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ABSTRAC1': The two-dimensional quarter-space problem of neutron uansport

theory i s analyzed by means of rhe Fburier uansformarion. Two
procedures for the approximare dctcrminarion of the neutron

density are developcd and rheir convergence analyzed. As-
suming rhat rhe Iwo-dimensionai dispcrsion function is facrorized

in a convenienr manner, a c1osed-form soludon is established.

INTROIllJCTlON

The analysis of two-dimensional transpon problems can be auempted
(hrough ('¡ther the in(egrodiffercmial ('qua(ion or the integral cquation for the
neutron an~ular dcnsiryo l{ccently, the appli(Oarion of rhe thcory of tWO

complcx variables (O problems in analy(ic func(ion lllcoryl has led us tO re-
examine the imegral transpon cquation.so

\\'e have fnuntl dHU (his mcthod ¡s ver)' powerful <uldtha( we can indeed



232 Sánch e z

One oí (hese problems is
description ol (he method ol

evaluare sorne previously insoluble problcms.
presented in (his papee alaog with a complete
solution.

In Section 1, an appropriate integral equadon {oc the angular density
is developed. Section 2 contains transformed functional relarions In [WO

complex variables. In Section 3, two d¡Hereot ¡terarion schemes are de.
veloped to salve, in an approximate manner, the transformed equations. In
Section 4, an exact, closed form, saludon oC the transformed equation is given
by assuming thar an appropriate factorization oí (he dispersion functioo exists.
Conc lusioos and suggestions {or fucure work are given in Section 5.

1. THE FUNCTIONAL RELATION FOR THE TRANSFORM OF

TIIE NEUTRON DENSITY.

The time-independent neutron angular density <p(r,n) in a homogeneous,
lsotropic scauering medium for monoenergetic neu[[ons satisfies the equation

where

(I Hl . \7) eiJ(r,G) = (C/47T)p(r) + q(r,G)

p(r)=feiJ (r,G)dG
aH Q

(I.I)

(1.2)

length is measured in units of mean free path, n is a unit vector in the
direction in which neutrons are travelling, e is the average nwnber of secondary
neu[[ons per collision and q is a known source. The solution of equation
(1.1) for a region V (bounded or unboundcd) with convex surface S is complete Iv
determined ((or e < 1) when the foUowing boundary condition is imposed:

(I.3)

Case and Haze ltine 2 ha ve obtained from equation (1.1) an integral equat ion
for ep(r,f.!) by means of the Green's Function technique, and after applying the
Fourier transformation, they have translated the general problem to mono-
energetic neutron transpon thcor}', into the problem of the determination of
the functions R(k) and RV(k) which appear in (he functionaI relarion:
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R(k) = [I-A(k)] RV(k)+ (e/477) Qo(k)+ B(k),
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(1.4)

where k is a vector with real components k ,k ,k in the transformed space,
1 2 3

and

A(k) = 1- (e/k) [an-l k

the principal branch being taKen, and

RV(k)=J exp(ik'r)p(r)dr
V

R(k) = J <1> (k,a) da ,
aUQ

<I>(k,a)=J exp(ik'r)cP(r,a)dr,
aH r

Q (k) =J [Q(k,{})/(I - ik ,{})] da ,
o aUQ

Q(k,a) = (477/e)J exp(ik 'r) q(r,{})dr
aH r

B (k) =J drs exp(ik 'rs) x
S

x J (ñ.' a /(1 - ik ,a »cPs (r, a) da
allQ I

in this last equation ~i is the inward unit normal lO S.
We will describe our attempts for the determination of Rv

ticular instance.

2. TillO QUARTER-SPACE PROBLEM

(1.5)

( 1.6)

(1.7)

(1.8)

(1.9)

(1.10)

( 1.11)

In a par-

\X:'henthe region V is one-quarter of the _whole
eoter the region and the internal source q is isotropic
the coordinate z, equation (1.4) yields, after one
the ('qu~l(ion:

space, no ncutrons
and independent of
integration over k ,

3
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(2.1)

where, in this instance,

Q(k ,k ) = (47T/C)Jq(x,y) exp [i(k x + k y)] dxdy (2.2)
I 2 1 2

Also, in equation (2.!) we are using (he notatian

R (k ,k ) =Jp(x,y) exp [i(k x + k y)] dxdy
1 2 1 2

so that by introducing the following definition

(2.3)

R (k ,k )=Jp(x,y)exp[;(k x+k y)] dxdy , n = 1, ... ,4,
n 1 2 V 1 2

n

(2.4)
where

v, = {(x,y): x,y > O} ,

V
2

= {(x, y) : x < 0, y > O}

V
3

= {(x, y) : x, y < O} ,

v = {(x,y):x >O,y <O}•
we can write froro equation (2.1)

(2.5 )

(2.6)

(2.7)

(2.8)

•
R (k, ,k 2) = n:;, Rn(k, ,k 2) = [ 1 - A (k, ' k2)J [R, (k, ,k2) + Q, (k, ,k2) J ,

(2.9)
where Q, = Q and
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, %
2 2 % _1 2 2 2ti (k k) 1- e (k + k )-' tan (k + k )

" 2 = '2 '2
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(2.10)

3. INTEGRAL EQUATlONS FOR TitE TRANSFORM OF TIIE

NEUTRON DENSITY

A. The lIilhert Boundary Value Problem Approach.

lf we rewrite equadon (2.9) in the form

•
ti (k , k ) R (k , k ) + ~ R (k , k ) = [1 - ti (k , k )] Q (k , k )

1 2 1 1 2 ne2 n 1 2 1 2 1 I 2

(3.1)

and recall [hat [he k.'s are real, we can in[erprer equadon (3.1) as a Hilbert
boundary value problem, in [wo complex variables 00 the real axes, for p-oper.
Iy be ha ved functions R and Q .n ,

Let us consider [he secriooalIy analyric funcdon

2 N N
R(z,z)=(27Tif J J [<p(k,k)/(k-z)(k-x)]dkdk

1 2 -00 -00 I 2 1 t 2 2 1 2

(3.2)
where [he function c:/J (k , k ) is ro be de[ermined in such a way rhar

t 2

R(x, ,x
2
)= R, (x, ,x

2
), 1m (x¡) > O, i = 1,2. , (3.3)

R(x, ,x,j=-R
2
(x"x,j, Im(x,)<O, 1m (x

2
) > O, (3.4)

R(z,'x,j" R,(x"x,j, 1m (x¡) < O, i = 1,2. , (3.5 )

R(x, ,x,j=-R.(x"x,l, Im(x,) > O, Im(x
2
) <O, (3.6)

and tha[ when z , z are real, equation (3.1) b<.'sa[isfied., 2
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Employing ,he Sokhotski fotmulaeJ•

where

(3.8)

S</;= (7Ti)"'r [</;(T, k )/(T - k)] dT (3.9)
1 -00 1 2 1 1 1

S</;= - 7T,'r J~[</; (T , T )/(T - k )(T -k )] dT dT , (3.1 I)
12 -00 -00 I 2 1 1 2 2 1 2

and the integrals are raken in [he sense of [he principal value, enables us
ro write from equation (3.1) [he following singular integral equation foc c/J:

</;(k, ,k,) = (4KQt"'(4 - K»)(k, ,k,) + (K/(4 - K»)S,(</;) ,

where

K(k, ,k,) = 1- A(k, ,k,) .

Ir is also convcnient [O define (he functions

(3.12)

(3.13)

(3.14)

(3.15)
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a(k,k )=(K/(,i-K))(k,k),
I 2 1 2

and wri(e ('qll<uion (3.12) In (<:rms of (hes(':

cP(k .k ) = y(k ,k ) + a(k ,k ) 5,cP ,
I 2 1 2 1 2
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(3.1(,)

(3.17)

from h('f(', (!le followill~ i('r.Hi\'<: proccdurc for (h<: approxima(l' dt'u.'rmina(ion

of (P su~g<'st.<.; itsl'Jf:

(rJ - 1 )
,k,) = y(k, ,k,) + a(k, ,k,) 5,cP TI = 1,2, ... (3.1H)

Proof of (!le cOflvergellC(' of lhis i('ratlv<: proccdure is giv(,1l lf1 Ap-
pl'ndix A.

Takifl~

~I\T S

(O)
,t~ (k, k )

I , o , (3.19)

( 1)
<P (k, ,k,) = y(k, ,k) + a(k, ,k,).I',y

(3.20)

(3.2 I)

(3.22)

and th<.' ¡..:t'llcra! frolTl of (he ,ah uefa(ion is evidcllt.

Equarion L~.7) ,gi\"es u...•lhe '!lh i('ra(ioll for (hc (ransform of the

Ill'UlIO!l d('flSi(y in (!le qU3rt<:r space:
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(n)
R (k, k ) =
I 1 2

in particular

Sánchez

(3.23)

(2 )
R (k ,k)= ~'Y(k ,k )+(I/W-K»)S,'Y+~S,aS,'Y
1 1 2 1 2

(3.24)

(3.25)

(3 )
R I (k I ,k 2) = ~ 'Y (k 1 ,k 2) +(1/(4 - K)X 1 + S, a) S, 'Y + ~ S, a S, a S, 'Y .

(3.26)

B. Bochner's Decomposidon

We now consider an alternare approach to the approximate solution
of equation (2.9). To this end, we {irsr determine the region of the z ,z

I 2
complex planes where cquation (2.() is valid (we will reserve the symbols
k ,k for the real parts of z ,z respeccively). As discussed in referencc 4,
1 2 1 2
the asymptotic bchavior uf [he neutron density is given by

p(x,y)=(9(expx) asx--~

p(x,y) = (9(expy) asy--~

where V satisfies the equaríano

1 ~ cv Lno
+ I/Vo
- l/v

O

(3.27)
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and for O < e < 1, V is a monownically increasing function of e with valueso
on lile imerval (l,""), (v --o "" as e --o 1). lIence,o

o < l/VD < 1 (3.28)

The asympwtic behavior of thc neutron density dctcrmines the region
of analyticity of dlc R" 's and ooe obtains frum cquation (2.4) the following
results:

R¡ (z¡' z2) is analytic in the regiun

lm(z » - l/v
1 o lm(z » - l/v, o

R (z , z ) is anal),tic in the regiofl, 1 2

1m (z 1 ) < I • lm(z »-I/v, o

R3(z¡,Z2) is analytic in the reglOfl

lm(z,)< 1, Im(z,)< I

and R (z ,z ) is analytic In the f<.'gion
• 1 ,

1m (z ) < I,
Thesc regions are showll in figures L to 4.

The function A(z.,z2) is analytic in the regl(m dctcrmincd by the
conditions

Ilm(z) 1<1//2, i = 1,2
1

\\le see [hen tha[ in the region

Ilm(z¡)1 < min(I//2, I/Vo) , i 1, 2 ,

(3.29)

(3.30)
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FIG.1 REGION 01'" ANALlTlCIT y 01'" R I

Flo. 2 REOION OF ANALlTIC''''l' OF Rl

I'"IG,3 REGION 01'" ANALlTlCIT'l' 01'" R,

FlG '" REOION 01'" ANALlTICITY 01'" R4
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shown in figure 5, the functions Rn and /\ are analytic. We can also assume,
without loss of genera lit y, that the function QI(zl' z2) is analytic in this
reglon. Hencc the equation

•
A R (x , x ) + ::£ R (x , x ) = KO (x ,x )

1 1 2 n=2 n 1 2 --1 1 2
(3.31)

is valid 10 the region determined by the conditions given in equation (3.30).

Zj - plane

- ice

FIG.5 COMMOPl REGION OF ANALITlCITY

We now invoke a remark due to Bochner5 and made more precise by
Kraut6 which for our purposcs can be stated as follows: If a function 1 (z ,z )

¡ 2
is analytic in a region of the form given in equation (3.30) and if the integral

00 ~ 2f f I/(x ,x )1 dk dk ,
-00 -00 1 2 1 2

converges In the region, then there exists In the reglon a decomposition
•

1 = :s f., where ea eh f. is analytic and bounded in the Cartcsian ptoduct
j=l

'
!

of two-half-planes. When the Ij are obtained by means of Cauchy integrals,
the decomposition is unique, up to additivc constants.

We no\\' illustrate the way in which the decomposition is accomplished:
lf one considers the contours L), L

2
shown in figure 6, Cauchy's formula in

two complex variables is

/(x¡'x2) = (27Tij"
2J f [/(7,7 )/(7-X )(7-X )]d7d7 ,(3.32)

LL 12112212
1 2
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I Zj - plane

la:

-la:

FIG.6 CONTOURS Lj

Sánchez

+ +
where x

j
ED¡ , j = 1,2; Dj is [he interior of L¡ , and I is continuous on L1 x L2 .

Le[(ing now a. -- 00 and under [he condition
1

/(T,T)/T.-O as :Re(Tl)l~oo
1 2 1

we have

/(z ,z ) = (27Ti¡-2f f [/(T,T )/(T - Z )(T - Z )]dT dT ,
1 2 'Y 'Y 1 2 1 I 2 2 1 2

1 2

where

(3.33)

i = 1,2 , (3.34)

t
and the comours y. are shown in figure 7. Now we can write

1

/(z,z )=(27Ti¡-2[f+f +f +f ] [/(T,T)/(T-Z )(T-z')]dTdT
12 'Y 'Y 'Y 'Y 12112212

r 11 III IV

(3.35)

where
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+ +'YI ~ 'Y¡ x 'Y,

- +'YII ~ 'Y, x 'Y,

+ -'YIV ~ 'Y¡ x 'Y,

and

11m (x.) I < b. , j ~ 1,2 .
I I

ZJ - plan.

ll.- ¡el:
J

- i ce

FIG.7 CONTOURS II j

By defining the regions
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(3.36)

(3.37)

(1) ~ {(x , x ): 1m (x.) > - b.1 2 1 1 j~I,2},

(JI) ~ {(x, x ): 1m (x ) < b , 1m (x,) > b,} ,
1 2 1 1

(IlI) ~ {(x , x ): 1m (x ) < b , 1m (x ) < b } ,
1 2 1 1 2 2

(IV) ~ {(x , x ): 1m (x ) > - b ,1m (x ) < b }
1 2 1 1 2 2

(3.38)
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wc can say thar dIe function /l.¡ven hy

(27Ti)"'J [/ (7 - 7 )/(7 - x )(7 - x )] d7 dT
y 121122)2
a

Sánche z

where Ya ís aoy une of [he conwurs given in equarion (3.36), js analyric in
[he corresponJing rcgian (a) gin'll in equ<lrion (3.38).

The application of these rcsults [O [he functions K.Q (x , z ).
1 1 ,

AR (x ,I ). appcaring in equation (3.31) yiclds after sorne labor rhe folIowing
1 1 ,

integral equation

Jf [AR (7.7 )/(7 - x )(7 - x )] d7 d7
-00 1 I 2 1 I 2 2 I 2

(3.39 )

=J J [K Q (7 • 7 )/(7 - x )( 7 - z )] d7 d7 • 1m (z .) > O, j = \, 2
-oc;¡ 1 1 2 I 1 2 2 1 2 1

or, equivalcntly,

R (z ,z ) = (27Ti)"JJ {K [O t R ] (7,7 )/(7 - x )(7 - z )}d7 d7
1 1 2 -00 - 1 1 I 2 1 1 2 2 1 2

1m(z i) > O, j = 1, 2
(3.40)

it is provcd in Appcndix B that for e < 1, A U is of oounded L norm in the
1 ,

rcgioll given in equarion (3.30) ami h{'ncc (ha, Ihe d<,,'composition i5 valid.
\l/(' now )(.'( 1m(z.) -. O t. i = 1,2 ami ohrain, acc'ording lO Ihe Sokh()(ski

1
formula:

R (k , k )
1 1 ,

k[KO (k,k )tS,KO ]t~[KR (k,k )tS,KR]-4 -1 I 2 -1 I 1 2 l

(3.41 )
and, solvin~ for R

1
(k

l
,k

2
):

R (k ,k )=(I;t4-K)'[KO (k ,k ) tS,KQ +S,Kn ].
1 1 2 IJ -. l 1 2 1 I (3.42)
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where the singular integral operalOr S, is defined by equation (3.13).
Again we prescribe the itcrative procedure

245

(n) (n-)
R (k,k )~(I/(4-K»)[KQ (k ,k ) + S,KQ + S,KR) J, n ~ 1, 2, ..
1 1 2 1 1 2 1

(3-43)

and set

glvlng

(o)
R (k, k ) ~ O
I I 2

(3.44)

(3-46)

or, in terms of the functions a,y, given in equations (3.15) and (3.16):

(3.46')

a150

A comparison of equarions (3.45), (3.46') and (3.47) wirh equarions
(3.24) and (3.26) of section 3A shows that, exccpt for the last summand on
the right hand side, both approaches yield the same results. Specifically,
whcreas in the iterative procedure of section 3A there appears the term
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in (his section the corresponding term is

(1/(4 -K»)S,u ... SI KQ¡ .

7
4. CLOSED FORM SOLUTlON

Sánchez

We now rcCUrn OUT anemian to equation (3.1) and consider the following
Ililbcrc boundary value problem on the real axes:

(4.1)

where che functions A, B, e,D do not vanish anywhere 00 the cea 1 axes.
We f¡rsr set

(4.2)

and make the assumptions

(4.4)

where:

~¡(zl.z2) is an analytic function in the re g ion [m(z.) > 0, j = 1,2,
1

~,(z¡ ,z,) is an analytic functioo in the region [m(z¡) <0, Im(z,) >0,

,;)z¡ ,z,l is an analytic functíon in che region Im(z¡) <0, lm(z,) <0,

,;')z¡ ,z,) is an analytic fune tion in (he region lm(z,) > 0, Im(z,) < 0,

then v.'e write equation (4.2) in che form
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or

proceeding in a simi lar fashion one can write the equation

in the form

247

(4.5)

(4.5')

(4.6)

By introducing the sectionally analytic function

~
</;(%, '%,) = (27Ti)"1[ [q,(7, ,7,)/(7,- %1)(7,- %,) d7,d7, (4.8)

and applying the appropriate Sokhotski formulae, we have rhar

and observe rhar by making

If / A ~ )(k ,k ) = J¡ [q,(k ,k ) + S q,] ,
1 1 2 1 2 2

(4.9)

(4.10'

we will be able ro identify the funcrions f
l

and f
2

with rhe functions
<I>/~" <I>/~" respectively.

Using rhe expression

,l. (k k) - .1, (k k) = % [..1. (k k) - S ..l.]
'1-'3 l' 2 '1-'4 l' 2 2 '+' l' 2 2'+' (4.11)
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which is also a consequence of [he Sokhotski formulae, we see thar we must
ser

in order ro identily .1. and .1. with <IJ!f. . <IJI~ . respectively.'t'3 'f'.. 3 3 .• .•
So:ving lor I in equation (4.10) and substituting in equation (4.12)

we obra in

and from chis equation we find [he singular integral equarion that q-; must
satisfy:

(4.14)

This singular integral equation can be sol ved by [he standard procedures
given in reference 8 and in (his manner, [he special lIilbert boundary value
problem is solved.

Applying the technique employed above ro equation (3.1), the corre-
sponding form of equation (4.14) for [he quarter space problem is

[1- ~/kl,k,)J<p(kl,k,)- [1 + ~,(k"k,)J S,<P = 2KQ,(k, ,k,),

(4.15)

where we have assumed that we can express A in [he form

/\ = - r (k k)1 r (k k)
S2 l' 2 Sil' 2

By ¡etring

(4.16)
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e (k ,k ) = 2KO (k , k )
1 2 -1 1 2

wc can write equation (4.15) in the standard form
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(4.17)

(4.18)

(4.19)

00

acjJ(k¡,k2) + [b(k
1
,k2)/1T¡]J [cjJ(kl,T2)/(T2-k2)]dT2 = c(k1,k2)

-00

(4.20)
A physically acceptable solution 01 equation (4.20) (i. e. , a solution

without delta function singularities) is given by

cjJ(k ,k )=a*c(k ,k )-[b*Z(k,k )/1Ti] x
1 2 1 2 1 2

(4.21)

where

(4.22)

(4.23)

Z(k,k )=(a2_b2)(k ,k)x
1 2 1 2

G(k,k )=((a-b)/(a+b»)(k,k). (4.25)
1 2 1 2

In terms of ~2 and KQ l' a., b. , G and Z are given by
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-¡ ]
a* (k, ,k,) = ~ [1- S, (k¡ ,k,)

b*(k ,k ) = ~ [1 + C\k ,k )]
1 2 2 1 2

!<
Z (k , k ) = 2i S 2 (k , k ) x

1 2 1 2

Sánchez

(4.26)

(4.27)

(4.28)

x ('xp {_ (27Tif¡r [Lo (-S )(k ,T )/(T -k )] dT}.
-(Xl 2 1 2 2 2 2

(4.29)

\';le must recall that

R (x ,x)= S (x,x )f(x,x), lm(x.)~O, j = 1,2.
112112112 J

where

(4.30)

00

f(x ,x ) = (27Tif'Jf[cP(T,T )/(T-X )(T-X )]dTdT"lm(x.)~O,
I 1 2 -00 1 2 1 1 2 2 1 1

(4.31)

so that

00

R¡(x¡,x,) = S¡(x¡,X,)(27Ti)"fJ;2 [(l-S~')(T"T,)/(,; - Xl)] x

x [KO (T , T )/(T - x )]dT dT +
-1 1 2 2 2 1 2

00 k

- 1;¡(x" x,)(27Tif' JJ {[ 1;' (I + 1;")/(T - x )(T - x )] (27Ti)-¡ x
-00 2 2 1 1 2 2

(4.32)
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where 1m(z.) "O, j
1

r (k , k )I ,

1,2, and

exp { - (211i)" IJoo [ Ln (- ~,(k I ' T,) kS - k,)] dT,} ,
-00

5.CONCLU~ONSANI) EXTENSIONS

The solution ro the behavior of neutrons in a quarter space has becn
resolved through the application of complex variable theory to me transformed
integral transpon equation. Two approximate techniques \Vere developcd and
their convergence analysed, An cxact solution was also obtained. based on
rhe decomposition of one cquation into two simpler equations, and an ap-
plication of singular integral equation thenr)' a la ~luskhelishvili. The
factorization of the dispersion function is suggested as an arca of research.

The .•solutions" described abovc were found in the transformcd space
and none were in\.erted back. \\'e suggest this as another problem for future
work. If appropriate solutions in the real space can be found these will
perhaps lead tu an elementar)' decomposition and completeness theorem. We
expect rhis theorem will require mathcmatics similar ro that described herein
for irs solution.

In principIe at ¡east. any two-dimensional problem can be cast into a
Hilberr boundary problem in r\liOcomplex variables (with or wirhour terms
containing integrals of rhe funcrions) and rechniques resembling the approaches
we have followed can be developed to ohtain the transform of the neurron
density.

The simplest logical extension to a three-dimensional problem would
be the octanr-space problem. One musr recall, however. that in rhis case
rhe Hilbert boundary value problem will consist in the determinarion of 23

unknown functions but? apart from this fact, the same approach used he re
can be successfully applied.



252

APPENDICES

A. Convergence of the lterative Procedures.9

Ure will define (he operaror S as follows

Sánchez

(A.!)

where, y, a and ST are defined in section 3A. Then we can write equation
(3.17) in ,he form

(A .2)

hence if we show thar S is a contraction mapping with respect [O che L
2

norro, chen equation (A.2) will have ane and only ane soludon ol integrable
square in (he real axes.

(nl (m)
Taking the funcdons cP , cf; ,in L

2
, one can write

(nl (m) 11 1 (n) (ml (nl (ml
11S<jJ - S<jJ = 1 aS,(<jJ -<jJ ) 11 ~ max 1 a 111 S,(<jJ -<jJ ) 11 .2 2 2

(A.3)
Using Minkowski's inequality and che properties

11s¡fl12 = 11/112 j = 1,2 ,

11S12/112 = 11/112 '

given in reference 10, we obra in

11
(n) (m) 11 (n) (m)

S<jJ - S<jJ 2" max I a 1311 <jJ -<jJ 112

and Slnce ir can be shown thar

(A .4)

(A .5)

(A .6)
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3 max I a I ~ 3;. e ,

we scc (ha( fOf all values of e such tha(

e < "h '

S IS a contraction mapping and by Banach's fixed polnt (heorem,
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(A.7)

(A .8)

(A .9)

",here <p" EL2 •

A similar proof can be gi\'en for the convergence of the iceracive
procedure of s{'ction 313, the only difference is rhar instead of defining (he
operaror S. one would define the operator

whert>

,~/=g(kl,k,l+J; [K/+S,K/], (A .10)

(A.11)

the condition for convergencc of the irerative procedure IS In (his case rhar
e < 1.

B. Boundedness oí [he No[m oí I\R .
1

From equation (3.41), and l\.finkowski 's inequality we write

[11 KR 11 t 11 KO 11 + 11 S KR 11 + 11 S KQ 11 +
1 2 -1 2 1 1 2 I 1 2

+ 11 S KR 11 + 11 S KO 11 + 1I S KR 11 + 11 S KQ 11 ] ,2 1 2 2 -1 2 12 1 2 12 1 2

(B.I)
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and, using th<.'properties given in equations (A.4) and (A.S),

1I R I1 < 11 K R 1I + 1I Ka 111 2 1 2 -} 2

a1so, since max I K I < 00

1I KR 11 (max 1 Kili R 111 2 1 2

so ,hat (8.2) is

(1 - max 1 K 1) 11 R 1I ( 11 KQ 111 2 1 2

and by letting

we write

hence, if we choose e and ºl' in such a wa}' thar

e max 111 1 < 1 , 1111 Q 1 11, < 00 ,

rhen

1I R 11 < 00
1 2

Sánchez

(8.2)

(8.3)

(8.4)

(1), 5)

(8.6)

(8.7)

(B .8)

and 11 AR
J

11
2

is also finite. The conditions (B.7) together with rhe raer 'thar
max 11/ 1< 1, imply rha[ for e < l. AR

1
has a bounded 1.2 norm.
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RESUMEN

El problema bidimensional en un cuadrante, para la teoría de transpor-
te de neutrones se analiza por medio de la transformación de Fourier. Se
desarrollan.dos procedimientos para la determinación aproximada de la densi-

dad de neutrones y se analiza su convergencia. Se establece una solución
de forma cerrada, suponiendo que la función de dispersión bidimensional se

factoriza de forma conveniente.




