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EXPLOSIVES RE8]1~CH co~ .. 1ITTEi~ ( HYSICS 1\ND PHYSICAL CHEMISTRY) 

Summary 

S tudics of shc.ped cha:rges by fltl.~h rudiogro.phy, 

1. Preliminm-y 

A joint report by J . L, Tuck (M. D. l~ ) und J-\. R. D. 
(Radiological Section; 

--------~~-------~-~--~~-

Communicated by the Dirt.::ctor M. D. l . 

------------------------
March 15th, 191+3 . 

It is establisled Lh~t the method of flnsh radiograph~y can give r esults of 

value in such high speed phenomena as the aetonn.tion of explosives. uome of the 

first rad.iographs obtained during the detonc.tion of vurious sha.pod chc..trges are 

appended. 

The duration of the fln.sh is le-=>s till.:- 0. 5 microsecond and it has proved 

possible to protect tht a nar·1tus from the bl['..st effects of chargos up to one 

arunce in weight 'rhilc n ._intoining s tisf<.ctory photogr( phic d1.;fini tion mid 

density. 

The problem of timing the flash to coincide vr.i. th the required stage in the 

· dotono.tion h~s been ;:)olved by the use of' ,_ dotonc.tin.g fuze device . " 

Introduction 

The photogrr~hy of shLt.pecl chPrgc..e in tht..: ir 1.::L'.rly stc..ges hr....; .:.!.lways been 

complic~ted by tho intense s lf luminosity of the oxpl osion. X-r!lys provide nn 

ideal solution to chis dii'ficul ty, provided sufficient shortness of exposure 

CCl.11 be achieved, 

Experiments in the production of :int(.)nse X-ray flo.shos hc.d been in progres'S 

in the Armar:ient Resunrch DepL rtrnont sinc0 c.1.rly in 1941. -"i.ppnr'"'tus hnd been 

constructed from such com onL.:nts 1.S '.vure n.vailn 1le n.nd, whilst ~wc.i ting the 

arrival of cm ..h.rn0ricc..n tube of the l'it.:ld emis._,ion type designed ,)y Ehrke c.nd 

Sln.ck whi~h \Tls ordl,;red in July 1941, a conv0ntionc..l hot ca.thodc X-ro..y tube WL"..S 

employed. With this n.ppur tus encourngin rus ll ts \/Ore obtained r:nd 

experiments. Wt;re cont01 ..,;lettcd on 1,,h~ i"u 1cti')ning of dctonc.tors .(set: O. B. Proc. 

18026) . 

The re-assembly of the o. n.r'"' cu. i 1to 0:. tr~J1sportn.ble rmit uhich could 1Je 

operuted nt o. site suit· ble for .1ork on t.:Ar lo "'ives hn.d .just b~cn put in hanci 

when the work on shaped chc.rges i hich .L'.)n..iJ the subjc.:ct of' this r 1.;port "vas 

su '""'csted. Mco.n.vhilc the 1~1crict..n tube hurl. o.rri v~d ~-nd ' o.s incor:por,.. tud in the 

o.s.Jembly. It wus found to give 1 ettvr control l~nd Jhortcr cxposur~ ti.mes thmi 

hod previously bc~n po5 ibl~ . Vith the hot cathode tube exposure durEtion had 

been of the order of 10 microseconds, buc .i th tht.., ne-·1 tube exposures of less 

than O. 5 microsecond \f\Jre o t ined. 

The ne\ tube differs fr n tho convvntional hot cathode tube in "that the 

source of electrons .i..!::> "-'- co.t:1ou~ s ot ini t.L2-ted by fiel d ~.1ission. An 

auxiliary striking elvctrodu, in close prox~nity to the cnthodc, is connected 

to the ~ode throu ho. hi0 h r sjstW1Ct;, On c.p lie tion of the H. T., the intense 
./field 
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. . 
field developed ncros3 this nnrrov g~pJresults 
field emiusion from tho cc.thode. The' r sultin3 
potential of the c.uxilic.ry electrode on nccount 
electron flow is div~rted towurds the c·1thode. 
to give o. focu!3 on the ['.Jlti-cf'l~thoclc . 

• 
in the initi~tion of 
flo\/ of current lowl:rS the 
of the high rcsist~ncc , and the 
Tho cnthodc nhape is arr[~ged 

Aft~r some smP..11 scnlu luborn.tory tri- .ls which inc ludod some 1 gro.mme 
hollow chargc.:i tho worl{ wos tr .... nsfcrred to ;m outdoor site, Experience in the 
operation n.nd control of the a po..ratus in the field hac1 to be gained duri ng the 
course of the work. 

Brief outline of method 

Fig• 1 is a simplified clic.gr['J.1 of the elect cical circuit . Essentic.lly this 
is n Marx i111pulse generator, the circuit being operated by the closing of the 
primnry of the small induction coil by mu,ns of the thyratron. The resulting 
spark c.cross the sr1nll gllp D.llows the cond~nscrs to dischc.rge in suries through 
the X- ro..y tube. 

Opurating (or "Triggering") circuit 

This opcr~.tes b" the sudden upplicLtion of o. positive potential to the grid 
of the thyrv..tron which is norm ... :J.ly held at [ .. nL-gn:tive potcnticl sufficient to 
prevent anode curre.nt passing. Tht;; sudcten change of Grid pot en tic..l r:iny bG 
broue:,.ht about either by br~l'.king or nnking ~ suitnble circuit , 

The trigciering i:lpulst: wc.s ro\rided by the virtunl joining of two n.dj~ccnt 
cont~cts by the ioni~ed ~~s of the etonation 'i~vc front tr~vcrsing the cordtex. 
Previous expe1 ience h<:..s shoi.m thc..t this 11ethod is more precise then the usual 
one of' relying on the ris~ of rcs3 st 'Ulce produced when c.. wire bridge is 
ruptured by the p~sanco of tho d~tono.tion ''~vc . In ouch crscs, tho rise in 
resistc.nce is liable to be delayed till the concentration of the ionised gas 
hi..1S fallen to some indefinite (;Xtent . 

.. Control of noment of oper'"l.tion 
• 

The dw."'ation of the dischtrgc, tho.t is to sc..y, the cxoosure time, is fixed 
by inherent tube charc..ctcristics. With the tube Dnd appc..rc..tus employed it was 
~pprcciably under 1 microsecond ~ntl prob~bly of the order of 1 microsecond. 

There i.5 al' .... ys ':'.. r:!.el~.y between the r.iooont of triggering c..nd the 
production of the X- rcy flnsh. re .fu c:t:pencl:.L-c, upon tJ:li.:J olu.i.rnc• oristios of the 
thyr~tron, tho length of the thyr .tron ~rid le~ds , the induction coil end other 
parts of the circuit. It docs not rc.:iain t""'J:solutely constant under the su.rne 
circuit conditions but fluctut1.tes o.bout c.. mc:-'.Il value . It has not yet been 
found possible to reduce this mc"n vnlue l)()low o..bout 30 microseconcls with u 
fluctu.1.tion of ± microocccnds. To obtc.in ro.dior;r ~phs at very short int<:;rvals 
after f'iring it is, "thur0foro , n0cc ssnry to n.llow for this deln.y by triggc1·i ng 
tho tube before the c~ctuc.l detonr.tion uf the che:."..rge i.3 stn.rtc.:cl. 

This adv ... ~ncc trigQvring WL-S uch:l.eved c..s indicated in Fig. 2. .A length of 
cordtex detonating fuze wc.s usvd to initic.te the detonation of the chc::.rgc c.nd 
the triggering contacts ucrc plo..ccd at o. suit[.ble position n.long the longth of 
the cordtex. From the kn.:>\m velocity of the detonation wave n.long the cordtex 
( approri:mo.tely 7 milliJ K:trcs er ~c-·ooec Jnd) miy aesired tri:3~oring c'Juld be 
given. 

The sequence of event.:; becomes 

(1) The initiation of the detJnation \ave in th\j cordtex by [tn electric 
detonator A. 

( 2) Triggering :impulse .rhen thG detonution wc..ve rt";'"'.chos B, 

(3) Initiation of detonntion in thv'r.ic.in cho.rge when the detonation wuve 
r eaches c. 

/At 
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At first sight it might appcr.r th::t the '-1.eluy between the triggering o.nd 
the X- ray flash could be more simpJ.y el:L911ino.ted by the use of n sui t c'."'.ble timing 
circuit mid c.n electric detonc..tor, rc.ther thr..n the device shovm in fig. 2. The 
time functioning of nuch detonators is Gusceptiblc t o vo..rio.tions whic{l o..re 
quite lo.rge in the time sc:..ue of cletunn.tion phenoh1eno.. Their use in an c.ccurato. 
timing circuit is, therefore, prohi1 i teJ.. Experience hc.s shovm tho.t the 
detonation wnve e.1on.13 cordtex is cxtr0 .• ely cons t ... nt nncl the nrr mgcmcnt of ;fig. 2 
is r 6liuble . 

In practice, on o.ccount of the v::.ri3.blc delny in the functioni~ of the 
X-rcy tubes, precise ti!:1in.g is n ot c'.'~c tua.lly obtn.inublc n.nd sovurul ut.t0m:pts mn.y 
be nece55ary to obt r....in o. p1-..rticul ".r stage of' tho a ction but a sci:·ies of 
ro.diogr::phs covering c. r. !\Se 0f tiuo s co.n be obtc~inecl without undue difficulty. 

Protection of l;ppcrr:.tus nnt!_ f':l.Jm 

To obto..in good definition in ~ rLrlio~1· .. ph it i s , of course, (lesirc.blo to 
plo.ce the object beine l'<-. diogr~_1h0cl c..o nc'J .. r n:s poGsible to the i'ilH but in 
dealing with even very sm~ul ex )lading cnnrges it is obviov8ly necessary that 
there should be s ome c.p11recL""..ble space between them . ·The l oss of clef .Lnition 
resulting from this sepo.r t ion of ;'ilm ,'"..nd obj1:ct C<'.11 b~ overcome by placing the 
X-ray tube further anny, so inc rel sind the over n.11 tube- film clistc.nco. Since 
the r o.diation intensity vm-ies us l/D2 n.no. tho photo~r .. "..phic effect , ovving to the 
chn.rn.cterist ics of the in ten ,j f;,j.r .g ::icr ,,l n:? end tl10 f'i.lm vc.i ... ies still more 
rapidly (ap_rroximc.tely r.s l/D2. 7) tho cxt0nt to w~1ich clist·.ncu CiU1 be incrcz..sed 
and still ret~.:i.n o.dequn:te film J.L.nsity j s 1 ·iJnitod. 

For prot ection of the r~p1;rirutus '"'ncl film st~el pl.n.t e coul.d not be used vvi th 
the appar"'.tus cmployaa occaus0 of i ~s hit;h X- rl .. y opr'..ci ty. The condensers 
av· ilc.ble only c..llo'\ cd c .. nh.'..Xmnun tube vol G.' .:;,O of l()O r\:. v. :md c.t this vol tc..ge 
useful exposures Cc'n OJLly l)e olJtc.inud t:1rour~J1 \ to ~ inch of stool or its 
equivalent. 11.lwninium p1 ... LtG pl··.ced c..t ,i. s1....r' ioi1:Jnt distl·.nce from thl,j ch·rrgo 
had therefore to be used. 

It wc.s fow1d possib_lo to incL·,_ · so the tube- f'i]Jn distimce from the 36 inches 
origj_nnlly used to 4 8 ii1chi'?s ['J1d utill obt .. ~in ~dcqu:'..tcly exposed films . -l.s the 
tube could, t.h..:refor '), be ~t ' dis""C nciv of t,ro o:c threr.. .. fee t from the charge 
its protection was not o.s dif'l'icult as '\ifc'."'.S o.nticip[ltea. Us.; was mo.de of c.. 
convenient air- rcid shelt~r. Tho t ube \VLS sut up just insiutJ the shel tcr 
entrance , the high tension lend3 bein(1 t."L t. n through insulc .. ting bushes. fixed in 
the back of the shel tor imd conncctvd to the e.ppar tus housed in o. lorry behind. 
The shelter entrmice wo.s closed by a weldl.:)d stcwl screen which is sho·.-m 1 in the 
photograph Fit . 4. A sm~ll v,rinclow w~ts out in the screen opposi to the tube 
tnrget £•.nd was covl,,red ori~innlly by n J i nch plat e of .1luminium but lo.tur by 
5/16ths i nch of pCt.XOlin. bee .... use 0 r its lower X- ro.y absorption, . 

The protecti on of the photogr[J.ph filn1 pres1.::nted more diff'i cul ty. The final 
crrengement o.ppcnre in Fig. 2 . The nn.in proti.:ction consist:.. of fin aluminium 
pln.te ~ inch thick . A one ounce_ ch~ .. rge D.t 2 inches aistance from this plate 
produced a dent of height i...bout ~ inch, then the ed.bes of the plc.tc were 
rigidly supported. 'fhe film lmd ;Lntcnsif'yinc; screens vterc the ref ore spaced 
away from the r ... £r of tho p lo.to by .. .n Qir gr .. p of ~ inch. The fiJm w~ls r'.lso 
protected from ble..st by 1..111closurc in 'J. strong welded steel box, of which thv 
mcin eluminiurn p l c..te fonned th• .... lid. In ora.cr to a.voia frurr.ic:nt ronevru.l of the 
~ inch plo.te on aceotmt of surfc .. co drml:go o. thinner ~~ inch) pl: .. to wo.s plo.ced in 
front which could be r ane\!ed os necc.; .. c .. ry. ...6 ... shoot of pc..per hn.d to be interposed 
between these two pl:"'..tes oLhc rvrist. they bee, tine wulded to2ether. The cassette 
was not restruined in o.ny wo..y. It can be ~.(h'J ::n tb"..t' its m"'.ximum p ossible 
displacement even when 0Xf)Osurc wn.s dcl:.1.yeu. moro then .4& r·J.croseconds n.fter 
firing, was quite negligible. 

Results 

The ro.cliogJ.· "..phs o.tttiched to th.i.s r< 1!01 t show 

Sheet (1) The detonation of oordtox, 
(a) with sepa.r,.te copper ,ire; indices nt 2 cm, int"J(bYs, 
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(b) between continuous strips of lead foil , 0. 003 inch thick, 

att·lchod to the sides of the cordtox, 

• 
Sheet ( 2) The detone-tion of scpc..rc.to Hunroc chl'..cgcs c .. t iliffcrcnt intt.:rvo..ls of 

time o..fter detonntion. 

The details of these I'lunroc charges o.rc : - , 

Diru;ieter of che.ree 
Weight of chL.rge 
Lining sh.npe 

Lining thickness 
Lining mc.ttJrirtl 
Case thickness 

6r.TI!l. 
0, :6 grc.rmnes P. E, 
8n° cone 
0, 12 mm. 
Copper 
0, 12 mr.i, 

• 

If the delG.y in the X- rr.y appc_r-['_ tus be teken ::s constant , the displn.ceraent 

of jet ancl plug can be plotted ng~1nst tii:io o.s in Fig. 3~ The vcrio.tions in tube 

delo.y me.kc the veloci tics so out .incd subj~ct to considerrtble er1·or. The plug 

velocity is about onc- tL.nth of the vcloci ty of the 11:J n.d of the jct. The 

estimated jet velocity is in t"he region of 20, 000 fs , which ?11c..y l.c... cornpc.red i.n th 

the results obto.ined L
1

0r the~c chc.r~cs by spc.rk photogr"".phic methods of 15, OOOfs 

(Phys/Ex . 393) . 

It is hoped th~'..t the uncurtc..inty in the r(.. .. d.io~rt' .. phic timings ·will be 

reduced in le.tar 11.rork by the use of en aduition:J. brn.nch of cordtex v..rhich will 

nppenr on the r· .diot;r :tph, Thu progress of' the d<}tonation wc.ve dovm this brcnch 

·will provide a cloc ·c ':ii vine; an independent time mec.surCJncnt, 

So fnr as Ct".11. be jua~>cd. from th~se r~;.diogrc.phs the i~Lunroe cone E'..ppe-:rs to 

coll '1.pse into n. spindle. 1i!l inturo~tin~ fL..c.ture , which from the r'"'..dioe;rt-phs 

seems quite reproducible, is the periotlic structure of the l~ter portions of tho 

jet. 

Conclusions 

It will be evident f'rom the prulirninary results obtcined th~t the .flash 

i:"~di·oer"'1.phic technique will ·Jc invuluc..:.blc in rnc .. ny brD.nches of expl osive work . 

It is hoped thc..t durin ... further exporimcnt.'..l vork it i,vill bo possible to 

study the detonation of 

g~ 
(3) 

PIB 

,_ 

30 mm. dirunct~r Munroe ch-:reos. 

Cylindrical bombs f illecl P. E. c.nd Torpex. 

Plnin explosive co..rtric13es in which ucnsity variations in the 

dctonl'. tion wavefront mny be visible. 

;. 





• 
lig. 1 . 

..rtiotograph snowing s'teel screen ror pro'tect.ion ot· .~-ray t.uoe 

and ahnrge arrl cassette in position. 



SHEET 1 

P'lash r ed1ograph s of the de tona tion o r Cot lt e.>; . 

(Velocity of delona ion wave abou t 7 mm. 1er micros ndJ 

• 

\ 

During detonation. Before detonation. During detonation • 

• 
Copper wires twisted 
roWld Cord tex at :3 cm. 

intervals. 

Lead foil strips on either side of Cordtex. 
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