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The t..,.,,t, ot larp •teor t.e1 on U. IIOGll or •artb 11 di1cu1aed, on t.be bule 

ot a om-cliJllnaional 1.dNliaat.ion ot tb.e tlOlf ro ____ _ 1n ldliob a plane lhock waft 

1n both •teorlt.e and 1apeot. artace le oona1d.-.d. Condit.ion■~ diNu1aed und.­

wtuab aob a ..Sel can :,ield pbT11oel 17 Tal1d elltlut.ee ot pre1aw-. and t•peratan 

..-ratied on npl.Mift •~ot. ot ..e\eoritea. c..,.nat,iou are carrt.s oat. tor an 

equUon ot •'-'- and illternal IMl"IJ troa t.be alat.UUcal Tbaa1-r...i atoll 11Ddel1 

dapar1ill&Na tr. oz .vl•t. _.........,, an \ek111 111\o aooount. bJ •ui■ ot naalt.a ot 

a ttrn-onlar ,-rtubat.ion wit.b napeet \o tc11p1rature. 

•teorlt.e and 111pM\ artaoe are OOlll)ONd ot the aw 
• 

Pe, and an aTerac• •1--t. (ln a NnM detlned) tor •\Nrit.e TM ranee ot la-

pMI ftJ.oo1'7 oonaidend eo•• ,ap \o ~ liait. po1albla tor •teor1.t-e or1cin 1n lb• 

Nlar 9111:.a, lfbiob 1• well 1n UNII ot llhippl•'• e.t.1'1ate1 ot IINll ataoapherio 

"1N1"7 fw •teorite tall■• o..r t.b.11 ranee, ftl.ue1 ot OOIIIN•ld.on ratio, pree,­

an, and t t•""a_,.. bebind U. lhocu, and of ebook wloolt.1•, ar• ubibited •• 

a r-ancu.on ot 1wput\ nloclt71 at the lCN9■t and tbe h.1&he9t ftlocltiee, neu~\a are 

onl7 qul.llatlft. Sbook t111p1rataarea oasp,ted t.- Pe agree ~ wtt.b at.ra­

polat.1• ot -.11.aeata1 cl.at.a ot Valab and air11tian tor Ola at. 1..,. pn1a1N■• 

The n-1\1 71eW pn1mre1 and t1 prrat.uree of apl.01iw up1tude behind the 

ehoclr •&Te■, 1a ntinaat.ioa ot the Ti•• ot Oittord and laldriD. 
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!Kl DIPACT r. LAJl'2 NnlCIIInS 

I. ma.DJ CTICII 

the enc1Ml •..-U- t.ba\ u. anwr• of t.be aeon ..,.... ta.:•• 9 apl.NS..U 

ueoolaW 111th \bl tapea\ r,t lArae •t.Nrl\N • Iba l!aeer aartw MD be --.lW 
le CIU'-"" (18,)) and \o Qi.ft' ... (19211 1')0). JD • a,•alw ma1pqae, lalc11'1a 

(Ult) baa ,-, the 1Upolae1l1 on a ---. h-•ete\i•• lie ..,_ ... ta P• •M ....­
aan\a apSNI elblr .... et ....s.,sa, •eh u •1••'•• Pvt.bar, ta. d1 ,natnlN 
Iba' \he 11111W el di l'W ft cllpUl hlr V. lmt• oratien lh- a _,,w_ fffte -
au., t.bl'a •p VII -,•- ftl'ft tw t.be t.arrNtrlal --•1U. _..._.., la'- Iba 

1,, .. ..,...1111 m•• tw np1oaiaa _..ta" on Via...-(._'-' anUlAr7 ••ll• ..a 
~, ~~ a, i. .... .,. 111111 w!MDW .....s...i Mp1Ni .. •~~•-a>• Iba,... 

~*• vi Ulla • Nl"\a1D error• ol et: r ,,_. u a t.notioll of ~ fer all Ua•• 

aaw .. 117 om ••~le~, eo1reaprsd!B1 le U. la1der1n mw, 71.W. a 

••ena u1 ru\ tor a •• -111•1. --•le 1D an :Jo1l-. 

h Ju\lf1 i.11., U. l!llpUleal U'I 10\a et (llttwd ,_. laMJda, l\ r.----• 

__, llr UNft I C ata\lln tNa plQreieal _,. t.ba\ l,,..n et lArae bedie• • U. --

and pnew ot nploal.a .,11u11e. !be aplNi• u.a, , .... a 1arp hneP • 

~,w •tieor1\1o arater •1•• fNII 1M ~pre ........ ,, ;1r11'8Ne ..._ 
blall •ea .... •--•led en •IMrlte iapan. to aalft Iba u_.1at.ed _.,bl• la 

~- <• a •n•.,_..,, .. tozw of \be lalenal .....,.) tw u.. .-.rial el U. 

•tew11e aa1 u.. s-.,n ....,__ o.u (llff) bu .... • ,a .. u.a bu•• • • 

...-u.n et ata\e IAH11A1ef!11& te • Sdaal 1M ., ,,-1aw 11111.al all .i.vw . 

...... 1 U. 11 ,., ... i.w and t prat .... W KS 11\e (a, 1eul ht, t.119 l.OI ... S.. 

PM' ftlNl\lN) .,. aaab t.ba&. Iba .i.van 1aa ••M be Nlat.lwq •11• ewte, 
alw Ude pa la IIV-.1J' ..... , .... Ina •t.al Uld• ~ ,-,1,t••• 1lle 
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.._ t.e 1• ftlue are ,e•1ble u a real\ et atao1PM11A .. i.au.. A._. 

\l•IU p..._lan mst al.a\, t... ---., \rauhr 11J lbeok fGnl&U. a\ t.be 

hlper wl.N1U.e, lo t.nllater llr pldl.lo ,uld _. e1aA1e evaia a, Ula lea• 

wl..S.\iee (lldtt• 19111 ,...n:eaJl 199.$). n. 11 ... l'blld of affiftl ., a•'--· 

1 \a lo l,iplnp with lair t .... Uonal -• lN■ al b1C11 ftloo11', •-' lie ••••q 

r ..... '9 llr1• lnlt.lal .1 .. , ~noe \be deoelaft\lna. •UDL ftla\11\liJIL _. 

Mldlna etteole ot tbe atssap..._. ...,. u t.n• art ... ...... llbil• tine we and 

u. ~,,1m a, n,n 

\he prawn P _. 1atema1 enarg U,... at.ma tor• .olual • ot \be ataa.,. 

P • p ~ + (5/2)(0 + 2~(1LT)2 , (la) 

U • u + (1'/2)pw(cr + 2t" + 5w)t(kT)2 , (U.) 

wbelw lb• l111Snc lerWle p Uld • are \he ouw1p•1U• T&la• t"1' t.ba 

• a\ -.ii wa1ae ot \bl ..,.,.....\e ..._IJ9rat.aft t. 'al.lie• et p ud • de • 

9'lle 1arp fraot.lonal .... lo ... ,...Ueted tw lgp •leorlt.ea "7 ..... '--

,1 .. (th- and Vhlpple 19Sl) ba-9 on T&l11• et tM ooetflelaa\ ot baa\ tnae­

t• ..... IPO"dlnl '° an MIU aiat.loa -n1e1aat ot tbl ... ol llllltf', lh•ld -

-pW oaq witib bN1'8Uen. , •t.eonU 1-ae .,..,. to NNlft \be dra,n et 

1-. •• tfM pat.ti m\a"■ a ...,S.. 1a wtdoll todl•u•1• ti.. NU 111 and a ,.._ 

\aebed ehNk (IINd .... ) to,- la h-ont. et U. boQ. Tbe bo\ NIIFN•- all" beta!M 

u. hNd waft twrniah•• an addl\1onal a1nk tor \be wru a1•• 1a u. tm 1• et 

lq •an r.... ,.t.b, 1• larpq abeorbed by u.. •t.eeroU. Tb.la arr .. , w re+a• 

\ha wtfl•l•I ot heat. t.ranater and t.ba reaalt.inl •• loaa bJ rJrdtre ot mpt-. 

... , •• lbCND "7 c. Oaa1117, Jr. (Wlplblllhed). 
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D0111A1 _,.1-. 1,.U.• a t&1rl,1 lCh ,.. .. __.. ,-. b et•• luan..,. 1'.J 
_. u.a ,, ,_I• 11. aad Z • 26, Napeot.lftlrt, h'a claldt.le• ,1 ..... _. h...,U. 
(USL)J \be eoffNpOnd1.nc n1u .. of Po are 0.11 and la.o -.abare ,_I• iJ, _. 

Z • 26, Napeo\iftl,1. Olla aould r•-•• i.taia artitioial f•tare ot \bl !hcaa...r.nd. 

IIOdel 1117 ra1r111c \he pre•.-r...-.olullll au.rw lnto t.hn •~ t.o t.be eq11aUen 

of na,e ot !rt.tpm (1918) a\ law pre•mi-•• Ia Ible pap9r, noweftr., \he presaare 
# ,. laplied bT \he Th--lend ..a.! a\ ao1Ml dend\7 will be \Menu tM lnlual 

P"•mr• ot 1M -\erl.al (a\ ,_,.ra'11N T • O) bet ... lhOOkJ tor oon•18'eD17, t.he 

lnteraal ...-.:r f• the aw. at. tu noftlal Toi- •o w1ll be \Men •• tae Tha a.­
lend ftla• ._. Thenaod;Jnon!a quaU\1a• bet'1nd u. eboot will be OOlllpUW on tbie 

heeie, ... ,, u., \he tlnal ounw tor u. pree•n belar S '• •W be aorreoted • 

u\Npela'1aa 1\ ln\o tb1 ftl• ~ to,r Nl"O iapa•\ ftlN1t.,. "°9Nlllfte o-eat.1r 
Ulan S ,. are nip eawp \e ..-. ~ ftrlablM beb1JIII Ula _.... appral• 

•tieq 1ne-,1cdaat ot u. cnoloe ot 1D1,1a1 sir•..,., Md olll'l'MPOIMI "".,,~'°\Jae 
r-.. ot .ta1cn pnuure tw which t.i. n.....r..s. aadel 1a ~ fflJ.d. 

Ill. IIIOCI DD&MlCI 

0D 11119 --◄! 1n&tene) lAM11M\iAD .... , the anaqUo deNripU. of I.bl ill­

,.., 1a eq"Cli•&len\ lio t.ba\ tor Miwal ool11elon ot we pl- elaba., vtdoll an ■-l• 

1at1n.1t.e 1a •PPNlaa ct1ree\S.en•• lab1DII t.tae lhOak 1n Mela ■lo., lh• n. ,at\an 

and tM dinribaU. of pNNUN and t tpe?a\uN &J"9111\1.toN up to lhe 1l1tert .. e 

be••• Mt.erl&l ot u. we al.ab•• Cent.llllal\7 ot no. ftloe1"7 a\ \be int.fffw 

reQlliN• \he n• .. 1oe1"7 to. be oona1a\ 1n \be Nplffl N'81• \be tllO lheN•, Md 

• ,_. a.,....i.a, an aTel'ap ••and• awraae - per at.at• 81 ud h van temJ 

_...,.. of --..•••Ion nu.a, JINNIIN• aad t1 jANtlaN (1"" tor Ulla - 'r Gil• 

tUI) and HUl (19S6) di.ttn aa•ut1&t. tl'III t.hoN P'Nll hen b••-- ot a ~ 

clltf•~' eho\oe of••• 
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nat,e bah lad t.bl etiooa oorre•pond• to a wi.. • per •'-• • s,reamre P, and an 
.. re, U per a\oll Vbloh an oonaeeted wl\b \be ua ..,_ebSDI \ ,,..._,. ! behlnll 

u. ... .., u.. fh••· ,...s. eqaaUw (,1). 

the 8Nhan1oal ebNk Nnll1\ler1a (6a) ~ (6b) yi.U 

• ol • .. -Ve, - Pe>l<•o - •> 
aa aa ..., ..... 1en rw u. lbook ftloottr, an11 al• .,,..u. \be ra1a,1ea 

(P • Po><•e • y) • ¼ ■ f2. 

(7) 

(8) 

1A lfh1ob lhe lhook ftloolt, and enfflY O pa- a\all do not Nt-lire In addlt.iaa \e 1M 

len equ\len• •n.lWt.ion 'lfi\lL U. U.,-tb: ••.o ahook oondll1• (6e) et 1M ND-

8'1111\199 ..-u. (L) tl"GII t.1111 Tbaae-r.r-1 aod•l Tialda a ..... relat.1.en 1n 
• lfhlab u. lheok .. 1oc11.r and u. wro u par at.ca do not. enwr. n. •11•1•• ol 

\heN t,-, Nlat.1-a dt.b re-,eot lo P la 

(9) 

(p - p )(y - Y) + 7 p (Y - Y) - (u - u) (Y0 - •>fr Q• 0 0 e O O 0 

l - K 7 <• - •>/• ~ • 0 

la addltlen \o dept•••• • ~o 'fll.l'Ubl• •., Pe, and._ uaool.aW wit.la 
Ula 1a1Ual et.ale, Q ..,. .... OIi Mae t1nal 11\a\e betl.1nd Iha lhock oaq tbl, ,.., ., ,, 
•, _. 1_. ft1u are all f\&aoUoaa aa1y et YJ Mnll equa\S.en (9) tblN lbe ftlw 

T per a\oa bet,1nd t.tae anock WJ1.quelJ u a funim, ot tapen "1Nl'7 t. 
The ■-lhod of aolut.1on of the ehock equ\lone uNd 1n Vila paper la le p1" 

Q(y) ll'a eqoaUe (10) tor • pan1.auo at.aaie 1111•• I ap1u\ \bl wlw • per 

•'-• 'lhe ftlae ot • behind Uw ebook tor • ,....u..lar !ftlPle\ ftloo1tr , la ob-

' (ll) 
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1 P-936
3/l2/b6-u-

noMrlMd rssulta of lh» TaoA«»-/«nd ih*or> •• gwwrallMd to orbitronr 

tnr* bcr PoTOHuri, notropoUs^ «nd Tailor (19^). Ttaa oonpakrlaoD thema that praa* 

auraa fro* tha tai^paratura-parturbad tnaory ara qaalitatlToV oorraat aa long aa 

tha total praaaura F deaa not axoaad about twloa tho aoro-toaparatura Fraaaora pj 

ana notaa fraa Ptfora 1 that thia oritarlon la oat raaaonabl/ for tha oaaaa Z • lit 

and 1 • 26 vhara p la glvan.

Aa a ebook on tha eoapntod ahook taoparaturas^ tha only aaparlaartal data 

armllabla ara thoaa of Walah and G^rlatlan (^5) e« Al« 0o« and Zh for ahook pro»> 

avuraa op to about $00 kllobara. Tha ourva of ahook tonporatura pa^aoura for Oa 

(Z ■ 29) ahould ba raaaonabljr oloaa to that for Fa (Z • 26) in tho ranga of rmrj 

high panaaaara ahara tha Thaoaa Faml aDdal baconaa pdyalealljr Tolldf ainoa thanaa* 

djTBOBla fVinotlona od thia nodal aoala with atonio nuabar Z (ahioh diffara enlj bgr 

about 10 par aaot far tho too aaoaa la quaation). At low praaoura, tha ooafTioloBts 

a and b la tha frldgaan laatharoal aquation of atata, - (w - ▼o)Ae *

ara reogiaF tha aaiaa for tha ta»o aatala (Slatar IFLF). Ttaua, tha ourva of aha^ 

tan^arotura va praaaura for Oi anouid ba oloaa to that of Fa at tha Icnror praaaoraa^ 

oloaa aalnao of tho danaltF^ tha toIum ooafflolant a of thomal asponsioD^ tho 

pomotor • a/a, and tho hoot oapoeltioo, whleh ontar (Waloh and Ohrlation

195$) lo datoralaiae tha diffaroMO bat—oo tha loothoanaal aquation of otota and 

tho lufahlot ralotlon, ara ar-prozinatalj tho oano for tho two aotolo nodor noraal 

ooBdltloBa (Fordftho 19$l). Oonao, ono oxpaota tho data of Valab and Chrlatlaa for 

Oo^ Whan oortrapalatad^ to fair Moathly iota tha oaiwtart euraa ef abaek 

tura far ?•, and Flgord 3 anows Viot aaofa la aetuall/ tha oaaa whan tho 

tlon la eorrlad out ogolooft prooouro. Tho doahod lino thraagh tha data point# of 

Wal#t and Ohristian haa baae taovloatad lo a point of taagoaoy on tho eurwo (full) 

of ooapotad tftaok tonporatura^ at o prooouro of $ p^. To dotamno tho euroa at 

#wak toaparatura for Fo down ta tha low toaparoturaa O^owa, It woa naoaoaary to 

OKtnpalota tanparoturas gloan by aquation (U) late thoao glTon by tha Taplar
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P-6|6
3/12/56 
-12-

ilM «t wmU oMprMslon,

Th« i^IoeltlM 0 aad C» of tte ihook In Uio li^pMt wrfaeo aod tho aotMT- 

m daHiM4 tgr ogoAtiana (7) aad ($)^ roopoetioaljrf aro ahomi la i far

t ■ XL aoA I • 16 M a funetiOB of tigxaat aalaeitor 7* Both rtaak Talaaltiaa ara 

af tM aaaa ardiar af wt^kltada aa tha iapaat TalaeiV* Tha aoaia apaai a baftiiii

U ahaaa (4aaha<) la Flaura ii far Z • iL ani Z • 26| ina Taloa* ara 4ater^

e • (€gPr/»)^ 1 ♦ (5/2) ^ 7e^® ♦ 2T) - ^ ^do/dJmr ♦ ^ T ♦ j ®

la 4afina4 (ailaarrx 195W) aa a{^d aa« Ga iAa Thoaaa-rarvl Uiaarr^ 

tha aalna a« of a at f • 0 rapraaanta tha aouad apaad la tha undiaWrbad aatarial 

ahaad of tha ahaak| tha aalaaa af a, ahowa ara roughly af tha aarraat ardar of aag* 

aituda far aeund at<aada la aallda nndar noraal aonditiODa** Ona aotaa that 0 ^ a^ 

far f > 0« ao that tha aatarial aaloeity ralaUaa to tha Aaeh front la aorraatly 

auparaenia ahaad af tha aiiook in both tha Li^aat aarfaaa and tha aataoriu, aa da- 

fegr tha Batha-Maorl aanditiana (Caurant Md IViadriaha 19ii)«

(12)

f. DZSOD8UOI tm OQMLOfIGM

It la alaar fraa tha praaading dlaauaalon that tha raaolta ahtalnad ara aaralj 

qaalltatlra far tha raglan af high lapaat aalaaltgr, baaaiaa af tha paar approorlJM* 

tlan antallad in thia doaatn tagr tha flrat ardar tanparatiu a parturbad thaarj. If 

aaa takaa a dlffaranaa batwaan P «id p of |/3 aa narraipandlng to talarabla Talldltgr 

af tha taigiaratura■parturhart aodal^ tha praaaaraa and taaparataraa of Plguraa 1 and. 

t raapaotlaalj riMald ba raaaonably Talid baloa an lapaat ralaalty of about 27 km/am 

far Z • iL and 37 Waaa far Z - 26. Tha rango of lawar Tolaoltr For a praaaura ba* 

ii<*d tha ihaak af laaa than 5 pi, aarraapcoda to f < 16 and f < 20 \m/am tar Z • li

i^baa a^ for Iroa la 11 ki^aaa fron tha data of Plgura aa againat a oound 

of about $,9 Waac aaaaurad tagr Minahall (1955) in ataal.
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lai%lAlljr« tb»M pr«Miur«a and t—praturaa atbaiai la • voiaa* vhioli La of %ha 

of %tm laitial voIum of Um aataoriu, if ono takoo Lota 001000%

%|M ooloao aaap% 00% %pr tho ahaeli aaro in tOa Ij^aot aorfaaa^ netiac valaao of 

o«iprooalao ratio iatfloaiad io Pi«iiro 1. Tba aa^laairo roloaao of Mm oaargj iai- 

tiallj oonfinof la thio ooloM blaata oat Uio lonar orator. Gifford'a aaoaluaioo 

that ohUqoa iapaata oan ylald alroolar eratara tnmn foUaoo if tho flow ralooltiaa 

(OMratod hgr tha a^oaira raiaoaa axeood ary ooaponant of Tolooity parallal to tho 

la^aat oarfaao ohlah tho aatorVal mmj hava aeqalrod ao a eont*'^noa of ohllqiaa 

lapoet* Tha ialtlal phaaa of tha roloaao la Irtraetablo to oaloalatian boaaaao tha 

IBFoaoao oaaara at « Intorfaeo botaaao two dlffaront aadiaf aa ao aMai diffiooltgr, 

roaalta af Figmrm 2 ohaw that tha aatorlal la ralatlraly dafonorata initially^ b«t 

tho oqoatian of atota will toad to approoah that af an idaol gaa oadar odiabatie 

rolaaaa.

•iBao Tignm i ahawo that tho wolaoity C af tha *aak wawa la tha aotaarlte

rolatira to tho oatooriU itaalf U of tha ardor of tha lapaat Tolooi^^ it foUawa 

that tho axploslTo proaauroa and taaoaraturoa m% araatad in a tiao of tha erdar af 

that roqiairod fOr tho lavinciaf aaaa ta trawarao a diataM oqaal to iU dioMtar. 

Hanaa« tha offootiwo ooatar of tho aa^loaian aoat lia within a dopth bolaw tho 1»- 

poat aorfaeo of tho ardar of a Ilnoar illoaaaloo of tho lapiaflai anaa. Ihla faet 

ia of li^MnrtaMO in a proatiaal appliaatian aodo (lill and OilTarry 1T$6) of tho 

laldwiA orator rolaUon ta tho apallna af dlaaoaiana of ai^loaion aratara in tha 

oarth aa a fbnat m of onargy roloaao. ta aa^haaiaad tqr Gifford and Baldwin, tho 

original roliwM of tho oaploding oatorial will bo —11 roIatlTo to tha wolaaM of 

tha arotar.

^ ooMia of a rafaaiBlatioo (QUwarry 1956a) of tho LindaMon law of aolting, 

a ■tihad of oatlnotinf tha fbaian taoporoturo at high proaaoro haa boon glTon by 

(Hlwarry (1956h). Tho nathod dapaoda aa tho aaaai^>Uan that tho aritiaal ratio of 

laat ■aaa aqaara Mplituda of thoraal wlbratlan to aaaroaV«oichbor diptanoo ia tho 

■olid at fbalan U a oonatant IndapandaBt of prooMiro. Qa thia basia, Figaro 5
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