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- Memorandun on Shaping the Liner A*X -0l 7' Q—'j

The problem of shaping the liner instead. of mtroducing lenses
‘into the explosive has been.considered during the past week., It has
become clear that it is not possible to achieve a really symuetric im-—
plosion: in this way. The reason for this is that there are four diffe
- erent. quantities which should be made symmetric whereas there are only
4wo variables which can be chosen arbitrarily., Por a perfect implosion
it would be necessary to ful.t’ill the following four conditions;

’ (v;;}_-.Tlfne.velacity must. be directed radially at a1l pei;rt;s. ,

{2) The shape of the yzploding shell after it has received its
_complete acceleration miist be spherical.

(3) The velocity must be the same for all paints of the shell,
: (h) The thicknesa of the shell =ust be uniform

This last condition is necassary in arder that t.he aucelaratlons due to
focusing be uniform over the sphers,.

Ly

To achieve B:ymatry we can ?ary the follow:mg two quantlt:.es‘ (a) The shape
of the idner and, {(b) the th:.ckness of the liner as a function.of the azimuth,

It is obvious that with two quanti‘bies to vary it will net be possible to
fulfill four independent conditions except by amident. It c2n be shown howe
aver thah this accldent. will not occur. oy

?mbably the nost’ myortant requiramen‘c is that there be no corners
in the. imploding sphere which might give rise to shape charge effects. The

, _corners in the ususl implosion are believed to be dus to faulty Liming, i.e.

to the fact that the detonation wave arrives.earlier at the points immediately
under the detonation points than at the points midway between. ‘A simple theory,
first given by Lreigen, shows that an initially spherical sheil will be de—

formed towards a polyhedral shape to an axhept given by the. -quantity ‘ S,
k=Z e @)
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where v is the final velocit?ef the liner, D the detonation velocity,
b the outer radius of the explosive, and a the outer radius of the liner,

. -If K is equal to one, the shape of the liner will be deformed exactly to

a polyhedron with flat faces; if K is smaller than one, as it usually is

-in practical cases, the faces of the polyhedron will still bulge out and

K gives the i‘raction of the deformation from a gphere to a polyhedron

which has taken place. Whether or net K is equal to or smaller than one,
thers will be sharp corners at the points midway between detonation points
at whlch Jet formation will.take plaee., :

We have caleulated the d:.reetion of the veloci’oy given to the liner
initially. In sufficlent approximation this direction is midway between
‘the normal to the. criginal surface of the liner and that to the surface
aitar acceleratioa.. ‘This.shows that ‘the conditions one .and two above are

feren’c. We: might for ina’c«ance corrset by shaping the liner so that its
shape -after acceleration will be.a sphere,.  This is. 1)lustrated in Fig. 1.
If we. do thia %he velocities will not be: dire..ted radislly but will be di-
rected more toward the center of the section so that the given section of
the liner will converge to a pe:mt t.hxs side of ‘the actual center of the -
sphere, ' It s therefdre obvious that we have over-corrected the shape of
ths liner, ‘We shall gertainly have eliminated any jet formation at the

_interaction peints but wa shall have instead at- a later time some shape

charge effect under the detonation points. It ds poasible that this ef=-
i‘ecr. will not ba 88 serioua 28 r.he effec'l:. observad a.n past expezﬂ.ments.

Altematively WG Hay- correct for hhe weloc-ity ’i'ihlch reqtures an
initial deviatisn from the ‘spherical shape half as large as jhe one previe-
ously considered. In this case the velocity will be ,directed towards the

. center of the. 5phere but the shape of the liner aft.er aceeleration will .
-deviate from 2 sphere in the oppvasiﬁe viay. from the ‘original : shape of . the.

liner (hg. 2). In.this case there will not be any shape:charge effect at :
the cornéps dnitially, bub as the material. converges the inner surface will
be accelerated and this acceleration will be perpendicular to: ‘the present -
inner surfage ‘and therefore will lead to an accumulation of, natter at the i
intersestion of detonations, “This accumulation will ‘be: only a secendary
effect and. will therefore be less ilmporbant than it is with an initially

_spherical’ ‘1iners « Homar, it is c‘leaz- that izx this case weuhave not cor=

rected- suff;ciently. el E NN e

It i§ quite doubtful whet;her it ;is at. all passible to ‘make:a perfect,
correction,  Jt ssems likely to us thst gt somé intermediate shape, we shall
get accumulatian of".matter and ‘therefore jet formation both at the, intersec-

_tions and under the detonation points.. It is po.,sible t.hat 4n this case the

et formation will not /be serious at-either of these two poj,nts ‘but- it seems
unlikely that it can be avoided entirely, In any case it may bs, worth trying
a;q:erimentzs with a shaped liner intermediate between the . two.cases discussed
above, . With a devia tion from spherical;shape of perhaps;two-thirds the
deviation necéssary to make the shape after aoceleration spherical.
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As regards tha thicknass of the 1iner it is much ‘more difficult

to make reasonable predictions. .On the one hand the acceleration given

by the explosive will decrease as we go away from the detonation point;
on the other hand there will be an extra high accelerabion at the inter- -

. géction of two detonation waves. It is especially difficult to make pre—
dictions on the. acceleration to be expected near the intersection.. How=
. every from the experirents of Greisen it zppears that the uniformity of

velocity may be less importa:rb than the correet timing.

. If we wish to. correct for- ‘the thz:ckness of tha power of & single
detonation wave we should siake the decrease vary appro:d.ma’cely as.

1 2 e el

(cos cé) / : (2) P

where Lig the a.ngle between det.onation wave and the d:.reetion of the vel-
ocity after accelerstion, . Bg,. (2) is based on the approximate dependence.

- -of liner zccelération on mass ratio, Variation of the thickness according
‘to Eq, (2) will make the initisl velocity of the liner approximatsly. uni-
- form over the sphere, However; this unifermity. will be.destroyed by, the

gubsequent focusing effect which will give greater acceleration of the in-
ner surface.at the points where the liner thickness is greater, This would
mean that the liner below the-detonation point will ultimately attain higher
velocity.. This would, require a greater variation of thickness, Pmbably a

variation as (cog )™ wﬂl be reasenably sa’oisfaetary.

Ho attenpt has baen made to ésbmate *'h& thickneaa xcquired af, the

. intersection .of two detonation waves, Our p*as:mt “knowledge of the: pres«-
- gure at’'the intersection ig very meager and. it is'quite deubtful whether

much improvement. in this ‘situation can be axpected. Certainly 4 greater
impulse will be-transferred to the liner at the interséction point.a and :
the liner should thersfore be inereassd in thickness at°these points, - It -
is not ‘nown -how far the effect of the intersection points will extend,

"In view of these uncerbaintieﬁ, % £eel reluctant in giving any specifica=

tions on the thickness of the liner. I think these unce:’baint.iea are grea’q
_enough to make a sphericsl shdpe of the outside of the 1liner. as good as any
. other, = This will obviously not correct for the sffect described by:fq. (2)

but may reaaonabl;f ‘eorrect i‘or the exbra pressure abt i‘.he intersections. Za i

"he shape of the liner deacribed in the ‘bednmng of: th:.s memorandum g

to :correct for timing refera of vourse to a thin liner. For a thick: liner -

-this shape should pmbably be given to the layer midway bet.ween ‘inner and

outer surface. : This means that if the outer surfacé is to be a sphere, - the
inner surface. .should deviate from & spherelby twice Lhe amount: recommended. .
previously. ' This opens the possibility of - corre¢ting Lhe inner surfa¢e by
the: full amoupt K of Eqe (1) and therevy making the velocity radial over the:
whole sphere as well as making the inner surface ‘spherical after accelera= .~
tion, Then at least ih the beginning the imner surface will remain spheri-
gal even after the shell ‘hag thickened and the immer surfaee has been acgel~
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.erated therety. of' course-this deaign will still leave ‘differences
in velocity uncorrected, but it will also give a shell of ' non-uniform
_thickness. - However, 3 ‘bhink ‘that this design 1la about as’ satiafactory
as can be made’ Wit.h .our ignorame oi‘ the iﬁteraction o:t deto:zation waves.

Sumarlzing T want to rs;teratg ‘that :in my opinién” na z-eany '
satisfactory design on this basis can be made, However, 1 believe that
the shape of tlie liner nay vure the most flagrant’ asymatr:.es of the im=
plosion, and that experiments in this direction would be of some value, -

‘The only way to fulfill the four conditions mentioned in the beginming

is to use a spherlcal lirer of- uniform thickness and té make the detona-

tion itself sphérical, the only visihle means for which at the present '
time is the use of lenses, _

_ He A. Bethe

cct Oppenheimer

: Neddermeyer
Peierls .
File

CLASSIFICATION G J““EUED )
PER DOC REVIEW JAN. 1973

g o
This document contains u“.forrr‘atm'x aff ectrsg g:
Nattoral D;"cz 'f-f ¢ha Tnis < ]
meﬂnlnﬂ' c t ""“,:‘“' “g
ts transmicsizn or i3 -
i;y m..;n.t to zn usauchoriz:c p.:scm Tis

by bw. %




L e _SHAPE - BEFORE ACCELERATION
SHAPE \ ‘ :
AFTER ACCELER, 2 i
: 4 N,
/_&,ﬁ\\ﬁ:‘\ ; .
. ~) |
U AN
T G
: OF SPHERE
o{' ¢ SHAPE BEFORE ACCEL.

" SUAPE AFTER Acc???*\
a1 oy

— A aa e— —i - 4

 CLASSIFICATION CANGELLED
PER DOC REVIEW JAN, 1972

s




.
™

oy

1‘) '.Ehe ‘shapé of the: detonat-:non wava at the base - “’5 =L
. of the triangle which should bs a. sbraight p

' 1ins, / = =%

2¢) The shape of the wave somewhat. ‘beyond the base—— = ﬁ,

it would be a straight llne with cmles at 2 =

the end. = o=
For 'bhe low velocity explosive one may ODIISldBI' an emloslve of 7 S
- low density or a heavy one. The latter type such as baronal is likely o a3
to be prei’erred for our purposes, bub we have some doubt whather it can- 5.

be made in 2 renroducible WY s 4

-

For the lens proposad Wwe should like to have :L‘nvestigai‘.ad the follows
ing point Se : )

*
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‘ EXPmSIVE 1ENSES N
Ve wish to propose a new s:unple design of explosive lens which alse . 4"
has some additional advantage in making the geometric opties more appl:.-
cable,

There are two purpeses for which we would like to have lenses,’

‘namely; to focus the detonation wave on a nlane and to - ;ocus 11; on &
pomt.f

I. The focusing of the wave on a pla'xe was acccmphshed on our
older design by a lens consisting of high and lew velocity explosive

separated by a boundary of the shape of a hyperbola. The detonation
point wag to be at the far focus of the hyperbola.

e now propose
to replace the hyperbola by twe sides eof a triangle and 4o have the
detonation ‘point at the apex of the triangle as shown in Figure I,
“This is the 1limiting cass of the previous design. The sides of the
tnanvle make an angle- with the base where :

: Siw ? = L= Ca Je, : |
where n is the refractive index of the lines and e2 and ¢} are the detona-
tion velocities in the slow and the fast explosive respectively,

Thisg arrangement seema to us to have three main advantages:

1,) It is simpler than the previous arrangement.

2.) Tthe distance of the detonation point from
the base has the smallest possible value
for a given lengbh of ba.se.

3e)

-6 9-94€

The detonation wave in the high velocity ex=
plosive travels along the boundary between
the two e@losivea which is the case in which
geometric opties has been found o hold by
. previous experiments. In our old design the
§ © detonation.wave from the high veloeity explo-
sive hit the low velocity oneé head-on which
caused deviations from geometric optics which-
§ were found experimentally by you and ‘which
(\,\ were expecbed theoretically. These deviations
" woiild be likely to cause: considerable tmuble
:.n constructing perfect lenses.

¢
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II. We also wish to have a 1ens to focus the. datonatlon on a eircle;
This can be. accomplished by havmng the boundary bet'aeen ‘high and low velo-
eity explosive in the shape-of a 1agar1thmie spiral, " Denoting the center
of the circle on which the explasiva is to be focused by A ‘the spiral
should meke -an angle of 90° plus ~C with the radius from A at every peint
whereé«( is given by eq. {I). This gives for the equation of the logarith-
micsoiral 91“0( 4.0 : ,

ks ae ' _ cae "ntl

It is desired to have tha angle & go through about 30° With this
arrangemzent it is expécted that the detonation front in the low velocity
explosive has the shape of a circle around A at every peint. It would be
‘desirable to. inveatigata the shape of the front at one point near the base
of the lens, at a point about half way fbvm the lens, and finally, a8t &

point’ somewha’o below the ba.ae.

In this arrangenﬁnt the detonation wave is eacpected tc travel along
the ‘boundary between ithe Lo explosives in the high explosive which is
supposed to guide the detonation wave in the low velocity explosive, After
arrlving at-the basé of the lens, & converging spherical dstonetion wave
is supposed to be get wp. Except for the curvature of the boundary, the

arrangement is esaentially thé same-as in the flrst case,

iiBseb
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