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Drxwxkm of [ha Iargo rnct@roid/FUKl flux using Mrasawuf:
-m detecahn O( dro Ntrvernlmr21. I*S Colonutn flrohall

D(ruplw 0. RNuIIu
Rmhwry W. Whitukcr

la AlmmmINmthmrdI.ub(mmrry

P,C). Box 1663, MS Fti6% h Alarnua, Now Mcxiw? fi7.$15

king he + morning of NovrnnbsT21, IW5, u fimbdl w twi~ht w h full rnwnnenmrwdha utrmspl
vm mtrdwaslcm Cdrrdo and dwcquedy @ucxd mrdlhle sonic Ironrn raporw th-rmTwmn m Wyondng. Thir I
uhs&MCCtcdIowlly hy @Wwrity vkloo wmxe which tdM)WCd Iho rdklk’!l d [k fldd[ OWN w h hd Of
utiti, The curnora tdm rccordod [ma tiw cmt by Ihc light of IIIU firdd, TirlI wording hwhnlw CIMado
i’ u rumng dmrhls hum us well. Sulwaeqmmhrvctulgndorrof dw mrrayrwr I.(x AlamrvI, New Mcn4vo ufrorawd b
ONAINmwtr Ntiinrud l~lntiory a pi of hri cwnunhnrorrito dw CmqrrdnmUIVC THI Run Trruly no~dmlhwru.
uwwt the prctianco 0( an Infruwmk aiprrsl from I* prp dlrdorr w uboul lhd uorml lime fiw lhl$ ihetudli

Iw Lua Num army imB four.dcmaat inlhsutdc array in new continuous operation un k -Uov

~Yc ~hbl *IMI qmt’ing Iwlw!en dra array ebtnn!rts Is S3 m In the Nurhfhmh dlracdorr and W m in ttm
nM/Wwf d’rm’llon, The bmlc trnscw It h f.llolw Urrlvcrml Scimws Morkl IfMU’ mlcnqdmrw whwe rcnpo.me hI
wm Aout (1.1 10300 Ilz (whkh wo tlhar ● IIU high fwqwIwy orrd M IN Ihnllmf to 2(1 1141,f.!dh low t’rrqwmcy
drxophanu irI cwnncctcdto n a M’ Wrlva pcwmm hosa whrd nolso NW in odor m domursd ths A@/noiw rtil
w dgnnln durhrg arrcq winds.

lk prelhnhurry tharwkw’hilics d’ k rdgmrlIrwhnb he %i~twloruwl nrrlvul tlnw d ~W:?O 1IT (02 W:?(
lST.1, wllh a Inwdmunr Ilmlnfi urwrtalnly d 42 mlnutm, tfw dgnul onkul duw d@layt’rum dm uppmu’ahw of Ih
MIMII d W mhrutos, 20 sccorrch,tba mwf s@ml d,uatkm ot’ 2 ndnums 10 somrrdsldw uoums Iacatlon towutd J
ogwcn from uus mwth, ho inrrlmttal truce vchwhy of 429 mfsw, the d~rrd voluchy ol OJO ;k0,03 km/wee, Mnw
400 knl horlmntd rmrge to tlw fireball, Oredunhw d~nd Iiqwuy vowed of 0,25 to 044 11/,(wralymd III I
k~wmdy Intcwvd lkom [).2 m 2,0 ltzh (M. maximum dgnd crom-corrol~llon ot’0!17 aud Ifw maximum dmal
mplhudc d 2,(J f 0, I rdcrobars, Also, on h bash d lhc signal period 01 rnmdmum nmplhudo, wc CtMmWCu w
rnul~yfor thin evrnt of hcwcwr 1010 li~ turrkof ‘IFW (5J.0 tom rmmlnulh

ieyworrtrrl Inl’rtihmmd, Indldcs, NIJOM. lon~.rurrguIWIIIhl popgdlhm. Mud wdsdM. InArAIl wundh



k’llm

(AI ~IrUNILY ran~ [k WHVU pmkbd I /4) hrmIIMON duc 10 rmllncur Nrdchluo ium tin w.wtd unlfcwrn

udty Indh,un in Ihc munnar (NoVIAIO, 1976):

T“=//~(.r)

(la)

Simllurly an cqunlkm can ab & dcwlopxl for dw mllo 01 ho weak shock an.rplltudc LO IhO wave pcrhd of’
n e~purnlhlu synmw(rk N WMVC(oqirnl puddvo 1A nugrnivc pluwti) ns aliu drown in MtVelle ( IS”/fI):

A@c-O.lS5”p”c,/R
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mdiflwlhna of lho Fierco-P08cY.Kinney normd.mmb WIO (Whhakcr eL AL, 1994), nry lrw-ings wilh and AUAMI IIK
~imdas a fudmr of launch anglo ad amtr.@Mc slrucmm, w., In uddltiun, we hrwo SISOundartakn studb, with
ho colhrhmtion of l%, Jwk W,, of thr hlstarkal ndcroharograph &ru availnhlc from !%rndhrNadnnal Mmramry.
NW mrwuruhon this txonaivw daiahaso hm albwml us m fwmulwn mwumtmror hu~wmt new rmulw, Tlwmc Include
ho itilluamx of ~lmtopwo winds on tho ductbg of tho aooustk algnul arnpliurtb, k dlmivc si~nd vulody of
wr.surf- moumw aaJa fundon of ~n and of duct bol@h *IG.

W9 UM M opthldzcd aIowd may processor to andyzc Iho arriving slf@tl (Uwsumrcdto tm hxdly phutu
trqmgnthtg wavca umoaauur may] using u 60s Humrlngwindow UIrcduvc aliadag effccw TIMkm lrId in Ihc
kIwImss pktv (2 I lry 21 pdnts) to IRWChftwk mnalmum wowwrrohdtm of pnmdhb IWIntdu lags fnmr all aermma
n IIW array, 14u l.m Alum. the urmy la In Ihd shrqwof u uqum whh a dMurrcwof 106 m Iw4wcorrrach mmuw and
k cantsr point of tho may arxoas a nomly tavel ground plane with maximum vertIc~I C-S of shout ~ 2 m (tttit
umy Hits of 212 m hy 212 m) , W Iohc mruclum d’ du Army h a hrndoa 0[ frafumwy Ihwruwn Iw uaod w fmhrata

ha Mu4Wfldlily of a qwlllsd scare dgnal, Once h mglm of Iaqfcsl wuswlwmlathm has trcvn idmtdllcd, the
/arlow pr(qwtbn of ha wsurncd plum wavo dud uaa hc usctinlnvd Iulhhly, Thaw Irwlu& the Irutw vdtwity, k
mlmuth ad clavudua A,nglaof Iho arriving wava, Iha umpliaudu of lho Oigaal wllhin a $@allw!d pa6s W, Mc,
Ilmc am all summd.ed In Tahk 1 haluw ftw dw h Alunuw ArTuy dcmdon (over he frequwtcy had imm U! m 2,0
14z),llHiw ~aAndl/A (fi$cH ftf$l ~lflf’br ll@W#ftill @ld Wfdydh ldlldqif~h.

I’AMIA I

Novemlur 21, lY!M Cuhwudu fhdull:
Irrliuound &taut&w pmftordaa &hwod al bs Alunmu

f!t m Im 4s)k flrddl-
Oornhwnl I ~ntY ( onlm,1
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Whom

mugnilruk d’ the guiding OMmuqrlwdc winds (rwar 50 km in uhiludu) in M/xc

ncwurdc affklency @VdlC and Whhakar, 1996)

lTWalb ~lon MCrr due to grwnd rafkwdwr effects, ate,
ammtic impdancm rrl ho obamadcm IOdOn
total rdgnal durdon
rndmrdd hulk dewily
nwcamid veloc+ly hr lIw aunaqdwm
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aunusphork -c at IJta allhudr d Urc MUULW
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Using hc vnrious assumplimrs rw@ing IJw acmmtic propt@on PtUh(will) wiudx nur Itnving Iwc.n
i$w~) , the chituic of tho uuajorexplosion hurat hcighl was dctorminuf to bc al’rorsr5S km ahmm Coloradn
Sprin~ Colosado (This is dsu firftuiwly & tseighl of dw firs? appcuancc of tho firc~l m ltm sky as well}. Thiti can
he twmparrd to the OUSJpins Id@ which was dctcmnincd M hc nhout 27 km (ahJvc urcan w Ievul) (W 2S km ahrwe
man ground level) fbr tbu tcatdmion of the visible fli~ht path or h! firdurll,

Tlsrougtrcwmmunkwkms with Dr. IMwsn’dTrsglhkwri of E,T, Spwc Symrrur, Irw. (Lot Angoks, Cu.), we twvc
ltcerrnhle to dctcrmirm $Jmtthiti firdnrll ww UISOdetcc[ml hy U.% DOD !mrcllhc tiyslcms operating in the Inl’rared (lIt)
part of ths clcctrosuagnelic spccuusn,‘flmse * mlluw us to tiulhar corrtitmln lhc posilirmhrajcctory of ttw fimhafl, hul
untbmmatcly do not CIlow r.s to detcrmlne eibct tho vehmity or any ortriud infm’maliorr I& [hiti purkdur cvonl. Ilrc
results of the Ill analysis are lndlcacctJIn Shcrablo bokrw,

TA131R11,
.

!huumaryof US DOD In(mrcddcmcsiurrd’ tha
Novcrntus21, 1995Cohwalk)hhd]

Koy l%rrrrwtm I Vdr.w
Dale ] November 21, 199s
Time 0%18 UT
lmtiudo 3&6dwN
Londluda 1W6 ~ W
AIIIIuda &ksn

ShnIfar scarchtmin k visible part of dm elcctrumagnclic spectrum wem Wrfurrncd hy Mr. Richad Spuldinfl
d %mdin N~llnnHl l~k~tory, hut dWSO WCrC nm wcwc$sful duc presun~abJym Ilk: vw’y hlw llglN hucn$hy Ievd t~

IIili rchstivuly umdl cvcut (hy sutcllltc Ilghl Iovd slarsdards).

tkwrmly, dm au[hurs kc also hworsw HWIWCthm Alnmr purdcuhitr wunplln~!ol Mc nwkx.rrukl dchrh cloud
muy IJIM) Imvc hmhrrcntly or!curd (pcrwnal comrnunkidon with M, Vofctmky, N ASA-JS(,”,lWM), orlghitilly this
dohrh cloud wb SISMSmC[u k uf vduurlc url~in Awc this is u quiw cmsnnim ocuurmmc. Thlx I* # very hqtmwu now
devulqmwttt sirwe wc huvc had w uwusmcishulk derwuy urrdcompuslllun fbr the hndy in ordur to usc cqrrdon (~}
Awe, Hopefully we will huve rrwm useful &la on ilk Imlti cumpmition which will he r@dly f’~qdwwmmg.

KJAAhu_rallidccsskkww

L.fJirMgY.QllwdlrJs

on IIMIIutlk or IIIQ $tuy lhIIlkd Mttllhu dulu Muddsc dn~lv WIU} shsihm In(’rmtwnd dckwhm, wv wdlmutu
Ihsu Itm energy ralcuw Mom k lrolhk did w cmwcd (1. I kt, hut cuuld hcvc Wwr cs low m unly alwut OWl k,



.

lrujcctory dctcrnliocd f~ b ~~q analysis d b v*) camtwti rw.ords in C!oIrwdo Sprhgs t.lc.k!rlninwl hy IWO

independent rsnalyscs. Had wc bon able to dotcct tbc cvem at either SL GcrrrgG Utah w at the Ncv~ Test Site, we
muld have faund a 10crr@n ellipse wishia wlkh the S&l wu.. arnanalad. Due [0 the mmtcr-wimd simation for La9
Alrrrrroswish su.qwcr 10 SOIII~~ C!orrrdU (where we Mticipnw slurrply reducml um@hudos cnmpsrcd 10 IIW down.
wind CWW), wc were very forturqato f(w such a ramdl event M b so easily (lAettcd. and [his pnintx ou k rcrrl ptwcr d

tho awwticd snethd as a tool fbr dotdng bright firobdls as dlacusacd in KeVelle (1995a) and in RoVUIIU snd
Whisakcr ( 1995).

In F@rrv 4. hclow we inditnrte the deduced infrnsunic king @isnulh) with rcqmct m Ihc ohsorved
I@Rwory ditakd by Sanders ( IW6). Nom lhsl ha wavea emann~d nearly pcrpndicular {o lhe deduced r,huhv
trm which is ctrmistont wiih the aounm gmrnu~ ccrnsidcrcdin RcVCIIG (1976). For such shullow Irxmriw
RCVCUO(1976) dettx.:tincd tluu it n fur mtw Iikoly M my paths could ho $wmd thal would reach cdMwvms or
&uxian instruments on she ground,
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Fiytura4, A mup d’ he rqsmn in which 1110 tiruhull crstm’cd[h! I{urth’%ulnm!$tmrc und ttw corrcqmmllrrg mtmuanic
thsuth wrupuied rwsumhrg u plnnc wnve IWrW [he L(w Almrw, NW Mexitxl m’rny,

Ih!vdlc, p4K!100( Ii!



h in~msonic dctccdorr ww mdc M an army of prcssrre sorrsorsoperated by d’mI ~ Ahrmos Natiwml
l~humiory in Los Al&rnos. Ncw Mexico. IMc pro@es of Ik timhall ussochrmd with thhi dclcclktr Is consisuxu whh
k Mcnnkl indqnmdcmtly in Gkuti ,S@ng$, Colnradn and the surrounding vk.iniiy which Irrdiund M dIullow

lm@L~ hum NW to SE (shout 115 dogrccs ~wn true Nofi), M it dsa coads40nt Wktl US I)(3D infrard .xatdlhc
ubsawaliooa which fcutuitoudy covcrcd the rcgiorr of hwst al {ti [inw of [k M& * WI,

From b Ik4mWs infrgsmsnd wc can Mm u most prddk Mturtc crrtrgy of from 10 to I(JUT (TNT
quklcrrt) for a wa Icval source. Sinca dw source ahimdc *IW .10.S0 km ubovc [hc ground, dris muy lx an
ov~imntr of [~ mnl sOlr~ ~ for Ihc holhk. Fuwru work with ray uwtjng, rrormrl nudd mudytiis rmd ok
pltwduroa may Iidl) 10 furtkr Iwiolvd the fwescnluncorlaintius.

ThiS Wlti was -cd by rhc u.S. De@rlrrmnl Of tisqy.
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!rnal.,Sympos.on 1.4n@ango SoundPropagMlon,NASA Clml’, Pub, 3101, (hmpiled by W.[.. Wiltdtire, NASA
tgloy Retrmrch Ctiler, tiam~on, VL, 143-153, 1900

Velh D,o,, Ilietctrkal Iktocdoa of Amwsphodo Impacts by Lrtrgo IMdldas Using kousdc~ravlly WavW
$catad al lnwrnm, Conf,on Naar-t!! (l@xs, Rxplorur%Club turdUrrlwd Nutiumi, Now York, Now Yf,wlL Aprl
25 pfr,, 1995 {A!tw. [AH AlunmaNtikwd I..dnwwuryRcputl,LA=UR.9$1 263 urd [n Prwm, Ncw Yt~k Acudrmy
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