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C f~itl Lab'4oroatox-1 for '2,yjo a ond Cho~iatry of Solidal

- ~~- ýzAo of oxo't-ozio dooozpocitlon ±o dorivod from a~n r.pproxi~zate

.. r-.ytc olution of the cquation dcaoribin- hoat co ci±oiio in the

I~~~-4 - Q.oontinouOzly ce.±otr'ibuted. hoat ccurocon duo to A.hical

-. L 6 IT- o~ponition and to tho a.boorption of an inten.. ahort duration

- ~~ .-lo of licht. 'rho oritioml liicht intonrvity org-o ~ vi~nj

* .. ... ~to a tborm-c2. oxlorzion ia Co.uo n i1~ oritica.

... ~,-ity sahown to oziat. The aedol prod.±otz "11 the major

vQze-riZmontal foaturoa o~h i~iti'on by 1±~ht.

for 2.Lcht in or noar tho vinible range havo boon ignitod bl intcnz*

1 flzz.hoo of ahort duration 4. Them future development of

ma load, to light souroon capable of igniting a wider ra=;

'.0I io kn~owin th-at =aytl'.cla~ of ig-aitir.g explooivoc dopornd

J . tho in,.tioal tomt~.of a localizod region of h~tz-..r

C1 c~ :) .pt The uno of an intornoo light oourco o:' a1hort dtar;.t-or

12M ILI 1



CLEARINGHOUSE FOR FEDERAL SCIENTIFIC AND TECHNICAL INFORiMATION, CFSTI
INPUT SECTION 410.11

LIMITATIONS IN REPRODUCTION QUALITY OF TECHNICAL ABSTRACT BULLETIN
DOCUMENTS, DEFENSE DOCUMENTATION CENTER (DOC)

[] i. AVAILABLE ONLY FOR REFERENCE USE AT DOC FIELD SERVICES.
COPY IS NOT AVAILABLE FOR PUBLIC SALE.

2. AVAILABLE COPY WILL NOT PERMIT FULLY LEGIBLE REPRODUCTION.
REPRODUCTION WILL BE MADE IF REQUESTED BY USF00% OF DOC.

A. COPY IS AVAILABLE FOR PUBLIC SALE.

El B. COPY IS NOT AVAILABLE FOR PUBLIC SALE.

El 3, LIMITED NUMBER OF COPIES CONTAINING COLOR OTHER THAN BLACK
AND WHITE ARE AVAILABLE UNTIL STOCK IS EXHAUSTED. REPRODUCTIONS
WILL BE MADE IN BLACK AND WHITE ONLY.

TSL-'2-.2/65 DATE PROCESSED: X30

PROCESSOR: Z



0:ýforzi tho poozibilitzr of int~zoduciz onrolE hot zpoto&I~ into

an sx, 1oziva anc thiuz 0' ZininA7 Woozo knouledga of the bigh

toc-pozatuao dooompositio- ldn'vticz of tho oxplosivo. Blanr"A'%r 5,6

Sdo -ribcd the initiall 6c~~ f r digital co--pu*.or atud7 of

.11o ralovaut thormal rasiz~o ZZ t!16 prosont a~uthor' hauod. U,-Gda

cappromzan.t. a~nalytic . lol to oxglaiu Baretold's z'ozult fx

ailvear nit'rid.o. Swinoo no Caorxzall.* cpp1±oablo =od~o1 of the

intion process hazz boon dozoribod, and in vicar of tho usuixl

lim~ita~tions of =8nricca! S-olutlorz ovona nupproxinsto anayi

zolution, would ba, uzoful. I= gonaral tethorml ragirio izs

oxtez~oily co~plex. ALcoordin~ly 3evrzal simplifying appro~iaticzs

W.re cade iii this ptpor' for U4a z&6 of 32atheutatioal traotubility

b;L't 'I-hOY h.nvO zoaz~Ot-l;O ýhyzicsl va1±L,-4;T 4Ar~ rosult iuiltl

-arror in -the critical ignitidn intenaitiez.

P~or simplicity tho tfollimz.- ozo-daitsionakl :ro M.6 its

cons idered. Light is incidenut izcrmal- czn afomyo tefe

hal-spce~ >Q *~h fre afae i i 0ontalyto itha fre

&An the entire. .xlosive ma=* is initially at the Unifom t"cPoratara

To. ?h. equation ezarssing Iowal Gooservation of energy has the

ft=u

'ihora the Syzbole have the followiri mo~ninfr:



C I 1b'oi-e.t 'Zr-rt"-c 2 0. -r ty a ~t capwoityr

-& co 0= -**. ah~. codutv 7  oh 1 ot7 Of ~th.

-lociva dooo o~i on (Crwrcy/uzit. =68), Y-fraqua~c" ftatorl

- zc'jv~tin nerZy2 e - .'oipti~u coafficierntl arln.

+ 0 ,difforin2g from the, izoidoext valuo by a mafloxior.

-In, gouo~irl az r- complicatod. furuotiona at

soolo46.h, ,O tbt an1 ar.-ytia so~l-cion. oA- (1) id i=3poosible i

tI-o c~o -of pblych1'on.ti. ý=diz~tion. if tolaoohrometic :iAutiou

of initogrtod. intons~ity E. (onoru/ni &rahz.a/t tiwa)' A't + 0

-is Mor~to Thlovant ctof a h -i

'.oQu yo desscibe -theW . It -s litftQw 49" M dL that alU

tLO quzatities involva4, ltb the .zcptl*oL Or T ýaa -E ax* -

i=-&r.PQ7e4t of zand 1, ktnt heats of pbase tran~foxceAea,

-iOaotcn ==nPtio u~ hdo ±o ft~fooae i -noted,.

Tho bowudar oouc~tioui atV 0 whiah satisfies -Stefiji

r.Adition law aakes a'- solutiou difficult. Th. Jetozaiaa btopudar

3.



0I ti he ligt in siitchec4 on at the ti=-o -)tto ini tial

con~ditpionz lro

0 ()

'-~aion (2) ivith co-.aitiorns(3 and. (4)~ain czt-rcroly

i~t~.ct buobt sin--o to=n 1II (2) is sm-j11 co=?ared vith tlio

--ot or toxr-. until a P1loiioý is imminout it may ba noglooted in

th-o first stago of tho solutiono (2) o=~ now be written in the foz=

-aharc dimonsiozXzs iz

anidistzcnoo pOc20tivo2.r ) in tG W"oxta

2--oporltiona-1 to theo nor!r fluxza -r-U T-1 . Zqution (3)

r--id (4) brc~oz

k i -cnat. 6

'~rOLaplcroo t.w~forý of ()ic

azqp because of (7)wei &L=U.



Tho lapl.h.co tranfor= oi (6 is

ho gono.-. solution of (8) in

I-
r "Us operto fOr o rreiszibpn ( tiotho) solutiono aind (9) tives

1 fth "eis ion-ntions.q (-t otvsl,; orei

Specifiect, (10) *n to put, in explicit form by stanar notho•8.

For broviy onaly' the stop) function [

corresponding .to a constant flux source with solo, ris times Vill
bo corinsiL.o-tho olo o (10) now 5is theon by

+*

50



0jh ra an

It is ahoun in appendix I that if T. 102 then (11) can bo

writton in the appro=1ito forz

u-ha- L(~ (ia)

'21ho for= of the repczted intograls of tho error fAmotion oo-•-loont

at•& r-lated functions is chown in Pig.l.

i tao, (12) has tho fo=i

a solution provioudly given by Carlawv ad. Jaege8

lOW in cnea o: interes k-< 10- 2  (see Apendix Z) so (13)

can 'bo uaod as a aoou appro ion to (12). Hence (13) is a cooa

descr-iption of the wvolution of the temperature p-ofile prox±dc4

that chemionl reaction is insignificant. It will not be valid

if high efficiency photochemical prooesoa c&an occur.

U DECAY OF UOT SPOT

The total aneor6 dissipated per unit area when the liýht h=a

beon ewitchod on for a tire to is given by

4 P. ,. say

whore w
---- --- 6 .



o-oxzy dcnz3ityl, rci-d. of Ai-C-=oi~mczO duiration 4O is .Vo

by

U/Ao iz Civea by (1.3) an," is± co~ztant.

T`Io Vz'i4.&cz exi>z b.1 (14) Zz p %Q. -0i~20

1-4 t.ho lish'. acurco -1Z OZ~~ af ti--o toteupoxet

c'-i'---on ~'unmtio,:- I

whoro HI is tho Rcoý.vizido ifunctiono

~hooonin~ko~of(10) =a4 (15) with ' 0 gv

V4.1.o0,6 (T) is giver, b.7 cozueionz (7) rAn (13). 1)d-~b

-he Outvaiozf G cio oOeT*pOnain to & rect~c~lar fla: 12h.

An intaouotinz" 1imitias czae occ= -ghen A~. tnda to ±rafinit.T

tkiio -r twozru to zaro in rucIh 'r. that tbAe total1 c--Ox (Ii~hoh

is propozetional to A.t ) =e:.iw oonataat.

=dn CiTos tl* P'.ofilo



0 6c,

::-o= (10) iuhoio j=4.e r - (17) is tho 1~ii

form of (16) zas oor.zt. and. with t'V-=' yil

.110 limiting 0"-, of (13) 8 Va teTu a

onti'oly to be ozpoctc&od for tho i~itial temperature 4srb~:

Produced~ by a liz~iIW 2-allo of infinitcsimal d~uratioix.

RMCTIV P~am

t-11 C.~bovce/~w rwý; o ý1utioa dulo to chc-,'iCal

roý ionhas 1oon ontizoly ~-oiod. In this section tho Qoffoct

of chomioa.1 raaotidn is. iut-o='c-O& as'ertutaration. of the inert

ovolution of the tcprture p--Ofila, in the following way.

Firatly ohcMioczl raactýion duri~iz t2e tirne for Ihich he light, is

o~ith~4on is ic;:oz'Od and$, Scoozdy the rate. of doozy of the

hot spot duo to 1hozt- onco ator'z light Souroa is ~itch..4

off irs conzidoroe- to 'bo idzzontical to that of the inert case. Thn

validity of this i. 4- r:'-zmincd in appendix 1I. A 1 zh

not entirely jusetificblo this prooodura is of the upmost i=2oz*a--CO

in zigplifying the sulizoquout awalysis.

If Chemical oeation is ignored prior to the tizo ~t~hor,

t1:heio t tozporatar dccay '.ILO timo0 -s~v~ r'(6)

8.o i- eV ;;



C+

vh~oro/

To) -Z-Z

ia tho i= t ao

Nov., by d~oini&tion, to=~ IV o~(2) is zero for jT-> * .z>o

so F Ick-X=onetAz*kci~s a xponiantial appoiato 9 "an be u~sed

to vrite (2) in `?os-0oos f or=

or anproximately

)t ~ Z~a~(19)

and+ CC 7 (20)

In tla~pproximations the Arrh~onrau rate wpes~Os2.OZ ic

exy-ndad 4bout the higheat temperature pr~oduced in tho inert

,PIZ=* of rogizovalaora tho offoot of ohonloial rea.ction is rozt

impartznts 14ba noco,-a=7 con~ition for a thoZZ31 6=plozion

to occur in &zn explocivo -with soio order kinetics in the.t tho

tc-por~tura so--owhoro tend to infinity. In tho 4Z3Otr"

the tC.-e2*=tur* is S--C~tOst at 1&0. OrigAZ#n C- 0 0 OA1Y tl*

ovolution of tho to.- r at the froc, sizrfaoe will U. fuzrth~r

oonid~rod-.

9.



0 ~Sineo -

L~~V -~L for ->-*

( a3)ind (19) =y be 0oz~.i nod to give

se, for 
(1

fa ±r cozvoniono3, th-e prime on T as, boon dropped. The

riiinay diI.ifforew;ia1 ecration (21) can be integrated. to give

+ Soo (22)

It in clear tha J.%Iaim& exlo iocond.~itionsl Can1ot' b u.Orve

ITOM (22) unloaa has a simplo form. Porturztely

ha3 sim~plo azyp-4otic floz~z - %bOk, h 'ZO111 al and 1azo voiuez -of T

These two extremes vill be considered. separately.

SUORT MUkTIO~I YLASH

~ then

linoand (22) wilth the iniltial

cond~ition 0O whom c>',)gives



oi. ----au the nZ.-Ioar of (23) for various valuou of the

o. /-L--.. V aleazly thQ condition for o s~ionior to oocur

" /DIU.T

.L then

:ZJJ
OLIt

.Hcnea -j -z 0 ( arnd. (22) vith theo azpprop2riato

initial condition gives

SE + -, (2.4)

7' _<'._"___< •-•/ '".;hereoC

Fis.4 showa the nature of (24) for various values of the pzrmotýet

* Clearly the condition for explosion to occur is • >I

11.



0 CONDIT~ION' M~ LOSIO:,T

7ý1o condcitionD for 0ePlozior. aro givon 'b

Al'vhough Oritpiosi onora de~3itiez, , Could 'bo oomputed.

t*-ro ="soiOria2 it is PrOeferable to find an e~tplicit for"-ua-

c-ven at "-e =2azo ol ,co~ accuxraOy. Cnscunl

a -1~~pipromi-sation to T, iz r ~c~ur~ BY dafinition

-. yP S ~~ 0'' o)=J 4
.Lrc=(13). or zirnzo I-- -

Saan *bo showni that if -x is zzall

- +i O.'7S.Zx.-.- )2

a-d if PC. ia L-Orso

Fig-5 zl~ou- a lot of ,0 Cpc) zr it lizorr auyuptotý32. It i.-

clear that 1+ Er *1+O.8~ot~ao

Zor all viithL O-r~of 04 s 'n5

12.



-k riia condition for a chr z~zrato fizt 2=V1

writtan~ in th.-o fo=

Oro is constant for a Sivon eox-lziivs

i.- oazcz of i-'-'~~' o iZ s cori. 14-1on is. givon, uppwozi-"to1y

*br

~.ocritical1 condition fo- the1o ln duration flash, p 1, ban tho

This expression does not yiold. r oxplicitly, bazt siz~oe'f.T i

~a1 ('~ i~)an q. 00A.v ir 12  for ftho OOnvontioaLj .poz'10~

X is insensitive to largo vaitin in the arg~umt of the logaitb~

~ J (25)

C-,o 00)~ V110Z 'k. is raza1, (25)' ziVO3 tho Ca-;-

liziting valuo azz k. terA.- to zezo.



Tlwtho criticalJ oor4.ition for e=.ploion zppxo t-ie t ZC)

j\ z ivo Iby (25) Cz iz a. fcoaly

accordina to the a.pproximato flormu1a

Ignoring ',ho vae-z.tioa in I tho orit-ica.1 condition io

a tui 0 -xo 0 1 fi 2,*"Z 4::: 1 or <~c x 10. 1 trill

farther bo vzs'mc&d t'ht (26) xomi r. goo& :pmszi for-W"

ist~~c~~.i--a r ~ . zoiWtion o.& 1:21) iz i-t

Accordix to (26) tho critical noerar dc.=3Ity Iia givan "p~

In Vm~e darivatiou of critical. energy 4enrsties for isgnitioz

a roua pi~ and ,ppxoxi=.-tiora bzvY 'bc an introduced.,

validity of thich requirea *mination before a ooaparizon botwacm

(27) an emporimontal zeaz.urcmouts is att~mpt.do

1.. C3ESTRANTCY 0? R~- _rS

Yor :re.1 explosives3 thora ar turo sour~ces of v=,.rition of .--0

rolovan't 'orzzookc~lalo parazaoters. Todperaturoa oocuxri'iZ iz

14.



En j~iin reime za-nge beto~hen 3000 X an& or. 2ýC00 X o that.

variatio-=- zaticulax in tho aotivation oaZ

a~to bo oZ ho Orror i ioducoa w~ hiz ray ca.n be

nila ysoloo' ng avoraýý vaue fo h ;o.iy m

o.~-;'Y and the Ligh tc=2pora1:u=- v.-lucr. for the activa.tion ancra

It is dho-n - bolo-z t va---:colc ooz~ozition duao to roz-otant

conz-=p-bion haz only a rmall offoct. on the paxzamtors.

2. !ATMFP MkT' flF ZC

If a on Zofl t0± z-a A w Z=* be zolte4 before tho

critical tozboratura pxrozl'ýe b~o4.oae3 established thonan ext41ra

aaount of a~oz Z\ n.st, 'b~e c:o~dedp -.hera

all-" L is the latent. heat. Th"

~oc is the meltirng point of the explosive. Sinco (L/C.) ia

about 1001 -o bo-th -- a~ and- inorg.nic oxplozivesp tho latter

rat.io zay be as =_=a11 as 10% for a sensitive explosive with a. high

meltirg point (e.g. Ana-3) or as largo an unity for an insensitive

0ezplosivo Vith a low =eltins point (og. TNT). The value of givci-

by (27) is of Vh corroct order of =agnituJdo but for a more

zaccurate estimate the amouzt orL.JziLf c/z:'1o)1 b o

addedL.

15.



Scan be shown th atI if xO i small, the fraction of

undecozp3Cd •p1osivO ,IV satisfies the condition

6.

in tharzi--1bourhood of critioal conditions, whor 1o

~d. ~~.~/pn~- .In cases of interest -vc/~.~05a~

', -10 so that • > 0.8 thirouhout the o-plosivo "indotio n "

ei 2, &< , provided thatw 0.2. Exact r=zorical

solutions6 show that reactant corsumption remains of little importance

for timas rather larger than ko" 0.2. The small amount of reactant

cornsuption during the "induction perio4•'• justifies the neglect of

hydro dynmiO effects.

4. D•LAY TI,.I. TO ELOSION,

If % is small the reduced tine, 't- , required for the

aurface temper.are tc beconj inrfinite is Givon by

Prom (23). If the =ocime is critical,k 1 andl'r, becomes inifinite.~

If, however, the regime is slightly Ouperoritical, > 1.1 1, this

author1 I has sho-•n that v<t•/•r<9 where -r-, is

zho =o&--ced adia~batic o~cposion tizo at the Te~ -a~o~

r -o hat for temperatures vhich are only slightly supercrit4cal the

doelay time to explosion is of the same oreor of magnitude as the

adiabatic oexposion time at the surface temperature.

16.



0 'Ký

and. Zin-co X in typicc.11yr 10- for tho oonveational axplcojivaz

Nowo1-~ to =zsuzpti-On that =aImd6 in thoezri-.tion of (23)

Si'-ilary if iz~ a 1=9 (24) zivoz S'~ £Q.,- rj -o that

* 1.1, ~ . cdolaY ti-0 near cri±tical conii t ionz

z inco 7s L% 5 for tho co~vcetlonal oxplozivcz

flozoo tho easmuaption tht~docs not, rzcma1 valid throudhout

the c Ilcaivo induaotion poriod. inlosz -r-.'

Actual cxpox--monta on ignitio'n by light areo oazricl out uzing

a lir.ht flash v'ith Q non-Xzctan~zl= cmiasion function foc=wzol

an a fiuito aroa of wn axplosiva alab of finite thiokniess. The

cond.itiow undor- vhicIL tho ro~ulto for the present, idealizedl

configuration remain valid. in praotiao must be oonwidered.

It c= bo soon from Fig.2 that, the 1i&lt, flash a~xcs z-iEnfi c~

h-c-tinz only in & thin suirfaae layer of thialmess cao b(

(corrzpondinj tWo -1) In faot, il. can be slowin fr-o. (13

17.



•h• the re-uce• d~zt~nce t "a he•,,..Lozr. in the tozporatu•:o

profile, * , i give1 n. by

~ -0.572 ji I'z

r.-- that if U r is large the tepe-aturo excess docays

-Ce .

If the rear surface of the explosive slalb corresponds to

S> 4 the light is attenuated by a factor greator than

e -50, so a slab thicker than 4A7- reflects negligible

radiation from its rear surface. In ad:ition heat losses from

the rear surface into a vacuu= or a solid substrate are small

provided that 'r 10 Q.L .

Consequontly the idealized zralyzis remains appliczble if tho
thickniess of the plosive slab exceeds 10 of-l nay. Theso

conzidorations are in good zgreezo~-t with Borohtold's obseratic-4

that the critical ini"tion onerar of an film deposited on

glrzz is scrsibly cor.nstant if the film thickness exceeds 0.5A.

when •-l 1075 c. 1 10;-2Cmadt.1

In most cases of interest Y- 10 cm n thus the

idealizad treatment is applicable to ary explosive mass thickor.
than I =m.

if a parallel beam of lihJt is incident normally upon a

semi-infinite cylinder of fini-; diameter , the Laeral heat

16.



-ý 
4.-- P--

* *;: -a coo W ;; n- - t zo r

gc-:- oo4 oiaid~ as lon.F; az lxN,->

a cconac~noer- sy-oz 4-. us USS4 co tha - diat-ion is no

ion,:-': in~ 1oiant no~ally on the froo surl".so, thO roadiation is

de - c-do into thor-al onoflrf clozer to the Surf~ac thb.n in

cOZZ o2f no;--a i-cluenco. The ef.&ect on tho =ai= aurfaco

tczra~reattained is cmall andi the effective width of Vae

heat-/% zoro is roducecd by Ie--s than 30;ý even iihen the aceni-anglo

of ~elgtcorno, C4O , i62 gr-eat as 45 0 IgnorinS ~~o

elffcý~z, it can be sho-ivn that 4P iz equa 1 t o the value given by

(27i zailtiplied by a factor not lass than cos wo Inktho rofle~ion

e~c~tswhich have been avoid~od in deining Z and related quantities,

4mako '.h-.o eranl quantity (critical zourco, onei-a reaching

explosive) /(surface area illuminated) insensitive to the type of

cond-onsoer uW-tem used.

The r~zrks of this section apply only if no lateral heat

sikz in the forz. of' inert confinem~ent or tmillusinate&l erolosive

are1 p resent strongly to modify the predicted temperature evolution*

?aaRE LIG.ET SOURC M

$Plo output of a rar.1 Iight source is in gonera! so comPlicated.

a Anction of time %hat the prosent app-roaoh becomes unproduotIve,

I-!- however, the flash d-aio-,- ia considerably less than-

2)-l~~,-- Io tht* then. the Shape of the omisaion

rs unn irortant. ý-o demonstrate thiis fact, is



• o~a• z- to" zoo _.1- (10) hich then be -ritten in the f-or=

I. 2o is small it cwn be shonm from (28) that ;he temperature

d.iztribution for t - •, sLisfies the inequalities

L. -fo

Theso ineqiualities aho-r that if 'o-• the initiel tepperatureo

distributio: anda, therefore, the critical enorgy &onsity for e xlosion

are v.-:caally independont of T-6 and depend. cnly upon the quantity

1 hih is prcportional to Zie intot e oner;-r oUtmut of

ae ,iht ou.-Coe. Althou,.h the present treatment requires that OC

.. .. o .... , it should re=ain valid for pooychrozatic light such

04a <<I. This co:d.iition is satisfied by many explosives'

in the visiblo region but unfortunately o4 is, in genoral, so small

for visible lizth that existing sources a•.e ceveral oraers of

maoni-udo too feeble to Siva rise 'o exploaion.

Clearly the ,eneral case of ian4 tion by polyohromzatic

20.



i. -1 bo -.sc,- b exrical. zothodz.

It .ZZ Go- 1,adIC th-at. tho prczenit ie-e,-'-zed. -odal) , objoot. t.o
~:a~ciz o t -zovo din~os~oz co- .spoznds olosely to

- Z 019t -

It iz diffic.0al to eatimatio the .traot, of the -&t]hsatiOz.1

Su-.cd iz tho above a.nalymis ulpo-. tbw aritica.1 -,a

azz-or by a frzotor aa learzo = 5. Sine* ecvazrior as the logarith

0-. o tbho ooc~onot orroir ir. ia not creeatoz U= IV,*

r0 "-p105i7cz Lvitt =.otivation energies greater than 20 Kco1lgol.

A fui-tlao cz-oo, not gro~.tor t ", 140% pvid that t-,. 10o

iz inmarcd by uasing to simp lified formil. (2)i.00. o h

6-=Q,4 "plosion. oritaric.. Cariminly) (27) ahould evtUnat.

ozritioc1 energy densities to -.ithiu a.-. orler of camituds.

BvaQ.tion, (27) givas g~ ood -4irtoz. to the orl %4031

ono=Mr cloxiity7 for ign~ition. provid.4~, that the daatica of V-10

light flaah does iiot oxceed a st4andad comizacleics U"a tfw @4bc.

by =cro th.-i abouat orie order of =Znitade. ¶VAo cr1 tzria lbocomco

ir.~ccurato for long dur~ation flchase. TA%* di~14ffusivity

of moz t i -71ooaivcv 1Uoa im the range io"-L1 CA wzo~o1 vhile

21.



d.3 r- ost i~porta-41.n in a V~ &ay in - ioh t"O

V2OF 7FL.ASH DIA2ION

If tho oond.i'ionz of an expoý_ý3.nta. dotozmina'kt'on o",

an a ^T~otion of ± aro rsuch that t>"> t. Thon (27 prediaot

TE-

Cr 1TA (28)\i- L

in this caso the critical energy varios lireaaxly viib_ (.-a is

almost proportior.-1 to) the square root, of tho f,'Lzzh duration.

It is interesting to noteo tha~t if the fooblo variation of 7C

tVith 04 is ignored. (28) predicts that the critical& anexrv

12i -I&MýAoondent of 14ho abaorptio. cooefficiort. This fact

cua;Caz;t -at (29) --z valr.r.'id for

Ctiefyir.s the oond.itiý.4oav to'> to OZ o<7'> (D1%Wr'. Borchtold 1.A

has iolito&6d Baozthollat's wexp2loaivo, S4hlvtr"I J43ý wit.h Poly-

~ho~tio iiLt fo;- Uhich 1o4 C ý1 c uzaiug fl=! o

millisocond. drratiou. ~Tbus iu this case the cond4ition to» >>-ý

cz Iwo satia.io& if D%,%l750&80 ý1 iLthough Z(±4gj)

22.



.not bean ýoaauzed, it i4 zroazonzblo a0zumo that tho

l~to, oon~&itio• is satisfiod. Fi•.6 zho%' the vaito

of i-with the Squaro root of the flazh duration o0louiated

; ... rohtold's at&'. it can bo secn that the variation

is aizoat linear. l*oreovor -orohtold reports that, allowing

for e--perimental error, the critical enorgy is indopendont of

the ra•pe of wzvelongtha of the light used. This fact uuo.-ts

the tentativo suggestion .=io &bovo conooranin "long" duration

flah,ý of. polychromatvic ri.o(ee o ILL).

,itf the oppouite o:te'ero of & "short" duration flazh the

pr3jotad 'behaviour is quite ±erant. i(

can be urittern in tho for

-1<1

Thus c41t&ca! Cr.LrY of a short flash should bo almost

indo.,ondcnt of the faszh duration and inversely proportional to

the absozption coefficient (ignoring the var"Ition of K1 with ae)

U-for-ar.toly suitabl "shoit" flzsh duration experimonts havo not

yot been performed since the presently available light souroes

carnot deliver adoquate power within a bandwidth for whicL '- is

both ccnzibly constant and "ufficicztly large. (A giant-pulse

"laser" ayatca operating in the presently available power rane

0
but with a rsonant waveleneth of 2-3000 A would constitute a

auitable radiation source). However it has been observed

o7D~rentadl 1 that tLe critical igzition enorgj of a shor.t

23.



.1=bzr-Cozsrn-l th .. ,.TC0Wi.U .
4
n,=.I

a~zo~ton cofifiojot of theo spectral ~rago e.-Ployed is

An o~trcmoly "-portant conclu.sion t16o be dravn fl"Oz (27)

iz4 .2t-h-- = the f2~~duzation tends to zoro tho critical onora

don~ity tonds, to 1t0o -finite value

ec. . -(30)

'dhich in b~ mi~nira-= oner-,V densityq at the -javelongth oorresoninZ

to &C I that iz capable of givin- rizo to explosion.ý

XF:-T OF £MBIEMNT TMTETrA¶L'UI

If i meured, for a series of values of To using a. light SoU=0

of constant durar~tion then according to (27)

4-~ r

--ovide d that tho variz.tion of the tharmochemical parameters ove-

the :zzlevant te~porat-.re- ran~go is nogligible. Y.croovoZ'r t$,.

vzill rc.mJi sonsibly cor.sta~nt even i." laxgo variatiors in

(auch a ~~ aro pe~it-wod. Tho linear variation of

with To predicted 'by (31) will only 'be valid an long ýý-T

is corzidara~bly loes than the "omplosion temperature" of t-ý yicz

ozp13zIus h. envi-Irzr.ent. Thea app'licab.ility of the foregoing

allalyzis 6.opondz not only upon the fact that E&Sin lurgo

24.



bu-'% also upon the az-aption that t'he ayatoz is inhe;!ontly 1c7~

Stenoik~hbourI-.ood' of the te-o:Parturo To* 1Howevcs, a. .-r1y

a.i:'~i o=o~v a~n noccassari3.y omplodoz if it, is iiially

at any teuperature groater than absolute zero. A roal oe-ploziiva

is stabilizoed bellow a certain to=poratura Fr isini te

rate0 o1 hea'Z loz:. to the eiviror~nt and bv ht eprt

eith'or r~coz-posez yý.aj-azcontly o2r3 explosively 9,4-5 coordinc

to ~e -atuza ofP its reaction kinetics. The range of caabiont

-z.a.ure for -which -,he present analysis is a.,plicable cannot be

~c.ol tae.sinoe Te,,- depends upon the anirormont and. is not,

threreý,fa z. characteoriatic paramoter of the explosivo. T32e

o'posion criteria do-iveE hero are va'id i' tIle reaction rat-a of

the aystem is negl igible at the amubient temiperature.

i1 ý is plot.od. aZgaiLnst To the looi eer~r linear

asys-ptote of the resulta',t curve intercepts the tezapraturo axis

a value indopondo.nt of flash duration.

A numbor of ex-ploaives have been shorn ta obey the linoar

lav predictec! by (31). ?ieg.7 illustrates the results obtained, by

16
'ZCAUslan for lead styphnate. A linear law is cloaz'ly a sa~tis-

factory dozcription of the results over a wide te~yparatara ran,,-o.

value of Ti, is approximately 750 K. Similar results have

25.



Sn'. e Olc¢in exlo.ives for which the vzaues

o _.re given in b-ackos : Azx (5550)1 Pb2U6 (:;55,)4,

,;o -" :o iodiUrl1 (3550K)18 A -Az22 (c1 3OO°K)4.
It i�i�p.oztant to -ate that, -or a given wavalen.th, Ti (X)'

iz a-- CiEon-property of the explozivo. Tho roportC2
cr

arproxi=ate oeqality of T. and T 1,4 is to bo ro6ardod az
0 "altyofT or

fortuitous. From the definitions of T i and T"a

T - T -

unror critical conditiors. Henco if X, is small ( K/K0 " -

T11 T. ani T is appro=inataly the =ini=zm surface tempcrature

.hat must be produced. by a short duration flash in order to c¢usa

an explosion. As a Afrther illustration of the signifioance of

T4 it is noted. that (26) may be written in the form

----- -- "-- (32)

For a short duration flash is the amount of onergy requirec.
-I

to raiso unit area of a surface "akin" of thickness o to the

teaperazure Ti.

O=Ms OF XAGNITUDS

The above treatment has been concerned with the quantity

whe:roaa the experimentally important, SuntitX s(1~-

nc.•.co.nt energy dernity outside the explosive. These two variablec

az- related by the formulae19

26.



inorgani er!~vsI -Y •ao 05G- 0th

A

ii z. i tiei 4 t -nio- and K 7, the aa I.,.

.cO-San'h a~ri ex-P"osives, T'1-5 1- St.6 l, ' or '.:o

1 < 0 G-1 ota
i~oj~.icexplosives , A -2 5 and ocC O'c sott

LN 13 ercatOr thana 9" except in the neieabouz:.ood of a strong

c-.)tion a&. ( ~her'e it may f'all to ca 5UO1.

"-- .-- • " -Of maznitudo it is reasonable to

ocua~ t-k to unity.

T-blo 1 gives the values for some common explosives of the

r~zo c.cic•palcasX :cad to calc to from (27).

1i- is noteworthy that both c-c Vand D are almost constant at the

values lO4 cal~c•" an. lO- 3 om•2seo., respectively, in spite of

t.-.e larse variation of explosive character among the substances
consilere&. Since a 10-9 cm, C< 10 5cmI a

"/ -2.

Henoe the critical enorer densities for short duration flashes

are of the order of

010

-hra O is expressoa in c-za) whether the explosive be

prizay or secondary. Most of the experimental vorkers have

not repor-Wod the albsolute magnitullo of Q abut some quantity

27.



nn an i tit (ic t!ho =zazr, o

z .4 . r. coz-onzor). Co-z ougno&lr- a doa-"U

._o..cal o=pariaoi of the present theory and e;-porizcT:tal

:-:zults cannot bo =4o. Ho*rovor, Courtnoy-Pratt and Rogoa2

hzwo ro ztode absolute data for AN 3 usirS radia lion in teio nrar

ultraviolot for uhich . a 103 - 104 onil 't-,:== 0.15.

Thoy find. 10-2 cal cm -2. This value ir 7iolde

by 10- 3 , C z C1 br (32) -jith ths
3 -l

oxorizcnt l result a i - 555 x if oc - 1.63 x to ca

Both theso values of tha absorption coefficient lie vithxi the

range correzponding to the wavolength ranoo employed. Borohtola4 ' 1

ha l also ostimated. that e s of the orer of 1 jouleore.2

for a larto raimbor of substances. The relevant values of 'c are

not reportewa, but the present theory requires them to havo the

reasonablo magnitude of oz 103 cm7.. Clearly the present theory

predicts 4ha correct rza~itudo of the critical energy density.

The value of Z given by (27) could be extremoly lov for .

well dcsigned light pulse. For instance in the noiehbourhood of

the fu"&=ental absoxtion edge tho absorption ooofficiont -ay be

az gý-Oet as 105 cm-1 so that the critical energy density for the
corrozponding radiation is about 10- 2 joule cm.2 if the flash

duration is loss than O.IAX. Clearly a hi& absorption ooofficioat

"aa-kes the most efficient uae of the inoident radiation. If a
Iz lar~o xi incident intonaity of about 10 joule 0m-2 d&livoro4

28.



r,2. -2

U.-..J '0 4a W 0 o17 1
-. ... ;-... .. " . .,, '-'., t, z~' .i 'os ta e c~~o • o •

Of oM ýý °-i :,C--'i Z1-*r ;

-2e:c of 10, watt. oc... sa4 one 0.eja . near an

(2he ruby laser system of ::cC:urC and, Hollorth23 can operate

,. .. owor r.j ca .2s . a -, •lcnth of 69432i./

0o ', o .avo ve-j low a'..orption coefficients for radiation in

;hc visible ran: (10-r ;o 10 cm. j, existirn sources cannot deliver

tJ.o aleo-iuate cr:tical intensities in this part of the spectr=m

0-_one. Conze-.ently, wiith -he exception of some coloured "exotic"

zu_;n c s, e. 4'i , in it4.a ti4o n isa c auzead by t he ouIt -X1,i ol et

. " tho ineffective "light" flash. The apparently

-, .at " zitiviti~s" of priza;7 and secondary explosives must

bo z.cribed in the main to the fortuitous positioning of their

, "•:th 4 ozpect to 'he energy distril tion of e isting

•" i.-t-i -'.., s-hortL duration flashes. For example a xenon

flash tube has a number o: sharp lines between 5000 and 12,000

and, more importantly, a fairly flat continuous background with

a 2N power range of 2,400 - 22,000 C . Xoreover, rout-off

i• rapid beyond these limits, boinC complete on the short wavelength

side at ca 2000 9 A The secondary class consists mostly of organic

sub t:.nces -hose crystals possess zolecular lattices . P? , a

typical embor of this class: transmits well down to 30001. its

A- 0 - 1 t100abso'tjo:-. coeffioiemn rises to 103-104 cm. at 2000 a The

primary class consists of such ionic materials as Ag3 for which

abszcJtion sets in at 3850 R. albecozes Ca 10 3 cm. 1 at 2000 9 risin*

29.



_-:;'r, to o• i~O.. •. Conzcquont~y a zt•41\, flash hioh -s

cri.tica1 for •,3L"voula be ucritical for PM, by noar:i, tX0

oriors of zaSnitide evon if tle two oXp1osives bal 4tIontisol

-lpho0 o=ho h = 4ztry.

Blanchaxrd 56 r ochon 6 havo desoribod computer solutions

of the f;ito d2.co C•tjor- 0orr0 pond ng to the Xlash

initiation of .n c-cziv' with fi jt crdor kinetics. T- o

rolevant values of ¾ hoz in the range from lO-3 t 30 and tho

gone--al form of the solutiors agrees well with tho present theorj.

One important difference emargea. Critical conditions can be

found rnuerically oaly by trial a.n- error - & process oostly

in computer time. The ra-ority of the oozpute& results

are presented in toe•s of "useful energy", , oozputeA as

tixe Pitt of fliuc density, E and the time takcen for explosion

to occur. This proceaure correaponds to a situation in which

li&•t contines to illuminate the oxplosive :or some time after

a critical temperature p:ofile has been established owing to the

exiztenco of an %pparont explosive induction time. It is shown in

appendix 1i that for a flaah of conatant intensity and zero rise

timI

whore T'oo is dAfinea in saction 4 and r is given by

30.



.~~~-~ Lee~ <eI4 -'" . ic is finito0

~~ :n--- to ýni-t a.z *, to co

13 a. noor -- ~---t to U.-O Ori-ticn2 2Icnot

for vor-y short A-lazhoz.

ýcz ro: ýG 'n a-entwith oepea re± ntl

or. nitrocgen iodide i:n v.icjh Fj'=found to be roughly constan.t.

This Particular form Fo . Was conditional bY tho hp of

;elight fl=:-. cz-2loyod. aUrA is of no &po01.al sienificanoo.

'ha present P.0ac1 of flaz~h iniVi~ation, which takoz only

era' c"'oa's io cunsa-tisfRa~torily describes al the

zlaaor orporimental fes/ .xes of the pzoooss. 'This supports

exPorimenta1 oviciencolp 2, 4, 16, 22 that initiation by light

isessantially F. thermal regimeO. In the cao. Of the conventional

explosives the se~nsi;tivit.y towaIrds initiation by light is affected

'very little by t-horoc-Zc;is-qS.y bQut strong-3y by the magnitudes of

the zbsor-ption Coefficient and. flsh duration,,

The agroeaent between the present model and experiment

zvC--ezts that the conditions necessary for ,Whe ýccurzanca of a

-"'ra= caxplosion are also sufficient to engender a mo.zrozoopic

ce:?losio.- or a transit`ion to a stzc*ble detonation regime, although

f'urthor- ex-pe-limantal 1 on zcoznd. explosives may rhcw that



c::rcoi~csv andr *a-~b'e a zo:\2.l corbin-iionz of tlhor~ochomica&

Pa-a=catmr to 'bo oxt:.actood fl-Qm thoir rosults.

'rho author than!.L; tho Miaesof tho I.0.I. iJýlowshipz

Fudand C2irist 'a Collo~o, Caeoridgo for Resoa~rch Follawshipaq

-,or contolliimcd Or.0ourzgemnto
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- .~k :.J M Sul .i SnA.C2

The bouný.ary con..i:ion at vil which. satisfio Strofan'. ljz-i

:or b>_L k zloy raiatio-, has the fo.-_

-- Gr C7 is Stefan's oonstan-;

Thins may be written in the foxi

/ <N -

roll, (TC ~~~j~h'

- r C Go(6). oHenco the maximum value of h is

ha=s inco .2000°C.

-i -Io. -2.
polting the representative value bc - 5 X 10 erg o.m sceo. Y1

iz fon that h__ 0 -X where P is in units of cz-I.

-0.; < 107 c¢m in cases of interest so that < < 1072 and
max

h M h ,'or most of the regime.

if h Othe surfaco tomperawiure is slightly lower than

that civen by (13). it can be shown that the fractional roduction

in the excess surface temperature ( U ) is ca hx, which is

wair, small provided that 102.

It can fu.ther be shom-n that the reduced distance between

the surfaco and tempo re maxim=u= given by (12) is approximately

hx at all times. Thus in oases of interest the maximum tempera-

ture occurs at a point extremely close to the free surface and

(13) is a good approxization to (11).

33.
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Ecat ovolution 41ua to chemical- zaaotion vili rema.in

t,. - ithor"-nza hpiIf i~ of the e6zpiosiva at tho maximaum tptx

- r z cc~.byt~ciiAtflaz-h i.e. if

Ccrnvn-ýA04o=.1 c-21ozilroz cio.'W&f tlii condition if t 10 -6 50

'kc~o~~. cctz;.6ato of the Offoot of chomical zroactiorn can 'be

o 'ain:., Iry fid~tbe e~tont of reaction in an expiozivo oonzt~zi-a

c& tl#I o~l-lov the inert tompornatuar ovolution of the free zurfp-ac z

given by (1.3). The rate equation for a first ord~or recotion is

G is the fza~ction of ozpiosivo undeooomposod.. Sincoy

uh on op 0 thini c-= be written in ta* fora

vhro (TOO ir. to be dorivod, from (13).

The intooZ-.1l can bo evaluated capproxima~toly by using tho FRien-

___ ~ z.z~on"%,'-o~ ==-- iu inert tozporatu--a. T

24Or tao cont-ributizon to the intei~ra is± moat important

Thia procedure yio.d~z

- (~-~J S&L



-- Al

Hence - -

since - 0 in Cases of interest.

The ratio of the temperature increase due to reaction in

the absenoe of conduction and the increase due to the absorption

oef radiation is given by

If " then R g< - For oritioal heating regime

- sincef/ 1l. Hence

171r

and heating du.e to chemical reaction is neglin.ible while the

light is switched on if % • 0.1 say.

if 1<-r C,-&r 102 the condition •. 1 gives

so R remains small if * a . . The neglect o' chemical

reaction prior to the t,% t. is therefore justified. for 4,

critical flash if to0  too

iurine the reactive Phase o' the regime the rate at which

the surface temperature falls owing to oonduotion differs frC

that of the inert case but an argument similar to that of

35.



Ridoal and Robaz-ton 2 5 zuuosts that the effect is small. Throuh-

Out the induction period c924 &< w• vith which this treatment is

oxclusivoly ooncornod, the temperature inorease due to reaotion

remain= loss than To2/T. while the total temperature drop aoross

the hot spot is initially T -T . In all oases of interest the

ratio of those teo quantities, Ikj, is greater than 10 beoaxise of

the high activation temperatures TA involved. Consequently until

the end of the induction period is reached the perturbation of the

temperature profile causod by chemical reaction is small and the

use of (19) is reasonable.

3lanchard 5,6 and Bouobon 6 have "hown that if an extremely

intense flash is used the effoot of conduction is negligible =nd

if the light source remains on after & critical profile bas beon

established no abrupt change of ý./ is observed. The develop-

mont of the free surface temperature of such a regime ob,.ys the

equation

B e (11,2)

w- ÷

-horo ]B- ±ee raprosents the heating due to the light alone.

The solution I of (11.2) is g•iven by

+ e
vh36.



T~he varialfion of -ý vith -Z given by (11.3) is shown in

Fig.8. The roduced timo required to produce a crziical temperature

profile ( - 0 ) is given by

oxý (3t.r v=' ) - 0 ( i + S )7 i(l + ý/ ) and the

roduced time taken to reaoh infinite temperature is given by

ronc the "usaoal onorgy" of Blanohard and Bouohon is related to

the critical energy by tho expression

SI+•

whoro c corrosponds to critical oonditions.

Since the value of (i/B) or from (26) is apprimately z-,/K (4

becomes oonailarably greater than~ if 1ý l

37-



cnnix III. ~olychromatic radiation.

It is possible to obtain good approximate

solutions of the present problem provided that certain

restricticns are imposud on the relevant range of 0.

The reasoning clozCly follows that of the foregoing

analysis a"d the vxpressions involved are cumbersome.

Ccnsuqu.ntly only an outline of the procedurc and the

ma*or results %ill be civen below.

"The quasi-inert initial phase of the mono-

chrcrnatic regime is Zcv,;rned by the equation

with the conditions

0 (M112)

•--0 -0 0 •<O (11193)

))

and since this system is linear its solutions, U , are

additive. Although the general solution is awc.ward

the solutions of inturest for the case of a reeterq"U

light pulse are relatively simple. In particular, from (13)

"S 0-C ~ (ni.4)

3h,:et -38-



vreth~e i.-t*cr&. alis to be takL-r over the entire izo

Sthe liZrht :;curce. Thu~ cciec of "'iorn" and "short"

~, ~ asiw wil bec,~sidered 3eparat ly.

;:1zt Q h. Il' Oc Otcl) then

and (IIII4) giVe3

E.rX rei E j%'~ is an avt-,rage'

absorption coe'fficlente (It in assumed that the light

E Ex).() 30 so a

Oe- is Constar.-). Th!-e inurt decay given by com-

binIng :iolutions liko( (18) i3

where time is rwasured. from hence the analogue

0:'ý (21) i3

which with tie ini4tial condit-Ion 0 C when~+ =C

hr:s t~h-- 3oL.At.'Of (cf.(23))

sheet -39-



0

M(+ )-IM e (111,6)

wtre

andi

Clerrly the condition for exp.osio:n is M • I or, re-

arra:-.iing and using (11,,5) thc critical cond.tion is

where OC oA~ 1f

The critical ener.r is given by

... ch should Le compared wita (26).

L~-ng~ flash. if O

I-

and (111,•4) gives

sheet -40-



I by

:" = + -- _

whre

'4 IrK tocrc

0 2

0C2  * leract the analocue

0~ (21) is

A- _ - ~ +- )e

vehinlh with the in-'tiaJ. condition 0 C when *7=0 gives

w he r eF 
- T C %

h,:ct -Pd.-



a0p C?~~j or Ccu.-zv~ (cf'.(24-)).

The. cril.ic~.c- nit'r b rtt.r in ¶.ht; Aorm
1 -1

-rn(

or u3ing (1117),

and 4'> = is the harmonic -a

Valuc of' the absorption cocul'icieflt.

Th1ýe use,. of' th: 6tpiroxirmat-on

intrduczaC only a szaiul ;-rror into (i,)

Thu3 (26) its validity provided the

rele:vant ztvuirae valuuS of,( < ol ( are

seletedwhere

zheet --42--



Ifa 10,-e accurate approximation ia required then the

crztr L, iIP. , ou be uzed. in

tw~ taz~d~:~z~tz~car. be madu ','rox

a) A3 th.i fiazh w~ration tendz to zero the cr-itical

t~r~e~' & . 0." Do olychro-mtic light tend3 to

b) (; ritical of a po'llyehromatic f~lah of "long"

durt!,on. (i.e. for' -Which lt'co( ýý I ) is virtually

prce denlen of zhe a~b~orption coit~ficlent and has

i.&r~~"-1 .4 . A

ie Aiz propi()rtiona2. to tht; squ~xc root of the flash

duration.

sheet -4-3-



n° 77 : o• , C -:; S

S Boa'-n and Yoffo, Fa..A ?oaction. in Solids, B'-tt-rworths
London, 1958

2. Dorohtold and Egert, Naturwios., 1953, 409 55

S. Borchtold, Proc.Roy. Photocraphic Soc. of Great Britain,
London 1953, 250, Published 1955.

T. -orc!told, Ph.D. The3is a11 No. 2376, Zurich, 1953

:. B1anchard, Comp. Rend. 1963, 2_6, 2550

6. Blanchard and Boucon, Trans. Far. Soc. this issue?

7. Boddington, Ph.D. Thesis, Cambridge University, 1962.

Carx-aw and Jaeger, Conduction of Heat in Solids, Cxford, 1959

9. FrPn -- iKazenetskii, 1947, Diffusion and Heat Exchange in
Chemical Kinetics (M:oscow) - Engl1ish
translation, Princeton University Press, 2955

10. Wonograd., 2:ar.s. i'ar. Soc., 1961, U# 1612

"1.. Boz.ding-on, Proceedin& of IX Symposium on Combustion, Cornell,
1962, p 287, Academic Press, New York, 1963.

12. Todes and Aoelentiev, Act& Physiocoohim, UtRSS, 1941, a,, 27

13. Tho.zZ, Proc. Roy. Soc. 1961, 262A, 192

14. Somenov, Z. Phys.Chem. 1928, 48, 571

1). TIhomas, Trans, Far. Soc. 1960, 56, 833

16. McAuslan, Ph.D. Thesis, Cambridge, 1957

17. Yoffe, private communication.

8..corkLpe:, Z. Electrochem. 1954, Ap 387

19. Mos, Optical properties of semi-conductors, Buttorwortha,
London, 1959

20. Taylor, Detonation in solid explosives, Clarendon Press
OXford, 1952



21. Toriiuon, Toohnical Rcport 1o. 1740, 1958, Piostinr=4

A.son&!, Dover, N.J.

22. Courtney-Pratt and Rogeor•, Nature, 1955, IM, 632

23. .IcClu.g and ielluorth, Journ. Appl. Phys. 1962, 1.1 823

24. Cray and flarpor, Trans. Far. Soo., 1959, 5.1 581

25. Ridoal and Robertson, Proc. Roy. Soo., 1948, 1951, 135

5 g _ __ _ _ _



a- - c ,i a cm-C:..;c

I.. ,*. 1,41 1.02
3 6XI0-3

iM R 5.6 0._. 1.23

. 9.6 x 10-" 1.46 1.27

•Yetri. i 2.0 x 0l 0.74 1.95

A '" I I" -4

PbNI 2.5 x 10- 1. 1. 1.73

Vc.luos calcat-o from dzv-a ,:ivan in refo)ences
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The error function complement and related functions.

Tbh repeated integral is

label ed ,where .03i the fun'ction

The function ILis

equivalent to :

Ordinate: (not named)

Absciszd.
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0

The temperature profiles prod-.Aced by a rectangular

fia3h of' conztant intoeratcd intensity,& . and of

vat'ying duration according to equations

(I"" and (14). The arca unuer each of the curves

equals that enclosed by the dashed rectangle.

Ordinate:

Abscissa:
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Evol..ýtiwi oi' the surf'ace to.,perature after a ah;-

duration Af-ash.

T:i.e cari-c bcIo:n tz; the Ia-i.4.y ? A (I+~) ( -, a.e

The rcrime is crit.,.caJ. (and ILI!i3

to kceveiLop run exl030. IA I .I The daz ntd

curvc-- -i v,, the locus of' the maxima in 7 (t.,em-pera-

ttIre M~inlira) and i-j w-ynptot.1c to the lirA( at

Ire

AD~cissa: 0
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zvo'&at~ic,: of theL- Zurface te~mpeirature

The curvcz belo..on- to. the f'a-iily:

4. ~ (1;-The recire is cri-tical. (and

`3: to0 develop an explotion) When C

Ordinate:e

1W.) .S~a.(OCV
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7ho function ()+

The !ines A &nd B are the asymptotes of

for low and high valuzs of X , respct.lvcly. The

line S which i3 paral'el to B Ircpresent3 the function

used to estimate I or all values of X

is approximate-, eq a! to the ratio

4W,4
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Variation of' w*ith the 3qu!,rc root of' time- f'or

in ar-bi~trary- unitc. a- best L'it to the 4 points

wit-h h lgh t,,( be:;t fA-t to all. ZixC pointc.-

Ordinate: e w(arbitrairy units)
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Variation of critical cneref with ambient temperature

in the case oI' lead styphnate (after XcAuslan "

explosion

-" failure

Ordinate: Critical stored energy( C Z
Abcizisa: Ambient temperature ( Oc )
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S~0

Evolution of surface temperature '&or the case of con-

tinuou3 Intense irradiation with zero rise time. The

curves ar obtained by writing (11.3) in the fora

I critical profile is e3tablished in the conventional

eXplOniVcs soomewhere between the two dashed lines. The

present theory is invalid unless to 10

Ordinate:

Abscissa: -

/ ~ Jw m•mm•u umi m
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