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./ 
Thi• ....., ... a~o'l't/l.lf a ahort etudy oa detection fol' aDtt•auerUla 

operationl in 8. 1. Uh 11 divided into tvo paru. Pan •• (I 1111 

--t . F.f&iih 3) ta the body of the repo& t ..:.ot~talnt.na ae tacaa.Uou Uy 

coaclea daacripU.xa of ujor Undine• and rac~aded ptotr..,. tart 

two co ZLUBI 6 I a lh ''* COftiUtl of dataUe:l AppndiCII nd rtnal 

technical Su.mary Raportl, raep•cctvely, OD raqulr ... ace, opctcaJ ecudLea, 

red at 1 ICOUIC t. ' • 

The ..,hdil of the 1tucly ha• been on DO¥el appUcaUou of edvaaced 

techatquee to loatcally co~tructed requtr ... ate. Operattoaal aad eaYii'OD• 

..atal 'actor• are reviewed and a loatcal 11t of requtr...atl 11 offered 

aad aoluttooa to partially eattafy a .. jortcy of tbeaa are outlloed. Two 

now.l appllcact~ of advanced tnf~a-red techatquel of poteattally ~..-ral 

appUcdtUty are offerH. OtUr appU.catlooa of tdra•red fol' ~peclaU.a.S 

alt.aatiOIUI ar-e abo IUGOated. A apecUic .aea for n .ancOOWilCioul r-.. ar 

11 dlec~•••d aDd pr-elt.iaary aact .. cee of faaeibiltty ar-e 11v1n. A eurwey 

of ocouotic dotoctiOG poooibil~tioo io provided oDd tho .pplicab~CJ of 

crrtaia aeophyaical proapeclln& technique• 11 .... iDed. Otber- ideAl of 

proar• of 1tudy and r-eeearth 11 wtUMd for the •thoda of .. Jor intel'elt 

aDII potential. tbr-ouahoat Part 1'\lo c~u on cleairable laveaUaaUDU an 

atod ot oppropriato poinu 'M 
au 

i 
• 
' . ' l 

i 
i 
I 



• 

• 

• 

_ .. _-..• 
SICT!OH 1 

Thi1 ia a linal report ~t • atudy for the Advanced a.aaarch rrojacce 

Aaency, acldrauH to :he probha of dauctina and ldiDC1fyln& auerllla 

for uaa by ladla•aoua trooJI, the appll~abil!ty of exiatln& aqut,..ntli aDd 

thl potential utility of princlplaa and .. thoda not in current uae. The 

of t~ u.afuloeea a~ effaccivaaeae of auaaaat.d .. thode, lr~ludiaa certain 

tachftical evaluation• aa dtracte4 by AliA. 

abou.lcl M coucaned with aqui,..nt for elliLery o,.ru.tou eolalJ, aDd DDt 

• with police, or covert lntalll&anca equipment. Tha acudy ahoulcl coacantrate 

oa llataction ldaae and ~thocla not alrudy uDder i.ltanatva taveut .. uoa ~ 

vae not deetrad. 

fba .OtiV&tioDJ for ~uch I ltudy are plaiD. Firat, th8 location of 

~rtllaa under conditione that pe~it auccaaeful artack by frta~ly forcea 

r••tne one of the anat probhu of ar.ti·parUla operac10u. Second, 

advanced dataccion a••r deaianad for awch purro••• 11 aanerally conepic.~u. 

by ita abaanca fr08 the t. o. • 1. of u.a. ailitary uaita aad 11 not to~ 

found IL all in loutbeaat Aaian ailitary III'ViCII• Third, auch V.I. 1111' 

•• ••1ata .. , aot be ueabla ia the II Aatan t~atar, or ~1 indtaaaoua troufl• 

.. thodl offered to eatt1fy thea. ln every caaa, 1oae tilt work .. , ~o~ad 

1.1 
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,, be requlrtd and ln ~•t lnelanCII tht ~ate data ~~•did to eatablteh 

h111~1lU.y "An not •vaUable. 

The ~ttv•ctool for the conetratnca vert, riiPICttvely, • reecrlcted 

ataalon, or antt~tpaud dUUcultltt, political etr otl•&•ll•, la uUliliDI 

cercata tachntqu••• and a deatre to av~td dupltcactna otber et~taa. !be 

pracctcel reeulta ot tb. conatrainta have beea 11 follow.: C.rtatn 

obvtoualy pro•tatna aolutlone to accepted requtre .. nta have not beaa 

created <••1•, \he uae of potyaraph te,hntquea co 4eteratne whether ,.rctcular 

vtllaa•• harbor auertllat); ._thode of eurvetllaac• aad recoaAataeaace ta 

co-.oa •tlitary and ctvtl u11 have·baen eaa.tned, tf at all, oal1 cureortlJ 

for ap~ltcabtltty c~ thta probla• <•·•·• aerial photo•recoDD&tea&DCI ~ 

aeauctated mnitortna uchlllq~&ee haY• not beaD cruca4); w, Dl ~roM 1M 

ayara .. clc .aalyala of cba anttra coof\lcc baa ~ID ~artakeo (t.a., (be 

n~utre•nu hl.va bean coDatr~t.ecl eolaly oo tbl baaia of biltori.c.al a.,.riaDCa, 

a ,.rtlll apfrac1&c1oo of the coafltct, aaA co~a ••••• rulaa). 

Tblo lloal roport lo loroulatld 11 followo: Tbo bo4y ~~ lbo .. ,..,, 

lectiona 1 throuat. 4, conatn of a ralattvaly coDC111 accouac of cba 

aub•taP~~ and ftndtnaa of t~ ecudy. Decatla of cba .ark, e~ocaattacs.ac .. ta, 

lad Otb.r tafor.etton uf lfttll'llt ara liYin in lact10ftl 6 thtouth 10, Wbicb 11'1 

,.,. .. ucaa. The Appendtcaa are lara• ao all the parttaaa.c •tartal lltMJ'M 

ta the arudy 11 included on thl. baatl that it •Y ba ueaful tn (~t~r• war&. 

lafarancae to thl lttaratura and the Appondlcea are carried in the ~Y of 

the report, and ftaur11 are collactad at the aada of aactt~oe ~~ aw~aacc~. 

lactlon S provtda1 a aaaaral btblloaraphy. 
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~ ''udy ._, oraaniaed un the batrt (1) thlt the ~urranc coafltct Sa 

lout~ VSacn .. •ta~•t not bt reaolvrd for ytant (2) thllt r,•rilla operauou 

ia the , ..... n.rtl pattern •l&ht epraad to other parte of II .. ,,, and (l) 

tbat tachDl•ue• of ••aeral appltcabtlltJ (t.a., aaaerallJ appltca~lt to .. , 

laade, j~.&Q&lat, foraeu~• uplanda, •untala araae, ate.) ~14 lte f. ptataat 

iatarett. Ttnaa, vhtll D .. r•UN eoluUoae to Ville .... pro'l•• wn cete~W.rM 

to be t.,ortaat, the trudy concaepletad putanttal lona·tiN appltcattoaa 11 

Will. a.,ulro .. oto &Dd oulutlou1 applleabla to tba varloua ,.rta of all of 

II Atia wra eouaht. ror th111 naeont two arcae, att...cl to H cf •Jor l~tanac, 

wra auataad. Iouth Ytacu., vbart a fa•oraltla affect DD the c\ll'rtat cnfllac 

•'-lht ba obul ... , and Tllallaad, potootlallJ oo orao of eonfllct. Tllalload 

•nDftr •7 be thouah: of •• a laboratOI'J nuoubl7 rtpneaauuve, Hcauaa 

.,, 1u .-a..•erae teacuree 1 of all • Alia, aDd -.cb of loutb Alia. ror 

COOVODIIDCI, ID OYtllllo polltlcol ... of II Alia II liftD Ill rla>.ra 1,1, 

lD .... c.oDYancioul attack OD ebb probl•• oae :u.pc •M flecaUM 

IUrYIJI Of the ICICI-Of•tbe•art in IUrYiilliDCI and I'ICODDailllftCI, iacludlat 

eacrapoiactoat, &ad of the nAtural backarouada of pertia.at phaaoaaoa ia tbl 

conflict areae, and relata th111 co or-rational neade. lnecead, tbe followina 

•neal faccon .. , Mdl to indlcaca tOM requira•nce IDd augen ,roa1t1at 

t.achDiquaa. (A f 1rOJt•h&nd raporc wa provided by 1. Aleuodar 1 froa a euney 

trip undertaken in March and April of 1963.3 The relatively t'v aaaarally 

proa1e1na and ~reviovaly u~eaploited td••• which ... raed froa tb1a IUr¥1) 

wre then euained 1a 1081 derail, aa.d carried co the ltlll of rec.,_DII1aa 

l.l .. 
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teat aad n .. arc.h proara... thr.aa, •• u Mpperwu•, I'ID&t of the aUort ot tbe 

t~ invaatlaatln& a variety of ta~h:lqw.a, with priorlt7 aivan to tbD .. ~lcb, 

Tht. •thod uf apprua.ch waa cho .. n •• belna .,,., llkal7, in ~ abort 

ltudy, to product ~dlatalt ·•••ZI.ll rllt.alu. 

Du&in& tbc c~vraa of tba ttu4t, Project Aalla ... oraaat••• into 

aavaral tub•prbj&cta lncludlna ProjacL V • eo-bat lurvalll&aca aDd tar .. t 

Acqutaltiun Syata~, ~hlch •••~d reepoaalbilltJ (or Contract 10•126. ltaca 

a .. jor ala .. nt of chit prrjact involved anviroaa.ntal raa .. rcb, 10.. ed•tcioaal 

atfort .. , davotad to aainln& a araAtar uadaracaadtna of tha t.,.rt&dC& of 

&DY1roa.eatal factora and practical conatraintl on o,.rational .... ,. 

The t~chnl~al ftndtnaa of tbie particular 1~ ara •~ria .... low. 

Detaila of tha depth of the atudy ralavant to the fiadia&l ara fivea ia Cbl 

tCUlC: 

1. llo ailital"y detection eethod WI fO\Ind which proa11e1 u ovar•aU, 

overvhaiAi~l advantaa• for aovarn..ec fore••· 

z. two pr•vioullY ua.aploitad application~ of infrared tha~l· .. ppta& 

Clchniqull .. , offll" lubltanti&l ldYIDCIIII tO IOYI~Dt forcalo 

They era: 

b) Dataction o! fir•• undal" fo~••t CDYit. 

laplottetion of both technique• rr.1t1 on acquirtaa beeic 4ata DOt aow 
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la hand. ~ r••ult• ot aapert .. nr• rn d•te •r• ~t tull7 uad.tltOod 

and addtttonal axpera .. nt• •ad ft.!d tattl are aeaded. ta.ofar 11 

aat1tlna .q~l,..nta are tachntcally i•attble for the luaaa•tad 

appllcettont, which 11 .. r&la.l, L~J ara not aaaerally eultable for 

uaa by tocllacnoua forcea. The fuUau. •aploltat&oD cf the pheao.u, 

11 DOW underltood, .ould require tha davalo,..nt of aew aqut,..at. 

a.w •qul,..Dt for op:ial&ln& tlr• d•tacttoa, CD IIO..trtcal lf0uadl
1 

1a IUQIIted. 

l. Vtth raepect to paaatva tatrarad aqutp.ent uaed at ehnrt ranaea, 

reportad fteld taata have bean ~•ely unfavorable. AddittonAl work Ll 

needed on reqvb-au and tbll apeciftcatioe of deetp pal'-ten. 

4. Vttb raapect to ra4ar; 

a) Aircraft radar aurvaUloca to detect ar.d pert011Ml cODCealed 

under foraet covar, or IIDViDI UDder co.ar, d.,.a DDt look part1cululJ 

pro.tatq. Tbe pre .. at IU.te of lmowlaclaa of typie&l atpal•to•MlM 

conditione ta, however, iaaufficlant to aettla tha queatlOD. IDOUtb 

uncertainty .. lata that baaic aapert..nta are ne.-~ and are 

jUitifiabl•. 

b) Short·r•na• detectio~ of .avtna paraoam.l 11 certainly tacbAicallJ 

feaalbla in certain lituationa. !be operational utility of a&t.ttQa 

or advanced equiPDent ia not raaolvad. Additloaal ltudlae ere 

uadad. 

c) n. ~Aaa of apacialiaact r.Oar and aaaociatad aquip.nt to locau 

tO. •~Yrca oi ... 11 ar.., heavy rifle, ·~ .ortar lira fro. tbl 

' 



acouMI, hulicop~ aircraft with aufficlant practaioD for 

ret~~~ !1~:, =s1 ~e festi~l• 1ft~ th~l~ ~ t~tti&tt~. 

s. Ac.;,uaUc ltauntna davtcae fl)r •nttortaa craUa and araaa, end for 

dete~ttna ot raaatn1 on aroupa atta~ktaa atrat•atc vtllaa•• are 

t~chntcal\y faaatbla. Jn ~"Y caaaa, aultabla aaar can be a~lJ 

cn"etructed uatna native .. cartale. ~ra 11, .. narally1 poor lnfor.atioa 

on typical ti&nal-tu-notaa for v•rtoua attuationa aod adwancaa•• over 

otMr •thode an not known. OparaUuaal fa .. tbUltJ' for _, potantLal 

applleattana 11 qyeettonad (••1•, ln trail .aattorlftl bacau .. of tbe 

allaaadly vaet nu.bara of tratla, and tbe auppoaedly ano~ data• 

handlltlJ probleM.) Addlttoul atudtaa an Deeded. 

6. C.ophyatcal proapecttna •tboda •1 be of 10. tncaraat in apact.alt&M 

•PPl tcattoua <••I·, aar .. tttva • .-c-cara to a .lA lA eurfaca taa,.ctlae 

of ltatta~ ,, ... for concealed ar..l rurtber work te raquLr ... 

7 • A Y.UiiCJ Of aor:tc "cooparlfiYI• i.dUI ift"'IOlYiDI pnferOiltt.al LAUiDI 

of a~rtllaa by chaatcalt do not, oa balaoca, .... proaitlD&· 

•• ln a•n•ral, anvtro~ntal datal parttc~l•rly tholl ralattaa to 

natural bac&atoYDda of phano.una a.ploytd in aurvatll•nc•, ara aperac. 

Thera ta aubacanttal awtdanca, baaed OD other coaa14arat1ona, tbat local 

(t.a., u.a. anJ Latin-... rican) •~•• ealacted fgr field taata are DDC 

rapraeantattva uf II Aaten coDd1ttoaa. Aa effort to obtain aatanetwe 

data1led data on cartatn cl••••• of II Aatan bactaroUDd• would be wery 

wrthwhlla. 

laperliDCI llinad ln \hla ll~J hal lad tbl Contractor to cartalD DDD\•chDi~Al 

coacluetooe, perttaent to futur• .ark ta tblr araa, ~tch are, tharafora, 
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&ivan be-low. 

9. St•t* of th• art 1 develo,..nt 1 and r••••r~h LD •~rveillance ara 

W.i.dely dU(erant in the "lrlU•.II S.rviCII and Other Q.l. IICI:DCillo 

kn;.~wledat h •h•r•d •lf.Hotly~ at pn .. nt 1 ana 1pecia&laad trlcU of the 

trade tilter frlo)a their ur1&1n to ot~r Servic•• and All'& ln ta~l~r 

lal•u••lJ faahloa. A vl&oroua ecroee~thl·board revlaw of eur¥etllaaca 

la couatar-tneur&a«Ky, on the uyla ot =~~ .-cll-lr.ADwD tacl.nlcal revleft 

ot a1etlla dafan•• preble .. would be ~lpful. lx11t1~1 proar,.. could 

be crtti~iaad and &•P• aada av1dent, ar••• ot aare~_.nt and ~leaarac .. nc 

~ou'd be outlined, and key iiiU&I ptnpoiatad. It 11 not too .uch to 

hope t~t an aaraed upon ovar•ell pro&r .. could ba fo~lated. 

10. Althou&h t~ AAP& role and ateei'n ¥wdar Project Aalll hal beco.a 

lneraael~&ly clear, the emphaela on r••••rcb for lorJ•ter. objectlvae, 

a1 contratted to aadaeraerln& for U...dlatc a~pll~atlon, ba1 aot been 

..ta clear. tblre 11 to• confueton in lnduetry quarun CODCiruina 

the varloue Sarvlcwataeioa. anG tbair ralatlonehlp to the AliA •la1ion 

aad, ia partlculer, to the role of 1111arch. 

11. Under the pra11nt pro11cae, 1t 111u that auantial. lona·tar. 

raaaarch .. , be de•e.pha1111d in favor of •P•~ial project• d••lan-d to 

liVI lhort·tar. raliaf in Ytatnaa. 

12. Althouah fetrly narrowly daftnad 1tudiee euch •• tha oaa reported 

h•r• .. ,. be pro4~cttve, thara 1• a 1tron1 poaeibiltty that (a) eub•t~tl• 

ally 1r•atec rata of p.~ar••• .culJ ba obtained vitb an effort lar .. 

•~uah tu •uat•ln • .ulr&dttctpltn.ry aprroach (i.e., at l•a•t oaa•h&lf 

doaan lpec1a11ttl)i (b) ••parienca and data are obtained alowly aaouab 

1. 7 
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2.1. General 

S!CTICII 2 

Tha tar. • r•qutra .. n~a · ~~ uaeJ hare to eaca.paaa the aeeda •nd 

~11ir11 of the •ilitary aarvicaa for datactiOD ~ 1u1veillaac• capabilitlal. 

Thaae •r• for np•r•tionally fe.a1~1· tad ~ttractiv. .. .n. to ~•t•ct auertllaa, 

their mow ... nta, atoraa, baaaa, and operattooa tn tba reaLona in ~1~h tbey 

operata, or .. , operata in the future. Paalibility, in thil •~o, .. aaa 

tha Mthoda ..,,, wol'k conaUtently, aad ba ua•ful vDdar coa":Uct coad.UlOD.J. 

aad, cv•atually, be vaabla by indican~• troopa. To be attracttvo, tha 

.. thode ~t atsnificsutly aahanca the probability of auccaatfully att&ekiQI 

su-rtllaa, or dafinitaly b.-par their opeta\iooa. 

Two factore ara of ptiMI"J t.poruaca. Fll"et, it 11 nac••••I'Y to a. 

.. •uaatitativaly aa.poeatbla, what difficulttaa are t.poaed by tha·eaviroo• 

.. nc (e.a., terrain, vaaacatioa, cl~te, etc.) of the coafltct ond wbat 

epecial opportunitill are aff0%ded. Sacoad, etaca tbe aatura of coalllct 

operattaaa .. , atraa&1Y affect requir ... nte, ~•rational factor• auat b. 

conatdered with ·~ care. The fo~r coaalderatioa 11 diacuaaed briefly in 

2.2, and later iD 2.3 foll~tna. lo:h are treat .. in areacer detail in 

Sactlon 6. 

Cuerllla varfar• in South Vletnaa followa the traditl~l paccarna of 

early confll~t ••tabltehed in China, Worth Vletnaa, the Philippi~•, 

Malay•, and L.o•, -adified Lnitiall, by the c~r~ccer of the couatry &ad the 

acceaeibllity of eanctuary aad 8nr• racaatly by u. 1. - introduced oparatlaa.. 
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~~•rill•• now op•r~t• in ali part• of S. Vial~. in ... ll , .... , placooa. 

or ea.aa& ... Dtl pre•u.ably ta.•olvtaa laraer fore•• Mil reported. Ia.. 500 

terror lnctdenta par .oath are ailaaed to occ~r, tavolvtac vtrtuallJ all of 

South ~'tatnu, tncludtna 1abot:aae, anon, 11.1daapp1ft1, •••aniMUoe. a.lluah, 

end atucka o'ft'l 01.1tpoata add c~nitiee. lc.M of :he aajor iDCideatl eDd 

confltcta publicly report•d ln the lalt Y••r by u. S. correapondeata are 

lhown by the cro1ald ctrclea 1a. ltaure 2.1.1. 

It il believed that there are oa the order of ZS,OOO Viet Coaa 

or1aataed rerul•r• ~ po••tbly 7S,OOO • 200,000 trreaulera and VC vtllaa• 

defea11 forcea. Many areal ere .ora or lela ca.pl.:aly under VC control. 

Althouah, 11 ta prr1iou1 auertlla c.-paliDJ la their early 1t1111, tba 

IO'V'n"' .. at keep• uay ~~an •a. under l't'1P tba11 there are auert.l b ""''"' 

(perhap• a factor of 10, or .are) it 11 very difficult to brtaa thie au..~· 

teal auperiarity to b .. r. Great dtfficultill a~e experienced in reachtaa 

with inaura•nt• after terror incident•, ia. deaJLaa aucce1afully vttb 

a.buanea, tn locatina balet,ia detecttna ialiltractoa fro. ••tra terril• 

ortal aanctu~rtea, and ta dteruptin& aupply and ca..uatcatioDJ liu.l to 

adherent• aad paaatve aupportera. 

Tb••• d~fftculttea art11 fra. a lara• nu.blr of cauaee; ia.cludiaa 

poo~ ca.muntcattoaa, and t~aaaportat1~ probl.... It ia aeaerally felt 

by obaervera oa. chc ecene :hat the dtfftculttea could be 1reetly alt.Yiac~ 

by botter diCGcCton techntquaa. 0D Chi ba111 of ..,.rteace iD auartlla 

cOGfUctl already concluded, aad c"r~ea.c apet'iea.ce ia. Yieta..a, a &eum·ble 

Jet ~f llnlral r.eq~ira .. ntl ~aa be alvea, 
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i'robleaa of feaeibLlit}' snd aLLractivaaau, and the coa.nralntl dhcuaaed 

earlier. aucb a ttet it atvan tn Tabla 2.1.1 balov: 

Table 2.1.1 Cenenl R!Ciuirnenu for Mtlltux Detection 

Prt&:.&ry PurpoJe .. Future Atteek 

2. ldant1Ucation of f:2vorad routes into and out of baaaa, 

internal ••nctuartet, and ~xtra•rerrttorial aaactuartaa. 

). ldanttftcatton of lines of co.-unle~tlon and aupply to 

aupporten. 

4. Location of 1toraa and htdaaw.ya away froa b.aae. 

Prt .. ry Purpota • t ... dtata Attack or O.fanaa 

5. W.rni:tl of •l:na•h••. 

6. laptd aad practea locat1oa of ..Ou.btna forcae and quick 

ruction. 

7. Warntna of, and practae dataccton of auertlla• aovl~ to 

other ftxad tltaa. 

I. Praci11 location of lt~acktna forcat Mnd weapona. 

9. Tracktna, or real ct .. datacttoa of auartlla ~ ... at under 

covet' of darkneu or natural coacul•nt. 

10. Location of auerill•• in ta.porary conc .. l .. nt <•• iu brueh, 

burrow•, or under vatar). 

11. laptd, preciee locatton of ~poaa firiaa oa •t~craft. 

-2.3-.. 
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In aeneral, Jt 11 pre•u .. d that, other thtna• betnc equal, datactton 

L•'"i•u.i'lw1n .,,,h·h wuril '" lona rana• (e.a., troa urcntt) would be pratened, 

and real tt.. data-n.ndltna would ba favored over .. chade which are oaly 

uaaful for future attack. N••t .aat daairabla would be ahort·r•na• r .. t 

ct .... chodl u.obla by co~t ata .. nta aDd convoy aacorta. rtaed, abort• 

ranae, line or area aurvatllanca devtcal would ba of laaaar tntarllt. 

In thi• 1tudy, .eLhoda are susae•ted which .. ,, if faaeib~a, partially 

11tf1fy Requira~ntl 1, 2, 4, 6, 7,8,9,and 11. Esti .. tel of the f .. 1ibilit7 

of .. aetna 1uch requtr~~t• and critarta.ra dttcur•~d I! !prr~~rtate potnt• 

in the body of the t.ext. In aeneral, tha quaatlon of faaatbtlity ratt1 on 

funda .. ntal data not yet in hand and for vh1ch, in .oat caaee, DO proar ... 

Uilt. 

Th• aubaecUoftl follovina au-rile briefly tho ID'Iiroa.enul aiMI 

operational factora of 1~ortance covered in datail in Section 6. 

2.2. Envlron.r.~al ractcra 

The Viat Cona hava .. jor baaea at .. ny point• tn South Viata.a aDd, 

of courae, infiltration uy occur alona almoat all nf tha nearly 1000 ail11 

of border with North Vietnam, Laoa, and Cambodia. S~ .. ~or ~111 reported 

pub'icly are in An 1uyen provinca on tha ea.au p1a1aaula, in tha proviacal 

alona the C&-.boclian border, auch aa Tay Minh, alona tha Annaaita aoUAtaiaa 

oppoalta Da Nant and Hu,, and in Zona D, ao.a 40 ailaa north ... t of S.iaon, 

which occuplal .oat of Phuoc Thanh province. Theta, and •~ other provincaa, 

ara ekatched crudely in rtaure 2.1.1. they are .. ntionad to illuacraca the 

variety of eondltiona under which auerillat .uac be detected. 
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An Xuyen lt ·a marshy delta, replete "lth •narova av1~1 t tay HiM 1a 

1 rica araa, and other nearby provinc11 contatn .uch paddy land; oppoatta 

Da Man1 aud below, at the ter..lUI of the Ko Chi Minh tratl, era b .. vily 

foratted, pracipitoul -auntainl and narrow vallayt; ZoneD il ~ltly hilly 

with dan•• junal• cover1n1; inland fra. linh Dinh, and fro. .uch of the 

aaatarn and ao·.athaanern coaatal arrlp halow an reaiou ea.. tau of 

•1la• deep covered with pr~ry rarn foraat. 

Heana .uat ba Cound to detect auarilla• in 1 variety of foraltl, 

includin& dry upland, aon1oon, and tr~pical rain foraatt, in tropical 

IV.-pt and ~£1hll, ar~ in aenera1ly vat Landt 1uch 11 rica p•ddiaa aa4 

river daltal. The aajor difficulty in ••••••inl the faaaibility of 

variout ach ... l 11 that quantitativa data on the aaviroa.eatl are aot 

IYiillbla. 

Should Thailand baca.e an area of .. jar conflict, varia~ reaioftl 

po11 ai•ilar an,iro~ntal probl .... 
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2.3. Opcurhmel Ci)!!tld1ret12111 

hiarorical ••P~ti•~c• do not, uauall), racount IYCC•II and failure potnta of 

tactical up.rac1ona tn VMYI that •~o uaaf~l for ~~uctna appruprtata corr~c· 

tSvt acti~. ltatialtea &n detail OD current operattoea have not baan avail· 

abl•. lo.e fo~ accounta, which are quotad at lanath in lacttoa 6, do aiva 

valuable lnailhtl into operational nacaaltttaa. 

Wi :.h uap.~,.•t tu adv•nc•d d•Uction davtcat, non• llltlll to havr bean ••· 

ployod lu Mllaya, In hunch Indochina, or lbt rMUpplau, !lim .l.bl.1 lD 

Malaya tht:--Brttiah triad both •Ulcary clop •• crackara (UDI'JCC&IIfully) aDd 

t.portad n.t!ve trackara (auccaaatully). 

'ftaa lauona oa JUAtl• warfare are axphcu. Patrol ICODGIIJ requirea 

that any datactton davtcaa carried ~~ •• ltaht and •• r~ ... d 11 poaatbla. 

fraa.abl" the advanta .. a attributed co th• -...c b• vary eubatut1al or they 

vtll not ba uaad in any caea. The .oat euccaaaful tcchatqua rapGTtad ia ID 

account of Malayan operaUODa vaa the lDtalUaent deciYCtioa, by a ll'llt n-"r 

Of obaarvattoaa Oft th1 ltOUDd 1 Of I'OUtl• faYorad by :ba Cf'l iD tblit triVIll 

lo a..s fr.,. hiddoa J~malo boou. 

I• Vlttftl• at•tlar and .ora .. cenatv. clifftcultiaa ara ancouacer•• aDd 

the lnYtron.nt 11 •ra varied. 'ftwlra era a factor of 3 or ao sra vc• • now 

accl•• ln Viet~ tbao vera ... r acct._ 1D Malaya &ftcl 1 , .. llar p1r~aata11 of 

territory 11 under aovei"DM'ftr cODrrol. 'ltla teRata ta lc.nhat .r• n&IPd 

a_., 1taca the f11ftt1na el ... nt coaatate of Vtacaa.a•• troope the rap1d ta• 

tluaton of n.w (Veetern) .. thocl1 ta aot eaetly ohtetnad. Thar1 are ettll 

.. tor VC boooo In tho Junaloo of Yictnoa which conaot bo (proci•oly) locacod. 



.. 

O,.ratJ..llll in Clo!J4led land.a are fairly c~. ·naval acrcaa tanitO'I'iaJ 

bouadariaa Ia nnt controlled. Iince &Qa81 unit 111a1 lD foraya 11 difficult 

t~ ~'t~t•, aov.r~u~ forcaa (patrola) are aa.et~l over..tched aad aa fra• 

quencly, aove~at unite 01 uanacaaaartly lar11 etaa ara ..,toyad. Trape, 

aurae, aad aplite• au c~ly ..,tuyad on tralla aad Ukd7 haUc.optar lsD&l• 

taa potau. Allilllu.ab La fnquaat aDd devaeutilla. 11M local lfOPulaca 11, at 

beat, prt..rtly paaatve aDd doe1 aoL report VC .a~ "tl or preparatt~. 

AA opor•tional factor typi .. l to all &uarilla CODflictl It .... lti&O 

ia the axcr .. ly UDfavorabh ratio of .,.,.nmaat noope to i.Daurpcu. It •Y 

ba obeanad that the pupocadu·aDCa of a~&eb croopa alwya &?:'a n•pd 1D pard 

aDCl etvtl eoa.crol 01' are held to rctarva. 'lba wtcleaprud adoptt011 of iatruatoa 

detacttoa clntc .. &Gel .... ral •chan.iaaUOD of ouch duttaa •Y cODceivably, 

.. ka ,a.atbla a raducttOD ta CDDtrol•troop Jtraaatb. 

The ratio of co.baL troopa to acti•• iaaur .. Dtl ia not "•arly ao laraa, 

acl prob~bly 'auot raaaOD&bly M reclucacl. Acl••aca• datactioa daricel, NN­

ner, •Y enable theae trOC"pa tn •r•t• .ot'l etUc1eatly aad to IU8ta1D a 

htatw.r level of pre11ure on the IMIIY· Major operattOG&l b.a&arQ ara YAC.OG• 

trolled acceea t~ aatraterrtcorial eaactuariaa, and tb. eaiataace ~r etabla, 

UDI~proachabla. VC haaea &ad tr&iDiD& caDtare, and fraadoa of auuasect of 

~rillaa. Adv&D~td datactien devical .. , alleviate thaaa baaard1. 

Z•l 
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SECTION ) 

M!'I1!0DS 

·3.1 Introductlo~ 

A vartcq• of novel and h~llhr detccdon ••thodl au brtof17 dilcuaad 

in th1• 1act1on. r.,Msu 11 on .'l.atUfytna prea..aed raqutnacau fol' ant!• 

auarllla operaUoDI in SouthMar. A Cia~ . bference it Mde CO kA~ PI'OII'AU 

•nd ~•p•rito:• 11 cited. the objecti¥~1 ·~ caa.,ratnta prevto~ly dit· 

cuaaed are t.pllctt ta the td .. a treated. 

l<~W "-'• oo aiUtaQ euvtu datecUoD proar._ aDd toduauy propoaalt are 

fitld proa:raaa (or ateted nquir .. nu) 11 raporced fr• the CDTCa 1D 

V1noo• •nil Thalland (lafl. ).I•).') ••• Uoc&d la Tab11 ).1.1. · la tbo 

tabla, and rhrouahout tbl report, ••thodt of datecttoa have beoa divided 

into two aanaral cl&aaaa; obearv~tiOnal, in vhtcb dettct!oa 11 •chieYed by 

in ~thida detection 11 achieved bacau11 the characteriiU.ca of tbc: tar;et, or 

of the ~~·tural eovtro~nc have baaa purpoeafuUy •ltared. 

).1 Porlodl< loport, CDTC. 1~1 (1•31 July 1~62) Soc. 

).2 Lortn loport, crrn; (Tholland) (1·)0 Sept. 1962) Soc. 

).3 LotLn loport, CDTC (Thallaad) (1·31 AUIUOt 1962) Soc. 

3.4 Lotto• iopo•t, CDTC (Thallond) (1·)0 Sopt. 19621 lac. 
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Tobie ), I. I !x1attna Guerilla Detection Procree• 

Ublerv3tlonal Detection 

Mapplot md &ll'ial 1'1conna1uanct 

lnv1rorwental6 Of&I'&Ciocareseu.:h (laf. 3,4) 

Mine detector for natl·boerd ~etactloa. 

Do~plcr lurveUlaoca radar 

Alrbone IU':'VaULaaca for v .. pou and 
U.UDltl~D 

larder a .. rveUlaoc.• (fmcea 1 aia.aa, ncaar) 

lat.aaJ.c device 

Dtractional as~ropboa.a 

laUroad aecvrtty (rail br .. u, alaea, ate) 

IUUtary cloi• 

Cooraractva Dat!Ctioa 

Pt911'U or 1!9u1raent 

Chaff rockau for out poau 

VC StAiD lteo&dll 

V .. etatiOD kill~ -1.2 

Short C as 

Tha.U.ano·-heac •~ar·cea arM~ 
aunaa.llaccc probl_. 

Toot of AHIA1S·4 ' DOWO< -.dolo 

C.ophyatcal t~tquea 
(requlr ... a.e) 

taau ot ax..uu.na up, vt.evta.a 
aura ad· requlr-.c 

IIDl'll•IOOpllao-btp OODOlthlCy 

'rbailADd•t&.Ca of .. lllkoll. 
a1CI'Opbou 

Patrolltac, weratna, tracktac, 
&UI'.,Iion 

Shore ~a£ 

Coded pulu ndlo •llaal 

ror U radar a.at obaarveUoo•• 
4-4 oa cbaff to 2000 feat 

Por .. rklftl d~p potntl, ICC. 

ParatltiDC ltata for later UV 
aaaiutioa 

-

Cb•U.taatcaDt ,.n1•&. ... c Ga.,ouDd 

Denude D&t"G.l COYer 



I 
$52 is 

the AC1LI CS&tA prvsr .. , •• reported tn lef. l.l, lteca tn addition a 

l .. ltbtJtty of aerial ra4ar eurvettlance to locaLe conc .. ted po~eonael (with 

Conchx:troo Corp.) and a proaraa on Ure decec:Uoa (o1'&a1ully IUCJ .. Ud l:t)' 

cbo Coatraccor.) Alao lilted 11 a IIDtTal pro!r-• at 1Dveecta•tton in 

falliVI lad 4Ct1VI ll; 

ladar and other tlactro.aanettc detection; 

Pa1etve • •cttve optical vt.wtac, ~1• tncecatftcattoa, ecc. 

1Dfraro4 (3.2), radar \l.3), aDd acoootica aDd aeophyoicl (3.4) applica· 

Tlw trU~Dt ill botb plaCII 11 I.-bat Ullrf~ll liDCI Chi ltudJ tffort VII 

eerly. n. ... ba,...ed ro be prlarily I.D cbo iDfnred Ual4. 

Without ac.,tiOD Chi tacrical utility of thl MCbodl e&DDOt be IIUb-

fl&libility oDd co fully ..,loiC tho tecbDiquao. lqul,..ntl ouitabll for 

3.2 O,Ucal 

ftat obeenaUoaal opelca 1 •choda of .o8t praa111 1\llltlted in chit 

).) Quarurly qUa Iepore. I July • lO ..... 19t2. CoDII4nU.al. 

~I 

• ! 

• • 

• i 
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vC ":, ••• -1 •"'•wh &.u 1•u"••li.7 • .,..,&.h.aWl ....... hai~tUII•t oa• ior ya• qaLiliC 

•~•rtllae ln foreec end JYftllt, tbt other in flooded laad•, ·~•, ttc. 

Theta are a) pertonntl wake dttiCtlon, and b) flra dateccton. 

a) Wake detecstnn: lt 11 rtatonablt co ayppoea that ~~.-.nee of 

~•rate to Lars• avar111a fore•• to pointe of aaa.-bly iD faddy 

landl .. , ba pTt .. rlly at r.iabt, if Chi I'II!On 11 under •nJ kiad 

of lunalllaDCa. PnUatnary c•lcul.aca.ont OD probable t .... racurae 

alaea, lndlcata that poraaeftll .o¥101 thr~h lta1aant bodloa of 

v.ttr MJ luwoa ''wUt" aia.Uar to thlp vakaa, of au.ft1c1rnt 

parlllteaca to ~~ "''tful, if dacecc.•l•, in lltablieblQI patcaraa 

of -ac. lailtiOI tbo-1 uppera •J have hllb •-h uael"­

u.on aDd eeuiUYitJ' to •• aw:b vak••· T'ba ledlcactone could alao 

aid ID tba trockiOI of l"'rlllla ID flllbt, ID .. DitoriOI ....,,, 

ud ID otbor '""ollloDtl operatl- ID floo4ad linda, Tho cape• 

bll!CJ .. , alto bt a.,lltd co tba conLrol of au.rilla waLir traffic, 

iD locati.QI IY~fled brtd1111 ICC. 

At Chi prllnt UM Chi ISUtenct of Chi pbn.-oe bal GOt 

beeo da.oeatrat.O (only one teet, UAdlr rather uafavorable coadi· 

tiaa. [••• l.6~ haa blea rYD, with oeaative III~Lta) .~, ot ~w~••, 

tbe tntnauy, acne, aDCI duractan of auch a ph•-• aa UDder 

varytne envuo .. nral eond1Uont art c•fltttly ut~knCMt. (Oa chi 

ocher hand abip veku, t...,.nc~o~re aradteau in weer, .uul • 

ftrtecy of ochn a~o~rfact pheamMu have been recorded -,. chemal 

•PP•r• obtertlna the apperenc c..,uatul'l (c-.enturt/aillhU1 

produce) of a chtn aurface water layer. J letic data on chi 
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ph•nam:,.a •n ni'Ntd· tn ••c•blUh the u~hnt.~al flaUbUUy and 

ru.J!tt ::t ;-en..:nr.c! vsi.e s:.ar'.'e!U,.ncc :.nd to dct.cminc wh.:tbcr 

ta1at1na -.ppert trt •deqw.ce or whether a.w aqvi,.eftt would be 

Dlec1ed. 

The q~tttlon ~f op~r2tional uct.l1ty 11 caapl•• aDd aoc 111117 

rttolwtd. Los&cal •rau.enca for, and aaat.aac, the .. chod bela~ 

thla quaatlon 11 raited pr ... curely etoce tht •roductt of •~h 

turve11Lince cannot be daacrtb~ at tbt.a c~. An taaaocial ... 

pert .. ntal proaraa <••• •.1) waa rec~Dd•d .. rly in tbt atudy 

but ha• not bean undertaken. 

b) ,lrt Dattstlyn: Gu.ril111 livtac &n foraatt aDd Junalea, llpte1ally 

ta eouatliD 1r .. • 1r1 r~&aonably ..,acttd to uae ~firea. la IDJ 

caae, tinea rtra 11 1 ttaplt of the diet there .uac be cookiaa. 

&arl7 ia cht project it VII •uca••ct4 tbat cbe detect1oa of tvch 

heat ICNI'C .. t&dtr d~t CIGOPJ thould bt ttchalC'\ll)' f .. IUtlt. 

Preli.aiury cal,~o~lAUonl (and •~blequenr ....,e1'ttnca) thcaiH fhtf 

••lacina tbtra.l .. ,,, .. , would detect op~a ttr11 end hot ,,.,, lf a 

direct Uu of lt&ht btcven MPPtr ar.cl toun:a couU bt lltlbUtbed. 

n •• ra u altg •~ pouib&Ucy :n.c 4acectJ.un ..,,. be achieved ua 

&lint (i.e., tcaccartaa) wtthovt ~Lrect ltn•• of ttcbc. 

lt My ba lfl"ld1 tNtonably, that area MP.lftl of J\llllh H• 

tulctna in the desecttOft of ... 11 ftr•• a11ht help to ,ta,oinc v~ 

ball loc.aUODI whiCh WIU not othll"'i'ill obi.C''¥'&11111. Vitb reli.altll 

and prect•• detect too it it even ~a,tble that hYDtac/ktller .tl• 

Ilona .. ,. beca.e feattble. 

], 5 
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Aa aoon ~• thlt idea wa1 •W~~••ted by tht Contractor plana 

co aectle tba .. Jor quaacloo of p-~c~r..nct aaaiDit tht type of 

deott caaopy cha: occur• in the ~•in fortttt ot Sl Atla. 

Moe auct-. U yet kDOWn abouc tba act•l d•a1ty of opentns• 1D 

rain fortat aDd tn parctc~Lir tba nat~• of cov•~•a• •rovided ~, 

fft~taca ln Sl Aala 11 a~c qu.ntltattvaly knawn to aay d .. raa. Oat 

't.a. 1 a dtrecc Uu uC tl&t!.t ktva.o .caDMr aad tteat aourct 

pronda aa uaaec.aaNrUy lw pr-.btlity c.t datectiot:l in reatorAitl• 

maatou, •• each el•an& of tha uqec field 11 auatntcl ooly ODCo. 

be prortded by aa uaUy coutnactecl acaaur of tUple dauan vhlch 

looU tnanl ct.aaa, frca dt.t:ertac anal .. , at Mcb al .. at of tbt 

taqac Ua&CI. 
r 
1t ,., 'la •ra~ that" for cacttcal U8t .• ~onttderilll cha \m• 

kDawa tDCtdeaca of falaa t1a~, ace., tt ~ld oa daelr&bla to 

tttaltltlh ftra pecttrDI. That 11 1 to a .ttttoo, to , .. 1aae frac· 

tloa of all the fir•• •r•a•ot 10 • .ap~ ar... UD thia b&til a 

tactical ecaaaer ehould •rovtde a hi&b probability of •••iaa at 

l .. at 1a1 (ellecteJ) fract1oD of all t."\rJICI ln aay aivn a1111oo. 

lloce tblt probebillty 11 a fuactioo of tb6 ~•r of taraece, tbe 

c.aoopy 4cticy, aCid the a\A',... of criel, ,.rtor.oce predtrttaal 

..et be fouadl4 oa ltatUU:ally plAnned CIIU, vblch bave DOC at 

-J •• 
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on ~ctaround effect• ar.d fluctu.Lio~, and on th• ata~laticl 

SurelyJ tf one major baa~ were ao located and aucceaafully attacked, 

a reaaon&ble effort would be ju.ttfied. Aa a continued survetllancft 

tool, utility Jependt ~n 5&cur1ty (i.e., countal••••urea are rela• 

cively a!mpl~). blah reliability and a hl&h probability of detection 

AD eateu.tve field teet procr .. , plaaned to obtain lt4t1atl~lly 

tc.a~mer ahoulcl be conlidcnd. (See 4. J). 

The feaalblllty o! another appllcatloa of poteuttal .alue dereudt oo un· 

tDawa eovlronaental coadttlona •• follow~: If canopy•hidden roecle, ttr .... , 

aDd cratla, or corridor• (baadt) of lower around foltaae denatcy, pr~vide 

tberul mapt My pl'ovid• an indlwu.loo of favored ra'utea of travel. n . .t 

bette •raument 11 that, •• tn the case of atr~, e aub1tantt.l di!fcraoct 

tn ltn;.~tur• under tht canopy, vtch no sec~ad ar thtrcl c:anop)' from ~mallc.-

trtet, aad little if any around cov•r, would exiet, produciQI a different 

Tber.al •P• aad c.-perature cl&ta on a variety of forested area• containina 

luch artifact• are needed to r~1olv1 thta qu11tion. 

ODe cooperative .. chod uatna rher:al reconnai11anc:a •uaa••t: itl~lf. 

for ~1•, tf ~tatn tribea could be Jadueed to atve varntna of tnftlt~a-

ctao by ltahttn~ ftre1 tn an unuaual pattern, or auaber, or location, the 

tbar.al .. ~par ;~ld be .. pl~y•d for bordwr or arsa 1urveillanc:e. Sucb 
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va~alnct ~aht be c3Dt1nued at law rlat to the tribal peQ9laa aad could be 

va•f~l for a l~nt ,.riod. lf f~the1 r~~lPP ere Dot helpful or correctly 

i.ocacecl, ICI'ataatcally placed Vllcnaaeaa obean&1'1 could M _,toyed. 

The ~r• f&alllar, ahort-ranae appltr.attaa. of optical deYiCII in 

beulafhld and approach eurvalll&aca, •bUihtnc, and l\ll.rd 1 aDd •• VNPOD 

for S! Aelanantl-auerilla opnatlone. What u neadect, ataca the ttaca-of· 

the-art 11 wall knawn and reaaonably pradtctabla for the n .. r future, era 

carefully conetructad raqutr~Dtl, fortified by aultabla back&round 



~,..,~~.., •• -:.~ ... ~'-11~~- '*• •• ... -··· • .;JIJ ,· • ·:'-· '. • - ·'' ~ 

,_..,._ 
.··• .. 

leflee\ 1011 on curunt •&Ucary ra._r prOP'- produced tw s.e. .. ln pl'o-

.ta&na oav awerllla dacectt~ .. tho4a. The r ... tbiltty of a .. cbo4 pro,oead by 

pd~t~<""" rt.owolvlDC an Ill' ill aurvetll&ACI radAr tO deCICC IIWI:d ,.nCQM:l ill 

Mota toreu:J, depended oa • variety ot urUWID •ro,e .. ct• factora. A aat of 

beatc e.pert .. Dtl to raaolva Chell ware IUJieiCid. 

ODa tntaraettaa poeatbiltty vhtc~ baa DOt bean very carefully aaaaiaed 1 

Jaccton, for "'• •• ~ aAtt-.-uah Uvtca. the ar.-oc 1e •• follow; ODa 

c~ly acc,pted requlr ... at to a.buab altuattoaa 11 that of raturDlDI a.buab 

fire u quickly and acc~acaly aa poeatbla. Tbll 11 aa..ct.ea very difficult 

u the auac.k 11 CODtrolhd, a\WScleo, ...,. cba auacktna wapou are bi.W.O. t.a 

Mtural cowr. It 11 c•cetvabla that a ahort•rn .. radal' co.a14 N •uUt .t\tcb 

vou!d rapidly and practaaly locate ao~c•• of ftre fro. crojeccory data oe 

••ll .,... ud auca.acic wapoa tire. heeible characuriatlcl of auc.b a r~ 

11'1 liVID iD Sectioa a. Altho•.alh clata•procalliD& problaa h&YI DOC ........... 

laed it .,, .. poaaibla co couple chia Ladtcactoa co a avttabla ftra detector. 

'1M &cl'f'IDt&lll (in l'llctiOD U•t etc.) baYI DOC ben eaaalMd 

raclar upc D• provided, aho, with • .arcar ahall trajectory d•taniDlDI .-. 

A raMr with eM•• futvrae aiabt aho be .... cad co baUcopcar• aad, 

vLth 10.. ~ificatiua, co low-flyiDI aircraft. 

Vbill DO YII'Y politl'YI ltlt .... tl C&D ba .... &bout the fllli,ility ~ 

yalue of tbU ,,._ of dntca, it appear• that the tdu deltn'H fUI'tbll' aaai• 

uuoa. 



llt1oa, if f•••thl•. A. &n Lhe 1~1lar 11 applteattoo of ).2, aad the "'I 

•lr~tal faccora. 

luch aact•paraaoa.l &Ad bactlefte:d aurvatll&Dca ~&dare aa cuuld be •tu• 

died do aoc •••• particularly ueaful in the operac1ooal cooceac of 1.1. Aata • 

.aatcora, tacruat~a d4tactora aod 1D Junal• cracktaa. CoDatdertaa cbe ftrac 

two ueea, tbe prwary probla• it that of paeractaa vaUd requlr-au, 1pect• 

fytaa ,,.,.. of operactoa daatrad, aad obtatataa e~ftctaat data OD carpc aia• 

Ml/INick..-.1 rolatloublpo to Juatlfy doolp opadUcaUoao. O.bar tbaa opar• 

&tioaal &Dd IVWiraa.eDtal .mtnowa. tbel'l &fl DOC tublt&Dtial flllarcb qu.attoaa. 

AD iataraattaa dectatoa probl .. ta vbethar t~ try co utiltae aativa .. cartala 
I 

1a tba !conac~tt• of ltv trequaocy &eO\Iatic collactora or to r.ly oa tba 

acouauu/ahccrontca arc •• developed ta tba U.l. A a--.r of ldau ban baaa 

u&aiAad ud diacardad for ueta1 acOU8tlc taacna~nu tn Junsl• tt'&C"kinl nr by 

,.croll 1a ..... ,.1. 
lllpecic dacac.ttoa of uorad a~, burrow, or a,_d pareonael Ll, at 

beat, just .. ra!aally fautbla. Praa~DI a valid r&,ulr ... at for cbta type of 

OID•Iltl taapecttoa, it wUi, 1,. MCIII&I'Y CO .Ua 1- 11 .. 11 tlltl tO IICabUtb 

perf~ac• and "lua of a fav portable tcacn .. au. 

l.S. 2U1u 

A tav DOD•claaaUtabla IUIPittou bava ben ...... Geurau,., tbeae baa 

DOt ban ualyaad but are offarad MlDW 1D cU cauaa of CG'Wiflatneta. for 

l.lO 

\ 



-
ot the reaton at the t•~lau. to rhe Mo Cbl M!U1 trail aad ao~~nw.rd, raveala 

aaay routaa of accaee. Poaatbly, control of oaly a ralattvaly , .. 11 fraction of 

tbe border tn th11 ar•a, at critical potaca, would ,r .. tly tacr•••• tha dtfft• 

culty of ,uerllla tnf11tratt0ft. 

A,pllcuton or •co..-ctc or label&: Hv1&: .. LU lt•U·-..nitudaa u "''' 

favor~ DICIUit ~f the &Jilt !eD&Cha of ttlil IDd &IIOClltld lDiiltiCI, COlt, 

ud data•hudUaa probl.... 1t hat baaa eugaaud tbat neceaaary vtra laytra 

be done by aircraft, ODto the ~rae cop1. If, 11 diiCUII&d ta SacttOD 6, ~•t 

.ouatatD area JYDala cratle lie alooa ride• tope, plaae wtra·laytaa aod acouettc 

aurvetllaoce ot aa.e tratla atlbt bee~ ac~ally f ... tbla. 

Colwtderioa the •• of aataatc dnicea tb.raa poaetbUtttea a.ra IU&Pitad. 

!hell are; a) a aateaic vUlap alal'll by tletoutlOD of burttd a,loatvae; b) 

detecUOD of burrow by uploehe aoua.diaa tecbaiq~a, aad c) caul .aattOTlD& 

Ttte UJe of cODtrau pbocos:-apby co .aattor the auc:c.111 of crop·kU11Aa 

c.urtaipl II .. I'IIIODabh; IDd the pollibtliU.el of daftlo,_aat Of lpecial 

4ata•procalliDI equi,..at for tber.al .. ,.re (e. a., co produce c..,.racure• 

coecour •P• troa therMI ec.aulD&) 11 u Ultarelt1D& ar11 tor txploracioe. 

l.6. ''P'rlepse 

Duriaa tbe uudy field •KJ*r1nce vHh D. .ctuipmct vaa euaiaed io •­

detlll &Dd 11 repoTted ta Seccioe 7. A .. tl&ble reportl of taetl of -'lltary 

eurvetllance 111r ware acaaaad aDd c~• 4iecu.eed ~r &Pfropriate head~ ... 

... 
3.11 

- -- . - .. ' . '·: . . . : . . . ..; ... ' - . 



......... 
In addition, Utfenat le .. arcb Corporattou pai'Cicipat:ed in a "quick·fla" 

troptcan. Furtheaaore, ataplt i~tru.entatlon for a l~ited•r&ftll tuvtroa• 

.-acal ... aur ... nt (c .. parature eye lea, bottaa cond~tiont, veaecacton, etc.) 

by CDTC (Thailand) on paddy aDd kloft! charactertltict, waa aaa-.b1ed and 

ahtppecl totecher vUb brief pla,•• for typical 8MI\It-ata. Prtor to the 

Uor., the dtunwl variation of th• vertical tmpenfu1't••dt•trtbutioa ta 

about la1 deep frtth vatar wat ... aured. la coacraat to the predtcttoaa of 

ttr.e urly "lcul.actoa (7.4.1.2) these check-out •••ur .. ou tbwed a •u.a 

c-..racure eacurtioa, throuchout. the depth belw about 118" fr• the lUI'• 

face, of about tO, aro\IIUI the oooa houra aDd, hardly auaurablt <- 0.10,) 

~urat~ durtQI tba raat of the day. 

A. wa potated out ia the brief plana, aad ta plau f.:.r beliC•data 

caper~ta (Sectloa 7.4.Z); the tbar.al radiation cbaracterlaticl of v.ter 

are dece~ad b7 the radiative propertill of a thla. evrface•fi~; (i.e., 

1u c_,.ratv.re aa.d •Uitvity). ne apparat abaaoc.a of a rclat1vel7 1Ar1• 

c_,.nc.nr .. acurltOG tn depth ehould nor be reaarded •• caa.cluatve niclaace 

• of tbe abtace of detecuble penoaul-wUa • 

• Aa cbta report ia bet"' prta.ted, tafomattoa. fr~ CDTC (ThatlADCI) oa 
,.rlS..Wry llloa.a t•pentura M&l&&r .. a.u ha•• be• rer:etved, chat ••• co 
coafim cbe check•ouc ... a&&r-..ca. 

-).12 



' r 
~·. 
' 

anq 
S[LIION ~ 

The C-'ntr.l~t~r haa "'""'Y •~l'i\lu• dnubLJ thu exintns Une·Jc:a,nntna thcr-

mal mapp~r• ua~d f~r ~baerv•ti\lnal detection of fire• wilt ~• tactically veeful 

an correct, u• uut full,. wuJcutood. lt h sugaeaud t~t the toll"""tna cype 

ror dirsss dstecsion 

~ A coll•ction pr~aram for photographic and tll~nation data on the 

variety of S. !. Aaian foreate, to arrive at cover dentity and dia• 

trtbuti~n rana~•· 

denaltiel, atnale• and .ultiple•look IC&Dnln&. 

o AD .x..c~ta .. I.Luu uf the tactical actvancaau of a ther-.1 •pper which 

look• aaveral ct .. a at each element of th~ ta&,et field fro. diifettnt 

able teat he.a. 

Jor tndtrr;;s dttJ•;tism apd pesyral srt;Hsnt •••ure!Mnu 

o A proaraa to colle~t d•ta on ,._,.rature radiance, and reflectivity 



• 

-
to•••rJ ._aa• CAAOfY UD4.r ~•rylDI ~t~tal coa41c1.... A clilf•tep-

'~j~ai• etatic .. ,.r~t wou&d •• prerarr ... Data .. .ulcipla 

ecatterlDI woul4 be obcalaed ~, eff·•••l• .... ut .... tl of 111~· 

UOD d\11 l-' I -.aa.le collt•t•• IOUI'CI Moeada the ca.DDplal. '1M: 

up.erW.Dt eboul• lDclwle u acc._c co ..aue IUI'faca P'ltU.fttl 

.._ to \1) CD ~;rlytn• hoot oourco, oad (Z) UD4orlytaa dioaoatl• 

•~6'1•• •~b aa acre ... , rga .. , A~ tratla. 

o A It~ of tbe t .. alblllty &Ad operatlODal value ~f aurvelllaaca tow 

cooperative ftr11 (b .. coae) lD boc,_r coecrol aa4 •'-'~ •ctlvltlea. 

4. z. MW P.sesue, 

!be ea.uactor bah•••• cbac decectiOD of pereGDUl M¥-tl ia ftooded 

laM~, by uril1 U •pploa •Y lie fUii111o - of -rotiOD01 .,.1,... 'ftle fo1• 

1GWtoa tJPO of proar .. lo roc....-ded: 

o & ball~ .... UI'~Dtl ..,.,~, co aatabllab c~ eac .. c, 1Dt ... ltJ, 

- durotiOD of prodlctod pbe o. 'lloo -riMae •-otod la 

•U.1o - direct. tia•poriod, polot•by•poilt rul-cor •ppilp 

of tbe avrface cf 1 controlle4 pool vovld )e..... !he eff•ota of 

ceatrolled ..:•'fl'oduclble •t..nud:aucaa, a&.aUar co tboea •lie bJ' wei• 

IAI ,.raaaael, 011 tM .,_...a., c..,...acure of the eurfat:~ ..ould be 

dlco-..d. ""' offoau of o YoriltJ of bote- •cui11a - Mton1 

-b, al.ldlor co cbNo oK-uro• il 1.1 • .Uila fl- ~. 

-1• lie auurod. llocor .-,u_, cU•cic, - •c-o1oaiu1 

wriob1u -" bo rocordld - cboir offocu uooaood. 



.. 
the Met eh&r·wko •PPIDa techat,uea. l'be11 teau, wbUe .at CIM· 

cluahw, woul4 build up a yalu.abla cataloa of lhhl ezpert.DCe fe 

lvch Maarvac taae. 

4.3. P'd'r lyryetll•es• 

Vl.h ~••pecc to ra4ac aurvatllaace poteatlalttlaa rbe fo!lowtaa type of 

prosr_. ta euaceated: 

tbo faaoibilitr of "''· 

v A IC~J of tbe f..,lbiltcy of pulaa-~ulatad 4opplar •aact• ... Uih• 

radar ADd flra·coacral, lacludtaa .ort8Z•locactou .adtflcatiDD, 

•'-•tioe to holico,toro, .., probobilitr of o,licocioo to porciDoat 

viDI04 olrcroft, A caopaaloa ocu4r of oporotloaol foctoro to 4&tar• 

- uU·-IIIb - 4&foaoo roqulr-to for orot- of chio c,., 

o A ocuq of cbo faaolbllltJ ••• poJOffo of loar-lnacb rador -~ 

PlAt of foraeca4 araae, aDd plaaalDa of crlttc.l ...-rt.eaca. 

o A flel4 IC~J to 4eta~na walid rtqutr ... aca, If &ay, for aatl• 

poro-1 r ... t 1o 1.1. Aolo. Plamalq of -rt.aca to collocc 

4.4. Ltesela• eM llewUs aes1sctp 

lcu4t .. ..._, ebb coatroct io4lcoto tbot (1) cbo ototo·of•tbo•ort Ia 

.... au .. ACOUitic ad IIUaic ""'cu aN uaocl&tad alectnatca U 1ucb tb&t 



Pre4lct•• accurately, (l) certalo ty,., of IOUDd 'olleccora .-uld ~ built vlLh 

aact .... carlala, b~t 1.1. A8'aa ca,.blltty for •••~tated elect~cetca falla tar 

'-low 0.1. lt&Ddarda; (l) perfo~ac~ of aelacced ioecru.aDtatlOD 11 bilbly de• 

,..ca.ac • ltaUvo•W~di (4) owarall aw.vailluca capability 1ft a ,arctcuhr &J• 

pllcacloa dopeada ocrooaly oo cbo ..eo of ourvolll~•• ooloccod; (') vldolr 

dlffor .. , .adoo of ouroolllooco .. Y be ooodod Ia dlfforoac appllcact ... , C&~fiC 

al ... l Mbntor la ,oorly Uowa, ud baclr.arouada haM aot bem •uurecl. OD the 

Nail of tbNe filwltap tbe proar .. prafened would rua u pvu below1 

0 .. field •• ..., co •• u .... · ... utr-u, tf .,, for u .... "'. (ac-uc 

aDd aela~c) aurveillaace deYica• 1a tar.~ of type of aur.alllaaca, 

detail& of .ode of operatto., a,.ractaaal faccora auch aa litiaa, 

,.raoaaal, .. 1Dtla&DCI capabtltcy, etc., a~ eawi~oa..atal ~let .... 

o A follovlaa ftald ICudJ co, If ........ ~. collocc required doca oo 

loc.l ootaa eaviroa.eoce, car .. c cb&cactartactca ~ oc~ .. ce, .. rr 

...tr~cal data. 

o A c~iOD ltuGJ co 41floe a,.ctftcatlODI for equt,..oc to ... , I'M• 

qutr .. u, &Del rae_ .. 0.1. or local aourcaa far .. u,,_.t. 

o •c•••&I'J cue ud nal .... ctoo JI'OII' ... 

Vltb ree11ss cp II'P'Fts d•testipp; 

o A brtaf ourwar co oocabltoh chi val&dlcr of ou ... ocod r"'utr .... co 

ad o&.,lo flold uau of po,llrotcal proo,. .. taa "'UI-c co oocu• 

ltab chi conu,.....co bocwn r"'uir-u aad obCalaablo dotoc• 

,,. , ..... 
• If ~••••ry, there•ftar, fteld ... ,uz .... ce of .. ,..cic ..... ,,,, 

- •-•1 fluccuatlooo to Cbo rar laiC. 



...... .,. 
F' 

•· S. S -n ep4 C.01u 1 £1T!P'' 

••t aDd eaperteoce, 1od pounUal appltcetiODI ot oev •thoU, 1 Ill of a,.c&• 

ftc etudy ao4 ~eaea~ch p~oar.-. hava beeD au ... acad. Th111 are ta·che flel .. 

of lafrere4, radar, acuuactc1, aad aeophy1tca. lo.e of the ochar r .. utr ... fttl 

IOtyCiVG C~iaa:iODI which IY&IIIC the .. elvtl C&DDOC bt IYilUAtld well IDOUfh 

fr• available dat.o ·.o J~~~ttlfy UN rec~ftdaUooe." 

lt ia tbe CODtractor'a taali~a that a broad but quiet 4acailtd ,,., ... 

aaalyttl of tbe contltcc, orttnced coward1 deftalaa apectftc dttl~tloa, eurwwtl• 

laac1, ud recOOMilauce requ.tre••u, and carried ovc laraaly ta cht field, 

11 .. e4ed co achieve 111Dlt1caacly .ore prol'••• tn rhte area. ll,.rieect vtch 

operactoaal faccora, aDd detailed data OD operational atatlottca aad tevtrae• 

... til c~ttt~ If- llleGttal iDputl CO IU.Cb I ttudy • 

._ ...-,lo of cblo ooo4 lo lllu.cro&o4 •1 cbo lock of 4ocollod r .. viro• 

-u for ,..,..._Uluce aiM taarvatDD detacctcm ... , for procacctaa ou.c,..ca 

lo4 lll'lllliC ~lett, lt 11 DOC kaOVD vhet~wr Y'IUA1 ~llrYICiOD 11 tuff&• 

ct .. c or whetbar "'•cctoa daYtcat would ha•• 1 dtflDtca payoff, Tba relative 

&lvucaen of &eouaUc, tatrared, ot radar to: thatt PUI'JO••• art unkncNn, u4 

UN tafltMGCI of opti'IUOI'Itl, 111'¥'11'--Cal, aad civil fiCCOf'l bat GOt bttD 

..,loud. 

4.S 
I 
I' 

I: 
! I 

-



:. 

:.t.~: h'."· • 

~l•p, !-!.; W:••t;, :r.e Crut h:pHU:'\i! c~L.!! .. !·: '.:, :r-. .., :..u~tp!:1r ::tf 
Ar.:a.c Str~.ouit 1:-.c: •!'Ia pulid1.:'11 ot ln·uluttonar·. ~(Hanoi) 

C:l!fl:~ .. !,,, 

Mil Prut, !•. ·• ~·:~~ 

sa~··~ P~l !UI of \o.'itdom Doubleday 19)8 

rue rao:-., I'!. c .. cr..- (,u·::vara on c ... r~tt.s lo:uf&u S. ~. Praaaer 1961 

p,.., t :t&:-. Opera nons 
.lt"!':o ,, .... C:-.apttr ;c:·11 

t'!.~l :~ 41'\tl-~uUl~ia ~arfaro 1\'\f•l Minh ,._,u41 1 
~ ... ,lttl:'\ !•hl•la~rt De.;.. tC,;~ •L f'""le ~'Appllc.:artun 
.; .. : ::.!anttra et S.tn• ... Uttntl 

I. I 



:!':: ·..:. s "!. 
:" ~' t 

~-···.-tu• ._·.--:.;:-.~:i~ R-:•;:~:..~l..,);"..l:'"• Str.lt~ 

::-.:.tt7:•: :..:-:- .. ! S: • .J:t?s. R.t•~•r~·h !'tf:\no~rarh. 

Pa ;"~t?t~n, Center 
i~tlhcomtn&. c:.$1.00 

"'raeser, N.Y. 

F:-4-:~t:~~- F.!t. :.. ~r"" O,.•:-C.:a 
·7-~t:.;:o~ 

!'!;.it,.:!'.~t, ;_ t., Se~:-e: f::-~es l.:~con. hber a,,d Fiber. 1950 (technique 
..:: .::-:..:e:-jr.;~~..:-:c :~rcu Oer~vcci irom bi.story; "brill •,.nt") 

!•:-:~:. Cf:.:rit. C.::%~.:-.:st Rcvoi.~tiorw.ry ~r!aro~ PU.e~Jer, 19bl, $5.00 
1t!':c '.'~u:::-::-: ::: r:-.d.:c:tuw.• 

!oar:.:::. F'. • • Sa!a:-.: O;u:rat:o:'\&1 Aspe.:ts o' Paramilitary Warfare in 
!':':ree A..11a Areas ORU·i·U~ AuiJ. 1954 ADYbl7J 

Manila 

31..o::.s:a. A.!>.. E.ast C::ural Luzon <;.;eril\a !'iill.tAry Revh:w ll 
22·2· ~:-~=-- :~-.":.-

:;,'!. Do·abled.ay, lq~) 

a.::::: t.t. ca s.-u!-:. !i !1 • .- .. , ~r2J.f.:.<:~•.4.~~~~-~l...£~-~£.!!."!..!l2. 
S.£. As:..& 01.0 Sta!f Paper ORO·SP--12) Jan. i9b0 Sec:. 

P;e, t... •·. Pr tnt.eton 1956 

S.:-.~~.u. A Ci ... erilla qlfare in Luzon 
~1;.-?9 J·.t···A-f:.5: l~.:.7 

, . ' :Outr .... tl":e_f2!.!:,!1 C. ot ~otre Daoe Pre11 1962 

:.--;nr. c~:·_., Atta OperatlOnto Acl.vld 11:~it&tf Htuury 
S.c.t:· .. ~- j~,;_.- lr,}i !W·, ~;·.1 H11. Armr Forc.u Far t.•c 
.; ....... c'>": ~l>'.-4:•pr. i. i'C 

).l 



~-s,.~p•c ,c) • Spot.:l.al ~p\llt fttll Cuer111a Warfare in Southeaas 

~ 

).Z. 22!~ 

).2.1. ~=c:=-~1 

Cl•rk. C.l. et ~l 
ADI0~8~9 

Eif,.;ts <"( Mtn. lt.uh.,a 1n S-.H lnf. rnlts 
,.~. l'Ho 

010 T-lll 

Cr.!l.:;kiftt, Antth."n~. Cre~n 3c!":.-t. le-d Star l;~"c.!or.. !yre and Spoltthvoode, 
~S). IH .... H~r., .:-f .c~er~ll•• b ... • :.tC~hal .o~ol:) 

~rthall. S.L.A., In!. Op•. and wpns. ~s.se in korea 
Wanter 19~0-)1 (AD 3~2) 

01o-a-tl Jan. 19Sl 

Se\o':;:::cr. tLI •• :~·~ Peu,j;,;,c~ Anti.·L•:.., Oet•ctor F.v•l l!.S. Army .Electronic 
Pr~vtn& r.roynd rSAEPC·SlC9lO-lb1 Feb. 1961 See. 

the lola of Air Pow•~ 1n P•rc • .-n W.rfare Bu.an leaourcea 
lnstttute Research Study No. ~ Vol.), Uec. 19)~ (AD740l2) 

IDu Lter, \i .• 
Oif tc:e, 

Cuenlla :.., fa.~• -..,uue.enu 
W. Rosttter I~ 1~)/ Secret 

An. Univ. Spec. Opa. a.a. 

t'll Put'uar: Wutan tn ~ru. 19;}-i':iS4 (U) 
Coal. C*O Technit'al ...., ~(\-f.~M (AJ'f!) 

nt ll·lO Oeeran.?nJ Ay1nn W~rtlla Forcu (~lauified) 

nt ll-21 aod !1·21 (4) - Guenila W.rfar• anti Soect.al rorce1 
Opera: 1on• tS) 

rWM 31 (!peratl.:)ftl !eU\.It Wertlla Porcu (Mirtnes"t 

'"11·10 .r .. wcle OeerarioDa 

~ .) 

J 
'I 
I 
I 
' 



tl.avy P"ruenUUOD to the DDW 6o PSAC Paneh on Lt•ited War 
J(l O.:tober 1961 (Ccmf) 

\.:SN: '"'•entaUoa to DOU& 6. PSAC Paneh on Lt.Ued War 
S~aac~ !:y Col. Ao.!ouon on Martne Cory. HaUcopter C.t.pabt.!.!!! 

USN: haantatton for DDI&I & PSAC PaDila on Lt.aited liar 
USMC oa Tactical ~ Loatatl:al Ground Vehtclea 

l'SIC PTeuotati..xs f_,r OOUE 6o PSAC Panels oa. LL&lteo:l War 
!!:!!.!.~ Corps C~at '-htbi~n Vehtclaa 

PUIOD, E.W (V) t!lo Sltrn Pro!ect' A Study at Llaitocl Wor 
IIDd c...,. 1-317 lby I, 1958 Soc (Fn.-..rly Ill) 

Ps.aor.. !.W. at 11 (C) L~tt~ War in Thailand, thai 1,2, 6 3. 
lind t.:orp lllo 2027· 2035 lily - Sept 19" lee. 
(Fomer ly Ill) 

).4. Az•a Topics of Ceaaral Iaterelt 

).4.1. ·~ 
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..... , a 6 D (GPO) 

~ lDfor.attoa Dtaaat 

:ournai of Aaian St~diaa {R.S. Aadaraon, loz 2061, ADD Arbor, Mtcb.) 

Karina Corp• Gaaette (Marlo• Corpa Ueoc., ia; 1144, QuaUco) 

IUUtary bvlw (Port IAavollVorth $:s. 50) 

Pacific Affair• (UDiv. of I. C., Vaacauvar, 1. C.) 

1hlllpp1Do A.- Porcoo Journol (PIOTr- lDfo aDO! ldvc. Dlv. 
Gill, UP .• CAMP llarpby, Quaoa CUy) 

loJal United Sarvicae la.cttutioa Jo~rnal ~itahall, Luadoa 
!VI 40a) 

larber, 14da rnotolraphlc .~ ta\avtaton lguipeant • Tachni!UII 
~aDtaola to Space Pllfht 
Lltorotoro Soorch ao. 160 JPL Doc 1959 AD ZlZ 414 

I 
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C~,nJU. D. k A. ~hocht~~ f,.,f H~·~~lin~.on lln~;.,nvention~l 
~ut•u ~ll T ll9 Hoy 1956 All 105 a.J 

lt.nuhan. c. z. 
• Sulta .. n. A. N. 

Ann~t•t•d a,bJtoataphx ~~ A.atan ~u~rill• 
Hovemenra ORO t 244 July 19~) AD 22149 

tu~l~r. K. 6. 
1.,-br•nd. ~. 

A SelccteJ liblio&r.sph; •• m Unc-onvantiunal 
lo:athte. Part l 
Spec. Opi:"'H. Off lee 
,._rlcan U. Oet 1961 
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Sprin,~r·Vu1 J.'!. P. .. "din.•"~ C~:t i.:: • ..:u. !•"h.,·d~o~p&:dla of Phylica. 
Yo!. XL''lll. Cc:;)phulu 11. Keldclbera, l9H 

s .. ~or•~ J.::-.,;i •n.i Ctwt .. r, fht Det~('ti"n and Meuure•nt of lnCrt• 
t•d laOLation, Oxford at the Clarendon Pre11, 19S8 

PTc~eedif\lt of tt.e IU: \'ol. 47, No. ;, Special l~tue on In• 
!nred PII\'UCI •n.:i Tt:d·.r . .,lon. Septe:aber JIH9 

Krua~. HcLAuchl~on. MCQ~ltten, !lementt of lntrared Ttchnolpay. 
Jco!-.n •ile~· and Sont, Nev York 1962 

Holter. Huaelm.n. Suitt. Wolf•~ Zialil, Pundamentelt of lnfrt• 
red Tecnnolos,•, M.tcMUlen Co., New York 1962 

A~·.-,;~t" .. , in Elscsrontu tnd !h('tron fhnlst. Vol. ll end ltll, 
Aced••'' Preat, Mev York, 1959, 1960 

I. H. lube, 5t:otoconduct1Vlt)' of Sol ida. John Wiley 6 Sou, 
!Cew Y::rk, 196 

Proarest 10 Opti:s. Vol. 1. North Holland Publithina Co., Aa· 
surc:l&c, 1961 

leportt 

IllS CPr:..:uGl~-!t• ur· Infnr•d Tnf('lmtti-::-n S·~es!.s) Office of 
.!\aval iuearcn (Ccnfuiant1al eud/or Secret) 

The Cn1vert1t)' of Hlchlpn: Oouc.el·Hect..o~nlcal Scennins Dt• 
vicea. Mty 19Stl AD No. 300319 (S.c.rat) 

!c:~!~ S;·a:m e!·.-!.Uon: lnfrarwU lnUrpntation l!lnuai Ttett• 
c•l Tara~tt. December 1960 A130(602)•1937 AD No. 326 627 
f~::! ic!ent ia i) 

IliA • (L'J A.. .. ":j)Uttd 11bliosraphy of Infrared Litnatun 
Vol. 1 No. 1 throuah Vol VI No. 4, Infrared L4boratory o£ tht 
lnftltutt of Science and Technoloay. Un1vcra1ty of Michi&ADt 
Anr. Arbor, Michiaan 
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~·.:-n.iuad lul-ttly "~ --~~ntlll on a llittricos .:>i maps. Fig111. h,l.l-&.1.14 

,?;'· to •. h)-o,oH, ~•10 bn·n ~-.citt~ tr~ this c:opy. ;:'1\o"J.ng to d.ffhulLi~• 



..... • • .. ............ t • • • ... • • • • • • • ~ 

tbe P"-"P,.• 11 tc po1nt up rhose part:iculn opttatior.al facton which 

6.2.1. !ut:ort.c,al 

o:~atcns in Eu;:.:-re. l:.;.tth. Yl-l;cslavia, Chin.a. a:.i the Philippine~. 

Alter tbe var ~jor ~J~rilla conflicts occurred in China, Crei'CI', Indo· 

cbta.•, thl' Pbilippia.u .. aDd Millaya. to name a few. Of the vaat nwabar 

of books ~Dd r~portl vrittl'n about th••• conflicts, a lar*e aample 

u.aiw.! ~>· the Cvr.tract.or cleal vitb acrauey and tactic• in ·the lara•· 

'0 ca...at Vi~\ be~. here OD. the aaaeral principlla derived, vhir.h 

are by a.aw wll ta:u:Na. !'ev accounta of oreraLicmt cleal \iith eucc••• 

aad failure points in vay• that are uaefwl in •uaaeatina idea• for 

detdi.~ c~rr•ctive act!::~. There ,are not :any 11 t:oaiuaarir-&11 boc.ka ViLla 

~U&Dtitative data. Por ~11': in a c~pter 'o==-ntina on the Viet· 

K~ MaDUAl one t«Kt ac partiian warfare (ref. 6. 11) comments that the 

edt -.teD to a kn.,.,ledae Qf au•rilla tactitt". 'Jbe fev accounu wbich 

for this ~iscueai~n-

lxpe:-iarK.e aained t.n Wll a;.atnst th• Japar.e•t= !n th• Pac~ ftc_. anrt 

Parti••~ W,arfare 

6.17 
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f. 

t...• unJ~r the.' &""~r~tl t .. wJ .. ~..-.tun.#s mitlto•·Hng) hlf'ldtna of ''junal• v•rfare''. 

Arrty Art1ll~rry •nd Kinllf' Sd'lo.:l LL!l;rary. (ref. 6.12) 

One ~f the mcst tnformattvc of the bo~k• tound on the aucca11 of 

condttiona 11 by a lrltUh Army brt&adiar who c-a:\da.:l • W•l•h battalion 

iD the Malayan !Dtraancy.. Tha obtarvatil.lftl vhi~h i.-dlah:ly follow ara 

•batracteJ dir~tctly fr~ hit text (ret. 6.1~). 

vhola country which dna• the • t!'iclL "'. (lt 11 prc~laely thil factor which 

11 10 dtacouraatns to the Waat. In auccae•tul, anti·auerilla campata~ a 

vary lara• ratio of troop• ~•r arm. fo active !U•r111al hava been Dledad 

for lOftl~ paricJI:t., la Kat.ya, for uampla, it 11 ~lti~t•d th.~ot appr('l:imately 

335_.00~* MD w~re pt.ced under arm~. aaainlt a tu&i~~~.m~ of aoa. 8000 auert.aaa. 

1&1tl3 na•rly 10 year1 ar~ !1 eatimatad to n.ve cost in all about 6 billiar 

dol lara.) 

the averaae "f a:'le lr1tilh planter and many n•~tivea were being killed 1''!1' 

week. The rubber Lnduatry had bean brouaht to a ltandatill. In 1952-54, 

vith T.c?ler •• Hi&h Cammiaaioner, CT'a ~re reduc•d to le11 tha~ 3000. In 

1955 the third pha•• baaan Vlth CT'• laraely br~en up in amall, iaolated 

&•a&• 1 ftchtln& '" pr•••rv• tha .avement . 

•. 12 An Annotated liblioara~by on Junale Warfare N~ 28 lAD lb)S49) U.S. 
~Artillery aad MiaaLle Schoo! Library: Port Sill, Oklahoma, 
Sept.-bar 1961 

6. U Mlera 1 I. Shout to 1111 Paber and Pabar: Ltd. London .. Enaland 19S9 
tvrittan in 1955) 

•(4001)') lr1t'.ll". and CO':IIt':Jnvealth Troop•, 45000 polict-: ar.d 2~0,00:l part• 
tiM Home C.uarda) 

6.18 
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l.ft Juna le Opnat ,.,n.s 
~t of th• <"pnatitJna were in tt. • Junal., and '"•"'P• which cover 

!;--~::-fUtha cf "-'lay&. In S-~r .. n j..::-.ah p•trola •n valked ln lin .. , five 

yard a af)art. the lw~ Cl.&ft lcokln& ahead. the next two •n V•t.china lett and 

riabt re•pecuvely. the fourth run vatchtna overhead .• and the fifth un 

v.atch .. D& the rear. 

·rtrea are dan;erc-.:s becaule the tmoke .• trapped unc!er the canopy, 

11 detectable at cansi~erable distances. 

"At all tiMI (perhaps for aeveral weka) men apoka tn 'thllpt.ra, for 

·~•caa carry f•r tn .he junale. 

:)C: jt.On&l• c..,a w.re occal1onally aurrouoded by carpau of dry 

paU. froaae to atve varntaa of approach. 

0
C"r'a cou:d not ~·rf 011. "fvUiao cloth~,. and enJoy a chana• of 

ace:ert f~r a wblle. Special Branch coveraa• waa too AC~ 1nd the pailor 

of :heir skins !rom lana Junale llv~r~ vould atve them away. !Yen tvo 

·~ta iD the auuleta Junale vtll be dittiautahtna. A multitude nf little 

aeart fro. iaavttable junala toraa are another atveavay. 

0
ror a:bu.has ~eat pt•4autt~ 1r1 taken··-·even hair cream muar 

be vuhecl off u tba utlvea have a keen aenae of ••11. 

'Tu Gi:1 ai'Yeiopeci an .n1aa~-ua.a anaunct ior cianaer "nd IMI:Ia 

~.19 



La favorablf' ~ lr.:..-ta:t~•• . .:\'1\:lJ i\~ll,•v " CT (, .. , da~·• lln rnd. 

0In hcht:.>pur pan.,; u waa dtar\w.-rlt'd th~t a ·."~Ti' !.us• nufllh-" 

~~ ... 11 cl~dfln&l ext•tcd. at 1•a•t lara" •n~ah to p•rmlt a man roplftl 

d""". 
""-'·' 1• paa.,llin& a rentic:e (boun.Jary line cut throush th• junala) 

auta..tlc ve-po~ fire and ainalc rifle ahota vert htard····tatl .. ~eG to ba 

)000 ya~• away. 

~e jun.cl• ri\·en an often hidden by forelt canof)y doted over· 

head. tn the aurroundtna avampa underwater brt~1•• are concealed by the 

'='=· 1: awapa tr""i'' alV•)"I a.ke conaiJrrable nuile. 

0
0f ~ny &ood 14aaa ••• the Corridor theory vat the moat f'.Vardlna•· 

that tba C'T vould hvor the eaaiett rt"'JUa vher. =av!nJ throuah the jun&le. 

1D oae ?PtrattOD all the bet: routaa aeemed to lie within tvo half~ila 

vtdt balta leldtna nor;h into the junale. Tho r•tto of c~tactl to patrol 

houn vent up Mrk~ ly. 

On Po.:>d C.:.:arol 

orvary~e of the 5V,OOO ir~itantt in the area would be phyalcally 

!tarched every tt=e they itft their Villa&••· 

0
To the CT rica 11 a ~ll ••· uttd tn 1aa- fo~ at every meal ••• 

or physical ltemtne dec:tnet rapidly. 

01tce vas poured by ay.pathl&era. a handful at a ttme, into burled 

.~ .. , •'&4 ja&•· 

Ad~itlonal opinion about junalt warfare ta alaanad from several 

otbar aourc.a1: 

6. 2ll 



inat~ntl 

araa1 ~•t be valked ar~yn4. aenerally throush vater. P.Ody !ieldt a:e 

dlfficYlt 1n ral~y llaton but not impe•••ble to troop•. Rubber ;l~a-

tati-'U \lt.en :.at-...n. atve up t., ::o Y•r·!. around vt.aib1Uty.­

a,rot"Ml juqle toundl aad JMlll Jhould be learn.O. 

0S1ace Junale. b•cauae of poo· vielbillty. favor• the attack•r, 

lef. 6.U 

0 In ntaht defense of outpo•~• ~n4 co.munlt1•• th• trip flare 11 a 

lef. !.16 

Oya. ~t 11r1~~• dtf!1:~J:y was 1n~tlLty to cstabllth cnntac: 

berw.a: the llr e!~~t and the aurt•ce element operatln& und~r ~h• tr11 

~f. 6.17 

ca.aracterutu ••ll u un.~oua ... oa•. ua.aauy_. nowever, rne danaar of 

~.14 '!:"t! ::: J ... ::zh W.r!trt.MUUar;r lav\•v 1:,, 99-101 Au1u1L 1944 

6 • ., Tralr.!~• ~~-• J~.or.al• S.,un, AuttraJan Amy Ju~o.rn.al .U22.. 2"'·2!1 Sept. U57 

6.16 Iepore cf !nvlrc.nMr.ttl oeentt.on. lropical W~t l'lf>O, u.S.I.rmy 
iranap<o•L•'aon ~arc ''· Eutt11, Va. tid) 26DH21J 

~.11 



Ret. ': \6 

!,..r :atlu. 

a. I 6.:9 

"TTa~l j·o~n..:tiC0'!\1 ••• lttneralJ.)' provide the only avenue ~f 

c~lcauo::~~•. l;.ap;»ly and evuunion in 1 Juncle. 

~~r:~t 1Q cacttcal plann~na. 

o. . 
"',".Oft.l•• r.;)UII are q•.uc.c.i.y i.earnea ana 1:tttrpret.O . 

6. 17 

&.11 
6. 19 

.,....;·:::.:.:-.: t!,) fl:aal objecUve Val ~!!DOlt I'Hirely by trail 

.)In uny piactt 'Wft had to :-:N• for runy y•rcl• from vtnL· to vine, 

a.t. 6.20 

0
M.Qu Junal• urrdn 11 very '''"'.i wtth alternat1nl tvampa, 

•~ u&ppery. 

A·.,atln. M. L~ Thou,ht• tn Ambut.to•~ 1:'1 Truelo..•l '-'•rf!!.•. 
A~~trall&:'l Am, Journ.l 

Pera-.o . .u~:-. t; &cyt.n.: :he Chtndvtn C;!!!!':'! !~4S 
Cabat Leuo~ ... from the Junale Infantry S:t'(~J 12·1l Mar-Apr Jq62 

~.22 
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.. ·~;:-~i .. ~•nsu tn j-.&nih httt.Jru quitkly l,)bsu:.;;..: u .. .., •• 

~'Trtt '-"tna --· t., r•ttl•rs. 11int;., ll1' ft.r•• (f,,r d,·fensive 

p,:.tltlC":'\). 

0
Aen•l r•~~·r.naiu•o . .:~ w~Jl •f'i.J:om anOIW 'rule ···but v1ll define 

rt.s1••· o~t.::. 

~. to low vin4 relocitiel beneaLh (anopir~. v•r~r•, •~k•, etc., 

d 1f fuae al owly. 

USA Pl•ld Kanu•l PH ll·lO 
~.23 
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.. ... m..•t~ .UC ~. ~.:urH•f. •nd htalh e::IIDank-nta •r• favortr• t"re 

'dj f~·r .aZibuah. 

~ Th~ \1~1 Mlnheeop•r•t•d aaainar Ra't with oniy an aatault aroup 

•n~ • ow~&ltt~n •r~up •nd vttnout the nurmai reaerve aroup. 

c- lD Malaya aerial uconnatuance unked .. cond in importance to 

trantp...,n·e·tl':c lrlthh h'lr<Jhd vh~•l (cy .. b.lll) rwconnaiuance 

•• .aat r•liable. 

o Pilota in lndochin.a had to aearch for underwater plank patha. 

o In lndochtna th• Funcn .,, .. d lt1taon planea vtth convoy:~ to epot 

~~·;s~.. :':'It w.narmed rlar.u were not hwlpful. 

o The Viet Mtnh aava hiahett prtortry ro raida on airfielda. 

The foreaotna eacerpta from a variety of aourc•• terve to a~v• a a•n•r•l 

P•at••rn of !nj~.~Dct 1cwns ~tch are !!"pli~o:&ble t"' tl.e kind of wart an now bdna 

encoUDt~red in S! Aaia. ~ arceiflc mention vat fowl~ ~f any &dvane~~ elaetro­

... i-.~~:~4. ci•twca.i.va 11•ar. iven .iiuen1ni ~aVI.cea apparently ware not ampl<Jytd. 

ODly ~casioa.l refar•nce to II ni&ht•ti&htl it found and theta are never fav• 

orable. 

Variout kinds Of trtp flares and other devices w~re •MPloyed in ambuah 

aa.d as Drotecttve d•vtcea for defanttve encampmencs. 

lb.e clottu apprnacl1 to tp•c.i.al efforu of the type conlid.ered in thil 

report wre ailtt.r: .. do&J, •• tracitt~ra 1 vlth vhtch cap•runce vu poor: t.m• 

ported native traeker1, v1th which •aperjence wa1 eaeell•nt; and cooperative 

Ucha.iquwl tnvobina '11ttble :.arkera, vtth vhieh only occae1onal auccea1 wa .. 

actalDed. 



t'. 2.l. ( .. :"!C"•il 

Tht! , lct.~•:..r,..~ A'-:1 . .- n.tll .ilh.l.kl\.l :~~o~n und.•r •~"•· ln .-JclitiCJfl there are 

fl\•t ~l-.ll ~1.1 r:......,...:u1 1:-... uh pr..,..:Jnc •. 4tOOC ltr•tclllC: hamitttl "'ere cOli• 

plet.d l~ l9b2. addin& •~ ~l~.000 tnh&bitanr• to &Dve~nt contr~l. 

\'utn~u _po)pul•ti ... n. lncludtna some OOtl,OOO rduge .. frow North 

Vatn&a u estt:wto~d u ll.500,1)0(!, ._,11tly 1n the AnnJID c:o•aul unp and tO,e 

~k~g ~lr•. ~f thia po)pwlltl~ S4l,~n1Cholo)n h&a 1.8 mill1~n, Hu~ JOO,OOO 

&Dd Icuran~t s;.OOO. 

~r-shc..~ai;;c rorp.:.ns .;»n ~rt:"ratto.lul eaperunce in the c:ur:int con• 

fiic:t in Vietr-~ h•ve net bc•n o)btatn .. d. Th• f~l1nwing ~pinions or observa· 

tions wu &iea~ed -tbC''.Jt ~uall~· from sc&ttc:-cd reporta, no!'wa correspondent 

ac:co~ta, .;»r fr~ recent tr•v~lers to th• region. Thetr accuracy and gener• 

&lit;; cannot l'e v,;:....:h~d f.,r: 

o 11C a,uer1llaa attack resu 'Jilla, .. j "'ith little •aming, for 

lhort periods, •~d ~r•ak off quickly if VN forces Appear. Pur• 

support. After bre&kfn& off, in relallV~ly open country, vc·a 

rad.e :.a root u,llera. alon~ canah~ in prepared burrow. ~o:ith 

In jun· 

jle ~!":1! VC's c1n Chpers• aod a~tem to move mar~ cap1al .• and 

s;••di,, than purt~erl. Coordination of tracking ~le~nta in 

Juocl• 11 eatre-.ly difficult. No satitf•~tory detection device 

fer Juosi• F~~•uat n.a be~o found. 

c: E.... .... t l.:;catlon nf JUDtle C4111PI ar,d m.tJOt baua from the air h;u 

been a•n•rally impoutbh. In th• .t.lnd Oaviaion ana (Ref. f•.2l) 

6. 25 
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• J~fSt! \'C c,.mp, "'ith tUlntng ground. tield ""'!lpttal. anJ lt'TIIS 

ground iire. 

!t has been estimated that ~r every five 

pen~s. l is ac:tlv•ly pro-Viet Con& and l actively lijlinat. 

o H.i:1.:-r &r:.:l. ::Yjor \'C a:bushes hav. been prepared and e:.::ecuted "''tth 

:o locals f~r "•ys. Pursuit after ambu!lh ha. frequently been 

aood escape fr~ ambushel 11 available n~arly ever~where. 

: Mcrtar !ir. •.-in•t oucpoa\ ~r••• 11 a trequent tactlc. 

control ov•~ its •r•• including provincial gu.rda an~ ielf-dc· 

fce ... corp• ~ll;~f. 6.22) 

0 

~.21 K.~aO.il, S.S. AD &zpo•t~ flank in Vittn.&; ~pOtter. June 7, 1962. 

~-22 Jaoloasky, H. l. Counttrin•urgrncy 11 Xour But ins••; A~ Information 
lllkt:lt, !l [1:, July 1962. 
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lcf. b 21 

~ ln Ind ..... chla•·-~h.- t<tbele put cats i" traps to lure dogs and ••· 

ld. 6 2:i. 

o Swamp patrola up te t~e vaiat in water. 
I 

c Vut fll)()ded areu with n~ clear pathw.!yt or dUtu. 

~ VC a:tackinc a villas• ~Laoat surrounded by vet paddyland. 

o A lone \'C fleuna throu1h a tlooch~'d paddy. 

aatiaiactorll~ ~eaclved :nare 11 a premi~ on •ll •••r ~in' of lov vei~t 

and easily traaapcrtable by m.npatk. ~~ r~l• li that the a••r ~It be clearly 

.ore valuable than the ~teri•l it muat diapl•re, 

lo a recent ttudy by the C.S. Army Signal aoard \laf. 6.25) it waa 

6.~ ~lte, P.T ~ ~&rr•tt. W.&., Soytb Vi$tDf! ftgktt tb$ Mrd lids; National 
C.oaraph1c. OctoOer 1961. 

6.24 Ol.P4:1le. D. ffslisOPUtr War fn Scuth '-'1st~ Ration"~ Ceocraphic. 
JloveJmer lil!t~. 

6.27 



Dell vill •1•~ be reductd tn Junalc •••••· 

priu caD bt turned aadnu the•. and that thll!) can be f h •• bwd from hidina 

placu. 

6. 2. 3. L'liliU 

n .• ,aot1·•wc' ill• c...-iana vhicn have been condudco auccuatully, 

at !e Greece. tte Philippines (tlukbalWc.), And HAl•i• swe111 to havtt t.ad aevaral 

c~ ha:::.oru. P1rtt. rh• C~a1n JU.tri I h ~ .... could ole located and iaolatad 

fr= v.oa!J. :.w:.., .uw nt.•t-~•· Sec~a. tb.e iocal popuioltt cou!d be ri&1dly 

ti:a pressure vas m.tntatnee oc the ruerillas by ~t,urout, continu~d, and un-

predlctable offensi~• iCtton. These mAy reasonably be t&kcP •• ubj~ctivea 

for :u~ter•insura•Dcy operations tn S! Aaia. The hop. il that ovcnwhelmtna 

1D South Vietnam (&ad pcrhaya later in Thailand) on• areat d1tt1culty 

6.2S C?rrmis!pont•llrctronist in Lle&;td War (Junalr oerraqonll. U.S. Anay 
Stsnal loard Caae ~9, May 1~62. 
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c-f !..,~,, t1:et. r-~· 1l,CUat1ni ·••r:~in, and p~rhap:J redut1ng the she of aarziton 

aeceaaary. 

'not prt:.ary ;.;tilL.,· ..»i aGv&nced. due~ti\)1\ uciut.>logy will bw Ulted 

rroopa. aa:t ahould ns·.·lt lD a ZMrked improvement ir'l av•ull comlwt tfftctwacy. 

:AlthouJh th'! search for efUc:ienc)' tr. co::lbat •nd. other tmprovementl 

cited are veri· t:;pcrunt it 1s vorthvhtle potntina o ... c tnat if mautvt: mea• 

au:•• •~ch AI tnoa• undertaken by the British in ~.laya art employed in Vt~tnam, 

•· .-:... 6.29 
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Thu S•ulon u de\•oted to ~ dtnuuton prL .. rily of novel u.••• of 

tafrar..:l in autt~l(\lr!"t lla lpp\lc•Uont. 11\r ttate·of·the•art oa. hiah· 

reaoluti~ theraAI .. '"'a 11 dil~u•aed in 7.1. la 7.2 the utility of 

uri•! '"'~''""llL-. .-~ !.n f·'re-drtrctt\1n. ••rly eatim.atea, • Iurvey of 

S. !. Aat&D ha•t aour~•• are covered. Alao, phfiLcal factor• affectLn; 

dctec-Uoo ADd c.xrer~•n.:e are dUc:uUt:'J. In 7.3, tu a•~tri.•:al factorfl 

affecttua fire det•~ti~ eapert .. ott and detection reltabtltty are 

exaaia.d ta detail aDd the current ltatua of Work 11 crtttctaed. A 

neaarch pros1'a u auueated a.S AD outUu ta atvea. of aa tut.--..1\t 

dealaa-d1for tacttcal u.a. In 7.4, the quaattou of vake detact1oo 11 

revi.....:l. &ad upert•ntal proar_. are rec~ndect. l:xpertence wtth 

curnut. ailitary II equ6.p8eftt 111 dhcueaed la 7.5, aDd ·~ other 

pot•ntlall>· uai'ful arpUcaticml are briefly dilcuued. 111 7.6 and 7.7, 

aa.e of th• t'act,n underlytna illltnmea.t perfo~rac• aDd daatca are 

ea .. 1a.O Vltn apecta! rerareace to detector probl .... 

-7.1-
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7.1 nH!·OF·T111=4U or RlCll USOumCII T!!!!II!U. IUPDS 

CGiillilS 

7.1.1 latroductioa 
7.1.2 Prlaolploo 

7.1.3 Stato·of•tbo-Art lqutpaoot 

7.1.4 Pre•eac ~ltatloaa aftd lzpected rucuze ~ra.-..cta 
7.1.$ Coaolualaa 

7.1.1 letrodyctloa 

latonat. It la -•od tbat drncoa of otaUar prlDclplo of oponUOD 

tol'rttNJ la tbe noat tbet .,..ntlla -ntiaaa proohaco tolltala nldaaoo. 

!lola ,.,.. •-••ta of a a-ni daocrlpUoa of tba prleolplo of tbe-1 

.,.n alllll a quaacltaU.YI fo.-laC.lOD of tblllr cbanctertttlca (7.1.2) 1 a 
I 

'•lof ~ucrlpU"" of o rapr .. •taUvo bllb·•uallty ...,.,,.... (l.l.J) - • 

• ,.... (7.1.4). It ohould bo _...ohod tbet tbaoo dnlcoo obcoo COD• 

atdcrable prcai11 tn appUcatloaa to tbe tu"•lll&ece of lw•t..,.nture 

uqeta ln the opea, aucb &I for taat&a.ce thn.l wU1. 

7.1.2 Prtactplea 

.l U.er.l •pper oba'"'' aa area aal recoril the -.itt .. 1Dfrare.i 

1..'"1 a particular w••lftllth Teat~. At preeeat all eueh ca..tc•• .,., ..chaot.c.al 

~• tiKI ao •ul"-lrle ll a-&• ''*" are avaU.abla. Varloua aecbaaic.al 

•7.2-
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acaDAiaa pattern• c&a b~ .. ployed, operat1Q4 in lither 'he object pLaae or 

detectors .. , ~ uaed. lo the caae of a1rborDI equi,..ot uetna a aiaal•· 

dta~.cted tn one direction by the acanntaa el ... nt (in ~h• a~leat fo~ 

& ~otatlat •irror); the detector •••• tucceaatvely tb• tl ... ntt of a ltbaar 

ltl'ip ("Une"') of the Ufllt field. lbl tllaftlt till ("l,.tial I'IIOlvtioa") 

"ahaped aperture'' (and data pr~•••ta.a required by lt), 11 uaed. Tbe 

"Uoea" CGG8tituttaa the taqet field are the acaeed by vtctue of the 

.. u ... of the aln:raft. 11J adJ .. uaa tba acu rata (Ua .. acaaaocllaac) to 

the r.atio of vehicle arouDd 1peed to vebicle altitude, the entire taraet 

fitld CU bl IC&DDed vltboat onrlap 01' u\DSII'lap. 11 IJ IQ.Miftl fl!.i tO I 

lt.cht tpot .od.ulated tr, tb.e detector output aad .,., .. rtl.&Uvt to the fUa 

1D. ccaforaitJ vttb tbt tc.&llllla& .ott•, a oee•to-one correlation Hcven 

the deaatty dittrtbut1~~ of the de.elop•d f11• and the irradiaace in the 

• i.f.o.v ... , be obtained. 

1t4r1 cMracterUUca of the n•ulttns tbar.al _, a-.·a ita ''•patial 

dUfereece ~f two "aray body" el..-nte!'J teqet area• of idea.ttcal ~·-

liYitill which eauae a diiCII'Dibl• diffareoce in deaaity). Siacl the tr• 

radi&Dce fra. an ezteaded aourc• 11 dtrectlJ proportional to the field-of• 

vtev, the tvo c~ractert•ttc• tend to oppo•• ~&ch othe~. That t•J for to• 

c~ed .,.cLal reaolucioa, t..,.rature re•olution .uat be •acriftced aDd 

-



7.1.2 o\~atltlt!Ye Chtr•cte~lltlca of Alrbora• M!chfa.lstllz Scapa.ipa 
'nt.er.a 1 M.aer•n 
Lee u1 epeclfy that 

~1 • taataa.taa.eoue Ueld .. ot·vtew (tceradiau) 

~ • total •saa o~qle (radtan•) 

V • ••htsle around '"td (~Ieee) 
8 • vehicle altitude (km) 

M • a.~r of el .. a.u tca'\c.ed per tecoad (tee "'
1) 

&
1 

• effective aperture (ea2 ) 

f • foeti let:~~th optic• (c.) 

An • area lllllCODCiuctor d.Lector (ca
2

) • n:r2 

12 cbe caae of a lla.ear (ltae) scaDDer tbe a.u.ber of el..-mc• 

Srat• seu1t1vity can be tpectfitd tn te~ of tbe aolte equiY&lnt powt~r 

of tbe detector 

.. 

A,.112 . ..::...­
o* 

1/2 
Q'i) (..e vattl) 

l/2 
• .....!.. f't2' 

AD*'H.I 

" 
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t 

t 
' 

• 

lf the radlaa~e ot Lhe ta~et f1eld (in th~ ;~octral bar.d At for vh1cb the . . 
value~ applle•~ il I~ (vat:• ~-.··,tcrad.~') and the affective traa..il• 

tloa of tba ,.ch 11 'u\ll), than, at a •tanal•to•aotea ratio uf unity 

f I VO 112 
~ •---------- l~) (etaradlanl) 

-. t~AR~\ \.H 

tbea, tba.eubceodad area, that 11 the lp&ti&1 raaolutloa at vertical look, 

(1) ·2 ·1 Ac. a tpKtr~l radiance of :he taraec field of H(~.) (v.ea. ttlrad. 
·I atcr·oa ) , the vahl.a• of t ~;.,.. •.:.:·. and D*, are detaraiaad fr011 the fol1C1111DI 

relactoa: 
) 

/
2 

t('.)H(i.)D*().)d'. • 

'1 

There, 1.2 aod 1. 1 an the upper aDd lCNer vavelnath lS..tce, reepecttYely, 

of tbe lpectral t•1loa :.> •• 
12 >tf acaanta& afftctency, a, ta 1••• :han uatcy, tba required aperture 

A~1 11 laraer than the ideal apert•r• A4 and AA1 
~1.S· -

"• ·:m 

' ' 

14) 

(4') 



., 
ooly a ~11 v.Jl·deflned ~1• ft~ld La required. For, .. ,, plane ecenaint1 

the optical ayat~ .. , be difficult to dee tan if the epectral r .. lOD of 

dtttctloa ••t•nd• beyond a f.v mtcr~n• and a wldt anauLir coveraa• 11 rt• 

~utred. MOYt~ver, the reaoluttoa attainable in practice .. , be lt.ited aleo 

by the 80Uatlna etablllty of the uptlc•l ayaca. becau.e of vehicle Yibratlca 

aDd fll&hc. rouchne.,. A lao the t tme conatant of the detector _., bl thontl' 

·I than the dwell t~e " , ~y a fac'~' of •bout J or 4, or the atrnal !ra. a 

reaolutloa area vtll aot build up to full level, leadtna to a fal11 lodte&• 

tlon of the lrradtance fro. tnt ratolution ., .. vtth reepecc t~ the it• 

rad1&oca fr~ an eaceadad araa of tha •••• radiative characcarlttlct. Tbtrt• 

fore, loat detector·t~a·cocttant can only be tolerated whee a ~uabtr of 

tDdepeodent detectort••Arraactd in an array parallel to tha dir~tlon of 

fl~t·•are betaa uted to tufflclently tncr .. •• the dwell t~ per detectnr. 

Since the taraec ar .. tubteaded by the fitld•of•vi.w it d1~•adeac oa 

~h• 1can aaalt, th1 tpetial ratolution v1ritt alone a •~n liae vith 1caa 

aaale. Thil variation .. , be eapretted by tht ratio of 

wberr A0 11 the r••olution area of tht terrain at ••rtical i~~k anA Ao. it 

tba rttolutiDD •raa at tn. acan aar!t of a • (l) A tt the •tnt~' attatnt~l~ 
a o 

(l)Tbe appraa~tt variation vith tht inverte of coa 3a if d~• to the 
fact tbat the proJ•~cad area var;11 v1th cha invert• ofca12~. aan cnac cbe 

tubt!pded arta it proporciaaal to the projected area and··appros~tely•• 
to the inver•• of ~o•ax, ln effect, in thit approx~tion1 we neal~& car.a 
CODt&iDiat tin2(1f2 nl/2) and VI take Cu.- 1/2 0}/Z &I unity, 

.. .7,6. 

(5) 



1111 
retol\atlon for a &fv•n •·utca. By chanalnl the acan .-cttrD to a circular 

tiOD would be vortt than the beat achievable, &I tndtcated by lq. (S). 

For a raraet held of aray body radiator, 16). 1; 

4 
R,c.~ • ~AA. cpi 

B,c.x • apectr~l ef!!ctency 

t • effective ~ttalvtty of taraet field 

t • effective temperature of taraet tteld in °K ~nd 
-12 -2 -I 0 -4 p • 1.8 a 10 w~tu ca. lttrad. ( l) • 

dl •. 
Tbt cb&Q16 of ·~~ vtth t..,erature1 dih ta 

ODd 

:. •. - R, /4i..T + 
8~;.. ~T + 

6
'6I) 

~"· ·-' \: t e.c.>.. c 

to •l&aal equal• the detector aot•e, tr 11 

.n 
•) 

ilDCt tbt e.taat•ity 11 a weak function ~f c..,erature and at a .. ll valuaa 

-

(6) 
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of AT (t.e., 61 <. 11). 3t) the una oi fnr I,.C:tral 

tM.rd ten.. in lq. (7) •Y be nealected. Tht'11 1 thl "t•perature 11DiitiYltJ
1

" 

·~t h 

c~t ,. A ~*ll • 
A 

acr .. a of the aean aaal• approechtna. :!: 900) 11 indepea.dea.t of acaa aqle 

aod tbe decraaae of tath tran .. tt~lQD with tncre&atna path•ien&th 11 in· 

lilniftcant uader averaae meteoroloctcal crnditiaa.. 

tb• eoat recent theNal upptaa device, to ~r ki:LcNleda•, 11 the 

&.Jf/Ol5·5(D·l), dneloped by feue lnacn.enta unde .. '""" r.ontn('7 M• 

J6039SC78224. It appear• to be a repreaeacative of the belt equip.eDtl 

vitbiD tilt c.ap.btUcy of the preeent ltAtt of the art. 

Specificactonl are tnat 

Scan ar~~le: 1eo• 
Scan race: 

ln8tantaneoue fteld-~f·vt.v: 

(I) 

DICKCOI'I: 

zu.ru '1n ::.1: • )UU L.:pa): 

lnSb(770X) (lo·5•) Go + fta(JQOX)(S.•llo) 

1.85 x l0' 10wt .. 2 3.06 x 1o· 11.,,.,.z 

Koill lqutvalenc t .. perature 
SaaliUvlty: 

. 7 .8. -
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, ..... rf'qvtre.:rnt: 900 VA llS V+ 

so w 28 VDC 

• ill!!~ o;. •n& f~r 

C• + Ui detect~r: litftr llqujd Nf! for 100 
houn of cooUna 

ur: liur hq~ld He cor ) 

houri of CO.;tUq. 

The deteetcra are aaid to be eaaily interchaaaeabla. It baa b•en ra• 

ported tha~ eodificatio~ to provide • lO·araO lDitantaneoua ttald·Of•vtew la 

eaaily acc~\lahed. 

In the htur caaa, the noiaa ·equivalent te~~paratura aauiUYitJ' ta 

aatd to ~. 0.006~1 vtth Ce + H& detector. Under tba .... cooditton tha 

t~aratura aanaitivtty uatna luSb would ba 0.026~. 

The provt1tcn of fleatbiltty of aelecttoo ot apactral raatoa and 

apattal t~aratura raaolutton may ta t.,ortan: in uaa of the equt,..nt for 

t~~tal atudiaa atnca the at&aa of tar;et Areaa :! 1:tereat and tbatr t~ 

par~turea relative to th• undiaturbad (natural) terrain are UDkaawn. We 

bav• h•ard that tha ,equts-ent providaa for upandon of any 1electecl r .. iOD 

of the f1l•'• denaity rena•· Thia feature i1 vary valuable for eab4DCiQI 

•ltabt radiative differ~acea in a taraet field. 

Of twu ":':'i&itslll unlU of tbh e·luipm,ent one unit var telted by the 

the other uDit wa1 ddiv~tc.:d •.o Flirchlld at the Yuma Teat Statton for 

drone telta. We under:.!:acd 10 u.11u are beina ptot.ured by the II for recca 

ua• !n the lrllO. 

tution of Oceaaoaraphy with an inltantaneoua fteld·of•vtaw oi 20 ~ .. aDd •• 

wren a and ll •lerona. 

•or ... neue :apeJ or a 11 laat·•~h" ele-ctroni= duplay uy be uae4. 

·1 .9-

• 

• 



-
la prioci.ple, ~h• perioran.:e oi Lhcn~&l Mppeu b UaiL..I litJ •.be 

,..,itlvity of the det.ctora and 11 batter and batter data;tora beca.a 

awllaola, tbu .. l •PP•r parforMnce lbould t.,rove proporttoaally. la 

pr8Ctlca, however, tvo other t.portant factor• ~t alao be conatdared. 

Tbare are the at&blt platfor. and t~e racordlaa (dlaplay) art which •~• 

perbapa l~ttna the praaently achtevablt apattal ratoiuttoa. ln addltiao1 

the r-cordl~ Mdiu. U.aiu the dJIWU.C renae of i.llfon.. .. ivil. 

A 11r1oua Uaitatloa "' per(or.anc:e ia d\M to ecautna nolle, 

aapecially in iM&•·plana ac;!l.llina. Object·plane ecaaat-. baa the die• 

adw.DCaaa of requlrtq bulky aqulpaent •. Murao,ar, coutaa.t reaolution and 

ac.ala factor tn the entire ap •Y or MJ not be obtained clepeadla& oa the 

11 1M&• tube£, vbea perfected, ebould l'e.crt'l ecauiDI dlfficultlaa 

•Dd 11va a.- i.llprov_.nt in aenait1Yity by virtue uf the reductioa of the 

effecU•e bar.dvidth fra. the laver .. of the 11dvell•time11 (the ct.• an 

el..-a.t 11 bela& acaaned) to the ia.verae of the "fr ... ·tiae" (the tt.u tbe 

eotira field ia beina aeaaned) aa 11 the case in eonventional televteion. 

~t iieDtical aurface aeaa1t1vtt1ea for the liQ&le el .. ent detector and for 

aa -.. tuba, an imprcrveant 1n aeMit!vlty proportional to the aquara:-

root of tbe ratio of the reapec::tive b&Ddvidthl could be upectecl. llallnar, 

at lMat for a certain leaath of time, a full raali&.:o.':.iou of auch aaia vUl 

tuaataly va are not able to predict vt.en auitable 1 ... 1 tub•• will beca.a 

aftlublt. 

• 7 .10· 
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AI the perfo~r ... ·• of the,_ I :w.pper1 iaprovee, the aao""t of iafor-

Cor..tlaa per ••, 11 of little u~• vttho~t proper ~luatlor.. Since COD• 

teaporary .. pa ~Y alc .. dy l&turate the capacity of human (vitual) evalua-

tloa (the accuracy and rate of Vlfual evaluatlun it definitely !eat than 

eve1' 1 an aue:ament of the utility of auto.atic c:Utii.--proceutna applied 

to tn•~l .. PP•r• aad a prediction of future advaace• cannot be .. de 

h•r•, in any •Pi'tectat-le drtaJ.l. But lhiJUld be noted, that a fli&nificaa.t 

proarl!'ll could be ah•Jred 11, for instance, the extnenee ot a pe<"uUar one 

in (&~t) real t~e, aut~ti,ally ettabliahed. Sue~ a capability would 

coaatderably tacraaa~ the merit of wake-detection, when, of cour1e
1 

thil 

1.1.S Coacluatoa 

tba~l mapptca 11 a hl&hly developed art. Nevertheleaa, future 

~1• tub••, •• f~r a! sensitivity 1• ~onceraed. Concerntna reaoluti~u, 

t.p~ov-..nt tn auzilta~y equt,.ent <•uch &I ttable pL.tfo~) ia perhapa the 

~re UrJent. L.,rov .. en: tn optt'' by Judicioul uae of aperture•lhaptna, 

il alao praaii1DI• However, the need il perhapa the areateat for automatic 

daca-proceaataa. Althouch th••• ne•d• have been recoantaed and the lack of 

the4r fiJlflll=r.!.t is badly. felt, t.l•• capeblltty ,.,f contemporary •PPina 

t~hatquea in appropriate appltca~ton •ho~ld be very uaeful in au•rTtlla• 

wrlare. 

-7.11-
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7.2.1. General 

7.2.1.1. Introduction and S~ry 

7.2.1.2. Campf1re Caltulationa 

7.2.1.]. Heat Soul~~• 

1.2.2. D~te;tlon 

1.2.2.1. D1rrct 

7.2.2.2. Incltroct 

i.2.J. Poreatry Service Proaram 

7.2.4. Oper•tion Tropican 

7.2.4.1. Introduction 

7.2.4.2. Planntna 

7.2.4.3. Experiment 

7.2.4.4. Critiqu• 
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7. z. 1. 

7. 2 1. 1. .T'1t r,)l.)u~~ 

detection ~f ftr•• in junale might be a very •ood indication of the 

presence of auerilla enc•mp~nts. aiven other necesaary data. AI pointed 

out in the precedln& nction. r.o other aerial nrve1llance technique had 

It vaa araued that ~) rlce wa1 an absolute eaaential in 

au•rilla diet and that b) rice muat b,. co~>ked. '!'hil araued !or the 

e~iltence of campfires •nd the poa1tbility that careful thermal mappiftl 

of an area miaht detect such firn. If the canopy had even aull holea 

and the ~ppin& vaa rt&ht. a direct look at firea could be obtained. ~ 

11en ~arlier in Section 6 it 11 inJeed very likely that .any amall ho~ea 

v1! 1 extst. !f "l<ll!n were no hoLes, but enouah lar&e fires, indirect 

detection of heateci C.&!',::~py, or V<itm air col\IIDD.a mi&ht be ;o:otibh. 

In dreaD, •bout 10,000 VC were tuppoted to be r.ormally 

enca=ped. Cooki~l rice for the~~ :en e~ch night would require •~ 3000 

rw hours of campfir•~· Initial calcul•tiens (see 7.2.1.1) ar1ued for 

delectability. 

Ar1ument1 aaalntt the utility of 1uch turveillance were 

thlt a) indtvidualf eooked their riee in tmall ;2~!~: o•:er charcoal ltOVI.lt, 

or on very s-.11 ftrea; b) that community pots would obtcure lar1• fire1; 

a.tural fire• in the woodlands; •nd eJ thdt ir. ~ny •eaton• of the year, 

due to h11h humidity, cloud•, or ratnf•11, IR reconnaittance vould be 

*B. Alexander tft~r F~r Ea1t 

....... 
Survt-y· 'hlp 

• -7.13--
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ialpl'acUcable. tn r .. olve ao• of theae queattona .:u~ heat awi'C .. , 

CDTC (Thall&~) aadc ln~uirica Ln the Par ~at (aYe :.2.l.J), 

A aurvey of U. S. activity diacloaed that the U. &. 

Pore1try Service va• already runnina eKpei'Lmenta on fil'a detection 

rec~aded •n additional immediate proaram involvina a plannina 

esarcite to define ~nvir~~nt41 m.~iurementa •nd contl'olled field 

Operation Tropicen (tee 7.2.4). 

Factors affecttns contr~lle~ axpertm.nts on fire 

detection are defined in 7.2.2.1. 

The probl ... of turveillance for fire• ~ith eziattna 

aqutpa.nt, tha daatcn of auttabla field •xperU..nta, and a IUIIIItld 

opt~i&ed equipment are co~red Ln the next maj~r aub-aaction (7.3). 

Thera tea. tc. be, currently, .hL&h enthuaiaam for 

thia technique and the uaa of preaent thermal mapper• in operational 

aod field talt proaraaa atill muat ba planned and carried out; (2) that 

e~iltin& tharm.l mappara ara not in aaneral tuitable fol' u•• for fire 

detection in 5. t ... La, and {3) that a very tuitable equtpment could 

be rapi~ly developed. 

1.:.1.2. Camyftrc Calculations 

AD early ~•lcul~tion ro ••ti~t~ ea.pftr• output 11 

included here for ca.pleteneaa . 

·~:~:~~ i_,~ .5;·~ ?i::f:-;Sf:J :··. i:_ :. :: ::_;, ;~ :j"-::< :-;: ~~~-~ -_ :::-:. -~:. :.-,:. -~; ;_ .. · ·::: ·, .: ·':'.·:· :;'; <-: _ _._ ...... 7.i::~ ~: :·c--
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I a) The Canontcal Campfire 

............. 

~ 3 X 10 joule• needed ~ere tupplled in an equal t~ period 

the a·1erale heat input would be 2)0 vatU .Evaporation, 

radiatlo~. and Lonvectlon loslet, with care, ml&ht be 

co.parabl~. H•nce, for a c~fira very well-coupled to the 

pot tubatantially 500 wattl would appear aa low temper1tura 

heat. 

Tht inefficiency of auch a campfire will thaw in two vaya: 

radiation directly from the hot coal• (or fl ... a) and 

radiation, conduction and convection from the vallt, etc. 

of the fireplace. 

The coals (at ~bout 2000°C) radiate rou1hly 1 vatt/c~2 
in 

the viaible, 70 watta/cm2 in th• near IR (. 75 - l.S ~) aad 

125 vattt/cm2 in the inte~di•t• ta (.75- 10 ~>· Thul, 

even one sq~arc inch of exp~~rd hot coal would causa thl 

radiation of more than 1 KW. Exposed flame• radiate laaa 

near ll reaiont. A reatonable au••• for a ~mall tire ia that 

at leatt 500 vattl would be radiated from the coals or fl ... , 

(cort•~pondin& to one-half square inch Qf expoaed i&nited coals.) 

Since wall loe::c::, ct~. ua vary IIN.,;h like thoaa frc. tha pot, 

it 11 not profitabia to make very fine diattnctiona. It il 

-7.15-• 
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sratea. aupportl. ~tc. 11 enda up in the pot, 1. 1. abdUt 

500 ~•tts. ~~ 1 KW assL;ned to th~ pot and vall lotaea auat 

be dtvtded between heat vh1ch ve~ the air a~ radiant h~at. 

lf ve assume the rad11nt heat emLtted from LOO~C lurfacae, 

.6m2 of radi•tor would auffice. 

500 vattl a lao) can be •xpected to heat the air in the 

vicinity of the fLre. The hyd-:odynaics of thil flow 11 

qllite complicned and"" have not, •• yet, bean al»la tc 

In IY~r~. then. it ••~• to ua reaaonable to pottulata a 

• eaa.onical ameli cooltin& fire vttt. the follovin& character· 

iltiCI! 

2 0 3.3 ca of coala •t 2000 C radiat!n& 500 vatta; 
2 . 0 

4500 em of walla. etc. at 100 C radiatin& 5~0 watta; 

A riatna •it column (aLae and temperature not yet 

The tiiLDI column alto hat a•••• and particle• entrained which 

may be of intereat. 

b) Opt1cal Tranlei••lon P~th• Thru the Junale 

We have vUtuall:,.· no 1nf:l~,u.uon fr011: which the ablorpt1.0ft aad 

d.-diJ('f'd. A Hbrdy narch will 'De tniUat...J 1hort.ly acd MY 

be 10·100 times larawc than the ... ·1 fire 
'De normal Lf aroup cookin& is pr•cticed. 



oe a~~"'ce~ trum llll! all""~ ... d t•~t that t.>n~ can read a up in 

The noon (clear davl lllumaolatl·lll (ln the vilibh) at the 

junal.: ~.:p 11 ah'-'ut .U~ 'W/~ro~ and th~~~: duak lllL~a~ina~ion hun'• 

' ·3 2 altitude • &er~ ~e~t~~•• la lP watta/cm The i llo.-minat1er. 

required for re•dtn~ a map ia ao~What greater than full .oon 

11 hau na tl. on -~ ? 
(10 w•tr•lcD J, Alaumina that attenuation down 

to ten timea full moon illumination 11 req~tred to deny map 

ond 

or 

The geomettj· of the path through the junah will be voru 

f:-:- on atrbor-r,• acanner than for moonliiht. The total field 

of vlev of the urbor11e devh.e ~~ri 11 be of the order of 

lteradlan, hence the maximum &anlth an~le ta 1/2 radian, and, 

in con1equence. the attenuation ia aubetanttaily that of 

v•rtical inc1dance tranamiaaion. 

The eatimatea ~de above for attenuation in the viatbla :an b4 

extended to at leaat tha n~ar lR(.7S • l.S~) hy the followtna 

arco.:=.t:nl: 
-7.17-
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The tran••tatton of optical radiation throuah the junale 11 

partly by u.ar.e of Jtatl•Llcllllly occurtna openina• ia the ccrHr 

and partly by tcattertna from lara• 1catterer1 1uch •• leavea, 

branche1, etc. In the e11e of pathl thro~sh opentnaa in the 

cover, aeometrtc optica certainly apply for the near and 

probably the far IR. In any caae, tranaMialion vo~ld tncreaae 

the vavelenath aenaitivit7 of the 1urface reflection coefftcieat 

vill be controlling. Data available for the near ta indtcatel 

that the reflection coefficient 11, if anythina, hiaher than iD 

the vtatble. the reflection coefftctent of the junale foltaaa 

at far 11 ~Y be •• much •• 10 timee lower. 

The fact that in both mechania~ productna traaaataaton, lona· 

wave 11 propasataa at leaat aa v-11 •• the vitible .. ke1 it 

tafe to u1e the bound• applicable to viaible t.raft-.i~!ion to 

tha near II. Since the domin•tlns meehantam i1 not kDGWD, the 

b~nd• do not apply to the far lR. 

7.2.1.3. Heat Source• 

N~ data on the incidence of natural fira1 haa been 

(ref. 7.1.). for conv~ienca the1e datA are repeated below: 

·~tse~11ion1 with appropriate peraonnel in Vletnaa have 

re1ulted in the follavtna eonc1u1ion1: 

a. Heat Source: A heat lource that can ba attociated 

With ~at auarrilla aroupl it the 'ookln~ ltove. Thl• 1tova 11 a portab1~ 

7.1 Ltr. 18 Sept 62 T.W. Brundase to k. c. Phelpt, A11t. Oir. Remota Area 
Co)Ofllct. A&PA .. &!iii 
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e•r•tc or baked c!.y devtc• co.-on to the Eaet •nd freque.nly called by 

::~c .:;.r;.o.,;• ;,,.... '':Ht..a'~•i.". Ci .. Hu•l ~. 1.h• uni.verui fu•i. T"• uay 

atova ll a ilollaw vertical C}'Undat iU to 14 lnch .. in dt ... ur and 14 to 

Ul inchaa hi&h and open u the top. A aut• on which the charcoal 11 

placed 11 located above an air-port in the tide of the cyliadar. The 

food ta cooked in a round-bottom iron kettle or flat-bottom pau ~ich 

11 placed directly over th• o~an twr of the atova. Thia type atova 11 

laraa anouah to cook the food for a equadron (8·12) of men. Thia heat 

aourra vtll be employed in all reaiona from the delta country to the 

~ntaint. A aacond heat tource 11 the tmall campfire. Thi: f1r1 11 

~ina hour• for va~th. The '~•1 1• wood, •• oppoaed to charcoal aad 

the fir• ~· laid oe ::he around. The fire it carefully tended eo •• to 

produce the aint.ua of tmoke anU r~ln am.ll (fire • bed of 12 to 18 

iachea diameter) in ord•r to permit rapid exttnction. The u•• of other 
I 

fuel• 11 eatremely unlikely beca .... ._. of loauuc pr . .,bloma. 

b. Shelter: Und~r the m.Jority of condition• the 

(,.·h•r"'.-•.•'!1! !lt~v~ Will be u'ed O'.JtJide of huts or lean-to':. Under stable, 

•~cure ail1ta1·y condition• the cooktna may be d"n• in a hut or ban ... to, 

particularly in the mountainout reato~. Camp ftree will be built outtide 

of a hut if a hut exiltl. 

c. Surroundina EnvLror~nt: Guerrilla activitt i1 not 

l~ited to tropical rain forettl. Con•equently the cookina ttovet will be 

~•ed in f~liaa• ranain& from 4 to 5 foot hl&h acrub tr••• and bruth to dtn8e 

foreata. Any folia&• capable of furntthJna protection froa vitual obaervatioa 

-7.19-,...., •. ~ -



I. 
r 

, .. 
can conttlt•ltl lurroundtna envlroruent. 

~- !i:e d ..... ·-· tr. the 

opinion of peraonnwl queried. the 11~ of &reateJt <OOklna activity 11 

a 2 to l hour periud centered around 1unrt1e. However, it VII etated 

that aa.e auarrilla aroup• cook in Lha evantna and that the activity 

covara a 2·3 hour perlod cantered around •unlet. C~p firaa sanarally 

catat for ab~t 4 hour• atarttna •t tunaet. 

heat 1ourcaa are believed tu exitt. Charcoal it ltolan or conftacated by 

auarrilla troopa in the delta reaiona. Troopl in "aafa" areal may procaaa 

charcoal, but thia ia believed 'o be unlikely. No armas.nt foundriea are 

believed to axilt other than individual u .. of a charcoal ltova •• a fora•·" 

(rot. 7.1) 

Radiation fram a campfire may be aaan by •~ airborne ••~or either 

alona a direct path throuah an openina in • ~•nopy or indirectly. Iadirect 

detection .. , be ~011ible of lilht reflected into the field·of·vi.w of the 

een101' by foliase with favorable orientui.unil. Aho, U I! portion of tha 

canopy over the campfire 11 heated aufficiently, the preeence of tbe camp· 

fire uy be inferred by dauctton of the "hot -IJ.oot" 11 an unu•u•l it• in 

the backarouad. In principle. it 11 even poeelbla ~hat a difference tn 

tranaaieaion characterl~tica of the atr due to accumulated ca.buetioa 

producte, could be detected. Of theee poaeib1lit1ee the moat intereatina, 

clearly, ta dtrect detection. 

' 0 
·1. 20· .. 



It l~ ab1olutelv ~ert31n that funct!oning current 

direct vievin&. EEp~rience ahawa t~ar a ue~fu1 ratio of f~raete 

detected to tarseLI preeent cen be d•tected in t~lrly open cover. 

The denalty of covet, type of equipment, 1~ .. thod 

of obeerv~ttnn vhlch allow reletlve certainty in detectinl a uaeful 

oercanta1e of taraeta are not known •nd can be deduced only in part. 

Whether or not the pre1ence of firea under cover 

can be detected without a direct look at the heat aource 11 not 

known and can be inferred only ln part on the baaia of prelent knov-

A carefully planned proaram of e&per~nta 11 

needed to reaolve theae factor•. The t.aediataly follawin1 diacuaeton 

poiota out the factors which muat ba conaidered and !mpliea the type 

of a&per~ntation nec~saary. 

7.2.2.1. ~ 

The factors thet determine the auceese of direct 

detection are partly aaoaetrlcal and pertly phy•ical in nature. 

It ta convenient to refer to the affect of obtcuration 

by the foliaae of the line of al&ht, •• a aeometrical conttraint on 

datactlon. Th••• conci1tion1 are traaud 1n Section 7. 3. 

In the cate1ory of physical factors belona tha 

radiative characteristics of experimental tar11tS u1~ 1n obtaintna data 

on tha 11ometrical factora, the radiative charactartttict of tactical 

tar1eta, thr tran•milaion ch•racterLatica of tha patha of varioua trana• 

miaatons, end the capability of detection equtpmente . 
• 7. 21· 
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For a co~:~plete •v~Ju .. rlt•n, tl'l~ t1raeu should be known 

the conftauutlon. thu tl. the ftre (oven) !..!!!. cooking utensil. The 

charactertlticl-••lhould facilL!~te a converaion of mea1ured detection---

rtubabillty of limulated t•raetl [0 that of tactical taraetl. 

tlant·ar&~ll of the path il known. If the vertical profile in the tar1et 

area, of the mixtna ratio of water-vapor and temperature 11 known and 11 

rea1onably conttant, the relative-humidity and temperature near the around 

may be the only input nec111ary (1~·addition to the ae~try of the path) 

fo~ calculation of the path·tranamha:!.ou. 

To evaluate experLment•l data obtained on fullY vi.ved 

taraeta, data on the inetantaneoua fiPld-of·vtev and aperture-area of the 

* 11pta1 rauo . On the other hand, the .. n11t1v1ty g£ the varioua acamaera 

a1.d their apectral responae muat be accurately known to evaluate data froa 

*Aaaumi~l that the acannar haa a (4 m1ra4) 2 Lnat•otaneoua f'eld·of·vi.v 
vith a uniform reaponae between 3 and 5 microna, a~ the ranae to the 1100ot 
taraet of 14" dialllll'ter il l km, the uttn of tha taraet atanal to the total 
(de) atanal from • 300°1 bac&around' ta about 25. at identical .. iaaivitiea of 
the taraet and bactaround. Thia ratio dacreaaea to about 7, in the apactral 
raaion between 8 and 12 microna, but rapidly incraaaaa in reaiona b~lGW 2 
aicronJ. However, the effectiv~ backar~nd aianal, i.e., the variance of the 
backcrouncl·radiatior. in the tUld of view. vf U be by ot'dau ot aaaoituda 
aaaller than the total radiation. Cons*q~antly, va deal, at fully viewed 
taraeta, vtth very lara• aianal to llmitina·notae ratio. 
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of the affective opening 1• ronaliderably smaller than t-hat of the 

aperture). ·t'hia need c:sn be best f':.llfilled when the !tc:annen are 

'-•Ubrated to the a.- sn·.ac:e both before and aft•r each minion. 

The calibration auurte could be a container filled vLth water of 

knowa t.aperature .. The aurfaca of water ahould be about four timea 

aa lara• •• the area aubtanded by the acanner to aaaure that the 

aurf•c• completely filla the field-of view. Aa a aubl!itute aolution, 

a auitabla area of.• runway would be parhapa alao auffieiant to deduct 

the lensitivity of th• acannera. 

7. 2. 3. 2. .I~i .. ·oi.: t 

In or~er to facilitate d•tarmtnation of detactability 

throuah an indirect path, the followtna input data ahould be available: 

OSpactral reflectivity of foltaaa of tropical traea. Theae 

data are necea.ary for a judicioua choice of thl spectr~l 
! 

reaton o£ detection of <=~ltiple) reflected radiation. 

lecauae the aenattivity required of an airborne acaanar can 

be attalne~ only in a relat1vely vide apectral reaion the 

ftf the aeaaur.menta would ~e lov and rouahly datar.ined by the 

•~spheric v1ndowa balov about 3.5 micron&. Thia ltait appear• 
' ' 

probable becauaa of the relatively atrona aalf·emtaaion camper~ 

to tha reflected radiation that ..... likely to asiat at lona•~ 

vavelanaths. Pinal jud;ment of thia aapect 11 poeaibla only 

with raa•onably detailed data of the diacuaaed type on hand. 
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°Frnhabtltty th.t a !lY•n fractton of radiart~n eeera•• thrauah 

(aultlple) reflection from the jun&le-top. The&e data .. y ba 

a•ometry when dlareeardtna 1pectral reflectivity and tarsat 

int•n•i~y. l~ this caoe. the ... ratna radiation 1• • function 

of foll•l•·•laa and relative crlantation. Thl1 aaoaetrlcal 

charactarUtlc could be parhapa obut.ned by MaaureMntl in 

one ape:;ral reston choaan when the epectral reflectivity ta 

known, The dif!iculty in parformin& such .. aauramenta, ia 

of a canepy-·-a point aource haa to be u1ed, the junala•top 

hal to be .. pped and a leo, dlacrtmlnation .uat be .ada 

hacvean reflected and direct r~iation throuah openina•· 

the aoat practical technique 11 parhapa a cwo-color .. ppina 

of the junale-top but no atmple .. thod 11 envtatofted that 
I 

would readily atiaure auaim.oeu' of the objective. Thh ia ao 

becauaa of the need to diatinauiah ba~en reflected and direct 

aianala. Wbila ,nta .ay ~= •••ily achieved at lar1e direct 

lawalevel atanala could be extr ... ly difficult unl••• tha 

reflette~ ti&nal alv•y• c~• from a lar&e area ~erea! th~ 

direct ai&nal 11 the aull•r, the IIM.llar the opanina ia. 

0 Varttc8l te.peratureadiatribution and horilontal extant .of 

iJotheraa above a contlnuoul ftra of known intan.ity. Thea• 
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t)~i··zsfH1vely e.ni lv '.•btdinatlt d•t.l alt! necessary to detat111ine 

the pos11ble extsten~e of c measurable temperature riae of the 

• lC'Ip follo~K;@' . .:fut' to he.atl"n£ by the fire . 

0
Temperature map of to~ foliage. Once the poaatbt11tv of a 

temDerature riae naa been deduced from meaaurementa mention~ 

~~~ean• of an 3!rhorr.e t~er:!:-.~ 1 rnttpper ilavina a field-of•viev 

matched to the apatial extent of the temperature riaa. 

C'IAmount .;.nd C:Oil'-"ntration of cOIIIbuation producta emer&in& frr. 

the Jungle. 

0
Natural variation ~f the apectral radiance of jung~e-top--

!»ata needed to eaubUat. th• mag.!itude of the "backjlround 

nolle" both in dinc.t and indirect detection. 

7.2.l. Foreatrv Service Proaram 

In July 1962, it vaa found that the Northern Pnr~•r. Fir• Labor­

atory, Kiuoula, Montana (U. S. Dept. of A&ric:ultl·re} had ·baaun a ... u 

expectmental proaraa (ref. 7.2) funded by OCDK, to evaluate the utility 

of II tac:hniquas in detection of foreat firea. The proaram il uoder the 

direction of Mr. Stanley Kitsch. Northern ~orut Ptre Lab.>ratory, 

Milloula, Montana, Telephone; Ar•• Code 406, 543-5167. 

The ezp•r1menta are earrled nut in the Hia•oula forest aree ~•in& 

TWin leechcraft service~ by Johnson Aircreft. 

Plrea are sl_.lated by burnina charcoal in 1- or 4-equare ft. 

drua containera 00" and 24" bucket• of 11aw1n~ ch•n.,ai.) at a lurface 

*fhta type ot meaauremen~ haa been m.de in Operation Tropi~an 
but the reaulta are unknown to ua. 
7.2 U. S. Depact~~t ot A&ricultura, Forest Se,vtce, Intermountain 
Poreat and lana• ExperL~nt Station, Qlden, Utah, Reaearch Noce No. 
May 19oZ 91' 
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Table- 7.2.1 

CHARACTERISTICS OP SELECTED SITES 

-------·------;r---------------------
SITE I 

Splt"d.:-t> 

Suo cl•<r.~ 

• O.R.tt. 

., 
La.,, (10~• r<~ti•• 

A.;p, t I 

Pond~:c"rns• pint' 

..,'D<tll po:,. 

4·10 I.,Cht·~ 

20- ;o r.·•·t 
.10- >O~ 

SITE II 

Sflt·C II' ... 

'i•~\' , .... ~ 

D 8.11. 

Ht· 1 01.hl 

Pun d. t"u:. ·. p 1 • • 

S.lpl•n~-"N II pc lo· (" .u:; .. lt,. 

,.fl I 'l(ho 

....... ,' .... -: 

! 

=;=-~=-=-·--:.;,; = --·1 
Sp· lIt-!' H ''·"' ~. I 

Sl n: 1.1 

D. 8. H. 

H~ I ght 

Li\ot: t ':"""""" r.tt io .. ~­lla:j•• Ar..:• 

M~•t.!'Ct 

*Dlametu· at lr.: .. t !ft·tgtu. 

llf ancu-.; 

lOOOf,.t-t 

>O- lOt 

10 •q hl•f.rt• 

Nnrrh~eist 

**Ratio u hetght of live cr~ to totMl treoe height. 

D. I:L H. 

8hd I Alt' ... 

Sm.. I I .. •w I I'll' 

} · lij I II(:· 

I ! - 7;, I·· 

l:iO • l f 1 I Jt f, 

NOr£: Tht£ t~ tht: only Oougla~ ltr 
st•nd and this mdY •ccounr for ~o~ 
of th~ 10\ol prr cent rr ('lpenings. 

***Sq ft world at tret> ba"'"/e··rt··· .. cunuun (\>E'eetry ~•15urerwht. 



i J :, 1 

Op.·t.tt\•11 !:.-;-:·,••······· :h, -~·riJl Sc~uino! ••f T!oplcal Sur· 

facrt··w.u cottduct,..d n) lht; f'h•'h•ti.'•I''·H .•.t.tt"•l<~ti('IO Rr,.~wr.:h 01v1110n of 

the u.:,. Army C<'ld R..,~iC''lJo fh-; .... uo; ""d E~..:'~"·· ~""'~!4 l..lbor•toqr (CIUl!L) of the 

Ll:S. Army H.lt"'tt~:l C~•rnrn.~nd wat• t.Jf,l'HI a. t'ol:cr.,lty of Michigan. Itt pr1• 

mary purpo:~c· w•:. ~h,.. dlt'vt.-l<'P•Iknt t•l mo,itt'•Gnd .,lt'l'l:otnR. t@chniqt..~S for obtaininll 

d.ata on (1) rt:m'->tc trl•pac~.l ,..,,~..c.,. t~~t·.: .. :o 1:ootli. r~Jcks, 'llt-g~t•tton, ~tc.) 

and pr~JictlJt• J{ Ocll~~tor•l ch•t~t~~~l:ottts and ~2) ~videncca ~f mil!t•rt 

activity •s•tnu V<lttOt..5 oa<.kgl\)t..·.d~ l, ... "'l'll~ol~:o:. .. "'qu1pment. pr:-tonnel, etc.). 

The opwratl'-'•' w~:. ~ondut'll.:d tn Nvvcmo~r l":fb.l 10 Pu~ttO Rtcu. Th~ tatkl included 

(a) a literatt..re •nd a!rphoto -ttvd\' ._oj tl'h l.::cat~on •nd uulir"tlnn nf one or 

more pilot atudv •uu r.:phunttn~ • Voit td 1' L~f uop&cal backgrowtdl (r.) thf! 

inatallati'->n of •ped•l tir§~U .and ,'d) tn .. condunion o£ coo,..dlnated ah/~rouncl 

••rial senaing m111ions (~ight, d~y. di~rn~l munlto~, ''ale, detector type, etc.) 

and (e) the prcparaLivn ~f .t c.-'->IAp:clu:- .. ,i -~ r~:purt with re~oanmw:n<Utione. 

On Au~u~t l9b2 a ~~~ !~~ w•• ~~ld •t AnPA'• reque1t to diJ• 

CUll the poatibillty of • pt~gy·b•rk "'' aw Jnr antwrf~rt-nCf', ex.pf'ri~nent, c!..&ring 

th.e Tropic~~ eacrcls~:. A ORt. ODilt'r cr ittcr•C1cd ilrtd dJ»c ... ttttd rel~vant cxper• 

a.enct-. It w•• .. ~t~•·O .. t tM: mt:~t1r.14 tn•t tlr-:·'1ctl'Ctl~"~, eoxpertmcnti\I"Culd be 

carried out w1der tht' dtr~~~:ctlon ct !'1.:. R·•".,."'t f:·.••t. lC'iU\£L. &oa 282. Kanovt"r, 

a OlC repuaent•tivor wot..ld uk .. p~tt •\o • tc-<:'1~ u..al o!)scrvcr. 

Pl•rLi for Ht to:ur:..mt-,.tHPn w .. ·:.· dlSC'tibed •• follows: Tva 



•. 

• 

...... , 

could b• further l,mJted bv flltcrt tn the rceionl between 3 and 4 micron• and 

between 4.5 •nd S.5 micron•; furthermor~, anotner tilter w•• to be available 

thU 11 lfntitlve to vn1u1on& uf absurber concel\tration in the optical p~th. 

By keeptna th~ v•rtou~ det~ctot pack•a~• pre· 'Olod Uurina a 

m1111on a Jcann~r could be changed in tliKht In about one or t~ minute• to 

b~ poa1ible to ~p the time target field with various 1pattal reeolutiona aod 

in li&rt.;. ... i..,ectral •"'ai.lUnJ, undctt practi~.•lly tnv•rtant c:ondttiont~ At an 

tnatantaneoua fteld•of·viev cf 1 mrad. a temperature aanatt1vity Of batter than 

0.1°1 11 expected in the reston b~tween ~and b mtcrone and~ bett•r th•n ~-~!01 
ia expected between a and 13 micron• tor ambient te~eratur& t&riMta. 

The information wu t(l be recorded on 70 'lll photographic Ulm 

and on ~LAgruttic :.ap~:. (Th~ rap~t 11 vrr~ tmre~nnt u 1t Cactlitatu tht inv .. u-

&At ton Of varioua data prCCUIJn@; bchnft)llto<t (n!" ~pt t!Tit:!D t'Valuation wr th• tJb· 

A 1tnale chauuei Ud1CIP<!-ttl't w1th either C.•C~o~ or JnSb detec· 

rnr, in connection vtth • chart rnorde•, wo~o~ld -.1bt•tn quantU•tive data on the 

temperatu~• of the terrain directly underne~th the airplane. The inlt~nta• 

arouno . 

... -7.10-
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l..ondfcllo"" (APCIN-tr.4) re• 

A R~c:onohx Vl h..:te been ~.-c;~d (•n~ Opt.>r.Cc-d urJ.t•ctolrlly) In conjunction with 

phOll)llr•.,hy •nd ud .. r (L·b•nJ.I. lilt JR •nd high ruolurtnn T'adar did not pro• 

durp much tnfOnn.Jlhln h~t did tmptoveo \lv~rall h·~tng ~ioOinl'what. (On one occaaton 

• bo.t Jn the ahad~ of a ~rid gil! "'•• tun wtth 11 'oihlle invhtblt- on photoaraph.] 

Neith•r unsot &•"': m ... ch dau IJn ~round under t:anopy. 

Th~t DRC ooact ..:o:r '"'l&cttt:d un ot a thortu wavalanath tpec• 

tral reaton at duak and in ntght·tlme mtatiOnl in order to 1ntreaaa the fire 

lignal•to•back&round ratio. Mr. I, Lyle Han•nn (Cli!L) IUJI~Ited p&llive micro• 

vava radtomecer meatur~~:awr.t•. M.Htaf-t suaaeation waa adopted. 

7.2.4.2. ~nina 

In October th* {ollowl~& general information on plana waa 

obtained from Cll!l by teJephon•: 

The uraet·area ulect.td ,aa in th,. LuqutUo National Poreat 

(abo ca.lled LuquUlo llccr~Jationd Area) abct~t. oneo•hour drive from San Juan, 

Puerto &ito. 1n1• ·~•• l• wuunt£Jno~• and contain• r•1n fore•c beliwv~d '~ he 

almtlar to thole found inS.!. Aala. Unfortunately. the ral~·foraat 11 on 

mountain elope ~kin1 the geomwtrlc~l alt.U4t.Jun fur a.pplna unfavorable. ror 

raaaona oC aaf¥t)', the mlr.J=um eltltud• abav .. tht· targru misht be 11 much 11 

JOOO feet. HOW.v¥r, the •~l.cted area faclltt•tel tht placement of taraetl 

under vartoua canopi¥1 ranatna from th~ compl_.t .. ly open tu the extremely danae. 

Plana tncludwd utabliahi11a th" ~o.t.aract•rhtlCI of canopy 

and .. aaurementa vere to be made of the da)(lm. lllu=lnation at 1elected placet. 
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It v.u .d.,., pl • ., .C'd to rnt. turoc: tt.~ Vc1 .. tc•l temperature dh• 

trlbution above- thw '''"'up to 200 '""'' 1f pllnthl", bv mt::&n:J of h•llC'.ln'" 

aK"Uftted tl'lllplt'f•lur~r prob""' (l~octm..~c.:tupl.-a or themlttOct). 

Th~ tar~"'' would b~ •mold ... r1na ch~rcoal, •huuL 10 or 12 lbs 

in baekwL• ul 14" • II)" dtam.tcrr. .Pur ''uhct'·t .. 'Dplll',.tur:t c.( t:·,• c.h.:r:~•l ia 

Utl~~W~~ted about 1100°k. •:Th~ril' uraeu vcrry clut.1v ncJ.mbl.- thou uud by the 

rorett Fire LaboTatory, MlliO~l•, Montana.) The ro~rr dtiLti~wtiun from thl 

taraeu wta u.pected to be Planck tan, .,,d "qutu a niAIIbwr11 of thet:1 were to be 

uttd timultaneoutly. 

In addtrton to the University of HJchtgan'• plane, three Air 

force planet from lomt ~ir O.veloptMnt Canter would parti-:-1:-•t• tn the mappiaa, 

•• arrana~d by Major Yarbrouah. Tha airplan~• would fly, per m111ion, • number 

of, ... ,, at vflriOt.~l altitudu in order to l1'ttlud~ u cnan.,.· CSUferent "lookl" •• 

p011ibl• In th• practi(t. No uth•r data w.re ob.alned pri~r to the exarc111· 

7.2.4.l. !apsrtmsnt 

A DRC obwsrv~r vle~~~ the sxp~rlmenta from 10 - 18 Novemb•r~ 

durins whtch rou&hly naif th~ plannt'd mlnton11 w•re flawr.. Ml<~~ report of mid­

November 11 aiven below: 

a) Tb• !n·.iNnesnt 

The taraet uaton 1.1 in the t .. oplc.1l rJ.in forett of the l..l MinJ. 

lacr•ation•l Ana that U a part of th~ Lr,quillo Dhlt10T'I of thtr Ca.ribbt:an 

National Poreat, ~~ tventv mll~t !Itt of San Juan. Pu.rco Rtro. The terraln 

11 80untatnoue with p~a•• '' h1¥h 11 J~OO feet. Tht: rat~ forett receive• an 

annual rain fall uf more than ~00 Inch•• that fallt in abo~t 6 per cent of the 

total ttm.. ~rtn1 th• ~ttt:tl montht ot th~ veer (~rch and November), rain 

·7.32· 
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avt'ra&~ rt"!•llvt- hUllltdltl 11 mrJtt- th<in 91) ou u,nt. lmd•r theae conditione, 

tropical trwn a row ...,, t h emu In& uptdlt v: It t 1 uld that 1110n than )00 

1pecln heve. bun tdw-nt II ted. P .. rhapt tht meat fnqu•ntly wn~:uunt.tn .. apeciu 

are th• Surr• hlc (&ur .. r·pw C.lubnu), the W~ather••n" trto• (C•c.:ropia Peltata), 

the atant fern treec that r .. a,h. ht:l&hl of )0~40 fct'l. and the tll!llt tree, 

the Tabonuco (Dacyodel la~~l••J. The avt-r•~., di~mettr of trunkl 11 parhapl 

one foOtj tht' avatag .. I•P•r•tlon of treel 11 on the order of lS feat. The 

htiaht of th• fore It 11 about 100 ft"et. 

Th• uand of tht' ratn tort:u ulc't•d ::or the pr1fi'I8Tj' uraec aru 

U alona the-.,. Klna" tntl, at an elevation of abtlut lSOO het, tn the valley 

of the La M1na liver. Th~ tr•ll l~•d• parallel to and about 20 or-30 feet 

above the riveT b.U. 

The porticn of the trail·•perhapa one 1uarter of a ~ilt lons·· 

alona vhich the tararta vera placed. l~• not been uaed for perhapa a !ev yeart. 

i" nf ""t!'TS?'"vth. Mn-r~('lvrr. th• •quipTnl'nt and tupply h.ad :o br handcarried, 

.::.n ·'ccomplhhmr:nt that can onlv be epprecllted by an eyevi.tneu. (For i"!r•nc., 

a heavy rain once carrted awev • largr ,art ur the ~upply of charc~al.) 

b) Plane ror thr !xstrimsnt 

(Perhepe becauat o( ~h~ extr~m. ~(fort required by that~ activities, 

t~c DIC obaervcr wa• &1".'~" only a cunory brhftn• cu":'lc.t.11ni the plana for the 

oxperimenta and we able tr• find out about thtr sutut of the u:perL,..nta ('lftly 

oec .. ionally.·j Accordtna to th~~~; cunorv br1t:f 1n1 c:OIIII»relal waur Duck•u 
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tlll~d with t.urnlr~ 1hJIC:l.al """'~ td :."r ~ •• l•:~t'i.:.. Th""" targetl ccnttltute 

1tt1u. 

rain waa to be report~d by a botanist and a g~olog1s:. respectt~ely. 

It was plannt'd tv ubt&ln im.a~s from the atr of th~ prlmary t&r&et 

area (and of two oth~r ar~as without targ~tlt - on~ of the w•ttett and another 

of the dena~&t 1ta~d of tn~ fo~*lt) in th~ 3 to S ~t~ron r•gion (InSb detector) 

and. tn the 8 to 13 mi<ron~ region (C~ and Ka dop.d ~ ~t"ttctort) bv meant Of 

placed by a 1·11 c:amtc•. Thto lnuanuneou.ll t1~:ld ot vtew of the scanners de· 

pend• on the lin Clf the dcotec:tor in use. t:JthH .. f'll)minal (2 mrad\ 2 or 

2 
(4 mrad) fhld of view cart hto ac:"'l"vt'd. lh• H&n fu-ld of the sc:annen 11 

120° and 60° rt'~p•ctivt"ly. The ••gnal t~om the scann•r, was to be reco~~ed on 
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WI in flight leu than a toed of '2 at .. ·borne houu••out of the planned toul 

of 2f. houn••from w.dnuday noon until Sunday av.:ntn; (19th of NovUibar). !Yell 

10, the airborn~ time oft~n t.lled to ruult in imAgery bat'&ule of ·unaucceuful 

atte~tl in breaking through the cloud tovec. Altoaerher, a dn~en p~•••• re• 

aulted in II tmaset. A cursory inlp~ction of the1e recorda r•Vealed only tvo 

other hot apot co~ld h~~r b~wn • l&r&~l. locat~d p~rh&pl oa a toot Drtdae 

aerots thr river, that 11 also tn a rather open area. If this quick ••••••· 

ment 1!1 corrt-tt, not one uf th ... 12 targHt u!td.-t h~evy c&nopy h•• been d.,tt=c:ted 

vith a tufflc:i~ntly htgh •lgnal !or a ready Jd~~tiflc~:ton. 

7.2.4.4. Crttigyr 

It appeart-d at thta time rhar th~ ezperimental re1ult1 con• 

• 7 15 • 
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e•nopy. [Stnct' this l1tn1.:, vertal h•purts tndicu~ t!'la~ 11ub~t!quen~ miiUonl 1av 

a largr fr~.ctir, ol t•rul~. a du.~Jma.t~n;,.c- wh!th 1a dlffll1.11t to reconc!le 

~ith tne earll~r ml~stont •nd prob•blllty calc~lationt if th• cover va~ ln~4ed 

den1c. Sine"' th~e" lroptc•ro report Jt not •et av•J l•bll! th~ eolut ion ro thh 

myltet., h unkno"'t''.} 

lkutl.-d plan. for lnatr"~nttng and laytna out the expert· 

•nt were not mdf' avaflabl~ to DRC. and lt .. nc~: could POt be crt·tcized. A.l 

nwarly •• c•n be det:r.ntned no lt&tllticll &nAlyala of the txperlment wa1 a.Ge 

in the planning •tage. 

Subeequent Information il that, based on the verbally re• 

ported Vt!r)' good ruult1, there 11 high cnthuatum {.Jr dtlt technique u a 

pouible ready tool for u1e ln Vhn .. u-.m, for pinpoint r-!cormaiuance. 

It 11 the Contractor'~ opinion that con"iderably mare •nd 

care~ul local ezper~ntation lh~ul4 preced~ ~~v commit~nt to an operat1one1 

experiment. It il cl~•r that fire• C4n be detected und~r certain conditioee. 

It ta certain that not ~noush expertenc~ 11 in. hand to define the reliabtlity 

of dnect1on. Further_. the Contractor Delhve& that detect i.ln can be tcproved 

mark~dly hy a relativelt easily-developed equip~nt optimiz~d for thia purpo••· 

It h poutble wt:.h such Pql.t.i~nt .. hl.t.nter•killeo.· miuions o.~~.J~ht becOIM hui• 

ble. The1e matt~r~ ar~ dealt with in greater detail I~ 7.1 • 

Jilflf,Nn .. , . _.... . ... -7. 36-
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i. 3 PRO!A8.1a..lTY CONS!DERAUONS AND NfW EOU1PM!~1 rOR FIR! DETECTION 

to tne tarsetl, and, an c.ut line of the pertinent r:uturca of an equipment 

t.&ilored. to the cond1t1on& duc:rtbc.:d b..:rdn. 

CONTENTS 

7.3.1 lntroducti~n 

7.3.2 The Geometrical Conditions of Detection 

7.3.2.1 Definition ~i c:unditions •nd teaDinology 

7.3.2.2 Elements of p~obability uaed in thP. investiaation 

7.3.2.3 'l'he probo~.bility of seetna targeu under canopy 

7.3.2.4 Soma apecific numerical example• 

7.3.2.5 Conc!uston' 

7, 3. 3 Out line of the Features of an Airborne Equipment ·r.nored 
to the Geometrical Conditiona of Saeina 

7. 3. 3, I Scanner 

7.3.3.2 Recorder 

7.3.3.3 Same aspects of tealibi Lity 

7.3.3.4 Conclusion• 

7.3.4 S>=ary 

7.3.1 Introduction 

A canopy ..-y be defined as the entity of opaque objects u£ soma abape, 

in randam distribution above a target field. Dependina on the configuration 

of the projected areas of the object•, 1 cano~ mAY cover the taraetfield in 

varioul degree• berween complete c~ver•ae and no covaras• at all. 

conch:1on1 11 ~mpoaed by the canopy, at vf'll as on "physical condition•" •uch 

a1 the radiant intensity of the tar&et, ranse, •enlitivity of an aquipaaent, 
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• etc. We refpr ~., thr tulflllro~nr of tht'! grometrl,al ... ond!ttonl as "1eetna 

the t~rgct," in contra:.t tn th• -lrnult•ne~Jus fuli.a.llment of the ·geometrical 

and phyl1cal condtUonl whL'h leads to tne "aetecuon or tne taraet 

• The fir~t part of this p•p~r 1~ devoted to th~ ~erivatlon of •nalytical 

eapre1110nl ot the ch~"'' that one ha• -· ltm1te~ becauae of the aeumetrica~ 

condition& •• ot &e~tna a rctnt t•rg~t from the air. Thr 'econd PLtt prt3enta 

the pertinent fe~curcs of •n a1rbornr equ.a.pment tailored to the aeom£trical 

condit!onl. 

Althoyth occasioned by the fire det•ttion problem the treatment &iven 

here 11 aeneral and elementary details are included to promote eaty raadtaa. 

However, the entire problem must be 'on•t~ered in reference to pertinent 

information in 7.1. 

7. 3.:! The Gee~~~etrical Condition! of tl1:tect1on 

lhe objecuve of t!l.h portion of the paper U the determination of 

the pr~babillty, under various condition•~ of see1~1 a tsraec. It 11 

convenient to define tne conditionE ~nd the t•rminuloay to ~e used •• 

tallows: 

7.3.2.1 Definition of Condition• anJ !e~in~lO$Y 

We LonaLder two gener~lly distln't conditi~ns· 

Condition 

a) There are a number of identical targ~ta rMnYumly placed under a 

canopy. the location from which the attempt 11 made to lee tbe1e 

b) ton1Lder solid anales} centered on the radii b~tween the taraett 

and the polnt of loqking, w1th apices at the point of looking. 

·1. 4l· 
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Theu 'ol1ci &ui&C• of identical abtolute value will be called 

Con~e at a time) tnstantaneoua fteld of view (• i.f.v.). The 

l.f.v. 11 l~ited at the lower extreme by the criterion that 

the are~r. IIJbtended of a tarset mult be auch leu than the 

1of.v. aubtended ana (i.e., the tarset h a "point" tarset). 

It 11 limited at the ~pper extreme by the requirement that the 

i.f.v. never tnclude more than one taraec. 

c) tarsetJ will be considered "seen11 if they are vteved at L.il• 

aapact Qf "h!llf-moon" or "more-than·ha 1f•11oon"; they will be 

considered not s~en if they are vteved at l••• t~•~ h~lf·moon. 

An additional liLultane~ua condittnn 11 that an ar•• around 

the point of looking lubtended from the taraet by a IYlid •nale 

of the order of maanttude of the target•• from the point of 

looktna, il aeen at hsast aa a ''hali-•oon11
• 

d) The point of lookina is taken random within the total solid 

&!1ale with apex at the car&d, in which a canopy ex ina~ We 

~•11 this •olid angle thtt "•~l4Jl• of hlJLn&"• 

e) The "field of search" for a tolr&et is reatrictet4 to ti'le anale 

ot hidtns inverted so thAt ita apex coincides with the point of 

looktna. 

f) An ~lemertary area seen by the i.f.v. in the titld of search is 

invutiBated for taraet only once, at a ''look anale" that u 

taken randomly in a vert teal pLane throuah the point of looktn~. 

However, the randomneaa of the look an&le is taken to be 

identi~•l to the ran~~·•• tn •P•~• of the point of lookina, 

1o that fixina one dece~tnes the other. 

-7.4J· 
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Jl The potnt of lookin& 1s t~k•n to move with ~onatant velocity at 

Condition 2 

end the plant perpendiLul&r to the velocity vector of tht point 

of lookina. rht &nJular v~locity vf the look-anal•'• runnina 

lea ia taken hi&h relative to the velocity of the point of 

looklna, 10 that the polnt of lonklng apptarl atatlonary durin& 

the time (~ailed lint·t~e) the look-anal• runt thro~h ita 

raqe. 

a) The meaaurt of a canopy 1• it• averaae denaity (C) which 11 de-

fined 11 the ratio of the intearated aolid an~lat fro. '''•~L 

•ubtenc-:~ IJy the opeque obj•"·' in the anal• of hidtaa, to the 

anslt of hidtna. 

~) The canopy within the anal• of hidina 11 taken to bt hamoaaneoua. 

c) fht dearee of homoaentLtY 11 taken to be 1uch that ln any strip 

of anaulAr width • campontnt ot 1.t.v., parallel co the velocity• 

anal• of hldlna • 

th• point of lookina at any aiven Lnltant .. Y or may not be in a vertical 

plane thaL 1011 throuah the tara•t and 11 perpendicular to the velocitY• 

vector; the point ot lookin& ~y or aay not be in an uno~1cur1d line of 

aiaht i I!!! ~he look anal•'• runniua lc.a u.y or may not luff1c:1ently cutnc11!e 
I 

vtth the radiua vector, to fulfill the condition of half or more aoon. The 

three ca111 repreeent, howeve,, only one random condttlon ot 1111aa, becauae: 

.. 7. 41~ .. 



-a The point ot lookln& ru bun .. or vitl be at ac:aa other tim. •• 

tnr the durath .. l of on• Jtne t11aa .... 1n a varttC'Al plana, ac· 

,u,~lna to condition 1(&1. 

o fhe cothcldenca of th• look anal•'• runni•lil l•M wiLh tha radi~ 

vector to thw p~int ot looktna, and the Latter batna in an un· 

obac~.ored lint. o( liab; are tdant leal critarta, for the point of 

looktna t• taken ttationary for the duration of a lint ttaa. 

That ia, once the point of lo~ktna!! in an unobecurad line of 

•tshr the runntna lea of the look anal• will dafintttly coincide 

with the radiu• .. nor at .,ouae "lnltant" durin& th• Una t1.111. 

Contaquantly, the probability of •••ina a taraat fro. the point of 

look1n& oqualo tho probability that tho oky (to tho extent defined In l(o)) 

vtll ba aaan from the taraat in any randomly choaan dtractton v1thin tht 

arwlt of hidL•\&• Tht derivation of t.hL1 Pl'obabi Lity 11 found 1n eub .. quent 

paraaraphl. lint, however, tht mii.Lhnatical toob uaed in the derivation 

will be 1umm.r1aed. 

7.3.2.2 El.ment• of Prob4b1l1tx 

The treatment of the present probl~ hat betn bated on the 

fo~lowina tl .. ent• of probability. 

the probability V that ~n event '- eccur1 t• ~eftn•d a• the 

ratio of tht number, k, of favorable pott1b111t1t• to tht nu.btr, t, of all 

• tht pote1b1ltt1•• : 

k v • 1 

• Par •aa~ple, I mtaht bt an att of drawtna·blLr.dfold•d··on• of k red 
•rbltt out of an urn LhaL ~oonLai.n• !-IL addLtl.,nal blut and/or arttn urblll • 
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[hu•, the ptobtab11Lt)' 1~ a real fraction, tha Ua1U 

lf which are; 

v • 

v • 0 Irapo-~~·1btl1ty. 

Moreover, tlnce it 11 certainty tnat an event lither occura 

or doe• not occur, the proU.billty t~t ~he above event will not occur 11 

1 • v. 

Frana the above detlnttiun, tt\1 followtna rtl.&t!oM of 

inttratt tout for tt\1 present problem follow: 

a) The Probability that A1 1 of n lndarandant !vent~ Occur 

Conatd•rtna Juat two evdntt for the moment, the probability V' 

that both the independent tva~c• 1
1

• and 12•, of raaptcttve probabilittea 

For, vhan the event• are caaplttaly 

independent, all the caeaa that are potaibla for £
1

1 can c~tne vith all 

the ca••• poatlble for ~ 2 • , retultina in t 1• x t 2• poatiblt caaaa. 

Stmilarly, all the caaat k1
1 that ar• tav~r~blt 'or ! 1' tan cam~1ne vtth 

til• k:' favorable ca .. J t::hat prevail fot E
2

• , ret~ult1n& 1n k
1

' x k2 ' 

favorable caltl. Thus, 

"t I 11.2 I 

v ' • ~lJ.,.• -1,..!.,, 
I 2 

• y ' y ' I 2 ' 

ln llftGr&l, for~ tYentt (omittln& the upper indtx): 

v • 

• 

n 
it y • 

•l.lofl· 
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b) !he Pri'Jb•bil.ll.:t_i!!!i. .. Elln~~tr Cue u! n Huu..,lh 

~xclusi'le Even~ !II n~(.ut; 

Let k 1" tlenot.L' the number of t.vor•ble Lalel of event !
1

" 
1 

k
2

" 

denote the fiYOtiiblt ca,e~~o of !
2

" Mnd •"' denote ,d 1 l.hl PO•IIlble ;a111 1 thtn 

the probability V" that etth~r cne \>f tt.c fir.•:.:.;.;.~:.: ..:·.·erm.• a ..... ~.~, •• u 

• 

c) The Probability th•t At Lea•t One nf n Independent !vente Occur1 

Tht ponibh coa~bination• of the independent evenu 1
1
"' and E

2
"' 

of napectiVt probabi Htie't 
I 

v ... 
I 

and v "' 2 are: 

Favotab 1 e: v "' I and, 

IJnfavorable: (1 .. vtl·, (1 • v
2
"') 

Since the sum of ~11 the combination• equal• unity, the d1f· 

• An example of a:n.at•.&al1t ex~1w .. 1vw •vent" L• the drcwina of a red!.! 
whltt urble lrona o~n urn that ~o.ontal.olr aa.dbl~• of blue and/or ara•n •• well 
&I red and white. 
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index) : 

• 
ln aen.t1:~.l_, for th• ,,. ... of!:! evenct (oraltttna tt\e uppn 

n 

2: •• 
... t 

v 
n 

n 

n· 1 

; 'n v 

2 

n-2 

)v - . - .... 

n 

• v,. t 1t v 
• 1 • 

where the odd numbered terms are positive and the even numbered te~ are 

nqative. 

In .dditLon to the re!~tlont above, it may be recalled that 

the calculll!. of prob&b1Uty u rully utefwl only when there are ·a very lara• 

naSber of ca1e1 at one'• ditp~••l tor evalu.tLun. For inatanc•, in flippina 

a coin 6 U.met, the expectation U that ....... :~-= '<~tll C' .. t~~:e uD 3 ri,melj nevtrthe-

lttiJ not always wtll three headt come ~P When repeatlft¥ thil proc••• of 

6 flip I in a row. AI a a:~~.tter oi fan. U't.• deviation from the prtciicteG 

~umber of haadt may ~caa1ona11y be extreme: 1t 1t q~ltl probable tn.t no 

head will coa• up at All in tit CQn••~utLve flips. However) maktns the 

proceu tn sroup• of not 6 but 100 fliP•. headl will 'oea u.p SC .• parhap• 

allo 48, 511 S2, 49, 47_. 51, lim.:·., -.n ~"Y au ~ hf> nwmber of tialaa when 

heada will caau;: up wlll not differ very mu.c~ frca L/4: ut tha tl)tal n~ar of 

o enly in tuffi~lan~ly Larae n~be~ of att.apt' ~lll the nuabar 

of actually oc'urrln& ev•nra, bea1n to approach the product 

.. -7-48-
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&11\De th3t in the proce.io of fllppt.,l! a tnln, tO nmes ~on a row t.J.ih COlle 

for the 11th atteupt. But: •.:hal "'"·~·u :ll ... t forc.e th.:> ... ld &C[ becaule o! the 

outcome of the prevtou~ event•. :~ ~•ut~ h~·d• !o come up next? Such a 

force does not exitt except for A · .. dd1n'11 jL:'Ini. or a dub1ows aa:nbler, and 

in a "compens.ttion)" i.e •. t.&n le..ad 1..:~ a valo.,e !hU eqwlt the probability 

C:l!rtain probab11U.Ui (aULto .i:t t--i~ llh e .. pec:.anq··, by mean• of which one 

can derivt••through O:.\l!ll;blnot 1on:~~ :.1 t h .. ,c '1~r pr obabi 11.~ U'l ~ JU: h &:. advance• 

in m~ic:tne~ Unproved tlvtng L~ndltL~n: • ·new prob•bllltle! (t~ch as future 

life•expecuncy). lt Will be uen :h.it Lt ~~ t~untu.l to hi.ve a ttatutically 

valid ba .. (t.e •. , reasorw.bly l,arl!l• n\l!Db.,r~) in t1lp.tt llfl .. nt-£1 V"':tl!ic~tions, or 

predictluna will be vert jn&ky. 

of lt:~.tUtlt.&l dac .. , with • rrhr~ntt- to thl' typu . ..tl J.ppU~o.;.'..ton of praba· 

bility to corpu,tul.&r phenamt"n• 1n phytl~:. Hert tht 1ntt¥r•l effect of 

. I.-~. -
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law ot l.irge numb~rc. .-lmo~L ~lwav,. tlPplled ••.• v•ll that :otatUtical relation• 

tiont are being aa.de for • uloitlY~tly te1o1 atomt). onlY then an deviationa 

from the predtc t Lon of avena~ prob.&bL lit y ( 1. ~.: i lu< 'uat lon<J) first notice· 

able .• Lndt.cating chat the rulg of r•nd.:o phenomen.a h.&l been entered. Deep 

Becau5e of limitatloni 1n the practice (ln an etperiment, 

!ur lnltOI.ncel, :he range of attemptf r~!liitlt to con!Lder in the pretent 

caae, lead~ u1 into the vety random reat.on of the etfect of s~ometrlcal 

condition•. Thi• situation c•ll' for~ c•reful interpretation of the con• 

elusion• to be duwn .• especully when a c.orapo..riion to a very s•ll l&aq>le 

of actual data U bein& attempted. Nnertheleu .• w1th proper care, in• 

formaLion of areat value can b• deduced even Ln this ~••• •• will be ~~en 

from the diiCulsion to follow. 

7.).2.3 The Probab1l1ty of Seetns laraet~ Under Canopy 

The •veraae probab,litt. PJ that • caraec under ~anopy of 

the averase Jeni1ty C, will be teen 1n •~Y one •rcempt, LJ 

p • 1 ' (I) 

one of N tarsets 

Then, the ~verage prubabll1ty of the spe~lfL' event that at lea1t 

w1ll be ~een 1n any one et~~Pt: Pl 1
) N 

" • l-4 ) (2) 

becau•• ·- undv1 the condition~ detlned 1n the fitit p.raaraph •• the event .. •7.10· ... 



-of ••~~on~ on• t•HIIt't i!l 'ornplr,.~l;o' tndt'pend~nr Cll thr •vent of •••ina in 

Equar h'n 1 2 J ii lh,J".;;, c •• i..wtt=C .ln hgure• 1, ), Ia. •nd 7. J. ~!). 

- I 
ln Hsuu I. L l.t 1 the pt'ODolbLII.ty .rtN) VI N U shown At 

varioul valu~• of ~ •~ p.r~mt't~r. fifi!:I.IU 1, J. lb lhOWI N - - l 
VI~ with PIN) II 

parameter. As it 1~ t~pli,1tly .een in tht' ftaure•. tht' follawln& con· 

elusion of p&rti.::uh.r interest fr..::. ,J pr.ntu . .Jl <.tt•ndpoint -.y be duvn frca 

!QuaUon ( 2): 

-~ 
0 The rate • c ,ln C (C < 1) at which the rrob,bilit) 

- 1 
P(~) increMtes wtth the tncrease of thw number of taraetl, 

ia decrea11ng with 1nc•~~1ng number of taraett, 

o Ihe ra:.e il htsher at hi&h•r ~ than it 11 •t lover c, 

o The rate 11 hl&h firlt (linear region) then it become• 

0 

I 
increas1r~'Y lower and lower v~th increastna number of 

instead of one t.araec a l.trse mabet' of taraet: L uaed, u 

high ~anopy-den,ity thdn tt 1~ ~t low density. 

_s- ~ 

• • ~-' at whll.h tht: probability de~re.,••• 

'JLth incr.easir.g c .. nopy·den.Lty, Ls th1t sm.~Jler t~e laraer 

Consequently, the number of taraets nece•aary to maintain a 

prelet probability .(.a prob.abLl.lty ot 111, for .Lnstanl.e} L• heavily dependent 

on th• l.&nopy•dltluilty. :;, •• 1 i.f it L" Laapra~til.•l Ln Colle of high canopy• 

denlity, to ••~ure a de~Lr~J 

• • 
p<oba.<h< 

• ?.~1· 
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.. 

~ · .... .:s.' .• .. 
!Mde •• hL&h •• po••1blt, Lnctt .. »lRK at rn .. p.,tnt, t~r lr.tta:-.ce, vhara the 

practtcal value_. such . .u 111111ht be ·10·.. With other worda, the ft\Dber of 

•nd could be but decreeted in C4fe ol t•nopte• of les1er Gentlty; but -· 

unl111 therP. "''' some other over·r1d1u~ •tpPtt should not ~~ done tn 

the nveua, Thue conUderattor.s appu.r espec:ifl t 1y uantf1canc tn vt.w 

on experimental dau, c11.r.not be done without, becaute of t)'le very nature 

of the involved phenomena 1 • L.,,~ number of aamplee. 

In a aUght detour_. lit '• c.onatder next tne N tar1et1 

d11trlbuttd Yndtr vartou1 canoptea within the denatty ranaa between c
1 

and 

cc. than, with 

I 

Q • ,,umber of t&!'iets under e1nepy of the denatty-rana• between 

11 • n~er of targeta •••n through car.o~y 1, 

q • avera~e number of t~rgett seen 

q • 
1 I 

1·< • 

'e 

In worda, q target• OUL of the tot•l of 
1·( 

N • J ' Q(PJ ~p 

~·. 
t-C • .. , --7.12-

(3') 

(3") 



!:ktF 

<.41n d~rflr• irC"O th, r•l.'t let"' of 'l • ll··c }N ,.,, eq~.u .... ient canopv-denllty 

' 
c • I 

[ '• od'l P dP 

l·c 
• I . • ' 

t 
• 

Q<P> dP 

' c • 

For inat.ance, the t•r111et• cuy be dutributed In v•rioul 

Mnnerl •• ahown f-3r '• " 1 •nd c 
' 

< I In flsun • 7. ). 2 belov: 

• ' ... 

(3) 

(diltnbutlon)"' " ~ (dl?lb.tlvro)" ·-•• 
! I 

c '-..... • • 
~" • 

i .,w ·-• c 
~ . ' 
~~ ··-• • ... • ... ... 0 • 

~ c -• c :r. u-

t-C ·o 
.. _, -"' 1-Cb 1-'· 1-cb 1-c • 0 

< nopy-<hmUty, 

hcun 7.1.2. llluurutve dhtnbutlot.t of t&raeu under eanopiea of 
varioul den•lties. 

*Note t~t Q 11 •• d~rfined before ~nd is 1h~n vers~s 1-c, tnat .. d ~f 
veraua C. 

·7.\l-i-
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-" 
< • l . • 

wnn 

b' ' r r 
j ~·•"dx • J 
0 b' 

(cm'b'-m'x) • dx 

-,-.-----

1 I m· xdx + 

0 

b" 

I m"xdx + 

0 

b" 

J m"xdx + 

0 

_,., 

' 

I. 
1 

(2o'b'-m'xJ dx 

lm"b" 
(-­

? 
=" 2> x dx 

Jm"b" m,. 
(-

2
- T x) dx 

• l·it. b" 
3 

2(1··~ And, in ~-·~ when )(\·•Cb \ . 
' 

b''' c 

J ID" 1l'l.
2dx • 1 ()m"'b" I . Zm"'x) x dx 

-'" 0 b''' 
< . 1 • 
• o'" ' 

1 m""-.d.a + 
{ 

{ lD"'b"' .. 2m"'x) dx 

J 
0 b"' 

At the values of b' • O.IS .• o" • 0,10 an.:l o'" • 0.20. 

-"' 

I 
I . ) 

and c. • 0.81!1 -· '• a. 0.850, 

ill btl' 
46 
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Ihete exo~.~~:~plea ni.Derh.uiy .iuJw the oiJvJ.oul htt that the 

aiven der:.uty ranae tavor:s. denur tan.,pt~ts. When the diatribution 11 aym .. 

metrical, th• equivalent den»ity 11 the o&tithmetic mean of tt,* estrf!Dea of 

the denatty·r~ngc. 

Furthe~re 1 1t •~em• likely t~t, a relation derived for 

a &1ven canopy-d~nJtty Qay be uaed f~r the •~me number of taraeta under s 

in Equation (3) equ.t• the atven denalty. 

Ih•Jt, the effect of pl~cin& tn a atven dUtr.i.butlon a n~.Dber 

of taraeta under varto~ ~~nopte~ can be eval~ted in a a1mple manner. W• 

vtll oatt in the future the ~ub•,ript! but wtll always mean 19utvalent 

canopy-density, 

The main tnterelt ~on~erntna the effect of the seometrtcal 

condition., 11 a gen~ral expre111on of the probability of 1eatn1, in any 

• one or lllOte attempt•, at iean a cerratn i.r.i.ctlon of •uy 1tumber of taraete 

follow•: 

In c~•• of N taraetl: ~.ch of the averaae probability of 

11atna •• atvan tn Eq. tl), an at.tempt zay conauc of the particular 

a1sembly of ••~~ t~r;ett (all nf th•~• d~nnted Yi:~ ! becauae the tar;ett 

are not diltln&ulthable) and taraetl uot uen (denoted vtth f) 11 followa: 

-!,. N-1 .N. 
"-""' -

• • • • 
• leadlaa to an integer number of t4rg~ta. 



I 

•. ·' .. -
-· k -~ -k ·" ? P O··P l 

..!., 
f • • • 

AltotetrteT, there wi.ll be S! •ssemblLh. But: k~ Ulerabll.e~ wtll be Ln• 

dittin&uiih&ble because tte ::rg~;s are indistinguishable and. (N•k)! 

able. C~naequently, there will De N!lk!(N•k)! different asaembliel and, 

the averase prob~bLl~ty of seeing ex.ctly k t•~a~ts 1r. an attempt, Pc:) 11 

(4) 

By making ""'"'· tnHeaa ot onlv one ! .;.-::c:pt:o.- e.ch undn ic.ientlcal 

cor.Jitions (tht. same tArgets in the ~~•me •rrangement under the tame c:anopiea), 

i.tc d~" of ouhng wu.n ~r tArget.) in ont! arterapt. then, 

the probability that euctly a fr•vlon •. nf 1.he Sr targets_. will be seen, 

P<~r) u :;, 

- :Nt 
P( Sr l 

-7 .lb-

- N'r- ::Nr 
c (5) 



t:qt•.11l<.l:-. (l) P,l"•'" tht pa.,b .• btl!t)' ol nnt: ,.v,·ttr ch.-L ••Ll•t1ut our criterton . 

• a total \Jl At lt:,I•C ~C t~lti.tlfjto 

<Nr)! 
(1)! (!~r-1)! 

-1 -llr·1 
p • < 

F1rtt, 1t snould be noted tbac •• 

• bK&UII 

evcr.tl, 

it tak•• into aeeount all tbe poatible 

t p(k) equall co :..nlty, 
k•O ' 

o becauu it 1nc lud11 all but •the tin111 event 
N 

of not , Jlina , .. r.et ., au, L rc:> 11 th• 
!.t•l 

probability of •••tna at leatt ona tar1•t, 

o tfte probability of the event of not •••tnc 
- o _N 

all, P(~) • c , 

and 

• Wa daMtl "at l•a•t k," with >k. 

(6) 



., 
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.. 
fheL 11, Equation (2) 11 the reduced to~ of !quatl~n (6) 

for the C•t• of ;..1fr • l. 

Se-:ond, the evaluation of lq~tiun (6) lor varlout valuaa of 

For ·~11 reaton··a!thouah nu.erical evaluation• of lquatioc (6) 

the follautnc axa.pl11 are for only one pair of value• of Nand C. 

7.3.2.4 S~e SpectUc ~l\8n1cal !xamplea 

lqua.Uonl (S) and (6) have Han evaluated fo1· N • 12, and 

c • 0.85 aad are plotted tn Ptaur•• 1.3.3. .nd 7.3.3b, ratpecctvely. rtaura 

7.J.3b thawl that the averaa• probability of •••tna at leaat ona·third of 12 

tarattl in an attcapc 11 0.09, or, routhly, lel. While chit ,, ... reatonably 

hi&h, in eat~tina the tactlial value of datactlo~ of fire• by reaular 

recoan~taaanc.e, it 11 pert.apt aore iaponanc co det"natne the Ukel1hood of 

!tlnttiniDI thia level (or any other aellcced hvel) of perfor.auca. 

and every onr. of P#Q att~ta, 

Tebl• 7. ).1 Probtbility of liKtnuir1trw hrforMnce 

~at Wu.ber of Taraeca co Oe I 2 3 4 
ee Out of 12 Under Canopy of 

••. u, 

~·••••• Pro-.blllty o.af O.Ss 0.2. o.u;0 
fprol)ab1Uty '"' See Le.ut N\aber o.Zl ·3 ·6 S.4alo" 11 
lot Tera•u in All of 10 Att•pu 

2.Sal0 1.4al0 

- -rb .. • ,robabilitlea are not thole for •••tna preeelected ~x•r•a•• of 12 ttfllta. 
Thooa would bo~vi" ;Y lq. (6) whlth lo nat t..,uted. A ••ry rouah ooct.oco of lq. (6) 
indlcat•• the UJ of •••ln& on thl ,.,,,.,, 11«. enG 1/J oi lZO taraete vou~lll .. lttt 
about to·l end o· -to· reepact!vely. • 

7.$8 



the ll•om•trL,•J ,..,nJLL1~tn ~Jt QPtiLtlon, m•uund by tht proba· 

'"'J .. tl dtftntr• roll•• r~t tnllow in the dutsn of eaperiaenu tor en• ettlb• 

li1hcent of thl acerec in which variou• factors atflct the dttt~tion of point 

uran• ~.~ncltr h••"Y ''nopiu. tht relation alt .. • 'UII•tt• tpnUic 1cannirc 

••th~d• tor ult in a tactical t~utpmer.t. 

ln ~••• of •n tKptrimtnt it appear• unqutttionablt that aort 

collection and eval~tlon ot tt.tletl~~l data on a variety of canopiat te..a 

l.-hd 1 a lu1ltally IUYnd ar.a hl .. rjnably controlhd cletecUun·uportm•nt couta 

bt dti1Jntd for 1 ucond pt.au alaed at tP'It verUtcatlon of predicted ~llulu. 

Then tn the ••P•ttaent•l ~ .. ~••t1on phate the laport•nr• cf othtr factort (ptr• 

hap• Yntor••••n) woyld ttand out ~uLe ''••rly. Sound Pl•nntna of an txperi..nt 

thould at , .. ,, lnc.ludt an.ly••• ~o dlttraint the •inUDu. nu.ber of taraett 

.,. 
1,18& 

i 
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•· 

....... ~, 

•o &I tO m.lXillli&e tht d,U I Obttlo1nc&b!t .1t l &Lven C.o)IC level, 

fiiUtl tor eq~1pment 1 ft~~ thi ~t.ndpoint of com~~ti~Llity Yith aeometrical 

condition». ~oul~ b• bl.cd .,n quantitatively tapr••••d pro~bilitiel of 

"reprochac:Lbh" perfonunce, 

It app .. r~ th•t unJ., aeomatri~•lly open c:ond1t1ona 

(C < 0.3) the ltn•·•canntna th•~l mapper m.y be actepcablt for tactical 

application. For c up t~ 0.8 co.s S C S 0.8) there are very aartoue doubts 

''tO ... ctltty1 and foJt C > 0,8 it il Llear u .... ro.=~ 1n•tru::ent•t1on H 

neede1. 

-

, .. 
. . . .. . . . . . . . . .. 
. . . . . . ' . ; . : . . .. ·- . ' . . . . . . ' . - . ... . . 



J J L.u~..:.l.&....l:.ui,wr.; .·; "';e.t,,t!,),, E;u&6/lu,.-•.;, hiiH•d so rbr 
r.c"l'!k·trh•l £f'lil:.J..!.:!!! .::1 ?'""':':. 

prooabiy but a un,~e miuton :u-.· b. floNn. 

cion of the prrttn•~t features 01 an equl~nt that could be eaaily dealcned 

and ret:Hly built, both ln a shun time, for aucceuful applic"ar:lon to the 

preuntl:: c:onatdned uc:ttc:a! aituasion. In addition to the bare enumere• 
I 

tion of thue futuru, •~ ccn::m.nts r.•ard~r:" th• fwtt,1bt11ty and rnm• 

db; 7.) u t.o)m:•rned. prtrn,anly, w1rn ::)n!v the ••.;~~Detrical, r'!IJt the physt-

cJl, cond1t1ona of detecs1on. 

These topics are presented 1n three peracraph1: the firiL pera-

araph Out lialel .. ICinncr. the ••cond P•r&&raph Out lines I f\'(;Otder I and tile 

7.)..L L A Conct-pt .... t "'iriJornr Sct,ncr h.Jr Utt Dcturton of PoJnr­
Itruts l"ndsr Ht.a·a Canoe1s1 

·-· ..... 
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an cle~Dt:nt•ry t•rcet•olfl!.& onlv olt .. 11nai,.. Mn'!'-le "'! i.u,:kin! (• tc:an•an!le) 

• ~lthin the t~toll ac•n·ti~!ld. ln c~r.tr•tt, a acanneT desilfted with the 

&•~tric~l c~nditi~~~ ~~ ~·•ing »P~citically lr. mind, would inveltigate 

•• o A l1n~•r •rrt~) ~~ ~~t~ctn11 ol1Lan~d in the image field 

p~rp~!ndic~l.r tn rhe dir~ction nf flight and, 

o A scanning m~d~ that wculd cause • part uf the t•Tget·field, 

(!P .. Ftg,7,3,4) to be swept during the "line•t!me" by the -projectlc.n of the det~~:ctor •rray. 

C::nsequently, the canopy a.b.:~~o.; a target would be com-

pletely •~•rch~d in a lttip of width • projected width of a detector•elea•nt, 

' -.:.nd l.:n~t~ • distant.~! 1ubt-=nded bv lean angle. This mode nf operation 

• ~ ~!g~-~~·lity ilne·1cannet operated at a ~ov V/H ratio ha1 many ov*r· 
l~ppin& acan·linea resulting-· by virtue of a reduced bandwidth due to 1"­
tear•tion on the recording film••ln an tnr~~at~d effect1ve sent~Livity. How­
ever, no incre•u in the probaLilitv ,,f ~;..ina ~ar. resulr, converaely, from 
a ttpeated acan o( the tame strip ("line") of the canopy tf the acanning ia 
ude at iden~tcal scan•an~lt!t. And, II'JIC'"'f'~ f•l'!" ""<':'r!!i"!!al <::~!!! =:!':: :-:­
''•nningt should b~ ~Kpected to happe~. estent1ai1y, at identical look•anales. 

.. Or, perhapa nov, certainly in the v•ry near future an image tube of 
lui table tpectral rc1ponu: . 

*** ror this caae, the "llne-tim." should be t!XpU:taed &I the ti.me requir•d 
for the airplane to travel the dilt&nce vhich 11 tuDtended on the sro~d by 
the i.f.v.'t c~on•nt par .. llel to th: ·;:.loctty vector . 

.... Mote that eact. point in tht! c~nter-lin~t of thete ttripa 11 teen from 
a taraet at diff•rent elevation and &limuth anglt!t. 

-7.60-



first pan •'f thll p•r\:r, Ev~n 1f this ~~·ndltion 11 not a1waya fulfilled, 

the tutal prPbab1l1ty 01 •~~1ng in~ stngl~ mtaaion coulJ be expected to be 

Rt'.Jt unity. 

l"hll! r"qutrll!d numb11:r ut detP<'(•:")t-t•li-e~~ts c:.:-:;ld ~.· !-..;..lJ .... 

• "''•~L.i.c.al l"vtd by aoaw ••crificl!' tn (dS il evident from the analylia of 

the phyUc•l C••ndtttona of d~rt~ction hi Appendix 7.1). 

o lnformAtton•guheling•capacity of ~h~ acaMer (i.e .• JIIACritice 

in l•ural field of view which would lead to leuez area searched 

per unit tl~), .and/or 

c Somt' ucrtfict:- tn :tt:ns1tt·:~:y (i.e., sacrifice in lat•nl ,._.o. 
lution by makina the lateral i.f.v. larger th.an the atate·of­

th•·art ia c~pable of; th~n, such a sacrifice would .Probably 

lead to a smaller ratio of target·•tinal to background-aisnal, 

the l.atter bein& the limited nota•.) 

But aacrific~ in sensitivity i' readily allowed for tar• 

¥~tl whose radl&ttve char.actiriatica are equivalent to th~ae of- 1000°l 

black body 6 inches in diam.ter. Cor.sequ~ntly, no matter how much an ac• 

tual c~nopv deviat~~:d from the definition in thil paper, 

A acann~~:r •• out line above wot,ld auure 

a probability of ••etng higher by at leaat 

•n ~rdcr ~f ma;nttude than a lin•·acannar 1 

'-•Pability. It 11 r~raso,••h1~ to ""1' .. ' r "'·~! 

thJa v•ry hi&h proDabtl1ty could be attat~~d at 

an •ffectivw ••n•itivity practically identical to 

th.at of the bes~ cunt~rmporary line•acanner•. 

-1.61-
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) J .! ~~~~.i....l:l.-""' ·'l "'' ..:.'! c!.'r L.','mpo~t 1'd\. with Sco~nnt>rf 

~-.the< Out I tn.t;_..!..!!...2.2.:....!.·.! 

H"""o.:Vt!t, tinr~ the int"rm.ltl!Jn 111\JU~ht 11 thl! ..:t:Lcrmina 

th•n tJf • targcl • I:XUh.nCI! J.nd its around ..:oonanatej D.\, the inform~· 

the duector aian•l h rutrlct~d befcre rlllcurdtns to level• hiaher than 

a ~hretholri ••t aa a tuitable multiple of the ~~~nal l~vel from the back• 

&round (caneopy and/or ;round). 

detecttcn haa be~n accompliahed··t~e 1round•di1tance coordinate D, of Lhe 

taratt would alw.ays be recorded at the polition of the prcv~111na point or 

detection (• point \Jf lo.::kina or, ott a constant offnt from u-). Ttl•.•!, 

the only added capability required of a convwntional device, would be that 

* it .~.u record tne •can·•nMl~•· 

hhttua rect'r..icu are us•.allv provided wtth d~~ota channeh 

lik• that =entlor.~d above.PW An t~er~••~ 1~ d•ta•channel capacity, prob•bly 

* 
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... .,. .. 
.,., ..... ;( tlh ,.,~,~c.t.J~• ·r. t:l-'t • r~~.i..ul\·~·•.• •~·._ •••vi"''"u •vulJ •u((~ ... 

1, .. rn .. """'" .. ' .•• -:~~ .. ! .. ,., 1h .. IIWD w.·ulJ tl" rtlltlvelv lnv. taktna up 

ttXl.ft, 

o &:'! &ddit!.;~ .. ! c.or.vcnlion.al ltlip•mepp .. a c:ould be uaed ln 1yn• 

I~ tnt f Lrst 10Lut1on. • ttnslt record wt.u,lo:i contun D.:Jth 

Ptoe: tre pre..,to..:a ourlin., 1t dlfec.tly {ullowt~ that the 

t c ! UZIIIItA t ton. 

* Por final •~•luattor., tht Jl ~P• sh~uld b .. cor~•lated vlth tQpoeraphtc 
IDolpt Ln 1 c;on,.r.~tun•l ~thod . 

• 1 • ., l· -



• 

• 

built. 

:" ~ · . :..~ ....... .:.· ...... . ...... ..,. 

J.J j, i·~-.:.:_.:._!..!_.:..1..1.~!.~~-~~~<!' C:;~·~-;.~: .• a! n .. tf'ct1un­

E~ .. :.0. 

WL:ie as th.e t~al scan·tJel<i. How~rver. 111 v"iew of the ex• 

j:'ll:Cted ~ow r.esclo;.tt.;,r .... ~·nreoent. nc dl.ffic·.1!:.!.c! !!'! ~'!s!.&!i 1 

' 

be reacH~.' .ucl. 

o It •;:~urs !",li!".:.:: j::'O'!II'!:Ia ri1o1t tne optloum spectui region 

::! ~e:.'!::.:..:::: "J,;;·.lQ "::le ~:• tr.e uncouled PbS region. Conuquently, 

stra:.·~~-- s::c.ld ~to oi a so-called r.-•.• :.Jn~ r:.atter of manufacture* 

•Once tt!: ~:-.,oc~f'~ P:S :'t"1C:": =~rned <J·.t t: !:t: :ntJ~rt:d tile opt11: ....... rc-l!pon 
oi i:icte<.:Le!" .. :~.c rt::-.a1:a:-.~ rec;·;~rt::~ ... :-::. ~f :~t Uctec:tor ~~a ,.,H,,.l~r.tly 
faa: :esy.:::.•t·:.~--.:. !r.t .<;:JJ:r li::.!t .Jf tl." all~o~wc:d rt-sponae t11:1.e u the 

i1 X I t f 'I. I --.. -. -.-,-----



tlvi:v •JI'Jal: . ..:hthc .. lt t(' obta:-:-: in • r.~uln·tltr:~ent·detector, 

VoJuld bt cor.: r1bl·.: relu.ed. 

o The !ar&~ 11:1:!.:-.~ :u,.lin W('uld 111~ permit tht wu: of (:r.echan-

to keep below level• of ltll ~nar. twn· cr t~ree·timea the 

de tee tor· nc>ue. 

L Atau=tng cnat a lateral resolut1~n ct b ~rad wo~ld suffice. 

so:e ,so eleoents r~~Ld asi~re a total of ~~out S0° tcan•field. 

llud.J 

where V • velotlty. H • altlt~de ~i aircraft 6 • total tcan·angle. Thua, 
by cal,~latlna the dwe,l·tloe fer practical ~•luet ot :r.c ;a~a=eter~. ~t 
can be seen t~at a:-. ~~cooled PbS array would o~rmlt a reatonably htgh Y/H 
ntlo; tnat 11. a ar1• aru cc:...'d ~t uartl'led ln unlt ume. even with the 
relatively snow PoS. 



• 

( .. • J 

(2) 

1:' • .1~~d:~.~ .. ''~!-1!!.;:. h.l•to.&'h ~.>,,itdc-.libly 1~•• th&n .. 
:'-.~ =--~~ 0.' ~,...:a:.' P·'~i-IC';,. ····~.lJ .... tfic:c. A fwtt•bl~ 

Find ly. 

1!';:1. 

~ i ... !lti:"'US t!-.. t •n~11'1 b•t• ... h: of tht: ~o~1e oi Jl.n&lly • !:lrute tor"* 
211ethod. For, & dt::cc-: ... r nr•:o 11 t-11-:ntal~v •n u;c:Dblv of tndivtd".a&lly 
Pl·ecl:.,;tt:d el•"!!ltf'ltt h1·.!1"1 hPI."'att- Ulplifh.u . 
.,. ~ th• :.&'.~~ ~!' i. f>rH ciotL::..t'!' il -'PPtlr' ti'wt tne pr~t•"t ll'hll"' 

ti'lity 0( i!:rroi'!Sc·•,.~ci h j ... llt i:.t:lO"' the IJI.i.n.i.rwm tt:ftlf1t1v1ty that lt'CIM 
neccttl.ry for r.ht: c~.:c:...pl•t•d applltAt•o~. ~ent:th•lc,t. a r*·eaaminA• 
tion of ::tus ·.uo· prt:•l~l"ll.r, &ht:u=-:nt h warr•ntt:d. 



• 

'•• 
(.' 

u~ .• n: r t 1 ~ ... 

r:-c•c a vc.•:-·; i.ut!-= .J .. •wt"t \nat a ape-::1•1 equipment de .. 

Ui::~t.i f.::- 1.•~ u ... a~ :: :-c .:f~t:~t.:n .. ·n ... ·ulj :•r ~tl..:e~td ;:-.;:-f.::-::~::c:e of any 

ex~.-:.1:--6 .:!oi!'W~~c 

A ~~·~~•: ~ ... nn~tr r~r tne •1rborne detection of point 

:.,;,:•c!s .::-.~c: !:~•·.-·,· .:a~ .. ·:us .;,,.Jld !:le ds:u11ncd and built trom eatutns 

e~CC:"!:'.I ~t C:~I'WII!'Ito..;:;:·~ !R s:.np·::•ppttu. C-'Riidenng the- relatively 

nte~J1\'t u:r~~:ne:-:,e ~:'\ t.;:.;s lpec;iai.ucd tuld.. the c,aglng of the eh· 

:er::s sh.:·.;.~:S :,e •.:.:..::;:.:aa:;f'd 1!': •n d:.Js;. r .. .,~.>tlru! manner. A t!!::!ilar. if 

s·~t:~l:l.' •:J.d i.a~oratc:r;.· tuti.ns of s;.aeh an eqaiptr:ent should 

req~~re ~= :c:e :.~an b t~ ~ :cntha. The eq~ipoent should have about the 

•~ tile and ve11ht as :h.:se .:f si:ilar extst!:"'i !R devi~e• and 1hculd 

be rea:~:: .. l~sta!i.ed a:-.~ ..:or-era::~ tn an:.- atrpl•.,• suitable for IR mappen. 

~?era:e !~ tna Q·ll :4~r~~ a::ospheric vtndov. About the 18ml effort in 

~~-:.e~a:-::e -...::-..~:! :e ~.tt.:iot.:O •• f~r n•ndard lR r'elec:tronu: dt•ltC:et ~f 

c:a:pau~le t.ocp~t&lt:•. 

1:-: .,...,..., ~• ::.e fa<.t that t., .. rec:oacended scanner voulJ 

••arc:~ t~a tarae:·:~.:~ .~.; t~ rti1~ns so:e 2S 0 .)0° in front of the air· 

plena, 1t appuu 't.o:.a rea~ht1c to eape·:t :~at tbt equipment :.J~o~ld 

fac.1:1-:ata···.1nder :~r:a!.:: c:ond1t1ont. at least•· a "hunt and kill .. opar• 

•• -
.. • • • .. ' ' • " • ••• • • , .~ .. ~ • • ~~ • • • • # 

~I. 



"Il\f' aprcttH•:l'-':1-lll "f tilt" wl"\{l\c- rq, 1p1Drnt cuuid Dw de .. 

n\'~·d !""· • .:.:-: 1t:~· .. : •'llo. .._.,..~"we..,;. .l( dt.>u. It thi• eff.;.t·t U t'&pt-nded 

"lth the h::11~1lt1 ot eppht:•ble PtUt t!&pl'ri .. ntl on hand, the tpecHica .. 

tlan lho~ld rtfle~t it4nd•rd m.nuf•,turin~ procrdurcl •nd. areat proba• 

btlLty of •~~~~·•f~l '-'rr1•t1~"' 

1.J.l., ;i~n 

An a!Wl~~~~ !1J1 b.,..,,, aut1r or the a"om.rtrtcal conditions of c!euc­

tion. mwaaur~d by tne proD•bi!lt~ of trclng·• point target under canopy. 

The reaultt of th~ •n•l~tit h•v• been ev•luat~d for the 

o Pl&nnlnj of relevant expl'ria.ntt ~• wwll at for the 

~ tttablitnment Of the concept of • apwcial equl~Lt very 

promitinl for tactical use. Furthermore, 

o The featibility of the conc~ptual equipment ltronaly r•c~ 

mended for consideration vithout delay, h41 been tnvettiaated 

and, 

o t.lated qu••tions •~ch •• produ,rin~·ti~, loaistica, etc., 

toave Deen touched upon. 

&) 

tc deten:t::.e the effect:! a '•nwpj •nd the p;"Hihtltty of dctwC'tJon, 

should be desl~~4 ~n tne h•s1t of canopy dcntttv: the higher the den• 

t1ty, th~ l•r•~T 1 nu=Dar Of t•ractl aho~ld be ~i~d an ordwr to &lture 

m.asur-m.ntt o! lt~tli:lcll ~•lu• which 1t dem.no~d by tht- vtr) nature 

of the problw~. It nas ~~~n '••n that tt it ~ott1ble to,aprtort,optiaize 

the q~r.tity of 1nfo~t1on collc~tc; ~~: ~U•L of an cxpertm."t' 
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uar~r. t.~-=- .:-;:cr.:.r.,s .;~ver a t~.;m.h~ar.t range of ana!u .• 1n c.:.:ult ro 

:~e :a:-:::: u:-:,~ .. a:-:~le a: •1~1.:-t·. u.ut1na de\'lCet hope to f:.nd an openina. 

!'.a·.·· a::. a: !us: ':: an order of ::.an1tude h1aher 11 probabl.- 1u•ccua11 than 

lt appeau i'.li~ly r-rcoable that an equipment •• outl1ned 

':':".:~ 'J~ ••t~~Y designed •~d rud1ly hbrlcated .• both 1n • ahort t11Jie, 

-
. .. - . . . . . . . . . . . . . . . . ·' .. . ·. . ··~~ ~ . . , 

. • • . •• '. ·_;.:- • • • .:·: • :·,..., • .• -, :. t ~ . . • 

"I 
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Nlrfi:S 1 

(!) A,.,.,, '''' (!l"liUiul VI t'\nol by De• I t.•cl••r A CC'IIJ 

lloarlng a l'~:rll-Thnn. 

(j) ~:,;.111•\uglt.•: 1'heo Ar•·'\ Vlt'\.lt.'d loy lh·Lc:ClJr• :M1ccp8 
thr-,•ush thh Ant~lu Dau·lnt~ 11 !kHn·Timo. 

• 

("_i) l.luc ul SIKI•t lruna ~k,,.,.,._.r lu r.~~~~t, 
dt tl.u Junlllul tlt>ll till' T.rtrl'o:l :lrat 
t.:mold loe lh·lt•t,;letl, ·--

(!!') l.lloC! ot ~IY.I•t nt th~ 1~ 1: "'t llll l"GI"II•t 
could hu St·«-n. 

r ---

-·· ~ 
' NOFW 

® 

l'nrl lt.."l ul {;,u;,py !tJl • 
l••urlc·•l loy thle l.u;~le, 
Ia :>•·a.·chc•J luc Op<nlnt:•· 
1"11111 \•1v.l•! f.qutb the· 
Angle In rl..t~: (2). 

IIIO'f. (!) 

I I I',_' l, I \ ' . ' ' - ,. I I I " ., • '~ ---- -

<f: ':lUI-;,., ,,_:::::- ::__ .. ----. __ · .. _ ~ ::.o~';~r ·- _... · JJ@'"-... 
- --::-..-___ - .. -- ~ - £-:- -.. 

------- ~ c____ ___ - .____ ,. ;{;-::: -

Figure 7.4. 

.._ ____ ·-- _, > 

,\ ~rc'-lu.J .. ;, Sc.mnl:tg 1 (or' Opel'li':'l&ll, A Significant Portion of ":anupy, 
to find Uuobstructt'd Linn o( Sight to Point Target. 

' I 
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: • .:..1 • .: h.:e P•4-2y Wlculat1ona 

i.-.l.J Ex~er1ence ~nd Appllcablt Equipment 

:" • .;., 2 S.ti..: r.u Experiment 1 

;,.e,Z.l ~ara=tttr• cf Interest 

:.•.Z., £xpcr~ental Stt·~ps 

7.:..2.J Prosraa Pan 

7,:..3 "Quitk•Fix" E.xperuaents 

7.:..3.1 lntr~du~tion 

7.:..3.~ ~qu1pment for !sper~ent 

7.~.3.3 Ex?•rt=ent 

7,4,3,4 Critique 

7. e.. 1 Geaer. 1 

Or.e idea for detection of cuar1lLI operations 11 baaed on 

the tracu of 2en or arc·.tpt of IHn could be observed, paccemt of activity 

fr~ vhl~a ac~lanable dtduc~lons could be drawn. If the obatrvablt tff~t• 

duration only, lnai~tionl o~ dlrc:tton of fli&ht, and poeatbly of the 

cea,.tl~ ot f~1,ht,&1&ht be obtained. lt val f~!: that 11 aurveillance 

s~r 1: cx~J~eec~ ~1~~~ coae tlo•• to provtdtna ob•ervational capability, 

alO:.bolololt'. ;..rot.l.bly not 1..1.U•ble for 'I'S field operation. It t-At been IUM&ened, 

-1. lS • .. ... _ ·--~- .......... -................. . 
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&iN·· 
an.;! J.'UI1.11l1Nr~· .:--.l.:wlut.;~n• ~ondlcllte, ttwH ~taturban~o·e (e.,., by P••••a• of 

.:ue '" :ux1n1 ;er tn nusl.vt.ty, or both. L.>fted, mlcrouopic oraanic MUr1al 1 

un.:in •pproprUtl!' c.,ndttions. I'hll' nu•.nt, persUuncc, and oburvabiUty of 

froo t~e t~p V. l ~ of evap~r•tina oc .. n a~d d~onttrated the exittence of a 

co.:»l lurface Wyer ··tth depnturu u CDuth •• 0.6°C frOIII turface t•p•rature 

foWld by COR\'el".t10nal mettiOCh. C .. nady_, tt al (kef, 7.6) IM&&UUd tht 

t•penture of at•ble chtiuuon·•htkt (typtc•lly 1·2aeten wide). There 

other. On l)ftt 0Ct&Sl.)n 1 with iti"Or\1 IOlrr i,-.,i,•"'· ~:.c :~::: t•peraturl 

.)( the tlick ~•• !.:0: ~ij~er th&n that ""the warmer tide. The alickl were 

COlt prono~o£r.CtC ar.d stable at 'Jlnd speed" ltl'I'.H'!:d ~ :::'M, ln seneral (Ref, 7 7) 

co b&tit ceaaurements under controlled condition• have been m.dt. With the 

~lie data :1ssin~ t~e potential fta11b1l1ty of obtervationl in fitld opera~ 

!!.!.!.! ·•t.ert the '-•P.oli&ty to detect such ch&nau would be advantaaeoua in 

co~ter•tna~raency op,r•tiona. The Contractor therefore propottd that two 

ven Ce"rila:S •• "g:..1tk•f1x" and "buh dat.t" uperLmenu 1n earlier reporu. 

7.S Evtnc, G. tnd McAlltuer. E.D.,"n., t .. • Thf'nael Boundary Ltyer of the 
Ocean, s,!ente, !l!t 1174 

7.6 Cuoad;~ 1 G. I. etal, ''Slitkl on Lake Hur,..n;~ Jl!, llOS 

7. 7 of Naval ~turllcl 

. . . . 
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~u" upen:er:r. iS •n eumt\o~l 6uppleent to detef'D.Iine the qtUntltatlvt 

\.'r.{OrtOL-..1.:~1)' 1 I:O:C FC~Fle ~..a-.:e :oncluded, Wt btlitvt pre• 

.. curtly, th&t such d•r•ttion ~ill not be operationally uaeful. f~r txaaplt, 

tht ~piDioD baa been adva~ctd that the normal mode of tranait of rice paddy 

p.~ddy vattn 1D theu• rtonaal "''ork, the technique vould be u.tltu. 

~.t C~ntr•~tor fttll that thia concluaion 11 incorrect on 

a: !e.at th~•• count•: <1) a varlttv of Dorm&l ot contrived attu&tio~~ can 

~· taAat:eC ~hen detection of tuch ~ilturbances ~ould be uetful; (2) the 

de:.ect .. bili:j.· •=J p~~:uu::-~:.e of chanaes arh1nl from di.,turbanc .. 11 ti~~Jly 

not know; aDd tl) •~t-. Plt.turu of ac.tiona u an evatlablt (an txilttnce 

pr~of) (let. ~.24 and Ref. 7.SJ happen to ahow ~uer1ll•s fl~~tne ecro•• 

• flooded l.acds. :)r, the first count one un vt=n.~.~olUe the poutbility that 

fore l~i a-..tU llaa to valk throush paddle a; 

o there •n atenHvt svamplands vhich muat be travtned by 

Jutril l.-11; 

-7.77-.,. 
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•' 1.n ch~ Kh .. ,ru .• ",.hf'tt' Chtrr• •re m.•ny 111h.111~"' roolt, 

IUf':'lll.u :zwy uke t!':r s!':..lrtut routt>, Jt ltc& Lu a~t\)1d 

chtir ~r•~•·•!~td rt~d~zv~• pointt, etc. 

Oo the '""'~c c:.x1nt··1t tJ •i.:lply not kn"'-"tl hgw lo··'l ~taturbancu penuc, 

.,)1' vt.-c u rtt:;:-.;trN tc- C'~• .. rve thm . 

., It aer be that i•rm•r• netttna craba and vorktna in the 

SMdciUt durtna the tay produce turface dilturbanctt vhich 

peuin t~.r.:t .. j.t. •• H~L th• uii:·i.·um• noun anci would Clad 

;.;. .;.-..·cr.:!'.dm any a~.abuq..,ent dUturbanc.es. On the other 

r.~:: the obterva~l. ~ff~rf• ~y lilt only a lh~rt tl=e 

vattr U short. 

~ Exiltt:~ 1~!r~rec turvttlLintt ac•r ~y produce •11 the 

~t• Cet1re:, or it ~Y ~ot. !he ltkeltnood 11 ht1h 

that =uch bttter dat&•procttilftl, •t ~~~•t, could be 

esaployeG. 

n:eu 1 &ad u.ny od.er quurtont cannot rully be nsolved without quantitative, 

n:,erL.aertal data. 

In •~rvtilLanlt vcrk on• of the areat d1ff1c~lt1•• en'o~ntered 

11 lac.k of pan·~·. n.u tethn1que, 1f lutttllful, miaht be p&ttic~o~larly 

uaefd !~ reirt""f t~.u 1!1!!a"'l:y . 

• 7 0 7&. 



..,,, 
lr. '.awn, tth' ~...·nru.:t,>l bdtl"Vf'l th•t th• P~>trntlaUts.ea 

only then ~,;,uphna ru~·tt .. Lnt,;, ... ptr..tl\.ltwl ruurch. 

poolt. l1. •·, Ofi&nic ,.rt .I.C lt 1\.ltper:thml and ol 11 .• and fine ln.,raanJc 

.. ttrr .. y be •• iaportant', an •rtempt waa m.de early tn.the study to 

Ihe•• calculactant, •lthouah the condttlona aetuaed there (or, the om1111on 

Caleulattont can re&~tly ~~made for the "tttll·vater" ca .. • 

1.1. vlth the &ll~tlon of neal1&iblt vave action or convection. 

:he ont·d~rnttonal time 4ependent diffutt~n equ&tlonl are 

.,2; ;g 
• 0 

} 
.. - r. ;xl 

(I) 

r - l~ • 0 
~ 

vhere g u tell$)trature 
F u hoot flow 
l lt Dt:dt\11 1 1 thtrul 

cor.ducttvtcy, and 

•• dt..,i.t)' 

< • apecUtc hut 
II • r.t~ 

- 7. ,.,_ 



X iJ•i loa 
flo~.,X) • A(.&.) t 

X .'J•i lm 
::-'.>.( -:.· )......, ....... ____ _ 

Q(.&.~X) •-

/ JK•i :C 

) 

l (ll 

where I .1!5 
1 .. 

If the di~rr~l heat flow 11 assumed tlnu&oidal (i.e.,~ • 7.3 a 

!:·S) of ~xtmum &eplltude fo •t X • 0 

:~.;::. 

v:-.r• • Q: ia the aazi..zlua temperature excurnon durina .. :.e cli;Jr.~l v~rat!on. 

-J Por W*ter (c,a ur.itl) : • 1, t • 1 and K- 10 • rhul 

Fo 
0

(1 + I) (.19)X 

a:. • ;-::-J J ~o·" 

(4) 

(loa) 

•!he coordtoate •Y•te= 
vabe; of X below the Vater 

oaly !:lr X~ 0. 

~aed hoill u.e wat*r i .. r face at X • 0 and neaatt.ve 
tw.rh·.t .. Hence Eq~tion (3) and folia.rtn&t hold 

-7.80-.... 
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(6) 

~ \ 4 , X) • ---'"F_.o_"'J"'··. ( 7) 

't:c t 1.&.) 4o 

2Fo 112 
Q(c,O} • ~ t 

::~~~: .. ;c 
(I) 

8(t.O) • .J c1· 2 decree• cenctarade 

n.e F.;,~o~rier tranlfona of (1) for X ti 0 yleldt 

lFo ·--- (9) 8(t,l) 

fGr latereactac val~•• o! X a~d t t~e probability lnt~ral t~~ 11 

~d by the eapooent1~1, &ad, appr~x~cely, 

•• 112 r x2) 
W1,.,1.) .. ~rot e:.:p ;_ • 

. ';I':C - .. 
• 7 o &l e • 
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• ...E.. 11- ,.19~, 
. ! c;. ~ 

0 

37 

s 10 

16 

(S) 

(Sal 

so 100 

3. 9 2 

:bua oae ~uld expect a ~iurn.l variation of 2° in a 1 meter deep paddy even 

;he pr.ase cf the ther=al p~ka at ;he surface 11 seen to 1&& the 

tbe effecta of local 21x1~1 near the surface ar~ probably 10 atrons •• to 

•il• LAs ulc~Lati~t u" fu.ntti~n ot depth by munt of Equattor: (4&) 

From the forecotn& it tan be teen that the surfLce water Layer 

(10 ea or 10 !hi~c) of a r1c1 p•ddy can nor..lly be expected to differ in 

t..,erat~r• by pert~p• tCOC from en~ lower Lay•r•. If tbia cona~tion 11 

.~ t~peraturt chAnae tner~fter: 



.. .. 

lr. t\ma&ty, b.i.uJ .. ,n t'lnenury .!iffulivity theorv llodiUed to 

tt.:O\':.:e !:r s·.;rt.u:e' :1"-!~f. lt C.i~ ~t' n.r<'\:ff'd that tiC!' paddy tutfiC(' 

tcpeutoore• .:.:-:.:. :h . .u r.lf"lt .• ,,ul.:i ot.verace some 10°C cooler than the botta. 

F~o~rchn, it :Uln& oc:c-..u.- it can!>~ expnud th.at the oiaturbed reaion tn• 

itUll~· Ut.I:U tht krott.:.t ttmpftioture, coch o\bout 5°t tt-.e !!r.lt hOtJC ~uJ 

thnuh.er •bo.ot ""' t l· 
2 

&bunce ~>f cunene•.· hence ap.&U•l ncent of the cUaturbed thtnul naton 

~~~ul: be cocp.raolt co t~t reston of phyjtcal dllturbances cauaed by vadtna 

a.en. 

In the f1r•t montht ~f the ttudy a Iurvey wae made of exttttna 

cocat1'ctal &;-.: ::.•.l::.tlry ••dinaattt'U: tunntna ndiometer.. and then~A~l map· 

ptn 1 to loc.ttt eq·.;:.;t:t:-:t ·."htc.h 1:1111':: bt 11tful for 11quio:"·!~..: .. '' battc 1 or 

ttrrat:l Mpptr.a eapenments. SinCt! much of thll IM.tc:ri•l 11 1till pertinent 

:1-.e Sa~ has a procraa t.:. •x-mir:.e ::oh1p ~u.u hy Lhtnwl mapper. Support .. 

U .. work 11 belnl done by :.J.L in C.heupuk• Blay l(ontact: John Sanderson, 

Supet1ntende:-.t, Optlo ~1'-111on: !\itL.~. at ttur !Oaval .\lr Development Center, 



t"r. ~o,;.Allut..-r. lnu,i. Apptlf'·1 t.Aun"tUPh:V \iroup, !'an Dieao). A vilit 

a·, Sc=upp• 

bultnce over mounu. ln add1tton_. •""" tUPI of tnl.snd Key Wen vert avail• 

wtth a rented ~lltr, Raymond ~ Br~n tnttrumtnt (4NIUAS·4) mounted in a 

D·il (thi• tn•trument ~tlftl • prtdtttttor te chc ANI~S·S by Texa1 ln•tru• 

uu~ .. ,t, ln the Plctwru b~t :ou '"·ere uaily 1dtnt1Uabh. Fot tucple, 

a •lap lUck \o'Ou!G bt very whitt foPo-..o•d by a lona dark ovtrthoot tlona 

the .c.~, tnd a thort "'hitt overthoc~ fcllowtd the cool ahtp out lint. Since 

tl".. ,..eep w&J 1800_. dhtortlor. at tnt edat of tht ••P wa1 very bad. No 

a Chan&t 1~ .. 1ti1Vlt)' Clwtej by •a•ln& of lower ltvtl (de&d) Ofltft1C .. tttr 

fa:..rl)' nur th• aurta .... tnu mount "'•' ldllnttft,.ble aa a up variatio~. 



:nptr.lt .. t• ruolwt1.on 0.0~~( t 'l 

ir. pttttrer.a :. .. ~! ~":1 .. tr.cr.t. H~• pumo..ry r .. •<Jn ... u th;.t Hll:l did not 

• "-:-.tc.: P.aptd Pr~UI<Jf ·.~.1t!': :...y ~~ .al'd • .. ·u.h HJo.! dwH"t • 

~r. ~~lll•ftr ~•• tnt•r••ttd 1n AVll! probl.mt. He volunteered 

• lt U •;.~u .. una tO) n~o~t• tr •• t tilt fo"t !'!onmouth pro,eu. people have 
euer.U•lly .t..r.,vn•<: t~.t rul tL:t v~r·''"' •• .a tow"l of (Dfttlnu&l trouble 
1n wtt :1! U.t t.:A!J·5. 
7,i, kear.er, P., Prtll::tnan DJU f,~r 1ft Otucl1on Tut, Dec.mbtr 18,19ftl 

':'UII l!:t:r.::t!'l:l 1¥,.•()') !.t~:::-; A\'tn:u•, nellat, 1ex11) 

.,. -
. '. !I~. 



• 

... 
i.Jur1nc a •uD••~u.-nr "' ... ,1 r .• s,·rLt'l''" i-:or ulher purp'-'•••, tht' oppor• 

b. ~~>•lftu :'~\ci.:.N•nll ~cnl.~,, Jolhn:villt~ Pa.~ A!:I'W Wbor•tory, 
SpnL,d ~~tho..J• r"lYl'ion, Applh..J Phy~JLC!t Sf'ctLon {A.SWL CCKit 4U), 
Mr. J. J. P•l\1), Jwly 1:::. l9bl. 

O.ta on the t("fttr~utuu .,t a unah "llne" brlav the aircraft. Wtar on, 

ANIAAS·4 (X•A•2) 
ANIAAR•9 (X·A·2) 
lec.onofax C.merM 
lil ASW Bomb DLrtttor IL¥hL Ur.Lt 
~iMK·ll 'X•H•L) 
,.. ... IAJJJ .. z 
AN1Ah~·2 Hodlfi•J ~y ~uC 

Wieh the A:\ 'AAD·2 .• SI\DC uud • c.opper-doped (,aratAni\D detector and 

l)t.Uir·•d very ao.x" ;otct·Jra• wlth an eltiutcd tempeutuu tens1Uv1ty of 

llt."'X. The pLctur .. h.ava b .. n ude vtth de: rutorau~n ,u~ '"'the "uapn-

ava:-•1• level of then areu, 11 ·.:ell ill the t•peru..an .. varLation ln the 

II'NI h.u been properly rec.or~td. ln r!!Apt udt of the ocean proper, the 

vatar. Since !t'.DC 1
1 at• h an ••trna<tly hial• tlmperature unUU.vity, they 

IIOdUu.i t.he A!'PAAD- 2 to a 1° a quare lnttantaneou• ft"ld of view and achieved 

&... ,, ........ ,.~. 
• 7. 86-



fto.o. .. o.;~v .. ;...-.:.. .. "'""'" ... .;! · •• , l:l .. rc.&~ of :OO.v.i.l Weapon~ Code RL'OC·II). lt U 

w.C·:t·.-c:.:Lon.ble u.at SA.Ol · • bt.)j.d upeuence Ln oburvLna radiation from 

11. Ar.:·r 

a. Fort ~.onr.o~.ot!".. On 2~ J.,r,. YLalt waa made to ioJrt Monmouth, U.S. Amy 
Sia:-•1 ::.:c-~ ... rlh •nd De.r•loPJ~t·nt Lo.b..1ratot'y_. lleconnau .. nce Branch, 
Survetlt.~'' ~•P••tment: A1rnorne Eq~tpm•nt ~·~tion_. to talk with the 
pro~u~ er.a:~.::eer 1 !-l:\:'ta..n P.rd .. / on the AN/IJA.S-5 en~ lo.'llh the Branch 
thttf, ~.nael ~~~~~-

-7.87· -
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-
~!". :i.·~.:!" :a..:·.:~~· .1: !:·.·.a;'ls f.·::~-:J.l !.a:-.• ~r<it•'r:•. It ..,.:io ••iJ LI••L th .. leata 

were not .: .... n.:lall\''" ~no:- 1nt.'rm.it\\'"'' and thar, .n pr~dtcted, the UAS·S vaa 

(~.~ .. ::.~rl ar..- :h"' :-:u.:.·l:) ~.·ar.i.;; .n •'~i.~: •• :JI tiJ ra~i..i mAintenance). 

\":':ot .-: t!':i! .::itii.;-w:::i~s ~·:'l~·..,·.mtH!!d in Panam. was thlt pa::.nt flaked 

off i:o: t~· !':ig~·h~.eidity cond1 nons an.:i g.:ot in the film drum. (Tlu: CAS·S 

yroblbly o:',..uu't nuJ paint u it h aluminum.) 

:he Am_,. has tvo t'AS·.h. th~ on~ at MiJn=outh nuw, and one which Vt~a 

delivered to t'ai!"child a: Y~ and il not usd for obaervation1. Apparently 

the Yuca inltruoent could not be used in Panam. b!cauae of a contractual 

cOCII:li t:Mnt t" Fa! rchild. t'SASEPf'L apparent 1 y could not get money for any 

nev CAS·5s. It va1 s:e:~~ that nev models of the device would be built for 

us!er ::ainUlDibility. (Estimated $100,000 for device.) 

iom~ p1cturu were availa~le lR:f. 7.9) ;..'hi;::h ~pOVercd 1 large •.rar!ety 

""f ecor.ditio:u. !he deta!l .... 15 ext:-:crC!r..3ril:; goc.C. iu dl ~p4tiel. Mapa of 

airfields rhcved. etni:o:::t.i'.'e ~:. f!crcncc:s bctwt:e:"i. c::~ld and h.:.~t drcuft •nd 

;!:..;..:..; ...,: . .:.;,;.;. • .:~-~.:.f~ ~ ... d bet-f'l r-.,,ite-.: :.:·:1 wh•"• th .. -::o•Jtlin~ Wll still pre• 

urvei:! 11 • teperature difference. !'!I~! >ver forutl showed hrge di fferencea 

in t~e app=rent temperature of foliag~. 

There were t~ parttcularly interelting picLurel. One VII of :. 

aG~iU¥ 707 var=ing u~ and showed ~he jet exhauat back to •bout five plane 

7. 9 P'iMl Enalnuring Report on He-Doped Genunt11m iJetec:cor Evaluation, 
Cl·bll47-l, 20 Dece-mber Bbl, texu Instrtmioe!'ltl Coratnct ""· (USASC) 
DA-3&-0l~-it-68~77 (Secret) 

·i.Bts-
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~--

o. ~ ,:), i\r.D'' b·an._.:iurw.i uo~•l.J.tOIY .• frl)nt ;Wnmo>uth, J • .i.' Sst. 
\..'illu: K!:~rrer. 1-.11~· zo. lQ::~~. 

••tot .. nJ r,:~'.l&t".ly p.aullel to tt.e P.u'l&cw C&nal. ttu. 2~'"1 wide Scutbem 

of the 4;ay .){ !>u·~~. ";he teru.in U mo~o~nt.tnoul (elevation• up to 800 ft) 

a!'ld U covered ...-Hr. jur.fh. 

the •ot~lpment lad uucer.;\.11 breakdown•. FaU~o~rcl o..:curred primarily 

pack.;.&•. MoP-·ever .• t!':e photoaraphic camera• <KA-20, ICA-220, r.A-39) aleo u1ed 

in the f u,r.u, j&.aDe.:l t-'Ytn more freqo~ent ly. C.;,r.uq>~ent ly 1 bl.lt understand• 

ably, the result ~f the teltl if ~ot voluminou•. 

n.e ~»PI obtuned \oo'IU made •t .a fl.i.,ht altltude betwe•n abnut 11)00 

~r.nd 5COO ft. 

ce~tratt and often r~v• been ~nd•rdevaloped. Moreover, in a lara• percentaae 

lt •·•• t.mpoutbh to eatuwu wheLhU the law .. 



.. 
~. ,,; ..... ; .. , • ·· .. ·:; .•.• :r~: -~ :..·:. ~ .:: ; ::~· ~-~.,.ipmc::.t, :~r 

-; .:.;.·,· . 

.,~ ::-.e car.opy: j· .. ~t .o.$ pi\otoar•phs.- aad.- dwrLni tt'le i.i.CI.C tlUht, llthouah not 

• u~a lt •r.eo;..• ly .· ~!':.;-.· true kl r.ot \fndtt c •naP.". 

The other ••periment 1nv~lv•d A number of t.ra• c&mpflre• llt 1n 
I 

a'too.~t CO' r:.lt!': jun,lc. iht fHu. abO\olt 4· 1n CU.ilmeter .. wtre •lh&tdly 

trae f.i.l&nt •ltu .. .it OJ! aoout 1;00 ft '!O thu .. prob .. bly, a direct line of 

t!'.t ~ .. "4: lt, Earlv 1r. the m..~r"\1~: he&V)' miSt or fo& uu on the Junale until 

on tl':• rop of tt.e ::,o,~,..r.tu ~. l~o!.t tMt tnt fl1aht tett' tw.ve been delayed 

• 4 



.. 
c. :.·:a\·~:-: .:,~_;7~ .. :a!l.J!1-_l!!t!.H ... ~!...':. ,,f ~~ !'!~£~-~nd T~l~1 '""···"·' !.•'·''·"·'"·· Pr>. ( .. ~. Sultl c. J. Zl•.·l•, >lnro, H. 

H .... lt&' •. J. ~~:1,;1n. loi. W.:~lh. 1:. July l~b.2. 

moc:hi1.td A~:·Mt'-2 ~ntr. ·' l·mr.id l.nlt.&nr.n•cua field of vl..-w. The laboratory 

Utt'nt ly obuin"'"' fivt CoX".pl•r• fPf• Cl! AN/A.AS-5 1y11tem1; theu equipmenu 

are curuntly bt1nc modified to a 2·mrad field ot view and will be inltalhd 

tn L-.!0 drcuft. ~oo)reover. th• ''Project ~!itl':l&"f' Wide An,ale Scanner" 11 

tnatallf·d in an L·2J .U.Tc.r.aft, 

coveuna the apectul reaton hoa about 1 mtc.·on to 13 microna. The lona 

~o·neltn,tr. "'l!ttctors are •uner copper or meHury doped lfniLI.ftti.ID. Th• 

coolir.a o! then detectors u &ctomplt•h•d hy h'i"-'V ~.l and He po'.Jnd tn :~. 

4,"l.,b1e d.._.•r, "-c<~rC:L!'II to !it, tiuittt 1 no ditfH.,.lty ,·, btin& encountered in 

:perattna tht equ1pmenc &n thil fa•hton. 

rht ASIAAS~5 11 a two-chAnnel equipment wtth the followtna 

charattlr1tt1c~: 

ANIMS·5 tX~· I)(Rof. ].lO) 

Dn11ntd for mount ln& ln 1··20 aircraft 

••tar.tw•JOO lb•; Pgwer-·Jl amp 28 VOt 

OptlCI: !"oooo bac.k-to .. back tdentital. Radiation foldctd by on• 

of t•o perpenditularly•aounted plane 1u1face r.otat1na 

H..r.:-;cr -..,llected by 6" fi\J.8 par .. bola, folded •aatn 
i.lQ ,jptHa!·"'t~!: .. ;,hal S.:annlnij Devh:u, Cntveratty of Mlchi&an IliA 

Stat~r•of•tht•Art ilqt•:t. :ia;o~ u~,a. 

~ 

• 

• 



... 
~~· tl.!t o1ttC''!', &~.n.;! foC'.J:tH~ ~"" Ct-11. CLC 1t 0.2S •i 

ftff 1.1. ·~ul•r t••~lutl~n-~ m1~d., fo~~l lenath·S in. 

:0-.;--.t.n. A p!-.~t.:».:.>nJw~li.,.ll' J~tl&!"'l~r 0.5 11. I).S mm i• pLaced ir 

f.:»,al pl.mt; PbS on l)nc Ude; cooled PbSce or PbTe on the 

s •• r.: ~nly 8S"' .. ~ntt.t of c•'h n•n U dUplayed. Forward 

•.:~nnina 11 d"l' hl .aU,r•tt 1Df't1on. E.tcl't dete"or 

• 't:ltl@:n 
Ob)ecttve: 

tr. .. e:; l~C'I hne~ per .ec:ond lo) th•c eucceuive ecan llae• 

j-.:•t '!.):.~ch ..lt 115 ::ph, altitude 500 h . 

PbS·-~in. detectable liJn3l of l.e a 
PbSe··=in. ~etect&ble sianal ~f 3.4 a 

~~SRDL f~lt t~t Ha·doped·G• cell• could be u1ed, that the cell chana• 

~oul~ ~e ~de by a company l1k1 II in about S months a~d set llnlitivitill 

of fnCU!\n.J ..:>f • dttrn. 

~ata will be t,aken tvic• monthly_.mapptna the eame terrain each time around 

tl".e clock to resolve the eftec.t of t~e t111e ot t!'.c a.ay. In addition to 

t!':.U activity, the ~bcratory hal an ntenetv1 proar•• in mappina 1now-

covered crevaaae1 in ice-caps. 

1-.rad retolution haa be•r. ,attaintd. Varioul vehicle• in thie m.p a.de fraa 

an altit~• 'f SOO ft can be dtlt1ftRw1ahed accordina to the type of thJ 

vehtcl••· lc 1• 1ntere1t1n1 that • per•on v1thout • ehirt in one of the11 

-7 0 92-



the lnsununeo:»us fulJ "f viev, the deflnltlon of the optical I)'Stem, the 

size of the recording spot, th: s;~chroni•• between scanner and re~order and 

tt.e ltabtl1ty cof the !lt,r.&it. C->naequently, • further 1ncrease in ruolu· 

t1on requires simultaneou• improvement on all theae factors. 

In the m .. nt~e, correct oper•tion of an equipment is the all ia• 

portant factor in obtatnir~ •n optimua map. 

MA1r1. Kolter and ~r&an offered to make a ma~ of a ~earby pond vtt~ 

and without diaturbance, durin& the course of a reauLir million und .. r nne ot 

the ~horatory's contrac·~. ~ec•~~ ~f c~nt~•~~ requirements the map will 

C..:maidez:.t.b1e wor\L on lR, oriented to CCJCDbat aurveill.uce probleu, 

has been participate~ in hy the Lab~ratot). (Ref. 7.11, 7.121 7.13). 

111. Air Force 

a, ~ Aero~uti~al 5yst~ D!vision, Wr~ht-Patteraon Air Force !&ae, 
:t.!.o 1 R.c.:.l)o.na i.iunc c Laboratory {ASR.NR), Infrared Sec. tioa (ASR.HB.S- 3), 
~~•r•. c. L. •oodard and K. H. Grtmbera, July 16, 1962. 

In th• opinion of !'bs:·s. Wvod&rd and Criabers, there 11 ~ "ahelf" 

equipmen~ with a capability camparabl~ tQ HR!'s Reconofax VI (lee KRB·Stnser 

belowi and to the AN/~S·S. AI far 11 airborne IR atudtea are concerned, HRI 
7.11 ~Argan, Joaeph, and Dana C. Perker, A.~ Analyaia of IR combat Surveillance 

•Dd targ~t·Acgutsition !suipment for U•e in E7peditionarv Operationa of 
che l'Urine·t.~nd1ng Force {U), :.it !Aboutory, Irz~titute of Sc.ief'l• and 
Technology: L', of Michi&an, Jur.! 1962 (Se~ret) .. 

-7 ':~-



~lth a h~w1d. ~ 2 ~\)) h!d ln:io d.et .. , t~JC o tn~ uth•r 1n the vUU h rqion of the 

lpectrum Uiln&. pnotomultlF11•1 detect3r. Th~ to~•l ·~An anale ef the equip-

be opented at •lt.Ltude• up to ~; .• ooo ft. the lR information will be recorded 

on 5" f11:1. n-.11 lt'tu1pm.tnt will urve an expetimenr:al nudy that U aimed at 

tn•fligr:.t 'orrel.ation of vh.-1. infrared .nd ra·.iar dAU. to be obtained in an 

tntearated ayatem. 

The Infrared Section of the Reconaa1•~•nce Laboratory had jU6t initiated 

• lt-.&dy of the ~etectton by p.tt~live radiU1on of small b•ndi of troop• and e&•p 

11tet, wilD& t:~ult.tc.olor tco~ooiul.!.~uet. 

~~•r•. Woo~rd and Grimbers, were not aware of pa1t or pre11nt theo-

of uaaphret: would be ..nderuker:. due in& the coune of the aboveoomentloh;....; 

b. Y.:...l.!Q. !eua lnurl.D*ntt hal a aubcontro!\'t frCIII McDonnell Aircr•ft 

to prov1de 10 ANIUAS-5 equipm*nL• for uae in the Rl•llO. 

1.13 of Environment, 
and tech., U. of 

~ .... ~, 
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1\", ~lur. tWY!Dond ~ Br~-n-Sinaer. Inc •. Sute L:ollt!l: Pa.J Dr. C. L. 
t.".;:.~~ri.1!~c, ~:;;::o. ~- : •. .:), .. ;,cl .J.r.J J. r. ~.lkd, J,.dj 19, 1962. 

at spuda; •·p t.~ :-Ltd; l.i. .. t .tn .1ltuuJc "' lOCO ft. 1h11 ncv ayiUta, deetanated 

vtev and. u • IYXlCII.D. \''H nt1.:~, tempt:ruure ••n•ltt.vlty of about O.l"'K uaiftl 

a l1qu1d s2-cooled Ir.Sb detector. The detector ~:c~;~ !! dtP1&ned •• pluc·in 

units so that •11 current •nd future detector typel can be uaed in the lylt ... 

~ •• ~:tect~ri are read1ly 1nterch&ngeable durina fltaht. l11ides record!~ 

to tltaht, b~ m .. na of an F.M cranam1tter, :he Re,onofax VI can tll .. eter the 

vt.r.· of 1-mrad •nd a ucond atarwl c.h&nnel in the vUtble reston nf the 

A~ther syatem, Rtc.~of•x Vll will be an A~J-type ic.anner. It will 

have a 10" aperture di.-meter in contraat to the 3·1/4'' eolhc:-:~1 ot the 

ilith an lnSb dwt.a~o.L.or, & ·temperature aensit1Yity of about 0.00\0J. il 

eT.,rc.ted; -.•1::1 & '• + li& deteuor but othervue, under identical conditiona, 

These Lktter tytteml will have a continuoul '•libr4tion recorde~ :n 

borh tdau o! the sr.tp-map. Conaequently, the abaoluu "temperature'' of the 

are.t.l ·ot~tll also be poulble to evalwu ln addition to the "tK.perature dif• 

fertnce'' t:-.a: preva1h bet-..en~n vanoua area• of the taLaet field. 
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dtUC:I.:tr npnn11C'n •iLuer at )~k l)r i~K; Jt h .&bout 1/2 to 1 year frca 

coaplet1on. It &• inter~ltina to note that in De. Woodbrida•'• and Mr. 

S~Jbcl'• """i.llh)U, iicl..! ~Jplltro~tl\ln ..,{ .t )~~ d•tcc:tor, without" t.doaed loop 

110vina the lcr.··trequenc:y reaponu of the equipment. The Pond would probably 

~ould tai~t. A'cordtna to~. Walker, expeti•n~• •howl that 1 lint ahape iD 

1 tvo·d1aantional pi,tute c.n be detected when the difference between a11na1 

ana be~~r~und 11 p~rnapl 11 little 11 lO per cent of the equipment nniae. 

AI repor~ed eArlier Kki·Stnaer hat an equipment available for rental. 

n,e ,..,H o£ th• •itplanllf 1• $100/flilh:-hour, the COlt of tht tquiplll.lftt U 

S!~0'4ay and the 'ott of field tnlineertna ltrvlcea 11 $100/day when away 

from State Collese. Mr. Walker •w&l••~•d that the ttal~ina point of the dil· 

tur~D4• and rh- point where the person caulina the ditlurb&nce would 1 .. v• 

rhe pond, should o. m.r~•d by b .. conl lu thAt the •pproxiaate location of the 

c:iut~o~ro.u ... could 01 potiUvlly 1d.-nt.if1ed o:-: f"t~- t!311p. ror dayt1ae •eaeut•· 

woul~ be advantaaeous be,~ult the avaJlabiltty of varJoua \11&• 1nSb detectorl 
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1. L..iuJ•Atm,'h Inc., lambrtdJ"', Hllu. (L.'N4·14l!l) !veporotraph, 
(Rot. 7.14) 

ln Lh-.· E\apuLoJMt.tph tlu: thtckneu o1t ~n oil U.ua Llelrw concl1n11d on 

P_,Lnt •t.l··p • .ant lm..ll-.' La.Cpi.'U.tuce. lhe bnt t•per.uun· ••n•tttvtty .... 

peri..:n .. .:J "ndcr to:•retl!lly ~,;um.rollwJ lolboratory condUionl 11 &bou: 0,5°C 

whl;;h i6 .. C:.:Jnllderably leu th•n thl thenreu~..~ ten11Uvtty, Thil 11 

of • fw rar'!l of deareu anrJ ~.un•iderat:ly lona•r for IIMllar dUfi'I'IQC:.,, 

Another j1fticulty w1th th11 tn•trument 11 that it produce• only picturee, 

which •r• difi1cult to uat quantitatively. 

11. Louet~ E!tctr;~!e! '==;=;,·. 111,, Thenaopan. 

on order, and take ab~~t Ctve ~nLht tn b~ild, they are not lt&ndardiald 10 

that there ia no fira lit of characteriecice, A 1ood axa~l• of chetr belt 

inltruatnu h a 1p1c~.al htah·•P••d ayec• but It for R•dnon• AraeM 1, wtth 

the follGWl"l c:haracttr11t1ct. 

D~ltlt Collectina Hirro'l'l: 

focal Larcth: 

Anaular Rttolutton: 

Pield of Viw: 

Praae Rau: 

Spectral londwldth: 

Sytt• SentUtvtty: 

6" 

20'' 

1 arad, 
50 X ,50 

20/eecond 

2-9 • 

4 x I0~ 10wlcm2 (fo) 

i.l4 MeDantel, c.w., and D.Z. &o~laaon, Thermal Imaslna by Meana gf 
Evaporoaraph, Applied Optica !, 311·324i Hay 1Q62 
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r .• , , ... t I,) I : t.:u~ D"'p•d "'' 

\...,~.-hlw: tt'l"toi Nl T:sn11!er Sy:tc: 

R.tnlt •'' r\) .. ~": ~1,)1)' to • 

Dilp l.iy: Direct Yidru :.Jn Cll 

Au11lilt.a~· ('lutput: T•pe Rc~.:l)tdu 

1Jpr1. J .... p•ur u1w M.i"l•: 12"'-110', F, 

The l1n1 r.tte U 200t.:lf,tt, Any of four Hlr.eu auy ~~ r-.ouly poll• 

tlor.ed tn tr.,nc. "'t the der.-ct.,r. fh• temperat'.Jrt ttnl1tt.v1ty 11 on the order 

ot 0,0,0 ·0. l"'c but. 1» ~ ltrona function of th• ·~•nntna t1m•. lither thl 

in a ltati' '''~ proaram but would have to b• borrowed unl••• the apprcxtmatcly 

lll. !.mea Enatneertna 'oee•ny, ~taaford, Conn., ~1r1, C, So111, S. 
l:r.;to&al•ato, and f. Wt1ka 1 Jwly 11

1 
U02. 

the Purpott of t~t• vtatt waa to aurv•t tha avatl~btlity of tnatru• 

menu tor rl'le tnventaat1"n of the radtaUva char.-;terUth.:t of dUturbtd 

It waa reported in an aaT\1tr DlC pap .. " "hat the only .&vatlabh tva 

~hi~ inacrumanc h.1 v••Y ht1n (l·srad) tesolution. lc 11 capable of producina 

tither a 200 • 100 or 100 • S0 piC'turt «''!' thC" frama·Uu 11 rathu lona: 

13 mtnutl4 tor tnt zou a 1no frame. ~lnta the resolution required for ~on· 

trolled ea,artmant• 11 on th• order ot 10 mrad, a~~ thi• 1• attainable with 

the inltrument, the ca•era 'auld ~. advantaaeoualy ultd in the expertmenta 

1t it were po••tble to intr•••• the scanntna rare by at leaar a factor of 10. 

and an lnLte•~>& of the "annlnt~ ntt even by a fauor of two !:. q:.ocatiOull.blt • 
• 7. 98· 
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Model 12·600 are liVen on the neat Pll'·) 

The instr:ent ;•n be p~t,lua .. u fat $2.S .• OUO or rented for a minima 

Ltae of one month tor 10\ of the aa!ea price. For rental• ~f up to 6 aonthl 

the equipment 11 no~lly uaed with a Polaroid camera but a paper 

chart racordtna ditplaytna rataived radiation vs. t~e par acan line 11 

Ierne. !nalraeettna Company h., dtli&ntd anj 11 producina, "Portable 

R.dia~ion I'l'l•~~Ur!" {!"..odel 14·310). rhta tnatrument u a radiometer 

whou dauan b bAUd on t.he prin~;:ipltr of • coni t.nucNa 'CDP&riaoa of taqat 

radunce (110re prectuJv .. i"'T•AtanLe from the ~.-'raet) vitb the known radian.:.• 

pb.)'td on a panal·mater c•ltDnted in dasr••• fahrenheit; however, the in-

atr~ent 11 r .. dily ad4ptable for u•• with pen recorder•. 

the RAdiation Thttucaeura ccaa with a nUIUer of IIOClifieaUon wftoae 

a&att c~racterlltics depend on the de11red t._perature anywhere in the 

ranae froa ·400f to lSooPf. The .ude! who•• t .. peraturo-ranae 11 fraa +15° 

to +212°f hal •n ab•.,Juu Atcuri.c.y of 1·1/2.,F •:. • rllpYu6• L-'- of 20 tilU· 

IUond•. SiRL~ tnh .&.nu.t...aent would fa'-1l1Ute "poia.t-by•point• eMaur•ent 

·1. 99· -
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inltt'\BRnt 'Ould br oiCCOIZiplished. fh:u 1 a taperatufl UftUUVU'y Of about 

0.1~ tould ~e .ttain~d 1n the re~u~ed •tanal~b•nd. The tn1tru.ent can be 

obuinttd o.:!U. .. f1t-ld of v1~ u( I" J. 1°i it opetatu in the ap•ctral reaion 

nt1ht. lt '-"Onf uu of .. n " .. 'pt tea 1 hud" wetahin& ab\Jut l pounda and of 

$177)·, the deltv•ry-ttme 11 lO daya. lt 11 felt tnat aver, ;~~~ouah in-

vett11&t1on ot the radtattve charactertatica \Jf •mall borliea of watl~ covld 

be ~de with thlll inltrumenta. 

MR!IES MODEL 12·600 INnARED CAMEM SPECIFICATTONS 

P!RFO-NC! 

s,ar.rur.i :.,.; 
W1oith• .......... ··· · ~ · · ·· · ·· •· · · · ·•·•··· ·•·• 
Hetaht-·--··············--················· 
I!Joeb ••• · · · · · ••·. · .. · .. • · • .. ••• • ••• -- ... • •• 

Picture leaoluttonC 

Z0° 
5° and 1001 

ll minutea 
ulectable 

for 200 vidth•····························· 1~0 elementalltne 
For lOC h•i,ht···················--········ 176 linea 

taraet t~perature RAna•····················· -170~ to +30~C 
Picture T~peratYre ~na• ~llack to White): 

M1n1mum R.04ed ................................... 4°C 
~simu. Jana•------··················-····· l50°C 

Sa.lle•t Dete~Lable temperature 
Differen'e tn Pi,ture: 

In 4°C ~~na~d ............................... o.s0c 
In l)QPC RoO¥•··························· IOOC 

Ablolute AccuraLy·-························-- ~5°C 
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BARNES HODEL ll-bOO INFRARED ~HERA SPE,IFlGAIIONS (Cunt'd) 

type ,)f S>ue-:c ··············-·····-····-·-·· C.usearatn'Reflecuna 
Di.acc:n--······-···-·········-··········-···· 8" (Primary fUrrow) 
Focal Length··· ........................................ 12" 
Effective Apu~uu bt1o··········· .................... f/1.9 
RAnae of fcxu!l 1•· ••· · ···-·············-······· 1 fOCit to infinity 
Detectot IJ.Jou f: 

51&•···-··················-················· U.J a u.J au 
F1~l~ <."f Vtpo.•······························· 1 x 1 mil 

EL!Crlll~L 

Uo.c '.".;l:.•ae----------------·-···-····-····-·· 1.15 v.,lu, 60 cpa, atnah phA•• 
P~•r···············-························· 400 watt! 

10n apectal ~,w.t, the instrument can be furnished virh a 10° acan. 

bThia ''an time 11 for a 2JP x loP picture area. Scan t~a tor the 200 x 5° 
field U 6.5 minutes. ::.r. tne lOOw'idth modelJ acan tlmli:i for tna 100 x 100 
and 1~ K ;~ i1elda are 6.5 and 3.25 .tnutaa, reapectively. 

cFor a !1 x 1 mil dPtlctor field Df viw. 

ri!he use of a s•rmana~1mmer1e~ thermistor detector providea a min~um 
ptc.ruY"P t.C'1!perat¥re ratl.le of t°C, in wh.ich the detch.t&blc t.-perature 
diff~rance 11 O.l°C. 

1 Ib11 apecittcat1on 1ndicatel the ~!stance between the target and the front 
of the ~amera. Conatdartns the additional path len1th of the folded opti· 
r~l tyste:, the actw.l diat•R'• to tha focal plane for a tar1et 1 foot fro. 
the camera ia 2-1/2 feet. 

fthia data 11 for the atandard unt.Deraed thlraaiator detector furnilhld in 
till tnatrWDent. the aenwniua-:t.aened thenU.ator baa a 0.1 x 0.1 .- flake 
and s 1. J :a 1. J mil field of view. laluraad and uniameraad dat·actora with 
other fields of view can be furniahed. 

7.4.2 &asi' Data Experlaaenta 

Jt appears r.hat practically no quantttattve, reproducible datA axiata 

•"· .. ~· ..... 
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the turiace. ,f staanant or d1sturbed bu~i~• of vater. A ~creful library search 

oi i.1iuiy pia~u n•• a.&rn•d up C'n!~ • tev rc.:ereuc:u and U.S. Hydrosnrhic and 

limilar survey I have nor bren ~.: lpful. 

Thi• sLtll'niJlY suggcst the necessity for controlled .. aaureMnt•. A 

~~~~•· •pproach to uncover the esa~ntial dat~ ia deacrih~d in th~ followtna; 

different experimenta to accomplilh the ta .. endt are, of courte, reaa~able. 

7. 4. 2.1. ParaDWteu of l!DF!orunc~ 

People w.dtng throuih no~lly »~agnant bodiet of water .. v 

cauae a relatively ttron~ mixinl of the water that exhibits a characterittic 

vertical te~erature distribution. The mixing then reeultl 1~ a diaturbance 

of the tc~erature of the water aurface. 

The detectability by infrared meant of auch a diaturbance ia 

directly de~er.denr on the temprrature difference between the diaturbed and un• 

diaturbed wa:er •~rfacea and on tht •Fa:ial extent of the fo~r. When the 

emialivlty of the turfact ~lao chana•• with the diaturbance, the chanae in the 

product of (temperaturc x ~mtsstvity) 11 the det~~nin& quantity. Such a 

ch&Dil it c~ceivable, for instance, with •la•oui wat•r· 

Since the duration of 1uch a difference vill be finite, de• 

c~aequently, the quantity of inter• 

ett ia the m.snttude of t~mperature difference aa a function of apace and ti~. 

Thil ~ua"ttty vtll be a function of many variable•, 1u;h aa: 

&. Time of the d•y 

b. Meteorological conditione {clear or overcaat tky, t--:"!'!'.,·nr .. : 

humidity, wind, ~tc.) 
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c. Op\iul quality of watl'r (tpt·ctral abtorptivlty, reflectivity, 

•n~ ~;iae1•1L1 ). 

d. Sp.~tral abeorptivity of th~ ~~trom. 

•· Plant and ~nta..l Ute and reasduu. 

f. Depth 

I· Ml:!ft1tndc: of (=cctt.nical) d11turbanc•. 

In order to expartmenrally datarldna the efface of thaaa para• 

.. ,,,,, that vould 1110 facilitate a campariaon with theoretical calculattona, 

it ia tlttntlal to conduct a baaic a.atura .. nt proar••· Tha follovtn1 typal of 

inatrumentatton and eat•upt .. y be employed to determine thoaa para .. cart under 

a variety ~~ conditione and to the dear•• nacataary for initial 11tt.Ate11 

7.4.2.2. lapsr111nttl Stt•upe 

Tho oU.Ul&tod rico paddy 1o o controllablo•d&pth ot.plo pool 

vtth provletont for productaa a ditt~rbaaca timiler co that ~uead by a perton 

or P•••on• vadtna throufh. It ehould bt outdoor•, •• IUD•drivi"l aDd ... pota• 

Uon eUecu are a.,crtant and it ehould l)e poutble to altar che bouoat-conriaa 

•••tly, n,, pool ahou1d bt !ara• enouah that the traneient effectt of pataa;e 

•r• na ~r• tmportlnt tha~ they vould be tn the field. 

Suitable exptr1m.DLI .. 1 be cunducttd in a pool of about 

14 ft • 24 ft x l ft vhi~~ m.y be ot aur.nitt conltruccion and iacluda provttiona 

co drata off and replaatth the vat•r conv.niencly, thut, tha depth of tha water 

&ad the ca.,oeition of the bottom (aud) ·could be varied. 

Tha~couple IIDIOfl would ttrve for the maaeurt..at of the 

vertical ce-..rature dtatrtbution ta the weter. The uee of thermocouplea vould 

factlttate accurate differential .. aaurementa •• wall 11 the .. atur.-.nc of 

• 7 .10]· 
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abaoluta t~nture, rcur thenaocuuplea u auhabla epactnaa vouAd prowtda for 

th• toatabUat.enr of tho u-.araturP rrofUe at one location. 1" .. uppa~IC 

.. aeured p~int o{ th• ~t~filc vuuld be about 1~ • 1/4" bQlav tha aurfaca, depeDd• 

taa oa the vtnd conditione. The t~ratura vould be .. aaurad to an accuracy 

of! 0. It'll anr.l rccordr.'d by aell•b..t.lanctna ur•·"'''·llltn• putontiu.eur. 

Atr u-,wt•tu&"•, ula!h• h..-tdlty and vtnd would ba •aaured 

by c ··weonuonal in&tru.nu. 

Th. p:~~· ta ~b•~rved by a tadi~tor from a tower (or poaat• 

bl)• a clUf). vlth a •~•nntn' nr noaacanntna radiometer •• •••• mon appro• 

prtare. In addtti~o vat•r lamperaruraa ehould ba ubaarvad directly ac a nu.ber 

of potnta. 

There followa a brief dtacutlton of tvo alternative .adaa of 

obacrv•Lt~l vhtch were examined. 

The dtacuseton ta aimed at the deacrtpcton of IOO..trtcal 

condtt1oaa uo4ar which the dieturbad atata of tha aurfaca tea,erature of a 

bod)' of -~ ... r can b• aeae"rud to CODtrull•d •~tp.rt~~~~tnu tea at~lau ceruin 

ph~no.ena that are aapactad to prevail to r~al attuattona. The body ot water 

tt•c hal to be at.ulated ta a flooded rtco paddy; the dlaturbaace that haa to 

be at••lar~fl l:. tt-.•t vhtch mill•t be ca\&led by piOplo bavin& veded throuan the 

paddy. Tbe preaent tntareat tn detaila of the dlaturbanca ta ltatted to the 

••tant that could be det cted by airborne thar-.1 .. pptaa. 

1D addu.ion to the 1eo.cry of the t~xpart-nral •••ur••nu, 

the ta~uure of ao aquts-ant beat auUed for the ~~eaaur-nu and, altem1rtve 

M&lure•nu po .. abla vtth other aqutpMnt will be ootaud out. 
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t lal ru\llluuon uf rc t~•t acr~o~ .. rh• dht"rHnct-, the tollovJnr approd•t• 

rel•tlon bet~co rc and th~ 1lant rana• to the radJo..ter (&
0 

teat), look•an«ir 

to the retuluLlun elea.nt (0
0 

da,reel) and rhe tnatant4neoua fJald of vtaw of 

th~ r•di~tcr (~ ~lllir•dlant) 2 DUll be ••Liltiad (lee dlaar .. ): 

~ 
COl 0 

0 

(Note chat ve naal~ct•d 6 baaid.a 00 and took R0W •• the aubcendtd raeolution 

aleMnt.) 

ln view of the tpatlal retolutton that f1 •chtevable under 

oper•tional conditione (tor tnatanca, 2·~•d anaular raaolutiOD and lSOO•taat 

flt&ht altitude: 3 fear at vertical look), a tpa~ial raaolucioa of 0.3 Caat 

for the eapo.-te=nt; could be cooetdarad. For a.·aat'-10• Clfapracttcal letup, 

ve could con1ider 8·~ad field of view and 40° look anal•· Than, tba requlte4 

alent ran.,, 1
0

, 11 about 30 feet and cU required hai&ht of t.he r..&io..ter (II) 

Ia about 2J feet abov. the tar1tt ar~# . 
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Ft'• rhla hei11ht, ,. •unninaa radia.tlcr (tnfnnd u•ra) of 

zo'' a 10~' aun tJ.eld, c~uld sun (whh • 20° 1wina fro. about a • 28 S0 to 

'-". •c) I I h I ~ ~ ~ enath ~f the taraet 111 d. a 1, L at a 

•t • H(tg c.a.~." • t& 28.S
0

) ~ ll.S feet, and, 

with • ! ~0 awina frua a.,, a width of th~ t&r"'"'' Ueld, a 2 Lh• ia 

The IP.l"'- 1 r.:~"hu1or .lliKI" a 2 "'~ld detu ioutc to about 

0.35 foot at 48.S0 angl~• it would taprovR to 3bout 0.26 foot, at 28.5° look• 

The variation tlf reaolutioo alous a1 would be even le11. Con• 

aeqU£ntly, the variation with look•enale cf IP&tial reaoiuL1vu woulU uut b• 

•tsntfieant, ~•pecially if the •can-line a 1 ia oriented parallel to che die· 

turbance. In thil arranae~nt, t~~ center of thr dilturb•nce·would be obetrve~ 

alons about 17 reaolution elementa. The variation acroaa the di1turb.wce would 

b~ obacrved. on the averaae, with about 20 reaolution elements on both aides of 

n1e reaolut ion diacuued above 11 &eOIIIetrtcal reaolutlon; 

that ia, p•rfect focuaaina waa aaaumad. Sinee the alant ranae in the look• 

anale re&iOD betveen 28.5° and 48.5° vo~ld vary by a factor of about 1.3, the 

deere• of focuaein& &Ad, vith thia, the actual reaolut1on •nd tegperature•aenei• 

Uvity would alao vary. Con.equently~ a proar.-ed-focua equip~~enr would be 

ideal. Mevertheleaa, a fixed·focua equip.en~ focuaaed to the •lent range l
0 

WOuld probably re•ult in very practical ~ccuracy atner thr variation in Tangc 

tQ the diaturbed .reaa can be aapec~ed within the d~pth of focua. Moreover, 
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the .-£feet of de(oc:uuin& would be ('.Uy tu det~.:ralne expntwwntally by c~aril'll 

available. 11 th• a.rntta Hodel 12·600. Whil-= thU ca•n dout have • total 

partly, c:•u•~~ Dy th~ rclattwly hi&h rc5olution: 1 •r.d. Althou&h the poten• 

ti•l exiltJ to dec~e••~ th~ tcann!~;-ti=~ t~ 1.1 minute• by dec~eaein& the 10° 

vidth (about 170 elements) to 1° (17 t~le .. nta), thla could be achieved fro. a 

alant ranae of ISO feet, at a look anal• of 60°. But, in thia ca1e, the required 

hei&ht of th1t r•dior.eter vouid b« iS iept. lliU hel&ht would lead tu a coatly 

platfora unleu a 1uitable natural teuain. (cliff) could be fo';l"d t.J locate the 

The lOc ~ S
0 

model of the Barnet c.mera would picture an about 

l)·f~et by S•feet area (from 46-foot hci;ht at tO·f:ct tlMnt r~n8c, a
0 

• 40°)tn 

j.l; m1nute1. Thia ~'~cure would hav•, at a
0

, a epactal reeolution of about 

0.08 foor. Thua~ ve would again pay with ti~ Cu~ nut·needed reeolutton. The 

c-=era at a b*l&ht of 40 feet and at a
0 

• 67.5°, the epat13l reeolution rc 

would be about 0.27 foot •Dd the ecanntn,·ct-. wuuld be about 2 •tnutaa. Thta 

ti-. could be reduced co leu than 1 rdnuu, if, at 1.3 ~~rad field of v!w 

(&er.enium ~reed det~ctor), provtaton extata to tncreaae the acanntna tt .. 

by a factor of abour 2. 

AD infrared ca .. ra wuuld have the advanr•se that it can pro· 

duce a vtaual preeentatton ~f tha th•r..l c~racter!JticJ of che entire taraer 
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ln& to e:r.ceaahe ti_.a to.> ptn(~oJr~~o the .-aaur~~t~enta and/or to a --.aure.tat 

radioa.etrr. In thh caae, uhcted area' u~ t.he target field would hav• to 

be Muured "pnint·hy-rotnt 11 or, the temperature variation of a hi&hly lap~· 

ta~t area tuch 11 a pur~ ton ~f the dilturbance, could be measured durin& a 

period of time of interest. ~e field of view of t~e radl~ter and the aeo· 

metry of th~ -.aaur~nta would be &I deac:ibed earlier. With two ldeatieal 

raciiometen, a diffenntlal mr.IIUi.'f!~Wnt could be macte: oDe icat:r~t would 

be pointed at t~e disturbance and the ~ther ioatrum.nt would b. pointed at &a 

be derived on a ti~·ib.ring baaia. Th~ Lime required for the meaaur...nt of 

one data•potnt vo•Jid be determined by the time needed for manual alliin~ of the 

roGioaeter, since ll&n&l banGwldtna on the oroer Di ten cpa or more caa be bad. 

The Barnea ca .. ra can alao be uaed •• • fiaed•fi•ld·{nat 

acar.ning) radiOIDI!ter. In thia application, field of view up to 8 ~~rad & a wad 

* can De o~tained by the uae of appropri~te•aize detector. The detector• are 

thermiator deteetora of eeaentially neutral ap~ctral reaponae. Since, in fJ~ld 

appltcati~1, the opectral region 'f detection vill be limited by atmolpheric 

abaorptlon to either the band between J and S •lerona ur to the band between 

* Th• uae of a larae tielO of view in scanntna ~. leada to overlappia& 
tc•n linea but not tn an advantage • 
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to th~· j.ll·•c.tlcal aspt>Ct that lt dOI!I not need cooling. 

lf w. add that the alow responac ot thcraistor detectora ta 

a camera vith thermistor detertor would not be th• hest choice of 1can"tns 

radiometer, nor perhaps, of a fi~ed·fteld radto~t~r. 

'l'h~t cx.pt:t:.i.an..:nt, preferrctd after conlideration of all factou 

and on th..: bast• of aimplic:ity, lov initial c:oau, and a •""'*wil•t mar~ .odeat 

dat•·handlin~ prublem ia given below: 

The ro~clianc:e ("temperature") of thll:! water 1vr£ac:e would be 

-uur~d with Barnu "Porto~.ble Radiation ntermometer," Model 14·310. Thia in• 

struuwnt is euentiodl;· 11 :3dUometer with a built-in black-body reference, 

operatin~ in the spect1.1 rll:!gion between 8 and 1~ ~i=~ons. Th• inatrument .. y 

be had with a tield•of•vie~ of 1° x 1° and a temp•rature aansitivity of 0.1°k 

at a rcapon1e ttme o: l ~r J seconds. Two r:dlo=ctcr: would be utcd simul• 

taneoualy, on •n A~bour 20-h high \ol'etnden plutor!D locatt-d ~t :o=-::,c 8 ft frOID the 

t-dRe ot the pool. (Flgurt= 7.4.1) Thua, the alant rang~ to the center of the 

* pool would he about 2~ fL and th~ aubt~ndt-d are41 would be about 0.4 ft x 0.46 ft. 

Cuna~quently, a 0.46-ft vid~ ~nnulus co~td be •canned by rotatina a radia..t•r, 

at a :onu .. nt d.,.prt-saiou ar1&le, around • "~rtu.al 3xh. In •bout onr :Diolutc of 

* Both the acc•Jrao:~· ol the temperatur• meaaure•nu and the 1patial rc1olution 
have be~n choten to IIIIIU:h the c•p•bllJ.ty oi airborne II •unnera. n,h ia, 
typically, O.lOl •t 1-mrad 1o4uare field-of-view or 1 iq•.wn foot at lOOO feat. 
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ln mc••uring thr temperature of 1 dilturbance, one r:~ia..ter 

wetuld ~e pcanted at th~ c.:cntcr to1t th~ dtaturbance while the other radiometer 

~~uld •~•" the •nnulu•· The uutput u{ the f1rat radiometer, the differen~• of 

the radio~t~r outputa .nd the angular poJltton of the 1cannin8 radto .. tew 

voul.t be recorded on a ltrlp-c:t-ut recorder. Thut, the temp~::ntule ot the 

tcatter of the dlaturbanc~ va. time wo~ld be contlnuoualy m.a1uredo the tpa• 

** tial exc~nt ui the di•turbanc~ va. time •~uia be me••ured in Lim.·ch~rina. 

Tht r~d1ometer1 wo~ld .lto tcrv~, from time to ti~, for the 

meaaurement of tky temperature. 

A calibrated thermopile would facilitate th~ meaaurement of 

inaolation and a con~cr.tional illumination meter wo~ld be uaed f~r th• .. aaura• 

ment of the tranlm1aa1vity cf the weter with varioue concantrationa of mud.a 

In order to •••~re reproducibility 1 a aimple mechanical da• 

vice ~10uld aerve to introduce the diaturban~e•· Thia device vould be perhapa 

a cylinJer with radial fan1, that would roll on the b~tt~ of tha pool when 

pulled oy means oi a rope:. "lhe cyhn<tu would b. •bout 1 L\.~ 1·1/l 1t l..)UM 

aad iar&e enoush in diameter •• not to completely aubmerac in the water; auide 

rope• ~ould aaaure an approximAtely ltra1ght path of travel. The final for. 

of the device would b~ aoverned by th~ criterion of produ~ina disturbance& 

that •re limilar to tho•c cauaed by peopl~. 

** Altern•tively, an undiaturbed area of the annulua ~ould be m.aaured in 
contin~ •nd th~ disturbanc• could be acanned. Moreover, the ana~l•r i1aa 
of the annulua and ita r~lpective portior~ on both aSdea of the di1tur• 
b4ucll!, ar• poutble variation• in the technique of mcuure•nu. Optilaa 
technique would be determined eapertm.ntally. 

a Ideally, the apectral diatributton of theae quanttttel ahould be .. aaured. 
Nevertheleaa, the meat~rementt can be reducad with good accuracy to furDtah 
tbe oleCUI"ry information, 
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'fh~ sit~ o1 th~: pnol wou:d '.: propuly hnc•d and eutuble 

IC.Ot•w,w iac llU y provtdl!d for th• tnltruuwnu. 

7.4.2 J, rro;r.am PI!!! 

The ••pdrt~nLI cuuld bt carried out in Lwu ph•~•• in r•~­

lllonthl' time, •• follove: 

"'•" 1. P'up.uttion 

This ph&ld would requtre two cs~endar .onthl, conttituted of the fol• 

lowtna acttvitivt: 

1. levl•w of requirements and O.tailed sptcificetion oi tnetrum.atl· 

tion and 11t•up. Dltetled proaram plan. rtraL and 1econd week&. 

b. Selection of tnt area. (Neaottetion of luaa.j Pint throuah 

third ""'•ka. 

c. ContL,uctiun oi pool wtth m.chantral diaturberr radioa.L•r plat· 

form, atoraae aheck, tenet. r~urth throuib el&hth veekJ. 

d. Aatembly and calibration of tnatrumentatton. Second throulh 

Ph••• 11. lxpertmentl 

the experiment• would require four c1lendar moathl. Durtna thla tlae, 

the Bellurementl would be taken, deta reduc•d and evaluated to eatabltah tha 

requtrementl for detection by atrtorne aurveillance &•&r. 

The .. aeure=-ntl would b• pe~fora.d in three catecn~t•• •• followw: 

1. lnatallarion end checkout of the inatrum.ntatton. One well.. 

2. Estaotun~~~:~nt of the daily cycle of the vertical u~raturt ex• 

cureton, tncludtna aur(ace te.,erature, of Undttturbed wet1r. 
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order to detenDinc the ti~ of min1mum excuraion Lhat ta poten• 

tially the tia: ot leut detet'Ubility. 

). Characta:rhttca of dhrurboncn. Thuc= awaaurt!aentl would ba 

cani~d cut •t crJt tc:•• f t_, of tht: day tiJ factl1uu enablilh• 

leVt.:l'Oal d.J.ff~Uftl lypu of bOttOZP •nd, if pouible, With l'"k lfOVth in thl 

n~~ &tatur of the proar•~ and partial reaultl ehould be aateaaed on a 

110nthly buta. A final ra~porc ahould be 1'\ hand by the anc1 of the Jixtb calaa• 

.S.r IIOnth. 

Thil prc,ram would requin 4-1/2 ruan mont'll of unior and ~ Nn _,..rha 

of junior e£fort and coati for the experimental aat•up ahould run about •• 

follow: 

t.l. Leaae of prop•rty for 11x montha, $150/1 month (if nacataary)· 0.90 

1.2 Conatruction of: 

Pool························································· 1.70 

)lechanieal Dtaturber•········································ 0.40 

Platform•·•·; ...........................................••... 0.3~ 

Storaa• thick································-··············· 0.20 
rene• with .. te, $1.75/ft···································· 0~30 

I.J Wat•r c~nn~cttnn, r~rline, pump. mud······················· 0.75 

1.4 leatoration of propert1 to o&·tatnal condition, 

,; 

labor to cn&n&• mud, tneurance, conctna•ney·················-~ 
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II. lnatrUDr~ntlltiun 

&.di~t~~. 2 c~~h at. l.BK···································· 3.60 

C.:.!!.~r.::: ... j t!,;.;r::--:ptl ... · ·----·-··························-····· O.]~ 

Miac:e llsnc:::w.J ~ illumtnation•llk!tcc, nadout potenti~IJ'o:tter 
for ac:annlng··r•diumeter, ae~n-drive, tripodl, etc.)·········· 0.7S 

l'k:tc,JtOll.l&ic&ll g&·.u· .. a.d lk.i.a~:cell.Jnc..,us it~.:ms~·-···------·-····· ~ 

$9.1 

7.4.J. "Outrk·Ph" ~u" 

?.4.).1. Introduc:tton 

Informal arrangement• were made witb UDiver1ity of Micbiaan 

(Mr. J . ..,rpn) for a "quick·fi&" experiment tnvolvtna thermal IDI.ppiaa of a 

n•arly •hallow puo!. this' waa iu liteu of a preferred rental of ca..ercial 

equip~at. An account of the experiment 11 atvca below. Unfortunately, eche• 

dule difficultiea aroae which prevented runnin& the ezerciee under fully con• 

trnlled c~nditior.s end there ~ere fru:tr3ti:g c~u!p:cnt f•ilwrca. Th••• awJ 

lack of experience with thta type of oburvat-ion made int~rpretation difficult. 

It haa not be•n pnaaible to r~p•at the experiment. Mucn thanka, nonthel&ll, 

11 du~ to UnivterliLY of Michigan per1onnel for their efforte. 

7.4.3.2. Equipment for !xperimcps . ) 
(a) 

(b) 

* Temperature Probe Sat 

1 (on•) readout iDatr~nt 

• two of theae •eta were purch•~~d and one i1 nov tn uae in Th•tland. (See 3.~). 
Sattafactory reaultl wwre obtainMd in teat• in Santa larba:a. 
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(d) (on-=) probe 1n0unt 

(e) tun.e) t~t:rmometer (H tO l2S
0
P) and 

(one) hyar~t~r with inatructtona 

(!) (on~) carrying caae 

(a) la~h temperature a~n~&n& element ts a therm1ator embedded 

in a &l~••·b~•d, and mounted, vat~r·proof, in 4 tt~el probe ~ith leads 20ft 

sutan .. ·t- dP('tt!aaes wtth int.:lctLsin& i.enrperature. by an amount "f the order of 

1 per cent per l/2°F. The reatatan,e of the thermittor 11 of tho order of 

6000 onm. at 50°F and abuut 1000 oha. at 140°P. Cunaequently, the reatet&G~I 

of the leada ta n~gli&ible compared to the reaittance of the ther.tator. The 

leads from the tndlvtd.ual probt:.; au.e ~wvum1cted to an ll·pr"ona plus that cOD• 

n~:cu into the readout 1natrumtont, 

(b) The readout instrument ia a de wheatatone brid&e with a 

:the!' resiStance of thl.' tt.,.:-:;.!stor::, :. ~:-!J.~.:-cau~nt prcvaih. C:mvcra1on 

* from br1dgf:!•eurrtnt tCI femperature h f•~o.il.i.L•Led by a CalibUt;;.CID t.abh, 

Th~ t.able baa thre~ columna tor the three alianmentl that reault in three 

temperature ranaea. Theae •r~: 

80°F 
uo•r 
I40°P 

* Time limitation preven:ed furniahing tre ~tar with acalea directly celi• 
brat~d in te.,eratur'. 
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At the "off" position of the Temperatureprange the bridge ta open (une"er· 

;!:::!). 

Tn• bridge i1 ener&i&ed by two Eveready £·12 Me-cury cella, 

providing ior more than 1000 hr of operation. The condition of theaa cell1 

can be checked at the "JO•Tut" podtion of the Te~~perature•ranae switch 

that connects d ttxed calibration reatstor to the brtdae. The brtdae·current 

that must flow tn thi.s caae h .. 30 mtcro•~~pere. A meter•deflection to tha 

lefl at the mo.rk tndtcatea dtacharged cella. The eel h are acceuibh for 

replacement throu&h thl! baa•·plate of the inltrument caae. Nota tUt c•,r· 

rect "calibration-current" 11 an tndtcatiun nf proper opecati,;m of the read• 

~"~ut inttrument, onLy. Por a checkout of the entire inatrUIDI:nt, the probaa 

have to be tnaerted ta a constant temperature bath, to&ether with a .. rcury 

the~ter and th~ r~&dina from each of the probe• muat b~ co.pared with 

the thermometer reading. leading• ~tthin 1~ indicate correct op~ration. 

The bridse op•ratel in an ambient te.,erature•ran;e fro. 

·40cF to+ 140°F. Nev~rthel~••, the readuut in1trument 1hould be 1hielded 

trom dlre~t lunilght and not pla~eG on moi1t sround. 

Due t? the thermal inertia of the thet~ator-probe &Dd tl~ 

delay i11 :eter responu, the re1pon1e·time of the equi,.nt 11 of the order 

of a fev 1econda. Cona~quently, th~ meaaur~ment of the temperature of five 

probu will require about onL·half to three-quarter& of the minutu of tt... 

Any one of the five probes m.y be mea1ured at a t1a., de• 

pending on the poutton of the "Statione" lvitch, and, vhea the "Te.r&t"''e• 

range" 1wltch il on one of the ranau. 
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Th~ abaolure t~mpcratur~ •enalt1v1ty of the inatru.enta• 

tlon •.a about .! 1/Z.uF. How•:ver, n relative: •..:;;.uracy of about ± 1.'4°P can lie 

obtained by eatl~ting rh~ ~trr·defl~cttnn to within quarter of a diviaton. 

(c) the prob~·.aunt ia provided to keep the thct~iator•probea 

at a conttant r~l•tive position in (a vertlc•l) line. The mount 11 a l·ft 

Each yro~e is 11ecured in a hnlf' with a rubbc&.' ar~t pl•.:ed on the narrov 

er.d. 01 the probe and ja-.d apinat the bar. 

A wooden flanae with collar attache• to the low.r end of 

thl bar to prevent the bar from alnking into mud. The bar ia tecured in the 

fl.&nse by a 2"·lnng f!./32 machine acrev (•upplied). To preven• the .,UDt 

from floatina, tbe flana• haa to be veiAhted. A 10· or 15·ft lona ba.boo 

pole .. y ~. attached to the upper end of the bar to facilitate tntartion 

I 
(loworing) of the mount into the wate~ froa the edae of the pond. Once the 

probe-mount ia inaerred tn the voter,' the bamboo•pold may be aet and aacured 

un the bank of the pool to 3;•urc 3 ;ready poatticn cf the probE&. Thi at•· 

bility of the probe .ount may be incraaaad by an additional pola faatened to 

form a "V" with the HnL pole, 

b) Surveillance Equipment: 

The Univeraity of Michigan aircraft, equipped with en AAD·Z •canner 

and a ~d1w= apert~~= radiometer, aiail~r to the eq~ipm.nt to b• u.ed in the 

ro:.~.tine terrain •ppin& experiMnta, waa to b~ "aaployttd. The aean10u w.a 

to employ total lnSh (1/2 om x 1/2 .. and 1/4 .. x 1/4 aa) and Go•Cu (1'• wo 

x 1/4 aaaa) deL•ctora. Tt,• retolution of this acanner with 1/2 a. x 1/2 m. dec•c• 

tora ia about 3 (m1111radians) 2. 
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On the 19th end 20th of Septe~r 1962. thermal .. ,, vera 

made ot a ehallow, natural pond, in itl oo~l ~tate and di1turbed by valk~ 

ence vtth the probl ... of u11a1 thetMl .. ppen eptoat ••11 va:er taraeu 

aDd ... 11 apparent teaperature differaaca1. 

One dayt~ and onP ~tahtti .. ~Ilion wa1 1:htdulad Cor 

each day. n,, taraet of the aieeioa wa a natural pcmd eouth of YpeUantt, 

Michigan. Adjacent to Willie load, thia pond 11 about 1·1/Z to 2 milea 

veat of U.S. Hi&hvay 23. '11\e ahape Of the pcmd h rou&hly elliptical with 

1D eattmated 80 tO 90 Y•td•lonl .. JOt a&il &Dd 4' tO )' Yltd•lOD& -'nor axil. 

t1ut darth nf the pond 11, on tba averaae, about tva feet, oc:caeiODallJ dip• 

ping tO thr¥e fee~. There il al&al OD the W:tCr periphery in Wi~the II ltllt 

•• 10 feet and a aruwth of reed around the ada• of the pond, exc•pt for the 

bank alona the road. 

Huatroua thanlll lilappin ... or thh pood., but.b in it.. ~Aat..u• t 

and d1eturbed •tate, vera 1chaduled for each -'••too, prtaarily fra. •• alt1• 

tud: ~f SOO feet. ?tan• vera to explore the affect of lpatial reeoluttoa 11 

well •• the effect of epectral raatoo. Durin1 thP .t111ooe, the vertical 

temperatura diltribution at a 11lected location tn \he pond wa1 .. aeured 

ftoa a 1111111 aluainiD boat by thand.etor probaa. 1D the daytl•, fr011 about 

i a• clock on, a totel of about 3/1 of tbl eky w&l covered by , .. 11 patcb11 

of clouda of rapidly chanaina coaft~ratioa. Surface vind1 with veloctciel 

up to 20 knota were encountered, .ak1D1 for aanarally poor condition.. lD 
I 

cootr••t, th• ntsht• ~r• cl.•c and C£1a. Air £n4 water temperatura• were 

•• follow: 
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SeputrDer H: J!ptrtnbu 20 

Lo .. ·d i Ttnw .•. , ••.•• : • .•.• l'Hl 4. ........ !100 211S 214S 

Air Tcmper•t.ure, Qr .••••. 60 41 12 43 41 

Water Temperature, o ....... 68 64 S7 S9 S9 

Due to 1nte~ittent inaolation, the heatin; cycJe vat 

irreaular. ln addition, hi&h vind in the forenoon of the aecODd day .. o. 

Jurfacc•laycr te~araturu a.aaurementa d1!!1cult. On that niaht, how.~et, 

repPated obterv•ttona indicated thu a uaaperature difference of about ·1°f 

(at 2136) and 3bout ·l·l/2°P (at 2146) eaiated between latera at about l/4w 

and 10'' below the turfaca. The teaperatun read.tna on the probe clote•t 

to the aurfac~ vat mada with the boat al~ly rockina ao ;b.t •he prohe 

approached tha turfaca without emerains. Durtna the oppoatta evtna of the 

probe, the temperature diffet·enca dacreaaed to about li l
0
1 and even to 111'0. 

(NOte that the pl'obeJ v.l'e oo a floatio& .aunt ac a diatanca of about 4 Ol' 5 

feat from the boat, vhila the laada fra. tha pi'Obel to tha readout ia.8tru· 

:.at irt t '·~ boat, vera eut.eraad in vaur.) 

it 11 therefore rea1onable that p•opl• ~dins in the pool 

ce·•ucl • UlllfhiiUtu.re diff~~;~rantial of at laaac. tha 1am. .wsnuucte betvaan UD• 

dilturhed and dilturbed areal. After the fir•~ mappings a n~er of people 

tramp~d energetically around the boat in a rouahly circular Pattern but tha 

h~o1ped•fur "wake" waa nt~t u•n in the photoarapha. 

AI ia often the caae thil t1r1t attempt at a camplax .... 

aure~~~ent tn the field aufferecl certain ailfortua.ae. rtrat, .failure of a 

drive·balt on th• acannar caua•d cancellation of the firat afternoon fli&ht. 
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On tht! nit(hL m.Uaion of the , .. day, a leak in th• Dewar of one detector 

and noll•: luda on the othar cauaed wry poor eisnala. A eubatUutl aetec• 

tor wae trted vtthout obtatntaa any improve .. nt. Conaequently, no uaablc 

.. pper data ~re obtained on the firat day. Further, althou~~ the eubati• 

tute detectore uaed on the eecond day .. , have developed uaable info&:Atioa, 

rh• ln·fliaht fila recordina val .. de at a eettina that ~cc~ated the 

v£riation in aignal lev~l fra. the entire ecanned field. That ie, the day· 

ti~ ftl= reLorda ahov ~he pond in an unexpanded sray ecale; conalderab!y 

leea thaa the available deaalty raoae of the ftl• hae been utiliaed, for the 

pond. The nilbttta. recordl, in addition, have the pond pl•ced on the upper 

knee of the aa.ma curve vhere the tlope uf the curve adaht be leta by a f~c· 

tor of 2 or 3 thaD in the .tddle. thie .. ana that differencee in aiaaal 

ievel lar,er by the aame factor C&D only be diattnguiahed at thia portion of 

the ....- curve •• a atep in dentity. ror ~le; at a denalty ranae that 

coneiltl u,f 30 eupe, and at a teiiiPII'Iti.R'e ranp of 1.5°1., a te.,.rature dU• 

ference of• cm.c•half degree would cauae a aup in the aicWle of Lhe ar•Y 

a~l"; •h~r~••• only 11 much 11 lui. or 1.5ul would be dis~urntble 1D the 

h!;h-denalty ruaton ot the tila. Theee characteriatica of the io·flilht 

fila recordina and probably tafartor eenaitivity of the 1ub1titute detec· 

* cor .. Y explain the fact that au wake (or pereoanel) caa be identified in 

the .ape although the boaL ia ident,fiable. 

law data ie available oa photoaraphic naaattve and .. _..tic 

tape at Univereity of ~chi .. n. 

* Altbouah no ftra data are available, it appear• probable that the t..,.r• 
ature eenatttvitY waa vor1e than 0.50K, 
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1.4.).4. Crtttqus 

'!"ota «'XPl'ria.::nt, ltke -oy field eaerch .. , I"'Uared fl'a. 

• nu.h~r of deftcianctea from which leiiORI cao be learned. Th111 were: 

a) Scl.edule probl ... ••origin&l plana called for a .ora 

l~taurely .. pptn• ~xerct1e which w.e ca.pre1aed bacauaa of upc~na prioriry 

expertm.nte (i.e., Operation Troptcan, etc.); 

b) Poor coordination•-due to a .utual adlundsr•~andina, no 

fiold reference 1t11dard1 of teMperatura vere provided and ther• vaa ao 

tt.e to obtain theaa; 

c) lqut,.ant••failure••(aa noted aarlt_.); 

d) Poor coadtttone-·on the p4rttcular day1 open tor tilt 

the meteoruloatcal coadi4iun• vera poor. 

'l'h11e fairly typical probl ... fortify an opta.ioa that ,.., ... 

1 aiaple field experi .. at naeda tt .. to .. tura. 

l&a.tnactone of ortatnal photoaraphi~ ae&~tivae ahov.d 

ao tracea (wa&a1) that could poatttvely be cnrrelatPd with th~ knnvn patha 

of peraonnel. Thta failure w&l L•atatively &letsnad to the fact that the 

--~ped pond, to the atahttt.e p1cture1, ~• overexpoted, cauetna aa apparent 

t•creaee of the detectable t~erature•dtfferenca. !uch phoroarapha •• 

van obutned already have been forvarded to AUA 1D DI.C .onthl)• raporu. 

Oa the lith of Mova~r, 3 a eol~rawa.Dt• oi repretenta• 

tive tn•fliaht tJMaery acquired durin& the expert.enu wre received tr• 

the Untvereity of Mtchiaan. 

~e "wter, tn r:h: :~.;ht, •• w,_r than the tarraia, the 

pond (and the road) appeara, in r:ha•e po&tttve picturee, ~ch ltahter than 
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the ten•jn. 

tven ao, the boat in the •tddle of the pond ta clearly aeon tn both pictur•a; 

moreov~r, one hea the t~reatton of aeetna atructure8 of the pond vben ia• 

other enlarseaenta .. de at a htJher ezpoeure••to that the terrain veuld ap• 

pear almoat compl~tely bl•ck·•could reveal whether thia ~reation tJ cor• 

--~~, at optimum eetttnaa, fro. the tape recordtnaa. Hovaver, tha raapoaal• 

bilitiea of Proj~cL Troptcan have prevented the ..ttna of tuch enlarae .. ~t• 

cr nev naaattvea frOR the .. cnettc cape•racordins•· It to hoped that the 

Untveraity will find tt.e later for further evaluattOD. To date no addt• 

cton.al tufo~ttoa haa bren received. 

7.4.4. Su-!ry 

On reAionable, 1f not provable,. arounU it iS conclud.e4 tt:at (l) 

Peraonnel tr&n11tlna u·.roupa IC.&paut water •Y C:&UIP • difference tD the 

radiative character of the w.ter aurface. tu a ~nncr aaaloaoua to the for· 

matlon of ahip wakea; (2) Detectioa of 1ucb cb&naea, aDd eapecially their 

pattern' -sy be uaeful ia anti·ruerill~ operations; (3) Since the qcaatita· 

tive charac:tertatica of the poatulated pheaDaenon (i.e., intenaity, extent, 

paraietenc~, and obaerv:~!lity) are not known, they tbould be deta~aed 

by • baaic aeaaure .. nt prorr ... 

Durtna thta etudy an uneuccaaaful qutck·fix axpert~nt with a thera.l 

~pper vaa tried. Extatin& th~~l .. ,, ~~ weter aurf•~•• .. de with 

• 7 .121· -.... . ,.:_:, 
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1.~. Ca.n.nte on Other Appltcettonl 

Ott,~r· appUcauona of U .. y be of IOM interen tn an.U•auertlla 

work. Wtaht•tt .. viewer• weapoa atahta, ecaDAera, etc., for •tlltary 

appltcatianl have all bean the •ubjact of davelo,..ntal work. Bin.ca, 

ta thte etudyi th• few ft~l trrltcattone ~f ra racatved .oet of the 

effort, the traac.ent hera ta cur•ory and brief. Ideal for o•har 

ftpptt~•tion• or •~udy are dtecutied in 7.S.l. Sa.e tntor..ttoa on 

••tettna dwvtcae ••• obtatced by vtette to raepoa1ible laboratortee 

but for tha woat part, a aurvey o£ current ltata•of·tbe•art v .. 

att-.pted thraufh ac~utaition of r•porce. Such data .. vera obtaiaad 

ara liYift in 7.5.2. and 7.5.3. 

~ 

7. 5.1. General 

7.5.2. Dov•lcpod lquip.ont 

7.5.3. lva1u.tiono and Tooto 

7. $.1. General 

J1aht•ttme Vi.V.I'I aad IC&DDII'I 1 1DCludinl battllfiald IUrYeil• 

lance devtcae, tntrueton datactore 1 ate.,.., be of utility ia ce~t&lB 

anct-cverllla operatlc 1 G•peadiaa oa their perfo~ca, w.ilht, and othe~ 

tactore. Thll 11 a 1•n•r•l que1tton of requtr-..atl ~•r•u. faaatblllty 

which ,.... to require a c~arieon of operational naed1 wtcb the parfo~­

aaca of exiJtina aqut,..ac, aDd the feaatbillty of 1upert~r aqut,..ac, a 

ca.par11on vbich hal aot yet baaa ..aa. la tabla 7.J.l, la tha aaxc 1ub• 

I&Cttoa, a lilt 11 liV&D of devalopad &qul,..Dt aad itl axpeet~ ebaract&r• 

iotico. Thto .. , bo of oaoo uoe in tha Aai1o proaraa ao oithar (1) Cbo 
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~uiPMnt baa bean already av•lu.atld and raaulta MJ cover cba c ... 

of lntu·aet for aaua, or (2) thl aqua.,...t, ..... u do~t, _, .uu 

bl iD IXiltiDCI &ad bailable for DICIIIIrJ tlltl. 

T'Vo thouahu on laaa typical and a~t far·uut appUcatiou 

OCCUr CO Ul ad 1r1 liven hlltt'l Without aaalylb. rUat, ln looklftl for 

tratla 01 corridor• under the ratnforaat, it .. , b6 th&t ll .. PPiftl aud 

-..lt.lcolor phocoar~a.,hy MJ be uaaful. Trail• or •tr .... !!!% raault 1.a a 

aLiahtly different aver ... aquilibrlua c..,.ratura dlatrlbutioa oa tba 

foraat top. At an inatantanaoua !ield-of·Vl .. ot 2 .red thl IID81tlvtty 

of atata•of·tha-art thar..l .. pper1 ia aucb that about 1 O.lS chaaae ln 

the product (aataalvlty I t-.peratura) .. J ba .. aaurad. If avar•a• 

c...-ratura aradinta occur acrMI trai!.a or ecr.-, are of thil order, 

or arattar and are not loec in tluctuatloDI, they .. , be IIID in tb. 

output of properly procaaaad .. ppera. A data pl'oceeaina ayat .. daaifDid 

to -.phaa11e ilothara rtpl'eaentaclaa -'aht be helpful h•re. Al1o, 11 

aaen in rafaranca 7.15, rather 1ubtle diffarnc•• in foltaaa caoa bt eean 

Vbea picture• ara taken vtth panchramatic color, ialra·red, &ad c~flaae 

fila. Different 1pac1a1 can ba 1dantif114 aDd, in tha , ... epactal, alck 

r.d healthy traoa (vhlch .. y hava rafloctlvltlao dlffarllll by a factor of 

10) can ba differentiated. Such phot~araphlc contra1t1 .. , be q~ad for rwo 

• purpoaaa --- to daduca t~a aanaral natura of tba foraat, and with otbar 

data, lafer ita cbaractariettca .ara accurately. (It .. , ~ -. poaelbla 

to infer t~ natura of the around level cODdtttoaa practealy aaouah to 

7.15 lla.ul of lhotOII'apbtc lnterpratatloa 
Mlnaaha, Wile. U6C 

O.oraa lata, Iae., 

* for aumple, whether • &ivan raaton coataiDI MDJ raftdoaly located apectaa 
and, hence, 11 prllllry ralnforeu, M coa.talDI apectaa tn Jtaftda aad, baDca, 
lo not. 

,. ... ,.~ 
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locate "cnrrtdou") j and to eUtMU th11 !!.!!!!...!•n•ltz c'ltrvt·t ly fr• 

crCNII "l~•ure (or crCM\ cover) aud Aelaht Ma&ur~u (aad thea dMuee 

\be prababl• aruund level coadittoaa). ~t t1 clear tbac ftot ~lb data .. 
ara on hand concarntea S. t. AliaD fOCIItl to 1valu.te the utiliCJ nf 

tb••• , ••••. 
lL ta '"ll .. ted that t•rr•ln .. ppta, aad pbocoaraph~ •••rctl .. 

be carrtH o-.a on ulectad are .. ~t !'. P. . .Ut.1n "jun1la" of dtfflrenc 

CJPAI, coacatatna 10.. vall-knavn trail• aad acre ... to ••• tf 4acacciae 

caft lla acctllllplithed. The data 1bould alto H aulJSid co detaraiu Cbe 

do1roo of accurocy accoina~lo 1a prod1ct1ono of Cba cbaraccortoclcl of 

cba 1r- lowl. 

['Zba ocbor •Uoo 11 chat, U u h rully true, cbac Jllllllo 

11wl"' f~ a eborc period producol whually dococc,.lo •haaae• Ia ekln 

color, -cbor a •n oouiUft lupocUoa dnlco 111111• bo _., w1cb 

... ld lodlcaca, la 1 wor1ocy of ucurol ekla ebodoe, look of .., ..... 

co euaUiht· C. b£laaco tbll 10- ""Uir.olJ, buL h ""' "-· J 

7. s. . . Dnalop!d hv'tH!!ft' 
A wory l ... o worlory of U oqul-t for all lorCI of aUUary 

purp01o1 boo - d.,..lopod Ln cba paiC f• yean. VUh fft o•eopUoao 

Qa tho bello cbat It .. , bo doolroblo Ia Alllo, to toot oaao of clla10 

dntcae, !or ltrac .. tc h8alar, oucpoet or otblr Obvtoul u•••, a lllt 

11 11¥18 Ia T_.lo 7.J.l of ~ul-t wlcll llipc bo oppUo .. lo, wUb 

._a. .... co owlo .. , .......... parry co locaca tho -'-··· 

• U. I. rorutry lorwlco wao quorlod for doca but ...,... wro ovall,.lo. 
·7 .126· 
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Tabla 7.5.1 hrtl1.eDt Mtlltary tafl'arecl l•ut,_at - Coath .. ed 

tAt•ttflcatlDD or- Coa.cractor t. lentc:.e 

.a-s7tCXI-Il/FA& 

a-s7t(XI-2)PA& 

R·51·(D-l)PA& 
(AJI/PA&-4) (D-l) 

a-S79(D-4)&(11-S) 

AJI/P&I-1 

Scanrocl T-: 

Rayth•on, laata larbara 
BuOrd 

Eaa taaa I adak 
BuOH 

laa laiD loclak 
sea. 

laataaa lodak 
SCIL 

!CRL 

~hno Corp. 
Jew Hrd• Patk, 1.1. 
:JSUDL 

Type 

Pa111 .. tatrualOD detector < t0 

ftald~f-vt .. 2 el-..nt tba~atar 
bol-ter - paraOClDAl 400 ,.t. 

St.tl .. to above 

St•tl ... ,. to above -\-5 •• 
50 lb•. 

Sl•ll, r to .ato· ..... 
so .. ; ••. 

Scanaara 

Trtpori puaha, fM datectiaa 
peraoc:ael t. Yehtcl•a for ta 

Tripod paaatve fOI' peraoacwl • 
vabtclaa, peuocaoel .500 • 1000 )'Ida. 
tba~lator bolowet•r - /0 t••· 

Pl'obaltle Statue 

Do.- f , 
l 

Do ...... 

Don.aot 

T•ated 



I!J':>t-.-. ....... . 

7.S;J, lveluationa and tuu 

vera ra~aived durin& the contract. Uaually tba raportl oa tbar.el .. , 

reproduciDI procaeaaa) that they .,. of 11tt\e ut•, •~ the i!~ datatla 

of the MP are loet. la.e paraphaaed c~atl fl'a. tbe cval\6at1ou at 

hand are atven below: 

a) The AJI/AAS-S) (XE-t> J.n.ru.nd Detectinl Sat (bf. 7.19) 

-----Tha a•••ou• 12 cooltna ,,,, .. 11 YArlli_.la, raliJ and 

tube failure• are fra~u.at, t.aa•• are ... ared by Clf bloaataa, 

aDd tba Ula ,_, 11 uuatt.afectory. 1D edd1Uoa, paru ad 

coaucttOM work looea aad the ... ,,_., b too tars• ud 

h••YJ·-----
for aach daflctancy corractiva action ta •~aaaatad but 

1C 11 aot kDCIWft vbatbar tiM ..... t,...e waa rworbcl ~J tU 

aarvlca. Aa not~ aar1f-r '~~ th .. • .. ut,..nt• W.r• bailed 

by u. of ~chtaaa and aava, vttb estaDil .. r.wnrktas, be~ 

-.da to yt•ld very aood raaulta. 

b) The AII/GAD-1 Craund·baeed Paaetwa IAfr~tnd Detector (laf. 1. 20) 

---·-TIIil aquip.nt, bJ 11U-Ii81•r, vaa Ol'iliDAllJ re.-eeced 

(Jan 1959) •• a porta~l• ••ctlefilld 1urw.tlla~• d.wtce vttb 

vtaual di1play. Dtfficultiel in deliiD .. r• eacauetered aad 

7.17 CYrrte at al 

7.11 Cu~rie It al lDfrarad lnterpretatton 
UI-J61 (llend1& IJ••- Dl1rlol011)1. 

7.19 (VI OpnoUoul lvo1 ... u .. of Ali/A.t.ll-5 v. 1. """"' 
lleotroni< ,,.., .. ~-ltGtJ0-91 Juu IUt(Coat.) 
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7.21 
7.22 

(J•auory 1960) w•o 541 lbo. 

In perfor.ance, even with Ge calle, operatora raralJ 

trtected per1onnel at ranaaa ia esc••• of tOO Jd•. '" 1~ 

bacltarounde. D•up re Uabl Uty vaa WI'J poor. 

Tha tilt report rec~.O tbat no further effort be 

ba .. plouJ. 

c) Infrared linocular• (T6A nf Tablo 7.5.1) (lot. 7.21) 

............ .Jttb eaparlance, driven c.a opereta vehicle• at ntpc, 

vehicular haedliahta." 

Ar.y .q_'JlpMnt. 

0) Uaa of lafra·&ed 1n £oraa ( .. t. J.ll) 

Ord, 

.......... ~ ... It raeulu wra obtdaed vltb tba I& filtered 11" taak 

oaorchli&bt (83 a.po at 24 •olto) placed about 125 y&rdo to tba 

raar of the M-l Salparacopa posltioa. Tba llfht, vith 2-II 

filtare val jult diacarntbla tu tbe uaaided •>· of aa ladlvidual 

vbo knew itl approat•t• locaUoa. Appraa1Mta claar watMr 

perfor..aca VII 11 1hawn in Tabla 7.5.2. 

CQI&IC laport of ~. S. Ar!J •r.ar loard 1 JUDe 1959 
J, A. leport on tha U1e of lnha-&ed lD Ioree IQ, U.l. A..., rar 

loot (AD 31094) (coat.) 

•7. UO· 



I!kl!....1 5.2 H·l lntp•ncor/11" laerchUaht. Ped01'11anee 

Dlttance froa Porwerd Potttton (Ydt.) l.cientU1cu1on PC!!!,!ili 

75 -·l/4" lectertn~ on ..-plate of eoldlar 

ICI0-150 ·•rec~tae iDdivtd ... l 

Z00-2SO ··•ufflcteat detail for eatper co a~ 

•-.ottao detectable 

-7; Ul· 
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7.6.1 Cecter.ll 

7.6.2 ~ltation of th• Detect&~!• Staaal 
by locqrouad 

7.6.3 'l•.taltt!'!fv• ~ODW'Il-:1 

7.6.4 Coacluatoa 

1. 6. 1 C!!Jtnl 

1'1te liait to the ... IUI'f'MI't nf & phyl! ;•! q,•.MD:UJ il let by al•JI• 

fZ'II!Dt QI.CYRI ttuctuaC.iODI (noiac). 'rhil 11011! at&bc 

tuu.-.aa., oc 

o oritiMtt aayvbera la batv.- tbe ••rca aM 

tMtn..ac. 

taqat 1 1 tMiro_.t (backcrOUDd) 11 the ltaitUc factor. 

tedM by the taqet. When the taqat 11 &I l.aqa 01' laqar thai the l.o ••• , 

•• h the e&ll in therw.l .,,, .. the Nclrcround ~--• •••tical te the 

caraot. 

wrfal'l U.a., Un•cletectloo aDd wke-4etecU.oe) hclwwn' .t McqrOWMl-.. ill 

doe• ca.peca witb t~• tara•t·ataa.l. 

1/«v -
• 7. 132· 



-
7.6.2 Ll•ltatlon of the Detectable Sl!nal bY llckfrOUDd 

Lot, 

o • f.o.v. of a r.dl.~tar (atera4), 
2 

A
0 

• etfec:Uva .,.rcvn arM of a,tlc• (ca ), 

f • focal l ... tb of Oftico ( .. ), 
z 

WT • rad~aca, atfectlYI to detector, of ~/ca. acar,ad.)1 

!..t • •\liltaaded ar• of caqec (ca
2
), 

- z w
1 

• aver•1• ndl&DCI of bacqrouacl (V lea • I tend.), 

ti1 • Ma!aa clevU.Uoa fr• averqa ncliaace of b&clltr.­

Z 
(VI .. • ICHd,), 

l • 1111111 to caqot aDII bacqr- ( .. ), 

,. • affecct.ve craa.iee1• of ,.cb, 

theD, vb• tbe Ueld of .,., 11 detand.D• by cbe decectOI', tbll fO&k effectlw 

pawer fraa tbe taraac oa the detector (1.a., tbe 41tt•c•ac• la pawer with &Dd 

without tbe caqec 1D. tbe f. o. •·), Pt 11 

't • 

th1a ,_.r baa co c:-.ece I.D produclA& • u.ef\11 •lJaal, vttb tbe oUect of 

tba flUCt\11.51111 c-.oMGt of tbe Mclrci'OUIIIIII•.-.41&tloa. tiM totAl .-r • 

tbe .. tector, frca tbtl c.,-,.eac,U1 11 

-7. 1]] • .., ... 
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o the wvdo,. of u 1 •• wlltcb •1 M eM l'uult••c of t.o 

c_.,._u: (I) ...... tua1 u-al •rlatl- of tba kciLp-· 

l"Adiattaa and (2) t l.M•varytna redtat:loa DD tbe detector 11b1cb 

artaaa fro. IC<"'DOlDI acroea .,.ci.al arMlaau of tbll Ncllsro-d 

o the dpal balwlvtdtb, aM, 

in falJa•ala,..rau), 

""' a fractloo • of ~•1 vl11 k aUactl¥a ..,. Cbla .... , DOC ba lu&ar •- r,. 
C:O...equncly, tt-.e tll'tet can be Mtected, tf PT 1i • 4P1 erJ 

(1) 

lquarloo (1) • .._ thor, for a quaatlrarl'N darol'lliHUoo of rba -~­

offocu, ,. .. ,_, choractorlarlco of baciL~-·••"aUoo (bacauao of Mr1) 

.IIIII cbll opeclUcaUo. of tbo detacUo.•aqul-t (boca- of •> -• bo 

7.6.3. Qyelisatiyw C pte 

tho 1-• 1lllit of corpt•ruloclo., a!.- la ... uaclo. (1), -/or 

all-b1a -· 1llolc of -. vU1 boYo dlffornc 1 .... 1o lD rho Uro•detacrl.oil 

aad waka•datactlo., raapectt .. lJ. 

1a caaa of fira••tectloa, oae baa to fiM a •potat• u larp u a 

raaalu.t:laa al~t, 1a a c_.dt•uioaal ua.-1,. of a Wl'f lar .. a~r ot 

ptctura•el.,...u. or, .,_ naa to haw an eYft htsher atpal •• •• lNc•· 

•7.134· .. 



-requ.ir ... at. Coll1equea.tly, tba atsaal to Uatctaa•no1•• ratio will haw to 

ba relatlwly hllh 1D ~t1J caae1. All tba alp available at praanc iDCSt.cata 

t~t anff'ft-1~ntly hi&h 111ft&l to !lOlla ratio cc be obta:lucl. Uta 7.2 ADd 

l.J). 

coat nat to a poiac iD 'ha prwiOIII caoo, a I iaa baa a l&iA!• ob&pa tb&t 

,raatlJ focilitOtOO ditcr~DatiDD fr .. backarOUDd ("pattOrD rACDGaitioa"), 

tllaro lliabt ba cuoe .t~aD a liat io to Ulll.qua rolau ... to tht back,rDUild· 

ttruature tb&t rocopltiDD it potoiblo at Oft .auauolly low oiiQOl•tD•l~tial 

ut.aa ratio. Of courr~e, racopitia. at 1 '"1'7 low •'-l•tO•DOt.eo nclo r•• 

qutno lDDI tl• (uuow baadvidth) for .,.luotiDD. All "IIUitutODOOIII" 

out-tic racop1tlcn WGl~ prWobly nquUM a -.1> ocrDDpr oiiQOl thaD o 

poot•rool·U• oucooaUc rocopttiDD cw that •·-111dodoodd Yiaual .,.luotioa of a 

••· 1111o ,.., oapaoiolly be tb& cuo ot tha praoat - tha ut of ooat-tic 

pattorD•ro-itlor. 1o rolatl.,.ly __ 1.,.., U• locUoo 7,1). 

J, 6.4, Copslyetpp 

Qu&Dtita:"''" ~otor.iutlOD of tha offoct of h&cklfO"Dd DOlto DD dotoct• 

abtl1ty req~1ra1 daf1a.1ta valuea of equl,..ac par ... cara aad operacioaal ra• 

qu.ir~c• '*icb caaaot H 11._ at prea•t• rr- quaUt&ti'N eoali.deratlau 

lt it ottiaatM that DO dotrt.Btal baak...-•offoat ohooald ba -•to~ ill 

firt•dotoctiDD tbrouib dirocc path with equl,...t of tatitlYity wall wlthia 

tha capability of tha an. (tlla offoat of -•bar WGld be •-t tllo t- DD 

tarbft•tiiQOl u wll ot DD tiiDOl fi'Oia tha backfr....S,) 1a Un•dottatlaa 

tlorouab iadlract path ud ill -·dotoctl.ora, tho t- -ctoU011 to - loot 

f-d for lock Of Yitol data, Jcw thlt rtUGII, ttpaciolly, data DD hack• 

,rOUDd ucataary for .,.luatiaa tho pootib1Uty of ladlroct dotocUoa - for 



• 

.. 
7.7 Choice of Detect~rs 

A portton of tbta Contract involved !ud ... nt •• tc whether awtlttna 

equt,..nt could be applied to the antt•auartlla datacttOD probl... tbfl aub· 

IICtton provtdaa aa. exa•pla of IGa•.of tha vork doaa. Detector aalecctoa ta 

dt1cuaaed bee.~• the choice of the beat detector for an ta aqui,..ot ta ~ 

art vhtch dapende, .ora often thaa not, oa. poorly dafia.ecl factore, vhareaa 

ocbar al ... ata of the tyac .. are .ore routinely daflaad. A .,taf ~~ ta 

liV&n•b&re Oft a) lt&ti•Oi•th&•&rt 1n liQ&~&·&l .. .nt datectora 1 &od b) COD• 

ftdeaca ta predicted perfor.aact of ~lin& datactora. GLa Appeadta to tbia 

aecttoa tlluatratea detector aelectlon &Dd t .. atbtltty aatt..t•• for equip-

MGC utoa axiactaa cgmpoaaa.u, for Uaa acaaaara, photoarapby, uuS taaaa 

ort:b&coaa. The me:.!)""' aployed for taqata aad backl;round ara 1cawbat old• 

faabtoned and DOt parUcul&rly relev•nt co preaenc tbinkiq.] 

7.7.1 ~c..,orary Stacl•·&l ... ot Dececcora 

7.7.2 lacarprecatlon of Predlctlona 

7.7.3 s-ry 

7.7.4 hpadu: llluatrouvo !-lo (ro .. ibUitJ of lqui-t Dooip) 

It 11 aufficleot here to cbaracterl&e datectora bJ aenaltlY1tJ only. 

fla~• 7.7.1& ebowe the ~•t IIDiltlve detector• available in ltaited r .. loaa 

of tba apectn. batve•D 0.3 and 1~ ai~rou. Ptaure 7.7.l.b •beN• the lftliU.YitJ 

of a laqt "*or of dotoctort ratpouivo 1D tlw roaiOG 1.5 co 70 mcfOIIo. [It 

11 DDt lntea4ed. to ducua• here all the data 1D the ft.auraa tnat •r•11 to ·•k• 

lc ovailablo o..S 110to tlwt -• of tbo dotoctoro call be obcolud, olc.._b -

I I 

---···· 7.136 
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Fl1~r• 7. 7.1b • Detectivity of Sinale·Element Detector• for the Spectral• 
Re11ion between I, 5 an<l 70 Micron•. (Compiled by 
ln~ttttllt@ of Science and T~~tC"hnoloay, Univ•r•lty of 
Mlchlll&n) • 
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alweye 1-..dlately.] Not• Lhat fla~r•• cover qUAatu. •• vell 11 thtr..l 

aDd phococonduetivt dacecr~n. Tber.aJ, photoconduc.Uve and photOYOitalc 

dececcort can be J&oduc;J to to~ an array or a ~•ale. 

7. 7.2 

lllfriiV-DC ancl, of lnUrprot1., tho prcuioUaD&, vltbout dotailod data. n.u 

•uuculty caD ~· typUI.od ~Y eva quotatiODO ao loll-: 

l) "'ildlCOD for tbt epectral realcm fr• L aicrna co 3 aicrou ca:. 

H npeccect co ba a.ailADle by 1964, v1th au •••r••• aa111 

oquiftlnt _.. (JIIP) of 5 a 10" 12 weco l.o UDI.t kndwl.dtb, ~Nr 

r11olutloa •1--c," of .ore cbu S a 105 al ... DCI. (O.Cret Da6.a) 

(lef. 7.7.1). 

l) 11A ••c IIM1t1ve e&p~rlalucal iafnred pbococanductlva ,1ck•Uf 

* cube operactua on the vldlcaa JrtDC,Jlt vfrh Pbta taraec (aaa.l• 

·II tiVI ar .. ) bat an NIP of lbo-t 1 a 10 ••''' 14 JO cpe ~dtb1 

per re1ol\aUon el..ac of 104 al .. ace." (CoufldiDUal Data) 

(lef, 7.7.2). 

Coavoru,. cbu lacur NIP vol ... to • ooo cpo kndvldcb, """ acaioa (7 • 10"11)/ 

(30)
112 

.. 1.2 • 10· 12 vetulretoluU.on •l•ent. ThUll, a direct c-..rs.aoa at. 

(7.7.1) Paool¥0 ledl&Cion COUDto .... ouroo r .. oibility ltudioo, AI a.(696)•30. 
Taok ll s .... ., lo .. rt, Part 1, IUihlo Aircraft Caopany, 12·31·61,(1). 

(7.7.2) 1111, Val. S, 10, 1 (locrot) p, 409, Confidoetial. 

* Modo prior to 1960 • 

..... ..,,-~ 
7.1J~ 



• -
t.f~~r.. HGwever, by further ~on¥ertina•·on the ~115 of liP Q (area 

1 ;z 
of reeolutloD el-.nt) and~ on Lhl baaia of tdenrtcal taqat ar•t••t .. l 

Ill of Chi future tYbl CO a (S a 10,)/(1~4 ) • 50 tiall larttr I'IIOlutiOD 

,..._,, oae coul.S ccapare the Mrly • .periMncal tube vtth che f"'ul'e t-tM 

All\81111 now chat the upertMntal tube !!. the oae tbe pr .. lccioa Ma 

Ha baaed upoa. (or, •'-U"'r prediction £!a vaUcly be baaecl upoe), oM ape 

arri'H at tbe coDClt.aaioo that blah retol"'ioo 11 up.cted to Ita fti'J bai'CI to 

-'tala. aaw ... r, whether chit ~111 ~· correct or falll tl ant ~. ~ 

psnci-.•t pre~tcttODI concerntna the pertorunca of tutUTI t\lbea ~r• 

.,.luatioa of all ~be ,.rclaeac factor• involved. 

7.7.l !•=pry 

A larae variety of hi&hly developed atQall·t1..-nt datactora are 

the availability of ll ~11 tubet, however hal aot baaa eurweyed to 

tba 1 .. 11 needed for hiah caaftdeace ta ~red1ct1cn• r .. ard1ac tbeir fucQrt 

,.l'fOrMDCI. Pl'edict1on• atven 1n the cureat literature IH of doubtful 

7.7.4 A1fend1!j lllUftflt&ve l&a!fll of Detector lelectlop 

:u•l"' tbo o .. ly pllaooo of tho otudy 1 Ulllq tbo •l.•c..al oalcui&Uoa of 

tbe "canon1eel" rapftre, redtant power of the c_,f1r1 we eu\81d to -ra• 



-
from the Junale ~tth • l~=• t~~t~· ·• , ..... \,. ...... 

·6 • J 
of betw"" 10 and 10 • 

"" thouah preaeac: thtnktna ll.ilkU th11tm ttaevhat il'r.,l.,.nt. 'ftle calculatloae 

are for requir ... nca for alrb~rne ~etectton uf a po1DL t•acec wboll radiaat 
. 3 

,_.r P
0

, 11 10 waculltandhn, wUh • l4~ blackbody epeccral dlacn.-. 

7.1.4.1 Ltne~Scanner 

Lot 

a • sl~nt r~nac fram c~p ~f the Juu,l• Lo detector (~), 

~~~ • fracttnn ~; ~0 ~n the apeetral teliOD of 

decec:Uon :,,:.., 

c6~· lfhniva truaaittaDCa of ae:.o.pbertc .-ca 
ta tha apectral r"t1n ~A, 

'J • "tranaatu!on" of the. J\11111•. 

eben ;be pGWar•denatty fraa the taraat, at cha aperture, CP.D.)1, 11 

(P.~. >s • (v.ca "2) 

la addition to cha •taa.l, radtattoa due to natural tllu.la.• 

* ttoa oa the tQp of the j~l~, will alao f•ll on the aperture • Vhea tbta 

* lecauaa of cha apactral re11on ~ontidarad hera, tha ther.al radtattoe 
of tbe Juncl•·top lo n"lllalblo. 

7.14l 
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• ~··~ 

-l 
tllwltaaUon 11 1!\(w,.:• ) •nd ~h~ dlffu•• retlacttvlt~ of fo1ta1• te OA~' 

thaa .. •ta a flelc! of vtev of .~ tteudtant••tha averaae PGiftt•dn.tty fr• 

(2) 

of vtev, (P.U.)1 wtll h•ve • .odutat~~ '~~nant ~*'•u•• the beckfrouad 11 

Mba lunned. Uan->U.Qj •ilh • Lhl rano of the rat .odu.l&ced capocenL OYII' 

s ;-ta 
I 

'.::c.!.,.I!)."•·n 
1 

-2 
(vnw • ca ) 

'nle ••i.lw.al \'&lue • can take 11 0. 7 when "fully reflecU.at 

arue" eubtendecl by the field of vtw and •nat "not :eflecttnc at al1
1

" are 

,..,. DOt aucb llu than 0. 05 which vould prwaU if the aver ace r•tlKtiDI 

area lubtaadad by the field of vtev vat Lad by the pulr. ••aunt of ! 701.) 

tha 1peccrally ct.,andent quantittea in lquatton (4) are e,P 
aad 1 aad, tha choice of Jpectralwreaton of datecttoa lhauld obvt~ly be 

s.-
7.142 
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'I 

• • 

tbo apectraay dcpcn.dcnt q~.~&nt.u 1ea ~ 

~~ 0.4-..& 0, 7~ 0. 71A - 1. l~o~ o. 'ill - 2.~ 

~ 0. Ol 0.14 0.64 

t "' • l I, 00 0.51 0.76 
to.• • 0.7 

= 0.20 V.J:; 0.10 

...J. I c. ~0 0,69 1.4 01 

T!.•. 
1.00 6.9 1.4 y 

0.4 - o. 7 

la e&lculauna t.ht val" .. of 1 6 ~, a 600001. blaclr.•body 

apectral dUc:rt~o:ttor. •n• auu.ed. Purthemor•, the vah.aea of part "typical" 

nlue• baaed on the dlffu.;e nfhctance of tuUP lt&Vtl at "tbe waYtlenatM 

of ••'-- oaorll'", (lot. 7.7.2) (lie) followo: 0.22 ot 0.6,., O.JI at 0.9,. 

rea.f.oD b.cve.a 0.1 and 1.1 alcrona U perta.pl ttl& &O.C l'UlUrtc; 1D Coatralt1 

tbt yaluea for tba tvo otbr.~ raatoaa a1aht be tn error by ! 50l or .are. Of 

caure•, dUferoK .. Ottv•••· the raflec.tan.ce of tv.Up luvea aad av•rac• Juaal•· 

foll.aae are DOt known. To be con .. rvauve, unce l.ht ''aUdlty of th••• a&IUIIf• 

tloea 11 qutattoaabla, the entire area tubt.aded b7 thl field of ytcv, 11 ta&ea 

:SMli 
7,143 



to be refiKttnw, altho\:s!-1 .:only s fr.:u:tlon :Ji the ar .. 11 expected to be 1'1• 

At M slant r•na~ of- • 1 km and with 1
0

•
4

• 
0

•
7 

• iW- 7 w.ca· 2 

"" ·• (ball - lou- oboYo horUon), t J • 10 •nd a • 0.3), we aot, f.- lquoUaa 

(4) tbl follwtna val...e• of ~1: 

• lo.2) : ... , -·· ":. •• 
" • 1.8 • 10"6 

0.9 • 10"6 ··o.• 0.1 

" 2.32 • 1o·' . 
., 

.. 0. 7 1.1 • 1.16" 10 . 

no.9 .. 2.) • 2.1 • 10"4 
1.4 • 10"4 

2 
With £D effe,tlve •P•rLwl• •c•a of A

4 
• ~ c.2 

(D • d~tlr), 

acd vith. lc=i~ond~twr dete,tur vr ., .. 'n ~2, tb• follwiQI ideacity .U.t 

s N fulfillecl vben a li&Ml to detector oo111 recto of In h required: 

o2 s ~. (P.D.)5 o CMEP). "o. Prao horo, vltb lquatloo (1), and vltb 

"' lit: 

••• 

~12 

'" 112 • "ii* (ii'l) 

va 112 
(ii'i) 



.• f -
o • tou 1 tcan-analc ln radhnl. 

Tht 1quar1 of tht.reqwlred fotll liQ&th, f la 

aal v1th val1:e1 of 

nl'2 • ~ • \0-l d ra . , 

2 --1 t • ., x a
0 

. -2 
V • 120 •/hr • 3. 34 • 10 D/aac 

H • ll.U loa 

c • a radlanl 

!... 
Mu 

S.l a 10· 2 ca lo an F/1.2S oyoc .. (D • O.Sf). 

Ofta then obtalnl 
-1 

•0.9al0 ca(0.9•) 
• 1.1 

and or 

(6) 

f • 18., c., D • 1~.4 ca (5.7 lncbea) f • 10 ~, D • 11.6 .. 

V•lna PbS ~•taccor for the 1paccral raaloa bacva.a 0.9 aad 

. I 



' 

• 

• 

··ure -
l.S •lc'- ... •·• (D• . J • to'~. ~ . U.b.:.)Al:~ 'i) .. l• • S.l • ·l 

0.11 10 e. • ... 
Thua, IYirJa " • Jet..:f.JI .. ... u •• 0.1-. C,l- Ia 

,!!) " (!!) ' to' 2 
···~. tho re"'utr•d u • 0, I:. • S.l X • &l. o. 0 f I 

D 
; • 9, Vhlch con•tltwt•• a n~n-f .. •tble •y•t .. ! CoawartllJ, 

hawever, ''' p, 1 tylt .. vould requ&u 0.81 UD 1qwre dotector and f • 162 ca 

vhlch lt an tapracti:able 1111. When the PbS datettor tt c~Jed to thl 

n t~r~t••J ot dry-i,•, D* • 2 • !~ And 1 

2 
.r.112 (~j • 2.2. s.s. 10' 2 

<II. 1.27. 10' 1 c-oo 

thu., • 0.~ .. • u.; .. detector required <1>
2 

• 2.2 • 5.1 • 0.) a 1C' 1 • to'' • 
. ·2 D 

13.1 a 10 or f • 0.8: t • 10 ce aod D • I c. or, 1.7 .. • J.7 .. ~ltartor 

co~ld be uaed in an f • 10 c•, F/0,86 sylteD, 

Coeaequeac.ly, a tuccecaful dacacttoa caa be .. ,.cced of practical 

tit• ~t~t utlftl St ~ cooled PbS det~ctor•. 

of the ft~ ~•~ed by the radtarton fro. the ftre, be n~rt.al the toe-Jewel 

of 'h• eo•' deaae por,loa of.'he back&round. So, at a foa level dea.itY ot 

o,, the follawtaa identity •u•t be fulfilled: 

:\Dr • 

latl T1 • tran••ltlioa of fit. occup~a~ ~Y taraec. 

T1 • tran .. seetoa of fl~ orcupied by the briahtelt el .. .nt of the 

beclt.&round. 

7. 146 



~ • _d:eD~­
u iOI t. 

I 
) ltoa .J. 

•• 
and, 

I 
loa ...1. 

•• 
~ 

n 7 

lf th• ,.,,~, •ubtend•, ., the ape~ture, the aolid anal• Wf and 

the be'k&ro~n~·•& ... ~t tubcenOI •a• cn'n the ~1• liZI of tb& tafllt il 

~~~and the ~1• 1111 ot the backaround el ... nt 11 t 2~ vban t 11 thl focal 

lanach of the opctca. 

Wheo the cara•t raJLat•• 11 vattalacerad, thea the pawar·d .. llCJ 

ha. ttl•• caqtt at the ,,.,.c~.~n, (P.D.)
1

, U 

p 

-~ l 

·2 (v.ca ) aDd, 

.r, ' (v/ca J (Z) 

fhare, r • ! (focal &acto of optlca) vith D • effective .,.rcur• dt ... car iD a.. 

S~Lirly, thl •v.•r-deneity in the ~· of tbe bac-.r~· 

., .... ,, 'i u 

·Z ·I 
vbare 1

1 
11 the rad&Aac.t of the badLaa·ound·tl ... nt in v.ce ltend • 

7.147 
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•. 

' 

r, 
~-

• . I 

·• Aaauaiac th~c ~ • .o 1teraJ. ( 1a
2 

lubtentted arM at a 

raac• Qf l ka) and, with the prevt~•ly ~•d value• of cJ • 10·4, 1
0

•4 • 
0

•
7 

• 

!h.:.at, ncx:. Equ,ation (l), a • S, vnec th• Ula 11 ct .. ntoped to a '7 • 0.7aoll 

Dr • 0.1,. ~tina: fit= ~it~~ :;:co of ASA • 400, the raq~1rod ea~aYI• to 

rNch the li~M~~t portion of the cter.; 4.ty ve. 1~ ex,oeur• cui'VI at 7 • o. 7
1 

U 

·I T•l.67al0 

and the nlul-. .... :. 1.a ;; !.;..:.• .-•• ru ... , the Ulq.I•U&I of tbe C&I"IIC, 

z • 2 
I "'t • IU ... ·6 Ihen vuh ·~ • 10 1 f • 10 em. 

At a field ot vtev at 4S0 ·~~r•, anO, at aa airczaft• 

••l~i~, oi ~CO kaln~, 100 a-2 
'•n be 1uav•1~Q tn one hour. The required 

/IN.w 

(4) 



M•'"' 
Wtth tntraud fila, th~ exp .... ure-ttme t

11 
11 

0,7 

vbere s
11

. • ASA apeN of I! ft I!!! ,.. 0. JS x Slo) ..... oJ. 7 Thul, Til> T0.4 • 0.7 

could be expe~ted. (We do not a!ve here a nu.erical value for r 11 becauae 

~~~ a-a DOC bee~ detl~lftl~). 

-e 7.7.4.3 Witb an r ••• , Orthicon, an t.&ae·tllu.tnattoa of 6 • 10 

w:.;a'"
2 .....," b• , .. .,. vut vith a uaaal•co•no1•e ratio of about 26 wbea the pre• 

..,tUter'a nohe U 2 x 10'"9 ..,.re in & ~ IIC benctvidth [ 111 "!.uney aad 

Ulllatlter lqioo for A.ppUcaUoo co Deucuoc and Aecroeurveillaoce11 Geo· 

phyatca Corporation of Allertca, Iedford, ttaea. Ar 19(60tt)·7412. Piaal &eJOrt 

Part 1, p. 276. Uaclatstt!~, 1 July 1961). 

41 waa previo:.o~!y !ou.od 1 thia level o£ Uh•liaatioo vould 

pr ... u .i.w .w il% aylta. Cooaequea.tly 1 1 atanal to ao111 ntio of 10 can 

De haG to ao Ill.) eyatea, a blah eaouah value to pe~it the readout of a 

ataal• reeoluttoa-el .. eac. Halllnar, cba 45° equara ilald .,, Yiev epeeified 

for pbocoarapbic detectioo, 6 ' -1 
~c be decr~aaed by a factor of 10 z (2 a 10 ) • 

5 •••-.traa Cbat cbe tuce orchiccm hal 2 x 105 re1olaUoo el .... nu. (For 

pbotoaraphtc dec~ctoo, 105 re1olucion el .. •oc• and a caraec-tmaa• of lQO 

aec (real tiM) ;.he aurveUlaace of one fifth of the area cb&t it 11_ po.,ttll• 

co record .,. the photoaraph.Lc MChod vich 1/4 of a aeccmd upoeure•ciat • 

.... 
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' 

• 

... 0 

luUut1tJ:t tJ( hiah•& "''thicoa •unetllAoce rat:ee, b-...r, 

v~.·ld require the at.ultaneoua u.e of, for tnacance, tvo caaera1 to covar )6° 

lateral field ~~~. an tncr•••• of the flt&ht••P••d by 1 faccoc of about 4.4. 

A dtact~c advaataae of the ~1• orthicon ta that it allowa a reedaut ta 

r .. l u.-. Moncrnr, there •Y be ea.. advanua• in that ••nOIIIlel arauod 

tbe caapfir• vould, p.~rtwpe, be len canc:erned over paaaaa• of bt&b •••ect 
lii"CI'Ift. 

On the bcaia of auch initial ••ttm.tal it vaa coacluOed that 

I &OOd POIIibility ll .. ed to IX~It of detectinl Chi radiant power fraa 

a&tvral 1llr.ain£tion waa not 1110re than tbat froa. a half 110011 at htah elcn-

ttou. Any of four equipM:nta; 

televtetoa c ... ra vtth L.ac• orthicon; 

LJ.ne-acanner with St detectoT; nr 

Line-acanner wttb cooled PbS detecttJr; 

~&ht be e.ploycd • 

.. 
7.150 
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ladulti'J vert upected ~ 1t vas p1ar.ned to critique th••• 111 c:ha ttuciJ. 

The fteld d.-aaetratioa waa aac up •~•1 t~• but aevar actuallJ ~ 

off. ODIJ o .. propoaal (P.US) vu forvomlcd for •-•· !'!lotbu otbara 

wn received ta QOt a.... 

crtct..- of tbe r»a propoaal ad I lua&aatecl upel'lMfttal protr• 11 

out1tnsd (8.1). A •uta.-•"""" •pproa:h teo t;be uta of rMar •Rainet •uhaa, 

_. ,_,.., DD oapplaa vltb rodar, aro liftD la (6. 2). 

Cartllftl 

1.1 hi'ION'IIl UetecttOft 

a.l.l Sorvico &qui~Dt 

a. I. Z PASS Proposal 

a.l.l Critique amd luaaoatod Proar .. 

1.2 Oth•• ApplteotiDDo 

1.2.1 ADU-uab bdar 

a.z.1.1 Goaoral 

a. Z.l. Z CODftaUDDOI llri Probi-

a.z.1.3 Pulao~uletod Doppler tocbalquoo 

-1.1· -



C~ (C_,ntinuN) 

,. s.l. 1.) s~ry 

• 

... 

I,J 5..-.Ty 

1.1. Pcr•onnel Detection 

I, 1.1. Servtee F9ulpa£nt 

Curreftt allitary ea.bat •~rvetllance radar thrau1h 1959 are 

diacuaaed in a cpeclal DDI&Z ...orandu. (ref. 8.1) of chief lntaraat 

h tbe Uf(PPS .. 4 (Silent Sentry) anct .. peraonul radar whoaa ch&racter· 

iltiCI &I'& liVIQ iD tabla 8.1.1 below; 

tAILI 1.1.1 Cha·ucurtaU.u of AI/P!'S-4 

Ltgh~ilht, portable pulaa doppler (Silent Sentry) ...... faraonnel-lSOO. • veh b.l•• • 5000.:.. 
Ace. 2S.. ,. 

D lt00-9400 IIi. 

p 1 Met 

p 1111 
Pll 5000 
Krl DOA-cobarent 
s ... n ... ,. ..... tn r•aa• hzl 6 allv. 

!lev. 900 to 600 IIi lu ..... 360° 
I Width 6.5°. 6.5° ...... 11 , .. 

larpncnea 

w1 t lUI 
TrAG.~ pore Naapack 2 Mn 
Prlaary Power US wactl 

1.1 V.iutatn. A. at al <t? 1Dt61 llacuonlc Proar_. Concerned with 
Ca.bat Surveil lane a l7 Mucl. t960 
DD161 ~r&Ddua (llactranica) Sac. 

-1.2· 
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-A '"Ranlt'et-t•~nu·r•r•""n'"1 udar tr betn;. develop:«! on Ivana 

Sllftal t.b~r~tu,y (~onta~ta: ~rold Tate; Victor L. ~redertcka). 

n.e UfPPS-4 11 bef.nl tut.d f.n the Par Lut. The ftrrt teat 

(ref. ).1) var u~•ttllfactory, reaultiaa in no perloDnel detection. The 

reaulta ~~ eubaequent teltf.na are not kn~ to the ContTact~r. 

pet,~l•, and in •et~ing ambu:he• tt 11 auJIIIted thAt if, aa if fairly 

likely, current t. 0. & &. equtp.euta ara not aatitfactory for one r•••on 

cr ... ported. around aurveillance radar deataaed for hi&b·r•aolutioa vtaual 

dtaplay of arouud taraeta at sbort r~••· There ia an operation van, 

aate.na trailer aad power unit trailer but tbia il becauae no att..,t vaa 

-.de to reduce at•• and veiaht aiven in Table 1.1.2 below: 

table 8.1.2 Characteriattca Al~·29 

(lectrical Characteristics 

lrequeocy 

Pwlae X..qtb 

Paalr. power 

Pula• repetition frequency 

Wave leqth 

208 volta, tbree-phaae 
100 cyclea/aec 

21 wolu, DC 

70 be 

0.05 •tcroaecaed 

9,990 cpa 

~.]-

12 Kv-• 

.... lo..t o.s Ill 

1.2 (II) lvaluaUOD of Coocepu aad techal- of ... IJIPI.29 
U.l. A..,. lofaot<J -1"11, Pt. hDAlq Juae 1961 (CCIIII.) 
(AD 324 4321.) .... 
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t.~~· 8.1.: Ch•r•ctertactca AMONr$·19 (Conctaued) 

~··~l~tton Chlti~C!!!!!!£! 

lc• race 

Seen &ector 

Aatenn.a aata (includtq 
lo1111) 

W.ve autda loa••• 

ta..ut (IL-24) 

lraa .. lttor (IL·221) 

lecetvar aotae ttrure 
(Pbl.co II db L·SS06 
cr,atala • • db tr 
1.r., Ql-369 llyetroa) 

llevaUoD aaala 

o. 2° o., •II•> 
0.3° (S.l alh) 

20/ICIDI/IICGed DO~l 
40/acana/aec cape8t\lty 

30° (ISO bo .. width) or 
5)4 .u. 
54.7 db 

2.' db """ 

0.4 db 

4.6 db..,. (2-voy) 

o.s kv 

t 8111 fra. hortaoncat 

... cbllpt IIOdo. ..,1.,. •••••u .. " located ad ldMIUflod nllab1y 

at tile followl"' raa1u: 

tr ... k, 1/4 toe 

·~-.... "" 0.. un, rUDD1ftl 
OiDI MD, Valkina 
01111 ... , cr•Haa 

••••• -

leaa O!!tanl -t... 
6200 
2000 
uoo 
1000 
v.tatectecl 

Mlat... 

so 
so 
so 
so 



-
While th11 ~rf~r.AftC~ ~~~~• aood. there ware a aU8ter of 

Jlfficultl•• Vlth Liarta~ interpretation ~ ta ar•• covaraa• teata 

MI'IDDMI wn :.;)t .tP.tecced .. udactortly. 

a. l. 2. PASS Proposal 

OD 1~ Dace.ber 1961. Conductr~n aad Auta.etrtc Corporattoaa ~· 

* a J~1Dt proposal to A&PA for a Partltao Airborne Survatllanca Srtt ... 

(:-cf. 8.2) Tba tYIL.- operaticm Val to be ''bated on a apeciaUaed Uae 

retoluttoa. coherent r~ar vttb airborne atanal corralatto~ to produce 

estractable atcnal• fro. aroupa of .. a carrytac ~•rata ptacaa of aqut,..at 

OD tba baata of a a~ltfled .udal of rataloraet &I a ca.plax 

ecattaral' aad abeorber, aad em the appraaiuta croat•aec:U.oa. of a MD 

"•u;-'1:::~ l rtfla, tbe a;.propriata v.v.laqtb of tha radar waa datar.loed to 

ba about 

defined: laadtna to a pral~taary deatan of the syac ... 

A propoaed accelar&ted develo~t acbedule env~••a•d IJICeD 

tacearac10D Ftopaaauon uper~aenu, equt~c dellp, •••..,17 c_,OMDc 

:eaca, aircraft .adificationa, iaata,lactoa, aad fllshc tiiCI carried on 

ccmC""oo~rrencly in c.be Urn twelve .aatbl La aa aueaUally ''lNUd·lC·Ailld•t'Y• 

lt" proar... Oparaci~:! teace, oa tbll acbedule, v~l4 have betua ta the 

faunencb Wlftth and hAlve Hen concluded la tbe ei&htenth _.,b. 

evub propoeen' per.tuioa LbU propoa.l VII foJVafted to DIC for evaluatla. 

8. 2 PASS Technical Propo1al A·lll/CAA·6lA AutON tic aad Ccmchactl'oa. 
Corp~ratio~• 14 D«c..ber 1961 

-·· 5--

-• 



' 

• 

1.1.). Critique~~ Su11ested Proar .. 

At AIPA"a reque1t the prop~aal vaa erttique-ed by DIC. A ... lift£ 

w.1 h•l~ at li7A on~~ 1. vith ~~uctren to diacuaa thP plo~~•l &Dd a 

•Y&aeaced alterDAtive prosr ... 

It vaa .. ident \nat the succeta of the propa.ed project depended 

oa. raaoluti0111 of _., factora vbich Wl"a not well kDCMI.. Wber••• tba 

prop~tal. in the iatare.c of a ~•t ezpedittoua approach pl•~ to build 

aa equipceat aDd fli&ht teat it •• rapidly •• poaatbla, the auaaaated 

procr .... , firat to raa~lve the .. jor uacartaiatiaa by fairly a~la 

..,ert.anta aad tbeu to proceed vtth developtna new aqut,..nt if a.,eri­

... ,.1 reaulta Juatified tbia atep. tbia proar .. vaa aaraed to by AllA ADd 

Coaducuoa. U of tb:h data tha proar• hal not 71t baaa. fUDded and it ia 

DOt !:::Dc:Nu vhatbat' a report on taraac aad an.ir~Dtal ct'IDditiua. -ia tbe 

far Wac baa 0..,. prapareci. •• .a iaput to the prosr•· 

below: 

Sa.e of tbe .. Jor uacartaintial ln tba PASS Pro~oaal are lilted 

4· ~~~cr~ation oi i .. ~•r wavclenatb r.d1atioA dua to Jun,:e 

ar~h 11 •••u.ed to ba c~arabie to that dua tu voada 

!o·.~o.'\4 1n the northaaaurn u. s. Sluca Juaala ar.arth 11 

a~relly .ora daQtl and cnotaloa .ora .olatura th1a ta 

•uet Uonabla . 

2. OralJ trH uuu.a are aaau.N to be lara• backcrouDd uraau. 

ta .... aDd braachaa are aaau.ed to be laJleiah acatter.a~ aad, 

bnce, DOt t.portaat. MaoJ brncbaa of tnea thould be 

••~''" to be ,_,arabi.a to the 1 Mtar wawaleqtb ln u.ae, 

.~ therefore, ataaiflcant. 

-···-
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J. l'Tttl are an....O '" be ~~,ntlned to iln,ia naoluuon 

etc~~nu (J l 3 •tna). Becawu the treca, aa IHn by 

the red:~. arw eatend~ 1n ranae, and b•ceuaa there ia 

~lttole a;~tter (rartt~wl•rl, with th• around) th• •ff•c~• 

of a tori• tree can be observed in 1 lara• number of raaolutioe 

al.-nt,. 

•· Accuracy \o'ith "'"'i.ch .a.rcraft .re1oc1ty mutt b• ~·-t~ t• 

sa1d "' be 1 •t•n/uc. Durtna the altabli•ta..nt of tl\el 

apen~o~ra. the 1Jtound ;an ''move'. ,iU -L•'• w~Ll. '••pac:t to ita 

UJ'.irud l~a:i.')r.. ::'l".a dho::. .;t thil O:.lo.l.i n.:.t be aaplaiaa:l 

by tht Co~uctron people at the ~J' 7 .. ttina. J 

S. ~~ pro~l~ of detactin& sovina taraaca vaa not aattafact• 

orUy covand. Walkiq Mn cu be tiJE'PICted to aova tbrouab 

~ few reaolution cell: durtna .>batTV&tlOD. 

6. rht pr~bl~ ~f clutter .ortnn between look1 (~1nd, •~c.) aad 

the efface of .ulttple •cetcertna on the reeulc• when fltaht 

pat~• ara not rapaacad ~rectally ta not covered adequately. 

i!-ny other potnu ia. the PASS propoaal could be araved, but tb111 

dapead ao .ucb on factor• baatcallr unkaowD that the ara~ntl would ba 

ac.d..tc. for ~Ia, while ona alaht taka aacaptton to falaa alar. and 

dacactloa probabllltial 111u.ed to ba uaaful for aatntna lnloraatloa, tba 

a¥eat uacartalnty 11 to tha achtevablllt7 of any ~••ful co.blaatl'~ e~ 

falaa alar. aad ~ate=tto: probabtlltil~ vould reftder aDJ arau.aat etarlla. 

U, dar aUld cODCn"n abat.\t MP Mtct~na, ecc., ..... pr ... c·.ara . 

••• 7-
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c!~v&ted pl•tfota (tawer or cliff) to a receiver on the 

aleY&ticn ancle ('1$0
) would ba daatrabla to avoid havina 

b. Ca.perable ... ,ur ... nt• vtth other typea of VYtetation. 

c. Meatur ... r.t• of Junate c~onentl {treea, branchea, ate.) 

on ••iatiaa rancea, if feaalble. 

d. Uttna re1ulta nf a. h, ·~ e, to estimate the ~;nttu~c of 

the .ultipla acatter1na probl ... 

f. Data collection OD tha nature of the taraat, what he carrta1 1 

hGIII ha acrwea, ate. 

•· Coaatructton ~r repretentatlve .ad•l• of the tara•t an~ bact-

11'0\lad aad Maaur-at of, radar obtarvaUont of taraat aad 

backaroua4 ••parataly aad 'toaathar. 

It vaa alao auaaeated tDat, aLDca ruarlllae vera to be found in 

...., ....-trcn.eu other thaD deuo Juaale, 

b. laiattna etde•look1G4 equi,.ent a~ould be e.plored, ccncurrent11 

vttb abc:wa proar• aaalDat euttabla taraeu in la .. trouble•-

dtffteulty of tba detection problea until a&iltiDI aqui,..nta 

failed to parfom. 

••••• 

-
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2 .. 
rt .. at,. dapeadla& o. rhe outc~ of the acclwltlll daeertbed, 

tc .. ,...,.,, ... cue. 

t. & ltwlp eh..,..l4 M Mda to 4e&analoe U &bare il 1 cle&acUOIII 

the taraac ,_. clutter .adala d.,.loped. 

J. U Uoe -• to l.) - aiUnoUft, ellen, do~eadlll oa the 

ou ... u .. ec t!M tiM _, Ule c•t of oroc .. •• .. 1-ac, • 

•-1-t ,, .. ,. '""'" M etortecl. 

1.2. Ot .. r A!!tteatt!ft• 

c-uort .. •- of tile ou ... u.ou •oocrlMd la 2 ,J, , u ............ . 

alolo to '-'" ,..tllor radar can M uoeful ta ..,.,h oltuaU0111, la oucpoor 

pro-a~. aplut arouad·flre at heUcopcore _, alrplaaao, aad la doteoUa; 

net.ll aM cOI'r&.dora C';alllll1 of lCIW:r arouad•Ct"HI' deulty) under daftll e•""P7· 

,_. flrot t~reo pooolbllltloo oro dtocuoood uodor tho aoaorol hoiCILna of lntl• 

-~ rodor (1.2.1) _, tile lanor uodor tile hoadl.q of radar MPPllll (8.2.2), 

1.2.1. @l.l.:ao@U!h ~~ 

1.2.1.1. ' rel 

fto belle aoUoa lo co ..U .,olloblo ,...,, ... reeler lftll 

flro,.l ... tlal ... ,,.. •• .-tell ... ld fulfill •~• toctlcol r..-treaont (to 

firo boo~ .,.lcklr end oocwacelr- ..,.abed) dUcu11ecl la locU.., 2. 

~lo to ,.rctcularlr .......... for rood • ..,.,, and hollcoptoro, ODd poootlllJ 

for l•·flrlll .oLrpl- ""' - f,.. cratu. l& lo probablr only aooUcablo 

co o...a • ..,. .. ,_ - Uoere to •- .,.... opoco bo-n tile •uohod aroup 

""' tM o .. rco of flre, t11o probl .. hao - treotecl ta tono of rUlo Ure, 

~~c• aac1~11 , .. 1111 clllflculc •••• of euc ... ctc .. ,,~ flra and , ... 

..... .. 

i 
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O( destrn Of equlpccnt (~( &lf~Offtl Ull. 

the .. Jot ~vancaa• of u•taa radar tn a altuacton of 

e.buah 11 the lf«.J and accurac7 vtth vhtch cha aourct ol ttra can be 

l:.;a:ed. '."~1:.=~~~ c:aa. be IC&M--s .. ny ,, .. , falter than by ay•, for ea..,la, 

ana tba r.Oar ~actcta the bullet vhtch 11 •tvayl praeent rather than tba 

-.eke or flath or the actual aun, tach of vbtch c.a daltberataly ba ... , 

difft:~lt to detect. ~· radar lt alao capable of r~n&in& accuractaa .uch 

araatar than the ur~tded 171 and c~arabla vt~h that of ranaa ftDdare. 

:Tba radar eddtttoaall) c~ld datact tbt couattrftra aDd chua aarva •• a 

tubtttcuca for a apoctar In ta.. atcuactana. for chota veap~• aot coetroll .. 

by tlta radar. 

S.l.l.l. Probl ... oC Convontl~l Mrt 

r6dar bad to vorry about, the probl .. would ba rtlattvtly aaey, at .. , ba 

(•. • l.l cal vttb a j ft. dl-tor dlah uconna for dauoCI"' a ,JO <al. 

~•llot at a r.aca of ooa half aautlcal alia. 1f tha ~llot 11 approal .. ted 

bf • 0.)0" d~ter aphara, thaa the ~atio of rldiul Co v ... leattb (a/l) ll 

all : ... c 0.1 aad tor a/~ 0.1 a redar croii•IHUOD approa1MtllJ .. ual to tbe 

projected ara1, ftr ebouc 0.0~9 14. ft ... , be 111~. !be aacanna ba8 

•• area of 7.1 1q. fc., aad at 601 eperturt afftcteacy tba tffacctva area 

11 ,,:5 ·~· ''·I vtt~ • aata It A • ).Z e. of ))70. The attanuattoa .. r.eee 

;;;,u, locaton bave taaa ta aatnenca a lema U• aad currnt IICidal1 
.., bo aatlofactory. Clporry KPQ·10·(19,l)) 

•I.IC·· .ltl.. -

. - ' -.. . . . . . 
. . :. . ~ 
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tbl •••~ ra~ar need• only 1 kilowatt peak pulac• ~ detect the bullet 

a: li; al!e r•"f•· ln~re•Urlf. th• rana• would, ..,f ~""'"''• incr•••• the 

4 peak power req~•re .. n\1 tn accordance with I , but tncraaetna the pulae 

c.~~~~~o~a P'"'•"'"'lea) vfll reduct the requir ... nu. ~toutly, 1f red1.r 

rece1vtr no111 ~•r• tht only probl .. , radar requtr ... nta for dattcttna a 

11 conctal.d. lf It all pottiblt, uttna all available terrain teacurtt. 

latbtr thaa ca.pactna aaataat receiver noitt, tht radar return fro. tht 

bvlltt ta c~ltttly ... ~~~ by ten~• fro. tbt •~rrouadtna terrain, vhtch 

:.7 ~c !~-~~ !~· ~~~Vt the ''hw strtn,th ~~ tht bullet. Cnnvantional Mri 

a.Z.I.l. i'ulu--ula!!!!.P_gpf.l!!. 'l'l<"!!lo•o• 

Durtaa tht ttrly l~O'a qultt an effort ••• expended 

aaalJiiDC aad ta..actaactaa C-V redar ttcbatquat. Ia tptta of tht ~tout 

edvataa•• of •••• of dtecrtatnauoa Hcven .,.,,aa aad Uald taraeu aDd 

me u,.a.uu, of direct velocu, .. aeur_..t, rhe c ... w r..Sar ''"ffared fr• 

.. t..-t11t' to deter.tne raaa• or to b•adla .ult&ple tar11t et.ulteneou•lJ 

*lee, h·r ..._,1•, lideDour, ''ladar s,., .. lqtnaertna", Vol. I, tci1' 
ladtatl~n Lab Serte1, ~Gr.v-ltll, p.l54. 

•1.11· 
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oo--..,ff lteyt.na. Thr te:h~lque v .. deacrtbed •• pulae-.odulaUon of a 

fa..,.. I f'V.lll tlilo.... P'undaM:t.Ully, t!\1 Mth~ tl'dll the •all of tii'IIC 

rer~lut1oa of a pul:: Mrl •Y•t~• for the opp~rtuaity to daataa filter• 

brouaht '~a pr~uct ataaa demonatrated a reduction of around clutter 

Operattna vt.th • •tnal• taraet it vat abta to dater· 

~ea there vaa .ora than one taraat in the ba .. at.ultan.oualy. It 

tuffar.U. too, fro. the 1940 ltata·of·tha-art wtth raapect to cryatal 

coanolled aicralfa'" aourcaa. $tac.e there were vary f• Utu•ttona la 

1945 where the MTt .,,, ... A~' ~~t prove tattafactory (aa aircraft in 

cracklQ&, the pulea doppler tyet..a var• not puraued. 

the bullae fro. a.bueh, haMeVar, praaenta a lituatton 

q.1te aa.loc~u• to that for which the pulaa doppler th~ outatandtaa 

ea~abiltcy. Uauaily, tber• 4111 ba ooa to, at ~at, 1 f.v taraet• preaeat 

a~ltaaeoualy tn the aateana be .. , but the ratio of clutter to taraac 

at~l •trenath vtll be eatr ... ty htah. The staa.of·the-art reaardtaa 

•1• With the adveat of traaaiatora, varactor .ult1pl1er• and travaltna 

.. op. C1t., pp 15' It 1eq. 
•I.U· ... 
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doppler frequen'J of 40 ktlocyclea vhen the carrier frequency 11 9400 .c 

( '· • l.l ca). At this earner frequency . the ra~ti t lc:m rata 1hou ld 

preferably be pleced abov• the dnppler fr••ueacy to elt.1Date velocity 

dead se--es .. at Ml'h&;ll S~-.60 ltc to produce AD wtabi&UOUI fl"'l of 4 1.6 

1.) allea. ADy htaher carrier would reault in either too abort an u~-

bip:NI raqe 'l':" would haw a velocity de.H lone that alaht ba trouble-

ac.e. Oa tt:• other hai!W. U a l011Nr t.:a.·riar frequency vera choten the 

a/\ f~r a riile b~llat would lie below 0.1 ~3d in tha realon of laylatah 

acattertaa where the r•~•~ cr08a-tectloa baca..1 .uch a .. llar than the 

pro~ected ataa. The decraaaed carrier would, therefore, incrcaec the 

poMer r._utr...ata •• ~11 :s lacraaatna the autaana area requir~ for 

a al..a .ataaa. aata
1 

Thaa, t~a ieitlal aattmate of Z-band utility 
i 

appear• j~atlfied. It .. y be aoted ta paaaiaa that a very hl&h aateou. 

a~G r•t• .. , be ~tv,ed vtth the aalacted hl&b repetition rata without 

t~t acaa ratea •• ~i&h •• •everal huadred daar••• per 1ecoad caa ba 

lf"'PlOJed vlt!'lout UDduly c~Ucauaa the probl• of rejecUaa arouad 

'Iutter while atlll paaataa the ~tr.a tar.et. 

at 1-bamt can be Mt vtth a c.O'IIIbl.Aat1c:::a of aoUcl eu.te ..,uuen &Del 

-.ltlpllara, vttb a travelln& .... tube or klyetroa tor a fia.l ..,lifter. 

For ....,te, a 5.1 .c cryatal coatrolled traaalator oactllator caa be 

-8.13· 
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f~ll~ by three trtplera and a power a.pllfter ;~provide 10 vatta ~t 

iS6.6 .c. Thia p~r d:tvea a chatn of varactor .ulttpltare conatatt~ 

of a triple~. :w~ doublers, and a qutntupler which aenarat• auccaaatval, 

! v•Lu at 470 .c., 1 vattat 940 IIIC., 0.3 vatu at 1810 .: •• .r.A 30 _. 

at 9'.0.) .c. i"''a power output h'• r.ha -..tupUar chain 11 auffictant to 

drtve a tr .. :e!!~~ w~~ ~t ~l,atrun tube which vtll produce :he 3 kw ftDAl 

p.,.,.r output. 

A l~na p•rti!tt~~e TPI, poaatbly tncorporattaa a lturaaa 

tuoe for toqer pertine::ce 11 •ua&ested fo)r ·o~ta"l 4bplay and po .. tbla 

..n~l override of the ftra director. Ia operation, atthar the anttra 

ui.alc..~ or t:Sa li.lapacted a&UIUth aactor could be aaatned by the radar. 

Althouab on auy parttcu~ar acan oaly a portion of the tr•jactory ~f ~ 

bullet ai&ht be observed. the obaarvatton of arv.ral 1uccessive traject· 

oriel could eatabUah the aut... una• at vhi.'-=il • bullet va1 observe-d 

aDd tt-:e uiaath at which t~il raqa occured, thus iad!c:atina tha loc:at1oa. 

of L~a ~riaia of lira. 

Another feature that vould probably be of areat utility 

1a thia r.tar 11 1"MoD.uiJ:uha b1oluUon ~roveaftlt", vharin a mcmopulle 

(IU..ltneoua lobe C~4rUe!l) antenna feed and circuitry are ananaed 

10 that, OD the dt1play, aD echo 11 di1placed 1D as~th by an amount 

.,-.aal to the •11ured utaath en or at the tiM the echo il received . 

•tchouah of l~ited ~•fula••• 1D a eituatioa where .. ny tara•t• are 

praea.t, the tat featun hare 1houl~ provUe a ~cbper, 1harper diaplay 

wblch allGWe the taraat aaf.uth t~ ba c=:a~r-' mora quickly aad accurately • 
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u •• ft~ll.Jifl: 

Peak P~r OUtput 

aepeUtion rna 

Dut:; .. yell 

Anunn.a aatn 

Aliwu.th ace rau 

K&a~ diaplayed ranaa 

bqa accuracy 

A&tmuth &:curacy 

&.nf• pedorunc• UO cal) 

$~b·Cluttll' V111b111ty 

9-:.CD .c 

) kv 

50 kc 

~ .. IIC 

0.1 

:-oo vatu 

3))0 

2.4 d••· 

36J do1/ooc 
(Cf 1 IIV /Ut.) 

15~~ foot 

20 foot 

C.J "'•• 

4000 foot 

90 db 

The above radar val deataned apectfically 1111Rit .30 

cal rUle ftra. h il obvtO".:c that c.ila •- radar vUl detect fil'a froa 

laraar •~ <•·•·· 20 .. caaaoa co 6500 ft., or 75 .. ra~otllaaa rifle to 

12,500 ft. If tho ropoeltlon roco lo cho011d,) but thot It -ld prabobly 

not work too well aaaieat .arcar !tra bee•~• of the ta. radial .. toctcy 

ac lauach aDd tha lofted traJaccortal fluwn. However, the raa,a parfor.anca 

•• j 
••. u . 
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~r rht radar ta eertelnly aaple for datecting the -a~c•r •hall 1n flt~hc 1 
•n4 the pollibtlity o( •n addltl~nal optratlontl .edt ehould be ••rloully 

fire b)' prondtna co.plttt tracktna cap1bUUy '"' the •nttnn.t. lf 

be tltvatcd to reduct the around clutter. and then •• , t~ tearch rarldly 

lr. eat•uth until a .orcar ahell 11 4tttcted. The be .. would then br. 

P~int~ tt the correct ••~ch, and arranaed to track tuLo..Llcally the 

neat ahell that patted throuah the beaa. rrom the trajectory aa dttt~tn~ 

by the track .. the point C'f nri&L •• of the thall could than be located. 

8.2.1.5. Sum.arr 

tndic.te an artt·of radar art that could pt'GVe hi&hly uaeful in cerutn 

co d-.on.trace the value of the auaaeated approach. The prtltDinary 

tytces char::ttr1attca outlined above, for •xaapla, rrovt~t a bli~~ 

tp~ed of tbou: JlUO ft/IIC tnd I bliad :tftll of 9600 ft. 

lither of th111 .. y be ratted and the other lowered by 

cntnatnc the rtpec1t1on rate, but co raite boch will require lovertna tht 

carrier frequency tnd ttcr1f1c1na radar perfor.anct on bullttt .30 cal aad 

taaller. Yet when it 11 contidtrtd chat 150 ar .. 30 cal bullttt are •~· 

,,.,, fired with .u1111 veloc1t1•• 41 hiah •• 35~ ft/eec, and that the 

-8.16-.. 



el.ould bl cmuJered. lt U liiP:~ortant, then fore, that th• •nttre tp1CCN8 

reatonabl• co.pro.ittl can be obtatned ~Pon detailed ea .. ln4tlon of cha 

of cl~tter ••peered under the anttclp~ted operattna condlLlona, and the 

N!ftttude arut fre~uency of t~l tc~nn1n1 nllill ex.pect-.1 t.ander thl conditione 

of h11h repetition r1t1 ana hllh •P••d ecanntna. Althot.aah the calculatlona 

ladtcate that t~t• lh~Jld be ~= ~==~1~, ~xp•rt~ntal con!lrmeLion t1 

req:.aUICI. 

c~••ed above c~lJ be applied to the problem of locattna the eourcea of 

fire fraa an aircraft or helicopter. Here aaatn, the utc of pul11 doppler 

be~en the buller. to be detected and the Dack1round clutter .. , allow 

t~e de•taa of circuitry to provide the neceteary eub·clutter vtllbility. 

The u1e of the eovtna platforD for ao~nttn1 the radar •uaae•t•. however, 

t~at non·co~arent rather than coherent detection technique• be con11derld. 

Kowr11r. fro. a "'•Ucop_ter even theee at1ht not be uce11ary. lefot>a a 

fta.l dectaton can be .ade, eapart.-ntal data ahould be obtatn.O. Perhapl 

the btlt approach to dateratce th• ulc~r• applicability ol radar to 

tne co.bat ettuati~ under diecueeion t• the con~tructton of a bread• 

"=-nd ••t aJon1 ::-•• l!!'!l!'t t~!~ll!t.d here vheru.-: the characterUttc• of 

••• 17 • .. 



sam: 

ta.ouah aDd Uchc enouah to be carr!.N aboard &I' a1rplane or laalicopc::r 

Jurln& a po)rtl.:n "' the ten proarn. A fUaht tilt proal'• ..:au b• 

~••taaed b,)th t~ ~••1n fuad ... ntal data which ca~ be urad 1~ fLnal 

provides •:\ ex,cUent opportunity to use the doppler haq1,;ancy in 

diatiQIUi.l~!n& between the 1u11 echo of the desired ua·au ar.::! the 

.. ch laraar echo of tht •.1ndt81nd bo~~~ckaround. ly l!llllployir.a a lara• 

duty .;tcle (0.1 or 'rtater) and sacrUicin& the ability o: retolvl.'l 

:!~!":'3!!;=-a .;.f Coovtutl:oall KI'I ctrcutuy. The ute of the pullt doppler 

ttchniquet alaolt 'erta~nl• offer • pra~tical pottiblltty for e.plor--nt 

•• a arouDd-L:ueJ radar t)'tt• in tht coaltat dtuation• under dllcuuton, 

e.~ 2. ~ar M&ppts; 

At iadicatld in Section 2 aad Jiecua•ed ln Section 7, a reatonablt 

r .. utr ... "t for ~·~•ctio~ of antt-auartlla operation~ would be for aerial 

• :oc.:Jon of tratla under canopy, or denltty .. alurea.nta froa which c~ld 

be deduced thoaa reataa. (baada or corrtdora) charactartaed by the loveat 

denaity of •~it:arloa (and h.ace,preau..~ly, tha lllillt routea far tr ... t). 

*''Traila11 ccrMra euch lar1• craua •• t.he Bo Chi JU.Dh. 

·1.11· ..... 



,.,., .. 
C.;anuderable utentlon hu be~n d~v.:atf"d to tan·a~n return in the 

la ret. 8.1. pa111 12 e 13. lurdlch IUI&el~l that multlfreq~ancy IC~nnlftl 

!apert.eau ot the type necen&l')' for 1\laluatt.na the PASS proaraa 

voul~ be uaeO:~o~l :~•~"•· t,;ertainly Lt vlll ~· aecauary to h~ve frequaad.ea 

which peuatrata to varioul depth• iD the foreat and rerhapt to the floor. 

lt it l~llted that 10.. attiDtioD b~ liveD to Chi& probl .. aDd, 

1f pouible 1 the PASS ~ru.mu be u:caaded vLth thh poelibla appltcatton 

1.o. viw. 

1.5 Crane, C. a. 

1.7 Spetaer. L. 6 Kat&,l. Two Statlltical Modale for a.dar Terrain Return 

••• 
1.9 ld&aoo, A. at al 

1.10 l.err 

111 Traa.actlon• on Antenna• aDd Propeaation 
llay 1960 

·1.19· -
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b.,i. ~~ 

l~e pr~ble. ~i ··~4•1 sur~clllante ~f junsl• c.~ ~the~) •r••• to 

Jeucr eer: carr~·1na nile•. u •uuu:d in t~:i. has oeen ez•tned and 

• iUDd ... Dt4tl .,c..,ar.a.c. of 1nveu1&ati.,;n of trucJal po~nu IUflllted. 

Applitat:.on of pulae·..:.,c:halated d~ppler Mthoda to varloua t)'pea of 

anti•abuai. reeler hu, been.exa.1ned •rw ter.t .. t!Hr apectUcaUetnt outhaed 

for nqaireG Ft'ri~nu;tc~. !'!'-.r ,.~pr.>a.;h ••eaa fe.aible and it h 

•uueated that the !il'lbjec: t-e inveHtaatea further. 

It 11 ala., auacutN that the PA!I;S ~":rerimeAta be aot up tu obtain .• 

in ~dlti.)n_. the dna neceuary ro anawr que1ti.ona of the fcoa."HbiUty of 

radar a.ppina f.lr tratla aad corridor• • 

-8.20-.... 
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e£0UST1C'$ AND CFOPH¥SICS 

poaalble lnterelt for aatt•avertlla appllcatl~n. A partial Iurvey 11 

..................... _.4 .~ .... . . . . - . 
au heed. & ahort lihcunh'n of appU,,ac tona h ,.iven. 

P•ntaent aeophY•'lcal proapecuna Mtbodll iiNI equt(IM'at are revteve4 

Sn curao~ faahl~n end 10.. aimple calculation• re. ~ina c~ the potential 

CCiiltDIS 

9.1. Acoustics Su.aary 

9.1.1. tatroduc.ttf"n and S~ry 

9.1.2. llearln& 

9.1.2.1. Loudaeu 

9.1.2.2. D1fforontlal leaatUvtr:y 

9.1.Z.3. lloolr.1q 

9.1. 1.4. Soaach 

9.1. ). Sound 

9.1.3.1. Attenuation 

9.1.3.2. Dtvaraaaea 

9.1.3.3. Ab.SoqttlOD 

9.1.4. L11tettl'11 Dt1tancea tn Junal• 

9.1.). DtYlCII 



• 

r,J I ~- l PauboUc letl•IO't~u 

9.l.S.l. Obatacla Array Lenaaa 

~.,.s,J. Path Lenarh Acouattc Lenaat 

9.1. &. llbllotrop~y 

•.t.l. t 9s,odycsl99 •a• sr--erx 

!be bu.an aye &Dd ear are truly phana..aal taacr~tl tor 

._tecctoa of llaht and aOUDd. lt te not poaatbla ta reality •o t.prov. the 

aanatt hlty of tha•e tnatr\8enU 1a th.u tb.t ' '' il U.aitad by ,..otOD 

aoera,· aDd tbe ear 11 at the thraahold of the.ral uoila. 'ftl• •••1-.;Yii 

opr.tcal obaarvtns tf'~hftiq,JU are datiped to azplott the hu.n CJ'I· lt 11 

the purpoea of thte dtecu.•ton co d•tar.tna whether or uot the ear can be 

UJloiud Ylilll& tOUDd•&&thert.Da eqvt.-nt to detect peraODilal •• t '" 

the JUDalaa of loutbee•t Aata. 1D ord•r to datar.tne the poet1h1• •A¥tntaaes 

of ualllla aoUDd aactaenn. it 11 ftnt Dacataary to uzulerat&D4 the perfor• 

•nee of tht h~n ••r. : '"'"' fit'll,. !'•"" "' •hf• "•:-•• flh,.n•••• ,.,.. ra-•f',... 
uca of the ear fr• a lone, apeach aDd aoua vtevpol.at. ••c, cba eubjecc 

.. ccar wf JUDil• acouactc1 11 diiCUIIId Ia vblcb cb. bu.tdicy aDd terra1a l011 

coefflcleata of abaorptioa are doaLDatiDI factor•· At tbia eta,. of tba 1D¥al• 

ttptiaa it doea aot ap,.ar uca .. ary co dhcUia the c .... racun aDd v1ad 

41ffractloa of aouad aor the phytlct altoctatad vtth the ab1orpctoe phtfta..na. 

MUtaa Ula of the perfot'M.Dct of the ear aad tarrata ~d di'Nrpaca loaaa1 fft' 

aouzd pr•••ura, aati .. tll are .... aD bow tar cartaiD oat••• caa ba beard ta 

• J ... , •• 

Ve ant proceed to the diiCUIIiOD of IOUDd cODcaatratora. 'lbl •tboda 

of 1~ coacaatratiOD e~t1clere4 are: 

l) airrura, 



l) \lbaud .. ,,,J to~•lh•hulfh 'enaea, and 

l) 1~bular ~i~r~phonea. 

h U lhovn in tht cli.ICUIIi.OU "" !ua&le ICO!!iiU.CI that r:-.1 Hit 

lt•r•nlna r•na• la ar"und ZOO cpa, which h•• 1 ch•racttr1act..c vavelenath 

of 11x fewt. Tt.e , •• a~n fnr the 200 cpa vavel~aath beina the beat Wl¥1• 

lenatt. lutenlna ireq-.ency 11 that tht. ttMI end foUaae .-catur the 

IOYftcll Yh~•• wavwlenarha •r• , .. llar then the 11111 of \he leave• and 

ll.OI ~f th~ tr•el. fb~ ZOO cpa VIYII flow 0¥11' obatiClll vh011 

chertc:trllttc hns;thl lrf ltlllhr than da feat. ltYil tUI l~u~o~.•L.A.cal 

parebolir •trrf't vl•\o.r-:otnt, t.t t.a necuaaf')" that the dia•c•r of •~ell 

atrror• be aeveral ~·••l•nathl tn dt ... cer in order to ech1avo dtreetton• 

el&ty and aat..n. luch devtc•• 4o not appear to be faaelble for tr&Dtporta• 

rt.on throuth dtnlt Junaltl but -'lht find appltcart.on on the pert .. ter of 

rha Junste. Obatecle end peth lenath ecoue~t..cal l.a111 encl011d by borae 

Uktvtlt rcq·~!:c laraa ~!.a:cun for low £&'-._.,..,, lllt-.ina. tubular or 

Une ~a:t:rophon•• ac;t'.ttrve C:trec:ctoaallry by eound tnr•rfarettr'! of vav11 

errtvtna ~ff ,_,,. Such microphone• 1r1 htahJy d1r1CL1oaal but llklw\11 

to acht..IVI 4lrectlona11Ly and aala la tha 200 cp1 r11ton vt.ll require 

tube lenathl in ••c••• of the cfterecr•rilttc vevtl•a&th. ~•ace, th111 

.tcrophonet likewtee do noc appear tQ be attrectlve for llltiDiDI la d10te 

Juna!••· They do appeer co be attrecttve for application oa the periphery 

of the Juaal• ~r for ltttentaa et ataht for not••• outaldt of 1 ltocka4a. 

hceuee of the open ranee tuoct..aced With noc.lla4ee, the leaacha or 

dl-tera of the ecouectc aS.rron, len1111 or tubular atcrophon•• ""1•llt 

aoc beve to be lara•· Th1 work vtll have to be eaceaded aftd repraeeatatiYI 

-9.)· 
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9 l.l. :. .. auna 

ne ear h • v•ry r,..tlr.abla inecn..ent. 1t un rnpoftd to 

·4 ·2 preuwrea u luv u ttl _dynu ca which producea a dtflautnn af tho 

eardru. of a~ut 10·9 ~. 1 . Tht ••r ean alao vi~hatand eoun~ preaaurat of 

) .. •J. 
10 c~ 10 dyne• ~c lt :. •w•t n~t a pre••urt aentor but a ~~It& 

.. :htnt.n vhich in t'(lftjunction vU.h the brain b.cOIHI • .,.,. of Ulura 

vat- the ab1Utv to ju.d•• loudneu, pitch tnd vh.t can be called •udcftl 

qualtc~. Tht ••r 11 at the 11•1t of the prtatwra fluctuation .. lttina ta 

a•••• tnd hence 111y 80rt ttnllth'Uy voulu retult tn thara~l noila 

detection. At a •t•rctaa point for thl dtecuttion on Jvaala acouactce 

•~ auertllt warfare, ve dJ•cuat t few of the parfor.aftca char~ttrlttice 

of the eer. The tafoL~tton on haartna vtll ba coabtaed vtth phyetca 

calculattoaa oa •~nd propaaatton to aa.lyaa the IU~Il dett~tton probl .. 

Y.l.Z.L Wwdnt!! (l.efl, 9.1. • 9.3.) 

The concept of soft, loud, very loud, etc., 11 placed 

on e qulntttactve baat1 by co.pertaa thl 1ound vtth 1 1t1nd1rd eound. 

the ecaaderd 10und 11 choeen 11 a lOOO·cpe son•. T110 loudDIII of any 

other aouod 11 4ettned 11 the aound pr111ur1 level of 1 lOOO•cpe tone 

ChiC IOUDdl II loud II thl IOWid iD CIU.Itiott, Tb1 wait of loudUII iJ 

9.1. A~~wtlt~=, L. l•r•u•k, ~rew•l111, 19S4 

1.2. Acouestctl lnElDflrtga, N. r. Olaoa, Van loetraftAJ 19.7 

~.). !tndbook oC "0111 Control, C. M. "'-rrta, ~rav·Hlll, 19S7 



the "ph.,n." ror ex-.le, a sound u eal.J co have 1 loudnau of SO pbona 

lf tba tOUDd pree•ure level of a lOOO•cpe tone of ~·db euunda 11 loud. 

Pi.tvn 9.1.1 ,.h·-• rh"" c·unr..,ur li.nel of equal t •..•• tl\et• fnf' ft('nlll tJ.rt. 

The phPD wt.U t:q:!tet that a "Jury" of earl 11 vaed to Mlltura the 

ao~. A IJiltlnctlon 11 Mde betveen "loudnlll" and "loudnet!' level." 

The \U\it uf loudaeaa level h the ''ph01l11 'lfhle:h bat bean 4-:-ft.nM. T1\l 

lollfiS r of ,.,~,~dn•u 11 the "aone." I~ d.:tn1.tlon, 1 loudneaa of one aona 

hat ~••n arbitrarily t•lected to correepoa.d to a loudntal level of 40 

ph~na. en,. a&du a "Jury" of aau an u,.d to anwcr qucattcma auch u 

"hov .uch louder 11 I tound O( 50 db than I aound Of ItO dbf
41 

Thl I'IIUltl 

of such dateralnttlonl caa ba reprtaented vtthln certain llaltl by 

• 

• 

lou<laal&, IOQCI 

laudaett loYal, ph~nt 

Ptaure 9.1.2 11 a ~ar .. for phoaa vt. ••••· r~ a loudaell 

vtevpuict let ua conatdar a atapla aoua4 coaaiatln& of two vtdaly 

11parared tones, 111 )0~ 10d lOOO c~•· If each Ql tha c.u coaponaata 

bad a •.;<.NWI pnuure leYel equal to a lOOO•cpt cone at 410 db, the each 

c0111p011eac vould have a I oudaaat ltwal of t.o phou "'n aounded ,.,.rattly. 

Vbea tbeat CODII 11'1 JudaH totatber I "I~ juryt1 would alva a loud• 

.... reuaa dote co so phone aDII aot 10 pbou. BeDCe oa a well· 

• .,.racM toaea c:he aoae ac&.le ia a4.1tive but DOt oa tbe phoo ecale. 

Pr• • noue vlavpoint 1 raductloD of 2 ••• co l lODe 11 .. ulvaleDt to 

·9.S• 
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u.auna tlu.t thr londnl'"n tlu been rf'Ciuced to one-half lu fo'I'WIIr value. 

ln th~ ~~•• nf one· and two-ear llatealna, the aone vatu. ia ha1ve4 wher• 

only oa• .. r 11 uted. 1'Dd hence addt.uoul loud•'••• level 11 requi.rad. tc 

9.1.2.2. Dlfferentla1 Sen•ltlvlty to Souad Preaau:e and 

frequency (&.f. 9.1) 

of •bo~t ~-db tor lftl t~a• b•LWvcD SO to 10,000 cp1 lf the level of the 

tone 11 ar .. car than SO-db above the threahold for that tone. ror 

eouad pre11urea 1111 than ~-db, leYel chana•• ln th• r1n;e l to l db 

are required. 

Por frequeaclea above 1000 Cpl lad pr•aeure 1evell lD 

ucea• of t.o db, the ainl-.a perclftlble cb.acae ln frequeacy which the 

ear can detect 11 ebout O.l par cant. At fraquaaclea below 1000 cpa 
I •• 

I 
pneaure lnel'a ta eaceaa of t.O db, the ear cea detect 1 cbaae tn 

1 

frequency of •• little •• l cpa, At low pr111ur• levele aad particularly 

... , t~l these valuea. 

t.l.l.l. Roakiftl (laf. 9.l) 

Vbeo the nolle 11 eo Joud that a periOD cadnot h .. r 

aaothet' lt.out.d, that eouacl 11 aald to be ••keel by the ooiea. Tb.e , ... 

can be aald for one nolle vltb re1pect to aoother. 

rtpr• 9 .1. J I bowl the .-ouat by vblcb the tC'De -..1t uceM the 

eouad preaaure apectrua laval before lL beca.ea audlDle. A ZOO•cpa 

•9.6· 



quiet Vhtaper at 5 feet 11 10 db aa 11 tbe ruatle of leavea tn 1 aentla 

brHae. rro. the lo\Uineu vtewpotat a cbanaa of U pbou prod~•• at 

laaat a doubltaa of the loudaaea. 

9.t.z 4. s2 •• ~b <&.f. 9.1) 

ltudlel on the h~a ca..unlcett~n lhow 1 epeech 

~~·!! ·"'~ ~ '~~~ ~ :t·~·~:~ ~ .1 ! !!e~ond and the avauaa interval Mtveert 

eyllablaa ta about 0.1 ,.coact. Tt.a YOW.l aouOda ara DOt crttical to 

ap .. cb lutPlli&lbi!it) 11 are the c~aonanta. However, the coa.ODant 

aouada are vaak and heoce can aaatly be ..... by aotaa. tho rc!•.du 

ot ~ttor1D4 a loaa•tl .. avaraaa epaach at 1 dletaaca of oae .. car ta 

fr~at of tba talker are anovn •~ Ft&ura 9.1.4. the paatA on the root· 

•aa•aquara aoUD.d praaaure ahov a peak praeeure of cbout 50 db arouDd 

5"': :;::. r.:: U.;-.:rc .;!;:: abo•• the raladonahtp b«tveeo tba tbraabold 

of avatlabtltty and apa~h apactrua. 

9.1.3. ~ 

9.1.3.1. Attenuation 

n1;~ !:.::t=ra which ar1 i!ipOU.IDt i.D "•tar:JiDiQI thl 

eound level It 1 lpac~ftc~ p=at~toc fro. a point eo~rc4 of aoUDd ta 

oper. atr are u fcllo·.,,: 

1. Dtvera\'1.:1 ctecraaaaa due to cprucliq 

2. Atten~ttoa of louad, 

l. ttf~~t wt f~e. 

4. laflacttoa by aad d1f£ract1GG ar~od 

ao11~ obeL•~•••, 

·9.1· 
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, .. 

.). lefrattlon and ahadov for.ation by wtftd aDd 

6. Scattarina of aound by ... 11 •~••• c..,.rature 

aad vtad ¥ariltioae, 

7. leflactioa aod ebeorpcion at eta around. 

9.1.3.2. DlvorsOftc~ (lele. 9.1 • 9.3) 

The ecund preeaure laval 11 by defiaitt~a 20 ,, .. , the 

loaarl~ of the ratio of the deta~aed eoUDd pr1a1ura to the rafarenca 

aound praaaure, l.e., 

r 
51'1. • 20 los!o -,- db 

••f 
In ~he UniLed ltatea Pref 11 uaually taken 11 0.0002 

aicro~r (2 • 10" 5 levtone .-~ whtcb ie the hearina Jtatt for tha \000 

c,cla• per aaceu4 raatoa. Since preeaura falla off tavaraely 11 

IPL • db 

The Oo~bltna of the diacaace raeulca ia a 6·db change. 

A·~~•, LC Lhe •~w»d ~raaewra laval ia La It I dietaaca a fro. a 

aou~ca, :hen the aoucd praaaure level LP at a diataace r 11 

9.l.l.l. Abeorpctoa 

a) N r AbeorpUoa 

the pallllt! ot very htah fn'luency amtnd 

vavea throuah dr.• etr are d.mp.d by vlacoalty, 

·9.8· 



Since ve ue ialterelttid 1n the audio ranaa w vill not cocaca'!"ft 

ouraelvea vith theaa lnteraatlna theoretlcat eepecta.of the 

ebeorption coefflcluat for alr at ZOOC 11 ehown in rtaure 9.1.5 

(lof. •.2). 

Tht curvto ohow ~ultt c!torly tbot tht hi~ fr .. uoacy 

9 1.~ 1r •r~•r• thlt 1om. frequency dlacrlmlnatlon would occur 

at lona dlatencea {or the 1~·10,000 eyel~• par ••rond 

frequenc)' raqe. Lov frequency aouada are DOt attnuatad ~Mat 

ar .. ter thaD the- 1~ cycl11 par II~Ond threlhold, iR 

abeorpU.on coefflclent of 0.000• par en.tl•ter recluc11 tbe 
2 . 

lDraDilty of a plane wave by 1 factor of 1 (- 7.4) lD 100 .. tara. 

conditione over 1 n.r4 be•• by lyriat• A ~~•riluo of 

ObllrYitlODI mad1 It 55 per Clftt relatiVI h~dity and IQ0, 11 

&lvou Ia Tobie 9.1.1. 

Toblo 9.1.1 

ruQUIII:Y Dlr&IIIIJI:I C/1 ICUIID Altiiii.UICII 
.ar 551 'ILArlVI IIIIIIDll'Y .ar eoor 

Prequecy cpa .!,' 1~1= 1= 1200 2400 1000 I 0 21o00 4100 

Pltld (lyrln&) 0 0 0.01 0 ~.GIS 0.011 0.020 ~~/ft 
Laboratory 0 0 0 D.001 ~-002 o.oo• 0.019 
(laudooa)db/ft 

·9.9· 
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lt 11 apparent ~hat htah frequaac~a• are d..,ad o~c la abort 

frequency relative co lover fraquaacy not•• ~~ a jac plaaa 11 lt 

laava1 the .. a.rkettoa point 11 the raault of htah f~equaacy 

ebaorptloa; the aaaar•l decraaae tn ~arall laval 11 tha raeult of 

dlvaraaaca. Further, tht boo. of dletaace auna or lta~taalna caa ba 

b\ roraat Abeorpttoa 

The lea•••• hranrh•t, and tNan~• nf f~ltaa• v'11 •carte~ tnund 

lanatba of the vaaacactoa. Beaca, oaa would expect t~t htah 

frequency aouad1 would be attenuettd r•thar rapidly la 1 Juacla. 

ab~rbla& propartlll of the follaaa but would attenuata .ucb 1111 

tbaa tba bl&b fr~uaacy co.poaaaca. There app .. ra to Da 'lttll data 

oa tuaale tarrata aouod abaorptlo1. Tba oaly 1tudl11 kDown to the 

author vera carried out la ••~ durlrc World Var Jl. (Ref•. 9.4 

aDd 9.S) Tha cerraiD lo•• coefficient to dactbtll per foot 11 1 

f~nctton of frequency •re ahawn tn ftrura 9.1.6. 

Tbl haariDI a•aaitlvity CYr¥1 ebovD in fiaure 9.1.1 vhiD 

euperi.poaed on the terrain loat cu~a •hown tn ftaure 9.1.6 

9.4 "Junala AcouaUe•," C. lyrtna, J. Acouetteel loc. of wrue, 
ll• ZS7•Z70 (l~lt6) 

9.5 "Ulcraeontc Aab1aoc Jot .. to tropical JUAJl&l," J. labJ acd 
H. Th~rpo, ~ j!, ,71·27) (1~46) 



lnt.li.:etu that there 11 en ~J~pti•u.. frequaucy for lhtfttiq. Tba 

opttau. frequ•ncy for heerina diJtant 10UAd1 11 arour.d 200 cycl•• 

per aecond. th• terrain lo11 coeff1c1eate at 200 cp• lor tba 

SWlllll, detcrlbed tn cera~ uC •••lD¥ Jtecanc.·eo anrl ea•• of 

peaetractoa are 11ven ta table 9.1.2. 

Toble 9.!.2 

~.JJAl" LOSS COIFFICl&KrS POl JVHGtl AT 200 cpo (lof. 9.4) 

Tnc of Junsieo db/ft 

L .. fy, 1ee1ua diet•~• 20 ft, penecretion 
by CU.ttin; 

0.04 

Leafy, •eeiua di•tance 50 ft, peeetracion 
difficult vtcbouc cucciaa 

Leafy, •••taa dtetence 100 ft, free valkiaa 
With care 

LitLle leafy arovth Vitb laraa brecketed truake 1 
IlliG& dl1tance lOO ft, penetretion •••:r 

., .. !rm~d Mnktn1 Level in Junsle 

0.0) 

0.02 

0.015 

abova tn Ptaura 9.1.7. It 11 to be a.oted that t~l -.au linen-

ina frequency raaae 11 eltlbtly aoteter ta th• dlyti .. than at 

"iSht. A crwle eaU.aate VO'IJld be tbat one could hear a lov 

frequt~cy ao111 tvtca •• fer et atahc •• by day. Thta 

••tt .. ce 11 baeed on fuftd...ntal relatioaabip that a 6•db 1011 

11 equtval.at to doubliaa tba diateace fro. aource to obaerwer. 



Juaala. a.eed oa rtaura 9.l.l va vtll 111u.e that 11 faeLbal• abowa D0\14 

eaa ba au~a!!y detected. rurthar, baled OD rta.9.1.7we Will •••u.e that a 

••rz sutac Juaal• haa a ... ttaa 1•••1 of 15 db. OD tha beat• of rh••• t~ 
• 

aaauaptioa., the ~at~ datactabla ataeal 11 about lO db. tabla t.l.l 

'·~·· 9.l.l 

IIOISI LIVIIJI AIID 101111:11 (lafo, 9.1, 9.l, 9.6) 

tn a j=:;le. To uta the aacs...ca, lac ua •••- tbet a flat -IU.q lwal 

J 
of 20 4~ -·u aDd tbat tho op11cll 4atactloa ll.,..l 11 IS 4b •- tile 

t.6 •a.oulta of •oloe luney,"L Gelt, Ibid l 410·411 (1•111) 

•t.U· 



aolte. Vt ere ~ltfferentiltlq between s.aulUatblllty and detection of 

a,..ch. TU• luvt·~•n·•~~r• ap•ach level it 6S db It 3 ftet. fbt lttuaed 

peralttlblt d~lbtlt of attenuation tt 30. to attenuate lO db by 

a~tt) aloae would require 96 faet. If aa overall t~rrait coeftlctaat 

of a • O.OS it aeeu.ed, a peraca talkiaa tn the Junal• would ba b4&rd It 

about 75 feet. If tht .. aktaa level vert 26 db laet~ad of 20 Ob, the 

llateatna dlttance would be red~td by approxt .. cely one h~lf. 

la tht Cit~ nf a louder eound, let va tati .. tt haw fa~ 1 roarina 

Uon could bt heard. Accordtaa co fable 9.1.l, a roerina ~ '.oa w\M&lcl b• 

equivalent to 102 db at 3 feet, Aaa~lQI an ovtrell a.aktaa l.val tlcnal· 

dttecttaa of lO db, "• calculate that tht ltOL could ba beerd ta tba 

opiD It I dlltiDCI of 12,000 flit (-2.3 .tltl). (We bave Dt&liCttd 

dlffractloo of eound la .. kina thll attl .. tt.) tbt dlattuct tba lloa 

could ba heard ia tnt reprtaentttlvt Juaala ta 600 feet. the roar would 

be peaked at tbout 200 cpg. 

Teate vert 'arrled out la Pao.ma ta 1944 on tba dlataace 1 2·1/2 

toa ~J Lru~& ~~Yld be heard in thl jun&ll, fl&Utl 9.1.8 thOWI tbl 

::!k!~; !ev•lJ thr~thold haartn& ~urvt for everaae aold:er, a vt~·aoltt 

•requeacy curve and a truck GD1aa tr~ueacy. 

Tbt vvtrall aoYD4 level for tht truck VII 75 db It 100 flat, whtcb 

~ould bo oqutvoleat to lOS db ot 3 foot. l&lod oo o 26·db .. aklna I8Yol 

aDd 14 4b ad4tttoul 111u1 tor datacttcna ot 1 peak toa• arouad the 

200·cpe raaa•, tebl• 9.1.4 tad1catal that cba ltet .. taa 4tetaac• 11 600 

foot. Aa oboo"or """ wu - to b8YI kttor Uot""t .. obllltJ tha tile 

... r111 ta cba fraqueacy t~Q~O below '00 cpt VII able to detect cba truck 

·9.13· 
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a cllataaca ol 1000 t .. t by llatanlae ior p .. k aouada. (&at. 9.4) ~e 

.. a1o the calculaU.ona ara onh .. uutae tor ona do .. DOt lmoV thl eolaa 

lwval taken It tba ltetaaar location nor ... , otbar factor• ~tch could 

.. ke a diffaraaca of eevaral db. Lowartna tha noiaa level by 6 db r.wtaaa 

tba ltataotna dtaranr• ~alcularton to laaa tha~ 700 feat. Accord1D& to 

tab!• 9.1.4, 1000 teat corraa~oada to an atLeauattvo of 94.4 db, tha 

calculattona are aot aaraatna with tha .apart .. at. Jf juat aolaa level 

vaa a cr1ttr1oa. than aaa. of tbl dLtcrapaacy can be ~~coUAtad for. ror 

aound pr•eeuraa leta thaD ~ db, praaaura level cbaac•• of 1•3 db CaD bt 

dat.ctad. (&ef. 9.1) 1D ter.a of aoaea, a l db (or pboae) cbaa,a at a 

loG·db lovol -ld lllcruoo tbo louduoo about lO por coat. lf tbo 

datectlDD Of tbl truck VII Dada OD DD111 lOUdDIII cad DOt dlltlatullbi .. 

o tnack o.......t, tboD tbo 14 db aboYo ueillq IIIYol could bo ualoctod, 

tba dececuoa clletuc.a for aoiea level cbuaa wuld ba ebouc 100 feec 

'lblch h ln eccepubla III'I..WDt with tha obeervatt.OD of 1000 fHt. 

1c 11 apparatac thee •r• infor.aUua oa aloNIIIII at.L••waUoa. ua.tar 

junala concittion1 wt'Uld be ""uired co t.,!'O'Yf tha•Uutal. Mowevar, 

it ta appernt that the Jua&la 'ea b. 11&-med to 1 r~ ¥ltb eOUDd· 

ab.urbia& vella that baa a rather bilb aataa level. The vallt bltaa tba 

fol111o oad tho Junala bolna tbo oourco of DOloo. 

9.1.). Dawtc .. 

9.1.,.1, Parabolic a.flastort 

louad UU upc caa be coneetttrated vtth raflaccon 

wboea a-tria• an auch tb.lt tha raflectH raye ara focuttd. 'l'ha wave• 

loaatb fo• 4C00°A llaht le 4 ~ 10"5 ao 1nd :ho ~avoloD&th for )00 cpo 
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aouad it~ faat, Henc•, althouah the prlnctplll are the .... , tha 

chenctartatlc dl-ur. •r• .uch •:tater for sound colleccore. 11 tbl 

Tht peraboltc ~fl•ctor 11 10 ehapad that the paacllt of eound iftctdeat 

oa the •urface are focutad at 1 polftt. 1t 11 ap,araat that in order co 

obtaio • &liD ta pre11ure It Chi focut, tbt dt ... cer of tbt reflector 

.utt ba te¥eral ti .. l tha wave or elte Lha wave will jute flow patt the 

colloccor, rtauro 9.1.9 1ha¥1 cho rooulto or 10.0 oapooi .. nco on 1 

parebOltc reflector l feat ta dlametar. The dlrtcttonal charactarlatlct 

of Chi •tcrophona are vary tharp It 8000 cpa (-l.3•ft ••valanttb) aad 

non41roctlonal ac 200 cp1 (_._ft wavolontth). ror llotonl .. to bird 

collo oDd votch•tlckl .. , a l•ft dla .. cor rofleccor would provldo 

dtr•~'ioa and aata. Tha aata lt ~lracctoaally proporttoaal to tba croea 

eacctoaal tPaa of tba reflector aDd lovarealy proportloaal co tba equara 

of tha wav•l&Q&tb. 

Wbera 

9.1.5.2. Obttaclt Arrtx Acouatlc Ltnttl 

Tha valoctcy of toUD4 11 by datlaltloo 

p • prtttura 

,. • daatlty 

1 • aatropy 

r;; 
¥iii 

for an ldool &11 tho Ylloolty of oound II IIYoa by 

J1 or /7iT 



... ·' . ... 

tAILI 9.1.4 SOliD &TTIIIIATIOII lll JISU: L • 20 J •••t 

frequeDCJ laaa• ~ Averaae Te:rala Lo11 Total Attcouatloo f?~ 
Olataace Y"1 Dtveqeoca J..••• a • o.os 0 • 0.01 a • 0.2 a.at t.tueatna ,. ... 

feet db 200·400 ce;a SOO· 1000 cea 5000-Ju.ooo ce• 5! • o.o~. d> 

n 18.4 1.10 1.54 4.40 19.~ 

50 24.4 2.20 ).01 1.10 U.4 
100 l0.4 4.40 6.16 11.40 )4.1 

125 )2.4 5.50 7.10 u.o l7.9 
150 )).9 6.60 9.24 26.4 40.5 - ]6.4 1.10 U.lZ n.2 45.2 

• 250 J8.4 11.00 U.loO 44.0 49.4 
'!' lOO ]9.4 13.20 11.48 51.1 52.6 -... • - 42.4 17.60 24.64 70.4 60.0 - 44.4 zz.oo lO.IO aa.o '16.4 

600 45.4 26.40 l6.96 105.6 n.a 
700 47.2 )).00 4).12 Ul.2 ao.2 

100 48.4 lS.;!O 49.28 140.1 11.6 - 49.] ]9.60 55.44 151.4 81.9 

1000 50.4 44.00 61.60 94.L - 56.4 11.00 UJ.20. - 62.4 176.00 

1000 61.4 



velocity ~b.l.ea. The dttlnition of r•trac&lvt 1nde• 11 the ratio of the 

v•locity in one .. dta en velocity in another -.41&. The plactna of 

obtttclea ln arraya eltere the propertltl of the -.dta. The refraction 

reeulttnc fro. the t-..nelna of obtteclea ta a .. dta can be eapleined by 

t.v approach•• to the probl... Whee the charectertettc leacth of the 

ubject 11 auch ..allar then the charectartattc lenath of th• .. ve 1 the 

ob1tacle can be conatdered (1) 11 a aource of reredttttoa, or (Z) 11 a 

.. ,., of chanatna the denatcy. 1~• tlapleat obataclae art tpher••· the 

expl.aattcn ta valid for clectr~au.~tc vavea 11 w.ll 11 acouatlc vavaa. 

1) Arrey of lph•r•• (lat. 9.7) 

la the '''' of altctra..anettc wav••• the 

ephtraa art contidered 11 electrically cooducttaa 

aad ta the ca11 of eoUDd wavea the tphtrtt art 

coaoidorod •• ia~Gvoblo (rial' bodioo) objecto. Tho 

bacoatna ... 11 electric or ac~c1c d1polaa. Tbe 

raeultauc of tbe or1&1ftll wave aDd the rerediated 

wevaa tor. • wave havlna a low•r velocity ta.td• 

the array. 

A phyeical approach to the lower vetocitJ cau 

be obtalned 11 followa. ~w• ~••••~Lri~ ~ooalaDt of 

free apace 11 Uftitr. the , ... raton of perfect coaduc• 

t1v1t1na .. cal apher•• tnto frta apace iacr••••• the 

dlelectrlc coaetaat. Haaca, the 1Dd .. of refract1oa 

9. 7 "a.tracrtna louod Vavea, .. V. lot-h aacl r. larva,, .a1S1 .!!. 471-411 
(1949) 

-9.17-



beca.ee arPater than unity. Llkewtee, tha i ... r.ton uf infinitely 

deue (riatd) tpheret ~-"'"('I etr ._,.. • ., r•htiv .. denaHy h untcy raeulu 

velocity ot eouad in eir da,r .. eoa with an iacreaea in the dentity 

at conatant praeaura, we naad to find an aapl~tton 11 to why the 

deaaity of the 111 intide the array ia araatar than in fraa epaca. 

Tha h,drodyn .. tee of a aphara aovina in an 1nco.praatlbla fluid 

lov tt vtloctt111 ehov1 that the 1ph1r1 hu a virtual Ull equal to 

1/2 tha .... of t.h• "h.,l•'-•4 n~td. A aound vava flc.vtq ovar 

fiaed aphere acquire• an affective ..... the daa.ity would appear 

to be 

p • p + 1/2 p v 
0 0 

vh•r• v 11 the volume o! the ephera. Bence, the affective dantity 

for aB array ~f J lpharal par unit volu.a Witb a radiul 1 would 

be 

Tha refractive tadaa, n, for tha apbara arrey la livea by 

b) Arroz ot Solid lodioo (a.f. 9.7) 

·, In the c111 of taca.prautbla lluid flow tha thaorattcel 

., 

reaultl ehow that 111 .ovtna bodlae ehou1d ba affected by tha 

vtrcual ••• of tba body. Haaca, tba Mllll eater ia tba fom of 

R + ~1 , Wbara M1 11 the added .... aad k 11 coaffl~ient dapaad• 

taa on tha ehapa. Haaca erray1 of trraau1arly ahapad objacte 

·9 .18· 



would hav* an index of refraction alvon by 

whore H 11 auabat of ubata,le• per unit volu... ftaura 

9.1.10 tttowa the in;dtcet of nfr•ction fo1· ti~la anaya. 

Ftsura 9 .l.ll ahovt the conltructf un ,-.f • d•ph 

ate-inch di ... tar dtak 1•n• and faed horn Wht:h wat 

tcated at 13.~ kc. 

The directional pattern o£ th• lana and horn 

combination ia thown in rtaure 9.1.12. It ahould ba 

noted tha: th~ !~ns dl-.aLer wae at• tt .. l tha wave• 

lattatb (1.01") aftd tha waveleqth VII tvica tha 

dt~''' of the ditka. 

It it apparent that acouttic lanaae of the 

obttacle array type ara •••Y to cODatruct. aow..ar, 

for eood Junala liatantna at 200 cpt tha tilt of tba 

lana would aaad to bt aavaral vava1anacUa vhicU wu~ld 

mean a croa• a.cttoaal di.-.tar o£ 20 feat. A lana 

in rtaura 9.1.12 acalad for 200 cpa vtth parfor.anca 

charactartatict would ba 24 feat in dt .. atar and hava 

diakt :-teat in dt ... car. 

9.l.S.l. Path Lanath &couettc Len••• 

Tha d•la, tt.e aaeoclatad vtth the virtual .. ,, in 

obatac1t arraya can ba achieved b' .. cbaolcal davtcaa to tocraaea tha 

p8tb laaath. rtaura 9.1.11 abowt llrpaattne plata• tl:d tlaat plata• •• 

path l~nath tncraa•••· Tba tDdtcaa of rafraction ara atvao by' 



l 

9.1 

" . 

• 

I 

10 

The index of refraction for the 1l1nt pl•t• 11 &ivan by 

n 
I 

• 10 
• ......L 

COl 8 

D • •nsle between direction of preparati~n of the vave 

Fi;ure 9.1.14 thOVI hDV the alrpiOtinl plltll CID be Ulld 

to obtain convercins laaa••, diverstns lan1e1 and prt .... 

A echematic dr1vtna of the operation and conatruction of 1 

tlant plata aeou1tic lena enclo••d by 1 conical bora 11 thown in 

rtauro 9.1.15. 

Tb• diracttoaal perforaance of a laDI•horo microphone vtth 

9.1.16. (kf. 9.1) 

It ahould be noted tnat tbe d1recttoa&l prorertiee are quite 

aood at vaveleaatha ODly eltahtly ... tler than the epertura. 

The aatn vert•• aa the equara of the aperture vavelana•h ratio. 

"AA Acouatic Lent 11 1 Directional Mtcrophone,••.trant. of IU 1, 
]. 7 (1954) 
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rtaure 9.1.)- The- number of decibelt. which .. pure tone 
muat be raiaed above the level of noiae for the tor1e 
to be juat audible in lht. preaence of the noiae. Tt.e 
upper curve ahowa the amount which the tone mu:•t 
eaceed the aound-preaaure apectrwn level L~fore it 
becom•~• ~udiblc. Curves are ah,·given ahowin,e the 
amount by ·Nhich th~ tone mu•t exceed Y&r &oua oand 
lavale to br Ju•t audible. 

II 

MEAN FRf:QUENCIES OF BANDS,_.;;­
EQUAL CO~!'l:H.IBUTION TO 

ARTICULATION INDEX 

rtpre 9.1.4· Pl..n. or a apectrum level ba•i,.. 
of (I) th~ apeech area for a man talkina in 
a r&bed voice; (ll ·:he re1ion J "ov.erlCM.d" 
of the ear of an averaae male lictener; and 
(J) the threaboJd of olUdibility {or JOUh& C&rl. 

All curve• are plot· ed aa • function ol fre­
quency onadbtorte•l frequen-:y a calc. [Af­
ter Beranek, Pro< •.. RE, JS: Bd0-890 f 1947)J 
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Flr;ure 9.1.5· Curve• ahawing the abaorption of a 
plaDe aoun.:! w.&ve in paaaina throu1h air, at 20° 
C".entlarade, for dlfferent frequenciee, •• a f\•oc­
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Jl 'a: 0 aod m ,. the coefficient alven by the above 
1raph. CAJter Knudaen. )z 
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Flpre 9.1.6- A chArt from wblcb to c atirr.&!r! 

terrain lu•• coeflicienU for tropical jungle I. 
Zone I, very leaf)·, one ace• a dinance of 
app~oximately ZO f:., penetration by cutting: 
s.one z. very lealy. one aeea approKin~tely 
50 ft. , penetrated with diUiculty but w:.tbout 
cuttlnc; sone :J, leafy. one •ec• a diatance of 
approximately 100 ft. , fr"e walki111- if c~re id 
taken; &one 4. leafy. one •~e• a diatance of 
approximately ZCtO ft.. penetration h rather 
May; aone S. little Je.dy undergr ')wth. larae 
bracketed trunk•. one eeea a dielaalCe of ap­
proximately )00 ft. , pend ration ie eaey. 
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JO inch focal len.;::. ~.:..o.u:.·l".i-.u·-ienllll•hort: l""':crcpho.,-:. 



9.2. AppJtcatlo~• Problam~ 

A• d\acuaaad abova, .ound can be collected by a varlet, of ... ic~a. 

[Mot dl~cu•aed above 11 the line or' .. china auft'aicrophona conaitttQa of 

a bur~la of tubaa of dttfaraot lenatha, or ita variance like thr •Jactro• 

voice K:.L 642, \lhlch achieve hl&h dtreettcma\tt.y ln ... u vol....a h t:·o 

dtaturHd aouad entrance to the cti.apRnp. Such •ict'ophonet are vary 

po~ul~r in aovte and telavtaton·vork vh•r• rapreaaton of ar11 notaaa t1 

d•ai;able.] Many oi theae, ot' tiailar, devleea could be .. nufactured 

fro. r~tural .. certala. Per ex4~~11, it wa1 aucaetted earl; by B. 

Alaaander that one could deatrn eaponantial horn• for ~attna on the 

a~rd ta~r• of ttrst~aic haml•t• for ntabt-ti~ !1ttea1na. Thta, and 

nther oatentibly uaeful application• k::.•:e not bam purtued uDder thit 

con~ract fot lack of 111abHabad raquir-nca aa.d data on bacfl.arO\Indl. 

'r.,at·• •re •awral difflc\.U:iaa hera. First, aa dtacuaaed in 9.1, 

the 411LJft of aD IQUi~t for a liveD purpOII 11 ltroatlY affltted by 

tbt- i.aturc "' the ai~la tousht ,.ad charactarhtic nota• backarouncla. 

tht..:a ·d:a not uny d•ta on then fro. the confli.cr area. Second, the 

aature oi the cpar~t~on, wha~har it be area or 11~•-•u~·atllanca. for 

e•r--p~~. i" q ... tu• t-.portant. In the atrateatc h•lat pr.obl•, tor 

exa.pla, it wculd .... dattrabl• to pattern tha •urveillance after 

warntna &«,uir ... nt•, tinea of fir• control and local factora. lach 

probl• uy ba 10MWhac dUfarmt. It •Y be, for napla, that in :me 

villa!• a horG, ~r other davjca, for area aurvatllanca would bo ~It, 

vharcu in ano&.i.er a dlltl1lt barrjar Uno of aicrophonea .t.aht ba bauer. 

nader Clrtaln ~ircU .. t&DCII, hilh ~trectlonality With loW 1ain a.y be dell .... 

-9.33· 



•• 

' 

OCCQrriDI materiala, conaiderably enhanced perfor..nce .. y be achieved 

locally. 

A daatrable prelude to work on acouatic aedaetry, aad ... " to tbe 

teat~ of varioua available devtcaa, would be a aurvey oi raqutr...aca. 

Thia tnvolvaa datar.1a1na vnat •ort of acouatic dacactiou ia wanted, 

vhMt klDd of IUTValllu.ce operation ia daatred, ud U po81ibla, ;mac 

Givan tht~ inior.ation it 11 a relativ•ly 1~11 .. ccer, cona1dartna 

iaduttrlal U. S. ecouettca capabj Uty to dldlft the re"'ired equipMDt. 

S1aca th••• requirement• anJ aaa3Ciaced data have not ba6a obtaiaable, 

f•ctora 11 vera known. 

9.3. Ceophxaica 

Geophyeical proepectiDI matnode m.y be of •~ intereat in apectallled 

~ntt·auerilla operation~ (ref. 9.9: 9.10). Althouah the uee of aeopboaea i8 

• naLU~Ml Mppiic•t~cn, line~ they are hi&hly aanatrtve (perhapl 100 yd1. or 

.or• on foot fall• can be r•U~bly diltinautahed b)' a tr,.tuecl opC'rltOI'~ aeo• 

phonaa aad other aaiaatc .. chada have not be•n invetti&atecl in thil atudy a1 

It vaa uadarttood that Juch tlchniquaJ vara betna cOYered ty IICft'l, lDyo•n. 

The anly ~eophyaical ~thad ea .. inad, aad that briefly, vaa the poeat'l' 

application of .. snatic detection .. thodJ to 

Oz,euctioa of ferrDIIASUtic weapon• carrled :ty pononnel, particularly 

unde:r cGDditione of rouctne lupaction or !..aC',·•illaaca and at ahorc 

rar1;ea; 

9.9 Slichte:r, L. 1. CeopnxaiLa Applied to ~~o1p4~lina f~T Or11 
Ia.t. of Geophy11ca a~. 60 U. Ol California 

9.10 Dobrin, M. a. tnc:rochacUon to Gaophylical Pro•r•c:tinl McCr•" IUJ., 1960 
-9.llo-



0
D&tl'-t1wu ~.~! ~,.:r.~u~,.:••i.ed weap<m ,coree; 

aoat1Ct10Q Of under:ac~wod bw~~OWI OC ~IVIIj 

onacaction of ..Ou•h••· etc. 

Pour typal of technique mi&ht be appl1'a~lli (!) a D&lliva, lt&t1oa.ry 

detector to raaur•r .,vtna taca-..:, (2) -. pa'1Sl.,.e, p;,!: .lb~•- detector, to 

reabt.•l" •t•Uonary tara•"-; and thah 5-..,. ... ~.:.. couatarpaa·~ 1 includiq ao 

acti\~ ~lem.at to lubjact the nearby t~11ct to a strona f1~ld. ~~ latteT, 

of couna, are •••111 .:ajactad •• a • Uqla ••U-ta ,.,__,.,. that prohibiUYaly 

la111 fialda are required to Fl'oduca DC fialdl co.parablo t~ r.h• larth'a 

field at ranaaa of 10 teet. 

In aaoeral, t~. problea. are f~iliar. Tha objecta to be detected~· 

... u. on.ey cruta e ... u par:ttJrbat1on :.n the earth '• Ualci (at incareatiq 

~iltancae) which .. Y be ca.parab!e to not•• in the field. The b•ctarouad 

fluct~~t,ona ara poorly known in araa1 of intaraat, and temporally. aa..w.r, 

1t.pl1 calculationa laid to aati .. ced affect• which are .arainally intar .. tiat 

aad, th•rafor•, iavaatilation 11 varraat6d. A crude ees1ura of the r.a•ua of 

appUcab1Uty 11 indicated by ar. account 1"\ SkUna, (ref. 9. :.1) of tloa UH ,, 

the Yart•n M-49 --aueta.ater to detect .. aaat• 1n tha boot• Jf ~~i•r~ ~iad 

uader tha •now. It 11 ltated that l·l/4" .. cnau vera located uadar ll fHt 

of anaw. l'nla M-49 11 • 110da1'ately coud uanetometar (! ,.,.) loa•ed by Varian 

at, ... $330 per -.nth.] 

ODe fact which ma~• maanettc datecttoa v•ry difficult 1! not ca.plataly 

tmfaa•ib;a, t• that th• field fall• off aa tba inver•• cuba c.f dietaaca. 

lDcr•a•in& at.tpaetc.ater •n•ttivity doaa not ••• to ba tha an ... r bacauaa 

of not•• and d~:re•:ini ~~c =~c•~:t~a C•ft¥• tncr•••~• ,~. probability of 

9.11 SkltQ& Vol. 1~[3)1962, Doc. 
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detection but d~~r•••• the c~v•r•s• or ~bility of the device. Another 11 

""' .... 

uf 1ublevelJ 11 of the order of 5 cyclea/eec/a .... , h_.. been uaad to 

&GOd atabllity aad a eanattivtty ii;l.tch 11 often quoted at about 0.02 ..... 

In early 19~1 two Modal X-4934 raaaarch lb vapor -an•to.etare .. r• 

u~~ to ... ,ure .. matte ftald tntenatty. (ref. 9.12) The output ••• a 

voltasc proporttoa.l to the maaoata..tar Lareor fraqueacy (4.667 cycla•l•ac/ 

vLth 28 dtvtaiona which allowed itettncttona of n.o2 1 .... on the chart • 

.-~ record• tabu oa Karch 27 1hGMd. ec.e at.:ropuleatloua -with period• 

of a ~nut• Gf araatar &Dd with .-plttudaa •li&htly 1••~ than l7. After a 

••11 MIDitic 1toz. occurred tba field r ... ~ dUturbed. Durul ~17 

aftal'ftOOD, atcropuleatton• with pctoda of about 20 aacoade anC. apUtudae 

of 0.6 - 0.8 cams occurred. 'nlrouahout the 1ette af:et'tM>~u ~r.t nen1q, a 

brnader oaeillatlou occurred, with pertoda like an hour or .are, and ~li• 

cuaea of lOa of ....... 

There are, 1n fact, Jeverel natural tourc•• of ao1ee vhich will ..-. 

hu a Wide ran.&e of frequenciea, MiPUt:.ade ud tcale. '1'11• ve:y l..- frtq· 

uenciea will atve little trouble. the enmu.l cbeaa• u about so, and tha 

diurnal chant• ia about 20y. 111• aoiae ruulhq rr011 iOilUpberic ~ 

(teraod .. _uc otono) hav1Di Nllllitud•. of 1007 aDd periodo of oecooda 

ma, atve cooaiderable trouble. The 11oaraph1cal acale of theae fluctuat1on. 

do aot ae .. tc De known. If the acala 11 Jaall (leaa tbaft the detec:toA 

9.12 V~orp. Geophvaica "•chaic&l Me.,rand•• Mo. 7 M8rC: 1961 
.,,J6 . 
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•aue•) the probl .. 11 eztrcmelt difficult. If the •cal• ia larae, all 

•••und., ••• ob•arved over an iron dapoett to au .. ta); hGIINVar, thaaa 

A third difficulty, of cour••, vould be the praeenca of (frteadly) 

weapona in the v!cinity uf the t•eLinw inlt~u.ent. 

lollow!nc tho .. thod ot Slotor ond Prank (rot. 9.13) tho !!old 

in1:Lde "nd 011taide a unitomty •azw:t1&ed 1phere placod in an ot·tataau,. 

unlfor. field, 80, va1 daterained. The ezpra1aion for the field outltda 

the 1phara 11 

where ~ ua the relative perge.bility, l 11 the apbera rad1u1, &Dd r &Dd 

0 are the coordinate• of the point of tntara1t. An iataraattna ca•• 11 

a aphece havina hiah permeability (~10), which would iucluda maiuly 

h ~ 1 farr~anatic matariala. In t 11 iu.tauca aadttiaa the term. ~ + 
2 

vi 1 

la.troduce 1111 the 251 error. Thil inchcat•• the field ouUtda a aphere 

11 lrtdepeadent of the per.eabU!ty when f.t 11 areater than abou.t 10 tWa 

The ~1~ field tlcer~~h, 3H , occur• at the pol••· 
0 

Tb1 field fall• or rtee• to tbe The firld atrenath et the equator 11 aero. 
3 

uadiaturbed field etrcn;;h a& (~) la 111 ladl&l directiaa.. UB tathe 
0 

eart~'a field (rouahly Gftl a•u••> aad a oae-tenth -6 
•- (10 pu.oo) d!otuft• 

ance 1a. the field can be detected. CAli 1Ddtcaced ebcw•, chi .. v•lur •• 

., . 37. 

. . 

_j_~:, ~ · _ _.,~:;!);~,_:J:;: --·::<-.~--:~_·:_: . ~'-><:;~\~; -~ ::_~- ,_: --. ·:' -_..--:_ ::· -:--: :~_:_..- ::·.::_~ ;~:c 



., 
dtlt4DCI of 10" radii. 

An lltl .. te oi the dieturba3ce in the mac~•tic field caveed by 1 

cavity in the earth 11 .... ta •t•Uar faahioa. l'he probl~ 11 U.ka the 

caee ot a .. aneticed ephere in a unt!o~ field. Hera a loluttoa waa 

obtained by ea~tna the field of an leolateJ .. rnettaed ephere to the 

waifura field. Th• cavity h~vtna a lower pera.abllity than ~he earth 

will produce an eff~ct which te oppoatte to that produced by tbe lphere. 

the field vtll be decre .. ed ac the ~ole1 aad tncreaaed at the ~uatioa; 

however, equation {1) can be uaed by a.rely ch&a~tDM the atrn of the 

aradiet. TV, eariou1 probl .. are encountered, (1) the penubtUty 

of the earth ~~ ~•rly oae but htahly variable aDd (2) th, field of 

tacere1t ie above the eerth 11 eurfa:e; therefore, two interface• are 

lnYolved. T'11e iiru: factor ia aulya..S by eelectiq an awreae Yalue 

for rock matariala. Soila are decaapoaed rock aad are atau..d to ha.• 
tba 6 ... P•~ .. abillty. A per..abtlity of 1.06 (~ • ! + 4Kk, k • 5 

10·) Cll (ref. g.lO)) Val aelected. ~~other £actor il oealect~ Iince 

field 11 not areatly different fro. chat 1~ ~h• ••rth. - ~) ..... e cam (~ + 2 cannot be oaitted ia chit 1Da tance •tid hu a 

vaive of 2•10 .. 
2
. The dtaturbancea io the field arrenath turrouDdtna th• 

cavity are reduced by • factor 2•10 .. 2 fr011 the cue of the •anettaad 
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Hance, fol a piatol, vhi~h mLa~t be appraat .. ted by an tr~ ephere 

l"
1 

ia citaMter. thr detec:UOI• r"n¥t mtaht reuou.ably be l5 .. 75'. A 

buried crate of riflea, con.arvactvely aqutval.at to a 1 ft. troa aphere 

•i&ht be dacac:tabla at 100 flat aa would a 5 1 recltua eph•artcal e:nity. 

lf ea.. practt~al uea (which ia queationable) cauld be .... of the ultt.ace 

IID111Uv1ty of vapor .. aneta.etan, the d•t•ct.icm dbt&l.ca l"'ilht be ia~:•a ..... 

Ia caaa (2). vhtLh conaidera • movtna detector, the affa~t of a&turally 

occurrtna --aaettc reat0ft8, ataht be identified by their lata• ezteot ca.pared 

t~ the locolLo~ oltocc af ,..11, hl&hor por.ooblllty taraott. Tho lora•· 

Ieala nntee .. , be ~deatUied cw re.aved frog the atpal by CODUcUq a 

aecoad detector in oppoattion. the aecoad datactnr ~·•• ~e appr~~tely 

a huadred feat ava,. All altaruauva v,uld be to COIIIPare tbe lipal recorded 

by a lina;l• detector with that made at a ban atation. 

Caaa (1) h11 the &dvantaa• that a.tural, ltatioaary bodiaa Will aot 

contribute t~ the noiaa but t.la aeamapeti~ DOLaa probl .. atilt a1ata. POl' 

lar;e ~rea s~r.~illaaea, ~he Oacector cou10 De a taraa loop of vtra laid on 

the arouad; however, any 110tton ol the wire will •ive t.:~iae. A vtre l""'P 

p lacecl on the around vu 1 detect a MD carrytq a r Lf la vhn he paaaea ia. cw 

out of the loop (ref. 9.14). The loop can be very lara• but .uat be ca.plecaly 

..-u •. 

It ta difficult to eat~tM at thLI point vt.thet s~ch Applic~t10D.8 are 

practicable. They ••em .. c.Lnal at be1t. If the requirement 11 really a 

aertou• one •• for ea.mpla, to detect buried arm. lt~r••· it me~ ba wvrtblbtla 

to run A f-w at.pla tlltl. Siaca the validity of the raqutr...at 11 DOC ~ 

aDd cannot ba d_,ti&.raced on loatcal arouoda ~lor., no poaittva &ac~aU• 
can be ucla. 

9.14 Shular~ K. IDA lnt•rnal Memorandua (!902) Prtvat~ Caa.unicatton 

•9.39· 
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To cOIIplt!te :.he trear.-.ot of tlf;t., rttoa, thia •~ctil"n cODtaiu a brief l11t• 

'"I of un•·•t.aloaueci ideaa vhteh ar•, raapeccivaly, a) not actiODahla; b) wr11 

not analyzed, or c) vera c~!ately unpr~ucttve. 

Tha uatl w! .,ul)·~up;. Lechniquea by vtllap•tnepectiOD ta._ to :ldeDtUy 

perillu and •j':::- .I :.u~1'1, falh into ,,... firlt cata,or,. PraU.atury taveaU• 

~ftL1on indicated t~~: t~t .. ~t~od w~wld ~: ccchntcally fa&tlbla, ralactvaly 

•t"'Pl~ to u1.:, aDd raUabla tn operaUOD, p&rttcularly with Ortnula. &ILd 

could ba put ta t ... fhld fat;ly rapidly. IIDwiY'Ir1 it 11 UDdaratood. that poly· 

IP'•Piuo caODot ba ab1ppad I.Dto 1.1. Aa1aD cOUDtr1aa nor uaad by tba 111Utary. 

~ t!~ aacond cata~DTY are a ~tacy of poeatbtlttlat raaataa fra. etratcbt 

forwrd appUcattou of Uo..at t'oJthodl to tt\a davalop.ea.t of aopl:\ilticatad tnatru• 

~tl vhoaa bLetc priaciplaa hawe not P.vau baeD deftaad. ror eaa.ple.it 11 'u•· 

a1bla t!'"t aaumc •tt.oda for a) trana111tti.Da a aac.aa villap ala .. o1anal by 

detonatloa of a (JJ41tta'"" of f) ~-urted aploaiva charaeh); &Ad re~:.•pUoa by a 

dirPc:rional I•.JPh• •e net or b) lor:atina burrOVI by exploelw aoundtna uchniq:.za:, 

or c) ceophone .ooitorina of canah a.tahc be fea'!tbh·. Alao, the uaa of caavea .. 

Uonal II and viaibh contraat photoaraphy fer •~.arveillu.c• ot chc~aically ~r 

bioloatc:all~ lahibhed. food cropa. t''.:;, · .• .£.d cr dylas fo~Up 11 apparan: in 

euch ph~~Jaraphy. ly tbla .. ana GnP ut ct~ food•concro1 pr~;r ...... ia.t in• 

eu:aenu •tlht be •U aaeier. Advanced JOe&ibiliUaa are "aaaka•are~ttnttde• 

tectora" for uae UDder heavy caaopy, &D4 1aatru.aata to detect characcer1t~1c 

acenu or eavtrODID&fttally induced akin cadU. !oaa. V.'llraae the afDTa•nUoa..d 

.· ,. 
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1dc.tG could b.: IMlynd, the 

Tn the l.11H cautcory an, nape. :t-~Yely, aupaeuiona\ ~ .. 

Mnd rice p3ddica with che•lcala vhic are exett~d on e~·~ 

DIO'Yin~ penonrtel, -.1.d for aeedioa pa 1die1, ••~• aDd J .. :-, 
neacent lllllteriah in the hope of obt tinin& phena.eaa anal.,~~·. · 

::h' 
'• " . -~.,,I 
· .. · . . ,_ 

=~ 
... 

A bl'ief accotc;t r:- t· ·: f~ 
. li},, 

South Pl·clfic ahipwakee of Vc,.rld War 11. 

given iu an early po1pf'r (Ref. 10.1). Chemicab of b•L(ft- ... 1 ~~t I 
genoral probleiiS of quantity, dhper. ion, and looasevity v • ( ~ 
Blolumi&eo<ent m1cro·organ1< .. ar• n• t fnuDd in freah vat· ~ 

10.1 W'eelr.a, I. "lioli.IU.nucence Poe•. btUUet" DRC•A.,._l · 
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