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· -Yelllbrandwn on Shaping the Liner 

'.!'he ·problem or shaping the liner instead. of' intr~dueing lenses 
· in~ the eX.Pl.osive has been . eontQ.dered dul."ing the past week~ - It has 
become eleaz: that it if.J not possible t ·o· achieve a "really· syinm.etric im­
plosiotl in tbis· way. fhe reason for· thi~ ie that the~ ·are four··diff­

- !erent. quantities 'Which ehould b$ mad~ a,nuaetric whe~eu th~re. a~ only 
· .two variables whioh can be ·ch&sen arbitJ"arUy. ·For a ~rteet implosion 

·it. would be neces~j- to. fuU:iU the tollold:ng . .fou~ QOn~ti~ns; · 

{:l) ·.The . velocity muet. be directed· ,);.a·di .. all7 at all · points. 
' . •,. ~ . . . . . ' 

(2) The · ohape ·ol tne J.mplodhg . shell . att~r· i .t J'la,~ r~eeived ·its· 
. . complete !leceler:ati9~ · l!lilst. be 'f)herieal. 

(3) ~ The ve1ocity ,~at be the eam~ tor . all po~~s ot the shell. 

~ ·. (l.). The thtckhe.ss . or. t~ shellsust be uniform. 

This la.st ·e~ncfrtion is nec~~-sa~y i.n ord~~ that' the. aocel&J-ati~ns due to 
f'O·e~~ng be uniform over t~e sphere.:. · . . · _ . · · · 

. fl.- ' 
4 

To· ae~~ve ~tri w~ can nl"Y t:~ rtoll~ two .q~t·~t~·e~it . (a) The shape 
o:t the -liner and, {b) t-ho i'i~eknes_s o-f the liner a~ a f~t~on ... of the azimuth .. 

It ·is obvt?u~ that. w~th two quantitie_s to vary it w.Ul not }?e possible to 
fUlriU· four indepe~d~n't. .. conditions: except · bf ae,~<le!lt •.. ' It-· can be shown how-
~ver -that. this aeeident ld~ not oe.e~. ·. · . ~ ... " 

. : .. · · Pl-obably the.·_ inoat,·:~on~nt -t~uir~ment i~ that t~re .. be no eornere . 
in t-he , implodlitg Sphere. -~ioll fiP.ght- give ria.e to-.abap$ .charge ·er.r~ts. 'fhe 
corn~~ in the usual ~mpl.O$ion are believed to be dutft to. :fa~~Y timing, i.e. 

·to: the fact tha.t.. 'hhe ~etona.t.i-on: wave -a~rivea .. earU·er at.. the' poi..'lt e immediately 
under t-~e detonatio_n p~int., th~, a~ ·the PQin.bts Jaidwar be:tw~en. :· a.: ·mple theorJ; 
t$.rs.f. . '9:ven by- Gre~ee~~ ahows tha~ an 1rdtlall.7 SJ>~Oti¢4 e~ell will be de-: 
fomed towal'!ds . a po1jtl~dral $hape to an e~nt given ·by the ·. quantitt 
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where v 'is the .find v~lociti\.·or: ' the ·liner, D the. detonation veiC?City, 
b the outer radi~s of t~e ~l~sive, and a the outer radiUs of the liner. 

, · u· K is equal to one, the shape ~f the l .iner will be deformed· exactly to 
·a polyhedron with flat faces; . it K is ·emaner'· than one, as it usu.8ll.J" "i8 

.. in practical cases1 the face'- ·of .the· polyhEt~n lt.1.ll stlll .pu,J.ge quf, ·arid 
K gives the .. *'raction. of the deformation from. a ;qhere to a polfhedron 
which has taken place. Wh~ther or ll()t J ·is equal to or amaUer than one' 
there w:l.U be ·sharp corner~ at the points midway between detonaiion points 
at · which j~t. !ormat:i.~n· Wil:l. ~.tak~ . ~l~ce .. .. · · 

·~ 

We ha:ve calculit.ed. the~-d~e~lon of the . ve1~ity gi;en· t~· the liner 
i~i~iaUy. .In ,suft'i~i~nt q.ppro.ximation ~his ·directio"- is .midway between 

· the. normal. ~o the - ~~1~ ~~aee· ot th~ · ~er. ~d - tha~ to the surface 
artar aQQel$rat_ion • . 'This-. ehowa. · tlla~ :·the condition~ . one ,and two above are 
·different. , .~) '.might;·.tor _'~~~"lce ~ eo'~~t.$bi ·shapi~g . the lirler.··.so· that its 
shape · a.t"te~·· ~co.el.eratiEU'i · tlJ4l · be, a. 8pher~t.~· :~~; Thie l1J:iUu.t:rated in <F'ig. l • . 
tf we;do t·nt• ... th~ ·vel6oities ·ldll -not .be · direeted -_.radJ.a.llt but will be di;;.. 
rec~ed ' taO~~ towarg_ .the cent~r >r·of th·e' seetiQD. sri. that · the· given section of 
the line:r ~l. converge -tq ·a point ·.this.· . ~de of ·the ·actual: center or the 
$Ph$te. : It. ·~s . th.ert!fore .obvl.~u.a., ·that.· :we have'· ove~orrtieted· _the . shape or 
th~ l~•r• . ·•·· .~~ -~.ert;~y ':~aw. ·eli~nated: any .':je~ .tormation at the 

.- ~~t·~~aet~on. pOinte .~t ~wa ;~ -.hari ~~~iJb.eacl.· at:~ ;Late~ 't¥- some ellape 
_oharge ··.et.fe,ct,· ,t;nder ;t;~e, . 4et()~ti~n ·~.PO~~·-~. · J~;:·zl:s· · P~ssi~1.e .t~~t · thi~ ef­
.feet . w.tU ne;,t· bf!· ·~$ a~rious . ~e the. ef!ee_t .. 6b$$:tv'Gd;; .~ ·past ~xpe~ments. 

' .• .. - • ' . ; - . .. • p.•• • • ; . • • .. ~ : ' ~ • . ~ ;~, ~! . ,. . ' . :. '((- ... :: ... 

. . ·.AJ.~~rnat_iv~y }'le may· corre~t. .'!or, ·ti}!e .~o¢-itJ" .. ·'lf¥ch 'reqUire·-· .. an 
in'ttia.l\ deviation ·!rom .t}le ··ep~t't:ib4 aha~ ~~· as J,.arge· as ~the . one previ­

· 0~~7 e.~nd~~r~d.~ ·.lii···th!$ ca:lo <t:n~ ·. V:el~~tr·~ ~·t~rec~ed:·. t(;)~rds the 
c·~nt$r .Qf. the :~her$ bu~ t .be ~dlape .·~t tht .. ltnor·. after aece1er:ation . vdll . 

. ct~Viat_e~.·:t.r9m .. a," · e.pb.e~~ :~·u _ .. t~h.e · o.PP..<>.~;~· Yfi!y.:frcn ~ii~::·o~il(ina1 ;~~h~P~. · ot .. the" , 
Un~r· (Flg•· 2}.r· ···In ~t~$ . cas~ t~~¢ ~l .. not '.be ·:-aitt: 'hape:~·charg~ .. ·.efteet at : 
thE) :corner~.i ~-~t-i~·.l .f1 ··,but ·as · t~he .. •terial. cof!V~tge$ .the inn~~ · .surface :will 
be acc·el~rated··anti. · thi.a a.ec:'eler.ation .:will be, .perpendicular ·t(), ·tht{ present · 
inner .. a.~£aR~e ~.and, tn:~re~qr.e :··,flu· ltad ·.to . an·-· a¢cwnUiation or, -~ter.~ ·at:~ the · ~ ' 
.iJitjlrJJ~C:ti~n 'of; ·detohat!Pnfi',i ··:<r~s .acCWitl1etior(ldll ·.~·be ·:'oniy. · a': ·ti~eondaey 
~t~~c't .an9- ·.~wt»- t:h~~~9~-' be· .l~~$~ ·~ot.t~t· . t.~.1t· 'Is··with an .. lrdt1ally •' 

. sph.;ri:pal ,: J4ne.t.~ : .. }{9.n-•r.- ·it ·is - elear···. th~t :in·th.Ur caee. we ;J have ~ot . cor- · 
.ra~t.e~ ··sUt.~i~~en~ly~·· '. -: .. :., . ·. ... ·.. . : ·· .~ .· ; . · - ' · -:·:· . 

' ·. ·-; ..•. . ' 
' . . .. ·, .. · ... J· .. . . 

. · Xt. ·i~ qJl.it,e doubt£ul · Whethe~ · it '-' •t ··au·, p(>s&ibl:e tQ. ··.lWlke_~. a .perfect, .-r 
·:cor~~ti~n,~ / ·lt ' ·aae.m$· Uli.lt to. us t.ha~ .• t $.qme . .tn\~rae4a~e -~~P~·; ·~wa . shall 
get.· aec;tiiAQl·a~lon . of·· ,~t~~-· .•n.d :tne~eto-r.;.' j~t ·to~mat,iot( both. at· the,.,·intersec-

... ·tionf1· and.. ~del- the· detoria·tion ·Point·.•· . "l1i ~- }l9s'ei.ble: tiit>t.n. this . case the 
jet· ·.f~raat1on w.l.U ,·not :~bo~· :aeiiou,ef ~¥.'~ eith~r.-.· ot· i,Qes·· t~-:~p9~nts :but :. it s~ems 
unU~~ly -~hat ·it a·an ·be . &~1(\~d ent~Nat~: In anj· :~a~~· ··~~ ·· .mar.. bel worth · trying 
:OX,P~rimen~ii wi_th ·a a~•P~d Ub~~ - i!ltermedia.te bet'_feen.!. t.~~·-tw~ "pases .discussed 
abo~e.;; .. · i.,e~. With a deVi~ti()J.t.:froln epherical ;. sbape of · perh~ps ~ two-.thi:rds the 
deviution · nece$.saey to !4$ke· the · shape a!ter acce~er~tiort:· spher~~al. 
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..... :. A~ reg~d·s t~e .. thl.~kit~ss·. of th~ .Un~r· it J.s· :muoh .. mor~ di:f.~ic~t 
· tO. make ·reasonable Predictions •. -;·-On the· .. one hand the acceleration g1 ven· 

· by ~he .eXJ)losive· ·ldll .decre~se ·as we go .away frO. .the . d~tonation point} 
on. the othe:r- hand there will be . an .extra ·hi·gh accel.era.tion at the inter­

.: .;Section or: two detonati~~ ,waves. It' is. eepeci.Uy -dirticlilt to make-pre­
·.:-~¢tions· O!l the .acceleration. to be .exp~ted. ~ neat th~ intersection.-. _How­

.. · .ev$~~ .!rom ·th.e ejcper~nt s ot Qreieeti i:t 1Appe8re .tpat the unifor-mi.ty ot . · 
v~l'oeity ·may be· _less impertant ~.ha.'n · the-cort"eet tim'i.ng. 

:· • ~. J • • - • 

. ,l:t · ~e ~sh to. corre~t for · th~ thie:kne:s:s or· the power . o:r- a· singie 
detonation ~aye ~e --~hould ~e t.he d~orea.$$ · ·Ya1!7·• appro~t~lJ. as. '" 

.. . .. . ... ;. ·.. • .(· c.As., ~:,~i/2 .. . =(·2·)·· ·. ·, ·, , .-
••• tT v ~, .· .. . . 

. . . . : . . . ; . -· : . .. . . . . " · .. .. ~ '; .: . .. :~ . .. . . . . . 
where- c£ .i$ the. a.n~l$:. ~tw~en detonation. wave. ·ani\'~b;e.i. dh't~etion ol "t!he v~­
o~i~Y· - af~er ,~~~t;le·r~tt(l_,.. . ~·- · .(2)· 1..~· b~~e~ ~'!- th~ .ei)p~Xirnate. '~el?ende~e-

. · 9_f . Uiler aece;l.er~t~on on ~ss .rlti~ .. :. ~V~riatiQn or the . thickness -acc9r~ing 
. "to-· Eq_~ ~(~) will ;_~~ the hd.t.i_n · _v~1g~t7 ot ... the .linei"·· .aPP.ro.ximately .. Uni-
. form· p~~l"· 'the $}lher,. · ·Mbw•verj this ·utdior.lty. i;;ul: .Q~ :.:_.d.eStroy~d . b;.r1 t.~~ ­

fub·aoquent focusing et..tect . ~hi,.eh .ldll. give gre~ter ·. a.:c·cel$ration cf the ' ~n­
ner surface ; at :t~. pcd~-nt.~ . whet,. . ~h.·: ~tl'~~- thi.Q\qie$$ ;e _gt'$~t~r~ .·.nu:~ :_woW.4 
mean . that -fihe +~et· . b~lQW ~h', ··_ detonat.iO.tJ ,. po:~nt:;' vdU, . Ul~l: .. ma:\;e~y- attain: t.d! her 
vel.Ocitt.• . :Thi$ -.o~.4tre'9-lli.rfi a _,gr.!3at~r .v~u;'!atioa, · ~t thiqkn~$$ • .- -~~bablt a 
variatlon .as (~O'-' ~) .. ·.Wl.ll-· be rea~ttab~y $atieta¢.toey. .. . . · 

.. ·No ~t~_pt · ~- _ Qa.~~ . ~~ti· t _c:> .~~i-~te. . · .. t~;. t.¥-~~e~s ltt:.~4 . ~~ ·, ~~e 
. 1nt~l'section_··9~· _two 4e~'Qnat.1ot1' 1rg.~es. .Our pre,tttt..,"y~~wl~dg~ q!·; ·~-~ ~P~~ 
: s1;1re · tit : the· int~-~t~9ft· i .• -"-et1 i!teBgei'_: and : j.~ ie:.-:qui~~ -. dO,ubtfUl . ~etht# . 

auch improv~nt,. in $hia· · sit~ati~n ean l)e -~lq)~ct.~d~ · C$r.t'aW7 ·~ · gre~ter · 
impu.l·ee.: .·wtu.: l;le .. tr.anefan~4 to ·th..;·. llner a:h tJhe :~nt~r•e<;-t;,j.ciu,· po~nts:.'·•nci · . 
th~ liner.. ~ho.Uld :tJ~~fo.~(t =be in"eaee4 i~ thie.kn.e.ta:·at ;· t}l~iee poiJ?:~a~ • . >~t·. · 
is not 'knoltfl ·-bow tv th~ - af.tect of·: t.he ' intersecti~A points ·.rd.ll e)Ct~nd·~· 

. In v~ew ·:Qf tll~4& .\meertaiint1~e1 l~ feel. riluctant· in :g$.:ri.ng .any f!li)~cl.f~¢c:l• 
· ttio.ns on th~ ·thick:Mll#, 'or · t~he' · -un~r. ~ .. tb:Lnk these .. ~ei1;~~tieci :~+ ~~~~a~' . 
. enough to make -~ spheri-cal sbt!pe·· of t~e. - out!!~de ot.· the .·ll~~~-~,s :go~d -a_~: ~r.-

. oth~~· · . Tbie wUi :obY:iouifly. .. n:~t oo~ect }~o~ ·th$ · ~!feet, 4'~~~~~-~-by- ~·,gq; :-(2) 
but may r.fJ~sona.bl:7. ·c_orreet ~or· ·the extrn: presaur(i at the int~r,.ec~ions. 

I ' • ' • ' • t ' • •,.. '• 

The shap~ - o! - ~he -~in~i- . c.t~ecribad in·. the b<lgi~g o.f, t.his~ . memor~dum ; 
to : cor.re9.~ fqr t~ng~ .:rete..-•r:ot· .co~ee 1io-a ~h!n 11n~• : F.or : Ja ~,thick~ Urie_r· · 

: this-.. ebape . sholll::~ P:rQ~ab~r .. be -given -~~ the,_- 1ar,:r· ~d~)t:~~~;w~en,:, inne~ ari<i .. 
~u.t~r. · eur,i'ace~ : tta• ~·.an~ . ~hat. .. it .. t)l~ . :.out:e;r .~~rr.~c-e: . ;$ 'it-~ ~~ · a 'Sj)h,~~, .:t!l~ 
itut•r . $.~rtae.e :$.ho-a<l dmat«t :t~1f a ·~pher~ /by :t.w:l~e ;th.e ·.~unt ~ ~eeQ-.e.ooe:d: . 
pl'e"!i()~$lf· · ·: Thl.s ·open,-· .ihe _ )l()s~~~~P.~\-1:.~ or · pof.re~tin~t" ~ ,he ·:.~a~· .. ~~a.6e ·by 
tho: .. fuU_. ~amo~t ·X, :.~t- .1\q; .(ll ~ane;I. th~r~br '!~king · tl:!e ~ v~l9ci·t7. ~adia! ~v~r-.. ~h~n 
whole ·~!t~:we as . ·w~ll ,a~ making t-~8 ;.l:AA.or-·;'$~!a¢e ··~p~e~_;eal .'after .~ acc~~era..- . ·. 
t.io)'l. . Then· ~t .~,.~a$t · in th' l)e~g- ·the ·iMe~ ·$ur.t'~e.e .will · j;temain : ~pheri .. 
c81 even aitel* the e.he.U ~nas. tliiclt$ned· and the ·inner· turt.ace hae been acoel-
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.erated thereby • . ~· ~r; ~ours~·f·1thi~ _Aeai~(will .'~ill : leav«(~dltferenees ·.· . 
in" velocity uncorrected, b~ it .will also give· a ·aheU of \ non~uiliform 

' thicHme~s.· · lloYieverj. l . t~ .t,hat :~bia· ·;t;~eiAp '':ie abotit ·as ' eatif)! .. ctQr't . 
. as can .·b~ made' W;.tli ·.0\u' ignof8nc6 'ot· ·,th~<ateraction ~t' ~ detonation.·. waves. 

• . ~ • • ' • ' ' ,' ' ~~ ' ~-· · ' . • .. r! ... • - • • "": • ~ ;.-

summat!Zf~ ;.I . -~ t9 r~i~eraie :that, '$.n· .rq c)piftio~·-'nc; : ~~lt· ·· .. 
satisfactort design . on •tbi.~ baSis . q~ be r~de ,: HbweV.~r;. 'l . 'believe· th&t 
the shape .or t}ie .lln~j? .mai ~.o~e t 'tt;e ~81; .fia~r:ant · ··~\riea· of the·~~ 
pl.osion.., and that eJ{pfir~$.·· iJl. tbia directi9n' ·wouJ.4. ,be of· ·some .val,ius· •... 

·The ·only ,lay to fultill: .th$· ~~~ ·coMitiO.n$ ·.rne~tio~•cl' in the be~~r 
is to ·'use a SI)he~ical.· Une:r · ot · un:lf<>r~ ·thieltiiese and to ·make. tne ·detona­
tion .itself $pherical.J! the 'only visible m~ans .fo~ whieh at: the. present ' 
time is the uae of lenae~"'· ' . . . . 

.fiil 
COl Oppenhe~~r 

N'edderineyer 
P~ierls . 
File 
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We· wish to propose . a new siiilple desi;gn ~f explosive lens Which also 

has ~!)ora~ additional advantage in:' .making the ~geometric optics more appli­
cable.- ~here are two purj;oses . for whi~?h. we ll:)tlld. like to have 1enses,.1~ · 
.namely; to .f'oeus thEf det.cnation :wave on a ·plane and to ·:roc·us it on a · · 
point-

, 

. I. ·The focu.siM of the· wave on a plane was acc.ompll&hed on our 
older design by ·a lens oonaiet.in& of _high and low v~locity explosive 
separated by a bo'Undary of th¢ shape ot a hyperbo;La.. · The 4etonation 
point was to be at the far foeu.s ot th.e hy-perbola. We . novr propose 
to ·rep].a<;e the hyperbOla .by two ·sides. e£ a trianglc:t an<i to · have · the 
detona'f1~on .-:point, at the apex of the triangle as shown in ·Figure :t. 

·Thi·e .;is the · Umiting case of the pr~ous design. ~e tide~ or the 
triangl~ make an ang:J.~ With the :t>~ee where 

. . s~ ·"".!. ::: -;;, · .:. c.; c., 
where n :is the refra:ctive index of the lirtee and c2 and·· Cl are the detona-.. 
tion yelocitie$ in the alolt an~ the. i'aa.t expl-osive re&Jpectively. -· 

Thi$ · arrtili8~~nt s~~ to us. to have three main: ad:vantagea; 

' l~) 
... .. ~-----

lt is simpler \han the previous a'rrangem<Jnt • 

The distance of the detonation · po:1nt t~m 
the base has the smallest poasible value 
for· .a given ~ength · of base• 0 C:· 

w (X;· 

u. a; 
(i) .,.-. 

oc (I) 

<C f:toJ _.J 
(.) .,_ 
z 
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0 0 
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2.) 

3cr) !~ detonation wave in t-he high velocity ex• 
p~osive . :fir.llvel.e along. the bou.ndal*y · between 
the ·two .. explosivee ~cb . is. the case .in whioh 
geometric optics has: been round to .hold b;y 
p~evioue experiment--e.. In our old. 4esign the 
tietonation .-.wave t~ ~h~ : high :veloeity eXJ>lo­
.si.~ .- ·hit the. low veiocj;.t:7:one h~d-'?n. whic~ 
caused deviations from· geq.t.ric ~pt:ic:,· ·which · 
were .found re:xp~rimentall7 . by )!>ti.;: and . which 
~re expe~epd. t;h.eoretioall.T• · '';chess ,deviatio11s 
woUld be likely to cause : con:sider~ple. trouble 
in constructing perfect lenees~: · ·' · 

.2.) The shape ·of th~ wav~· s~what ·. beyand the base~ 
it ~ulf.\: be a ' str~ight. - 1in~ with o~lee at-
the end. · 

Fo~ the low velocity e:xplq~ve . one may .consider an · eJqJ~os!ve or· 
low density or a heavy one. 1.he .latter t1}le euch as ·:'bal'ODaf:: is .likal.y 
to be prefel'r.ed ~or our . purpo~~B, . but· we have· some doubt.. whe~her it can ~ 
be made. in a reprO.qucible way~ · · · 
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II; We al$0 -wi$h .tq -ha.Ye ··.a len~. to. .·focus the . detenation on a: circle• 
This can . be. ·a.c~ompUeh~·4.. ;by .having ·~he· l;>ounctacy:· between .·high and low vel~ 
_city ·eiJ>loSi~:~ . -~ ~h~ .. , ~btf>:e ·.O,f ~ .lf?.ga~ithmi.c.~ apinli·~ · ~otd·ng ~.he .center 
·ot the : qfrcle ofi. whiQJ;l the ~~osi~- -is t,o be ·focused· b7 :A. :the .spira1 
eh~l:lld ~e ,an, ·an.gle of 90°· · pl~s ·..C,.nt}l .. the radi~ ~!rom ··A at.·every point 
whero~ · is given bjt eq. (X). ~hi"e· gives for the ·equation. ot the loga.ritn.;. 
ndc sp~al . . z ':l)~ c( ·.· j· ~ . •' 

-+-"= ·a:e .. · · · - . · · · ,,.,_2.-, 
. . . ' '. . - .::t {! . . •• ' ... 

. ·.tt-r i 'e·' d~_slred t~'c, .'hav~ th$ angle· .~ gO •throtigh about· )00·· . wtt,·h .this. 
arrange1tBnt it itf ~~ct•4: ~h$t · tqe ciet<mation· !J'Ont··in .. ·:the<Low velocity 

. expl~siv~ h•e·.t4~ .. ·'lhap•. Of- a .circle· e!Ouhd. ·.ft.~ at ... every point. _It· ~uld be 
· de_~rapl.• t _P-.. invi.et~·gate · t;he. •ba~ of ·the rr.on'\; :at:. one point near _the base 
or the .. lens) ·. at .a-.poin.t 1about .. half BT,- dcnm ~ tbe lens, and finally, _at a 
point: ~9mewha~ :belo~ ·the base. · · · · · · · · 

' . 
! 1 &, 

.- b ··this. ar.rang~n.t r;tbe deto-nation -waVe .. ie ~69ted -to . trawl along 
th~ :·~un~ey ,bet•~n ~the ·t~o· ~jq>loai~s ~ the. ·hfgh ·explosive which is 
supppe~d ~~ ·g\1$-de the - ~etonat~on. wave: in the', ~ow vel~~itf -~xplosive. .After 
arriving · ·at:· t,pe ,base ~f the len~$-· a conv~tM· · . spherical · d~tonatio~ wave 
is ~pp9sed ~Q be Set ~~;up;. :i:,"tcept for the c~ature o!_ the : bo~dary, . the 
ar.r.ang~nt - 113 essential11 the same·-.as .in -the -:first caS$~ · • 
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