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ittatraet

Tha attaniMttoa of « eolllmtoO Mno-aakrtatta Um of 
radUtloi Im travaraiac raader aisracata of pabblaa ia eouideraO.
Xt la fMM ihat thara la a traaaBiaaiaB of radiktiea etar aad 
mbora that aUo*a4 bjr tha tmm daaaitjr of Mtarial aad that traaa- 
Aiaaloa la eaaaottally aapoaaatlal. Tbia ikpliaa that a ahiald 
eaavoaad of pabblaa soar ta laeroaaad la depth by a straa ratio 
over that aanpata^ by Maaa of tha avaraga daaalty aloaa, It U 
ahoaa llMt thia ratio, aallad bare tha ahBBaaUlac affaet fhater, f, 
la glaaa with fair i^praalaatloa by tha fotaula

> • !.♦ 0.04 kr{l - p)
(^»dl)

Ohara X la tha raolprooal of t^ avaraca of tha raalproeal of the 
daaa aolU aad told aaipaatal/iaattha, r thp^ltaaar ahaarptloa eo- 
afflelaat la tha aolld aatarlal, aad p . oaUad tla *radaaad daaalty" 
la tha fraatloB of volaat oaaaplad by aolld aatarlal,

Tha prablaa of oeavutiae tha ahaaaalllac affaet radneea 
ibaelf to the praMaa of datamlalac tha probability of paaatratiae 
aa aaoaaalatad d^th a* of aolld aatarlal la trararalag a total 
dlataaea a la tha pahbla acsracata. Um thaory for thIa qom. 
potatiea la devel^^ fa faaaral few* eaaaa of aeatlauoua diatrlbatior 
of aolld aad trold aacRMatae aad far aaaea iriMra thaaa dlatrlbvtloaa 
have oaly diaertta valtaaa. AsOMaiag aeaataat tha probability of a 
aaipaat aadiegvto aa alaaeatal laagth for aaah of tha too vlaa- 
potato raaulta to foraalaa acllka la ifp«^^^iaoea, bat ahiah giva 
aaawtlally tho aaaa ataiirlaal rao<at okaa tha paraaatara are later** 
prated properly. Tha thrvry for the dlaerata diatrtbatleas la da*
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aalapai with tha ataa of tha dlaarota aaft-vaft of laagth ja a r/araaatar. 
Xt la ilnaB that a partloularly alapla roaalt oaeara ahaa tha raa'ipro- 
oal of the laagth of tha aab-aait ia agaal to tha aiM of tha 9«t«lpro- 
a^a of the average veld aad average aherd laoatha. It ia farther 
a^toaa that tha raaulta for tha diootata eaaa go lato tha raaulta of 
tha eeat^nwaa eaaa aa tha laagth of tha dlaerata acb*ueit la alleaad 
to go to aero.

Tha affaet appllaa aot e^ to attaauatioa, but alaa to 
dlffhaloa; that la. It la a purely gaeaotrlaal affaet,- Thia felloao 
frea tha foot ^t tha probability of aeattarlag or abaoiptloa la 
feuad by ualghtlag the pr^bla MMuat of aolld paaatratad by a 
oagativa aapoaaatlOl, that la, by tha ^reprlata traaaport dlffualaa 
karaal. TharafOra the diaeuaaioo aypllaa aot e*ly to ahlaldlag but 
to all problcaa dealiag with tha traaaaiaaleo aad diffualed of rodta- 
tiea through a bad of raadoaJy orlaatad pabblaa, aad-ia of auffielaat 

' aagaltuda to uarraat attaatlea ohaaavar tha pebble ataa ia aeaparabla 
to tha ralaxatiea laagth.

bhaaavar tha lataratloaa bataaaa tha pabblaa m ftllad tha 
etaaaalllac affaet atlll cslata, but la raduead aaoHit. A aathod of 
aatlaatlag tha affaet for thia eaaa la glvaa,

latroduetioo

Oaa of thw problaaa la auelaar raaetor taahaoiogy la that 
of gattli« a gaa aoolaat lato aad out of raaetor through tha. ohield, 
aad at tha aaaa tiaa praaarvlBg tha ahieldiog aad, la aeaa appll* 
eatloaa, kaaplag the uaight to a alalaaa. fha varloua prepoaala for 
aeooapliaaiag thia loeluda tha ahlaldad labarlath (the QML grapklta 
raaetor ia mi aaa^pla), a peroua ahiald laapeaad of a aadltai ta uhlah 
aeay helaa -vlth iaeoMMuaurata wigglaa era plaead (tha "perferatad 
ahiald”), aad peroua ahiald aeapeaad of a raadea ataah of approp­

riately alMpad pabblaa to out doua flow raalataaoa (the pabblo 
ahiald).^

Vk Oeaew aad Vlaholaa H. aoith Jr, 
IMT, raperdad ia their fUD-l9a.

prejaet lOB) dpapoalaa of Auguat
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wolmmm on tka mttmmaatim (m« teatkarla^ of • natal «ttat of 
pokklM. Mr "nadea i took* to aooat tkok tko diotritoiloa of tbo 

.tatortol to otatiatieoUy Isotrsvlo. It to ooooaod thot rosdeaoMo 
to oobtovod by doaplac tta pobbloo oa aoooo. If tlw pobbloo fom . 
ntalor lottioo omjro tbo otook viU aet bo Toadoa*.

Ooo'o ftrot tbeaeht to thot tho ottoaaotioa tn o nadoa otaek 
of pobbloo aoald oo that of c hoaogoaoeao aodlua of tbo ooao mtorlol 
oad of tho ooao oton«o doaolty at tbo pobblo otook (nforrod to 
boro 00 tbo *doealtp of foot*). Tboro to, boaovor, o not tnaoaiooion 
oottood bp tbo proooaeo of yoldo ia o pobblo otook obleh to ovor ood 
above tbo tnaOTlioiea allomd bp tbo onneo doaaltp oleaa.^

Tblo oddod troaaalooioa (eoUod bonla tbo "eboaaoUiac 
offoet*) to olloaod bp virtue of tbo ototlotieol floetuotloa fna rap 
to np ia oolid aotoriol poaotntod. Ibo ovorodO of tbio qoaatitp U. 
of oeuroo, Juot that eorroopoadlac to tbo ovonso doaaltp. But olaeo 
tho prebobllltp of traaoaaoaloa of rodlatioe oloag o rap la «ol«htod 
bp a aocotlvo o^oaeatlal footor, tho ttaia opota tboroforo olvapa 
trooMlt aoro ndiatai tbaa la naovod bp tbo thiok opota. Ibta offoet 
depbado ea tboro bolac • dletrlbatba of oolid path laastba tlvoofib tbo 
obicld. If tbo oolid aotoriol pmotntad io tho ooao for ovorp povollol 
rap (o.«., tho ooao of porollol alobo of obiold mitk veido botaooa) the 
diotHbutioa ia ail, i.o.. it a dolia fbaetioa. oad tbo traaaaiooioa 
ia that prodietod ea tbo boalo of avoro«o dMoitp oloao. It aboil bo 
doaoaotrotod that tbo poMli obiold aoat be loOraaood ia thlekaooo bp a 
Civaa ratio (for tbf. ooao attoaaotiea oo a hnaetoaooao obiold of the
ooao daaoitp) boeouoe of tbo obaaaoUiad offoet. Tbio ntio, eollod 
borola * tho ebaaaollias offoet foetor * boeeaeo approoSoblo oa tbo 
ovoaafo void oiao booeaoo of eeaporoblo ao«aitudo to tbo reloBotioa 
leactb ia tbo oolid antorlol. fOr iaataaeo. a £oed rule of tbiab ia 
thot tbo eboaaolllad eft««t foetor io sivoa bv f • 1 ♦ .M Xr(i«p) 
abore X • ♦ f § la tbo ovorti«o oolid eeatiaoouo path
leudth, f tbo average void oeatiauoao path leagtb, oad p tbo 'Voduood 
doaaltp*. 1.0., the frootiea of total volaao obieb la flllod bp oolid 
aotoriol. oad r la tbo liaoor oboorplbo oooffioloat ia tbo oolid 
aotoriol.

OO ooo Of o «o ao o ooo o ooo oo « 1501
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Tbo protloB. tboa, rodueoa itaolf to that of eeapattac tbo 
probabllitper poaotrotiac a tbiehaooa a* of oolid aotoriol la trovor» 
aiad 0 total diataaeo f la tbo pobblo bod. ibio probobilitp 
diotributioa will dopoad oa tbo dotailod aotaio of tH diatributiea 
of tbo eoatiaaeoa oolid oad void npo (or oopaato) dotoiaiaod bp 
otnidbt liaoa througb the pobblo otook. Tboao oopaatal die* 
tributieae ia foaorol are ooapliootodt that of tho oolid ootaoato 
eon bo eoaputod aaolptieollp for a few rogular ahapea of pobbloo) 
bewovor. that of the toido iavolvoe a eoaoiao kaoolodeo of tho onoaor 
ia wtaioh tbo pobbloo etaek. Tho problM ahall bo approoobod ia a 
aon Ariotetoliaa aaaaor b that aiaplo foaetieao for tbo diatributiea 
of oolid oad void loaptha oill bo ooouaod wbiob will ollea a aaaofo* ■ 
able aaalptieal aaolpalo of tbo probloa. Tbo tboorp will oeatoia 
two adjuatoblo poraaeton wbieb will allow, ia offoet, tbo aotobiac 
of tho firot oad ooeead aeaoato (i.o. tbo avorafo oaewat of oolid 
aotoriol poaotntod oad tbo otaadard doviotiea froa tho avoraco 
aaouat of oolid aotoriol poaotntod) of tbo diotributioa (iviaf 
tbo probobilitp of oaeouatorias a* aaoaat of oolid aotoriol ta 
poaotrotiac tbo bod a diataaeo a. Siaoo tbo flnt two aaaoatt ooa 
bo aotebod, falrlp peed ootiaatoo of tbo ohoaeolliad offoot oow . 
bo o^etod) oad ia partioular it ooa bo espooud that oa oapiriool 
dotofaiaotioBof tbo odjuatablo poiuaotoro for oao apoeiol oaeo (oao 
osporiaent with oao obapo of pobblo) will allow eoo to ooleuloto 
tbo obaaaalliaf offoet for all ooooo iavelvias that partioular obapo 
of pebble, t.0. for all oisoa aad volooo of tbo oboerptlca oo> 
offieioat, '

■■ ■ 1

2. Ooaorol Tboery (Coatiai Diotrtbuttoaa)

One dooireo to baow tbo probobilitp that ia a pivoa 
rap of loapth a ia a otook of pobbloo o total oolid tbiokaoao 
X* of aotoriol ia travoroad. Tho poMlo bod io oooaaod to hovo 
atotiotieollp iootrepio preportioo.

Ut 8(a,a)dat tbo probobilitp that if a oolid ao|OMito 
ora eolootod at roadoa trm tbo aaow diotributioa 
that tho oea of tho a loagtba liM botaooa a oad 
X ♦ da. Tbo vorioblo a boo latoprol valaoo froa 
eao to

OLCLnSSiriED isoi
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OMUrtat «tt«tHm m sa.aj. Um pvMiltty dlatributica 
of ito 1m0A of OM Mim», it !• aet«4 ttet 8(aix) eu b« totm»A 

8(li») *jr •• (B>l)>fold odBvolutloa of 8(l,s) with itoolf. This 
loodo to tho iwewroloo fonoilaa

8 (n,«) - /* SCo-1, 8(l,*»)da»o
‘ Thlo foHMla OM ho osplaiood Igr dlvldiac tho iotorwol 

froB 0 to s iato two ot s*r Then S(l»s*)ds* to tho probobllity 
that 000 oofMot fiUa tho tatorvol froot 0 to x' ondioc la dx** 
oad 8(0-1, x-x*) is tho protobility that a-1 ao^Mota fill tho 
roaatotoe latoroal from x* to x.

la 0 olBilar Maiior tho ihoetloos f (a,x) eoa bo obtolaod 
by aa (i-t) fold aaowolotloa of t(l,x) oa-itoolf#

Itow ia traooroinc a eiooa ray throng a pobblo hod# ooo 
ktors altoraato solid and ooil oagaaato whooo diotribatioos 

aro tiooB by 8(l#x) aod f(l#x) roapootively# Xa ooy ooo ray a 
aolid aodPBOta oay ho ooeouatorod, oad a# or a t 1 void ootfooata 
■ay bo ooooootorod. that Is, thoro is so oqoal auBbor of veld aoy> 
Boata to solid ooipBato, or ooo SBro or loos.

la priaoiplo tho a aolid so0oaata froa tho 8(l,x) dio- 
tribotioo aay bo asatablod totothor ia tho iatorval froB 0 to xT, 
aad tho ralaieiaf a, or a t 1 void aofBoata asaooBlod in tho 
iatorval froa x* to x (Soo ficaro 1).

thuo, taatoad of aakiac altonjoto raadoB soloetiona froa 
firat oao« thoa tho otbor of tho 8{l,x) or V(l,x) diatrihutloos wo 
aay oaho fir«t ooo aoloetioa froa tho 8fa,x) dlatribwtloa, thoa ooo 
^roB tha b(a,x) (or b(avi,x). or b(a-l,xH diatrlbotiea. bo now 
ooaaidor all tho ways ia whioh tho iatorval froa 0 to a* oaa bo 
fUlod with solid aocsBoto aad tho iatorval froa x* to x wltb void 
asdpMeta. Siaeo x* is loeatod botaaoa 0 aad x, thoro awt bo ot 
toast oao 8(l,x) oo^oat la tha dis.ribwtioa. thoro eaa bo, howovor, 
oao Boro solid thaa void# visa voraa, or oowal aoBbora, This clvoo 
riao to throo iafiaito swao ovor a.

mcm

DtClfiSSiriED ISO! 6

Fi#0oi

A «o|Aa omy of aovMoAa lUwatfotiaf tha mum» 
la a oioiao ooaworaiiiiB of tha halli-ap fvotio^ 8(aol,*) 
aad T(a,tO — lh» tha oada of atartiaf aad oodixe with a aolid 
oo^iit ~ la oood to roplaoo tha te-fbld ooBaolatloa of altor­

aato aolid aad <^ld aopaota. Wlthoat loos of gaaarality all of 
tha’ aolid aagaaita aoy bo aaaoohlod toyathar oa tha iatorval bo- 
taaiaa Oaro aad z* | all of tha void aoyaoata ob tha iatorval bo- 
twooB z* had z. Tbo atl aolid aafsiata aay thaa ba ro|Oaood by 
oaa aa^aofl fboa tha 8(atl#z) dittribatloa# ahiah fivaa tho 
probahill^ that atl hayaoota Iboa tha 8(l,z) dialribatlea aoi 
ap la laafth la tha iatorval dz arooad z. Aa amlofoaa atata- 
awt Anp&lat to tha raylaooaaat of tha a void aayMoU by oaa 
layiMf fboa''tho f(a,a) dlatribatloa. Tho paadaet of 8(atl,z*) 
oad ?(a, z-«») la thaa avaad far all patalaaibla valaaa of a 
to ftva tho^frobahiUty that aa array whioh boylao rad oada otth 
a aolU aatOMit aoBtaiaa a loafth z* of aolid aatarial. Thia 
M aaot ba aAtiyliad by tha pwbaUilty of atortli« tho array 
with a ahlld aopwrt, aad thn dividod by tbo probability that 
tha last iblld aoyMat oada ia tha oloBaat dz at z, tiaoa thia 
iMt raatKcrtlao — alraady iapUeit ia tl« af tha

8(l#z) diatribatioa — aaat ba rwovad aa eoa ia Taiimanantafl with 
i*at fhUow aftar tha aod of tha array. Othor om# proparly

\

Boi^tad# ara fanad for tnrryo whioh atari aith oalld Mtarial 
aad adii ia void# oto.
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fiM tlwt ttere «1mU b« x* total laactb ot

ipiMI MUtkur Mi Um% \b» mb if tte mIU voA void iMd^to tiMillr c
UMil » i* tfcM*

»(«•.«> *(Vr) 8U.*)

8(n»l,iJ »(»,»-»•)

♦ Ci/* ♦ P/r) f f(n,x-x*)
B«1

f
^n*l

8{b,x*) ?(n+l, *-*•)

TBa MBBtttoM ara raapactlaaly for one aiori tolfd tkaa 
al iMBar of Mild aad void, and ma anra void ttaaa aolid 
fbr ooaBlataMaa. aten a* * x «a eaa have the eaaa of 

mm aattd aad ao veld aaeaaatat aad «han z* * 0 wa eaa hava tha 
aaaB of ae aolid aad m void aaffwata. Thaaa axtra taraa ara 
aaailaiBai ia the vali»a Ineludlnc the delta funetioaa.

The oaidhtlae faetora, p, q, r, aad a are defined aa
folic

f * tha probability of atartlafi with a void toBaant la dx at z*0*

q * tha probability of atartiae with a solid safpantla dx at x*0,

r ■ tha probability of a solid saestaat andind ia dx at x, aad

s * the probability of a void sacBant aading in dx at x.

Coasldar tha tarns eorraspoadlac to m army which haa oaa aora 
solid sa#Bent thoa void caeMat, l.a. it .tarts with a solid ees- 
SMBt aad aads with a solid sagpiaat. Thasa tarns ara wsightad 
with q as a aultipllar to allow for U.a ehaaee of startinc with a 
solid aacBeat. At x, the ead point of tha array, tha final solid

-7- S8CSIT
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sa«Bsot so far is eonttraiaad to aad la dx at x. Slaea this 
eoostralat la oadaslrMla we raaovo It by dlvldlaf by r, tho 
probability of solid ao#M8» Mdiaf in dx at x. (It will bo 
rsasahsrad that S(l,x) ia tha probability for a solid ssfaant 
to axtaad for a leoath x aad than and la dx at x.) Por those 
tanw eorraspoodlag to arrays startiag with solid aad aadiac 
with void aaeasnta tha woicbtiaa factor is q/sj for those 
startiae «ith void aad andinc with solid aapBsats tha factor 
is p/rt aad for thoaa atartiac with void aad aodlac with void 
sodMta tha factor is p/s. Uttia* 8 ropraaaat tbq averoca 
value of X ia tha 8 (l»x) distributioa; sad siailarly ?

aiaee tha pebble bod is atstieUcal^ isotropic.

repraaaat ths avaraea value cf z ia tha V|l,x) distributioai
, ' j

that is: • ■ " !

S * /* X S(l.x)dx, aad ■ i

o

t3)

V •/* X ?(l,x)dx.
o

.

a BOMBts roflaetioa will show that
, .V

yy-: -:K':¥'.;y;.yy: :V.;-

P dx . q *—* to.
$♦? M

(4)

.
•

■ - y. j
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IquatloQ ft «in —rw m m ▼•luabl* vIimIc tOmm •xplieit fuaetioas art 
latrodMcad for tho 8 «i4 V fuaotioM.

Uttlnc r r«pr«8Mt tte absorption (or sosttoriac) probability 
par unit laaftH of tbs solid SMtarial, ttaa raduetioa ia iataaaity of 
tba primry radiatioa In panatratiac a distaaea a of tba pabbla bad 
la civaa by

/
I {*} fi.a r a-^ da*.

It sbottld ba poiatad o«t tlMt tba •maral thaory eoataias ii^lioitly 
ana aaati^^tioa vhieb my or a«y act ba tma. Nmaly, that in tha 
salaetioa of a aa^aaaoaar aoimata, altaraataly void and solid* 
that aaeh salaotioa aaa ba mda iadapaadaatly of tha praoadiac 
aalaotlona. As our dlatributioa eoataias locieally m lafiaita 
nmbar of aa^snta* tha daplatioa aaaaad by the rass»aal of any oaa 
savant deaa not altar tha distribotiaa.

^t physically* if one pabbla has aastsaad a partiealar
oriantation my altar tha oriaatatioa of tha aaxt 

pabbla. HsaaTar, aaaa though It say ba tnia that ao aaguanea of 
laagths ia a given array ia raadoa ia itaalf; it baemaa randm by 
losing its idaotity In the total anssabla of arrays.

-9-
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8. A Particular Casa - laponantlal Distributiea of Solids sad 
fotdai

la order to get funetloas ahieh oaa handled aaalytloall] 
sad which hare acm dnilarity to reality* the aaamptlon is mda 
that the prcbebility of a solid or aold sa^at sadiag in the 
infinitesiml da is unlfora - l.a., tha ending of the segmnt 
oeeuro at raadasu This assmptlon can ba easily shorn to ba a^uive- 
lent to the aaamption that the distributloa fuaetions* 8(ltt) 
and Y(l*a) are aapematials with negotlve pooars. These dlatributioai 
could ba further altered to chop off tha long asgaants, or otaaruisa, 
but ia the absanea of kaoeladga of tha foiw of both S sad V* and the 
^••iro for analytieally usable functions. It la saaslbla to stay 
uith tha eoagilataly aaponantlal distribution. F. H. Murray* has eosi-

* CP-C-2922 F. B. Murray

putad the distribution of chord lengths for tha right olrcular 
cylinder md cube and this distribution is oartainlv not aapoaaa- 
tlal, som veluae of tha longer chords being meh nora probable 
than the aery short or the longest chords.

fhan tha pebbles hare flat sides, there is an apprOttiabla 
probability that oaa flat side is partially agaiaat another. In 
this mmar chord lengths eaa ba built up uhich ere longer than the
longest ehord inside oaa pabbla.

Tba distributioae assmed in this sect ion would corraspoiM* 
sore nearly to a coaibinatioa of orushad aad unseraanad absorbing 
and aoa^absorbing mtarial* such as iron aad graphite. Baearthalass 
tha first snaisats of the distrlbutioao my ba mtehad to tha axpari 
mental ease, aad tha second moments will be of tha sam order of 
magnitude. Hanea* although noa-aisillar in appaaraaca, tha and re­

sult will not ba aapaetad to dirarga tO>widely from tba actual ossa. 
The theory is in affect built oa an arbitrary modal but auppllad witK 
two adjustable paraaatars.

Fhrtnarmra* the theory at the vary least will aarra to 
guide aaparimAtatioa* to show tha qualltatiTs dapaadaaea on tho 
paimwtars idbolaad aad tmy ba used to eompariaoa with other appron- 
dmata mtboda of eaalmtioa. It ia poaaibla that there ealate

>10- 8KHBT
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tiar flettlac m mo/%m tkat tka mrwimmt of tka
Baaaal f^Mtlaao ta ofpatlaa it ia of kickar Ttlaaa *»»*■ an 
^akalatot* Zt ia aoavaetwit tkaa, to aao aa afjtrnilaatloo *

* trttiak kaaooiatloB Mathaaatleal Tablaa fl, CartbrUfo. 

oktaiaoi frai tka aayurtotie aorioa for kt«k nlaoo of at

1 ♦ - - - - - - ♦ - - - - - - -

V 8a 3j(8a)S 1

f * wm* (a-a«) • ak ■ oi

Uaiat ealy tka firat tana la tka early braakata, ooa trta aalaaa 
coot to bettor tbaa tor a tirarfea fkr 
a* ■ 0 ant a* * at bat rU%sf^BCr^«Maaila^ aero ea tkeae
ealoea/ ^)-

Uelat a*£0 ea^ a*O.S eaT^, e*0.6 eai*^» F(a*a) kaa 
boea evaluated aad ploftad la tl«ara £« by fanaala IS.

lJl(l*l

/ Smm T U(e,) ti(ea)* a?(8a)3 

CaU teraa for Jj bolaf aocatlra eaeopt tka first).

;

be aoa deaire to evaluate tka latofrals 

^ f(a\a) da aad e*^’ F(a*,a) da«.

A aiMrioal laveetlfatloa ahnaa that the flret toe tema 
of the aarloa yield valaaa bettor tkaa «t3 of tabalotod valaea 
for a 1& Baaee, laalas too tone la tka eivaaalea ead re- 
amMAlac toiw «e •ati

(e^desc)»(«•.*)
f .V »v*

S#

Slaeo the firat latesral aay be obteioed froo the aeeeod by alleo- 
laf r * 0 «a ahall evaluate the aeeoad iatecral. To de eo oa 
■ake ueo of tka Laylaeo TraaafOm Matkod.3'

^A food test aiifHel«t for the yorpooee of thkdloe«ee*M la 
Ckareklll, **A Madera Oporatloaal Matkeoatlea ta ta«taaorii«*, 
MeOrao-Hlll leek Oe^ Xae., Mao Tofk. IMA.

-13. emsa ■■ft!-

t '

;X :* ■

l*i01 15

The ^01|e»tac eleMatery eyeMtleoa will bo perfewadt 
«. /Tka'dOftaltioa of the Upleoe traaafOraatloa ef the

-14-
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ASilif

fifY:i ii\\frnrn i*;ci IT !
•Bfiir

iSmotioa ?(*), Uhrn«gtoiit this dlMttMioa Um /
• ttX imou • tm^Um wt U» mm Utfr b«t Iomt om« wiU 
«M0%« its UplMS tnM«»iMtiM]t

o
fM 4m. (Ite)

«*srs s Is U fSMrsl s Mi*sr ani Msrs tbs A( |
Asaetss *tbs Lsplaos traMfsiMtica of".

b. Tbs sdditisa tbsorasi 

£ U F{*) ♦ B G{*))« A r(») ♦ B gU), 

•bars f(s) « L <F(s)) , g(s) {c{ij>

(Ifib)

e. Tbs sSBsolution tbsorssi 
s

L i J F(t-«) C{«) 4t> • f(s) g(s)
O

d. lbs di^plsesasBt tbsorssi 

L { s“ F{s> ) . tl»-M)

s. Tbs imrsrss opsrstioa. dsaetsd £*^ ( y

(ISs)

(utl

t-» < f(.) ) • r(.) • - r** t" f(.) m (IS.)
y»*i«

■'

^'Ss
Tbs ooMlsx istsgrsl is svslustsd sleag a path fmai 

>-i« to rtl» «itb y of soeb solos that tbs pstb it to tbs right 
of all polos.

Oporotioos t sad t mf oftso bo svaloatod trm tsblss of 
loplsos traosfosMtioa^

^Ibid. Appsodis III, SOS also Cagpball sad Ibstsr "fburisr lotscrolt* 
P* T— Bostfond Co., Bow York, Ifita.
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If f(«), • OfiHplM f^tlon, MB be exp«adBd In tbf 
Belgfeborhood of b pole 1b the Ibne

fU)-^^ Oj (« - «o)‘
'V,'

S#"
- «»' •

Bhere ft It eeae Becetiee iatocer ea< 0| ore eoBstoBte,. then mm

fho OBMtoBt U the oBpaBOilDB ic eelled the roeltoe, end 
■ the order of the pole, if there ere aore thaa oae pole, thm

■ £■• IP} ^ P(s) ds • X (roeiftBoe). (ISh)

;g.. SiBM oquotiOBO (1) ead U) ere ia OMfolution fora we 
'aote that (froa ISe)

e(B,s) * I (S(b,s)> • {e(l,«})®

e(B.e) • t {f{B.a)) • (e(l,«)l® , 1 (1€)

wmmB,

m.'

0<l.l) ■ J* •"** to * ^
O

r(i..y •— . 1 (m

, , ^ (tho iftlibel 1 obo»« ropreeoBt* the pereaetor; the Laploee troao-
fOawilDB aUl be repreeeated by v(a*s)l*

V i •• tofflBO e fuaetiOB *(b,«)

.ais

..1
tuA ^

'«CHW

my t

v.f'

88ei«t:'x
ead aote by eqaatioa Ud that

r(n,«) •f—1‘
the iatogral j e*^V(a»,B) ds* aoy be espreeeed 

ia eoavolutieo fom^ eiaM

nr.*”I -.-i•:••:•• ri>:• n !.'5_VLr:
15C1 IS

X , » «
® o^e u^ir

T*{o |.l ®*“»**^ to*.

Ut B(x) repreeeat the three loot terao of equotloa SO.
thoa, by squatioB ISb (the additioa theorea) nq 

b(«) • L

~ , f r(a^l,a) v(b,s) 
»(u*t) n*l

♦ ^ r(a.B) v(a,a)
u^e B*1 (SI)

-

I--:':

•le*
.1- -a'-'

'-,A
V fc

•iSfeSiS-
V. DEeLftSSiFiED 1501 20





iSiCSM

,v'.

P -

Uimgrn^m ir.^

(tr)

^ " ■■ ' ■ InS

■]=
■ ::=>;«

«k«t ta« M tiM •▼•rac* aelU tmi ««14 s««iiMt •••• to mpo Mm 
Ui latMMUy to tar |>«toU ttMk >hmim tiMt of Mm

liMUttoooot M«i«M of rotoooi iMMttirt

tta Ifir, -
rm, Uot (m

tklo lot tar totoi tiM 0000 far foMloo totoc totolljr ■>><—» 
Mto girm* tlM fM»oktUt| of oot4 orroiM ««toiMto( ttoaoji Mm 
■halo ataak.

4) tka aaooa4 tom 4aaa)ro mm* aara rof 141) Mm* t*a ftrat a* 
tkat far mtf raaaaMkla vatoa af a it ta oaaaa«lalljr aa*a 
a*4 to a44tttaa tka caaffUlaat af t*a aayaaaattol *f tka 

taw ia mmU;

a) tka aaamelaat af tka nrit Um U * ikltjr. fkr 
a |fe t V (kr to4fa*4*« If « * *« tka toamttat af tt* 
nm tana ta C.K. af tto laaeMl .oc» if « • « • «r «» 
«Nfnctat af tka ftrat tan ta .997. af tka oaaoa4 .009. 
Tkarafira far r 4 a * a.

i|. j*aar - / (aaaar)* - *

Itor r > a * a tka man *aaor*l tortatla «UA la Uat.

I(«) _ ^m Mi:

i:iSR

DKLfiSSinED ''

Oka MO aXaa totamtoa tka avaroca Mmlit of telU 
notarial aMoantarod to tnaantod tka pakkla kad at dtatnaa ct

• J* %* f(»’, ») 4»*
a

{30)t

if tka Uflaa# tranafffknatlb* Ika toto(ral ataln aar ka aafraaaai ' 
to aasaalwtian fan. Iko aralnattan af tka raaiiaao ta aeaMakak 
■ora aoMpllaatod atoaa all of tka paloa af tka toaaraa tranafaito* 
atlan ara af tka aaaand ardor, Tkara ramlta (aa tadaad it auat - 
fra« alaMktarr aanaldaratan)

■: -'ll

■iS®'

(31)
a ♦ a

Tkat ta. tto aaonca MB«it of aalt4 katartol 4 
mtm% ai^aatad fm tka kancanaeka aadika af

ia tkat
Mity.

'■.A..
■v|jf
■n

4. Canaarlaa* af Tkaanr ait* toaartoant

Oka aaparlkant 4aal«M4 to naaakra tka akannalltoc oftoet 
kaa koMi aandnatad *r Pklladtoo aato ntffard* af tka Oak Mdca 
Motional Ukaratarp. |a tka|r aMtorlaw*t tka aaoraa af radlatUk

im

=1

70.R.H.L.
Cliffard.

m# Mr «9>U>:3, K. i. Palladtoa and C. 1.

Dianatar Staai
■ay Attokkatiaa Tkota an aiaal flataa aatd 1" 
■Mkiksa*. 31 Ootakar.. 1M9.

®S|
■ r>

M
far tka aapariawat ana tka prapkita aada Id pilo at cr;^.

Part af a plap to a l««a kala raaohip 
taa foot aouara to araaa aaatiaa tkroafk tka akialdtoc aoa ranavad 
ta tooraaaa tka radtattaa. to front of tkia kola aaa plaoad a 
■paaiallp aaaatraatad kaa to afciek oould ka iaaartad rarioaa tklak. 
■aaaaa of iron platea or aarioiM tkiokaaoaat of iron paaekiat, oati 
iaak to diantor and for tka aeat part a kalf toak to tklahaaaa

iiili®,-
^ -swiSil nri'i u'v^vuaM3W\

■ '-3‘% -

i'il ••

l5Ci 24
Mi'"



ISli:;; ''-'■^'i‘>K:'S
u::..;:v,.' . r;- v- ■ -gf.-ffifw

^fisil-te

.mm
1

■iMmm
(•Xthengli tlitr* »•«» •pprwiUbl* Bi»ft«r» with thicka*** .rtm 
S/e- ta a/4*)* fmokiM0 mr* retalnti at ftraat tai bMic
%f • 1/4* li4« »lat*. Aftar aorrtetiiic fw ^ affaat of tho 
fatolftlfiC plttot tho 4oto oro plottod u tla point* in Plinoo 3. 
mr th* «•• of th# Iron pl*to* th® Mtnnl 4l*ttao* ••• 4m*lo4 
to «U«n for wa offootlro ro4oetloo In SMxaiXf of ooo-iolf — 
oorroopondinc to th* oboorooi rotio of »t*mco ^
yMitMn* to th« of th* *olU iron. A fr*ph of o'*^* U Armm 
with T • 0.138 Oliooon to fit the 4»t» for th* Iroa plot##
l(•olUUM).

A theofttleel ootlnntlon of the «ttiBitottin la the ftmeB 
nOfUiwo to •♦•laotlon of the pormoton » mM *.

for thi 0000 of *teol puoohliiAO I l^l» I* 4l«»tof «A 
1/2 Uoh thick, oo nop ootlMto « froB tho Qwoo thoofon? ^un

•it ohottld ho polntoi oot thot the Ontos foiwel* for th* *«ofe4o 
iriMfi iMicth lo oorroot only for the «*» of poraUol hoano of 
rrniUttm - or to ctB*r*l ohon th* r*Al*tlffli cow* fr*n *00*00* of 
Inruity. Th* to^caUoi ***• of "lootrople rUtottoo- rofor* to 
• rmiUtien ftom fwn too**** *t .11 «>lt4 «ml** »t infinity.
Ihr th* of pile r«4l*tlon, ehero th* •oaro#* *r* *nt*o4o4 to 
•pMo, ooMtlBan ell the ooy to th* nnrfic* of th* oolw* andor 
•onoidentlon. ti» a*no* foti«*l* do** not flo* th* ttao w^ife 
toord looAth. ttlo lotto* i* • fimctton Of th* pll* foonotry. th* 

peeitlon to th* pile. mA th* pU* *h»o»ptto«.
10^ tlwn tw aforoto 4[/f«to*a kp C«-o-

n» Ir**ri«» chord oofiWs*A* m onwplo eomidor th* *^r*»



; "*1

L^' mwmit

°88'K^!B.‘8AUr- ifas»es;r4‘/
ggjgnoy. w^9Amr' rm »•-

» to 
ccimMtTefit

COMPAmSON or prescnt thcopy and 
ofgwjorr tr curropo a i«AUj^^
ON PILEr-IIAOIATION ATTENUATION IN 
IRON PUNCIiNOS AND HOMOOCNEDUS IRON 
Pl»ATC.
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8BOTT

fmr tki tilt tte a^urd#* ai*a ea tte ii^fie# of tbt oplkero, 
tiM mpiio «lloH IttCtU ^oQstoet

*OOBtOCt • r c i~ “®=J-
w»r a # • tr aoa ««,

^aaataat * r'[s]
Ihararora, afeaa «a afply Um tbaorj of flalta tr'lda to tka eaoa 
of dlffMstOi^ ao aoor^ ohord laoctk aoMokat laoa tbaa 
ohoold ko 0004. Tkla dloeropaMy la T la of Mtaltudo lOfL Tltat 
10, m toad to oaeraattaata tba ehoHoUla* affaot for diffuaieo 
if Ommm timorm io ftpplloda At tkit it of tht ntturt of t 
•orroetioo to • oorreetioi;, w tlwU ootttUwo to utt Orntm^* 
tkmtrm for tiM tvtrtct eOtrd with tlw MOttI rooorrttioo that 
tpt 9m oorroot thit trtlot w^n tbt oorrtotioa it wtiroatodo

tort tlM totroc# ol»rd la t tolid (with ao eoaetvity la itt our* 
foot) it girm dr/Aa ahtro r it tht rolmm tod i the mirfaoa.
^ t rt«ht eiroolop grlimdmr of rodliit r tad htl«lit r, this

HaM« If wo tot o ■ l/r« wt g9t

a • 0.8 rn'K

Wr6m tka aavorlaaatal oboorratlaa ^ tkot tke ffoottea of veidod 
rolwH iod0f«aaaavootv*«>O.a m'K

-£0-
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Ticofod aoBtolao a craph of r(x*, 30 aaO far tka 
eaaa a * v * 0.8 aa*\ oalac odootloa I4«

Dm dottod llao U n«aro 8 koa baoa cda^tad uala< 
tba abera ataarleal aaloaa aad o4|aotlea 89, yloldlkC I(s)/I(a) ■ 
,-0. UOa,

Ika aaaarteaatal »otata aad tka ttaaratUal a«rvaa
agroo raaaeaakl) oaU.

Slaeo only tbta ona aaportarat baa koaa aarrlad aat 
OBO kaaltataa to aaka atroag elalaa for tka tbooiy. At tka 
aary aorat, kawarar, tba yarntora « aad * aay bo adjoatod to 
fit eao esparlaaat aad ahaald giro raaoeaoblo good fita far 
otbar raloaa of Kr (dlffaraat alaa fokbloa of tka aaao ahago 
or dtffaront tadtatloa). IkM. oao aaat aorry oot at loaat 
oio a^rtaaat for orory ahapa of yobbto aad a aad r aay ba 
datamlaad aa ynportioaal to aoMa aaoaorobla dlaaaalaa of tka 
pabbla.

Dm tkaoiy aoold bo taotod altb
X-rodlatloa (vary aaall yobblaa aaald tkaa bo oaad oa r oould 
ba blgh). Slaoo tba raiaaad daaalty # • r/(aar) la rary alaglo 
to aaoaafa oao aaada la priaalyla oaly aao attaaiMtlaa aayarl. 
aoat to aaoaato a aad r.

If 9(1,m) la takaa to bo a dalta iaaatloat 

8(1,a) • » (a-a), 

tkui It la aaay to aboa that

S(a,a) • M>-aa)

't
aa aa a a 

:•h • 0 to 
00 too 0

\ VI i:
oa:: oo* ao^:
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u4 ■tallarl]!'

«(r,«) ■ i(sonb) .

• tlkttld. with Mtwriwl mi rold
w|wBt> •• M f»r iMUBew •MBBd baae^««u —
tiM WMBBtlM »t 9^/mUm 10 rwdiMW* to ttt «M tor* for 
wUob B ■ a/(a < b) Mi tho rooitltlag roteotloa la UtMoltjr 
ClvM by

that U* tha raiaotlM ta iBtaaoltjr to taat com 
tha haaacaaaoM aatartal of raivaai daaattjr.

ayaailat to

Oaa OM, hawaaar, ralaa tha aoutraUt that tha ' 
salli and void diaerata walt-iiiMata Mat altaiMta, aai 
aMaiiar iaataad tha probabllltjr of havlac a na of aolli 
or veld wait-Mgiiata. Thla la tha aatara of tha davalop- 
■Mt of thla a«Bt aaattoa. Thaa aaa bwtlda wp a raa of 
altarwta aoU iMCtha eoav«aa4 aaah of raaa of uait-aaMaata. 
Iha rooalt la a thaary lavolvla^ dtaarata diatrlbwtlMa. If 
la additlaa, tha aaoMyttoa Mlfona prohahlllty la Mda.
OM aa^eta raawlta. ea tha whola. alailar ta that of tha 
yroaadlac aaetlM.

h. hltaraata Modal - Covaywi ^iMla

B. ». Oaaayaa haa aacsaatad aa altaraata
«Alah ahova tha aa«o bahavlarv aa aM*tloa M.

Ceaaldar that all tha yabblaa ara awbaa aad rlsld- 
ly orlaatad la ayaaa. Osaaldar farthar a aubla oall of 
alaa aawal ta tha ewbla pabbla, airf lot # ■ yrobablllty 
that tba aall la oeevyiad by a awba. Thla la to ha tatar- 
yrotad aa tha fraetloa of taa total «bMa ooaaylad by aolld

-£S-

f: u : • s •" •**' I »** "• 
s~ •••! u. u*

IsCl 30

aKRR
Mtarlal which wa ahall doflaa aa "radweod daaalty". If 
h * tha alaa of a oall or awba, thara will bo a/Xxalla 
ta a llaa ray yaaatratla< tha ahlvld fmai front to book.

The rrebablllty that k* aalla ara oaowytad la than

flkM -I (1- k’.

Th^ £ fUi*) wit/.

k4

tkm ilM 111 pmbbX^ It mhtrm r is thm
•l^ftorptloa «d#rfUI«fitt htmem

w. •
k*»c I

• (l - y ♦ ^

(a/h>.k •

l/I- ' aaf>( a/h la { 1 - ^ ♦ y a'^^I J. (58a)

Note that tha aayoaaat la aaeatlva. ahaa tha pabbla alia 
ahrlaka. It la aaally ahowa that

Ua

h-0
il/lj • a'*^

^trtheMora, tha aiq>oeMt of OBuatlon S8a ta alwaya loaa la 
abaolwto valwa than that of atwattea 33. lhat la, tha attaow 
atlea la tha yabblaa la alwaya laaa than that of tha hawi 
«oaaoaa oooa, aad la aayoaaatlal. Thla la la awalltatlvo 
aarhMaot with tha yrwvlowa thacratleal raaulta aad awb> 
ataatlataa owr lataryrotation of tha aiparlBantal raaulta.

Tha Otwoyav foraaila doaa not ooMldar variation of 
solid ai#aaat thlohaaaa • a distribution whlah aaiat awyiant 
tha ehaimelllnc affoot. Bar yobyia Mt of aubla ahaya and ana

uUiH5S\ ;• I !;• r» 
• L.»s



ii#

' SlCtUtT

to. of \ I, «ffie„u «h« p / i. A* far M th. •fc*„Ttlo7u
^emoa th. ^f«s« olM- .houid t. mm,thU>c le.. tt«. tlio

for ^ ^ Uo tls. of tiN mMU alMwld ko t>ikM as mm
«« Of th. .tort, .ith tl- loocor obora, Mj^tod Mr. h..,ll,.

n h* rtooMo of erlt.rio, tao *oea elMtrd A0S U u«od for 
K t», tmn »ill toad to ooiapoaoot.. Do lac, tboroforo,

j
’iii

A ■ # ■ i, r • 0.83# OB'^i « (ot tlidt

I/l^ • ,-.X10t

sr,£.” ::.i:rL-Lr
®* Tb* Ct»» cf Mpiforr iTrt^tn^ta uiit}, 
t^nCth ■■ ■

tf of Diter^f

o.t. <t«trtkotl«, cf tho Mlt-ehord lonctho t. .
tdlto fWctioa. MOt bond ^0 tk» prlMiy dutrlbotimo 
•rtlfielaUjr. la re dola*. . dtMHbuUca U oktoiaod .atol- ia 
«»« oeatlaMM. a«t i*toa 0.0 •,iu*a ci, «. . diMroto oad 

^cf poiava. Tbot 1., oao f MM*„ia*d U>
of Mit-oaorda. I, „ mUotm, %c ta.

4fftaUloaa ctaoa ta Saatioa t lot

:x-

Sla.kJ • tao Pfoaakuttjr tfett a ahorda fm tao s(i.a j 
dlatrtairttea aw>^ ta ». aaaatly a aatt.aha««a 
li< leacth, tad

• ta. proattlUlp tkat k ooUd m‘umm
folloa ta aotaMti tB CMte aoloatloa froa «aa 
aoltd aad aafd elt-ClaCia.

■■

i va.,;:

m fiFCl j’t *r" *r s 
n j..t|

■lili 'MMt -
,-v V-

iiip
Strllar daflnmoat for tao V(a.k) dtatrlbuttcaa*

IB ao7 aatacaao of .oelid aad void uait-cBcMa, tkar? aill 
a ta eaaaral a raa of aoltd. taaa a raa of votd utlt-akorda. Tok- , 

1*« oaeb rw aa a aarU ,io.. ^00 tho SU.k) and »U.k) dta.
trtbtitloaa. Tko prokloa t* of aaaotljr tha am naturo oa fw tfao 
eaaa of eoBtlaaoac dt.trlbuttoa oaMpt ta«t tte late«ral. .m «» 

hy tuMlicM. u particular, m ray alto ecmaldar a 
oaaa of unifom probabtllty at wa did to rbtala tao ai,ois4atii.l 
tfistritutlnn of •^juaticik 7.

w

COnaldar a obcrd aada u, cf tororal tailt'BlkkRda, aad lal 
ta. pmbabtlitjr tkat a cttaa Mtt-eaord In tka Itaf ngmA la data
aataaaat ba ibaa

5ft.k) • rU . p)k - X.
r
oat antt-ebcebcrarXlia pm*»%lli%g Uai 

(1 . p)k - 1 tad p u ta.
ba haoa that m atva «t loaat
tt la fcllcaad by k - X aatt akorda ta _
probabtlity tkat tho Xaat oaa torataotao tba aatabact. St aickt 
•ppaar that SCX.k) akoaXd ba «lo.n by (l.p)k, mmW ^ 8(X,kJ 

aataallsed tha abooa atwsttMi toaolta.

■*#K'

-i:- ;;

Cnutdar a t|>aao k aatta Irac, dioidad tnto t«o paHa. 
«heaa aatta f*w 0 do a*, aad trtm k* to k. Iko prckaatXldy dkad 

*(X,k) tk»rd fc» aatda Xaac ftlla tka tataroal fr«tt C • k* <wd 
^ “ l|9tX»k| aiorda flXl tka tatarval fnaa a* to k ta nt

8{a>l. k^*| 8rx.k*}

mt, ^naiaf^Bh,

\j .. k-aoX
I*

• * ptf, m
iMH#'

lilii
si!

**»

\ » .. ■,

,, •

' V- mmsinm - ;•



I -
srarr V
™ fin

«fc* «|>r*r limit of tbe twiwtl-iB rttulta trcm tha fact that »a muat '=
allom at the oppw limit a|>a«a f©p n - 1 of the S{l,k) chorda, each 
of at laaat om wlt-chcpd In laB*th.

\

fl;-:

its

Oalac aem the S{l.k) Peauma* from tha aaawptloo of 
uniform pfx:b«fcillty^ m get

S(n,k) m

'' '

•¥li
p" U - p)“ ' “ . (36)

kquatton 3f my bm pmvedi by induction, tut inajmieli m 
the induction proof itself inenlvca tne use rf genemtlng nmetiona 
m •hall iPvloy the a«neratine function directly which allowe ea 
evaluetion in s manner which it entirely operetional; t.e* withemt 
recouree to induction and the intuition required to gyate the 
correct a^ution*

:

Re first point out the analoey between the te^esned 
igehei^tiBit fUnetiona anl the Lcplaee Trenafonu The feneThtinji 
function for the 3(1,k) diatribution ia dafined

a(l,a) ■ I ak 8(l,k). 
lc«l

(37)

ta ahall oaiMafcrtb rafw to aviation 37 aa a trsaaforiatlca, mt. 
tha f^tloa ad.a) aa tha tramafem of 8tt.k>. Ta* tU*P«* irai>». 
formatlem la »*i> ala«>lp oht-iimadi

9(l,k) « ((t^ ad.,) (30)

abara ((ak)) mama "tha eoafflelanta of a* la tha ft-llnrtTg, t.*. 
in the eapanaion e(l»i) aa a pee»r aerlea in a*

•V,

ticta the analoep kataaaa tbea« traaafomatloQf •i| tfi* 
aoppaapoodine oparotloaa for tbe Laplaaa traiefoiarnttm* Tte 
wiM* X noaupiea a alrilnr pcaltinn aa a"*. Iba ttrwrpff: ■ - 
eparatloB av^r ha arittan '.iiiSi.

-•g*. sscBsr
;f«v.

..... isafe OtCLfiSSiFiLH
-4I-,. ■.

Sd.k) « (<*-!)) (.,-k-l j.

iiiaar

(sea)

aa ^ration ahloh haa eia>llarttp to tha amuatloa of tba 
awtpla* fatacral of aa laaaraa Uplaea traBtfonaitleB.

?iiii

'II
Uttihc tha .|^x 0(8|l.k)> raprcaaat tha traa.. 

fomatloa of 37 aad (pl (ad.,)) tr.a.fb«.tlon 
•a note that «a aaaloe«aa eooaolutloaNliaop* holda tor tha 
gaaaratlac traaafopmatIon:

■ a(*.l,>) #d,*), <39)

•Inoe

® S(n.l, k-k’) 8(1,k«)

’ k?i
• k«nei a ^

*k«l kii **'"''* Sf^*k*>

ly feeem^ the order of the

"k«ik* **i ®*-»***^’> ^*8(i.kn

m,
» S a^k* ste-Uh-t*! t 1^’ Sd,k*l

»gfc»«l t-mi

• •(B-i a) ad,a).

-33-
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S:Si ' '
■:;'5-i

ai®CT

lio*, bjr mnw of tit neunloo r*l»ttoi» (•qoati<« 35),
mmw^

%

•(«,«) ■ (•(i,,))«.

0.1ae ibt «pr..,loe ft>r ,{x.,) {.^tlon 34) erne pet.:

• a.*) • r* ll ♦ (1 - p)s ♦ (1 - p)£ ,«♦........ j

• -a
1 - (1 - p)«

fti4, tbanfor.

■ (b.i)
(P«)"

tl - (1 - p) «)• 

tb. Invert* t»iufon»t Ion

{40»)

p-* 8(n, <) ■ (l«^)
(1 - (1 - p).)»

• d*^-")) II- (J-p) *l-n ,

S(n.k) tf , 1 p» (l-p)k-n .i-) izc)

atullwrlfp an® i^la

«TR.k) •
Va-1/ UD

SECSeP

sKm

Wot. tiMt S(n,k),b«io£ aomkllted, tlway. contain, 
th* iaplieatlon that the Mcpwnt r.protant.4 by tbia function 
1. foUoMd by a voU.4 Menant. Hkan «a «et to tbe and 
of tha intarval n* do not In gcnaral earn idiatbor tb. next 
tt^aat baglne with a aolld or void,

boa tha diatribution of aolld and void aa^nnta 
tiblcb raault fro* randea drawing* froai a rittura of aolld 
and void unit aagventa ia aiaulatad by two drawing - ona 
froai 3(n,k) and on* froa. V(n,k). All of the aolld (S(l,k) 
aaetianta have been puahed together feo«> 0 to k*, and all of 
tha void T(l,k) ae^nta arc aaaaaibled in tba interval k* 
to k.

Tb* ^xparUaental* analogy to tb* aMtheimtieal 
forwilation la aa fellowa. ne anbatitut* the nerd "bltek" for 
•Villd" and -white" for -void", be hav* a large (infinite) 
bln full of bleck and tdtite — and gray — atieka all of the 
•me length and fabricated in anoh a Mnncr that they can b* 
■ad* to atlck together like tinker toy*. Tb* fff linkage* 
have tba raMrfc&ble property that they turn bleak ahae attach* 
*d to a blank atlck; whit* if attaebad to a wfalt* atlck. A 
fraction 4 of tb* atlcfca are black; a fraeticn p ar* ataltei 
all of tb* ranalnder are gray. »iot* that p ♦ 4 In ganeral la 
lea* then unity.

be call an aaalatant aed keep hin buay for aeveral 
day* at drawing a froai tb* bln. He atart* by drewlng lAttl ha 
get* a bla^A or white atlck. Sivpc** It 1* black. If the 
■ext drartng ia grey or bleak be attache* it onto the fint. 
ate., thtt* bulldittg up a length of k black atlcka (elBS* the 
graar one* have turned black), bhanever h* drew* a white atlck* 
he throw* tb* attached linkogea Into the S(l,k) tin and proeead; 
ia a aUdlar way with bla white atickv, filling tb* V(l,k) bt#, 
with than.

■a the* take a aacond aaalatant who nebae t«n draw* 
lag* froa tb* C(l,k) bla, faatana tbe* together and threw*
«h* CoKhined linkage fa the 8(2,k) bin. A drawing fron t.«e 
e(l,k) Od Sttt-l.k) bia >- or tea sKk) mti S(a-n,k) tin ..

-35- aumr
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#

art ftttscti tocatbt^' r«l fa Ife* Sb*k) bta.
eSCHET

A aisilip it ttjTiad oat ter iHe f^fc) kiaa.

# mm %m tofaaaa e<M9t Aatai sb4 wfcaa %m dfmrtBet, 
®at fra tte SU«khkta aai mr trm tm k(B,k) kfa, or 
f(ii-l,k dr f(a*l.k) htm. In tbo eimem flfafa 8^ mm <»f 
Amia<:a la mt4» for aa«i Um mMeh llakt jara of aa^watii 
ef affoalia aeior. •

Ika frakakiljfy ftot altereata •claaiioaa arid 
*sd aolld 8(1, k) aad V(l,lc) teciRBta add ap to aaaatl^ k |a 
raalaaad tiy tm trakakllltj' cf dnarlac Jaat omafrcai tkai $(«,») 
aad fv«« tka V(nai,k)j or f(a-l,k) fcia. CaU tfelt
ff^abaity ROt).

«(kJ»I rik’.k).
ir«

k(k%kj .

. 8

rfm)
f

I S(a*l,k*J %(c,|| - k»)
a>

(42)»

— I SCo.kM f(a.k-k»|
♦ 1 a

8

I S{n*k«) k.k*)
«

%Oi,k) lk«,o*

♦

r..-i.r-nrirn• ]• i*a
f ? I ...................

aMi»'* a #♦« a a aa aanr :. ? n :: i s Kfci' -’**01 38



PAGE 37 Dr 5278

V(I^)

v«,k)

v(3.fc>

5<JU»». NO BLACK a tmiTE 

V(n,W

V(A»i^)

S2rt5gJ?^S mS STtmtSi

A



Tim tents Includias toi Kiwwics# islta ars for 
CM«s •hers 1c* » k. end k* • 0 wbmm ttm rsy stmisins sU aoUd
or all roti oatarial rsafsatieeljr.

la tks first iottbls stsmstion of H |k*,k) m kasa oaa 
IsM vol4 ascHoat (a«a last f(l,k) that U) tkaa solid sa^at. 
That is, as start aad sad irlth an S(l,k) sa<mat. Tharafora, 
tha tam is aultiaUad by tte probability of starting with a 
aol!d saeps&t iBaanoeh as thaaa tones rapraaaat aadk

ti^ with a solid sa^nnt «s aoia that tha last oaa eoatalaa iai^ 
plloitly tha probability p that it is fsllowad by a void sag- 
iiOBt. As «s do not ears whothar it is followed by void or solid 
as m quit shea k units ara filled, wa rss«va this factor by 
dividiac by p. As thara ara altaraata solid and k void 
S(l,k) aad V(l.k) aagMots insite tha iatarval, their tema
eaaeel out as they ara always followed by a saffoent of opposite 
type.

1^ seecad sumation contains all those tonne which 
beeia with one type snd end with another. Hm terra keciaaing 
with a solid secpent satst tc nultiplied by p for the 
probacility of starting with a solid, end divided by q to 
the aecessity of the Ust se^Kfit being followed by e solid. 
Similarly the terns stbriing with a void and endinc with a 
solid ara multiplied by y w The stw ie 2/(p«q).

qTp^)
a void.

Analoconaly the lest swBMtion is watiplisd by 
since it represents starting with e void end ending with

The ewwMtiooe era carried out over ell the raaee for 
iftich tlw aryawsat haa values.

Tor eofivmience ia notation let pvq H end l-t»r. 
»e define • fteictlon G(k|, ond iutatitutlac the valaee of 
SU.k) mi va.k)

SKRET

'7
:% :jn. «•: : \ !:r : r Ts:: j f.: s j I: :; : ihr hr# e e * e» ee e e e •«'
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♦

3’
SECBIT

H(k} ■ -A ^ ♦ C{lt). (45)

ttat it 0(k) eontalju thoic tBfm latdlv«« la Um teukl* tMattosa. 
MBkins t&9 craaratiac fiaiatlfta tr«Mfaia«tioa c(a) »f 0|i) ««
€tt Iky easaelatlea tteoras, a^ttMi 5d)>

C(i) » 1 •{»♦!, a) v(a,s)
Pt «•!

k •
♦ X •(n,«) a(a*l,*) 

t a*i

♦ il X (44)

F»«i B^natioa 40, tha trmsfona af S(B,k) — and tlailarlk for Um 
traaafom of V (a,k) w «et en cakttltutiae into equatioa 44. aad 
furtlMr aotlHft that tha tnmafora of tiia fim t«o ta»a in 45 mmf 
ka iaeludad in taa fi rat aad tMrtf atmatlona! ^

<i • 
b{«) • — I

P* a«C l-(l-p)»J |^U-qy«

ca
1

r p% * n
[ '*ll-U-p)i if l-(l-q)a

m
X

••

pa i
n

V

n*0 1- (l-p)t l-(l«q)>
!*•

£i

. (45)

■Z9^ mcsst

i F i !■'f!
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te pn-fomlDc tmaati MNMiloM aad at>TlirylR«. mm «•««, 
9iom

P §• • a - .)*» M< f ^ ■ 1(1 - i)-i,
B«0 ,»1

lit*)
Wtl - ll-cilx]

« (1-*) (l-r»)

Spti *2
♦ —' ■■ ■ I I

F xll . (l.p!*,]
♦ —-------------------------

t(l-x) (1-rx)

m m§i» tlii pmtr #«riM 9^mi»Um of (l-m)-l

1 * * •J- . -1- « I «• . X lr«» ‘
1-* 1-r* J.Q

* J xP f ■■c J*b

bBt f iJ * f r) - f rJ 
j*o j»o j-an

l - r

iii tho eo«rfieient of s*.

•40

nrri 'u- L ».* 5„ •*:J!i ; L U

(47)

v"‘

isicfifr

i*>ci *2

I
Mkktnc »6« iraufemBtioB (t*« eoaffieirat of ■*)

H(k) «J. ,*-1 ♦ -!l. a . r^-1)

(l-rk*l)

-r H(<) * 1. . («)

TInj* P(k*t k) it norfttlist4 for all valuta of tha paraaMtar t*paq»-

To eaeq>ute tha tranaBitta^ IntentIty <te mitt evaluate 
the auMatton, which for unit incident intanaity it:

I(k) z
k’ r(f. k). (49)

i*are ^it the linear abaorptlon ceefflolent t multiplied by the 
lan«th X of tha unit ae^paant. Squat ion 49 aay be wrlttaa in e«*» 
volution form if na group the exponential with the S(n,k) dletributi' 
«a define

»(n.k) « e*«'' 8{n.k)

ta-*(l-p)
n-i

(90e)
\ *

The tranafona w(n,x) of l(n,k) ia therefore 

a"^ px
w (n, x)

1-e*^ (l-p)i
(5Cb)

m

8BCHIT
-41- ii|:i
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r
Hm trw«tom 1 (m) of I(k)

t(«) f

* i f
»

(l-p)«

m^X

1 - (X - q) «3
r-
1-*-^ (X-p)i l-(X-q)«

• i.r.
•t* n*0 111-*'^ {X-p)« X-(l-q)

(51)

Dm trantfoxiat of the two terns not under sisiMtlon sicne hese 
been e’eorbed in the first and lest tenri above by setting the lower 

^ limit of n St sero.

On performing the indicated summation we get:

^ e*^ « Il-(l-q)x]
iU) *-------------------------------

t (1-as) (1-tx)

S e-^ pq *2
^ ......................... .

t(l-ax) (1-bs)

p s[l-e*^ (1-p) s)
♦ ' ■' " • 

t(l-es) (l»bm)
(S£)

•42- sicnrr

r.: ‘
V i;.

• e« •• 4• e • #

H *: •;!
•••••« *• i

*m f ««« «s

■ILL! r»0i 44

srcRtr
• «« * tre th. r*clprje*U of th* rspi. of tlw »qu«tl«»

1 - (1-p) ♦ (l-q)J s ♦ ^ mQ . (5J*)

Solving

,J . ^ i (1-p) ♦ (l-q))«.4 .-‘TiTTr
? e‘^(l-t) ‘

2 e-^ (1-t) 5 (Wc)

X X
B « —; b —

*1 *2
(Mr

te note that

a ♦ b * e-A (i.j.) ♦

*' * • * (1-p) ♦ a-q)l- - 4 ,-f^ (l-t») .

ab » (1-t)

5EBET

a : . a a- a^: r ? : K: % ••
• f aa • a

B*a a •«« # a a« af*.

aaa * aaa
1. : !ae • e a be♦ a

45



gFCRST
fc p,rfom tut .tOTW MlMfo^tJot. •• m«| tja «pi«,io. *fV

i 1
*9mmm‘ * «mhm

!-•■ 1-bs

• I M*. I (ta)J
J.

■ i ’^1%,

c
• I **■

- b'**!

• - b (S5)

Inrertt trtntfom«t Ion, tdileh oa ttapllfylae booocot

I(lc) . 1 -3 ° ^ ^ P 0"*' (t-1)* jt. C q » p Q-fi ( 
•-k [ t ,

i
••b

q 0-^ ♦ P e-^ (t-1) 
—■ ♦ —■ ■■  

-uTjr:.r:Lr,v::: rr:.:',::: .t:;;-
th.t . -0 u« b • o-^ (l-p, «4 thttofor.

t-i ■ (b y)*' . (57)

iSCBR-

I

?“"* *^**“ aetonfln# the ce«mei«,% of „rry out the

11
E
e:

r. f*‘ ................ -
Ijr i,A I, '': :iMr il••• « e«« * * ee »• * , J •,*

2S01 Af,

mmt

A rreult nblcH It IteitlSal nilh the Co,.yoa formal. (*v(ui.UoB a) 
elnce b » ^ j p • |» ea« # • rh «he,» X 1, the >en£tb of • unit

7. rue Centlnuou. Ce,^ „ , Cije.r.tt .Cpe*.

.• 4e.ir^ no. to ello. t to to to ,ero In ,uch , «*nr.er 
thet the av«nie« *olId u4 »ol<l ee^aeeta In tho 8{l,k) wd Vtl.k) 
dletrifcutien rwiMn coMtant. Uttint X be the len«u> In eentl. e 
Mtcr. of tlw unit tectant then thee« n»er«ce T»luet tr-

§

V *

Tlierefore if we set

p • uK

q » vX 

fi* tK

■ V

'A

T » (u+*)X 

k * */X

end take the- Unit X-<0 m ,zfect tut tne dleeme eete *111 j/. 
to ».ae contlnueut eete la the limitInfc prccett. I

skcnr
-4S. ' : -m

■ Ei,i
'o'.'

. ’^4': i'. 1“.*. :
i: * :*.: :•; 'i

i*j01:i»K



r
ttMfU* ta t«cMs max§amK §• p «• *» «fc* u»

ItaMUM.

m
♦

s

• • IC**t ♦r}* - 4vrli ,

* I j * y * . ti» ♦ f ♦ Tijg. j ^

t i 1 p *"J ♦ 'l(u* ^ ♦ t)£ . 4rr]iJ^

. . r»
* I •-

-!^: -. .[-‘AfjLtZ, ♦ [fa ♦ T ♦ r)2 - 4wl^ :t':S'

(t - n
k

■*-l ♦ (fa»T>r)2.

Qa* taint

^ (fa^«r)2.4vr]^ ♦(«♦«)«
* '■ * * _____ V /

eCfa***r)* . 4rr]i i
VA

•A

■«a

faH*r)« -♦«.I
-4e.^

ils.'" 

■ ■

- MM.ujm\i]} JWl *8
L:_._

StBSii

i!c t» -1^)*^ • •-»•

iijifa)
N («rHrM*-4rr»(u»v)» j *’ r ^

zNI (u^t«t)2 .4^ -if i

\J(u»r»r)g.4»T.(w»T)

2^(u>t+t)2 . 4vt
- -fu*»»r *\(u*r*r)^4rrjJ,

7amt It, iB tb« Itiiiit, tkn •nuntlen for the inteatlt? of 
trMtwlttod reniation eoet trm tkn dlaorote to tbt eoBtinuoMa oMt.

®. The PlttrlbuttBB of Solid llnterlal. '“■I

Tke dlttrlbution' of tolld antorial for the eate ahara 
• 1 la of taitanaat la the ooatlatioa of tha pletura. Sattlat 

q-«p«l-/9, an hnaa
/«!

-vv;^ 
■ ' '■

■' 3

■■'3

yx_ I
■

'"hi

;.• L. *.•:..;: ..* ..•: j : t„ :,♦
l^'Ct 43
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f-

FOc*. kj

- -f ;:)(■■.■;:■;

"(:;:)(v.r;
• ^ Vk* ♦

-Kv.'.'X:) ••■■

tSCHET

(60)

convolution toxm. It« tran»>

/bm la, tharaTora

(1 ♦ «)2 (1 ♦ t)k-k*-l .(14, ,)k-k‘-l

•k tka tDTm* tranafoni - tka eoafflelaat of *® - ta

I (ex)

8ECSET

e« Mi'-:

«1||; DEC:iJS5inF[! 2'01 50 ■t .

■nr ba wrlttw la CMvoIuttM tarn, alaea

StpVT

/k* - ll /k - k* ♦ I \

«I*ln«

Ilia tranafora of the auai (62) la than

(1 ♦ x)>'’-l (1 ♦ (1 ♦ ,)k

The Invaraa traaaform lota ooeffielent of a**’

(::r :■■')■(:■)
Itottt «• b«va deiiiDnstrataa that (for p ^ q » 1)

r(k,k*) . ^ I pk’ (1. p)kr*'* 

(tha Kronaekar delta tanaa baine abaorbad).

(62)

(62)

(6S)

To a^raaa thatfaerate oaaa fonnila ila tama »f length 
rathar than k «w daflBC

u“* • ava. laacth of S(l,k) diatribution 

laactb of T(l,k) dlatrlbutlen.

-d»-
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a»r*f*f*

■/"

wcRir

r* .

I. t» miw ^

»>« 66 .ad the ftct tJ»«t p ♦ , . ^

^ • (u ♦ v)*^

(67)

q • »(u ♦ »)-i.

l(t)

JIT)
U-f'

»(u ♦ ») / 1 - •’»^1
^ U+» u+* J

A

F(...,) \ ^ ••«“*») u (-.•)
\«'(u ♦ ») / “ ♦ * TITT'

(ee*)

(u+t)
.(68)

(6tt>) ha. bMo eoaparM with obtMnad fn* th* c.w
of eoatiauou* dt.trlbutlon (»<piatloB 12) for u • 0.2 em'l and 
7 • 0.6 cai* . For tba aami aaluaa of u and » tha "diaerata" aaaa 

tftribut ba aa th. oontlnuoua eaaa; but. 
i(! fa ’ I !••• -l.por.ion. If. bo«„r,

f 1 Z « ♦ 7 (i 7 for tJ aery «ood a*^..*.; i.
obtalnad. Thla la illuatratad la rigura 6. oeraaawnt la

Tha euraa. «.ggoat tha cauaafor thla affaet. ona eta eoan 
puta tha ataadard daal.t ton of tha tao diatrlbutlon. for coaptrlaon.

-50-
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Sicnrrir-o6
thin oeaparlaea of tha dtatrihaUoaa of aolld aatar- 

lal poMtfatod Ife travaralac »aa, cf a paMla bad aa flvn 

«* aontlMoaa olatrlhaUoa and bf tba dladMa dlatrlbatlnii 

(»; ♦ 6 a X) Ulaatrataa tba diffaraMo la dlaparaloa gtoab 1^ 

tba tM olai^laM. & tba taat It la abona that tba ataad­

ard darlatlo'i far tba ooatlaooaa eaaa la appaoaiaataXy tba 

dqoaro roc', of taa tlaaa that for tba dlaorata aaaa far tba 

aaaa aalnao of tha paraaatara. Uao Ulaatratad la tba fiat 

that If tba paraaatara for tba dlaorata aaaa arc halved a 

•oed fit raaultai la tbia aaaa partlaalarl/ la tba roflaa 

of lo» a* - tba rodoa af fraataat Ibpartaaoa. «ara tba 

»tlo of a aad ▼ laaartod, oarroa|»adlac to a rodoood daa- 

aitr of 1/3 laataad of 2/3, tb«. ewvaa aoold ba alrrer la- 

o«a of tba aboro, alaaa tba aqoatieaa arc ajnnatrl} la a aad 

7. laaaTar ibaa tba foaetlaBa arc aal6fatad fey tha axpraaai- 

• fraatar dlaarapaaaar bataaaa tha paobabllltf of 
PVMtratioa aaald raadlt.
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SECRKT
TUm fifonl aoBwat of th» <^timiou» 4iitrlb«tloii li clvee by

(«*)2 . I U»)2 r{i,a«)4*»

m& th© ftandmrd d©Ti«tlM, o>, by

im%r

^ • (x’)2 . (Fr^

& iubstltutlon of in 69© til© result ii©y be expretscd ia
amTolution form ©nd the integral ©valuated - using sMay pages of 
eoaputatioo • by the Laplace Transform method. Using tl» ealue 

of *'■ already coinputed. Bq*iation 30, thers result©

£uV

(utv)^ V } [i
Putr u^(r-2u) , ^ V

Or, when * is sufficiently large 
i-u»

(«♦»)»

<71>

the ©twidard desist bn, Z, for the diterete distrlfcutloa 1© 

•sll known^, since P{k% k) is biaosital.

S.471 Fry, *^bsbility and Its togineeriag Uees", D. Fan Rostreiii 
1988

• k p (1 - p).

v>

::
? ■ I:

im
Ito convert this into length rather thaa numbers of laiiFseepentt 
Equation 72 Is multiplied by (u ♦ that is by \2, k replaced



/
4 - StCiKfcX
bjr *h ♦ »)| p b, n/(» ♦ ft . p) bp T/(u ♦») «,ttui«

X* l« '.
fel ♦ *)3

1» th. dl.cref ,.M Bu*t b, th. « «d r „ th, centlruou.
CAM*

_ Tb#refor*. to (ei tbe sms nunerlcsl result, Mbea ueiiu;
tbe continuou, dletrJbutloo tbM one i>ay eeti.ete u-^ (the 
eubecrlpt e for eontinuoue dUtrltnitleo. d for dl.cwte dietrJbiuton 
• P q-1) bp taking; It te be Osuse »verape chord 4K/5j H»en 
u.l«€ the diecrete dletrJbution i. eetleeted bp t.fclad It to ' 

twice or e US. Tbl, interpretation la not conelatent with 
the Interpretetioo gi,en bp the Coeeyou foraulation, where 
h . (ug*ej)*i 1, taken to be the aTerag. pebble ,i„ or WS..
Thia la aua».rlaed ee follows Free the general theory one geta

SRRIf
Since dtatrlhutieM for the i end » fuMttc« ere 

flctltloue. aw aeree eelp te build e abdel for ec^tatloe par. 
P<»oee there rewina thee the aeeeeeltp of detemlntat the pern, 
■etere eaperlwwallp. (tee doee » . need to date mine theee fee 
eeery elee of pebble of a citea shepe, hemeer. but for enlp «iie 
elae. ainee the .”1 end r*» .III beUeearlp related te e eeatar. 
able dltMMloe. and the # .111 he eeMtent.

«te could he teken with------------ ------ - iaowPWiH wwtlo M^ny9
for r^rioiii 9bmpm9 «ad tiMs of pebtleo to tbot Vm aad 
ralati eould he given for the different thnpee for t-MVwk: 
ekhputotlott.

9. tegloocrlng FTocadurca.

4r

s

Zii : 
£

/>

1-^

4f

S'

Frees the Covepou forwuletioa one gete 
4f-1 • (1-p) u„-l 1 ~

-1
^ 4W

There it, fit» tbe preaent dlaeueaien, no aap to enoeoe 
betwen theae teo Intarpratrtlooa, and one eeee that the experl- 
■entai tcet e.. fortuitoue in that p-J, and the tw Interpretatiohe 
give identieal reaulte.

In order to design e pebble abield of adnlaw wignt wd 
thlofcaeee or to design a pebble pile tbe ehaaMlllag efTeet SMt he 
kBOw. To detenaine thia effect It Is deelrable to arke one or 
horo eaperteental Masurewnts of attenuatloo In pebbles of the
tppe ehoeen, it i. pointed out that the aMdela herein presented 
botn predict that the factor bp .bleb the thlekness la Inoreeaed 
over the density effect (here dtflaed ea the chamelling effect 
factor) Is the saw for pebbles the aaw> shape, and for
.hleh rk la the uaw — were r it tbs aheorptfon or eeettering. 
ooefflelent aW X Is a parewter proportional to a linear dlaienaloa 
of the prihble, l.e. Is (n ♦ v)*l.

If .e cell f tbe cbaiBielling effect factor, aad define 
it bp the relation:

W {• O • Iho*, (*). (74)

■■
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stcBtr

li^rctioit of 41fftnion as • nadjn «slk^, ve

is dsacsr U spplyinc tbssry of ns<lon ►.slk blladly to s 
hstsreeeaeous systsm osfoss4 of sol 14 s»4 sold spsess. Tlila is saas? 
▼try clearly la oo^utia^ the first end second nomnts of the ran- 
dOD wsl'x distribution of the esse of diffusion psrpoBdleuisr to 
alternate solid slabs and sold spaees •- nil solid and sold thick* 
nesses be inf equal. One gets her that tl» first aonent — the aieaa 
free path — is that gisen by the islty correctIon alonei but the
sceoed noMat (used in the conputation of the diffusion length) is ia» 
srsseed oser and ebosc the density effect.

This is in eoatradletloe to the present theory and to ooaq>utat ions 
nsds with boundary rsluss ss wll as being offensise to ones intultlss 
Jud^nsnt.

The paradox enters from the assuo^tion implicit in the randoai walk - • 
that one is peniiitted to select any step at random. Howsssr, if tbs 
step sslected ends in a sold apace it nuet be ^ejectsd es phyalcslly 
unscesptable. Thus the random walk argtsnsnt cannot he applied.

(hte night first think that the tame criticieo applies to the present 
argument. Howeser, there is a constant probability, dua to tha 
atatlatically isotropic character of tha pebble bed, that any step 
aaleetad swat as rejected, and, therefore, the distribution is proaersc 
on tha whole, and the randoai walk argument It applicable.

base that the probability of a step terminating In dV- dx dy ds on 
tha step is

P(x, y, s) dx dy dx • P(x) dx P(y) dy P(x) dx
*2 ♦ y? ♦ ,2

(2r)2/2

dx dy dz (00)

«diera m K,

i • length of gisM step,

N • aserage number of steps from birth to sbsorptim.

-S7- SSC8IT
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m m I fcini mt •kmffXim 

•^ • / f* P{«,y,tJ if 

• 9k*mli «

la tins fejri

to *fca diffMlM iMictli I* la ciaaa ty

i<. <2. . i£4_
(ei)

ifr u fliMtial acattarla* lai., tba »n>lMkilUy of i^a , 

fS ) • •• a" ^

Oaa an ahow aaally that tka firat
i*nt (tka Man fraa pata) it

^ * '■ «

i 4 y (iJ It • K 
o

to tka

i* • i 1* p(f) dl - ek* . 

tkarafofa, wa Baaa iarlvai tkat

(M)

Lattlki « ♦a

L‘.Ol . ^
• 3

anatiaa (41) ta aken to bo anroalawtal^

anraaaloa far lu Korn lnm>C»r aa tka ek—allln affact 
^a. n aiq«w.tUl laa of iaaraaaai ak«»n>tloa (oa .a.ttartM)

S^.**!!!**”*"* **“ ^ ‘“'••to by a faetor alallar to
^to U th. caaa of aoa,lta abaoa^tio. o. tka firat aoUiaioa. 
toaw^^nnitaia of tka affaat i. aiunai aa om iattonaa 

troMport MM fraa patb Ja plaoa of tka akaarptioa ralautiee

-86- 9Kasr
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stem
laji^k aai fkrtkara«ra the naa tori ta raiaaai.* Tkaa, aiaaa 
a-to ia tka traaapert diffuataa kafMl for a plaM colliMtad 
aoorea. om haa ta tkaaa eouidarattoaa tka traaaport aorraetlon ta 
taa iirfaaioa ta tka pabbla bad. Tka ehaaoelllaa affect factor oa 
tka Irea cyltadaro daaertbad aaa 1.06S (for ralaaaitoa lanetk ta 
Irca at 4.e aa4« Par craphita pabblea of atallar aica aad

laacth will ba aantatei by a factor of about t.iM 
oaar tka deaalty affact, aa tha aaaa-fraa path for a aautroa im «rapk- 
tta id % S. 6 CM. Tk>^ the crttteal aaao of a pabbla pile aada of 
auab pabblea will aa tacraaaad by a faetor of 1.4 oaar tka daaaity 
eorractioB, or, alaea ^ of a total faetor of 5.6 oaar tka 
aolld koMOcaiMOtta pile.

affaat, ttaa, la dlffuatca la of auck « 
■ t ba Ov:;.aldarad, avaa la approalMta ecMputbttoaa.

altudc that It

Tka okaaaalliae offact c tka Paml .m p, eo-arabla to 
to utaalljr laea tkaa tka ekaaBalllac affect oa tka dlffualoa laactta 
baaauaa tha acattarlac a»ao-fraa-path la aaually loa«ar at tha hlak 
caartiaa. ^

The affect hareta daaertbad ta a purely taontrical affact 
aad la IndepMdeat of the teontry of a particular preblex

JC* todeal Heterogeaaoua MUturaa of Tho Hatcrlala.

tec My alao ralaa the ncctioa aa to whet chaMellla« effect 
aalata la a raadc« katerocanaoua aiatura of two materiala — auck aa 
tro. pebblaa la eanat - , tkat ta. to a altuatloa whara tha wlda 
are filled with a dlffaraat Mtarlal.

■Ikla problcB aay ba reduced to tha praaadta« probln (l.a. 
caa of raadca CMra«ataB of pa blea with eoida ta tka latarattcaaJ 
by a eery alapte d-etoe.

Ut tha abaorptloB ooeffictaat la tka pabblea be r,. that 
of tka latarattcae ba t2. tee tkaa caa bubtmt out of the probln

-86-
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the hom&n%<3fa9 ecxpoiiMit of the ebeorption leavliig e peeudo solid 
with sbsorptioo eoeffieieat (assunlng > r^) with inters
•tlees of sero ebMirption. If the situation is reversed*
(hie then eonputes tbs eheanellind affect correction on the *betero«> 
Ceaeotts eonponent gettinc its effective ettenuetlon, then adds in 
the **hoiso^eneous coeipoaeat**.

FOr instenee, if the bed of iron pebbles described above 
havinc a ehaimeUind effect factor of 1*06 iiere to have its inter- 
•tiees filled with a naterial having an absorption eoefficiant of 
€mt*half that of the iron* the ehaaaelliag effect factor would dron 
to LOE.

k sinple inapeetiott of the distribution equations will 
Justify this proeediu*e analytioally.
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