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W'C1'k to inveet!.gate the po.s~·i'bi!J.t:i.ee of uti:. sing the at~mio elH;rgy 

of' n~ani.um 'f<~r military :puJ'T·~ses has been. :!.11 prog}'ee-s ~ nee 1939!- artd a stage 
has !I OW' been reached' when it ~e~!i1S d~si--ra.bl.;; tc .~epo~rt p:;-og.rcseo 

We, ~h,ould l ike to emphasiz.s at the beglm~-~l>.g ot this :repo:r·t t hat we 
entered th~ projeot ~ith more soepticiem than bel~ef s though we felt it was a 
matter which had. to· be investigaterlc Aa we proceed.eu we · becBJJ'I(: mo:c-e and more 
COl!Vi nced that rele~e of' atomic e:!e ~~gy (:m a le.J•ge ~<..1&le is poseible and that 
cond.:'. tions ·C8Jl be chosen which would make i.t a "V'eX'y 'IX'wertu:. we"'-pvn o.f' waro 
We ha;~~e ~cw --ryached ~he L'Onclusion thut it will be pc<5siblo to make tm ef'i'ecti ve 
urau:lum .bomb which~ <:ontaim.ng e::m~ ~5 l'b.s c. or acti·tl:) material, w0ul<l be 
equj.val~nt as regards de.stru...:tive effect ;;o 16 i.i.CX.1 tCJ i !: ci' T .N . T, and. wnuld al so 
l'l'}leruse large quantiti es of 1•adioactb e substance/5 9 l'lhidl would n;ake place:s nea.:r­
tc Where if~ bomb exploded ucmgerous to ltt.DU8.l1 lif'e f ;:.r)." a long peri.o6" 'l'.he bomb 
would be compoeed of au active consti tuent ·(refe.r1·e<l to i u what .follows as Do235) 
vresent . to the , extent of o.bo~ 1 :Jart in 1).~0 in ordinary uraniuno (}wir,.g J.:o 
the ve:t''Y smalLdii'fe:rence in :propertie:!l (other th9..U &Jqlloeive) be 1:ween this 
s1.ilit:. i~1ce and: the re~t of the O':ra.rliuro~ i 't:!.l ~:::xtr?..cti.on 1~ a matter of' great 
d..ii'f'1.c ul ty and a: plant trj produce- 2.} lb~ ( "l kilcg:c·~ ) par tlcy (or J bO!Il.b~ · pe~; 
;Mnt.h) is esti.Jt!ated to qost e.ppr.~X~...ll'.a1;ely £5 _9 00tJt 0009 of wh. w h ~um a comsid.e.1~able 
pl"op.:.;,rtio.n would be spent on engini;l_eriq~ ·.~:·equin.ng labuuc o1' thr- ~rune highly 
.'!kilJ.ed che:racter as is 7leede6. f<Jr malti.ng t·.i~·bineao 

·m epite c:f tl~:ts -_·•.a;/ .1~u ·e~ s :x:p<:Hl.i tu:.r~. w~ ,·om;ide;; .. ::- d::al~ l.h~ 
uest:cuctive ~f.ect both mat-e;rial ~ ... m'!. mo.ral 'i.G .s<> e;::"~a.t that l!:!"'tel·y e±'foJ:·t shc ulrl 
be made tr-' ..-produce bomb:;. of l;his l<:'L.JHL As .r~}garu~ lh'.;; time requi.('-edy Jlllp'".;ri.s.l 
Ghem..1.cal 'Indu§t;J::iee('i ) ')!' .tet- c-.cmmlta. ti .. Jll wJ.I;h or., Guy of Me tr·:>poli tan V'i.ckert~ ~ 
estil:'.ate t}la.:t:·, tpe .·mator.tal fo-r the h.r~t b ::mb ooulcl be t•-eady by the end. of 1 ~43., 
ThiE cf ~~-ourse ,.~:;:umes 'that ne. major dJ.fficuHy of 8.11 eHti.r·e l.y tlni'~·eseen 
charaot11r ariS;eSo Dro Ferguson c1" Woolw:S. o.h ( 2 J e ,si;!J.nates that i:h.;..· time requu-ed 
t:c W•"' rk o u-t the method of· pl. -~'lel-..lcing hip.)1 ve1oc ;.t:.ie ~ .r~quired f'o·.r fusil1g (see 
_para, ~) i s 1 ... 2 month~. As t.h iz .::vul.:l. b;<: ii.on<::: .~ .. c .. ?l~•-x"'r-:;nt;ly w:i.th ~he p:r.Dduc t j,ctt 
of' the. material no fur-·the.r- delay i '!; tc bo s..nh ~.:::i.pat: ed 1:>i1 t h b SClo r6 o Even jj" 

t h e wr:f' shot;ld end. be~Po:c.e the bombs are .reat~Y t.he ei' t' ~.d; would l'lOt b~ wruttec, 
excep l in t~ u.."'l-i ikely eyent of ..::omplete d.isa:nnamen t;~ ": i.t tce nv nat. 5.o:n wculd oa~·e 
te .!"._-U<.: bei.'l1g ce.u~ll~: without a w~apcn cf ~1.1cll 6.e~i .::. ive pet$Si'b ilit~.es., 

w· l<now that Gennany ha~ ake:n a g.ceat C& e.. l 0f t:rC"uble t o secure 5uppJ.ieB· 
:i' the {mb.sta..nce ·!'IlOWn as hee., -y wa.t ~ ~· 1:n the -:: !-V·}i~t· ·~ tage.s we tho\J.ght, tha t 
!-h J. s s u'I: !Stance m.~.;s..l1+. b!: of' grea• )p;·;c r Carce f "r • w:_. :-k- 1·t: appear s i lJ !'act 
.... ~'~T. i t1' -u'!l~:&tt-1.1~!!!)-~1 ~h~ Telet..:e .:;I G~. t .. >m:~ ~ ew;>':·g~ ~~· .U mj. te d to pn;~esse~ whicll 
o;~. r~ ~:o~, lik~ly to be of. immedi~te ;;rar val·;..t~ (3 ) ~ bu·r 1~he G-ermane may by- now have 
realised thi s, :~ it ~?Y be ment.toned that tht.:l b .nes ')tl whid1 we ~.re r..ow working 
arP- sL.lC.l'lr- a.:;; .. wo\lfd. be likel.y to s"t.ggest \~he:mse.lves to 1i.IW ~t'l.pable ph,y~-:i.cist~ 

By f<:"-.'' t he largec1. suppl ~.e ~ o J D.ra: 1l 'JlT1 d..!' ';3 ·l> .:::ana(Le. aud th.e Bel gia.:r1 
(;cng c; a!1d. SinCH it has be ell acti'Je )y' .1.::-ck::d f 0.1:' be~S.U,"S'"'· r;.f' 'Lht; t'adilllft V'l.hich 
acoon:{;anles i t, ;i~ i .e uplikely t.hat !tlly c.:m.5iC.-e:ra.bl~ qua:nt:itie fil. ex.i~t V'<'hich are 
-y.nln:ww:n ,,.ffxc.ept. potl!_sibly in ·UI1explor~1l '!'egicm~, . _.....,. ,, ~ 

" 
{ 1 ; A pend:L:c ! . (3 ) Repo:~t of' M •. A. G_,D. ·J omm5.tt~e 

;jJ: u::;e cJ' U:rl'illiun1 as a ::ou1"<.-'e . 
,;I' pc. weX'o 

·. 
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----- r;_;:~4~~;.'Qt! OQlltQ ..:~a f•Ossible tecu.use of the enormous st~re of cner r:;y 

r,esi::deid; in ~t.cans.' .a.rtll...,;_"Qeca.use of' the. :;;:pccial p ·rope:r ties c.f t he active constituent 
1•or\tMJ1:i."U!rlo ' ·Th~;··e:xPl<isioiirA!" ·1ery tu ff~rent i n .'it!. mech< .. n.i.!!!!i fro-m the cn·dina:ry 

S::hemicul explosion, fo:c, it can oceur .:;n l y i1' the quantity of U., 2J'5 is g:r-eate!~ 
th.:u}. o. certain critical amo\ll'l"to 1.-juanti Ues o:t> the materia.). ) e ss than the c.ritical. 
amoWJt are quite etableo Such quanti t~e := a:r-e ther~fa.l."'e perf-ectly safe and th .i.z is a 
point which we wish to emphMizeo (l.r. t :ne ct'her h...clml, if the- amc-tn1 t of mai:e.r-:i.a.l 
exceeds the c:r,~~~c~ ~.lu7 ' it, .i.J3 unotab l:; and a. reac tior. will de'!~lo:p alHl multiply · 
!t.seli' ~th enot:m?Ue~~a'Pidity. resulting in an explosion cl' unpr~cedented violenceo 
Thus all t hat is neoes aru:-y 't o- de tom.te ~: he h~mb -; s . to br·:i~·g t(;6e the't' tw;:~ ,pi.ece c 
9-f the act i ve materia~ each leee tha.n t he .: r· i. t .ical .si.ze bLrl· wh.1.ch when in cont.act 
\fonn a mass. exceeding it., ... . 

} , Method cf .Fusing 

,. 

I ' 

, ! n order to .achieve 'the g:reatr~et. effl cien.;y ;in P-1: explcsi·~l ,_,f t his type r 
it is necessary to br-i?lg t-he 2 ha.lve~ togethF.;.r at h i gh ".'dccit.y ru:d H is pr opo.:;;ed 
j;o do this by firing them togethe:.r with ..:ha?.•gt:s cf ~rui.uar.y ;:-xpl.o:sive in a f'O'r11l of 
double gvn , 

< The weight of this gun wil..!. or' .:ol..U'Sl::' e;:c-eat.J..y -e1< ·~e o;!d t he weig.trt o:t' t he 
b OD'lb ~tself , but ~h'1Uld not be mere th.?.J~ ., ten, ~nu it wo,_dc ce.na5.n ly be 'N'i th5.!1 
_the carrying capaeity of a modern bomb~:t', rt .Ls st.;~.9_:eet:; (i 1.lu:.f the bomb ( cont:a.: ... ne£1 
in the etJll) should be· ?r:cpped by pa:.ca....:} .. u~:f' c..r:u that t.he gu~· sh.::u~d be .f'ir~d by 
means of a ~· erem~si.ou dev ice v;hen ~.L h:: t.~ th.-:: c•"o..:U1 1:~ ~ ·f~<--::: ~ tre cJ' d:r ''P ~be ma.d~-
long ertough to alld\v the ae:rop~an~ t-:.· ~; ~,nap.-; fl· ;·.a, '·~he UaJ!se:r- zone .~ .:;.nd. as t hi!:. if 
very larp;e 1, gre::.t acou:racy of' aim 5 s n ....... t ::~ (; i.Li r-e~ , ~1 

i; 
r r. 

t 
P.t-cbable Ef i'eot 

tl" H o • 

The best e&tJ.ma.te· cf the ti.l>lt ~f' d.amage lll<ely lv b;. p.rc·1' .. '0e(t by th!;l 
explosion 0f 1,800 ', ton:3 of TNT i.s af't' ~.rdeZ~ by th~ great ;nrph.l~ .!.,..:lll at HaJif'ax N"S 
in 1917o The follovqng aeoount is, t'r c.m t he "Hl.s t cu-y o~ . ~plo~i-'V'er:t ''~~~ ;'The ship 
Contained 45•,;.000 lba· of TNT; 122, 96J l b v c~· guncott_cn ~ c:.n,:J. 4,661 ~ 791.,. lbo of ptc .t:c 
aoid wet anti ary·,. m.ald.ng a total_ of 5,2.34,754 l b ., The zone ::_,f t he exploe ion. . j 

extended for -about . ~ .'mile in ' every direction and in t h is zone the de~tructian w , 
almost completeo SeV6re structural damage e.xt('mded generaJ.:t..y for a radi u:; c'f 1 ~t 
to. 1i' mile~ , and in one dire~tion up tc 1~ mile.!i fr,:,m t he .:·.rigin<> Miss .i.1es were ' ' 
projeote:d r.o 3 - 4 miles, window gla~s broken up t o 10 m:il..e~ ge:ne:rally ~ and in o ! 
instance up to 61 miloso '• r . .. 

:tt i s to. be ret:.etnbereil that par·t of 
1eve 1 and part abc-ve , 

.. " 
~ .. 
-;: .. 
t; .• ~ .. ,.. 

We have considered ill great dete .. :tl the pcsstbl~ me thodc. of extracting 
the U .. 235 from ordinary Uranium and haY~ nlB.LW a numbel' ~.r e:x:perimtmt&o The scheme 
Which we -reeommend i~ described i n }1aJ: ·t , H of this .repo:r>t ar10. in greater detail l.l1 

.A-ppendix N ~ · It in.~~lves ee-sentially the ga.s~~1u.s dift'us i on cf' a compound of 
Uranium t h:<'ough gauzes of' very fine me:sh,. 

I11 ~e est~tes of size af .d cost wh:.ch a~c~mpa.r:y e h ~.;;; ·r e_pt'..: rt, we have 
im'ly ~sum:-d 'typE;s of r~auze . which ru·e a1: pre:::~ ent in e :x.S.stcllce lt 1!! p:t·obab l e 
tha · a ~.. on:.paratj.v~ly Sinalramount c:f' d~v~l~prneHt would enabJ.~ gauzes of ·ema.ller 

·meeh to be made · and· this would:. allow t he cons ~ructict1 'of a IS0m'='what smaller end 
~onee'quently ch~:i;>er s4~t!Bn ' :pl ant fcJ· t he s~e ou~;put 
~ . ~ 

· • Publi;;;he,~ under t h,e Ui.rect~.~n oJ 1··- !n:n.·. t ut~; c:: .Mt::..ke,...,. !' FiY.£'t'-"' "·· ly 1!1~ 
Press • .. •f the Chai-les Lo Stor~r ::o ··lm·. J\gi,·:- , .Jel~ .. : :-.. 
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Although the coet per lb., of thi:: e.x.'plcsi;vt:.; i~ sv p;reat it compares 
·ery faYcurably ( 4) with erdinary ~:x:plos i.ves wheu recko1~~d :Ut te:t'l!lS of' energy 
relea~ed and damage done o r·t i~ li :i?l fact' c.c-n:d.!le:r-ab1y cheaper, but the points 
whj.~n via :regard al.! of overwhe j trd.1113 jJnpo!"i;ru:ce ~:re the :::onoentrated destruction 
which it would produce, the la.l'[,'{l rr.c.reJ. efr~ct j a.n<l the saving iu air et'fort 
·-he u::oe of' this eub~tance ·wculd aUr.;w 1 a~: cornp3r.ed. with bombing with ordinar.r 
expl csi·;eso 

One out~tan::.ing J...L\ f'i ·· n:t. ·-Y .:: f t he ~·d1.;me ';:; that the oo;\.n p:r:bdple 
cari.'- ·t be t ested on a ~mall -:·c-:e ~· 1!:· ~n t c p r "d.' ICt· a b.:mb o f the rrJ.niJJrurn 
~ t·:i t _ca.l ~:i.ze wm:..ld i ... nYOJ.'.' -' " [{ r"a4_ r~ .c.:.-:.:: i.JtU !·1ll'•e 'f t:l.r:'::: S.J',..i money., lYe a.r·e 
hcr.r,•w el' COllYincen tha1i the :p:dJ H:'~ pl.e is co.t~r.ect :r eJ;6. ·whilst the~re is still scmo 
uncertainty ae to the critical ~i.ze it is most l.lill:Lke l y that the best estimate 
we ca n !liake is so fe.r in e r l'01.' a;:o i." i.Jwal :i date th~ gene;ral ccnclu.sionso We 
feel t hat the prese~ e\·idemoe :U: su:t'fic.ient to justify the schem-:: being atror1gly 
pres $edo 

A::. regards the ma.~ufa,~rt;·.u"e of the U .. 235 . we ha'1Te .gons near},y s.s :fat' as ·.;~ 
Vi"e ca:n on a laboratory S011leo '!'he ,'r:J.nc jpl e "'·r· the method is certain, and ~ ~ .. · 
a?Pl i catiou does· net appear v.r:duly dj ff:i.t:.·ult as a p i e\~e ::Jf chemical enf•;ineering~ 
The need to work on a la:q~e::~ s ea ·· e i e now very a.ppa:r··:mt a.nd we ere beginning to 
have clifi'iculty in f:i.nding the tJec-:ssary .scif}lltlfi' ' pers01meln Further, if 
the weapon is to be available in s&..y two yeal s f rom now, it j,s necessary to start 
p l ans fer the erection of a f ac·t;or y , thou.gh uc :really la:rge €:xpendi tw•e wi 11 be 
ne~ded till the 20 sta.ge mcc1e1 (5) hru> been tested.o I t :i.s als.o important to 
be~ n training men who eau ult:iJnat ely act as euper·.riaors cf i:he rnrurufa.:t ureo 
T'.nere al'e a number o£' awdli&ry piece!'! of ~ppa..ratl:'.~ t o be developed, such aa tho.se 
~or IllOasur~..ng th~ ooooontr.;_-L;:~r.J:w aP. 'tl.~ Uo2).3.. In ~.ddition, WCX!.'lr. ~ a :rau-.:cy­
large seal& iS needed. .to C:.:-reJ.~ t!.•.e o~::-.~Hl.::Jl:ll ..oide for the production in bul.'k o!i' 
.U!"$rl'll111 hoxa£'1'\XOZ"ide,. the g0.~110·~ COOlp®nd We pl..,O.J?OSe to USeo 

It will be seen i rom the fo:t'egoii1g th tlt a r; tage in the work has new 
been rea)ll?ed. at which it :i.::: :Unportu.nt tho.t a decisj.on ~.hould be made as to 
whether the w.OPk is ·t:o bF: ~..:o"t~nuoi\. on the '· _·· . .. .-.,l.ntT ~·c.ale whiCih won) -1 be 
neoesaary if ';is al'e to hope f~i~ i ~ M an ):f:t·eotive weapo1: .?or tb:1..s -war. ·A:rry 
considerable 'doley ncm \Tould I"}turc1 by e.•1 '311:ti..Va.le::.rt ~outre ·the da.lct: by wb.ich th0 
waa:p<::m could oome into ~f'fect~~ _ , -

J, Action in UoSo 

We are :infcrmed thAt while the ft,Jner.:;.cc:u;s aTe workil'lg on the urru)iUln 
probler11 t he bulk et' their e-s fort h~\9 been clirected tc the produ!!t1.on r.:>f energy, 
a~; d.i scus~ea in our. report on 1Jrrud. um Ets a se Lrrc.:e of' power )11 rather than to the 
p:roductiqn of a pornbo \Ye are 111 fac t ~o-oper.a:cing with th~ United Statea .to the 
extent of exchan~..ng informatio:r. 1 and they have Ul\i:ertaken one or two p:i ecee of 
lal::.o.ratm·y work for UB o lie feel t. hac L t is .:ut•pm:tant and desirabl~ that 
deve "l,,)pn'er.t work should prvceeU. .;-•-, ~J.:Jth sid.~fl of l,be Atle.htic i.rrespeet:tv·e of 
wh~re it may be fina.lly det:~id.~d t:; locL~te ·c:he pJ..Ltt.t fo:r sepantHng the Uo235~ 
and for 'this pm-pose :lt .seews desi rable that certai.x1 members CJf the committee 
should visit the United States o We are informed that such a Visit would be 
welcomed by membe:r-s ::>f the Urd.ted .3ta.tes corrmi ttef:l ~ ·which a-re dealing vd t h 
this mat tero · 

' ' 

8.. Conclusions and ;?.eoornmendat.?:_~~ 

( i) ,'The committee cons iders t hat ~he sche•ne i'cr a Uranium bomb is practicable 
and likely to. l~ad. tc d.r;d . .sive l~eoults ).r. t he waro 

( ii) It remmmen& th~:t thi~ wcr.k be cont:Lnued on the highest f(r'io:tity and 

(Hi) 

(4) 

on the increesing s~-:a.le l)e cessaly ., c obta'i..r1 t be weo.pon in the shortes t 
poet;?ible t:i .. n1e... and. 

T'.aat . the -present ccl labc:rati.on Yd. eh Amertce. shoulcl bo· oontinued and 
exte11ded especial'iy in the .region cl' exp:·rirnental worko 

( ~~ ) S '1'5 u Pa:!'t I! 
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·. }· - . ~ ·.1·: l' ... l ~.~ ~.J i t W.r1 t;e.! -. r r·::·a : 't . .. ~ ..... ~ ,1 .t: ~ _r . ... t_.; f' ".:.._t , "t"..tifl z. r~ n~ '!"'}"~~ . \J!t l~"eJ .. 

o f· t r· ::.jJ:.s J>"t' ~1(:;, ,r.~e<1 per f~"::·~ i C1l ~ !.~\ .. b\? ~:.r~ n:=-t\ "' ._, ~.f-. • :.' -.n;. . .! ~ ,, :;·l.lt;: \.'t!. ·:,:~ .~~·~ a_~;(}_ :. ~ 

~b.:~. 1 ) o 'rh u!! _, icle.a J.i.y 1 ii ,n;:. r,.:'.>.i ~··' ; ·, :!: er·.; \'t'L~.:" I · ·~., ' l '•"'-Pilily tb1'~:-c·gel 1 t d :'..a.·;,n 
· ~ .;. -:·i ~11 j ,:; pOIS $·Lb .le 1 whi ch cw'.nE V f;~-.t" ,;c ~ ;·.t :·e ) .. ·.•·r ·l s ·L' t.J:v.-. Tt'!ut.c t<ns w~"'ul.n 

s ·:- ,:..:,. : -~.' ... ~1':'<'~ e. CC.!~n ill~rab le i' c~' ~;:{. :i-.1."4 :l ~ t h.:: u: ·~ .; ~ --".tn' t? t:- ~ i" ... pc·e·r~ t;ic t i . .:1: cl1,.: 1:\C·.~ .:.., 
.: ·; e ;·· l.y t !"Ji::; ni..g1l t giv>!: r ifle. tc r:. ~" ·':,•: ·,~: l y ,t: ~ "'Grl't•~ ,-:: .: t.J.t ' ce G'I ene~·gy·~ R)1d .i. .... 
. -- r!~ ...:.}JCt-·1 of~ 1Tll.!l t i pl ) .. c a t jort ~(-;; :' .J.r-!. ·· ·:.;~ ·:·11\. :\;t-: . J '(" ;_~. .~. ·y ·, .:l lf rrt. ~·?-:.}!) .. ::,., :::1 .:r''\._ 

I n ~Yrcler to p:t.'cduc~ a L; J. .. -,~·gt: ?~1 . ':;8.c' :.Cl! ·t . . L~ r!.:: ct.: !> $ f;..:'':f 0..1x l su.i t' i.f.!i~·rtt 
<.r.r.:, r. w~· t he t.eu1-:t·.:m5 p:rc£1.uc s:i by ·:: G.ch ! ':i.~ ::: .i :;;·L.· ret~-;-·; r _ '· ~· r or:e \ ..-;r, a:r; a·~· .e.cGg~ , 
.rh':'· .•. i.,~. be a bsc:r-bed. by e. urar: i ;.un :1 t.c:m i n !!uch a way e.;. t: ~~ <:\1J.~<:: u. i ' i &si ono 
Ne:;, ' ..:n !! rray be l os t 1.!1 t wo ·v::: .. y -:. .. They rru:.y e~ .;ape f'r \" m ~:he ma..:: .:: ; nt.:.' the- v'l.lt ~r 
' .. Lr .. t••-e:x· ma.y 'he ab.!lol'be{l e i.t1--,.:; : L.r Utt ur·ru · ~~~~~ i~· ~·'; lt' 'J,T, !J lJ ,:').b r: W'El.Y a$ net t o 

e!':.'' ·c .n.3sion or by other :..,;;cm::. :pr~ ~e1 : t iu ·t;h ~ n~~·:. e r. ·_.:. l.- ~" ::. ~·egan:l~· th~ i · iJ·:;; tp 
i:h "' .:lr .orla."loe of t hi:;, effec t C3.L , ·~ t! p y f. i .• : ~ p1.t, b r·c:dn,; ~:d t n.defi.l'l i tto l y by 
b'("!'e a s tng the s ize , since the p r o<.\ncb.r:;:n, wh~ eh :0.!:! a 'l·'c·h•m::- eff'e ·m:g w.ill 1:r: o;:~ease 
mc:re •'!:tp.idly w1.th, e :i. ze t han t he ).os;. by e;:: cap~¥ which .!.:: A .!5urface e!'f ec:l·, J.t 
f' r.: ·. '!. c''.'<.S t r1at if th~ d.ivergen t .: haill i s p·~· -~~d .ble i t .v; -i_l). r .;qui :c--e at l east a 
rr.JJ ·:-..!il"..!m ~s ·of mat er:i.al w?.uch we sbaJ" m.J 1 f:h~ c~dtical st zE> ~ but thE~ t !' .. he 
po:::si.b U i t y of the chain i s d.e c.1 ded by t.he !> :': t;m; d. t ype ~(· 1c~a., 

( ~) i s a dive~gerlt chain prcce s s po!~ibl~? 

( 2f it' t he diver gent ,:ha~n i.'; po;s.~1b l.e, wi1at, ls th e ~::rit i-cal am-:unt 
of uranium 't'e qu:b·eu··~ 

We shall a~sum~ t h a t a ctdctH! t a i ~U:npt!d t:i.e ."' ..:at. b·:; reduc~d t o s uch a 
rlegr·ee that the loss of neu t r oJt:s -by >:tb~oc-pt i o:n (lw. 't .:.> t i.">.i -:3 cau'3e can b.e :r:egle~ted ... 
We l'l.a'te t1hem onl ;r the .P,!'Oper·tiet~ of m ·allil.U:l ·,; o v.:.~w: :'.t\eJ :r., 

,, 
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H-~lcv~t-. I':!:-
~. , ..•. ·.aT I\~ 

~~~··~ · . , .• •• • • O!~Ut~ ...... ;~ uranium l.S 

in the prc:;>ort,ion.s 1 : 1/7 40 : 
o':lnsider·, for t he possibility 
onlyo . 

a ·m.i.xt'l:frfl of three i.eo'tCpe$ 'e:t mas!::es '238.w 
1 1~7 1 000c The i sotope 234 is s o race that 
c.f' a. chain reaction~ the pr(' pertie6 o:f 238 

2.35 and 23£!­
we need 
and 235 

In uranium 2.38 alone • a nuclea.r cl'k-:~.in :t"l!;a ct i on ')a.nn:)t a.evelcp fo:t' t he 
f o llmV"'.01,g r ea:;ons:-

( 8.) NeutrOll;l of let;& tha.r. a ce.r ta) .. n 'th'rQtJ.fl~? ).c .. :me._rgy (about 1 }:.1t·~ accol ·d.ing 
to measurements in Wa::3hington and Wve-rpool ) do nc·t c~tl~~e- f i ,'>sitm .~f· 
Uo"g3~o ;· ,; 

( bj ~'ven neutt'ons cf more '.'n.<.D1 ~· ~ : ' .J·u ~sht"J.rl ~l\c~.rg_y 1:at·-o~ fi::J e.i::m .1 • .n ~bsu+ 
one out of six t.:> eight ::o Lt iHone xn ly 1 i .n lU-.)6-t. =~lli.siona the 
neutron3 are scatt~rea. '' .i.ne1~st: caJ.ly" , t.1".t i.r:' emergy c:>...!' .er coll id:cn 
being then leel than th~ th r -:: :shold valu~ o T!·~~ '' elasticalJ.y" scatt.e:rerl 
neut:rone are devi.a.ted on ly th:rcugh sma D. angle~ 'by the- collis i on13 and 
t o a first _app.:roxiffi8 t i .;m DY.:iY b1:1 ::.{'e a t.ed a<:~ 'll.lH~cat te:r~r.L 

( b ) abcut one out of t wo c ·r H· .. ce;B ·-o11 . .;_-s :!..~..~u.3 lea.d~· t~ 1 t.:'J !:· l Cl< j n i !lie ..:ase ; 
most of '·the others are : .. ne~ ast:t.c, e;;. Wl.tb u~ '2;&~ but the e1rere;r lo~ :s 
i.nc:rea.sea theil':· abilit y t: \.. ,·a;..se i'ie-~ iOll i ll U'r.23S · 

(<..!} t he p:'t"Qb3;b~lity cf.' neuti"\'ll~ betng ~apb..tr.·t: u by ::;,. Q' ... 235 uut· .leuf! w;. thout 
causing f ission is ·re:r"r ~na: .. lc 
.:apture ·oros.s-eectio:ns - f a.r £a~t 11eutrcn~ have been Jr.ea,;.w•ecl f nr some 
elemS~nts, i,n~~ud.;Y'lg ord5Jle.J·y Ura. ..... ium. t:\'!'ld l tl!: values ~.re all of: tr.a.& 
o:rder .of ·10- cm" o Thi,:; i~ n(:gl "..gibl~ :.n com.r-a..~l.'I)On with the fis~i ~n 
crosp secticn of Uo2) :j o , 

"-* 
. ~ PcssJ.bili ty of a Chain Rea.cti~n 

; It appear..s, the:.ref.o:re, that t h~ :podibili ty cf developing a divergent 
chain r eaction de:pen,d.s .on the p:rcpert.::e~ vf U, 235 " It i s .e..s yet undeeided whether 
~he nonnal pere~11t.~ ' of 'U.,.2~5 ,in o.rdJ.na.ry \.U'anium i s suff'ici ent 1'o1· this pu:r-poce 9 

·' 

b ut on the v;hole the: 'eViclence is agai.11s1: this p~.&~ ibi! ~' .. tyo .l!:v<:!nt hcm~ver, if a 
l;lha~. r eaction in or<li.na.:ry urarlium V.~ro;. p..:>rie.i ble , the G:t"it ical amount of ur8.hium 
f equi.red t c .reali~e ,i t , wourd be so enormou:-? , o~' the (:rfie :t• c.f 1h00 tonB 1, a s to p:reven.t 
t he dev~lopment of the proceBs .in to a m::~.hi e.J'Y weapano ::n ar1d.Hion~ the propel' f'uz:f.ng 
6f such a la:rge mass ·(see §6·) w~u1d b e r~ -~.\ t.e i mpoe -si b l e o 

It may be mentioned that ~ondi t.ions under winch crdi .na:ry u:r-a.niunl can 
.~upport a div~g~~ c~in ·::.r~tAon can be realised by adf.U .. Hg :::uitable light elements 
ih orde:r' to Ted~· ··:t~ . ·nergy.: ~f the ~~utrane encl. t hu5 b c-rea.Cie t heir abi11. ty to 
cause f' bs:i.cn o Systems of' this k:wd . •llhJ.\)h :nay tll.·~·!!e tc be 1:'1' great. ttnp:l:t't<moo 
as sources of power, a"C'e disous~etl tn !:1 i' ':!pwa t c ·.repo.d:., 'l'J1ey a..re~ h"we? e.l', nCJt 
sui table as a .. b~ia f e r an ex-plosive bom~ 1 ±'or th~·.· reascm ";hs..t a reac'f:i~n 
~ropa_f3ated by elo:w neutrons do;~ not J .. ~ \' :'! 11'1:p ~·a ;.,;_r~ly ent:-1i,Pj't ( !S5e §!+) . 

. 'r he only J?OS?ible vra::y t r.J p'.""OUU<'e sm ~ f·t' io:. oent e.xpl:;;~:Lon i s to r emove a~ 
least part of th~ : a iriert t isotope 2.,38 !"'!'am o;r.·d.i.nacy •~t'9Jlium, t hue i :ucrea:;s!.ng t he 
proport ion of ....235o AJJ the <.:onceu t ratiOJ.I or Ue- 2'}S i~ ~DC'I'".:.~::.e\.1 tb~ tJl'1tical mass 
f ·alls rapid1y: An ·ip:,V'est;.gation o:f' the eJT,ouut of mated e.l requi.r·~ d a.tJd o:f' the 
expelH.U.ttLra invol ve<l il1 cbt8..ining a ce::rt.e.i.n caucentratl :,l, ... ,1' Uo235 ~howa that by fa.:r 
the best proceduce is to produce nearly puJ.~ Uo235 ~ thi~:: is ~u e~~en·~tally becau se 
t~e later stage~ o.f"'di?lJCentraticn r equ.1:re au e-xp(;nili tu-re. s mall compa:red with that 
~or the initial ~tag~s9 

/ 
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!f pt.Lre or near .':.y _t.lUX'·" Uod5 !.:~. s:::,:IJ)r.>.bb he ~ut'f.'"! c.i en t bul.k F.J.,ly 
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Th0 col~sion oroas-as-ction4 'J:~·,~s cannot yet b~ l:!~)~J.1'.lu:t-ed for U->235 
b<.1t it is ' legitimate to as:stJTte that i 't: :P..as -the ~~:.me value as ~..n ordinary 
ure.ni.um~ since collisio11 c:t"'oo::..~ :-iiect:l.onB ?oJ: f ast: i~1eutrons v~~y • 
lit ·tle f J;om oua element t o th<>· next... 'l'he tot~.l ;:~rvs:!l ... seo·cim.i ~e 
half ~ which is due to cd.:~f' ,··.!.'< .<""Cion s- h~~~ been measured. i'or o:.rdL"tary 
u~·anium, ua.ing :fast neu tror:s The result:s ind.ioa-r.e ·bha-c f oX' l"!eutrons 
~:r 1' .Million eleotron-Volt& h; ·.ia~ be Jc;;•l.'len 7 o.nc".. :to x. 10 ... 2~. om2., The 
~ollia:'Gm o-.coas•seotion ie; ·~r~:c:::f·ore 'betwe~n 5 .5 ax1o. 5 x 1o··•2lf. em2 ~ :and 
:U1 the QaJSe Of U<> 235 thio i 'i':'" n ,f.l tClUCle' t::h~ f:i..ff ~Jfl.·:·1.1 YJ.'C$lli •'"6eQ'(;j .. On ., '11h0 
diffraction effect (e1astir; sca;~·cering) is oo:nti\l~rl Ii.W-5-uly to smo.ll e...1gl0s 
andJu~a - ~.1 inr..,t?orh..:no(;) f cJ·• ·ch.-3 calonlatj.on et' ,··:\.tica.l size .. 

.. ~ . - ~ 

The ilis:A~~ss.•se·~tion , Th:'I.J:t is the most :ilnpor6ant qua.l1tity tr.hich 
oonC$nlB the critical eiz(l) and we r.a.u.~·t d:isoue;s· Jf.ihe :i.nfol~ma.tion &:lfa:Uahle 
in some aetailo 

So far .~rtly VB.Y('Y ~1 q:Uru-r,itj_es o.t' separated ·o~235 and U .• 2}8 have bec:m 
pr~:parad.., E"Ape"i~p~s ·ltave. shown ·C?.:.at ~35 un.dex•goes f.:l.asion wi-th slo·w- neutr·ol'w 
and ·that 238 d.Ooa :..:ti$t, ,but the amounts were t oo small fo::r !llti'S.$U!'tDmerrl; of fission 
or~s,-seotiO!'ls:, ~bpecl,~lly at }llgb. 4>ne::gies ~ A-b th~ requeGt of the Co.mxn:5:1;tee 
thQ'·".l\.merica.:n NcD»R; Oo ~!l askad. D:r, :N'J.er · ·to pre:p8.:re a s:ma.ll qu.~zrtity o.f 
110perated 235 , sufi'i~nt to enabl~ ·the:r:.e trteasu.rements t o be madc:t ~ and. wa hope 

' t o:·receive i;l":.is ma~erd..~l Sl1o:rtly, ·b:;~eth(l)r wHh the re~au.:as of Ai.nerioen wot'kers-> 

I n th~ li!eantime 1 nearJ.y a:l.l t:he .;:·v.i.d.ence requ.:l.raC!. c Em 'be obte.in!a)d from 
ru.ea.~ur~ents r.ea~, ~on ·.ord.inary tll'anium; c-f the va-r-iation of fj.ss;l.on oross-aeotion 
vri th the en~:r~ ot= ·.tne:7

bomba.rd:tng ne't:r~.c'():ns, 
~ ~!) 

Ex:pe~t·s ·· ooth ih Was..h.i1'1gton s.nd. Li:v·e:l:'pocl show tha t the i 'isaiol'l 
oroas-s!loti on incl"eas'Cs Vf!r:y :ca.:pi~r when the nt?.utron ~n~.rgy exoesds 1 MeV and 
approe.ol".~es a cane~l~;vall.w for enorP.:ies above 2 M.eV'o This effeo·~ is in accord 
wi~h the predioti6ilf,:~~ .. t.hf; Bohr and2<lhoele:-r:• theory, 'i::hat 'W'l.th ineres..sing neu·tron 
~nergy fise:ton aboW;d set "in a~ a defhJit!!l th:t·eshold ~ne.r:gy &nd qtlick]y reaoh a 
oonetant pr ocabiliffo 

.( 

:eo·t:h t'(om.·~~~itud~ of 'the abO'vta efftect and ·eh~ f.aat that 238 doe3 not 
give t"ieaion with . s-"'1:# neut:ttons~ i·~ :..fl o1ear. that the jump at .l MeV repreaentl!l the 
thteshold of 2.3$tl Th~ fission which takes }'llaoe with 11e'Lttrona o-r $:neTgy les.s than 
1 MeV mue.t t herGfcre be e.aori~ed- to 23.5 ,. 

On t h:ie f!-,Billllpt~.n ,.~ 'LiYVl"_PPol m~'H\.SU!.'ament~ ,giy·~ vaJ.l\es for the 
f ieseion or oan ... seotion dr"U .. 235 V{:l..ryj.ng flX>lD ·2., 1 x J.O .. ~ om2 for neutrons of about 
0G ~,5 MeV' to 1 ... 5 X 10~24 .. . nm2 for. neutro:nj;; of (WOU.'b 0.,8 Mev~ 

A.llcr!;lter 'me~:urement-' of this t!.;uan1i:i.ty has bee.n obtained by Dro Fri~oh 
uaing a mixed beam of neutrons, Ool.!~ris:T.na; energies from Oo2 MeV to nearly 1 M.eV-. 
The value obt !lined. we.S' 2., 3 x 10""'24 cm2., 

It .sh~ul~:Qe J?9Y~l~4 ~l!t ~~a·b th~Pse .. ·~al~$ ~:f~ ;the i."ir:sio:: ... ~Q~a:sl!~~ton 
refer to neutron"'e'i1'WgtW~a.'ime_ 1-Wss tt.an the av·exage energ-y Of tlis f !"s?D:z.on 
neutronc, On t he other hand~ one ineJ.~.".So~t:l.o t:.'oll:ision vi'i.ll r~?.duce the n~ub-on .. 
energy to about 0.,2 U.eV so that we_ c;~~l :n9.t be f a.r wr ong ~,_aao~·cil'lg t?e me~ . of', 
t he values given- abave1· eay 2.0 x 10 ~. · ,. w;tth 1., 5 :-c 10 · om e.R a lower llrrct:ch 

::0 

' . 
We ehB,ll ~take ,f.irs:t the V!\lue~ wll:l.oh we belie-ve ·to ,be moa~ likely : 

nUiDber. o:.f f :IJS.Gion neutron~ = 31 oolllaicn cross ... sec-G:i.on !~oo 0 x 10~· ... 4· om2 t. to whioh 
vre aad l :x; 10"'24 am2 to allow, for e l a)st:i.c scn.tJcering; a.ncL 2.,0 z lQ-~4 Ci.lt~ fo.t' the 
fissiol'l cross ... s~tion~ Wa find that ·th6 C":(·:i. cical mass of' ·~he syher~ is jus t over . 

r 



If.' W'i; U G'W tak<:l :·.h0 :rl~5t. n!.!;s:::.:trr.i.H::;.c ·':"', t':',i . ll' '''lb ... r '')" {· · .. ·s·':-1n 
(.-'" ' \ ~·" .:, 't- ::"'"· ..,. " ... • .... . J , \o. • 

tleut·c·,~l1I' = ~ ~.5; -o~·ll! .Z:i.t!r, C!:'r;.~.:;,.;Wr=. ect::··:r.. ~ 3\) 5· ·t ' ' ' 8~i ~ ~·:. .. q r1.r; ·~l.it:1\'t(1J"'~.cs. f '\.·) 

ela::.1::'.c. :;,c.att~:r· i !'·J;.' .i'i~~::c-n ' "·t~<:~ ·-:. ~ :~ct:.c·'!"!'. :: 1,.:.; 'I' ~ )" .!'·,-~.<-· ~ :.;e ,-,bt. <.~ ~n ;J3 ~- ·· ~ x· 
the Cl";: .. tj4cal !!ta.E.~ " Thi~ .i.s .htt·:J~·T ~ .... li.C \\i..-~ .... f:t; ·l .,i .. ,-;1:, t:i''re .r;~;.;"".\:>.L'lZ t ·~ !\;.; t't·-:: ~'..:lt;..:::·.:·.t;. 

~tC, ~ l~eritLg }!a:e beer, t:o~;4)1!;-t~li· .r,e -:le('. {:.~~tli, ... ·;.~ l · -~ ·• • !;!:- j.J'H..., ar;)~:.~- ..... e<J t i.<\:1 :.; ~l~ .. ct.~~i;!t 
though !t pcs::;i'b).e fiHu:re .C er t!'t~ -:-·n.gi n;:>J .n.;>v .. r; r ;,·,t.· .. >. .::)e ~-~ '3. t i" 'i.y t':- ··1 5i~:::I. J..1 f ~" (' 
n eut:r<:il \:) whici1 h.a··:f.; rorule e YP.r; ~J·, e ·,.t1e:-ltud.:t·C ~::. ~ 'O.::.;I. flh 
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' The aese:w.bly of' the :por\;s ~::!7iulCl P - · ·..,:.1·.:: ~w r.:.'· . .-J.:.U y l•B · .') ·..>sd~l:: f:"'>'Z' 

the f ollow:tni re"ason.sc, · PJ;J the ' part~ z.pr,;roach cn.e 9,t1othe~·? cTi t i rol cor.ditions for a 
qhaiu :ceact ion will be X'eaohed e.-~ a certu. i.n pcint !:nd aJW t--:·i,;:.zer neut-ron ccmin.; 

. afte-r that can c ·,a.u.':le <!Zl e:xplosicn... T~E: "-'J.Cle llb€ cf th~ t;;:-p).osion <lepend.s howeve.r' 
( .see §L ... ) on the , r ate at which th~ Heu-c:t·onr IJ11~l~tpJ.y :.:-Jld wi.H be dimillished if i t 
occurs bef or;; the parts of the b on.b a-re ~-cm:p:tetely a$e.;:.mbl~ .:..o A pr'\':!rr.atu:c.~ 
a.;.,'}>l0s ion though lt:.oss efi'icie11t :.~ ~d.U of ve.ry great viol~r:ce Q 

The p:rvbab iJ.Hy c.f' s uch a 
c.f tl·i.gge~· neut.:t·~1S B.J!d 0!1 t he t:imP. 
cc-mpV.:te B.Ssemb~ Cif' the pa.:.rt .~ " 

:-;."'!;,i'S.t~.,~·t;;' "= X_p\c·t:~ :: <'r <.i.;;_:;..r:t.·l~l on t hP. l'L'e<J.UG?ICY 
l..~~~\ b•;tw·~.<;l : ~·eaca'l ·:G t.he ~~~·i tioal dJ.~tance awi 

Th~.r·~ a.re a ' fe?r neutro!l ::' -·~lw~~Y~ pre.SC· !~t [ lUe tt· '!:h-.: {';'O'Srn:i.c ray s s but t h .a: 
ut:::?~ l ~r.; .. .::.rtei<t ~cw·et; c f t~·igge.r V:! \~1·. rn ~ - :.-::· '!.h-, ~.!10td.er :.: :)'..t-r e · . .ssior. c·f t.r_,{:; 
ut"e..t!i ·u::." r 'h.i!l OCCUl'~ t,c- a measu:-s.h).~ ... ._..t~n t \H ,-;l' ~-~-1 9.l'Y '..!:c'Sb :.t JZ\ 11 <;;Jvl .i~ I ::+::.e-1:-}.y 
mc!::1;ly d.ue t.c t he i iSot::>pe U.,2}5 th~ v~~~ th~ ·/ c;.·ry raJ:t.• ;:;.,_:;:,1. fl>').Y ·=ontd.b"..lt ~. 
ap:preui?,b .Ly., Frcro ~Mur~meHt~ cf n..c ... F.ri..;;ch 5.n Li ,te"('pC'~l i.f·. 2.ppe~:t'!> t hat ~ Kg 
cf U .:~j) would ~:\"e about ,800 f ise .:i. ~ms }")er . cco 1 ~x·o,' :ici.e<l th~. ct~ho1" i~c t o pes d·.'l 
not ocntr .ihu.te to the ' obser vetl ei'i'eet , This a~:;-u.':l::.t .J .on give~: <he wo~~ r. oondi. t:l.-:m-;.l 
for tl-.te problem cf .!'uzing , .. .. 

In a.dditt,on then~ are a i'~w ~c1ela.?~du neutron~ a.ri :: mg f .rom pr0~l; l~t.s 
of ' the fj. ~sion proc.<es6 ~ which · r~pl';:~E;n (. ~u1 fiodi t :1 m<e.l som-.~ f· ,:,t t: r i.gge:r neut.ron .. so 
The effe~t ,:.:f :· ' dela.y~c1 1' neut:x·on""' ~~ru 1 b v k:;;pt, . .,~;.,.J.ll :t.:t" th:; ;o~;>arnte parts ,")f' the 
bm.1b are well below t:hs orltioal ;;ize.-. 

As~uming a ma~s c:f 10 Kg fox· th~ bomb .. ::..' t 'iiC \\ltt be pcssib le· to reduc~:­
. t he· cha.np~. of a p1-emature expl ceion t.c aLcY~ti; ·!<.>,;~ by hc:i.n,J i..~1i!. th~ tw.:> halves 
toge ther w:!..th a !relative s peed o:.t' 'l'b.Jui: 6UGO f t . ./-;.ec ,., w~ Eu·e infonn~ci by 
J)r., Fe.rgusolt*o,f 'R~sea:r.pli Depto · Woolvrid1 ~ thai; t:h:t::. ,,an be dl.">lleo 

!:n us~ the whale bvmb W;c. 1";w·.~ woulrl be t.lropped by ~u·achu-1:6 frc-m an 
ac.::r.·oplar'..e ·and t he g'll!to$ f' ired by .!:>. lJe:rcu~ :.iat\ '!'u.ee· :;:n s t.;r 1.i.k:ln,-; the g.t~ou:n d... 1'he time 
of> fa l.! would b,- long enough to en.:;.ble t;b~ ~e.r.:lpl0.!~e eo t:!Jcu .. ~ i':r-cr.t t:he danger 
SJ'·ea., arzrl owidg to )be l arge :ratllu..:s or 119ma.ge ,:,f f:hc b.:-mb f;h~ .resulting i.nacrouraf.ly 
in aiming would b e 'uri!.:mportanto The w~:tght of the wh o .i.n wc-u :td be well withil"' 
the capacity cf' a ~ern bomber o . 

Though the des.:tgn of sucb. a JP!H wc.cld '.nvr;.lv~ c c. .. ~t~ ~.de:z·ab le deve lopment. 
wo.rk~ t his ~ould :prooe,ed siinUlt;aneously wit:h the t;!Ol totru~tl;.1'/:, of the .ract~.ry s.nd 
flhculd HO.;. ~ause fUlY extl'a dele.yo 

.1 f9r aJ.lY :reason it w~re n-e ~'~ ·~".l~"i';V ·!~() ut.t; t: b 11tr:1'. t.1ac.."'>. la:.t•8e.t• than the 
~ize a.zs.\llned,~ uif:f';ouity might a:ri:;e 1 ~:. U·:e ~.e.:t'.o\~:r bor:;'b ;1:-uh:t have zr..o:r-c s.r.,:mt. 21.1'1CC~e 
i'i.s~ion5 in a given M.me., . . 

'l'l:te · e):l,i:lnOC'f ~.,a. -:.tmewa'"-u:r;(;: ,-,uc~ t 'II'O"J.l6 th\Js .5.nc:.rea~e 9 ~epeeia1ly aQ t he 
iH t . ~·~' r. ' -'-'F' f:§l :t·~· l . - .... . . ' 1 t" ,,~ t :.;IS· an~ :1-n.l'.,~~ _ .a L-~k~~~ csl.on 1~ p:>ss;t;..~1,e :x.s ~prcpol'·e::. Cilla to · .rte u.~.ame er 

~of' the b omb, un ~~e&n-efp'onc:Ur.t-. lnc:reae ~ ;1· vel.cc H y j_s pc:-Js 5.bl~; ~ Th:i \7. 
mig.~ t be u.i:'1'ic~t as this lat•ger :...as~ w u:-:< 1~~ t~.d. to h3Ji tlle, e.n<i in any c~e 
it ~s ui.fi':i.cult 'l(o g{;t r elai:ive v~ll.lci t,;..e;-:; J:tuch exGecdij,l':g r. ,ooo f t.,jsec., Ch the 

'othe·r hC~ml, Q:t,:le should ~eme!I'\b6!' t.hat ev~n !;he l'lr~·mat;.;.re explosjc.n will on the 
average :r?lea$e a coneiaerable l'·re~·•;.tcm. ·'If i:h~ .. p;-3 3i.b1~ c:ner gy., 

y 

~ .. 
· 'Ph~ 19. ld.lqgramme · b .omb we ~re ~ up:pc::nng ~x·u} d re?.t.U. l y be g,i ven an 
,efficien~y df. ~lt" 8Jid-'1Pt'h'e- ·re~ult i..ng r·~l~ase c')f' ~n't:rgy wHl be eq11lv~J.en f: to . that 
of 3i ~ 00 t ons T. N. T. 

I t1 ocn51de.r'.i1~-g suoh a proposa.l l.i: 1~ !'.:.r6t. nece"!.s ary ~o be ·.sure t.hat 
.. tbe release of :.f~ry; ··*'~e. ciU.ant. iti es o f' ene-:r:gy f' c\."'ID t'\ ~.mL\,ll mt'lSS will in f<wt 
:a.o the uamage tfia~ migl]:t ·'be expected fTom -.:: ..>.-pel·l:;nr.e wi t h o.cdinal'J' explostves~ 
In the absence of suoh a bomt> · thi~ c an Ohly be 1e.a.lt wi tn by calculat;:i.o:n ., 
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Pt"Ofo G.I oTaylor has evunined this p uin.t for \JS and re-ports i' t he wave at big 
distances is quite cCimparable . in pressnt"e and in dura:Uon \'rlth tlu\.t r>nld;..lced 
by the amount of T oN,.T o -vrhich releases t he: 3t.'.r..'le energy as your U bomb",. The 
exact r atio depends on' detailed assumptions but His not far from t i . e o 
twice the energy release is needed from the U bomb to give the et"'fect of T ,NoTn 
Thw= the damage done by a. 10 Kg bomb •till. be equal t o tha.t of 1800 "t;•.::>ns of T .... 1'! .. T , 
Prcf ~ 'l'aylo.c' t~ has caloulateu t he pro·!'i~U.l'es a t: v·.s.riou·~ d.i.star. ce3 d.ue tn t.ht;; 
U bomb but a ::3 t hey laet f .. :rr mucll lc:nge:r thait tht.·r5e r\.~r e;,rpe:rilnental quant i ti~~ 

of T.,No To~ aml ~c wi ll probably do more tlem~g!l, it i .a ~rob:a.bly be~.t to ~ . .e a~ e 
standa"cd the lol OW11 ~ffect of large a ol::idental e:r.plc:sions s ucJ1 a~ that at. 
B.e..E:fa:x in 1917" (1-'art I cf" thJ.s -:report.) ., 

Beside :. the ef:feots oj'· th~ ~r:x:plc.sion, t;hex·e will be v·ery 1.al"ge a.mo\mt.s 
of radi-oactive material produced ·whi~h will be ~t.:!a'tte:red cveJ.' th~ aree. affected 
by the expl~i~no !t i~ :i.r1 fa~t knmvn th9.t the p~:N'!i.lct ~ o'f the fi~3i0ll:!3 are 
13 e.ct ive jl paeei.."lg through a u'tl!!:!l)e:r of' h•an!4f'orma.tions ·oefor~ bec.1om.ing inertn 
Xt is v·ery di.ffi·:;ult t o estim..<tte the ~rtenl; ~r ·l:.h~~· i;f·i·ed especially a~ 
<.he t'IOSt important 51..!bS ta.nce8 WC:Ulcl b e thC"3{l. W1 

lc)h@ lli.'e ;; T\1;:ich. R,re 'tJ'l~ 
ha;tdEl:S t tG '3tUt'l . .y under l aboratcry C~Hdi t it•n,"! r. ! l. 6.~·e.S hm<re'V"et• S~.O::m ce.r·tn.in 
t hat the ~trea devastated b;y the ~XJ?loai?m WI"U.l.!l be Jrult:;G:cou~ i.v .l.:Se fc-.r a 
rc11t~ ir'ie:rabl~ t.i.J:ue ~ The phy.,io~~(Y.C!'I l et'·i'e~t. e ::-f ·i:h<:<:s~ !'a.di.~ti<lWS a.Y't:: tlelayed 
ru1d cumulatttte se that great care woul(i. h.o."re t::- bf: t.J..~en in wc.ckiJ1g a_~-vvh\:;re 
He8.'l'~ If' · this were realieed, the o.a.t ~ ge:r.- t o H.fs r r o;r, 'l;hj.s caus.e would 
probably be small campared with 'that ttue to \;he ·~.c t;\.1al ~,;::x.p;. -::sl. :-n 

1'he rnain prob lem i:; t.he fY'J;'CiJ:uct. ;.:;:;h r;.f l'e.lai:~_· .. ely •J!;.r':J 1/:U'gE 
quru~tities ..)r separated is0tc pe s,. Seo.::n.d.ar·y •·n~:1 .:~.•.·~ t.he B:.\ 'i'otr.gemerr t :;; f.:.:£· 
p1·oouctng the ~xp.l.:~siml whell 9.l.tl whe·re C"Jqu:i t :: 0..., 

-~maJ.l quru\titie~ .:-f pu~. :nc t.oy.;::! hc.vc:. h;:.en p.,·...:.c\u::e u by !X';':!j t,i ,lb 
ray~, It is by t.hia me the~ tha.t d1e. i'~ ,~· n:.i.:.n ··gl·c.'.-~;\~t. ·{·,:r the :~,'!a~ ,,w·-;,;:-,c.·rn. , ·!.' 
t':l.~~~ :i. ~.m cress ~ectioll are beiltg mrule by N5.~r, The p .toclJd:.,:n of e•t £-.ct .:l 1 ew 
tTX'r:teJ:, by 1;his meth od i~ h:.•Wt-~· -z:r out c.r i.h~ '{v~~. L:.. :1Uo 't'he ::i~m~J~. tt-?l~ h ·~ ·. ~ 
C<'.me:tdereO. care-fully a ut.'!tber .c-f p<.'~~ :i.b 1.~ ;:neth•::c)r "'~" pH·:1ucinJ q•J..;\:nUtie~ ·:·i 
r: .~!l·"l,y pure Uo235o Am,:~ng th-; -..~ eLL'!';: f;h!'!'rma:. ,'\j.J' r'J:-: 'l..:.~, ;., oen t r ~J' ug•.ng ::>.1'111 th~: 
,.J..t'fu.~L:m e'f gal9e::l th rcugh !:r.a~l 1 hf' le-~ " We h;\v~ xa:~'- ':c• lh(:: <:..:;~H clt·:~ ;~ ... ,, th~. l 
" .• he b .t l;e \ l.S by r a:r the reo.-e t p!'CnlJ !;:i ... ng I 0.'r ~arg~ ,.1'(·~ \tj' P.l"'C:(l".;.::?tll'!no ! t t\ 8. :~ t{l; 

;).aV'hltit£;5! of be:i,ng based on p.hy~l/'8.:i pr- 'i.J.~~v <_?)e~; ~1._.':11. h~''.•e l ong b!::en fully 
u:,c.e :::-s·b .. ~ti and are easi ly anven~1.b ?.~ t c- ~a) (:u:•.a t:i.0n~ ll .. :: cc.~mpa:r-:: !1. i?1 r;b ~~Htnt~~g.u: ;r,,. 
et' •!d~.i~h t;h~.~ is also trlle) .\.i ~<.r.:-.. r~.s be~at~~ t.b.o; r.l-"'-'h1.t:ory clo~ 11 nc.·t re"-i,u.iJ~ t:h:~· 
e~n:re~~ preci~ion of the h igh speed e~. t.r:o.1·uge ul·J:• .. !.'h -'-~ "\C J'nr c nJy a labcr<P;nry 
l..c.at.n .mle>nt., ThcH"'ma:t d.iJ'h.u:.io:n., V<i'~ . .i.,,h at ~r.e 'd.mc '\?:·.:t•leci the mc.,~-1:. p.rnmJ ::-.:::.ng. 
h"'- :-: ha.d to be aba11doned beca.u:~t:. 1t.:-. ll..t"a:r· i. u:n. ,.;1 ·!~pu l:1}1 •. 1 ~ s. ln·~r·wn ~"l th \'l'hic;h j t :.~, 1) 
w ... ·•·.l~, We -.m6.ere t.and that the -;. cJ.!'Lt' t·;::n:":•.\;·:.J.::·;.. h£1.'. '~e.;·: rr::'Zl. ~heli in r.;, S , l:.tic t.he .:: 
d.~~ a<i':~.ntage ~~.~ that the eqw.Hb-~·~ \>tr. t.trne f.:;r thi~ ~:.l·td. of c-.ppax·atUD :_ g vF;:ry 
lal•g-;: , 

The ;nethod of ~eparat::.on by :1S,fl'lli> l ng a. <.~eu;::\C,U:,! compound t hrou!?h hol~tl 
is c·:c ~·= of' t he ;r.c thods trlec by A.~:i.~Jt C.t1 ~h~ ~e>rly (la.y~ .-.j' 5. ~.'H:<t~ll{; '~:~< t\nd has m~!·e 
'C'~cently- beeu u.eed su~cessfu li.y hy He.r~z. ana .-:; th.~:n; , IT a porou~ iT'.£1teriE.1 su.~ 
a~ p:':.pe~la.y i3 used to p rO"'Jide th~ holes the mc1.h,~u i~ !\ .slDw ~ne ~ hut Pr·cL. 1-·~1.er1~. 
ha.~ p..:;'i..n t;e<l out t hat if th~lJ i\: il pE.cJ·{')ed w ), th hd~._, .l.:.; ~J.tz~ed f o.r th~ d.i-9.:phl'agm 
the p·.cocess i~ quh'kened ar~d Bl''J e ~ a re.::.s~.;,a'bt~ yit-ldco Th'o s;.mon bas de~r~.eed M 

appa:ratu.s t~ ma.kr.; ~t=: nf thi.~ p:"' ~.n-.:~ .. Pl~;. , 
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i 2e MateriaJ. 

.In · uro-er . t 0 Use; thi.$ filet hcu the i:lrJ.lL"i. ;;G'.' ll:U.S t be i n ~aCIJCUS f'orm~ ~J.Ihe 
bes-1: auu indeed 'almost the ..Jl: ly 'f.02eH>1~ ., C('i!!'~pOU!ld f .::.'T' th~ pur;--ose ;,~ 
t.tr8!1 iu:m ·hex.'3fluo:dd.e, e wbite :::cl i d. whi. ,~'-t h~ e.n .:;:;J:,? C"-6Ci ;,:~.b le "!ttpour p:re~·S'"..U 'e 
at ·c-oo:m tempe:ratur-5 ancl ~Subl.;..:,•-:& at 6G~-- ·rhe pr~~!Cr •'l~ie!J onO. method:9 cf.' pcepL'I.CiJ,ij 
l.:h i $ .substance have been ~tudieti by P.cof'., Hawc-Tt.h s.nd !:"Le:: .::ollubN·at.or c in 
cc-nj1metian with Imped al Che!tL).c;!il :::mx~tJ·i-e~ 1 ~7h.J h ::>.ve ;::~a.d.5 .) kilos f'c.!· u_~ 1 and 
ba,·e e.l.so <!<msj.dered tht:> :!'teth.~dl~, o:f p:rO<:lcl~tion .:l.l'l '~'!. 1 .:.~.rge ~cv.l~o ',~."!1ey con!'..j . ..le.r 
t.hat the p:r:o.~es-9 is a fe~..ai"bl6 bM- 1 and tho'U.[~h ~cne :a-''ge ... sealc, ru:<l t.ht:re:f'.:·:r~ 
c:x-p~.tlsivei dev:e1.0.pmt::nt t!OTk would have to be done l this t J()uJ.(t be c\.:.:;n!:·· in t.be _.. . 
timo requi~ed yo ~~nstFUet a Simon plant ~f t he ~ i ze ~}n5idered belcwo 

Each process of d:li':fut>j.on result$ :i.n a !>li.gfl-\; inCl'·ea::;a li: t;hc 
COI'•C.entration. crf t h: ),ighte"l:" isotop»~ ill the p;l.'("C tha t h.~ pa!lst:d. thrcueh. 
and a corresP')nding deore~.ae in th.~ pa.i:'t left b~::h:l..ntl, T1'li:c.:; .in•:::rea.se ~ ~~ .:mJ.y 
about 2 parts in a thoU5and, the ex:~c ( . . ;falue d.ep::.nd.:i.lt>< <ttl -l;h~ C<!liW. tior:s of 
mixing<> TC:1 double the oonce:ntrat·l, ·· l i,e , ~e i·~ 2/140). fl.'bO'\...i. '350 sta.a~3 9.7.' \3 

• '\ • • • :;;;> 

·.re qt:.i:r&dt arid to .ceach 99fo llhout lt-)~ J s r.c,0;ez ~"'·~ ~lt; ~ll~i.o As iu 1111 •~enoeutJ:·at i011 

procesaea,. · the rejeot ·from each s tag-e i~ w.;.cQ. a::;aJ.n J.n t.he stage befo.re'i ax:d the 
proouct in 1;he Dt~e after.. It i~ a. co;un)t'ln. !'eo:i:ure c..'f sud1 pla..'1t.5 that ·the 
ear:J.y stagea Mve' to bt> -~ery larg-;; ccnptu·ed w.Hh "t;he l'im'll st~ge which :>ulv h:o.s 
to tleliv~r the .rniterial a.ct=lally used.1 · Fer. t~e: c,:-'1)-oent.rati..>us with which" VI~ ar-e 
"3onoe.rned ·the toto.l area cf <lif':t't:..~~ng li1eir.b:rar.e i.1:. the \1hole plruttt bea.re. to that 
.t u t he last stage the ratio ii..J5/f !. wlw:re , + ~-; i~ t;he facto:c b;',: which i.hr; 
C0110entra tion)£· is illerea.eed in a .si ngle stage ., I b will al~o be m: ceest~..r.y to 
pror\~ide a reoova:ry pl.ant to t~e th-; t •e,jer.d: f' r co• th~ f i.i"'St :;;tage e.s othe-rwi$6 
the ~OllSUinpticn Cif ma-terial will be p:r,,hl.b !.tiVe -. •r J1e be::,i. Compromi~~~ b•:!tW6en 
size af' r ecovery pl¥t s.:nd ecoucruy d m<.~:ter5.a:t J $ p rc.,b nb:y to m.:;Jre ·;hf: hu.1 k 
of• the reoovery plant about 'lC~~ tha·c \if the nn.i:'l 9lan t..., With th:l .~ a.~·~~.ng~m~nt 
about. 4.00 iCiloe o:f raw mate.d.al ro· f;. J.'equ~·ed !'~-r ea('.h kJ.lCt of fih;.~~1~ d pr.v1lucto 
::iince t.hg- ~ectope 23.5 ia ir1itially pre~etJt tn t:h;; p .(·opo:rti cu .:-ct' 1 l1l...O th:;.~ mem!G 
that about o.n,tt....third the 235 i n t:he j.n:..t'5.al 0n texvJ.al wou.1d be prc·duc~·(l 1Ji th !: 
concent-rated·"'~produd', ti1e re~e.:i.rtd.e .r being r ej eete<'io 

~ 

~4o Mechanical Ar~rangement 

Th:r:-e~ thin~ · ru~e esr:entj.al. \n t,he eonr.h•u(.tj.r.r c•.r the pla.r't apart., 
~f ;;ourae, from a sui tab le di.f'f·us:i..an f!lerr.l:.:r9.Tie · 

( 1) the creation of P''~e~ur~ di.ff'erer!.-::-5<G bet.w·::m< e e .. ah twv cons:!:eu l: .J:.v t 
stageso 

(2) 

0) 

Provision for tho.r--:-ugh i!t~ '~lJ18 c:-!' che o .s .l!t t:h~ ?.mmerl:t.11.t~ 11ej~ghbour·ho~d. 

of the dif':f'usian .rnemb.1:'W1f' l, 

""' .,.-¥~ ... 1 

S.lmple and t'hco:rl' tuh·:_ .. g ''cl• ·v~·c l: lon~l, 

(A) nr., Simc~l origil1ally )J'OposMi to u:::e ~' t;:;r; L:riJ'uga l bl~e·l· t\. (' t.h~ 
creatiob of' the preo~:lL'lt'"'-' o..nd !-\~ f:}Y.; ped:phe:cal ~ .. e lot:. ty ca:n ~E.t ~.}.1v b,~ maC'.~ 
t o su:c~s the ·~oleoula.J;• ·~rel.C'c.H;s.·· cd~ t.h.e J£~.::_ ( 120 oj~e~) . t.o uc.e i;h(;:]]l at the 
.sa.me time . t~' the. thorow:,h m:lxing of i:hQ- 2,a!! 'I.:.• t: he;. l.IDU~d'ic.u:e L1etgl"l.b1:>u h o.::tl 
cf t.he m~ra.ne 'by mouriti11g the menilil'fl.nes 1·c ur!tl the pe:riphery of t.he rc..~: o:.r , 
.A.l t e!'nate seotor:"J cl' t,he ci:."'CLU'tlf.'DrenC'.e ~n-e \.:empose-1 t"f' c\:il .. i'us:l.on rnemb rw·ee a.nu 
pc..r h; i'~ t~~__a~pe ,o.f.i't., · ·&~e roj~<.~tt'd f~a(~l;.l. vn,. .!\. ntu:be:r. .':If ~·uch t.lllp::l)f"rt,; wit.h 
1' b > ,,r·- - • .:;_ •C. 'I ·n:; mem ra:ne ·a.r.rangeme~, s can. ee.sL:v- be put 01"" one -:>haft tc .f'Qrl!l a uni.1· of' 
aho·u·t 10 to 20 atagea.., : ~rhe -cubine .:onnec1;ioi1c:. be~;.:cw~ v;r·y siur.r?le a.ilci. the ·whole . 
U.."''it J.E;:uds itself- to zw.se p:roductl o!'! a~ it cat. ·11e bu1H \tp :f'r.oo the r· ,petit:iou 
~r few ~t~o ' 

• • • ... "I 

t y • wh ere ,- i~ • he '.'t)•,<.:e:ntrat iu · '"Y_,....., .. 



(B) Professor Peiorls has recently 13Uggested an.o'iib.er wa:y of zn; r,i ng the 
gas which dispenses wi·bh the meohanio~l FJ.tirring. ThE: gas is forced through a 
nsrrow space ·o'f whioh two membranes form the walls. Some of tho gas dif'f\1ses 
·t:hrough ·t;hese membra.n0S ~d this leaves the ga.<a near ·bhc wnJ.ls poor in ligh•t 
isoto:-?e. If th0 distance of the ·b1o walls from each oth~r is kept su.fficienJ.;ly 
sma.1l 'chis loss of light oomponent will, by di:t'fur::io:ny be GJ?l~ead uniformly oYer 
the whole ·width., The gas th.el."efo.re ·cravels along ·the ~c.~!.lbra.ne :£lair l'r..l:ch 
uniform but ::rt;eadily decreasing conten·t; of light isoto31e. J.~:l; -the end o:f the p :xi.I' 
ju:;r!; half ·~11e amount put in remains and this residue f·orrns ·l;h0 heavy pox•ti0n. ~ hs 
ge.e 11hioh has dif'fused ·cr~1.tgh the membrane in·co the Sl)flC0 out3idle the membr~me 
pair :?.o:.l'ffis the. l.igh'{; frao:don~ .. 

The pr~otical :possibilities of ·0}1-is :u"1'2.11_g&r:q>:\; hl>:iTID also ·b(:en considereC!. 
by Dr. Simonu Re ceJne to the c onclusion tha·~ J.:;he generaJ. J.<tyO'L'.'t i'toulO. ·oe much 
t he ssme as in (.A) ·t;hus re·tai::li ng ·i;he e.dvn...·.-t;:;!.ges ci' t he ce:·1~a·:L'fugal t )lr,;.wer .nnd. 
j.:;he si ;np le J?ipmvo:t'k. .. 

The chief rul:vantage of l:'..:cr~mgeroon~.; (13) :i.& ·:-he fac·\; tlw:!; one cen place mm·e 
n!embr8.ncs p€lr ro·~or-- i.f n~c r:;lss;.U'y l;y ~Lt-ra.n.ginG mc:.~c thtm one layer of memb:(',;me 
:~?airs. ~his 5.s of :i.mpor·t:mce if ·(:;h.e :f>c~:c'm.eetbi'-i".;y of ·~he membrane e.t our Cl.iSJ?O.'M; l 
i~ om~~.J.l , as in trs..is case ·the viholG cr,rtpv.t of an i 'n}le].lm" cru~o't. be P..ancUed ~:ri. ·c[: 

·c:c·:~.•o..>:Jgo:r.~ent (A/. The disadvan:cage o:( e.:rra:~tgei-~1<m·b (B) ::!.s t he :fo.ot ~chat t he !llOtn'! ·tiJlg 
of the r::!cmbrenes beoo~es more cor..llpl:'. •::::~;~ea. a rtd :L'l0j~ousing1:r no ·i:;hGl higl".t.el' 'i;he 
permeability of' ·the membranes as ·em s neoes s :i.tatcs a ver·y snaU si ze of ·t;rve r~er·:ibt'&\Tl.e 
~mix-~ Generally speaking i·l> eau b e s1je,ted ·;;h!!i.'l:: gr e.:t'l; ger.u1eabil:'.:iJy of the me;1ih!'-' 'Xlc 
:f'av\JiJTS (A), low pe:r."meabil:L·~y ~ (B). 1he dPict:i) e.r:l. 'eo ·which is ·~he 'be'tte:r arre.ns c­
men•i;. depends therefore chiefly on t he fineness of 'th0 o:dginal g~.uze a-t our 
O.ispos ?..l , but ~~ao on ·i:;he rel~·:;i-cre oos·t:s of ·the i m.pel J.e:c ~>.~:o~angemel"!'C ::."l1<1 th~:i: of 
·l:;he ll!CYrrxi:;ings of the ment'tn"ane. 

The experimen·;;s cm·:.·iecl . JL~·::; t:.}'_) t o ·~he ::>l 'c::::e·: -~~ :~ !l ·~~l~.e C1n:Cf:::.1.r'ion l:r.:Oc .:.: ;. ·'; 1:·:, · 
b.av0 shown. ·~hat a ve>..'y compac·(; &r.l~eugt:~L'J.en't of ·i;h e ii;in o. clis0uss cd v;:Lll be po.s :<:-~-, ;.1e 
a.s ·t::n,~ fr:i.otion£d-1Iea:t; even rd; per:~:cphc:-:- rJ_ v eJ.oc:1.t: .. ~ := y::" J. 70 m/sec i r:;. 11r.::gligib). ~· . 
Preli:r:inru.'Y ex-perimen:bs separc;d;inl( ·';rt(l 'f'!.· ~.!13~ ::>f tiJ) 01.1'i:: ·~l,.e san~e a v e:c.9.g0 molecu1.:;.::' 
'1:0i7..h+ <.\8 the fl\.tor:Ld.e b'.1"v E;;I'Of,~ C:C . ~Glt:.·c ·:.'..J..,~.:t' e:::.. f ::':'tz:cn·::O h <t:v0 1~.hiO S~~.OWn. ~·. Separ·c:-:c5.o~·~ 
cf t h0 ordc:Jr ·to be expcn·:;ed . -~ (:).~Ol':0 • ·v.~n·~x: :c of 8.u::::.1.:i_ ,...,j.'~:l 0:cpe:dJnorr~s :J.Z"e 'i:>f:il~~-; 
co.:> . .>ricrl 01::~ on ··~h~;: ~;_ua:!t:i.o:n r,f :::.e ~::c ·:~:.:· '·· :?:" :~:;:·: ;;o~:~· . .,~>ion: m1.d ~".>a-.:•ticu1~-:.:cly Jnor.ib! '6rtCE'·, 
The '\'th ole e·v·id~ncc sugge s ·cs ~Gha:~ ·che r e P.l.:<.>e no i11St~)?Crf.l.i;:,le c1i:ff'ic-.~J.-ci·:::s ·i;o ·be 
ove:rcc·"·\Z .• nlthcL~&'1 \:If cot:.rne ;~:u.oh .• ·~·h::iTb:Lou · '·)·; ;_ c.~1J !.o ;)c-.: gi ven ·~c ~~:.e·tcd.l . 

AJc • ·t:b.e s eme ·time t he (h ·;;:··.gn s f or ;;. 20~· !::1 ~ ·.:..}') r~oD.c :'. e.1· 0 be:i;:· .. · :o~:-t':'?C..::<'E'e ., 
1£et:z.·opo1ita.Tl-Vickers has a conJcract f ox this ru.1<I JJ:?:·. G-u.y and b.is ass:i.s ·liru1~1.i Mr., :lii:i.o6 
are Ym r k :'Lng on the clesi gn., J~ oontl:·ac'G- har~ e.l:::.o bc ~O)l1. )?l aced wi ·bh :t~ess:crJ . Imp~:d.s. l 
Oheulicl'J. Indus·!irics 1rith a v·lmrr to o1,.ba:ining ·i;hcir advioe on generaJ. matters 
i ncl u <:<i;lg lu1n•:icat ion OJ.ld g.;}.3 ·Ciglr~ seab, r.r:!.. 't:b. '.ih~i_oh Gpeo:i.al ol3.re h s.s ·eo be ·l;f.\Jt"eu 
bec~1: ~c of the corros:Lve na:bu.re of ·cne gas. Th0:y- ar e b oLJ.g mos'G helr1.fu l ~-:n 
c o-or..e:cv;i;ion irl·th lTL'.. Simon a.11d P:rofee ~Jor !I~ .. rro.rtih. in these and other rna·~ters . 
Tl!e 20- s ·i:.nge model. is b<;ling designed. in 2 \?JI..its of 10 stages each, one working 
acoordix1g to ro'r-engemen·t (.A.), ·i:he o'iihe:r ·cc (B). r ·;; \"f:L11 givG enough separa:i::ic1:.~ 
for ·teshr to be made on UF6• 

For a full scala plan·c the membrane ques-c~on is ·the one of a~;er-riding 
impor-canqeo Very ~auisfaoi;ory speci.'ll:l.eus have been :r·ollca. oy Mr~ Anus in the 
ClareEdon Labora·~ory from. 430 mesh. vrlre gauze~ givJ.ng a hole size of 1/100 Tl'm 
vrlth. a p~rmeabili·i;y of about 1/30, These gauzes1 h0'1V0"i--:.·~ he.ve becm produced on ·\;he 
Contin::m·~ and cannot be ob~aiued -i ~~- big omoun·l;s, or if t heir );ll~oducticn can bo 
tmuer·taJ-~e:n it would mean a proh.i~l:>it.iva dolay. The finest gauze which can be 
til.t pre sent ob·bained in sufficient s11ou.n'..:.s :i.s 200 meshq 

Dro Sirnon, has es·ali'.ated :~ir.e and pr:~co of: -the ple.nt (sec his report 
-.,;hiGh is s.:C;tached as Appendix IV) , on ·t b.G bn.s i s of m.':.cJGer i &J. which can ·oe obtained. 
a t preze!l·~ and has 'i:iherefore considered only t he 200 mesh gauzeo While H oru'!.not 

/be 
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b~ decided .~t~q~ti~~~J.~~. mves·l;iga.tion whethel' ~t. 450 mesh ~angement .(A) 
or (B) would ''be'rfuo.re ~vahtageou.s, at 200 mesh it J:s certainly ·arrangement (:a), 
at least :to~ ~h'e;.'at~ge.~ whioh::r.orm ··the 'bulk of the :planto The ;prices were b.aaed 
on informa.tion/ £ronl' Me'tropolitan-Violters f'or the probabl~ cosJa il"l mass production 
of a unit oOitipr-i~ing 10 ·~tages wj.tl;l a roJcor diaiuet er of 72 om ar..d blades 9 cm wide , 
whioh they think-for: ~echnical rea..sons :~;o be the most advan)~ag$0'Ul3 sizeo '11he data 
for amd.liary apparatus, ·prod.ucJaion of the material , erection of the fac·col"Y, e·t;c., 
wer e provided by Mr. 1ipscambe of r .. c,.I. co-opere.ting w:i:lih :Oro Sinton in the 
€lla.rendon· Laboratory~ · · · 

I·t- hU;'ned. o~t tha·c 1900 units of the type described would be nece~?sary , 
which can qe±>~~~J.i'oed f~ .. about £1,750 each, so tha·!; a Jaota~ p:'C:l.oe of £3,300,000 
resuJ:I;s for the· .sepaa•ati6n ·machines while· the ·cotal cost of 'the '}?lant would be 
£l~,500~000, or with contingencies £5,000,000. 

For ·b:Z,.is amou.n·~ ·the pla.i1t can be erec·ted wi·ch ma·terials obtaina.'ble 
at presenta Improveme:I!ta i+I :t;he · gauze woula. rG>d'l.J.ce this price. The most 
promisi.P..g see~ •c0 be ·the produc·c "Lectromesh" of an .Amc::-ic·a.11. firm who mclce a 
wire mesh not by'WCU'\Vins(but · elec·t;r61yticQ.i1y" We unde:r.s·band ·~}'l..at these gauzes 
oe..11 be ma.a.e· up ·to 400 · m~l?h and :i:t is also under d.iscus:3ion whether fhey can 
produce slit · ·ty:pe niembrM~S V{hioh vreuld be still more favou.rable ~ O·t;.her methods 
of producing i:n.e171brane, including some proposeo. 'by Professor Linde.rmal".n, will be 
'inve::r!;igated. 

July,. 1941 .. 

M~AoUoDo Committee, _ 
!ilinis·!;:cy of Ai1•ore.i'·l; Production ~ , . 
London. 

\ 



t 1 ;; Wol'k o.n t.h.~J ~::cploitw; . .!. r.:t1 c..r r.w:·l~1ru.' ~n(jX'f!S' ..;.tJ };':H\Y;i..d£ at:. \' .~~1:i:c·~.l;-.i•:, .I~· 
tb.('. fc:<'m of a bomb wi.d.t~h can b~ rlYop:pod from tr.tf" r.d.:r· l·.c<~ ~'1o~~ :-:~e.&~·=~ t1111i • tv.:g'1' 

·1-·h~n tlw ? roll1ems oo:rme(ybad vr.ith lex·g~J~ ~ci'le .:;n~curlHt.:~, ' t!!J'l 'be a.e·f j.:r\tv.:l 1 ~ ·: 
·(;he- ':]~ :i;;l1. t.:m 1":f :tmpE~J~lal Gll.-~m:i cal Ind.us·r.r:J.ea LttL. ~ ·thn·t; ···11<~&7 pt'0.ol·~m~, i't!•.i• 1-'1ll .'"itl~l~ 
~om•.s ru:.\rl. tha:t e. I!Ulll'tlfact u:d.ii.g pJ.axrt t 'rst.YI lJ:J> ~t"Gcteclr 

(~m't;~~ In thEJ f'o1l~wlJJ.g:, ·(J.i\~ ~)ll'~bc•J tr i~ ,Ja ari i 'o.c:- t htE: <:'~d:ti··.a~·.~y l!:~cn:.;-1>"' 
mi:t1c,:r.re t:o~ tt.¥·a.uit:m ~+.nf. t hH ·,~.fi"'l:: ~;:.J '{.!(23~7.) .:-1 ·~~~::~-1 l;'l.!>r ·}:.41 ~~1>•'.1..1:'>;,(" .. 
t'eact:l."'re tso i.:~;...t' ;> ' 

.. 
( q,': 1?:?."0 1~\HYt:.i CI!~ of 'f.!l!1 b ., 

<{'i:\e z)-::-ocil:,..·d.<r.A 1)f 1 kl V ; J?J:-t ~:'-~ :;;:;:y or' \'1{2.);~) ,,,,;';IJ.'\1 ~:, rb·: •:;t;1!il; .:,-,4 •• 

et' ~,.,~J - ·S5o 1t:~?/o.ay ett m"6~ !xc:a ~.~ • · ;.o):. • .;;i &~:.r:!{~ t.h~d. c(u.~ .. 1!/:'):'ltH:/ d r;:::·6 · 'i ~~· 
m~c.~ ,,Y,, !:t r::::Sf!.tQ..t.:r:tvil'.l scale,, :J:}:o,re ;,•u:,):::nr;; ·.!rh;•."·· j: '.~ .. ec ... ,.,,.Y.r•t:'-~~1 'i 'l: ·(}:~1:- o. ~· 'll'iil. • h:;. , 
b~14'~~ ~ "41-:.. t~Ct. j.'o·r.· t..~ }:F{'Jj:)al"at~.l.on ·''.i!: ; "7<'.~ ; .... ,... ,~,· f f~fl t· .; t · . : ... , J.~ \ ·~ ··?\nt'" i1''' t:·d \r.(" If' •• )?;a • 

z···r.<:!:;:·c .1n. ~<e<~:':671 :f )·~"'l'l:O+'j B..l't'd. tu/c<=J. ' .. 1 ]·,, \'IJ.'t.itl'd.l.XH, ~ ... ?~ , 4 t::- ::'.!l•·: ;~··~":' .l.n!· !l-";'. k ~~-~. 
pq.z:· c!ey (~' o:v'6 would oo~St e>.().!)!"Ci!l:.~:rau...;icJ)" J!.~O:.J~ 0(,..) , 'J:)';e ;~ho~~- :~.Jturb t ·<",U.:.J. ~.-:~ ··~-:.:1,_:1 :<., · ~cl 

it· ~:f'.PZ"'~lm.~.i:·C!~J....'<i ·;8 !i11:11:Ioths if c-~r1.:.stJ.t· 'UI'\T~s·tls;:.-1.tir.:..lH~ t.:c·r~ ~~~~~·r't"d. &:t C'{)<}~ .. 

~:i~e. !V.t:parat~ion at th~ t·es.C>"dv~; :!.&cto;.,c;- i.1.1 t\ ·~;~.f?·J;<~imA ~!!>.at. ~lt ~n.~ t~.;:p~ 
ii-ug~l!.fi."t:cyQ 'b,y P!•of'eaao:r. S:l.mon ay,;;e-~:r· .~ if;. t.t: l:o 'bl!"! J'Y.'£~..r~·.:v·r:;,}.i· :.~"li. th;;. ~ · ... r~JJ;• ;.rs · ;~ 
': kg~ tr( 2.1~) j . ~6r iJ.rq~ 'ti;.e ~ot.o.1 ,;.·B.:;;>:l'~ttl ~~x.,:x;'D.dHtit'e 'i. <:'' e. r.;·l.1\."f.l t. ~f "rh.~.!.:. .-aJ.M"• 
L~· est:\.l'K•(~.n. ~o be- a.botrt: £5 mil.L .. b::m" 

.; .~ .. 
I:f! ~v~~y :pc~e:i.ble e:t~fort _ 8 list>.r1t:> m~ bs.~ ... l'~V·?. \:J~ta.t -.t .:<(:':;.u..r!:'·U. jH ,,.1 .:J:(: ~·rz_:~,: tl 

lJ6 :t-O!t.d,;t 1'z'7>.C' tes·r.:b~g by Ma:roh i s '' ·. 91~.2 ..:.:ud th~ d.;;o ·'·F.~.:l"i~:;d, .d~::.r .~~.sil. •(Jf' i: f.:l~, ?' t U1D. <J~l:t.\;~ 
i!CT c~b ·p:te.nt. r!hou1d. then 'he l"<!:aizy b~.rt-;,votim ,Jnn,~· -?:!:,.ti ~~y. .. .:.er:lb:• '9.42·· ·nt~ring ~hif,. 
-~.ll~~ :....en~ ·.·.-:;~~.lld. be J;·l~p$~red. fm· thr- ;::· .1 1. "•"';;-.'J.t; ;,i..':J.;; ~ ·w:rJ. ;'r·~ .l.i:~ :r . .:.t~F f 1fO ·~~~ o .. ~'l.;it }. ... 

:,t u"'t<lv t~l". 'i::h.El! '!Site,., 

Af't~r Aug'IJJS·~ 1 a·t 19~.:? ne .. ,on~J.-3€-r ihE.t n·t3Jlufa.ntt.::ra o:i' l:li:Yr)f.U'f;J ;i on '-'tli i:J'!. · 
~u1.a e ~~.<.1.rt a."lC. :!.n t'liJt month.;s. ( 1.., 6... 'hy l!'~b.r'\-'G!~r-.:r lJt 'i 91{.';}} ~.\. e'ttt~a.c:.y ot:·c:put ot th(·lse 
ll.lii1~Wt:.'<i~d be fielng tO th~ fL'..(!'\::C~i:'J ~f ~=!', 'J.'l·,~ !:tti: WQU1(; 00 , i.tU:rtaJ .. l'.itd. ~n<1 p-.r.·odiJ.C.t.i.-s.U 
o:i' '(;'( 2;liS )F 6 ~oUl.d b~ ~1ta.:.ct~d. tr.: t.!-!.6 ~tJ~. ~11r.:j esf 'i/45 &i.?.r·t '~b\1 f h'S ( bonib ·crvv:l(~ be-
p:c~.:.:.uc.t:d. t .r th,~ end. o:r ·!9!,.},, ~Yit,h.ir· " S &f('f' the :f'l6\!'s':· w(,u'.;..o. 'be )f.<'O<~~::nb:~t· :~o :t~ .. r·et' 
.nc1ntt. t i 1:.:-,g (u:~35)pcz:r d.Po.y) ~ lf t.~;JF ·.~.~.. ·t:p ·:!~ :ve.t."e .::-•!!'.;r.:i:'l t IJ{h 

fl.J.ie ~eti.mat4! i $ not ~d ~=·c·.r~ e,tl;:l f'i1>.m figu.:res f (JX' speed of producrtioo 
gi·:~r. by :!f<l:~67:So MErtropolit~Viokers t 1:nrli i t is giwm f.\f ·~er a. th"~~.:H•.fiJt diieuar-.d.o:n 
W.i:-ch fr.:·., fJrv.;t on tl'Ml C?.aSUl'ltption 't.lud; ihG highest p:;:•j,o·l:·~:ijy :1 G gi..V0.\1 to tbts- prC-i\1'.'-ti.on 
t...<f tho un.t.t~ i~ the e.n.gine~rl:1g_ s.h.O:pB WMr/ll' th,!)y 'l10~il 'be ~r.a.de" 

~!1.fl U(2J5).lf·6 ~e>l)exatlfJ?.f. b :.. ,;~x:f'>h :;. plil.r!{: '! ~!1 ')>f· <.'·c.r.v•.:;r.tGd. 'i:t) ~tal.U~ 
w-atd.uru ( 235) o 

,j) '1'l!e ~fls61i.t~1l l"ar7 10a't~:ri.9.:L .e.,r: tl2.0 i':>J'-'-""~ c~e. io .... :"eo:iurr.~., t')J• ·~~b.l ·:<h. -:~ht' ~cr:M,:t~ 
\"4\~PI:>U.~. !'> ar;r; ·v e:cy · J.i.!!t.'t t®<l. geo;q).;a:p}l..i"&..h.l) .. ,~ ~:h.~~ t\w ~.r.. a·L .m::~o:t•ts.nt f.t0'<1.':."r.:e.s l";f 
th('! vre f.IX~ w. t'b~3 :~lgian C<:>l!.gC:· S)~t't f.ar.;et:.~o i..,..tl.-:; or& .b-: .i~::Jf'.o :·~lr.eO. ft~·~ :\ ·~$ J:'adi<.uu 
e~.'lntll!'r.(t ~tl ~be output of m•anhm• l'lf.!fo:<·r.~ ·thill we.(' .vas r,.;.t'r'(>:;;;5 w:~.tli\·J;}r .~00 t:;.n.:J..;'..t,·e ~1.r 

'!hero i~ e. !!!'took in ("..w.lad.a 3:f' ,;-t.~<ih:ably 50~"~ t.<~~''~> c:~· \U'&:Q.?;:.mlo 'lx;: t.hi~~ 

t;;('JU.I!t:f;r t. he't.'e ~ ffi)r.' ~) .I"Jj_ ~~:rt ·~' 0)' .L':!l~J "'3'~'1"h ~·y;(1 • .!J.e;;~ '\.r):Q'II Z''')'l' :; ~· !':')\": :~~"'".J':~J\1 •.•,;'P J;t\..\r~ng 
~~.,tr· l 1 J • ,/.'v~·· j'}!!' 

·z_ 



..... :.·· ~\ f ..... 

: 1 ,1 1 

'(: .. ~-~ k Is . ··.· I .. . 

(4) ~ a...u·tua1on :prooees tCf.l' tha .Sibpa:;.~a·ha.'1 m" tht:1 rea.c·tiv& U otop.t; hllli 
now s.--each~d a st.a.gff of df1"Y"eloprne.nt a;t which ":'~ :r.·~ ccr~~e;,d t!lat a prt.:.dl.\tY~i-~.l 
r,a:mn.i.:t;t,~Stb ehou.1d tO'.lte chargG of the· p:robl~.mo This ecraro.:tt.t.~~ WCJl.lld ~e~ tha:t ~~.l:'l 
t he pl"obl$xru:; ·eo be sol'?'ed. !'or ·th~ <:';o:n·iJ"L--uct:\Oii c1 r-.. tun a('.~.lc pla.:c.-t w.8:N' .i:~;~ B 'I · ·. 
ge:ted r.,o th~t the .re.eults wou.l.d 'b-e re arty as tnoy we.x·~· Nhlv.ir~o,;, 1 t WtT!l.1.t\ .;~b~ r' 
~:;.smiae P..'l:..d 4"~p01"t on the f.';Osi; of 'tl';'!&11 • .:-n' p'i..ants :'!:? f r::·:· t et.;.b:aical <".!£· othe~·· 
rltlB.SCll'l~ it _"!fM _ ~.O:wlidG:red i:l.(i?eirab l.rJ tu J."l>~odur~<.~ ::_e.f\6 '!'b.tU\ i ld.lo fk~:r ·· ddl$'"., r£'h'f.' 
(~omuit·G0e t10\lld l'ElCOLli!llelld a suitable- alt·~ for the; ph .. i1t o 

th-s~J. ' J,\ . p 0 

with t~i~ 

~. .. . 
I .. 0 ~ Io 1$: ·.Jl1'4t:pe.l"'ed +,(') ta\r.f'J ~· ~i.~ :}'tl'l':i'\1'?! ':'Jh~g~<: 

ThE. &lTa7:1g'eln.."l:lt noU:ii1. 1:;~ Jim:;.'i.aT \',o 'l.'hlk'(. 

l{~tr.d.mtcyo 

C.a:p:t1:.:. :.. ooad; ot th~ J.soto~ f.l~:pat• ::;. ti:)'tl P.l'l.lH 

~~:~ .:::.1£-l.k~ 360 ki)J:j;, po:!:' y<*:."C',. 

·''' n~>!:: ·" p.zJ:· 1)('~ i .f!; 

65 10CO \-ona 116l' yt;;.e:ro 

C~)St of DlOOl'.l.faow.,re@ £90 pe:t:' iF.l~ 

c cs·c 0 e oase anCl ehar.siri8. of' 65 ~'000 ~;.~,it)rs 

J.f i;!v.; t-ote:1.. coat is che.J.'·ged tt.~ ths {.5 _..000 'l,orl'~J: 

-~hrj ,'l(i~t per bQtlfc itl 

of' t, .. h.:l s wr.k N' lw..na.1.i :,( 
'"J.:f'·n~j.J m..~r:- !;': (:: ·dt•''~ f ~~t:;.· 

_,.,....,;·w.. ..w, .• ,..,..: .. t.~<~.., .... A4. 
,.,_.. . • 'o~ '"'( , ••• # . ... ~ ....... 

3~~50!. 000 

£14;; 150 t· 000 
:::.:=~-=:.sJ 

£218 ~h 

r 



If the weights of ·\~1-lm i;\'Jc -~\r.pt>oac}li.r1g boclieet ru:e of the order of 10 K~~ 
eac.hl no espee:tal O.iffioul ty :tf;l iq1·e~.H}tm 5.-n ir•"\par\;:i..r1g to each of t hese bodiec; a 
v~lod:ii)T o:C the order o~~ 3000 fi..,, seo 'l'ha n.;ajg:r d:iS'f:LouH,y'which a:t-:9rezent 
I fcrsee '/ro"IJ.ld be -to ensure ·(;r..&t ·unds;;:· ·hfw o::md:Lt:i.()n;:, of r:le·b ... baok ~d Be·(; .... 

:form'l.rd ~.;he OC\l'"J.di·bio:a. r.uf t :b.c 1~\a:cE>rl.P. '_;_ ~f\d:eC! :<.n thK :::.oYing bod:ie~' r&ll..ained 
satisfao-toryo Ti':Ul oou.1rJ 1 I th:LnJ(fo 'be d.e-t:e:nuir!.ed G.i1l,Y by actual t:r:Ull, 

Provid~cl t:he:\~ t he -'i;r~:Le;r..t of ·;:he too boctie-:.; ~~) ·oe"J pro,jected is .~ ~ 1 h&ve 
ind.ie ::,·ced above. to be cf {:he o:;.-c1c-J.' .< 1 ~'.! 7. r_s ... trre ~::lme 2' ~.::qu:i..reo. to 'nr;rk out t he 
:ne-thoo. by means · of which a vc.l-0d t ,., of' 3000 f':~:c/ f;ec: oould be :imlJ'-'rted ·bo each 
o:f t hE:m nimul{;s.naot'.B~ I'~OU.l& 'i;;e o.,pprox:llt~·tely 1 . 2 ::r.ont.nn_,. if the work vrere put on 
hi~h _p:-c ior:i. ty anc1 ii' ·the neoe.af:l<f.t~f ::. ·(:;aff ':te~_~e f.'\:·.-::. :L:'.:-;.1)10~ 

.. 

RtVJEWEP AND NOT DtCIXiSIFlEI) 

By: M. I. KAY ~ 
~tV'""''J0J 

't.:.;r •t..~.e Dopcxrtme~~ g 
DATt .tt~zJr.t.{ ... 'f..-::::~:'fJ. 

If ..,re have o~;>r-red-l;v l'N'ie.:c11tood t~v:'l :-c0qy.::.r&:cen-t:-e of the plan·(; f :rom 
a p1zy'5:teaJ_ End oh€"'..ci.oal poirrt- of 1.rlevf ~ ·we 1;eJ.ievc :·r.:1. ·t a :mHac1€ machine car" 
bt "'n.::lvec1" Soma of tile oon;rt"L~J.r.-~:L•)!':.i..l ·f'c·1 :: :·;·~tJ :· · U.1 r0Q\.d:-r~f· s 33;~i..sf'aoto:ry 
"-'-O::.u_;J..ons but we W'Gul(l :ant.i<1:l:n£$.1:; .. t"~:.'- -t tJ1..i.d·· ~ic ).n:~ >"" :- .;:-'J\ f.w olr~:?,:Ul.z.d o Along 
the ..:.i·lle!i! that we a:~ u.t"e:t?er..-c :~ i~ u~.:J . .:..::Je -;_.>__., :n~>.cL~ ,1·:: ...:·1., :0-J be a r;1·aet.:J.cal 
appa..1'·a:rul3 but not a simpJ_e &_pp;;.:· £·.t~!R. 1 ":' ;p:j:~ab·i: 1-.,~.~.ufact,ure(( :i.t •.::oul<l be z. 
ss.ti.ef.'t.t.~-'t.Ol--:1 W01•'ld.ng ma.ohine :,o::~ ce:i.~·t.':drJ de~·e1op:ll.0ll't d:i.:th.ou.1:i::5.ers nr~'.st 'oe 
:?-.n•d.ci pa. ted.., 



IEYC:WED ~'Um IIO'f mx::LASIII1ED 

tr: 11. l.K.~T~a..i 

r .. :'r.lo .· 5 ~ A.."PW..NDIX I V ·-
\'\~ ..- d1,_,.,./;( U..-],J-.-~/. ID.ll\L\.i=U-:s G.N 1'Iill! :E:1AltAT:ON PLANT 
....... AeeV.~ ........... ~ •• ••••• •• •• -·----.-.. --·----

The aim of' t his r oport is to :p1·ov:i.de d.oto. f o>' r.he si~~ en~. cos ':s of' a 
n l an :. \';hi eh ~8_iarv.tes ~ kg ·por cluy of U , 235 from l~he l•<".<'~ lY'e.l ?:',-,du e~ o The es'ti.mat:es 
ere bc~· ed ~H expe:rimerrt;s ir1 .+;he O:l 2..ren~i.'m Lel:rora',ory 't.:.·'s well ~ts Olt dF·t~ p:"c:v-\dect f rom 
e ther l.::b<;.cc.tories a.no. arrived e. +. ai't ~r ~5.sc.I!'!Siu. -.vi l: (•,rer,ro:GJJ··.i.tc.r,.·\ii c·l<? !:';.:, \ .'tl ~ h 6 W : 

gi•; e1 ~ -.r~fu.~ consi•lerrd.:·:.or\ -to tho:: r::-..ll!! '·.r~w·ti·.·.i' ~-. f' u. L'ig ~~ der :.f -r.:\e ':.:: -r,: r~.:,, :;rd 
LOuT. .. ;,!)_ t;h •vhcm ·t h e ·wh·Jl e as;ects ot.' t he plar.t iwve hee·,.., (].is~U3fj6C. .t. n ~he 
'thecret j -~al ~l.l'~stj.or.s we ~;;::.-· jo;;y,::d the f'req'l..ten:~ ~o ··:lp":'lr:>.~·l.:-: , r-t• :P·.~ofe~; ;;>~n-- .J?eier ts 

'!'he load.itll.! -;_r.er. cf t hi.s rc·_pcwt •:;:--.1': ::o f .l:r•d .:,~·._ · , he siz e nnd rmst 0f c:. 
pls.rn. vm:i ch c0.n be r ealised y;ith mJ t. ;·;:ci.alcl 1 ~.no . . >f'l:tti.~" !.'.rl_y !I\E'.r:J.br·:::u·~~s . ~:61 :i~'!h t'.re .~1, 
pre~.Bn~ ?.vaila.b }.e an(l c~m be ~rc.t:'::.:~: o;;d in e.IJ~" ·f';c hn"'~ -~.u ~ ,.. ~Ly wii,hcnJ1' ~J'1:~.1Je -:"'t:lt' f'ictl"ny . 
4£ r:, 3W'.rr.h will s ";j'l). go on befc:c·e 'b{:f.:;i:m ,J Y._: c; tl~~ bui! <'~L·~: ···f th(~ c.. t·~"· · :. :!: £'~ •.ne 
cer·.:a·w l y -:;a.Yl sti1.l expect. im9 r."OY<'; .. '\e1 d s ~J~d ~'ir.Tl)l:U'·\.l''-~ " '·'' ",•.h 'i G!l ,;-. .•'i;t >•:s·- lJ.i 1r·, c 
!cv;e ; ... 'ice ~r ;.!Cr .i ' Cf);H>r' .. cl~. ngly q_-,~ ~ (·l"~:., ' r : i~t~; j_l1 ·t , }'u~ \~:::~; ... ,, .. ,~\ 
~ 1 ::-.t h:i n~ r:ort:)j.n Ccrt,. hcwe·:,rer~ be .t:•i''':;l..l : ·:;e•~ <-<) ()\!~. \.h?:~ t:· il,)_;.' 
!.. !'1':! ~ ~;r "·~.:l..1 .1. '.e f u~· ure shcmld tJ/3 1v::..sn .. ·1 .~ n t h ;::. rn.--.;,~ · ~\um ·'' ' r .n~~;~· 

, .. _. _ __ l;..·--· ·-·----...a---··<~-·-·---·*'" 

·)/: ~,:ut: .: ~ ·:. · .. '.r.).. t'.s 
w·1,10.n f·.s • tlw pr; l 1 •. ·y l:n 
-?;i v,;:a h:~ ·r•e 

'lthe .a.:>.)f:'X ~.tu.f.; us e g <li_~~fUr~l q tl'U.·\.' \~~sh r; r::::..,•:·~· · .~~ .. ~;; t..h~ -;--.. 1 l~.~:'"t!, ~J \.tt, (L ·.·~r· .. ~c(:, 

<.<a -~1 (· -: ::~t.: 0ne bu.i 1 i; b,y· a~r1;•.>, 't 0 Y"" " J."i-:i c<gc. -(r'n:U <:: ':1:.· · f'. ~.J.·a~·· l.:o~ .:10 ·:-:::··""2-r , :!. ,:_ t r.: 
1n; .. ..! ·:,··~ !:\? .'"•..,~ . \'l\l.te BL!O~.!.i' 'tS ·~~f : ~1" t, t.a.n· .. ~,e ::)!"' 1 :V. r 'C; ... :. : .. e~ " : ·· . · Vl"l ';1l"t~·~·l1 ·• ·i ;;_~., '11.:~ \;:~ C.3 ~·fe r·-:"·,·tt~ 
.-.<i.·.'· ~ .,;.' ma.g;rd.·t; ,,,rl~~t a.!ld. :i.r. ac.,;:i t ) o-r ·t i_s ;~.-<·· 1~,v,:· CiJ · :· ·':r.'• e jr> '. i' €; ·:mi gh l. •.)1' ·1-:e 
.. ,,::.)· · · .t .• ; t E lle .l'y small ., A ;;d.rrt~)lc ;~l:tL~ l :.>li,~trVt ('if• :'•f' . ·., .1:-l(!J'"t:<. :,;··~ t ·~·!i)dJ(t l :• -· ·; fore 
-.:~t?T~( ; "41· ... 1• t.o o .. n .. t:'..1"J,S.J11I1';e1.y ir.:~rr~ .:_~ : ·~r.-·· .. :-t·:: ;--i:7.e> "" :\:~·-~ ~·,·~·.. .!"~.~; ':1'·· ~·,· "~t-:.f: 4 
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Ger lo;..'s .. 7 ~ .. r.es::; ior.~ S....'1r1 'r: he t·,unt: i~ ;;,r-..·.;i(:.c~ ~ ... )~t,.... t~ ,?. · ~· \,: 1 , 
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~rh.e ;?.::'0ssuros n0G.~:.~<~1:-y , .... ~ c1:d.-.,e n:.e :.;;,<~.!3 t ll:"r •~>J. t.h~ .P~<i'· '· <!..!.'F; ,-:r::,~·r,:,:~ t .• j 
cen t.ri f·. l.ga 1 b loners'111s ::::rte{\. he~~7~en ead~. t,wc C<)nser:u.i, t 'VE'l s te.ge.::. .L n o.rC.er ·~ o 
pr~·<lut <:; 'l/.:~reci3.ble prc f.i\lTe n · .i1·)S ~" t.i:.is .ay !:he _)C:I''i.pher.e.l ',•el:.;:d~y rif ":h-:: ro~c,x· 
rn~l.s -; T·.~u:)l:'i :?.VJ.ecul~r 'J'Gl (J(~J.t;-l ; .!".nd h• 3:·e r;he i-JJg!"•, ·.L :;H! <•r' v;ei~)r': :;f c-.rr· 21.-; )ecuJe is 
c:·f r.d\ :.:_ ·,·t :.:g·e c-. ~th.e !l~olec.,.;~t;ct·r ')e] ;· :i · .~/ !:T, t'.:;c.,... ·.: .. l,p .... ·.,! .. !) 't · 1 .. ""e ts ! l.'(,r,-. ~ ·~. ·f 2C' l'!'H.~-~~ ... ~-es pe:~ 
se ·~or:r,1. ,. r: .. ~.re locitj~J o;;/oi.,Jh ct.:n e::.:·~~1v ·~, E l'' ,':J ;:1·,,e e. ~l<l. ~ .. ( ... ·c~s:·!c~(.\ · ~1:!'"1')\ : .. :::r~.y J.:.. :~·~J~~·-;.j:~J:J(:• 
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The. gns enters HOIDe\lhGre n e.9.r the axis CJ1d. is p r;:?i:lGerl throu.··.')l ·~:~~ . fl\f.'JP.PT.P.,l;~~ •• "'¥biJ~ . eJ; t~,~a. 
"'~he same time the gas i n the immedi ate neighbo\lrhr.:o1l nf it is ~+ in~etl thor·;,ughly . 
'1~he. light lsotope d.'i.ffuses p.i.~eferentiaily t 1u'Ougn t he •·embr~rh~ wh:i.le ot t he other side 
of t he membrD.lle a f r ac tion · ri:::her i n the b r-,,wy :t.sot. .Jpe .·,;i'&1.1.:.a J i.,y accum\Lla t es.s progre.s~5-ng 
from R to S o This part, vthioh is almost equal ·eo ~hat pas:1ir.g t hrough the :r:1enibrane, 
is ejected through the operung H after which the: ::y~le bt"lgin !:' ···:·te'7r, The l eng'~;h' of ,..he 
section cf ~he me-.mbrane and~ what; i~ ar;_u:i \>alt:m.l; : the !1'.\fJJl.:- "',~ ·r memb:t·rutes at ru1y ,,,~ 
cross ~.e ctio'!'l, depend:: on the properH.e.-... of r.lle Ul€';r-rrPne ,-"'!1:'. ·:he;: V•3'1c -:ity of ·the b} ades .., 

In Fignre ~ a sketch of D.n o.sse.nm1s •)i e ··~., l:.ltP.g(',; 1..: si\reH as a crC's S 
;:ee~i.::m., 'l.'he l eft hand side of t.h~ fig·-.~re !:.l!b·,,s a C:!'r·s~ ~;e·· · 1 ni I hro,~g;r, t he Oi.f'f,le; r:g • 
rr,e.mbrane w.h..i!e on the rier,hi hrul.d side t he .:1 .:me -::Jf (:. he C'..t·~::x,~h g .;r :)sses .::ne Jf t h e 
:;!'<:l..l'll:e ls f·br ,1gh 1l.,hl.~h, t:he hee:vy fl:'<3 ":· 0 i.n· : !" r·~::UC\'E:C.. 1' n:? .· r;./t " ,_"".:td 1.01 S .;;,1e · 1:~.t. ~,: :1 • 

• !'~ t c the v,~}("t stage in ~;, way e r.w'i.ly \ er .j .,~ ':, ·;Joc1 :'•~c, , ; f·~.:. f ~,S '.("(:;;~ v;ip ·.e !.he br • '·'.\o 
.fract ::.or..s <'-.r e hancled back t.r.J ·ci·,e l)rev·:t~l.:_; .. · t ··.g~· <· 1 L ·;ill'' lv.: :.; :.·r.:.J. ::..na ~ ty .-epea-1..-;,, q; . n :-
pu.rta be.t\vee:• H and M t he wh~e -p'lanL (;oLua. 't>e b ,_t1. ;JJ! qld '.:.: ;,; ml) t )' wrt.h :--1!t ~omp tJ .. ~'!.t:·zd. 
Ll.;be connec'l. i·):rs end s o one 

(:a) Peie::r:1s has proposed. r.:! .:er.1 .. .!.y an._l:h"!' e;) J '.!'1, i :).'" fc.r the .J'-'est ion -::.r 
~·iA:L')g the ~r:.s ,,,J"d.ch dispe!'lses with t he .ne::~r.::1ni c cJ s r,i. r·.!:·j ··g. 1l'·he i.J.e·3. is t o 'roree 

,". he gas t~1··o-..:,~h a narrow space (Figur e ;.) <,; 1:.-::1ich i..wn rcen;b~·n,~~ f c-.rm ·t;he vraJ lsc. 
:-ome r; t ' tb~ gas diffuses t:hro'J.g.h these u1er;·1b!'2.X~~s. c-..nd r;hts ler.•:v:::. t.he gc1.s near t he wa 1 J e 
,1·;or l\t l'!F,nt; i;;otopeo If the distai\{'C f· '.he t.w:J wa1.ls f'•\ .1;::: C-JHC.h Jther j.e kep·t.; 
~, · ,!.'f5.cie:1"tl_v smal l this loss of Hgh'G .C\i~!i:- ''!"'.er.t wiL .... by .:"L~f:t v.:-;.\ ur· 2 be spJ~ ee.d \lnif'or!U.:Ly 
<Jyer tht!J whc}.e \ridtho The gas t herefo.re vr·avels ,:.j ·n,z .... f l0 mcr~t.:·:·'Jle pt•ir vr.i. t h \lHif'c.,l ..... !! 
r .. ut s t ead.'i ': y decrerud.n.g c~mtent of' 1 igh ·l, ..s !3 C~npe , A.t ,~he end .. ;::f i.he pair ,ius ·~ hc.J1' 
(.he. aiD.O'Ul'l't p\,t tH reme.:i.r~s ana this resic\.ue r' .i!'lllll t he 11. ct'V"j prwVi. c:r~,. The f!/.!!S Wi1 1 c:h h~~ 3 

d.i f '\ .t.eecl tlu:(;U~.;h t he ~embrane i:nt<> t h e sp~,ce "'),lT.s:i.de 1.:h~-:- E~t:'~:tl"~"'ne pair fo·r.i.!:.:: •;he Liztr'. 
i.' t·n.~t:i.o:n , 'Jihe dimensions of the pair depend on the. cl:ar.:·.~:" .sr· ·, s+tes of r.he me..:J.hre:'le 
{hc le siM and permeability) and. i t shcn1 Ci bt:l 12en t i c•! '.Rd f:ha1 \'dth the me!ribran.e~ ''";__ 
1. :·esent at O\l!' di.!roosal the dizneneions re:-n~dn \:ii hJ.JJ :r.easorub! ·, 1jm.its ; fo r i YL'.l t .-.\nr;e. 
t.J1e disti.Ul~'e bei:,ve~n the· two 111embran.es i3 t,f - 11e t"C.i.er -:..1f. ;. T,"'l I n..ra , 

'('he gas pan be supplied to s~c.:h .. m ar::.'an.g,e11'f.:n··; by a;,_y 111'3erti" cu r ne b.lad.c.:,; d.i 
:·.·.)'t S&TV0 'tb. .! cbu"6la Ulil:'II)OSe .'~S • in c~. l ! !1<j. t.n .:;r(· f~.rr"· CI!JF.; ':;Jr~ ..: . .-.•::~Lb1· ~f:1 1, 1 tly'i.X\g qu:i :t c 

-Htferent '..J-'VcS of· compressors o One , r.~n ,. ~lC'.V ,, fl( W81>'e!·, t ho.t ~!,e ~el 1 i;! 'i J'\Jg;_1 bJ, :;..rfl'i· 
1::: far s'IJp.:;ricr tc a.o:j o·th~'·r arrangement. Als-:,, the EtdVf...nt&[;8B ~f ..:-.o~rtb:il'~.!"•£; t;he 
.~i:f'fe:rcnt 3til,g~s :in 't};le manner diacussed ~.:.·.!'er (h.) are so t')='"~ar; 7'rom the po.nti. of 
·•i ew 0!~ ::;impJ 1 <':i: ty end shortness of coru'le•.: 1:1 on t.h!; 't j f me;nl:J·,~:;x !e pairs are \lsec1 ox1e 
,·:ocld stiJ1 .r·:::·~ain the oth.er features ot' IH"·r.an5emeni.. (A) c fl p lnht with membrane pe.in~ 
·,'F~)ul.d theref ".~·e look ~tery ml.;.c.h l~lce the f ·r we·'"' excep-t ·l:b<-? t; .c ;::wept ms-rnbr::m.ee [.l'O r·e.-
;>· l?'.ced b.V -u . ues.::r.ibly of' mem)r-o.ne p['..:':.ro o~ ·: ::··;•'c:;::--1 c;+::. ~.i "C ·'·''d .)nS; :;:nd H1<:: 1 'igh~: aT.c; 
.'.£ ::ivy frac t icl!.B- are handf:d v i- to the oth~r 'C· · - .. ~:):.:; 'i)J :l ·- Jo::\t:: x:-.~1 r. s i r, f.•-::_ c:,~ .. ~.re } o 

.£n arr<mgement (A) the !?Jf\0 tr ~ ~if !: (()DJ':":i\0:.' ~-- , ~t:!f.'. -..rl~i _;)' C!' .~ be useCl. j,s o.e<;er­
!Jj necl by tile area of the cylindr,ico.l ou:cf.s:.c:~ l~~~ t.hr rm:,"~.£' t ax· El.t I. he ·o-:~'t by abo\Jt. J 
1:imes this arno~t. ~ ti:ne uses in ·addi tier~ ~· eq1,([U J=~:£·es. of mt.:nibr~:me er-ranged hcri-

- '"' ~·· ' ·""l;~ 
z ;:-n~-a-lly a:bcve and below the b1~a.es c:f' '3ae;: :::e-:-t:i.or.. . 'i' .. i s ro~:h·i~·~ion does not e:;d .e·t: 
.n arrangr~ment (B) o First_ a greA:tcr "'· .,> \''', :f 1. e1::·;11 .. ,, 0 .:c.- ~ .. ·o 1 o-c· ~~:'i. ir. a si r.g: e 

Jlage if the .ue:mbranes ar-~ arru.ngc~.'l i ' ' 0. rc:.-=-L;, cJ.j, _ · • · C\ , .3_..1~ ~:.' this ~i· · .tl<.i tt~;t 
~uff'ice, a second or ev-en a t;hird "la:,ve.-·" ;..:' .. ; ·1:•,'<:..11..<: XX:>i l'H ~ ··\)be'.. a.":'ral"lf;Cd .r .,~ffid th•~ 

C•Jtor o This is~the · ~hief .advru1-t a.ge o:t' l:iK r.l<':0':1~r-.<l.ne pai:c r .. :.· r f J.'om the ~'"'JJi~~in!-lY. 
i.ngl:ler !!'3parntiop. efficienc}' of a si.ngl.e e ·! ~n:mt:·~ ~~l1c :-:··H3t' ~. i.s::.cly::ul·cng~ :is ~.he f'f, r.; ·: 

:· . .t..at the a.1:'r2.r!gement Of' these membrs.ne p~h't?o .lE t e{:h:t'li(!eJJ._y lilO !'t-J •:'OT.!YpJ~.Ca1· t;d, t .hi!Jl f;J'H?. 
I • (> J \ • • ) 1 • P ' ~ \ r• • I' f' . • ' err~gerner~~ o.~ \A, • p l:'lT'tlC\l .. ar y 1..1. we •m.'\ro;; 1. -:J· \ li'! e ~nore vJ.~h..~' ~ !';e · .t ?.yer :>". }Xtl.rs 

aro\md. t he r or Jr~ A second rl:l.sac1vc-.. nt~ge ,-; 5:tl b ·:>t•omr; r ,oti~e~b 'l~;; -..ihe-r· wo:rk.i ::.1.~ \vit~h 
membranes 0f r..i.B)r penneabj.lity as then the memb,~.me na.ir~ -.riJ.2 ! 1.::,·:~ to hav-e tmcomf\Jrt­
>·.'oly sma.ll ClJ .Dl.n,sio:nsp 

(.,.er.r=ra1ly spaalhng i t can be *.li.&.i e<i t;har:; ~re.at J? Cnneu·~·i 1·· t.v •'1f.' the membrt-me 
.roa.vgurs · (A)~ 1 aw pez:meabili ty t- (B) c 'rh f.: (.·hoice m, t o Yrhi.c'n i ::J l·!w be t·t.-ar· ?..rr ange:nen-:; 
depends t herefore chiefly on tpe i'inetJeas rJ? the origh1G : g~:n.1ze &.'; o·'~iT dispcsa), b t.Jt 
also on the relative costs of the impeller 8.:!.Ta:n,seme1.·:!;. and that. cf t he mm.mti.J ;gs r:'(' 
'.he mer.lb t•ane This pcini; will he cJ.is.cunsed ·,uter 



A m:..mber cf ex_;e.r:imen1;s hn.ve bee1, .::ar r ied ·:-1.rr. ·-:;h:i eh s how 
tt1c-:t. a l; i.nJl't e t .. t;he k:ind describ erl is e. f Gas ibls ~p::·opos:i. tion. ( Ex:pe:ri 1!1{rtYt:s ~ lt 
Pruf'es c::>r Ho~,v.:;:r.th ~ E' I~e\i:lcratory ('.s ne lJ aH j n t hos e of J..,C ~L i n Wifuw~, hHv-e pr oved 
1-h a t mos ~. r:.et o.l.s ~::·.:re net e.ttaek ed. \rti19TI in e:. o:ry state so t,ha t t h ere .i s r,o d.if' f i c:u.l r.y 
.in i:'::.ntb :-::; s uit able ru<.:tGri2~S fo.r the con1.;tructic·n of the m.p .. c:hine ~nc1 1:he 1-:iernbranes ..• 
Al9o D. f er · 9\.lbate.nces ['.J:e avv.:i.l al:u e wh:i ::Y~ co.n be 1.rse:i f'm~ seal i.J1g P'-tr':f)(1f>eE! " Nv 
errt·i r e ·:_y S8.t:.st'act o:ry 'i,iq\.ud, ho•:.·ever, h2.s ye -I, b ecr1 :f.'o \md, ei lher. f or· h~:) ~··i or .. ti.n.g 
p :.i:..Y'TXSBS .. r 'f'or use :in a c entr i f tJg:;J. seal .. l t see:ns ~ 1.hP.:r"efor e , ctSrt.< ·.u~ ~· b .... r. t.1"'-:' 
b ear} n~ h;_ ve t o r <rn ir, f'.l'l f:.·t -mosphr:.re f'.c -:;i~ lT~)nl .H::r g: ;3 (:.__nd th'.lS r.he ~ r·c;y.' ; ~ •l• 1.1? 

f!)2.nds 5.~ ~ ~s&:ntial o We hRve -~~i ven m•.:d·, :11. te ·yt:i o.n. t:1est her ·wi +.n Mc·~.roi; ~· 1 .,,., ,. ~ 

V1c-kc·!·s .. Le t h i s p c5.nt , a.Yt(1 v:e :•rr: ~r rvil>C'Ci..: i,b£1· l) l.ab_y·d .nt}, ;:l.:tnO. I' "l./l:Vt t~.- ,. ~ 
ct .. l-t!::tr\ir·':.;'r • .J~ogei,her ·;.:i th t .he --...::-f=! ,-r a ·r...~\-... f'.;l.~ · ~:~E :t11:lt'"h · tJd. er·.., , ·; . s ~ ~ !" t;I·• .. -c-:: fL 1 1 

~ ·~ i" rr.:-·:-:,: ,,..;·: J give a s::n. i si'a.c·~or-y .so ' \".5t:.'1:, 

~!Jr;e-ri.ruextts 't'r\. r.r~ mcrlels J f C:t ff ecP~':' ::··. ;;t-:~. fc.' ''¥-,: : :~. 
c·f ~..b8 :r · ."{' F)'VGl :. tw! c:::~ ~ hi,Sl; :: -~ ,·;·. c:. v·tS' ~~'t('; ; •.;,y , _' S ' ,;-~r!. d.\' 

~. t't~ t. :~.!' .. .; ~h' ·t~'1 i ...... ~~; t ~,-· .. (1.::; 

• t C~.VP, I';.~(:;: t ~·, !J.L) f'~; ,: • u't• \~ 
\f l,hc -:· rr.l .ei .f·1 ·to :2 h::~'!.· r.,·f f'1·:! '"-.. ~ .. iotl i;~! the gas ? .. t ~~ ) r- \., ... :; -~1\ ll "f'! ·p:-·o2su!·e.:.J t '::·· ',..,. 

m~. 1 r .. rtc i.;r\.::: s . erne t.here!\)r e C!t - !. ... :;L ~ ~ ::· !:'e~l ~~\r~£' .~·ei.:}.ce '\ ~ 1r ~. 1, r , 1•1::! t h.., ~.e.1~ : : !' . -· 

c.:-·.1nt~dT .l any- d5 .. f.::"'.i.r:.?.J·H;1es i f1 re~·::. n ·~g l.tw b::;>:': s f :.:'r!'·•.~" :1 'l v' !"Y cn:l! · . t :·u< · i · c 

~ g:r~&~G l:.lJtnbc r of ex: rt4,i,r, .. ~rrr .. :--.; r:·.!e 'b:::* C\• ~.._~f'l"r" i~ . .j ·:·,~;: ::.,r· ·tl~ ···, r• ·,;_:I., ~ ~~t ·j o,., ~r 

:.;·c~t ,.t -. :\J~r:i:'!'e.J!e!1 b)' J.~,, lJ.i:ng ':ti l \f;, £.:;O.\:~ r~3.. T.i'le h )-t"~r- !. '. 'l j .. · ,; :.~ t. :. ~-:1':\C . .. ~ · J.~ar ~·\'· 

;_ r..= .. ~· :. ...... ~ .. :.:=:ve~. ,;i t h ,·~.so mesh g~P ... l.!!0 .... . ·!ll~l' tt :~,':'rtr;:.d ·" t'! e f\1~·:~c:u '.tr/( \ et' ,..t ..., Jeg ) . .n a. <3..5.r:t;·::t·:r 
"'·c·~·.)i ~:!.' ru ~d [: ! )C1"'&":1ea1:::llj.t y ,•,f! t i ~t"; ;Jjt~~- ~~ i"Jr,r~:e ;f · :F.'f1· .. _..'8'; .. -;. '~::·r~-v*:r: ~r: l?1''ft:' ... l-30t" 

1~ r Li.~; fJ ~: ;·,a(t :"'ll •ato·r·.y h(l\re gi "\:>en a ·v:~ l .-h·.: t.; f tht2 ; ·, r .. ... :31 r .. ~J a.J'..C! ~ 1 (·r ·,_f ·"'""!'O:! ·:.~f .· .. ~,-; l~/~C~ 

·--r·.:-{.., t•- (~ -t.".n~~t '"'.,rte r.:'fJ..T t -=ied~~'t-.e fr .. _:r .. . hr~ ,~ .. ""J~'' •. f: IJ,:·. t < t c ~.:·e S1Jt·e -~~ 'l .. ':'Jt ·1 \.'~,~ · , .. -. .., 

i/te !~·:.·~.... ~=-~;. pe.i;}l v1:.11 b e e(~U·:'.. .t ~"'" .. ~~i ·~ .! te r: '?,f, ~:J '.~:~ ·,· .. :.::; r·e.s 1 f ~. ~n·. ·l .. ~;.c o r-y 
c-- ?. :.,~·."':""~ ; . C' 

&::-;'<::!"' i !1:r::r..t s \'t'e r'c~ C!:~ .. .'r- !'i(:.'\d. ~ \,.. ,Y ·~t n (:. .,'i ,:: t .. :.:.": .. 'f • :.-\· ~I' \.: • t~'.'( : se: . .:; ;f' "1 · -

..o t h :n •;}'7'f..o'~ ~ t.h~ !.l!..rr•-=· · ·~ -:: i fH~n1 ar v1e :i.g~.t ::.s )•.n· dC.:!!. ~: , • wi-t;h :; 
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(A) to te..lc0 ~ha \Vhol e out ;,JUt of OXl :irn.pell~r , 
chosen which cro\ always teke up t he output ~~f 
!:'..rra:nging the rnelribrane pairs in more l ayer!:! ., 
plant is d.e t eru:dned. l:lOre by the irnpeller then 
(~) ia clearl y the better in this c~-..se ,, 

'.i.'hnrefor:-e a.r.~angement (B) hur:. to b e 
the impe.l l ar s i f necesaat'y, by 

A.s i t also seems t hat cost of the 
by the membrane mo1.mting, arrangement 

This is true only in the region where t he runo~nt of material ha..11dJ.ed is 
'big comuared. i.th the amou:t1t 1-..andled by <1 zing]e unit of ·0r o.ctical size . lt'l.d~ 
ce~.e~i" to be ·~rue at th~ h:tgher stages ~ abc~ut f.:rom ·th~ 2.~ 000lih and upwarcWo · 
At thes e eta.ges the ~total y:)lume of the pll:".nt is no 'longer of cver-ricf:iJLg 

1 i~portance: 
hut t o an ever growing extent the s:inrplici !,;,,y ~,f the a.r.r·~J1.gem.e;1-{;1 v.tJich favliJtl;l'S (A) r 
Al!j hO\Vevert t his par+. dp~s not c onst itute t.he b\.l:lk of the plant~ which d<;fini1;ely 
lies between t he ·t s t and 2•000t h stage~ ' '1£> -;'f'.Tt br-se 1.be r~a:cule,tion vritho·.l.t any 
appre~ial,le m:~ror on the r.ssump t ion t.:r;f.t1, 1:hc \7!1 JlB ,1lant .; 8 mtttit: :in the m?:nner (B) 

Th.:- t otal 31Jl;>\.Ult of g o.r:; cirC\1J.ati.Dg t n the p.la..-11, c.:m ge cal-:!u] a1;ed. f rom 
t he i'oTm\da c1.E>~-rived by Peier!s e.nd it t1.1rns '1ut -to hE. i ., 10 x 10 gjsec f'or . an o1.1tput 
0t' '\ kg per dey of th e motal o This d.e ie.t'!llHte·t: '<.h8 ai:~,..:- of .he p·:.n.m; be 't11ean the 
.tnput s tage and t he output of t he li.ght f .n:tG-f.iml r. 'l'bn si2.e of the par t 1pe~.;;,yeen 
i.l\~ut ar.d ou~pl.lt of the hea\ly frnc"::icn Cle::-_: ::J~ ds on th~ ~;:mr:c.nt.r·~ 1 i 0.n of -:.hr .r e ject 
whi~h we . choose .,. rt'he choice is de~em~ned. by t'tff: re1D.t'~vr.• c0s • .s of the ~j>eparatiol~ 
~1lant ,and t.ho pla:n-;; i'or t he :produ.c t.lcn c·r the '>l.ir 13" • .: YH~c < ~~· the fcniler 1n;f l uence 
'is by ft"lr 'thG preva:iUng one i t pay::~ t<. !:)J~c·~ at G. rc:t£~~:.1\:-c 1.'/ ;·'..tgh con~e~l't;rat ion" 
We choose f'0.1 t hi s a concentra:tio:n cf 0-45,. (~·he 11;;'1.;;j:u~l :'~ 1rl'lt.'t. e'.!Tte·~"S v:i th 0, 0~) 
~'his ~"'an::) t.l.''lat We have to feed! to t he ·>ltm{ 1 f.'~r ~'~• ;/ul~)·.:l. d' ; \d.l c of !f1Ct~l9 
Oo63 tons vf l.he compound. and cal:::11lat. :\m1 ~·hcY.IS thr.~t r~-::-a i,hc;. 0i::;,; of the :pecond 
pa.....,; of ~;he plant is ~0% of 

6
t hG.i: o i' the .Cil 'si •me, 'rhe t..,f·n. fXt.n.otu .t cir~ule.-ting 

.d ll th e1·efore be '~ .olt:2 :x, '\ 0 ffi...sec o · 

A ~ 0-stage ro·l;or of 72 cm d:i. :.~rn·:r"vcr f-'~•1d 9 run b1a·i?· m rl~.h has b em1 ehosen 
by Me trop6' 1 ';an- Vickera ns t he most ~::o'r>trel'.-iP·nt fli.:~e; f':n·· •.~·1'ni t:: ~d nnd prc:)etuci~i o'l\ 
l'r:'as r:ns . S\tc h a rotor hf".S a t.ot.al c1..LCfJ;:.~ ~+ t.he J>f'J:-i.pl: ·~· .,,o 2 M2 a.r,(\ ·~h erefore 
d total c'.ltput of 2M2 .x: ~Q.i/sec ~. 20M3/sec, )nr ~~= ::> .£1<<8 ~· C.~ro·"il;y of 31;.5'g/MJ at 
t1 workine rre •.·Jre,.of 2n.an and 25ClCa ~'-h r•f, ,;:-r~ •900 of .;h_~::,•J i't.J~;s ll!'8 1\~;ce~.;Gacy 
t o .handle t~~ tcial ~Wita 

Th'~ to t;al area of e. meml'ra.ne . u, c'n·::rured ff'o!ll ··l- <~.'0 , •'J;->r;. F>: ~ ~;r.e \.JOvld 
Wld.er 0\11' conr1iti r;ns b e ab o·dJ '100.,000 .. 12 -:J' ' ro .. wh.ry 60 M2 p r ,-.. "'·:-h.~m~. ·~hr:;s e co~tld. 
b e accommoc1ar. ed i f , 5 ooncc:nr;ri.o· i.a.yers :-:f ::.rlilbl:r~lle ··'}JC.i·cs , ,,\\;n e.:1.1ing 1? t,('l 20 '7.ln tc• 
t h~ r a d.:i us 'l'he width of each pair ·,;Qi.J.C::. 'be 1 ··t. f. ~.he 1 ,--~, .. ~ n ::o mm .. 

'\;:-: "-he opi n:to~ t~f I oC .,x" a L;'': v·~' d (:J . I ·H?.f; ot' ' ) . ' .. 1.< :' tor· hm>F;illf:, thcae 
.r~::..ch:i..ttes wo',l.orl be 320 f'-c " x 8t' !'t. c·m:.c. .. ~ .r .:~ ~"!":i:l:, r~-· --· ·-,··· ,;;-.··~ fivE: 0.C· tll~se 
ic\.U16.ings W0 1'!.c1 be !'eqw.r cC!.. 'J.'h..:;sE' 1~n,:-:::;· !·. ·7' J. 11 l ;;; '- ~ 11 . I '··· c.,r 'H\0. pr·ep,irl>.t io!l 
:.): ante ~c.:.."~rl easily be e.~!Commtleda:te6. ·s1 <.: ::-i ·t' , ;' ;1~''" ;': -, · ~· £ 

!\,: .:··~·1.s.rd.s the ~.-,.·er cottSI.l.2ll!\i1or n 
:>f the pct>·r..: t•eqW.red for each'"m:;:ch.{t.el;-:;,: '· :;~ :JlS 

'ig .,. .t•. - •. :;; Ji ven 
·nrry .. p; ,., • .~ r-. · '~-- J e t hi:i t. 

;; ~WaeC. '<(. ~ K~W ., A.tlm•'i.ng f. mr·r•t-i• -r ',,. ·m~ t ·tt1_\ \ 1 •·\ f' ~·I ·~;·~'f' fo.r 
' .l::CCb~ ·,.:e..r.. -::. ma~ CSGUTJ.l€: ~ h..at 20 ~' " 
·:ri ll x\rer- l,,':. pc:v•er requi.rcmen t.s , • 

r 10 :-:ost ~f s I '~)j t t,t 
·1 .:u~.,rd.ne v,~,.ltJ. cos~; 

1 •. 1 '-\\ ir~a~: W1:1.l1d r,h.::--:.·efnre 

Me• ~-opd.itan-'Vicke:r.·b 1-l.:.ve g~rt. ~' 
:.he d .ze :nenl.:wnecl and they es!;i;iw tc t.n·. · ·~ . .: 

I • . I ::, ~. ·' . 

t.e t ween £ '.;?CO ~d £2 1 000 (say k'~·, ·,5l 1
) il•c ·J .n • "Y·~ ; 

··: si. 9')0 ~ .. 7r:;;t; ~ £3~ 300 , 000 ., Mr :~: :- t= -1 r1 ;, ;;:-. Lha:t; s1::me e<'~uomy lr, 
;-.. s sib .:0 ·r,J ·::..osHl.g a d1 fferem:: 31 ·•.1:! • ·:·r L · . .).;·.il.ir.~t •·)'t' ,<::hove 
eet·imate i s n t he u:pper J im:i.t; bt:.'\: +., b '<\<::, •• t · ..;· :i..:'k~ "t ~.;. , .... 

1 'J i-\C•'~E;.1·t· , tl 

!.iz Lipscomb .. Who h.~~s h<'<•:i per, 1 •• .1 

hf' s eetb~ J.e~ t .. he i'u:rt h e.r cr:pi i·.aj 1 1 ,, r · · 
• 'l )' • I• ::,. 

I ~· • ~ fui 

' ·I · .H'.I:.> I .)"1.J t1,t}n ot tJ f.:U•f . .(3 

1 -e i~:: r b ' - I I .... , 'f-



Fv\!Y!dati ons and. hu..i.ldings 
Serv-J.ces , s·i;or~s m1d ·worksh~p& 
Auz.i1 i~..ry mach.:i.::1.e.ry and i nstr1Jmen4;s 
Pr epara tion uncl purificc. ti.on pl~mt for irwom:ing 

ma.t e:r:i.u) 

1 60,000 
600,000 
150,000 
200.!000 

£1 s 1 '10' 000 

The total capi taJ. expendJ:i;,u·e for the plant wowd t heref'ore be £4., 500 ~ 000 
or sa..'" ~~ t h a I!l2.r.g:5.n for conttngenoios £5fOOO.,OOO" .............. ~-~ 

·rhis is an cs-DTI'l.B.te o:t' tre -id !;e at -.~;hicb a phn !# vn:r,h t he materi als 
availa'c J.~ at :;:n~esent ~an b•: lili-J.(.'.e ~ Hnt a t I. his s i:r,ge no very e.ccurate estimate 
is poss i bJe o More accui'ate es t imatt;s cruJ. onl y 'be given ·tOV'rarcls the end of 1941, 
when the 20·· s tage model wiJl have been n m and produr. t .i.on methods •vill have been 
5.r.v est i gated ;7!or e. thor o.1ghJy., ... 

ial'' o l.ipsr.on1b ~ s es ·t im~.te f'Jr t h e r unni ng cos t:; it~ about £1 f OOO:OOO a ycs:r~ 
t.he tHT· chief items being ;.:r::-.ges ( . .th'J-:)!000 fo:i.::-a p·~ri'On1·!a l. oi' 1200) and elect ric 
pcu~r (t~!f-50 6 000) ~ This e s ti.me.t.e tVJc~· not inchrle the ocst of t he raw~ rof',ter i a.l 
which ~t B re j ect concen ·t;ration -:>i' O,L1 5~; mny be a.b,•.rt £200,000" 

..-~ ... 

The p r0duct .i o~t of bet tcr memcr~es .vot.tld .r·e :ru.1 t in an economy o 

fo.c~ . .:-r~ of import~nce areJ apar~. i'r·~m ·1.he pr it"'G Yrhi eh serves t;\Z a me:' w.Jr e 
ef'se d' pr.:-G.~ct i on: 

~rhe 
f or the 

J)ierne~ e.r and. ).ength of t he ho'l.u. j;; the rn~:"mbrane, 

-;ht.=; pt:r !l'.eabili ty, 
t.he mecha.nice.l s tu:·ength c 

The mechanical s·trengtl1 wiJ.l bt:~comc e. J i_m:l h ng f actor 1 as small diEt.We~;er 
of t !'.r;> h::ile rrr!Jst be ~·.;co:.,mpn:niE!(~ l)y sr"'J?. J 1 .teng-l;h 1 which me$.ns a th:i.Jl mem.brane o On 
th~ oi.h~H' h m d the i':i:ner h1-l~·3 e.r1:; ej:w:a. e.t ·~:.~~ce:u:::.e t}v~y permit a hi ,?..her work j ng 
?:C ~ss\U*e~ vvhich i n i cs turn nec<3f:dl:l·,n:~es s tron,~·er :,;er.lhranes ,. 

Research on t h e p2•od uctio.n of' nemb~:·anes .:i s being c.ccelt'::r·ai;ed. as Tnuch El.S 
p;:-sl:,ii:>le c:..ncl the fol l•.Jwi :r.g p o1ssillili ·;;i es are en visagc(l a t. pr e s el": Ci: 

( T) The electro .. ·cle'fi .'Js-i..te(L t-:!a't.eria~~ •· £.e~i:ror.nesh0 .;nigl1t be :produced c.t. very f ine 
m.::·d~ 

( 2 ,} ·rr.~ '1 Lect:cc:nesh•·· -p!.\:)cedu.J-:'C HLi ,j1t b e \)tiJ is0d. ·f;o :orod.uce slit type membranes 
whic:h ·.-m,lld i ncrease the pE-:tmeabi I~ ty ( gl ve11 -th.e sc•me \'Vorking IJl'te:::sure) " ',·;e have 
er..c~11ired of' t he m.nkers of. !rr.ec~r0mc·sh'' atc ·v.t i:heee t:110 J)i):::;~:dbi1ities , 

( ~) } . . : ... . ~ ,, a re cc1id;.l c·t:1Jl ~ ey:.r,ori1t&Jr.1.: .-3 !'-Jx· ·prod.uoinr::; 3li t-type membranes by vr.infl.i.ng 
t l'..:i.n ~:i. re round a f .::r:neL", 

1 l ' \ ~ , • 7 • t - • " ~ ,. . · ' ~ " • .. , ' ' ",.. • 7 ' ' -·-• · · · · ., • ~.. "·~ i'"' ~ "' -n ·1, e r: n "1 e \'I• I '·" Q, .•l \.:.2 n.g \. ~- -· .1~ _,;:; ~J. ).1. - l - ~ ~ . •. ..;; • .:.::)]. . • w ... •:: .• :'-'·' .i"l 3 "''·' l t .... --~Tip.. -.: J • ;L, 1, 1, • ' r, 
produc~- wx;; s mal:L h~>.!.as 5.:~ t.l~ !.1' ~ · ~ 1 c ~1y bcmcn·d.ing them \'li th ·;)O} 'loic1.r· 1 p!1.l·tiules 
i n o. -v-a~..:·l !lll c Vario<~s other S'JF:;gelhi cn~ for perl'orat:i.ng thin f oi l tire a lso under 
~cn.,~ idera t_ion ,, 

!i' ~my of' these et!cges·~ed J.rr,;_J ccveute:: 1; t" cho'.U.O. pro"Ve snccessf u.1 it will 
ai'ff,~t only t he .!1\!i!!ber of a.~?.d'ri Ms :.:eq l.ll l'ed <:r1d l .o•- tl10 desi gn of each me.c:b.ine~ s o the 
t~cr1s+.nif t ion !Jf t he :?'6--stage mo<;1.e} \• i J... b'3 p1.;t 'i~t herv:l. <~~ soon "S poa:;ible ., J t is 
.Pn ... posed. t o build this 20- s i:ase m,:A1~- ~ 1 n ··:...-m .. ,·tli ·~;t$ of ~ 0 s ·t:agca ea!':h2 Dnr~ wor~·d.ng 

a.c·.!O!'ding·'t0 arrangement (AL tr1e ··y' h ··(' \'r':,;J·· fU "1.'atlf::eJ·~ni fB) 
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