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!%» following 1* • list of

released a* fission. Bbitoutfdly this
n m m r ,  m  are may totorastod la It*

1* Th*
maantUy la not ft 
**•*'•f» laiaa. This vat** la clearly gr**t*r th*® 1, Other*!** 
m  m  I W U  ***9 It scold Ih» ir.possibis

* t*a&. According to ths 
1 «ad 5, 9* shall 
■fspaar at one*, bat 

2. Th* cr©«** section far 
©* aa*itrao la a flssloaafela nucleus, such as 
aaetiaa, which ** shall denote by th* ijaitml 
tha energy of th* neutrons wfeidh 

Th*

or This
, Is « fanatic* of

• J *
dafinite

a
1. Cross •actions
5.

fwatrea la colliding with a 
la order to keep mar Id**. 

erem* section for absorption la tha resonance ration, by whioh a* will only 
tha arose section of absorption evaluated la a oartats 
ahowa th* energy at thermal equilibria*. It will be dene tod ^ .

t us .
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Ttm iafttsinr titls of this saciisn ii ooroly * 
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rslsssad by fission «aM out la
la tqullibritsi until tbiir dssth sithar by eapturs to 

another fission or by eaptura in aofs-flasioosbla auoloi.
•a shall no» dafiaa utilisation, f| this is th* fraction of all
eopturad sftdali ara oo§Mw i In fiaoiavmhla tmoloi. It is alsor that 
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Our f i r s t

m.

Yrum 'ir*** * c  #eJ w
# .»iwr. hy fr-neula (4)» is  w t  to* t e l  «  lone u  j <* < f

i t i«

theory u  i®*

1.

of i te  f tU ir tm  f**t#i

I*  Ha* fles ion

2 , Met a l l  of Hi* aowtree* ***<yiat*4 with the ffawftan pro****
«

ar* released trwed la te ly  wpon fiee io n .

3. I* order te  eo rta ln  a l l  of th* neetroa* la  mw te a  m  hue* 

bows forced t*  p i lo t  I t  with an Ideal nuclear paint which re fle c t#  

a l l  neutron*. Unfortunately there 1* no each p a in t.

*% sh a ll now peaewalia* our uodel through nc **•• !▼* steps a* as t#  

bring i t  1st* h o tte r  accord with thaw* fac te . F ir s t  we eh a ll oooeider Has e f fe c t  

of the delayed neutron* then we eha ll consider the e ffe c ts  Introduced hy a llow laf 

the  energy of flee lon  neutrons to  ta la  i t s  proper  value* sad f in a lly  we sh a ll

the neutron m iss io n  fa r  eone tin e  th e re a f te r  we find th a t se a t *f the

ecrtiAwe to  d M  up for e long tlo o

a frnmtim o f tlws Into a eua
■ —r«iif|apr;e»Tr..n r -

a g r a f e
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rermdA  ( J j  o i l l l  giov* Um n i t  «f f t  **10*. I m w , only ( I  . 4  ) 

o f mil %hm Matron* protoocod par ft*«4*a appaar la  a w  fca* f f r r t lv ta ly  Th**o 

Vi to l l  th* provf*i Matron* t fcfcoro a w  a*v /* *"/£) %km par «4)*crpttoii

ixwtaad y f  m  m » Wm m m  la  m » prm U m  *odal. Tha a t f c a r / f  mrriwm grad-

Mid* fron tb* ordinary fra* Boatror**, «a a****™ fta i *  nartala aabbar o f tr tin t  

aaa^rov* ia  tha p lU . I f  a* attavpt t* roorit* ( f j # *• * m  t o *  te tab* iat*  

Ida rat Ion not only tha for**** la  fr a g *  m t r a *  by tb* faotar (1  - 4 ) bat 

tb* rot* at which l i t o s t  Matron* or* tranafervai into fr*a Matron*, 

rat* la gl*** fey

t * («
* a r *  •  la  tb* <S*n*lty * f l*t*e% M atron*. (®) *** oasUjr b* ra r if lo d  by M ttlE* 

«P tb* aqooUoe for tb* docay of la  to u t noutron* *ft«r a *ingl* fl*« ioa.
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i s  ear lafneued r* m i t .  Jeer ft# the

#f the M p M lM ifli e f the m m m m  e . 3e therefore lock 

• f N t i m  slst-ah a i l !  do* as* in* «, fha  sa te  «f s re e tie r  o f

(fa )

* * [ n %  ♦ <rt N < J v ^ / s

He I M  at # 1 1  H ip  tar* I M  free aaatffu* U  ffeaa Ip {$) Cy>igwwtly

kl *5 t 0  C

n « * ( » )

'Ip, «**i «Hjf preblet Is te  SOlOS # »  

tqsttne th# aaraeral aaletiaa 1st US Ml 
• It ê -dlnr the tse soastfans ee <f iic^Ttr

that

n  +  C *  C i n i f a n t ( 10)

ip  ev b stlta ttn *  f »  e tit ( is )  i t  Is  possible to  deteralns the w i » t i «  e f  6.

Im «xpcet«4 9 t  Kb* answers, of  which there a r t  two, i t  th a t ■ I t  •  constant

Tht question a r is e s , 'Itrnt I t  the signifleam se of the e ther sn are r4* I t  order to %
tot the alip itfioanee, lo t  us consider what htppam in  our be* when m  a t t r t  i t  

o ff  fcy 1j^  ac ting  the f i r s t  batch o f froo reutrons. At th is  aoeeat thart a r t  no 

la te n t oeiitroaa, but la ten t neutrons are created a t  the free neutrons are 

absorbed. S ires the t c t a l  ausher of la te n t and froe neutrons renaiJis constant, 

the mother of free aautvoap aust decrease a t  the further of la te n t 

Eventually, as Is shown bp the existence of the in fin ite  period associated with 

a equals constant, an equillteriwa division between a and a w ill be obtained (ass 

exactly such an e q u ilib r ia  is  apnreeehed exponentially as tla e  goes oo).

Ve M i l  now look s i  sons of the fertures of the general solution of

(5a) and (5b ). As a resu lt of

WPS*

►, as asp aspect the tiaa
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■st m s* , fter s a m p ts , th a t th s r*  t r »  Be mmHatmm p ram M  in  m 

m% %$mm mr©  bu t t>*-t fo r  am * s w i m  * staflSto f l a t  fan tisaa takas p la e a , 

m is t ' t e  f i " j  t&» f* :itm  a f  tlw  ttsastfm  <i*m it a s ,  mm ear s t a r t

w i i t a g  t i n  p« K |m &str « f sipM tlora {15) fo r  th is  ca se . Thay ar*

( 15)
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•f twv# >#t ĉrk«I f * * (l'») «nr1 Ci&) fo r th# -fee# *  / .

It !# *l#o ###y to writ* 4mm tk* mmwwm i f  / S  ~  0 or i f  m 0

/ 3 * & f<9 haw#

*7
i f  zL

few Per

X
-JL

«, *

n t - 0

f-  ‘ ~ -f-
V

Pfp-/ > ̂  ^

■21
®*w»# r* # e lt#  *r# #trm ight forw ard , th # ir  •lg » m « # fto *  i#  o tv ie ti t .  

■©f# iujorfciMit r#*m lt «an to# fotmd \r inuring *to*i haprwn#

»f ft-/#)-/ >7 %-
, .  .....

(19)

( 2©)

A fa r



If? %bm%

t
t ,

f f f  { /  - / $ )  - / 4

U in)

Tfwm ($1; I t  fellcffv  ti«si a fter  * atiert tit*# the Matron d en * iif  an,’ the

asset b+ m p U & f riatA g. lift#* >̂ /  2  ̂ ii HMlU| astro®aiy  aaal}, 

** *fc a id  a ttarp i w  tart 14 reftHtara i t  *M#fc wm cm he m m  f i a t  a t a l l  t lu e s

/ /  -/S/ ( 22)

.t,-ac-'kiir»̂  hm% or, the » s ta r  ’©1 ©r delayed nartrons rrasaiitad la  me

enrXS^t le a t* # * , we m** th a t  £  55£ , 0 J ^

Can**, v e r i ly  *« fin d  th a t i t  ij» wic® to  keep ^  T <L. /  0 ^  (22a)

°® « ^ * r  h*H f in a pnaetletA reacting eyataa ws m r.t to  ©aka yt t  > /

»t a©»« t l ia a  in ©rr!ar to fe t  c -t neutron da.-sity t© r i i*  to  th« loval ©f atar, 

orwratlaiaa. "a ara t'-erof • re ln ta r a r ta l  in flw Jlrg  tha value* of ^

•htn

i i
j

n t (t -/?) - / <
(23)

a id  £ o f - .•ro y a lty ) < <  / .

Far awe*pl«, 1st u i i  #t»t§ tfcat

I f t 0  - /I Z  I ^ - >1

( I V )  m  find a# a g  od e m r e x im t loo for the periods
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t r m  ( H )  i -4 (25) i t  fol lew* tha t the period* ar* safe; that I t  te  Mgr, n* rising 

ported for -h* rese t loo is  p ew ltted  which ia  fa s te r than T |

f caajensliy  throughout those lecture* i t  e i l l  be interesting te  discos* 

net aaraiy the problem of deeigniag a chain reacting unit fro© a known eat of 

nuclear eet atant* but also  a orchis*, which in sane sens# ia  the tuawrae prcfelsa,

th a t of deterairing  am# of the nuclear constants free the behavior of a reacting 

u n it or from an independent experiment. The quantity  Jpf -7  can hardly ha 

sailed  a nuclear constant hut ia  o*ir procedure ac far ae Kara derived i t  free 

kroon nuclear p roperties. Let us now aaauaa tha t va have core trea ted  a reacting 

un it on the basis of a:?proxlaate waluaa of tha relevant mielesr oor.atanta and eat 

out te dateraina ^  ^  froa tha behavior of ©or re st lo r.

I t  Is easy to rracr*  fortmls (13*5 into

0 t, > r. (13a)

This fcrania is  p a rticu la rly  uaeful sires, as ea jos% showed the safe rising parted* 

for a reactor are su ff ic ie n tly  long th a t tha f i r s t  taw  on tha right mbs ha 

neglaetad b; coape riser, with tha second. For reaeone which ea shall com te  ia  

a la te r  section tlia sure thing can often he said for safe falling  period* In say 

case for a practical reactor wa should ha able te  pet ourselves in th is a tt ention.

I t  ther is  possible to w rite

diL ( l * 1)

;

I
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I

i
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t f  eonroe, (13a) ear be *©lved o x p lie lt ly  for ^  f bmt when * lea f  

period i» owploywd (l? a f ) is  quite adequate. Here 

the cone idler* lion e f f in ite  e lse  by rubbing o ff 

solution for >ft  U  no longer aaintaired while the 

ralld .

of ( I V )  U  e t lU
I

VII* Xtf a — M! Down e f  Snutnms i 4*

S a rlle r  we prcrleed to bring our crudn nodal Into better aeoord with
m

r e a l i ty  by  allowing the f ie e te a  neutrene to  be released e t their rightful 

(till*  er«rgy 1* of the order of e atljJLon electron wolte.) In order to  perform
• I

« rec^er.rry analysis ©f the new situ a tio n  i t  *111 be necessary to lntrodoeo earn 

more of t»o fundamental nuclear properties fro* our l i s t  of Section X. 

proceed In two elope: f i r s t ,  mumming th a t there ie no resonance abeorbei

prwem t, and la  tea*, Introducing mod I f  te a t lone which 

'•met be ^na tde red . ***#»*?■ *
I f  i t  were true  th a t both and were proportional to lyw

th/'oegbeut the whole energy epeetrum, changing the energy of tlte 

In f t  eel on would la w  no e ffec t whatsoever on «nr enalywie. However, I f  i t  

true th e t £^.C»wddenly dropped to wire abewe a certain c r it ic a l weloclty »#t 

the Uwe 'taken by the net.iron* to  flow dove from the weloclty at which they a 

emitted la fl#eion to the c r i t ic a l  velocity am t be added la  N e t  way to the 

efcaMMherlahf* tin e  which they l ir e  before ihe e rp tteo la  the iA  region, le t  

ia e e e tlr^ te  the mwrer la  which th&e slmefyig dc**a time should be edded V  the 

ceea l i f e  age! s e t  * U e m  1* rapture by returning to  e model la  which we f

tr ib e t lo e  o f ertaring the 1/w



- 15r K(si J e
(26)

If m  Gafina q(t) tho mmhmr of nontreno tlswitf* into tho l/* rtfian par unit 
tine tat unit volant, m  mn writ# for q(t}

yltj *  ^f v{'<r̂Hc +> Nf) (  ̂(t*)K(t -t'klt' (27)

vhilo tba analog of aquatic.* (3) betwnto
<P/7-'i* 2>i ($•)

Combining tho so too aquations, «* bfeitia

/" n(t )  K ( f t ' ) * * ' -
f it 2* (5»')£,

Fret our previous axperisaoa v« are ltd to snob t volution of (5o*) of tht fort

/) » n C#
•rd In tun to obtain t ntv characteristic equation

if. fT 4 /• ^K (&)j 6) --j4- =»C fS (” / m W  *§* **%*■ (2d)

Thin aquation nay be solved ardor mriottf assumptions as ta tha fort if I(t) 
For tMflv, if K (&) m ^  (&

a# obtain

Vera generally at

£ *./r (»«)
mjLm
T

0/r
O-jz +£ V „ .^{rtsM <26k)r ' 1

for til value* of t sufficiently largo that F(t) 
It t practical ant tinot all

Tbit
la t



s

a fta r  th a tr  mtmmm 1® iha ftooflon 
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pwM^to  I® Wife# an aonsrot# afprcndaatia» fo r t  bjr av^aU toting y f  & ♦  

fa® ^  , In fatw ali C i).

* •  boro boor, c U H I r f  that & 1# Mil, fo r n a p U ,  oanporod to  Z^ . 
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?fe* lao of ocottwrln* w ill bo th a t tho # o a tta r ta f  I# I p ©ironic In tho 

of f m r l ty  ^ r i tw  o f o«*tro« %nS non to**. ~hon tM # I# ♦># w m , tba aoutrono
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07  u  i  

Uw r jl«a

* f thlft

. SSftei

ft im  m * v  ft## < 

or. :n*» thl*

and obtain f»r ^ / / #
ft*

T
la  th is  formula ft

(* • ')

J  <r>*,

• c —  ̂ w  rftftXlfttleftlly shaft «r» |#  s* 

ftftluft af thft ftttloelty for afttitroa# la thoraal «$%*ill*rta 

ftfttftriftlft which do tb» Mijor part o f tfca slaving daan In 

^  1ft cr«ftt<r than lift ralttft for oarfeaa, wtiil* for ftftffeaa ft

(S i)

th a t lft thor.f  ta .15*. * / ? .

J .  < ^ * * ,
Z  ~  J T j J

♦Ion* found In praattoal roasting ftpstaaft, fto f l rd  that * . < ,  I

ftt —ftljf ftftM ai. In  IfeMi va aftgr 91  haste to aftiof Z7
v

In tfc* f g m l M  for t f»  U a s  ftwi*%ia*i o f  onftaaa

m  th« r M li t t i c
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*• *t**”t j  mm mimk efmlm m% H!<*mr *: *r*y rmn&mm f a  mm tm  •  f a « r W

* * * ^ »  ®f  »U *i' ' *MR tU  nr*»Het«l % <w etl«O^U«B. 7 W »  U  mm

;. ®**» •  • » *  ***•* oolooloMor -wot bo i»tf«2#oi

| * r, v«,t n »  r t w i i ,  tbot « u  M i l  ooapNPoi to  %  , f* ooirtoi©o*.
I

% aHmOd *1*« m j  a m i  about tM w l l i l l y  ©f f « M l i  0 4 ) .  Oor 

■rpwiata ta ia H fU r  thi« fbroula m o  phmmlhlm mMm* tfco© r**mrm». For 

«**f'l** t*  tn f ta i to  ©©•** a srnr^p ©f mrm^Lm Tmmtomr tfcar tHa piaaTtiU

•M g y  lM f of a iwotr©* m  m rm m lt o f a 0&*£o eoU iolor^p #wold bo soro. 

Kooarar» *W «U  0 4 )  f*r©4t®4# as OppPOtlM# aorvlral. Ferial* (34) «o» bo

b f Hfcrtswo t r g w o r f  t© %• ©rrroei ©tm© C  %+* <  ^  Cs N f

#



In «p««ttp* •rtJif •  mmlmop Mta§* riOfttp* **«;p |p  a M i wmmmiwm

•mi t if l tM , ppHli*pi«-iy if t*P IpIwMbpIIiwp *r pmmmpwp thmu+mr #<

* w mmP *Jm% %m r m m m  7* ■*■ it m r  pmApUp* 7# ebail,

• ppppflrtft Awifwir iplftpit lip ruirmrirg f .

Is M&a Pitliwiil ** MiplMf' Mp*p pm ii«irwK»i a

«*§*» NpiisM st imi *̂ «mr prt %r pMmm tM. it «Mafe 

Mfepp ffpr*, m  Ifesl p̂IppMm *“kt - pef-sa

«*f it* ***** ife-Aii'% %• ppnppp pppps-p I** * %'!#►■" | mp prapp?

1§PPfc «# PpPMMriPf 7 Hi l‘«*l WHf ii a» !mIm%p ppi Pm it*

■»<prpt1«r pt pa m*my& *elcti *t !««*nr MM» **m fipwww MMPPfftftiM nf «4m

Pitirto.a *t# «P4«fc n* «m tttMMyfiiPi t# spmwp* j ——JSJt..—r 4 ̂ .
/  t

UMl: iJsnp* fPPtTPMMlig *M# «irten Up* 4*ppprPM«£p. ftfp%# #Np

3#  Mh  p p M tp r  tmMm ih#  %appl? * f  » « P tp r te #  a s tp r lp l  p i  « p p p i  mmmmmi ( H a  

Mm s * « * .  *Ipr «p  'top-ipto®* » • »  # f  Mm t e i % p  PMp* pPVMpt wm

mt'% %p PMPiarp pNt fp p w it U hi M ppHppHt* fiM  f* i§ #  p f  p t i w i ! « i  ip  MM f t l “P* 

•ai PpwwM MtpsrtPtw** £§*%* f  iMT Up PWgHt iftlljS Mjprtsj, «M§ Mm sp»~

tP'Mrŝ lpR *f rnPWPHP pfcpe*%pr tsferpipMai. A snap 4 *7i4 1 ŝ  **p«M&tpi «4 

■withe,,1 w i l l  Ip «Ipmi i»%Pr*

1% Ip i*HPPs% isfj t*  asMi M Pt p Ip p s  U p  f l lP i i i t t P P  « f  plppppp 

fPPMUMp Is SppI'Imi fH  Mm pppllpplpt .ppfMPMPP- rf IP

£**«** t« tfe« apMipttMi *f Mp Pippisg

p P H M M if .  T lp f prMp  %mmmw  %*p  raft
«

aaft « s i f  «n J %pft «1p* «R *sNa f7pn««?*^ ftf m tttm tm m , Is

ppalipti# Mm  MNpmM Mm  

In Opt

f

. v^:AS.a



Ms ***m*-T s? assist i r  • lia m i If,

i M g t M #  m m  S u M P t  ♦ *  m f '  ’  = *« •■ * f t a o iM i r i l *  —ft t S #  !&#'-"S'' ®  9- MfV  <&- -r^y  98®^ -WSSSiS^S S *-SK>. flHP- SK&'-sSii SSBPS SjRSPr '" 'w f

§

MHftsf Ml i t* Immi *ss Is* a*sts% %  sss sf £Mwl* C M) Ms f*S
S k is #  -aft *«S£si #  m tM  ^ « | »  an** at, #>- 4  «&#* .-*& A ^ k ^ fe riias. Jfc *  1  il ir r if  a * # ’' Mf i i« M # ''f '  s i r " *  " t  fir #aasfe*&

M R * m b  W i  R N r  l ^ p f l  i i l v  ? W O T

SSswr* s«*f waPMU I* ‘M* t* an Is «si*pi%«i r*r sifts*' sssiSarts* sMst—is

l - i£  f .  Jn S p a a }  mmm§&m

1« MNs is mmmm I ,  as taMNMssi sas* flu* M m  «f ssaip—St* Ms 

f i * * t  Wmrm% fs is s ls r m l  ts** s tas is** Hen. :ft«# $#**1 m m I  i i lsHMs is m

S *MsAmhi 1*1.1* >.#««I ”!,* %s# 41#«t . ftjsgi, §#*s*9ifti wMt—«<a

is  -*st#% i t  fc»J tarn ptsavsi* H  is ®psft*4N» 1* raMt*.*: M t  t&ssssl "«s*t«swi. 

ffta M *  I *  » swws *^ffc«r. f t  <^»sis»s n» #tssi*««W^t ssSsslaS

ssi ss *a*sasass ilssgftsr, %M MNywi— IS ssawrtly jmssmIIjii. ifta IMMt MiM «S 

in#ss I m s  taKf&sylap' is  srst*** mt A M  iMHE-**au f t  <Miiw;tiig' assails  ills  « s »

iM ftg f  flf *%£ **m» StStlS ftM  Mtt-*"1' as* t l»  asps S# tS» ssss tft«***llir

«spp*# |if f  «w lsf *

H f# wm^ hI  4* tfa» «ttm» H  yssstSM* i M  MMgftK* »

fPr i n *  !# i  4«9PMgpM§iMft ^  »<WBtliPtP> M M H S  M l  S M M S M S il Slass# l»  !%t

ft PUpShNI *1 MUm lSi*f%, k Mi# *avtw» mt m i l  m r t t m  met

t i  tisruit l» Ms siswisH %» is  4>̂ *  |)iHHSV’ll i t  «f $*

If *14# *? •  last «s sill piss* « s»Mw ss»itsi» stMss i # ««s sssi Is

-MS l*«t MfirtSMSi' Mr t̂ swaNWî t «f p «r î«ieifte (̂r.t Iftt m  M i •

-is«is 'iN«HiPs«, m « t l l  « « « •  t^» M l  « f tt«  ISssI rssssswss -tstM tar

«m !  # f V «  t t e l  Mssstl M s s ia s *  ilrs ft s U  i 1*  w ts w is  frss M s swwss Mss 

%mm IHrsssS His i f  rsflSB Is  s^MS Ms lessl rssssssss Sslss lsc Is  SSSSttftss

fSr ffeMb Ms m im m  W?



t* !•** ««f «» l9> tte te*# «wi «eti**tiMi of tte

1^H0:.I ?®»C'liSks5M5* *# pf^'PfcSrt t® <|C%) § ^Nl #F ^WS^PeWil

»»* *■«§* «*ftap» «•* nptft *l«# **%> tf* m m  pp||M(ki«ll^ «nMNS

•*** M  tetemr «*» »*tf *§t§ If ** tte pm lH*eW t» tea

*NMr*ltet Hw. <̂* r--n*«M»t %*a«%ter 4aft«*trr 'till, ©# rnmrmm, N* ,-~i*p* an 

frUiHimw: t*  t** ** *-H/ #f **#pt! «»utr*np 1* «Jw #*prterd fees

m  ##■ *•■*«£*£ tea* AMMPtfflt «♦*% «p aftlr* tear f t  t» tmatefetewt im p ,

•* *••••*** >* * *#r«6tl<te p*«**ra4 fcf *Js* Iw iteai 4*h*et^rm

**• * - * *•**•>-* *r %*» r f  *i* < w w »w  ir n *  m ,  m n *  i*  d «

ft?*- *&>*&%%m  wmm~mA am IV-^fma «f pMaittaa. I* n ln  t* f*% rM tf 

**■* «*«» **gWTj— ^  t n««m th* ©r̂ srf f m|4p tte a**tep"4 tea

• * •  i«;« p r - *  i t e  «»« p ^  * r |i it t  ♦* m tm  n f l m t  f t e  mmmmm te ra S tf tM *

fwm |«  t t e  ^a^-ULm Vs* - ’ m  •» «p paw in V «m «tM * m m tSen  *-#) m a t e .  On 

*te  #*lwy mmft, In Ute a^isslite# ten

*■» if •» mm f  cr ftetetgiteS, *• vfU Imp* «i«mtpi te ©paptaata ©f

m * <1 (f ^ O S )

’•fear© 4 tetf € «m  ih* ihmnmi I M M W . Lat m  Staff -a r lif

0*3 j

Fi*©* te# a n t  tm  ** »tiM l  vart

cm

&* p**Me* 1Mi *s «• **til m

V» pa—tlî  ■
vs * lAtar mcIIm , U aonikla

•(HhmiI ehaeigla® aitHw* r? «r f  .) -W tte idj«tfte}t tea

I



AS m

*t-<*t* A i f  U© a r t i  '* tl r. o!

£  

*im 1

/ t

i ' i f i l  r  >ofjrir.e« do io c io r in  th e  i t a n l i r l  best

ftvaw^M mil m r  Vi- ralt**© of tfcc box, amt * * 1* tha activation of the

lo toe to f *n ih* roast s ' beat. I f  -© also 4#fi0 0  A ^  and A ^  in th« aralogoua 

.aarrmr, an fi'«- Uj  farrsUa for f ,  in  tar-wa of ♦>« Get i r a t  Iona ohieh

*© OMMiaro with tha l©tt ft©**#; - f t * .  /  — 4 A -^  ja
^  a* m

i : * fiM lW illfif i*» Ahfla ftahetiaa Say

*’3£t of tha ilJM to far no hav© boor t a iv5 ng about ohoir react ir.f

toe*#* r**evt» prejnFttift> or© '1**4. I r  such a too* a ris in g  neutron Morally t i l l  

©©otlisu* to r tao inrtoflr H oly  or a fo ilin g  <r * © ill sort inti© to fa l l .  Oar bee* as 

rotted el© orijr Nt twrh nsrs useful i f  w  m*r© ubl© to (*©rtrol tha tin#  bahavisr 

of **• apitre*k d srsity  to -u*t o ic ra lva r. ‘"n order to  do th is ,  i t  is  ascssaary 

to  Ha * at leas t one of i t s  pre-parti 6 a t  our d isposal, lo t  us suppot*© that the 

property -hleh **© oan control ‘in the tfcorsal u t i l is a t io n . 4a long aa f j f  is  

act too m a il t  that la , m  lor.- m  )7 f> J  j , ©a shall ha©# tha a b ility

*© aa«aa aaairan A m ity  to  ris© o r f a l l .

© sax. ©telly feosp f-.r ouroalvaa tie  power of ccrtrolliny f  by laarlrg  

tpaaa trail© tfca rohettrf tost, into uhleh m  ear tntroduoa or Trm which a© mm 

ato© oat. th sn a l aaasrbar. (Cl ©ours© in or'©? t© koep our ainpl© ttoaery tha

ixjbraAwrt lea or wmmml nuat bo $mm wiL'on>ly *tor©u tmit tha too*.)

All. Hkafiromu^ Therms! 2.'i'HWH m i

1© shall near return  to the ha©©f«®**©t*s eloaad bat with aoir Hlaati# 

-.©utrors. 7© shall op©» up the toes by robbing o ff  tha idaal maslaar paint.

,» -

... <##•



rmsh m i  look 4iO* S w  k n O M i i  O B B d %'/ §>t tho ode# «? tho h#*

•orlior ioetur# it bo# bw#» « h n K  %tl#t »t th# #df# Of th#

ing wc>ndi t low on th# noutro# 4#*»iiy«

4^ J g f  It „  J _  ,  S 5 &

J o T  7 /

wfe#r« — r M a r j  y«o 4#rivotlwo ir th# llrwi l s n  a

ini

th# marfoe#. Th# o u t f i t*  from th# b m  will 1«crt«N th# mmfomr of 

go th# full dlotonc# oround the eycl# fr«m fi##i«*i tr flatten. W# 

faro, that tht raprohctiw eanstmnt It *111 bo ehutotd >>nm f t  to y fJ L , ikon 

la th# probability tbot th# noutror, hot not loobod out la tho eourw# of thi 
cyolo. should bo coarvtod for oil th# r m f r ^ r s tihieh stort out *tw flooxon 

m  oottor whoi position in iho box flowim tokos ?2a m * '*• nay, therefore, 
that J *111 b* o function of th# oil# rnrt shoo# of th# box,

It ho# also bows shown In on ##rliir ioetur# thrt th# flux oft
through o unit or##, p  , ia civ«n fey

(40)
1# th# dorlwotiww olen* th# normal to th# 

D to opprcadaotoly
If '

Joyfft (a)



M t f  la tha f i t* .  *or thm 

%a the infonuitl

va laveatiaata ttaa

aupoilad by (a*).

(&*)

*9 atari out by tr,woeti{|at|r,; (42’) whan i-
Calling k: d t :

*>“•  equation la aaan to b» i ^ r )  +* I'C* r\ ** 0

tor

aathaaatloal traatsaot of aquation (44) la vail known for
•ith *ei*bie* pyasetry the volution of (44) la gtvan by

* m % W / V  trimfytJm-fM. J J

length of tha alia of tha ecble lattiea oail it

A * j; _ r / T
^  1 C

(43)

(44)

(45)

(46)

kaad, «a knaa froa (39) that the neutron Penalty In 
to aaro a wary abort dlataaoa (cloaaly d)

la eofeie la



I m  we bate I f  tb# lattrtli 9# Its  fldM  ia  lira** be

•  • a * 2*1 Ut>
*

diaaa wa ttM rw d«fi«a w  p tla  4# iaaleda tha t*traf© lall© i,i raffia* mtmm4 l ie  

bouatiarlaa ( lhi« 1* til* raffia* hatwaan the hwimtary of tha pi la  and a  fle tltio w a  

boundary, a d lstanza <1 bayernd tha c> ye le a l bowiiary ©f tha td la ) , aw tfcall alwaya 

w & fim  eoraalvwe to dot® m in i ng a and i ta  analofuaat th a t ia  t© aay, to dwtor- 

Mining tha as trap© la  tad b©*jnd*rlaa ©f tha pi la .  Before building any pAXaa, haaraaar, 

I t  ia  ha* tar to  taka 1st© ©on©!deration tha di ffar*L©a between a and a0.

I f  wa build ©ur p ile , and p ile  ttaana actrapolatad p ile , with diaaaatona

feigner than a , tha aware#t laalraga around tha ©yela w ill ha daeranaad. Sstira

r.wotrt ui w ill roeain inalda or aaeh ©ycla ard tha neutron daftalty w ill r l a a f i f  wa

build i t  aa&llai} tha neutron canalty  w ill f a l l .  In order to  ea lee la ta  tha  t ia a

bahari©r ©f thaaa p tla a , e ith e r  a—l ia r  or la r* a r than tha oo-«allaH © ritioa l

a isa , wa auat re turn  a.ydn to  (42*).

In aquation (42*) lo t  m  a a« » a  th a t If n  & T

where 3 ia  a function of tha coordinata* oniyj? ia  a fu re tion  of ti* a  ©aly. <42*)
T m T mthan reparetee , and wa find th a t /  *  f© C

where C ia  a oomitact and tha a q u a t ic  fo r $ ia

A 5  + tf*5«o ,  i C  -  Kt ~ v z
(U a)

Equation (U a) haa eelutione wfcUfc a ra  fe ra a lly  • •  » •  m  thcaa o f aquation (44).

For a cubic p i la ,  th a ra fe ra , wa nay w rlia

(U a )

1

,4 * .. - ■ r. —■.: . -. *

%
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If as
fl

III S^fwh %hm

• d r  -  *

f ,  ? £ ±
US)

Uf) *iww m
Of tha rsotron density mi a fm®Um of Una, but It alas

cuUt* *• “ *• ^ * i tz J ^ L
f r

Ths quantity^ £  ~ I I* eallsd the axes*# an Hi  pi lest ion constant. It la firm 
by k for tbs closed box tine* tbs correction for laakagw «nd sinus tbs nsutrca 
with which ths cycle is started«

In tbs formula which rslateo ths critical elit to ths nuclear properties 
fonwla {43)» ths ecwbinstlon D 2̂ I» ths sours# of ths difssnsteo of Isnfth. 
of course, 3) Zt has the dlaaosions [if] . lot us call it I*2. If ws 
substitute for 2> *rd for 2^ tbs eulws glean ia (41) and ia (7), «s fiad that
L2 is

i f * v z 3 (fjfMs (cr4 <•*)

e is ths wsloelty of tbs rsut:
Before discus* Irg ths ajr-ropriats wains to 
L2 assn*. If ws consider a point souros of 

infinite region la which | *• 0 but all

wt 1st tie find 
ia

as ia the pile, as find that

f - (so)



m  •

2 *

A  n -  m 0

•** Uf > o m t l y  ©wafted *n»  th* po*m t arom Glutton ©f this eqwsAi©©.

S i m  hot* ££ and wary a© yV •»-«, s 4rc©

I* prvpertlMAX t© L , U oHtr t© find

understand How to oo^pu4.© w. Tfct© ©©nsltlwlty t«  v l i  » « «  yhunowwftB© |*  <na 

theory ©nd I© • ta fe c te r itt i©  of th© f t  nit© ©is©. Crudely ©p—Irl n.~, v I© l l»  

©•loelty ©f neutron© In th©m»l © quHibrins. TM© 

t© © tU bllsh * tanp©r©tur© d©p©f*!l«rw« ©f th© c r i t i c a l  dlnsnsiccs. © 

th# ©qusr© root ©f the t e a p r e t t r t ,  msA the c r i t i e e l  t lM rs ie n  ri©«© with the 

©qusr© root of t , Th© c r i t i c s !  sis© i s  ooas«qt»ntly proportions! tc  th* throw- 

fourth© pernor of th© ©Inielut© t«op?rstnr©,

fo r  © ©or© © a t  d«t©r«i ratio© ©f th© velocity  © o f th© th©xasl 

©outrcn© w  ©not t©V© in to  account th© foot th a t th© neutrons how© •  ©elootty 

distribution which 1© £tr»n hy th© w©H known f w l i  doe to  Uaaen©!!. Th© 

woloctti©©, therefor©, wu»t few awersgod ©w©r th© fi&xwoll d is tr ib u tio n . ?fe* 

question of ©lot kind o f «vereg» to  porfer© say bw se ttle d  I f  going h a d  to  

UpU&tiU {42*}, in  ©hioh th© ©rly place th a t th© ©uioelty ©Tpoar s  I© in  th© first 

t© » . {For s  lA  ©hsorber th© eeeotjd to rs  which contain# t©, of court©,

independent of th© weloeity of th© reu trons.) Hence, th© ©verag© walu© of w

W u t. tc *«■ M U . to / „  t j(v )d v

**» d l^ r l 'w t lo n  fw w tloo 3t*i»c t h .  * * b « r of

pur u n it ▼•locity inters© !. Th© ©bow© consideration©

of neutron© aft©r eollisloo



1 ' H H

«f *~.y other p ile  etth  the mm mmkmp pronertlee M i d eaeltiee . For irmnimipl ■, 

the re tie  of the r^ltsse of the et&e te the relae® of the aph*r* *hea eee»> le

e r i t i e e l  ie  five® hy
a s  /

eowi other aethoie of e?*nro*eh!**g the etaleqe eeeoete o f the e a la e lle  a e te r ia le

* * » &  la  the eoeetrw rtlor of p i lee .

At l ie  frrei xm etruetini epherleel rlleet la order to  etn ia lso  the eecsiat 

of e e ter le l eeei ee iheulA oXeerly increase the A eeeltf of the material'

I f  the proportion* of the oonetltjen t e a te r le i*  reeeln the  mm, «e eee free  

feneO e ( I M )  th a t i  ie  irveree ly  proportional te  the eohe of the denelty . S ia n  

the w l« w  le  proportional te  | r # the to ta l  ease le  litvereeljr pr opa rt iow d  te  the

X III, The e ij—4.«n» Dcwti of H m tm ni ie  e P ile* *  * Jt-ai Hint KS.S.J aw. B e l t « ■» >«? mm at u m HK

■ j ■
. #



•> 1««* *t tbo tro*ol* o f (b aHNftJWia In 0 m twc iM •• o <Siff*»

•ton ord *4*5 tho m m  dtotM oo *M«fc tko W O w n  iiffb o o  In

•loo! a* test* te  t t»  m m  ^ m m  dtOOOMO si* let? thoy tra ro l  « U U  la  ih a m l  

o co illb rio* . This ooj o f looking » t ttein^i 1« •  U t t l#  b i t  eru£o, bat shavld 

*t*o «• * f i r s t  appraatUnUsii to tho root situation . Oar f i r s t  protoloo than i s  

to  onlculoto tbo ooo* a^ooro iio tonoo .

la  ©rdor to e&leuloto tho aooe oquor# diotoooo lo t  m  look book oti 

formal* (48) * I f  so fault!ply on tho r i^ h t old# of aquation (48) both m—ro to r

L '  J M )1

5 n»5 1 00 000 that
ju _ 1C

orlto for r

<4T )

/< /

S S iU a rii m  oogr

‘ L* • *&»

......mm........ ...  ,



U t  m  daftaa f 2 m  tha of t 2 wwi I f  «• a o ^ t i tu ta  II2 fu r i,* 

in (d2*J or la C43)* v» a ta a e tfa lly  oubatlte ia  V for l  ia  a l l  the fe m tlM  for 

the c r i t i c a l  iftaoraia*sa. Thir proocdura memmt  Iso oorp&ataly aaaacatim tiaoo 

in  farwrol tha apoclal d ia tr itw tia e  of awtrufm imoiurad a t tharnol energy crow d 

a point aouraa of fa at wautrapa i t  not of tha M t« fo ra a t th a t arotar! a t h a m i  

nauiro.n aouraa. I i  awiar Us ra ft**  tSa iro a tia t t  wo naad to  know aona about
II

tha rjwea d ia trlb u l ion of ^  tha tloclr.g  down density  around a poin t aouraa.
' ? ‘ ' " " ” I

Sxtch epaslal d ls trlh u tio :.a  can bo dotomiisarf aKparlxMitally f«r m rio tit 

•ettreoa Ineluding flaaftat aocrcos. la  p a w l ,  tha th ip t  of tha t j a a la l  i i a -  

t r  that lo t  aaar tbo *#uraa i t  fa«aid ta  ha raofh ly  Com al on. Tha d a ta ila  dapood 

hath on Uit aouraa and on tha flowing down ao tor io l .  Hydrogenous a a ta r ia la  a ra  

tha  g raa taa t exception to  our q u a lita tiv e  atatoacnt ♦ Tha region which am  ha

ooraidarod to ha Geuealaa la w y  a a a ll, and i t  e i*h t ha aald th a t aa exponen t i a l  

would glow a b a tta r  f i t  to  tha data . Typical shapes fo r tho flowing down d ia-
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•B* ******* % w ecU y the mm* « 0 h * r ef ee lH * t»as, t f  the m&tmr e f  « tU l«\*m  

|  I* l*?rn* m wm lM IS** M a s s *  •?4<^ggr eM  afc»%«r a* ©eUteiees* I#  t t r y  good,

%wi «Mt «umm, er . pertieeiar fleeter pounce*, *© a»t wit MtMwtl*

M t a M k  Cereeqeently, H  la  not earpr l s >  j %» find  th a t a euparpcMrlttea i f  

ftsosaiaa* i t  n fe il l i f  r e p r ew ta tter ther & .s4ft$ye OaaMia*.

la  h y d r o s  •  neutron can le m  mum  15 a lly  a l l  of I ta  aner©- t» *

•lni:i» eoH iataau $%m the mr>m§ r f  hydros?: rift** S t—gftj •* tfca> anergy

i f  %b* neutron f a l l  ft, S e m p i t ^  the la rg e s t frac tion  of the d i s u s e  tier- 

veiled V neutrons ia  nyurogenous aedta I# lik e ly  t» he trave lled  la  the f i r s t  

©r the f lrf tt  and seoond f l l  ;hte. The re s tr ic tio n #  tinder wHeh the Geueaian 

diet? ibutlcm fo r the ainelrsg down is  t© be expected are a l l  v io la ted . Oa the 

other head, the fe e t th a t only the f l r e t  couple eo llla lona made by the neutroa 

have **ij©ti importance la de tam in in f I ta  f in a l position tupdl— th a t amm ao rt of 

*xpeoent\*l d is trib u tio n  w ill obtain a t  any oeosiderdble distanc* from the eouroe.

I f  ve look a t  I f  m  a fbnetien o f the lover H a l t  of the in teg ra l ia  

(51), (55) glee# tha *1 se tn f down d is tr ib u tio n  aa a frac tion  of both apace and 

energy around a point ~xmroe. -?e ahould recognise tb» t (53) 1» a po lat source
■%.

solu tion  o f the d if fe re n tia l equation

Tbift d if fe re n tia l  equ*r lort eMeh la derivable e ith e r  froa the theory of randoa 

flig h t*  or by a alapia argtaamt which we w ill t*ve ia  tb« react paragraph ia  

f© really iden tica l with the equation of heat conduction, in  our equation 

play® the eeaa ro le  th a t time dree la  the heat equation. For th is  reason l|  has 

been sa iled  by Feral the age, and ee shall c a ll  i t  the Fem i a^e.



* apa-itoR ($4) •*  tfc» arurtlMi o f  to  §mm

*^mmrn§mm, e, 7* ** **i /* » . uf a—*ismii par wH*

to tola pan#* to aidEtod sat saritMMf # f iM toiw i aatoriRj •  as tuna alaaant

% towartattor to spaa# x, y, « to gtto* I f  A  n d*J  ̂ dz. d  &*s£l

tta wotaft *agr tr«- itiiH  to toen#* not ,J L
g ^ / o y lU  ^ , w . J 4 £  

T I T  3
5« m w H y» to* squattor of ©^stirmity r»irti

**A*<*»*i*©UA a j ( 5 l**,*S|,**ia!BI,SA ***alR ' m MA

<y.4 , £  o'*

1# s l »  fcy

J A n  ^ ^ O S B ) (55)

On ttofftlfylmf fWjp witti q, »• ear r-w rito (55)

^ 4 .  ^  4 s -  = ___ £ e
$ r .  r vf a?K%d t ( 5 t o )

0

✓  fc7 ^a

froa ahtob (54 follow s vhar 

by u»tof tfea flJff t w p t l i l  o f (5 1 ).

In datarminiisg tho cb a rac ta rla tie  *3 „.* of a ptl* «* ahull «M(£agr 

aquation ( '4 )  or I t s  colutiar. (53) to giv* the do«crtptlon o f th* slovir.^ down 

pTOCOAA.

11^» Tlta CrltriojA,! S i as p f a, J ito

Th« pro* ton. o* flr* li-*  U*. c r i t ic a l  s ls a  o f  tho chain raactln* unit 

b«» net t*an tuduced to tha p reb lw  o f find toe tba «taultaaacmt so lu tion  o f too  

d if fa r a o i la l  aquation#. The## too equations are aquation (54) for the § lowing 

cicsm o f nautrona and th® tharaal d | 'fusion Aquation ^ivan halo*:

Da  n + ** & ($6)

?b* too aqua t ie r  a  ara Intaruennaetad: that ia  to  say, tha a loa ln : dawn density



t&a ¥m m m l an* lUt thawaal '<*~+** to m u t f  In «a»*

*§$§1 %i*» f»# th*  n in w # ^  ^«gir «a*ptia$* iqp w it f»3.i,#*iji®

£
^  ( Lf .  * $ /

(5*>

Is t f i f t l m  t» «•&«» 0

n  «a RMd in  pay m  w tom A Sm  %» t& m  i f  m

tfm  « r i i le a l  t in t .  Jr. *-»!* eaa* *h* M in i «t * let*, mffi&ftsm fmai in aai 

**• Is tn st  tjrpa ar* alway* e ja c ily  ^ w l .  Of M t t i ,  «0m  tha f l i t  In net la  a 

stationary Cthnt i f ,  «♦*•« i t  t* not « n e U |  o f  c r i t ic a l  t t T » f « ) .  i t  U

raea^eary ta  a H lfy  t*»a aqtaiior#  In «H ar t© tartan in tba a ffa e t  o f tha 4al*y«4 

nautrcra on tha t i f>  behavior. for  tfca mm*:;t *a sh a ll only handla tha e*#a of  

M « t  c r i t ic a l i t y .

t t * l l  attaopt to find a m M I mi la  tha form
A

wbara

y  *  5 (i.y-2-) M  

*  -  S(*,$,z.)

a 5  t  r f o  S  ~  o
( u ;

In th is aquation (54 / y i«M s us

-  <  r t
.  2 !

which « •* ■ * » • 4 *
H -  H. e

O p e n  M i b . t ' t u U n j  I n t o  ( 5 « )  u d  ( J T ) ,  o M o l a

t > > c  +  f H- e  - t

..... ..... .... ........  ..... -

*  0

(54»)

( 54*)0



Thl* *|ii«tlat» U  often  ©ailed th t nharactariftic  a t  ion d fte i- in lm j the c r i t ic a l  

» !» •, I t  1# §o called  heoneat I t  detc**vir>ee / {   ̂ , *• d at tha eene time aquatic«  

( U )  re la tes  j / c to tha actual c r it ic a l  Uaenaion.

•3h“ s ^ ( L 1 ^  L ^ 4 < - /  ,

tlia character l e t  its tfM atlae can he etsp lA tled  to read §t

k * ( t  + C * ) ( i  + M ,  L f  4 --------

•ad I t  than ^ U a w  t b t  X T 1* €i¥«n by

*: - iM> - ^
fh l»  i t  tha raanlt for Xs thet oen obtained by adding together tha nean

In tha la s t  eeetion . la nr*f aaa t* a t th*f reeo lt  

jfc - | |  «  | . T h e  d o ta ilf  ahtah * •  «rr*

ly  the M a l t a  e f  tha Qauaeiar 3va~a, bare a l l  baaa nut in to

i t  ( 5̂ ) .

(*»)

in ew 

i#  obtain**

%» M rff th r , 

tha no

•eppoae MP th a t laetaad # f tha 0 » « i * r  ee vaa •« a ttHWrlptluo fo r 

tha a iae tf  dear e tftffM oa*  not die* tattler f p t  tha K a m i  d i f  foe Ian. 

i i f fM M l a d i t  gtaa a fa r ta fa  type o f fa p o n a^ la l ns a point eourea mlwiXm 

he appropriate for iydr©-eswms wbetaoaea. In order to  e r i te

th a t there i f  not only e them el density  a ha t alao a

Vf f a t i t ie a a  M a t t y  for feet

l i f e  fo r f r e t which m  f y h o l i f e  by and a d iffu sio n  o o e ff le la n t



tH «h  ! • ju s t rhat yon weald w rfo sa . Let us -roc #ed v itk m l 'wfiVwt Z ^  

too alwaaljr* After ee her# preeeerfed a ahnrt m y , I t  e f l l  heeowe c lea r th a t

w* 4c not rood to Y.ncm the awaet value for t  r- bet enlgr for the ©cabinetion
a "

3 f  f ' ic h  1® gfiven by the w w al rualtwr L^, The two £ Safestos squation* which

e# wee mro

f  n
_  n- t

T t

D  A n  +■ P ^  -  I  z. ~

(AO)

T fir j  the

for*

S a® be? re , m  t ry  tat "ind « so la tia *  o f (AO) i s  i t #

? u  * 5  n  ■* 5
Ob aWbwtitwtlSf 1# (AO) ee obtain  the algebraic e^iwrtta

<xi *>f + * £ i
0 £ J > P t

(Aon

I f  tew equal * or.r <trw ass’ *lp&l*d te m tH s r , w» ano ther # m m « h e rio tt«

nonet ,e*s fo r  the  taterwieetlwMi o f  tha  e r i t f a a t l  s i t e .

(i + Kt l MO *-  Ht LfJ -  > (NO

A§&%n v# should net# th a t w #ar the 

abba to  Obtain %hm s i r  pie fora

^  LA

eenWttiecai as in ear la s t  ease mm a r t

(5*>)

* Cf cv iraa . I t  la  fie s :nle©nt that th ia  siafil# fore always a r is e s . Let 

us coaa ile r a jsanarai dawwrtftlaw c f  the s i s a lng dear, tha t is  era •** lefc any be 

detentlnsd purely aw ptrloally . For th is  parpeee we defies I(  ^ ) ,  tha s lo e ta f

J  .  *a m e w  that If J )  baaJews da? s lt y  freat a p e ls ! a t a d ista i
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. . M *
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tier*  l i l t  :!■■ 1*7 thff* %• ml,mm§ for tfto 4»fi»HS«#.
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th* pil© b u ilt  M t V  hit ir 'Hkmr that ©a say obaar©© t in  ftrcrowh 1® thff 

c r i t i c a l  ceedition. T© oba«r»© tbla approach t© Us© c r i t ic a l  eondU ica v# M t  

ftr©t aalr© « Pm  coaputatlcaw t© ©a* he* th* marlmn «§*n*4iy net© a© •* iner©©* 

th© tiff*  » f  tb© pil© .

Sunno*© that m  pis©© a fte-re© lr tb© e©*t©r o f a r©ry M i l  cubic 

^1©* Thiff nil© iff ©waller than th» c r i t ic a l  but «© th * ll ©"©dual ip

i n e r w *  It*  ail© u n til I t  run©. A© ©a feuiU IJh* p il© f ©a ©hall oh»«rv© tb© 

w»tr©n Penalty In Um sta tion ary  ©tat© at rr«ry ©I**,

For s im p lic ity  «• ©hall chow © our neutron aenrc© to  b* t  «mrc© ©f 

th«va»l » w t m » ,  . I f  tfca soure* »tr© r ?th U  ft©*s by q # in  a ptl© ©hlch fa cubic 

a i^  4*© a a l*a  of leng th  r  the  © u ltlp la  Fourta r  an a ly s ta  o f th in  ©©urea I© gi«©e

hjr

JU-#V
* •  7T*

A*
<M)

Upon anrly<?*n; the the eual M e t m  d en s ity  In to  tha nan© ©nltJLpl© Fourier analyaiff,

*© fl?d that the thermal diffusion conation ©*y v® **rit*©n

V , [ i ' I / K V * ' * ' ' * " " ' ! /  - « < # • ' )

©fear© ft i© r l  

h 9 v ^  " yX*++t • ' - l-',r. X-* rv
m .

As (45a»)

7b© c o e ff ic ie n t  ni k  o*y ba ©valuatad fra* tb© * hem al d iffu s io n  aquation and 

a a#© «xpr*©iii©a



r®l®t*® w m  ffian w i MHgfcrwa t%  t* m ttm m  S* ^Nfet

thm smmllm* t*M»si'®h®f* is  al**yn th a t * as iH* 'H J i  !■*■■■*••■

A« r tm rm .im ,  *11 tkm K  ^  *m sp ttl f i m l I f  m

f i iw *  th* ft#tft fm»itJ»*t*» t® w f t  (p P ivIM  fc I# n « ilM  tba® *«**. t

ha® r*®ei»i ibf* sa la t, hb* ptl® »#§** *r# <**• th#- f lr r t  

Iw n r1  rrt ar« s t i l l ,  tM*®®®*rf ti*d I* Uni +m0m fiMtfeftk a**t 

l* ft  fcofeii*!. 4# hr,#* r*a«h®d th® ®ri*l«®l (* » • ) .

B?lor e r it ir - iJ , vu t  *"**r It* only tin® f i r s t  barmen1!! f* of M ls r  

t®&«#. In nay than artt* the 4««n4% of thoiwtl *•* *r %*n# a t th® «®**t*r of  

p iU

Tli® dif<*®r®ns® l*®tw«NK*t

t i - x

K /fj  nr& PC 0 \ 3 s a a l l .  I t  i*  fl*®* by

t  ' i V  * 2

Span tmbatltutia* for } {  In tt» la st aquati on, m  mm «

rnritrcn i t a i l t y  *t tha eontar

i _ 3

* m i r ' f i / ’ + L f  e ' * °

In la far th* that®*!

4 r W

and ** r#a th«t the differ®*®* V-®t®«en * tad r; that i s ,  th® distaac® that v® *r® 

a*ay fro* c r it ic a l}  i s  a®*#ur®d by a eon®tant divided by th® thermal neutron

density. I f  »« than eons trust • Kraft*, such an in F if , 1, a® ar® ®hl® to
*

fflctrapclat® to th® c r i t i c a l  din*? si on ®cn*tlee bafcr* a® actu a lly  arrlv® a t  i t .

I t  should b® aartin ro l that th is  l y n  o f yrocudur* can b® a jr lla d  

afeathar or not v® build u® ©ur p ila  fa a ecrpl«*®ly syiwatri® 'aahict*. I t  Is in  

fa c t  aora usual in pr&atica to build 00a diranslcn almost eoaplat* and than

aatend tha



3
-0 %  ^

4 '


