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11.1 

Chapter 11 

11.1 Pei$i~lltty of a Fast Neutron Chain Reaction, 
J.:atheca.tteal Theot'"J 

The use of a fast neutron chain reaction to produ~, 
'" lar;;e T.e'ltror. 

p'Jlses end to release large aoou.'lts of ener'!;V 1:\ a short ti!:e has mall;( 

Ir,terestinr: applications. The feasibility of suet: reactions clln beat 

h ,tu-;!ied by considerinp.; the diffusion aquatio!! first diScussed in 

5eeticn 9. 3. -·lilt1e the melin free path of the neutrons is Comparable 

\lith the dimensions of fiseionable n\fIteriltl used find tr.'lS lil;lits the validity 

of the c"lculation, nevertheless the A.nl'\lysis will stO'< what "'.'lAntitlea are 

il:!DOrt'lnt and. \01111 sll!;~est their orders of Cl."!!;nitude. 

11".e !leutron density at "-llJ point "'ill vflry ",ith tice aa a rea"cllt 

or diff'lsion of the r.eutrons, find 'l.lso beC3'.lSe of absorption of cel.ltrona 

117 ea.pture, lUld th(' production of n~'" neutrons by fission . :'ne appl'cpriate 

differential eo.uation 

(11. 1) 

for describlr.~ this variation is 

:1\. : I), N+KC 

':'ha"s quantltl~Bt. have all bef'D pTevio'J.$ly defined. h: .. et1~ 9. :5 

.. On other .ore phYdca1 quaD" 
, it it Worthwhile to recell their dependenCe 

Un. ':'he diffultcn coefficient is 

). = 



11.2 

.r 18 the crou "ctlon for sCattering and ,. 
s "11. the concentr~t10D 

.... il' cOl'et:tuent of the t"Cftcting ::.ater1al. 

(f" f !1'U (1'-- 1) - (other prOCeues yhich 
USe up ne'.ltrODa) 

( 1l.4) 

f 18 the cross .ection for fhsion andft Ie :!le t.=':>er of neY 

",bAsed per fisston, 

We ... 111 ",asu.::.e a sphere of radb, R and investigate the solUtion 

$;:~.1aet to the (0110 ... 1n'" boundary conditione : 

D~ .;. aN_ 0 , 
o , 

Bt r - R. This liecond equation providEiIi for continuity in t~.a neutron Cur -

N;r.t at t'1c surfAce of til\! sphere . .!l is rdated to the ntB at ... hie!! ne,,-

t!"or.S lesve the sudll.ce per unit area per Wl':t eoncentr~t1on. 

COllvani"ntl,.v , th" soluticn of thi" proble" is t:ivell in :Eyerl;r () 

i (Ginr. a..'1~ 'Co. , lq95) :;; ;r~ r l;· . FO'.lrier'. Series and S.,herical :;1I.n:;on cs , pp 117-122 
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11.3 

If the concentration of nO'cltrona is t 
o increase "'lth .. , Ute , the ~~effle1eDt of the time in o~e of 

• the s::IIlllest TOOt of (11 . 6), I! :to .s 

I.'xponential; C.1&t b " 
e P081tlve . ~hua • 

a chain r I 
eact O::J. .... ill prOCeed when 

Before ve can detenr;ine " 0 Va crust find t he value 

SDlfir ... e(!UAtion 10.46 for (-D }~ / N J I "' 1<. ' 

a 1 v i.kcl 
z ( U p) 

w~are p is the frl'ction of no:-utrons r eflected back. 

From tho prGv l ous dofinitiona 

IL ' 
• D 

<l_p)((l!pl 

.; 1: ( ft -ll L'" fTt- sa.. 
3 

IIU I.' iT,t:--l)-'"f ~rs' 

(11 . 7) 

of .!. 

(ll . a) 

(n .9) 

• htt.Yg auue .. i that fission is the 

le~ted tr.u "",_ 

'. r eeese and ~.aYfl n<l("­only i=?ort&nt 

• " • absorbing procB8s~ S ( 11 3) and (11 . 4 ), lIIontioned In • 

aaaumed In this di ac\.\seion that 
t!w vttloci ty of all 

~UtrOl\' 11 the ellll!e 

la"itro!!. velocity. 

aro l,.,depllndflnt of 
and thnt the cross soctions 
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1 2 Possibility of a FaBt :!eutron Chain Rea t1 
1 • con, Ca1euhtions for \] 23:;. 

,-ow let UB examine thF expr ession f h 

in t<'r~s of" eeas";lr .... ble physical OOnstanta , 
or t.e critical ra:Uu, eXPreUsd 

<1';.; t 3(/t - 1) .r f .r a) f (11.10) 

C~1'IC';sly, \ole ,,<u:t Xo to be aB small "8 POlI$ible an:1all th~ otr.er q=_ 
tHI~1 to be as l ... r;o'"e a8 p0l81ble . :'he value of Xo can bs :1ecrease:i by tr.B 

$"8 of a t'llilper Which will reflect as 1:".!I.1'.y ncutrons as pouible. ::'0 Increase 

:"·l the mat, r ial should be pure uranl\l.li< 2;!5. )~ is taken as 2.3 ani assum,d 

to be the same for all fissionable ::ate rial. The value fOf 11""$ for fllst 

,e·.'trons probably do!;!, not vary as i;lUch for various nuclei! as dou J f . 

'iowev,r , when (f" f la large , ere wll1 elso be lare;8 for the follOWing 

reuot.. .As far as the diffusion equation Is concerned ry- 8 is the 8'lm of 

all processee Which ec'\tter neutrons including fission. In the lattllr 

case, altho'.lF,h one r:"utron diaappearB and/u... :lew n."ltrons ara aet<.J81ly 

Jlrod~ced, ~e regar::l it aB cOnsistin'1; of the seatteri"<; af one ",,,tron 

ph, t~.~ production of IA. _ I now or.,;:&. 

The U ... al materi ... l for prod-lcing a chain reac!ion 15 one tn ... hioh 

, r... :~utron enterilll'" t1':e :ru.el ... u • ..,ill p:-od1.lca a fisdon. !beaxl.t .. nell 

--:d ~'" ra:j eclutor. olecre ... Of ee::pE'Utiv/:i lrocces". B1.lch as abs~rptton ..... 

!Ie ',caturillC' erOB. ~"tn ! f and tl s ' 4.n .. ddtttonlOl contribution to t. 

1" "h1"h tt.<l neutrOD iB ab.Ort.4 -1-EcH~:-. Is ln~l .. stic Bo •. aerin,... ~ 

ffo.r •• cala.llaU_ fit 
Ilr.ot~er n ~tl"On roo .. ttted wtth a 10'<er .,ner~. Ae 

tDOW"" nJa ..... tbe critte:o.l.ah,l 1s conc,.rnod , it il !lOt neeuaalT to 

11."_ ...... '. orr '''t'ou.Ucn of thto varioul Sf:8turino: l··roceaBOI • 

tt"lolltr~ h<l8vy nuclei hllvo boI"n _lie bT DWtQlac ., a1 

-
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() :runninr" Pegr'IllII, Fink and It t chell l'hys R 
.. , • ev ,!§., 265 (1935) 

rc~isaion of a noutron after Capture is far =tiN! likel, 
tha:l a radiativu 

aosition ( ) 8la:plif1od thoir lIlOasurtll:lents , -r-
H V S shOwed a regular in-

( ) ?ethtt , 3ov. Lod. Phye, ~, l60093?) 

crease proportio:tal to J,,2/3 and .... ould be abOut 6 x 10-24 for uranilUll':-: 

~~d plutoniu.e. In U::>35 fiesion replaces neutron enhalon as the cain pro­

cess but , as J:lcntloned ",bove . this doee not ch>on:;e the effective us' 
The !lver"ge cn"r~ of the neutrons being considered is of the order 

of 1 Mev and for thc::l Of ill not simply theW R2 mentioned in section ? , 3 

b~Clluse th"lr effectlve .... ave lcnr.ths are of the order ,.\ ....... lCr12 C1:l which 

is cO!llpqrable with the nucl,ar radius R as deterl:lined by "particle 

seqttering, Rabi () has shown that the I::oasurod crOGS $Ectton lIl'\y be 

Boveral tloes 1ar~er than I. R2, which fact aceO\J..'1ts for tha larg<l value 

() I. 1. !'.abi , Phys , R",v , ~, 858 (1933) 

of (J' " 

"h 1 f d._-.• d. on the nout ron ,,:I' rr.J anel w~ can i. e exact va a~ 0 <Yf r-

eUi.:::IIlt(: a:: ay"roxin:ate v'llue of , lIllY . 3 x 10-24 cc, t~1s bdng about hal! 

"

235. J" lJIlI'Vo::r of the JNbU lbu4 t !le tOt"-l sCa.ttcr1n~ c r Ole ,ection fer 

that pot.nUal cro .. seCHenl of heavy non_f1ssioning nucleii indicates 

lC .. acri~ (lccount, for about h8.lf tho total &catUrinc. 

Th other Mlf of t he fas t !l,'utron sea Uerin& cro .. 



U.6 co~trltnJted by inelllstic cr089 80ction effects , 

tr,e itOlt IH:~ly one 09lnc 
f1ul~n In tho8e nuclei which v111 finlon with 

iI~euss~d in section 8. 6. 
therlr.e.l ncutror,s. ~hls waa 

Inaccurq ciol in the VIlIUf8 of ~-r ' 
a!'! oJ

a 
cho>nee 

of thl crl eic",l lIlllaro .eriously beca.use of the Tapid chan,,:'! 
OUT estimate 

in ma .. with 
Smvth'. description (12.3~) of the extensive r., . 

• r.{'utron e'l'o" 

.action I!II!llsurelt'ntl Ilt LOI Al'l.lnoe emphashe the i:nportance of these cro .. 

s,ctlo!ls. The cllloulation pres~nted hero should bo conSidered as ttntativII 

I~ !Ie much 3.6 in 'l. r eport to the llationa.l Academ,y ill. !:ovec;ber 1941 (~th 4..99) 

tt. crl tical 1:l!lS8 could only be fhod as bf'tween 2 IUld 220 Ibs. mainly on 

account of the uncertalntlf's in the crOSII aeetior-a. 

In the followine calc'-Ilat ione tl Is takc:r. as 2.3 neutron. pllr fis-

don IUId 

to", cm-3 x 6 x 1023 atom (m 1.':01l-1 

235 gm (SIll lI:ol}-i 

It all tru. noJutronl r~achln[!: tl"." lurfl'lce escape, the r~nectlon cceff1cia~t 

b ".,·.d 'hat in Adlcr'. () calculation It sho:tld e" ~ • 

() It. 'i. AUtr, COI:Ipt('. ;:!eniu.8 209, 301 (1939) 

he l'l11N..,d that th~ concentrntion at 

fer t ta c s th.o v~lue of xo 1s'ii. 

.,here val Iar'O aM the surfl'ce or tt:' 

II gotld In l1.t~ 
This asSllt"Ptio" 

v lch al'> 80 hrp;o thll.t >- '::;C 1'1: , In our lIy~t'-lII ).. - R 
so thAt w u .. $" .... 

"Ct calC'~l"'tlor. : this r~8ult. in Il r"luction 
1n th orUlcal .... --. 

'actop 0' 3 , 4. 

'l'r.c erHical 'r'ldlu8 ·d th no t80cptJ r 



11 . ? • '35 
IIbO'Jt 23 peundS of • The moan free 

P!lth h "ivan b)" ).. 
1 

ar.d for U235 , it h 3 . 4 cm. 'I'M, vf\l'Uc 1 1-:-;-rr-. 
1 q'.l.ite CO:Jperablo 

"itt. the eriUc!l.l. 
Ii:" at:':l he ,Col O\lT u .. cf the diffusion thl,or'J 

1II1ght had to con.fderable 

Jf ·~o compl'll"tl the 601ut.1on for the on" 
dll:-'<tn11oUll random walk 

.,itt. the 4iffuelon oll.l1I-tlon 'olYtion it p~b1ee ( ) appeara that the pre-

bt~ll1ty of ele.,1' .. 11 larJO;6r than that calC:lLHcd f .. or dl.Cueion. Tnll 

s:c I II cor.ddor ... tlon Indicn t .. , tMt ro~laclng the dlffu.,-_ v,. th'lCI"J calea-

ht!.on by II 1Il0r .. I'Iccur~te etathttcsl treatlilent of the neutron p>lthe ,.',uld 

~I\'tl .... el1!1;htly lAr,,;or eatil:l'\to of th~ crtt1c~l rad1ulI . 

( ) 5. Ct.lUldr"'6okh»r , Rev . llod. Phya. ~, (1943) 

1l.J 3ffect of a TlUIlper 

By the uec of a tar.per the critical 8ize !fay 'be BOme,.ha.t rduced. 

J.. -{ .... 1utl for the r"flllction coofficient CAn be fO'.md by BoIvin .. thtl dltror-

tlr.t!.al e<t~tlon for t· ... o cor.ctlntric sphariC'll lIlOdiB, tho ir.ner IIPt. 'Te of 

_235 with the vBluClI of K and D discussed above , the Bocor.1 aphtN ia 

tnlll tou:::p.lr wtt'h about th(:l SBll'o<l '/alue of D but with 1.: • 0 , ar.1 too n,r;lotl 

").r:nrdl~4 it cOrldata of ItmptJ ep'l.ce . Such a :lOtaHed calcdatioll l.I 

4 r1.1J' worth w;..,l1E: ... t t'tle pol"t 10 .. v ... lu for the refloletiOIi eoofUchnt 

.­
n .... 

lilll .~I IIl'leI '.If 'Rc ' Thh ,.luG of 1\e "i ll 

IIC4. COllcul t 01. lIlorl! ~e"'lT"t .. v .. I·}, of Re· 
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(111.,0 sMll eee) 1n 'lel~ 1\ temper of hl.-:h density 

the '"t'1Ul free Path in 
tlll"P"r "Ill be "-bout the ea.me 8.& that In 

:~ the fhslor-..able Cl\tnbl . 
Ve 8.ssume tentatlvoly that this I, 

of the sa:.e ord .. r II, tl;e r",(il'llI 
Then ConSider neutrone 1 ef t ':ls f1ssion"bl{> II'oater1al. 

p'rUC",larlyas shown i!'l FI~re 11 . 1. 

."f( sr a collision at a d.1st!l!'lcO frO:l 

~ e~vin!l: the core por­

On the aV8r<1ee these r.eut r-Onl will 

t he surface of the spher~ , wn.,rcupon 

ttcy will be sc80U cred in 1\11 dire" tions . 'L-he ~e8on p r obl\billty of bdng 

Ic .. t torod into the soHd anl!;1a Bubtendcd by the core is ~ 
i 11 • "here 

J/L. = 1 (1 - eos 0) . and (sir. Q) 
~ '" 2 ave --L 

R ;' '\ 
Therefore, p h rOUP,hly 

r:iven by 
'----'2' 

p ... l -J l- _R __ 
(R + ,1.)2 

• 
This estilil<-to neglects all multipl" cCll,tteri!l!; processe s . 

(11.11 ) 

effects tend to COI:lp<Jnsl\to sinco the n'o"ut r :ms which c V8nt uall.v return to 

th<.l core flfter Btvornl scattorin~& would in<.lr.1I\se t~e scat t erin~ coeff i Ci ent 

.. ".11_ r,'utrone "hich aro sCl1ttered. Into tho sol:id a."lg l e (u =y be 9c~ tt B r(d 

OOlt of it "efore rpcr,tcrinl; the core . and this Io/ould deCr Bl\tie p . 01 C0'.1r10, 

..I1 th I'IP'trons do not l-,w th S',lrfnoe of thA core no r call:r 1\9 Iluwcd, 

b.: t t'l:!s cocpl1c~ticn joe," not c!"-An~c thr ordor of .,."<>ni t ",d,,, of t he reflcct­

I e ... c-"fflcier,t ",,,d it is n ~lect~d he r o . 

For th'! prel1l:1in'l.r:,' critic"l r ",diu5 go = 5. 15 ce, t t'.e ref! CUM 

:0 t fl.cit'nt I' is 0.10, Th 

of 16 IbB . 'i:he co~.svt.ncy of 

new critical r !'.diu$ 1e Rc = 4, 65 c:. or a ... 

, ,.,roYed lt7 ,..,.. ... 
c"lc>:1'\ t 10n9 cO'J l d e 

' he r oflec t iOn co.tfioi , cl\l~-1~tl0, for a n~1o/ v~l,le of v 

A ~r", indirect JIlct!".od of 
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i ~V rell'.'" rks 1 n the Smyth Teport (6 39) 
W d - .. r r.c th:ont1cnl Gtud1es of 

, .••. l',v, Qr}anl'.dre T. 5eTo(,T !'.nd Taller i dl 
""" nested that tha en"rgy rcleuo in 

~ fsst !:~utron cr .... ln r .:! ... ctlol'. could bo Illttil 
e gre!!.ter than tl-Jlt eatie.ated In 

t~C tHrd report of the !l,..tion.:.l .\cadt:ty. It 'oIas indicated th-re (Sqth 

1',99)) thP.t bctl<'o.::n 1 "nd 5 percent of tho fi 1 ss on e:\p r CY should be 1'olo',",od 

~t 'l fissiofl axploslon . 

A w"'.r dop"rtlllp:'l t T .; 1('1\8C sta ted tr.At Il typic'!.l fiSsion rxplosion 

eo~t>\Il\~d tM ;?x~lot!-b.·~ f' qu1vn lrnt of "bout 20 , 000 tons of '1'.\:.'1'. 

Hul on of g pounds of u235 w111 pt'oduCQ thh B.tlOU.llt of an~rgy . 
'''' 

If tho 

C~'11!! reaction has II.n e fficioncy of between 10 Md 30 percent the totlll 

tl>I6S of UZ35 110s b otwocn 24 and eo pounds. It thus appO'lrB that tub-

stl!J\t1"-lly mora tMn tho cr1 t lcnl ,ul:ount ef m t eri'!.l "1'\6 used in those 

uploslons . 

If the U235 16 not pure, tho critical ndlus w111 bs somevhM 1- 1',01' 

it. virtue of tho decr.;lI.s<.i in Y. fOT two T"8son8 : the fission cr OI& seoticm 

rOT u2;;8 1& about one firth thAt of U235 , and neutron absorption 101111 Ule up 

&Cl!l~ of tho n"utrona. In fF\et. PUT'" uT'!.niuc l!Iet"ll 101111 !lot pTO<'l.UC';' "Cballl 

)j The diffusion caenla1ollt. 
rV'lction, v'n fOT """\ ir.rtnito &Phtre~.c;yth (12.10 . 

i nCr .. " III U-
t , will v~r:, litt1 with conc,;ntr'\t lon . 1hJ p,'reenua.ge ri"" 

rcentlfl.ge conaen1:rAt;lOll d 
c1'tt i tJ'll r"dlus 1s pro'b<tbly ".'tout half the p.; 

h , ,, H on of Pu?39 ".. 'fiM .... 
ir. the U235 . In th" Sl'r::e lII"n1'.or, t e sOP'" -.ul 

leal .1.8 tor h 
rtt' t.,. I" .,ti!n-"to of t te e1'11: ",,-en to compl tl m. 

fl and. rf II" loP 
b<:I .... ~ >:xccpt to tndlc"to tbl>t the v'\luo 0 • __ --.t. 

u !dlU t. ---­
"lttU_ 1.T~eT th".'l 1'01' ,,?15 <tnd henCO t he oritic. 

..y 4110 be • lU,lA 
_11 t'. The on"r.o:;( Te1e".811 prT fisl10r. 

.t .. tbe .1ectrost"tl0 forc.;>" ",1" ) i nc r " .. 4. 



~.".,t~MI olonsl ty to Inc:r"""!) by ... f ... ctor fJ ;; 2. ?l!> Is 

, , 
K -

, ; 

",,2 
o 

,2 

~ R (C<:1) 

11.10 

(U .12) 

"C (11 . 12) 

Ii:.ce 1 f or 1 L~': n~"Ilt:rons in U235 , K 1G of the order of :3 x 10
9 &~C-l. 

11 . .. Production of Controllad lleutron Pulses 

For CJ::pori!!\Cnte.l purposes, If e. l ... rge controlled pulu of nButroM 

it 4.n:r~d. it e ... n be obt.d.ncd by eo::::blnlr.g sevor~l Pru'ts, each of which 1& 

Ul'll~r th>u! the critlopl 81:te , and disl\lISor::blinc thcCI in II. tico col'lP"l r "UO 

"ith the time for the neutron d<onsity to double . 

As thp neutron density builds up it ,/111 develop It. prnsuro tendtn&" 

to 'HOI< the r:-.at rl~l I'p",rt . This pr .. EOUrO ... t the ~urf"co of t"" qlho>rD MI 

t .. o "rlnc!. .. ~l contrlbutio~.s. the g>\meOl I"'di"tion ,,1'.01 thlO nlOutron& . the 

,...~ of the bet" r"Y' pnd Oulon prod'.1cts 1& so stort th",t twir ldneUa 

l:erl'Y h ooon sh~red w1th other nuclai ~nd tho en ro'· i& propa,cat'd.' 

... &lr.ock _ve at .I!. v locit), small in 



1ho pr<>8DUJ'6 Is arudely gl von by 
1 . 11 

P"'i 
,,!:tII'lI::: Ii th~ no:!utron on· rr;y . Thh pll'lccs an unner 

.. .. Ildt On the pra88\4r~, 

sI,.co t he :..utranl ere not r .. fl,.eted "t the bOllndary >18 In " 0;"8 bu.t trav.,l 

c~yen1 CCl into the ta::por bofore u.."'d.crg-ol~ a collision. 

Let ue IUppOSO th"t tile t,o.mper "Ul "lthet>lnd a pressure .. "ye 

~f s~crt d-~r .. tlon of 10
4 

... t!:".o.ph(!Or~s. Then "0 can tolal'l'\te I'l neutron 

4c~dt:' of 10
16 

per e=3, It tho or1l:-:1ns1 neutrOn <wnsity "ere ot tho ordor 

of 1 per Crlo;;, the density "o·lld hAve to increl'lae by II factor of e37 In or1"r 

to re .. eh" d"llslty of 10
16 

p"r c::.3 • Th~ totd tll:c rOO.'-'lr9d I, 

T" 

~"i if !te h of thf' order of 1000, th'" till:e boeomes .. bout 5 y. 10-5 uc , 
O R 

If controll-3d r.O\4tron pulses ,'\re to be produced , .. meeh",nlca1 motion of 

~ !I IOUs t be aChieved "I thin thh tiee or til ru!.cting e'l.t.;ri"l oO'lld 

f.o t be dl.s'l88olllbl.,d b~forD II.n e;l[[,10810n took pl~co. For",- r"dhs af 5 C:l 

t! yd aci!y of ths movlnr: parts !:IUBt be the orier af 100 cr:;/sec If the 

el'iUc", l l"'I"-ba is tlXceedcd by O. lf" ~hc velocity ra,plred of the caving 

?l1't& ",r1.;s l~v,l'S~l.y "8 tIl<. sq.'JAru af th< fr"ctlo!' by "hieh t!-.., crltlc!\l 

fII d1 u h mo;c ... cded . 

1 1 !;e~Mr,tlll.:l "lth p .. rts mavi~ol' n nr t' sp~ed of sound ~ r f Ildbl u, 

llt11\ tor; p'll.,.s or 1& v'1'''_lll'ic.roa~cor_d .. d'l-.-"tio:!. ~_"d ... it>: Qn Ir.t~~s;ty at lr 
",-pre .. _r pa it l' • 

of -l!'tJ.y aC t~ 

CY r crltlc"l II not .. ttr.ctiv ... . 

... I'OWI'1\ ~nllll'\to aC ~11 " r,,1\atlon p r .. u r~ c .. r. bs ... ole by 
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I~" t ..... t '" on' I'IIV "~"''1'' r"y 10 glvQn off for every n~utro" , Tho 

of the n~utron ot tl'l< • ..me 

r~'- ,0 th Ir contribut l ·1) to the prc Uure is f o B~cond>lry l!!!port"nce, 

fl" .... -. I'"dll\tlon , t-OWC /f' I', r e"ch .. . thy ""!!!pllr Il"t~Ti~l ti rst .0 it ::v 
~ c! \r;port"neo Ir . .... dol t .... lled c'!.leull1.tlon. 

I n t he jhc\'iJt1on, In tht. clulpter it la ",..u= ... d thP.t tl': .l1tI'O'" 

:dthl1 \:lIlVUlt" .Goudy durir,p; " flnlon, It h also posalble to con_ 

I'r,~t "'Ie b llu which 11.1'<) ovorcrit lc"l for d,layci ncutrO:l1l but un~r­

erl\lc ~l f or f .... ll t n.:ut 1'ona , Hence the tl_ cOMt'!.nt if> con&i.der'\bl,y longer. 

S~"~.1 n::: . 46) iJ JacribeG exp" rilllentil or thla ncr~l type ... hieh wer/) p.r-

f ~ ;i ~t Los 41 ... moa . 

11 ,5 PrO(\u.l,t1on of Singlo Pulso. with ~;II.XI= ;'umber of \le rons 

It the II\l\t':l'1'\l la OVl r eritieAl "nd Is :lot t~_tfnt1"!1.'\lly ;l11-

_ .. bIll, t he r ~ .. etlon ... Ul oonti:1.Uc until tho. ltI>tori~l 111 consu:: d, the 

to ,11 II, tt- ra h -rob~bh' lItU "pol~o"bg« ~:: t':0 !Intel'! 

.Ine til 11' 1II0et 11k,l), ra_etlon with f,,~t neutrons \1 le~n~rlq; 

!' t ..... -: ,\':10-:-;"\0:1 . t , t" el'ltle~l ""tus ...... 11 b .~ acee.1ed by I\rI 

t Il "1\1 "0 f'lrtr. "'8'.1'111 tn t th l' 1I!l0 c~tlon of thO "'~ rllll 

"'O:1e nt.,. .. t10:t of 

th t.t tic 

'12:::; 1\10.11 3. cr, $ ,1 ~" rOGdIl1 ... lce 

r .... "r t fl.don pJ'04!1CU Yl11 

r~ ,ro 000 tO~1 of ';"'T il of t 

e{ t or.mr of 102: ,utror. P r c'!J
3

• 

tro" cal In w!lich t 'w "" I""~ ,'rr' ot 'h 



" ... bout 10
10 

'l.tmoe,h(>relil. cCI !(ev':'I\Yve 
n . 13 

In " gun llII.rr~ l a preuur~ of 
• h res h conaldl" rod to be a ltl!llt r 

10 ,dcosp e 0 proUUl'f' without d~ll'age. 
',f , .... SIIur~1I of " billion II\ t nOsphc1'Os II.TO to be de cl • 

'v v ope , 8xtt'olllCly .hort 

:1:eS (or build!n up tho neutron density aro rOl:!.ul.rcd In ordor tMt Inert I" 

"r. be used to effectively hol d. the lII>\terll\l together, 
The tiDe requl red 

fro:! 10
4 

to 1010 Iltcosph.cru 1a 1.1 x 

10-8 Re . 10" 

fer the nnutron pr cllluro to build up 

10-9 E£ x (2. 3 loe 106) 

0 ' 
Or about 2 x 

t~a order of :IIIgJll tudos 

aR~oa-' To ~t II.n Idea of 

Involved l et ue 8SSllm3 tMt tho hoper Is 4, 0111 

thiCk and cooposod of a donie mater i i\l. The ti!110 rOQ.uir(ld to "OIDve it 

throUGh a dis t ance fj R I1l1.do r tho i nfluenco of a st,'\tic pressure P 18 

APJlToxj lIll\toly 

.t '" /ay~ f 

"h,'r6 P Is the donsity of the to<Imper. 

(" leuhtcd for u?:J5) FOr n prcsllure of " bi llion ... t· .. osph£r~s 

, r.-;, mhu. ,. f ''' :_ timll for tho n,'utron this t1~e is approxlm'\te-ly 10- V 6 !t.. ."-

d"~s1t;V to build Up is to be lOllS tr.R.n ttvlt r~qulrcd to ovoralmll in~rti"l 

fore",!, 

10-7 ~ 10-7 .JiB. 
"'R 1- "h,- .,_.". 'M critic .. l rdi'J1 W" is apprOXi_ t ly 1 OlD. .... • 

uceod"d by __ •• tr.ere"Bcd from 16 to 29 Ih. 
~. and thUG tha tot~1 -

ll.~ A. sa~mbly of Rcp.ctlnr 111\terial 

Alex Wellerstein
Note
All material after this point was censored in the published version of the book.



11.14 
t' ro'l The! tillle roo.ulrod for tho noutro d 

,411 1 ) • n @ntity to bern .. fr!!Q 

3 t 1016 t em::' , • 
1 noutron CI!I 0 nl'U rona t by th" "'ppl1catio, 

t': I of 'C!.UAti on 

10-' tlllC ActuAlly "IB clln tol t n.l~, a J: ' oJr" tl 8 tiCd of "''',mbly 10::le-

nat l./Irr.H thM th1& for in th;:: B"rly .t"~tli "'hen R is tI::I&ll, t he neutron 

"talty bllU!1s up iliON slowly. As S~th (12 . 20) $\u;gest!l there DN/ be 10lilB 

,.f!\.~t"\(t 1n lntroduein£; SOl:)O rl8.teriA1 whiCh will ",bsorb neutrOnl durl1\8 

1M .~rl.y styli of ASlC::ibly but .... hlch will be eonSUJ:led by th~ title th, 

~rltlt"l rrllU& MS bClln exceeded by the lIlI'IXilllWll amo'.lf\t , In Il1I,.V 81'~nt 

~' .~~'lt~ t'l ... t th J:!...".Xl= lor.i'"th of tiDe ",llo'lod for over critic-I " .. .:cblt 

tt ~<l .,..d.~ of the ordor of t.'n 1:!1crolecor:ds. To DOV;; ... d1st~c~ of 1 c::/ 

\'. t~h tic:o .. 111 t"Cr-uir" ,<\ vl'locH)' of 105 
c:l p"r !!'cod. lU!i thh h ~bO',:t 

-l'.(>r(l 1& -.not her prbclple by which the buildi::g up of the Mutren 

L-a1t1 :hrl~· "u,,-bly C'\n be d ·1A.~·cd. Th$ r:o;lutron d.::::.sity C"UI 'be kept 

=:!i l~r th .. n t !U; 1cHi ... 1 ...... 1"1 o( 1 ::.eut-:-or./cc:S wl-.lcb. ....... "'SII~.:S in 

~ vlO".! p"'NlP:T""Iph, :!:l ll-H ill 'IIt b ces:.:.lc ~'s vhi~b conuit'utit 

l~ 1 e~ th t"QlI\.l r. \ltrer. ~r 0:.02 P r ~\lcond or ... .!Q::.sity ef 1" 1"-:; 
2 < 

"'-ItfQ!I' pet' c:::3. Let '-'$ ir.tro;iuc:e sellIOI Eo:: ecv .. ,. .. d ~y " tUn 00-- .:=) 

t' ot .C~ m.-.t,'rl~..l ..... !.o:.h "'ill shiol.! it (ror. th .. lp~.l'I p"rtld • bel.!l( 

tt.itto.\ ~~. tho ,.,.<'35. '::-t,,:\ wh(.r. th" er1tl..:"l 5111.' iG ~CII~JII.s. by r.e ... rlt 

pl,e •• tI'I.· 

.ii~ctl e pr.i t!ul _"traa­

i. r .... ~l1gn· --
1)( oml:" !.t $?1! r t~' 

... -



11.15 
~f ~or r. utTOr. anleld I\ro not pttr!\c tlvQ i!\$'IIQJ.Ch "9 

na tl~t 1'1001& MV1n& 

•lt~. I',' l"r", crollS lIoction for t"lt r.'u trona !'or':! -V"\il 
'l.bl t , "!ld B "co' n. 

ti~ II reo.ulr·'d for :!loving I'n objt'ct inltb.lly "t r t ' 
f ea thro~h ... fb.cd 

~lst.~~8 .. J"{l c:\lch l<.r~r tMn tMt l"cq'lir'Jel 
fOr <"In ob.iect "Met. ho, 

" l "'rgc 
locity A n~utron shi eld. CI\Yl be 

T"')JItiVO '/0 • COBt e",stly C(;nstructed from 

• ,"ot,>r,,,1 of 10'" 'ltot:lic nUl:lbcr which will quickl" :!u 
~ ro co the er.er'P- of the 

ne'JttOl'l8 1:'1 t~.;: ol"atic collisions ~r.d r.enoe decre".sc tJ-.etr l\billty to pro­

duce fission or rendor th Cl e",II11y C"ptured by ~n "dd.ed. l::;p-Jrlty , 

:'horo is It third !;'.ctho~ of bringing the syste:: into tila over­

cr:tlc .... l co:;d1tion 1:'1 whICh the t<t.":lp~r Pond U235 cor" of fixed M.DS ... ro 

co:::prcss.,d so .... s to i:'lcrl3~so its donsity. We will show tMt tho critlc .... l 

~ i1u.~ decr),,-scs =ch :nor!) r .... ;Jil;!.ly tAAn tho,; F\etuF\l rpdius so that such .... 

cO::;'rilssiO!l , BtQrting loll th >\ lu!:lp thl't ts sli.,,:htly unier critic ... l size , 

C,- O'lsUy r",Flch the critic"l cc,ndition. ':'his is illustr~tod. In ri<>: . 11.2. 

:hJ crltic~l r~.diu6 ,.· .. ri 8 with tho der.sity of tn U235 liS 

Rc"~ 
Cu 

_,_ 
I-' , 

-or" pb··r. r"S8 t"> 1""'1;;1i'.18 ,·s t10nsity i8 R ........ if. :hU5, st"rtir.( .. t the 

o ':t .\ "'C tr'l"." 1 .... long th ;;lott"d eom:ot"i.>sslon cur/l< QS eocpr ,don bund, 

'm , 't tha polr.t ':: tho critic"-l st .. te Mil bf' !! rc"c>ted . 
In order '0 obo-

t~h "hr~ r·lt"lHI of n~.ltron8 or r..r Y it "Io<lld "to.-
,I ,,'Ible to co t1zLae 

co· )rcssion to R poir.t 1Iuch .. s C ... h,'r 

C oki. b'l at",.lf1c'lnt Rl:'!OW'.t . 

c1' >\lIlnr. th d ncity of t"J"lP r "dll iter "II 1n 
n , 

OIIfr'IlC Q f b, shOWn frol q'l"tlon U.ll. rurth r!!ION t 

., 
P'Lt!\ l!llpl1 '~ill , t , th'l~ n ." lltrone 

tt 
~d t I' inel"Ollsll th !lfnd ney oC " 

.u:pIO.t.oa. 



!Iw _tori ... l ell:: b.., brav.r,ht into til.: OYer erltic~l 
tond.hlol1 by 

11. 16 

•·~I 01 ,. sptklricI\Uy sYt:lllll:trlc i!:lplosion boJ.t th . 
... ' • a pr"chc~bllity d~P-l."b 

O~ ,,!\ether $Uiftcie!'.tly ~.ie:h pr';;8Suro~ c-.r. bo d'Nclop~d r'\pidly ~r.ou.,o:): 

(l0""5 .~e) to overco:Je tho ehouc fCl'C0$ "nd 1:l,'J1"Uf\ of the core ~nd t...,_ 
prr. A. prY8Bur~ of the order of 106 'It::'o6ph(>r n. it ~o'llred . 

::'lIis II 

·b01lt t .. o l':'.Uldrcd tio:,'8 U:e preu'.l!'e deve l OPed In t he cocbstio:l ot "10... 

:'h beck t o discuss theae ordn'lr.ce proble",s In IIlClrc dehil, Thd problem 

.r da""loplnr. .. sph,ric'lUy IlY4J:"·etrlc 100010510n Ir. I:\n extro::l(lly short tioo 

It. forrihbl o::i:t. If durlnii' tho l=Jlloslon th, coro of t!-..a ...... ~::.bly la 

11stcrt rd ~c r ' ~ch fro;:! " aph re t1'..~ ~fflcler.c:; of th" r~ ... ctior.1 "ill bo 

r.i\lced ~ · 1" solf I<:Jst .... lr.ln£ rOllctlon r:l.ght not v~n "ecur . It -I,~ht b., 

,~, "'sr..z"'t ~lc ... l l:::ploBlon, 

If the el'lst1e for~08 I'Iriatng in t~ co~ Nutar. ~~ l~r.;.J th 1 

OJ! be ru:h>~od. sc!:".~"'!J.o>t by pattin!,> .... nol" .... t t !ul ccnt~r of t!:~ cor~ which 

~~!I~. 'iUd rs th" 1 10610r i~v lops, SuCh,. hel 1<111 ,.150 bl .. U.ct­

~T' 't ro~cin" tJ:e rQt, t .. hic!! tt.e n.ut r on d natty bJilds "!' dud!\( $h.:: 

" 

crlUc .. l 1"'dtul dO\lbl I 

It"'" fft.:lInCT of $b 

N ........ , 



11.1"1 

11.7 eMic" of TAlilper !,"t..ri"l 

'Ih8 eoat. it:lport"\nt. cMr<lct.:lrhtiC , 
o thO) tll.""llor ta th .. t H 

h"vt! the' hl"hI;St. possib1~ dansHy . Tho tr..:.rtlpl effect. 11 itl~ort"nt in 

co~,t.l~lM th(' 0ltp1osion. As th.o f ... st n"utron sC'l.tt~r1ng crOil Ikctiona 

of "1"\t. rl.\1a of 1prgo rt.or:.lc n\ll.lber 111 "boot th~ aN:! . th, T.\c,\n rr~o .,,,th 

.. ill bo s:1"'ll.:St. In tho !I'.'lt"d . .,l of hL~hLst d1lnsit}, . WI! '1', c"n t.h~~ 

\'., \.",,, ,no'" n" " '" ,h"k '" "' 'n""" ,ff"" .,ll 'n""" 
It, ""',,,'" ,r n-k'M -n ,ff"""' ,,,,,,,,,,, ",,, .. ," ".,0 ,,~ 
,p" "" , Ih .,,' 11k ty ,,,,,"" n"""'" 'pW' " " "U " , .. """,. 




