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ABSTRACT

By the uso ﬁf the integral variation method and a one-velocity-
group theory, we conpute oritical sizes and multiplication rumbors for
rectanzular parallelopipeds of squarc cross section. We do this by get-
ting values for the aize of the gadget versus (1+ £)/(L g ), where £
is the net number of neutrons produced in the gadget per {transport aver-
aged) neutron collision process, und ¥ gives, in certsin units, the wul-
tiplication rate of the neutrons ir the gadget (ef. equations (1) und (2)).
Yrou these values the desired results on oritical sizes and multiplication
numnbers follow at onces

We consider ulso the much simpler extrapolatod end-point method
of naloulating these same quantities, n & form which uapplies to our problem.
%e then compare the results given by the two methods so as to compute cor=
reciion curves to he applied to the extrapolated end-point rasults in order
to obtain the variation method results. These correcvions turn out to be
very smell and, for practiezl purposes, our conclusion is that the desired
qg&ntities for the rectanzular parcllelepiped are best computed by using the
extrapolated end-point method (in the form given in Soction IV) alonz with

the ¢ rrection curves of ¥igures 1 and 2.
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1. THE INTEGRAL VARIATICR URTHOD

Since the intezgral variation mcthod for detormining crifical sizes
and multiplieution numbors is discussod olsewherso, of. 2 fortheconing compendium by :
Frankel and Nelson, Wwe shall not dorive it here nor discuss its detsils. We
shall simply set forth the muthod and epply it to the problem at hand. |

Wo suppose we have n gadget of any size or shape which, for simplicity,
we shall take as untamped (this is the only ouzse which we shall consider). We
oonsider all neutrons as being of one veloclty, i.e. this is a one~sroup theory,
8o that there is a unique lission cross section <p, a unigue abscrption cross~
gection @ ,, a unique transport cross section G;t, eto. Let ¥ 38 usual be
tho nuxmber of neutrons exitted per fission. Ther. we define £ by

(¥ ~ 1) -

r = - —— (1)

that is, £ is the net number of neutrons produced per Ltransport averaged)
neutron collision process. This is clearly a vhysical constunt deponding on
the nature of the gudgoet materisl.

If o Zives the' multiplleation rate of the neutrons in the gadget,
that is, dn/dt =otn (n is the neutron demsity), and V is the neutron velocity,
then wa define the guantity ¥ by

¥ = %SG T) | (2)
Thus y zsives essentially the multiplication rate, since it is proportional to

ol . ¥%a furthermore agree thut, instead of meusuring distances in units of the
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mean free path 1/ ¢, 26 is usually done, we shall measure them in units of

1/{f.i't (1+y )]. We now define two integrals

e'rlé

i= n (1) n {2) av, aVy (3)
iy rg*z

N ,=Sn2 (1) avy o (9)

where the numbers 1 and 2 each denote an arbitrary point in tho zudget, re
18 the distance botween the points 1 and 2 in units of 1/ fd‘.c (1 x}, n
dencotes the noutron density, and the integzration i{s porformed with the points
1 ard 2 each moving over the entire gadget independently. The assertion of
the integral variation method agplied to & homogeneous gadget is then that of
all the trial functions whiocn can be substituted for n in (3) and (&), the
truc neutron density will make the ratio N/I a minimum, and that furthermore

for this minimunm:

(8/1) = }:: (5)

for the zadget in question. It turms out that the approach of the ratio N/I

to its minimum, as various trial functions are used, is much more rayid than
the approach of the trial functions to the true neutron distribution. This ls
very useful, since it mesns that oven a fairly rough approzimation to the
neutron distribution givos a rather scourate value for (n/1 )min’ and we are
intorested primarily in the ratio {1+f)/(1+y ) rather than ths actual neutron
density. In practics it has been found that, if the minimizstion is performed
using only parabolic trial functions, the values obtained for (1« f)/(1+y )

for the interesting cases are correct to a small fraction of a percent; (indeed,
even with a sonstant trial fﬁnction the result has turned out to be in error

by oaly five or ten percsnt at mosi;.) In cur application of this method we

shall fake our cue from previous work and use triel functions which are parabolice.
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11. THE PROBLEM FOR RECTANGULAR PARALLELEFIPEDS

e are interested in critical sizes and multiplication numbe:s for
various untam,ed rectangular parallelepipeds; we shall consider here only those
cases in which at least two sides of the rectangular solid are of egual length.
Let us-denote the length of the egual sides by 2a, thet of ths remaining side
by 2bs Our problems then are these: 1) Given the physical constant f, what is
tha oritical size (i.e. y=0) for, say, a cube a=b, or for a solid for which
b/a =2, or one for which b/a=3, or in gémersl one for which bfazr ? 2)
Given f eand given &, what is the value of the miltiplieation number y , for

given values of reb/a 7 Both of these problems arc solved by obtaining curves

l+{
°f"I+v

of Section I. For, given f, to find the oritical value of a for any partiou~

vs. a for various values of rab/a, according to the variation method

lur type of solid (given by the value of r) we read off the graph the value of

i'*:‘. = 1+ (since$z0), and this is our answer. As we ree '
'S

murked before, the vealues which we use for & éand b are measured in units of

a essociated with

l/E(F‘t(l*xB; however, in the case of critical sizes, for which ¥ =20, this
means that we are measurlung @ and b in the usual way, that is, in wmits of
the transport meun free path I/G‘t-

If on the other hand we are given a and {, and also r, we can

regd from our graph the value of ]i*:. and conseyuently the value of the mule
*

tiplication numher ¥ « It is to be noted thut since & and b arc measured

in units of 1/[¢t (1+3)] we do not krow in thls case what sctual physical size
our choive of & eand b ropresents until after ¥ is determined. This however
is no real difficulty, since for any ziven £ and r we cun by this method
gusily détermine enough points on & graph of § vs. a (in direoct physical units)
in whe neighborhood of a given valus of &, to be abla to read off easily from

the curve the correct value of ¥ for this given a.
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As & matter of notual practice it would be ruther difficult to

determine snough points by our vsrietion method to get zood curves of
1s+7¢
1+y
there is an easier procedure which we shall adopt. There is, as we shall
l+ P
14y

a for given values of r, which is quite accurate and is very simple to

v3. &8 for various values of r. Fortuntswly it turns out that

discuss below in Section IV, en auproximate method for getiting V8.

apply. This is the extrapoluted end-point mothod. We shall use our varia-
tion method to zot curves for corrections to be applicd to the results given
by this extrapoluted end-point method. Since the corrections are quite small,
we got adequafe corrcction curves by caleulating only a few points with the
variation wxethod. This is then the attsck on the problem which we shall adopt.
For further discussior of this, see Sectioans IV und V.

III. APPLICATION OF TH® VARTATICH METHOD T(O THIS PHOBLEM

We can now proceed to use the vuriation method outlined in Section I
to determine (1 + £)/(1 +y )=(u/1 )min’ for en arbitrary rectangular solid.
¥or the present we shull let the sides of the solid be 2a, 2b, 2¢, althouzh

in ®*oplying our results we shall always set a=c. Then we must evaluate

e T12
1 -.:jmz n (1) a (2) av; dv, (3)
N :‘ n? (1) dvy (4)

and minimize the ratio N/I for & chosen class of trial functions n. We shall

use as our trial function the class
-a% X% 8,

n(x,y,2)= ny{x)ag(y)ng(s) = (1 = Px2)(1 - Q¥%)(1 - R2%) { -bzysb (6)
“cs 25 ¢

where P,Q,R may be arbitrarily varied in the minimizinz. It reems reasonable
from the symmetry of the problem to use the separated f:rm for n, n=

nl(x)nz(y)ns(z); also the dirfusion theory solution of the problem yields a

separated form for the neutron dersity. We have furthermore previously noted,

Seotion I, thut Eaz'_r_a_.‘ggg}ip_.t_rial funetions yield very accurate results, and

————a
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since clearly we musi use oven funoctions here, we are therofore led to the

form (6).

The whole difficulty here of course is in evaluating the intesral (3).

Thera are several possible approaches to this, but the scheme which seems best

is one bused on some ideas due to Feymmsn. To bezin with, lct us write (3) as

vhere we are now using vectorial notation for the poimts in space and whsre
R=¥y = T2 p= lg .« We went next to make & Fourier expansion of e"P,fpa.
Let the components of p be (j’x’ Py pz,). Now we want an (k) so that

'e"'q ~ ik

I dk r(k)e = i (8)
|2}
Hence we must have i
o
l - 3 .
£ (k)= -8-;:-5- dpx dpy dog e 'RL et k £
oo 'E:

We ntroduce polar coordinates whose polar axis is along the direction of k,
ané using k= !_I_c_{ , we huve

a .
. 2 s -2 -p _—~ikp ccs @
£ (k)= — pPdp sin 6ded o2 o F o kp

8

space
Intezrating, and using Peirce 506 {integrating 508 first with rcspect to m),
we 2ok

-1

W E )

lenoce, from (7) and {8), wo have

-]
I*jdvl a¥p n (r1) u (rp) 5 dx £ (k) of X(zy - xa)

-a>

vhore £ (k) is given by (8). Changing the order of integration and substi-

tuting {rom (6) _f,'-o-z'___{;“v:'e getm o
E. W UNCLASSIFIED
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© 8 8 .
I= (lik £ (k) { dxy dxp §(1 - lez)(l - szz) ol kx x1 -1 Ky xﬁf .
“a (10)
b

IR
ayy dyp dzy dzp

A4 S L

where the integrand in the y end z intejrals is exactly the same us in the

-3 ~C

x integrals ezoept that P, x and ¥, are replaced by Q, y end ky,and by R, z

end k, respectively. What we have accomplisnhed by the :‘ourier expansion then
is to get our function of the spuce coordinates xy, “==Zp conpletely separatls,
so that the intezration over these coordinates is now very easy to perform.

#or the integration over the space coordinetes vwe use the typical
forimule

B,

3 2s8in k_a
S dx, (1 - lez) ol kx X1 _ x

SRS PR
£

x
.. A
~ ‘258 sin ka da o008 kxa 4 sin kx &
- P + . - 2
k. Ky Ky
This zives us
° a
. gin k v ] in & ,
I=641%1 dk £ (k) _,____fi_ - Pl (x 2,2 _ 2) sin kya N 28 cos kya
-7 kx x RET Y
= X
-gQ |
o’
¢ b (11)
G kyo b R, Ky, 0

The brackaets {Q, ky’ 5} and ig, Ky c} denote the same function as the first
bracket with P, ke, 8 replaced by the corresponding guantities in the other
bracketse.

- in order to perforn the integrations over the k's it would be useful %o

R get the integrand to separate into a function of Ik, times a function of ky times.

e UNCLASSIFIED
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a function of kz‘ This product form already exists except for the function

- - Sy
£ (x)= ..5‘%?_ (tan~Y K)/k - 2; (tan2 Vi, 2+ k2 v 1, D) 0F kB KR

We can zet £ (k) into the desired form by making tho expansioan (due to Feynman)

0 -
~1 2 : 1.2 e 2 R
j—a-??—-lf--: oKV F(y) aysl XY KV Y r(y)ay (12)
[] [o]
whare
(o)
-2
P(y) s e I B (), 1y o ae (13)
y 2 Yy
j

(The correctness of this expansion can be readily checked). IHonce

2

N2
00

52 | k2 x.2 )
I:”F"j F(y)dy | didedk, o7F VAP, ky, o ¥y Y4Q, Ky, bj

o A (1<)

2

2
ekzy R, kz’c

where the brackotsa } are the same as above in (11). %The intezrations
over the k's can be performed by lairly straightf.‘orward, although rather lengthy,
methois. We shall onit the detuils of this and simply write down the results.
If we perform these integrations, and ulso replace y by x° in (14) we get as our

final result the following:

Letting x
' e
E {x)= g e™* dx (15)
°
o
Fr (x)= ; {e"xz dx (16)
i)
X

and sebting UNCLASSIFIED
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xo (x)=2 & (1/x) - x(1 - e“l/xz ) (17)

) 2 1 /2 2,
Ky (x)= (¢ =2+ 4/3) 5 (1/x) 4 224 : w1) =1 f-’i(ﬁ;i-.i"l (18)

K, (x)= (ax2/3+ 2/5) B (1/x)+ (16::/15)[::4* x2 . (5/16)] e"l/"z

(19)
- x (16x*/15+1)

then

- abc dx Er (x){ K (x/h) -a PKl(x/h)*-a4P Kn(x/h)

{r (x/b) -vPaKk,(x/b) ¢ b QP (r/b)} (20)
y (x/0) ~o¥k (x/e)+ o xam:_,'.x..w}

It also follows immediately, after substituting in (4) from (6) and integrating,
that

N = 8 abo (1 ~ &Pa® + %) - '§'sz+ ‘%—,’sz‘;)(l -‘2'302"’ %RE°4) (1)
The integration of (20) can not be carried out analytically, so we must resort
to aumerical means.

For any given a,b,c now we can compute the various intezrals in-

volved in (20) and tiss get I as a polynomial in P,Q,R. N is already such
a polynomial. The retio of these polynomiuals, L/I, zan then be mininmized
with respect to P,Q,R. As has been said before, we ha,e considered in the
applications only casos in which a=¢, which implies of course that in our
trial Punctions we should set R=P, It was found in pracbice that the min-
imizing could be accomplished most easily by & trial and error method, rather
than by equating (3/0F)}{X/I) and (3/8Q)(N/I) to zero. This wes largely due
to the fact thut the actual value of the minimum was rather insensitive to the

particular choice of P and Q3 this of course also speaks well for the probable

acearacy of the result'aohieved using parabollec trial functions. The results

= _=— PUBLI c reLeast) NCLASSIFIED
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are ziven in Table I, which zives = against ocertain values of a

(listed as e'variation) in the case of a oube, in the case vhere 'bfZa,
c=a, and in the case whore bse®, v=a. [rom this table weo zet at once,
clearly, ‘as g function of a for the c¢ritical csse ¥= O, and the multi~
plicaution number § as & funection gf.‘ a for any desired f. The remaining
two columng of the table are explained Iin Section IV below.

1V. TH% RXTRAPOLATED END-POILKT HMETHOD

There is an approximate method which is very eavy to apply and
which enarles us to compute with very good accuracy the same g:antities
obtuined by the variation method. used &bofe. This is the extrapolated end-
point method. This method is described in considersble deteil elsewhere by
Helson and Frenkel (LA~8), and we shall merely set it forth as a recipe for
computing (1+ £)/(1+¥ ) vse a here. Given (1+¢)/(l+y), we want to come
pute a. Tho scheme as applied to our problem is the followlag:

We solve the diffusion equation for the neutron density n:

o Cm ' -0¢ xX€a
v* n=~kn inside gadget -bs y=b (22)

-0& 2£ G

n= 0 outside gadget
whare k is determined By
-1
tan T k 1 +Y

. = (23)

13 1+f

The Tuandamental solution is then

(24)

n = cog kjX* cos kpy*® eos kyz inside gadget
n=0 ' outside gadget
where |
k2 v 1P+ P =i? (25)

In order to satisfy the condition that the neutron density be continuous
everywvhere, we should get for the sides of the solid: a= W/Zkl, b= TT/akga

c= W /2k3. The extrapoluted end-point method assorts that a much better

S ——  (NCLASSIFIED
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approximation to the intezral theory solution of the problem is given by
adding 8. corrsotion Yerm to euch of these values. This cerrection is of
amount x =Y (L+3 )/(1+¢), where X is & funotion of (1+Y )/(1+ f)
and is given by the graph of Figure 3; for the derivation of this curve
of - Report 14-8. Thus we have for the half-sides of the solid
a= T\"/(akl)‘r Xo
b= /(2ky)> %, (26)
c= T/(Bks)-f‘ Xs
As before, these lengths are ln units of 1/[47;;(1 +y )J- Of course these values
for the sides are not deternirate, s'nce the }:1, kz, kﬁ are not uniguely de~
termined by (26). We must specify two more conditions. Tnis is accomplished
by setting o=a, as in our previous work, and letting b=ra where r is fixed

in advance. If this is domne the eguation {or a becomes

1/(a + %y P+ 0.5/(ra £ 2,2 = 263/ (27)
Equation (27) can be solved for a for any choice of r and any given
(1~ 2)/(1+5 ). For the cases r=1, r=2, r =00, the values of a deter=-
mined by this extrapolated cnd-point method for certsiin values of (1+f)/(l+y )
{i.e, those obtained usinz the variation method desoribed nbove) are shown
in Table 1. If we assume that the variation method is exust, since its errors
are probably of the order of a fraction of a peroent, we cun compute for euch

point in ocur table a percentage correction p to be applied to 8oxt to zet aggpe

This is given in the fourth column of the table.

V. CONCLUSI NS AND SUMMARY

The 08t useful product of the work described here is the set of

s 1+f ror the casos b=z 2 oo
curves of p versus &, and p versus T or §0s b=a, b=28, b=

{of. Figures 1 and 2). In the first place agyy is exceedingly easy to come

pute, since all that is required is to solve (27) for a. In the sesond place

the values of 8, Gre quite olese to those of ayg, (0f. Table I). This meens

oo .. UNCLASSIFIED
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that the inaccuracies in p due to f.he fact that the curves are drawn
through only three points, although relatively large compared with p,
are absolutely very small end have neglizible effect on the final answer.

We can summarize our results then as follows: Given (14 i‘)/(l +2),
given that e¢=xa, and given r-.-.b/a, to compute a we first compute 8oxt
using (23) und (27) and then correct this result to 3:t 8,y USing the
graph of p, either tigure 1 or Figure 2. The ocurves given in these graphs
are only for the cases r=1, r=2, r=00, but it is clesr that an adeguate
interpolation can be made for any intermediate cuses. ("'e huve not been in-
terested in this work in the cases for which r< 1) The values of & which
we zet will be in units of 1/{9’}(1-&32 and the actual physieal size of a ecan
be determined only when tho value of ¥y is specif‘.ied {we can assume thut the
physicul constent ("y is «nownj. |

We wight be given the converse problem, for siven a (thut is,

Bggr) to determine (1+ £)/(1+y ). This is reandily done as we shall see below
if a 1s given in units of 1/[c‘t(1 +x_5} . liorever in gencral a will be given
in some more direct p‘hysical ways even so, if G"t end 1+y eare given, so that
tvhe object is to determine f, we can at once proceed to get a in the desired
units, determine (1+ £)/(1+¥ ) (see below) and hence f. If, as is most likely,
£ and @ are given, and it is desired to compute ¥, our best hope is to guess
at the nelghborhood in which the answer llos, take several values of ¥ and
hence (1+£)/(1+y) in this neizhborhood, and compute & from these, as des-
cribed above, in direct physicsl units; thus we get & zraph of a Vs (1+ £)/
{1y ) from which the value of (1+ £)/(1+y), and hence ¥ » for the specified a
cen be read off at onoce.

Wle must finally Justify our ubove statement that if wg are given Bvar

in units of 1/[a't(1+x§) » then (1+ f)/(li-g) is readily determined. We¢ must

first zuess at the appropriate value of p (this is c¢asy to ¢o adequatsly well

— e i —
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oven though p is plotted azainst a instead of @, ., since a . . will

ext
- not differ much from avar) und deternmine from it the value of aext' We then

place this value in (27) and use a trial and error method to solve for (143 )/

(1¢£) from (27) and (23)',

LY
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1+ f 8var “fext. 7100%
Byariation Ty 8axt. end point = “"'"g'e‘r %
Cube: azb=o
.80 2.0409 7851 2.16% o
1.50 1.4634 . 1.4819 1.22%
2.30 1.2527 2.2810 0.82%
2 x1 x 1 Rectangular Solid cza b=2a
370 1&8‘670 06868 2.01%
1.20 1.4974 1.1859 1.19%
2.00 1.2429 1.9898 0.52%
Infinite Rectangular Solid c¢c:=a b=oe
.62 1.9669 06129 1.16%
1.10 1.4798 1.0907 0.85%
1.80 1.2464 1.7901 0.55%
...
.M




NO. 3S9H-14

Y
Gyt Tenes Ienvy

N.

KEZUFFEL & FSSER CO..

(‘n“‘.

\ottimutere,

W ey S s

APPROVED FOR PUBLI C

RELEASE

oy

X
[ wpry

33 89

i H
6 LNy oS od

MR RS

H

i:

oy

Pt el it

i

Iif.
=¥

.1

By

[T =4

i

b
boaa «n S S Al

i ROY 3 ey

ey

xdy

HES
T

1 b e T

bed 094

peSpiagayapgsysl

agou
j=

T

i

_{

1

e

+ rgerd
[ nde:

M

T

T
Lng o

’F

PrinTLL

£l

111t

e

j2ogenysaay:

Tt b

332
3

T byt

S

+

i

ey~ HL} s

e

>

papss
1I'L"

eees it

S A

e

Ty

fe gl
s b
37-

3T

LTt

!

Hs
THEHTH

yabd
H —Lr-.J_....
T

43y
e

£

T

uhal

ax

Jassowisqianstprndst)

1

sazpisaedh:

T
R E

=l
'

TF,‘

fiad £

his

IS

= THH

1T

HIF AT

IT

H:

fagn o
[t
—-.!q
238

=

1y
CEE]
594

+

=~

kc
1H1r
‘.

HH

T
i

o
1

Yo ?
T3

k2]

T

v
peaa fhyne syus,

bt

£ e

R

i T

THITH

85

3
e

R

B
E. :
i 111,
s ST ITENRT

_F
+
[ 5% B
R R T

A S
Yr

ps

Fid
1
I

Agus o

i

: gmﬂé

i

RN

PY SORee apeadppas ru

1hsis

T

RESIRs

1oy

!

-_..;,E'

EEYE &

£

i

1

hERE Sd

s

1]

h

Jl'?-;-r

T
ot
Epergs:

'

ppugs

Hrt

:
i

¥

yaui T
Y ansanas:

14
o~

:1-

g

a2t

g,

£l

TR

paat
!
ha

.iH
bt

[o5 g ga oo
5]

+
=T
-

13Ty

i+

[ papt

g SoSEI

¥
14

Lt
St
e fade

1

St

_J—_t:‘l, s
Ehage
=}

o

!

g
17 1
T

ﬂu—;




NO. 3s9H-t4

M tiny 5 nenvy

NoY.

KEUFFEL & ESSER CO.

a,t.

AWHIT T PR

Ny b e

we tp

APPROVED FOR PUBLI C RELEASE

jas

S EERY I EE Yo Y o

et
N

T
Hity

Voo

T

=

0

e
'

R3S 2

H

TIT

i

IES ] SPSEE PARYS Srgy

i

-

bty :
tH i
i !
31 gt Ty
e r,m..»_‘ 3 Lw L3
The ia 5 =
Ayl 5 i et e e
K it BRI P e
L TW. i :J i o j mum : osbd poRgl ez s
S H Fot1 144, -4 N . ~
BT IR e et 4 8 SESfRSTyt Rais
it M_‘JL “.:H-W.Grmr. M”ma.r u&% TR
g BEywe - e g mav TH N [ .
i Hizh[E .y.m.n ke B
—Wlu‘ + bl - T = ] IM 1 M—wuH -
3 127 a¥ T 31 .
H ot L L]
e pies t}
T H pe

jps
=
b

i
5 n.rqmm.rﬁmm 3
T IH 1
i - Al
bh T fro e
‘w..w 3. At hidd
s T ’ ppdgdne
i it} i
i e
T4 AEHIRTHY
."|1 .-vAL L
; o T,
I [ Rt e Y
._ﬁmm n“x fitideh
733 ] 1
X :
14

e eRees Buaasiatyesiia

- M 4 ad A
i R i 0] Fep s Its
Reihii: pHIE] iR
TR afae et iamy paia
i S e
e bty ot
T R emasssaem o
..Lrb.».!lx. 1) f] uvm. . t P T —
Tad iyl oedss
JM.LW R Tl bR o i
bl = ST IT R LA
& 33 pusas gy - 1133
ey aangs ERY Y mans
ik T R oy
g Fagigatd N § B teass PN
e i oo TRt
Rt TE H
pfand = jars
o - vt .-
HTE  3H] :
L».W.M“ yrerly ]
el Tk 3=
~HERI HE £ 25 N
BEagRRe FyRyPe LR e T .
i Fe g g MY it ] =
s HE e t 3
Fs R S1 S8 KA Y SATE] b £
§eis] T b %3
12r T M T
e T E fix
iyl o Bk e Yo EpRE fs)
_.L. +H 1441 < m by
EE1catd] 133 eeads & -

APPROVED FORSPUBL| AAREL EASE

o




NO. axoM-t4

KEUTFEL & TESER CO.. N. Y.
Mitllracrers, 5 mm, lines acrented, om. lines hoavy.

~ &

MADE N U, 8. A,

APPROVED FOR PUBLI C RELEASE

TN

:m_E
3¢

AT A T
' ot §it MY :
N m : wc“ K Ll I”mn. -
i .
11 RISEH Hald i
. fHi il
!
T il ja3t ]

[ ge ety 0. F 11 4
By HiEH :ﬂ.wwmm“.w W ot “* :
=5 e sliHi B 45
Ty TH H Ers 5 .
H muum“ R 8 SR
pe=is it HH HHt] T L1 3
el Bdn | it B HE
l...n mw mr Taggd MW ,w.wlu
Fh H R HE HEH g i
] T = T Y T ryxsas
B AT B HI R e i
1o w.? pig IRETET T "ﬁmm, ERIEIG ~L AL WH nm._us
edhen i ik et 4 T HE .

Hi] .E%r..rf_.ru R J 24 .m 1 .-f.w il EE

. T T ~sge A CYYva gy T

LR nTHisa i u.w TGN H iH 5 i

R Rk R iR i
§ s Haalst He Bt o g gy R TR Hige
H : i FHE IR Z st w Shil aiatels: EEERS
SRy e TR R R R st ] =t
LR Ul R R R R B R L
L0 DG DEPeY P Sare - " RERS SPU R L= 1S i< e ndagsnabs) sisabageas
rnwtnmm.'u*?wmm BHg B .T-u.t...rlnliq HH: N 2 S wm“6 L u
o SR T } P O HITHH '+ ]
_ SRS S R T R ] HlERHES
s Fiha e e et
..1 . =+ § - -4 . t
i diltia BEt R el it <
£y He 4 s e v ps bt I <
HHIITE wﬂ Hek b i : ...mmh L
it iy 3 Atk 1
N H 8 HH H1-1 1113 ~H.._HL,H. _f..fl +
l".i..nzf ..M;M b HiH Y z&fﬂﬁﬁ. pe. wc,nu.».: dava bl
e ; 3s T T HHt e Age R ERe St ARt La ey
T T 3 1 - =iH
;.m._“”u.M : ﬁmm. G i ALETTH SRR R S S -
Hﬂ. 135 118 . vwvﬁmr ¢ HiEY T e 53 ve 5
HHLER j2:iH D iieslapesydideflaflystifasad: ey
.mmh e -:: PR EH ey
R weih i i " H
—.ll uM ,l.Vbﬂ 1-1. 44 l‘ WWM%
N NRRANRE } H —ﬂc 4 ; ’.
. 29! W 34 fuhay ohsy TohEH LLL«.
] sl gessadl H i
! 2 : it i
T 3 r. it T
s Hl b b o y o .,fv_ 2L d
H T - P P H e + -~
i E R R e i
T H R B L e Fotiis
1 §82 H SREL TR R HH tH : P e~
I L
¥ - H B 1n..~ ..H‘m‘nl#r.vlw nhlv 1 a H _xu .l P
i : R R R e R

T B HEH T T e T R e > T T
e e 88 e A I ear sse gl feansdesypeadnyddadtisatiinadiqecti HH X

AR t } e T e P ¥ T g

3 Sres R e s8pisas Spguasysaaly [ th i :
2 ; H HTHTN 1 R Sifeat TR0 4
a8 “ ; h‘rl r..w;—lv L. : IW -

. g I T \ i it N
xrlﬁur_ +t HEH H 11 i [ +¢MM 1r o
iR HETHIE gnsiiisd : i
. £ + und = U Teesilsn. BHTRH 1R 1o ‘
Sewaleyn M T . H1at - H .rbﬁ + e L
H ki T =idta 3 Reed | ' 1 .

T T " : H .er s T rre} gom, —ay

- H 1 i t -

14 LS (_T mr [Re g Y H E s spagsyusns r” ;3

: Fensan i STERERN 3 3
LS L e iR jh ?

i H- T R T, : 2
i L T 4 :

. + Y 1 1 . P § r
i EHEE L A HER AR R el

EIEHE Hir HETP R et ek oy i uuﬁnﬁm.
! E LRI, A R HEHE st [t st
HHET T T spadsppayasizgs yaTygegpe ey

- HHERS St ER TR o E i
i . T H ETHREET =

: H BEE nlphii sasiidans o

5 Fig et &b 1 f3tiss H 5 $a2 = i3] -

1 i \mﬁmﬂ ?Jr. L H TR SR R A ey it it

3Tl Ls N Rl sdas. shagany z T §1 bpaa:

174 THH T rggns +F SR HHE m;LAn.v Tieted TTH
H un ‘m;.f. : IDM d H IR o U.mw”m.m ”.h iy

toa by 2 51 R32400 31 b 1 Rafagisagds . ~.mem L+ ._‘mym
dgafanasdy 4“44 ) ! ] F igsadigdt {3y
ShirpupER Ry M T i 114 .m.ﬁrfuw..r
LH 3 HH T 3 4 H ) ¥
e 1 L b wods i LERSd Myt L
T R HHE HH R F B A H R TR H
:._. max. a8z o HH IM ._.ml TELE O I E L fi b

CHIE R maeesaryeasIry s il
TR HTE ik 143t :

T Hii i
A b H 3
= t 2
b L HyH e as ,HJ- -
SRR 2
S mEHtE AR ] _
.ﬂnﬂ m._Hw o 139 fss
yt 4
viRais Iy t
Rttty
s v.uFL_ m.%..
Tttt




