,· f\"mt.'-tt \~)-~WIYC dtumiM~U.lfl or luw .. aJtitU4Jt'S tar--.·h ftC'OJf ... "lohtr ancJ tn dtlfi.'t the U!~l~ 

._.,ath'h'd t.'ftl'ff) h)" • ,ro..u\\I·W.l"t ro~th tn a shl~muunttd ftf;t."tVtn~ n.dar \\~hon Somt ~mrlt 

••l•uW••'"' wrrt madr '" l%1that SUJtt'Sitd ftasi"iliry. Fiaurt I ti•H tort· ltd monostali< •kr·wa>r 
radar rrrh'fman.:t f• r a wr of auurntd rad.r a~d Utltll'ararnrlrl'l. The ionr\rh•nc modtl "'" rrr . 

lt!i.i..t. I'•I!Utr ~ r.wn ••rr.:rrd rnonnsr.rt.: fJ'lUnd·,.••• radar rrrr.,nnan.:r rnr •l.rt< nr<ralinJ frr· 

•tu•"""''rrrad "''"a (11Uitr frrqutn.:y ran(ltlhan tht WI rtqulrtd m l'o~ur: I. In Flf\lftl loKI•tk· 

t~rfnmun .. t 11, ~H'fl t·or the kQUittd frrqutn..:y t\trtmc,. Thew "·nmrutaht~nj indKIIt the bt't;dJt.: 

mtlhod "•' f""<lbdlhtt; lh< an>ty,;, "trnh-d in mnrt d•:••l in an •rl'<'ndl\ ollhr MSil$ Grnur So-..r<l 

ll<rmr··M,.,.: ... Thtul Slur l><ftnw StuJ) "ll'l nf 8 \Ia) I~M. 

( V) Jl" A ,.,. .. of np.on:n<nr.l '"'" •••·· ~ttn mJd< u"na fSSA trJn<m;"'""' f<>i dlumrn•l~•• ••d lh•· 

,. \1.\f)Rf t.J\'tiJI>' on ('bf''IJ\f'·•'u.· li.n tor nctrtu;n. ~~~ft .t I• an r~rl)· t"\~flt:"lt.• th.11 \ttl••·' tt'\OttJnt Vi..th• 

..-,t\ ... ~ ft"t.'ft"'"d t-~ ll't'U:l•l "-Jh• f ,,u.r~ ~I\ • l.tft"f u . .tml"h• wtl:t ht_.h,•r P"""'•r In .ttll.lttJ,~n. 'illJnt t ... ,,.. 

ft.t•,• ~~.·n ~Hn,to~.·h·d u'•n• th\• I ~.S,.\·rt"CttnJ 'i,:n~J a·.' rl·h·r• '"'~· 

• 
•I 't Thr ARPA t-AU r\J''rlmtnh "'"''" rl.:lnnr&l to ~'t'tmrh:tt'l)' .Jtmnn'tr~Ut thr h,'\1,. t ... <&'lf'ttht~ t11 "'"" 

••••tud't.• t\t't.ah~ .t.·•,·.! ·, .uhl tu t\r •· · hoth tf.-. -.·.tr.ahdi1t~ Olt.d rtt~utrrd ')'h"m dt"\lln fr.ttur.•, 

( v) J1lf ,, t\ ., ••• ' : Jt lh·· \lot:'\! •. l' :.. 1\nt ..S·•fi'"• ..... u .• t,'\1 the""""'' htst.ih!o' fC'.I\thth1y etf Jt1t.;l.tlft ,,, 

\._ tf'k• ;_,., n~u i ,_ . .: .. ·I otd'" flr~·t . ·Ht \IJ.;h I 4fttt't:lidft \.'at".thlhty m,y hJvt \C'\t"f.ll .lrrlh:.thttft\ fftta• 

"' ... ,. lhC" U' • ""' . 01 :l!'!t~n.,•· • ~!·· · . "' ,,. uvtl "'. mnnrKC~hC' rad.n. •nd tt CJ" ~o...-rtrmtnt tht 

~hi tf~o '' .. t~ rn ",.:,,· tt·· '' "! • •'·*· :. "'·''' n o~n,l htl tttm..t ,Jinnulh\. In"''""'',·.~~ at mo~\ h- dt.'\IUNt ht 
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t1J• li • ~*"' rt.mt~,•J n,.,t \ M l It 1flunun.ate" fur rMt ,~f tht.• ll~"t·t -\Jr l~·tt"nw t t AUt t~· .. t.. : t drnl• •r 
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th,· "''J"'"'" t~ .. ,d••dth 1\ : .... Jlt. 

( \J) / In lrruh· ~.I dnrrl,·r hrnt h"'''''' '' 11'1\t'ft lttf .1r ll!~·ftt'- t.lnJ'"' ,.1ft• '-'·Ut&nlt.._ tht" lt,...t• Jd.t\ ·•i 

th.· -..'p•htl ,·,th'''l "truht ••t ltjtuf'' l A ,h,•rt .llht.IU tr.a .. '- I'H"\ttJ,·nf .1ht'l\4rd••d1h 1\4 ~~Itt 

•\h f,rurr '-' ·~~ m.;J,• ••th 1n 0 !~·~\ Utt"' J.lfC" ~14rhnl .11 rht C".tf;.nt '''"'-' nf f'IJUtr.l f tr •tt 

4ft •"" "'"rtnJ '"" Cht· "f"ttn.J 'ththt.•. 

• t)t J H•utt "' \ •n•t H "'-••• .tmphtudC' "~hU\ DnrpfC'r di\Jtl.ty' rr.Wt hw tJtc l.a\t htn• ,.,,,""\ ,,f • 
t •r·~•c I. 1 "'" tt."\ltluthtn ~•nd.-tdlh K I: :x1h-. 
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w .. a .. N. Mnlbtd -. 
liT Un·tr••·Ph)~ l..:a~ttatnr"". l1h·. 

JlSS S!nd '""'"' 
H'ath-1oiUt. \fott~l.md .!01J\I 

I INTRODUCTION I lJ > 

( t)y. lu • r•l'•'t llll··~ "I· All hl'<'nnwntutl·,•l>nt•r). 1<~70tl:l''l'f<'<'Ut.·J •till" "'"ro..l!q• 
lth'm"' .. 'tltt fl.l\t Wntt "'""ulh t.\f th..- H"~· Air lk'ftn~ cf AI)) t,'"\(1\.*0mt.~ntt. Whh:k Wtft t ;Jrrtt··l •1Ut 

tn l.t.nu.tn .Jn~ fc-hruuy of ttu~ pt;ar. Thov l'f'IUits dtarly dt.•mf'n<ttr~tc\1 tht fU\tbtht)· of 1hc h~ ~rhi. 

..._, ""'"' ,t,rf.a,·r "''"'H' u.J~r .;un-.·,·pt. 

l J) /t I , ... u,1-.tnJ th1\ d"'mnn,tr.Jhtm ,.f f-.·J,ibdlt). ARPA h." difl•dc.J tht", 111Ur.tdnr iH unJt-rt.d .... · .a 

l'fl*lttntn.tf~ ')'lh'ff\ \fU.J)· \ittt:'l:h:J ht\11-,Jr.J 01 rnttnhal tJ:\.'tllo'~l ll)'lt.•m t"mrlnHnll' '>li\.h o1 h~hn~olm~~l" 

r.MJ.tf f't)t lh•,·t ,llf df>fl.•nk". h -..t~ d-.·~r Jf lht.• t.MJtlCt that \Udl a tado~t \~\h.'nl v.nuhJ {lftnhk tht llt·~·t 

•tfttth-.· -.·nth:.tl lun~hon of n1.unt.,unin' ;an tall)' wamjr.&t ~Uf\t.'tH.ana• • Jp.tl'\lhf~ whtlt \hll t\ft.'"'"' tnl' 

.. nrurJ,:h· :h' .. tr .. tm .. ~nt:tk··r.u.h..tltOn '"''lk'('. Thi\ )Otnl t:ap~hlltt.,· .. -,udJ ~,,.,,,..~ • ~lh; Otef .tf>!.un'l .. 'ur· 

,..,,....~ .,u ..... l . .lthl "'the \Olmt um.: fJ(>fty an ~t.~n,:nty th,· ut.t of th··:t·,\·n,·r.~h:U fJ:c.h.Jhur. (,,, tht" rurp~"''' 

•11 t\,·t h'-.ttutn or vrUJ'IotlM ~tnd.an,;'". 

( l)) pit(' f:,,· tn,·r~H nh)l•c;tlli('\ of UU'~ 'tud~ .ar,• to tn""tl~.:.h.· t*•~t .tl'l'ho...ll1t.Jn ,,1 th,· h~ .,nJ mtldt.• r.JJ u 

\ ht Uw a~r~c.·m nl tl~o•tl Itt t.kf~t.''"<'. o~nd hJ ""'tt:nnlnt.• lh .. • futur~ ,h'thi~'lo tl\"H~'Ioo,jf) h\ J'C""'' tlw 

dt.'\t.'lttt~lfh.'nl cl'( .lft Ort"fJtlnn.tl \~'11\*m. rl11.• fif't ttfcr In h'~\-htf'l~ tlh"""' tlhl\'o U\t.'' I'~ ftt tnh·t·td.aht t 1h 

n.llur,• •d lit\.' ftlth•tUt.d thrt.•.rt' •tth t)t,• ,·h.3f:tt.:ten~k:~ tti' the' dc.•f,•n""'"'" "'' !\h'n\\ .t\.UI.tNt lu the.· ll,.·,•t rn . . 
~ttdn tH """'-''""'" lht rt"rfonno~fk·t- t.llh'll.l •·lu~r.h mu•t ~ mtt b) the: h\ "fl.l·m•ldt• r.td.ar. f f\'111 ltw~· 

.,"ffotm,n,·co ,;nt,·n~. u '' tht"ft f't'\1\\11'\l'"~ tn p.·nl·~tc mt;a~nJful r"~"''''""F ~r\'L"tfk.aho"' fnt "-ld'l _, 

'"""" I hf>' .tl'k""' .tn.d•~" -..n th-.·u ht.·lr t~t hJ,·nhh' """""' t~rr.a .. v.had1 "hU U•f' 1th.' ft·~·.rr, h. d<"'~·l,~rtn4·nl 

tht • .tlhl -.·~ .t!u.attun t flU H·. t l"flnfh~ mJu. •••na tM atr"' •tu" b ~·'n'hhth' u,,. ,J.ih'-4~1 ·th!."·•fl. tt"'""' . 
.,htt.h rt.••tutt;.• turth,·r \ludy. ttnd. l"'li!1\'" uU)-, th\• .l'flll\4.'11'<11 .tU<I\ •:f t''". 

(g ) ~ '''" '"""'' \IU<h ..... uron r•\1 •ludt ~lfw•· .: lht JfUI•··· <Utnl I ............ In r ......... ,. . 
•• -.\Mirr.tttl,• U\lt "ht-tn, m.nlr nl ... ,., •. ,un ••• tlw .-.·wlh tnwn a rrt'\uiU\ I n·l rL \tvJ~ of a ( 'U'l'S OJU4 

'''""'·fh<·l!.tntna ll ... k•ullnl ·~··~"' '"n&lu<lfd fot 11>~ lfs,u, Th~ COSl:s '""" ""rnullt ""''''' 

r ; .. , . . 
c '. • t ·' -.- ·. . 
\~·. ':! !'.: '·•S ·< 
w•~"'··•:h: ""'"' .. _ ...... ,-_.:..· 
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II UY Slt.:I>Y ARt AS IIJI 

flh· \,Jft\~1' thr~·~t mt~,·:,.ht,h Jh' oth~o.t .. lh. flll'\lUI.II ... ·~ lt' ~'-' Jn \'fhllt~ IIP•l':,luh,'"lll t!;, 

I "'U ,., .. .ah· ""mt: m"''''F.tln.l I h,· thr,· .. t m·~kl, m~ lttd"· ht'rh ,,..,. ... tfh .... ;·.,,.,. •, h.tf .•. •• r1 .· 

..anJ """'" ..... ·,·n.lfll" The lf'i.J.tHdu.al "'~'.l('OM t"·t.trn..J lt(•m o~ir .r.a.tc .slt • .h k.1" I! .. Hh \hPt HJn~,· ~>H.I: 

.ur~·uH ,·mpl·'~tnJ lttnJ·Un"'· ,ur·h .. \Ur{ .. ,·t "''"'~lt.·'· ~rtd 'tfff.t~o:(·h:"""ifl.ht' m, ... Jh•\ l .. •m .. h<"J !"-\ ,~. 

,,., •• 4') .. ••f ... u~m .. nn~.•,. Th,· \..ttld~ ttf "·,·n .. ru"' wtU 4-'\t\'nd ftnn1 \.lll_.u .... .1k "n~o.·.tl .ttt.h i. ~ t'nn·n:,h 

l.ttl'\ ..... .J~..· ,·n,::..t~~·m,·nh lh,•"-· thrt.U m~\ot,,d' o~r..· ~·me mh·~ro~h·d hl ~·t.t.l~lt'h thrt•Jf·nt• !,J ; l'tlt·' 

,·tn d•'l'''"' •IH~ h lJdlO\" '\U\ h r.ar .tffll'h'h .f\ .tllltuJ,•-\ f'f'li'lo-f.ln~\'. Ul"~'·\\'hUot·f l''h" h,.f,lt!' f Jt !hi! 

.llt.h idot ,., .. 

ll llortrn'I:'C" S"'trm (.'un"*'utiu.n •U t 

( V) /o Ill~.· J~.·h·n''"'' ')'h'm' .n.ltl,tt'lk .. ,, tkd uv: tn th\" '''"() · l'l!o.lf •'f,t tu .. luJ\· .. ,·u~''' .tn.l .h. fl\ 

&ld.-t:"'-' .,,.,,~*"' .\tHttfi)l: tht.• """'"~''' .lh' .. hll'~•t.trt.l fJ~I"'' tnr .i"•!tH'Ih••U, tr.h ~!UJt, .,,J t•h' ,,•ntf" 

.. trh •tn·· r .. J .. n .;n\.1 othrr f't"\.lhl\· ... , .. n"'''' hu .. h .a' I.Y.I R t. t h,· J~ tn ,. ~kf,·n,tt. r '-''JP"'"' m, lutoh· 

"" ,,,.,.., m''''""' ,.tnltd tl) t. .trntf*l .. u'h lh·d ..tlh fJil, \Ufl.k t·l•"" ,II" mt'"'k' .• tnd .Jntt·Jtr~ tJtf Jrttllt·• 

I~>,· ""'h'u' • .~r~""•hth.'' nl th<""'' ,,.,,~~.·~. ''"\' ,·km~·nh ctt tlw ,,kh'u"''H' 'l'h'IHt. "'"' """'"'' ''ftJnth·..J ~~~~ 
t"\'fhttrTUf\\\' t'n'C'h'f'\'\ •ht\h tndh ... k the: -'nUf.tO' .and ttnldUk'""t. H'')tnf\'~ lh'"' .m ,·.n!\ 't\.ttnu1' 

~lt.l\'tn '.n th..at ,.,.<',h"<" u"-'t ''" t-r..• m.1:d~: ~~ lh(' tiC'fc-n\l'tt ')''lt'm'- An .. J,hhttn.tl.t'l""''' ot- th~· "'*""*J 
4'f"'hnn nt th,· t.fC"t,·n~U." \\'h'm\ I\ thC' 1m1~UUnt t'utuh' or tht• ••h.anc.l·nlf'' tr11JU th,· \'.ttl\ a.artltnJ 

"''h:m t•• th~: Vurt-•••d trnnm.1l &Jth•tt"· ")'h~m. Th'' .;n·J uth,·r ,,..._.~tfh. lnt\'r.adtnn h•h•t,·n tth·l .t.1l 

"' 4-f\•nt .tnd thr tUhC't lln•t t.fdt.•ttt.l\f \} \l\'rt1'\ :r.ad to ji 'C'I ''' .. lnh'fl.h;\• f\•,tnltt'mtnh n .-hh h mu"l hc

md tH ,-n\.•th' dfn hu "t'IIJl"t'f.lhnn .Jtn••na.th,· 'ln lU\ Ut·{,·n'''" ~' "h'ul,, 
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(::_)~ s .. ,,.,,J I"''."'"', ... ,'""''""'''"" Bl!l hJ' ho:rn '" ''""' th< IUllhlhl~ "' """''''"' 
"up .. llflt h, m"' .. n'" ,,, '"'"q'-ff\·q:arh\ .,\ r.t..S~r •hdr ff",.t"·'"- tm a~~ •11J< "t"t"!1UH II"'IC"t1n.t 

..1n.t\ . h t1 .. , ~-~ t'""~· n<\.«"""-'' \ .. i. n1'" tht· ttr r:uJ..n ~.:ro''·""'"''l unn' of tH''"' .al ,hlf" Jt \fa . .ar J 

tu m,·~<j,Uh: tlh' ,~r•'f""t"ftl .. '' ,,1 ._.. .... lulh·r ll'•lnC ,,, ...... \,. rt•'l'.IJC.IlU)n A l'ilrfl.lit~,ontrolf,.J \'\;··nmt•nf 

• .,, .AI"' n1~ . .,, .. h ... h :n~· ·h'h'\t"" o• .1 ~OO·t•l<lll , ... ,t'' ,tul' "'.;a' .-th·mrh•d Tht f\Uf1'<"..t twfl· *'to 

wmtnJflu t:ll"'«' h~f'lh,''L . .anJ "' 'I'Hil) *hal lurlhct •ofk I\ tt,·,:r'"-JI). 

II SKIP CROSS ~tCT!ONS AT HF tSt 

/U) ~ \'ndf't., "u~ontr.t,·t frtlm Stmlt,r;J. Trlt,nntn~ for ("mnmunh.Jth,n\ lntt:rn.ahon.t fT\11. 

\ mt.J'Uftti •ht h.d."- .utcr trnm · '·1p mOOd" Jt u· .• · \:.tttal i'~.:-.:tront\' Ltt'\ .. 1 'tt-L t 

~) ,}11( ~ tot"l af qq rad .. r \"fCXlli·\Ct.'tl''n f" t r.Jt1'"'m\ ltlf a 01· ·it) ~0 dl'\lt••\rr .tnt.f .1 forr\tJ.I C .un,·~ · 
•ct« nht.atnn! o~C ftcQ\,Um\·tt'\ Mtwn·rn j •n..t :: Mtll. lot t.•kv.ah•'" ..tnj:!J,· .. f\d1h'll ).~ •nJ !0 t..l<>)rf\~\";'\

flt,t.ltk: .anU "Yft.ttr.'C' wa~e nt<-.t~ufl.'fllt'•ll\ -.\·rt al\10 r<'fh'ntJ••\J ;at ~ "'nd "" \1111. fl,r data •f"l(' ut'ttJtn1t-d 

uwnf I .... ~ ... •I• mool•l• il "Is llmC'!o tht HF • aluc. Thr """''~"''""'"'" to lit< rui&SIK t<ull·•llrl <i..,. 
' I 

I 

(:!) ~ Tor '''"·••I rol•ronhon. thr <,.,. .. ,«lion< a:c, tolto 10~ m: for lhr tl<>ltoytr. and to4 to. 

td' m~ h•t t!•t ~..,mrr. llontt:mt.l!l)'·f'.Jiullcd r.:fO\.\ v..:ttnn\ .n~ dtt\11n .l to tQ dB for th,• d''"tro~·C'f 
td""r":nJtn~ ur; ,httt oncntahont and 0 dB for tht ..:antt."f. at .1 ;'O.~It.''"~· tin·atton .anttJt. Thf' 

··""'.,."'" .... _.,. .• ~·rc,..,..._,..,.11oM art of t!'lt l.tmt m.1~nitudr a' the ~bm-r •. :ud •hrn tht.radM ~runni 

"-'t.ltu •• th~ \4-:.tnrr K' nnly 0 tu S dR lu,.t'r tn .amrhru!J('~ 
,·· .. 

r: u ~·~:'.,' ~ .. ~:, ... : v :. 

••s 
--··------

.. 
.· .... ' 



•tJ• 1t1,. nu;nh.·t ''' null, tn o~lt lht &•.JUt'ttl' '"''<'•'IC' trUh hf'IUrA\·)·. but aC • ft\lrr Uff hw lhc 

..... ,, ........... l'''""'n' -utnl.un ln•\"f nun .. 

•lit t h,· "u ut.h) '" "'"'"'ut,·nlrrnt ••f m..t\ ,. '' uwaUy ~ J .J'I. t·or ~0 to JO rtrt.rnt of the 

, ... ,, ... ,,_ ., Wtt:ht "' m•~~o·ut~ tnnt "' l"'t1ttn null \tl'lidutt" uu·uh. htt*«''f'f, rnou.,h d:111 .,, t~i:rn 

-• th.rt hd1hc.·r n\t~uttnatnh ''t lhll I)J"i' Mt unnc"..-n..&f)'. 

Ill SKY \tt.-\V£ PROPAGATED SE .. -\ CLUTTER lUI 

( .u; n .... r.tJ.at '"'l"''"'"dhlO of'' W'.l r.ah.'h •n MC'IlUrtd '" thr c.:uu of M~o''\1\:U 1.1\11\f:. 'Fut!i:blt 

"'I''~""' .. , .. ·ut<ol "" t..>.lfol • '"'"" \lur. lJ>1n~ hoP, uomuthal n-wluloon 11'>-d<ID'ft bo:amwodthJ•nd 

"n.aU ~"IU~.dt.•n1 ruJ"""\ t4·10" ~) thr \C.J ~ton•stehon was ttt.lut:t:d to I crt rn~. Thr Vl"l (tc:J'\$-1C'\.'h"1ft 

f"\'t un•t .,,,.,,'&.I\ tht·n ""l ... u1.tte!ol to Itt ~twtt:n Jo·l and 10·.!. 

• \h t t'h'~ h\'t.JUt'th ~ \''t~·nm .. ·nh h.a't Mn ~rh.'trm~tJ to a..,,~,·rt.un tht dft"\.'l of t.'Ontrollt"t.l traft\• 

m•u,., r->~•n'•'"'" on b.id~atttr •m1•htu~c as a fun<llon ol ranrt in th< hcilic Ocnn. Tltr rts~~lts 

"''''"' th•t ot " ""'"bit 1<> r<du<t tht dull<r by about at lc.:ast 10 dB by swilcbinl th~ tr>nsmitltr 

h:t•&."tn ,,·tttt;.tll~: and hon.>onuUy po1o~nttd antennn. whdt ~'tl¥1nJ on 1ht ~.S.km Los Banos 

•rT•f· rht <fl""l II not obs..-... td whtn uwnc I 4-<!tr,rtt bcamwidtlt lnltnna. which W•t uplllntd 

u""- ""•'1'1 a11muth d•u and .:omrut<r-rayltacinc bock>:>tlct synthnis to show th•t ;>elari:allon 

f\•l.llltan " 'f'fY S('n\tll\'t to utmuth ch.anf!n. 

J) ~ 11 i"" now t:on~.:tud~.·d th~t SU~o""h a .:ontrot ovtr sea duttcr ma,nitu4.1r should aid in lhip drtcctlon. 

fltt.• w-41 tcflt.•~,·h the dt.ar~~h:n"ltt.' tordana")- and ruraordm.uyJ wa"ts to tht rrcrivtl Mu;h that tltt\C' 

'4!~.·14,. eM ... u rr.: .. ·•H·d mndl"' •n: coMtraintd to be l'QIUI. B)· contr~st. a ~htr rer• .. ~ntt a ducrrt<' t.ar~• 

•• d ttlk\:t• thew n•od•• "''"'' k«ronJ th• pound r•nrt .:on•t•nt. lk.:ou.., of this cliffen:nc<. Oil<' 

.:nul.l"rrouluncnu>ly null out th< sta clutttr whok muomotlftJ th< shor'• r<tum. It is thtrtforr cltar 

II ~• VIm< .:'lntt<ll o><r lh< r•d•t'• pol•nuhon will hrlp dttoct shil" at .... i.t .• when tht .ounMr's 

~·"~""" .. ,.,,., enouJ:)l. and whtn thr ionoophcr• r<nnlls the rot•rilation phonom•n• hl «cur. 

IV OTH SHIP DETECTION lSI 

On tht I>••" of th< rll'ulls dr..:ribt.l in Parts I •nd II t•bmrl. it is prob.ible that 1 shop <ould 

"" .... tr<trd on 1 tot•l rower bn" usinJ the ltRPA.ONR Wi<li!-AptMuft' Rtstar<h Facility tWARFL 

Th .. lollow\ from the m• ..... nm<nl or I ·~ m! toto! ..,. crou se<:tion. which i&lna than " •• for 

.,.,.<Ndt \h•r-- Tht .:ontrol of the soundrr's polanution may fadlit•t• this dct..:tion. 

'""' 



1\·t,, lh\tt·ontnh·J t\J't.'nmtnt\ h-.1\C"t.hu•n that od &11•Unl"'n\ htf If• !lUI'·· nl thrm • •d«' 

"~" "' lfh: t.ulf ''' \!~·'"·'' "'h\·n • 10' m~ ""h"'-·IWt"dton h'l"""''*' ••\ «'I"C"fll<\1 un • SOOh••t 

'"'"' \lhu• ~,._,.,.,. Sc• Urkan1 4nd ltuu~htn. tht rTrtll<r\ ,., hu •" "'"~It t.;(J l"thC"r'lt ut th<" 

ttttW. I. th'·~ ht"fn thr Wur't ~ill''" h~thtr th4n lht 4rl~~rd ; .1at.'ttt C',hui •f':f' abo W1'ft 

•'"'""'"""th. t-out tht"" nt.a~ t\4\t t..•tn lrur:t ,,s.uum'l\. 

(v) y<{ u,,. njVnmrnul """lh ~''"""'"~'• th•t • .. to ~~tl•rr•• •11muth•l. •nd 4-to t~t • llmr 

J..•i4) -~UIIOih .... oht,. ... ttlr """' thf WARI' •t•trm .• , rrcd .. l<d. r •• , .... ..,,,,. <t_,, .... 
.. ,,..... ... N,• h' lht""-t r,,... hfl ... d'lt..lt \htl"' h"''" lw'tft i,h:tt\:tt"d Ul\ .. tot:tl rnwrt ha\1\ '*""' lht' -~\ttm. 

II ..... ''"' ~"' t-<rn r,. ....... h<.'W<W<f, thJI • >hop .... drtrd<t.l. 

V FUTURE M>Rl lUI 

• 
• \k.t,l.U(' OH'f\' 'I.\' .I 'Juth•f mJI!flitudtl ~nl.f roi.ttl/OI(u}n li.CJ'~l'nd\'n'-r It tff 

• 
• 
• 

• 

• 
Study wa~s to 11..:' polanulion control in OTH thip dtt.,..tton 1 

.... 
'"'n."\h,...h: ust of f'<'rtattn a& p.:rm.an(nhy.,tahoncd rrftrrru:r tat~t\ 
.II ~.a 

D<>rlor D<>rrlrr·filtcnna for ua ba<h;att<t data "'"""-'lina on th• 
SFCV.' "'"'dorm 

• 

•' 

\ 
\ 

• 

,., 

. . 

• 

• 

• 
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BnWC'ONCUTS lUI 

$t,anford R,.,. wrll IMiiNI~ 
Mrnlo hrk. Ulifutlli.l 

·i 1: 

( t)) / I 
)''" Surr..: ... wa•• btyond·tht-h<>l'll<"' ra•J•• C:attt ta~\ In wr.rt und<r1akrn bt~<m JQSO ir. thr 

l'n.t<d K1n~dom. 1 Shonly rt.trr•ft<r a procram wu •tarttc by F:.aythron2 a~d conunutd hy 
MIT luh·oln1 Laboratory untd 19S7. Tht final rrpof1 by Uncoln Laboratory dully dr!'\on~tnt<d tht 

lu>~~d&t) of btyond·tllt-1\orilon dtttctio~ nrn in lilt 19SO.I960 timr framt. 

( V) J.S1 A rrntwrd mtrrnt in Surfact"wavt radar~ wu init~ltd in lhr 1968 IDA JASON Sumrntr Study• 

dunna • rrv••• of OHO rador ttchniquft. This stvdy occul'"l'r4 i.n lA Jolla, California and tilt pcNibillty 

of ul!na an.:horrd. buoy·mountrd tr&n!otllillm of nlativrly low powrr lrvtlt 1 :: I DO wallll l.row 111 

du.:uw<>ns with rononnrl from S.:rirJ!IInslilulion of Ocuno.,...phy. Low powrr epp.:arrd rouol>l< 
""" buoy• .:ould bt di>tnbulrd Ilona a "frn.:.-lint" or in an amy oo that tllr distanrt from Ill< Iran .. 

I 
mntrr to lht llfJ'I'I I lir<raft Ot miwlrl could bt: k~l >mall and tllr IUJ'I' surf act •·••• ,.,.... c:)Uid bt 

hm•lrd lo rhr r•rll from tar,rtto •l•nd-b&.;.td lt'Ctlvillf installation. 

\v) J.Sf' Followinc thr 1%8 JASON Study ARPA initialrd a rc·tnll:h rro,ram to •n•nliptrthr 

row~~nirs of tht surface wan syllrms includinathr buoy·b.tW'd tran!otllilltn.. A numbtr ()f "csrarnaran" 

buoys wrrt p!'<Xul'td from S.:l'lrJ>• •nd rnslnlmcntrd b)' APt.. Oetr<llon uporimtnts wort !mrltmtntrd ·· 

~~~ Ra)thron for Ill< BTEW tcchn•qut. 

~) ~ In ad.lllton. surlacr ...... rmr•plion tn<IIUrtmtnll-r< imrltmrntrJ t ... study tilt nlatiOtiVIIr 

uf 1001...-.to "wa tlatr" ,·ond•lion'- This aproal'td nsrntial bas« on thr..,..tical studios ,on\rd out bt· 

Bam.:k' who fnun~ that, undtt roual> sra conditions. 10 dB Of "'o"' .;,Nllossn "'ould o·l:ur In lilt 

dt'lirtablt frtqurncy tanJ'I' nur 10 MHt.. LOilft of this amount, wh1< h arrou to hl>'f' bt:tn confiiYIIrd. 
' unAiniY mah th~ systtm appucation mOI't difrl.:uiL 
' 

~);a(' Sra ctutttr cau .. d by "'"'nan I Of "Brag( •utttrina from ... •••n wu also rufot!l/ u a -~• 
nr c•m.:tt11 •n sy\lrm •rrhcaliun'- Studin now erpolf to showthatlllt Bra~alltftd ll~al> 1ft' 

... lfl .. lfnfly COIIfintd in frtqu<ft.:y <\lrniiJIIIIhty will nol srf'iousJy hmil 0)'1lttn potfotmlll<f for 

.,,.,.,, or ml\vlr dela.llon btcausr of tilt larttr Dorrlcr shtflt aYOo:i.attd with thtw tat,rtL 

'. 

',--__ , 
·P 

r:! .. :i{'_~J&. 
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(V Y (ln.- ~~·trnt .. ll• ~<wouNr futwrt oiMnl""~ •••• '"~"'<l'" .. n tilt It tmmvnol~ lo lludtat 

~~h.•t••..,.th..-. ttl"'~'"'''· l" l.h c. wl ft-. It' :'ill)' wrxJnf"t'C'-.1 nvd~at bl..._ kuut UN14 "IUW • trd\ictlon 1ft bt~.k· 

......... "'">t l .. rl.noltun••rhco.&ll~ ri\Jl'·l .. ttol Ullfrltrtnt.f. 

rrmut ~•unonJivl •r>lfm tludln 111 lhf ~~~., Cutul't. Ctrtlllllt it tllovld bf ,....,bit to drrtnt r:qvortd 

•· .. •u.h· t'\f""nnttnlt t'tUC"d on th~r tt'WIIlh whtt.·h is bnn• f'r*tewrd today. 

IU 

RllllnNnS 

I. 

• .. 

J. • . ~· :... '~""'' <of~~~-: ::; .. -:i.::...~ ••• •· .. . -·" .• ~·~ -"~: ..... $·~·~·~~ JiF~ 
' .. ' ~ ~·~· 

4. 

5. D. E. Bamck. "Throry o( Ground·Wa•t PtopaptiOII Aaoss A RovRI! Su 11 
O,.ts.,tttr W•••lrncths" lUI. R ... orch Rtport, Balltllt MrmoriallrtstiiUit, 
folllmblls. Ollto, January 1970. UNCLASSIFIED 

• 

' ,~ ..., • ~cq :vr! 
. ' ; t 



~ . 

IITEW·I FEASIBILin' Tl.STS 1\11 

Brun 8. Wllitrhrad 

Ra,·tMon ("a...,....y,
Equir!Mflt Pr .>ion · 

OHD Ad .. n.~ 0f'¥1'1op1MIII IHpatiiiiC'III 
$rl'n<ft ubontor} 

BlolrliiiJIOII, M~MKhuwtll 

I INTRODCCTJON ll.il 

( J) ~ The BTEW·I Feuibility tntswere camed out durin& llle pel"iod Jan~U,..J<iarcll 19?0 in thr . 

"'~'"''~ of tht Ra~thton transmilltr site 011 Caner Cay lathe ll.tllamu.. A total of dailt fitailllnls ,,..,t 
' m•d•. ont wu ch01oen for drt•tl<d analyoit.. Th11 paper d...:ribft that analysia and drawu:onchHionsth•t 

may be u..,d ·~ a oysltm dni&n IIS.I!IJ the BTEW·I COIICCpt. 

II NOMINAL SYSTEM AND T£ST PARAMETtRS lUI 

( J) jO For thr srlt<ttd tnt lilt systrm rmmtltl'l ar: su:nmarittd in FttU,.. I Th• aitcrart "'"'' J.dan" 

thown '" F;,ure 2. The atn:nft made IUC<nUVt passes !rom ('(' to Cl aiiU "''"tntd atllhtudn ran&>nJ 

from ~SIJ ftttto 14.000 fttt. All puon wrre madt at speeds of appro-.matcly :so liiCit.. 

Ul OBSERVED AND PREDIC11:.D OOPPl ER CUI 

( 0) _JB{ Ftcurt J thew• the o'*"'ed 111d predicted Doppler for the ('C-Gl OtJhl•t I\OUO r .. t. Th•s and all 

\: t!lr l>oppl• r predtcttotls ,..,. basrd on tht measured true llfOUnd spec,: nf the atrcnft. All c:>mputtd 

Ooppltn are for a poilnd wave propap1i011 palll from the lmtlmilltr to the latp't. Two poutNt 

proraJlhon paths hue been lahn inl., account for lilt wpt to IH>tintl'lolh. Thnc two refilm path• 

mull in two prediCted doppltrt.. In Fi,ute J only the pound waw predw;liOI'I ot $11-n 11'14 11 can be tHn 

!hal lht obi< I'Y" Doppler dflrly com•rond• lo lhil mode. In F;,ure 4, a composltt prrdiclrd Doppltt 11 

lllu•tratrd. Thr Dopplrt tnck with the laiJ"St fnqucncy UC\IniOI'I illllt llfOUI!d "'••• mode wherru tl!f 

15) 

.... 

• 

• 

• 
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NOMINAL SYSTE!ol AND TEST P ARAMf fERS 

RECEIVER SIT£ 

TRANSMm£R SIT£ 

AIRCRAFT 

1\NTENNAS 

ALmUDES 

fREQUENCY 

TRANSMITTED fO~'ER 

CAPEUNNEDY 

CARTER CAY 

NAVY f'JV (l . .OCK.HEED PROP-JET ELlCTRAt 

RX ANT 16 ELEMENT 854 

TX ANI ).14 MONOfOL£ 

GrGr • 16db 

:zso· _, ... t'OO. 

UN£ OF SIGHT -- 17,000. 

10.16"1 MHZ 

2.2.5 kW 

' , 
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un·.' 1•.·~ .. ,, t tro~.' n.-.. ~rn ,.~.J,ul4ilt'J u•m• • '""ir hurl· f.t;rr POO~mt rrtvrn mudr It -..n ~ Vft• 

th., • ttk I ••t:• ..... t-o..,·ncoJ lk•rJ•kr tr.h l tl t.lc.1rl~ ""' h• the" puvnd "''"' n"AI!. llu .. ~•£r. 1 wn•fl ....... 
.,,.,. ~, ....... ltr•,: .,., J~ lh 1tl lhC" . ..,., ~ • ol~t" h"IUtft I\ .tl•.d ~It" .ttl)" •uwhlt 

(v) ,n • tt:utr "' tth, .. lr ..th'"' ~ht "mul1•hf'tl\J\ dftt\:tauft of 1 tOunlru&lf'J ,.,.,.,.,,, un I 0 Nib •nd IS Mlb 

n ...... kt.· .. llttn ... ~ m•dt' .. t.cn thr~ WC"h' It~ uthrr Jlrrflft '"lilt llrl 4nd hcnn· tht lhw'ftU' of othl.'t 

Jl·&~rl~ t u.~, ~... \4uh tht .Wlilh\tn ,,f. r~.l~tn- ur.d'thty MmJL;f ft\Uih ~'tJUid: M a~,;lu"rd fur lht rrrYlUU\ 

tllu't'"'"'"' 

(v) r til lutlh<-r tlllfml "'lht ptt·...-n.r of~~.~ wa•• <OIIIhf 10 Mill,, • .,, .......... IS Milt""- nn .&y 

..... ,. ,f.-h· .... ,,, "''.ttl 

l I)) _,xf f'h~ <'h•n<\1 rr•·vn,,· nl t-.•lh mndt• tuffrtnl\ the fO<I that. 1\Un:'ly pound wan mode uf 

J.oh:d11~n '' N•nt rt.ahtt'tJ_ 

IV OBSERVED AND PRCOICTED TARGET SCATTERED RECEIVED POWER lUI 

~. P>th IO'Ii anrnu1hon a• Jl><n by Or. D. Bamck for Sc:o St.,e 0. 

!>. Syutm raum<ter> as oh<>"' n in Fiau"' I. 

<. A n:'frn:'n<t ,.,..., ,,.,......clton <'f 100 squ·•tt mrten. 

(v) / f ·~un- ~ <h<n,. lhr pnd~< tnt and ot>..-rnd rKe~Wrd I"'" rr for the pus from C'C ~l at 6000 f<tl 

t th,· .... rr nn thr ltft h.is """" n:'f•:n:'n<<d to tht input of • .:•h~r•trd n:'<f!Yff ond hrn« don not 11:'1\r.:l 
th.: ..&duo~! fl"t.etHrJ rtn~~t·t at tth· antr-nnat It ~.·an he> o~"f"f'<"d th.at thtrt is an JPJ"fftltntttc 10 dB di.,. 

.-..pan<y "-"'"'''" tht ptt"•h<I<.S r<<t•••d I'"''"' for a ~rom: 11,..<1 •nd lht obt.<I'\"Cd .iana1 powrr for Ill< 

P.1\' o~1h:ro~ft. 

0) _)Y1 S.n,c II t< <'P<.:ttd lh>llllt <'I'OU ..... CIJOft of an llfl:tJfl <han,.., Willt illas~t, it iS instN<IIWt tn 

.-hmtn.ltC th11 ·un.ahJt hy rJottlnl It Jp:~tnsl tht' Ohoscrvn! dtfU:n:n« in rrC'ciYtd po'*er from I prt'cflt:hon 

'"'"'a .,;onltant cr~tlon (e.,. ~oo.m: ). 

tl'l Th" "•• t>.·,·n donr1n F>JUtr\ 7 •nd H. Thr •b"'i ... """"'' tht :hffrn-n..-c in the ol>!<'rvtd rtctl'nl 

• 

~"''"<' h<ln,. th.•l wh~<h would t.. rr•d•.:t•·d for a ~QO.ml lar,..l. The ordinal< is thr analr of lllum1nath111 • 

•• ··-~·n !><low an •llmulh•l rl•n• r•••lklto the $Utf•ce of lht unh. 
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~ ...,.nh Ita J"fll tntdr allould ~~ld thr umr ,...,.,,..d po .... r. As <an M •luriy M'f~, 'lt"l 

tu.ltnlilul' ~~~ ••to.rnrd potnh wouW yttW a lui<' tbuul •h~<h lhr ol"lliiiOft •uulol b< unly ahwl 

·! .18. '11111" ••U wuh1n U!"'nmrnlal """. 

I . 

'' I, 

k:!) """"' "\111>W• til< lUll "'Uift' rJol f"l U<'ft nll'llfUfft 1aftolll. Thf tb>ci ....... btfft Chlftlfd lO 

din.'!..,......,_ .... <rust-..-. lion'" "'UIR' mrtrn. Two tddilional po1nto h.ut btn \llo•n on thn auph. 

lit) .,... """""'•'" ct.,.....~,,.,., obltiM<I from a I• !>oratory modrl•tudy h~ llT·U'l. Thry art >ho•n 
~~ Itt aJbn.cratt rh, "<~mr•tththty uf the two lndC"prnt.ltnt ob.trwatton\. 

V t'ONCL USIONS 1 V 1 

n.t:ftt tnh lftr.h~alt a 'trona .. ;orrd.auon bol:htn.'t"fl obstnt:d ilftQ rr .. ·di..:t~d wah.tct of n.'\.'f'1\fd r<'Vff'f and 

t\urrl<rc,.:u.ruun. Tht\ tmrhcs I hen lhJt a"> 'tl'm dtitJn u~·"l thr above tt-.·.hni~urt lhould y,•hi 

f£"\Uit\ t.:CWftmtniUf;ltf' •ttt\ rrt..Jt~fiOnt. 
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fWnr)' ftt. Biker 

liar ~~won c-pany 
EqwptMnl Dioilio" 

OHD Ac!Yanmt DM!opmnt Ot-pwlmnll 
~- Ltbonlotl' 

lllrtil!JIDII, "'-hllll'lb 

c~ . %" In aJI!JIIOft lo lht II< I« lion of alrrnfl. u lhtcussed .n ot~rr MAY Bf LL wo<bhor paptr>, lht 

BlEW >Y>Itm <aft be~~~ fc: lhe d<l«lion o( Slolblftarine-launched bolhslic l.lld CNist misliln 
!SlBfol SH'Ml. DvriftJ lht data take in Aonda, lht opoorNnily to <<>11«1 data durinl ont SlBiollaunch 

o..<wrtd. Tlus rnnl, ETR Tnl ~9!9, wu 1 Powidoft m...Uc. It •&~l•unched from the USS Ob\e,.attoft 

ll!and on :4 Marth 1970 at 1 ran .. of 5$ t.rn frem tilt Mci•er lite. Ourin&this launch • .,.o f:'N 

frtQucnm-. •<rt hcinccransmilltd IS.IS2. 10.167 MHrl from Cum Cay. BWI. The fn:qurncin wert 

mon1toted allht Capo Ktnntdy rr:ceiY•n& <itt usifta tilt vertically pobnttd qualtr·wave·lrn"h monopole 

antenna 

(vy The !acoimil" diaplay of th" •P<"ctral content ol th" S.l SZ MHa oicn.ll It 
ohown 1n Fig.,re 1. There au three diahnct portion• of the mittile.indliced 
oisn&ture, Theoe ar• the hud echo (T+40 to T+IOO uc), wide-band noue-hk" 
b"rat (110-170 arc:) and a11 ionoapherlc: echo "Cfect (180·480 tee). The hard •cho 
it the okln track of the minile; the wide.t-and noioe-like b"ro& la a aU.ging echo; 
.and the iono•pherlc pel'tllrbation 11 o&andud. 

l"' l JSf' Tht ' IS Hz sideband• obtti'Ytd in tht data we"' t·n:s<nt durinr many day• ol tho d1ta 

monllnr. They "''""'d on each frtqurney hcint ob>.;crvtd and 11 fir>t wtrt thouJht to bo. W.l<llttd 

With the ITT pawYt mocllolllt .. r buoyL ITT penonftt4 illditlttd, hnwtvtt. thatthtl: tquipm<nl wu 1101 

rroGil<lnf the lid~ banda at th<ll' frtqwri!Cin. A compklt 1nt wu madr 011 tilt lbythton tqUtl>mtlll 

and the m.ulb in4onted thtlidrbands wm: not prod\lced in tnt rterivinc tquirment. Tllrrtfort. the 

ID•Utt of tllov lid<baftdl mn&ins an unlr.nOWII. 

(I)) p( A prtdo<:ted Dorplcr frequrney sll.lf'l for tills tnt wu obtai11ed u<inatht mi>~~lt post tliJht d1~ 
At un he -n il'l Fil\lrt ~. the o~d skin track did apre do!.dy with thne prtdi<.:tioM. 

(:') JJ1' Fil\lrt J showo that the umel)·pe of dati wu obttr¥td Dfllht 10.167 MHt frequency. Alain 

thrn ponoor~: or the .. .,.., .. ,.. ve p.-r~l, with a men piOI\ounced h.,d «ho. The predictrd dorrln 
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(!~ 
sluR .,...n \howsiOOII \C<'fn'lallon wtth lht ...., .... ;~ hlnlr.;hu, flll'ff •· Nolio.'t lhollht ~l'i>..S 

~-· ......... lilt ......... -'0 ""on.S. or lhr ""'""'rd >ip•lurr. 

~)¥ Tht rNmtl~ I'><"""''" w11h lhr "rnl "lhowll in F1rurr S. Thr ll<k m.rb on l~t lfl/f<IOIY 

""''" thr olhtu.Jr of thr •thi.:lr an.S thr bmr or nisht. Notr tilt 1'\'pon 40 to I 00 ""'oncb whrn II'• 

hanS""'',.._ """'"'•"'•· Allhr liln.lun' onsrt IT+ 40 """"•hi thr mi .. dt had lrncllrd • llontor.l.tl 
dDta"'" nf nnly 5.$ km. 8y lhr lime of lilfl&lul\! dropooutat 100 -one~~. a !VIal ran..- of 17 tm hid 
lwn ,,.,.,....s. 

(v)~ Thr .&ltuull• and •rlo.:11y rtols ••nu• limr for lhr .. hidr arrlhown in Firun 6. Tick mark• 

11ft '"'""" "'"'" ind.k:atr Ill< on .. t and thr portion of lhr hanS e.:ho Wtn in Ill• data . 

. ( V )s.ar Tllr lowrr plol of FiJU"' 7 lhowslllc comparison of a compulrd and the oboen..S oipturr 

m:rivrd power on lhr two frrqurn'in. The compui..S m:l'i>..S power is bu<d on a I m2tvl"l 

crou-.... llon and wu nonn&liztd to the tlislin& syalrm paramcten. The S MIU comp11ted and lhr actual 

row•• ...., •••• ., CUI'\'fl ·~· ciOltly Tllis ind.icatn lh•t lhr obwf'frd cr-tion on thr 5-MHz r ... • 
qvrr.q was or. thr ordrr of I ml. The uprtt plot of Fi,urt 7lhow• lhr mruuttd CI'O'A ..,;lion on :be 

IO'MHl frrqutncy .. ,. .. , tune. At sisnatun -•· the r,__tion wu 57m2 a11d 111ho mislile'• 

allirudt ;,..,..,..,d tht crou tKilon de.:roawd. It is assum..S thll this dttrt..., in rtOtH<Ctio~ is due to 

die mwna1<11 b<ttwttn tile t>Oiaritation of tho •cnicaltran\lfliU.in& o.nd rt«ivtnl anttnnu and tho 

lllissdt C>fiontalion which btcor .. n :nort hOtuont&l as the •chicle movn downranr.. This polariution 

misr.\atch wa• JOJr.o ob><rnd by SRIIllld haa btcn rtporttd.l 

CONCLUSIONS CUI 

(:!) &B( A BTEW systom is cap•blc of dctrctins SI.BM missiles at a •rry low altitude. 

(_.:>) ;:s) Btcause lht carritr mukltht •cry lew doppler frrqucncin. tht .tltitudt of tarlicst dctrction as 
dcprndcnt on the ..-otry invclv..S. A means of "'ducin& the carrier srl\'ad with011t a loiS of sy•ttm 

sensatiYity or s muM of canccllin&tht carrier would •llow al>oppltr "'IN"'"' of Ins lhlll ' 2 H: to 

bt o""'"'•d and rtnnil L~• missile to bot dctectrd 11 a lower llt.itudc. 

(_,)) Jlf( The thrtt Ob><f'fablt portions of the mis..ue nlalod Ulftllurt ate crtated by indtrtndcnt ttfc<:U; 

lhcnr.,..,, tht problbihly or atleut one of lilt lhnc portions of tht lisnaru"' ~inc dctrcttd is vrry 

hich and tf meR' than onr portion of the lianaturc iJ ob><f'f..S a misai.l~ launch wvninc ean bt ,...,..s 
willla •rry hi&h confidtnrr. 
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Wnll a df!)loytd mul!kt.tticn ITEW aytlrm where lila lwd r.:llo il obwnrd Oft Ibm Of more 

indrr-rn.Srnl pjlhs. millilt u.jrclory iltf?nnaiJOCI Wille dmwtd in rt:.i-liont from alllllylil of lhr 
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PROit("f AQt-ARitS !BTLW·!t !I! I 

IC D. Snuw 

s. luni:a l::l«trnni< s~''"'". w ..... 
~uuntain Vitw. Califurni.a 9+0-lO 

I INTRODIJC'liON t IJ I 

\ 

(.!) p{ Pr<>tn 1 """Jnu• i• J Nn nf lh< AI\PA·•rnn...,rr.t o.:un "'"•·•II•••• rrornm un~<ri'J""''•' 
\lA, '\' 81lL Thr l,nmary ao•ls of lht rroJt~t as \hown tn hJurr I .nc to t~trtrtmrnt~Jf) drmun\tr.atr 

th\· '''·"'"•l•t\ of Jctt.'dtnJ "utlmuint Lilun,hcd baJh\h~ m•Hrh.•, .an\.1 l0• fl)lnJ .nn.:!"111ft. .. nd lo ,orftr.-rc: 

thf t.''f''""'"·~UU) •'ki'f'\"'"' d"·tc:"hnn r.;ar.,,•s. Tht rr,ulh of tht t,r,·nmc:nt.;t work t'omrltttd eO d4t-· 
I 

rnJh:4t~ th4t U~ft"t Jar"·r.:dl \'.Jn lx •kh•,·tc-4 at the thtortt~t..all)· rrcdt .. h·d r.an1< .snd that "ht .. on,~orl 

''" h.·.t ... ;hh.• l'tHH..img there l\ sulfk·t~nt radutcd power from the tun,mtUrr. 

II EXI'ERIMENTALN~RIUUI 

~ v) _;)'(' Thr ··•f><T•mrnt•l \t!Uf' •un\1\10 of """J a bi•Uih: !IF <unllnuou• ,._.. udJr """"'""' ,~r • 
hl• ro•t"f tlt,:nn-h.a\.C'd bou)· tran,m•U<r ~n·l h1a.h '"-·rs1h~tty rr~tl"('" h'k-.lttd on tht ~o·•'t A ~!lf',tt4lft 

'' m.tJ.· t'-) tlh-,t•l"\•nl thl""dorrlcr·,htfl~.·d '•Jn.tllh.Jt '' ••;aUrrt·~ from am""\"' tar,rt w~h u an:.urpi.Jnr 
"< •n SLBM Tht urrrt" ollumonatrd by hnr-of·>~Jhl ot 170Und,.av< rn<rJY from a tr•n\ITioltr~. Th• 

.... utrt"d d·~rrl~·r·shtfttd rrtutJt is rf~.·rt,·td by lol"'o\phd'i' -.kyw.J\r ~1 tllu\IUttd '" Ft,Uft ~-

' 
( l) ),sr Tht' t'Pl'nmcnl~l ty\tcm rtomrtry is \hown In Ftaurr J with thr bouy tnm,murrr IOI.'t.:~td 
\. .a:rrro"m,tdy 1:0 kdnmrtrn off tht \.apt" Kc:nnrdy (l'J.I\f, A h1Jh itO ... ff wt of U;.n\mJU:n ti Jr-.'.Jlt.•d 

~t C&rtcr C;,y '"thr B.ahttm<Jn h1.tnd' and the" tuah ""n!.lh\tty re~'"'"'"l ")'ttrm at \'lnt I hit F.~rm, SUtKln 

tn \'tr,:an•.a. 
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''·!.'.' I' Ln,Ji.r' r , ; . . ..... """" ; ;. 

IU RI:.CEIVING SIU lUI 

1 \'1 Th< "'"' ~ <l••r:r•mH>I lh< ,,.., ,._.,.,"1 ly\lrml art'"'""" tn hi!UfC"\4 an.J S. hJuft 5 "''""'' 
• I !,h•nncl '"'"""J •Y•trm.tndudtna ~ llf vt '"nnt>trd In an LOAA •l«raNr anlrnn•. Tltr l•rl•t 

'"'''"'"'''''"I ,·h•Mrl• "" 11-.I"'A '"''"'"and~,... a rta.·hmt • ...,,.,. .,...,ua! d"play •nd • ~ 
hu·l" ... -.h.utntl•n.&ld' ft~t~ ,.. ... ,,,d:'"•r. Tht uth,•t tt"\."l"l"tnJ \),lrm '' • \;,n·mount~d haJh dynanw; ranJt 

d•JtUir<•~;r\\lftJ ') "'m ''""'''"'"' I)"'"'""''' <untrollrd r.-.:rt•tn.. JtlilallPfdNm •nalyw• and bolh 
..tn .m.;l•'f .tnJ ~t,st.~l Pl"Y f\*(Uidml ~o·ilr.;h•ht)- _ 

• 

IV AIRCRAFTTESTS tUI 

(:>) yn" Fti!Uf< tdt•h thr or'''''"'"' nf """"fl fliahts an<! l•r•r•btl.ly '"''' throo[dl 10 FrbNa<) 1<170 

Un ;7 J•nu .. r) ~unnJ thr '"'''tt<>tl<d lc•h. thr PJ8 <ontrolltd air.:r•fl "'" dctrctrd 11 lwo dtlfrrrnl 

t1mrs un l"'ll dlff,·tut frtqutn<i<.'l. lbr niJhl palh and !he drl.-.:lion rtpOn> (or lhil H Jonual")' fl1ahl 

,,. "'""'" '" f,, .. ,. 1. Tit,· d•l• <OII .. :Ird tn «•I· lim<" shown in F•~urt 8. Th< dot• 01 rhr lop of th< 

fit:urr \Ito .. \ tfh: t.h:ttl.'1td ..Jnt*idl.'f 'tgn.tfOft..' la\11ftl for :II rttnwt of aJlflfO'Um;~trJy JQ sr~··tnd\ for the 

IO.It17 MH: frrqutncy. Tit: <lrtr.lion,. ala "nar or approdm•tdy 'I kilom<t<:t from Carter Cay 
I 

and""" d~nnJ the ttm< whrn lh< p!anc bltn!.s (ollnwinaa tom ovtr checkpoint CS. Tht lowtt h•lf 

ol tht r,.,..,,. '""'"' th< l<'<nnu •Mr<h->n on t!tt I S.S9S MHt ftc~ucn<y. a•"" l••hnl for oppro .. malrl) 

Ill Ltlomttcn from Cut<r C•y. The SJrnt <haraclcrish< Stanolurc ••i•l• •nJ is aho prcKnl allh< t·mr 

.. tt,·n I~< rlan< " botnktnJ dunn& • tum over <hcckpolnl 04. Both of th.,.., Sif"alurn srrm to~ at 

urn" •htn thtrt i~o S('C\'ul.ar f'\•On:uon ftl)m tht transnutttr at C;~.rl<f Ca~ io tbc f""C'tivcr Itt Vint ht11 

f.,m, Sw•o•• F,,..,. ~" •n ••ront.lcd »<w of the fltBhll'•th and indudcs tllr dtlr<lion rc(tions for 

thr...- '"'" drl:"<ll<>n•. 8)· •uumtnl turn> •rr completed by lirsl flyint .,.,., thr .:hrckroinl and lhtn 

mak•'IJ a m"•mum turn me for I~< ned ch«kroint. tl>< doppl<r >hth• predi<l<d from thiS IYi"' of 

fltJhl pl•n mat<h •ery do"'lt IO lht KIU>I ob!>trvcd data IS shown in fii!UI< 8. 

V SUt.NARY fiJI 

tV) /t To wmrn•ntt. lh<aoals of thr rroj"ct hnr .....,nlially bttn n.d; that of drmonstralinathr 

fus'Mtty or tht bouy t•,·licolr>rly wamina syst<·m. Howevtr, 10 makr this tystrm usdul for dclf'Cii<'r.s 

&I any fa"''" ~yond a f<• kilomrltn. lilt rff«IIYt t.odiattd powrr from lh~ llansmilltr will ha>t to 

n~tr.: l~t ~000 walls u>rd for th• t:'"trr {'ay dtlteetions of thr controlled 1in:rafl Oiahll. 
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FREQUE~IES DETECTION TJMES 
... ··-. .. 

._,. . ·.:_;, 
.·'J DATE TYPE (MHz) lGMTi -· ::'1 
/:) . -. . ··~ 

~ --. l 

.; c 18 DEC 69 AC 5.8 1750-1755 c: 
z 2(0)-2005 z 
0 AC 9.259 NO 0 
r AC 10.167 NO r , 

27 JAN 70 AC !5.595 1656 
, 

(J) (J) 
(J) 27 JAN 70 AC 10. 167 1712 (J) - -
'11 5 FEB 70 HB 20.250 1500 • 

,.. - -
rrl HB 10.167 1500 rrl 
0 HB 10.167 2100 0 

HB 20.250 2100 
10 FEB 70 HB 9.259 1430 

HB 5.8 1430 

AC • AIRCRAFT ND • NlT DETECTED HB • HEARABILITY 

lUI Fipft 6. S..m,...y et Optfalion• lUI 
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•U• In ,.-1,vt<~~hnl t~ h'~ .. ,,t"J ,,,n.~h.. thr "'•'h U.t.t""'"""" l4t\' ., """'" tu Jn ... rthr rtur~;.''"u 
ltu, •f·Utlfth ... , dt""U~'IIt~ ttl. roiJ'IC'f j,U,·J "Jlof"Hf\ ttl t\lh'HU..-It•Jft .. n,f I lutlr-t t( ')'' *'ft"V"fl11"tf f•' fl•n 

.tuf"' 'f .If jfl»fhC'f _.'-'ftln '''f .. I\ 1111ttf~\fhtr ('unn td '''" •• """ lhr lft(j •U'fC' rrt"Vnfr\J It\ fh41 h'Jlulf 

•·-• t 1•'"l~h•~l,·n,, ~~ St.1tt! I\1\'Wt\tf•l tntnlrnt'\llhC" ""' ~uf\l'' 

( V) / \• •1'1'1..-.l h• tht m,ull. lh< U•IJt r.nrr "l' •" •n un .,,. rnullltn rn trrn" ul 1. 1 ••~ '·•. "" 

- """''h ,,_.,Nnt,\h'f\ h~w' trum tr.Jn,nuth·r·h"'t"rlt't .. n.s t•t•'t"t·1n tt'H''"''· "' e .. t~u .. , 

•f'h'h' 

l' • 
P, 
l,. 

• 

• 

l ' 
·' 

Rt,-«"f"t"d r"'"*''' 
Tr.H\,nuth·" r-,.,,., 
0\ ,·ull lun~'""'h•n It"'' 

"· 
I' I I I • I 11 t 'I ••• 

; 
\ 

f'ht n..JJr • .-rtt" ""'' ltnn ,,( thl' .uh'Utt Tht lo~: ;,., "t.l~\·n f•• .-,., . .tom: throuth· •t•f 

tht rtltN,·m 

(:>) ~ fht' Jt..lH' (I.IU.Ithm 1\t,rf\''~~'\("~ 1n &J.-~~~1\. h.t:urt I ,t,n•' .1 pt~,,t k r.nl.lf·f.Ht!t.'1Jt>uf'UI."It)'" 

••••• ~ lh,· .llfd.lll ,, .. rrt~J,\htn• ,~n .. \0Uf"4.' ~G 0 rr .. m lhr l.t'\\•luw IJ, f.&flt:t' Hllm UH' ti'\.C'f'-t'f ..... \"'(I ~m 

fl1l' h'.t'I\H~,: Jn(('rtn .. ht•.tm I'll (\!:Hnh•rJ iJih'\;tJ\ .1'1 tht .llh'*,·H. h•t tl.i\ \!n~k \Oflli,Uf.lht.tn, lht• tt\t'f.lll 

''"'"" I,,.'' :o1 JR.'' tu.aU). l., ~~ .. ·Pnf't,h•U "''"U' r .. ,..~ f,,, lht.• .,.th.t.alt •rl'fo.u.htnll: nn I \lou ,ou-t""'· :~r· 

,,,_,,., ttw t'-.J'It'hnt anJ on lht t..&'lodmt.•. l"ht 'f'\t1'ttnlf .tntrnn.t '' f"'tlnh·LI ,;I tht l.if'd ttl t'tnth \.I .... , 

l J) y l1' ,,•mrutt thf" fl'\tn·,·J ~.htth•t \IJ::n.JI. thr \.olmt.' rrt"'-'t.•,futt.· ".trphnl h• .1 t.lf~tl -.hh·h 1n tilt\ 

.......... ,, _, r•h.h ot W<il ,., .. ff'.l R • .lRit ~"· ,t\ \tw .. n tn l·lllllh' ~ u~'fl.'. r~ ... • ........ h .. , .1ft ... , ... , .. ~(' rl\toltl\ 

"'-.llh•t•n* ,;ro'' ""'"'tum rrr umc .Jf't'a. n., .. nf · ~H .Jt~. tht\ numt,.,:r '"" \nm .. ·,.h.il ln•rt lh.Jn th tulh 

..t~·~,·IH("C'd ......... C' of .;.t J8. \(l ,, nttf hi ht.· ''Hfh rn~'lllf1H\th:. A JlUlll\'rl\".d tnfq:t.ltton Olll\1 t'l(' f"r"Jh•nttcJ, 

"'nnrrtr:, I~K p••rh f\"~('H~·d hum .. u r.Jh ht.'\ I !f~lFI." ~ UttlW. h·tV. th .. · Hh''.aff tUn\ftU\'IIJtlft 1.-..., I'll \.IIIH

ruh·..J fnr I r4flt\ut.Jt r..1hh.lh< I, J·th r.Hd). lh~· h'1,t'I\C'f t-L·Jm '' ~'lllh',t :tr' ,,H ttw ""''l'ltn,• 

f tt\olt" .l ~.,wn tht 111('1f":,,l\ ,,, .11l \U\~• p.1t. ht'" m ttwn ,·uornkutl''"' h• th~· '''t..tl h ... ,.,,nt \ lulh'r Tht 

hlt,&J 1M\ for Ill nf thf duUrt. t.'Pf1'\rutrJ ~) \.Ummlf'l' tht l~tiUit J"'l•t.•t fe'lo.'~l\.t"J lhlm t.l~ h ro~h h. f~ 

l•O ~ ..!b lttl\ duth'f ,-.ah.ul.lh<~n 1\ 4ho p:rfnrmed hu lht" '"''-('I .. a hi.• .1m f!Hmh~,J,dont t~1r ~,.,.,,dm~· .. , 

-.,·It en -.h~t..h ~-.. v lht «WC'UU (IUttt.'f '"'" ;. • -=~.1( "8. 

l 0) ~ ftn .. Jiy, thr ruwr In thC' dlfflo.'l \t,n.&l frum tht tran\.mtUt.•r '" lhC' fti.(')U'f ,, \-Pntrul«'tl. Tht a .. urr 

t\ duft(' lui hr-.tm "'"'''""' ~0'' .;nt.l 0 1 tw-m thr N'lothnr. The,,.._,, ,.-tf("'"'~n.Jmae tu th-.·\t' e .. tt ~.a'<',, 

f 4.= .a ·JK •nJ t;"' ,JH. 

:. . 



i h 'ott' l<uthl~·n II(' "" U W'<t'\1 t 1 "ntt,•utt.- lfl(' t•t•d WJ n._j t••, I1~U· 1 J .. hu j, J1 Hh ••h r,ll •J"I'I• ,,., It -1 hi" tc-,uH~ 4U' \!t~.-r tO I ·•J•tn .& 4tkl \ In I !fVh f. Hn 

·I. h .t' h \1 'm ''"VI~ • lwn thr 4lh '.;ft r<ii'-\C"\ .itf('" lh t~C'f lhr t'-u• '" H\ • hh h ' ...... •hr l.tl J'('t \JIH41 

•,, .... , • 'h f\ l•trr Ht·tt,., lht "'""liP, lutt~t Uh•• Jruf"'\ il th•"'1"''tul 

( tJ) 7 '- h f.JI \ ••II, lU\tt""\ \.lr' ~· dt>~• n lf·tf":' lht'\4' 'unt• f ••f • n, l!!!'ll ~h,· t.Jt~·f'l m•"l h· t '•'""'' Ju 

th,~ t-~t~l\ h·n,(" h-hlft the !•o f.tfltl' Jn•p hf-lu• Jil'tt~ut «N) "'" r~,, l.tfh'f nu +d ITHilhf f\c• fJl• h 4\ • 

,.fJf\ ••t lth' .ftf ,hnJmlt, fol"\'t\' f1lf 4 f.ltl.tt ft't.'C'Uit'f .;nd rf(-.,;f"\\llf, .tlti-,IIU~b h) ftll mC',ft\ th( .,Jifm4h' 

~) 7 \n,•tht•f ,pr;, fu\UI"! I\ lh4t fhl." •n"J ,lrrt1lott.h r<~th t" ltv Hill' •IPf'l. fh(' l1.:Witnt Tht~f. ft't 

.. ;r.•tll' .l1t~"d '~t:n.tl•t'UW tr-nJ •·• , •. unr thr •t·.-k ''""."" \ltn"''· ,·,~~·rt f\'l"''t-h .tu·n tth· ,.,h., •ft 

t•.t.,....,., P'H'f tht U4f'l\ml1t~ I ( h,•f T"t't\l nl ttw r.Jth. lhC' IJIJ,!t'l \'~ 1hl • .II "' "0 1!H ••t muf\· ~t·•v. 1tH' 

.11r .. ·, t ''•"'·II (lf ,t,\II'V, tht h,·ttt.·r ufln for the: ~00 p.;th t\ ~mr) 1\i''"''...,l'' her<' ... q.u..wt lhC' ~ .. m t.lf lhr 

h '\ 1\ 111t .tHfr't'!"'.f I\ f"tltf\h'J ..... 1\ th•m I tiC' ~t.nt~. '"" twrh. t u-...· tflf('d "t"·'' " _. ..... (', A rum l,., •. , h· "'"' 

h·.,·"·nt .. nttt\no~ •~'uiJ n:wU m .& tto~J u:flo t~•r hl)th •tro:r ... t ,our\4.'' 

(v) ~ ni~· "'"''" f.lhl'' *"''dlt1i(' hdtrr for thr hun~ fr-n,r tlu-.,:r fc\ tht.• <t.htttt.• tn.J .tll!ol) ft•f th-: "'""'"" 

t.Jtrd .• d"' IH):he'f .,1:1tuJr 'tuJn•, \lfl\il.ff 1•t rh.;f dnnr h-.·rt o~h' h• t-.t· un.h-tt.tLrn 1-•f h:rd"\ .it dtflt.u·~t 

"'• .,h>'H" .tn,14J•ooH fnf ft1t\fl." ft· .. h-..fi!O .. 1'tft'nft,l: r.ttftfn\ ..tnJ f.l'ft'l \'f!t'\ \1'\hPn, l'h: f\(',. tllkd '\i~n .. J ... 

•h,. '1 ~~·fifltl \'\•tU""IHfl \tl \.tJ:f'l.lh• hllm .&fl t'\H'r1 lhl• ,k,llnf f.ttu-~· ,,.Jf. -.111 \.l'fl"lhi)' nlfrr lntrr''''·m.-nt 

, .. ,., "l V. '>\,~:.·n,, "'"d .tft' tn ~ m,luJn! '" luftht·r ''u1h'-'' 
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AIRCRAFT BISTATIC CROSS SECTION AT 7MHt :: 40m2 

6 =20° 0 
Receiver 

Approochinq Low·Fiyi~ Aircraft 

300km 

loA =Overall transmission loss to aircraft target 

loA= -201 dB 

SIC= Lac-LoA =-57.5 dB= Signol to Clutter Ratio 
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Directional Receiver 

cr~ •- 30.4 dB (Sea State 2) 

A•RR~RR~9: 280 kmZ (6R 

f1R{B-Bol •oo•n function for directior.ol receivinQ ontenno,an orroy of hcllf-.ave dipOles of 
length 750 feet • it hcls o to• beOmwidth.A vou~&ium poHem is uMCI for convenience. 

For Sea Stote 2 CIO knot wind) 
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RELATIVE WEIGHTS OF Loij FROM VARIOUS SEA CWTTER PATCI-tES 
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THl 8l'OY HtTI<'AL 1.\Rl Y WARSISG SYSlHit'OSl't.I"T.IIH.W·I ,-;, . 

Ra,lhton t:nmpany 
E~uipmrnl Di•Won 

OHil Adu.....S O.:..~lopmrntl)tplt'lmrnt 

· s~- u"""'""' 
8urlinal...,. Ma_..uwm 

nC"n Junnt ltmt"s of liudnr t'tl.a.:ko'-'1. t't)' utin' a tyltt'm h.ntd upor. !lfOunU wa,.,· :Jff11'"''tton Su..:n "' 

.,~"e-m •u•ui.J. tr. fa,·r. tt'IJO)' 1twrr.utd ranJt' an.J wn!.ttl'lrlly at hmt' of nudC'o•r M.u:'..nul ~'"''"" !,·"'""'' 
'.;mt'V1'\h ttl nC\t\C' 'iii'OUid i'U'h lht ft~flnf 'ttl.& tOftOipt\Cfl( ra~JK. 

tJ} ~ MonO\Uhc Groilnd w,., R•dar t)'lttmt had btcn cotuKIC'ttd '" 1h~· ,,.t\l. ho .. r,rr. it .-.a~ •rll 
&n••n th.it wch t)'Jttms Jt:h.W'f't lona nn1r coWtalf' only at tht .:0\t nf •rr,. htd'l f"'t'""~'· To owtrl..'omr 

lht' ..l1wt.f~.1n11•r 11 •11 sugtsttd 1t"t a buoy u~mnn.-t tft a bltl.tlu.: mo,le m1,:ht fk'ml•t f.1n, r.ant:e- t!drv 

fMlft -.htlf' f'tJWt and lHitm Jltn (acton wrrt ktpl to lt•rlt mort altr.h ""'" lwm 4 ... ,.,, "'""' ~unt 

0) yr{ t.a.,·ll.tnlt .a srtetfh,':&Uy dcftnt'tl prrforman~;~ noqu.rC"mrnt tt "'"" .k. t.fl:i.ll•' l.tlt' thr .. rr,,,_,.~ h of 

aurmf'tU\1 tn drftnt 'ht e~p;ab1httrs~ or pottntt.al capabthtu.·s. ut tht· . •'l'.t'rt "'" lun, hoi" ot \~ \ttm J.un i. 

(v h }I'} In •rntul tt IS dntrrd 10 d:termtnt th.: ruct•·:.d u\dlllnt''' 111 !th· Hln~•·rt "' .irf'ht·,t tn tht" \·nhrr ~~· 
CO.Ufll dtftnM' rrot'Jltm. ~~ •f'll.n 10 tht dticns,r O( 'of"\'d(h. ,tr .. t\")!h' ..tf1·.1~ \Ut,f':: .1\ tht f'j.,~tJ.; \fr,nh nt / 

tht Snrth•~•• tndu•tn•l tompl••· 

\ J)m Thr rrop.a&JtiOft lftd ftJStblht)' tC'\tS that •~·h· .,,,n~u..t~·J nt! tht> fi\ltt~o~ •. "'t JtfT\t\n\ft.&lf't.i 

lh.lt \l.and.mt ra\J,u ukut;atlon ttchntqt.K'l. courlnl lllrtrtf
1
t R""'"l. \It"\ nwJ·:I. -.·t·uhl ~ v\.t'd ;a t.it'~fiN' 

~.-.,.ru•r 'trn. AC'tu.\llr to c~kul.ttr 't»C't~Jt .trt-.a'. 11 '' nn,t"""""~ tn •kJat.· tht· .1·::-,n\rntnf '~'""'"·rt 

k•tt• t-u:mtnrd, tht nrmut t)'tttrn raramrun .aftd the" thrt.ar or t'\r~'\·h~..t t.ar~r i •'ur .Jttirrt,,l df'rh'~)~ 

mt"t COft(trts •trt tJ.am•nt"d: 

• Thr monos11tK rld.ar C4W' 
• A \horr uansmtUc.-r and hun\ rtcttU'f 

• A ~~O) tr~ntm1tttr and \h.ntt' ff'~t.\'IH•r 

• Buoy·lo·h>~oy patt\ 

I' 

!If" 
i 
i 



I h.· $.•Hto~tr .,, .,,,~ rh'nt"l"h" "ulrm ",lht,.n 1U ht!uh: :. 1 b,· nl<~P .1t(.t\-h,,-.n .,·~~tn tht· 

~ ......... 1t.! 1J,•-n A,ht·.'n .1nJ lht.• M,,...,;,,:hu"'4·th ( '.tt'• .&h'.l ,hnt.n lu lfh• """'unttlnn·B.altunufl.·· 

.... t( .• f • '\ ~1. Itt t' ~-·~u 1,, .h"J , •• , thr l1tw.t•r ,·ntl t•t l'1u~ 1\l.antl. Tht.• tnnt.•r ~onnu:nUJ\. 

... t'f' "'• . t : 

.~1,'•114 tt.m .. rtHih't IIUth., ltfi).J'' J•nl..e. Ill< 11Ltl• 1 ~ .. ·tt,)f !''C'"~·nh fht.• Jf\'.t tho~f ~~;ttuh~ ht· ~;o\t'fl.•d 

• ·•; .t l·tth t hJn~l rul,,.• ••lh .1 10 i rul\f.· ,.utnpf\"\MHfh.H"h.• th.Jtoa!lmt.t•l.ft~\,r t~o·,uluUun 

··~I I~ ~m ~ 1!!l"" .tq~f,'(' J/lmutJul h • ._.,fuii••A J'fUYkh.,J t-~ lht.• J1\l~nft.lllll; lht\ 'WHUid 4JIII~ f.Jf~'l.'l 

•-·" ,,, _.,thu'l .,l\.,ut .1 1.; ~ 111 'il.fU.Jft' .u ,. ra:t~t of .~bout :.'.YJ im. 

I h,· .h1.2tt. '""' "I'H't.Ji:'•' lh.ol IIIHh.•kJ t-.t· ..1fhndl"U I\)' .. ,t.t1n,::, hun)· h"Cl"l"t' to lhr cemptr-. j, 

f.J!.-~f ~~ FJft..h' .\ Tlu~ \Jfuttnn rrP\tJ.:, nwrra)!t nul to UX) •. l~O km from thr !horr statjon. 

Th-.· ... '0\.t'TJ~\· rtt"' hkt1 ~~ !fH' 8t,t.111;; II ltu''' 1 r.m~w ·r. Shilf\' flA.., ... ,.; ... , S)'\ltm J\ u, .. ";ff~\·d'" 

t~· t .~ro.l "'h•••n 1n ht:Hr~· .I lht.:~· ,hot•: h.'H"I\\'t .. t ... tt.•r, J!h' •l''\·:• f'luoy!lo pht\ld\" a ratJ.tr ftnL·t' .;I 

: :~ L-m un~,, trt.'m tth.· ~t ..... "' .. hu"t'lh t.'.&r<- .aft' a J.H~ n thl" t:~'"'' l.t tht.• \11, ·"lun~ton Aru. 
T~c.· 1\t!'ot.&tl~ UliJy,lv~:·.or crn,c~pt pruvodt.·~ lin·it•·d airc:r.aft coverage. The 

Y• ~J· 'r•• ,.:pac:ed at -~v.•t lOU ... f.tm interval.,: bHt usinR either ground wave or 
f'lli:f' :.· l· .. ··.t·trv "''1dt>s bac-k t • ~'··,rt-. th ., ~:·"~ .1·1 :-ovide warning at greatt:r 
.at.,-,r.- '-. .h .. t.an~e• pl~s cf!t:ru"'~ r· :: ..:rf!'<~h·r ~ .~v·-·;Uanc:e of Sl....B~!'a~ A ,.ossible 
n t:•LIIiit:.,;: n,· (.-nc .. "' .. tClll ·~ tL. -tt-·t~·~~ .n t Ire.;. 

• • 

f lt'Uf(' 6 :u\ ~i:n f"F\'r.ttnJ lO di:I"H.th.• U. ..t(Htl ,J~~,• t'f ,J \\ '1\'m dt','l!nt:t.J (0 pfOI>Idt.' \llr"\t"tiJ:tn~~ 

•'f'Cf;,ttln.: ~tlh monost~Uk',dly ~nd 

. ttnmlu' ,·(1\'tfJI='t from ~ll'.a S..:otl.l 

• 

f r. wH " n ~ '~"', ~"' r···:•t ft• • lllf 1 . · · '\ rt,.. • .,. ·d 
I ' ' ' t •.. ' ,· ' . . . . . 

~ 
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CO!oii'ARISOI\i Of SI:\'LRAL llli:W SHU\! t'OSFI!il:RATIOSS tV I 

J. W. Follin. Jr . 

. ,;>pli...J Ph~.;., Labo•rahw~ 
Tht' Jnhn• Hop• ins tJnr.*nily 

Kt>! I Gt-urJia A ~nw 
Silwr Srrina. Maryland !0910 

( v ~ A ,,., •• , ... """'!'··""'":of ll•ffcrrnt •y•h·m <onr,~utation• ··an 0.· m~dr without dc!ailtd lltl<land 

.. m,..tt•nt nnht ~·omhi!,Jftl t•7 .:t)mp .• trhon of &llumtnOihn" power'' th\! tJr~~.·t fur $.:!Vcral Jt.'Oftlt!nt"i. Fur 1 

"'"mi'l~o·. t·,,_~.n\" I ,Jm• 1. ttk· ,,_,,..,., J~o:l!v,•r .. ·d 10 .t huo)· frorr: a short t3U .. r '"i~h ;Jn a~rture of I lUumt:~.~r 

.Jtt\1 .10 J\ .'".Sift Jkl•tr of I mt'J.J"'.ilt as 3 fun..:t1on of r.tn~ tn the to&fJ\'L }J,o d1o•n <~tr lht poVttl"\ 

dda~tt:R'!.I t~t .a IJfJtt fn,m .al't•u'Y tJdtJtlnlf: unt.• ktlo\118111\0trort(OIIIy. 8)" \'Omfi.Jnr.J th\"'\~ U\f'' for 

•hh,:h tht pow!r on tJI'Jtl is tdtntu.::al. il it posWblc to dctcnn1nr the huoy iJ*)t.:tnJ for wt.1~h lht \l~.ua.. 

''-""'n,,,..,.. .u lht l.anU·ha'k"d ~~~.--,~rr ., lh< J.Jmt ., both 'Yttt:m1o. It mu't ~· n•;alud thJt tht tJt'ltl 

"'!''•'· •rul hrn.:~ us u.!•r <ro" \C<!lon. m•y d•ff,•r:and thrl>orrtrr •h•ft <>f'\'d<d. t<r><< .. Uy for SLB\t.. 

••It .al"~ -.hHtr. 

\ V) }t") Th~ w._·nnd "-''of ,·urv~, in Ft,urt ~ \hows a ,omr.an'-<'" .n whu;h lht· 'Y\ltm n run bkk••"rd. 

'"'"'m'u'"' rr<'m lo~nJ .tn& rt"~,.,.,~,"- on th .. • "'uny. This ~ystcm h.1' .:m adunt>~l!t' o( JO dB tn a•rtaJt potu·r 
I 

•h,lt .all of tht .anlt"nn.J ,Jtn' arr comp.uarlr. Jn .a..Jdtlion. It is rrohakl~ :h:u the ~mbltnt nohc •n thr 

"'"""') t>f tht huo) "'"' :h>n lhJI 1n th< ••.:1noty of thrl•nd·h•,.•d ••d•t. peth>ps l>y 10 dB. Tin• 

tbH•' th.at.f·~t \)\ll:m un#C1o uf 500 kdnmt.'h'f\ ftom ~hott~ a huoy \r.tr:tn• of .tOO ktlomt-!tn ,.~n 

Ct1mf"Jt.aklt J"('tfonn~nct dtuc:tly ht"hrC'C'n ad)nlntntt huoy~ and ~rnrruvrd ptrfonn.tnt:t dovr to tht 

cndtutlu•l huoy hxalloM. 

Lv) ~ · Fnr thr \I!J·•••• """' wr n••n•mrhf"'d thr i<>n"'f'htfl< f'•lh In lh< hnc-of..ilhl minu• IOdB. 

an\1 U\t- aUumtn.ahon drn,uy • .u shown tn F1~ft' J. Ft,urt 4 1hows thr comra11son ot MO:tO\UlJC VtRut' 

""'•"•· II n •rrarcnl II••• Whtr htlh huoy dcnwl1<'1 art ,.,qulf<d to <Dmf'<'l• with lht mono.tlll< r•d•' 

W.tw••r "'~w. 
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~ 111<.,. ••""1'""""'' "'-'''""'" >)>ltna .ml) >UQ .. Iwlu.:h on<" prtfttablr. nul,.htlhtl olun on 

t.Ut tht mu,.~.utS, •1\\t nt\H'f' dt'l4tk'd ""k~d4tiUO\ SUCh &I thU\C' rrnrnltd t\) thr prnr-dtn• \~lkf'n, 
h-t·,t,·J l·l tJ, t n,unr •) \ttm rtltt. tlttrnt~ lluwc:wfr. be-fore hnal ~uru.:lv\lttn\ ,._n t'IIC dtJV. n '' M"tm' 
... "'· ''" l.:"h'" h• Jr .a• :ho~t H n 'W wrf-KC' •.a\t t)·sttmt art uvful. bu1 fur 1ht' \L.ywnr .:a"' nu-:h 

,. ,,_ri\ ,., •"" rt"'1Uif1'd. r"f'\"t.:t.alll ••lh a dtsturhC'.J IUftt~tc' . 
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C ::31-d ISS V, :::> N n 

·.tN""•,tw• lutU.lf'"'l"'t I'll,..,,, ttkl4.fl' \Ut•1\llf'Utn Jfutj (ur .l .. tw ~,, •. '"" ''~ "'"lf'ulmi'Hh• 

~lf·~"-"•oJ rut \.J"U.Jiot' .t .JII'I" c-.'1\ ~;.tt11 JU)JUIII ·J.lUifUIIt \.li'IU.lOL"'.t l,JU .. Hj ,)tit it' (1fPt" '•h.l ,l'f'JIH'I 

'"' ~hn"'•w ,lilt ••i ·'•'r ll•••u'rr.,,q l~'•J' ... h. I'"'" 1'·''•11 ,lN'".,.._tJ t•) '·'"'·'f1"'' .. .ltm" \t ·"'·\Jtj 1 1• 

Ul If' .. ,.. ·''U J.Hu ;,lutpl1f' JH ''""'"''u.~ JtU uu •·~l'·'l•••t.l1 
"· ·'••• · ,._r \'U ,l!•t' fH ,.,. ">.•J1 u,q-..t U.h.l Jot '11\hlfl 'lf.'t•f ~ttl' ,tJr JPII ''IU,lUPJW•I'.\tU ~UI) .. *'·' tUuiJ J••l 't"f 

"· t :~ •• ~> .. ,,,,. ,., ttWto••tl1 '' ,r,. u'\ u-.o•ut"'' 'f ·i •jillt""' .'tit JIUIJ"nr IH 'l'·'U.l JN''"'.I • .\J 

f''I~UI!If'.H:J >4 IJI"' 'I.UHlfl'j ,UH.~ 4 '11'1 /fl" tl: rur 

, f '\I' f: i"i'l" ,\oo( l.ll"' '\Jlltl••l ru·r l't(U U .Jt'j\ f'.l'\ UH .;l'U.\f'U.;J.Jp Jlr.l f\;lf ~lU~It .lirl~l'hl I'JH•>>j\ 

•: If ~"i"'"'l ~ .. r r \JH 'iU·'•U,\.f''"r .. ;~• "l••ot f.,Jt·11BJ\ 0: r•.r >I '01 'S U,l,H• ~ U~lfU"f-'UP t t,)J 

.l'U·'I'U-l,l.tr •'Jf'l" t.'"\ JU l\.l! IU)lfiiii•J'.\111 r ~ \ll (l·'l'""'h,,\ J('U \I <o'h>t}~lr,\h) 

:;h• .. au.:.w.''"''JI.OJ JO u~~aarp .. ~tt' u·r-.~• \rp ·,p.,;.a~ .. m .. r,,tu umJt.'·''h url""l I~"',,. 1~' ,HU.'J"w..f "'41 c,n 

,P\,. ·u Mtrd '"'" '1 rarp ,,,~,tut~.t JH '·''•" ., ,),'J.,l ,i' 1 •• ) tn•qqliJ,H \rp~·l \q• p,_, ...... -,,lrl' P'.ll'\ 

Ul \.S.SUf'l!'i tUF'~Ijtu'Jt\ JJ.l• .JJ,hfl U,'ltCft \~f'(l-.\.,-4t~l 10 1.-1 ~~·· lt1.P\.l '1'\1~ \tfr.i.lU.:tl \t fJfp ~\1,.. l'Hf" 

pur• l\t."'pU114 UO p."'o\r ... \UHI) 'lr·'ht ruf'" \~IJ \l)tJ Jt.l.trt\r::,.u u.\,toA~-~ Ul•qrpu'~' (rr•'l· \r"l) t, \ t 

"\.UUI", ,:'IIUC'f.'l" (iJf ttu.u,)J t\l •·'J \ltll ..lJf -.1Uh"-t rarr )41 

"IJII'i o;: put sr IV ·•uw 01 •• &P 6 •"'"i' pu• 'H~ ~ •• aP ( 1"'"1' · ~ • ·~·""''8 liq ••••• •·" 'I'''" 
\UOI.f"IJf'\ r-'l'•r·1.t1..1 lJlP!IIo rP• \.'UP~tUJtU 'liW Ol pur s tr ""'I'""'' r.t\10\:".a..l uo rr.Js,tt "''''1 fill 

ur : 1 ,,, 

t lit' lrt~ t "'tJ \'\n: ;aJit't.l\ .. r.lptf'.'J'l 'lll1l ft.''"" \.~ltJ1UU' <~. ... ,, •Ut,f J'·''t~H.'tJ ·'lnl'"~" ·""J·''l' t ll 

I'll ~01!;111 l-.;0) I 

Hll S.lllo.llll 1.JNVI 



UNCL..ASSIFIEO 

el t t •'tnl~·.tt''*~"' t'tf "'ltttif'f lfh."4\..tff:mcnt\ •tth ., .. ,,. ht~fhh ,;n.J d1ff't. thtll\ Itt' rtl:Uf'llnJflofl rnm.td) 

t.c lhC' ~•) ntuwrrmrnh. h'l' mu,h ut Utt" •ru m thr \.ttll'V\ un,,· t.ah'' "''.unJ Cattrf C •l ,.,, ... 

"'"h ·•I l,~u,l ,f'l,,<~f\ '" \h.tll.t._ •.th•r. t''J'C';.J.&IJ; lilt \l,rUih • .llnt tu ... t.\r...IUtf ft'IJI1ft f'lcohJnd lhr IUn": 

"-·'1d U .,,. "". , Hnrl•th'"' 4ft h• "' t-..t'<"J ,~ntn.tnl) .-n 1\u,•) d.11.1 

.t t "t"\' •ur.;,uh:mrnh "'t'h' h'''""'"'\1" t•• t"nl; lhr '·Mll! d~l• fur •"-'ut 10 d")' '" "fahh \.••tt 
t.., .... ,,t-thh "''''h r,w \'\.&mtnut~ ;,-Iutter ''"""Ira at to· Milt frnm th.: lk·u·mb!.·t mt'.huh·mtftt\ 

•I • \t .• u~·r 'l"': .. u.a l"'fn,,l ,h:l.ukJ .&ll.ai\•,,,,nf)' .,, Uh,' l'rllt·:tr Ah"'lk. •~·. 'Ph'.id nut ¥1 t~·l 

lh,· '· .... •n.rn1 "'"'" ".ath·r '"', '" •.a-n •htMI.* 0\lrpltn hr •tth•n onC' fkt11 ut the '"""' un bot' 

tlh'f'\nf 

1\'t Hn the." t\a\11 o1 t"'t~UnJ rnuwttmrnh. tht rrrUtctt..·d mCt.h.tn,,m t•. *\'11 ~onfsnnrd 1tom. rht 

·\ luttt,•r '' ~o:ur.tnq .. o( tht t~·tNm. Tbr ""l"t"drttaJs'' prtdu:tt'd (or bnt.ttu: Jromclnts Itt ~t. 

,JnJ lht'tf •tdth .an\1 J'tl\lhon U;f1\.'1i f\,h:th 111 J'fC'~IO:Itd l!irnuJhnul ChC' d1fkrtnt t~n,:t .lit'\, f'b~ 

.. ,.J,· fJh't!o . .&nt.J (rt>.~UC""''tC'S. 

c C · t l ·l,rrd.thttn of S·Mtlt '~"·tt3 *•th c'r'f.,:ltJ trt~tu """"''d \lf\On n~~;;an WJYC" t-rt&ht 1nl.l t.Jn«~ 

1htn L,.,J .. .,~,t d.Ua f,lf V~t·ral \loi)\ \hOW\ f'\l.'C'IIf'n~ ;apermtnt .and .Jt.nn ,onftrms tit( rtrdt .. trd 

'I I 

" . ..,, .• h'h'~'' rt',_\.l.,n.t~l)· •c:ll Yrttll pndt~hon' .1nd 'tnCh musurTmtnt\ of f'r:,mhlt. Hradn,·i ~:nd ot~n 

1lh"1\' h'mJift .Jitr~·n:n,·C'\ or Jdinthnn of "'C)· bul thc\t" ... n be tt"'h·td \0 that rnort or thnt lf'd,.. 

f"\'n\knt .. ~,m&\4fl\('ln\ .:•n hr m.l~C' dUl'"-'11) . 

., futh"r l''•*('\Uh dllnn1 h!Jhtt K'J \Utn \\'hdt" k>rtlC' tf~·ou.l\ (Of hiJ}'h,'t v.a tcf.Uet \1\o._ thl'\ r~,on 

, ... n f1fh··l ,, "''f'llfl.it('d to 'lmtl.ar rr\-onh f.m ~.tim ~"'· too ft>w 'tH.:h .. -omr.m"'"' arco audo~Nr 

'" pfl·..,..n• llt"\I·Hrdt.•t lht"Of) t'ffcn C\Hm.atr\ fctt ttm, tl'"lt•tn "'llhc:-• 

.:I • \f,·.twr\Omtnl\ 11 ~ Mtl1 1.how htt:hl.'t .. luu~r 1\-,,.h fh.an ,_.-uJJ hJ\(' tt..·t>n drlJu,;r;,l from :ttt 

.• ,·~··I lht .,tnJ·•a,.e h10ticl\, Ofh·n thf' I-aUer r.tt'ld~h on tt-~ d.t)\ 1n 4U\'"hon .,nuld h.a\t 1 

, ... , .. 1" f, .t n·• .... ""'"'' ht·~..auw .f Uh· o~h~n~f' ,,. tr'\.t>n.ant ~ ... .an •.avtl. Thu' th..- .nta\ur,·mrnl\ \ht.l• 

t!:,.f t•,•· "'""''""I •n:''"'"'"" mt)CJ:d' 4ff nt•l f('b;~hlc 1n the' lo¥11'tf rtauonJ M,·Ju\«' of the rtt"w"'·c ~~ 

.,. •ttt.- luntl'l ., r"olft "'"'"''· Of \•dl 

... 
UNCL..ASSIFIEO 
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~ )/ \tfn"!Htnt t-c-t~n Utt'lf', tht K.t; thC'tJn mu,,urtmtnh. •n'-' lht> MC'awrtmrnt\ pf othrn. n 

"'' ,...,..,. th.tt tht' thf"\Wttn..tl nw•Jt:l' """ ht vw~ n-lwbly ftJf tUitm dc\lan rurr-,.., tt Itt: llm. '' 

t"'l'' ~~~~ tn1t tn .au. uu ttt St H\C ~ •«''\W •htrt hlJh l.hJ&tltttr Vulh .t.tt t'J""" h·.J t:\of ut thr rnutJd') 

''" \, .•. ,('!,,,,~ ,,,,,., \)'l,•nn. h\1\.h ,n 'htr tJrtrdt,.,,, mu\t ~ trmf'C'rt<d ""'"·•h•t hr un,rrt.inhr' 

1n duth·t IC"\tl ""~''~ thco lt"t.,.-J,·r \l'f'dr.&J J'it.·\Jr,t.dt~ ul lhC' nu~C'I 

• l l 1 h,·h' ., f<' l!tttt' ,t,mht • .a.ll ft.·pttn\ ul "'' ln\ulwr.J an thC' • 'Jrtc:t ( '•> ('.trt ._rnnrd~ 

l *•'l'.r..:o~h•'" ,~ .. th I:. 'h.tll••• •.alft n,·.ar Uu: Ht'fld.l .. u.a\1 t.tf,..-.ut .lO "f'1J. ~t th• f1'tuunJ ~,·ururh 

,,, t'tt t;uu Strt.lm. lnt.l .lt. tht \tw.d •"''"" nr'r th,· H,.h•m,., '""'-"~• c.~ ._m. Ui"hn,.-lt)' d:alh''"f'nt 

'"'\'.I" • ""'' .. ••nJJtu:•r.t 1U'ff '"'n~ttttntl) 't~•f\tlol frnnt thf wnr) '"' ~ur, r.1U '" th<V thfrr trt.Jnrt\ 

t\'' \\tf'\..1 \{'n"\11nJ tSu.-dtttn hi\ ~n t'IHth·~ \)ft 1 djlly ba\1\ o1t tktth C1pc K4.'•lrcJ\.· o~nJ t~r.~nd 

ll•h•rw hl•n.S. Yt'••• hin.knt d•to oho"m• •nthtilflland dlft.:IM>n for tht "mnl rtlllon of lht 

·"tfo~nth. h.l\. .a!"' t'w-tn rf\'tftt\l on .; d~uly b.&\J\. 

I l'l fh< 1"'\!.!~lt t<>\11\' ... uf onlotrn•toun a !>out lhr tU!t of !ht tn 11\•:nhontd abo\r cornl•ttd 

l'"';rh •'n .1 ..U) ·tu·d~)· tu\.u 

t\') 4,·n.ll rtH.:\l~Urh\ ur fht \CI ll.t'W(" ·.'¥\'f(" rnad.: fi)f Jll d..,)\. n·~· ltl.ll nf thf'\C' Ol~t\ ., .. tht" 

J;h'd "'\'"'"''"'h'n nf l'kttrC'lrt~ .-.Jttf·W11~t' SJ'('-:tr~ t~\inl the Stth•·t11 \ohtttnt o('ltKi fC'"hnu-1u~ Uut< 

In l'lf """ of lht •ronJ I)'J'<' of lil:n. <U•h '!'«Ill .-nno! br <Otnpu!td from •ny of !ht rhot~•rh\. 

tl'• The~~'" rhot~apht t;in and •Ill ~ u~d to dtdu .. ·t rouJh mfurmattun about Ot.'t:o.ln·•j"'" 

.Sth"\.tl\'""hf) 

tl'l t .t't"f ptf'ftlnm,•ttr mtJ\Uftmrnll Wttt alsu '" :lfdt.~d alona tht rror.l~tJtlt)ft r"th dunn~ t!tt I M 

flt~h. &· .. 4U1ot of un.. ttto~tntl\*1 U'l_.oh tnt; llf\'f<Aft mouou C.:llnt.amin;UtnJ tht bt1JE,ht d.Jt~. ro •a • ..-Nr 

"'nn ".n t '(\('" lt.J hl"t y~t bt~n ••~1.-btC'. 

t l' t A1h uft mo11ons "'trt rr~ordtd d•Jnn1 tht ~•&htn"tl 01(tht' 11 IY\ lt.~tlt:rontt"ttf outr·ut. SR L 

,... .... ,rn<l h•>t •Utt.t lh•l thO\ ••·«ltrnm<ltr <M<trut wdl br an•lyrtd •nd the kno,.lcd•• of 1~ 

rt'wtttn' Ill\. raft mouon t("('drum wrtU ~· uwd to obt.a•n lhC' trut ...-un·wa•r ~U\nn Thtf~ h4~t" 

rr•'m•~·d th1t Ut.;t,t \Pf't.·tn wdJ ht rro..'f\\t'd ••ttun one month. 

II': lhn.kat! d•t• •how that"'~' fl'lt thrtt·menlh mnsurrmtnl !'<'nod. lht tr~• ,..,. rrllll><'l)' 

"'"' ••lh • Su Sur~ 1> ""'"' rrronrd only on«. A .. t>Jt ~ondt!lont •rl'<'a.<d lu "" s ... Stilt I to 
'io.·a \Wt .l. 

I VI A«tlrrom.r.r and anclonnm~lrr data t<l•mfltrtd from thr buoy it of inoufr..:ttnl qu.tnhf) and 

rdt4hehh tu •lin• lh~ infrttn..r of wa \t.att c.:nndtttuns. 

IW~l "~~~q~H 
: ' . . . . . . ,,_. .-. 



....... "'1 '"""'"'' r•pu>WWO»l rut p>S>pttuo> '!ltd .IQ .. ,od v ... .,, W1 OOt 
01 OOf "'' Pi'"''P 41•J •'1.1 '\IU•w>~n•uw >~1 Ju "'"·'•.h> >.•np>s 01 " '" P'''l uo 

\IU....S pu> 1111. .. •·~u.>pJ.J 'P.>J.'·'I·" .>q pjnu• UIO"' clo>p Jhu IJir.l luu1 V 10) • , 
:\ttf!V IUtMtJUOJ -'ttt .J/1\r.ntJW~ rur JO l\KUO:'l rrno.- \IOIJ~liUi41Ut P,)I"'UI''' <»u •.•• 

·u", "'Il) J.lH"•·'"'·'I" JO ,,. 't\1 \t tau " 
.),"'rJJM ~01'"' J."'tl""' JU ,.,hUO::'I q&r\1 .)ljl jO lWW ~_,_,a."'U "W''·'HS Jl"!) .>tU "'·'"'"".f.' 

urutrW,"'J .>\f) JO lf'ttlW :tftl&"' '\lf"'iJ\ \,l'\\01.' tntJ ,"'~U JO f'JHU··'UO I..JU.'IS 10 t e 

'1U011",Y. •"UI".1UJr,q J'UI 11.1\I,;OW ;,,WlUP\ J~W.It A •uunr Ul"41 

Uf.lt.U t IJK~r s'·'l <Jr, ns JP,,JJp u·~ pue >'Jntr.t."~dw.'J. .•. ,~urw' 1'·"" olt.&Jf'U" 
Aflti,!Ut.)\1 IOU 1JOp 't-'Jf~ -tiftilUt) Urnurr WOJJ UJt' ~'~l Ul .l.l\flt'.)"" .lt{J t!lf • 

·;t•t•··'~' WOJJ :urM PUnHd jO U01ttJrJ.l\ J\l)l\(l\1 p.'IUI'JU:.J lJU~ 0 l ('Ut' S tP 

\UO"\tW> p:tJ'O.~ftld lf'~,l pou.-J qJUOU.S•»Jtll •'41 .40 puJ ~'"1 .n:.'tU <1un \t't!i •t 
·~""•·-\,, .\~ P·'•rutwru.n.>) \I!M 1rutl\ .hf.~A·('Um.lJj J41 ~WI$ .lttJ JO ~·'"N t .lt • 

UuU,.'IUJOUlqJ 1UPUodWI 'UU 1n<ttqr f.U.UI't.nFtt.IU' (ur lt\W>d 01 'f.M lr.fllf :tuunp Jt'l~"'llf"P 
u rarp ~UUI oo-J ;,nr:tr •·~ '\P.IO.'IJJ v"'a Jo .>uo WtlJJ <1•1t·~l\\t>J r >q ot \Jr.>,IJr 

'·'lr)\ , .. 1{1114 auunp ... IUI\OW >41 (~ jrlljl\ P>Jip >41 JO ~uou.•pt • jtJP.>.lS ltll o 

'1lU,.'IW.'IJrhrJ:w Ol f'.)ICPJ 
Ju p.urnl'- .>q_ lnuu!!' JUJWUtuuu." ·'14l ;v \I~.1:JJ·' ., <rr J<u~~.t,trtp,o ··I'"" <urtu 

lt\UtUI.~ 'l'\1\) JUU \.h~f' Uh,:.tpn;J ..ltql\\t:\..1 O! .Ht'nf*Utl.'. ,-.I J 'U\loJif'\.hl." J,HtU'·'" 

\4~!4 .tO \.\If.\ l".l\ t,Jttj 411M \.\rp ~111 tlO Jfp,)!~.(.• 'M,'IJ \J.'I\ ."U ·r.,utrNH \f''A 

''U.'IniJ)Jj .l;.;O Ul'1f1 .l.IOUI ar \\OJ L:arJ ~."q.-. LW Hrp •. _... '\ .f'J' ~Uhlt1f'IJ·''0 ,,)l • 

·r.l't':tqrt'~ ~ oa 'r·uJu U)'" 10 'u"1""! '\h'·' awu.,~t nt ·"'fl'''l~' 
I""' •aJ out J~>.iur 1u~»u 1• 'lll'i o; pur ~ 1 ·s a• uu•w·••m<>UJ '""1 111•4 ttl I o 

·•nF~ r-'1"1 ·'If'! Ut>"~'"·'U tPJ .lJ,'\'ftl. 'IU,,.U;tJO\r,lW '"--'! 1Hrof trU,tlltrl"1 1~"1.1* 'u'""·'' ·''4 t 

·'-~Um.IU10' .lt11 \" ttrpp ,lWtl'\o Ul r·"''"·~rp 4)ur u'~·'1·'d U·'IIV .t(J '4 r·'lf'llltU ,,. t.Wil'•'·~'~ •'tl) 

\)U.,W.llr'\f'.lW \\4\f IHPd Jf"UtllllrJ'!" '\f'U.l\U!CU.\,).: troJU.lUI.lJ!!I ... ,..l ... rur \.it~''' l ""' ...,,UHUWt\) ,.\\u t ,. 

lfll SS01.1~CJ"'ll\l\O.Hll U 



• • 
• .. 

• 
•• 

-, UL-... 
( .&l'C' t \1\1 .mJ nt.trthcrn M~nnr, nr.u Chr U.a)· ut I urH.I) •• ..,,.1•10 l1t'tunt uf Chh 

1'4th " U\ft •"''"' 111t1tC' th.1n '(JC h;C'1 d<"rr K,.I'-JfiC'd \tlt4J tn llu' •tra att qu•tr 
h•tr•• •nd ul:t"n tnllu•·,k·,··l b,. ~t.•rt:l•u,trrfy 'hlfnt\ bh*'*ifiJ J'k"4th t'•r.dlrl tu 1ht 

( v)• ,..-( l'tl,,.. . .,..,,.~.,ho-hl• •l•l>lt WJI••'- 41 S. 10. I~ •n.J :o \1111 •lu ... l.l"" tmJ•Iv)rd. 
\_; /a11~· l'h.t'lol, ... ~~...s~~.· '' th'n'"'-'n hi t.•n,ut(" "''l'.tUtlun ttl lht.• ~t:nuu~·••~•· tuun tlh· "', ..... , . 

• t('t f'.ttt->-lt""\ tlh'J"Uh'nh'Jth ""'uhJ tw m.ld(' h~k\' d.ul~ HH'f .I r"\'ni..J Ut f"'t" 
nh··~c·t, I'"" lth'""'uh·tth:nt fl\'llttd ~lu-....·n "'"~IJ ut" luU.: l••lh 'umnwr .m.J ••nh·t 
llti,· .. t!l\'f 

• t l' t J u:IJ·,th~nrth I''''~' ~tt•uiJ t't\• u-..·d d..tdy to "'.;hl'tr .lfl' tih' ut un tunumt •nJ 
r .. • .. ,•ut ~ut.:nno~,., Tht tid.J 'trudurc tr.~ tlh.' m.ttn .anh·nn.a c'UI .illnnr thL" b.'.i~t.h 

,nJ &::lhl lth· •.ahtr ~huuhS .&1'-• bt: rtt"t'tt:-d . .11 lt.'.»'t orh.-r dunn, th( ,1t'nod 

• 4 U I Th< m~ut an4<nn.at .no .. ld "" kept timpl~. i.~ .• •nU••I 4""1<r·w••~ monupoln. .. 
o/P•th·hM >I[U'JI\ r .. , lht JfUUnd·w .. t mould """'tawt<cl in l!•nJ< \oalt 0. 

t.t,, l'>t ranJo f-'1< <ort•-.run.Jmcto tht arm•l tom< or tht dtr<<l "Jnal. Sp:.trol 
rn" ""'"J •h<'uld .._, •• ••l•bl• "' •• tn allow !><Iter than O.OI·IIrrtz """'Iutton, 
!111, \4.:11 ""·rnut .a ">tttd} u( ..IJn· .. :t !otJnaJ brn..t~rntnl dut Co \C~ w;a~t' tnotton <~nd 
1 t~"'''N~ • .umo't'ht:rtt: turbult.·n\;f, 

• 41.'1 lhn"' t:,u,-. 1. ~. J. <1. <h:. •hould ol"' !>< 'f'\'<lr•ll>· .-.omon•d lo.:n.,onJII) l 
(tl f'\'!'mll \tUJ)· or "'JI duth.•f and \•)'•W.IV(" '\1Jft3l\. 

~} • ~Out WI"C' 'P.lf' ~hould bt u\C'd to m<'J\urr and h.'h:tn,•trr Utt' iionHort.,.: ex tan 
'AI\C' '-f't."\'U"Um 'omcwlhtft" nc:lf' fht' ralh mtdf'Oiftl. 

• 

• ll'\ rtii...,·J "'-'.I .'lolt.L•-.:oUh'f mt.'..J\Ufl"mt.•nl\ 'houl1 he: matiL' R\'3t tht tc~.·thrf ':.Itt. 
tn lttt mann,·t fL'(lrtfh·d b~ ftt'mbtc- m ht\ p.af'\~n prn,..'nud in lhc'\lt rrou't'dtitp. 
Tlh.'\C' mr.a,uttmrrU\ .tl'l"'"lf tu allow f;irl)· ~\.'utah• ;an~ int'I"CA\I'W\' ..:akui.Jt1on 
of tht notn>rh.: c,.,:un vra\th.el,nt Srt\.'tnlln. 

• t ~t~ lhnd •. :~'\t wtnd aniol w:~n• dat.l \houfd he ,·tllkt.'t(d. Al\.0. ttuant1t;Ut\'f 
mrl<rt~op•~l d•U -.nus ~llludc and I'O'IIIOn •hould t>t plhtrcd whtn f\U'"blt 
t•• ;"C"tmft ,·~.J .. :ul.ltt<~n ,and 'tud~ uf fht.• ,_.fr . .h.·tf\lty. 

• t l' ~ ~ipl.al stn:n,rh ~tft\U\ un~ 111tou!d tlC' mra,uJt.•d at h'.l\t <'" ·• dunn, thf' 
f'f'\·nn1f.·nt. Th., t:\luh.l k dHnt.' w11h a tun~mtth't on .a \.fn.JU Nl.al ur from 
•an®• tUhrr shore pmntl, 

• tU) tfdFt/l::'llal rotuu.1hon nc,;,ar thf rr~o.'tl'tllt:' ~nlc-nn.a 'huuld ~ m.:.l'-Uftd t.:'~cul 
llft1t'\, t\"''' IJIJy .JutonJ h1(!h ... ~. T'hll Will ln.J..-al< lhf ('1\'>\'n.:t Of any dt
pfii•FI/,&fiOft from '''""'IllY Yorm• Ol.'tan wn""' . 
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• 
a. o\.W.t....W .....,......,, of Eliollna Dati tt!l 

• 
tl'l Sill \h<>uiJ I'< ••~r.J to .umrl .. r •n•l)\1> yf •••• c•la from thtll rrofllomrt<r tt<Of<l\ for 

Ilk- Ill lloJhlt. flu• ... nn·•nt .S.II "'uui.J I'< plvllrd brw~r lhr r•th lu" mu.urcmrnl> fur Ill< 
\o&mt J.n '\. 

tl'l 11.-tlln>n '"'"'1.1. •hrc l'""'blr. pro.n• ••d rlol morr ro•n~> of rath '"''on 5. I~ and 
:o \Ilk 

• 

tl11 ''-"•• •no! .. nan.:r of n!'<"lrd lor rrfdo,·trdl path lou ohould br roh:ulolft! for'""" frrqurn•~ 

bur.~ on thr hmd.:011 ""rhcoJhl data on tllr days Qf obsrrvat10ns. 
I 

It! I A•~"''" of wvrnol clullrr tr<Ciral rt<:ords in the ll'rt!:rtz mQdr ohould br mode. Hpteially 

lot dJ) • tu.:h u M:mh ~land Mar.:h Zb ,.htn cluttrr it clurly in tviJrncc. Thnr IV<fll<'t ohould 

I'< ma.Jr ovrr a duullon for wvrnol in•Jrprndtntsamrlfl (an indrprnd<nt sample in the 1\l:o-Hrrtz 

"'"""'" tl ttt~ ~'onUs IOnJl. 
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UNCL.ASSIFIEO 

THEORI:.TICAL STI.!UIES; CALCULAnONS SURFACE WAVE tlll 

\ ·, 
11'1 ll~t<rmtn•h•"' of wtfa<t ••,. attcnualion ar.4 duntt.!.s a fun<tion of oca >tate. ranJ•· 

ln...,wn.:) an<l asl'f\'1 anpt. 

IUl lmpotunt to &II ~otlcepts wllcrt Sllrface wave propaption is involved in pn:diclins th< duller 
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TH£0RE't1CAL STUDY·AlTENUAnON OVER IRREGULAR INHO~ENOl!S TERRAIN ll'l 
./ 

tlJI Dot-tlorment and •rrh••••on of lhtoreunl tc.:hruqun for dotcnnrn•nJ tht surface wave 
.alltnu.ol""' ovtr >Urfa<n ha•inJ d1ffertnt difl~trt~ connanll and condu<'ll'llin. 

tlll Arrlicable in prrdidilll sysltm perfonnanc:c where surfacc wa•c Is used and land ,.,. inltr· 

f..:n o.:.:ur. Tyri.:al examples inwolvt an antenna locatod on land and usinJ surface wave for Iran .. 
mission or rtetplion; or whcrr entrJY used in surface wave modt must lra•ersc an island. This is 

;.,..ronant in determininc system losses thot reduce ranJt or oauSt shadow zones (e .... islands I . 

UNCL.ASSIFIEC 

, .. 



( 

81STATIC SEA ATTENUATION ,\ND CL\ITTER MEASt!llt:..\t:~l'S lUI 

Orpnilati<Mt CUI 

·I 'I Suh\lanttatrd the thtOtolo.:al u.kulatoont of allenu~tion and dutttr of surfK• •••• nropap-

'"'" II a fun.: lion or tt• il•lt, frtqutn<y. di>llftCt. 1nd .. ptd anpr. 

>y•trm Contt"pi·Rdation and lmportantt' lUI 

.;a{ Applk:ablt in pft'dictin& thr performance or aU syttem• where ocean surfa.cc wa•r it uocd 
~ 

•n prora!CitiftJ to and/or from llf&fl. 
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, «ntc' Ol>j«ti•r tUI 

~ y ll<ttmlln< ~n4 <om:l•t< w1th """ ••••• th• monostahc ~lulltr sp«tl'llm as 1 function of nn~t 
•I ~0 •ml '".S fr<qutn.:y. 

'""" Cu~pi·Rtlation and lmpurta.,... tUI 

J)l~ r :.--- lmrottant ill otcdichna ranp ptrfonnancc and cl1111er rejection requirements o a land 

ri<d or mir ~d monostatic ndar •. 
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~) / ("al.ulal< ll~<u..-ll••lly anu mu\ or• <>('\'nrnrnUII) .rc'""""'ll""' o' l•o rtrrr .. nl•tM ""'' 
"''"-d 'hlf"l\ 1 fun,bon f)( frrqucnq. 1\r«"t ana,lr and rof-..nuhttn at UF. 

S}'ltm~ CoftC"f?I•RflatiOft""" lmporl.ln<"e lUI 

( l)) .lf"l Rt.~u•nd to dcttrnunr shop drtt\loon sysltl'l ~l'fonnan~t cal<ulallons. 
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0rpnil11M>II tlJI 

Ot>,KII'f tlJI 

C 0 )r M .. 4,urt ..:tnu·"":hon• t.'f .. h .. •l tJ'I.rs aa .. 'Pf':•flc Urt"t..t •natn .. nd frf"lutnc•n wn~t thr 

lol \DIU to.br. 

Sulmo Conctpi·Rtlarion on4 lmp.>tUIICt flJI 

c v )Jl"l Otmorulrtl" INI ship< Call b<r drltcl<"d ulin• pultc Ooppl~r Radar. Prooidn cllo.:k poinll 

•• •r<<~f~< fr.qurn<y and .. ~h 10 <on•l•l< wi;,, modti m•asur.;ntnh. frovid,.. in1ou1 for l)'llt'lll 

rrrform.an~t :al .. :ulattons.. 
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Spoc-iliot Ohjf<"t~ lUI 

\WU..E ST\JOY lUI 

(v ))8( ll.-ttrmu•• ll•ror•h.:.lll~ tht utt. a.pn:t. fnQutn<y, and spn:tul ,;hora..:ttn•t..:s of ship and 
wl!m•nnt ,.,.~,.. •rrh.:ablt to HF radar. 

S!lltm t'lllk"fi'I·Rtlation and l"'porta...-r lUI 

( 0) _.JB{ Ship W11ktt mty be of wfflci<nt we and 1;>cccnl clwac:tcritliu so as to rnllan.:t the """'inal 
lhtl" ,,_,..,,Oil &ftd incn..., Ill< ttpability lo dtlt'CI 1111d trKt ships. 

f U) ~ l!ndtt ctrtain hi,tl spttdt and thRow dtplhl of lnYd submoriftH "''' ptOduu waktl that 

\_ "" drlr.:I,'Nt ,.,,II IIF Dd•r. 
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fl.ft.T AIR DEfENSE. If ADI TUT NO. lA flll 

~iution lUI 

Clll ln·Ut~:tl'(l Pb,U.• ubotaiOI')'/Na•al Rnun:h Laborarury 

O..,..IM lUI • 

(c y To \01\du..t ·~ ·~·11•1 drmon.uauon or the rrwb<loty or drlt\llftJ anJ IUckoncaircnft With 

lht Fl«l A•r Dtftnst IF ADI <"OII<"trt """' dntanl sky·wawe dlumonall<m from 1 poulld·bawd 

lflln""'oll« and I<'Ctl'i~l lht tu~rt rtO..:trd tnt!JY •i• 1 surlact wa•• to 1 land-bawd rter,.cr. 
Comrart rnt coiiCrrt ~unc two dtfrtrtnl liiQl&l forman. 

: . 

Srs""" Ccn<''1H·Rtl.o&a and lmpot1aneit lUI 

( J) }Ill An imponallt initial dtm.,nsltlllion to ensure thetc are no major problems in the ba.;c """" 

L crrt rrior lo PtOC«di~. wilh I ihirbomt rtecinr insullatlon. Ensurts lt>lt dynll!li< nnre. llt~tt 
n"OSO-('Oionulion .,_.....,lion and clullu can be handled by known technoiQCY. The concert a 

ilni'Oflant tn prowidma 1 ulrnt Orot su,..eillonct capabiltty. 
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IIONOSTAnC DOI'fL!Jl SEA C'l111TER MEASCRf.MX':HTSIUI 

Spoc-;r..- o..,...tio. u:: 

( v) _>!~'(' .A:t..,.. .• , .~. O.•rr••• <hara.:t.-n.t,., of wa clutter ulin1 the MADRE radar. 'l 

S~•t•m <"NICt'PI·Rtlar'Oft IIIII hnJ"'flaJI<t lUI 

0}) jJ( l'n;wodft l)l•t<.J Oorrltr Ita CIUIItr 1'\'COtds ror tht dnl"' Ol puiW Dopplct G<:UII sur(act 

,,.,...,;llan:t n4atL Mcawl'\'mmtllllt limited In rreqYefq' ranto: (10.l6 MKd 1114 II 1 l!*trw:: 

lio.-.1 f"'oliiUI<Y at lilY OM time. 
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MOI'IIOSTAnC HIGH RESOLIJTION SEA CLt.rntR MEASUltE.\IENTS ll!! 

""'·;r,.. ObjKtitr I Ul 
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v ) )'!!( lkttmlln<' the amrhtudt ~·" roloriution <h&r"ltriltiel or 14!1 t..llttf in uimuth lnd 

f"l t ....,. h•JII rnoh•Uon ll'\:hntqun. 

Sytl""' C'<>IW.'<"Pl·Rtlation ancllm,.oflanN WI 

( 0) ~ It may bt pouible 10 dcte<l r.llirs on tht sunace or lhe ocean on a powts buis. Thai is il 
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Ot>,Kt,.e tUI 

I. v) ~ ln•t'lll~lt thf (U\IIIIIIIY or dttrctinl shiP\ usiqan FM/C'W ltchniqut Oft • ...,..er-only 

'-· ..., ... "' rtduollll the "'" of the ran .. otimutll ctll. 

s,,,..., C '"'"t'fll•Rrialion and lmpor~ tUI 

{ J) .)If Tht Doppler .ndu tCCIIf'ique will !lot 4ctect ships will! low ndial •clod lies or IIIII arc 

\_ ttahonary. This concept ..;II ptrmit detection of 11\ips vnder tudl cilc'o•mttan«S. 
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BUOY TAC11C.4L EARLY WARNING IBT£W) TEST NO. I lSI 

Orpni.rotion f U I 

Objt('ti•t> lUI 

( 0) / C'ondu<t an initial drmo1111ralioft o( drt«hnl ain:rafl and missUn usin1 th~ BTEW concrpt, 

tr•n••n•lltr on a buoy w1th a land-bucd ~•i•H in rral·lim• al lhort ran~tt usinc 111rfocr ..... 

rrop.~auuon. 

Sy•trm C<>nctpi·Rtlation llld lmporti.II!Ce (UI 
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(.J) )5I The uar or lhe BTEW conctpl can pnmde coYence btyond tniuowave radar ca>rnse and ill i' 
chr •k•r •·m• of OHO backkanrr tkywa•• radar eO¥mose for CONUS dtfrn,. anJ tp·.:ial taetital i 
arrlio:ation.. Tht l«hnique is not deprndent on lht ionotphei'C' and can oprnte after a nuclw 
dttonation. In fact afttr a nuclur dtto,.tion, plactic and olht! "'"' noi,. wil! dtci'C'ut and 
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· ~ (\>ndu<l an iniu~ d,mo~•t~llon :r the dft:tion o(.lircrart .. ~:1 the BTEW concept. 

tr.sn..,.tl!cr on 1 buc;y wtlh 1 l•nd·lwtd ~et•cr in ttal·time II 10111 ranJn """I"'""' WIVC 

1 '"'~-'''"" from transmitter to .ilcraf\"and •ky•a•e from &m:raft to r:-ccinr. 

• I 
srs- COIIC'fi'Pt•lltlalion and lmporunno lUI ' I 

( J ),JS( ~The uw or the BTEW lena ianac concept should uttnd the rant~ or SLBM and ain:raft 

\.. •-owen,.- beyond the ranp of OHD •ky·wave'bockscatter radar . 
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• Section I. .. 
I. INTRODl!CTION IV!·. 

For the f·••t year •cveral companies have joined in Project MAY 

Il£LI.. 1.1.11der ARPA sponsorohip to investi~alc the feasibility of detecting low· 

l!ylng aircraft :.nd Subm.,.rine Luun<!>ed D.:~Uistic Mi .. iles by use of high 

fre-quency eJcctrern~~:nctic wave", ln particular, a nun1bcr o! testa h&\'e been 

made Loy Raythcoo1 usin~ a shore•mowacd transmitter !or gcn<:rating a sur!ace 

w.-.vc mode while Syhania has conducted a smaller rnm1be:r of tc&to uoing a. 

buoy-Mounted transmitter with rcc~ption being accomplished via oky·wavc 

at a remCJte site in Vin::Jnia. The transn,itters ancl surface wave receiving 

aitea as well ao tile rnntrnllcd aircraft Oight p&ttcrns have all been on or 

near the £a•t coaat o! Florida. 

The results o! the initial tuu of thu target detection technique 

were preoented in.,, earlier report written durin!,! this project. ln that 

report it was shown th\1 an a it c rait !!yin~ approximatci)' ZO km from a 

2000 \\.'aU low p<,Wi.f !!F U'a1,.;:n1iHcr could be dct-t:ctcd. \Vhil~ t~uf!lcit":H 

detectiona of aircraft were accompli&hcd to demonstrate the !eaaibilitr of 

•uch a eyatem, insufficient data has been &&the red to d..ttc' to permit 

development o! a proper eyatem concept to pro\'icle a complete coastal de!t'nsive 

ayr.tem. '"~articular, there ~rC" maz1y paranH~tc:a that inter• relate the 

sround·wave-•ky wave mode that have not been ex~mined or tested in detail 

Th'eu include v.niation• in frequency, path lou with time o! day, Ot'a son, e;c, 

A firm undeutancHn~ of how a l}'alem can be dcvt'IOp<'d to provide the. 

'>cccuary opera\ lon31 capal.oility doco not yet cxi&t. 

ln thit report, the b:.aic parameter. that can lead to a aystem 

dc!initiun tor the auzface wave•sky wave moce.are con&iderrd by first 

evalu.nin!l known theory and experimental data. A act of t'XpHimcnta is thtn 

'ECKEl • .j. 
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I. 

p~opoacd th•t can pro\·id~ the add;tiona.l detaiu necenary to complete the 

definition phae,. of the pro~ram, This will involve meaouamento of the 

variation in tctal path loa a with respect to •• 
I) Tir.n 

Z) Sea eon 

3) Frequenc-y 

4) Taq;et Aspect An.;le 

!>) Su, State 

0) Oiatance 

7) Propagation Mode 

The .ruultant data, when coupl~c:! with •\:Hable analvsit will provide""' 

necessary :!valuaticn ol th~ following basic system requirements: 

I) Proba bilit;• of detection 

Zl F•l&<' Al•rm Rue 

3) Time Availability 

o!) Velum~ of Coverage 

Sl Number ol Site• 

6) Power Rcqui remeuta 

!ECKEl 
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:. !:\'ST£1\1 C0~51DFRA TIO~S (Ul. 

flying aircra{t and miuilea at low altitude In order to pro1·ide early warning 

along the •ca. f;O~eh, where Lhc basic: method involves both a surface wavtt 

O\'er setL water plua a aky wa\'C to the rf!'ceiver. it ie apparent that a sin~h: 

transmitter will pro·1ide eurntially a circle o{ covr.ra~c; and hence, m•n)' Bl.lCh 

ovrrlapping circles arr. needed for r"liabl" d<'tection ao shown in Figure I. 

lt h apparent that more than one receiver oite will be required since •l'.ip 

zoneo are known to exiot f~>r aky wav' propagation. 

More importantlr. from a ayat<'m ou.ndpoint, it h necut.lty to 

provide a good probal>ilit~· of dcteclion for a aip>ilicant portion of tim<' while, 

at the same time. maintaining a reasonable fahe-a4l.rm rat.~. Thus. the 

parameter a of th<' oyotcm muot be determined in term• of th~ aystem 

requiretncnts with various tr-.de•Ofl$ bcir.s: ?Otuiblc to Ulif.Xi.rn~ze the t'05t

~Hectivt"ne!la. 

In orCct to dl!tetmine the a:yetem po1.ranu:tcrs it le Uf"C.Cs&a!'y to 

combine &\·ailable data with <'Xperimento.:ion in •uch a wa)' Lhat n~w data 11 

srnent•d with euliicient 1t.o.tiatical accuracy to pla<·e uou:nds on the 

paramet~r5. This proc~aa consist& o! the {oHov:in~ stcope: 

I) St.,le the problem. 

:t) Formulate the hypot.~uu. 

3) Devi•P experimental technique~. 

4) Ex&n.inc pouible outcome~ with referonce back to 

the reaeen !or tht' probl~m to u1ure the e>,pcriment 

pr ovidu a<!equate i..Uormat.ion. 
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U!~~LA~~idtU. 
S) Consider the 1>0.,illle rnulta •• well •• the •whotic•l 

methoda to be applied, t::> """'"" th~t the conditione 

neceuary lor the mcthodo to be \'alid are utidief-. 

6) L>o the experiment. _, 
7) Apply Uu: ot;.ti,hcal nu:thoda to the c<.~l:c<.:u:d .UW. .. 

1:1) Draw condu•iono, with meuurea of reliability •nd 

con!idcnt"e hmhs ineluat:d. and with d~,;e tl.tf:! aa to the 

validity of the concluaiona a a they appl)' to !he prol>lem 

and rosullo. 

While the above sequence appeara to lead ir." urai~ht•lorward 

manr.or to the required ruult• (in thh c.ue, thJ ayotem apecificationa and 

paramcteral, a serious prcblcm ariseo due tv tl-.e tin'e•varrinl! atati•tico oi 

the various p.:a,ths. For C:Xi.trnplc. thf' propagation o! radio w:.vea ove-r 'vater 

h1u been studied In the p:ut by mnn;- people (7, 8, II) how~ver, vuiations 

in Lhe path loss occur because o£ sea alate, .,_,.ind. etc. ~nd tht atatiatica of 

these vari;,lions do not obcr "";' simple law, The s:..n>e prol>l~m of otatistical 

VJ.riation will also occur in the radiation p.1ttctns !rom the tr.tnsmith.•r 

antenna. the sky-wave mod·· -.nd the scattering coefiiei~:nt oi the ta.r~ct. 

It should also l>c n<•ted tt.at the available data on thc.e pr~blcm 

.olreas doca not, in J.:~rncral. t\•prt~aent .av.:r•.;e \'aluc:a, but usually applies unly 

to thll'! ber-t condition~ "vith ~ non•zrro mean ateociatud w~th Uu: v.::.ttati"lnl. 

lt ah..,uld •ho be nottd that mort of tl.e c!ata concernin~ prnp .. ~ati::>r. over;, 

eky•wol\'C mode Ia time clcpcndent with vuy lar1:" chan~es occurrinG both 

!or time ol da;- and oeason ::.f th" ;-ear. 1t h;u aho betn found that the· ,·ah;e• 

ar<' dependent upon ~eom<try and S""r.rapl.ical loco.tion. 

-erenT -~-
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z. -- Conunurd, 

i.n &!''WHiu"'" ,. i.lu:-h, the Furp:>:.t: of this tt<"l oi experimc.-nta is to 

evaluate the at•li~aical \ariations. of t.hc e.ye.ten1 so that auitablc p&r&mrte-ra 

can be sc:lcctcd to proddc a t:ood probabilil)' of dct~ction !or an acceptable 

pcrcentasc o! tinte ,,·ith a rcasonabh· ialsc alarn1 rate. The desired para• 

meters will thus ha\·e to br sclcC'tf'd to accomn1odatc e:ascnti•llr ••worst-case:" 

conditions, and these are ub\'iousl}• not chan~ed by taking mort- data. 
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•• Set lion 3. 

3. S'fl, n:!I.!£:-.:T Or )>ROill..£!\1 ,\H£AS. (t:) 

Con•idcr a n•odel which cont&ino a buoy-mounted lrantmilt<:r 

~ith a vertical antenna, a r~UecUng Larget llrin;: O\·er the oce•n and a 

receh•ins aile v.•lth a hi;:h•J,.&in antenna loc•tecl t>w{iclentlr tar trom the target 

so that propa~:ation occur& via sky•W&\'e, 

The baoic problem il to apectfy th" p:oranlr-t ... r• ,., \hat a pre• 

detnmlnecl signal to nobc ratio will be exceeded with hlj;h conli.dencc at 

the recei\'inlt aile. The foll,.win~: ux a u•aa ahould be lnH·otigated: 

I) £!£t"ctl\·c radiated power and antenna couplin~:. 

Z) Surfaco•W;&\'C louu to t.ar~d. 

3) St"Attcrinc C't rt~!li'rtion c"ocfllcient olt.s r,.:.ct* 

4) Sky .. wa,\'t• I05l'f'ti to r~Ct"&vcr. 

S) E!!cetivc noise ilt tccei\'f'r. 

b) Rccci\'cr antenna ~ain. 

3. I 

The !irsl problcon, th~l of cffuli"" radiillrd power includes lhc 

\'itriationa ol re,occivcd power due to raotion of the• ocean. ·rhus. if the 

transmitter power, fcctllir.c and antenna r!firicncae• arC' known. th~ far field 

car. b~ tnc•sured and C'On"'parcd with nuntP. rous Ht.•ld inten$i\)' charta auch 

a a \.hoaic of rc!t.•rcac-t• z. \'.triationw '-''lll uccur 1i:iC'P the •c.l .;tt these 

Srtqut:ncic• at:t& as"* rcflt.•ctor whh:h unfortunatcl~· ill n'iO\'lUJ! wiLh titnr. 

!£€RET 
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3.2 ( \.)) Sur!<Acf' Wa\'~ Losses. 

~ 

While the aurfo.cr wave atter.u..tion mun be valuat.,d, II may to 

sorne ext cr.t be intepa;chlt- (rnm th.,. above antenna cain proble'm "Unless a 

cairn &ea and a •table platform are uaed. A number of I heorif!o exiot for 

l!tound \.\ave propa~ation and th .. y abo include the effects of an ele\·ated 

larset or r.-ceiv.:r. It •hould be noted, !.hat the purpose o! this exprrimcnt 

is not to develop a new the-or)' but rather to determine the varia tiona in path 

lou so that reliable detections c:an be achieved. 

Norton ('7) has otudicd propa~atu:>n O\'U a spherical earth and has 

shown that there is tti,.;ni!icant variation in field e.trt!ngth o! a surface '''4\'C 

ao a function of hei~ht; he considers l.hree re~ions 

l. ~. I 

h = 0 

h :< (2000/f 
213

1 feet 

h > IZOOO/fl/ll feet 

\\'hen both transmitting and receivinjl antenna (or taq;et) a a near 

!.he ocean ~urf&ce the direct and re£lected wa\'e& can~cl and only the &urface 

wave ex.i.st:r.. The itnportant compon<"nt ia the one lor \'ertical polari~a.tion 

~eoc:ause oi the hi.,:h conduc:th:h)· of sea W.'\ter which ;,.tteon.u.lte• tht< hori:ontpl 

componc:nt. ·rhust the auriar.e wave attenuation approachea the valut>$ a::,l\'cn 

b)" theory !or a pcli<'ctly conductin~: sphere. Barrick (Ill has alao included 

the cff~<U due tu rou~hneu a)'d has published detailed data !or \'lo.rioua tea 

stat!:& and fre<jU<•nciea ... ahown in Figure a. It should b~ noted that the b>.•ic 

lou is !or a aphH<' and not a 1perlecl.ly conductins plane, 

UNCLASSIFIED 
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UNCLASSIFIED 



UNCLASSifiED £0L·G·91> 

3.2..2 !Ul Resion 11 • Medium Antenna Heishto. 

1n this re~ti<'n Norton 
171 

baa determined a height-gain tU:clion and 

it is only nt'CC:Iilaq• to m!lhipl'• trr. Jturface wave field by the !unctions 

!(q 1 ), f(qll dcfin<'d by Norton !or the transmitting and receiving ant~nna 

heighta as shown in Figure 3. 

3.2..3 lUI Region Ill • Hish Antenna. 

When the transmitting and/or receiving anlem.a are high, the 

earth'• curvature af!ecte the field •trength both within and beyond line•of• 

eight poinu. The basic ~tround·wavf! Held strength mull b" multiplied by 

a !actor depending upon whether the path i• line•o!-si~:ht or not. At 

eu!!iciently high altH1 -ies tlle field intensity has been found to decay 

exponcrtially with increasing height, 

At pointa witl-tin line•oi•sight the earth•s cur\';ature must be 

considered since the plane wave reflection cocf!icient is dif!crent lor a curv~d 

aurlacP. than for a planC'. Alao thr curved aur!act" re!lcctil)n cauacs the 

energy to diverge more than is indicated b)' the invcue square law, and 

hencf> a divergence lou l.lctor must be included. 1\ is apparent that these 

{actors a!!ect not onlr the transmitter to tar~:et path but also the target 

to receiver path olnce the targ~l acta aa a radiator after re!lection Darrick(! I) 

has ;olao modelled a surface wave and calculated the path lou variations 

with ua alate and hci~ht lor the Hf' b~nd. His result• ;.,revet)' similar 

to Norton. 
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3. 3 

The evalwnion v! a meaningful target croas•aection !or an .aircraft 
I' ' 

i• diHicultt eiuce a complex tar~et ouch as an aircraft may be considered ill 

madeup oi a large number o! in,d<'pcndcnt object• which scatter c:ner~;y in 

all directions. Skolnik(9) has shown that the crou-uction fluctuation from 

a uaimple" acatterer can vary over a ratio of 4 to 1 which would inlroduct:" 

scintillation in the si~:nal and hence doppler spreading, 

Tar.:et atpecl an~le (TAA) can have considerable impact upon the 

re!lected or scattered HF cner~:y !mpinsintt on th<' tar get, Some ol the 

information available at £Dl. on the HF radar crosa•uctions of aircraft 

and miaoilea ie contained in refeunce• 4 &nc! 5, however, it should be 

emphasized that these meaaurementi were m&de for back•acattered ener.:y 

and may not be correct for ;;.rward or sideward scattering. The diHiculty 

h that the targel area not only aflecta the amount of •equired tnnamilter 

power, but also because the aizea o! typical aircraft And missiles are on 

the order o! a wa\'elenj,lth at these frequencies that the choice oi operatin~ 

!requencr m~oy be in!luen.::ed. Thut, appropriate taq:eta rnun be evalu .. :ccl 

in terms o! the goals oi this program. Some o! their conclusions are: 

I. The line structure (nose cone, tail !ins, etc) with 

dimensions considerably amaller thz.n" wavelenj:th has 

nesligible d!ect on th<> croaa•&cction at any a•pect, 

except in the direction o! deep nulls where the depth ol 

the null is eomewhat allected. 

z. The HF bro:.daide crou-aee~iona oi roclo.cu and laq:e 

aircraft are o! the order o! """"'"1 hur.dred aquare meter&. 

-lZ· 
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UfR!T 

• • Cont inut:d~ 
tii~ulA~~~r i(U 

3. The particular cylindere otuc!ied showed a deep null end-on 

i! the lcncth o! the q·linuer is lc•a than one wavelertgth. 

u the length io creater than one wavclcn~:th, another null 

develops at zo• !rom broadside. 

4. The depth& o£ the above nulls can exceed 30 db below 

lhe bro~dsidc rcr.ponsc:. 

S. The C)'lindcr aspect ratios atudied had lcns;th to diameter 

rati.os 1../D • 10 to lol. A rotatior. o! the cylinder about 

an axis normal to its longitudinal axis and parallel to the 

Poyrting V!!UOr ruultecl in a slowly vaq•ing re•ponu 

{polariution Hnsitivity) with nulla not exceeding 6 db. 

Table 1 is taken from Re!erer.ce Sand showa null$, null depths, 

and cron•aectiona as a !unc:ion o! frequency, Oreal variuions in null 

depths are shown • as well as largt' variations between peak& and nulh. 

For example, the pcak•to•null variali<>n o! the KC·I3!'> show& 2i. 3 • (•I!'>) db 

or a total variati"n o! .;Z. 3 db. It is ol"'ious !rom these results that both 

aircraft and mhviJes prc:Jent •cintillating tar~cts with wide si,::.nal variations. 

lt is interesting to note tha. only two out•of•plane m"asuremcnu 

wue made • these on the KC·l35. They showed ·IS to ·19 db nullo at the same 

frequency, The appo.rcnt croaa•oection die! :>ot change oi~ni{icantlr, however. 

Since the impin~:ir.g RF energy !rom the buo~· antenna will not alwa)'s be 

ex..actl)• in•plane for an airera!t target. an ~'"\'en more t:omplcx null atn.1cturc 

can be expected as the out•Of•plane ansle varies. 

1!CRE I 
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TABLE 1$.![ .. Continued. 
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BISON E Pula riz.ation IS IZOO (mur. 

•18 clb {min) 

H Polariz.~tion IS lo~ (maxi 

-lZ db {mill) 

B.E:AR £ Pol~ riu.tion IS 180(1 (max) 

H Polarization IS 1010 {mOlx) 

TU-1 04 £ Pola riz.ation 15 21 S (m""' 

·IZ to •15 db (min) 

TU-16 H Pola.ri:ation 7(;! (ntax) 

·IZ db (min) 

nenrr X • 

. .. . .. 
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·lmf:! !Ssr·c,l-rn (_0) . 
TAl31..E 1 ~-- Continued. 

; -
n,~·~= ~ I [U 

MIG 19 1:: Poluaution IS 
.. 

~50 '""'"' •• II Pol&riz;uion 15 SO. 5 (m .. xl 

minat•l7db 

MIG 21 1:: Fol~ riz.l\liun 0 3~1! (m«X) 

·ZZ db nulls a 1 ~o· 

II Pol~riution 8.56 I!Jt. (max) 

.z;db nullo at :90• 

&c\'cral null• at 
: qo• 

-
MJG 21 E Pola riz.ation l5 !~~ h~1ax} 

-I~ db nulls! 

ll P->larizalion IS l~. 4 (max) 

min o! • 9 db 

no nulls 
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3.4 (U! Sky .. W.IVC Prop.- ::o~tiut1, 

The Lrcqucncy chosen lor this experiment tnuat be cxa :ltiJ:.ed 

carefullr so that <he disadvantages o! HF propa0ation are minimized. Some 

of the di soodvanta.~ea of us in~ HI-' are: 

1l The variabiHtr o! pro}>.._~;,tion conditlonl.i '~hic:h cuuld 

require chan~cs in op~~atinJ; frequency. 

l) Tho l.arl'c nuntbt·r o! possible propa~ation patho with 

re&ultinb tinH.• c..HspC'r sion of lnt: si~nal du.: to w ultiple 

modca: of propaf:!ation:. 

3! The lar~e and rapid ph•sc iluctu;.tions • 

.;) The possibilitr of hi,.:h intcrlcrcncc raiN due to multiple 

modes o£ prop~,;:d.tion~ 

For example, Figure 4 s:1o\vs the trpica! diurr..:.i vc..ri.:.,tion o! 

the critical Ircqucney &t ont..• !'pc:c.i!ic; lo:..ti\.udc Ancl seet!tOn !or h!.~h :and lc· .... · .;,unspot 

nwnbcrs, 

h lO\\' irt:'qucnC)" is nc.•t·Ucd tu ~..:!below lhC' ni~huin:'-' mt£xiP-lum 

L>sca.Oic frcqucnC\' t!\!t:F), ittH.l a hl~hc:- frt.•Q\.a:nry is Jh.'t'dt.>d in t!w duytlmc 

that is Loth bclo· .. · the ~lt'F }'l"t abovt· the r .. ·,;ion o! l1i~h aUt\orpi:.nn. lrn;..:idt 

in this ti:,~cust>ion of iir~t .. ordcr iactUr!t i.a the :llc-l th;ll ii lov,·t~r u:-~aole 

.. \t tHedium ircquendc:s, it is postaihlc tnat the J!roun~\~dv~· ;tntl 

&kywave ranj.!t:S ovcrlo.t.p with th.: rcsu!~ th..tt ~C'V\.!'f~· iat.ii:~j.: CMt'. o,;.:ur ", '-'nth'"· 

h\O aignals are o! ::omptu·ablc a•upHtudc. fht.• p;,th lc-n~~h h thus a conudl•ratio:-. 

aft ''-'ell as the lrc-quc·nc)· cho1e1~ ior tht• c:\pcrin ••. •nt .. 
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3.4 { l:) • • Continu~d. 

.. 
Where Fie;urc -i showed diurnal \'ar.iations of critic.al {requency a':, 

Ofu.: Jat.itudt: [;:;,r c;-.(' ::('.ltCn o! tht" r•-~l' r, F'1!~UTt' ft t.hOWS t~·pica} \'Ahtt!l O! 

absorption at midda)'. 1'hia is a m•ximum "nd d~pcnd• upon the angle o! the 

&W1 in rcbt.ion to t.ht: hori,on. On !iho:t paths, lhts i:a th<' w.ctu:-t path 

len~:th and not ~he distance alon~ tln· ~olrth, 

ln ordt.·r to c."\'alu.att"' the propt.•.r !r..:qucncies o£ operation. it will be: 

ncccsl!larr to dcte-rn·dnc expet'lnu:nt.dly thC' v.:1.riation in path los a with 

{rcqucncy. C~rtain .a $£Ut1lptions Catn be nladl~ 10 hznit the -tnuunt Of 

experir11c:ntation nt.·c~t·d ior -a tn•na.,:-C'ablc prohratn. fhcst• arc: 

1) Tia~ ret. C'h't"r ~itc noi&c enviromuent ~ud tninin'tWll 

d•:!.t.•<taltlt.• •i;.:nal threshold .iirc ilCC'Iratcly known. 

)) f!t"' Jtr• r.ld;tr \.'T\l:oo6""M'C'liO'ti of t~lfJt,!\.~t •.urcraH is at lca~t 
> 

10 !HC't .. ~rl' .. .;.t .• ,dl 4ipt.~\.t olH;.!h•:io~ 

5) fhc- tnidp~int of tht:' t~ok)"Wil\'C po.th is knuwn ur cca.n bf"' 

pr.,<lict.,<.l. 

b) fht'" ionc&ph<'T4.' n1iUpoi.r.t itt- a.u.t;l"· or stE. van.a.uon c.tn bt~ 

pr.·dicl<·d. 

k) !"Ia• bUO)' •win.: or ,.;t•a ,.,tatt" \\:til not .tift:>t t the nh'.Jtturt·n~:.:ot~ 

of p~th lOl'ltt. 
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3. 4 (l') 

91 The we .. ther eUecU on th<' atmotphcri< relrauit-~ indu 

•• 

3.5 (l'l 

Fi~uu t. 1hows l~pie411 noiae in a o•l<c band"·idth tor a latitude of 

.. o• averascd over a )'car. Summer a\·eu.~es will be a fl!w db higher while 

winter &\"cr.ot;e• will ""'"' {cw db lower, fhe noise lc,·el will \'&ty with 

latitude, howen•r, tht' particulAr r•cch·ing aile ia taxed ao thai more accurate 

noiae det .. rmination• could be made and a aultable correction r.utor applied 

to any experiment.ol re•uiU, 

3. I> ~~sc Hctcivin~ Antt"nn.<l. 

The ttan•millin~ antl.'nn.> Wlll bl.' ey neci.'Uit}' limited to a •in>ple 

\'C'rti,al and •n.a)· br quite •;~o:t co:np•rttd to a \\'avc-lcn~th so that its 

t:Hicicncy as tt. r.1diator ,,·ill t..c lov .. ·. Tht.• h.·t·csvin~~ .oant~.·ana c.:ta be quite 

(;!iici(•nt provit.Hn~ the- chOf.t"r. fr~<CJut.•nc'/ is not tou low. 1Jc:pctod1n~ upon the 

ttpati~l scp,;u·~tion of arrivin~:, si;:aills iro:n n1orc thAn ora.• b'.Jor. the rcccs\'in~ 

:.. ntc-nna rna}' h4ivc to be rot.ltubh• -- ur r.:~n::.t~t ,; " sh .. «"r~!ll.: arra}' $0 th.at 

O?Unnun tct:civinj.! conc!iuons c:a.n c)o;iJot. Jhe better Uw rcccn·in~ an•.cmn-1~ 

the !:rcator th•• dcprcHion ol the 1.1:•·· 
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SECRU £DL·0·915 

Section 4. 

4. EXPERIMENT D£510:'-J (U). 

Becauae the end muau rement o( this expcrim.,nt ia related to 

doppler ahift, it becomes app.rent ~hat a slow moving ''ehicl" -· tuch a• a 

surface ve!lel •• le of limited use a a a target in e•·aluating path lou, tn 
addition, a helicopter platlorn. io considered leu duiu.ble because of low 

•reed, u.nk.nO:wn eross•aec:t.ion. and rotor modulation effects. A rclativcl)* 

high apeed alrcra£t ··up to Mach l a a a target vehicle •• appeare to be" 

viable oolution, but h oubject to 1ome contrainu. The aircraft ahoulcl be 

large enough to tliiUre an adequatel)• large cross-section, .and ior over•water 

opcratious It should b" multi•en~:ined. Sine" the tar~:et Ia pauivc, it need 

not reqwrc more than a ainsle ae•t aircra!t, auch u thr F·lOl, The cross 

uction o! th" target aircraft •hould be known accurately !rom model 

measurements. 

To cover t.hr. efleciJ o£ diurnal variation, !lighta mutt be made 

often enough during .. very 24 houre to provide su!!icienl •lati•ti<:al c!a:.:.. In 

addition, ae&aonal variations require t.hat experiments mutt also br carried 

out 0\''" a period of monU.a ac that uaoon.ll c!£eeta may be taken into account. 

lt may be pouible to linearly interpcl~te for vatu"• over Ienger period 

. d!rcta tuch a a aunspot number variation, but thit is mere conJ•cture at this 

time. Additional atucly ia needed to determine the lcn~th and !r"'juency of tests. 

Since U.e target aapect &ngle is a vital parameter, n>any !li~hl 

p.>.tht may be necuaary ·• at cliflerent altitudu ·• to pro\·idc suificier.t 

statiatical d.ll.a which may be prceeaaed to pro\·ide meanin~:ful r .. oulta. Th<• 

aircraft ahould be £lawn in ccnotant radiua Cirelu around th• buoy to prc\'ide 

general contO•Jrt, Croto·hatch !li~hl patha can then be uacd to provide t.J,,. 

SECRE I' 
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4. Continued~ 

variable aspect an~lc diOta a a well as ptO\'ide check points w~er~ the circular 

;>aths are interaected. A~ain, it ohould be reali&cd n.at thue flig{u must 
- •. 

take place at several different altitudes and should be numerou• •• poutble to 

provide a aufiicient data ban lor st.atiotical anal)' sis, Rc!err.nce to Table l 

included earlier in this report shows the larger value• d. crou-ocction are 

180~ mcteuz so that an auamed zom2 in the cq,uation below repreunu a 

worst caac .. 

The reflected p.:w.-er can be expruoed as 

where: 

p : 
ref 

PGa 
t I 

I41!Dlz 
(3) 

F ref = Power reflected !rom the tar set 

pt • Power of the transmitter 

c • Gain of the transmittin.,; antenna 
t 

a = T .... r~et cross section 

D = Oistanc:t- fron1 transmitter to tar~et (same 
units ao ol 

The rc:flccted pawer (P !) Ia cakulat'ld Ior \"ariou• distancu Din Tablo 11 
rc 

assuming an cUe"ive radiated power (f' C) o! 1000 watt•, Table U shows 
t l 

the lar~e variation in reflected power wilh disto.ncc or volume o! co,·cr,..:e. 

I!EP\E I 
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Ni'UT 

- • Continued. 

TABLE U. REFLECTED POWER FRO:'>\ T .. \RGET. (UI 

Oi olanc e in Miles 

~ 

5 

10 

20 

so 
100 

Reflttcled power in dbm 

-I~ 

-18 

-~6 

-n 
-38 

-46 

-sz 

A aketch o! the b;uic propAgation modttl Ia shown in Figurtt 7 

below with variou& portions of the path labelled. 

I OIIOSPHE~E 

---=:::-:== ---_· :....=;::::-= 
II.ECEIVINC SITE 

Fl~:ure 7 (U) Skctth of Duic Prop~ga!ion Model. (t:l 

'l~~~l~·sstclr:D SJCA&T l.iiVll P. r [ 



4. ..... Continued. 

The following equations apply to this model. 

P " T • L
1 

+ G : E:RP (in dbm) 
r p osa t 

.. 

L = Surface Wove Louea 
ew 

: Powet· Incident on Tar get 

P l " P, limes Target Reflection Coefficient (oee Table 11) 
re l 

L k = Skywave Path Loss (induc!.ing ionospheric losau) 
• y' 

P. = Skywave power ineidc-nt at receiver antenna 
tr 

P = P
1 

time G •Total Signal Power &t receh·er(P. ~G in dl.m) 
a r r tr r 

P = P ·L +G 
a ref sky r 

141 

P ! = (P
1
1 (Reflection Coe!lici.,nt) where P. = P ·L (5) 

re 1 r aw 

Note that this d<Jcs. not take into .acco\~nt receiver noise figures. b~or.dwic!ths. 

nor intcrferll!nre. The st.anda:d lop.arithtnic !orm !or frcc•:.pace transrnusion 

loss- L between two isotropic antemnaa is siven b;t: 

(b l 

where 0 is in miles and! is in mcsahuu. Path to .. cannot be le••· thar. the 

!ree•opace lou eo that one ean, alter =-:or ton 18 ), ~tate the !ollow;ng: 

L = L • '.i • G +A 
tran.s t r 

wh<:re L • !;)'Stem Transmiuion L:>u 
trans 

C • Ci • Tranamittin.c and Receiving Antenna ~?.,ns above itotroplc 
t r ! 

A = Propaltation path lo&s relatin! 10 \h«" frec:•t.pace value 1... 

s.ECRET 
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4. •• Continued. 

1n caaes where it ie posaible to determine the cUectivc values o! 

transmitting and receiving antenna sain, equation (7) n1ay be used to .. 
determine the value o! A. It becomes impouiblc, however_,, to upuate thr 

antenna ~&ins under CCnditiOnl u{ Hfullipath io~e~phe!'it' rronfl;.,gation. \\.'ith 

multipath propagation the only vatu ... that can be mcaau!ed arc P and P , 
r " 

Thus, one muu be aatisfied with only an uvcrall tr~nJ>nlission path lo~Eo valu;. 

To aee why thio is so, let d. denote the diuancc and a. the volta.-e 
J J 

attenuation !actor correspondin~ to th~ j•th ionospheric path. Let ~ . and 
tJ 

grj denote the powc:r gains of the trausrnittins t.t.nd recci\'ing antennas it:r 

this particular path, The &\'crage 1isnal powN a,·ailablc !rom the rercivin~ 

antenna P , is then (from !-;orton • kd. ~): 
a 

p 
a 

m 
= p ).;a:!: 

r 
j•l 

l 
ill. 

J 
(8) 

Thia is the ~enerali%ed form o£ equation (7) above and is oht~ined by summin~ 

the si~nal powers avaiJ"blc l1'Ctn tlw separate p~th5. lt ia hnpo$si~lc to t..>Xlr • .H:t 

the transmitting and re-ccivillb ~air.Jt !ron1 the .sumnution sjJ!n• ~nd ~o it is 

in1possiblc to separatr out either an invcrst• rliot.a.nc:t• £actor, £RP, or the 

rcc~ived field intensity. 

Referring to Fi~urc Z and Equation• (.;)and (5), it appcaro th.ot or.• 

collld mea•ure (or calcul .. te) both ERP and the •urlarc wa,·c lo••• L • fla• 
!iW 

fisurcl given ir. Table ti thow total reCl<"ctet! power. 1i it is: a~sunH•d tho\ 

thh i• equivalent to the power that ib r~ill"Ctt-d tvv..ard the iunoa.phcr<' ln tht: 

direction of the rec:.eLrin~ •he, then the tar~f"t c•n be C'-'il•id~rcod •• a ·•viri:Jd.r· 

transmitter with tho!lle values in ·rabl~ U 41!' l!~t' ERP. The a.K}' \t.'.C.\'4:' h,,u; .• 

L , can Ue calculatrd by &tlaumina,: no "tr-.rr 1.,;~~•~• trtan thf" ir~t··!op.tcc.~ 
•ky . . . 

JiURET ·........ 
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4. .. ,.. (:f""ntinucd. 

low b. fhi• would Ue Appruxi.n.:..hd)' true fur ni.,;htUtnc C··nditi•Jtj!fi• but .an 

"lJ.lorption l.-c.tor wuuld havC. to bt" addC"d lor ony poruon u1 lh<' path whah a 

in dayligla. 

the p~th lou ior 100, ;oo, 1000, and 1500 n:il<' •kywavc di•t•ncco lor a S Mn 

tr&ntuuisaiun fr.,•tp.u.:llc)·• "' r v!.~t.llln the iJH. ~dt>hl •krw•ve a..il.:nal power ta~nd 

at the rt-ct•lvin..: ttite (&t'c I'iii.J:lc 111). 

fAUL£ !ll (l') I~CIOE;-.; f !iKY\\'A\'£ SIGNAL I'OWEH tdlm1) (l) 

Tar~cl J'rana.:niaiion Uuuan~t..·e an ~hh·· 
I:: HI' 
dlun IO<J SJ:O !')·)\) 150\l 

... JZ ·Ill< -1~1 -In ·Ill 

-I~ .. 1,! 3 ·IZ7 ·Dl -1.1; 

·ZiJ .. J.!l ·IH ·I-ll -H5 

• :..! -1.:7 ·HI ·1·1 7 • !;I 

·3~ •IH • 1·1 i ·I :t ,~ -l~f 

·4v ·I-! I -I;~ ' ·lui ·lt•S .. . ,_ ·1·1 ·; .. i•>i ·I o 7 -171 

lndudt.•tJ Jn ti·.c• ~LHY'H! :.ul-· a \II\.' iiS!>U!Up~lVU u{ ol U:1Jo:)t• ft.Jp •kr\\.';l'•'* pt-.1Jl.l .. 

J.:ctll•m uuuJc .atJ well o.&& au ..srLHlraq· 1 diJ iull!J rh.h• to aut>vs~h~.·ru: rdlt·t tl.'n. 

!"ld,. nua.br.r ia c:on!flt•r\·ativt" ••n·"~ it d'-•J.tcndt- upvn lil1,.• n·ih·~·uun "'udu"-"u·tll 

of tht" iunot.ptH!Tt<, .:~nd ..:u'..ld :.u.: •h:~oa:u-.~;J.lir hj~ju,:r \1~1). ~~~ o.CthlhlJl "'''f 

"'..: ~~ .. 
9E&R!i 

--------------~-----· ~ .. ~ 
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s. AXA L.\':iiS. 

;\~ nu:ntiom.•ri he!ore.· •. the p· • .u;H>:..t• u{ Ul1/ ('Xfwnu • ..:J~totl prv,;:-otJt: 

is to dcvt~lo, $)'1i:.c.-nu spN.iiir.ation,. fhcr,:!crc. the Cata t•k~n at best 

repr<>~t.'-·ntto ... \:t~ph· poinu Iron1 til.-; tot.1l po:;.e.iblc v<.~riution lor \.ht· vario11f-. 

portior.!lo vi!!;-..· r:·,odcl. h will thrr. be nc(.'l:t&ary to cap'll)' stant!a:ri !tlitU:-::~,..1 

t~(hniG,~lC'i to c!"•h·;· ... ~n~ tiH· nu::an \alt:cs and lht• \'&riou~ p~rccntllcl!J abcHt 

\he nu:-.h.. This in turn cAn b~· rcadHr tnua•lt~.tt.·d ir;to th\! n:::.:;:·c· t:au;zl 

p~ran1cters of ;>ower, antenna .;ain, volwne oi co\·cret.e,t'!. ctc:4 

ln additior., to the usual.anal;·sib. it wlll be nc'"cssarr to e»•n.;!~""· tb~. 

d..at:, to t.·\'alu.,.tc v.·h<"th~:r dcprlltl!'ncc c>;.i.tots un th•· ·. advu~ purlat;:h oi tlu· ?a~:·. 

since it is quite lik<'l~· thal ~n\' srst~m would rC'quin:: a -.u:.trul lir.k in oni"·r 

to n1aintain optinnHn pa ranlclC rs whil(" ~crornntorlatin~.:, th I,:' kr.u'>vn na :-i:,!h. :u it1 

9£CRE I 
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I EGRET 

b. 

l. 

r··t )JTU\i<h• ... ld .. dlac;h·ntly :-t..al,h• ~i;:ncd witf, lh:.c. In a .. l prul,...:b.i:ljly, t&l h.'.a~l 

l\I.IJ irc'iU1.'1'iL"h*;, wHl lu..· lh't·\·~•~rr .... vn'-' Cur 'd.l;-thnt· Ubl* a ad ma·- iur n1,:::tun ... ~ 

II \' • 

' .. 
P.iniadz.t.~ ..-ny p. ,,.sible ~'-'li-it\lC'r{l·n•nt·t• pr..,hlt.·t~l~ .... i. t· •• t:;c ~round\\ av<' 

4 OYt•r:tj.!l' oit\' ... tliUS\ JH.It in• iude th\-• r~,.•c•·ivtn.: !'!lh·. Out lilt' fli<'{W&\'t.• p.t\L 

.\. r.J r..:• 1 ,.\~i'''" 1 At:...: I~.· 

C.tt.s wf.ici: \' .• t~ Ud.;.,•n lH Uu.• h.~J't:.'l')l~t:t! p!.uH~ • .-\:. ~u~-i; oiJl)' Uu.llll~4.i plO..H\.' :;;.;11:

un· t1ut plvth·•i. t:Xt.,:plu. 1\ul ,,!:rot'" .. m liH· i\c .. l3~ <tlr\.·ratt. Slt~t..t• ind<.!t·tH 

i\F' t'l·t.·r..:r ·•:. ;~a· tut·~...t wlll hdt u.b,o;y.:- ,-.. u ••X.tdly &II uu: ,.,;fiz,mt •• J pl<.&nt· 

SEIRET 
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b. - .. CvtHHt:..ocd. 

b.. Ah1thd•·~ • l'>t'vt.•r.o.:l ahit'..ldt•b fur l.ht- \.ar.,:c:t \\'ill be n'-"t't.•&:.aq• 

bt:cau!-tt.• \he.· itdd ~trt•J;,:th lt U"'th ..shnuUe ttnd ht•qu~·uc~· :ttt'ntoiti\'e. 

poto!llblc r.an~t·:!t oi tol<'t·an<:"t' wdl l>t' an.•«.h.·.d in 411l .. irt·~,. 4)! lnt!Jlena·r~t-..uv~. 

not onlr to Jize n.,9 el'p·~..·rinumt. but to JUd,.;c.• it.s u~~p•ct on the coll .. ·c trd Cat•. 

10. Jntt•rit·rt•tH':t• • Ht'"' inh•rit.•rcnct· i• 4 t:rt.·o.l unknown q\;..ir.tt:y 

since it V,irielio contid\!r-"b))' troHl hvur to hour .llhJ c!a.;· tc.- day. lt n;•)' n-q~•irt.• 

uu.>rc than jubl two frl'GUI.'Jh.-ict. lu condu-.:t thr t.':r\J.h'ruuent. l'iiin~ l.i.,:ru.·r P"''""'t•r 

UERET 
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Sc:-c!ion ; .. 

7. HF:CO:-.l~lE~DA rlO:->S. .£ 

In atununitr~· il is rccornn'l:cndcd that the propost'd experimet~1al 

pro,::ram be acc:ornphbhcd in (our phat.Cia Flrst, an~J.lysis and nlea.at.:.rem:cnts 

a rr needed to ev.a.lu.ate- tht.• couphnt: between the buo;·-rnou.nted transr.~itter 

and th~ tll'rface wa,·e which, of couruo, i1 vnlicall)" pol<>riz.ed. To do this, 

a \·ariablt" frequency tr"'nan1ittrr will be operated with & shore rcc:rinng 

station to Jnini~'li:e the- variables. 

Second. add~tional an.1lyt.i1 will be n1.1de for torcc~ cross .. aecticnal · 

area. This io best accomplioh~d b)· modellin~. :-.lode! e><perim<"ntl will <olso 

be conductec!. to r,·aluate the diHert>nce between bacj(sc.a:.tcr ... r.t! .Cor,~.·•rc! 

scatter. 

Thirdf the path loss must b~ ev.alu.:itecl. ro do this. an airbor;:t" 

transnutte: will be u•ed and both the sky wavtt via thtt. ionotphr-re .and the 

s":Jdacr wave will },c ln("asutt•d. ln th~~ phase, su.iiicitr.t -d.lta n1ust be taken 

to \"ai.ic!.alt" the the~retical results of previous wo:'itt'rl (~. 3, ;. 8 and Jl} 

in order 10 all prl.'dlc lion o{ tim<' "'·ailability wath rea&on~l>le accuraq·. ~lodo> 

and !r-..qutT.c)• D! prop:a~ation will also be optirni:.cci d\:ran~ thit phase. 

Fourth, a prcHn1inar;• •ys..tent "ill be dc!ine-d A»'* rt."sult t.""i the 

above iu\t:ij.li._;illiont,. fhis dcsi)!r. will incl~de covtt.rat:C' Area. control 

r~quir~n.-.mu. and •n tt.Stim.ate oi detection pro~abilHy and !ale,~ &l.a.r1n r.'ltt". 
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ABSTRACT 

Tblo report diocuues an lnveatigation of the 
fea.oibility of defending ourface vcu~lo aRainot 
low-flying threats, Va.rioua modeh a"~ tech· 
nlqueo baaed on them for the eoUnution of 
threat trajec:torieo are derived uoin~ a. poly
ctatlc: radar approach wherein tar~tell are n
lwninaced with ol<ywave and ourface.wave mode a 
and l'eflectio:>o are received by a ohipborne 
receiving oyotem viA the ourface-wave mode. 
Two of the modeh were tested via 1lmul1tion: 
a two-transmitter, one-receiver (double baae
Uue) caae and a one-tranamiUer, one-receiver 
(lingle baaelinel caoe. The reoulto of the in· 
veotlg&tion in<!icale that oC the modela teot"d 
only the double bui!line approach may be a 
feaoible method. However, further an.alyoio 
h needed before a final concluoion can be 
reached. 

Two confi~~Uratlone that oni~ht be Ceaoible for 
the ohipborne hardware , . .,quired to perlorm 
the azimuthal and Duppler m~aauremento arC' 
diocuooed: the multiple·baaeline/pattern· 
reco~tnition oyotem and the owitched linear 
array Doppler direction finding oyotem, II io 
condu~ed that the relative advantage• o£ the 
two ayetema ahould be inveatiaated to oelect 
the one moat appropriate to the tpeeHic appll• 
cation delired, 
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Section I 

INTRODUCTION 

I , I 

The d~teetlon o! low-ClylnR thrnta to aurface veo oela at a 
ranp:e ou!fic:lent ta. 11ive ueeful warmn~ time and tracking information h a 
problem which m-' be tolved I! lhl! aur!ac.- navy Is to turviv.,, In detectlnR 
theae threa.to the ...,..,my muat not be ltiven the opportunity to uu 1 imple 
direction flndin111 t..::hnique-a to loc&t<P Cl<'el unit•. Thua, It It deairabl<' that 
tar11,d detection no& require radiation from !he fleet and that the fie<'! operate 
under complete ele.c:tromaanetlc: c:o>atrol (E:MCONl. 

The feaolbillty of uolnR a hyhrld ltl<yw&ve/aurface•wavel 
1yotem to help oot- this problem hao het'n drmonotrated ao part of the 
MAY DELL Pro~tram. In thio <:onc"l'l, tbe tar Ret Ia 111"-""i...Ue<l. by. okywaveo 
from tranemitterw «.,ither ohipbor- or IAnd-b.,..edl located at over-the-horlr.on 
(OTHI ran~tu. Su.ri&ce wavea whic&. propa.R"t.e from the larjlet to a rec~ivinjl 
tytlem aboard & a!OJ.p permit detections to be made even when the t&rJ!el io 
below the llne-of-ailjrht radar hori•on. 

Experimenll f""rlormt'd at Cape l':~nnedy, Florida, with 
a thore-baoed rt'c:ri•·inJI alation •inmlAiinll th..- shipboard environment, a 
Navy P3V a.ircrllft.- a. controLt .. <! tar~te-1, a.nd illumin"tion pr,.,vld~c! hy th• 
MA IJRE (pulse! Midi CHAPEl; !IF: J.L !phase code I trans millers, loca.IC'd 
reapectivdy in ~t.a..,.Land and Vir~til:lol'a. have shown the technique to b" fruible. 
For moot of the ftii;rh::ls of the lar~t<'t ita altitu-d<' wu ZOO 1..-.,t, and detections 
were made at ra.- u Jlreat a& allll• kilom..-t"ra lkml from the rec<'lver. 

I. Z ltJ) j1lf FF.ASID!I.ITY STt'I"'Y. 

---------------------------------~ b .... appllcatiiall tof th<' hybrid·•v•tem, rle<'t alr-def .. nae 
technique, a leuiloillty etu<!y und"r Project AQUARIUS bu b!'en conducted to 

·determine the prac:tliotallty of defel!lltlilra t ... e Mediterranean Fleet &J!ainet low 
ClylnJI( alrc.rdt and C'ftloe mioellea ..,.iinll over-the-horbon det .. ctton IOHD) 
ekywave--au:rface-wa:.'C:'~ and •ur£ace-wave>••Burface•wave t~chnlque• .. A 
parallel e!rort withinth!a atu.dy waa ID d<'ll!rmiru• if limple C')nt!nuou• W:lVf' 

(CWI ratbl!r tha.n ~e code tn.nenu•olon• could be ua .. d which miRht then 
reolilt In • tlmplel'". more mobile a,-..tem • 

.. 
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··COt."T'U:UED. UNClASSifitU 
It waa determined that ahore-baoed HF tCWI ooureea 

could be uae-1 for akywave and aurface-wave target llb:mlnatloft and ahlpboard 
· rec:eiven uaed to detect the aurf&ce·,..ave Doppler ahlfted alsnal ocatterl!d 
by the target. Anumtna reuonable power& (IO,OOCi WI. vertical antennae 

z a.nd 100m crou acel!::::;:, :. t:r~:d detl!ctlon rang<! of a;oproxlmately 100 lcm 
fr am the a hlp II typical. 

Although the lloppler detection provldu aome Information 
about the target velocity and dlrec:tioft, becauoe of oymmetry, tara eta Oyln11 
near the traftemltter may give the oame Doppler ohiCt ao the>u Oylftll fte&r 
.the ahlp. Thuo a meant of <!locrtmlnatlnll between threatening and non
threatening tarReto may be aa IMportant aa detectinll the tugeu themo~h·u, 
at OTH ransu. 

T'1\ll report dncri!>ea the derlv•tloft and preu•nto almula
tlon r•oulto for three ttralvht-fcrward teehnlqueo which allow OTH target 
detection and tracking while maintaining EMCON, 

1.3 SUMMARY. 

Derivation• have been made of technique• tc provide 
location eatimatea of low-Oyina tarJiida uain~t a polyotatic radar approach in 
which the targeto ~re illuminated with olcywave and/or aurface-wave mod"• 
from a. land-baud HF CW tranamitter and the reOectiono from the tar~tell 
are received bv a ahipborne receivln~~: ayatem via aurf.~ce wave .... ode. The 
mode II uced have bee!\ examined for two confiJ~:Ur&tiono· a. two·tr&nomitter. 
or.1:-receiver fdouble baaelinel Caae and a one•tranarnitter, one•receiver 
1aln~le ban line I eaae. For the double bauline caee two modeh were de
veloped, one to npreoent azimuthal o.nd Doppler me•uurementt made at two 
different time pointe for each baoeline and a ucond to rerruent a ain~le 
aet ef meaauremento Cor each baaeline. For the ainde baaeline can a third 
rnadel requlrlnl( two aeta oC uimuthal and Doppler measurement a waa de-
veloped, · 

The uccnd and third modeh were oimulated for alrcralt 
detection In the Mediterranean Co:- two a:tuationt: one in which the aircraft 
Olea directly at the ahip and a aec•Jto·! In which It Olea at an anale of 10° 
from the ah.lp, The inOuenc:n of bearlnR torrcr meaaurementa on the trajec• 
tory eoti~tlon were e>:amined. 
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reooluUono of 0. I 
feaol~le. 

Implementation .:onaldenti'O'ft11 Indicate tilat n.>,.pter 
H& and azimuthal accundeo of I.~ :!e~tuea JL'tl!S arfl 

Two cunflguratlont··lhe multiple-baullnc/~:r •• 
recognition oyotem {MB/PRI and the owitched linear array Doppl-e-r direction 
finding ayatem CSL.A.DI- -that mi11ltt be feuible lor the ahipborne har<lwan 
requl~ed to per Corm the adrnu:hal and Doppler meaourementa ""' dinuaud. 

I. 4 lv) .JB'I CONCLUSIONS 

The reaulto of .the ir.vutiaation lndic ate that the double 
baaelln• aporoach wmoreln a oin-111 .. e..t of meaauT't'mente lo made fo,. each 
bauUne lo auperlor to the •'nf!le ba.eline approach. 'l·he ne~""'"""Y 
auumptlon required by the air>gle bauline method intr,..ducu larr,e errora 
in practice and malteo thlo formulation of the method unarceptable. An 
utlmat!on accuracy: of 1 km in r&'l\1<1!1 ia 11d•t•vab!e for the Ideal double· 
baullcoa caaa where there are no rneaauren.ent errora. Inaccurate a:r.!mu
thal meaauremen~• reanlt in ~tr~atu error a In ran~e utimatea tba:a dt' 
lnacrurate Doppler meaourem .. nh. A preliminary error analyoia i-ndicr.tea 
tl\at error a oft 1.0 lD bearing meaaurem~nt •eault ir> r~n~e errc-.ro -of I • S km. 

From lila forc«c.i"''t z,e-ulta it &e conch•ded that tlte do•.>Lie 
baaetlne approach appearo to be a feaalble method for eotimallnR n,e location 
of low-nyinl aircraft uoln1 a polratati~ HF oyotem. However, ad:!lii.iior>al 
analyala io required tn 

Ia! detailed error analyolo or tht- double bac ... lil'>e 
{olnale meuuremer.tl methorl, 

Cbl 

(cl 

(dl 

a almulation and enor ar>alyaio or the m:...ble 
bate line (multiple meaauremenl! methoil, 

location eotimallor> or blah fly ina aircraft! 
m~oailea (the ca.ae lor which a flat eartb and 
two dlmenalonal model ia r>o lon~ter •·ahlih, 

oyalem deol~tn for implemenlinR the double 
baaeline (ainale meuuremer>ll method, and 

analy.ai·a .. of other Llrnu.~!-ationa of tl•e tingle 
baaellne approach, 
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It Ia aho concluded that the two poulble ahlpbnrne hardw•re 
ayatema ah~d t.. further loveatlaatod to aele.:. the one m~•.t ap,.roprlate to the 
eJHcUic appllcatlon dealred, 

I. 5 (UI REPORT ORCANIZATION, 

Thlo report conalale of four .. :tione, The nut preaenta 
Introductory backrround lntormatlon concerftln11 previove work done on the 
detection of low-Oyina threala to eurrace veuell. It abo lntroduc•• the 
leulblllty etudy deecrlbed Ill thh report and alvea a eurnmary or the atudy and 
ihe.conclualona reachec!, The eeccnd eectloa deacrlbea the modele uaod and 
dOe clerlvatlona of the .,.rloua techlliquea, baaed on the modela,for eatlmatloa 
of mlulle/alr.:r&ft trajectoa·.1... Sectloa l dlacuuu the ahrulation aad teatlna 
that wae performed on two of the modele and pointe out aourcea of err .. r in 
each. Eetimatee of the eflecta ofar£"ore In tha meanrod parametere on the 
renlte are alao liven. Finally, S.c~,;,n 4 dhc•uaeo waye of deela.Ua1 .·nd 
conetnacllna the ahlpbc:rne hardware required to provide the ulmutt. • .• d Cop· 
pier munremenl information oeceuary to the appllcatlon of the derived 
teclut.iqw •· 
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S•cllon Z 

lli:IUVATtON FOR AlltCRAFT TRAJECTORY ESTIMATION 

Z.l GENERAL. 

At d•ocrlb•d 111 Sectloft I, protectioft of the fleet aaalftat 
low nylftl aircraft and/or crulu miuilu may be accompllahecl ~aaln11: a 
l>letatlc; radar with a ehere•baoed tranamltter for taraet llluminalioll combined 
•lth paulve ahlpbot.rcl receptlo11, I" fact, over•the·horhtoll w&rlllllll may be 
accompllahed without a clive thlpooard radiation (1 •••• with electroma~:netlc 
.co11trol, EMCONI, The technique• COII&Idered In thla ttudy appear to eHmlllat• 
two fu11damental problema a .. oclatecl with CW-Doppler blatatlc radar· 

a, Tara•t tl1£ftal amplitude 1 lvu llO llldlcali.»ft of whether 
the tUid Ia our the tranomltter or the receivin11 , 
ehlp bee au tie the bluatlc radar ranae .qua lion lo 
eymmetrlc about the trantmitt•r•taraet and receiver• 
taraet rang••· 

b. Sinsle Doppler rneaounmenu alone cannot provide 
unambiguouo tar~et location ainu• ain~tle Dopplt'r 
rneuurt'mt'nta have a {our-fold location ambi~ulty 
cauud by tht' eeometric aymm•try b"'"'""" th~ 
tr-an•rnUter, t'eceivet and t&rRet. 

Three uparate duivaliono will be ~tiven d•acribina t,.chniqut'o 
which rr.ay be uud to locate and track low flyina targ .. to which may thru.t~n a 
our{&et' Oeel. 

l. l (Ul MODELS tTSED. 

Forth~ two-dimer.oional (flat 4.'&rth, low Oy!r,,,J altu&tion 
be ln11 con a ide red h., re, two (leomett lu are worth ir.vutiaatlnl!: a two
U'&nomi\ter, one•receiver (double banllnel CA&e and a one•trancmitter, on•
recelver (aln~:le bu.,llnel caae. Forth<' do~:ble ban line caoe. two mod<'lo 
were developed. One model nquireo that, for each baullne. azimuth and 
Poppl<r muouumenta be taken at two different time points. The other 1 •od•l 
r.;qulru only one admuth and Dopplt't meuurement for each bu<"line. Th• 
seometriu for th.,.e two modell are llluttr&t4.'d ·In Flaur.,, I and 2. Th• 
• inale buellne model uqulreo ••imuth and Popplt'r mnouumt">tl at twn 
different tim" j>Ointa: the ll"ometry for thlo model it ohown in Fi~ture 3. 
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z. z (UI --CONTINUED. 

or the three modelo. the lingle ban line cue il the moot 
deolrable from an operational point of view becauoe it require• monitoring 
only one tranomltter. or t!>e double buellne modele, the one-meuuremenl 
caioe lo the oimpleot and the eaoleot to Implement. The futlowin11 derivation• 
deecrlbe hQw trlljf'~tnry lnfa-rrnatlon mar be obtained Ulina each Of thele 
mod~ I•. All mo<lelo auume that the aircraft of lntereot hu conotant velocity 
and direction. Flat earth aeometry io aloo uoumed, a valid oimplificatlon 
for low Oyln& taraeto, 

z. z. 1 (Ul Doubte-Bueline, Two-Meuuremento Model. 

Conolder the oingle buellne. one tim• point oituallon ohown 
In Figure 4, where a vehicle io moving at an unknoWft v•loclty G. the distance 
between the tranomltter and the receiver 11 auumed kr.own to be 0, and the 
tranomltter 11 broadcutin11 on a lo.noWft wa'lelength l. The a&lmutb angle 
of the taraet at the receiver, a, and the Doppler ohlft, l:.f, are meuured. 

written u 

/:i.( 

The received Doppler ohUI for thio 1eometry may be 

" u " = __ ,,. 
l I 

u : • l (COl 6 1 +COl 6zl 

Angleo e
1 

and 9z can aloo be written: 

e1 = qo +a + 6 

e z = qo + o - 6 

Therefore, 

l:i.f = !} (oln (a+61 + oln (tl-61) 
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Figure 4. CUI Varlablu for Double-Buellne. Two
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Z. z. I (Ul -Coat.tnued. 

A lao, 

-1 (a) 8 • tan b 

= tan
1

• r~ :~] = 
~ tano 

tan ·I ~ a tar. " ] 
0 tan a '"'a 

U there are two tranamltter geometrlea. which a hall be 
diatingu!ohed utlns aubacrlpta, then the Collowh13 three l!quatlona can be 
written: 

Ill 

(ZI 

and 

Ill 

where ( ia the angle betw""" the two bul!llnea, ao shown in Figure 1. The 
value of t may l:.e calculated becauoe the coordin&IU o( the two t:ranamltleTI 
and the receiver• are auumed kno..,.., 

. U additional azimuth and Doppler meuureml!nta are made 
for thue aame two geometriu at aome time ~~ later, then tour more 

·equation• can be written. Thla set nf equation• Ia diotinguiahed by a auper· 
acrlpt prime, 

{ t 
1 ( "t' tan °1' ) lllr

1
' = !t- oln (a

1
'+6

1
1 + aln tan" D , , 

~ 1 1 
tan a

1 
-a1 

A! • 
2 l f ( 't • U ·I "z anaz 

"-;- a in (o2• + 6 21 + aln tan 0 1 
, , 

•z z """'z ·•z 
·II· 
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Z. Z. I (UI --Continued, 

a . ~ 
I 

(61 

(71 

The laat two equation• are a reeult of the conetant velocity 
aad dlrecti:on auumption. All eeven equation• can be combined into a eyatem 
of four equation• In four unknowt.e by eliminating 6

2 
from the equation•. The 

reeultl are: 

~f , 
I 

where the F
1
( • I are different functions of the argument parametero. 

The unknown• are u. a
1

, •z and 6
1

. The meaeuredquantitif"l are n
1

• o 2 ', 

A!
1

, Af
1

•, .11
2

, and A£
2

•. The quantitiee k.nuwn a priori are 

~I' ~Z' lit, and t. The above eel of eimultaneoue equation• may 

be oolved for the unknown• and the ground range from. the recf'iver to the 
target could be calculated by 

Although thle procedure yield• four Independent equation• 
which may be eolved (o)r the target poe ilion, a elight reformulation of the 
problem can reduce the number of equallonl by two ae deecribed below. 
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z. z. z lUI Doubi~-Bueline, One·M~uur .. ment Model, 

The verlableo for the double-buellne, one-mcaa .. nment 
model are df'fined In Figure 5, Aa in the previo"o cu .. , the tranamitter• 
receiv .. r dlataocea, o

1 
and 0

2
, and the tranomitter wavelensctht, >

1 
and 

l z• are auumed known a priori. The a•im.,tho. o
1

, and o z• and Doppler 

ahlfta, ~r1 and .l1.
2

• are the only quantltln r"quirin11 measurement. 

From another form or the Dopph•r equation. 

Ar
2 

= 

where p = dp/dt and h
1 

= dn/dt 

From the Jaw or COl ine•. 

10 

181 

Simil,arly 

(p'p. p02 co• "z • pD2 ir 2 ain "z' 
Z 2 Ill 

tp • oz • zpo2 co• •z' 
I 'II 

Note that ir
1 

= o z = a, The quantity C. can be eatimated uoin~ th• pr .. viou• 

a>.imuth meaauremento ao follow•' 

.. 

[a1(tl • a 1 ft-.:.tl)+ [u21tl • "z lt-~11) 
U•t 

-11-
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J"lgure 5. (U) Varlableo for Double-Baoellne,One
Meuurement Model. (UI 
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z. z.? (UI •• continued. 

Now define 11
1

, q
1

, r I' and a1 u fnllowa: 

Tbe quantltlu hz, 'lz• ~"z• and •z are •imllarly defined, Equation• !81 

and (<Jl CM tbett be written u 

So Ar
1 

can be written 

Similarly 

Solving (or (>, 

i> " 
1'~z11z + P'z' 

• Chz + " - r z' 
II Ol 
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z. 2. 2 lUI - ·Cunl inuad. 

Alao, 

(Ill 

Equation• (I 01 and (Ill form a ayotem of two equation& 
In two unknown• (p and pi that m&y be tolved utilla otandard iterative technlquu. 
Note aho that, for thit formulalion, the auumptlon of conttant velocity and 
direction are not neceuary. 

z.z.3 (Ul Slnsl" Bueline Model, 

The final derivation to be contldend Ia that lnvolvina tbe 
model utlng only one trantmltter. The variablu for the oinRle bueline model 
are defined In Flaure 6. At before, the trantmitter•uuiv~r dlttance, 0, 
and the tnntmltter wavelenRth, 1, are auumed known, The a&lmuthl, a 
and. a', and Doppler thlrtt J).( and l>f •, are meaoured <juantltlu wherr the 
primeo tlanlfy mea•urement at tame time J).t after the flut (unprimedl 
meaturemenu, The velocity, u, of th• vehid" It nat known. 

From the Doppler equation, 

f c .:.l lp • ill 
l 

-
·I r·· Ci>'+n'J 
" 

From the l'!w of cotlnu, 

2 z Ill 
n • (p + 0 • ZrD c'>t al 

.; = (p p • p 0 COtr:t + pD b tin n) 

2 Z liZ (p + D • 2pD coo ol 
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f'il:\lr<! 6, (lll \'ari:tblu for Sing!" Uuelln<' Model. IUJ 
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UHClASSifi[D 

(U) --Continued. 

.... (p' p• - P' D co• at + p' D it' •in o') 

(p';t + o2 • 2p' D coo• o•1 112 

EOL·MI380 

In order to find a tolutlon ualng only one buellne, two 
approximation• have to be made 

(a) p It conttant: I. e •• p' : p and, furth..rmore, 

p = p' • i> .ll.t 

{b) a II conetant; I .... ' a' =;, 

Over ahort time Interval• (tmall .ll.tl theu anumptione are reuonable. The 
anaular velocity a can be ettlmated aa follow&: 

o' • a 0 =.11.1 

'(heae approximation• are l!rictly true if the tarJ!el ia flying una radial path, 
toward or away hom th;; ahlp. 

where 

CombininR the equation• and approximattonl above givn 

• .~~on = -q • i> + p lp·rl • e• 
h 

q = .11.0, 

I' = D coa a 

• • Daalno 

Z Z I .'Z 
h " (p + D • ZpO coa ol 
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(UI • -Continued, 

SubstilulinK p • p' - j> 6t, aquarlnR to eliminate oquare roota and algebraic 
manipulation of the reaulta y ielda the c:ubic: equation 

{Ill 

where 

A " Z6t
2 

lq-al 

z. 2 2 z z 
B • At (q ·• l + 6t 14qr-4qp'l + Za6t (Zp'•rl + D • r 

2 2 z z 2 
C • 6t (Zq r-Zq p'+Zp'a l + 2p' (q-al + Zp'r (a•lql + ZqD 

z. 2 2 2 z 
D • p' (q -• l + q (D ·Zp'rl 

Thia c.ubic e'luation can be tolv:'d for i> and the correct root choaen. Alto 
note that j> Ia atlll a hanction of the tingle unknown p', 

Af' 

or 

In timilar r.uhion, 

.) . -,. 
= .. q' : p + f> !p'-r'l + p s' 

h' 

Wh<'t<' h'. q•, r' and a• are definf'd aimilarly to h. q. r and a. 

Nnw 

or 

• q• h' • j> (h'•r'l • p' (p + t 'I 

p' = .,:g: h' ... b (h'•r'l 
p •• 

F:qualiono (I Zl and (131 form a aet of aimultaneoua equation a In the two 
unknowns p' and p which may be aolvt'd for the target poaitlon, 

(Ill 

Software eimul•Uona have been written to eotlmat.:~ the 
tar~<et location accurac:y to be expected by \ISing theae techniquea. The ruulta 
of these simulations are dlacu .. ed in the next aec:tion. 
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Section l 

SIMULATION AN:> MODEL TEST!NO 

3, I (Ul MODE !..S S!MV L•. TED. 

The re1ult• of •imul.ationl of reaHettc trajectory eattmatlon 
altuationa are di!lailed below for the double-bauline, one•meuurement model 
and the ain11le bueline model, The double-ba .. •line, two-meuuument model 
waa not aimulatea. 

3, 2 (UI nol'TIU::-BASELTNF.. ONE-MEASUREMENT MODF.L. 

An alf1orithm waa developed for solvlnll seta of nonlinear 
aimultaneoua equationa auch ao equationo (101 and (Ill in Section 2. The 
algorithm Ia baoed on a atandard iterative procedure for solvin11 equations of 
the form p : f(pl (ae ... for example, Introductory Computer Methods and 
Numerical Analyaia, by Ralph H. Pennington, Th.., MacMillan Co,. l'l6~1. 

Thia procedure conaiata of estimatlnJZ a solution p
0 

and uoing thia eatimate 

to get a new eatimate p
1

• where "I : f(p
0

1. A new ntimate Pz ia obtained 

from Pz = f(p11, and ao on until lpn- pn-ll .- c, where c ia .aome amall 

number. At this point the procuo •• judJ:<'d to have convPrl[~d with a solution 
p = p . In practic.,, each eucct'.uiv<' . .p. is trans€ormed aliJ::htly .so ao to 

n ' 
guarantt'lt converllencf". 

Graphlcatly. thi11 ttochniquc antcunts to findin,:t the int~rsection 
of the ploto of y 

1 
= flpl and y

2 
= p. The point of inteuectlon ia where the 

al~orilhm conver![u. In actual practice. there may be more than one inter• 
oec:tion. However. the correct root may be d~termined by ekaminin~ the oi~tn 
of p and the trend of the previous valuu of p. 

3. 2. I (UI The Simulation. 

Th• situation aimulat"d ie that of a ship in the Mediter,...nean 
sea at l7°N,, ZS0 E. and an aireraft at a ran~te of I 110 kilometers. due north, 
flyin11 at 72.0 km/hour (about Mach 0. 661. Two casu are cnnoiderf'd as •hown 
In Flf!ure 7. In the £int case the airo;raftis. merely flyin11 at o. 30° an~ I" by the 
ahlp, whereat in the oecond eue tt ;.,' 011 an-attacli: course. headinllt •trai11ht for 
the ohip, In both caeea, the speed and dir.,c::tion of the aircraft are c::onatant, 
Th" tranemitteu are anumed to be located at Rhodn and Athena • 
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Figure 7. (UI Geometry of Situation Being Simulated. lUI 
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3. z. z (UI Simulation Results for Double Baaelir.e Model. 

The ruulto of the two oimulationo are pruented in Tablu 
I and z. Theoe tablu give the actual and eotlmated ran~e, p, and the actual 
and eetim&ted deravative of r&nJle, p, at intervah of 60 1econd1 lor the two 
easel. 

TABLE I. (UI ACTUAL AND ESTIMATED QIJ!I.N1'!TIES FOP. 
CASE 1. lUI 

Time Ran~e. 
, I 

p Estimated .. , uz p Estimated 
(oecondsl (de~reeol (dr.greeol (l<ml lkml (l<m/oecl (km/oecl 

0 I 00, 9 44.6 180. 0 
60 '18. q 4Z C. 16<J. 7 170. z -. 16'1 -. I 71 

I ZO 96.6 40,3 I ~9. 7 16fl.l -. 16~ -. 166 
180 <14.0 37,7 14'1,<) 1~0.4 -. 160 -0 161 
Z40 91. I 34.8 140. s 141. 0 -.I ~4 -.I S5 
300 87.7 31.4 Ill. 'i I H. I -. 146 -. 147 

360 83.'1 37.6 I Z3. 0 I ZJ. 6 -. 136 -, I 3 8 
4ZO 7'1, 5 Z3.Z II~. Z liS. 7 •• 1 z~ •• I Z7 
480 7oi.S 18. z I 08. I I 08. 7 -. I I I •. II Z 
540. 68.'1 I Z. 6 101.'1 I OZ. S -,0'14 •. O<J6 
600 6Z.6 6.3 '16,'! '17.4 -.074 -.083 

660 ~~.8 -0.~ '13. I 'lZ. (, -.0~1 •. oz~ 
no 48.4 -7.'1 '10.8 'II • I -.OZ6 -. ·1~6 
780 40.8 -l'i.~ QO,O '10,0 +,000 -.COl 
840 33, z -Z3. I Q0,8 'IO.c; +. OZ7 +.OZC. 
<JOO Z'i,Q -30.4 •13. z 'IZ. ~ + 0 05Z +.O~Z 

<J60 I 'l, 0 -37.3 97.0 %.0 +.074 +. 07S 
I OZO I Z. 8 -43.S I OZ. 0 I 00. 7 +. 0'14 +. 0'1~ 
1080 7.Z -4<J. I 108. z I oc.. 7 +. I I I +.Ill 
ll40 z. z -~4. I 115. 3 111. 8 +. 1 z~ +. I Z5 
I ZOO -Z.Z -~8.5 I ZJ. Z IZ1.6 + 0 137 + 0 136 

I l60 -6.0 -6Z,3 131.7 I 30, Z + 0 146 + 0 146 
13ZO -9. 3 -65,6 140.7 I H. 3 +.I ~4 + 0 151 
13PO -I z. z -68.6 I ~0. I 148.<) + 0 160 + 0 160 
1440 -14. 8 • 71. I 160. 0 158. 7 +. I 1\5 +. 165 
1550 -I 7. I -73,4 170. 0 169.0 + 0 170 +. 16'1 
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TABLE 2. (Ul ACTUAL AND ESTI!I.L\ TED OUANTlT!ES FOR 
CASE 2. lUI 

Time RanJe. Eatimat"d p Ettimatf'd 
al az p p 

{tecondol ld.,gr.,ul (dt'greul ll<ml (kml (km/oecl (km/ .. •cl 

0 100.'1 44.6 180.0 
\,0 100.9 44.6 168. 0 168, 0 -u.zou .u.zon 

120 100.9 44,6 1~6.0 1%.0 -0.200 -0.200 
180 100."1 44.6 144.0 144.0 -0.2.00 -0.2.00 
240 100.9 44.6 IH.O Ill. 0 .o.zoo -0.2.00 
300 100.'1 44.6 120.0 JZII. 0 .a. zoo -0.200 

)60 IOO.'l 44.(. 108.0 IOR.O -0. zoo .o.zno 
42.0 )00."1 44.6 116.0 '16.0 .o.zoo -0.200 
480 I 00. 'I 44.6 84,0 1'4.0 .o.zoo -0.2.00 
'>40 I 00. 9 44.6 72.0 72.. 0 -0. 2.00 .o.zoo 
600 I 00. 9 44.6 60.0 60.0 .a. zoo -0. 20 I 

660 100.9 44.6 48.0 48.0 .o.zoo -O.ZOI 
720 I 00. 'l 44.6 36.0 16.0 .o.zoo .o.ZOI 
780 I 00. '! 44.6 24.0 24.0 -0.2.00 -o.zoz 
840 IOO.'l 44.6 I Z. 0 12.0 . o. zoo .o.zoz 
'100 100,0 44.6 0,0 0,0 -0. zoo .o.zoz 

3. 2.. 2. (lll • • <:ontinued. 

Th., most accurate r('sulll were nbtain•d for caot' l.. the 
&!lack caae. For Cat<' I, the fly-by. erron in the ranj!e eatimate are on the 
order or 0. 5 to 1. 0 kilom .. tera. The r .. aaona lor these differl'nCU ...... 
diacuued below. 

l. z. 3 lUI Sourcu of Error. 

The sourcee of t'rror include the lint'ar estimate of rate 
o( ch~nJ<e of azimuth(;,) and mcuunmento of azimuth and l'>opplt'r fr•qut'n~y. 
Of thue. the main source of error in d~tt'rminina the ran~e ie that due to 
b. ~tiven in Section Z. Far t'xample. in cat" I at 400 eeconds th• eetimated 
v•lue of ;. ie l.l71 "IO·Z radians/a<>cond, while the actual value is 
I. 300 x 10*3 radiane/eeccnd. Uein~t the utimated valu,. of ;,, a sohttion of 
p • 118.Z8 km waa obtained. UainR the correct value of;,, however. yielded 
a •olution p • 117,51 km. The actual eoluticn Ia p • 117.72. km. 
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3. 2. 3 (UI --Continued. 

For tome eltuationo. a plot of y = fiPl ohowo that it io 
very cleee to the function y=p for a wide ran11e of p. In thi• •anfle, th<' omall 
errore in flpl cauoed by the omall errore in eetimatinR ;, produce draetic 
diHerencee in where the two curve• intersect, 01n<l h~nce produce ~rroro In 
the ran11e Pltlmate. Normally, however, the oet or conditione that would 
produce thio problem occuro only for tar11eto outoide the detection ranfle and 
would nnt affect a practical trajectory dl'termination ocheme. 

It lo now apparent why the trajectory eotimation for cue 2 
wae more accurate than for caee I: in cAlf' 2 the azimuth i1 conatant. hence 
0 : 0 and errore due to eetimatina ;, disappear. lt (ollowa that it ie durina 
the moat crit•cal aituationfl that the areatt-et accuracy can be expected. 

3. 2. 4 (UI Sent~itivity to MPasurement F:rror. 

During the olmulatlono diocuool'd above, It wao uoumed that 
the azimuth and DopFier ml'aouremento wert' l'xact. DurinR normal operation 
In a ohlpboard environment Rreat accurfty io not pouible. To t.,.t the 
eenaitivlty :~f the model to measurement error!t. rana;e cetimatee we-re nbtaineod 
for· varioue combinatlona of errore in meaaurina &7.imuth angle• o 1, and "z· 

and Doppler ohifto .o.r
1 

·and .o.r 
2

• The meaour•ment erroro and the corre

epondln~t ranae eetimate are tabulatf"d in Table '· The eetimatea were made 
at time = 400 seconds in u1e I. 

Thl' l'rroro in meaaurina ~r 1 and .o.r
2 

havl' the leaot 

effect on the ranRe eetlrnate. The perccntaJte error in thf" r.1np:e estimate i1 
about the same &I the percent&JZe error in th~sr. measu!ementtt. However. 
the error• in n1easuring aztmuth have much ~re-ater efft-ct. Herc- the error• 
ln the ranae eetimatel are con1iderable. Thie ie mainly due to thf' azimuth 
errore yieldina very inaccurate ;, f'ltimatee. which hae the eHect noted in 
the previou1 eection. The eubject of meaeurement error and t-rror eeneitivity 
needo further lnveotigation, 

'· 2. lj (Ul Single Bueline Model. 

Simulation• or the two C&ll'l deocrlbed in 3. z. I werl' aloo 
done uoln~t the oln~tle baoellne model. The model failed to aive JIOOd ranae 
eotimateo In nearly every oituation. The probable reaoon for thio io error 
Introduced by the aooumption or conotant p and b over the interval .O.t. 
At the preoent time It lo not clear whether or not the o in~le baoeline model 
io practical. However, further olmulationo uolng ihlo technique will be 
lnveotl~tated. 
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TABLE 3. lUI ESTIMATED RANCE WITH MEASUil.EMENT ERRCR 
(CASE ll. (til 

Error in 
,, I 

(deareeal 

0,0 
0,0 
0,0 
o.o 
0,0 
o. 0 
o. 0 
l. 0 

. z. (I 
0,0 
0,0 
z. 0 

-z. o 
z.o 

-2.o 

3, z. 6 

Error In 

"z 
(deareul 

0,0 
0,0 
o.o 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 

-z. o 
z. 0 

-2. 0 
z. 0 

-z. o 
z.o 

NOTE: 

Error in Error in 
Af 1 Af2 

(Hertzl (I!Htzl 

o. 0 0.0 
o. 0 o.z 
0,0 -O,l 

-0. l 0,0 
0.2 0,0 

-0. l o.z 
o.z -0, 2 
0,0 0,0 
0,0 0,0 
0,0 0,0 
0,0 0,0 
0,0 0,0 
o. 0. 0, 0 

-O,l o. z 
0, z -0. 2 

Exact "
1 

: R2. 4Q
0 

Exact ,_ z = Z6. I c1° 

Exact Af I = f., I H liz 

Exact Afl =.f. 636Hz 

Time = 400 oecondo 

(Ul Su'Tim:>ry and C:onclu•iono, 

Actual p 
Eatimat~d 

p 
(kml 

fkml -
117. z I I II. ' 
117. l I 2Z. l 
117. z 114. 7 
II 7. 2 I 20, 2 
II 7, 2 11£..6 
II 7. 2 I 24. I 
117. 2 II 2. 8 
117,Z 13(,,o; 
117.2 IOZ,) 
117.Z 106,2 
117. 2 131. q 
117. 2 IZZ. 6 
117. z II 3. 8 
IIi, Z 127.'1 
II 7. 2 107,'l 

111 oummary, the double-baaeline, one-meaourement model 
yielded reaaonably accurate trajectory e-ttirrateoa for two different aimulationa. 
The model wu found to be more accurate when the azimuth wu not chanaing 
(:, = 0). It ia much more sensitive to azimuth meoasurement error than it la 
to Doppler-ahi(t me-aaurement error. Since aEimuth measurement ia likely 
to be a difficult task in a practical implementation of thio technique, lnveotiaa
tion of waya to minimiu the effect of azimuth errore ohoul~ be initiated. Thio 
rr.odel ohould be tested further to uncover any undetected difficultiea. 
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'· z. 6 (UI --Continued. 

At the preaent time the a Ingle baaellne model baa not been 
ehOWI'I to be (e&elble, The double-buellne, I'&'O·meaaurement model haa not 
beer. tea ted. 
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Section 4 U~GlASSlHEU 
DETECTION SYSTEM 

4. I l~ GENERAL SYSTEM CO:-!SIOERATIONS. 

The analyah and ainndatlun reoult1 diacuued In Section• land 
l were developed with the implictt aaawnpliun that th11 hardw&f4' to provt•l" 
the nec:eaury aaimuth and Doppler meaauremeMa cuwd be made avatlabiC'. 
In {act, an HF prototype •v•tem for trackinglow•flyingtarJell at diotancco 
l>eyond ndar lin« ol ··iaht can be bllilt with avaihr.ble hardware. 7he itC'In ol 
create II c.uncern in implementing .,.ch a ayatem ia the dillicalty of bu•ldin~: 

' &n accurate 1hlpboard HF directiun (indina ayatem. The (olluwing allb• 
•ntiona dncrib• the techniqlln and hardware that cvwd be ued to imple• 
ft>ent the ayatem. 

4.Z (_:!) J1(' DOPPLER MI::J\SUR t:t.U:ST. 

Prcci•" tara<>t Oupplur m .. a.a .. r~menu (within 0. I H~l hav• lvnjl 
bec:n mAde by both R&d> and uperattonal .,, ... r•the·hori&on {OTHl radu· a)·ato:ma. 
A block d1agram of a typical ain~le chann~l "''"'vine and data proceu•n11 
system io illllstratcd in Fiaure 8. Dll!•tal!y tunrd, syntheouer controll•d 
r•ceiv~r• art' prcC1•rrcd lur Utt•ir {r.,~qut-ncy At.Jbthty. E..._ch r.:.,;e,vvr output 
wo11ld be diKitall)· &P<'ClriUTI ~n>lr~cd w•th 0. I lh ,,..ulutivn with apPrt>xi· 
mat~ly :x SO Ht b~ndwt<lth to cover lh<' "''"'"''"m rxpt'ctt'd tar~ct Doppler 
ehift. Th~ Doppler •hilt would be dioplayt'd on" hard CUP\' r.- in. the stand· 
ard hme•!rcqutcnc:y•antcnuty format. The Oopplf"t tclu{t :u nH••uurcd !,.um 
the <lireet path carr••• co•>hl b~ ocah•d rnanu•lly 1>,· the operator or ocaled 
dig&tally {or dir.,ct cumputcr 1nput """II" ""Y dq;iti~in~ arm . 

•• .I • • (U) SHIPilOR NE OF CONS!Of:RA TIO:-IS . 

Direction finding IDFl from a ohipl:.,rne platform inv:~lveo 
many uC the prublemo encuu.nterrd by ahore uaatd OF I\' Olema •uch •• 
dttnti4 Al!!!:n.aa env•ronment. multimode effect•. and rerad:aation !run\ nearby 
obotaclea. lt is also Cl.'l':tuin•d by the practrcal aize of IU' 01.- Anl<'nna 
arrAy I that can be crnpluyed. The signal env.runment varreo .accor<l•nK to 
rad1o fr•quency (RF") b•nd of operation an•l ~:eo~raphtcal location ,.f the 
rt.ltform. For <'po:nlion• If\ the miudl~ of lh~ Atlantic And Pacific ocean• 
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Figure 8. (Ul A Typical Single-Channel Re.c:el~lng and 
ProceuinK Systo<m, !UI 
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~. 3 (U) .... Cvnttnue-d. 

a denae •ignal environment may nut cxtst. Uuwt-ver~ ft.>r OF upcratHJ:n in 
the .M~diterranean and near urban rc.:ivna thia probl~m area can becotn-.• 
uvere. Narruw bandwtdtht (e.g., .100- .lvi)O lh) can be used on ot• 
receivers to m inimi:e this problem. ln "''1dtti.on. at-imuth and clcvatton 
dit~criminatlun can be cmplu)'•ed in th\" antf'rma t~ylt.:rn deugn to e-xtract the 
OF informa.hon Crotn the llKnal uf iutt.~rt~t"t '" :\ c.h:tlilt! cnvarontnent. 

The Multhnode eHect c3n bec.,me a problem when a skywave 
a• well as •~rface wave uf apprc .. nunHlh•ly .-qual atnpl1tudc itnpln~es on the 
!>F ~tystcnt~ 1\ecau&e of the pharu.~ ~otuh ..iut"' tu tht: •Hffl•rcn~:e ln p:uh lcnJ,:th&. 
reinforcemrnt and cancell.:.tton uf !il~nalw oc~ut' that w1U makr OF mea,.urc· 
rncnttl d•UicuU !or any liF u1: a.tt:t)"· 1\,~"·.:\u~~~.· the lrlii~nal reflected hotn 
the target u expected tube print:lp.tll}• A .. ur(.lce wave, its greater &Juplitude 
will help tu minimlz.e any tnultitnode ... Cf ... -.:-t&~ 

The IT'U'I •••v('r" problem of •hif>Uvrne o•· syst<>m• i• th~t dl.l<" 
to the reradiatiun uf an incutnin,: ,.,..~,·~ lrt.nu tht.• vArtOUI au~retructurc 
elementa. ..fa.ny 10lutivns have bct•n Mh~,nptt.·d Uut molit •ecm to be unsatia
!actory becautte of the constraint• .otru.l rt.·quat.•nl''nts placed on a !ilupbornc 
OF ayatem. Theae con~:~-traints are cvnccrn~d wtth • • 

{bl tht.~ lucouion/spotct.• i\lr ur~ toystC'Jil ~o.:utnpunents 

The siz..- ur the HF 1)}-' arr")' lS hmitt·d b\" Cht- thnH.·n~I005 uf the :-hlp. 
I\ecaus:e the- prin~.:ipal rlintt*nSlun Ht•n,:.th) 121 t.in th"• urd~r of 100 teet (deflittO)"Cf 

class ahtp) and •nuch ,,f thi~ lcnl:th ... n.Jt .,vall;~,blt.~ fur a I>F system, a widc> 
ap~rture HF !)!-'antenna array lllr<"Mt•r lh;tn ~00 fc<"l) •• nut ~:cncrnlly 
feaaibie. The cunvt.~ntional ._..-.dc·a~·rturt< .'\ntcnna ~t\·stt•m ha& the dual :uJvan· 
tAge o! achlC'Vil\f;: a h1~h sl~tnal·to-noi!l•~ t.\tlu (lrun'li the tzAin o! the antenna 
array) And hiJo;h OF .,,..,l1.1tton (from th•• •ltr .. .-li\'ily o{ the atra)·l. Such a 
system ha,.. the .tddihonal ad\'Anta~f' th:tt "' •*~~.•rt~·un ;unuunt of reradiation 
rojection lllli pussiblc (rum the dlrt.•ctl\'ity ~c thi! ~rra)'• The a\t:e constraint 
of shipborne a.rrava prPVe'ltt these ad\•ant•~:~• (rom b~in11 reali~ed. One 
alternative is to employ a narrow apcrtur~ Jystem. For this approach, 
which ia very susceptible to reradiation l"ftecta, A location un the top of a 
mast away from eupera:tructurc elements ta rcquirt-d. However. the 
premium for mast and topalde apace nlake this ahernattve infeauble in 
mt.Jst ca&ee. 
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4. 3 lUI • -C':onti nuecl. 

The requirement& that muot be met for ahipborne IIF OF systems 
vary accordinll( to application but ~enerally may b" atat"cl ao ohown in Table 4. 
Many of the exitting and propooed oyotemo meet the majority o£ theoe nqui re
ments. Th<t principal requirements that are di!ricult to cumplet<'iy oatiofy 
ar~ the DE' accu-racy and the azinluth and ele\·ation ~ovc:ra.~c-;. This is t!uc to 
the reradiation eCfecta that cause OF' errou ao described above Cur buth 
amplitude and phase comparison oyotema. 

To da!e only two approacheo appear promiain~ (or oatisfyinc the 
ohipborne DF requiremenu. Theae are: 

tal 

(bl 

the multiple- baseline /pattern-rccoj!nition IM B/I'R • 
oyotem and 

the owitcht'd hnear array Ooppler !SLAD• direction 
findinlt oyotem. 

The characteristic a or these two system a anrl their applicability to the early 
wuninlt lEW! problem au described below. The referC'nce• in footnotes I 
and 2 below contain mort> detailed deocrip.t,i,ons of the system a, 

4. 3. I lUI Multiple Baseline I Pattern Hecornition Syslt'm. 

The multiplt' baseline /paltt' rn reco~nition I ~I B/ PR l syatem wa. • 
initially OUj!gUted by n. Marx at N"val F:l .. ~tronic l.abora.lory (':entt'r IXEl.C'I 
and employ• an array oi antenna elcmenta diatributl.'d around !h<' ahip, Th .. 
phase rHUercnce bel\t'een pairs o( clements is measur~d to Corm an input or 
sij!n&l VC!ctor. This vector ia con1pared a~ainst a caHbration matrht to dc
lt'rmine the dir<'ction of arrival of the incomin~ •i~nal. l\.lorlel meaouremrnto 
were made by NEI.C. for an IfF system conalslinl! o! IS antenna el•ments. 1 

These m•asurementa have been analy•ed usin~ the MBIPR approach. The 
reoulU indicate that, for low a.n~le (85, 5° £rom zenith• ail:nah, root-mean• 
oquare IRMSI acc,.racieo of better than 3. 3° are obtainable. For alcywave 
dgnalo unacceptable a.ccuraciea l~~:reater than 10°1 resulted. For the ourfa<e
wave mode, for which the polarization is euentially vertical, the RMS accu
racy improve. to I. 8° (or lenl, For low-OyinJ: tarr.:et rlett'ction applications 

K. F.. Spenc<~r, S. N. Watkins, .1. Greiuer, A Study of the Switc~ 
J.i'lear Array ;)oppl•r Oirection-f'inrlins Svstem, SF:S-\1'0 MlliZ, 
November l'l70. ll'!"CI.ASSIFIED publication•. 

2 C. C':or1\well, Shipboard HF OF FiMl Repor~, SF.S-WO c;.q4Z, 
.January 1971. (UN(" I.ASSIFI EO publication\, 

3 NF.LC Technical Porument l':o. 7Z. 
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Table 4. (Ul GENERAL REQUIREMENTS FOR A SHlPBORN£ 
HF OF SYSTEM. (UI 

P,arameter Specific a \ion 

Maximum dimeneion ISO teet 

Syuern location on deck 

OF accuracy 4 d .. greeo RMS or b<ttter 

Syotem oeDoitivity 8·10 .,.v/rn 

Azim..tb eoveraae 360° 

Eleva! ion c:overaae 70° (above horizon) 

Dependence on oignal indepenclent of rnodula• 
cbaracte risti.ca lion and multiple tignala 
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4. 3. I lUI • • Cant inued. 

where the primary propaaation mode io a our!ace wave th~ MB/PR appruach 
appearo to be promioina in termo of aatio!ying the OF accuracy requirement 
and overcoming tbe reradiation problem aboard ahipa. 

•. ).2 lUI ""'it~h~ol Lin•ar Anav Doppler (SLADI Direction 
Finding .System. 

The owitched linear array Doppler tSL.AOI direction finding 
eyotem io a method of determining the -iirection of arrival of a sign3l by 
proceu ing the o..Cplllo of two eimulated orthogonal moving antennao and a 
reference antenna. The aimulated movement in each direction il accompliahed 
by rapid owitcbing between elen,ento of a linear array. The azimuthal and 
elevation angleo of arrival can be determined !rom the Doppler frequencies 
meaoured alODI the_ two orthogonal axeo. This approach pruvideo a method 
of overcomin& the reradiation problema aboard ohipo ao well ao providing 
elevation angle-o(-arrival information. A worot-caoe analyoio of the OF 
accuracy wao ;le by Spencer, Watkino and Creioer4 by conoidering the 
reradiation. due .. tJ a reaonant maat. The azimuthal angle errora were deter· 
mined to be 16. 3 degreeo RMS at 4 MHz and 4. 3 degreeo RMS at 8 MHz !c.r 
a CW oignal. 

To employ thio approach (or a target Doppler oignal (L e. , a 
oignal oource whooe frequency changea with lime) the frequency o! the target 
aignal at the times the Doppler measurements are made m\ill be separately 
obtained (e.g., i.rom the reference antenna). These meaaurementa then can 
be proceaaed in a manner similar to that for a CW source. 

. . . 
••• IU) COMPARISON OF MB/PR AND SLAD SYSTEMS. 

The 'dD/ PR technique hao the potential to provide much better 
OF accuracy than the Sl..AO approach !or surface wav~ •· However, the MB/ 
PR method doeo not perform w:ll againot skywave oL ·•ala and doeo not pro
vide elevation angle·o!-arrival information. The otouge requirement• 
ol MB/PR proceooing are more oevere than the SLAD technique becauoe 
ol the oia'! of the calibration matrix. In contraot, the SLAD approach 
provideo the capability to uoe okywave information and doeo dPtermine ele-. 
vation angle of arrival. However, tiecaute o( ito comparatively poor OF 
accuracy it doe• not meet the general OF requirements. 

4 Op. cit. 

·3Z· 

UNCLASSIFIED •· , ... r ~-·. 

-

-

.---

. -

--···- . ..-· •. ~· . .u··'~·· .. .-........ -.;;_ ................ ~ -....:: ....... ~-~--.,.------·----------



( 

•• 
UftClASSIFIED 

4. 4 (U) • • Contin1.U!d. 

Botlo. approachea ahou.ld be inveatig~~o1ed in more detail beCore 
one method Ia aclected over the other for a apecific application. The MB/ 
PR techoiq..., Ia expected to be teated uaina data from a11 experimental 
•hipborne ·oF &ntaaaa array. A demonotration of thia technique ia expected 
to occw- aooner than one for the SLAD technique. 
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SE:CTIO~ I. 

1:"\TROOl'C riO~ !VI 

r-------------~~--
Prvj'"'t:t AQL'ARll'S ht a part u! the .A.RP..,\ ttfH.Jnt~vretl uce~i) 

liurveillance prOiJT4nl under Prvje(·t .MAY llEL.!... The primar,· t;oals oi

f"rvjc,·t .r\QCAH.ll'S arc t.u cxpedrnentall: dcntun~trale the fca~it;ilit)' 

uf detecting uuth &utunarinc lt&unchcd. b;a!li:.Llt: misl)ilcta and luw--fl)·in,.: 

airc:r.a£1. and tu compare H.c experLner.t4.U 1· u11tiervcd dctccuon ran .. eb to 

tht·ureticall)· predh:ted detct'tiun range~. The eJ~perLuental ttcl•UJ.I 

consists ui usill..:, a Oi&tath: HF continuous wave r ... dar with luw vower 

ottHln ha~etJ l,uv) trans.llittcts and lut-:h scJuitivit~·.rcc'-i'-·~rs !u<·at~d un 

the cvast. A detection i£ •)•ade bf Ol•tiet\·ing the doppler f';hifted 5i~nal 

that is &.cattered frvnl n.~vvin;.:. tar;.tets. In this partirular experi,nent 

the tarl!e~ ib illurnin.tcd ht linc·uf .. :ti!.!hl vr gruund Wa\'C ener~) irvu1 

the trauti•>·iuer. The scattered t;luppler shifted tar,.:ct return i~ received 

b)' an ionosptu~ric sk~··wave as i11uti>lr4a:ted ln Fi~ur-e 1. 

Tnere hali Leen a cvntinuing: requircnlent ftJr this tn~e uf :•.m;.; 

ran..:.c detection ul SJnall t.a.rgeh 211ince a Cu1"an pilut flyin):. a M10 

penetrated t::e l'~ S. rad~r network ,..nd was first sputted lJy the air 

cvntrollcr ut the 1\.han,i airpurt. 

The expcrimer1tAl rc.suhb of the ,,:vntrvllcd aircrait tebt~ have 

heen fair!)· c:ncoura.;i.n.; and indicate that lun+! ran.,:e airc.:raft dete,tivn is 

pvssiLle uslnJ.t this low !)ower tJistatic radar c~.mc:ept. There appears tv 

''e a. !air a~re~ruent l>ctwcen the predicted detection rcdun• and tne r<'..:iuns 

!or which the aircraft has !.teen detected, Durin~.:: a total o! three t.untrulled 

Aircraft tests. four detectiuns have l.Jcen tnade. two uf which are- detcct•untt 

of tht- contrulled aircraft. However. durin..- one petiod, that u! JS Det:eJnher. 

tht: dctttc-t~d airc:raft dues not Appear tu corre&pvnd in tirHe ut' location "''ith 
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dctectiuus "vere u! au airc:a!t fl\'it1..: nt.>l.r the rec~iv~·r rut!tcr Uti.lr. t1.e 

1.1 (~ .. 
n Sc(:ti\J:n Z ol t!lls tt'l>•Jrl. the t;..a:.ic ltc.:huiquc "'-Hd the iutrdware 

t"clu,.:. Cni~Jlt;:. cd f.,r thc~:~f' h:*>t6 arL· tit>~t'rlbe<l. inc l.o~.attH' AtHlHlctry. 

tr..tn::~:~;itlf.!f and rercivcr cunfi;.:~ratiun. rt.~.Jiurt~tivn tct hmquctt, prupa~,;,tion 

C.lllculauvn&, and ..l de~c.:riptlun v{ th~o.• pn.Jpd..;ati·;n prv~ran1 arc ~h-<"n in 

thi~ bit>~.:tiun. Serti\·~ l cuntain .. the de:.tdptiun uf the d('Lcctiun prct.!u.tiun 

ul Pui:a;Cdtm l~unchinc~~o frvn1 C<.tpe KcncnU, u:;;in;.:. tnc ltuvy6 lvc~t~d 

approx.imatt·l~, JllO. Z.!:>O and 300 k~a frutu the laluh·h are&. F:;r that 

p..trticu1ar ~t·u,nctr;· and tne ran1-••s invvlvcd, it i!. \Jb~erved thitt tllC 

prvUa!Jilit. o! dctectin\! af'\ SLF.J\1 i~ \'irlu<tll .l\!fJ~~i- ... 1~~,: until the t.:ar ,:cf 

ritocs intu th~ h.musphcrt: and arquircs a •ul.~~ttantiaJl, cnhan-ct.·t.l c:-oss 

sr;t~un. Scctivn 4 cunlains :.. dc,;c.t'iplivn uf lllc cur.trulled t.ircr4i.ft \CjUq 

Ilh:ht plan& a.tnd llu: detection ot.HH~t\·ath.n• l!lGde. Al.t~~u. in thht •t:t:th.m is 

a t.liwliition ui predicted aud utJ~Cf\'Ccl ca.trh•r ~trcn~th~ •nd nviboe levels,. 

fhr purj>~>::iL• oi thC!te CI.Hl!Jliit'i~uns h tv u:J.?t.'t\'e with wh""t rt.•li.ai.dit; thcH• 

JHlfO..tJH;tcr~t can i,t• prc:dic-lc>rl wllh th-e u:tjc.:t ui .. , cur .. t\.·l• prcuJ~.·hn~ "'d"tt.·t~l 

perf,,rn~anct·. Fin~Hy. Scctiun S r..· ••. mkdrut a ~\Int,~.ary ui thl" prv·~lcm1'1 

41-nd lhl~ J•aalc rc:sulttt u!•tiunt.•d lv d..11t:. 
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c.::!_J SEC flO~ Z. 

is{"EOUI'~t.e::--; r A~D rt::Cli:"IUt:E:> (l") ~~ClASSIFIED 
d<ita cvltc.•ctivn hardware ha" fJ*el; ul.ttaLnc:cJ h}" ue.tni.: eqlHprncn[ dtvt:iova;J 

hr uthw.'r Prujcct ~tA \* BE1..L p ... rtirap~nt:. ur 1,, tL-Jin~ hctrdw•rt• a"vdupmJ 

z. 1 (o)~ 

'fwo diiJC rent t:o·ves u! tran.smittcrt; ha\'C b(5l"n u&td H• ttu.· t: • .;p~ri:ucnt 

t...~ d;.uc. Th"'se teai:ts conducted priur l\t Ort:entt.~er U!>ed a :.HJVf un:.umtcd 

transntittt:r uf a.rt~roximatel:· 10 w.:..tts ~a.di::t.tu1~ aa.\. S.ts antl tt.l5-J MH~. 

f11r anh:nna on th,~ ~~·.)r cunsi:thi o,J{ a tcp•lt.:ach·d vcrti<:itl nH.;nvp-Jle cut 

cu.-.tst vf i""Jvnda .:ppr¥:Xll~l;.tH:i·; l.!O idlon:~lt.'rb y.,wn r&rlct· -..nd at 0111 .azlmut:. 

uf It 3 dl~,;rce:so !rum Cape Kcntu.·?~·· l'he test.~:> ('.l:'itLJCt~d in Jdnt.:arr And 

.~,.o "U411·: have IJ:iCd !::c CW t:·~n~l:~ittc:ra un Ca. ncr ..... a,;.. fh1,• puwt'r vi 

t!:t.•:&to CW transn~it~oliHms hilS r&nl.!ed !ron: 10('} wanr. up h"~ 2. ~ ki!owatt& 

dt.•!>endin~ UP"D Hme and !h~ pa1·ticular tran$m:Hrr 1n use. )dl of t~t.~se 

tr~r.&nlissluns rad:.atr ir.lo q".larler wavf' ,·t.:rtlt.:'-ltnunupuh:£ cut i'-'r tl:e 

&UIUT 
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SEER!T 
l:DL·C900 

Z.2 

'l\\·u separate receivtnl.! ay5tctn• h•ve Ltecn used at. the n.•cciver 

siteo 1ocatC'd at \'int Bill FanHs Station~ One receiving systern if a vo~n 

tHC\unterl H).!h dynamic J"ifin~e di):!ital prucessin~ ·~·&telu cont.ainin.: "' 

~yl'othC"d:cr cnntr 1~·U~d "!"'•.~r~iv~r,; ~S>·Jvania H·Z7A rcccivers):dh,:ilal s.pectrum 

analrsih' .. usinc. a CDC 1700 sent"ral purpose computer and both analu,.: and 

di:;ital l"'C"t rrcording capability. ThP ~ccond rcct'iver &)'li-tem i~o lutatcd 

in tw~J hark·to•lia\!'k house trailers, and c,;msh,ts IJ! ~ DF &f'l c:unn ... clcd tu 

an l..DAA stt'eral>lc bean) antenna «Jnd 12 4.r.alo~ rccci\'lu.,: channels u~int: 

Hl"iOA rt.•c:civen.. The R390A rcu:ivcrto connect tu U~o>th a real tiu1e 

analu~ spoclral di•pla}· and a IZ channel analo~ tape recorder. The IJlock 

di01g.ranu. of thel "! twu receiving ti\"t.tcnl6 are sh<>wn in Fi~urcs 2 and 3. 

/ 

One ol the tHOr<- itnportanl f4"lals ui thiti project ib to Ue ahlc to 

predict \he dctertion per!vr.ua.nce of the Uuoy tactical earlr warning S)"itenr. 

Thus, it i$ dr~ired lu \.'Omp...trc prcdictt~d s.i,gnal and nuisc Vb.JU\.'t. to actual 

tncasun.~d d..1tt:1. Then, if there exist. si::nificant di-.crcpanc.:ieti Uctwern the 

"fiH• standard calibrations that. are perform,c..od on the syttetn ar«.· to 

nlcA5Utc the rccci\'ed carrier ttt.rcn!!lh and also tht' received noist" puwer 

t(>!t:rPn~~d to a I Ht."rtz. banchvidt.h. fhe prOCI!SS o£ 1neasurin~ thr. Tt"(,'f'lved 

carrier tilrt>n~th is a simple procedtne oi cotnparin~ the rccc\vcr lF' out?Ut 

si~nul !t.•vcl whert it i• c.onncct~d to Lhc antenna. to the IF outp·:t lrvcl '"'hen • 

the rccci\"cr is connected to a synthcad:.er ha\'ing the .sarne HF frequency as 

lhC" carriC'r signal Llcing tlHHl.S:urcd~ The averagr IF output level lor that 

~ Dip.ital Spectrum Analysi& not available .a!ter Januar}'• 1970 du~ lo 
terntination o! the computer leaae. 
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EDL·C900 

Z.3 • .. Continued. _____ Uh __ =Gl~ASSIFIED .· · · 
particular c;:arricr signal is noted. Then the synthesizer at the 5ante 

lrequenc}' is input to the -antenna tcrtuinal& and tht.· output Oltllplitudc 

adjusted until the rccei,·cr IF output sig!Uil ~trength i~ the •iln>e. The 

synthesiatcr SiJ.!nal lc\'cJ i1 then m~a&ured. and converted to dU with rea~cct 

to a watt. Thu~ this &iJ:nal substitution nl·~Lhod ~ivc:& the receive-d ·carrier 

strength in dbw and is 1neaaurcd within the narrow If" receiver bandwidth. 

The Octcrn\in:.:.ion of the noise level at frcqucndc5 ncar the Cbrricr 

is done b)' AM tnodulating the on•air carrier signal with an iiu.dio frequency 

square. wa,•e usi»&: a very small perccnlaf,;C rnodul~tion. ·rhc amplitude 

of these anodulation tones is observed at the output o! the real thnc spcctr wn 

analy•is display. ·rhe n>odul«Uon percentage is reduced until the 

modulation tones disappear into the background noise of the displ<>y. 

Sinc:e the anodulation percentage is easily converted to si~nal level in diJ 

below the carrier and the spectrum analysis bandwidth is I B~, then the 

relative carrier•to•noise power is directly obtained rcfcrf."nccd to a l Hz. band-· 

width. Thus, i£ the C.i,llihration tone disappeArs into the noise at a level 

o! 64 db below the carrier, it is assumed that the noise \'aluc l$ aho 6·1 db 

la~lo,.-.· lh~ carrier value. 'Chi& c:arricr•Lo•noisc ratio is then added tu the 

received carrier stren;;th to obtain the tncasurcd noise power in dOw per Hz. 

The propagation prediction prograan used to estimate the s;-stem 

performance b:uically combines a modified version of the lTSA/ESSA IIF 

pr~pagation vrcdiction prOAram for n1ode and tnodc aruplitudc prediction; 

the l>istatlc radar range equation to predict the received scatter path power; 

and an ITSA/ ESSA noise prediction progr.:un to esthnate atmospheric. 1nan 

nladc, .and ~alactie noise at the reccivt'r site. 

·8· 
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•• Cvntinucd. 

'The prcclittion pro~ran1 puck.-,.:::c conr.itits of individual cornputcr 

pru~ramo that (al ,·omputc a to.r~:c• tro.jcctory;(l>j predict propal(;,tion mode 

structure :..nd tnode an1plitudc~ and (c) predict the Oopplcr and nlissile .. 
fhP traji"C"tory RitHulation.rrogra.m cstituatcs the mibsilc or 

aircraft lnjectoq• uased upon !itting the fli~ht prolile 10" functional form 

usin~ a least• squares lit technique. Tht: required inputs to scneratc the 

tuodcl profile .iirc lilto£i and burnout linu~·.s. l.:tunch az.itnuth, apogee, and 

range. The progr•tn then cun1putcs altitude. ran,;e, latitude, lon,::itudc, 

,-dochy, the speed o£ sound, ~\tach nurni,;,cr. MaCJt an.,;lc. local ta.rgC't 

bcari:tj.!s. locaJ tar~e·i elevation an~o:les. ar.d ac<.:clcration. ·rhc cotnputed 

panunNcrs scr\'C: as inputs to Uu: propagation prediction pro;;ranl to 

<.h!tcrn1inc rnodc structures ,,•ith a. time varyin~ terauinal point ori the 

lraj~ctory. 

'The tTSA/E:SSA prupa~ation prediction pro~ran> has ucen modi!Lt·<! 

to allow for non-congruent hop structures and for propag&~tion to and 

rcllection fronl a point above the earth. The proJ:ranl prcdtclS tht~ iHOd<.~ 

Ar uctun•.s that nu:·,·t iunusphcric propagation cun(.{itiOnb on each o! the 

thrci.• paths: the direct palht the tran&ruitter .. t~r~C't half path. and ti.lrgct

rcc~..·ivcr hJ.U path. ln addithm, the pn.>pt..q.;ation lossctt And anh.•nna sains 

for eAch n1ode are dctc.H'n'li,'lcd. For each tHode predicted on th'-· transmitter• 

misJih: ht.df path, an "inc:Jdent" (at the target) elevation ..&ng1c, tncasurcd 

£1 otn the loi:£1 huri&on. is Iountt F'or cacn •node p"C"cdictcd on the ta rt-tct-

r~c ci\'cr hal£ path, the ''s~attcrcd" elevation an~lc is also found. Tht.-sc 

parameten are then \l&cd with ,. modeled pro!ilc lO prcdicl D<>pplcr 

irt•quencics. 

SUR IT 
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2.4 •• Continued. 

Prc,pa~ation predictions art.· based on cn1piritally <h.•rivcd 

world-wide nunterictll 1naps of vertical ionosondc datOJ:. The result& arc 

n'lonthl}' ionospheric cocfiicicnts which ean be used with the parabolic 

la)·cr assumption !parabolic electron den•ity variations in the£ ""d F f..yero) 

to predict monthly avcra~e ionospheric conditions af!cctin~: a speci!ic ny 

path at ar.y hour o£ the day. 

ln the prediction model, all line o£ sigM, .£ and F propaflating 

tnodes are rlclcrnuned between the trant:anittcr and the target. b<:l\\'CCn the 

rt!cciver a:ld the target, and between the trans1nitter and the receiver. The 

detern\ination of thrse "hi.~H' paths" is • generalization of the ground-to• 

ground prediction technique to include the case of ground-to-elevation-point 

predictions. 

After the mode structure_, tnat meet the ionospheric conditions are 

idcnti!icd, {those between horizontal sc:r~ening and ionospheric penetration) 

propagation losses and antenna gains are dctcrn~ined. The i.osses calculated 

arc £rcc space lou (im·ersc square !awl, D·l'lycr absorption loss, and sround 

reflection loss. The l'DS empirical adjustment £actor is included on the 

direct-path predictions to account !or non-calculated losses. This !a.ct<>r 

is statistical and v:..ries with season, path length, and earth location oi 

the path~ Xo •hnila r Adjustn1enl I~etor is used or kr.own for the hal! paths. 

The antenna types are specified for the system and the appropriate ~:,ain 

routines or &&in tables are U&ed. 

The target scattering model for 1nissilc tarRets above 100 k:n is 

a hYperboloid con'l:prcsscd•an1bient ionization in the cxhaus\ .. f'lu.me bow 

shock wave. The shock-wave scauering surface i& considered hyperboloidal 

from photosr;>phic observations which h•"·e shown thai the shock•wa,·e suda<e 

could be described by a second order !uncti<>n and that the shock-wav• 

sur!are should be asymptotle to the Mach cone. 

-10~----------------------------J 
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• • Conti nuecl. 

The direction of the rays for the transntittcr•inissilc and rect>iver· 

missile propagation paths u.>iqucly clefin<> ll plAne tangent to the hype.·bdo:dal 

sur{ace wt • .i.ch has the proper orientation !or a rc.Ucction. provided ~he 

in:ident uy encounters ll high enough electron density !or rcCicction. ,. 

Since little definitive work has been done: to ac~uratcly mode! 

mitsile crO~j!i st<ctlons below 100 km or aircraft cr04Js section& at HF, ..._ 

c;onstant (adjusta'Jle} eros• section is used tor aircraft and missile targets 

below I()() km. 

The antenna gain patterns !or both th~ monopole transmitter 

antennas and the Ll>AA rcceivin&!t antenna arc ,.,art of the progratn. The 

gain p:.ttern !or the LDAA was obtained iror., data supplied by ITT br using 

azimuth pa!Lerns predicted by the array !actor technique for 1(, monopole 

clemt'nts and the elevation patterns lrom •caled tnodel mcasurf"n'\ent~. 

; 
I 

' 
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~) SECfiO~ 3. 

0RED!CTED srSTEM PERFORMA~CE Ct.:) 

Propa~;tation r.alculatiOn$ to prc:dicl systcn; periorr·r~:ance using;# 

modified ,·ersion of lhc ESSA skywave propagation proGram described in 

the pr<'\'iou~ section have been rn~c.l.: ior both the direct and the St"&Uer• 

paths betwct"n the receiver site at VHFS. and the buoy transn1ittcrs oH 

the 1-"lorida coast. The purpose of these calculations wa& to estimate the 

!easibilit)' of dctcctin1: SLI3M missile launchings from Cape Kennedy and 

controlled aircraft tar~r:ts usint; the gcornctr;• previously establisl:cd of 

buoys ~.t ran£CS o! 100, ZOO and 300 km !.-om Cape Kennedy. 

Sl'vcra •lions -using th<" con1putcr predictions were 

performed. The recei\'inc anlcnnll at \'int Hill Farm• Stillion used for •ll 

tests is a tulip elen>ent LOAA built by ITT with an auumed maximum ~"in 

o! 10 dbi. A constant s!..attering crc..ss &t.•ction of 100 anl was assurued for 

the missil<- at all altitudes llclow 100 k.tn. At altitude• abo\·e 100 k.t" tl.c 

Uhtatic cross section was n1odcUcd us in~ 41 hyperboloid cotnprc~!l:cd. ambient 
> 

shock surf-ace. The assun1cd cross section then chan~o;cs !ron1 l0 ... n1 at luw 

altitude to >~Aiues of 10
4 

to 10
5

m
2 

above JQ() k.tu. The three buoy tran••»ittor 

lueation• a«> at 100, ZOO and 300 km directly down range from the 105' 

Cape Ke-nnedy lau:.ch a%in1uth. The Carter C~t}' transtnittcrs arc approximatt.·l 

Z~S km down· range at" IZ3• azimuth !ron> Cape l<cnn<'dy. 'fhe transmitted 

frequencies {or lh .. buoys were the presently a .. igncd values of 5. tl and 

9. Z95 Ml-lz. These frequencies, plus frequencies of 1 Sand ZO Mll.t were 

assumed for the Carter Cay transmitter&. Thfl! buc;,}•• were assunlcd to have 

-u-
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3. I LVk • 
•• Continued • 

Sitnil~rlr, tht· C...trtcr c.,y tran:i-HJiUct~ \\'t•rc OUi.ttUilH•d to be radUdln~ :, kv.· 

into nlonopolc iintcnnati. 

Tal:l!cs 1 throu~h S surnm~Ltrizc t.lw result& of the propagation,.. 

ca.lcu1at!ons. f..ii.Jlcs J through .J tihO\\' turgl•l :;,ignaturf' .. lO•nOi~c~ratio it.nd 

frl'qUCth:}' irot:l the buoy lt!llnstuiUcrs, the siJ,!nal•tO•nohc r~tlo is t.~lnlost 

~ ... '""'>'' Ja•.,:liJ.,!iLlt! lu·low 100 km for"'"}. tlmc o! tht• (l+t)' fur ._,ithcr fr-.:q~wnc;-. 

Ot~ly aUov..~ lQO krn with the cnhath·ccJ tar1;c-t crostt section dues th(•rc uppcar 

to l.>r .,_n;· substamial chance' of d\.·tct.tior. usint~ the b\JO)" tri..ln-sntittcrs. 

Jiowt•\'Cr, with tllt· Carti!r Cay tr\nsmith:r usin~ 5 kw ant.l transmiltin;: on 

s~rt·qucncic~ nc·~r the :O.tl'F' &as stJ.own in TtJble 5 the :.i~nature-to-nolsc r .. ,tio 

ilnd thuD t!H.: proiJal;ilit)" o! d~tcction at C'V<·n low .uhituUcs is quite :.uUstan~ial. 

ln lat:t, thcr.:- arc n1any cases !or which the si).!nal•tu ... noisc rauo exceeds .. 
15 diJ.. l"hus, i!' the high ptN-·c-r C•tter CO,)y transm.illers c:ontinuc to operate 

.a.t1d tr-.n~rah OH 1rcqucnci.cs nc_.r the 1 F hop Ml:F betl.veen Carter and VHFS 

then low "ltilu"~ SLU:..l detections in the afternoon •houltl be po .. iblc. 

£\'~o.~n thol'~h the prvbabililj'' ol dctN.tint! St..L\~1 Jaun:hin!o=J:t frorn 

c~p<· Kc·nncc.lj· iii qultc lo·.v (clue to the rdath·cly Ion;.: ran;!c !rOtH the buvy 

to lht• tar~ct) it 1~ ituporlant to dctl·rrninc whether or not aircraft !l~·!n~ 

c~ntrollcd patterns ncar the buors and C..artcr Cay can be: dctcctt.~d. A wav 

to t'\'aluatc thi& and to clearly display the rcbouhs i-t. l.O compute cxpt•ctcd 

ck·tcction J·cgiont:» •round the transJnittcr- position~ Vari.a~lcti that rnusl Uc 

con6idcrcd wht-•n calculatin~ detcctz.,bilit}' rc,.:ions arc UislOltic ~co:nctrj'• 

ir•·qucnq.'. tr~n!nnittcr- power. tar-~ct cross section. s.ky\vavc hop J.tructurc. 

s.ca :,tif.tc. lo('~~ tirnt" o{ day and noise level. Uy choosin~ n1t"dian \'alucs ior 

'SCesT 



Tal>!~ I, 

!\J) 1->rcdictcd Sj•stc-nl Pe-rformance {or l\0\'CUlbcr, 1969 

for lluoy I at 100 km Han~c from C~pc Kennedy (t:) -"' ... 
:i .. -... 
v 

~ c 
"' u 
E " .~ 

.,. - " - ... 
~ ... 00:007. 0-l:OOZ OR :001'. 12:007. 16:00Z ZO:OC·l. -"' SIN -3. b ·ll. l ·14.~ •II. 0 ·42.1> -~0.3 

~ "' PCIS13 !s0.5 80.5 81. 3 82. I 83. 5 82,(, 

.<>' SI'S -2.3 •tl.8 •7. 7 -3.4 ·14. 3 -s. o "' 
.,., 
N PC/Sfl 79. I 7?. I 79.9 79. 7 79.7 80.3 .,.. 

"' SIN -z.. 5 • iZ. I ·I-I. 3 -II. 0 ·40. ~ .... :H. 2 
.,; PCISB 7<>.4 80. 4 81, z 1!2.0 (I, 5 R3.6 . 

.i C' 
0 "' Sl':'l .z.. z ... a. 7 -7.6 ·3. 3 •l-1,8 -s.o 

"' ,: PC/513 79.0 79.0 79. 7 79.6 80,3 80.3 

"' SIN ·Z, I •II. 5 -13. s ·10. 7 •4C. 0 •31. 9 
• ...; PCISil 79.0 79.9 80,7 81, 7 81. 0 84.2 .2 

0 "' Sl'l' -0,6 -s.o -6. 9 ·I. 9 ·18. 5 ·5.0 .. "' N PC/Stl 77,4 7~.4 7?. I ;a. 2 83.9 1:0, z "' 
"' SIX 49.9 10.9 8.6 18, 5 37.7 ·I.!! . .,; 

PC/513 27.0 :.;. 5 5H, 'l 52. 5 7:;.; 5·1. 2 t 
"' "' ! 

"' "' S/'1' 41, 5 3, 89 48, I 23.0 24.6 N 2.8 
.,: PC/STl 35. 3 67.5 68. ·I Z.l!.Z 42.4 50.6 

SIN : Tar~:ct Si~nai•to•Noi•c Ratio (db) 

PC/~13 = Carricr•to•Tar~ct Si~;nal Ro.tio (db) 
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. , 
• 

T~1blc Z. 

(l') Predicted srstc•u Pe:-forrnancc for :\ovctnbt.·r, 1%? 
for I!UO)' z 'II lOO km Hun I:" I rom c .. pc Kcnnt•d)' ( l:) 

!! • 
;: 

.... 
~ ~ ., ~ 

" " ·- C" ;· - " - .. 
00:00(' 04:007. €'H:OOZ IZ:OOZ I 6:007. ZO:OOZ .- :.. 

"' S/~ •9.9 •IS, 5 .. zo.7 -17.3 -~9.0 ·36,5 .:. "' PC/SB !!~.9 fl3.? H·l, 7 -115. 0 !!(,, 4 . ~(,. 0 

"' "' '" ., sl~ -!1. 6 ·15, I -14. 0 ·9. 7 -zo.o ·II, 3 

"' PC/Sll 7 (,, (, 76.6 77 .. 3 711,0 1b, 7 77. b 
~ .., 
" s/:-: -" .,; -1'. 9 ·lti,4 ·20. 1 •11. 3 •40. 9 ·37. 6 

0 PC/Sfl ?3. 9 !13. 9 ~-~. 7 ~5.0 1!4, 4 !\7, 0 
"" '" N S/ ':\ -8 .. s. ·IS. 0 -13.9 •? .. 7 ·ll.l -II. -1 

"' PC/SB 76. s 76. 5 77. z 77.? 77. 3 77. b 

"' S/~ ·R. t> -I a. 1 -Z0.3 ·li.2 •44.-1 •H. 5 -" .,; 
<:> PC/SB 83.6 ll3. s 8·~. 3 1!4.9 HI. 9 kZ.? .,. 

"' ·~ S/~ -7. I ·I-I. 5 -13.4 ·1-!.4 .zo. 1 -II. 5 "' 
PC/SI\ 7 s. l 7&. I .. - ';'( .• 7 7H. X 77. ~ . I tl 0 I 

~ "' S/~ zo.o 11. 9 '), 6 •·I?. I ·I ri, 5 ... f 

-< "' PC/1;13 54. 4 53. i> 54.1 w.o 1;6. ~ 6~.0 

"' "" "' S/~ D.S 3. I 4. 15 z;. u u.. 0 27.6 ., 
,:. PC/Sil 54. 7 58. s 59.2 40. () 34. I 3~. 0 

SIN = Target Si~nal•to•:-:oisc Ratio (<!b) 

PC..!Sn : Carrier-to• Tarl!cl '>ignal R"tio (t!h) 

.. 
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l"al>l~ l. 

(L') Pr.·din.:d ~)'"tl'ln PcrfvrtuonLC !or ;.:uvt.'llll.H·r, I. :}uQ 
' 

(..,r lh1o~· 3 at 300 km Ra.n~o fro"' C"pe Kcnn"dy (!:I 

- .. -,. -:; ,. 
- •• ,.. 

~ 
';! ., ~ 

' " " .-=: "' ~ " .. -:: lo. 0\l;OO?. 04:001. 0~ :llLlZ I l:OO:l. 1(,;\JOZ ZO:OO/. 

"" Sl':' ·20.3 ·30.4 ·3.!.d ·2~.3 -70.7 .. ss. z .,., .!Q.?!'_ M9,7 90.3 9 I, 3 90.0 I OZ.:} 'lH.') 
~ e· 

SIN "· "' ·i9. 3 ·H. 9 •i-1. b 
"' • PC /SB 7!!,4 sz. 0 ~~~. z 
~ 

"' SIN ·I z. !i •l2.0 ·24.3 ·21. () -so.s -~I.Z 

"' PC/Sl\ SJ. q !!I, 9 I!Z.H xz. 7 Hl.O 65.0 -"" <:" 

"' "' S/tl •I'. 2. •I !1, 6 ·17.:. -13. 3 -2.4.8 ·I;;, 0 - .... . I'C/Sll 71.2. 11.l 7.2. 3 72. 9 ~l., 7l. b ~ 

,. SIN •IZ, 4 ·21. 8 ·24. 1 -z 1. o ·4~. I ·37.3 
.,.; PC/Sil Rl.!! HI, 7 til. 5 H2. 7 i?. 7 HI. C 

' .i2 .,.. 
SIX -10. 9 -18. 3 ·I i .l ·IZ. I •B.? ·1 s. 3 Q .,., .,. "' PC/sn ; 1. 7 71. \·· i'J.q . iO.O 7(•. lJ iZ.\l :-.., SIC< •I o. 0 l. 3 -o. 7 ll. 7 -~! •• ? ,. ' 

..... I •"" 

"' l'C/Sl'\ S9. ~ 57. 1, '>'). I ·19. 0 ~~~. 4 70.6 
"" ,.. 

"' S/':' l. 3 -4. 3 •4, ~ J b. 7 'i. 7 lJ. 7 N 
.,: PC/Sll S5. i Sb.9 59.6 .Jl. 'J :;?.4 H. " 

SIN = Taq;ct Si~nal-to·:\oisc Hatio (du) 

PC/SI:I • C':arrier•lo•Targct Si~nal Rati~ (db) 
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Table 4. 

(t,;) Prf'dictC'd Srstcan Pcr!ornu:ua "'lor ~ovt•ml>L~r, 1969. 

for CAHTEH CAY Tratt•mittcrs (l') .. 

"' 
:E 
,.., 
u 

] 
c 
" :0 

~ 
.,. 

.:: " ~ 
'( ... 

OO:OOZ 04:00Z OR:OOZ IZ:OOZ I t>:OOZ ZO:OOZ 
"' S/N 
"' 

0. 7 •7. M ·10. l ·6. 7 -31i.3 ·25.? 

' "" "' PC/513 !14.9 83.9 !!·1. 7 85.0 85.9 H!>, l .r 
"' N SIN 2. I •4. 4 ·3. 3 o. 9 ·I o. 0 ·0~ 7 • 
"' PC/Sll 80.4 79.5 80.2 !!0, !I 79.0 !10. 0 

"' 
~ "' SIN I. 8 -7 .. 8 ·10. 0 ·6. 7 ·36.2 ·21>.9 
0 PC/S13 ij 3. 5 1!3. 9 ll4.7 85,0 !!3.9 HI>. I 

"' <1'\ 

S/f\ N z. I •-.1.3 •l.Z 1.0 ·10. 5 -0.7 
.,: PC/~13 so. 3 79.4 P, 0. I 1!0.8 79.6 80. I 

"' $/'1\ 2. 0 .. "; .. 5 -9. 7 -6.6 -33. 8 -2l. 9 
~ .,; 
"' PCISB K3, 6 !!3.6 K4. 3 84.9 81. 5 HZ. I ..,. <:' 

"' SIX 3. 5 -3. 9 .. z. .. 8 z .. 2 ·I o. I •0.9 "' e: Pctsn 79.0 79.0 79. 7 79.5 79.2 80.3 

.>1 "' S/N 3&.8 z. 7. 3 Z4.B z 1. 5 ·40. 7 -I o. 4 - "" .,.; PC/Sll 48. M -18.!! 4?. R 56.1! b!!,4 f.;. I 

"' SIN 21. 0 45. z 24.7 zs: 3 •n Z9. Z ZO. I 
"' PC/sn 5(,, 7 36.5 ~4. I --- .,: 53. 3 54. I 44.4 

S/ N • Target Si!lnul•to•Noisc Ratio (db) 

PC/SB • Carrier-to•Tar~ct Si~nal Ratio (db) 

·17-
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.... 
v 

" c ., " " " ~ C" 
-~ .. .!! .. 

!o. 

" ~ 
c: - •n ::: ... -" :z: 
n 

:.: .. 
"' "'l: ""-- ... 

J> 

"' "' "' ' -~ -

N 

"':; :;; -,. 
:.: 

" 0 .,. - o::: .... """' c " .,:I: - -~ ... 
:.: 
0 

N 

ol: ... 
N;! 

N - on:!; ... 
:.: -..-: 

"' N - c:-:5 -
"'"" 

I 

I 

!".\II LE 5. 

(U) Predicted sr~tcru Pcrforruancc fur i':ovcr11bcr, l'Jf,fJ 
(or Carter Cay Transrnittcr Usin~ Frcqut•ncics ncar the ~tUF. (U) 

S/N 
PC/SD 

S/N 
PC/Sll 

S/N 
PC/SD 

5/f' 
PC/Sll 

S/N 
PC/SH 

S/N 
PC/SD 

S/N 
PC/SD 

S/N 
PC/SD 

I 

00007. 

9. 93 
60. 3 

--
I 0. 0 
60.2 

--
II. 3 
59.0 

--
26.7 
4J. 6 

18. 6 
190.4 

:-tuF 

13. 56 

13. (,5 

14. zo 

15. 83 

I 5. 55 

S/N 

PC/Sll 

; 

n.nn '-""' nRnn """"' "nn MIIE 1600 b.S IJE 

- - - 13. 4 21.30 

- - - 59.2 

- - - 16. 5 21.77 

- - - 73. 3 

- - - 12. 3 22.07 

- - - 60.2 

- - - 16. 5 22.00 

- - - 73. 4 

- - 19. 3 ll.-?9 IZ. 0 • 21. 73 

- - 60.6 60.6 

- - - 18. 2 23. 51 

- - - 71. 7 

- - 47. I 14. 70 33. 5 14. 53 

- - 3Z. 8 39.2 ,. 

- - - 56. 6 28. 16 

- - - 33.2 

·· Tar~ct signal-to-noioc ratio (dbi 

: Carrier-to-tar~ct si~nal ratio (clb) 

'·· 

z.ooo 
10.4 
60. I 

II. 3 
74.8 

10.4 
60. 7 

II. 3 
74.8 

9. 2 
61.8 

13. z 
n. 9 

51. I 
zo.o 
48.7 

.. 37.4 

' 

MilE 

2 I. 07 

21. 03 

21.211 

-
Z I. Z I 

zz. 60 

zz. 38 

26.40 

25.80 

-

M 
tl 
t"' 
' 0 

..0 
0 
0 
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-· C":nntinurd. 

all the \'ariablcbi and cha.ogin~ th~ value~ o! a sint;lc variable .11 a time, 

regions u·hcre detections are most Hkel)· to occur can be ~cncratcd, as well 

as obtaining an \Hldcrstanding of how a particular variable altects the overall .. 
detection area. 

Dcted.abili\y re~iontt hav~ been ..:aleulated for var1ous 1requcncies, 

hop structures and noise levels U$ing a l>uoy located IZ~ km !rom Cape 

Kennedy as the tran1unitter and VllFS, Va. as the receiver. A sea stale of 

s. transtnittcr power o! SO \VaU.s, groundwave propagation {rom transn1ittcr 

to tarl!e' and skywave propapation !ronl tat Aet to rcccivt:r and a required 

signal to noise ratio of 3 db have been assumed. 

The !ollowins technique io applied to !ind the area of dctectability: 

Fronl the radar range equation 

where Ln = 
Lnr = 
LnH = 

Gr = 

GH = 

0 = 

). = 

total loss 

r 4110-10 ion- · 
• & 2 -

>. 

spreading loss froni transmitter to target (db) 

to.prcading lo:t& {rom target to receiver (ub) 

Aain o! the transtnitter antenna {dbi) 

gain o! the r~c.civcr antenna (dbit 
z 

cross section o! tar~ct in m 

w """ len!lth 

GT, GH and 10 log ~);(T are known and L.R is· calculated by assuminp a 

value {Of' atn1ospheric noise, addinr; to it the tr-a.nstnitter power a"ld the 

required 3 db si~nal•IO•noise ratio. Substituting tho calculated value for 
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3. z • .. ~ontinued. _________ l!r_.T_J ! ~StHED 
Ll\ into \he equation,. LilT+ LBR is calcul<ttcd. By taking the total spruding 

loss, subtractin;; the loss contributed by the D layer lou and skywave 

propagation loss !rorn target to rec.ci·tcr, a value {or the t)JreadinQ loss in .. 
the u.rgct•transmitter leg is obtained. This los• is the propagation loss 

incu rrcd by a ~roundwavc and can be converted to the r•ngc required !or 

this loss to occ:ur using l3arrickts 1 groundwave transmission loss tables. 

This technique was U5ed. to calculate the detection arCC~. .around the tru.nsmittcr 

lor various frequencies and atmospheric nojse conditions. The results of 

\he detection u.rea calculations are tabulated in Table 6 and a vertical 

projection of .&Onlc ol the regions onto the sround ·ls ,shown in Figure 4. 

The reason for the egg-like shape is that the area boundary is the locus of 

points such that the product R
1
Rl is equal to a constant, 

R~£crring to Figure 4 we see that the largest area of detection is 

for 2F hop cases for both S. Sand 9. 259 1\\Hz, as compared to tf.c 1£ nop 

situation. This ls because there is substantially less D·laycr lo55 for 

the ZF hop mode than the I£ hop mode due primarily to the different path 

lcn~ths in the D-rc~ion itself. With higher modes the incident a."'~le through 

th• D-laycr is higher, thus the loss on those paths due to D-la~·cr absorption 

is sm;,ller. For the ZF hop mode• the region at S.!! MHz is la.rfer than 

the region at 9, 259 MHz. This is due to the fact that \he loss on the Rl 

path is smaller at lower {requencics because the spreading loss is directly 

proportional to the wavelensth and as one would expect t.he larger region 

{Or dctcctio~ exists {or the lower lrequcncy. Howev~r. ·an the lE modes 

we find the situation is reversed, \he hil)her frequency i6 also the laq:cr 

area o£ detection. This is because the D·layer loss on the S. 8 MH1. 

frequency is substantially more than the D·layer loss at 9. Z59 MHz and this 

O\*crcotnes the gr-owldwave propagation advantage at the lower frequency~ 
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R I • CROUI()~AV£ 

R
2 

• SKYIIAVl 

P1P,TA • 50 watts 

Ul't\.LA))Itltll 

e RltliVFR 

lH17R TO RECEIVER: 1192 kJn 

t 
67 km 

I 

-· 

5 -~ HHz (2f) 

9.259 HHz (Zf) 

9.259 HHz (IE) 

5.8 HHZ (IE) 

Figure 4. (U) Sample Detection Region• (U), 
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Table 6 • ... 
(U) Summary of Detection Resion Cakwations (Ul 

,. 
Rl LsTtLBR D· R2 Atmot 

Freq !lop R: Lo .. : J.n!'tlt J.ay~r l.r.o!! Noise . -
MHz Structure Km db db Lou db Jb dbw 

5.8 u: 11 61 z 11. 7 48. 5 I 02. 2 ·180(B) 

5. 8 ZF 67 79. 1 Ul. 7 30.4 102,2 ·ISO!Bl -5. 8 IE 10 59.5 195. 7 34 lOZ.Z -153(M) 

9.259 IE 34 60. 1 210.7 21.9 106.7 ·l7Z(B) 

9.259 ZF 48 81>.2 210.7 15.8 108.7 ·17Z(B) 

9. 259 IE (4 84.7 Z08,7 IS. 3 108. 7 ·169(M) 

9. 7..59 IF 65 90.8 2u8. 7 9. 2 108.7 ·169(M) 

15. 00 IF 60 101 2i6. 9 4.0 lU ·174(M) 

IS, 00 IF 67 103.6 2.21,5 s. 9 liZ -17~1l\) 

20.0 IF 6~ 113,9 231, 5 3. 1 114.5 ·186(B) 

20.0 IF 66 113.6 Z30. I 2. 1 ll4. s ·185(M) 

B a Best noise case 0800·1200 Local Time 

M " Mediwn noise case 1600·1200 Local Time 

UNCLASSIFIED 



3.2. 
(_J2r 

-- Continued. 

' From Table 6 we •ee :hat the delectability radii (R 
1

) tend to 

increase with increasing transmitted frequency. However, once the 

frequency increases to approximatcdy IS MHz, the R
1 

spreading loose• cance 

the effect of dec teasing D·layer loss and decreasing atmospheric nohi" ao 

that the growth of the detcctal,ility region virtually stops. Note that the 

detectable radii are approximately the same for 15 and 2.0 Mil:.. lt Is 

also observed that varying transmitter power and transmitter or receivH 

antenna gains have the aame effect on the size of the delectability regions. 

That is a db of gain or loss whether generated £ram varying transmitter 

power o:r antenna gain enters the radar ranse equation in the same way. 

-23-
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Lv) s.e;c; no:. 4. 

;({DATA ANALYSIS (lJ) 

~----------------------------- ------------------------~ 
1n this section, two events lnvolving a controlled aircrilit fiigh .. 

o! a l"avy P3B aircraft and two propagation mcaaurcn>l'nts betwecn'-Cartcr 

Cay <1nd VHFS arc presented with their specilic ceomctry, pre<ilcteci ;.nd 

measured results and conclusions derive-d £ron1 the results. Thebe 

operation& are summarized in Table 7 and a map o£ the neLwork geometry 

is shown in Figure 5. 

4. I Event I. 

Event I on 18 December, 19€.9, involved a Navy PlB aircraft 

!lying at an altitude b1!lwcen 300 to 600 !ect, speed between ZOO and 400 

knots and Ubcd the buoy transmitter located IZO km !rom Cape Kennedy on 

an a:timuth or 113". The !light path of the 4io·cra!t. along with time !GMT) 

is shown in Figure 6. The receiver location {or this event, as with .all 

Aquarius events, was VHFS, Virginia. The two buoy £requcncies or S. 6 

an<\ 9. Z59 MHz were monitored by the rcce1ver. A signature detection was 

made on s. 8 MHZ between l750-1755Z and zoooz-~oosz. The propagation 

conditions are summarized below: 

Table 7 (U) 

1-a.._ .. _. .. ._ __________________ E_v_e_n_t_l Swn~m~a~r~y~(U~)~----~--~------------------1 
Calculated 

.. 

Frequency 
(MH:t) 

s. 8-

Carrier 
Level (dbw) 

• 9Z 

·130 

Noi~e 

Level (dbw) 

·160 

·157 

·24-

Transmitter 
Power (W) 

10 

z.s 

!IIRET 

Detection Hop 
Radii (km) Structure 

3 
6 

11 
6 

lE 
ZF 

IF 
lE 



c:-___ -J_ 

1--+-----1--------+-------l-19° 

@&UOY I 

Figure S, (U) Network Oeometry (U), 
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EVENT DATE 

1 Ill Dec 69 

2 2i Jan 70 

3 2? Jan ?0 

4 5 Feb 70 

10 Feb ?0 

AC • Aircraft 

ND • Not Detected 

HB • H ea rability 

Table 8. 

(tll Summary of Operations (tl) 

FREQUENCIES 
TYPE jMHz) 

AC s. lj 

AC 9.259 

AC 10.167 

AC 15. 595 

AC 10. 167 

HB l0.250 

HB 10. 167 

HB 10. 167 

HB .zo. zso 
HB 9. 259 

HB 5.8 

UNCLASSIFIED 

MEASUREMENT OR 
DET£C TIO:>: TlM£5 

!GMT) 
.. 

17SO·I755 
l000·l005 

I>D 

!>D 

1656 

1712 

~tsoo 

-1500 

~100 

.-2100 

.-1430 

..-1430 

-. ·-· ··-··· ·---·. 



4. I •• Contir.tu.·d. UfJGlASSlFIED 
----------------------------~ --It lS felt th01t the detected s1~n.1lurc is not tht: f\avy P3B aircraft used in 

this test but on aircrn!t ll)·in.: uc;ar t.ht• rccrivcr ._t \'JH-""S. '!"he prf.:dictcd 

dctcctability re~ion for t •~' c:oy •.:•tend• at bcot to onlf ll km. The P3B 

aircraft approaches the. o·">·r wlti':~n c>nlr 30 km. The period o£ th'" 

fir !lot Doppler sh:naturc•. u .. :- ~:-.•::lii,c occurs 5 .. 2 n·dnutcs latcr-tt.han 

prt:Uictl"d t:loscst o..ppruO&ci':. .. :-.!.! tr;,. pctif.ld 01t the 110c~o:uncl l:iu}JJ.!lcr aoign•Lurc 

sign chans;c occurs l.. 8 aninutC't. c&rlier thao~ predicted closest .!:tppraach. 

The Doppler si;;natures obtained shown in Figures 7 and 8 were of the 

proper frequency {or an aircraft but were much stronger than could be 

expected frotn a 10 watt transtnittcr. Thus, due tCJ ineonaistant tin1ing. 

distances of a.ircrn!t !rom the trnnsmitter, &tren$tth ol detected signature!t, 

ar.d the low power o£ the transmitters, it ia concluded that signature 

detected wa• not thc P3B aircraft used in the experiment but rather another 

plane ilyin~ over the receiving antenna. 

/ 

Events 2 and 3. 
'I' 

Events 2 and 3 on January 27, 1970 invoh·od an aircraft (P3B) 

climl>in~ to an initial altitude o! 24,000 !cot and &p:ralling down to 2000 !cvt 

'While holding a prc:ci.~c test p"~oucrn ancJ nlaint.llinin~.:: ground spc~~ Uctwccn 

200-300 knots, 'fhc aircralt !lew the pattern descril>ed by Figure 10. 

Initially approaching the C"rter Cay area on its way {rom CP C3 to CP C8, 

the aircraft proceeded to fly the pattern CS to C7 to C6 to Cnler Cay to 

04 to 05 to Carter Cay to CS and repeating !or altitudes o! Z.4, 000, H, 000, 

12., 000 an!l 2000 feet. The transmitters were a~:ain located on Cartu Car. 

·The frcq,uencica monitored b)' the receiver at Vint Hill Farms Sution were 

10,167 and 15.598 MHz. Detection.was made at 1712Z on 10.16"1 MHz and 

-zt .. 
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ANALO'::-

SPECTRUM• 
J\ti~.LYZ£0 

I 
FAX DISPlAY 

"' "' 

OM PUlER 
GENERA TEO 

OPPLER 

' ·~.:,} .. _.,. 

.. 
.\ 

:' . . ,_, ·. • l'~l . ·. r I I I '•;. ' .. : : I ,. >, I 
I . . . . ' 

I . ~ .: ' 

AIRCRAFT SIGNATURES 

EVENT I • 171•62 • 17542 • 18 OECEP18U 1969 
80UY I • VINT Hill FARMS STATION 
5.8 IlHz 

DI~PtAV 

fREQUENCY 
lit * 
150-

22-

8-
4• 

ISO• 

22· 

8-
4• 

I I 
1753 1750 

T1 HE •• zu lu 

* DOPP(ER SIGNATUU RECIO~ 

Ficurr 7. 

l \ 
j( ••• 

• I .. 
' ., 

GEOMETRY 
SKETCH 

· I I 
I I• I . l'. 

t ~ 1750Z 

. ·. I 
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. -·-·· --~ .. __ , ... 
. ·-.J 

,... ... ~ ... ,.., .... 
!i''"] 

I \ . 
: _,, . . I !- ' . , 

AIRCRAFT SIGNATURES 

EVENT I - 19692 - 2006Z - 18 DECEHBER 1969 
BOUY I • VINT HILL FARPIS STATION 
5,8 HHz 

• . . I 1-i'/1 

• 

GEOHETRY 
SKETCH 
t • 2000Z 

DISPLAY 
rREQUENCY r7·1· 

ANALOG 
S PEt TRUPI· 
ANALYZED 
FAX DISPLAY 

w 
0 

CDHPI;TER 
GENERATED 
DOPPLER 

Hz 
150- .• ---....... , ....... - ·~--. ......_. -· •• . ... . . ... • . -.--,, , ...... · .... ,_.,- ·---. .,., .. ··.·· .. -·--- ' ... , 

't-,.' •. ~- . ' f •. -. ~ ~------·-· ,.c- .. .z.~~· ~ .. - ...... ,... .t>l~· .. -· .•. ,. -, ......... - .; ·..::...!: ... -.- .,.. '....... ~· ."" ... 

Zz
- -· ............... ,........,,_ '- .,. . •••q ,,.'",.'?;,_..__ __ .,. --c.• _,_..j_,._ . -· ,.,.,.. r ... 

., ... w ' ••. ,........,.., ................. , ·"T•,111'!" ~ ,. . •• ~-:r.' .•• ~- ... _:...: , ..••... ,, ...... ;T • .-,, .... L~-~~1"!:a1 Ft .c.~1~ 
8 .. ,., ...................... -- .~,--..,~-'I ..,.,, ,.l .. ,.,. •''" ·~•..,. , . ., '1' -~&~····•-..·~ 
-~.~.~~ ..... ,,.,.:»·n..,•~"~;7'•-·· :•· -~,..-.,,.~~ . '"'~l 4-~--W~· .-.·w .. ll"!-.:M~· .. .... .............. . ..,.u '.·at,...; .. ~,..,.;..;.~ .,. ... 
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at IS. 595 MH.t as shown on 1:'iAure '1. The propagation conditions ior 

these events are aurnmari~ed below~ 

Table 9. {U) 

£vent 2. and 3 Summary 

~--~~----~~~--- ---~~--~---------.~ Frequency Carrier Noise Tx Power Detection 
(MHz! Level !dbw! Level !dbw! !w! Time IZ! 

1 o. 16 7 ·112. NA 3000 1712. 
15. 595 NA ·145 3000 165~ 

The signatures detected on this event represent the ""'ttered and doppler 

shifted energy !rom t.he target aircraft duriug the time o! close approach to 

Carter Cay. However, accurate doppler predictions have not yet been 

made due to t.he inexact knowledge o! t.he flight path and the !act that the 

detections appear t.o be made during t.he end of the turning maneuver over 

Carter. Th.., present doppler modelling !or aircraft is being modi!ied to 

handle out of plane maneuvers and from this improved model, accurate 

doppler matches will be possible • 

w~ observe lrom Figure 10 that the detections lor bou. passes on 

Carter were slightly late with re•pect to the time that the airc:ra!t indi,;;ate. 

it was directly over the transmitter. The1e is a good pos~ibility t..nat the 

.. Ire raft flew exactly over the transmitting an1enna and thus wat in the 

vertical pattern antenna null. Being in t.he null of t.ho antenna e><;:-lains the 

loss of signature for times over the transmitter. The signatures are 

detected at. the completions o! the turning r.•aneuvers over CarteT Cay • 

Signatures lo>r both detected pan"& o! the aircraft are almost identical 

in both timing and frequency, Thus, the frequency excursion, time 

cor~:eladon, nearness of &he aircraft to the transmitter. radiated po\•1er £rom 

tl'.e Carter Cay transmitters, a.nd the weak signature strength make the 

·31-
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identification o( the signature as Lh~ ta~gt:t P~D o.ircr.:.!:. The c:::meh1si";'n is 

that airc:rait below :i!K feet and within the predicted cletectability r~gions can 

be detected using thia buoy concept if suf!icient power ;, transmit· eel (3 lew 

in this c:a s e }. .. 
4. 3 (U} Event ·1. 

• 
Event o4 was a heaubility test, performed on S February at 1600 

and 1000 hcurs local, musuring til~ l'ropagation c:hancterin'c:a !ro:n Carter 

C"y transmitters to the Vint Hill Farms Station receiver. The purpose o! 

the hearabiHty test was to determine bow accurately present prediction 

techniques correlate with measured values and to estimate the bop atructures 

!or various frequencies. Testa were performed for two frequencies 10. 167 

and 2.0,£50 MH:t &l>d at two times during the day. It was !ound that for an 

auwned 1£ hop structure at 10. 167 MHz and an auurn"d IF bop structure 

at 20.2.50 MHz good ar;reement between predict"d ant! observed carrier 

levels was obtained. However, the noise predictions were consistently 

lower than measured values ao shown in Table 10. The dilterence between 

the predicted and observed noise levels is typically due to ~o-channel 

interference which is sisni(icantly higher than atmo•pneric noise. 

Table I 0 (U} 

Compari&on o! Predicted and Observed Carrier and Noise Levels (I:} 

Fre,.uency Auumed Tx Power Car:ier (dbw) Noiae (dbwl 
Date/Time (MH:t} Hoi! Structure lkw! Prrd. Obs. Pre d. Obs. 

Feb 16001.. 10. -167• . - IE z. 1 ·79 -76 -1i>Z.8 ·144 
Feb lOCO!.. 10. 167 IF 2.. 1 ·58.9 ·90 -163 ·158 
Feb 16001.. 2.0. 2SO IF 2., I •6Z.1 ·66 •179. I ·134 
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4. 4 (Ul Event 5. 

Event 5 was aho a hearabillr; test, pcr!ormcd en 16 Feb. at 1430 

local time, with the aame seometry and purpose as Event 4. Testo were 

performed !or 5. 8 and 9. 259 MH:t. As shown in Table 11, best correlation .. 
between me&sured and observed carrier levels w&o obtained !or an auwned 

2F hop structure at 5, 8 MH:t and an .uswned IE hop structure a't 9. 259 MHz. 

As in .Event -4, the noise predictions were consistantly lower than measured 
• values. The conc:lusions {rom Ev .. nts 4 and 5 is that lE, lF and 2F appear 

to be the dominate hop structures for 10, 20, ~ MH .. respectively. It ia 

also cond uded !rom this limited data base tha! the propagation prediction 

is fairly accurate for predicting the received carrier levels, b!lt due to high 

co-channel interference consistently predicts lower noise levels than are 

measured. 

Table- 11. 

Comparison of Predicted and Observed Carrier and Noise Leveh (lJ) 

Frequency Auwned TrAnsmitter Carrier (dbw) Noise (dbw) 
Date/Time jMH:t! Ho;e Power Pred. Obs. Pred. Obs. 

Feb. lHOL s. 8 :E 75w -128.2 -110 -160. 3 ·160 
Feb. 1430L ZF 75w •124.6 110 -!62..3 ·160 
Feb. 1430L 9.259 1£ 75w - 93.2 - 95 ·162..8 ·139 
Feb. 1430L ZF 75w •104 - 95 -162..8 ·139 

UNCLASSIFIED 



\)) Section S. 

~ ';s( SUMMARY {Ul 

p------------------
Th" operations covered to date include both controlled aircrap testa 

and hea rability tests, The remainder of the operation a have not been 

a.nvlyz:cC becau:e :.11 d..\t.:. on the evenu in-:ludlf"'g ni~ht P"'tha ~nd tr.anr ,::ter 

power have not yet been collected at Sylvania for analysis. The moot 

aigni!icant conclusion h from Event 2 which aeema to demonotrate that 

the buoy transmitter concept works {with sufficient tranamitter power). 

The predic:tions of carrier level& made Ior the hear ability teats on 

5 February and IL February aeem Lo align rather well with measured 

value•. Predictions of noise level it not aa succeaa!ul, being consiatently . 
weaker than meaaured values. This h probably due to local inter!erence and 

the aaaumption that the receiving •ite at VHFS fa a "rural" man-made radio 

noise area. Jdentitication of the receiver site a& a "suburban" area ia 

probably more accurate, This would raise ti.e predicted noiae level by 

approximately 20 db thus making it align with meaaured values much more 

closely. 
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lNTRODtiCTlON AND SUMMARY 

1.1 (v)_- CENERAL. (U) 

Project AQUARIUS io a part of the Advanced Ruearch Project• 
Asency (ARPA) oponooted ocean aurvcillance and tactical urly warnin~ 
program under Project MAY BELL. The primary goal of Project MAY 
BELL..., .. to inveotlgate the ieuibility of dete~llna and tracking airtrafl, 
mioal1n, and ahlp• at ovet•lh.,·horir.on dietancea uoing high frequency 
CHF) monodatic and bl-otatic radar•. Concepti uling the baaic geometric 
configuration• ahe>wn in Figure 1·1 have been explored. The MAY BELL 
pro&r.u":> emphuh hu been directed towards determining the auenuation, 
c:lutter and propagation aapeeh that apply to concepta udng ourface waves: 
and inveotigating the basic feaaibility of d~tecting and tracking aircraft and 
SLBM •a for Fleet Air Defense (FAD) and Buoy Tactical Early Warning. 

Sylvania '• primary effort• under Projec:t AQUARIUS have been 
to determine the feasibility of: 

(l) det.,cting both submarine launched ballistic miuiles 
(SLBMa) and aircraCt uaing ourface wave propagation to 
the tarset and aky wave propagation from the tars"t to 
the receiver, and 

(2) providing detection and tr"cking information under 
eleetrom.agnetic control (EMCON) conditione (or 
FAD IU!n&: ahor-·bued HF (CW) aourcu and abipboud 
receiver a. 

Both analytical and experimental work have been acc:ompllahed to arrive at 
the concluaiona included in thh report. The principal result a of the 
lllvettlgatlon are aum.mar!&ed in the 1remainder o~ thio acctioru :ruulte 
related to early warning (EW) ayatema and reaulta anociated with Fleet 
Air Dden·n. The detailed preaentation h included In Section a 2 and 3, 
reapeetively. Band on theae findinga recommendations are made in 
Section 4 for aubaequent experimenta and inveatigationa auodated with 
aircraft tracking under EM CON condition• ualus a polydatlc confi&uratlon. 

The concept• explored under Project AQUARIUS can be applied 
to tactical early warninS ayatema employed againat aircraft and aubmarine 
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1.1 (v) wr 
Jaunch.,dballi•tic mt .. ile• (Sl.ll/>.h) and flrel air tle('"n•e (FAD) *)'olen.
that n'lust cope with ho•tile .otiTC'raft and n.isa.iJeti unuer buth iriemiJy .. nt: 
enen•y £MCON cundition•, 

l.Z lV)- EARl-Y WARNINC SYST£M • SUMMARY. (U) 

The early warnlns oystem conriguralion conoid•red under Project 
AQUARIUS It depicted in Figure 1·2. It eonahb of low power buoy and 
land baud transmitters that Illuminate the target (an aircraft or Sl.BM) via 
a ground or surface wave. Target detection b accomplished via a olcy 
wave reflection to a highly sensitive uc•iver located on the cooot, Th• 
primary goals of this •ffort were to experimental'.y demon•trate the 
feasibility of detecting both Sl.BMa and low-flying aiTcuft and to compHe 
the experimentally observed detection rangu to theoJ'etically pudicted 
detection ranges. The targets were detected by obaervlng the scattered 
dOppler shifted aignal frc..m the moving targets • 

Predicted Det..etion Pnformance. (U} 

Propag<~t!on calculations to predict oystem oetection performance 
using a modified version of the ESSA skywave propagation program were 
made !or both the direct and the scatter-path& between the receiver aite 
at Vint Hill Fa:Tns Station (VHFS) and the buoy transmitter off the Florida· 
coast and the Carter Cay transmitter (lee Figur" 1·3), Sepuate prediction 
analyses were 1nade for Sl.BM• and aircraft. 

z 
A constant nattering Cl/ou aectlon of 100M was aaaumed foil 

the Sl.BM at aU altitudeo below 100 lcm. Above 100 lcm altitude enhanced 
croaa uction values of 104 to lOS m2 were u1ed. Sec:auae of the relatively 
low (10 watts) powera (and low fre'iuency) of the buoy transmitter&, the 
aignal-to-noia.e ratio of the reflected doppler ia .almost negligible below 
100 lcm altitude tor any time of the day fol' either S. 8 or 9. Z9S MH:t (the 
frequenc•ea uaed in the experiment). Only above 100 km with the enhanced 
t.arget croaa aection ia the:re any aubstantlal chance of St.BM detection 
ualng buoy transmitters. However, with the Carter Cay transmitter uaing 
3 kw and tra.namitting on frequendes nea:r the MUF, the aignal-to•noise 
.-atio and thua the probability of detection even at low altitudes b generally 
above 0. 8, Thus, the Carte:r Cay tr,.nsmltten operatin& on frequenclea near 
the IF hop MUF between Carter Cay and VHFS, ahould provide low altitude 
Sl.:BM detection• in the afternoon. 
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.... continuett 

1·h,. predicted detection performance for low Uyln~ aircraft w, .. 
&lao examined becauu it il important to detertnine whether or not.,; .. roof! 
flying controlled pattern• near the buoya and Cartt.r Cay <an be detect~tl. 
Thia wu done by computlna the expected detection :region• ~round the 
tranamltter using median operating valuu, The :ruulta indicate that 
aircraft with 100 mZ crou aectiona can be expected to be detected at 
diotancea In the range of 11·67 km from the tunomitter; depending on the 
frequency and time of operation and hop structure. 

I, 2, 2 Experimental f!uulta, (U) 

------------------~ The principal experiment& conalated of two upaute controlled 
•lrcraft flight• of a Navy PJB aircraft to examine the detection capability 
of the biotatic eonfi11urationo and two propagation mea ourementa between 
th• Carter Cay trllnom!tter and the Vint Hill Farm Station receiver. 
Fir;ure 1·3 describe a the network geometry, 

The fiut flight employing a 10-watt buoy transmitter reaulted 
in a detected airc:raft doppler signature. However, it wa1 not the PlB 
aircraft uud in the teat but an aircraft flying near th" receiver at VHFS. 
This conclution is reac:h"d because th" time of th" ai11nature doe a not 
coincide with the time the PJB wu closest to the buoy. Also, the predicted 
delectability J'eilon for the exiehng op,.rating conditions (noioe, etc,) 
extended at but to only 11 krn while the P3B aire:raft approached the buoy 
to within only 30 krn. Thus, due to timing, aeometry, and transmitter 
po .... r conotrainta, the detected •isnature il not conoidered to be due to 
the teat aircraft, 

The ucond night teat employ"d th" higher powered (3 kw) Carter 
Cay transmitter to illuminate the aircraft Uyina at oeveral altitudes h·om 
z. 000 to 24, 000 feet, From thio tut it waa concluded that aircraft below 
Z, 000 feet and within the predicted deteetab!Uty region• (approximately 
U ktn from the tranJmitter) can be detected utins the buoy concept if at 
lea1t 3 kw la tranamltted. 

Sig11al atrengtb teoto were performed to determine how accurately 
the precli~tlon teehniqu,.. correlate with measured value a and to· ettimate 
the hop atrueturea for varlouo frequenclet. Te1ta were performed for two 
freque11clu and at two timu durin1 the day. It was found that there was 
aood agreement between predicted and obu:rved carrier levela for U:, l F, 
and ZF hop atruc:turea • 
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Syst~m Param .. ter Con•idu~tiona, llJ) 

'Whiie the .-..,crir.-.sr.t:l! rr:t:ulta deacribed herein indicate the 
baaic featlbility of the cround-wave/•ky-wave conriguution, there remllino 
a need for additional Information to deai;n a complete coastal defenaiv• 
1yotem. ln particular, there are many parameter. that inter-relate the_ 
.:round-wave/aky·w .. ve mode that were not examined or teated in detail 
during thio experiment. Theoe include variation• in frequency, path lo .. 
with time of day, aeason, etc. To perform an adequate deal&n of all •arl)· 
warnina aystem an examination of aix areaa was J'equired: 

!II effective radiated power and o11rface wave Crom a buoy 
mounted antenna, 

{2) 

(4) 

(5) 

(6) 

au.rface•wave loa&el to the target, 

•catterlng or reflection coeffic:ient of the target, 

aky-wave loaaea to the receiver, 

effective noise at the neeive'r, and 

reeeiver &:ltenna gain. 

Then area a were examined and the 1pecific parameter• that contribute the 
moat uncertainty in 1pecifying 1y1tem dnign values were identified, They 
include frequeney, path length, target aspect anglu, null depth variations, 
receiving aile nobe environment, absorption, tar set altitude meaourement 
toleranceo, and interferel>ce, 1t. propooed experimental program wu 
reeommended that could be ac:compliahed in four pho sea. Firat, analyaio 
and meaa .. rementa are to be made to evaluate the coupling between the buoy• 
mounted tranomltter &Dd the aurface wave which h vertically polari&ed. 
Second, additloDal analyola uain1 modelin& experiments h to be carried out 
to ev&luate the difference between backacatte:r and forward acatter tarset 
crotA nction. Thlrd, the path lone• for both aky wave and aurface ••ve 
are to be measured for an optimal 1et of fr.equencieo ancl mode a of propa-sation. 
Fourth, a preliminary ayotem h to be defined •• a renlt of the fiut three 
phaoe •· Thla deal en would include cover ace area, control requirement a, 
and an eatimate of detection probability and falae alarm rate, 
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.. 
In lieu of pu.r•uing the e-xt>~rin"entt~> nerdetl to Apccify a CCitl~Jtill 

&aetical early warning ayatenl. Sylv~:ni~.t was redirected to fe>cuA &ttt'ntton 
on the Flt-et Air Defense If AD) problem. 

The detection of low-flying th..,at< to 1urface v• .. eio at a ranee 
auffictent to ~:lve uaeful warning time •nd trackin& informalion i• a probhm 
which must be aolved if the 1urface navy II to survive. ln det.!cting .!hen 
threatl the enemy m1ut not be given the opportunity to uoe simple dinctiun 
{indln& technlquu to locate fleet unita. Thus, it II desirable that target 
detection not require radiation from the fleet and that the fled operate 
under complete electromagnetic control IEMCON) • 

The feasibility of u•in& a hybrid (akywave/aurface-wav") cy&tem 
to help tolve tr.ia problem has been demonstrated •• part of the MAY BELL 
pro& ram. 1n thia concept, the target h illuminated by ak)-wavu lro!TI 
transmitten (eithn ahipborne or land-bued) located at over•the-horilton 
(OTH) ranges. Surface waves v·hich propagate from the targe: to a reeelving 
1yatem aboard a thip permit detections to be made even when the taraet Is 
below the llne-of-aight radar horh.on. 

Elxpuiments performed at Cape Kennedy, Florida, with a shore• 
based reeehing alation oimulating the shipboard environment, a Navy 
P3B aircraft ao a controlled target, an<l illumination provided by the MADRE 
(pub e) and CHAPEL. liEL.L. (pha.oe c:>de) transmitters, located respectively 
in Muyland and Virginia, have ahown the technique to be feulble. Fer most 
of the Oighto of the target Its altitude waa 200 feet, and detections were made 
at rangu as great aa 100 ltiiometeU {ltm) from the receiver, 

' Sylvania'• investigations in this area were divided into two parts. 
The firat waa to examine the feasibility of using tranamitten of opportunity 
aa aoureeo for a polyatatie doppler radar syatem for FAD in the Mediter.ra• 
'lle&n Sea, The aec:ond part c:onahted of examinlna taraet tracking method• 
for uae with auch a doppler radar problem. Recommendations for follow-on 
experiments were then made to vuify the traekin£ teehn!queo (Sec:t!nn 4. 2). 

Polyotalic System Detection Feasibility. ('U) 

The polyalatic radar ayatem that employo HF broacleaat transmitters 
of opportunity and a ahipbon>e receiver ,..,., Figure 1·41 wu examined to 
determine the .. vailabllity of aourcu for Illuminating airbor11e threato to the 
TJ, S. fleet ao that a ahipbome receiver can be employed to detect the tarcet 
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at over·the·hotizon lOTti! rangu. Tl•<• •tudy w<u ~;onetrainell "' th" 
Mediterranean re~tlon, 'the sourcu were .examined t" det~>rmine lhe erlecti\•e 
radl•ted power or the transmitter In variouo dire~;tlon.•. eapeo:ially over the 
Mediterranean Su, ~he propagaHon modea, and the operating achedule of 
the transmitter. Propagation lotus from the trantmltter to the target, 
lou due to th" ocattering aeometry, and louu from the targ"t to the 
receiver were ex•mln"d to determin" predicted delectability regiono, The 
retultt Indicate that the aourcu atudiea c•n provide oufficient c:overa~e 
for the fleet over approximately one hdf of the Mediterranean Sea oome of 
the time. More study it needed to evaluate other tourcu with different 
transmi .. ion schedule• to provide round·the•elock coverage. The large 
number of known transmitter• that have not yet been evaluated and tentative 
knowledge of thdr cha.ucteriltlco and ochedulu appear to be auWcient to 
ptovide the additional coverage needed. The otudiu indicate that detection 
range a on the order of 100 km from the fleet ahould be poooible, Section 3. I 
contain• th• detaih of thia analyaio, 

Target l..ocatlon Method• •. (UI 

To provide tracking Information for FAD. ta1'get location 
techniques uaing the basic polyllatic configuration described previously 
wen examined. For low-flying aircraft (below 1000 fe•tl and aur!ace-wave 
propagation for the target-receiver hal! path, the location estimation problem 
ca:~ be c.-naidered to be a two·dimenaional problem, Modell for location 
ettimatlon were developed for three configurationo: a two•tranamitter., one· 
receiver (double buelinel c:aoe, a one-transmitter, one-receiver (sinal• 

· baaelinel case, and a four tra:~amitter, one•receiver c:ue ldoppler location 
finder). For the double baoeline caoe' ~o technique a were developed, one in 
whict. admuth&l and doppler meuuremento are m•de at two different time 
point• for each banline and a oecond to repreaent a lingle oet of meaoure• 
mellto for each baaeline. For the lingle bueline caoe a thi1·d technique 
requiring two leta of a~:imuthal and doppler meaoutementa wao developed. 
For the four•tranamltter, one-receiver caae, four doppler measurements 
are made to provide an eotimate of target range and a&imuth. Section 3, 2 
contain• a detailed deocJ'Iption of the technique•. 
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Error Analysis. (U) 

A detailed error an.alysi" watt conducted of three of the four 
techniqu.t•a. Thia effort excluU~d an examination of th•· hr•n u:chnh.,Yc 
!double bueline, couble n>easu rement) !.ecau•e the other technique • ", .. 
aimpler to implement. · · 

For the double baseline, single measurement technique II is 
1hown that although the technique ia not completely satisfactory un<ler all 
circumstances. it is fairly SUCC'e&sful for r:ertain aeometries and par&nlctcor5. 
Both bia• and random erro:ra arise becauoe of the need for approximations 
And measurement errors. For RMS me&lu,.ement accur.acles of l degree in 
a.z.imuth and 0. I H:t in doppler frequency range utimate errort of leu than 
IS percent of the true r.ange can be achieved. 

For the aingle baoeline, double meaaurement technique range 
eutimate errore of leu than IS percent ca.n abo be achieved for the same 
bearing and doppler meauunment accurac!u (1 dearee a.nd 0. I H"'l· 
However, the error io e·apecially aenaitive co tranemitter-target·receiver 
aeometry for thie technique. Errou tn exceu or 80 percent can a.rile 
when the shipborne rec:eiver !a located between the targ"t and the transmitter. 
Biaa erro'f's are eliminated for target trajectoriee aimed directly a.t the ah!p. 

The errors anociated with the doppler location finder technique 
were examined for a doppler measurement aceuracy o{ 0. I Hz RMS. The 
RMS range estimate error ia leu than IS gereent in many ca.sea a.nd the 
RMS bearing eotimate error h leu than I> • 1n one caae the ra.nge estimate 
error ia leu than 5 percent. Thh latter eaee auWTiel that four transmitters 
are diatributed a.t the corners of a aquare centered around the ship with the 
target approaching from outside the oquare. Thie technique results in no 
bias errou a.nd the random errore a.re aenerally leu tha.n thoae for the 
other techniques. If bearing meaaurementa with l degree RMS error are 
uaed with the doppler location finder techl>ique tben the location accuracies 
a.re qu.lte &ood, 

The principal c:oncluaiona that ca.n be drav.-n from the error 
analyaie h that target location can be eetimated with reasonable accurac:y 
(l S percent of true tar&et range) using a nWTiber of techniques for a variety 
of FAP operat!ona.l conditions. The moat promhing approaeh Cor implemen· 
ta.tion ia a. hybrid of the teehn!que• conliderec!, For example, for a aiven · 
lransmltter·rec:elver aeometry the doppler location finder tba.t eatlmate• 
ra.nge a.nd a.timuth from four doppler meaaure.menta may be uaed with 
aeparate a.&!muth.ll meaaurementt to eatimate a target' a loc:ation, 8ec:auu 
each o( the tech.'\iqueo b aenaitlve to transmitter-ta.rget-receiver aeometry, 
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the target location system thould Include an algorithm for ulectlng the 
eltin\ation methodh) {or a •~t of operaung conciitiuu& and c:.mbi:"'ir.g. ·~h~ 
ettlmated ruulto using tests fur ac.,ur:>cy, The estimatiun methotll•l 

·would be ulected to rnlnimh.e the errora for target& from different 
quadrant& around the ohip for a &iven tranemitt'er•receiver configuration. 
The reoulu of the different eotimation methods would be compared and 
combined to pl"ovide the "beat" eatimate. 

Section 3. 3 contains the details of the error analysis. 

1. 3. 4 lUI Prototzy" Aircraft Detection System Dulsn. (U) 

The reoultt of the Investigation of tranomitter tources lor the 
FAD system and the evaluation of target location mtothodr were employed 
ao lnpuu for a prototype alrcrafl detection oyotem delicn. This system 
would provide a teet bed to verify the detection capability of the polystatic 
doppler radar ayatem for FAD. In addition, the prototype ayotem can be 
used to demonstrate the accuracies of the various tarcet location techniques 
and oelect parameteTI for a final FAD ayatem. Section 3. 4 contains the 
detaila of the prototype system design. 

t.4 (v)" RECOMMENDATIONS. (U) 

Baaed on the early warning and Fleet Air Defense (FAD) 
inveati1ationa under Project AQUARIUS l'ecommendationa are made that 
apply principally to FAD ayatemo. They include the development of a 
prototype aircraft detection ayatem, the experimental testing of the FAD 
poly1tatlc technique• uaina thh ayotem, and the conduct or oubaequent 
inveatisationa neceuary for ayatem Implementation. 

The prototype Jya tern and experimental teata &l'e neceanry to 
demonatrate the detection rani• or the polyaU.tic technique and tn verify 
the accurac:lea of the tarcet location eatlmatlon methodo examined under 
Project AQUARIUS. The prototype 1yatem to be employed for the tuta 
can be readily implemented u deacrlbed in Section 3. 4. Aa mentioned 
previoualy, auch a •yatem can provide a teat bed for final ayatem parameter 
.election, expec:laUy in the at'eU of man-machine interface. In addition, 
U can be uaod to evaluate hardware ancl aoftware tradeofh prior to the 
final 1yatem deaisn. · 
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The ::ubaeq''~"' FAD inve&tigation• ree:otnJnendc4, baaed on the 
reoulto of thio otudy are to evaluat~ tranamitter eourcee for uoe in the 
poly•tatic:: ayatem for fleet operation• in other parto o! the world, to nfine 
the tarset location technique•. and to examine tho multiple signature 
diacriminatlon problem. The ao.,rce evaluation effort Ia needed to loentify 
tranamitteu to be ueed for fleet early warning when the fleet opeutu in 
other area a .or the world, The tars~t location technique refinement aiudy io 
intended to« nploy the uoulto of. the four method a axamlned under Project 
AQUARIUS for the development of a hybrid target location oyatam that will 
perform utiafactorily u:nder a areater variety of fleet operaUng ceometries. 
The atudy ahould incorparate the four techniques to develop a composite 
method for reducing the aentltivity of target location eaiimatlon accuracy to 
tr...,omitter•tars•:t•receiver ceometry. The experimental teata that are 
recommended r.hould be c:loaely c:oordinated with thit effort 10 that the refined 
target location technique a can be teated. 

'The multiple aixnature diacrimination problem conaiata of the nee-! 
to Identify threata to the US Fleet and to di>tingullh them from other aircraft, 
object<>, &nd false alarn... lnveatlgahon of methodt to efficiently ditcard 
the f...toe alarm• and to verify that an aircraft it hostile needs to be conducted. 

A more detailed ducription of these recom:rnendatlono ie included 
in Section 4. 

,·, 

·. 

L . ·.\ 
'!. 

1
-: .. 

.·• 

- . 
··.· 



; 

-
-· 

... --- "'""-·--~ ............ ;·---···· .. ·-·----i '. - . --· ---~~:r.::::l 
. "' 
:! _...;.:.._ ____ --,.... ____ .. __________ _ 

-ll -(Thia Pa~~ h Unclaul!led) 

Thit Page lntentionr.lly Blank 

... 
------··· ... 

L 

... 
lJ 

u 
n 
·fl 
n 
n 
[] 

r·' u~ 

•• 
( 

u 
n 
D 

n 
i: ' ~ << ... ··,.: ;. 
\.; ;, ""u.u J li ii..!J 0 

·. 



... 
I 

1 
-.. .. •• 
n ... 
n 
n 
n 
... 
l1 
... 
'I .. 
-'I .. 
-.! •• .. 
.l 

.. I-. 
1 

' 

111 
' 

. in 
l 
I 

lll 
' 1 
J n 
f •• r. ' 

.:: 

! !J 
l 

··----------··· ··-----

-
Seelion 2 · 

E:ARLY WARNINC SYSTE:MS 

( V) "' Ao described in Figure 1-2, the early warning aystem cnn-
liaur.i£ion eonaiclered for lnvnliaation under Project AQUARIUS conoisu .,r 
low power HF buoy and land-baud transmitter• that illuminate the u.raet fan 
aircraft or SLDM) via a ground or our!aee wave lind a highly &'!noitive ro:eeiv• 
er !orated on the coaot that deteetl the aky•wavc U.Tget renecHon !rom the 
tar~:~t. The primary goala of this effort wne to experimentally demonstrate> 
the feasibility of detecting both SLDM• and low-nying aircraft and to compare 
the experimentally oburvcd detection range• to theoretically predicted detee• 
tlon ranJU. The early warning ayatem Investigation waa divided into three 
part a: 

a. a predicted detection performance evaluation, 

' b. experimentation in the !i.,ld to meet the primary floals of 
demonstratior. and verification of theoretically predict~d 
detection ranges# and 

c:. evaluation of early warning oyotem parameters {or design. 

Theae eflorto are deacribcd in the following aubsection, (Sections 2, 2 and 
2. 3). The eoneluoiono o£ theae efforts are c:entained in Section 2. 4. 

2 .• 1 ~)"" PREDlCTE:D DETECTION PERFORMANCE:, (Ul 

Propagation calcUlation I to predict early warning ayltem perform
ance uolng a modified verelon of the E:SSA akywave propagation program 

Cducribed ln Appendix AI have been made for both the direct and the acatter 
patho between the receiver aile at Vint HW Fum Station and the buoy nana. 
mlttera oU •.he Florida c:oatt. The purpoae of theoe c:alc\llationo wu to eati· 
mate the feaalbU!ty of detecting SLBM minUe launchlngl from Cape Kennedy 
and controlled airc:ra!t target• uoing buoy' at range• of 1(10, 200 and 300 km 
from Cape Kennedy and the Carter Cay tra.namitter. The geometry and param. 
etera were aeleeted to provide theoretically predicted detection rangu for 
comparioon with experimental :rea\llta. 
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z.t.l (J) p 

S.:'-·cr~l seta of calculations uain~t tht C'OfT:~putcr pr~dictions werC' 
perlurntcd. The ree.eivin~ antenna at Vint HiU .t·arnu SL .. t,;.;..r, \::cd f'="f' •11 te--su 
b a tulip element LPAA built by ITT with an auumcd maxintum ~ain ur 1(, ubi. 
A <:<>natant acattcring croll &t'etion or 1<.0 m 1 was auumcd Cor the miuile 10t 

all:.ltitudu below 100 km. At altitud.,a above 100 km the bilt:>tic c:roas seclivn 
wn ntodellcd uoiug a hyperboloid comprnoed ambient ahoc:k aurla.ee. The 
auumed crou oection then chan~te• (rom 101 m at low altitude to values vr 
10• to 101 m 1 above 100 km. The three buoy tranamitter location a are at 100, 
200 and 300 km directly down range !rom the 105' Care Kennedy launch at!· 
muth, The Carter Cay transmitteu are approximately 285 km down ran~• 
at a 123' al'hnuth !rom Cape Kennedy. The tranamitted frequenei<'t Cur the 
buoye were the presently ueigned values of 5. 8 and 9. 295 MHr.. These fre • 
queneiea, plua frequencies of 15 and ZO MHz were auumed !or the Carter Cay 
transmitters. The buoys were assumed to have ll tranamllting power of 100 
watts ndiating from monopole antennas. The Carter Cay tranamitteu were 
auumed to be radiating 3 kw into monopole antennaa. 

Be~auoe of the low power and :relatively low !requen~y from the buoy 
transmitter~, the target slgnol·to·noioe ratio wu senen.lly found to b~ negli
gible when the tarset is below 100 km fo-r any time of the d:ly tor either fre• 
quency. Only above 100 km with the enhanced target c:rou section dou there 
appear to be any aubstantial chance of target detection using the buoy trans· 
mitten. However, with the Carter Cay transmitter using 3 kw and transmit· 
ting on frequencies near the MUF as ahown in Table 2-1 the eignature-to-noise 
ratio and thus the probabUity of detection at even low altitudea -K quite aub
atantial. In fact, there are many casu for which the signal·to-noile ratio 
exceeds 1 S db, Tbua, U the high power Carter Cay transmlttera continue to 
operate and tuJ">amit on frequenciet near the 1 F hop MUF between Carter 
and VHFS then low altitude SLBM detections in the afternoon ahould be posoible. 

2.1. 2(V) p A5rcraft Detection Anu. (t])' 

Even though the probabUlty of chtecting SLBM launchins• from Cape 
Kennedy ta quite low (due to the :relatively long :range from the buD)' to the tar
set) it it importa.nt to determine whethe-r or not aircraft flying controlled pal· 
terns near the buoyt and Carter Cay can be detected. A way to evaluate this 
and to clearly di1play the reaulta ia to eompute expected detection regiona 
arO\Il'ld the transmitter politlon. Variable• that muat be eonaidered when cal· 
culatlnJ delectability reeionl are b•ltath: eeometry, frequency, transmitter 
power, taraet crou 1eetion, akywave hop atructure, ua a tate, local time of 
day and nolle le .. el. By ehoollng median valuea for All the varlablu and 
ehangina the valu ~• or a aingle variable at a tlme, region• where detections. · 
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TABLE Z-l. 

( U) Predicted Syatem Performanc:f! for Novembl!r 1969 
{or Carter Cay Transmitter Ualng Frequendea near the MUF. (UI 

utnr n•nn MIIF 01100 MtlF_I 7ftft Lftlt:' rl.nn UIIC" 

S/N 9. '13 U.56 - - - 13.4 21.80 
PC/SB 60.3 - - - S9.Z 

S/N - - - - 16. 5 Zl. 77 
PC/SB - - - - 73.3 

SIN 10.0 U.6S - . - lZ. 3 U.07 
PC/SB 60.Z - . - 6o.z 

SIN - - - . 16.5 n.oo 
PC/SB • - - • 73.4 

SIN 11.3 14.ZO - - 1'1. 3 IZ. 9'1 lZ. 0 Z3.73 
PC/SB 59.0 - . 60.6 60.6 

S/N - • . - lB. z U.51 
PC/SB • - • - 71. 7 

S/N Z6.7. 15.83 - . 47. 1 14.70 ;)3. 5 14.53 
PC/58 43.6 • - :n. 8 39.Z 

S/N 18.6 15.55 - - - 56.6 28. 16 
PC/58 190.4 - - - 33.2 

S/N ,. Tal'get o1gna1-to•nolae ratio (db) 

PC/SB • Carrler•to•target algnal ratio (db) 

• 

! 
I 

'""" MIIF 

10.'4 11.07 
60,7 

11.3 Zl. 03 
74.8 

10.4 Zl.Z8 
60,7 

ll. 3 Zl.ZJ 
14.8 

'1.Z ZZ.60 
61.8 • u.z ' zz. 38 
7Z.9 

51. I Z6.40 
zo.o 

-~ 

48.7 Z5.80 ., 
37.4 .. 

\ . 
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2.1.2 •• Continu~d. 

arc moot likely to uccur can be sene rated, ao well ao obtaining an vndentand· 
in~ of how a particular varillble afiecto the ov•rall detection area. 

D•tectabll!ty rc~lono have been calculated !or varlout !requeneiu, 
hop structures and nolte leveh uoing a buoy located lZO km from Cape Kennedy 
at the transmitter and VHFS, Virginia, at the receh·er •. A tea I tate of S, 
tranamittcr power of 50 watto, groun~avc propagation from tranomitter t" 
target and aky-wave propagation from target to receiver and a required •!~n&l· 
to-noiae ratio of 3 db have been auumed, 

The followlnJl technique I• applied tn find the area of delectability. 
From the bhtatie radar.equationJ*, the total power loot over the ocatter path 
1•: 

where: 

lo • 

p " T 

PR = 
loT = 
loR " 

los • 

OT " 

OR " 

0 • 

power tranomit~ed; 

power received: 

lou over transmitter hal! path, T: 

lou over receiver hal! path, R; 

ayttem lou: 

saln of trantmitter antenna; 

' 
gain of receh·er antenna; 

tarcet crou •aection (meter•); and 

• wavelength (meter.), 
I 

... 

(2 ·1 I 

Auwning a z:nlnimwn,.ulowab!e acatte:r path sipal-to-nobe ratio 
of 3 db, the required power received would be at least N + 3 db, where N b 
the nolle level at the recelvel'. 

46ee Skolnik, MuW 1., Introduction to Jladar Sy-ten\1, McOraw-HiU Bo~;~k 
Company, Inc., New York, New York, 19SS. 
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z.t.z(ll). .. .. ("untinurcl. 

)>R = N 4 3 db 

From (2·11 

L " PT • PR 

and hence: 

L = PT • N • 3 db • 

Subatituting equation (2·31 into equation (2·11 and lolvine for LT t LR' 
rer.ulu in: 

Equation (2·41 providea a:n expreuion tor calculating the total allowable acauer 
path lou between a tn.namltter anc! receiver while atill maintaining au!licient 
aignal atrength to detect the target, Using di!!e:rent value• for I>· layer lou 
and oky-wave propagation over the tn.narnitter•target hal! path, IJ = l 00 m 1

, 

and the appropriate transrnltterheceive:r gain pa:rameten, the maximum loss 
auod&ted with the target-receiver hal! path (LRJ can be obtained for various 
conditions. These LR louea c&n be converted to receiver-target ranges using 
Barriclt't lou tables• and the detection J>egions can be obtained. This tech· 
nique waa uoed to calculate the detection area around the tranamitter for vari
oua !requen<:iu a:nd atmoapheric nolle conditions. The retulta of the detection 
ana calculation• are tabulated in Table 2·2 and a vertical projection of tome 
ot the region• onto the cround h thown tn FiCuJ>e z.J. The reuon for the 
eu·like lbape ,, that the area boundary it the locui of pointe tuch that the 
product R, Ra It equal to a conitant (tee Section 3.1. 3 lor a more detailed 
detc:rlption ol the evaluation method I. 

Referring to Flcure 2-1 we ~ee that the largett a.-ea ot detection Ia 
for ZF hop catel for both S. 8 and 9. 259 MHz., ae compued to the 1 E hop 
lituation. Thi1 It becauu there l• aublta:ntlally leu P•layer lou for the ZF 
hop mode than the IE hop mode dve primarlly to the dl!terent path length• in 
'the D·region Utelf. With higher model tLe incident angle th.-ough the P-layer 
la bi&hn, thu• the lou on theu path• due to D·layer ab1orption h •maller. __ ... 
•BaJ>ric:k, D. E., "Theory of Oround-Wave Propagation Acrou a Rough Sea 

at VHF /UHF", Battelle MemoriallnaUtute, Draft Report (1970). 

-
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Table Z·Z . 
' I. 

lUI Summary of Detection Regiun Calculatiunt lUI 

. 

R, D· Rt LBtLBR Atmos 
Freq Hop R, Lou Layer Lou ott Nuile 
MHz Structure Km db Lo01 db db db dbvt - 5.800 u: ll 61. 0 •18. 5 101. 2 211.7 -180!BI 

5.800 ZF 67 79.1 30.4 IOZ.Z 211.7 -180(5) 
r 

5.800 IE 10 59.5 34.0 1 oz. z 195.7 -ISl!MI 
I 
' 

9.259 1£ 34 80.1 21.9 108.7 210.7 -172(':') 

9.ZS9 ZF •a 86.2 15.8 108.7 21 o. 7 -172!Bl 

9.ZS9 IE 44 84.7 I 5. 3 108.7 zos. 7 -169(!.1} 

9. ZS9 IF 65 90.8 '),2 108.7 208.7 ·169(M) 

15.000 IF 60 I 01.0 4.0 112.0 216.9 ·174!MI 
' 

15,000 IF 67 103.6 5.9 112.0 2%1.5 -176(8) L 
l ' ., - I [ . .,.. 1 zo.ooo IF 66 113.9 3.1 n•. s 231.5 ·186UH 

"' l ,._ 20.000 IF 66 113,6 z. 1 114.5 230.1 -18S!M) 

D I 

B • But no!.ae cue 0800-lZOO Local Time 0 
M • Medium noise cue 1600-1200 Local Time 

n So-e Fiaure Z·l for R, and :R: definition 

- ,. 
t • 
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1.1.zl_J) " • • Continued. 

For the 2,F hop modu the rcilon at !>. 8 MHz Ia larger than the region at 
9. 259 MHt. Thit h due to the fact that the lou It areater at hi1:ncr Ct,.q;;n .• 
clea, However, for the IE modu the aituation h.revened. The hi~h~r fr.
queney al&o rnult• in the larger detection area. Thil b becauoe the P-lay~r 
lou on tho 9. 2S9 MHz ft'equency h aub•tantlally leu than the P-layer lc..u at 
S, 8 MHz and thia dominate a the II found-wave propagation advanta~:e at the 
lower freq,.ency. 

From Table 2·2 we ne'that the delectability radii !R1 ) tend to in
crease with lncreulng tranamltted treq,.eney. However, on~c the fnqucncy 
increasu to approximately 15 MH&, the apreading louu over the nansmitter
target half path cancel the e!lect o£ decreulng D·layer lou and decreasing 
atmospheric noln ao that the growth of the detecu.bility region· virtua.lly a tops. 
Note that the detectable radii (R1 ) are apprt.xima.tely the aame at IS and 20 
Mllz (or the beet nolle cue, lt b alto obter.ved tha.t va.rying tral>tmitter 
power and tranam.itter or receiver antenna gains have the tame eCfect on the 
siu of the delectability regionl. That h a db of sa.ln or lou whether gener
ated from varying t:ranamitter power or anteiUia gain enters the radar ran~~:e 
equation in the same way, 

Z.! (V} fill" DETECTION EXPERIMENT. (tr) 

1. Z.l (v) ., General. (trl 

DiOie to the nature and the tim~ frame of this project, the e"pui· 
mental data were collected by utlng equipme~>t developed by other Project 
MAY BELL participant• or by ualng hardwa:re developed tor other pro,rams. 
Both the buoy &lid the CW t:ranam!ttera at Carter C•y 'lued in then tnu. were 
alto \lied for the a:ro..nd-wa.ve meaturementl which Raytheon wat conlluctina. 
The receiving syttem in un belong• to the trSASA field alation loca.ted at Vil>l 
Hill Farma Station, Vl.rgilua, and conshted of a l1.11ea.r clispoaed antenna arra.y 
ud mult:ic:b.annel HF recelvi!lg and recording equipment. 

1A the deocrlpti011 or the detection experiment the tranamitter and 
1'ecelver site cba.racteriltlca are firat ducrlbed. Then tbe receivi!lg system 
calibraliol> and experimental geometry are dhc..aaed. The reaulta of the 
experiment are then pruented. 

z.z.l.( \J) • Tranamitter Chuac:teriatlct, (UJ 

Two di!fe•·ent typea of trantmltten were uted in the experiment. 
Thoae teats conducted prior to December 1969 uoed a buoy-mounted trans
mitter of approxim.a.tely 10 wa.tU radiating at S, 8 a1>d 9. 25'1 MHz. The 
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2.2.2 ty), • 
antC'nn& un the buuy eunshtl uf ~ top·lo"ded vertical monupolc cut for a 
qufkrtcr v.•avelen:;t" 111t 7 .. S MHz.. Thi• buuy waa anchored off tht- c:oalt of 
Florida approximately 120 kllumetera downrange, and at an azimuth .,r 113 
de~rcu from Cape Kennedy. Th" testa conducted in January and February 
1'l70, uoed the CW tranomittC'ro on Carter Cay. The power of thue CW 
tran•mitaiono ran~ted from I 00 watu up to 3 kilov.·t.tu depending upon time 
and the particular tranomitter in uoe. All of theoe tranomiuiono radiate 
into quarter-wave vertical monopol.,. cut for the {J'equeney in use. 

2.2. llV) fl Receiver Site Characterlltieo. fU) 

Two upa.rate receiving ayotems were uaed at the nceiver site 
located at Vint Hill Farms Station. One receiving oyatem wu a van-mounted 
high dynamic range digital procnai.nc ayatem containing aynthuizer controlled 
recelvt!ra (Sylvania R·Z7A receiveral: digital apeetrum anlllyoll• using a 
CDC 1700 geceral·purpon computer and both analog and digital PCM recording 
capability. The oecon.S :receiver oyatem to located i.n two back•to·back house 
trallero, and conalata o{ a DF .aet connected to an LDAA ateerable beam 
anteMa and lZ analog receh1ns c:hannelo uaing 1U90A recelveu. The R390A 
:reccivero connect to both a real-time analog apectral ella play a.nd a lZ channel 
analog tape reco~der. The block diagrams of these two receiving ayoteml are 
ahown i:oF!gures z.z a:nd 2-3. 

2.z.4 ~u) • :Receiver System Calibration. (U) 

One importa.nt 1oal of thb project ia to be able to predict the detection 
periorm.anc:e of the buoy tactical early warfling ayatem. Thua, it h deaired to 
compare predicted eignal a.nd noile valueo to actual meaaured data. Then, if 
there exilt algnUlcant diacrep&Dciea between tbe actual a.nd oboervecl data. the 
pr .. dictiona muot 'be modified to correct thi& d!Uerence. 

The lt&ndard calibration• performed on tbe aystem Included a mea a· 
vreme:ot of the received carrier Urength a.nd alto the received 11oiae power 
refereoced to a l·Hert& 'bandwidth. The proceu of mauuring tbe received 
carrier atrength waa a airnple procedure of comparing the receiver lF output 
algoa! level wben It wa1 connec:tt!d to the antenna, to tbe JF output level ,..hen 
the receiver wu C:ONiected to a eynthetber having the aame HF frequency a1 
tbe carrier algnal bei.ng meaoured. The ave:raae 1F output level for that 

• Digital Spectrum Az:.alyth not ~vailable after Ja!lu&ry, 1970, due to termin· 
ation of the computer lean. 
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Z.Z.4 *I:!) -· Cuntinut•d, 

particular carriut wiJ,:nal waa notecJ. Then tht Jynlhesiz.cr a:t the eanu: !rt· ... 
quc:ncy was f"d tu the antenna tctnlinals 11nd the c..utr-ut anlplitudc: adj'UJh.-d until 
the rcc<iver IF output d~:nal atren~th wu the same. 'J'he aynthc•i .. ~• •i~nal 
l<!vel "'"" th••• n>~asured And cunverl<~d to db. with respect to a watt. Thi• 
eignal &ubttit~.ation method ;ave tbe rec=civc:d carrier atre:n~th if, dbw and v.-..r: 
n>caourcd withifl the narrow I.F recriver bandwidth, 

The determination of the noln level at fr..que;•dcs ncu thr •arrier 
wu done by AM modulating the on-air carriP.r &IJln&l with an audiu frequency 
square wave utlng a very small pcrcenta~e modulation, The arr.plitud<~ <>f 
thete modulation tone• ., ... obaerved at the output of the real-time spectrum 
analysh diaplay. The modl"latlon percentage was then reduced until the 
modul;..tlon tonea disappear into th~ background n<>ise c.f the ciitplay. Becaus< 
the modwlatir·n percentage h euily converted to aignal level in db below the 
carrier and the apectrum analyail bandwidth wu I Hx, the relath•• carriu
to-noioe power was dinctly obtained referenced to a I H: band,.·idth. Thu1, 
if the calibration tone disappeared Into the noioe at a level of 64 db below the 
carrier, it was auuml!d that the noial! value wu abo 64 db below the carrier 
value. This .. arrier•to-nolse ratio ... ·as then aubtracted lrom the recci\•eci 
carrier atrengtl:> to obtain thl! me.uured noi&e power In dbw per Hr.. 

Ruwt• of Experiment. {tl) 

----------------~ Thl! principal experiments consisted of two aepante controlled 
aircraft Oishtt of a Navy P3B aircraft to examine the detectinn capabilily of 
the biatatic con!!gurat!ono, and two propagation measurements berwnn th• 
Carter Cay tnnomi,ler and the Vint Hill Farm Station receiver. The two 
Qtghh, denoted as Eventa 1 and Z, are shown lo Figure Z·4 'lftd z.s, rupee· 
tiyely. The network geon>etry it ahov.'JI in Figure l-3. 

The lint event on 18 December 1969 employed a 10-watt 'buoy 
transmitter (Instead o! a 100-watt tra.namitter aa el<aminecl in the prediction 
anal yah*) located \ZO :un from Cape Kenoedy o11an aaimuth oflU'. A 
Navy P3B aircraft wa.a Qow:n at an altitude between 300 to 600 feet, and a peed 
between ZOO and 400 knots, along tbe flight path shown In Figure Z-4. A 
algnature waa detected on !>. 8 MH& between 1750-1755% ud zooo.zooo;z. 
The :,.ropagat!on condition• are ourn:mari&ed below--

RF: 5,8 MHr. 
Transmitter Power: 1 0 W. 
Carrier Level: ·92 dbw 
Noiae Ll!vel: -160 clbw 
Calculated de•ectlon radii: 3 km (IE Hop), 6 krn IZF Hopi 

.,.,.,....,..,.___,..~--

·The 10-watt buoy tr&namitter wao buill after the antlysh uoing the 100-watt 
value wu cornpletecl. 
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Dt:TECTION \ 
REGIONS lS. ~S MHz 

C8J 

1'\~\ 
I \ \ 

I '\ 
,' 10.167 MHZ \ \ 

\ \ 
\ 

FIRST PASS 
DETECTION 
15.595 MHz 

FR£~ • 10.167 MHZ 15.595 MHZ 

• • 100 .,t too ,.t 
MOISE • •137 dbw -t~S dbw 

GAIN • t7 dl 2S dB 

POII£P. • 3 lew 3 kw 

tt • tARTER CAY TRAHSHITTEP. 

SCALE: 25 KILOMETERS 

Fl&ul'e ~-S • 0!} Pl'edicte:S and Oburvecl Detou:t.on Realono. (\11 
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The df!lect"d aign;otur" is nut ccm•itlcred to be the Plll lc:»t aircraft, but :.n 
aircraft !lylns: near the receiver at V H:FS. The prcdiel<'d detc:ctability 
re~lon lor this day ·extends at but only toll km, The P!B'a closest appr<oach 
to the buoy is only 30 km. Also, th" period o{ th" rirot DupJ>Ier ait~naturr's 
algn chanj:e occurs z. 8 rninutra earlier than the predicted douu appruach. 
ln addition, the Doppler aignaturea ubtained {although conaiatent ,..ith thou (ur 
an aircraft) we:re much stronger than could be el<pccted from the tnt aircraft 
vsing a 10-watt transmitter to illuminate the target. Therefore, becaun ... r 
lnconaiatent timing the diatanccu of aircraft from the transmitter and :teeelver, 
and the stren~th of the detected aignatuna Uling a 10-watt trantmiuer, it it 
concluded that the detected aignatures were not the P3EI teat aircraft, but 
rather another aircraft flying over the receiving antenna. 

The aecond event on January 27, 1970, employed the 3 lrw Ca'!'ter 
Cay tranernitte:r and a PJB test flight at a tpeed betwee.:~ 200-300 knots. The 
aircraft .!lew the pattern shown In Figure 2-S at aucceulve altitudes ot 24, 000, 
14,000, 12, 000, and 2., 000 feet. The propagation eonditiona are aumrnal'ir.ed 
below: 

RF !Mll~) 

l o. l67 
U.S9S 

Receiving 
XMTR Pown (watts) A.:ltenna Gain (db) 

3, 000 17 
3,000 u 

Noise Level (db"·) 

-137 
·l4S 

The detections for the lint ancl second puaes of the airci'art near 
the transmitter at 15. S9S MHr. and 10.167 Mlir., retpectively, an ahl>"-n In 
Fisure 2.-3. The predicted detection region• lor thue frequencies are alto 
i.nclud•d In the figure for c:ompuhon. Th• experimental data aenerally agree 
with the predicted reeulta except that the detections are expected 1ooner 
during the flight. The laek of a llgnature du:rlns aircraft flight at high alti • 
tudes (e. g., 20, 000 ft,) over the Cartu Cay tr&Zitrnitte:r may be attributed 
to aircraft night in the vertical null of the antenna. Both llgnaturu were 
obtained fo:t aircraft flight below 2, 000 feet. Therefore, lt un 'be concluded 
thst aircn.ft detectiOD below thil altitude and within the predicted deteetability 
:teglona can be detected uain& the 'buo) concept lf 1u!licient power i1 trans• 
mitted (e.a., 3 kw). 

Z-15 cr-1·· , I 
~v 
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ltJ) f/111 CONCLUSIONS OF t·:W STUDY. (\J) 
.. 

The conduaiona derived frum the early warning •ynem atudy are: 

•• 

b. 

c. 

Detection of SLBMa at altitude& below 100 km Ia unlike!)· 
ut!ng buoy tranamitteu with 100 watta or len. and a 
landl:uued rec:eivina ayllem for the network 1eometry 
ahown In Fll•.re l-3. However, with the mlulle at 
altitudu above 100 km (at whlc:h the miuile radar c:rou 
aection h enhanc:edl detection appet.ra pouible • 

For buoy (or landbaaed) tranamittera with 3 kw power 
and transmitting near the MUF, SLBM deteetion h 
probable for the network geometry in Figure 1·3 at 
both low and big h altitude a. 

Aircraft detection regiona can be eatlmated with £air 
accuracy becauu the experimental uaultt 1enerally 
agree wltb the predicted ruulta, tiling a 3 kw trans· 
mitter (Carter Cay) a!rcraJt ean be detected at diatancu 
•• ereat at 60 km with a receiving lite at VHFS. 

The c:onclu•lona indicate that 1t Ia baaic:ally poulble to detect air. 
c:n!t and SLBM• uaing a bist~tie HF radar c:on!iguration in which a buoy 
transmitter is employed with ground· or aurface-wave propagation to the 
target and aky·wave propagation between the target and the :receiver. How
ever, transmitter power on the order of 3 kw or more Ia required. b> addition, 
U may be nec:eaaary to judiciously a elect the frequency of operation t~ mini
millie the D·layer and tp:reading louea for target detection Wider di!lerent 
ti'<IJ\Imitter•tarset•detection &eomeU·iea. 
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FLF.t.T Aln DE:n:NSE 

~--~~----------
f/1//11 {y) The detection of low•llyinc th.reau to aurfaee veueh at a. ran~<: 
auflid.,nt to s:iv" uoelul warning time and tracking lnfCJrmation io a prublom 
for whieh over•thlf·horizon d"tecUon (O!IDI ayltemo can offl!r a oolution. 
A polyatatic: 1ystem ouch u portrayed in Figure 3·1 11 especially duirablc 
becauH it not only providu anat"r l"ad time fer fleet air defen51! (FADl 
by detecting tar1eu at long rangeo, but abo provldu th" detection infor
mati:>n without ,..,quirlng active radiation from the tleet. Thuo, th" enemy 
il not !liven an opportunity to lou.tc the tleet by employing direction -tlndlns 
techniquu against a ll"et monoatalic udar transmitter. 

flf (.u) The resulu ol the invellil)&tiont for FAD are presented in four 
parts. The fir1t describes the feasibility of uling a pclyatatic ayatem tc 
protect the llect in the Mediterranean Sea. Aircraft detection reaiono are 
examined for tranunittera of opportunity that preoently exist, and receivers 
Joc:.,ted In the fleet. In additian, the aperating achedulu of the tranamitter 
auurcea were examined to determine the degree of 24 hcur coverage pouible. 
The oeeand part of the FAD investigation ducrlbu target locatlcn methods 
that can b., employed using the basic: polyatatic con!iguration. Equations 
are derived for each technique to thew hew the target ranae can be estimat"d 
using measured and known parameters. The third part b the results of an 
error analysis of thooe target location techniques th&t are fe&aible. Th" 
biu &nd random errors auoci&ted with each technique are dilcu .. ed. The 
fourth part describes the design for a prototype aircraft detection oyat.,m • 
This ayotem c&n aerve aa th" tnt bed for expe>'imental v"ri!ieation of poly· 
atatic t"chniquu and oyatern evaluation to oel•ct the p41rametu•s for th" final 
ayatem duign. 

3,1 (<1) .. POLYSTATIC: SYSTEM DETECTION TE:ASIBILlTY. (til 

),1.1 (/) ... Oenual. (til 

The polyatatic ayatem for FAD conahta or HF broadcut tranamitt"rs 
of opportunity for illum.i:tlating the tucet and a ahipborne receiver (aee Fiaure 
3-l)for deteetina the tnget-refiected Doppler aignature. The delectability 
of tbia a yo tern wu U>vutigated for FAD operation& in the Medlterranun Sea. 

Two typea of propaaation mechaniom were c:onlidered. The flnt 
conahta of j!rOIIIId•wave propaaaUon between the trantmitter and the tarl"t 
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-- ContinuO'd, .. 
and also between the target and the shipborne receiver. The aeeund c"nsisto 
or aky-wave propagation between the transmitter and.the target and ar .. und
wave prupa,ation between the tar~ct and s-eceiver. Thne two typea are 
denoted aa ~:round-!lround and aky·~tround modu, ·respectively, 

To aecumplilh this leuibil!ty atudy the efloru conaldert'd thTc:e 
aopecto: source availability, the operatin& schedules or sources, and the 
coverage provided by available ooureea, Tbu.· an deoeribed below, 

Available Tranomittera. (Ul 

e tro.nomittera were categorh.ed Into two groupo baaed on the 
polari&ation of their radiated olanab. Horizontally pofarlnd tlsnah wen 
considered for sky-wave propagation only on the transmitter-tarcet half path 
since the attenuation o! the hori&ontal component o! a ll''OWid•wavc over oea 
water h very larae. .The vertically polarbecl alsnals, on the other hand, 
were conoidered lor both aky-wave and ground-wave propagation !or the 
tra.namitter-tarcet hal! path. 

Table 3-1 lists aome or the transmitters in the immediate vicinity 
or the Mediterr-anean which have been evaluated along with tranamitter 
location, selectee !uqueneiea, transmitter power, beam information and 
polari.ution. The locations o! the transmitten are displayed in Ticure 3-2. 

Transmitter u:heduling b also an important !actor in the evaluation 
of thue tranomittera, Historical recorda or acheduling were examined along 
with current information !rom TBIS to deter-mine the echeduln for each 
tr&:~amitter. Tlsur-e 3-3 ahowa the echeduling for the transmitter-s in Figure 
3-2. Tranamitte:ra are avaUable around the clock for coverase of some areas 
of the Medit•rra.neaD, but more eourcee muot be located to provide complete 
arow:.d•the-clock coverage of the Mediterra.nean. ----------------
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:;,( l)~~~!'!!is~u-.. -e-=:=~=:=~= .. =:=:=:=:;. . .:t'e~:) the ceometry lor a \bt~tic radar detection. 

U Several J'equirementl must be 1atla£ied in order to make a detection. Tint, 
the received acatter path •lsnal, T·R, mult be above the ~ohe level pruent 

D at the receiver, Second, the direct path alsnal mult be received. (in the 
cue ol tr-ansmiUen with aulfic:&ent frequency atabUity, a 1yntheal&er sl~nal 
can be uud where the direct path aienal cannot be received, I Third, the ntio fl o! the clirc:t path to acatter path atsnals mu•t fall withiD the dyNmic ran1e 

L limitation• of the receiver. 
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t:valuotion. lUI 

Actual propa~atlon I<>Ue& Sur each halt path have bc~n ult\llat~d 
tor •"Jetted trantmith:.~· ... u.r~ct .. rt--l:'t~ivcr ,.;eun1ctr-ic1 to evaluate the cov,·ra~,. 
avitil;:,.blc to the nCct. Fur •ky-wavct propa~ation,. the loltt-s \YC'ft calcuJatt·C 
vain~ the pr<>)>&~taliori prcdictiun packas:e by ITSA ESSA•. For ~tro\lnd•w~ovc 
propar.ation, the louu are taken from Barrick '• tabt~u. 

Fi~t\lrc 3-S I hOWl an example or one or Barrick •• tableo. Thi• 
putic\llar table il for 7 MHt., Sea State 4, ZG-knot "''ind, and propar.all<m in 
the \lpwind-downwind direction. The effect uf each of these parameter• is 
that iucreaeins fr~Gve:ncy incrcates the 1011, rougher lc& atate incre&IU:I 
th~ los o, and propagation in a erouwlnd direction h.o.t leta l<ou than \lpwind • 
downwind propa(tation. 

For organization eue, the Mediterranean waa divided Into 5 
l<oetions. Each aection wao eval\lated individ\lally to determine the amuvr.t 
o£ coverage protection afforded to a ohip while It was located within that area.· 
Evaluatiuns were made for repruentative trantmltter•aircra!t-ahlp positions 
to oee If the detection oystem wu feasible. 

----------------~ 
3. t. 3. 2 ('U) f!.!.o\lnd W&ve-Oro\ln~ Wave Propagation. ('U) 

For the case l'n whl 'h gro\lnd-wave propagation occvrs nvrr both 
hal! paths, the con rage provided by tranlmittero with vertically polari&ed 
oi~nals was evaluated 'Asing the folluwir.g parameters: 

a. target crou-aection 0 " 100 M• ; 

b. OT • OR • 0 db; 

c. N .. -tSO dbw a·td -170 dbw; 

d. frequency•· 1 MHz, and 
: 

e. •yotem lou Ls .. 3 db. 

• Barghouaen, A. F., et al, Predicting Long-Term Operationill Parameters 
of High Frequency Skywave TeleeommunicaUon Syotema, ESSA Technical 
Report, LAL 110-ITS '18, U.S, Department o£ Commerce: May 1'16'1. 

•• Barrick, D. E., "Theory o! Oroundwave '!>ropagatton Acrou a Rou~h Sea 
at Dekameter Wavelengths", Battelle Memorial JnUitute, Cohambu• 
Laboutorieo: January 1970, 
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ThL' two nohc: l•ve-ls accuunt fur diurnal chansc• h; the nuisc levd 
of th~ rcc~lvl'r. Tile frequency uf 7 MH& wao nlcc:tcd tincc It h lt~w e-nr..cvh 
to pru"id< nasonable atruund•"'ave looses and hlth enuu~h to have rcu ... nably 
lo'\&.' noise levels (or the dctcc:tiun of aircraft. To dctermint!' t.he ·rqdun 'A 
cu\'cra~• provided by thii propagation mecbanhm, the sbi;>bu:.rd rccch·us 
v:t"re aas.utncd to be 200 km from the transndttera. With this: ••sumptitm. 
a conto\Jr u! constant aensiUvitY. (Ovalo{ Cassini)·waa constructed aruund 
the transmitter and rf:celv!!:r which dctermlnu the re~ion of detecu.bility c._! 
""air< taft r .. r th3t tr.,nsmittcr·receiver combination. Thh waa done in a 
number of transmitter-receiver ca1c1 and the results IFigure 3-l,) indicate 
th1.t covera&e ia quite good in the northern central part of the Mediterranun 
Otean. 

3. t. 3. 3 (1J I Sky Wave-Cround Wave Propagation. (U) 

For each of the five areas In the Mediterranean, propagation 
predictions "'ere made for oelect.ed transmitter& to evaluate the use of 
aky-wave propagation. Target iUur. ation by line of sight and one F·hop 
propagation is feasible for detection purposes, but hop atr\>cturn with more 
than 1 F·hop for the date and time evaluated incur too much lou over the 
transmitter half path to afford any reasonable protection, Noise calculations 
and propa~atinn conditions were calculated for 15 Sei'tember 1 '170 at 0800Z 
(N: -16S dbw). 

Five '·•raft positions were evaluated with shipboard receivers 
located at aelect ?litiono around the alrcra!t, The regions of detect· 
abUit)' for each tr. -,!tter-receiver combination (Ovala of Canlni) were 
not calculated at this .ime, but u a !lut e1timate of the protection provided 

'by each transmitter, the following technique waa used. Fol' a opecific air· 
crait polltion (altitude 3, 000 f"et), lou over the tranamltter-targ<!t half 
path waa eval..;ated from the lTSA ESSA prediction progl'&m. LR waa th"n 

caleulatod a.nd converted lnto a diltanc:e DR' uatng Figure 3-5. Auuming 
the target acatt uo equally In all direc:tiona, a clrde of coverage can be 
drawn around the alrctaft of dittance DR. Any receiver l<>cated within the 

ci:rc:le ahould detect the alrc::ra!t. 

For example, c:onolder tranamlttera located at Algi era and Madrid, 
an aircraft located at 37·99N, 1·07!:, and a receiver located at 38N, OE. 
The predicted louu over the tranomitter halt path are 116 db for the 1 F • 
hop mode from Madrid and 91 db lor a line-of-olght mode from A1,ien. 
Solving lor LR and converting to a tar(!et-:recd\•er diatance h·orn 
Figur~• 3·4 givet 70 km for the Madrid aignal and 205 km for the Al(!i<':o• 
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3.1.3,3 lUI \..unttnu~u • • 
•i~:nal. Any receiver within theae diatanel't from the aircraft obuuld b<' abk 
to detHt th~ air<'r&ft. Fipure 3·7 illustratu thia example, Jn th!o cxampl .. 
the shipboard receiver lucat .. d at 38N, OE, would detect the aircraft C>Zl the 
Algien frequl'ncy, but not gn the frequl'ncy from Madrid. As the aircraft 
clolt'd on the •hip, the M•drid frequency would alto nuke a dct~ctiun, 

Uaing theoe method• to evaluate the coverace for each area, the 
follov.·lng reeulu were fo•Jnd (see Figure 3-8). For Area une, transmitters 
located at Lisbon, Madrid, Tantier, and Algi ere were evaluated fur the 
receiver and tareet position given in the example. The transmitter~ affurdcd 
protection at diatancu from :hb aircraft of 10, 20, 70, and 20S km, reo pee· 
tively. 

For area l, tranomUteu located at Algiers and Rome w .. re eval
uated for two diUerent a hip poaitiont. Algiers provided cletectability at 
70 km from the aircraft while Rome provided detectabUity at I 00 km. 

For area 3, tranomitters were evaluated at Caltaneuetta, Alma 
Ata, Rome, Tunis, Tirane, and Tripoli. Tripoli provided the greatest 
detection range at 80 krn with Rome and Tirane giving 50 km detection ranRe• 

For areal 4 and 5, the ereatest detection range for the tranamltten 
evaluated was 100 krn in each case • 

In addition to the tranomittero evaluated, a great number or poa • 
aible trantmitteu at other locations still remain to be evaluated around the 
COl. •t of the Mediterranean. Table 3-2 Is a partial listing of these location&. 
Trannnttteu with power as low al 1 kw can be use<! lor line•of-aight cover· 
age along the coaot and IF bop prop•gation into the interior of the aea. 
Development of theoe aources is .ne,euary !or round-the-clock coverage 
ao well ao multiple channel coverage (1. e., on aeveral transmitter frequc,ciu l 
of a ahlp at any point in the Mediterraneal\. 

The concluoion that can be drawn from thla analyda h that the use 
of trantmltteu of opportW>ity at part of a poly static HF radar oyatem h 
feaoible for FAD in tbe Mediterranean Sea, However, belor.e a ayotem Is 
implemented, there to a """d to evaluate the transmitter sources that have 
not been examined to Identify the opeclfic trans mitten that ahould be employed 
by the fleet during operation in different areal of the Mediterranean Sea. 
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Table 3-2 

(IJ) Additional Tnnsmlttero (tl) 

Malasa, Spain Tob:ruk, Lybia 

Cartagena, Spain Beida, Lybla 

Valencia, Spain BengaJd, Lybia 

Sarcelona, Spain As>naba, Tunula 

Ma:rullle, F:ranc:<oa Sa!aqit, Tunetia 

Nice. France Onn, Algeria 

Pia a, Italy Melilla, Morroeo 

Naples, J:aly Balearic Island 

lzmi r, Turkey Corsica 

Latakia, Syria Sardinia 

Port Said, \JAR Crete 

Alexandria, UAR Cyprus 

• 
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3.z (v) • TARGET LOCATION METHODS. (U) 

AI dueribed previously, protection or the flnt agalnll Jc.w-Oyin~ L 
airera£t anJlvr .::r;:;\:e n>!tai!.-• may be aeeompliohed uaing a biflatlc radu 
with a ahou-bued tr&nomitter for target illumination combined with puoiv" 

1 ahipboard r
1
eception. The tar~;et location methods c:ontldcred in thlo '"ctiun . 

appear to e intlnate t"'·o fu.ndamental problema auociated with CW -Doppler 
biotAtlc radar: 

a. 

b. 

Tar&et algnal amplt:udn givee no Indication of whether 
the target Ia near the trantmitter or the receiving ship 
because the billatit radar range equation ia symmetric 
about tbe tranlmltter-tarset and receiver-target ran,u. 

Single I.'oppler ... euurementa alene cannot provide 
unambiguous target location Iince alnsle Doppler 
measurement• have a fourfold location ambiguity cau•ed 
by the geometric tymmetry between the tranomitter. 
receiver and tar: et. 

Four aeparate derivation• are given deacrlbins technique• which 
may be 111ed to locate and track low-flying targeU which may threaten a 
aurface fleet. They all auume a two-dimeneional (flat earthl aituatlon that 
il reasonably aec\lrate (ue Section 3, 3. 41 fer low•llying aircraft and cruiae 
mlsoilu, The !our technique• are: 

the double baa cline, double measurement range eatimator, 

b. the double bueline, tlnele meuurement range utlmato:r, 

c. tbe alngle baseline, double meatunment range estimator, 
a.ud 

d. tbe Doppler loc:atlo:~ finJer. 

I 
The flrot two technique• employ two tranamlttero a~~d one receiver 

&I thown In Figuru 3·9 and 3-10, :reopeetlvely. For the firat method (de :ble 
baaellne, double meaourement ranee utimator) two target•acattered DopP:,· r 
return• and their direction• of arrival are meuured at two different point• 
&lens the target'• night trajectory. Eight meuurementa are employed to 
utimate the target'• location.· For the aecond method (double bueline, single 
meuurement range estimator) the eatimate I• euentially made 111lng the two 
Doppler return• and their allociated direction• of arrival meal\lred at one 
flight point. Tbe third technique (lingle bueline, double meat\lrement rang<' 
estimator) 111e1 two aeta of Ooppler return• and auociated direction of arrival 
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1.1 (v} tiiJ •· Continued. 

Wi~l 1~SS!F p: ..r "• 

al'ld a aingle trat~•n•lller aourc:e to e1timate the tarcet '1 ranae. Thlt meth•.cl, 
which un1 the c:onfi£1>ralion in Figure 3·11, Ia operationally prelerrPd to the 
f!nt !":c !:¢t:autt <'I th~ n•~>d for te .... ·er men\lr.,menta Uld tn . .n1mitter auurcu, 
Th• fo\lrth teclvliq•u II>oppler location finder) employe tho: I>oppler nt\lrn• 
from the taraet Uluminated by four tranamittutl to eati.rnate both range and 
a~timuth. All {u\lr techDiqu.,. provide location in!orrnatioo on the d.,t.,cted 
taraet • 

The derintion of equation a for each of the tour metboda ia l.ncluded 
below. 

). 2.1 (Ul Do\lble-Baaeline, T"'·o·Menul'emenla Rug" E:ulmatur. ltll · 

,C'onaider the ah•Jtle .._1ell.ne, one tl.me pol.nt situation abo,..., io 
Figure 3 ·12, ,..here a veb.lcle h movin£ at an ~o .. -.. v~tloeity 0, thlt 'dhtance 
betwe"n the tr&.nr'!:\llter ud the receiver h auumed known to t.e D, and the 
b'&nlmltter ia ~ "'~dcntl.ng 011 a knoWII wavelen&th l. Tb.s a~tl.mutb u,le o! 
the t&rJet at t;,,. r .. ~d·•~•. o, and the ~ppler ab.lft, Af, are mea•ured • 
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3.Z.l IU) • • Continul.'d. 

B = •an"
1 (!.) • b 

= an ·---t ·I ~ a t11r " ] 
0 tan " • a. 

U there are two transmitter ~teometries, which ohall be distin
guished uoing aubacripto, then the following three equations can be "rlttcn: 

and 

A!1 • ~~ {•in la1+Y1l + sl~ [tan"
1 ~:\~:,~: 1 

... ) • 61} 

At1 = ~z {•lr. la2+ 621 + •In t•n"1 ~:!:,~:.:: •z) · b~} 

(3 ·I I 

13·21 

13-31 

where c lo the angle between the two baselinu, as shown In Figure 3-9. 
The value or c may be calculated because the cr.ordinateo or the two trans· 
m.l.tteu and the recelven are anunu•d known. 

! 
I 

U additional a&lrnuth and Doppler rneuuremcnto arc ma•le C11r 
thf'•(" tan\~ two aeometrie• at some time t.t later, tht:r, ,,.,,,, ftl'tr•· ,.,., ... ,i.,t!'· 

··· .. ···::::. T:.·~:.: :·. :::.~·~~::r::·:r::::~~~.r·:r ::~::· 
Alz' =f

2 
{•In (a2• • 6 21 + oln f•n-1 (o1.·,~·::::~·2-t 6211 (l-51 
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3. z. l (UI •• Continu~d. 

The last two equationt an a ruult of the c:onat&nt velocity and 
direction assumption. All oe\·en equations can be combined Into a system 
of four t>quationo in four unknown• by eliminating 62 !rom the equations. 
The reaulta are: 

where the Fd') are different f\IJictiona of th., argum.,nt parameten. 
The unknown• are u, a 1 , a 1 ant.t 61 • The rneuured quantitin an a 1 , 

a,}, o:1', a 1 , il!1 , ll!1', ilfa, cd llfa' , The quantitin known a p:rlo:ri 
are D1 , D1 , 11 , ).1 , At , ant\ c • The above lf!t o! ahnultaneouo equations 
may be 1olved for the unk!lown1 and the ground range from the receiver to 
tbe tarset could be calculated by 

p • 

Although thle procedure yielda four Independent equations which 
may be aolved for the tarset poaltion, a alisht reformulation of the problem 
can reduce the Dumber of equatlora by two u de a cribed on the followina page. 
Becauae tb.ia reformulation almpllfiea the double buel!z>e, two measurement 
technique, thia firat target location technique will not be examined further. 
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3.2.2 (U) Doubl~·Buellnc, Onc-Meuurt'mcnt nangc •:•timalor, ft't 
~ 

The variablu for the doublc-baaeline, cne-m.,:uurement mudl.'l 
arc ddin .. d In Figure 3-13. Ae In the previoue c:aee, th" tranornllter• 
:receive• distanc:ea, 0 1 and D , and the trantmitter wavelength•. 11 and 
l,, au aasu:ned known a prio;i. The admutha, <r,, and tt• , and Dtrpplt·r 
ahHta, t.£1 and M•, are the only quantities requiring meuurement. 

From &nether (orm of the Dcppl"r equation, 

where p " dp/dt &nd nl = dn/dt • 

From the law of c:oainu, 

n
1 

• (pi\+ D
1

2 • ZpD
1 

toF a
1
)l/Z 

(pp • pD1 c:<>o <>1 + p01 ~I aln o 1l 

2 Z I {i\ 
(p + D1 • 2pD1 c:oa a1 I 

• 

Sirnllarly 

• (3·8) 

(3-9) 

Note that a1 " ira • (r , The quantity a c:a:n be uUmoted ualng the pre· 
vioue &zlmuth meaaurement• u foll-11 

(cr1 (tl • cr1 !t•Atl} + rcri\(t) • a 2 lt•Atl] 
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1,2.2 (U) • • Cnnt:!.,u~d. 

Now clefin" h, , •h , r 1 • .and •t :u lolluw•' • 
2 .z 1/2 

J\1 r (p * :tJi • lpf>l .:o• "II 

'The quantltiu b 2 , Qa, ra, and •• are aimilarly ddlned, Equations 3-ll 
and 3·9 can then be written ao 

So t.!, c:c.n b'! written 

Af1 
-1 f i> (p-:r , .. pt '] • - p+ h ,., 

1 

SbnUarly 

..e.rz -I f I> lp-:r z' + P•z ~ . - p+ II 1z ~ . 

s.,l vina (or • p, 

(qz11z + P-z1 
.. . (:~-1 0 I -'"z + P- rzl 
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3. z.z IU l .... CiJntlnuetJ, 

Alto, 

and ao 

0-111 

Equations (3-10) and (3-11) form a ayatem or two equatio:>• in two 
unknowns (p and p) that may be solvf'd u~ing at&r>dud it<'t'ill\iv~ tethnlquea. 
Note also that, for this formulation, the ua\lmption of 'onl!ant velu'ill' 11nd 
directions are not neceasary. • 

3.2.3 (U) Single Bauline Model. (U) 

The third derivation to be considered ia that involving the m<.><:!el 
udng only c..ne trannnitter. The variabln !or the ein(:le bueHne model are 
de!incd in Figure 3-14. Aa before, the transmitter-receiver distance, P, 
and the transmitter wavelef>ith, ). , arc assumed ialu~>·n. Th~ a:im1.1ths, o 
and t:r' , and .Doppler a hUts :JH and t.l' , are measured quantities where the 
primes lignify n.eae\lrement at acme time llt after the first (unprimed) 
measurements. The velocity 0, of the vehicle is not known. 

From the Doppler equation. 

I ., -~ (p + h) 

·I c· f' .. - p'+ h') 
1 

From the law of coainn, 

ll .. 
1 2 liZ 

(p + .0 • ZpD coa o\ . 

,; . ('f p • p D coso+ pD n aln a) 
. 2 2 l/2 

(p + D • 2pD .:oa ol 
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:Figure 3-14. (U) Vari&bles for Single Bueline Model. (Ul 
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3. 2. l (UI ... Cuntinucd. 

Sin>il"rly, 

fl' = le.:..,P.:...:_b• n COli: n' + n' 0 ;,• til\ 0' 1
) 

2 2 1/1 
(p' + D • ?.p' D c.-o• o'J 

ln order to find a aolutlon uoing only one baseline, two approxi
mations have to be made 

(a) I> Is constant: I. e., p' • p and, furthermore, 

p • p' • pAt 

(bl a h conatant; I. e., a• • l> 

OveT sho1't time intervals (small t.tl thue auumptions are nuonable. The 
angular velocity & can be estimated as follows: 

o' - & "=At 

These approximations are olrictly true if the target is flying on a radial path, 
toward or away from the ahlp. 

where 

Combining the equations and approximations above givu 

·AH = -q = p + k lp·•l + ps 
h 

'i • An. 

I' • D cos a 

• " Db alna 

h • cl + D2 • 2pD coa aJ1 fl. 
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3.2.3 (U) - ... C.'"untinuf>d, 

Substituting p = p' • p lit, tquarlntto eliminate equare roota and al~t'brui< 
manipulation of the ruulta yield• the cubic: equation 

where 

A • 2At
2 

fq·el 

B = At
2 

(q
2 
-•

2
1 + .O,t (4qr-4qp'l + 2s.6t (2p'•rl + D2 • r 2 

C = At (2q2r.zq2 p'+2p•a 21 + 2p'2 (o;-al + 2p'r (a-Zql + ZqD2 

2 2 z 2 2 
D " p' (q -a I + q (0 ·2p'rl 

This cubic equation can be aolved for p and the correct root chosen. Also 
note that p h a till a f~~:~dion of the ain&le unknown p •. 

o:r 

Jn aimilar faehion, 

.o.r· .. .:.!. li>'• n'l 
). 

Where h •, q•, r' and •' are c:le!ined 1lmilarly to h, q, r and •· 
Jjow 

-q' h' • j> (h'•r'l • p' (p + 1') 

or 

.•.' . 

p' .. •9' h' • p (h'·r*l 
p •• (3-131 

Equation• (3•12) and (3-U) form a nt of aimultaneoua equation• in the two 
unknown• p' and p which may be aolvec:l for the target position. 
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l.Z.4 (U) Doppl~r Location Finder !DLFI, (\)) 

The ranRe eatimallon .eehniquca dhcuued in the previuua uctiono 
all utiliud meaaunmenu of target bearing and Dopph•r frequency. The 
Doppler Location Finder (DLFl duc:rlbed in thla aeelion uau only Doppln 
meaaurementl llnd yield• both ranse llnd bearing inlorma!lon, 

The variable• for the DLF are defined in Figure 3•lS. The trans
mittel"-rec:e!ver diatancu, D,, D0 , D., and D4 , and the tranamitter v.·ave· 
lengtbs, >.1 , >.a, '>. 1 , and >.., are lla.aumed known a priori. The angles, 
Sto &1 , 8 0 , and 8 4 , formed by the reference bueline with the transmitter
receiver. are aho auu.rned known a priori. The only meaaured quantitit:s 
are the Doppler ahUu, l>t,, t.t, , t.t• , and t.f4 , The variable• eotimated 
by the DLF tec:hnlque llre range p, bearing ct, ranse velocity, p, and bear
ing velocity a , The latter two varlllble& dueribed the ChllnSe o! target 
pc:.oltion with time and are of tecondary importance. The range and bearing 
eatimatu ducribe the target lou.tion and have primary aignlfieanee. 

whel"e 

ao 

From the Doppler equation: 

1. .. --
).i 

i•l,Z,3,<1 • 

From the law of c:osinea, 

.. (p2 + D
1
"- 1 pD

1 
coa(a + e

1
)), /., 

• 
(pi>. p D1 co• (a + e11 + pD1 intn ca + e11} 

[p" + Dt· ZpD1 co• (a+ e11J 1• 

Thua, from (1·14) ud (l•U) it can be •een that 

Af
1 

• h(p,a, p, a;D
1
, 8

1
,1

1
1 

where b la a function of the argument parameteu, 

3-ll 
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3,2.4 Ctl) .. - Cuntinv•·d. .. 
The desired par:1nu:~tcrs (Ji, o, p, and b) ca.n tht·rc.:fure be e1tin1atcd b}· tiw 
eolution uf the fulluwinjl aystem or t'quatlona. 

t. r, = hCp, a, ~·. • D,, e ,, 1\) a: 

t.l, = h(;>. a, p, b: D.:-. 8:, la l 
1~·171 

t.r. h(p, • . 
D!i, ~., 1~ I • a, p, a: 

A!• c h{p, a, p, &; o •• f',. 1.1 

Thit system of equations can be aolved usinJ atandud itrrath·c 
methods, Unlike the other techniques dhc:uued, this me~hod is truly In· 
etantaneous; the estimate at cne point in tin1e require• no previuus measure
ments. Also, the equations are exact; they require no aasumpt>ons u to 
the constancy of p or a . 

The Doppler Location Finder can th<JI estimate target range and 
bearing uaing only Doppler frequency measurements • 

3. 3 lUI ERROR ANALYSts. (U) 

The target location estimation techniques discussed in Section 3. 2 
result in two kinds of errors. One is a biaa in the estimate that arises 
because or one or more approximations that are employed In the t"chniq\le, 
This h a ayatematle.error that c:an, In acme c:ases, be mlnlmi&ed by 
proc:eulng. The aecond klnd of error arhu becaun the lnpuU needed !or 
the ettlmate i:lvolve measurement• that c:ontaln random errora. Th~te two 
kind• of errora generally Umit the accuracy of an utlmation technique, 

I 
Jn Section a 3. 3, 1 through 3, 3. 3 the error exprenions fur both 

kinda of err on are derived for: 

a. the double baaeline, &Ingle meaaurement range eatlmator. 

b. the ~Ingle baaellne, doublot meaaurement range estimator, 
and 

c. the Dopple>r 1ocatiOD finder. 
l 

Some auumptlona on independence of error aoureee have bec:n made. In 
Section ~.4 the aeveral other poaalble aourcea oi error that do not algnifi· 
cantly alter the eatimate are <leac:ribed. ,_, 
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Fig\lre 3·15. (Ul Varlablu for Dopplu Locatlon Flnder. lUI 
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J::rrur Analyaie u! Double. Baarlil>c, Slnplr ·Mruurcn"l!'t 
Range E:atimator. tUl 

The ranga ulimate given by the Oouble·Baaeline, Sinl\le·Mt ... ur~· 
ft\O'nt technique (Sedion 3, 2. Z)la depcndent on the mcaoured vatu"' c.f tar~H 
bea1'ing and Doppler fuquency, An expreulon II derived below relatinv 
llMS muourement el·rore of a&in'luth and Doppler thift to RMS "atlmatiun 
errou of target ranrte• Thla error expnnlon il valid at ap.,clflc target 
locations and hu been evaluated for aeveral configuration• of tarrttt, ohlp· 
board receiver, and tran•mittere using reuonable valuet for RMS n>US\U<'• 
ment errors, The bias of tlte range eatlmate h allo computed, The ruull5 
indicate that for certain ayaten'l geometric• and parametel'l, total ran~tin~: 
erroro of leu than 15"!. car. be achieved, 

3.3.1.1 lUI OO'rivation o! E:l'ror Expreulons. (Ul 

As shown In Section 3, 2, Z, the true range p h the lolution o! 
the nonlinear ayltem of equation•: 

p = 

= 

.(q1 h, + i> (h1 - r 1 )) 

s, + p 

·(q, ha + pS•l 

(ha+p•ra) 

where ht, h:z. q\. q,, r,, ra. s,' s. are fu:netiona ol tl\, cr., a. A£,. 
Af1 • The expreuion for j> can be lu'batituted Into the equation for p 
and it ia ..,en that p la the aolution of 

Ci " 

where 0 ia a nonlinear function of p anc! the coelfic.lenta involve 0 1, 
e,., &, llf,. A fa. The parameter 2r, however, h utimated by 

where 

43·18) 

•Although the technique h ducrlbed •• a •ingle meuurement technique, 
U dou require e, and a 1 valea at time t • llt • 

ll-34 
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3.3.1.1 (1.1) •- Cuntln\•f'tl, 

and 

1:1• "' era It • ~t) • 

Thua, inucad of 0·18) an equation of the following form !1 solvrd: 

13·l9l 

where p h the estimated range. Since tho eatlmated valur of h may be 
in error, the tolution p of (3·19) may be aliGhtly biaoed away from th" 
true P• L.et pbiu be thh bias in the n.nge eotlmate. Thus, 

.. p • p • 

AI mentioned previously, !hi a biu from the \IU Of an estimated 
value of b Ia one of the two Important typet of errora In thi• range esti
mation technique. The other (random) error arites from udng measured 
valuu of bearing and Doppler. The true cr

1 
and M are not available; 

the meuured valuea 4
1 

and ~11 muat be ueed lnste~d. Thus, the estimate 

of range Is taken to be the 1olution of 

Hlp:&,, &o, 4o. a., ~i:,, t.ial = 0. 

• The measurements &
1 

and t.r
1 

will senerally have mean values of cr
1 

&l'ld ~fi, and atandard deviations ~(cr)RMS and t.(llf)RMS' respectively. 

Note that p h implicitly a fWiction of the & 
1 

and e!
1

: as 
.these meaoured values change ao doeo p In order to keep H " 0. Thuo, 

p • p(&,. & •• & •• & •• Ai,, t.(,). 

The change iu p due to chansea In tho &1 and t.ri la slven by 

t! ~· ~- ~-
l.(pl= ila

1 
6!&.1+ ~~. t.!&al +tf; ~!&sl + *. t.l& 4 l 
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3,3.1.1 (Ul • .. Continued. 

~ 
The preceding equation It the delermlniatic form of the error 

equation. Becauee the mea1urement error• are r.andom, w• mu1t •mpJo)• 
a modified vera ion. At each target location the partial dorivatlvea op/oo. 

1 
and a p/o {l (, are C:OnDtant. Uaing two relatione !rom probability theoryo, 

l 

•• 

b. 

The RMS value of a &ero-mean random variable it the 
atandard deviation (C7). 

lf X • t A
1 

Y i , then 
l 

o " u: A• a• 1'1• 
i I Y; 

we can derive from (3-ZO) 

~(p)RMS •{[(ftt •(aalsr •(Jt)" •(ff.)'][o(&IRMS r 
' 

·K&r ·(mY][ ll(ll{)RMS r r· 
•PfeiCier, p, .£., Concept• of Probability Theory, Mc:Oraw-Hill, N, Y,, 

196S, PP• Z30•l. 
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. . ll 
The unly rt•n>aining atcp h th" •·valuation uf ~ ~ and . { • ,. 

c"l oL. 
• • I 

U th~ fupctiun iH&" &0 , &0 , &4 • tf~o llf0 I were knuv•n explidlly, thi• 
cal~ulation wuuld be diner. H"''"vcr, the p-fun~tion is only l<n<>wn ln>J>Iicitl)· 
and therdurr thf' lmplicit Function Theorem• muat be invoked, By thio 
theorem from calculus: 

" 

and 

when the function H(p: &1 , &2 , &0 , &4 , Ill,·, t.f1 ) h known explicitly: 

-( q• ho + (pi!OaJ(sin aal tztl (a1 + a 1 • a1 - cr4 J )] 

.... p .... 

where r 1, hi, qi are fWtetions of a,. _a1, llt1, t.l1 and At h the time 
between mea•urementa. Finally, the abcve equation• can be evuuated 
for A (pJJlMS, 

1 Protter, M. H. and Mor:rey, E. B., Modern Mathematical Anlllyais, 
Additon-Wnley, Reading, Man,, 1964, p. 49%. 
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3.3.1.1 !Ul • - Con!lnu~d. 

ln the next oection, both the bin {pblul aud the 1\MS error or 
ran11• estimate for the double·baaeline, a!nsle-meuurement teehnique are 
evaluated lor tyr!cal ea.seo, 

3. 3, 1. 2 (U) J\esulto ol Error Analyolo, (U) 

ln this section the blat &nd RMS error of the range eotimate of 
the double-budine, aingle-meaaurement technique are presented for oev
eral different system geometriu (locations of :radar transmitters and 
:receiver and tujuto:ry of target) and systern parameter• (operating fre
quency and time between measurements). It is shov.-n that although the 
technique is not completely utis!actory under all drcumstancea, it is fairly 
auceeuful for certain seometries and parameter•. 

All numerieal calculations for the error analytu were performed 
on an IBM 360 general purpose digital computer. For any given case, 
pb! (the range bias cauoed by uolng an approximation for b I was found. 
by U!vlng lor p and aubtractlng the actual range p • l>(p)RMS' the RMS 
error of the range eatimate, was calculated uaing equation (~·ZZl: the 
partial derivatives of 

( ~H <JH <JH ) 
H ~~ • hi • ~~~~i 

w~··e determined by uae of •tandard numerical di£ferentlatlon alsorlth-ns•. 

•Southworth, Jl. W, and Deleeuw, S • .t.., Digital Computation and Numerkal 
Method a, McOraw-HiU, N. y,, J96S, PP• 352·363. 
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3.3.1.2 IUl •• Continued. 

~ 

The curnputctl ran~te e•tlmalion erruu for the· double buolin.,, 
sin~tl• mcasuren'e"t IN·hn.quc arc dioplay~d 1n Fi11uru 3-H•. The lab.,lrd 
cluts indicate the location <.>f lht• tr41namitton (T1 and T.l Mntl thc shipbuar<l 
recciver (S). The Vllriuua trajerturi"" of the tar~et au rr)>l'•aentr<l by 
daah•d linu. The errou arc represented by solid-line te~men~s at various 
puinto alr::nl\ the trajectory. The ltnJ:tha of thcoe aegmcnu are scalrt! tv 
twl~c the RMS errut, while the offnt o£ the center of the ae,ment !rnm the 
trajectory repruento pbias' 

The variouo ayatem parameters, auch as oporatin~: fuquency 
of the radar (£), time between meaouumenu (•Hl. and standllrd deviations 
or RMS errou of the meuunments (17 , a l> !I are lilled on the fi~tures, 
along with the Hale of the dra ... ·lng and tge velocity of the targ<'!. l:t Is 
not neceua.rily equal to the apadnll of the diapl;~yed error ngmenu • 

For all the figures of diaplayed errors, the measurement unccr· 
talnties, l>(a IRMS and l>(l>f)RMS were a.aoumed to be 1 de1ree and • I Hz, 
respectively. l{ thue meuurements errors in a particular "*u are larger, 
then the RMS error in the range estimate would be proportionately 1reat .. r • 

Several conclusions can be drawn from the !ijlurn. Fir.t, a 
pat·ticular con!iruration of transmitters and shipboard receiver may bo 
fairly effective against certain target trajectories while much les~ auccessful 
against other trajectories. Also, performance may be acceptable at certain 
points in a given trajectory but not at othera, 

A:rl interesting oburvation can be made from Figures 3·16, The 
aeometriea and parameter& fo2' the two configurations in Figures 3-16e and 
I are the aame at for thole in Figures l·l6g and h, rupectively, except 
that 6 t, the time between measurements, is 20 aeconds for the former and 
120 uconds for the latter. The Interval l>t enters into the euimation of 
range in oaly one place: the eatimation o! a from the formula .. 

' 1 ' . 
& .; ffi (Ill). +era • Ira ~ o:. l • 

A• 6t ia lncreaoed, the RMS errore of the cr
1 

are divided by a larger 
constant and thus the RMS range error ahould be leu. On the other hand, 
for larger 6t, tbe first order approximation becomes wraker for thote 
trajectorlea were & Ia not COJ!.atant, implying an Increased pbiu for 
thole catea. 
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Figure 3-16a (U). Range Eetlmation Errcu fer 
Double Buellne, Single Measurement 
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Firure 3·16b (U). Range Estimation Errore for 
Double 8anline, Single Measurement 
Tecbnlque-·Ocomctry No. Z (U) 
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),!.I.Z (UI • • Continued, .. 
Bui.h tt.cac c£!c::t= :a:re obSC'f'v~cl in Fi~ur<'l 3-16. The R~1S torrto~ts 

in Fi!!l.lff'l )-16~: and h (At = IZO aee. 1 are !!~nerally much Ius than in 
Fi~turcs 3-16 e and £ (~ t * ZO aee, }. Y<'t, aho u predicted, In the one 
trajectory In each pair ot ti~:urca where the tar~:et h not heading at the ~hip 
al\d her.ce a it not con&tal\t, then h a lignifiCal\t range bias !or L t = lZO 
aee., but not !or lit ~ 20 oee. How~ver, th• total tange utimate error i& 
atill mueh a mallet tor t.t • 120 aec.: fur aeveral target trajectories, ran~e 
eatimate errors o! leu than 15 percent are achieved. 

3. 3.2 fl!) £rror A.nalysie or Single-Baaeli~>e, tlouble-Musuremr.r:J 
Range £stin>ator. ( U I 

The accuracy or the Single·Bauline, tlouble-Meuurement ran~e 
eatlmating technique (Section 3. 2. 3) h alao a function of the accuraeiea of 
the meuuremen!B o{ target bearin~ and Doppler frequency. £xpreaoions 
relatint RMS measurement errou to RMS ra~>ging er::ooro are derived and 
evaluated lor seveul target trajectories. The biaua in the eotimate are 
also computed, anJ il io shown that for oeveral trajec:toriu, the total range 
estimate errors are leso than IS pc rcent. 

3.3.2.1 (U) Derivation of E:no:r E:xp:reuions. (tl) 

Aa shown in Section 3, z. 3, the true range c.&n be estimated by 
the oolutiol\ ol the eet o£ equations (3·1Z and 3-13). 

The following approximations are &lao used to evaluate the RMS 
rang~ error !or thia range eotimation technique: 

&' .. 

and 

I' • • 

Equation (3·12) h uoed to find &n expreuion for p 
Into U·U) to yield: 

F(jP;a', a, AI', Ar)•O 

(3·Z4l 

which is then inae:rted 

(3·ZSl 

a ah>gle equation for p 1 which dependo on the present &nd paot meaaured 
v&luu of tarset bearing and Doppler frequency. 
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3.3.2.1 (\)) •• Continued. 

The eotimate p' hao, in general, be\h a l)!u "uur and RMS 
error. Tl:e bin adou trom the !act that !or linear trajectoriu, &• and 
p' are exactly tr•u• only wh"n that trajrctory Ia radial with reopeet to the 
ahipboard receiver. Thu1, in molt cases, even it the tutact valult's o', 
a, Af ', Af are k.nov.·n, the oolution p' will be in error by a pb, • Thua: 

l&l 

p' • 
bias · • 

A.n expreulon tor RMS range estimation error In term• or th" 
RMS nroro in target bearins and Doppler ahl!t "'"aourementt can be obtained 
by noting the similarity o! equations for the double-baseline, ain~tle meaoure
ment technique and (3-:ZS), Thus, analogous to (3·Z2), it followa directly 
that 

A(p' )RMS ={(~.I) [(::.y +~:~)"] [('•ta)RMS r J 

+[(a0~. r +{:[f rJ [ {61AORMs)* ]}"• • 

The next aeetion pruenta the :ruulto o! evaluating the bias and 
RMS error& of range eotimate for the oingle·bueline, double-measurement 
technique, 

3, 3, :z. 2 (U) Reoulta o! Errol" Anal yah. (Ul 

The expected errou are preeented for two typical cuu vsing th" 
tl.ngle•bueline, double-meaeurement range eatimator, From Figure• 3-17 
and 3·18 lt can be teen that tor two tara:et trajectories (on" for eaeh caa.,l, 
the range ettimatlon erron are leu than 15 pereent. The detection ayttonn 
parameter a are the tame in all ease a. Aa in the previout aeetion the 
trajectorlea a1'e shown by daahed lines and the errors by tolid line oegmento; 
the length of a aegment equah twice the RMS range error, while the ditplace
ment of the '"Cment center from the trajectory repreaentt the range uti· 
rnation blat. 

Several ob•ervatlon• can be made from the figu1'ea. Ftnt, of 
all the trajectoriu ehown, only one ehowt any bias: thla il the trajectory 
on Figure 1•17 that ll not aimed at the a hlp. Thb ruult wu pndicted In 
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3.3.2.2 (U) • • Cuntinucfl. 

til., laat aectlon, becauu biaa errors are cauud by the variatlun of & an<l 
p between meuurementa. Thcte variations occur only for off-ahlp tra
jectoriu. A a ahown in Figure 3·17, the biaa ia about th" a a me magnitude 
a. the RMS error. The bias could be reduced by decrea.in~t the time Inter• 
val between obaervationa, but at the expenae of greater RMS errors. Anuthor 
obaervation from the tlgurea ia that the eatlmator'a performance depend• on 
the location of the tarset with respect to the trant'nltter and thipboard 
receiver. For example, Figure 3·18 thowt a trajectory In which the ohip 
la between the target and tranomltter and the tar11et h beaded -directly at 
the ahlp. For thit trajectory the range erron are greater than 80 percent, 
In contraet the two.trajectorln ot Figuru 3·17 and 3·18, In which the 
tarj!et Ia on a fly by trajectory or beaded toward the thip in a different 
georr.etry rnulted iJ\ errora o£ leu than 15 percent. 

3. 3. 3 (U) Error Analyalo of the Doppler Location Finder. (U) 

The range and location utimatu given by the Doppler Location 
Finder (DLF) depend on the meuured value• of Doppler frequency. An 
expreaaion h derived below relating measurement Wltertaintiu to esti· 
mation '!!rrora. Reawu are pruented that demonstrate for a wide clau o! 
ayatem geometries range errors of leu than 15 percent and bearing errors 
of leu than 6' c:an be achieved. 1n addition, for one partlcula'l ayatem 
geometry the range errora are ahown to be leu than 5 percent. 

3. 3. 3. 1 lUI Derivation of Error Exprenlons. (U) 

1!JI described in Section 3, Z, 4 target location and time derivative 
variablee, p, a, p, and !r, are the aolutlon of: 

IH, • 
1 

i c J' z. 3, 4, 

Becau1e U~ wUl alwaya be rneuured with •orne enor, it h denoted u 
6 i

1 
: the est1matea of p, a, p, and !r are airnUuly denoted by p, a, }., 

and la ao tb&t 

6"' • i 

• • 
h(p, & • 1>. lr : ,n1• ''t· ~ 1,. 
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3. 3. 3. I (U I • • Cunllnucd. 

= ( !!!..) A p i (l.!J.) iiP i ~6 i 

Letting the vector& m and v be defined ae - -
nl*' -

and the mat rbt A defined ae 

(:~ ). 
• A= 

(:~). 

(:~). 

(:~t 

(-!!). 
{~). 

(:~), 

(:~). 

( :~). 
( :~). 

(!t). 

( :~ ). 

(!it 
"( ~~) a cr • 

then m = A v.; au\UTling A i• invertible, v " A.
1 

m • - - - -
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3.3.3.1 lUI • • Cuntinul"d . 

• 
Anun\ing lA It. r

1 
llRMS it the •anu: for all i, 

Tbeae lut two equations relate the RMS errou in Doppler fr<>· 
quenc:y measurement to the RMS er:ron in target ran~tc lnd boa:rin, uti· 
matlon. The other type of eatimation e:rrc..r io a pouible bias. Fur the 
Doppler Location Finder there are no biaaea. oince the equations are exact 
ancl uoe rneuurementt from only one time point. Thus, the RMS error 
ducribea the total range and estimation erroro or the DLF technique a. 

3.3.3.Z {U) Reoults or Error .A.n'llysia. (U) 

The expreuions for range and bearing uncertainties derived In 
Section 3. 3. 3.1 for the Doppler Location Finder were evaluated for a number 
uf config\lrationa. 1t is ohown that with reasonable Doppler measurement 
enou (!.e., 0. I H&) the range error h leu than 15 percent and the bearinfl 
error it lua than 6• In many cates. The error reaulu are presented in 
Figures 3·19 to 3-28. At with the error analyau for the other techniquu, 
the target trajectoriea a:re represented by duhed linea, the transmitter& 
and ahipboard rece!vera are repruented by labeled dot&, and the auumed 
1yttem par:ometert for each cue are included. The Doppler meaturement 
RMS error for all c:aaea h auumed to 'be 0. J Hz: no value it given for 
time 'between meaeuremeata bec:1,uoe the DLF ban ''in&tantaneous"esti
mator. For tb.h location eotimatlon technique the en·ors ia both range and 
a:r.imutb are presented. The RMS range erron are represented by line 
•egmeau 1c:aled to twice the RMS range error along a radial line lrom the 
target to ·the receiver. Tbe RMS bearing eno .. are eimUarly scaled with 
a line oegment pe:rpeodic:ular to the radial line. Note that no 'bluu are 
tbown. The one major oburvati'on that can be made h the good performance 
o! the DLF for a variety of receiver•tra:namitter configuration a and against a 
~tumber of target trajectorlea. 1n most c:aua the range errors were len 
than JS pe:rceDt and the 'bearing erJ'OU leu than (,•, Of particular inlerest 
b the syatern geometry •hown In Fig\lre 3·28 for which the nnae erroJ'I 
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3. 3. 3. 2 ( u) •- Continued. 

are lese than S per-cent. This c:unfi~uratlon can re-prcu~nt the- use a.( tran~ • 
millers en pickH ohips to prutert a Ch:~t aircrafl carrier. 

3. 3. 4 (UI Other PossiblP Sourcn of Error, (U) 

Th~ puvious uctiona have diecuued the RMS errore caused by 
measurement uncertaintiea and the biao errcu due to equation appruxi· 
matione for the various estimation techniques. In thia eecliun nveral other 
possible aoureea of error are diocuned; It II ahown that errors frum thue 
aourceo are not aignificant compared to thuae ducrlbcd pr.,viou&ly. 

One of thue aourcea of error Is due to the period over vchich the 
bearintt• In the double and aln&lo bauline technlquu are measured In prac· 
tic e. Then are taken ever a time duration of about ten oeconds. The 
average value calculate!! h aulgned as the bearing at the middle of the inter· 
val: In reality, due to non•linearitiu, the actual bearing at that middle 
time·polnt may be different. Yet, In all casu conaidered in this atudy, 
this bearing error was len than 0, 1•, aignificanUy tmaller than the one 
dejlree uncertainty that was auv.med for bearing measurement•. 

A aecond aource of error comes from the use o{ a two-dimensional 
modt:l for system geomdrit!l, In practice, targets may fiy at higher altitudes 
above the ocean surface although the principal threats are expe~ted to employ 

·low altitudu to avoid line •Of• sight radar detection, For these aituations the 
actual Dopplen and beulng angles will not be the tame ao those used in a 
planar model. In most cases, however, the d!C!erencu are mae ked by the 
meuurement uncertainty. For example, a tarcet 10 km hi~;h and 100 km 
from the ahip h at a 6• elevation angle. According to the Doppler equation, 

· tbe actual Doppler would be cos 6• tlmu the Doppler if the tar1et were lndeerl 
£lying In the plane of .tbe transmitter and recelvet". Becauoe coa 6• h greater 
than 0. 99, the Doppler would be ln enol' by leu than I perc:e:nt, which il 
about the accuracy of Doppler rneasu:rement, In a 1imUar maMer the slant 
ra.nae would d!Uer from the pla.nar range by len than 1 percent • 

I 
th Another aource of error h the determination of distance between 

tbe l tnnamitter and the thip (D
1

), The accuraey of thia meuurement 
dependa on the accuracy of tbe tblpborne navigation ayatem, Becauu the 
typical accuuclu for the LORAN C and D ayttem1 are len tha.n I km and 
thil repreunU leu than I percent at a target range of 100 km (compared 
to approximately 15 percent ran1e accuracy lor the location e1timat!on tech· 
ft!quu ), the a.uoc:iated error• can be neglected, 
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3.3.4 (Ul • • Continued. 

The rneaaurt-ment ol t.ranemltt~r frequenc:ie• (!.; .:an .:.l=c ~i-:~ 
ris" to e>rrora in the eatimatlon tcchniquro, However, wnh an RMS meu. 
\lrt'n>ent accuracy or 0.1 Hz;, the errore are hu than one part in 10' in the 
HF band and it dominated by the limitationo In computational accuracy. 

Thus, the erroro that arlee from then other a cure eo can be 
neglected eompa:red to thoae examined In the previoul uctlono. 

3. 3. s (U) Concluaiono of Error Ar>alyeh. (UI 

The prlndpal conclualon to l>e drawn from the error analyst a io 
that all three techniques analyzed, the double-baaeline, aln~tle-meuurement 
technique, the alngle-baaellne, double-meaaurement eotlmator, and the 
Doppler Location Finder, performs to within. IS percent r&nge error for 
elasoes of target trajec:toriea. The DLF, in particular, performa well 
over a wide ra:nge of trajectories a:nd attains 5 percent accuracy for one o! 
the geometries examined. ln addition, it eotimateo bearing to an accuracy 
of 6'. 

For all the eat!mation methods, however, expected errors strongly 
depend on both aystem geometry a.nd system parameteu. Becauu: the 
thru techniques perfoTm reasonably well under dif!eunt speci!ic conditions, 
it appear• that a hybrid location technique that employ• the basic methods 
contained In the three tecbniquu investigated can be developed that u·UI 
per!onn satilfactorlly (better than 15 percent accuracy) over a wider ran~e 

. or 0Pet operating seometrle1. Thil hybrid technique may rely on the DLF 
. method u a baaia, but include meaauremenU o! target bearing. Alternately, 
the hybrid technique may employ all three methods for aatlmating tart~et 
ra:nge, but incorporate teats to dilcard utimatea bovina larae ll.MS vLluu. 
Thou utlmatu witbin an acceptable accuracy may then be weighted to 
provide the "hybrid" estimate of target range. Baaed on the potential of 

·deriving a practical tar set loeatlon eatlmator for a wide range of transmitter, 
flee~ and target seornetrieo it h recommended that a hybrid tarset location 
technique be inveatisated. 

• 
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Section 4 

EXPE!''.lMENTAl. TF.STINC OF FAD 
POLYSTATIC n:CHN101JES 

- ( cJ) In the previous aeetiona the inveatigation of a pulyuatic radar tech· 
nique that can be employed lor FAD wu pretented, Thit inveotigatic..n includrd 
an examination of detection ngiont, target location method• and a detailed 
error analysis. Because the reaulu have been derived analytically there i• a 
fteed to verify them experimentally and to demonatrate that a FAD early warninQ 
1ystem using lrantmittero of opportunity h ieaoible. Experimental teats are 
thudou ncommended !or the FAD polyotatic techniquea. 

- (U) Thia aectlon ducribea the experimental dulgn considerations and a 
ayat•m dulgned particululy for theu leota. The apee!!ic objectives of the 
experiment• are liut diieuued. Then the factors that impact on the test design 
and the ayotem design are deacribed. Baaed on a tradeo{{ analysis of these 
factors a apeei!ic set of exp•rlmenu and hardware are recommended. 

•· 1 ( v) f111 OBJECT!VES. (1J) 

The objectives of the FAD polystatic: techniquu experiments are to: 

a. demonatrate the detec~ion range o! the polyatatic teehnique, 
and 

b. verify the predicted aeeuraciea of the target loc:ation esti
mation m.ethodl. 

The firtt objective is to 1how that the target detection ranges derived 
ai.alytically ualng aurlaee wave attenuation valuea and nominal radar crou 
aec:tlona agree with experimental valuea. Thio objective hao been met partially 
when experlmentl were conducted for the early wamlng portion of the Aquarius 
atui!y. (In theae expe:rlmenta a P3B aircraft wao detected with a bhtatie radar 
ayetem ual.ng propagation modu comparable to thou expeeted for FAD.) Also. 
target detection il neceuary before the other experimental objecUvu c:an be 
met. Therdore, tuta to aatlafy thia objective can be included with thou to 
meet the other objectivet • 

The ucond objective 1.1 to verify that the target location accuraci,.. 
of the eatimation technlquee agree with the at1alytic ruulta. The majority of 
the experlmenh wiU be devoted to aathfJing thle objective because lt includes 

4-1 
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4.1 •• C<>nt!nucd. 

I ~ 
I. 

L 
the must tenuous area and tunlain• nun'leruua rand on\ variable a (c~ g., trans.. U 
mittt'1'-tar~et-recc:iver geometry, measurement accuracie&, etc.) 

4.2 lUI EXPERIM:f.:NTAL CONSIDERATIONS. lUI 

ln the dulgn of expeJ"imenta care mutt be taken to Include allthuot" 
eyttem pal"ameten that are crucial to the aatlo!actlon of the teat objective•. 
ln addition, the experiment• ahould be atruc:tured !or performance at a nomiMI 
cost utilh\lng exltting equipment and ayotemo where poulble. ln the experi
mental dealgn there are a number o! fac:toro that need to be conaidered, A list 
of the primary onu are included in Table 4•1. The majority of the faetoro 
(e.g., tranomitten, targeto, rec:eivert) deal with the equipment/tyolema 
needed for the experiment. The uee of uialing equipment for the teau reducu 
the coat of the experiment. For tome teat elements I•• I•, almulated t:.rgeu, 
ahipbcme antenna array a) it h not economically !eaeible to build or buy the 
ayatem aolely fer the experiment and hence the time and location of the expni• 
ment h rntricted to the avaUabUity of tbete eyttema. 

4.2.1 (II} filii Transmitter Sources. {U) 

To conduct the ttlltl, tourcea of opportunity (i.e., broad cut trans
mitten) or eoopenllve tranamitters (e.g., Carter Cay transmittenl can be 
employed. A partiallitt of candidate transmitters for the experiment are 
included in Table 4-2. A 1ubatantial number of HF tourcea at-e available with 
eatabliohed trat>tmltter powers and operational tc:hedulea. Lhta or these 
acurc:ea can be found l.l> the World Radio and TV Ha.Ddbook. 

l:xperimental HF tranamittera and other radara may be employed 
to track the target during the teats and !or calibration purpoaet, and iono· 
1pheric: aoundlnJt and propagation meaturementa are detirable durin£ the test 
to verify the ute of 1 F propagation medea. 

•.z.z(v) W Targett, (U) 

For Flut Air Delenae the primary targets are enemy aircraft and 
miuUet. The P3B aircraft hat a radar c:rou uetion which b typical for 
enemy alrc:ratt. Air-to•tu:r!ace and au dace •tO•turlace minUet eenerally 
have a trnaller c:rott teetlon and ahould be teated teparately. Table 4-3 aum
maris.ee the utimate• of operatins eharacterlatict for aome of the Soviet 
aircraft and :minUu that are threatl to the U.S. Fleet. 
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EXPERIMENTAL. FACTORS. IU) 

Tranan1itter Soutcl!a .I 
a. Location 

b. OperatinG Frequent)' 

c:, Schedule o! Operation 

d. Effective Radiated Power 

Simulated Targets 

a, Type and Sit.e 

b, Availability 

c:, Number 

Receiving System 

a. Platform: Sh!pborne/Landbased 

b. Antenna Arrays 

e-. Receiver-a 

d, Proeeuing and Data Storage Equipment 

e. Teet Equipment 

Teet Location/Conditione 

a, Sourc:u Availability 

b, Target(•) Availability 

c:. Receiver Ability 

cl. Similarity to Operatlon:.l Environment 

e. Falae Alann/Nolae Level• 
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TABLE <4-2,. CANDIDATE SOURCES FOR FAD POJ..YS'fATIC 

r---------------------~EY.~-~p~~~P~.IMF.N·T~·~t~U~I----------------------_.-t 

1. Atlantic Co a ot 

z.. 

a. Broadca ot Tranomltter• 

CBC 

W.NYW 

VOA 

- Sackvllle, New Brunswick 

New York, New York 

Creenville, North Carolina 

Experimental HF Tranomltteu 

MADRE Radar • Virginia 

Carter Cay Bahamu 

Pacific c.,ast 

a. Broadcast Transmitters 

VOA 

VOA 

KOEI 

• Dixon, California· 

• Pelano, California 

Belmont, Cali!ornla 

b. Experimental HF Tranomltters 

Stan(ord Um•enity • Palo Alto, California 
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In thc e•p~rimenta the aircraft and mi .. iles nc,..l to be evaluate<! 
for a variety .. r upcutlunal .,r .. tileo, induclin~t a number uf ocauerln~ fiCOnl• 

etricJ. and taTRCt o.ltltutlcs. Suvic:-t ~ir-tu-•ut'fael' milailce, lur exan1ph.·. ••c 
kru:w.·n to be ~apablt' or beinjl launched .at " ran~e of altitudes but r ... u .... - a '"" 
altitude profile fur n>inimun• d<'tection, The typical aircraft appruach io '" Oy 
close tu the oce"n surface to avoid Hne•o!-sight radar detection. The tar~t~t• 
ua.-d in the eKpcriment ahvuld consist or two a ius (aircraft and miuUe 1 and 
be npeutcd .at velocities comparable to thou of the expected threats. Turn• 
and uther aircraft maneuveu ahoultl be teated. Should the teata be conllr<~incHl 
to a threat tarJ:et, then the uat of a P3 aircraft fiying at 300 feet above the 
ocean surfr.ce for a variety of transmltten•tar~:et-receiver ~teometriu Is 
recun1mended. Should a number or tl!lt aircraft and miuiles be avaUable. 
ainJ).le and nnlltiple aircra!t/mluUe aitnaturet ahould be obtained tur multiple 
aignature and location evaluation. 

Beeidet the intended targeu, there may be commercial and militar)' 
aircraft that are operating in the vieinlty of the transmitter& and receiver sHu 
durin~: teats. Theae aircraft will provide !alae alarm• during the experiments. 
Schedulu of such Oighta need to be obtained where pouible for the evaluation 
of the ""por!n>entally collected data. 

-1.2.3 (U) Receiving Site. (U) 

Jn the FAD polystatic radar system concept the receivln~t ayatem is 
located on one or more of the ships of the fieet being protected. However, 
lor e><perimental testing the receiving aystem can be located on a ship or at a 
la.ndbaaed site. The use o! a shipborne platlorm neceuitatea a ship having 
an accurate HF direction finding antenna ayatem. lt alao would entail the 
aulgnment of a a hip for the calibration and collection or experimental data 
and pouibly the proceuing of ahlp navig&tional data to evaluate location uti· 
mation accuracies. In contrut, the use of a landbaoed receiving tile almpli· 
fiu the conduct of the experiments becauae the normal operational problema 
are drcumvented and attention can be !ocuud on the key facet& of the FAD 
polystatlc experiment, The deetroye:r DD714 (USS Cilbert Roan) contain• an 
HF DF array and appear• luitable aa ahipbome receiving platform. The 
potentialla.ndbaaed altee include the following: 

•• 
b. 

"' 
d. 

Vint Hill Farm Station 

Madre 

White Hou•e 

Eastern Teat Range 
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4. 2. 3 (U) .... Contit'IUt-d. 

e. Stanford Ant~nna Array 

I. Loa Banoa Antenna Array Wett Ce""t 

Of th~ two typet of altu the landbaaed aile h ncommended bttcauoe .,r 
operational. ain,plicity in conducting the tuto, For thio alternative thH<· 
ia r.reater acceu to teat equipment and the achedulin11. uf data cnlltt<tiun I• 

. not aa aevere aa for ahlpborn" operation. Jn addition, the collectiun and 
procuaint of ahip navir.atlonal data il not nquired for rxperimenu usinJ: a 
landbued aile. 

4.2.4 (Ul T"at Location/Conditiona/Evaluation. (U) 

Th• tp.,cific test location, conditione and evaluation depend un a 
combination of the !actora deacrll>ed abnve, The availability of 11>urces, 
targeta, and receiving aitea dictate the .euibUity and Colt of conducting 
teste en the Atlantic and PacUic couu. When aU thr"" factcu are conoid· 
end, th• prlncipl• teat locations !or consideration ar• the Pacific cout, 
Northern Atlantic ar•a, and Southern AUantic: region. 0! theae reJ!iona the on~ 
that appears moat euitable it the southern Atlantic region. 

4.2.4.1 .lU)Teat Location. (lJ) 

The oouthern Atlantic region I& recommended !or the FAD poly
Uatic tetto for a 11umber o! reatona. First there are a numb~r o! broadcast 
atalione available. Sec:ond, forward·acatter geometry that io moat uprnen· 
tative for FAD can be achieved by uoing trana!'nltter• from Co1ta Rica, San 
.iooe, Cuba; Paraguay and a receiving alte at Vlnt Hill Farmo Station, the 
Madre radar lite, the White House aile and/or the Eaotun Tut Range aite. 
'l'hie allow• a landbaoed aile to. be employed lnatead of a ohip for the nceivlnr 
ayatem. The tut region eontdna a au!ficlent amo""t of non•hootUe aircraft 
ao that falte alarm alg~>&turea c:an be examined in ecnj\lnctlon with targ•t 
a!gnaturu. ln addition, moat of the neceuary receivina equipment h avail· 
able &l\d demonttratlona e..., readUy be Jn!lde to Covernment per1onnel from 
the Wa1hlngton, D. C. area. Tbeae reaaone, plua other• auch aa the avail· 
ability of HF calibration equipment (e. g., lonoopher!c aounderal, make the 
eouthern Atlantic re&ion preferable to the othen. 

----------------------~ 
4. Z.4, z .(v) Tnt Condition a. (U) 

Onc:e the tiat location ta ulected the tnt eonditlona that need t" be 
delineated Include primarily the tranamltter !nquenelet to be uaed, tarj:rt 
tut trajectorlu, the equipment to be utillnd, and the data to be collect,.d • .. ., 
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At n\t'nUunt•d t,r~:viuu•ly, tht• tar~t·hl must lnc..-2udtt buth aircraft and nt.h·,.jjH,. 
The aircratt·should be tlo\;or. :1 variuuto: rang~•. az.imuthK, and alttu.aJt·• frk.~n. 

thr r~ceivin~ •itt·. V&rlot.U• aircraft nlancuvt:tl such :;.tt turn• .and divt•s 
•hov.ld t.~ tnclud~d. A head-on approach to the rccciv~r lite: u well •• • 0)·· 
by-trajectory ahuuld be c:onduetccl. The time and locatiun fu~ urh aircr;olt 
man<'UY<'T ~<houhl be nutcd for C:<>rrf'lation and with the eullcc:h:l ~•twrinwnt•l 
data. Mi11il .. c:urnparablc I<> the Sovi<'l AS·2 throu~:h AS-S aerh•• ahould 
be fir.,d, If ponible, tu obtain mluile al,:naturu at varluuo Ti•nJ!c•. altitud•·• 
and op.,rat.ing c:unditiona. At least three olgnl>turco of miuilc trajectories 
should be obtained at diflerent ff'equcnciet f<>r the extrapulation uf e~pt:ri· 
mental data from aircraft targets and to demonstrate the •v•tem'• ability tu 
dirfcrensiate between alnra(t and miuile tijlnaturu, Table 4·4 summarius 
the ncommended tranamitter aource and tarset test parameter.. 

1he receiving equipment eyotem r"quired to perform the operl· 
ment include a.n antenna eyatemf recrttvf!J'I, a data procea•or, and associattd 
peripheral equipment. U one of the landbued aitu '"·ll·, Vlnt Hill Farms 
Station) h employed, then moit of the antenna ayotem equipment necusuy 
for the experiment• exiat. Orcly the C:<'mmitment of the equipment for the 
tuts is required by the reeponsible agency to cond<>ct the ""periments. 

The experimental data that needs t.> be collected include tl~nal and 
noiu n'euurementa, Doppler aigr.atureo, and the OF information associatc:d 
with the aignaturee for aircraft an ........ uu under varioua con.ditions. This 
data can be proceued to: 

4.3 

a, demonstrate the detection !'ar>ge o! th~ polyotatic: technique, 
and 

b. verify the ac.,..nc:leo of the target lo~ .. tion estimation 
met bod. 

f/11/11' 11/YSTEM oJtoN. (UI 
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TAEIJ..E <1•4, -..!)TEST PARAMETERS FOR EXPERIMENT. lUI 

Transmitters: 

Target Types: _ 

Tu.nomiuer• Target Range a: 

Target•Rt'ceiver Ranges: 

Aircraft Altitudes: 

Approaches: 

Ma.neuvers: 

Target Velocities: 

Cooperative HF, and Noncooper&tive 
HF llroadcaot 

Aircraft, Miullu 

SO, 100, 200 N. M. 

SO, 100, 200 N. M. 

ZOO, SOO, 1000 leet above ocean level 

Head-on, Fly by 

Turn, Climb, Pive 

250·400 ft{aec, !Aircraft) 

e 
700·7, 000 fl/aec. !Missile) 

• At leut three mi .. ile aignaturea at 100 NM ran1e, ZOO ft altitude 
with a bead-on approach. · 
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4.1 ... (•ontinued. 

... the dnuble baaclinc, ainj:le meavuremrnt modet 

b. the olngle bauline, double meuunment mu.Jc; .,..; 

c. the tour Doppler location mode. 

Tuaet trackinp; uaing the double-buellne tec::hnlque would be accompli& bed 
by meuurlng the Doppler ahlft on t ... ·o ~th• and the apparent anghr·ul•arrh·al 
to the taraet lor .each tranamltter frequency. Both nal·tlme Doppler and 
nal-time u.imuth would be dhplayed on a fax dbplay. Similarly, the •Ingle 
baoeline, two-measurement technique may abo be uaed {o'r target location by 
making two luc:c:eulv" Doppler and two ouc:c:eulve a&imuth meuurement& 
aeparated by at leut 10 and no more than 100 aeconda, Finally, the tu•n 
Doppler taraet location technique may aloe be luted with thh ayatem by uoinR 
each of the tour receiver• to meuure and dloplay Doppler only • 

The dealan &oala of thia 1y1tem are to·· 

a. measure a&lmuth to 1 • and Doppler to 0, I Hert&; 

b. be euy to operate by an untrained operator: 

c. be u.ltimatdy suitable {or 1h!pboard ahock and vibration 
environment; and · 

d. be principally compooed of ofl-tbe•ahelf hardware. 

The one degree azimuth and 0. 1 Hertz Doppler mea1urement accuracy are 
baud upon the location teehnlque and error analyah r-eoulta. The requind 
operator akiU to uae thil 1y1tem for target tracking ia quite almple. The 
operator aimply tunea each pair of recdven to the appropriate transmitter 
frequency of Interest •. During an event be ob1ervea and rec::ord1 the displayed 
Doppler and di1played ar.lmutb 1lgnature for the target. Flftally, the operator 
ac::alu tbe Doppler and a.ltimuth data, IUid input• tbil information blek Into the 
computer to aolve for range. The ba•ic: hardware ltema for thll 1y1tem are 
oU-the•ahel! and cenerally rugged enough for a ah!pboard environment. All 
of the electronlca il aolid 1tate, except for the R390 receiver, whieh Is used 
for 1hipboard H.F c:ommunlc:atiou. 

..... CUI DESICN CONCEPT. (U) 

The following IUbnc:tlona dhcuu ln detail the block diagram, tech· 
mquu for Doppler and a&!muth meaaurement, the r-equired data dhplays and 

general operational procedure•. 4 _11 ~NfU ~, Qillr n. ·. 
~r;'9!l liJu'lr r', it:'t:t.'·oo.. t; z.~ ... ,J;.,.,~ 
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<4.4.1 UJl Syotcm Ducrlpliun, !U) 

A: eht"'·"" ht F'ltnrr. 4·1 the antenna. array consi•ta CJr a linear 
ditp<>nd antenna ,.•lth on.,·half of the array cunnected tu unc Cl( the h•" data 
c-hannel&. JSO·T'• are uud tu divide the •IRnal I"'"""' bctwr<:n the two 
t:hanncll, 111 ""~h data •hann<'l the •igna!A arc combined In a hybrid which 
pruduceo oum (Ti .and diUcr.,ncc ll>)uutputal~nah. Tho: particular trans· 
miller to bt' •l""ctrum analya.ed h tuned up using atandard R3'10A rrccivcrs. 
Tb ... palnd UCl'iven are (taln matched to provide neceuary monoP'-'1• DF 

·technique act:uracy. -7he JF.output oJ. eaeh receiver b envelope dC>tected 
uelng high dynamic raftp,e AM detector, ia low-pau filtered to appro•imately 
a 20 Hut" bandv•idth to prevent allaalng 'during the aamplinJ! procesa in the 
AID converter, Following aampllng and AfD conversion the data Ia Input 
In a recirculating buffer In the Varian 620/f computer, A total of four Input 
bufCeu are used to atore each IO•aec:ond duration llgnal to provide thr 0. I 
Hert• reaolution required. One channel at a time II apectrum analyzed 
uainl the FFT algorithm and the volta~:e apeetral denaity It calc,.lat~d. The 
aum data aignal it logrlthmlea1ly compreued and matched to the dynamic 
ran~te o! the diaplay and finally output to the ditplay. The dioplay matchinp 
proeeu h uoed to automatically adjust the average level o! a apectral data 
to the most aenaitlve range o! the grey acale on the !ax dioplay. Each 
Doppler c:han.nel appears in the conventional time•!requency•lntensity format 
on the ditplay. · 

4.4.2 (tl) Azimuth Angle-of-Arrival Calc,.lations. (tl) 

The magnitude of the apectrum from the delta channel it combined 
with the previoua apectrum !rom the aum channd to compute the allgle-c!
arrlval o! each time frequency cell for that apectrum. The angle-cr-arrival 
!rom boreolght for each time frequency cell may be expreu"d aa: 

[

1 tan"
1 Ct. 1tr1l] 

a • aln "t 
l 11 d COl .£ 

). il the operatl.na .wavelenJtb, 

d il the phyalcal aeparatlon between phue c:entera o! the 
l..DAA ante~~~~&, 

.E la the elevation angle-of-arrival, 
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4.4.2 (U) 

UNCLASSIFIED 

.. • Cnntinued. ,_ 

h the ith frcquc:ncy in the c;elta apectral array, 

il the 11h member of lh• aum apectral arr.t.y, and 

-..• ---- ------

h the a:timuth angle•of·arrival of the ith frequency limo 
c:omponent. 

Thua, wc cumpute for each apectrum and each frequency, the anglc·of·arrival 
or that bit u{ data. The tr. data ia then formed into an alpha array, h 
amplitude compruaed, dilplay matched and diaplayed on th" fax In a time:· 
angle·i.ntenaity format. 

The function a(t., f
1
1 II abo atortd in a man• storage diok !or 

later operator recall. Thra data h ato1'ed aho in a r,.circulatinJ! bu!fer 
format ao that the moat recent 10 minutu of data ia available to the c;.per
ator. Thh eame time-angle-amplitude data h com;"Uted for both c:hanncls 
and h displayed on a fax paper aa well aa being atored on H.e dilk, 

4.4.3 (U) Data Extraction. (tl) 

When a target detection it made at noted by observing the Doppler 
on the Doppler channel dioplays, the operator then m~onually meaouret the 
target Doppler frequency and target angle-of-arrival. lf the double baseline, 
aingle·meaourement technique is under teet, n'eaourements an made !or 
both data channell. lf the single baseline, dovble-meuurement technique 
h under teat, th"' operator firat enteu the time, frequency and tarl!et ali• 
muth data at time T , then on the order 10 to 60 aeconda later the operator 
again meaaurea the 0 time, Doppler and target azimuth data on that same 
channel, Or, U the !our Doppler target location techn!que ta beit>!l employed, 
one frequency measurement h made> !or each of the !our Doppler., The 
appropriate data h then entered 'by the operator into the computer ayatem 
via the teletype. For each aet o! data entered by the operator, the computer 
will solve the target ruge-azimuth algorithm and print ov< the reaulta !or 
the operator to review, 

Although the operator hat db played for hi• viewing the computed 
target azimuth on the fax diaplay, the operator acaling of the angle data will 
probably not be used in the actual range calculation, The appropriate anrle 
information lor each time-frequency cell entered by the operator will be 
retrieved trom the disk storage device. Thla ia 'becauae greater angular 
ptechlon h atored on the dl•k and can 'be d!aplayed on the fax dioplay. 
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4,4.3 IU) •• Ccntinu~d. 

.. 
An artiot'o toJ\cept of "'hat this syatem might look like Ia sh.,wn 

in Figure 4-Z. The rack at the I~Ct ohowa the four JU90A reulveu. The 
next rack c:ontain& the compllter core memory, power aupply, dlak, A/IJ 
converter and other uaoclated eleetrcmico. The operator Is ahuwn outed 
in front of the electrographlc display with the teletype shown to the rich!. 

4.5 

4. s. 1 

lUI 

(UJ 

DETAILED DESION SPECIFICATIONS. (UJ 

Spectrum Analyah Specl!lcatlona. (Ul 

L 
u 
L 
' . 
I. 

L .. 
i • 

The opecilicationa for the apectl'llm anal yah portion of the ayst~m • · 
are given In Table 4-S, L 

Table 4-5 (U). Spec:trurn Analytia Speciticationo. IU) 

INPUT 

OUTPUT 

Sample rate (per channel) 

Number of c:hannels 

Fast Fourier Trando:rm alze 

Number o£ aeconds of data 
per transform 

Fnquency ruolution 

Bandwidth (folded) 

Dia played bandwidth 

Approdmate time requir-ed for FFT 
and angle calculations (per 
chaN>el) 

DUTY FACTOR 

51,2 aamplu per oecond 

.. 
512 points 

10 

0. J Hz 

0-25.6 Hz 

0·20 Ht: 

500 rnuc 

500 percent 

The requirement for a d!lplayed b&ndwld.Lt .. o{ 0·20 Hz Ia set by the back· 
acatter radar. Thus, the Doppler frequency abitt equals--
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... s. 1 (tl) • ... Continued. 

where c - l " 1C1 m.,t.,r• rer second. II we: auume v ~ 600 MPH, 1hr 
ma~imun> ain~t:d lor the P3 aircraft rc:commcnd~d f<>r the e•p~riment 
and f • I 0 mH& which will be a typical t:ranamitlcr (requ<:ncy uoed In the 
experln>ent, we 11"1 a frequency ohirt of 1 B H:r.. The backocatlu Cat<' pr"· 
duceo the lar11eat frequency ohi!tand ahifu of 10 H% or leu are C'llpecud in 
moat casu. Thus a displayed bandwidth or O·ZO H:r. ah<>uld adequately dia. 
play a.ll data collected in the e~pcrintent, The receiv"r output will be diude 
dt:tected and the sidebands will be folded ab<>ut zero Hertz In the O·ZO lh 
displayed bandwidth, thuo aideband aenu will not be available front the 
diaplay, However aince the ayatem will be uud ao part of an experiment, 
the oideband aenee of the ta:r~tctDoppler wUl be known a priori to the opcr· 
ator, The chief advantage to the folded spectrum h that the time required 
lor the Fut Fou1"1er Trandorm and the diak and core atouge 11n all 
halved by uaing the !old<'d 1pectrum. 

The requirement for O, I H:t ret elution ia aet by the Nture of the 
range eotin-.ation techniques. 

Using the requirements for resolution and bandwidth, the A/D 
aample rate is 51.2 tarnplu per oecond. The time •ampleo are atored for 

• ~O.su-nnds and a Fast Fourier Transform (liFT I il pu!ormed on the SIZ 
samples. The output of thia transform Ia 2S6 frequency domain points whi eh 
represent a bandwidth of O-ZS.6 H• with a resolution o! o. l H:. Since the 
low-pus filter uoed alter the detector In the receiver Ia not an ideal low
pus filter, thn" wUl be acme attenuation on the akirt of the filter and 
aeveral trequency polnta wW be affected. The diaplayed bandwidth hao 
been aet at 0-20 Hr. for thia reaeon. 

The time required to perform the 512 point FFT and auociated 
'data manipulations ia ettimated to be 350 milliaecondt, The time uqulred 
for the ar.lmuth angle calculationt and auociated data manipulations h 

· eatimated to be lOO mUlioeconda, The FFT ea'imate wu obtained from a 
relative computational power ud apeed eomparhon between the SEL BlOB 
com put"' I' and the com.pute:r propoud Cor this tyttem, the Varian 620/(, 
Pro,nma written for the 81 OB require 250 mllHueonda to do the trana!crm 
and the alightly •lower 6ZO/! tbo\lld uqulre 3SO milllnccndt or leu. The 
e.timate for the a:imuth calculation• wa• determin•d by coding a aample 
loop which computes the a~!.muth, and calculalina th• time to perform this 
operation on the ZOO frequency domain point• from each of the two channels 
uaed. A factor 11 then added to cover the overhead involved In the data 
ma.nipulationa, 
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Thia total o! 700 n>illineundo fur the t ... ., F'FTo and thll' ,Ott n.illi • 
aceond• lor the admuth an~le ealcul:ltiuna Cor each uf the t•m receiver l'•ir 
~:iv~a an avera~e of ~00 milliteconda ver U•t• eh:.r.:o::tL Thn", the 1y~Jtc:n1 
h able to pro<eu each tan>ple of data with a duty factur of 500 percent. 
Pu.ty factor it defined aa the time dutatiun of the trano(ormcd data divided 
by the time required to proceu that data for all the c:hanneh. Thuo for 
ot ehaiU'Ielo of data at SOO millitcc:onclo per c:har.:>el the duty factor is: 

10.0 !!W!. z.o SOO percent, 
(0. SO) t4) 

Simply otatt'd, each time oample of data 11 proceued S tlmu. Storina the. 
time aampleo In a recirculating buffer permlto the proceuing of the m"•t 
recent 10 seconds o~ d''"· The higher the duty !actor, the more tmO<Jthing 
and averaging o{ th.- .... •.a ruulta, and the longer the Doppler-related data 
Ia dia played • 

The two-tone dynamic range ot the ayatem will be 90 db which 
h the limit avaUable with a 16-bit c<>mputcr. Thia 90 db two-ton• :!yn.amic 
range h "loo approximately the dynamic range of the R390A receiver that 
h to be uaed in the experiment. ln addition, atmotpheric conditiona are 
cer.erally such that lignals which neceaaitate a two-tone dynamic range of 
auater thu 90 db are very ran. 

4.5.Z (U) Azimuthal Specl!icatlono. (U) 

The u!muth a.nsle calculations wUI be done ualng the algorithm 
explained in Section 4. 4, The a:t!muth calculated wUl have a range of ·30' 

.to t30" and wW have a c:alc:ulation ruolution of 0. :ZS •, The caleulated 
a&lmuth can therefore be expruaed aa an 8-bit number which can represent 
vp to :ZS6 valuea, although only 240 valun are required • 

4.S.3 (Ul Stonse and Die play Spec:lrlc:atlona. CUI 

The computer core atorage requirementt lor the pro~trammln& 
and 'bu.Uua required lor the aoftware implementation of the ayatem are 
'shown hl Table 4•6. The total of 7,150 word• will lit into the 8 K of core 
..,hlc:h ia avaUable on the Varian 620/£. It other featu.rn are added to the 
ayatem or iC the e1timatn given in Table 4-6 prove to be low, additional 
4 I< incrementa of memory are available. 
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TABLE 4·6. (U) COMI"'U"I'ER CORE REOUIRO/,ENTS. 4\JI 

' 

Pros ran,. 

Sl~tnal P•oceuing Program• 

Dltc f. ·· ... ling 

Teletype Handling 

Range Algorithm 

Buffer a 

.- -. -··· 

Input Buffer 

Time• Weight Table 

Sin/Cos Table 

Work Area 

Diophay Buffer 

Total 

UNCLASSIFIED 
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Word• 

1500 

400 

400 

l2.!!9. 
3900 

2048 

256 

lZS 

512 

..ill. 
3<!19•3250 

7150 
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4. s. 3 

The asimuth e•lculationa will rroull in nn 8·bit numb~r 1-tr b~·to '· 
Each u( two FI!CC"iver pain will cumputu 200 A&irr.uthnl point. C"very 2. () 
•econds. Th«'•c &J:.iuu.tt.a.l P"inttt wilJ be atured Z bytc:a tn a 1~-bit w11rd 4 .. n 
the <lisk. The disk t<' be UMed in the oyotem hu a •tor&Jif: capacity ur (.~. IJOIJ 

,..otds; approxinH>tely 4, 000 words will be \lied fnr program ttura~"· At 
200 wurdr """~"Y 2 5econdo, 600 oec:ondo of data w!ll be otored on the cli•k. 
The disk will lll"·aya contain the n>oot recent 10 mlnutn of data. 

The 1pectral and azlmuthnl data will be dilplay .. d on an el<:c:tro• 
auphic: fac:aimile dioplay, The di1play, ahown in Fi~;ure 4-3, ccmtalna data 
from each of the two receiver pairs; th.,.e pain· are rcCerrC"d to ao Channel 
A and Channel BIn the figure. Each channel contain• a lpec:tnl dloplay u! 
!req\lency, amplitude and time and an azimuthal dilplay or angle, amplitude 
a.nd time. The 1pl':ci£ic:ation for the ditplay ue abo aiven In the fiBuu. At 
a IWettp rattt •f on .. lintt per 110c:ond and a reoolullon of 99 llnu per inch,_ the 
moat uc:ent ~0 minutu of data will be dioplayed on the fax at one time. Jn 
addition to tile 1peetral and azimuthal difpl11y on th10 lax, the time C(>de will 
be put on tl.e lax •. On th10 edge• of the fax the Ume of day ~ond the Julian day 
o! th• yeAr will be 10ncoded; this code will be put on once an hou.-, ln the 
area .bet-.o;een the apectrum and ar.imuth di1playa, marks will appear at every 
one a.nd ten minute tranaition of the time code generator. 

4.6 (U) COMPUTl':R H.O.RDW ARE DESClUPTlON. (Ul 

4.6.1 (U) Computer, (U) 

The computer oelected to perform the •ignal proeeuing and 
ulated functions il the Varian 620/i. The Varian 62.0/! computn b a hi£h· 
apeed, general purpoae, digital computer for lcientific and induatrial appli· 
catlon1. lta feature• include·• 

·Faat operation: 

J.arge innructlon 
repertoire: 

Word length: 

Modular core memory: 

Automatic data tn.nller: 

1!10-llanoeecond memory cycle 

148 inetnu:tlonl 
' 16 bltl 
; 

Expandable to 32, 168 word• in 4, 096 Increments 

Dir•ct memory access facility provides auto• 
mntic data tranlfero with rates to l!76, 000 words 
per aecond 
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CHAANEl A ___ ..._ __ ... 

0 

SPECTRAL CHANNEL 

AZ lltiTHAI. CHANNEL 

NlPLITUDE 
HORIZONTAL RESOLUTION 
VERTICAL (TI"E) RESOLUTION 
SWEEP RAT£ 

.. 
CHANN£l 8 

CAL I BRAT I ON 
LINts 

-•-•degrees 

0•20 Hr O,t Hz RESOLUTION 
4 IN, WIDE 5 Hz PER INCH 
•30° TO +)0° 0,2S0 RESOLUTION 

2,4 IN. WIDE 25° PEA INCH 
)2 LEVELS OF GREY SCALE 
50 LINES PEA INCH 
99 LINES (SECONDS\ PEA INCH 
1 LINE PER SECOND 

Figure 4-3 (tl), Fathomete:r Dl•play. (tl) 
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... 6.1 lUI •• Continued. • 

Flhible 1/0: 

Extensive aoftware: 

Dh·ect. indirect, J'elative:, index (pre anti pt•Jo-t '· 
immediate, and extended 

Ten devic:ea may be placed nn the 1/0 bus. The 
1/0 ayatem can eu!ly be expanded to include 
feAt\lreo such u automatic block tran•fer, 
prio~lty interrupt, and c:yde-uealing data 
trans£ era 

Complete pac:ka11e include. a eymboHc auem
bler, subroutine library, A 1D diagnosl u, and 
an ASA FORTRAN compiler. 

The mechanical apec:ific;aUona for the 620/1 are•· 

Dime1uiona: 

Input voltage: 

Input current: 

Temper. .• 'Ure: 

Operating 

Storaae 
~ 

Humidity: 

Operatina 

Storag.1: 

Vibration: 

Sl..ock: 

The mainlrame and <ucpanaion framu are 
10-1/2 inchu hi11h. 19 inehu wide, and 21 
inches deep •. 

10~ to ll~V ac: or 210 to 250V ac, 60Hz 

The mainframe power aupply re'luiru approxi
mately 15 ampere• ac; each expansion frame 
power supply requiru approximately 4 a:nperu 
ac:, 

0 to 50 ~egreu C 

20 to 70 degreea C 

To 90 percent v.ithout c:ondensation 

To 95 percent ,..lthout condenoatiOD 

3 to 10 Hz at la force or 0. 25 double ampli· 
tude, whichever ia leu, Exponentially-railed 
fr~quency from ) to 1 0 Hz azod back to 3 Hz 
over a 10 minute period, three complete cyclu. 
Thil •peclfic:ations applies for aU three prin· 
clpal axe•. 

<fa lo:r 11 mlllheeoDds (all three princip•l 
axeal 
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4. 6. I IUl •- Continued. 

The 620/t was cho•en on the buh of four factor a·· 

.... llpeed, 

b. ca.pability, 

c. mechanical apeci!ieatlont, and 

d. coat .. 

The 7SO nanoeeec>nd cycle time oi the 620/! makeo it one of the 
fastest 16·bit computer• commercially available. This 1peed il combined 
with a powerful instruction set which permiU !ut execution of the FFT and, 
a&lmuth angle calculation algorithm• and thu1 give a a duty facto!' of over 
~00 penent in the proeuelng. The temperatu!'e, vibration and thock 
apeci!icatione exceed most computet~ in the 620/f'a price/pe!'formance 
field. The basic coat of the 6:!0/f it below or comparable to most of the 
16·b!t computere in its performance !ic•ld. 

4.6.2 (U) Analog •to-Digital Convert .. r. (UJ 

The analog to digital converter (A/D) ~elected !or the aystem is 
the Raytheon Minlverter. The model of the Mizoiverter a elected Ia a 12-bit 
AID which has a throughput rate of 4S KH~, an aperture time of 50 nono· 
••condo and a ruolu!!on of 5 millivolu. The Miniverter is packaged In a 
very compact unit and hu proven to be very reliable as a eyltem compon
ent. 

4.6.) (U) !!!!· (t.l) 

The dial< uleeted !or tbe eyetem is the Singer-Libraacop«o, 
Model L) 07. The Slnger·Libraec:ope disk ie a a mall, 11\upenlive and very 
:ruued dhk 1y1tem whh:b meett all t.be 1y1tem requirement•. 

Tbe Apec:Uicationa for tbe Model Ll07 are•· 

Ma.xlmum capacity bitt: 

Maximum capacity wordu 

Data beada: 

Timing beach: 

1, 080, ooo. 

67, 000 

.cs 
• J 
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4.6.3 lUI •• Cuntinu~d. 

Ma.dmum bita/track: 

Rot:Uion •peed, RPM: 

24,000 

3,600 

Clock bequency, MH1. Max.: 1.4 

The mecha.nica.l apecl!ieatlona a.re·-

Dimen•lont: 

Weight: 

Operating environment: 

Temperature 

Humidity 

Shock 

Vibra-tion 

Nonoperating environment: 

Temperature 

Humidity 

Shock 

Vlbra.tion 

Power requl :remenh: 

Diak 

Electrol\ica 

6 inches high x 9 inches diameter 

12 pound• (a.ppro>dmately) 

o·c to ss•c 
. 90 percent R. H. without c:ondenaation 

10·0• ll•mtec rlu time (110 ahock holatuu 
required) 

2·0• accele:ratlon ma.x., S H1. to SO H:. 
(no ahoc:k iaola.ton required) 

.so•c to +'75' c 
95 pe:rc:ent rela.tive humidity, 110 condensation. 

15·0• 11-mtec: rise time (with no ahock 
i"olatora) 

Mil-Std·BlOB, Method 514, Category 101 
equipment •peci!ic:ation uaed at a guideline. 
Thla equipmrnt category ls for ahlpment by 
com:rnoD carrier, land or air. 

ll5V ac, 50/60 H&, aiD&le pha1e l.SA 

of!iV de at 1. 4A 
-SV clc at 0, 25A 
+25V de at 0. 2A 
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APJ>F.NI)IX A 

PitOPAGATJON P.k.E:DICHO;.; Pi<w i<AM. iiJ) 

( U) • The propa1at1on pudiction prog~am und tu e•timat" the 
ayate~ pe:r:;.mancl! b.uically CO"!binu a n>ochried veniun of the I"JSA/ 
ESSA liF prop;,cation predletion prugram for mode &nd mod" amplitude 
prediction: the biatatie radar range l!quation to predict I hi! received sc ;aile r 
path powel': -..dan tTSAfESSA noin pndictlon program to utimate 
atmoapheric, m.&A made, and aalactic 1>0lae at the ncei~rer aile. 

(0). The prediction program package consists of individ .. al 
c:omp11ter pr~rarna ~~ (al compute .a tar~et trAjectory; lb) predict 
prop;a~ation nlodc atructun and mode -.mplltude: and Cc) predict the doppler 
and nliaaile croaa-aectlon. 

( 0). The trajectory 1imulatlon proar~ ell't&nat ... the miuile 
or air~ r-aft traj•ctory baaed upon fitting the Oleht profil-e to a functional form 
usin~t a Jel)at• .. quarel fit technique, The reC~uired inputs to cenerate the 
model profile are liftoff and burnout limea. launch aaim.rth, apogee, and 
ran11e. The proJlrarn then computes altitude, ranse, lalitud•, lon~ilud~. 
velodt}'• 'tM ""P""'d ·of sound, Ma<:b .11umber, Mach an~le, .localt&rj:el 
bearinG•· local tart:et elevation an~lu, a.nd acceleration. Th~ comput"<l 
paramett•ra un·e as inpuu to the propagation prediction progum to dott'r• 
mine mode struchtre• "'ith a time varyin~; terminal point on the traJeCtorr. 

( 0). . The ITSA/ E:SSA propar,ation predictioD !pro& ram hu bun 
modifted to allow for nor.-congruent hop atrueturea and for propa,ation to and 
rerlection from a point above tbe earth. The prosram Jl'l'edicta the mode 
structures thAt meet lonoapheric propasatioa condition• on ••ell of the three 
path&: the direct (tranamitler•receiverl path, the tranamiUer-target b •• l( 
path, and tarcet• receiver hall patb. Jn addition, the propaaatioo louu and 
antenna galna for each mode are detetmlnecl. Fur each mode predicted on the 
tracamitter•minile b&lC path, an ''ineicleat" (at the tarr.etl elevation anale, 

. meaaured from the local horl&oo, ia found. For each mode predieted on the 
tar(lel·receiver half path, the "aeat.tered" elevation ansle Ia also found. Theoe 
parunelere..are a.bu ueed with a modeled prorile to predict doppler frequencin. 

{ u) _, p,.opaaatiQII prediction• are baaed on empirically derived 
world~de nwnerical mapa of verticalloooaonde data, The reaulta are 
monthly lonoapberlc coeffic:lent• which u.n be used with the paraboli~ la:·er 
auumptlon (para\loolic electron deuity variation• In the E and F laye:r•• 
to predict monthly ave1raee ionoapher.l.e condition• affecting a •pecific: ra)· 
path at ony hour of t.be day. 
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App. ••Continue-d .. 

~),. bl the prediction model, all line or al&ht, E and F propa~uin~ 
tn<>des are detern•ined between the' transn•itter and the taraet, betwee-n the 
r•.:eiver and the tar~:et, and bet,.'IU"\ the tranan•itter and the rece!v"'• 1 he 
detertn!nat!On of theae "half patha" la a aefter&liut!on of th" &ro .. nd•tO• 
aro .. nd pndittion U.chnlq .. e to include the cau or around-to-elevation-point 
prediclions. 

(u),., After the mode atruuurea that meet the ionospheric condition~ 
are tis.:ri'tuTr.i-. lthoae between horiaontd ac:reeninc and tonotpheric penetratio111 
propaaation louea and antenna *""'' are determined. The loueo calculatt'd 
are Cree apace lon Clnvene aquare law), D-layer ab•orplion lou, and cro .. nd 
nnect\on lou. The NBS empirical adjuatment factor II included on the 
direct-path predicUono to ac:co,.nt for noll•calculated loneo. Thia factor h 
•tathtical and varlea _with aeaalll'l, path le~~gth, and earth location of the 
path. No almllar adjuatment factor 11 ouoed or kno"'"' for the half patht, 
The LllteNl& typea are lpecltied for the ayatem &nd the appropriate aain 
ro,.tlneo or aai11 table• are •ued. 

(v) • The tarJet antt~rln& model for mlulle target• above 
100 l<tn h a h\'P'Irboloid cornpreued·ambient toniutioro ill the exhausl·plu.rne 
bow •hod~ wave. The ahock--ve acattertna ""dace h conaidered hyperboloidal 
from rhotographi<: ObUfV&IiOftl which t..ve &bOI>'I'I that the lhOCk•W3Ye aurf&CI' 
could be described by a aecoad order function an-i that the ahock-wave surface 
ahoulc! be uyrnptoUc to the Mach cone. 

( 0) • Tbe direction of the raya for the tranomltter•mlaaile &1\d 
recelver-rnhaUe propaaation path• unlq,.ely define a plane tanaent to the 
hyperboloidal ourf•ce which bat the proper orientation for a r .. nectlon, 
provlcll>d the lnc:ldut ray eocounteu a h.lah eiiOUih electron de11oity for 
reOection. 

( \l) fll Since Uttle c!efiAltive -rk hu been'done to accurately 
model rnhalle cron ... ctiooa below 100 krn or alrcuft crou aectlon1 &I HF, 
a conataot lCdjuatablel crou .. ctioll Ia uaed for alrcrart t.nd rnlulle taraeta 
below 100 l<tn. 

( U) fll//1 The et.,.,.a &aiJI pattarna for both the monopole traoamllter 
antUIIIU and the LDAA_recelvbl& &nteMa are part of the proararn. The 
a•bl pattern for the LDAA -• obtained from da:a aupplled by lTT by ullna 
a.almutb patter11a precl.lcted by tbe array factor technique for l6 monopole 
elemeata a.nd the elavaUoD pattema from ac.oled model meaourementa. 

-----------------------• ...... 

I 
t... 

L 
L 

..[ 

L 

L 
L 

·0 
0 



• 

• • 

• 

--.·· 

. 
• 

• • 
. ..... - . . . 

I 
.• I 

-




