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THE STATISTICS O F AMPLITUDE AND
SPECTRUM OF BLASTS PROPAGATED
IN THE ATMOSPHERE

1 INTR ODUCTION

e.~_....
In a """""""'~ "~<ly . rho l'.'; ''''''l' C, _

h_,... ~..ar," I .•hau '''''' II " Rl) .. dnri<>r*ttl
.....,10<><101oo' (", prod ..·.,", oN _ , tIM' """"
Impa:'ol • mili'l1)' f..,,,uy · .\ """"tin..,
..- ....rttt "- bot" . ,,"lw. Iftdudtnt; NIu-I.
'0'11)"""" 11I<I fiud ·....' wcraft ...... "", ...-..ur ...d
fi<*<! .......~. On ,ho "-' of priou'y of tmporuna:,

1>1.0" no"",, ITId ''''I1)'...-utl "ll" . r, ..... ....,,*<!.. "'.
.\ ,my·. m.ju' n.,... prubltm..

In o,d., ,a ..~ ,h. prohl.",. of hi... ...,... .
dO-ti"n. a " "" y af ' . ....ch pro,",," ""' b«ft ..~ , .
II k. n. In fFRL R.port b17.' on ",,,~I hi... "'~..
p,.d," ' ~," mndol " "' d•••k'pod "."'~ dl" ••"tt,,~
'n 1~7 1. Tn.. "port <on<i".d "I ''''0 pa" . I I).
",..hod r,,, ". k ul. tml hl. ,t ""'r1Il nd•• "n til< b.,i>
l'r di,ll ne< . "' nrc' d '"I.ct."'t i"" .f1J n.....""',,llI".1
"undul"".; •.,d I ~) , "lOtn",1 f", U'lr '~ tl,eH' .."ph·
'ud•• h, predkt ,h. pmh"hl. , " ", ,,.,,nl ty "'I",noe

A. , ," >n n" ", t\01l of thi...... "·h.• "'~1lp" t'T p' '''
I"'" llI,pIcm."tlllg til< mod.1 "' .. ""11<". u..,, ~ dl t.
.....t< ·nn ..hiell mihtory f.".I""" ... ppll.d ....·h Infor.
".. t"," .. 1""'00" "f f","~ P""''' ond "np.-" ......
n.."."", of tI,U1" PC' dly. tin 01 01..,... tin.. of
dly .•nd 'YPC' 01 ~pon•. m. p,n,,"m c:dcub'*<!
"".. bpotu,. 1_ <"" l 'll' l """""", ....... grid
...1 """"" "" "aund...' ,hoe ",JIl'ry f..:~" y •
n.e.. ...,..,..."", m... ItOOd '0.....1... '" ,he c"","

m"""y R1p<JIlIC .. m.. <Ur'c<"'" "'pI cvuld be

'••m .. PI"""'" at ...

" D ~."".'''C ttJl._ . . ....
,\_. hdo...:.. 1<p;J<. ( ·IT /.oD71_ tlt So Nay c_
-.- . e' ... ..-UlInta_.I'·" "I. I'tll '

" .._'- loll _.'''' _1<''. ~ .., c_ '" '.....-_.~_

flo",. T R....... ' '':!J.oD1'191 1 ,n R', I.",

'>1, I '0." __ 10 .- .
_ 'o"<nll _ .001 '0_ uf , .

........M1J,. n.. '""'" co._" II m""'''''' d r .....,.

......." ....,0< ,lut, .lDwl,- _ , h ", iudf-

...., 0' ,he f Dur.......nd II of "' ~

.re . 1", "",oo;l",d.

Th. o"P"al hi." n",.. prcdld 'o" I1>lJlkI """..,ned
• • l,Ul1hcf 01 dI.. d. r"'..ncin; , he ' ''0 m<>Il "lImfle.,1t
_ rc til. " ....' ,,'. or bin, tio.'" In """ .'mo--
'f'h"~ and til" ,elI ,,,,,,"',p nf h pon.. '"
b " mull , T..o .................. inllia,*<! 10 JlfO""k
, dI'a On" rluJy. he.., conducted., St. nford
R""'..,h In"".... IS dc..,....d to q.... tify h. ..... re·
opon.. '0 bJo.. ,"",.10 n..~ "udy •• • ,bI ,..:!
'0 qu.nif) Ill... 1""1'1II_ ,on by "kuI, dc-
taiIN bIa.. """" , • n ' of .."' ..
TNo ..port ".,...., ....,.. u .....x .. .- of tIM'
lIi'a Fon Lr.......d lIl'o>ud , l,fO .

""-
Tlsr pu~' of I ""', " " 111 '0 "'''''op m"

bb opap""" " of "'" _ ..d dill. ' !l
,., ..b", the 1" ' 0 !pC<1 r", .....,....uIo>@:i.cd ond
' " <Ot1dlll'- II ~"It l.rnna,d Wood O liO
d lop f r<qucn'-Y'''''I/l",d .....·' h"d "' " spe,". 01
bl.1l .mplltltdc. for u.. 'n poedi" "" human ,0SPOO"
'0bb" ",,"ull

Approach

Ou,""fym, bl. " P'"l'll' [.'" ' t. ' i't ic. ..quirot •
IW"..... p opr " ••"h . Th. t1"t . tep i. ,h. ,le. , lopm. nt of
[f,c,", " .. i<lie, ill ,d" ,;"" ,,, . , pocific .. t 01 m' leo",.
lul\icol " ,d t<".i" "'"dllltHl1 , 1'11 . ..",,,d i, ,ho irao. ·
bti on of ,h... rc' ultl '" "ih" ~"I'.phic ......

Step I con be . """",j>I ,,""d "' tlh Ih. d." ootlm.d
[,0," Fe" t Le""..d ..,, """ . \40 . th. fit1l in • pl."ne<!
..Ii.. of tit ••. lIe,n, "." " . lIy lou'N UI ,he mid....'.
' .. d ,m IS , ypoc" nf • b , Il"' portion of dI. COfIIIuy.
From ",,,....n.y ny n;,,"o, r<lall......ips"""
be .se..,mDl..:! be, ' ood .mpllluda IJJd othe ,
nna", pa ........B. S..p!. h ,. iI mOl. dirT", ,,),-
Th. d<,«tian of " " "'" .rf«II" 'Y. _ bI<
because P"''''~U1' .....d. and ,, ' ho, _.,,,",, ell""'511>1)'
.............. ""'~....,. . "'hI" "'" "lnob'_ of mlilttiaf,,,.. .- par' of ,I>< '''''''''f} '0 _ (b ..... u_
lQdil)' ..-at1oMc "fk _ ••or~ aad '0',...1."

. "nbuleSl can 1."mII lruon ...... of dll\•. iA
reab,y u """"""" _1OUIftJIIOt>,. al • -.be, 01 10<:.0

" ...... ta ","f) ..lo.,_ 1"- Con..qum dy. tIl ....ep
..til be curled "" __, "'''''''', "'rou &,> "'0'
'1'IIIsb,_ af the .-.,., leoNt,d W.><>d tt....tia ' a

o"'or ,..., _ .' 01 tho Uni",d :toll''''. 'lia ...""-
..... ,''''.. , "'PI botll f.... mood • IN... f<ll dcfUl DlI
til...p<1i ' .. pLan "f tillS In"'''..pot<.

{)YO, 700 S ~b '! kV dI..,.. of 1'4 ..pIo<>.... ,. ""•
d.'..... t*<! .... , • rclo." ... ly nat IJJd ore" .,•• . Hy
k..pm, the "'n".. ",o, t. " t. ,n. , l. nll 'c, of th....



coi.O<l 51jl11oJ could h. J••oIopod .. . lunet",n of d,,·
line•.•• n .,n.•nd ",. I.,,,ulu!lic.1 " ", dition•. Simul
""' u'" ...id• .t>.nd .u.I"! ,«:",dlllll' ...... m.d. of
Ih... hi. ' I' " IIt ' I" H"" ~ ",.I .d •• Ji .. .",:•• uf 2. 5.
to ••nJ IS "' I ( J .~ . I I>. II1d 2S km} iI/ld III fou,
dl'«:t i< ",. (n '''' h.•••1. " "" h.•ml _t l·. In .ddllion.
po. ~ ..I"", ,~ lho hb.l . mplnudo. "" 'I' me.",•• d
'u In,.". th>l Ih. 11111", .«:,,, d,n. ""odd ..... be

"" ..Ioookd Ifld 10 "'.... .. . olt, tNl cwld be ...
lI ..d lu ••1I"" " nd...••

h"m Ih "'............. .....'" roeord.n•.••';ou,
_ "l" . d d lMIWC'ip.ed h eq...lK)' ",""If' "'<'t.
deo.h,ped r II ",oodlC lIn, .umm"''''y ...f'UII...
,uk> . '.,m-.l "'... fr.qlt<'tlC)"'_~Iod int..-",
of the II"," ""'ot}' of Ih. rw..... I<I... ..d .• q<llllU,y
I. '1IIf'd ~Wld ~po,,", ~I ot SU. In Idd'lM>II.
' hac roeordinp fO"1I..<I • ..-e,1! 40'. "- f,om
wludl m. pn>pap'_ ...1,,. ,,,, ...d IetUI'm~ 11_
,mpoc. «>uld be ....."hoed ,

'0ob •• ,,, • bas! of __ " ,••

........ of "'ond 1f'O'O<I dll<"_ ,.,"'•.
h .....wny•••d IWt>oIono% req~,,1'd 01 ilIff• •en '
.to"""",, l<kolly. t..... """dn_.......1dbe 1Ief 1

.rJl .......... "*'" oIlho 01 "',"'." ., l,," t vf

..........._, ""_ ~ (..~" hmno<l

...~01 401a onilablo. ond. ,mi"ll' 1'1 u·

..,.,.... inf...."" <JUld be ilnpnctoaJ. A th..,

......... bolh_ t "-",,,,,,,,,, tUn .1IbI'aIl-
UIi "me ,,, dll 1b f" pOOMl<! Iowll" IIf"Pft 01"'.......
I.l.......-r. "'.. 40 d .....1 be • flllM:Qan ",.hi·
'040 unty II '- _'. *""" .. fftb,y in .
....d....<1 0....· fune"""" chMIfo at. funch of .
' iun _ . tho Fuwtd N.-.hdtr... " "' cided 10
ptho' .. mud! "'.-Ipk,flc ..,,01....-11 4011 at .....
.. .... I", __ ,...., Iot~"'. "'Ih !he bW I
un..... " ..... S'"or _ . ,h., 4011 " ..m on"", ....
u ,1ed ,,,"n 'hi' u..wly ".., it <In be d ' .. .:011.

f"m ,,10""""" "'•• "" ....,lJ'tly Iy ....... im-
pbod. Thew m , n .. _ I. inod ,Ih ,h. u><
of FAA 'qu,pm"" n potWC' , " ..~lt ,

...._,_ 1< , 100 "" ., ........«0 "" 1000.1000.
oIId ~M)fJ n " 'II ,6 Ul 11"6 _>"' ,_,..... WK'''''
Ibooo ."01.... . .. be , lie ' "" l>oooI " "pol'.

• ' !\>"~ 'h' I""k no. 011 , ,1. " d to ~ ....... " II-
" ""' ) . " .. no, _ d ." pt ..h, ' ' m...Uy ,,_ ." bIo"
"""" ",","pi<, . I' '''-"'Jh. ,h~J·. 'Of' l""uI rlf<d -..
bolld ..,j • • ,,'UIoI-) n",n<t ok,_,.d _ttJ mOl.. • •.•y
p,oJ",. , II< 10m, I'bk , mph,,,... ' l '11< ..11 "' ,he OwId in"
lh' , ,, jll..y '''''od. *"H ,,," '.In. m... , "'''It!' ."d . ..h
........ . tll .h. ko lllo "ull<l '", • ..,j " , ,, ," " .. pia ..". "olio
'"" •.•p p"l<~.111 "",.

o.~_"," DI R.!J01t

rh. pt<, 2 d.scribe> tho p,,>«<l u,.' Ind """u,.·
mo"1S used ill p.h,,,,,,. tho .cou,"eal and mo•..,,,,·
logical dati. CI1 l p'" 3 con. ..". tI,. ,eJ "<"1"", . nd
11IIIy... of .hex d.u.

Ch. pl. .. 4 t" . OU3Il 7 ..lIbh. h ..Io " "",h,p.
bel"' " .100 ";"""" ul llll . nd •....,,, ~""" I." " d,>-
lIOl.,.. n lin . ...4 n..t<DfUl,,~ c di"."'•. A....y".
is fo' m«! on " " Ih ... lIldi.. 4wl " " .." . nd •
"~lI"ical ,,-,

O'p' " 8 IUm,n:anrn; ' />o ...ul'.....d 1100 . .......<1'0%.
1'........ d.'.,1edd. t. Appond,c« A(,.", ""und ",I",• • y
prof'" doll) .nd B (<101.,10 " f unpl'l lIdo d".,,""...... )
... in Ih....I..me Append••", (" 1.....·lh"d ",I.w
.pe< I11I 1. l> (.".....0' La".... all<l dt(I~ '.flCC .....'D.

~ ""InC "'"""n) d ~ l<!' fT......,..d"U.b"uo'..1
... buund ..p....,.ty •• \1<>1" .... II

2 COLLECTION OF DATA

An .... y 0( ...........,...,,1 ... llDlll .... .., up 10 ob .
tllA m. 4111 --.at)' 'oo the .....lop• •11 of .

"'_'toR ".Illllla IF""". 11 'IlI'h<a 0 " Iaol "'1·
.,...to<! lit lit,., .....""'''' onoI<.. -.I.
mp .._ row <Ii,.., dOo_ of 2. 5.
10 . "'" IS mi 0. ~. It.. and : ~ km),C.....,,'...I ,,"h
l..... _ u. ... FA"' 110 "'"'<hn, and

dncrn<!ml t ..,n. """ u '0....-....<1 * tn<I
. peed. wind <I".ct"",. oemp t"". """""'ty ....d
' ....bul<nce. Th is ch.op d<t.oiI. thno .......,'" I0I<l
....'ooroIopuI m ' ..

_ a

FOil u 'd "" " Ioa..d III ..... M'''''' H1
O,. ,k. AllhousJI tho I.lld ,,~,.lly hdly IIId don..·

'ty (0,.,,0<1. mOO! m n' " "' p1••~ "n
...I..i",ty hip l1,t""nd in n Tho m n..
...... lak.n in Ln. 'prinl 1'173. On • ,yp,,", ""'n~ day.
lh. nighlllm..." "nd ..",I in..,....... />oil' '' 10 Ilw and
di..i ,. appm . im. "ty 2 10' 3 hoor< . fl. , ",n_,

l . t. , "'. ""'PO"'"'' ",.. . the ..m......u..
S'adio n' b..,.m. mor. ""p""

T" ",d~d. IS m.ny .. ,ied .... t"., e"""" ~",• ••
panihl• . ",..,",.m. nll be..n .t d.",n (OSOO hO"'"1
and e" " ' in,,.d "ntil 1100 hUll" ; oft., 1100 "0"".th.
......h.' ,.m..n.d . ",, " anl lh"'''lIb''''1 th. <by. 11< .
" "", ,iL. FAA pl.". could nutnak. Il""utld p..ost• • t
night. ,,,,,asurom.nl' "" uld nut "e"" , •.,h. , tha-Il OsOO
hoo" .



lhc ,,,c.,,, .. ,,,,,,,1 .r. lL,., •. nl"""cd b~ '1"'<,"I1~

I"""cd COlli""" 1'''''1''' fmm 0 f"m",,"~ or tho 5rh
Enllinec, Il"nali"" . ..c,. <1.. ,d",~ LOlo fi.. ll'''''1'''
I h Mc u

h., ""11.- UI (;,oul'\ I throu gh -t, • B.lK " I-t ~

I , n , I H mm l mlUo phon . .... p"'N on • 'ripod 'p
p,nXlmal. I)" In fi ll,. mlllk... III< grnund . nd
<,......d wl1h • pul)"r<l hlll. t..m w",d""...". A
8.&1' AOOO~~ n·f' (10 ml <.bI. """n<el.d ill.

Wid. -b...d fr.q ""~ '"1"''''' 'nt< w m.... 0"
, II eqa,pmon , bef" ,be nold mouo,.m " ( by ,II<
mon.. f.clu ) Ind In.. ,t....10,", 1<> <TII\ (h)
CEII.L p<", ""II.

miClOphuII< Iu • H&I' 2~0'l >OIlnd k.,1 ",.t.,whi<h,
<ouplod '0 • "'o~ra DJ lOpe ,e<md.. , 1<'0 <1 • • • pit·
.mplif,.!. Th. ""'nd ., ..1 'II<'.' ...... , uo 111 lin..,
..eighl. d p<ak "'>IJ ,,'poo" f,,, . ;.uol 1",lyol' Th.
l>p< ,. ",,,d. .. w". ><I)"" . d '" 'h>! ti 1lfl11. 7 dO.hu••
full "'... (1'1". 10 dUI on ,h. wKlnd .... I n,,'.' would
,••d 0 dU o n ,h. ,«",d. , VI)·.... I.. , Il.<",d,np .. ...
m. de ., I.~ in./... 13.8 "",I~ I .. hi" .oh..'!"e",
.....) .., ... ,. onillk I ll S 10./..<(.lIl,1 <onI_).

Once ~h••q"'I"lI<nl " . , ..1 "I' ."d ,.l l h,.\. ~, t~ •

r" I1" ..i"~ "G''' "C. w"' "I<d to , o<o,d tI,.hi." "",.. '

Th. ( lRL l<ehnic.1 ...p<........ II _h ...,,""

perfo"ned norm " PO""""''''''' ulih.~h"" of ,be
"""'d ....1 ""'1<11 II lbe b<f:oI,nin.lIld d 01 eadl
d. y and I"'" or thlft IOId.lI"":oI II..... ttl ' 'ht
dIy. Th. cllobl~"OIl '"l" .... .... 01", ,«ordod b)- tho
Nagrl II "" IU<II* ,- Th" II.MS <...b,~I "'" WpIIl .
whio:h <IUt«!. 1'1 ... "-<18 d.n""'lion 0f1 ,10< ......ftIl ....1
molet , ...gUI....d . boo l min'" l "" (frt I. "" ' OCOlde,
\lU-rn. l<, ",'h tho golD on tho .......nd ..... "'.,.,
I........... b) IOd8 ,

AI 110< 2·m, ( J k I tlJ<oup ~ I, Nt.: ~;XW

.......d mel<tI -.l .. """)WlCI_ w,th

~~'" SJ _«ad of lho 11&); 21O'l """'"
In-.{ ,.. ....t N IlJ _onie, """,bull'_. S".".
¥ I~ blt..l) IO""""" <'- lO llI<
k>U'''''. lhe N.,a SJ -.lei wiI~ i l. upper fleqllO'1'>f)'
Iinu' 01 J.5 kHi. .... _ .......'" th.. the 01 _ .
"'" ..ah '"~ ~.o kllt, I"n" . BeQ_ the N t.: ~:!04

............... mo'" coooId not bo _ ,,,..., du.... ,.,..
cord.,•. lho equipmml oper.l .... """,nored ' ho \11,).

"'eln 01 <ho N"". SJ """'doer . """d> .... eqwppod
WIth. q....-pook-r.......... po.." "".

"" tb ,h ,. p,occd" ro. ' he .11... 11.. 1_ lreq ",) 01
111< Up< R'<1lId< ~ II£. which ,...,Wd alIu ."d
nOl.. 10 ;,,,.,1 w,th lho bl_ w..,..J . To 01" ' .
th. p-r""lom, tho 10-11, <" ,o tT "" III< "'Wld 1e..1
"",I. , IO n "... .0) .mpl,»'ed S,na the m"""pl" ...
and IU(Jltk, collId ope '0 2 II£. ""d the In-

,. nutI . Ie<I'ONClI of ,h. """'d 1mo'., ...... <. pohle
of tk .....'ml OJ II.... tho ..mplf po6e II 10 lit defined
doe 1ow-f...q.....C}' eII.-xI."'I..... of the mo..o........1

.".=

S. 10••11d II ... II. 16. ud 2. t .. ,
S.IO. • 1Id I S .. fl. 16 . ud :. tm,
S. IO.ud II .. ll. 16 . >ad 1<1 UI
S. 10 . ..-1 I S .. (I. 16 . .-1 1<1 U,
lOll'H.,

--""'..."".11I,
.~

"
The 11,..1 III ...h sr p _'. coo,dUl d b) I
n Nt. , ".,,11 .u"" wh pHtOod,,'III) ", ,10«11
, II< eq u'p 1 II .klo " "'II u.. of lh<>t ' '''''l''
......d " 0 _ f , ·.."". dn.. ....tudot fo.

"' ''''''''. ,""_ ' ""'.1 d VIII ...t.... f<lf
,''''''........,.....~

. ,•• ..,.... ', ( . M ~ 1'0"'1 1""",ponol ' ll< ,...1"
fr"'" ,_ m_ ,~ ,•• UI , ab.._ fr.- .. lid

m... ,~•• I_III ..,,, "" ,. l ho _ ..,od pook
l".b ....... 'h • ..m< lot .... '" •••" _u .. u... ..-lr>l
«,<>"nl In ,;,. ...op <If IU II, ,,, I U b Of l.l k it< ..,," u...
"' !W' ~I M«.",. , ,'110 """"I """'''''''d "" ...,'" .bow I
k ll 1l . Tho ..."",....j ~"' lo.' lo"' '('' ~''''''', ph.... i.f..... ·
.... bolo '" In II•. bII' ,n d-o..... no'';". ,fico. , '" p,..die,·
I." ,,,m. lI"' '' ' no_ 1..1"'"

T1'l< "-'= eqCllpnw,,1 11 thno .r.n"". "",I oded II)
• B.U; -tl" ~ ..,...,.. .(~ II II&K ~;»J "" ~ X'4'"

,... -...I In.l~' I Nil" DJ",, !il r.1"''' '
<""don, ( " ' " "'lpl Ql·.JA I........... I", <_.....
-"'" ...... _In AI' Ipu' '" I. pe rooor'" ..pul.
IS' • """-'C ....""" I........' .."'1<)' dor. ; i~1 1
..",d 'Cl"e<1O. lnpod . IftIl H _r, (10 m ' nlicroph.... n -
,...- ..bit . (1) bin roo lop< '<coodon and I
_ .. <ohio lUI ~ d " ck bI".lY. (Il l dipI>o»J....

P""'. IIld dor. 1ottI; ("1 .... bo" .....; I 101 1 PRe·n .
\l1I( ·-<l t>. ... .(7 VIU' ..<bo>. 1M (11 J .....por' mon1<d
co... rUl hold .. . and " ""n. tho r..1d " "lion eqUIp
mml. f " u,. ~ " I blod. d'-IlPl m of • ,)pi<.11 eq u,p
mon'o<l"p ,·

,,,
•,

.

"
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,.

I . When Ih. fuse fo, th. 5·lb (2 kgl (: 4 charge w..
lit, the Communication Oflicer inlmn,.d th••quip·
m.nt opetatu," by radiu, "T.,t numbe, 57 (hypometi.
cal numberl coming"

2. App''''im..dy 45 sec alt" th. I'''t ,adio oall,
the equipment operator! wert lold "1'< .. number 57,
turn un ,ecu,de", te" numb. r 57 "

.1, Th. ope,a l"" turn.d oil lheir reco,de", .. id
"T.,t number 51" Ln W lhe voi"" n',,"'pilone', and 1. 1',
Ihe rec", do" running.

4, \\Ihen lhe bi,,, occurr.d, lhe c' HI l1n""d "mar k"
was gi,.n ov.. 'he radIO; the equipmenl operato" re
'ponded by 'ay iJl~ "m..k" inlo the ",ic. micwphu ne
,"d lum ing ii' gain contro i fully duwn.

5. The ,eoorde" we,. operated ,omewhlt longe,
,h." lhe lravel lim, of ""WlJ f,um the bla,l , ile '0
the ..curdin~ lue.llon. I)cpenJ ing on 'he di" .n o. from
lhe hla" , ite -~, 5, 10, or 15 m; (3,~, Ih. or 24 km)
' he O['<MO" turned off tile ,eco,de, Inc, 20, .15 , 65,
or 105 ..c. ,e'pectlvcly, Th. bla,l , n' p)ilud., WOfe
also recordod UII lhe pc"" hold po'iliun of lhe ' ound
levet n'e"".

h. The eq" ipment uperato" ll" n ..ad the ",",und
level m. ter and r.cu, d , ~ lh. r..dong, Ih. bl"", numbe"
and melel , Ilen u, lo, set l on~ In tlr. d. la log. B. cause
of th IS V'f)' ~mpl' pmc. du,e fhe only ""m",1moved
by lh••quip",.nl nper. t"" w.. the ""tel lO·dR at
" "u.tor 'witch on tlto ,uu nd lev.1 mrl . " virlu . t1y no
diffj<"hi.. we'e c.p.'iencod wilh opeWinn of the
'qUlpm.n1.

7. Th, pmcedure wa, "'po'led for . ach hi"", ,·

AI e~pected. not all mtion, were able to upe....
. il uf Ih. time. h ,ty murning fng, comlllunic.linn '"
n,ech. nko! b,••kduwn' . 11Jl ~ moi,t ure on O1k,o·
ph'>!,,, ""casinn.lly prevenled operation al "", lain
Inc,l"m,. Al,o, me.,ur.n"nu w.re n"t u,u.lly po,
formed in lhe ,.in.

"Th rCU,",UU' til, .",ire "'''''."m.nl P"'__' ''' , oommunt
'" 'c"' ~."" p,;mary lu.,;>tLc loquu,m,o,- 1'1.. ,'hann.... ~.",

.m ~h')·'d '0 c"" li,h ""nt><l "",~·"O ' h, <on ',,~ ~'e , nd 'h,
",... 1 ~1:,,' ~te (lc c,,,,,"" tho tl, hh01 of f."' I, ' h, bo..
sw;MlbcaJ~, , h. m,noeol ",Ii"o, iol GtOUp' t to S, In, t AA
~"'ne (to oo,"din"e Lb. ~"u". Hu" ~'i1h ,h, . ~,...f1 n~h1i,

."~ the do"'''' dOm'nOed ",lioo,.

Motoomlogicol Mo••uromonn
During th. te, ting b.tween 0500 iIJld 11 00 hours.

an FAA pl. n. m.~. repe.l.d lISC.nl, Ilvcr the entire
le,l 10 ~. ,heT we.lher dat., Wind ,peed iIJld di·
rech"n T. m. " uT. d .t l OOJ, 200J, and .!OOJ It
(204. 6 10, "rid 9 14 nil abo., gmu"d level (AGLl.
while Iw'pe"I U'., ...crt obl.iMd fur altitude, be·
Iw••n 0 OJ1d .1000 It 1914 Ill) AGL. We" he"'. nsing
pmhe, m,HJJl t.d nn th' hody of the plane r.d infor·
mation 10 ,eco,d." in, id. the ,·abin. A t. chnici, n
insid, til, plane ,1,0 n,.n"ally ,ecorded altit ud. OJ1d
' empo" lure. Wi nd ,peed and direction We" me,·
, ured only during !e'el Ilight, which w.,mointa ined
will, '''''j~,tionlll aid lTOm lhe ne",by .iirpo, t. Hourly
gmund ,nndit i"", weI. t, ken from lhe ""1'''"
mele"",h,g,lc," uIllI"

Ml e, thc required acuu,li c.1 llOd !net.llml o~iClI

d.la we,e c"neCl.d u'in ~ thi, melhoool"sy . they we"
pUI in • I""n.t applicable 10 th. anillytical pmc.d ur..
in Ch. pt" 3.

3 DATAANA LY$I$

Two .. t, of dJla we, . obl. in.d u'lng the procedu,.,
m Ch.ple, 2. The m.t.orolugieoJ dot. included win~

'peed. win~ di,ec'ion, . nd te"'I"""u ,e ",co rding to
altitude, while ' he hi." da," « ",oj.t.d of l. pe recor~_

Jn g> of d.t"natlon, a' variou> di't .n c... hrch ",t ",.
quj,cd sop",a" .naly,i, hefo.. the ,<I, "ould he corn.
hin. d to .".bti,lr, , lal;" k . l relotion>h ip.

A ...ly'i ' of Motoorologi. ot Doto
Tn anllly'e 'he melcorul<llllCaJ dala, 0 compuler

pmgram fi"t ..p" ated the wind .<!udly inll, "" ' th,
ea". ",uth, ..,d we,l cnmpon.nts , It tlr.n plntted
,,, und v, locity promc, or tl'.dient, a, • functiun of
altitud e, u~n g Eq 1"

11''1 I J

Vw • wind vclocily in mf.. c

T · '" temperotu," in -c.

'H. S. n",mpx,o. {omp""., S,.m~ ".y hrh, ho til<

p,.,.." 01 WiItd,R. I''''' s{"·RR ·~l-lJ (s..odi> "'bu,.'"riro,
t 9~ 7 i . 1' 7 .



flJure J poe ..ft" ,... IOU8d ... I<>i;rly proflk data
produud by Ihr compu~r f.om iflf""".,_ ol>luI<d
by Ihe FAA ....... . . Bre.okpoin u and dopa _re ch_n
from Ihis Ill" d.,. '0 ""'••• th._nd ..Io<i' y I" 0rlk
In I',gure 4 ,

hoh p",llI. <"nta,ned ;0' I.., t th, e. >loop.. r.p r.
..n lln t . i,h.t pooi' i.. or '''1'''''. If.dl<nll. Thu..
' he prorlln e 1d be chara::'etited. _ ., .
_ pooill p""fi'<oe~lf••.•"' , A .po e pn>-
r <"""",'ed f... each W-I""" rOf eo.:"_all..,
NIl. Appendra A pruenh ,be profil. do, •.

.......,.... 0' BIn, 0...
The bl•., dlt• •n alY ~ 1 •.,nm'ed or d.tennlllil'lg

the ...ak n lue ."d frequency ....ett . of .,,'h bl." and
r. q"i,. d ' . du.....'''' of 'h . ""<>,,,tic. l ' iill,"I"'" " Il tI,.
m ' ic .ape. By ..blin~ ' h.. oivw' utn to> 1M a,·
, 'Ot ..11m. of ,he ><KInd 1e..1 """.' ..... .... ,e-
....ded calibn,I<I" oipaI nd prnI,,", 1,,,••1:1 _re
~ ror aU blan I nll , The prak .....1:1 ...,..
....~ red>ock.4 .."h \he -.I oboe"",,,,,,, mode ..
'M field. In4.., Jual rreq..."",y 'p«'" _re oblamed
rrom 0 ... .._ .......1 maly.. performed by 0 f edetal
S<:",ntifl. UA·14A 400 1Jll< "'nalyar .·

Figur. 5 UJ"ltr. t" the . naly'; , p,,,,,.d u,• . Th.
'«OIded bl..1 IipiaU "'er. ....y.d in." .... """lieIl '
mode of th. 400 hII. anaIyUl. T...., m""lOt .-:iIb
I<Opa _ ,..... tmploy.-d . one '0daplay ,he COlI'
,..." 01""" ",,0/) .. , _lIIOfY 10 in If,a, Ill. ",.
• r>fded bIaIt , , ... . . Ie O<lfrup..d
by n"" " Of oth diI'on<d. and th. """""" '0
dapl.y !hot ..a,,_-h..d ....d rum. Tloe ...aly.." ".
..If ...... di' ectly "" <If,"", I" • compol~ hi, h
' u,""" d ,h. ,pew,1 lin.. ,,, f",m oo.-th i, d "" t ,
A I"n~ with n,,,,,,;l)jl;" ~ and gail'l ...ur.... tltlj inform.·
lion, ,h d.to th.n ,.",.01 on m"lfl" ' i. <1""" fo,
•ubwq nt ..a1yoil hICh ind"ded cal.ul••,,,,, of

f..q"""'Y'_ ""'d. and """"... for Ill..
.....cd data.

To , he . aIidi'y or ob'_g one--.Iu,d "'-u....
f",m a n -I>...d anaIyoil, the spect.a w.... com-

PJlfN to 'wo oePJlfale ..11 of "".·Ihi,d ",tn' 1p«lta

· CO"'""'F...... y• .,.,.j,liol • "'''Om' rrq""" '110, Iht
..... to< p1r, ed _l<dIjo ' , of IIIl.r~ ~ """or ,- an 1_ .,. _ _..,j _ .. 'k -.I lo
.-I __ "'.....__ "'" u..·u~ .... "-
"'Nt ...· .., _ _ ..,j_..",-_ _.." ....------ ...

"

obl.-.d f""" ......,.,tw. oull.ed .. FIJIIU 6
The m:oIded b played ,Iltough I UK 750~

l1an.....' , ,de, inlo I owrd 1e...1 melt I "",.
,turd oct m,... An ~""pube .p«., um~ ob·
, . rned by "I.yinl the \!O n...n' " !!fl.1thlOollh . acb fil·I., one. anJ ",. drug the ..,,, It, in tho im""I.. bold
I""; 'i on "r the "'o"d 1...1 m<t., . >\ ",t...dy·lllt.
'p«" um" .... ob...n. d by .."..,t.dly p1ay,n, the
,..,aI ough each filtet ' 0 "".bli'" I ",..,dy_1t
CtlfIdJ.tion " ...... ,.,.d.", mlIll1 0""« <10..-

...., ••~ 01!he """'" '"""' ,

('om~_ of , OIIt·,h"d """ .. f.om
. he 40(1 Ii,.. anoly rrh the 1m"" opoctrl ",d
,h. , '.ad y..",. 'p«'ra Ol. ,j"...-n in Figur•• 7 . nd 8.
r'Mp<'clioely. AIlhuugh lh. frgu" , indicol. ".".po!r.e t
...... rnt"ll t, " ... ·' hird ", t.vel ",,>dueed by Ih. 400 hn.
"laIy,., {"" .h i " "'.... nil., >l<irll) "" deeper dIp"
IIwn ,h.- p d......t by Ibe oll<-thud iii",.
. .. "h "'all rut~ MU'"I. .....pe......

' ,hile 1b" CO\Il~ ",nr.,d ",\a'M "Pf'Clnrrn
........., if d,d "'" do'.rmine obaoIo'......1., This cal·
culltion "'Iui'ed ".. oi 'he w.....ded calih. a""" 'one.
wbicb could n,,' be,,~ d''''Clly will; lh. 4<~ line ."•.
lyze' beeall'" <If • d""",paney "" [wee" "" " linuo'"
. 11I,n l. which cumpletely fLll i" ,,"mOly .rid ".n<itn'
bwt sip;l)...hleh <mIy f ill " , .... mory ,,, 70 '01IO
percen' '",,", "y . ConwqlJOnlly . ano..... . pp h ..u
.-ed for "ach bla>t . SInce ,......,n ..'OW,'" u..
... ....nlUl!y """''' ifI!he """""'Y U.. 4 0'_1
or !he 400 line 01)- , \he 1naIy'" wne period in •
"oded all or th 'f ' .",aI.C~n.ly . lll.

.peclla! uu'pu' , I'ounc. ....y... of th.
' a"e-."y in~ _t!"a1,

I, " . b. de ,hom.m " f I'o"ne, theury th. 1 [h. in·
' ev al or the "j"...4 spectrum 0"<1 fr.que ncy i , .qual
,o'he in,....... r>' lhe "loued 'Jme..:uyingonlirW",.
naf / III lhio taW. p", ..ure. p) ""'" all ........ T Thus., by
""..""...., "'" nf... rOJ lire "'ltpal or ,he ' _ nry.
., ..... .....,e4 Jp1l. ) 4. ,Ire .booIu.. ..I.. ofthe<e
'pec'" COlIN be ob'amed ....... ,he foil"";'" ,.....,,"".
"up f, urn I uu"'r anaJy-...

lf q 21
..h... Po .0002 microb..

, • I • •

1..; • IIl .......... IeYeI/dBlfClflhe'·l>..n4
• deltrmlned by- lW'o"'......d anaIya,-
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Two method ' w" e used 10 c"k ul. te lhi. pressure·
.q uared i" l"~tal. In 0 0. melhod . the recorded blm
' ;jlfI . ture, and calihr.!iu" l""e. f"r .pp""im atel~ 20
perconl uf tho d. ,. wore digi1il~d u.ing I 4-kHl sam.
pling .. Ie un • B&K 1502 IrO nsio"1 digital O••nt reo
cordor. Tho re. ult i"g infomlOhon ",as ' quared "" d
. u"' nltd un a Wang 600 «'mpuling cak ulawr lu g<l .

true . b,,,lul. valuo. I" the ..cond meth'>d, ~10 sam.
lape. wer. played inlu two ",und levol mele"
' imul""eu u,"y. Ono meter w•• ,<I rm impul", h" lol.
whlle tho ..c"nd w., ,et ull roak huh!. Figure 9 cOm

pare' 'h e'" hnp"l.. and p••k " Jue' 'u Ihe pre,"u,.·
' 4ua"'d ;n ,"~ra], fmm the dJ ~l ta l evolll recurd.r and
ili"w, Ih. defillil. Telali"n"'; p that wa., " tabli>!'ed .•

Irllpul ", lov<! - !p2llJ dt • fu"<lh,n "f pe. k
. mplitude.

•~u,.. wm ",m"l, J " 1.5 .. .r.., iU <ml, .." in ,~, lld J
,"J ' "'l,"d" Ij "'.1= 0 '.1 "011,«). [I'ing 'h, i"' ew"
h"k1 "'!"'""'. tOo 35_01'" tim e ,'on"."t uf tho ~," ,~ 1",,1
m,'" ' 1']><"" " llO m", c hecou.. of tho "nM~ i",= ",;,
' h, ."",J of ' Iw "1<", 1. Iho <t,ulti"" k"d , p",",;m.t'" tho
i"",",, 1 of tho "1"""0 tim<-'", ~in" ' i"",,1 di"Jo,1 by tho
"""" ,"t .Oll

Thu' . ;, thw " . fu" t,,","," , who'" oJur" ;''" i ' J.«' '"',eo ,,'
k ... the ,.. ~"'''' ", "n~ 1e,,1 ,""" ".d i"" '~" wd he 4 .5 d ~
, bm' t ho ""0 1111<!T.l 'iun ..I", fot inle. " '; ,," ., p"fo,m<~

~·"h , ,<lm"« "01' of 1 .. c.

IMf" ," « _ 1'1 101lQ I .UIO.JI • 4.1 JU.

In ",(jt~. ~o",,,·r . tho ""',, d,,",et<n'''c, diJ nu' "ric!·
I ~' fuU"w 'h', rh. o" . ~ ""Iy", .. iU, " '"' ,,"to" ~ of ", ~'jn,

dn"';"n, iodi,",..j 'hot th. "'""d 1<",1 ro" , ,, ",odu« 'hi'
• .l-<IU ~ itl",",·, fm "'",",nt. with d."'i"n, "f 170 m"" '"
10" . A' tit. ~u,. t ,on iocre,,,,d. the tim . ,,, ,,,,", ' 00 iOC'To'''' d
~ , ' ha' fo" H i' moe, ~"I... 11>< 'o"'l>n' '''' ~OO ro"c , "d
th, M f<r< , ,,, ""tween ,no "" POW" = di, . , nd tl", in«..-,.
Ii ,," " .. 0.5d ~ ,

DiU,oeo ,'< • H) ,, )~ '" I,OIO,~ • ".~ dU.

Tho'" " ,. 1" ..pl,in tho ,h.p. of the '0"'" in I'ir;lu' ~

For tho hillh" ..nput.do .-ko ",, "Tt..g at tho ck,..·in ,t,_
tiU" ', to, Ju" ti"n of 'h, ""o""i< oigolll w., 10" 'h," 170
01 " ' , Th'" ,It< ditT, ,,",, he,w« " the impul", " I... '"d
!p'(t) dt w" 4.1 dH, T'M k"..,,, , m pii'Ud<1""". oc<-u rr ;n~"
tho Ji' '' nt ''' tiU"~ " J d.,, ';,,", "p '0 ' nd ..«.dm. llO
....c. Ihu, tn, ditT,,,,",,, . pp m"lt<d " d~ '"d 0"" he" m<
".... ti.. (m .,-,,, ,,, ~"""O"'.

Fro'" Figure 9 'l1l d tho u"pu],lv, ..,d peak a", pli
luM readings.• g<><><l appro. l",alion of 111 0 pre",u,o·
"J "ared integral was obla;"ed for tho remaining 80 pt,.
cent of ,h. bl..l d,t, WWIOUI u,jng lh. lengthy pro.
c," " f digit;,lng. Th... nUlnbe" w' re lh.n used ..
tho ab,o lute v,lu", fo' tho "ne·lhiTd ' roella obla;n. d
with lh, 400 line . nalyze"

By using lloi' P,","uT.·.quilIed ;"logr:>l. tho bl'"
d" la wore also put illlO • fonn.l which could he "..d
10 c:>lculalO lho SFL, ""hid, h., be. n shown 10 bo un
locurat< prod;dor "f ,"",munity r..pun",,"

[Eq 3J

wh,re L. ( l) . the instantaneou, Wd~l tod 50und pte"u,"
le••1;n fefetence 10 .0002 ", i,rub.r .

Dlffe,ent f,eq ue",y woigbhng, of th' li n ,,;gnaJ
yidded vari"u, weigl,t.d ~LL val"e, . "' hicb art: di, .
cu,,,,,d in Ch'plc< 7,·

4 STATISTICS OF BLAST PROPAGATION

This chaplcT.'I.hli,loe, tho " ati"ic' of bi. , t p"'pa
g>llJ "n ill ' h••tmo'phtto for lhe aco"'!ic "'o",ur •.
",on" "hl ' i"<d in Ch.ptet J, 'lb e pmh.h,lity uf oh.
rai"lng given . ",plilud.. a' v.ri,,", d;,l.nco, i' lh. key
,ta ' ;' l i" Such pmbab;ht;", a" .1,,, requirod for nui«
in'l'.ct predichon. Bee. u"" tllo.. 'ratiofie, OT. cle rived
;"dept ndontly of . ny met. ",ololli' al Of terrain eon
,i delation'. they fo rm "" ompir;o"1 h"'i ' for pr.d ic.
tlon witho ut o.pJ.;nlng why the ..riou, levell were
rtcurd"d

Ilef",. bep.ionin8 tho analysi', lh. hl.,t dat. w. "
dj"id,d ;"to nv. c.t,!:U noo: (1) g"oo d ean hl.,t "g'
"atu re, . (2 ) d. lo wilh ' light "oj.. p,o..nt. {3 ) dalo con.
t.i" in8 ' Ign if""nt noise hut for which thor. i' "" u, .

' /"'''''''''i<m u" L..rl, of h "Uonm,nrol ,\',,;,., R'quuilt
'Q Pm'w A.Mc 1I",I'h on" W,I/a"" wi'" on Ad"l""" Mo'Xlh
"f '~'f"Y , l PA 150/9-74-004 ,I ' ''" '' ,"nl ' "tlll P,U'''';Q"
A, .m·y , M' '''h 191 '1. P A./i.

. ~y pi,,,", , ~....." .J 'h","~o , ",""J 1,,<1" <lot .. , u"
C-~·.;ghl<d II".... , C_w<;p".d SH w~'o~.. ,".d ' nJ c<>m ~u"d

wi' h tho \lI, n. c.l",4tOT. fho , Iu w m" " ch",,,,.ri ,tl<., . p_
p"" im". , n i""':"'OT wi 'h , I·.." "fmn,,",

•
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T. 1>lo 2

5 COMPA RISON OF BLAST PROPAGATION
STATIST ICS WITH THEORETICAL
AMPLITUDE/DISTANCE PREDICTION
CURVES

0100 I" 2 rl ,2, 9 J ,U"~ ros.r d ~ l1U~B m.s "~
rl700 "'>1m 2H % !9.5 % J9.0 % s.t ~

5 tB.Ol 14.RJ~ 89 .3 d ~ WI.O~ B nn.oea
1M 1\ 24,8 % 49.2 % 1.6%

IU ne.u Jl.~ ~ ~ ~3 ,S JH 95.1 J~ W5.~ ~~

47 .9 'l 25,0 II 10.0 '01> 1.t ~,

15{24,lJ JI.~~B ~IJ ,5 ,,~ 92.1 ~~ !OSJ ~B

41.2 1- Jl.7 'l ' 6,1 '" 4.4:',

010U to 2 L1.2 , 91 .7"~ 101,9 oB 114 .l"~ uao ~~

l l oo ~o"" J1.1 '10 l U % 20.~ 1< l.J~

I r ~ "" 71.9 " . 90.0 "H I02.U~B 11l.2 dB
3J.5 ... J9.6 % 10.61- 2,l %

10 rte.n 71 I dB ~ J .I d~ 95-0 ~ ~ tUl.J ~H

!5.9 % 31-6 % J 1.8 % 9,7 %

II <14.11 6~. 1 dH 79.9 d~ ~ 1.6 ~ ~ 1"2.3 ".
34.8 % 31. 1 'k 30.0 ... J. I%

"C.t,"","" ) <h",",h 4 w,,, ""'d to ""'<,,"rn . [."."'".
"'~e. ; "''''lone' , t hro"~h 3 '"'' u"" to <I<,.,.,il,.
""m.~ " .......

••••,,

S"liou,~ of SI.., PWPIjpIUOO for Ih,
HoM Amrotitud< Di. trilmuon, ·

Tim.

The I"", arn pl" ude hlast dar. 10 "Ie~",y 4 w",e
thcn addod t" the app,opriate di.ld but i"n ' '" II.. , t lr.,
percenlage " f blasts lying In each ,allge co uld he dCler
Illi"ed for "<t01r d;,lribution , Th ose cak ulario n. are
, u rn lll. ri, ed In Tabl" 2 'nd d,tail,d in Append i, U
While T.hle 2 ", Ja". percont.go uf ' lIlplitudc< lu
<l i.la" "" , it doc' nol . , plom th o hij(b '" 1"",' le,.I•.
Fkf,"e . n expl. nati" o e"ul ~ be <le""l oped , the " "
'isti<- ' h,d '0 b" relal ed to weath er . nd 1.",ln , as de
tailed in Chaplc ' 5 .

II. Figure, 10 ,ltd 11 , ho w, eac h IndlVl<lu,t dl.l ri·
butiOIl could he ,uhd iVl,led into four ,, "~e, u~n g ,hre"
natu"l hreah After minor variatio'" ilL tI,O'" in itia l

brca'poln" (I Lo 2 dB) wore madc tn croate "'"'' uni·
fo rm <listrib ulh '" ourve,. t l.. onorgy .vo"g<> "f ,110
11I.."",d hla't . within . ach ,,"g" were "aleu !. l"d .
Th,' so level. ""ere plu"e<l '" a func tion of dill."e, In
produce 'h e arnplirudo di,ta"eo cu rve' in Figure 12.

, UfOtO m""' UfO "f tho peak val"e , (4) d.'a for which
th. p"ak valu. co uld only he e,t im.ted, and ( 5) dat a
mi,..d beca use of eq u' pmen' failu,e , 0' "alib,., lon
du ring , n event, F", " , li. h".1 ,naly~. of pe. k . alue"
th e fi,,1 fou, Iyp'" "f ,M , won' b"th u,able and ' e
qUlfed, Boeaus< the t"w", amplit ude c,onl' ..e Icss
IIkcly I" he rcc" rded woll ill rhe pres.....e. of Willd
and inlernal e'l uipmen' noi.. , exdudm~ ",og",y 4
w"ul<l ' y'tm ' atl, aJly bias lhc 'tal i't i" 1"'0,,<1 th,
h l~\her 1"01,,

l J,, "g Iho fin' thr oe "", og" lie' uf hl""t dar a, a,,'pl,.
tLlde d i"rlbu,ion ' we," crc...d based "n th e t()ur <Ii, ·
t'flee' ( 2, 5 , to , 'nd 15 m, p .X, l b. and 24 km j l . n<l
Iwo II",e period. (0500 to 0700 h"urs ,lid 0700 to
1100 h" ursl · IIpp"n dl, B lim the re,u1tlng ' i!\l' l
, mphlude distri butlun>.

"N"r" i"'I"-"' '' "i>nr ('lerr""~ ,, 21'.,tu 0700 Oout, b~
me ]-: " 'iroo"" , " 1 P,,,,,,-rh'O A"n,,) ..... r<rr...""'~ o ~ the
')5UO to 010" h" •.,. m"",""mn,•. r he ,m",.'t d"" n~ th, <l'y
,0100 ", noo h"n"" ,.., """,,,nt,d by rh, 0700 ,,, I t OO

h,,"" m.. ,"",m""". Th< 0700 t" MOO h,, "" tim' "",i,,~ ~...
,,,"~J<,",,J ", "" , " .nOr. m I",m ""' ht ", ""'~ , who" rho
nw;hthm< l<rnp<T,tu,"" Im",l"n wnui<l "o, m.lI, n" . nJ
di",p"<. Ihc 0900 to t l00 b"u" I""iod "",,,<nt,d rh, ,"".,
ot 'h. <1>" "m oo tho oo,m.1linn!" the ~."' ..... from OJ<)()
,,, 1100 h"ut l, ..,h mu,"",",,,,t tak<••,,"""'. lI900 10 ) 100
hm'" w.. .....l tn"" tim.. 'u """r<m. '. r", 'h, I..·t , ",-t <h i,
p<ri,," w...1>0 "~"'<""ti.. of tM l Wflte I l rlO h"a" .n ~

t lOO ' 0 1100 hoe ,," tim. ""ric,,11

I" thb cI,,!,"r, II,c bl"t prora~.liun 't,hst ie, de·
vol"red i" n" l' te, 4 ' ped fk ally, Ihe amp litu de ,e"u,
dl.l .nce plo l -"c cum p",od to lh ., Ihcomhe.1 pred lc
t,o n <""'0' i" CFRL Tochni cal Rep"'t E-P ,' Booau'"
tbe'" eu",c' w<le ~.s<d <lfl m'teor"logk al c" ndn lo n,.

tbis e""'p"l"''' can indl"te • W"al ~er dependen"" ,

'I'. 1l. S,horn" , PT'dl"'i", Cu mmun U,> R""o"",~ /lit'"
,~n;,'. T" h. io.l Il,port U JiAIlJ7sen ({'I.RL, )9Jl) pp lJ ,
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The cu...a .. CFl< l r td ...",. Ileporl ~ -17 .
1».0<11 un th""f)' lor ......... P'<>P~""" III the II ......
Ipho,•. Thl> !hOOf)' is dl><u...... .. many .. rCl."' •
..Iu<h "'_ ,h" 'PHd "r _ nd ia. IUrkl,,," of bolh
,..,d Ind t<mpcntu and • 'M" c.."dm"". ch.....
..." h all" ...... m und _ oa ..r•.,;1C<I Of (....-d.

f lP'U Illhrourl' 16 ......11< Jow _pit~ of
rhlo ...............: II I • _,,,,,, """"" """"" y p . '
...... I ~. I f'<*1.... IO>II1loOl .d,,<i' ~ p1Id_l, PI.
pooIi, .... IOUnd wlo<ily p ........ orIud> """- ....
....,... ohuply J'O'l" yt W'lo.:ity p.""" .and I~ I • "'P'

,.... pJ<n' follo l'l'Od by I """" ... pllditnl .1 I
h'llh" ,,)h'u• .

" . ~ ....... j . _ , H. l.o ifI. -.I "" H. T.-.._. ~'-
""',. "... ko<1o. of " ~ 10 .11"' .......... ('mob
_. No "" lo_ A''''''''''''''''. "_ , No•• I II I (llaIlJ,tiN
M..-Kh I I ""..' '''.. .. I_I, J. Wi, 1I«d,"""",Hr _ If
("'It~ .~ ..-hIo.. f'rN"";"" r......._ ... R<puo t SCoW

~,-J)l r' oM;" lobo",,, ",,,, I 'l69l: . 00I !k h_

In C... I. the _nd. "frlel.d ........d . producing

nOl'" loYcii un ,t.. pound 10..... !h on "'.".. prod""'"
....., " '....... ..,Io><ity Of IeOO p illd;.". <;Ond"iI>n..
I'or C ~. lO..,d ..yo _ ,d''''tN do<o1l . _ lII•

oound " un !tic FOwId II~t pUle'
"'"" thai , UllIl_ Mb;,t} p alirD. «»<Ill .....
"""" h 'o"'b olthnc p al........ me ""'.... rays
eM a_I O"a' dlffeml1 ",01'" """ ...oll ..rive . t .. at..
"""01"", """" ."'W~ '0 J>fod..,. • Ionn. In
<'_ J • ..,....t< ,..,.,... of -...l " Y' ... , ...,r<! l»
. ...., -"'" pod.... t' ,h podirDl st ,,,,,,,,,
tllon 'M low... " ",.<OL ,""". l le4 r. is , ....«I.t
the poOn" whr •• bolh .......ps 1 the IUrf..,.. In
C_ 4 . ooltltd .. ..I, .. tr<! up rd in lhot Iowt'l' _ _
I;"" god.... t and <10..0....4 10 'h . ....pe, f'O'iu", po.

d..o,- tn. ,.",It is .u 10<" . " of ooi... le. ... . ' the
>harv [<xu, III th...,,,'" Lohotlod I 1114. rod"""•.., of
00... I.,.. .. io lh• • Iont '<><1<' Il,,, ....., o f 1114 thot bl...
"I• .
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DI$TANCE_

~ i~ul' 16 . Nogalive.po,;, ;,. , ,,uo,1veh>C1 ly ~,"d le n t IIIwe" jo") on<l "o ,,",p"nd itL~ roy p'lh , I' l rung f,>cu' i ' l""OI . d
.1 Fl.

lI, i n~ lhl> inform'l ion, rE RL T« hni<;. 1 k'ptJr1
F 17 ere, ted a "" uf prcd ic]i"" curves to "" inu ," t l"

re" hi"" ao,ph' "d. UII the h••" "f <Ii""",• •u"
mole",,, I,,!",,l <<l ndlt1 n"" H~"" 17 , I,uw' 'ho"" pr<o
did "'" cUIVe,_· Tho CU"'. labeled "b."," i. Ih. IBM
M·w ,," fur ide. ] alm'''phc ric 'or '"10 !/f.di.,,! ","di
lL,,"' ", ,,,,p Lied in S,,,di, L' bo" t",;", I{opm' S LM-{i<J
331. ' Bl"l amplltud•• f."mled "u n"g pOli Ii,e ~"di ·

. "" ,huuld be • liu l, hil',llrr than til l> <""e, while
bl"l; ,ow rd"d in n.~'t". g",hcnl' . ' l im'led by Ihe
'I<~ati'" g",!icnt curve, ,h ould 1>< Inwe, . Th' prob .b le
f","' ' nd ",a,i ,nu", ,,,, rpr,,,,,,. """'C, .,(Lm.le 'he
pmh'hl< .n,1 ",,,,,i"lUrn PC" " nplilude> . re'p"e1lvcly.
undor f<:>c u.' ","d,tiom ,

The 'hta 1'10 '" " I\~e 4 ~llo"ll;' pl"lIed ahove Ih<
proh.hlo f<>cWl curve due (0 Ihe cu"", ,,,.. i'e " "ginal
<" ' lIl. t.. III CLRL 1" ·h,,,,,1 Rep" " F-1 7. Hoe "ngo
.1 dala druppe d a few de,'bel' beneath Iho ba"" ()l 18\1
,·urve: Ihi' dNp prub.h ly ,,,ulted I'm", (he ","tivory
1m', bla" amplilude, empluyed in the le't in co" tra.1
10 the I. 'fe >I" plitud.. obt,in"d in previou, to<t< . , uch
as Ih" ,", ""ult i n~ hum nuclear de,"c",. Dat, hom
'ango " agreod ' ILl ite do",ly wilh 'he 00ll"tiv< eu",e ,
while r.njle I . which r, ll bel"", all Ihe predictioll
curv", wa, put inT" , n "",ce" ll<f. ti... ·· do' il'I"(i"n.
Tili' d o'" 'groement he(ween ploa implie> . rel'linn
'h ip hotw,,,," ,II< " lI<r~y '",plltude, in ,at,I''' 2 Ihw ugh
4 . "d ' )'Celtk we..her cunditi" n, (T. ble .1).

h b lo J

Tho d, l. in ,ange 4 I"dic't, Ih. 1 " ""w f"cu' ""rve
,,.,, be plotted . nd Ll",d to p",d ict .mpli'ude, ulld..
focu, cUllditiu" ,. Similarly. new h,'" . nd n'&'hv,
cur> e, ,., ,, pu" ibly he ['1"II'd fmn ' (he ddl. in range'
.1 on,1 2, ,o' re cti, ely. • fl d used tu pl, dict 'mphtude,
unde' Iho", 'redn" w" tl,.. collditiun, . n e data in
'."~ 1 crealod the uniquo ",cc", r"' ~, t ive , u"'e which
fell below , II tho ,'urvo, ;n CERL Technical Rep" rt
10-17 ,

K<I. uonollip lIe'w",n UteI!D' "",ptt l"~.. . n~
... " hel ton~iOO".

To cumpar. tho bl..( Pfup"~. t i (", 't .l i,ti c. and
th, '" <U' '''' . th, ' mpliluJe d''',n,. 1'1"" f,,,m Ch,p.
I.. 4 wero directly It''''p<,,,,,d "o t" Figure 17(Figu,e<
I S."d I <;I ),

'I n. ,." , .. on I'"u" 11 woo. J< n"d r", I·'" "'-5 ~, I

c'h", ,, <>p l"d,d ;"" .b<"" ""ound k , I .n,,~y ~'" d"" to
, ~"",p tlun ~... .."i~.o , lou ' M,"nd " ' <I1" ... ~. M f'"n
L"," ,,~ "''''>d, 'h' ,h"." W<'i.t<h,~ 5 I ~ ( 2.J ",, ' "d ..., ..
«rl~o.a" ", "uno lovel w"h o"th , b"''P' "m , nd ,"I"'i~n

<"'<"nLn~, Ill""!")"' , ,", futto...·;n. I" " ,.~n-r,!l,'" I""~"

'0"'" ' ~rli<~ t" 'ho r"~"'tiun eLJ"". I ~ dB " .. ,~ O," 10 ad·
i," 1m ,b . .. t;. wci,bl ,n" I,,' Oil ..... ' LJ~ !t,,' t,~ ,,, , <lj""

for the ~ itr"e",·, 1>0,...." .b<',,-grH" "~ ' nd gr,,"nd·le.el
b~,t, . Ihe 5 ,5 o~ ,u"".ct ;,," ;, ~.",d un the bet th..1 ,h.
blo't ' ire '0 '" "'ft , ~ IY , ~"I.e.-i,od ",,"n~ ~'hich " .. "1""I<d
to ,~~ ,,~ • •"., . m"un' "f en" ",. Th<tw" 'O"''''''n 1"'10'"
.1",,,,, ","""II,~ <" 'h o'h,.,. " , ,-

'J. " ~...d, M o"" ;, h'. " ~ffe'" r.ui..d . .4"hI;", h,·
<1;'-,;"" 1""n;q,,,,.~<"<H' S(',MM ·]31 IS,"~" l ~h<"""ri,,.

1"lm.

•••,,
;

•

~'''''' N",,.,,
N" ",,,,,

I" ",
j-",u,

" e. th., Con<Jltlon

Sh,oo...."~ (,,,dO," ,
l,,~ .n~ "'""... (;,,~;,",

)'''''",
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h,"'~ . Fi8U." :!O «)"'po'''' the ""ual n..""".",
,,,odIllS oblaine;! "' _ '11 diola"'" '0 .he mW"' '''''
p,uNhly rOO'. ,....... . Si"''C 'hez d.l....... b...d on
1"",,,. oma~ly 1I.lXJO .."'pi.... lhey "II"'N gooo<l ~,;.

r......"'" " I ,h" cu""". which """ boo ..,..j '" p">le.;'
_" <I"""urol d,........d o,he, Ulle.... e,T", •• ,

6 TH E EF FECT OF TER RAIN
AND METEOROLOGICAL CONDITIONS
ON BLAST PROPAGATION

The anal)- III Owopl., 5 omplre4II"'"'Nr lei.."",·
.... p ..., bini .....,."udes ...d ......."ol.oI Cun·
dilions fo, ,he Fun uUIlIl,d Il.'ood doll. Thi> ch...~,

confi,m. ,.... ,d••,o..""p by a1y/JIIp: ,nd,.. d.w bl.u.
.. " h lhe J mpb,"'" ........... dis, ", 'u dc d I"

( 'ha p' . ' 4. The dT.." . of ' ..nu" 01 d,I<u .

Efl ... 0 ' "..•..,.01..,.,... Cond ,".,.,.
AI,h,"'¢, , n Id.al ;j"UY or mUlviuu. 1bl•• , p"'pa~·

tl'~ l "'<~,I<l ' .'1'"'' h owledge nf n>.. t~",~"g","1 ,""ndi·
ti<m' , I ,II p"i' b wilh in Ihc ' P",-'C "f ittICf••t .. Ih .
li lll o nf p"'pa~a i"". "bt.,n i n ~ , ,,,h . "",mc ,"1" "11 "
1'011 .... ' " " I" . e","1. Fleca"". 1110 h\.~ pl.nc t.k. , , uh·
, t, ttl,.1 " ",. tn .-limb from ~ ",und 1..<1 h , , I", II PI'<'
. htrud•. the d.l. """ ined [,,,,..-11 '''' "f . l l ll ud.
un l~ 01 OTIC ore• . Thu, it "mod Iha, Ill.. B,au",nt
d..... nol ,h. "ge I... "ill~ .. i,b d",iUlC<, Sin« m•• n '''''
h.~U. .. ...d<••nd othe, r....'o" , hOI'•• 1 I"", ..""
"r 1""'''''''' ""'" the pound. th.. , ..umplion ",'lid
~ ..Id ",,,I••dms ,..,uh. and ... Ihu. ......... u,.....,,~.
In add""", . 'M .....~_ of mdm dusl bl..11 had I" be
b-.J "" • mucb sm...., numbe. of p od'..... th...

4ea""d

A ",..,I of 135 blaou ,. __.... .. hltt
I.-..-d .... .wId. TOOl 10 ' h'C blat. O<CWrH ~...-lo
"""•. 5 '0 6 ,.""u~. spoo'. The H .Al ........ ,,''''rH
""pt..,~•• do•• ' h,... or r '''''"~ bolIt .......
~""'" idlL'...Ie d V1f , ed n~

........ <>r .h ..... ',mn ptf dsy "The Ii iIil.ble lor
<b"""M"'~ ..-. hm,,"" by pre' SlId puotn"", cJl~

tr.. 'io.... a " .... 'i"'" oe<ju"ed ,<> rndI .... o~''''

15 m, 1:4 kIll 'ionund prepo'. lor . ... "''',

IbICd an ,h. .. ",,,,ide,.,,,,,,•. th" ,ed blaol
d... SlId ,h.. m.,.."ol"l\lcsl """d,lio,n ,.. '<>fI..l..ed
aI fuUo.., . T.ltlr"I3'u~ inrorm.' i"" . t<Co,ded .h, 0'
rou' Ii " ,"" ..""h huu•• w. pl&<Cd Ill' " Iwu ClI." .....
(I) ,n1o,m.' ;on rrom '..ml'<"' '''. tu"" m""" .ith. ,

di' e<rty befo.. or . h .r • ..-md ,un, SlId(21 Inf",ma.liu~

f,om k mpt raru,. IU... m""" both berm. and . f'e,
" th.. 'em,.ra'u.. ' U IU IT.ble 4 1

.....
...... '""''''T_~_ .. .........
~ .-

""' .- .- •• " .....
.-..Il om ,~, '- ,

01'10 oau '- ,.- ~.. '- ,
~.. ~" '- ,
~"

~. .~

~" -, '- ,
~" ~" '- ,
".00 '00' .,~ ,
,~ " 110 .~

1011 lOll .-.
The '."'pt"tu,. ",n ' ,n " ,,,~uf)' 1 ... . . , omb,ned

wilh the do",," frn 1"".) ..,nd run to produce "lUnd
.eloci'~ profil., in Ill. " " tl h ••' '' . I-OO lh • • Jld w",1 di·
,«[jO"' h. ..d un Ih. p,".:ed", •• in nopt. , J . "exr .
U<i ll~ Ih. m,rh.><l . III 1101 1" 11< R. ..." 'h Lo h" " !,,fie,
IBRl.) report 111M.' <ondlli"n' f, ,,,,,, bl. ,,, ,h . dif
f.,enr focu,in~ 0' "f' ....ltlt~ mod.. "f ",,"nd .......
" . r...,. btioh. d. FiJu,e 12 .... uoed '0 pred' et Ih.
.rnpillud... rm . ach cond,I ~'" 'M f",u. <u rw ...
u".d for foc", condll""". th. baoe <".... ror P""''''.
BAd..n' """""ion.. ...d rho _live eu""" lor _
.,... !p.d..", """d,""", .nd ... . d.... lOfI... Finally.
. he _red pli. ...... r", blt111 O>."C~' nnK ..hen
, Ih.. ",f """ • • I...." ... .. c""'.....d '0
..... p "".d Indo

". ... nsmplo T ~ptn.'u ... run from
(PHil 10 0'121 !nIuId ,h ,he . ",d run f.om
Qq2J 09JO 10 prud_ ......,j """,,,,~ p odleD'L
..tu.. ""'" 10 ptNoCl ,lie ...pI........ I.. blau.
OCJCW.'IWIS be,..""" 0918 SlId "'Xl. "The ~mpe"'u ..
run from 0'IJ6 '00941 ••, .hen <omboned .."h 'M
.....d ",n from 09!J ." 09JO. .... .... proa-tl .. .. ",.
pealed , Blul ....plll u.... falhnc ",,",de these elit ....

'8 Peok..t, I.". II ......... ..., • . 11 . I f __
<t""" <II< f '<J<w "f , ,. ,, tlw to ,,,,.-., , _,
_ , IN ,~ La _ ~,. k"""" 1118 ' Iblli><ic>

......re"Ls1»ostone.. , %ni.

..



- '"' ~ .. ,~

.....- '" , . , 4 \ '"-- '" 1111 II '",- '" n, , n,.- Ill . m

10m. 1"'""", "ere not u.. J u, 'h" .n.l~ '".Ik-.:"... 11..
" ·..[h,, d.la wookl n,,1be "u"rn' .... '..~ ,u p "" ,d •• ·

b.. """". '

" pp" ,,,m...1y 1>60 I"',,~n[ "r ,h. 1841 -"'"
blu1 "",a,u"mmlS foD .."h,,, 7 01 11 " I th. pKJi<; lOd
..I.... ; h~ ~l show. th..... ampln o j ,luo "",n·

_1 The d.oll ..1ud> dl"KJ~ ~uld "" dl"*'f Ift CO

,"" r........... """'lI""""
l. h Sludo'6o (t$1 "- pndi<;kd.........._r d..... "a1.,., "Jnl\JC_.

, h.- ....Ji (t. NI ~, lh... p<Noo. lOd

Itwll. mea."od d" ""1 """ en ' """'"..... ,

-- ..'-....' U"'~ ...
lh ...._ ,

H" H H' "I.'

J, h «'lll P="Ye urI I"""" 'h... pmt..-tod
in'el' m..... ,.d d"JUl I _"" p ...., "" """ ......

............_ C_,__,Iloooq"- ,- -"
4 M" ..d f ucu. (MFI '"we ' [h... p.odOC lOd

1....1s m..."Iod dUrin g loe •• """d" .......

5. M,-.l Sh,d ..w (MS I h,#!., ,h" , p,ed 'c1 ed
I«d. m"'"r,d during oil lll,,-..",,,,dil,,,n.

b IIlgh N' g, liv. 11I ~1 h'ghrr 110." p..dlor,d
1" 01, "" . , ur< d dUrilLg nog, tI>'e ~,..lielll <" " dlli " ,,.

1. l h~h I'" ,,' i.. (HI' I h.w,. , ,h.n p,.did . d
I. ..l< ",••",,.d dunn, p.... ri.. ~r.dl< n c .:"nd L ' ~,n,

~. 1I.!?t Foc"" t lln I.igll., , " . " pl. diLl. d
le..r."",.... ,od during f""us ,,"'01........

T. po ofDlo¥

I ." Shod " ..

I " ' <p '''''

.. ..00<1 ~'o<u '

.. .....l Sha4n"

I....~'...

~ "".,""
H.,., •.,...

"
1 1~","d ,, ' ,,_ .n<! .,,_. '''0"1

_ " n' ,<..oJ" .1""'1'0 '

( Ip , ,,~,. , ...,.J-. p"~ "..
~" "" <.00 .\ ",1",,1'0)

Ih,,, . w' " 4 ',,'.'n.•h,,~ po ~,;v.

~..~ .. n, I>.n1\ 'Ol.., / rnl

".nd ........ ar _ _

w• • r....... .._ .. ...'

Of [he d .............. [ dolo. 'he nu,,,"'" 01 .
m..'" tallma bek>w n.. pKd,.:led ..-..,1. (II 'ftded
,he nomber fallin! ob<wc . In .. ","",pi ' 0 _ ..
r!>no Jatl . !bf ...._r<>Iop<a1 . " ... iol " ppcndU ...
_ Oft ..... . trftlned 1<1 _1VlI !tie ....... _1110,
<"""',,""'. npenenord"- 'hew _ ..-.... WOft
u~... Table b ...... clIO ......tt......dl ....... o..d ,,,

..."'..........., the d..."cnnm' dOli IT.." 1 1

. ,...... ,OOo to W. ""..~., _ .....
. .. Ir_ .... f III... a,_ of _ , _ ,....

__ 001'<1 '" ,~ ...,..." " • ..,.,.,. d , _ ,_,m
40" ... h .a;p,..- _, .•104 Ul4I'. _ ~

,..., """ . ho' rar ..hQ, , to • • _ _ of ....
1"" vol... 0.., of .... 11.160 ,,1 _ '0 ,. , n , .
• I_ ..".t. I MI _'0 """",i.. ,. ' lI< ,,"ICII "'0,
l'f'OUd. ..." .... "".,io,

n

._,
, • IIf O' , . _.00.

.~ . ,- .-- - ' -- , , -
,~- ~ " "L«-Norp_ '" ,n ~

h .- ",,",... n. " " ""I'- f """ n, ,n--- .. ..
Ibch Nrp,... ., W "I.... ..... .... " as ,
II'" F"",. , ,
Totl l m ~ " '"
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r lo< rom coltlmn til I.blt 7 1,.lS ,b. '~P' or Ji~

,~,,<t"""'. "bil. tho ..,,,,,d Itsl> ,b. '0'.1 ,, ~,nl><, of
d''''!II..m..,' m.,", ~,.""",'" r ne,1 ' ''''' .,.umn,I'",b. n~ml><, t>I J~,......", '"'u..m.".. ub, . ined
",o.k, ,h. ,"'noli'...... 1,>1«1 ,n r.t>l< h . r... ,.,.1.,..011
""'4'.ph. p..,....". more 1k1.tJ<.d .RllI~ .,

l. • " ShoJ_. E'8h'~ ...._rftIIftI l> 1<11.., dur o
_t _>do <:ondi,ions Ioo>u ,h. ,I>< pKdo<l<d
~. ()j ,,,-. J 5 _ .. , Of >1 1<><.,... wp-
"'N,~. >11""1 "'11""'" p"" II ,loon 0:10
.. _I.. 1-030 ",,:,,,,,1..11· lI,h.Il< ,,,",,, " ..001"..
do ...>1 ph~Iic"'" nplain the..,... onull . 'be) do <Om"

1.1. , "lib. pot, .. ..au W"I 01 <:ondi"o..... n.. J<.

m t ~ ~ meaaa.."""," .:otlld no' I>< phy_oIly u·
plo '" . " " .b,.d .. "h ... ~ ...1of <OIId" ......

2. r .",... "ego '""" A ,,,,a1 or Itl7 ........r<m '.
.. ~.n dunn~ neg>Uv< Il> /t. .. , . ""dll""" we,.. Iu ,
,10 ... tI,. p,.dic' ''' It Of I....... 117 , ,.~'" .,

".""". I' '''' ' , d lIpwind . undo, • """'a " " I"'
d",,, ' (I... ,hlUl - .0 30 ,,,./_Iin, 10 ,10 ,n/ /m ] I
\\'1111, lho" •.,.,d il '.,." do nO, l!/ly"". lIy .'l~.in ,h. re·
. " Ito, ,hey d" .:0",1... 'h <l" ..·" It • 1'", ,,,,,1.. .. , uf
" . ,d ," ""'. The re"" i l\l n ~ 50 m" ,"" mo,,\ ' , ,, uld " ,,'
hc' phy. i,', lIy ,·.p l" lIl<d or ",,,,, I,,,,,; ", It It , n ~ .. I '"
,·, ,,,dll" ,,",,

.I h "... P" ,,,,.. , A '''101 "r I IQ ""'''''''" '.''''
,.~." J""nl p...." .. I':,..'; ..n, "",J Lt ~'M "'". low..
'h.n,h. p"di,'," I,....... 0 1 ' 10.... 25 _ ,. ,. ken.'
"., h•.,.,.d " p"' tI,d, lI ' • _.~ 1''''''''' a, . ..i·
. .. , 11 ,h. .. .005 ,n.l.../i [.005 ml_lm l) , Un"',
I...... , ,,,,d,lioo,. " is p""',1:>l< Il>.ol .., 1"'" ....\lId
...", 'h 1"...." •• p"""'" I" , .... ""• . 'hOlS
...,., " g f" r the Low ompillfld«. f lo.. ronduioo
..1' " " It ph~:Iic,.) " ' 1'1....."", of , ... dis-
. ........ , nl

' he ",,"n ~ ......h.' d" a, I.. o'be, .." ..... ,he foc; ...
.... ... .. h.., "0' . 1 ,l>e lpec:,r", 10<.1100.' ,h. "",. '"
'1.....tion . ".pp....d eOl"" ......l ly befo,e 0' an.,
,h. p,. G;.,;,,,, '1noo. Tab le g .. an u am pl. t>I th,... , ....
ho n. Alth '" • 5.... , IH km) fo<u. "''"' p", Gic led . ,
lJl:~ hou 'he "",o,doG I<nlo ",d""'" ....., f",.....
'""'on ' 0ll J6 aoGQ8.1Z in""oJ , Since foc;UI..
II< .. , p.'. It..- "'" of II oJ"",..- "'.....
u.... '" • ",ad<..- ..-. " 1I of ,I>< I II '01.-.1 1'0<'11I
reacl"i!> "",iii I>< ",bled 10 'lui InIhtlrly '0 ",.dic'
Ih<.nd I""......., .....

~...dy. ail ,>f th< 7b ........, th>4oor r<ad",p
"""ld l>e .U"b","" " , pI" ~ l.", occurrn.,;
........ f"" ot>t<..I' _, in • p ed"" ".j
>had.... S",,,,, I«u_ •• \Iw'p ..G II>adooo
•.,.,.. bfOld . i ' .. . upect<d thl ' I'" numl><, of ",iooed
loeu... would JT<.11 ~ ..Cffd 'ho n........' of _G
1hw-•. n.... «ORG'"",,, t<pcet<nl phyucal • • plana
,...... fOf . 11 ,h. d"'"s' ......."1 ...... ...,. ...."" io 'h...
c.'eson...·

5. lligll ....~.ti,•. ",,,,.1<>, Sf> ",..,u.om<11 1.< " k·
. " u" dc, l1C[<Il l"" lVodi, ..! c"" JJlh..,. "' e•• highor ,h, "
tho p.edicted 1.,.1•. nr 'I,.... ~O ,eod"'K' w••• ""d.
unde, wind >I,,,, "" "di, l,,n., where ,h. ,. WI" wind
' . ....".1of. t It .., 'ill d. ~... , .. . hilJ,e, altit ud• . Th...
"" ..,,,,em.n" w. ,. moJ••t ",>tn upw'nd ond down ·
",i..d ". n".... WhLI. 'h . w,..d ,h.., condition do.. nll'
ph~ sic.t1y ""I. i l1 the hlJl. ,.,"1". " d.... <0"'1""
,h.m wilh . ..1 III' « ....d<l,._, Th, ..",,,,..inS 25 ,.ad
ios> . ouId ,.... he phyoocally n pl. in<d '" <"".I.,.d
wil h any ae, of con""~"""

......

" I'kd..., . .. 01 (""u,

' "0,,,"",,,- of '""u,
S.. ,... h " S ...,. (s .O~'"'

01 ,he rcmAlO", .><:n. """', .Lao• . n ,•.t.t"C'

.... '" ,.~." II ........ Ioca,'" ~ "'..... .... •
" ..". """'".. IflldJnll (pe., un .. ./o«li"
[D7 S 11I/ -.1"' [ I· n... o>t>«IYI1_ <1) I COlt,..

Ia".... ",110 lpotu""b. >rt of ,....G,,""" Th. ' .......
.... 17 .... ""''''",..." "",\lid ""'- b< plty"""ny roplainnl
... ,,,,,.b,'" w"hany w i t>I,""l!,,,....

~ 'oI_ d FOC<IS/M...... Sh....... A h",.) ..I II I
11I<.., .. , .",,,, , . I.""", dunna f", o.",d ll ~m, _,e
I.. ",e, ,10 pr<dicl... ..... ,.. 1« "' , 1I~."

.. .... ,, ~ ad.. .. "",ndllf(lfl' we,. hild1. , ,10 ",. die' ed .
Tho Rl d ,,,,,,,... oc.,,,,,.d ......... ,100 .."', "me

,"J I." ,.,",,, of. f",us oould "0' h< "'''I'''' "' .d "' " "

H

-,- ,-- -n. ~"-n "m ..~
'" ~"
'" ~.

'" ~.

'" -,
'" •••m O~l'

,~

,~

,~

'M
,,~

'"114' •
IB",..
"



6, lIi&o P",iti... " 1"lal of 28 me""r""e nl'
laken d,,'ing po'itive ~tadient condition, were highet
than ,he predict<,d levd . , Of these, 25 wer< made und.r
Ih. w.ak foc", condilion dc,,:,it>cd in Ch.p'n S,
which ,ep,.se"t;. polSible phy'ical explan.tion of the
" i"8~.em.n1 "''' 'Ure",en'', The rem. ining Ih,. e high
pO' iliv. ,e.dlng' COLl ld not be pny'ically explain, " ot
correlat. d with any..,t of condition,.

7. High Focu•. necouse only one me"u'e",.nt was
highe, th." p,edicted "urin~ focu, colldilio",. no al
tempt w.. ",ade 10 correlate the <mpH"'d.. witn
"'<teorol,,~cal c.t•. One hypolhe, i" however, i, that
this re,ult was c, u",d by . ve,y 'harp focu•.

In ,he p,evic'u, para~a ph,. ,he disagree",ent d,la
were I'b ced in'o the rollowing ,hree groupin!,,'

I , Data which could he phy'ic ally ..plai"ed

2. IM a which w uld be corrclate" wilh a ,peeifi,
set "f ""teo,,,Io';ji ,,.1 "ondi" " ",

3. Dala which coul" not he ..pl.med Ot co're lated
with .ny ,e' nr condi' i",".

80th ,he physico l explanation, ."d "on.l, tinn, indio
" ted "on"iti"" , which produced me"ured a",plitud..
either ~igh ", Ot lower th"" the predicted 1•••1•. Fo'
..ample, " 'ind <I1 e. " tended to I'",dwe hi~her. ' ha".

predicted n e~,ti.o .mpli'ude' . whilc a "rong ne8"li••
8r. dient tended lu proouce lower-th.n-I'redicted nega
ti,. amph'ud", . IInwever.lt shuuld he n"ted th,t th. ",
conditio'" ropt..enled trond, rather tho" .h,,, lute
rLlI..; in ",.ny ca"",. measurem,n h m,de in wind
'nem were I"wor th"" the predictinn, . wnile tho,",
In,"e ill m ong 8tadient; were highe, . T.hl e ~ ' Ulllma
,i.., Ihe me"u,emen" ,II.d. UIl"er each "r Ihe
weattr er conditio" , listed in T, hle 6.

rahle q i' divided inlu lhree m'j", eolumll', The
Ii"t , u", ,,,. ri,.. me.' U,eme" ts ",," , undor co"dilinn,
em,.lated with hiW, c,-thll1l-predict, d .mphlude, .
\\11 il< son,. ",e..uremen" w..e I"w", Iha" predicted
""d olhe" in ag,oemen'.' >a" majn",y follo" .d tho

[oI"m" I

S.mmit)' ut !'hysical ~••I..auOfl,i{'on 'btiOfl'

{'oI,m " 2 C,~. mn J

M.., . m "" n" M,~" U'~<I Mm . " m,," M,d< U"~<t

C""di, io<l.l [o"<1,,,,~ ....ith ~0fI" of lh , Cund ioo..
IIi"" "" llI.., ""'~k"'d 1..,,1, Uot,," i. ToM. b

~"m"", ~"m"", ~"m"'" ~"m bt, ~"mhe, ~" m"'"
ll,gI>o, 4i1\"oo.ng I."".. II "",. , 4i11"""inK Lo~"

'". ...... '". '". w.'" Th_
Con"_ '" ~. ~. ~. ~. Pre-
ti" n ~ ..!<~ ~kri,", d"1<~ <J;el<d <lieu''" '"~

\I " .... ",m,·n ,. ...... t'."",
C"n~i ' i<.., Cnnol. 1o<I With
'.o~·...·Th."·Pt,,"i, Io<l le><I,

~nmhe, ~"mhe, ~"mb<,

IIi""",, 4....··i ,-Th. Wi'" Th,.
{',,"~ i , ~. ~. ",
~i ri". ~;e",d ~",;"" di,r..:l

)11'

'"
'"

'"

zt

"
,

"
,

'"
m

1014

."
"
'"

r .s -

p<

FpOO

."

'"
no

'"
'"

..
Oil , k" uld he ." I<d ' no' to"" ~,," >iJ!. itk." uy mor, "",'<IT" n, m'..urom<IT 1l in lh ~ ..roo " ' "'" lo~' ,..dmi " 'l.'W.,,, . ,I«

r,,,,,,,n"•• of h~· ro.dm", IJ5 "nl of H oi i , " ill , i,ni~"," L ly ""1"«th,. rh, ,..."""t.... uf h,,, "" J,"" '4.\ nut of 3l1 , i"
fh" " ,·ood ""I" mo.

O' it , h" . ld h" . " t<d th. ' th« " .... '" "". it1<, mly "",,, ••,,,,,,,n, ,.. J,.~, '" '''i, ,wi". U"n low re.J,"~, . 1I0w...,. 'h. re'
« "..~, or ~,~. ,.. don", 19l 0" ' of llli i, " ill , ,,," i ~,,,n tly "'ih.. tha. th . pet,"""" of Ju~' ",.dm~ (11 " ut of 355 ) in ,I«
,",cond <'OI" m.,

t Tot,] .umbel ,. lhi, " ble ~·, II . ,,"~ til< " 1...1 I i.41 m..,u"d bla," bec.o. " of "..,I'rp"', 0000,""0'. 1'0' ""mr l•• 'on ~i·

",," ' p,ududn. fiN ,"d E~ ",.J m, ' """. Tr<d ~muJ....o" ' ly u' "",.bI ,_ do." .. 0", ,ond otion, prod",,", f P,"d liP " ,ul" .



8........ HT...·"

..., upe<..d. Ih. pe,..n'... <>f 11'.., "1 dol• ..,d
phyu<ally • •plainnl dau in" .....d bile lh. pe.,
em.. of u....pbinnl d••• decrened . "'d>c••..., ,h'l
the b.m.n dM! h a """if....' off«;1OIl thftIO ... .
11o.....er dect loinJ: pe"''''''. <>f corre!ald do..
wa> an ' !""'."" ....,II

41Uo.. ' ...... 1....

Il l. eM U, '" n U,IJ,.. (lS .1' '" II'"
'" 110 1, .. 104 1,

'" (07 . , u (O~ "

INl lIO'H" Illo , 10lU"

Ap-.....n'",,_.bp_
~"W

t!D<,pIo _

Hond lu..."d ~ ' ~"" I ~ ,,, ·p ..d,,'ed I. ... h. FUI ...",pl•.
oH ,n.,.""""." I> ... . .. ",.d. d" Tl "1 • " .~.,,,. Brodienl
."J • ,.'., d .. ,•., ; uf I~ 20 .... .. ~ Ish" tIla" p..'

d",eod. 11 ,. '" 'J/ ".n'. •nd I~,.., ...". 10.....
I~." prod",. od " ", d.. .., oIy... iJ, >how," fn, ""pil·
Iud.. obe.in...J In "" I><l"~ ",, <"tI.bled .... ilh mi...d
m.d,"" h4l/l I'O"II-e>. Th. lh" d ",• ...,n" ••",mo·
n,n m..." nlall. in .""dl"on••orrd .l.d i.h
~J"" ·'''.,, -p'od l<"l.d omphtud". 11;,.,,1 ""'" .
hoPe. til ... p,odl<lod "" d " I...... 'n _ ,.• " ll" i.
n.." , "..",rtly tnU~ I" . u.nd 1o.,", ard ~_,~h ·
, ..duod I.~". The rni<I.Jl. culumn mmariln .
...._ ..m""" rnadc , «nW",,,,, i<:h . .. "".
""".I.I.d .o d ,...., " . data m Tobie to, " . n !"",.-
.d. . ..... 'r rnajunl, <>f 1M mea.,,,,,,...n 'w'"
" ,.h ,lot p,odl<~d ,..lOIn. n wi"....,. lh.l ....
pl\y"".01 • •plan.l""" ..d ""' , ..,... Ii"ed on Tobie I>
dod ",,' prnd ll<' ,....bl. l d. ror .... dlygreom...1
d.la

- " n " • " ""' " "-,- w >. '" '" ••• " • "--on .. '" " " "n, ,.
" •>- '" " '" '" e

. > , ,
,,~ 1110 '" '" '" '""\6 (1'1) ' l-I .... II IUll ) rl 6.1.) 11....U

'"' '''''''''...... , .... """ ....,.., o( COf '_ ...........

....-,ed amp h lucle. , ,h Of .....h 1 1Iv 110,"",

.tr..,l) and p.w.:. ed ,..".... r.." Jon . .......
0 ( ....."..,de~•. -..d _ .....,rto:alllly, __

...... that 1h< ,..odicuo.. <....... clef-.l .. F,...... I~

_ reliable ....,j,,_

EtfcI 01 o.s-.WOod 0..--. _ T,_ 01 Doy

F'P'''' 11 11Iu.1I..... .. add,tl.",11 ret••"""".. be·
' attft ....rla ,..inJ <Ii.«."",. "1M of ~ . ond dI..
tm<e, " In lhiIS fi~. lh. da.. "'" dI"Ided "'10 IoU
coli, "-d on lhe (...00.... u .. .."....

~. Thou hm" penoobIOS00 II> 0100 h........ 0700 II>
0'100 h"" n. and 0'100 10 1100 ho un l

I. Fog. b d ..Ion., I'",flle < ' ld......
.... ""' doublt pou,.... . pou " , and
n..~__II.. " "'..... 1

_ "_ of_.-
1Io h · _"COf' l Wl.'- - -h"

.~_. I .....

-.....
- "---

E"O<;I of h ..>i"

" lth"" 1lh lh. pet<. "I.. In l . ble 10 Ind..... ....,
hbl, ''''r''l u<!H b a 1111\1I d..,.. I>r <lo pe""",,.. on
...." h.. <ondJIII> " .pp..n , , It .,wd
InLp''''', "tCh ,n ' ly ir barn.. err <"" 01 ,
.'" lb. 2· a"d 5·",; 0 and " kml "" ,,. Ln bo'h lh.
...u.h ilAd ....I dll.. 'l<>n " .." efrects p'...... ..d •
d"" 1 lin. or "#0. 10 lh. hi Si".. lhese ba,li-
." ...ould p",d Ll<' II , 1•••1> Ih.n I".d,...d. d..y
'nlll" ••;c" ~n l f", In. p il>ud)' u"' 'PIo", . d di..".••·
men' d.,., r " """ fy tl" . hypotn. ,;" 'h • •mpli' ude
d er• •noly.ed w,llow ' I ~ . "''''u,omo,m m.d. , I
'h fou, ".'i"". (l. hle I I )

3. Fo u, d,...""". l ~ , S. 10. and IS m, I). M. Ito,
.nd 24km] )

4 . Ttl ... wmd d,,,,<,,,,", ld.-n.....d. <,.,..,. ..01 .
. nd upwind),

.!lb., do', I,..", "" ...."... I 'h 'O"Ih ~ , .. "pl.,..... n.
_ lO. ..... ,,,,,_,d lot 'hio ....!}-n n".............. .. I,
dif""lio•••i,h irl t 3<1 .q,-m of q"" ~·lool. "' , ~n"'Lnd , 0' _p-
"' l'l d . .., ...d to "'",_ ,n. ,.h.o ,. "f nn din, nl"''On 1
" "-' ion"'ip. tn. .ct ",,1 ,"m"", of """', hmlt, d
' 0 6739

."
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l.; Ihud "",... b...d .....1of tb. ,•_ ,.......,

...ho.. n • nu","" oi bI." m in . lIi..n

"'''lOry

T" """'p..,. .... JIOmI....rrd ......IQ' ..
o ...·lhud .....,,,., e.d, "'dmdu.al hla.. Il""'ltllm .
lint n'''m.,ud by ... mmll'/1 " . bnd. "" an en.'I)'
h0>i5 and .dlu,',", Ih, 1,,,..,1. "" Ih" ,1>0 ...'" ..""Id
e"",,1 l Oll dll, 'h " "'d ....... the . mpb'",," dfl'<:l> "f
i"d'viduII hI..". 1o, ..d , "f lhe 1 ~ "' ''il'''''''. 11><..
m"m.hl<d hl. ,t d.,. "ere tlrell , umod 101" • no,·
""I Il. d on<t~y '''''Il< ," ,<-Ihird ,,"'., . ' l"" " o,,, rU J

. ",h f"' I""")' h, od, U''''~ L'l 5.

1"'1 51
, .

I", ... IOl~,I I O
'" n ~,=I

Y · IO

n .. numbo• .,1 blU! ....a>o'.....n" "ml ,h. , n,,1Y
'''T. I~I ....', ,..".,,<1 m ••"h ~IL Ih. ",lis .. .,.
Ih... _ . p ,O<l lnlu I/>11'1"' I"'"po baoo<l un ,bo rUII'
......... ... lo,""y p<ofik' ond lho lou. d,".",n . ....'''hm
.xII poup. 1110 Ihl« 11m. porio<b m_<l. If
.... ..... Iip"f",;ondy 10,., ltun lho <>lh i' ....
m:art ed .lIh ......... r"" do>o ond 1u<:al1Ofll IlJ'Id •
, ,,d. '0' "I"""'" Ioo:o' ~"" ' .....-ond ....:>1 _ 1
..... fOlllld '0 h... tho hp" 1.)

n " .n.Jy.. , .. ..." Iod IILaI . , ,h. "',,''''' d," . n,.."
and" Ial., h,..." ,n ,"" day 'ho 01< ....." .. ,,,<1 ".I ~m''''

« " dod lho h'i!h. " .mpltt",," 10.... M ~,."..
eli,I,""". and " ..,Ik , h"ur< of ,h. d.~, lhe o)l .. ,nd
,Ialiom ,.,,,,d.d ,Jr. Jrj~h • •, , mplltud. I...b . (h i,
1>'''' a " ' h" ull" l"" ''' d ,e",II, ,, "C, il i, "o" lror~ 10
",011, l'J"''' ill the ILt. " I'" e , hnw" . I...,I,., . tud,..
did 1001 m..,u,. n..... 'n Ih. earl ~ mmmllMh'KJ". lh.
r" 1 In>! d" " n..,nd ""~m' <Iu "ul ol.. .y. "'l"' ,i'..""
' h. hight" n.~.. le..I." ,,"'," signif,canl 'n p",<lI..-I''',
both n"... I..... . nd <o"'munity ""pun",

7 SPECTRAL CONTENT OF BLAST NOISE

' Spoctrol ollal'l" • -'* 1", ""'" , 'yptO..t _ ...
"".. ---cood.•_ Il1o" _ ,_ "" ' ..-

pnr.' . , _ ......... I\ioll<'f , _. f",
..... ....., ._ ......,,_ " ,II< ..,..n.-,.
Io ....-I oh' .

1'"", ,h. hl"l do.. wore d'vided ill ll' 1~ ", Ie~",i<"

h. ", d 'Ml fi•• " " l lr., , nndlti" n' (e,co," o. Jl.Otl v. ,
"'~Ill•• . iI..., T'..-u•. and alII. 1\.. J,,,,"eo' ! ~ . ~ , 10•
• ~J I~ m, 13.2. II. 16. •M 2. kmj ."d . 111. ...d th,••
ti.... ""nod, IOSOO I" 0100 hoo " . 0100 " , II W l,nU...
...d oil ). Fu, ...·h <'''",ry. ,h 'MY ..., DIIC-

Ihi'" ""I ",",,""m (Xl compuI<'d r -=h
f""looney b d ooin, .·,!".

T" oht••n ,h... dilt'.,.n"... ' he .. I.' i.. '1""'". 1,...
'0 ht adju..... I" Iho .tH.<>I".. ,pe<lt. n " ..._ Ie•

<umpl"""'l by "'l,,""n. th. ,oIa,... ......".·1"'l.... .
....1 i""loon•., IYod ..:ad",,, In u.. "'''''m um
<IIIt-,hird DC''''' barod in ,110 abfOl ..~ sp«:U., In tho
<umple III . """, 1.1. tho 11·ILr to.nd .. u..
.bioIul ""'" Iud • 1>1,.. of" qo 4B -' u..
<qlliv"'" Jl ~ Lr b-..l .. 1100 ,<I.t _I""" had •
...... of 0 dB Add",. 'lO dB 1" b:an4 .. Iht .....·
..... IIp<C1t11m ...d romp:an!1l iI t" tho abool..u lpe<.

mom prodll<'td lhe d,ffe,."", "J"'C1t11m. I' "'.....d bt
""'ed th., • I.J R ",..nd,n, OfTO' "'CUlt«! be"u",
or lh• ...,,,,,,,... l> .......' Pl"'...... [) (Volum. Il )
conlalll. " ""I.. fl, u", ' fm all 15 calew>.....

•.Iflally . II•• I."." of II>< .....I'..lpf>ec' n . Iohtled ..10.

' i¥< '1'<""• • _'" .d,.."td .. lh.l , I>< m..""um ,.ad ·
inMin "n~ h.'l""""Y b:al>d ""oold be: 0 dB

l1'O, -....!u<'d "",,·1twd DC..... bond ...... 0'
lh.i'·_..........l

Full" ..,,,,, th... con,pu,", ;'"", ,h . d,Il. " ",..,. be.

t......" th' ' I""' t,. ,uul d be "".lY ICd Th, . h."l ul.
' pe< ITO , ,,,, ,,Id ht d,,,n"" tod by hi"" ' " ' I'blod.·. "f
individual hl..,I•. "·h.,,•• tl" rd atl. , ' I" e" • •I,,,old
b< nlOrr roll.·,' II" uf tho , nti.. rango or bl.,lI.

...b... n • numbo' u l blast .........""""" Ifl .....n
.:ort.1"'Y

Ifq 4], .

AI'I'"ft'Io.' (' ,v""' 111 1.... u.. -th' rd ",I...
sp«:lnl <:>kula,... r", bb». ,"" don.. '" f'hapot ,
J .• from II.."", " ., "MY nn.". IlJ'Id JIOJ'",.,rrd
......'MY ,. _Ih,," oct.... 'P«"" ,.....
1m ••"" 1'''''1'''111' ("m•• """..., ",,<Ii""".
d""D<t. d" ... ""n.•'e .l. In add",,,,,. ""'" phy"'"
deocnr'"n U Ihe Ib' ·. C ....d A-.. e""'l<'d SI.L .. . '"
" b..,...d f,,, th... Il"M'P"',. and ro, i"d,,,d ...J bI..".
Th ill eh,,!,I" "'1.d. 'h." ,akul ",~m' . nd "" 'mI'''''
"'rt."n~o~"ll , rf..,ll n" ' l""·lfI.
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'A, di",u_d il1 l l1. p" r 2" rou, pol, wu u..~ tn ,,""""
'h. , If.", or "',' "" 'ho d, ... The . ". ",.1p<o k" 10 '0
I j Ib I""'"" .. 'h" i' muld On. '''.h.. l«I >om. "r ,lie

1<,,1> In !hI' . ,,"'.. ",goh" n n"" by "P to ~ ok. II"w.",.
!hi' . m". ,' 'n. , "0'ibd h c"" un' 1mth.. in,u.id",1"""'0".

Tho ,po"Ir.1 po,h WeT' ~,n ot,l l~ in the ..nge of
25 I" 30 II,.. Sine< the theoretlc.1 ,igll""'" neat •
S·lb (2 kgl bla't ha' an nve,,11 Time dU,.l ioll "f 30
"',"c , Ihese observed frequencies correl, ted well wi'h
Ihe uriginlll duration. ).ievertheless, in 'n,ny """". I.,~o

. mULJIlU of energy ,pl"" ed ,ro llrl d 1010 IS liz. A
del. iled " a",ination "f fi~u,., ~4 through 26 re·
"'led Ih'l 'hi . effecT w.., w..lhcr-d, pendrnl . The..
figure. mnw 'he re'pective 'pect" fot hl.,1 me..ure·
menl, lying in Ihe f<>cu" baIC , fleg.live g"dienl , 'nd
exco" ne~ative ~"dienl Ta nge ' , The d,l. in e""h
figu," , ,ggregatod cwe, Illi di,l .nce' . nd .11 ,I.h"n'
fo, both day- and n ,~hltime measurements, revealed
Ihe rel.rillnoh ip b<lwem ran~o and 1'>O'1Ion nf ruk
,hown;1I T'ble 12.

,-.
h",u'

••
N' I" t" IIT· ' " nl

hm' "... ti .. ... d... '·

T.~le 11

R... I,

,h"p ".• • " 2~ t" 30 ll,
Bm," ".,k. , 2\ '0 \0 ll'
",o.d. , lmn. ' flo' "., • • ,
II '0 lI ll/.

p.. . .. ln'ol~ll'o'1<..

c uI of lime ph.... wi'h e""h "'her wc" addcd 10 pro·
duce a totlllly dl"imJilf wave. The r.,ulting w,ve clear·
II' show" .l1if, in frequency "onretlf f,o'" high '0 low
values. In re,)ily, 'hi ' Cllndition w""ld ""c ur if 'he
.ound h,d '0 tr , ••lmer multiple d"'in<l p.lh. ,o rne·
what different in lenglh 0' in . continuum of different
p. ' h le n ~th " thu' mivin~ .. an ub",,-v.hon ' '''ion . t
di~hdy diffw m' ti", o'

These n," IH-p,th. did . ~i' l . especially in sh'dow
wnes .nd during n e~allve gradienl condition, wh.... no
dbecl lOund pa'h f", m source '0 ""eivOl " i,ted,
Sound ra~. wo.. ref' acted up dU lin ~ 'le~.tive ~"dienl

conditio,", 'nd ,wer "" law shadow lOnes dUrln~ f<>cu,
cond,llOn" The ,"e." ".nlenl', whi"h r"uhod f",m
dlffu,""n, can be "i,uali" d if a wav. m"d.;, ompluy. d
for 'he ,,,und rfL)p.~ation All along the lIiavO ftlln'
on. "a" 'hillk "f diffe"" 1lluy.o;<l10 ."ur"" tadiating 01
diffu,"ng into Ih. 4uiet wil e.' Altern.tively, f'''''' Ihe
,,~ viewpuinl. the ed ~", of 'he di..,,1 ,o und lOne< "all
"pre"lIt ""u .ti,,, ."hich "on ' iII LJal l ~ f.di,le ray. i1110
the quie' l ones , cw,din~ '0 ~ollm ellic tIleorie' of
diffraction.

An i,npu,l.n' use fOl tho 'pteml data was Iho .ppl i.
cation of VaT;OU' woigbtlng> wbich could he eorrel' tod
I" • c<I mmunily ...pOll ... • Appendix E (V"lumo II)
CIlnl.in. fi. e sel, ()f d,la which rol'lo v"iou, phy,"",1

'do"'rirlo'" used fllf thi, pwp""e. Those dala .. I. ill·
dude disttibuliun. of'

Sine< the differene< .p .clro flJT these f" u, fi~u...,
rove"led little ch. nge between 'he ,"",Iule and relative
,ptetta. IheS<" relation, wore un;v."al and not domi
nated by ,h. hi&h . mplilude d.I• . Furthe' eu m;n.tj"n
Ilf Ih< d, l. ;n Appendi. 0 ".e"ed Ihi, , am. trend fUl
oach inJi"idulll di>t. nc< .

Since ollCh "f Ih. 2, 5, 10. and IS mi 0 , 8. 16, . nd
24 km) ' t, tion. contamed , ' il\tl ificant number of dal.
paint,. ' " ese resul" were n,,1 biased by "n ' or Iwa
me.,u remenh .- Thu, Ih. ", d... ;ndi,,,le • d . ar « I.·
lion,.),i p b.lw<cn the ,c'ultan' "'.""urcd 'p.et.. and
weath.. ,'"nd ilion' ;ndeptndonl of bl"l . mplltud. Or
di. t.n c<.

Fi~ure 27 iII u,t rol.. how the .ppa"nt . pectrum uf '
bl"l , i ~n al mighl ch ," ~, H< re, 10"0 id<ntic. 1N·w",,,

' It 'ho"1d '"' n,,"d 'h" ' h. Ij·m, (1. 'm' ' '' h"n' <on
" i, .~ f.wOf ~". po"" ,h,n 'h, n 'h. do....ln 'to' ion•. Iluw
.ver, 'he n"mlW", i' 'tIn ~'''' . nough '" 'h>t ,h. " ""I,, wer,
• '" b"",d b, on. 0' 'wa m,,,"re,n,,,,"

I. Pe. k wide·b.nd " ,und preSlIu," lovel m,nu,
A-woighl'd " ' LJ nd exp",ur e l.,,1 IFigure 2g)

2. Peak Wide-band lO und p.."ure levol mutus
('-wrighled ,"u n ~ "p,,,,u.. lev.1 (Fi~u,e 2'1 1

3. H.' .woighted ,",und ..po.",e level nunu.
A-wei~hl .d ",und exposu,o lovel (F i~u" 30)

4 , Flat,welghled ",und <xp"'Uf< le••1 millu.
C-weighl<d ' " und "pa,u l< ievel (Figure 3 t )

5. Pe.k wldo·band " lUnd pre"ur. level minu.
nd .weighled ,o und .~po""c Ic..1(~i~U1o 32).

' I. K. y, "Th. l>in',W ion ot .n .\r~jtr"y Pul.. b,
W'd,,:' 0 ,", ,,,. "" fu", and Arru<d "'.t~,","i". V"I •
11911), l'P 41~ " 14.

· Applyi.. ,he A·wei,<h tl•• cu,'" '0 'he ". ..,h~" """'''
.p"'''' I't'>d""d 'h•.~·w<i.h'ed SEL. Simdo, . pp1icoU"" •
p,od",," C-w<l,hted . n d fl>.',w<l. h"d ~, ,,"d " PO'"," ",.t..
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h ....atiorl of "'ppn>di~ t "'ow. \hal th.
dntnb"l~ W.... .....,AIly Ga_ In "'. wttll
I ",laln.. ly In\.IlI Sllft4artl ........ lioa . Th. ' ",,"p._
_ unod ill St. 4-1.... OIl-woiSh'''' ",und .1_,.
In C'1 mill'" tho C'WlO1lhlod ",und 01"""'''' 1...1
n... ,....II ,... "J"'CI.d. h""'... .. I/n.:o . h" dlff. ,
, n". <on novo, b. _.,y lOll!".

Sol 2 I..... f"1 II inl"' t d," in 11>< . .."" nt in' . n111
P' .,.,"flI" ,. fOl p~"'l;ng ~"",m"nity "''1'00'''' '0 in...
pul.. n.- III ' M ......n.oI l:PA L.q/ Ldo~..... ....hik
~ 5 ~Ift .... u.... 10 ' ''.dy th. ph)'1lC1 of -...d ",ora
p h"", ill .be .,""""f'het•. Sou 3 and ~ oI>ow tho doff.,·
"><n .....w..... _............_ 01 ptNkl"'l '''''''''''''''Y
fflp<>n" '0impolor _ ,

8 CONCLUSIONS

Tho three ",>i" "hl,cli, •• "r thi. ,t< J J ~ were I.
ch;... d th' ''"llh (I I ,h . d lop", ont "f hll. t propaga.
tinn ot. tlSl"" or .h. m ,.d <!a11. •211he nublnh.
_ nl of • r<lal 'o n"" p hel....,,, tI>< 1p«:if" _ I'on>
lop<" and l<mJn cond,tion. o. f <><1 uOtl.,d Wood
1ft<! .he _ ,.d bLo.. ....phludeo. and 01 'h. '''ab.
~__, of f,equeftCy....".1Od ......lurd ocqyo 1p«:'

Ir. fot- .... ill p..<f., """',""'''Sly ........- 10 bL.I
n Th. ",• • ' 10•• and impl'" '10'1
.,- dall oan he d 10 pn:du:1 W pb.......
undo, <nndl1ion. "",d. , '0 th""" " ' fow. Loonard
W"'-od lOd '0 ","",t I,lauubi. ,.II '~>flIhlr' bd w.."
l!<" ,,"1 WOll h., c""dil i" ,,. and blast . tl t" tle! , Fw " r.
l1ud,,, will oooli ' n, the.. roil lion"' ,po rm I re.. differ.
• nl fHlm Ih. For t u,,.,,,d Wood .....

In .J""ion. be:;._ of U.. ""..... of the Fon
.........'d Wood rtudy • ......,. "' ...., condo_. w....
"'rlY'Od ; lhey aI, ....-,... ICCOfdinl lo .he <""",", ill
..10,,10 ' her ..... .....ktped.

CotIoet 'DO> 010... fell. ... 21
I . Th. p",,:ed . ro ro. tn",din~ bll " d, ," ....

simpl. on""g11 '" .h . l n,,.,,«,hn',"1 "'''" nnd cokJ.Id
oporal. ,h••quip",.nt

D. .. Anoirsi. (~I.. 31

2. fhc 000-lh;," oct,,,,, """'IfI obla",ed wt,h
u"ow-l>IIMlIlt" y_ "'''''. Wllhln th. bntll. of mOl"" ' ,
idon,,,,a1 '0 spoc1 ' l ob,ained .,j!h I OtIo..ah"d octa...fd,.,

3. Althollgh th. a1olt, "I,OtI tign li ~OOId 001 he
Payod .h..,ogh !he nl n.--band 1It1iy.... absolo,.

OIl.... of \be 1pO<lrl could be obtamod by c*ula...

Ibe"''"1'''' of Iben.... nt)in' ....11 "I.......... ~p!(. j dl
fb .. p -tq...ted in tOlfai ~OOId be denvod by .......
IIme....,"'o'n d'S'1.1 I naly..1. /I"......, . f ,o mI ..",pl.
0' lhe dl l• . I CUAO ,.hhohod ..11I1Il8 ,h" . ;0)", '0
"uk Ind ""pui.... I I•.Th. P" " "" ''''l",''d inlell'lls
(,,, ,he ," Ill.l m"8 d.,. c"" ld h. d"h. d f,o", Illi, ' u,...

S......"" of 81.., "'-t..... 1ft tno .................
fCtl_ ~j

• "' m"" tode d nlrtbo llOn. 0/ bl... dall l>-.t
"" ...... ..d d..._ ·..... dmdod iIl 'o rou. _ ...
by " ' 'In! b...... Th. """1"'" of bbll I""PIP'_
...,,. de>oeloped by del<rm;n",. lhe pe.cmlap of bbol
Imph' wnh lll ad! ran,. , " mplll diI-
tllt~ ~o COold be p apbod h"", th• • n••1)' , •

•". pla ode.ln . ...'h ' """"

Coml'll">on of ,~. Btlll P,_non S'oh" i•• to
Th..,,,,1teo1 Amolitodo D.......o O'odiction eu....
ICh. ' ot5l

5. The I lIIplitu<l< u. dt. , "",," . u.... . ""',..rod
<lw te "",..Iy with tho ,"'.. p' . di<II011 . 0.... in
Cf RL T.d ",,,,"1K. pot1l .I7." Smco t'- prod"._
"' w.,. '-<l "" twt.olOlopoof condt, ..... , ... ..loe, _ impliod for Ihc Fon Lroowd
· ooo:I dll1

6. 111. "'U"nom p<obablc foco••0......,.bl,>hed
tn (T RL T. chnlC " Report r ·11 ,,, pm,. •• "lI, i"'t
" fUelU " ] d "m~ , nd "t il« O~ tI' IlI" . " a, ,e rinod.

TlIo Eft ... of w.tho• ..-.I T.". ..
DO> 1lI_ NoiM Prod.._ l~ II

1. Fo, "'b'"'llIOnt " 1Mli... "'"th" dati It "'''''
lr""'......, II"'. ..... d,Sl.......mun-",,,,, dnirlble

8 . " rrro Ullll l<ly 66 0 ""'00fI1 0( lhe indmcIliIi
...... I mpl" ...... f. U ..,lIl1n 7 d Bof pfftb.tions Itl ..d
on the Intp'" ude d,"""'" <0.... d..oIopod ;n
<lI l pl• • ~ and on th illblc m.t.",oI<>p<1I dlt l. Of
,h. « n,." tIll d' 'n 1 d.tl. 15,7 po' com .ouid
h. phy";c. lly "pl.lo. d while 10.7 pe,ce 'l! «,ul ~ h.
, ,,,,.I, ted , ,, I . p.cific set of 1I1O' <orologi,·.. . ondl.
ta"" . Ollly 7.h pet cont WOf, ""'~plll " od . MoS! nf tho
diloll"..n'....' dl ' , feU bolow tho predic.ed ~.uh•.
TM p/lyaiu l ..plan.,t"" and """.I.tion. boled ..
TII>Ie 6 J:I"O ",liable rroads f", I'" " ,......mtnt dl',.

" r . P S."'-.__R.............. , ,_ . T_
n.... Kopo<1 f·17 /A.I>71 l f>'Mln RI.. 19111



9, FOf tume .l.hon., t~e 'e...;n p,.""n~d I
di'''''1 b"" of ....' 10 !he blo.. life. If f"" _,e·
mftlll I/T""'ed by bllri<n lie e1im'nlled f."", th<
I....y !he agr<emen' pt .""n'. Inerel.... 10 1O,s.
while " nuplain«! pt,ornllf< dlOfl 10 S.~ pt , .
"""', . Tlw", fiawa ""nfy the wa!h.. c1ept'ftdtnor
Inlpbood in Oaaptcr S.

10. A' "'Offe. dinanc. ..d '.,.. d u.. ft>d of
1M day , lIM: 11,.... ampliT..&I -.. _red
"""' A' furtl... dl.....,.. and e..l~ in the day .f"" 11.- amplil...x-s ocao ,red _ ....

SpoctnII Con_a 01__10.- 71

II UK of roannll"ed Ip«UI ntp ' n th< .Reell
of indmd.... 11,.. ampli'ude blull on , ,," dall

I Z, The SJ"C":d ptol< of bbsf......'Oy ""u",,d
bt' ....n ZS ...d 30 H. , :dlhOlfl/l _,he, wndlllord
IlOmc, ime> <hifud II". pt.k '0 IS Ill.

13, Hy . pplying d,II...n' ft'4oen<y _llI0lLnp '0
Ihe ptw. 10 fo,m .."'>". " " "' I. d f.OlJnd uP<""'.
1 1>, th. bl"l d.ta con bt "..d I" co o,P<" . !Om<

«>mmurnly " 'pon" m" 'u re, .
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APPEN DIX A :
METEOR OLOGICAL DATA

T. bIe All.." ,h~ m.UOI'~ .......' .....n'. fo,
Ih. f on u onud I\.'ood "udy and II.. oIopes of th.
"""~'P<J'Id",, oound ~Ioc"y god...... . Colu""" I
i no! 2 1rs1 d.. dOl... .... u..... " f ,he "'104 n.,t... I»' th~

I AA in",,,,,,,,,,, plane . C...,,"'" Jill'" '"rbuIe"",.
n ,e4 Joe,....." 0 ..... 10 ....tIe, .IIe lin 1.....,. ' <'<1
Twbllltnoo !iyoteon l U TS, n.. '<Ill <01_ ~

Ill.... 1 .....W>4~ awl <ii,"", .t.1dt ..... oil ·
I.UICd .. Ilf<Nnd .....1 from lI>e f on ~.....r4 1.iood
-a,.... " i l_ and II upper oIu' ...... 11000. 2OXl.
...4 .J(IOO f, [JQ1, 1>10, ond <;II ~ m l M iLl f. "", i ppto-
pn,,,, IOn..... in the FAA lfllltum.." p.:b n..
.peed ..~n .. kno.....4 tile ,,""""0" " in ..........

...,Ih 0 " p,n . ntrn! ..ind ",,,,,in, lrum th. nurth . 90
ffOm th~ ~osI . 1110 (fOm th. "",th 4 270 ffOm the
_I. Column II lilr" ,he bl.." id1 .,. I.mpur.oll)'
",1..«1 '0 th.... "'"' oolu l..,.;,;.l "",,4,,;"n, .

From . luo infoo"",,,.,,, . ....nd ...loci.y lIliditn' pro.
flln .. .... C"'i ' ed on th~ ,..,"h. _tho n ••• md wn1

d.""t..- ,,"'" the .....,.,. If<>l ..."" <;I). Thne pr0

f"', ..... "....." ....:1 "",th 1loe olopn of 1Ih.., ......'
oq;mm' 0Pl"0..",o'", bll<'<l .. ("<>1_ 10 th r<><>d>
u 110< ...,,11 of the ...".. Oft Olt«/O h..l""",.. 1
on<! m~ 001"", ,, he~ I ll . 2nd. lid. ,te " ..f.r
tu the ......t~ on Ill< profile beplnlllfl
",,,h the oq;mm. d o '" ,ho IfOI'I"Id Wu", dope
•.01..... i '" IM'n If n>ore .......'m _ .. "'1" ,,,,4 10
oppro~im.~ th~ cu~,

T _ A I

... ...~,"',p.... "oro
"'nd"..,..."...,."" I".., ';fadl<n' lfj,.",1It ,. m-,'_l m)

r,m. ..f

." """". '. ,.. ,- ,- 11'" ' W BI.., # .. ,,, '" '" •• ,. ••
H' 0 100 ' .0 1·, ..., ll- Il " n ·l l 1 lUll ;I!,"' '' , 01' ,'''I ., (101' mo, ,on ·,0 )1 ,,0lU

s ·,011 "11 ·,0 "

• ·m~ ·.0111 .oll ·.0 '0

6·11 ,~ .. H'lO ll-l~' 11011 1 ll· ll~ ("". , ". -.OO~ .", ." ·.0 :19
s ·.05~ .., _-0 ' 6

• '. 0 :19 . on '" . 0 10." ~. .. "" ll-- 161 11·110 '101 66 .., ,
'" ." '.()(' ... ·.on, m · -011

• .-0)) ~, .-01) ...
• --011 ' ..,

. " ~. .. "" ll--161 17·110 ,.~

~"
, ., ro, ·-Oll '"• ., .n l ,~,

'", ·.011 ." ,'" ·.001 . "• -1))1 ·-Ou '"
'" 01 16 .. » 00 l lo l~ 1 11· 16 1 lJ.1l~ ~~l' , •• ." • " 10 ~,

' ., •• ." . ..10
s ,~ •• .., -.0117

• -.001 ·.019

'" "" .. »00 llo lU n·l61 17·1~~ ~~.., , .017 · ..10 ,00', en •• 0 1'. ·.oo~, _0 10 " 10 '.'~ "• _,Ol ~ -un

'"



Table ~l (OOI't )

M. ....W:lj:icol D. ..

wind "," au-dlt""Don l TaW lj,.,hont(lti"",ir, '" mi"",iml
Tim. of

Wind

~" .." ,..Gmd reoc aoec ,~ Rtu ' # ~ •• ,.. ,,' ,. ,. ••
6-1 I M l S .. 6·100 15-ll1 I l -llo ~9·9 1

, .0 10 .027 " UI O
e _.01b 00' .nu
s .on ""• .on . "1 0

6·1I ~" .. '·11U 'I-I ll lil-16 1 16·171 \(1'/·11 2 , ." ,016 · .059 .00'
r; .U75 -nn
s ·,021 .059 .mu
w ' .01 7 ·, 101

'" ~"
.. 4·2 10 02· 113 l iJ-162 16·2Jl 11l-l1 " , .019 - Oil -01 "

• ,OW 07 .\ _.OJ J

s ·,019 ,0 ] 9 -,005

• ·,075 "W

6-l 1 Of!4S " .,~ 19·179 lo·1I9 21·2 M 121-1 l7 , ·.0 16 - 01) ,u59 .00', .OJ 3 ~, "" ·. 027 ,0 16
s ·.033 00' .Oll ' .0 Ib

• ' .071 ' .04 7 .on ' .01]

6 ·11 U~'I ,. 11-190 19·179 1,(,1$9 23 ·16 ~ 1J1l-14 ~
, ·.0 10 ,019 .00', .01] ~, ' .010 .016
s -.ool _0 1)

• ·. 059 "" .nn

6,12 0946 e.u ",00 7·191 11·179 2l-180 1511- 15. , · .010 "" .nn 00', ·. 010 ,0)) , ,00 7
s ·. 016 ·. ULU .UIU

• ·. U16 · .0(17 ' .1101 1 .00'
6-13 OJ" '" ,- 1M117 11·]U6 15$-116 , .059 ·. 019 ' .0 10 .016, · .010 .UIO ""s · .(l.I7 .~ "" -.017

• .OJ3 J)Ol _ ( >o! 1

6-13 "'" '"
,.00, 1$-(186 21·192 11·1 87 169,170 , ·. OJ" .060 _07 S ,01", 0• .1 -.011 ,~ - 013

s "' ' .059 '" -,016

• _.M7 .oJI _0 \9 010

6-11 00," e. u J ·l \ O 8-<lSl $·110 19·1 S] 196·198 , · .027 .011 _.OJ] "", ,021 ·. (l.I7 .017 ""s ,,0 16 ." ·.on
• ·,04 1 .caa ·. 04 7 ·. Oll!

' ·11 "" '" l--150 eo e I l ·210 19·2" 3 199·2"1 , -,0 16 .023 · .Oll
r ,0 16 ·,01J .cn _,00 5

s · .019 .nu _.017

• ·. 039 .01] ' ,11] 9

6·1. 0~0~ ,. HlO 16-212 10. 19818-- 11. 14l-144 , .0 16 ms .010 _.0(17, -nt 6 "" " UW
s · .Ol 9 · .0 16 .00'

• No dot . ob11in<d III til ;. eat " ;<Ily , • ·.007 _.OJ9 00'

"



h o," ~I (OOnL )

M• ..."oIo,k.. D. l>.

....d I knob-<liJ<,~",, 1 r oW (; ,odion ' trl/o,,,/fl or m/_ /m)
Timo of

Wmd
~. ,." >Om G,nd .~ ,~ ,~ ~I.., # I~. ... '"' '" 'm ,. ••
6·1' ORoS .. I_D O 10- 19B 18 ·114 lR _l14 2'.\_1'R ,

'" .1159 _.010
E "" _.019 ~, . "19
s _039 _J105 .OO!

• _0 19 .00' .047

". lOl l " 4olt>O 9-l 10 6·lW I l _11' 26 5-1J II , '"Xl -"I. .U) ] -.IM '\

• ou · " H; ,U)) •.(lOlj

s . 'll l ,<J.U ~. om., ,,1> 19 " l l .<M I .oJ"

6-14 iuu " 4·1 ; 0 9-l10 e.nu 12-114 111 _l8<J , · .(11 ; "'7 . ''')
• ·.on ,O[) · ,0 15 · ,0 1a
s ·. Oj 9 ·. 0 [) ,om ·,0 16

• m q .om ,001

6-lS caas eo 11·2 l U l 8·l62 J)..2 1. 44 ·210 1~1·1R1
, -.Ul 6 .047 ·. 047

• ,U4 J , ,016 .047
s " UlU .Ql J ·. OW

• ' ,H4 ) .U16 · .047

6·19 U71g •• 6-140 16·20B ll·2 19 40-1]0 J09_JI.\ h "", "" _'" 0

• "" "]9 .Oll .UJ) ,0 1a
s _OJ] . 0 2J '" ,; ..'Ill

• . 016 . Hl9 _"1.
; ·19 " 945 ,., 6- 14U 4H)1l l H ll5 .16~).l 6 .H6 ·l41 , _.O l ~ _,102 Hl l

• · ,OJ I "" _nI 0

s .OJ 9 '"' _013, .csv ' .02] 00'
6·19 ~, " 6· 140 . ,W ll l 7-(1l1 J 6-< ,4h ) 1 6 ·J4~ , ·. !Ol .Oll 0 10

r ·. Ol l ' .016 ,HO .m r, ,015 ·. Oll -ntu.. ,1'1 6 .0 1H

6·10 ~" "" CA l M 1!-1M 11']]1 10_J42 ] 66·372 , .., .UJl -.(lO) j -nm
• , O.\~ .00' -.(M'l
s .0 4H .0 10 "n _.1" 1.. .caa ·.on " ., 16

e-au 1";12 4 .H CALM g·2Il6 l O·Jl l 2t)-]4 l .17 3 · .1 ~4 , ,041 ·.0 16 " OJ ] .'.• .OJ] ,.. -007
s .on ,., .on -.001.. .on ·.0 19 '" ..

e-m ,., s u • -l 40 l 1·2 26 2 J ·247 2l-l 46 .1 9,j.J 9 l h .OJ9 ,019 " Ul o, .047 0" ,,0 10
s ·.0 10 -.0 30 nos.. ·,0]) -.001

6·l0 OH05 s o ' · l 40 2l ·216 IN.7 n-H. ]~l-J9J h .0]9 ,019 -I) 16, ~, .01 6 -,1) 16
s - 0 16 · .OJ O ,005, 00 ' · .00 1
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APPENDIX B:
AMPLITUDE DISTRIBUTIONS

Th~ bbll di ll in C1np tt . l _,. divided ,n lo Ii..
c"'gone" (I) .,><>d. dOl" bl. " , Ignllu,... (21 d" l
wilh oIig/11 n"i.. pr<..nt. (3) dato cont.i"ing . IWlIn ·
"1Il1 noi.. . b"l fur whk h t!Ior< il lll I&<c" ," I. m...urO
uf ,h. 1"'''' ..iu• . (41 dIll f<K ...hlch Ihe I"'lk ..I...
could only M ..1im.~d .1l>d (SI dill mio><d b«Iu..
of equipmcn' rlllu",,"Of <alib. I""" dun", _ .....11.

"

lIoinI .tw fin l lhIu <:Il'lOrieI, 1"'u.1OW'Id ~r<
r.d dio",bul_ ~ (f.,ed b-.l OIl the r"".
dootancn (2, S. 10. ar>d IS 1!Ii 13. ~ . 16. and 24 kmlt
Il>d ' ' '0 ' imo I"'nodilOSOO 10 0700 bours and 0700
to 1100 hou n ) . Figur<. 8 1 " \Iough 8 8 m.... '"l. Ihno
. .... d"trIb" lK>rl•.Ir" tfl.... r""""" ........~IclI dlU,l btI·
11"" C<luld be .ubd ividod IIl lo fou' rang.. uSl" Slh,,,,,
nllu,"1 br<lk•. l lhl. 81 h... tho ini1i>lllld Idju .t ed
final br<lkl"'irlt . al"... whid l Ir~ indical. d in th~

lillU '" by"' '' and du hed ... m c&l li ,••pe<;li• • ly,
Tl ble 81 >II, tho OXl..,,"""of .111 for.IclI or lit .
......hln. ' I1ItI"".
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