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AsRACT: A method is described for observing the first twenty-five
millimeters of travel of the .undervater shock wave p gated at the end

of small cylindrical exw.:osive charges. A suitable theory is developed
to allov a s1IlA eau!ation of the explosivt detonation preesi~e from

these obaervations, Tb. feasVb$lity of mapping the pressure contour of

the e~1osive by this =tho is considered.

V..5. NAVA- uua.
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'~ework descr-Ibed nectin was conducted In the Detonation D!iviion
1under project rslo- O-2---5 It is part of an fnveuti&Aticn which
15s 1 ndee4 to stiid, detonation properties br quantitative observ t

ofZ inderwater v:ýock. wave proditced by the detonation of explos~ves.
-AUile rconztdered-, malll a nd lnform.ative, the restatte axe not con I',ýer,-&
a basis for a(-tion.

J012( T. MgY, 3

Commuander

PA~UL 1.. FYE
By direction



. . .

. . . . . . . . . .* . . . . . . . .

""7OL1 XrM
1

I7TQPL YE . .* . . .* . . . . . . . . . o......... .. .......

AC~b~t~~E~?1r .* .* * ** ** . . . * . .0 . ..............

WALM LIMI TUX13TIOM

I.1. ITT /Al~fg Pressuav- A.nalysis. o o . 0 0 0 v . & 0 0 0 A.*

'17R IT. T~r-,Ia1 Shock Wave~ Velocit;' in ~I-ater W 0 0 6 a 0 1 3
SI::. Var'-tien roflo Shock Veloclt.t; vith D1stance From

Low~er 4rurface of Char'ge for 80/20 RDX/A.t o e o a. 114
'7M TV.Vari~t ion of loSIO Shock Velocity with Distanee From

Loier Suirf ace of Clarge as a Fumction of Aluminized
rsQx C0 .OGItlM . . . . . . *.a ** * . . 15

V. Veriatticm p lot Shock Velocity vIth Dist~m~e Froim
Lowe Swam -Mage s aFun-tion A luminized

~ VI.Detcm~tdon,**~awvrs of n/afi am& Rwh1/aia
Ot be P4.ea'~n 1iizum * a6...a

z;UU VIU.Valas of the~ bai £~n for * * ~

fl( I. VWAxttIOn o~f the Laitift. Of t!h- U oeMtdir h Pesr
vith t1mv ~iirom1o nWtr.2



KtAVOM Report 3968

THkE DETONATI 0f• ESSRMS nN KXPLCX.msV
,,,S WAStP.ED BY MAKM.ýwr= SiiOCS LN w,U'~2

INMM0D tT ION

The determination of pressures in a detonating explosive .1en the
pressure discCintinuity i& aE hiTh as 300 kilobars and the trl-n,, ent tLme
on the order of several microseconds in beat attempted by the rtasure-
ment of some variable of the system other than the pressure. ' .;o approxz-
imate methodA of this type based on chock velocities in rretalz 1,,nd
Taylor's expanding case theory :.re described in reference (5). A r-igor-
ous me-t~hod for which the density of the product gaes is detehrr'ne• as
been described in reference (6).

The velocity and rate of decay of a shock wave propagated into vate"
at the end of a two inch diameter by four inch length plane wetve initiated
e3Ilosive eharge has been observed using a rotating mirror camers shkadow-
graph technique. The photogsphic records obtained are read o; a _ico-

coeoarator as displaceunnt versus time curves, and a quadratic ýquation
fitted by the method of b4ast squares. The velocity of the wi r shock
il obtained as a function of time or dlistance-from the first d:4-ere1tisl.
From the measurement of the initial velocity of the water shock, an extra-
polation to the h-igher shock pressure date- presented by Snay and Rosenb.u!.
in IWAVCRD 2383, reference (1), is possible. This informuticrn p!Lu hby&o-
knamic theory prodto a calculation of detltion pressures Ond values
of the adiabatic exponent, if the re]ationshLp between detonation velocity
and explosive loading density is known.

Approximate detonation pressures may &iso be calcuf..a ted from ths.
condition of ir.2edsnce mirmatch, referencQ (3). Pressures cal.culated by
thir method are in good agree.-ant with those obtained by the preceeling
method. It would appealr therefore that h wvater shor.k is a "good"
refle.-tion of the preure profile I/n the detanating explosive.

By a methoi of obtaining tangents at random points oZ the photo-
Eraphic record,. & direct plot of the underwater sho)ck velocity versus
distance into the water is available. A linea" 'euation is f" "Ae4 by
the method of least-squaree to the-data of logy Shock Velocily versia
distance into the wvter over the range, 2.5 milliizters to 1L6.C milli-
meters. This eqmtlca Is extrakolated to zero distance to obtaiin the
initLal underwater sbotk velocity. Detonation pressures m7y týen be
calculated br t• proceeding imthods.

r. )XMAI
,j~ A
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The xxtrapolatocn of the dita presented in NAVORD 2383 In refer-
e (1) entitled "Shock Wave Parameters in Presh Water for Pressures
1 ) o 95 ilobars", '.as been made in the form:

C.) /•,o - p 1,3. 06 7-37'8 '" So-

7A~ permits a datermination of t~ie prebsure and particle velocity lmmed-
1te>: behtAd the vater shock fr•'ot. The fom of the cxtrapolaticz has

t.een -Z.oaen as a ctral1e-t line fun-tioa, see Figure 1X.

The following notiorw of the hhydrOdYnam1C problem of the explosive
a-- the ezplosive-vater Interface permit the development of a sirgp)e hydru-
d.y'naai- theory suitable for the cslculatixn of the approximate detonation
pres5sure, reference (3), frn the measurement of the initial underwater
shocx veLocity, a knowledge of the detocation velocity versus loading
deenity curves, &I the data of Snay and Rosenbaum for water. The fun6a-
mental bhra'audmc equations relating front velocity, D, and material
"alocity, L, to the det'Matin preas'ue, P, and density, are:

(2) De - ( e

40*(3) Pe -~ ,Ue.
vhere the subecript "e" refers to reacted exploeive and the subscript
"o" r-.& s to =vcte explosive. At the detonaticm front, the Cbspoa-
jouquat Coodition applies.

(14) Ce = D. -
Wdhq the detatUi reacies a bouzaryD 4.-., water, an eWaVa8 Occ ur*
ia the Sp, ond the uster is samm&d to be c-sM ssed in a square otep
abc~k. Mwe SM qiMSMM satsfies t~k IMnrstS4a7 state me1 M±w lsncm

c~i1,c ~ete~by Rfl1. If -L UI the particle velocity of the
gas"5 IRV=r M Msw~ ad to the MM'~ure eqtal to tbat trimz-
initued I,** MW Wath then:

Tbs eam v*1*o1WO Cs, is related to P en / by tbs. davession,

(6) C

to that tbs aUm Irnteol an C.~ t If J? Is koown &**a fut=sm
of 0 t ema2Sa mowV . we wIlL
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where "A" a~f "kappa", the e~qproei-t. nre rvon,ýtsnt a~t _,O --

+ý,e e.VYoalve-.Jtiter lnterincac, W. Qqual,ý ',,. i-x :,e~
w i Lh appropr1.a t e ts,ýOThqt11, t iton5i, w e rriA~'~ x.-

DeiC~e

In v:(pression (8) o, P , ELnC are krnow.n -sc dater
r~ed This va3.ur when "wel in (,,., 61ve., tne ýt~tx .UIo-, za~s

A, second approach to the ýution of trit rk', L, ,a: , -_, ola t tze
e-plos i' r,-water interface 13s poss~bln If tie mcw -z eqpat-ý ',.r ý:tx'czi
ihock wa"v % is considered.

(3) L(Ae
It tsy be &swwzed so %,as previous:ýy done thLt- the vater ia compmee,s* Lt-
a squax-e ztep shock~, and1 the Chayz3n-Jov4;uot c.ondivion appli~es to t'*
explosiov products. The yrob2.en retsolves~ itae~l to one of sotnrihg
bound=7 conditions for a sqvare step abock Inid~ent on tne bomdary,
1,etween two media, each or lwhich wq~ have a _,Uffi.rent shock !xpe~wca,
reference (3). The detorAtion pressixre is 4-,en txjpreosed Ix. the zettz-
Mions:

where t*.- subscripts "e" and "w" refer respectf*v-aly to OX-,oiv 18t04A.
-ater, This rela~tion iz real.ized to be oaly P.n appcx-ntion, &S tht V&V-e
ref lecti~d tram the interface is a rarefa~ction, w -erear, to cczform with
thaory It 6,hould be a weal, shock. This approxima.tiotr a~ppears at, fir-st -.c
be intolerable. The results obtained vlt~i tLis exprce.ion ho~vaw, a25 1z
goo4i tteembift vith those obtained from tbz preeeeding met-hod.

The first cne inch of travel of C* shock iwve Vip~t 4-+,, AiS.

titlad watqr at the erO of a pleae-iave Initiated exploeivo !hArgo tos
W),en obs'erved tar MAI Ced RDX/,a1 ch-Arges with 'the percenta~p of -J"u-
=in= b-., vaight ruging ft'om Yp ,.o &(% in )U$ . Thids has 'se*
acccalishzd thwov~h the ~ise of a rotsutin$t msmo$ rumr ezsrao-ling
sbadow-graph tecbrniqtte. The axp*osive chea~ac N4 vitb th excep-tv, n C-

iMcAe .. =d of four s'tacked two inchas dla"noter ty one in, r vie i
Apressei0 ;-ellets. The TM~Al chlarmNO cast eylinders two tric!-ýes irý
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'i evver by Ifour !nehes ~'.f- T)'
of a rPIcules Oeilde+ wisor, a two 'n' ,.

of thii pitrtolitt-haratol t. a t-a :% 1 1'14
on~e Inch In hee! t , and t'e t, V- -1 i- L
1,'r.er f~re of' each1, char: *-, iiex tv 1rf- f
f,-ina, and only chsx-e e "t-' "

were Used. Recat-*e t 'c 'ar.p( v'ar
mutel; f ive r-!inutes bIef ort!'~
were previously test&,-, ft'- M e*
water absorbed in thiLs len ~ of ,:e

The po i t I ,n of' o, iv" o.e 'ir.e and c: a d c,
ins~idt t~ie tborbproof a-' ':awn In r:-,i 1. Wfodtrlfln '.~

b%, '7 se-iv as containei for the iist~llled viate- In .,hl ic t t~ c c,'-
detonated~. The two o~oi, lar-er stides are made of L -,,. _rc~l - c-f 1'
window elass to allow an ~rc~~t'viev )-' te ;-vent. .,a~ t-ý-'

of +ý. rear glass hall is irounted Lan .11" focal 3en.,tV lens '411l fc.- -ec
the light from the sha6dcw%ý-r~am .g'iC1t source on 'Th ron-. l'(Eof v s
tatisn, rirror carlera, The lieh-t sourc~e, lens, and acoquarl'xý.Fire 'ge

along tie optical. axis; of1 he rotatind mirror co.-err, t-'.t. ')nO*VC i
axis perpen~icurx to the 6lass sturfaces of the acquarý,r-..'
source is an exploding tungsten wire one mil in ~'3L~eter, t, u~~
thro-igh a capillisir. tubte 3" in len~gth by one -- t,'e - .
"'his wire is pulsed with 4OOO volts aProximrately' 15 :uicrc e'n'
the detonation front reacheB tre lcv*ý-r end of th, x.L-. t:'
capillInxy tube of the light sourzce is placed3 parallel te) t EM-XIIE I C-'
face of tho Mxlosive charge, .. e., in 'the nor~.zon4 ;ai ua:t'
canter on %he optical axis of the systexr. With- the lic'- sc*wý'-'- I
position there is effectively in the vertical planie, a joiio so~re of'
light which is focused on the front lens of' a rotatiiL --L.rro;- zmcra.
This arnentavoids distortion due to parallax reflec-.1ionr frc:-i theI
front surtace of the under-vateT' shock wave. The explosive charge is
Immrsed in the .filed aqu~riumk to a depth of 2-.25 Inches. in thi-t posi -

tioa the lover suifaceC of the charge io horizontal, Wun, 0.'51~ce cAw.-ore
the optical =xis of the combined camera-li~ht source system. Fz&e'ae
the cbarge is posit¶loed so that Its exctended "xis interceptsB the- oj~t! zal'
axis of' the systea,. The rotating mirror camera is then cri.tical2I., focused
on the extem~te ezis of the explosive hre

Iý inermse±e the imaV resolution, the usv.n. one and a half inch tl. -k
pleriglass vlsieagvi rnow In the 'bcziproof vo-ll has beom replaced with
series atof~ m* Ub thick steel plates in which 0.3 inch width slots hav
brien cut (&m nvra' 1I. These plates eara positioned with air gaps in
betvem to retuft the blast effect at the* camera to such a. degree that
on~ly a 0.25 4Whe thick plexiglass clab is necessary iindat -n fron,
of tba objitetiv* b=~ of the camr to stop Mterial frczi th.e explosion
fr~m strildoa tba objecetive lens. The 0.25 incah plexiSlass vindow in
this Poeitiom doev n~ot introduce a &kctible distort iaa of the inrxige.

4

C0e4'

At!
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the r-otat.Ims rirrjr w-uurt ,iu ftu,, !t coa.rvlA for opfi~r. r. z2
Ltwe ..c',4iiflv %., 11i1t ts..lroe fi". t11.%-. ýf %ietunaatin of tieA C.# *.**

rtrift j0*6ttufl of t.10, 211t I1i('t41v '1C 'b~.A'r

ýuowin reductica mn mjrtL&TI .Li ' £ thitbe j'1~jJ~ .r
to aa exw~nla, AI:rn. theC Mra eorreusontb 'J. . A&r

didpiacemomt aiJcxn a ~ i rwhthe exten-leie =, o! 4:Ar,
ab seen by the caceta. !I<-maul 1ixemeri,, unh t:, 1:, .it~

.oti=e. The film *dxLiat 1.3 j..:etin 1-ea.ation tr, ttie
r.or that- the rignififcattr. iii Carstarit ovrer the lengti. of th,,I aL .uean mahking the records. Pri-~t a-uz h 1i~c~i~
by Photoigmphing c pre-_x.ke~o~i Mf-.e '. 2'Ch lis plriced in t~e :~z- P

hie center of the charge %. t I' eý. Piotc~rap1r are also -AL~en -

twage or th± iverticn2. silt ,: *ýI-e ffi' 4M to d.-termine 1'+.a
the ver-%icsJl. Theme p11-tw-ej are mu.A at two poeitions za the i
since the gzmr of thie zw~rra req:.ire,, the I.-age of ti~e '61-
V'3 tilt an it is 3v%'pt downi tLe lengtb of' &l film. dirum by ~-:.
mirror. A "alit t-11tV l is 'i.hreore a ~~to tb4- it'.Cn If
the smear phowogrsh. The Sýc7=atry (e itbo camrs aLao requJ.L- 3 -it t.
£mae valoityr al~mg the film drurv. for a give;.- nirr-cr rc-t.atirn r -;:t. be ý
function of tbe d.1..tane-e c! tfr Linge from 66 k~now p<i41;itt Z.% no
d1ruma. This tla. calibratio'-. has Keorn~t~ie for a mirror -. 4

Of 6W rs rhe methaod -a-n-6'te of po*.gmhinjg light pu~i~ t te 0
a high ap~d l~ight r,'.;iler, reference (ki), m!i~li nc-nciatte1 y ucti-:- tý:I Pýýi
tion of thi ZPL1s in the- film druma. Suoceeding films ors theni~ . '
to within 0.1 we. it the calibration fi~t. The rotat..ocra2. spee ý L. ýAm
=Lrror durlog =W =perlmen- 0 4 1% the cmeara 4iL d~texruiniA t'i t M_ "r t
ing Tn#.liming SGigaa.L± gentra~teA at mea revol.ution of ttw- L i.!ý -AL.-
impreaccA an tb. -y-axis of an oscjLU~o~rp screea. .A tine irjvt :/. ', i--
press!.- on the -xaxiz frob &.10O cycle per se--ocn tuning fcxLý iý* lamowrI-
av' ccojacy of the fork is 0.01 ccle per 3.0 cyc!.es. TL-5 is,~ a~
- Abe determlined in mul~tipe CY ].0rvoatmsprescn. '~sd 1

c~ional erwet Involved are fuunctic~a of ufrroi szped aW o*6rato :,-
na. If tbog operator a3..-ni~ed the ocelll~oomb pattern tto driLft O.a

c~ycle In ton ueoiat & mirror ape"1 of 61>3 rps, he vo~d m~m 81' -rnrr
of 0.02%. Th dratsity mrxiaticm vVthin a mingle al.ini-sed ebesg is
eatlnted. to be 0.3%. The overall. es~t~intz of the P. isioi :- ithe y'iq::
iti~s nwourd.d Is aboxit o.5%.

Th* relaxiv hmid~ity ond t4Sý,eýtr~te CC the film ch~mwnmt L.- iz
rOtAtiZ& Mjzrrr Camers axe malntai~nedat'faIrly cmstant s1e
film &re daveloped i~miiatoly after exgposing itr 01,0t minute's

------ ----- ----- ----- -----
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Kt.yIA L-11 Aevelorer at 680F, and1 fixee for fifteen uminute in a ky,
at 4e0E.l' ftter waishinC anid drying the fi lmn am stored~ betueen t~eavj

Or L1635 Thie ieasureable filr. lerwth-ise shrin-rAge 1j, t. 's prL'

Ih o'to~rap~tc reeordis are read on a Gaertn~er micro -ccapanatur
to It tein A~ra~etversus tirm curves. Referring to Figure II, the
.in-- ,ý s ali.;ned aaraalel to the horizontal wvwsant of the maicro-
car, ratcýr. Vtia1measuremuents (displAcemmt) 7ar maide a~ing q;a'

It t~cr-~of t'ie horizontu3. movwunt (timz). both 4.1* horizantal an!
-. 1 w" ~ovements of the micro-co paratcm uwe accura~te to 0.001 milll-

*To obtain a velocity verous Ilist5ace curv'e, tangents to thc
f'v '`en if jable Points on t1'e curve ame mwsur*4. on tlbs uicro-

*c ,wvach i8 accurato to 0.010 of =VU mmie Pointo along,
* rve are dAentified b, piacixv4 r. ruled grid wuith one millineter

a 'n' Utvt-een .,arallel lines over the r9-ord an the table of the o-
para. r. .ýntersection of the rulea lines vith the ctive identlfy

". ' -Ots at wihich the tangent is to be ="uadie. The distance or each
1,. fro.- the lower face of the ehrrge Is obt#.±na4 by aliptnr, the li't

wei.*-re 11) with the hI~ Q g.~al)vezmt ot the ca~vurator, ar.1
-IL zeab-,,rements to t' e point vithl the YMtcz1 WYWZYrlt. 'rof l~e

o' nd "wZnrdfication. of the oczT=ti= e" r&jated such that whe-n
entire field of viev for' rtttt1g he t*WW. aet a given point,

a t 1ne edge of thts field of viev ifOm¶ tkv center of the fo'.U.oving
cf* view when fAitting tbatapu to tb:D cumY at the o,4aacent po~int.

7-ie e&oge between the slits,, lifth zalbad M ezi4 another not s*,om
mu~ h line =--ked A~ it Fi~vwe IT is mmewtU1'e. The chonee 1z slit ti~t
he.jz Cie two positions of the phvtogr~bad olits is deterratre4, and
the rat'e of cha'ige cor*,-ted s~uln it to be linoar. " slit tl~lt" corr-
ze ,tion is thereby applied, to ths rcetwed polots and tanýents alnq, tl,,e

Oo'IIro- cur.L-, Th,, xmnifiestien is MSZBred frMe the fib. a?ý t-(
~-.,±.. e ý,c ity¶ deterdined itro the Itnm'm position of the% In~ge or, t..e

AnAaveranýe iz1ase VelomitY is AMr½~e'v 1.31. mmfinicmr-ecori.l

V--e ex-plosive eo~c~aitlons that haey been I vetigatetl- In t hc
eee-- Ln~c r~nner are ' 'VD 51, =iP/A1, find IA TMe 'T1T/,.l c-har;,,-M-
f4 Ifre ' for, com.~.ai' puz'poes and to develop the exrerriwial +ec'-- ic tjý

to 66btain thz 6-Isplacemalt verslu time emes. Since swr
exrrnta Lficat~on have te~ir reAQ binth duiag =4d af~ter thesc-

nha-zLes %iere fir-el, it is felt that Vie 3ustilt 61A-i&etie izre not : ~~
Bable P-s tl~e later work done or FZ/ý and `ý '.i p'rr-.r '

3 n ar~u~tmrs oftainled foj T!T2AI is zresented Ini Table 1. T-e
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initinl kip~ebte &',o,:k va~ocif: wac~ obtytined by ~at~t
to Obtai:' a displacmein' ver~us tin: oarve tu wihile., i fi' - r

ratic equation by the rn-thoc1 of ieaot equarczn, "It% f2ýr&.1ft.
&~t ttL* zere producen the Intial. An'lerlater ~hock ?CO~t.' re,

ceoculatlons >,ave been made both. from the theory previouz.;~ prrzie, tc &n-:.
frcn the condit'ona of irnpecance ranna'atch.

A a'nmxy of the. explosive p)arý4I.ters obtained for 2¶WT!E/., br.t*,
Dx,/,al Is pxec~ented In Table- 11 and Table III respectively. The I-n'ttl-

unmderwser shoctk vel~ocitiee for these coDmpCeitiofl8 were obtained Ls fol-
laus. Referring to Flgxwre 111, which shows the analysis of Rl/~2(60/2-
the logaritim of the shock~ velocity calc'xlated from~ readings of t-he shack
veloý.ity at arbit~rav distanceas from t~he lows: e~rf-act of ti-e charge on
the photographic record by the msethod of tangonto to the c.urve, :s -6~ e
as a Thinetion oe the distence frmi the lciwea surf),Ace of tl-ý ,-arge for a.!.!
the charges of this c~oupoitimn tbat were flrecI. The vector rmesr of each
set of joints (see Small3 I= of Fi~giwr III) :.a taken to cObtain the bro.kei
line curve. The err-c introduced in this culcu.lation it ne~li&VibJý since
the miaximumi angle betmwee an two raw data curvos at any =zi potnt ie ltvz
than 50. A straigbt line is then fitted by the mithod of least isua~res 'T
the broken line curve. Thids c&2.cul~tior, is carried out from 2 umilJli~tezrs
distance to 16 millimeters distance (see large b=r of Figure III) aand
extrapola.ted to zoro distance. This irs justified since considerablAe
spread is introdul-ad Into the dAta newr both ends of -che photographic
record. Figures IV and V present the ..saat Gq:are cur"e obtained for vary-
irig caoupoitions of Th4AI a=d TNMTB/Al respectively. Preessue -Alcu2a-
tions have been made both. fromi the theory pre-viously presenimed asn1 frc tat
conditions of iqpedance tae.smnatch.

COMUICMtIO

The initial udnrvater pressurs, the detcnetion pressure, and epa
values for r=)/Al =an fWJBA cozq~ositione axe plotted an a fnt t4 on of
the percent alui~mil~ n FiUwes VI,. VII.. and VMI, reaepect..vely. The Uta6
for the 6oAC) Balmi ccv4pOittion is ponambly Incozrect in thAt the ird-
tia2. imr4 ster sbooa* ve oeity resultinmg frome this c~oqit ion ifa all ghtlv
highr then that frmz '(0/30 omX/1.~ ittinig this value it is, seer tiat
the detonation pre5ssw 4crsses as the percer)ý aluminum is increased
from 4~ to 5OWv1fUli t)ý 9pzriaental error. Tlie sLeope of tl,.e detozvi-
tiOi PrOS~SU VS Al CUMv for the 79M/A3l co-Voe1tis is, less steep
tbm that of the MA1J/L a.~ ne If the data for 6GA4Q HDX/k.. is diare-

I flýgax?&d~, tbe rmai1tift of app&pa inareaues with aluzxiu= addi-ion tc
VM but r±pov to a mi~w st approximtely 34% aluminum foi PDX) and
then falls. WbiferrMe to tb1i .±urves of the loglo xoý1 Velocity as a
flCtion of Cie dinteme xiuto the vater fogm the lower surface of the
ehaxge,. the explaxivo ampmItion Of KDX/A3 which is w~st effe- ;ivet in
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waintahtinliC a gh ajielvat.. v., . t j.gjat ol:tflne1 i,: tce ,-
of 30• -%livn~i. In altmlninzed .1?L.T9 n1•l1ar resltu art.

IO%i Al.

The eyner1i.entul teChnique emplo -,d for the observut-l ý: of z'-;e.-o.°'*-
shock waven as u ,uanction of tirne affordc can excellemt met,' -x for .---t -.." -

p1in of tlte prenskire contotw of an explosive. The timwe re,-,jMon t n
rotatLnZ mirrc- eamera used in these experiments was not sJficien''.
accurate to observe small regions of the shock velocity versus tim e.

The best fit to the expr!Wntal data obtained was therefore the st'."-r")"

line used. There are in(lications however, that thoug&h a co:.z3tnt s-

voaloety may exist. over the first few millLimters of shock travel . C.:a..

fall in t'ie ýh;ck velocity follows. .,t the present time, a ffttt'ýz -- '*It-

inZ rLr:-or ewjiera is un-ier construction. Mien completed i - ý •er.--t

this event to 'be olnervedi in greater detail.

MTe author wishes to thank Dr. S. J. Jaco7%s vho suurgted the menixd
of applins ti' hdrCoi:.AnJC theory presented in this report, and vo has
supplied valuable advise and o~biticis= in this work. Te cooperstizar of
T. P. Liddliad in offering: rawy useful si~estiOts; and L e work of Bslcca
Curtis and D. T. Danielson in carrying the project to cc',tion is •.pre-
clated.
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