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ABSTRACT 

In this paper the transport corrections of higher order 
as* presented^ The results are applicated on removal systems0 
The comparison of the removal diffusion aind removal Fl 
systems based on the transport equations of higher order 
with the Ш method and Spiney»0 method Is presented 0 



1#0 Introduction 

The angular dependence of the kinetic equatioxi brings 
a lot of complications into calculations» з,**- ?•.&*•:• + -
economy and the practicability of calculations* 

For neutrons with low energies 'wb.sre the arrises о ;>•-
of scattering is ^ow as well) the scattering is consider-erl 
to be divided into two parts, i^e^ isotrap!с scattering 
and scattering with maximum ani so tropy /ЗЛ 

This process gives a transport approximation of the 
kiaatic equation the main advantage of which consists in 
the possibility to perform the calculation for th«* isotropic 
case with effective scatter datae 

The papers A/, /4/ endeavours to present a logical 
extension on the transport correction of higher order., 
This demands the application of the SN, DSN and PN methodss 
especially for calculations in shielding physics, where for 
higher energies the anisotropy of scattering increases* 

A similar problem occurs also for gamma ??ay transport9 

where Ш е anisotropy of scattering is especially high» For 
this case with regard to the anisotropy of diffusion is 
suitable to observe the classical access depending on the 
division of the radiation into the direct passing and 
scattered radiation. 

The same problem takes place for neutrons using the 
removal method with removal cross-sections dependent on 
energy. Neutrons are to be divided into "scattered" and "non» 
-scattered" parts. The "non-scattered" part of neutrons 
includes the purely non^catfcered neutrons and neutrons 
scattered directly forward with small scatter angles* 

Uhe removal cress^eection characterizes the attenuation 
of the original beam» There exist several definitions of 

- 3 -



the removal cross-section anfl several procedures of calculation 
/2/. 

In this paper we shaltL deduce tne removal cross-section 
on the basie of the transport correction of higher order. 
i'his cros£«section will be compared with the mostly used 
definitions of the removal cross-section, i.e. the Spiney's 
model aad the semi empir i с ЫЩ method. 

2. General Part 

2,1. Formulation of the Problem 

Let us discusse the Boltgaann kinetic aquation for neutron 
fields 

ttftU)• Lite)¥(ř,ň,E}*\jA W We^ť-EÍ^OTÍf)+S(W« 

(2.1) 

or - iKa' • • • is the neutron velocity vector before 

V > nrň ... is the nsUta?on veleti ty vector after 
scattering 

... is the differential neutron flux, where ^(гЛ.П 

^ьЧЪп&'фЪЕ) 
*>r 

ф(Р]Е) ••• ia the a^tbřm flux 

S(KO.,E) ••• *• t a e ekltemal sourcfe of neutrone 
Z(ť,E) ••• * e *•&• жквг|оаеорхс tortal cross-section 

for aeutj?oa interactions 
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Ло-Ял'-С^пЛ* cos У ++$in£sinY + KCCS /*). 

(I SiflJ COsY* t$itH&' SitlY+Zcesď) 

* CCS/lř COS лЯ* •/<*-€©$*«> ]i-Co$*ď COs(y-Y) * 

(ЬЛ1 + У^-^/^-Л'1 ccsíy- Y') , 

*>ЧГ Л.,£*'-f> IT ^ ^ H ^ % ^ £ < J ^ U - « ^ f > ' 

where "g" s igni f ies the g'tn sort of nuclei , "h" s igni f ies 
the h'th type of neutron interaction the consequence of 
which i s the emission of secondary neutrons. 

i i / j O i s the neutron profit per scatter interaction of the 
Mth type with a nucleus of the g'th sort, i . e . 

(n sf) f isaion * ^н'^СГ) 

(n,n) elastic scattering *.. V *i * 1 
(n8n*) inelastic scattering .•....•.. n .л4 

Only the interactions (n,n), (n,n') take place in shielding 
physics calculation*. Therefore 
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1 (?Л Е'-Е ) ••• 1 S "^е differential macroscopic 
cross-section 

Р (Л« £:'-•£) ••• ^8 "^е indicatrix of scattering, where 

ysyz-V^CA.X-o-i. <2-2> 
For the next we shall use the fallowing definitions and 
formulae: 

The Legendrian polynomials 

The Le^endrian functions 

The spherical harmonic functions 

Ч*с,4,2,'" i йг«-Л,«»»|Л 

The addition theorem 

A*-H 



^ ^ 2 w ' ' i ^ , 
ч 

4? 

Ы tables we can. usually find the scatter matrices with 
ala»e&ta 6 .̂̂  ff'-f") « Therefore we shall write for each 
"g" and *hH 

f> (i'- В) • 21 ÍM. f>(*,.E'- f) % (<*<•-), 

£ ( ť - f ) - 2T \м, р(<к.,Е'~Е) . 

Looking at (2*2) we have 

0 6 - 4 

гж 4 

'L-Hrj^&^lMj* %w?j,№ 
o ~4 

то 4 

l£+4 

' £ ^ Г %{ť~B) ?*l*} Jťk ?Л м?^)ж 
9 — -л ее - <*> f f 
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4 ее 

-4 i 

pfJPÍFV E)>1 

Let us write i 

e-(E'~E)'Gr(E')g(E:,E) f 

<5'(ť)f><A..E'~E)'e'(E')fi(E'-E)píA.) 

р<Л.,е'-.Е)~ fí(E'~E)f>(A9), 

— Л ОО 

* -* . • -л 

I Mo fCK) 
zAjE^it^E) 

It . 

Now we сад writes '« 

*л v * '* 

Further we can write; 

6 



It is evident that ^(^?'-*£)»Г^ -(^f'-^f^ (pc3 

202 Removal Method 

Let us divide tha differential flux *f in С 2 d ) into 
iha "non^aeattered" part <£ and the "scattered*' part ^fc i 

^ft{?t£L,£) ooo is the flux of tfcose neutrons, which did not 

experience any interaction «(Lnoe their penetration into the 

diacuaaecU regione 

The equation (1) may be rewritten 

PO 

(2.4) 

Let ua divide the equation (2*4) into two equations for 

• »T (2.6) 

9 -



oo 
; l— ku 

с 
( И •*• 

•LZ' 
L 1 

A*o * = -£ 

•ZL-

Zl+4 

Zl+A 
4-Г 

ř4J(»Tf'-

aíflif;. 

0?TíV; * 

-оТ&^Ш') . 

Th-. transport Correction of Higoer Order 

•• -.< шак* tne fallowing assumptions; 

Щ^Ым for i>L. ( 
• :•:• H.ir.-g to 1/ lot, us make It he fo i lcv; in£ assumptions 

Щ^Е'-*Е)'^УК£^Е) for i>L. ( 

^ > L i£.*i.y be w r i t t e n 

£=L+4 **-£ 

-ч,.№-^1Т ^ 8 ^ 8 Ы'). 
'-> Ю => 



Now we shall discuss* the a -function 
о 

Лч> 

z. 
4 

С 
4 +oo 

* 2 
-4 

rjj*. ?Mo) <Г(*.-4)'^у<4с. PjAj&k.-j 

21+4 ?М). г ч 

Frm tba integral relation 
Ж 

follows r.U)"4 for A*o,4,Z,-- . 

Tbessfore 

Л ^ . £ ^ Й ( А # ) , 
/ . . • ' 

x 

- u 



•Чч^'-Я 

Pr-um abovs follows (with regard to (209))» 

- **•< W-0,T Г ^títóffte) . « -10) 
/-в к—̂  

Using (2o7) and (2Д0) we pi*y wpite 

where ^/(r^E^E)^ ^(rE^eh^4(rtt^E) 
for ^ L . (2.12) 

P'̂ 3i*ther may be written for th# equation (2C5) 

jjtjjď** z<kj*~ii%vste) * t (fát)] • 
£ *r 

£ iff * • " " < « 

*fevL^y-E)jjň'[t *Ъ)Щ?Я-, (2 лз) 

Let ue calculate the las t integral on the right side of 
(2*13)» following the definition of the «/"^fraction 
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f °° for fkm*4 

l O fot C<toti . 

integrals j / 5 ' Л Л . ^ ) , [j3!¥(3)^.-4) Tc f idd out Ше 
we shell use tiie Fourier seriea for Л^*м) 

oo Л*.-<ь£"^£(,о 
Then we сел write 

oo 

i, Л-° {ж 

оо Я 

)_L- Z Pitá) 2Л+4£*£**г*> 
(2e14) 

^ 1 1 ^ 1 Р > > 2 1 ^ , 
l«* *««£ ^ v i - / ' ^ r u i / # ( 2 a 5 ) 

Д.З -



•i •. v* *h«ul m-i/:-4» the i n t e g r a l 

:v с. .Aiifi geometry; *? 

.V" 2l+* 
"Z- z 

2 
i5-o 

2ъ¥{<Ь)т (2oi6) 

t̂óASG-kř Jteuag the calculat ion of tiae intagrale 
Mi? fcaiawiog re la t ion* had b#en ueačU 

2Г 

ífíá) • ?Чф - * , J J Y cos KÍ v-v1;* o • 

•*..••* #•*•• sba l í wri tes 

JE 

->dsi>n (2013)пшу ba writtan in tto« foru ••. J 
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oo 

The kinetic equation (206) for % takes the form 

Let us add the equations (2C5) and (2017h 

'i Ir i»* 

For the plane geometry the (2Л8) takes the form 

&М^Е^*Ме'*е){Ъм1е^>+ 

^ЕЧ«(х'еи£^^'Л'^+ «í*A*')J* Sft*.f J. 
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A.f";«iř integration according to У the equation \<:J*-/} v 
b* written as : 

f 
I»** ->.s replace the 4r and 'g by the Fouri&r series 

#i*o 

Th# scatter integral in (2^20) takes the form 

£ *4 

íifc^ * 

«=» 1 Q О 



L*t as put it into (2о20); 

• / J ^ A ^ C2d21) 
£ 

?,>?•„ Multi"Gro"ap Equations 

The aquation (2021) may be written in the multi-group 

form 

Ths equation (2C22) may be rewritten as 

•f 

•̂  * • • • • 

(2o23) 

L.*i; -да divide the Imat equation into two equation* for ^£* 
and <j£ as previouslyo 

- i t -



1*4 

2*+4 +-+ 1_ L-ST^wi<&<z)*<C(ZJg(*j. (2.25) 
.N--".-' liyt VK3 use for the previous discussion a different 

Tryy. equation (2.1) for plane geometry takes the form 

л 57 y<WJ * XV) ¥(*ЛО *JJf W W 
•Scw>. £ # " (2-26) 

I;.-.», the multigroup form we get 

Л.94 * -' (2,27) 

Ъ.-t us write 
oo 

«"^•ífítt)?^' 

-4 

00 

^ • E W « i f i w , К* V 

Sfa; • ^ ^ í v k » ^ 
~4 
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TV^ e-att^r integral in (2.2?) may be written as 

• • • 
') £ jclVjJA Zrcz.A.tfb**4*') 

Л.г4 О 'Л 

-E (jr L? Е Ф ^«?tAjf ФЧ&ЯК0 
2F 

Zt+4 2^ 
47 frf 

/ 

•"• 2 7 - 4 

+2 

2Л** 2п+< *1*,-ъ<П, . . _tf 
4fT * 7 

4 : f J^rtf * l * d 
«4«8ť*J&<itfzj . 

СЕ**1 #«#*>**>• 

shall use the assumptions (2*8) and (2.9) 
4- OO 

* L 

•E [E^«^«?w£##o)#*ig<*j . 

,Г1Г*ь*~* 
< * L 

ч.^)ГЧг<?М(«)] -
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г.- vs 

ЬеЛ us put the final expression to (2,27): 

Farther we get 

С Ш ? Й ) - s?~<«J# fa?w*Sfc.*j . (2.29) 
The equation (2.29) may be divided as: 

(2.30) 

+ •4 * L 

Á*< Л*0 
ц?£Ы%™<^№ > 

(2.31) 

where ^V^aj^J-*£*#<*'» /.,,„,я,...д. 
So the (2«30) and (2.31) may be written in the formf&r 
shielding calculations) 

* L > e " 

*r Члы1%<ы+Кы]Цм> 
(2.33) 
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In /4/ the equation (2.29) has the form (2.34): 
bát us a*M and subtract to (£.2£) the expression 

A*4 

Thčit we ^ e t с»' 

* « * 

Dividing (2.34) into two eqijt^tijon for ^fr and Vfc we get 
<алг> and Í2 .J3) , 

•H4*4<Ztf У ft*J - f i W * S W ) . .̂34) 

* - • * c — * - • * 

£/[ * ЛИ*Г%Ы 

2 . 5, Solution of % tfeing Í É ' - Approximation 

I:*t us ivrite equation (2.33) in tbe FN-aplproximation: 

(2.36) 
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£*(*>• Eto-IS^t*), 

•ISO ^*n * . 0 

-* L s • • 

Á«4 /*• 
^ у * Л > > < > ^ 

Z К**<<г>£^№>>*С«№<«> • /1*4 K«0 

Let us multiply the last expression by ^(rd) and 
integrate according to ck for ck^^yi} °-

A 4 

4- L • - л 4 

^ . . oa ~* ,л 

A.* 4 П.* О J 

(2,37) 
It applies 

^^-^Лм*1~?п^) 
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во , ов 
J / Л * Т^&^Тг%п{Ц^*?^ 

ftsO J И«© 
во -1 ~< 
w 9 Л .Л 

£<->Л %VJ4&M&(*) - f ^ T £«Lg w£<*,. 

ОС М 

»n. 

w >w the equation (2o37) t u rns i n t o an i n f i n i t e system of 
equat ions fo r m = 0, 1 , 2 , „ . • . : 

z~T7it^ w * i ^ T J ^ ^ o *£"w <&(z> 

^4 £«0 
S;/2ftjcz;^>)J^, 

tí^)ít^ + t ( z )) . * ч (2о38) 

After some arrangement the equations (2«38) turn into an 
infinite system of equations for n = 0, 1, 2, ... : 

(2*39) 
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J* /4 for rižL 
dLs^o ь n>L. 

I.;. -^.* PN «• approximation we shall restrain ourselves for 
f:: S-: N + 1 equations of (2.39) putting ^f^^O. 
F,r L < N (look at (2.8), (2.9)) we get in the 
FN - approximation 

* L r W Í %*m*%fi>]b<), 
* » / 

^ ^ , 2 , . . , ^ %%iU)*o; LsN. 
(2.40) 

A; rip some arrangements we obtain 

V l £ L , « X « 4 > f %«(*) *^г)J, (2.41) 
**°,',2,- ,Л/; %U<(Z)'Oj Lihl: £,--4 г 
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20^o Removal~Diffusion ела Removal - ?1 
Systems Based on the Transport Theory 
C- »€^утл&ы^**ъ, > O i . ••**!**.•*• *-•*; .•»»•- c-.- «*» «L.-'«=T* <—,__ •«_ .— »__ . 

Far tfae removal - PI system we ge t from (2*41) fo r N ~ 1. 
L = 1 

* - * . 

•f££u)-*£ <z)J$Ííz), (2.43) 

4 J osi r V '-*' '"* 

jL-4 CfH •* 

(2.44) 

mdaer* 

-1 1 

J-4 
SimilatPly for the removal « diffusion system putting 

Q-,(z) *x* 0, «here Q-,(z) is the second Fourier coefficient 

of the eource~expaasion, we get for N - lf L = 0; 

**<(*)№**<<)-$'&,*) (2.45) «irtw'MvJ&jzjyfai.yw 

fc» 2 5 e 



To determine the sources it ia advisable to use a liner 
division of removal groups о Then we may write; 

*№(Х'*>+Š«*«W*-*)'&*.+)> (2.48) 

where for the removal-PI approximation--

r^íZ).r*í2;.f^(0. (2.49) 

(The wave-line above ZL refers to the maner of the 
veraging of datao Look at chapter 3 ) e 

For the removal^diffusion approximation is 

££b«iZ; 'L^W-Z^ÍZ). (2.50) 

Marking ZÍCz;«£^Zh£^fl(2)we get for % in the PI -
approximation 

*«/3(*) (2.52) 
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where /S(é-) is the ranking number of vai group 01 the fine 
division the upper limit of which is the upper limit of the 
j*th group* Similarly pij-) is the ranking number it tiv-r 
group of the fine division the lower limit of which id tn* 
lower limit of the j*th group. 

For jc in the removal-diffusion approximation the following 
equations take place 

*'/3tf) (2.53) 

(2.54) 

3» Energy Dependence of Removal Cross-Sections and Manner 
— W O M O — — т Ш и Ж Ш » III! Шф ̂ Ш — Ш » — W ^ — — И — ^ — Д И ) » — 1 • M • — — — « — № — * « W • — W — M — • • — — • — H W 1 

of Their Averaging 

In the previous chapter ъа have found out the removal 
crese~eeeiion3 • 
For the removal diffusion systems we use 

^W*M«"bi^i£>, ( з л ) 

«here v 

Supposing the isotropy of the inelatic scattering (i*e 
^n*0 ) we can write 
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and the e>*ps»ession O . I ) consents with the epinej?s deiSnit.? e>. 
of that геяетаХ croas^s^stio» î sed in the RASH and MáC-BAD 
modele* 

Par the remove! - FV system* «fe ihave got 

ID the following paragraph we sb(all еоюраге ths expression 
(3*2) with the semi empiric NHNhfg.ethod in which the removal 
eros3**8efetion i s defined as 

Q» the basis of the comparison with experiments i t has 
bee» гееевшавееа 

where MT i* the cosine of the scatter angle in the 
etnit••-of-mass system* I t i s impcfrtar*i, to observe that in 
the řHuMaethod i s another important arrangement» 

In the «e&ution of Ше diffusion equation the diffusion 
coefficient Aetermiaed with ^qrrections /Í?/,. / 3 / i s 
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ZtrV)-£(£)[<- *í«J-f Z^Hl^JEWi), (з 4) 

Zň ±(E) i a the cross-section for all absorbing reactions 
arid for those scatter reactions, which contribute to the 
removal of neutrons below the bottom Б. of the i*th group» 
where the averaging of the diffusion coefficient takes 
place* 
To determine the group-croas-sections the averiging is to 
be executed using two ways, i.e. for the "non-scattered* 
and for the scattered neutrons* For gamma ray these problems 
are discussed in /6/, for neutrons this formula is used: 

'ОС с 

\A\ Л*Ы(Е) (3̂ 5) 

where N(£) is the spectrum of the source* 

Similarly for the scatter-aatrix with the assumption 

фл^)^Ы(£') с. с ** h* T e 

«~t JJB JJ£' zA,t(£'-£)N(t) 

*+> • j L J f c • 
JJE1 N(E') 

where "g" i s the index of the scatter ntmti-on-group, 
"h" i s the index of the removal group* 

For neutrone N(E) i s the f i s s ion spectrum. 
Following / 7 / we use 
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Ы(Е)**ё/з£ЫпкЛЦ (3.7) 
where °^ is a normalization constant 

об = 

For /3 and #* the following values are recommended: 
/ 

U 233 

U 235 

Pu 239 

Pu 241 

a 
1.Q5 

1.036 

1.0 

1.0 

ЯГ 

2.3 

2.29 

2.2 

2.0 

With regard to /8/ for U 235 - fission the following values 
are recommended: 

Watt euggeate /3 = 4 j , s yj" об * p . ЬМ 

Far the scattered neutrons to add the influence of the 
slowing-down epectrum and its deformation caused by the 
resonances /5/ is necesaary. 
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;..» -4i--»4ipariac»n of Removal Methods. 

A detailed comparison of various removal approximation 
:.',•-•• -<:.гъп in /2/. We suspect it is necessary to complete 
;.•/>»? comparisons by some other facts. Furthermore it is 
/: -íble to compare the proposed foundatitns for the 

v.-.̂ v̂ sment of one-dimensional and two-dimensional remove-. 

i.-.> REM-DIF and REM~P1 based on the transport correction 

,?.0/f /11/ with typieal removal codes RASH, MAG and NRN. 

:Л1:л sain differences may be searched using the following 

*i) 5:h-5 determination of the removal cross-section. 
/ The coupling of removal groups and scattered neutron -
groups. 

••-:) The slowing down model. 
i) 3?Ы: division of groups. 
- . Л?* method of the data averaging (with regard to the 

resonance structure). 
-'i rJ?h? consideration of anisotropy of scattering in the 

«*; ottered neutron-groups. 

The RASH, MAC and HEM-DIP codes use the same definition 
ť i.•::•• removal cross-section corresponding to the Spiney's 

The anisotropy of scattering in the scattered neutron -
^•jups is used only in the НШ-Р1 code. In this code the 
:.̂ .с>та1 scatter angle conserving neutrons in the "non -
•-.•-wa-r**̂ edH beam is picked out by taking the Fourier 
-efficient of the indicatrix for n = 2 into consideration* 
'£...-*.,--fare the removal angle is smaller in comparison with 

«.* ̂ iney's model in which the angle is picked out using 

the Fourier coefficient of the indicatrix for n = 1. 
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In tne above described me the «.is Use renuTal ':^-'—: - - -\-w 
is a function oi energy» In the NRN Tithed it w*s a:-i*•-.-••-т ••.••-.-.-. 
i,-; a quantity independent on energy by vsing exp-nm^-t ••• •. 
''íf-thoáSm 

In the coupling between the :remcvr: -1 gr^rt? and tb-< 

: a ottered neutron-groups for th-ь HASH а̂ Л. ̂JLA.C cn&g. г-.- -в 
limitation in the scatter matrices. 

Furthermore in the RASH and MAO codes the neutron 
conservation law for the transfer of neutrons from ir,~ гv\rv ••'•••• 
gr-rxps into the scattered neutr-an-groupc. is not riilfxll̂ cU 
ТЬ- general transfer from the removal groups into the scatter 
Ai*siAT.."-on-groups and between the scattered neutron-groupe- ar•; 
•A>t, permitted in the BASH and MAG erodes* They are permitted 
ijr« the NRN^ HEM-LIF and RfiM-Pl codes* 

'ďfe consider the including of the influence of the тееокаш 
struet'ire on the group-data averaging is the most important 
question. In the mean time none of the used codes (i.e. ííRN, 
Í4A.C, HASH) includes the influence of the resonances* 

This may influence the experimental determination 

of the removal angle in the NHN' соаед Th- codes REM DIr and 
REM~P1 suppose the group-data everaging, influenced by the 
resonances /5/. In the NRN code the diffusion coefficient 
is corrected /3/, /4/. 

Let us return to the definition of the r^.oval cross -
section: 

Zrc*(E)-Z(E)-f(E)LA(E), (4.1) 
where ^i(E) is the elastic scattering cross-section, 
f i* the fraction of elastic collision which deliberate 
scattering into the directions of the "non-scattered" 
neutrons. Following Spiney 

-* j 2 — 



h*r<-*, • (4*2) 

According to the REM-P1 method 4'= ъУг (i.e. the third 
Fourier coefficient of the indicatrix in the L-system). 

The NRN method gives the definition: 

rhmr® &(<&) is the cross-section for elastic scattering into 
ijuuit íáoiid angle at a direction <S) with the incident neutron 

direction in the centre of mass system, (S) is the scatter 

jungle above which a collision is considered to be a removal. 

The experiments /2/ have given ^ 4 С в 1 ^ в и а a é which 

gives <5}.**i ̂  53 ° for materials with Л>4 and rA^^so^s" 
which gives @"яЫ 2^63° for hydrogen ( A - 4 ). 

Therefore it is convenient to compare the quantity f or 
the angle Oreht corresponding to the removal 
codes mentioned above. For simplicity we shall use an 
approsimate expression deliberating the anisotropy in the 
centre of mass system /3/ 

— 2/3 

The formula (4*4) gives only a rough approximation useful for 
low energies ~ 100 KeV. Nevertheless it is used for higher 
energies and small A (look at /3/)« Therefore we are able to 
use (4«4) for comparison only for small A, so that the 
expression (4.4) does not lose its mathematical meaning for 
energiea up to 2 MeV. 
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For E h [HeVl is <nye)<&[l+3£cc<xt] (4.5) 

fm,' a a s . and 
~ ~< ~ ' (4.6) 

Here n(E) is the fission spectrum, f is the average value 
independent on energy. With regard to the linear dependence 
of ric on energy it is possible to use the average val tie of 
energy of the fission spectrum, i.e. 2 MeV. Therefore 

/ áf*c(i+o.k-zA Л) 
'-Л 

л Г/ 2/3 i (4.7) 

Further we have 

2/s,./. J N (4*8) 

To the expressions above there corresponds in the centre of 
mass system the angle 

•^-«•^^{i?/j^*i(^-^) -<]}> (4.9) 

where /3*0.-24/4 . 

Analogously to paragraph 7 we can write 
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-4 

COS ль,... АсозЧсЧ A<± + 4 

-л 

T I 5 * 3 4 ' 2A inKti\*o.iS?SA fjj*jr/<* 2 l 2 -2JJ 

+ * г Г* г l * V J ^ A H • 

(4.10) 

Per A"/ the terms containing logarithm turn to zero and 
therefore 

ЪГг(А.Е)'£*о.о$25Е . (4.11) 
tar A>2 

(4Д2) 
-C(AE\V (**** A 

«here . 

The corresponding angle in ЗДе centre of maes system i s 

$L<AJ)a* e rc coS\Jfi[l^ */*<4+A -<ЪУ - *j} (4ДЗ) 
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where fl*0.24A 

The following table presents the comparison of the quantitie 
*fnRN $ ̂  anA ^ «3 functions of A for energy E - 2 MeV * 

10 

THRN 

ЯАУ4 

Щ 
кет. 

N~VAW 

®т 

.359 

.723 

.355 

0.45 

63° 

- .243 

104° 

.45 

.63° 

.307 
*522 

.175 
0.6 

53° 

0.27 

74° 20' 

0,78 

51° 40' 

.510 

.716 

.08 

0.6 

53° 

0.394 

66° 45' 

0.938 

20° 

In spite of the rough approximation of the angular dependence 
of scattering (look at 4*4) from the table above is evident 
the RSM-P1 determines the "removal angle" in a good consent 
with the experimentally determined angle in the NRN method 
for small A* For larger A the formula (4.4) loses its 
mathematical meaning. 
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5# Conclusion 

The proposed method of determination of the removal его?-
section based on the transport correction of higher order 
enables us to determine the removal crr.ss-section compare 
simply* For the REfcNPl system we have got 

Further the received scheme for the REM-P1 system expands the 
idea cf the removal method in the way of selection of the 
removal angle as a function of energy and in a better 
í5o.as i deration of ani so tropy* Furthermore the selection of the 

removal angle conserving neutrons in the "non-scattered" beam 

is in good conformity for small A (look at paragraph 4.) 

in both the NRN and REM-il approximations. 

Receiving a sufficient set of experimental informations 

the removal cross-sections may be later corrected in the 

manner of the NRN approximation. 

The complication of the calculations in REM-DIF and НЖ-Fl 
approximations is practically the same» 

The removal cross-section used in the REM-DIF approximation 
determined by using the transport approximation corresponds 
to Spiney's model 

ZreJU' XE)-ZA<U) - Z(£) - £L(E)Lj(E). 

We suppose that the use of the group cross-section influenced 

by resonances is important. Only in this case it is possible 

to execute correct comparisons of the removal angle with 

experiments, 

'la Л 1 / the procedure HEM-PI is described. The general 
transfere of neutrons both between the scattered neutron -
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groups and from the removal groups into the scattered 
neutron-groups are taken into consideration* Therefore this 
procedure is useful for all known removal systems. 

A next possible arrangement of the REM-P1 approximation 
consists in the consideration of transfers of neutrons 
between the гепю?«± groups as this corresponds to the lo^ 
of energy caused by the elastic scattering into an angle 
less than the determined removal angle» 

The difficulties in the calculations of gamma ray 
distributions by using the build-up factors provoke an idea 
to aply the REM-P1 approximation for gamma ray field 
problems, too. 

Finally it is necessary to be reflected on the matter of 
the practicability of the transport corrections of higher 
order, i.e. objectively on the fulfilling of the basic 
assumptions (look at 2.8, 2.9). 

From 'the results (paragraph 7) it follows the assumption 
2.8 'Ц_4<1 >Ъ^+/о for p>z is not fulfilled. This fact, 
and therefore the applicability of /1/ and /4/, should be 
taken into consideration. 

The transport corrections may be safely used up to 
i = Í H í 2 • For higher order approximations the deterainatioi 

of the scattering cross-section in the form of a series may 

lead to the well hnown difficulties (i.e. for instance in 

the SN, BSN and discrete ordinates approximations the 

negative values of fluxes may be received). 

Further the detailed comparisons of the NKN and REM-P1 

approximations for concrete cases are presented. 
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7» Enclosure; Determination of Fourier Coefficients of 41 > 

Scatter Indicatrix for Isotropic Scattering in Сенеге-
Qf-ilaag System 

From the neutron conservation law we obtain /9/ 

where Y L ^8 th* scatter angle in the laboratory system, 
Tc is the scatter angle in the centre-of-mass syst ; -~J V V<lii 

Supposing the scattering to be isotropic in the centr e-of-m^c-
system, we have got 

Considering 

ZA ш H<Ze , ZA,n • Гл « t 
A 

where 

-4 

Using the expression 

Cos\ 
Í^ŽAcoTHí^T 

we get 
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Expressing 

V (»• Г ^ х 2 " - ^ r . Г с ř 

p / Ax + 4 <\ £-*•' ( А**Л ч"-г* ( 7 Л ) 

we get 

Mil 

řre 2 J^WA'+ZAX+J (7-2> 

After the integration and sosme arrangements we obtain a 
general formula for al l n = Ot 1, 2, • • • • • : 

К* О V ГжС 

íz-л Т'2**"2! 

Г*Т-К+4 

• M Í - Í W A A } * ^ (4-И) £аА
А~/Л (7.3) 
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A* /iu.,K,r 
л>''г п-гк-гг+г ' лг1> 

Let us write the expression Ъ&(А) tmv several values 
of Hn" by using the formula (7.3): 

*K(A)a4* 

Щ(А)*0. 

It ie neceeeai-y to discusse the following questions: 
A) In* scattering in hydrogen ( A* 4 ). 
B) The limit for Д - °° 
C) For which values of "n" is /ЫПт(А)'0. 

Let us write 
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*Ki 

•íL^JAT) • 
-4 

M2] 4 

K:0 ^ J 

г * 

- 4 

Final ly we get 

^м)-Г Ы) (ZrL'2K)! . 

*— 2"~* £}(п~к)1(2п-2К+2)1~ 4~ п~2*+2 '*'{ 

(7.4) 

Further 

^(*~J-&n гьш^&т. йк?(,А**4 ) 
4 -< 

-л 
i 

-iIJ*KM2IX).ÍZJL-&.-<' '" a'° (7'5) 

The formulae (7.3) and (7.4) are expressively unstable for 
numerical calculations. Therefore to determine the integral 
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ЪУ^(Л) we have used another way which is suitable for 
numerical calculations• For A> i is valid 

4 

2J ЧА*+2А%+4/ . 
-4 

Let us use the substitution 

X s 4 - - • У* * 4 m 

With regard to the limitB of the integral we are to take 
the root with + : 

Let us mark 

C2*A2-i >o fmt A>4. 

Expanding the square root into a series we receive after 
some arrangements for A ^/Z 

Defining (-л)Ц * i (-3)// « -У , we can write 

IP Ax + A 
\/Аг + 2А x + 4 
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j*-bJ* *САГЫГ (Z'tř^44)\ -

ACrO 

j « w ЗА 
-4 

4ř*-f^)-° /or г.<*,з. 

(7 .6) 

(7.7) 

For even n>o the following is valia: 

a A ZK(2K-2)~-(2K-2ji+2) 
-'Ш4* fl*>*ub»4)toúto**j>---b**u.4) ' 

Atí 

,4 

-4 

н fbv -L ь,фгЪ(*)ри<Г) • 2l4 д f 

- 4-6 «• 



where 

^5к,кя (2n + 4) - -

we get 

<*» oo 

So we get for a l l Л > 1 

Ч/А) \/н£ Г (V' (2К-3)// 

where Л: > 4 and (-3}Це-4 » (г*)!!* 4 i s d e f i n e d 

For Ък(А) we get d i r e c t l y 1^(A)s4 which may be determined 
a l so from (7 .8) taking into cons idera t ion 

4 (2К+л)И 

For / -o 
Í2K+4)!! 

(2K+2J+J)ll 

Then 

• • " / . 

Let ue write for real <*> : 

OO 
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Therefore 
oo 

l* + *)**J^(-4) KU (2к-3)11 

K**> 2* К J-'X , tXi<4 

Let us put 

X * 
Аг~Л c* ' 

Then 4 A 

/Д^7 ' 

<u-0(A)= Г711Г - A — g A (7.9) 

For ^ s - f we ge t 
4 

4Л. 

Following J«M.Itysliikf J .S*Gradste in ; "Tables of S e r i e s , 
Products and I n t e g r a l s " we get 

/ • 
Jx W?n(*) 

Zri+/t n*,ri 

, A(fL+m-+*') 

,n.+m>~4 
(а-лК**л#<)[(^).1(-^1)|]* *Uln-m) 
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From t h a t fo-? е i * r i» , . . .a . , „ ч 

ъ< 

1)1 
\ { * i 

The behaviour of Ъ^(А) v^as det-rmi;ieO :ь-1;А£ eai•:;•."; ?.t I r»^ 

f o r n = 0 , 1 , 2, 3 , . . . e , 14 and f o r A ~ 1 , 2 , 5 , 1 0 , 50, 

100 , 200. The r t-yiev of the r e s u l t s i s g.L"en l a the t a b U 

T . l . 

The ггхв.: ;лег.^ of th^ l i t e r s i ne t i 0:1 of the s c a t t e r m s t r i v 
učxng a f i n i t e P o a n ? " r-r-ri?.? f^r r** - --/, of<f may Ье- ^uct^:1 

from the t i ^ i e 1\2 f o r A - I , 2 , 5 , 1С, 50 , ICO, 200 and 
from th~ pli-t-a-e:-* 1 , 2 , 3 -and 4* 

The p a r t i a l зигля - f the sor. t t =•.:•: i n d i c a t r i x were fourth 
u s i n g the formula 

A S O V I - I. _- J 

£«'•'» 2к><Ы\ 

г* ' 2V6—гх ' 

Я^(о).о. 

We i';an 3fĉ : she limitation -::f the Four i íi- a-ri^r. of the 
ecatter indicii triy appears to be strong for srkali A for 

which tne damping of the o-ciliatione is very low. For l&p£f 

.•»» 4. Ц ••*» 



" r..~ !«.v-:.: ••-•.•1о?'у á^-si^n aad c e n t r e - o f -

th*.- r e s u l t s l i m i t to thw « .ymptot i s 

t r ^ u ^ p - i ' t c o r r a l ' зл^ of h i g h e r o rde r 

t'\ í: <-̂  л-*--.^ion :>f the s c a t t e r 
г-*'-»* Ti_vb я г'in i'"?? Г.УЛГЪЭГ or te rms 
^ ^ • ; l : . ú ,i3lv^tlatÍD^s vl i^y l n e SN, 

- ••cu.:^,"^. • f t^ rv i^ í lasy d i s a g r e e a b l y 

.•'•- < k . „ : »A*i . r t . - ••. • _ ~ . \ « . « J Í - T ? „ » .v. J L i > . . A . e 

i.4xii-';.чt,ri2 on t h e ba&is rď t h e 
f'=.:iti f o r d.i »<??"** t s v^líťsg of -Й 
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1 2 -Í 5 

be-Sfb^-; :\2.5 -С,'. '416667 01í^56°50 

0,3333:- ^ l ^ n A O l .ОЛ505С/-02 .^78627/-04 

O ř1333ji .8C4634/-02 -.259641,--04 Л55354/-06 

\-,06567 ...2 002 8?/-02 -Л59601/ -05 «235451/-03 

0.01333Í , X 046/-04 - .254024/-03 Л49244/-12 

г,006667 200003/-04 -Л58739/ -09 .233124/-14 

0,003333 .500002/-05 -,992C77/-11 .364228/-16 
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T - - ^ 1 

А л 

3 10 12 14 

1 -0.00781250 .00*5572916 -.С029296875 «0020141601 

- .240642/-05 Л32674/ -06 -•772445/-08 *466191/-09 

5 -Л11791 / -08 .880026 / -11 - .730595/ -13 .628229/-15 

10 - .417481/ -11 .809579/ -14 - Л 6 5 5 4 0 / - 1 6 .350563/-19 

50 - .105369/ -16 .813528/ -21 - .662271/ -25 .558346/-29 

100 - .411414/ -19 .793995/ -24 - Л 6 1 5 6 9 / - 2 8 .340487/-33 

200 -Л60691 / -21 .775271 / -27 - .394382/ -32 •207771/-37 

*К(А)-1, lir2j+4(A)'0i ***.*.з.-. 

2 

N 

ТЬ* partial sums S^ (^ ) --^if±l ^ М ) ^ ^ 
у 4 * 0 

for Л - -490j4 ; 
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Table 2 

A 1 

n SN(-1) SN(0) 

0 .500000 .500000 

1 -.500001 .500000 

2 .124999 .734375 

3 .124999 *734375 

4 - .0625007 .683105 

5 .0625007 .683105 

6 .0390618 .706017 

7 .0390618 .706017 

S ] I ( D 

.500000 

1.50000 

2.12500 

2.12500 

1.93750 

1.93750 

2.03906 

2.03906 

V-i) 
.500000 

.000000 

.129886 

.129886 

.124709 

.124709 

.125020 

.125020 

2 

V0) 

.500000 

.500000 

.548707 

.540707 

.547291 

.547291 

.547361 

.547361 

sH(D 

•500000 

.999999 

1.12988 

1.12988 

1.12471 

1.12471 

1.32502 

1.12502 
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vn 
чя 

n 

0 

1 

2 

3 

4 

5 

6 

•7 ! 

8 

sMCi) 

•500000 

.699999 

•720115 

.720115 

.719999 

.719999 

.720000 

.720000 

,720000 

yc> 
.500000 

.500000 

.507543 

.507543 

«507511 

«,507511 

,507512 

,507512 

sN(-i) 

.500000 

.300001 

.320116 

.320116 

^320000 

.320000 

.320001 

.320001 

. 320001 

sN(D 

«500000 

.600000 

.605007 

.605007 

.605000 

.605000 

.605000 

.605000 

.605000 

10 

sN<o) 

.500000 

.500000 

.501878 

.501878 

.501876 

.501876 

.501876 

.501676 

o 501376 

3N(-i) 

.500000 

.400000 

«405007 

.405007 

с405000 

.405000 

.405000 

,405000 

.40500^ 



50 

и 

0 

1 

2 

3 

4 

3 N ( i ) 

.500000 

.520000 

„520200 

. 5202 ОС 

.520200 

sNío) 

.500000 

«500000 

.500075 

.500075 

,500075 

V-i) 

„500000 

.480000 

«/.80200 

•480200 

.480200 

n 

0 

1 

2 

3 

4 

3 N (D 

•500000 

• 505000 

•505012 

.505012 

* 505012 

100 

3l)(D 

*500000 

«510000 

.510050 

o510050 

,510050 

3K(0) 

.500000 

.500000 

.500019 

.500019 

.500019 

sNí«D 

.500000 

.490000 

,490050 

.490050 

o480050 

200 

sN(o) 

•500000 

.500000 

•500005 

.500005 

«500005 

sN(-D 

.500000 

.495000 

«495013 

.495013 

*495013 
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