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Abstract

Calculations of the Bremsstrahlung spectra resulting from electrons slowing

down in NaIl and air were made and are presented in graphical form.



Introduction

In most practical problems dealing with the distribution of radiation in
materials the effects of secondary radiation are usually of little importance.
In some cases, however, secondary radiation such as Bremsstrahlung radiation
can be of considerable importance. This report provides some informstion on
the energy spectra of Bremsstrahlung radiatibn resulting from the degradation
of electrons.

The equations to determine the Bremsstrahlung spectrum in an arbitrary
medium containing as many as three different elements were coded for calcu-
lation on the ORACLE at Oak Ridge National lLaboratory. A description of
the operation of this code is given in Appendix A. The following sections
describe the equations used and the limitations of the code. The results

of some calculations using sodium iodide and air are given in Figs. 1 and 2.

Method 9£ Calculation

Electrons essentially lose energy by two separate mechanisms in the
process of slowing down. Inelastic collisions with the bound electrons of
the medium is the predominant method of degradation at low energy while at
higher energies, radiative collisions with the electric fields of the nuclei
and electrons becomes the most important method.' For lead the electron energy
loss per unit length of travel as a result of inelastic collisions is equal
to that for radiative collision at an approximate electron energy of 18 mbce
while for lower Z materials the equality occurs at higher energies. For
water the equality occurs at approximately 220 mOCE.l It was assumed in
these calculations that the initial energy of the electron was sufficiently
émall so the energy loss as a result of radiative collisions was negligible
in comparison to the loss resulting from inelastic collisions.

The energy loss per cm path length (stopping power) for an electron

2
making ionization collisions 'is given by the equation

1. W. Heitler, The Quantum Theory of Radiation, 3rd ed., p. 252,
Oxford Press, 195k.

2. H. A. Bethe and J. Ashkin, "Passage of Radiation through Matter,"
Experimental Nuclear Physics, Ed. E. Segré, p. 254, John Wiley and
Sons, Inc., New York, 1953.
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where

E = total relativistic electron energy @n c ),

I = mean ex01tat10n potential (m c ),
B2 = (v/e)f = (F-1/8°,
r_ = classical electron radius (cm),
N = atomic density (cm-a),‘
Z = charge number.

It was assumed that for compounds the stopping power is additive for the
compound elements. This is approximately true, however, since some slight
discrepancies should be expected as a resulf of the deformation of the elec-
tron wave functions of the atom in the compound with a resulting slight change
of the ionization potential. It is expected this change will be negligible
in most cases.

A list of mean excitation potentials for various elements5 is given in
Table 1 for reference.

The Barn approximation cross section for the production of light (Brem-
sstrahlung radiation) by an electron in the field of a nucleus without

screening is given by
2,2 4 2 2

a ry Z N Pl P +P /€ El €.E €€
(E)k) = —— - 5 ( — - 2EE, —55 =+ — - +
137 k 3 PJP P P, PP,
2
8 EE k
L |- —:+ 573 (E2E§ + P2P§)
5 PP, PP]

3 1 2
P} PSP

where the following relations are used in Eq. (2):

EE, + P2 EE. + P2 2kKEE
1 1 1 1
.____.3.__.._. € - € +

[l A%

3. Ibid, pg. 203.
L. W. Heitler, op: cit., pg- 245,




Table 1. Mean Excitation Potentialsa

I I
Z Element (ev) Z
1 H 15.6 15.6
3 Li 34.0 11.3
L Be 60.L 15.1
6 c 76.4 12.7
13 Al 150 11.5
26 Fe 2kl 9.3
29 Cu 276 9.5
L7 Ag 418 8.9
50 Sn 463 9.2
Th W 655 9.2
82 Po 705 8.6
92 U 811 8.8

Taken from H. A. Bethe and J. A. Ashkin, "Passage
of Radiation Through Matter," Experimental Nuclear
Physics, Ed., E. Segré, p. 203, John Wiley and Sons,
Inc., New York, 1953.
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€= 2(n (E +P), .
€ = 2{n (B, +P),
E, = E -k,
P = B -1,
rf = Ei - 1.

With the use of Egs. 3, Eq. .2 is simply a function of E and k where E has

the same definition as in Eq. 1 and k is the photon energy expressed in

units of mocg. The quéntity:@[a(E,k)dk is the electron croés section

(cm—l) for producing a photon in the. interval k to k + dk. .
When the electron screening of the nucleus is taken into account and

Eg. 2 issreduced to the relativistic case E77moc2 one arrives at the v

equation
-y

292 I E - 1)
(4) T °(8,%) = it 1+ Qi 1) 1/3{ nz
137 E ) L

- ?.(
—2/3 (E - k> 2)_4-7) ) ]_/5[112]

where y is given by

~ |

(5) y = 100 k

E(E - k)z1/5

5. H. A. Bethe and J. Ashkin, op. cit., pg. 260.

6. Ibid, pg. 259




(6)
(7)

(8)
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The functions ¢l(7) and ¢2(7) are presented graphically by Bethe and Ashkin;7
however, they are well represented with less than 0.3 per cent error by the

empirical relations

-0.6587y -0.0481y

n

g.(7) = 5.089 e + 15.661 e

g, (7) "3.0ky

B, (7)-0.595 e

The quantity ¥ measures the effect of screening. For 7,y 1 the screening
can be neglected; however, for y = O the screening is complete. Although
Bethe and Ashkin give a series of equations similar to Eq. 4 valid for various
ranges of 7y, the use of Eqs. 6 and 7 in Eq. 4 makes it valid for all values
of 7v.

The cross section relation for the production of Bremsstrahlung radia-
tion, Eq. 2, was derived using the Born approximation which means it is not
valid for high Z materials and for low initial or final energy of the collid-
ing electron because of the improper form of the electron wave function.
Equations 2 or 4 also neglect the production of light from collisions with
atomic electrons; however, this last effect is proportional to Z whereas
the production from collisions with the nucleus goes as Ze. This means
the production from the atomic electrons is negligible for high Z materials.

With the use of Egs. 1, 2, and 4 the total Bremsstrahlung spectrum from

an electron slowing down in a compound is given by

Eo—l i g Eo , ]
n Zfiié(E,k)dE ' Z:l ®(E,k)dE
K(E ,k ) = | dk 2 S + d_—J
0”0 d 5:<: §§‘> 3:(} in)
k] kel 3> g NSy

Here K(Eo,ko) is defined to be the total number of photons produced by
an electron of initial energy Eo in the photon energy interval ko to

Eo - 1. The upper limit of the photon energy interval, Eo -1, is the

7. Ibid, pg. 262.



(9)

(10)

(11)

(12)

8-

maximum photon energy possible. The subscript j refers to the jth element of
the compound. The intermediate limit, g, of the integral in the square brackets

was chosen to have the value g = 5 or

6z
depending on which was the greater. The choice was made to use Eq. 2, which
applies at all electron energies, when E was below 3 or in those cases when
screening was not important. Equation O is derived from Eq. 5 with y set
equal to 6 and represents the maximum electron energy befofe screening becomes
important. When EO 4 g the second integral in the gurly brackets of Eq. 8
disappears resulting in the equation
Eo-l Eo iz .
o j“ j}Zj(E,k)dE
b
N s

however, for EO and k + 1 greater than g Eq. 8 reduces to

K(Eo,k) =

k k+1

E -1 E

° sz'i{g(E,k)dE

& )

In summary, it should be made clear that the use of Eq. 8 is restricted

dk

K(Eo,k) =

o O

to intermediate Z materials. From the effect of the Z alone, it seems likely
that Z > 10 the errors should be less than 10 per cent; however, the inter-
mediate range of Z would have a much smaller error. The initial energy Eo
should be restricted below the point where the energy loss as a result of
radiative collisions equals the energy loss for inelastic collisions. The

inequality the initial energy must satisfy is given roughly by

1600
Z =2
Eo Z
There are two errors in Eq. 8 which could not be avoided. The use of
the Born approxima%ion Por the cross section means the high energy end of

the Bremsstrahlung spectrum will be slightly in error. The other error
comes in by way of Eq. 2 which does not include screening. The last error
has its most serious effect on the low energy spectrum which is overestimated

by Eq. 8.



Results of Some Calculations

Calculations for the Bremsstrahlung spectrum in Nal and air were performed
and are given.in Figs. 1 and 2. The constante for each calculation are glven
in Tebles 2 and 3. '

For convenience, Figs. 1 and 2 présent the number of photons per unit

éééE:-T as a function of 5 k_‘l . The integral under these curves represents
(o] (o]

the total number of photons released.
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Table 2. Constants for NaIl

Density 3.677 g/cm5

Na I
z, 11 55
y (2tous) 1.47726 x 10°° 1.47726 x 102
ij
I (ev) 129.3 466 .4
Table 3. anstahts for Air
0 N
z 8 7
N (atm;s) 1.06598 x 102 5.9658 x 10%7
cm B
I (ev) 97 87




APPENDIX A

Oracle Code for Bremsstrahlung Spectrum in Various Media

As displayed below, this program allows the slowing-down medium to consist
of one, two, or three elements. The computation is performed throughout in 8-32
floating point arithmetic. The double integration is executed numerically by
Gauss' Method, with a mesh of six by six.l

For a given medium, the input data is in two parts, both on paper tape in
packed decimal, as follows:

Part I - Medium Parameters:

1. N - 10'21*, atomic density of Element No. 1, (atoms/gmB) X 10'2“.
o N, o 10_2h, atomic density of Element No. 2, (atoms/cmB) X 10-2h.
3, N5 . 10-2h, atomic density of Element No. 3, (atoms/cmj) X 10-24.
L, Zl? atomic number of Element No. 1. '
) 5. _Z2, atomic.number of Elemept No. 2.
6. Z5’ atomic nunber of Element No. 3.
. T. Il’ Ionization potential of Element No. 1, electron volts.
8. 12, Ionization potential of Elemeqt No. 2, elecpron volts.
9. 13’ Ionization potential of Element No. 3, electron volts.
10. Single space.
e.g., fof Nal:
1. Ol k77 26 FOl N, = 0.0147726 x _‘1021* for Na.
2. Ol 477 26 FOL N, = 0.0147726 x 102" for 1.
3. 00 000 00 000 N5 = O.
L. 01 100 00 002 Zl = 11 for Na.
5. 05 300 00 002 Z2 = 53 for I.
6. 00 000 00 000 .Z3 = O.
7- 01 293 00 003 Il = 129.3 ev for Na.
8. 04 664 00 003 I, = 466.4 ev for I.
R 9. 00 OQO 00 000 I3 = 0.
10. Single space.

‘1. Coarser or finer meshes may be used accordingly as the interval in E7
are smaller or larger, respectively.

-11-
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Part II - Limits of integration and number of integrals. (Note Part II

(€)Y

!—J

no

W £ W

may consist of one or many sets of 5 words each, 1 set for each
Eo)n The total integral over E7 extends frome some arbitrary
lower limit; E

5 to a fixed upper limit, E - 1. This range
7 ,lower o
is subdivided into N smaller intervals of width AE_.
y 7,lower,
2., below, represents the arbitrary lower limit of E . E
7 ,upper,

3., below, is equal to E + zkE7, and represents the upper

7,lower
limit of the first smaller interval of integration over E7.
Warning: AE7 should not exceed 0.2 m.oc2 for the program as written.
larger values of l&E7 will require a finer mesh in subroutine

00 050, the 8-32 Gaussian double integration item. The 000 word
of this subroutine is located in 2D5. Instructions for mesh
changing may be found in the Appendix to ORNL Mathematics Panel
Memorandum on the 3 8-32 Gaussian Integration Subroutines.

Eo’ electron energy, in moc2 units.

E , lower limit of E , inm c2 units.
7;lower 4 o

E7 upper’ upper limit of Ey, in moc2 units.
3

13E7, increment to both limits of Ey, in moc2 units.

N, the number, as a binary integer, of integrals to be computed at

(Eo -1)-E lower
electon energy, Eoo i.e., N = 2,0V
: AE
Single space. 4
. for E0 = 2.0
02 000 00 001 E = 2mco.
(o] e}
o4 000 00 FOl E = 0.04 m c°.
v ,Llower o
06 000 00 FOL E = 0.06 m_c°.
7 upper o
02 000 00 FOL AE = 0.02 m .
00 000 00 030 No. of Integrals = 48 (dec.).

Single space.



-13-

Using the example input Jjust described, the Oracle will read in Part I of
the input and the first set of Part II, and then proceed to calculate the 48 (dec)

integrals specified. Following the computation of each double integral, four

words are punched on paper tape, in packed decimal, as follows:

1. Eo’ as before

2. E7 Lower’ as before
)

E7 upper’ 28 before
J

L. vValue of double integral,

(E

e.g. , for the described input:

E
7,lower, ~y,upper

units: number of photons in interval

) per source electron of energy E_.

o E7 ,lower E7 ,upper «r _F

E
02 000 00 001 ok 000
02 000 00 001 06 000
(b

02 000 00 001 09 600
02 000 00 001 09 800

Following the punching of  the
proceed to read in the next set of

to calculate and punch as before.

00 FO1 06 000 00 FOl 01l 291 11 FO2

00 FOl 08 000 00 FO1 Ol 113 53 FO2
sets omitted)

00 000 09 800 00 000 01 297 85 FO05
00 000 01 000 00 001 02 734 37 FO6

last four results above, the Oracle will
limits, ete. from Part II of the input, and

This process continues until no more input

is availabe to the reader, which causes a stop on reader error in 3A8,L. To

stop the program otherwise, the break-point switch may be turned on, causing

a stop in 025,R, immediately following the punching a four word set of results.

The fast memory may then be dumped

on private magnetic tape, providing con-

venient re-entry at a future time by reading the program back into fast memory

properly repositioning the input tape under the reader, and executing 43 025.

Operating time averages about 0.7 minutes per integral over A Ey, varying

slightly with Eo'




B 1

Typicailoperating instructions would read:
1. Clear and set to 2048 memory.
2. Problem 316 code under reader: 90 TEF.
3, Input tape under reader: 43 000
Oracle will stop:
(a) When input is exhausted, 3A8,L.
(b) On break point in 025,R.



000

010

020

030

040

050

060

070

080

090

0a0

24000433al
240044333k
940aal 0000
2400c430b2
87f207f7e9
2408551762
4301200000
6001940000
4076640766
Lo7ebl407eb
4301200000
1b03c5402e
240ad5f7ea
2402251763
204225F01F
2408551762
5f01e2401f
240a15f762
5f0le2401f
240905766
2401e22422
5401343012
2401e20422
5401343012
240ad5f7ea
240132042e
240b15f7ea
2401320424
224225F01F
0000000000
0168b8r9b1l
0000000000
0000000000
26797e6b3c
0000000000
olsrefrreee
OL47ffrerre
Q251 effese
03516c8b43
004c28f5¢c2
0255555¢52
240244308
0000000000
000000005¢F

ORACLE

4007a40082
4008540086
24009430b2
87e207e7e8
2408b5f766
240865763
L4L0762400a3
2401443245
24021433e1
24025438b2
2402al4102a
160094b427
24013204 2¢
240ae5f7ea
2401320424
240865r763
224225F01F
240a25r763
204225f01fF
240855f762
5f01e2401f
240a151762
5f01e2401f
240915F766
2401e22422
5401343012
2401e20422
5401343012
2401322430
0000000000
fareereeee
0000000000
0000000000
fc66666666
faS5leb851le
QL7 reerer
0553 e
0742aaacd9
00abcd35a8
029eb851eb
Q17ffrrefrse
240a5430fDp
0000000000
00000000c3

-15-

CODE -- PROBLEM 316

24002433ak
24006433ak
874207d7e7
2707f4a011
240a85r764
240aabf7ea
247ea22421
5f7eb40000
Lo76240763
7628089762
2042714014
oLUrfrfl102b
5401343012
2401e20422
5401343012
240ad5f7ea
240132042e
240afr5f7ea
2401320424
240865763
224225f01fF
240a25fr763
204225F01F
240855r762
5f01e2401f
240215762
5f0le2401f
2401e22422
224302242
Qo7rerrreer
0000000000
0000000000
0000000000
fclaellTae
£d66666666
Q35f°fefresf
f£55554fbd
FEIFFLLeese
047d49babe
£97791514b
0243333333
240a6430fe
0000000005
000000001e

4008b4008b
4008940089
2707el4a011
240043002
240295765
24017431ca
4pQ025fT7ea
2401f433el
24023433e1
£638089763
5102494734
2408651763
240a15r762
5f01e2401f
2408151766
2401e22422
5401343012
2401e20422
5401343012
240ad5f7ea
24013204 2e
240b05f7ea
2401320424
2408651763
224225F01F
240a25f763
204225f01fF
5f0le2401f
5401300000
01745c9141
0000000000
0000000000
036487Ff23c
0000000000
0146666666
OL45T7LFEFLF
0358e392e1l
0763ffrrre
fc9d7dbris
015555475a
240a3430r4
0100000000
000000002d
0000000050



O0b0

0cO

0do

0e0

0fo0

100

110

120

130

140

150

0000000082
510¢316001
1c0207f0ec
2401149042
250ecd30e?
4L£of224003
430b2270ee
240ec14001
240ed220ef
240ef1b020
480dchHr0orl
260f1510de
1c029240ed
120014f0c1
200ef5f0ed
0000000000
0000000000
2042754017
20427540fa
240765f73e
24100431e3
4al11401lca
07a27de7df
07c27e27e3
4315000000
£77473e7e6
241184302
247915£74d9
2412043273
2412443002
241284321e
4313700000
247935f749
2413443273
24138430b2
2413c4321e
4314¢00000
4315000000
2407£5f7de
241443002
430fe00000
7718076772
093176r771
2415c430b2

-16-

00000000b4
1b007540ba
5f0ed16000
1200249041
600ec240ed
2042754003
480d5270ec
5f0ec240ed
430c2260ee
410c300000
240ec600ee
220ebldalcl
20421430c2
5f0ec240ed
600ec380ee
0000000000
0000000000
240f5430b2
247665173e
43000000
24101430b2
241054321e
7d827e87¢€0
74r87el7ek
2411143193
247612009
7d827e77de
247925f7da
24121430b2
£f7f473e7e6
24129430b2
2412d4430b2
247945f7da
24135430b2
£80473e7eb
24138430b2
24141430b2
2479551749
2414943273
7dr87el7el
2042754192
8941772773
7718076772
0931770771

20427540b3
1b004710b7
240p21c020
12001490e7
1b01r60428
240 04a0b3
480c3250ec
204215f0ed
5f0ee270ec
270eelalcl
5f0ee7fQec
240eell000
5f0ec270ec
224215f0ed
5f0ecl10e2
0000000000
LaQeb24420
£3e807673e
430800000
2042754150
£664094744d
24106430b2
07b27e07el
7el487e37e5
2411243151
4bl1lcl00fe
87a27de7dr
2476b5F7db
87a27fb7d4rf
247612009
74827e87e0
rdari175873e
2476c5f7db
87b27fb7el
247612009
74827e97e?2
7dr87el7el
247965f7da
2414a430b2
7el487e37e5
24152430p2
2707e4a160
8941772774
7718076772

240b25F0f0
5£0f1240b2
7f0eeb5f0ef
12001490c8
1b0015f0b2
240p3540c8
230eeldbQcf
240ec3alee
4b0d6600ee
240ed220ef
240ef5f0ed
200ecliee?
480c3240ec
410e3240ed
0000000020
0000000000
410c300000
430r400000
204275404
71£767400fe
2474412009
7d827e77de
7d4827e97€2
£e5175873e
24113430b2
241174321e
4312300000
2407451 7dc
2707e4a124
4b130400fe
87b27e07el
4315000000
2407e5f7dc
2707f4a141
4b145400fe
87c27e27e3
feli175873e
247645f7db
87c27fb7e3
feb5175873e
093176e771
2415743062
2707f4al160
8941772775



160

170

180

190

1a0

1b0

1c0

140

1le0

1f0

200

2416043002
2416443002
£7a877977p
096277c774
2417043002
2417443002
2417843286
£7e877477¢
2477612009
7782767779
24188430b2
2409451777
240945780
241944302
7831782784
84176786
4312140193
5£7972707f
241babf1c?
5f1p420423
2042520425
7852099788
24108430b2
241c920427
1802840193
09a278c78f
4312900000
L007440768
2707f4a1d3
0922768760
2413843294
241dc43294a
241e04329a
241e44 3002
7508750b75¢
241ecl430b2
0832070759
884175¢75d
75a275e75¢f
24173002
75b875b75¢
24204430b2
24208430b2
078274774a
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£734767776
095176e778
2416943286
096276777e
744767776
095176r778
Lo77v4077c
2707142192
4a19040151
£7a877977b
096277c774
431600000
4319200000
73el4767781
£84176e785
2707f4alal
2442158797
Lala724797
2479722421
204225f1b5
5f1c722421
7852090789
7842099788
1802840193
241c143293
09¢278d790
407884078b
2707e4a1d3
2414143379
092276976¢
2707edalel
2707f4alel
431¢ca00000
083207a759
884175754
£60275e761
759207e75a
241£543379
75a8760760
083207c¢759
884175c754
715a275e75¢f
076173e747
076174874b

2477612009
7782767779
LOT77b4077c
£7e8774777
2477612009
7782767779
2417a430b2
2417e430b2
24182430b2
2418643286
£7e8773780
240945877 F
4315100000
73e2781782
2707ebalal
2419e430b2
2707elala?
204215£797
4p1935r797
2042320422
511c640193
£85209d78a
84790790
241bel329a
241c243002
78e878f791
20427541e1
241cel3379
Loo7f4076a
892276a764d
241e220427
241e22042b
Lo76p4076e
7592074760
241ea43379
2707b4a208
081208175b
4075440756
58761761
759207f75a
2420243379
75a8760760
TL4T2747748
TUvlo7674c

4a18cl40151
167276777a
241643002
2707el4a19?2
La18el0151
£7a877977b
096277c774
7754767776
0951770718
Lo77p4077c
4319200000
4317400000
20427541aa
0972767783
2419b430p2
841770787
2479720421
241b95Ff1bl
241420424
571v6241c7
2410343002
601c9431bb
241pb4329a
241c92042b
098278v78e
£914790792
241cp43379
Lo0o7e40769
241434302
601e2401ca
18028401ca
18028401ca
2042754214
080208075b
407544075e
241efL30b2
750875b75¢
2412743002
2707c4a208
082208275b
4075d84075e
58761761
0772748749
0761747744




210

220

230

240

250

260

270

280

290

2a0

2b0

743407674e
2421443002
7602753754
£572755758
73el4767798
2422443286
2779r48271
2422c43286
798273e7al
fali17677a5
5f7a74021e
407a8407a9
£98879d7ab
5f7ad247al
79a279¢7p0
7b317a07bd
7b717a2708
7bb87b07bc
7of27bc7c0
7c317a07cd
7c¢7179f7c8
7cb87calce
7a727cf7d40
7d347p8744
£d72745748
2427443002
07687ee’ef
43227da7f3
7£617677F7
££727fa7fo
6028674289
1c0015f745
2474614001
2274014001
150015286
2429216000
24743482a2
412cd25741
4129e5£73F
512af602d4
432bd512b9
7£743602cf
5£74460744
607441000

fhc27beT4r
7508749751
7618754755
431300000
7982798799
4079a40794d
24229430b2
4079c4079e
79d279e7a?2
2423543379
24239430b2
247a9200a7
2424143379
200a75f7ae
Tae27af7pl
7ad273e7b5
7a117a27b9
76727677pd
76717a27c1
7cl27aa7ch
7ae27677c9
1c227cclcd
09f47p2741
7448740745
4343424420
73el47677ec
43227d497F0
7£347dp7F4
7ef27£17f8
4327300000
2428671298
2474649299
2042951743
4829620743
4328600000
1c0205F743
60429244 2a
4c2a826429
2442212001
3973fr5£73fF
512bc602d4
397320743
2442010000
247414p2c1
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2421243379
7514742752
0764748756
2042754436
£99407679a
2422643002
73e273e79b
2422e430b2
7al187a27a3
407a5407a6
£3e879e7a8
5f7aaliQ2le
Lo7ab407ac
2424643002
70117007b2
7b5179f716
0a027b97ba
791r27a07be
7¢120967c2
7a1879a7chb
7¢917007ca
Tba87c07ce
7d4187b47d2
79d179e7d6
5f74843436
Tecl73e7ed
7£047db7r1
7dc27dc7f5
1£227F47F9
2042754288
160001c020
7274424744
2674632743
4129124745
2042754 2¢ce
T£74125743
432cd24741
5£74124743
2074348210
607324420
3873r5£744
5f73f4c 208
4d2a25f743
2442214001

Lo74£40750
7528079753
0761756757
2421F430b2
2779a48271
£9d279a79f
f9b407679¢
79e279c7a0
7a340767al
247a6200a7
2423p43379
2423f430b2
247ac200a7
79a879c7af
7aa27987b3
7ad27aa7v7?
7a127al7vdb
7bd17be7bf
7a1879¢7c3
Tc627ad7c’?
7¢547c87¢cd
7ce87cd7cf
7428706743
09e27d6747
2042754285
Ted27ed7ee
43327ed7f2
43127£57F6
7£847f97fa
2042754299
71£74620421
4b2907£746
7274026743
6074310021
7429¢712cd
22240492a4
4824024420
2042a5£743
5f74326743
5f7431c000
120011c001
2474420422
247312001
2074358743



2¢c0

240

2e0

210

300

310

320

330

340

350

360

392d3412c3
262415746
24746204 2a
6074524743
0000000006
5¢551d94ae
542445126
242355£365
2424d55£375
5£36924375
24361220a7
7£37116000
3452361378
2473e51367
242a55£376
2431120342
2642212000
2042a5fr36Db
5£36el40245
6037740245
b788374374
2436e2042a
223435730F
b678370367
203425f31F
223425F31F
73e2372378
5¢2f 024329
242£022343
362373378
5f36al92ec
b66436536F
4323500000
0010001000
004rL458968
££73d6al4d
00678b48ce
007£525844
£e77¢93526
fd60ffabal
fd4c97486F
fa6f376ad3
0000000000
0000000000

267435£743
247441027
La2cchf746
1b0205f29a
0000000011
2042754340
204275420
2424d55r366
263754b2ek
512e62642a
5f36£24369
7£37326341
b78836573e
243775F73e
242F£9430b2
5£31£41305
2042a5f36d
4b30216000
24309430b2
2430441245
2430a20424
5£36e4b309
2431943002
2436420422
24321430b2
243775f73e
3552378378
204245¢329
5f2f024329
3788371371
4133924339
412ec24339
0000000006
fcl526b630
006a514124
004614afba
0070588bbb
£d5707d4808
febcbadedb
fd60ffrabad
fe7f9ebeaf
0000000000
0000000000
0000000000
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120011c001
3b7461p028
6074438745
4329200000
58b90pfbe?
1b028542dc
5132620427
242de430b2
2433920342
4023512000
2042251369
5£36c402d5
2473e5£377
2421641245
b684367370
5f36b24376
24370220a7
7£37216000
3452370378
2430e430b2
5¢30a2430f
2430222343
3702374378
536449306
b684367370
2432641245
b788373373
2436c2042a
223435r329
b6f8365365
203425339
223425339
0000400000
feb56bafbld
007bad949d
005205caeb
007766806a
febcbadedb
£d57v7d4808
fd5d7e31e0
fc61713b%e
0000000000
0000000000
0000000000

392d25f744
224265F745
412¢500000
3700000000
a7derholil7
512£320427
542851304
b66436536F
5f339412eb
2042a5f36a
4b2e816000
242ef430b2
242341245
2473e5r368
263764b2fe
5130040245
53702436
7£37426341
b78836773e
355273e378
204245¢30fF
5f30a2430f
3788372372
4131f£2431fF
413062431f
24327430b2
2427020424
5£36chb2erf
24333430b2
2436a2042a
2433b430b2
4024524371
0060000000
fre174ed30
fr5bfli6a33l
005d50259a
007c73eacc
fe77¢93526
£d5d7e31e0
£d569baeed
fb7f7ec68b
0000000000
0000000000
0000000000



370

380

390

3a0

3b0

3c0

3d0

3e0

3f0

400

410

420

430

0000000000
0000000000
0000000000
243797139f
5£74120426
5£74424421
3b7437£742
2774552744
1b0014£394
2474451395
Lc39F24745
4139814001
4337924744
2042754326
9473e433a9
1a00424420
2442010004
60740383e0
5£73e6073e
5£7401c027
La3c¢25f734d
180247743
Lal3cc24742
60742383de
607423873e
2474243341
243d7223dc
1b0015r 000
6alid3c25e6
160145441a
5f73¢1b028
2642714010
1c00124740
6073£3973f
5£73d12002
5£73c24734d
Lelo42473c
5£7342641b
5£73d42473f
244281b004
5f73c24741
120042173c
20427543e5
000000000a
0000000000
0010000000
refeeeeees
0000600006
0002000020
2443443002
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0000000000
0000000000
204275437
5874516009
1b0013b741
203a153743
277424a38¢
4839424332
5£74524744
247411c000
16001443a0
5£74524744
4139e00002
2042754349
2773e48347
1b0045FT740
207405740
100220421
3934dr5f73e
3b73d1a001
38740413bc
2074251742
1600220742
1b00a5br742
1b0014£34d5
1c02924741
4a3a424347
0000000009
20427543e3
243e11c020
1000120426
5f7402673f
204217£73F
574160741
2073412001
493fre60420
204215f73¢
5f73r2573d
204214405
71£73£16000
204215r741
5£74184741
433e500000
00000431be
0000000001
0010000001
4000000000
0000800008
fb7791533e
£d81767748

0000000000
0000000000
20427543a0
7774572743
7£7417£746
6074439746
20741571741
5F74460745
2242158744
207454439c¢
5£T74524744
2042160745
0000000007
243a4513dc
1b01c1200c
1200220740
2473ela3bl
57411028
2642714010
1c00124734
2473116004
2474020421
160015F742
2473142340
5£74224741
10160428
2042151347
L4p82faQ9b
2042754417
71£73d41c028
5f73r6073f
5¢7411c027
La3f45r740
397415£73fF
Ld3fe5f73d
433160428
2442910002
1400221734
2473cl4pl0c
7£7412573¢
L140e2473F
243e52241a
240001c020
268826a13f
0000001000
8000000000
0000000001
0000900009
££40000000
4300000000

0000000000
0000000000
603797437¢c
1c00220429
397411c002
5£7461c027
2474343385
383a35f745
2474543390
5£74516021
2242158744
1c0087f379
58b90bfbff
1401451347
5f73fr7f73e
120015F740
267405F740
1000120426
5£73d2673e
204217f73e
1274272740
5£740223d4
24743433c4
267425£742
224215F741
1b0015f3al
433a800000
58b90bfbe9
243e1543e5
3841e20421
3941fr5r73F
3b7401a001
38741413ee
6073r3973d
2473c22421
2573420414
1a0184340a
1a00410001
244204140c¢
2241c49412
1200420741
La3el243e5
00000000006
49aecheedb
0000001001
0000100001
0000200002
0000400004
0055555555
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