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ABSTRACT 

Neutron cross-section sets have been prepared for N, O, Al, Si, Fe, D, and Be for 

neutron energies from 0.037 eV to 18 MeV.  The cross sections tabulated include 

the total, elastic, inelastic, (n,2n), and cross sections for charged particle emis- 

sion. Information is also given on the angular distribution of elastically scattered 

neutrons and on the energy distribution of neutrons and.y-rays following nonelas- 

tic reactions. 
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INTRODUCTION 

Complete sets of neutron cross-section data are presented for N, O, Al, Si, Fe, 

D, and Be in the energy range from 0.037 eV to 18 MeV. The cross sections of 

N, O, Al, Si, and Fe have been recompiled and present major revisions of our 

earlier reports on these elements. The cross sections of D and Be are essential- 

ly those which we reported earlier. 

Data are given on the total cross section, an7, on the elastic cross section, orn>n, 

on the capture cross section, an y, and on cross sections for charged particle 

emission.  The inelastic cross section is broken into two parts.  The part that 

corresponds to discrete level excitation is labeled crn n/ levels.  The remaining 

part corresponds to the emission of a continuous neutron spectrum; this part is 

added to the cross section for all other neutron-producing reactions, giving a 

cross section which is labeled an n/ continuum.   Values of an,2n are also given. 

Level excitation cross sections are presented in a normalized form:  the excita- 

tion of level v is 

<7n,nV(E) = ^n,n'(levels)(E)al;(E) 

with 

" 

max 
2     a^E) = 1. 
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Tables of a^ are given. 

The continuous part of the inelastic spectrum is described, when applicable, by a 

statistical model (B. Eisenman and F. R. Nakache, UNC-5093, p. 14ff). 

The angular distribution of elastically scattered neutrons is presented in the form 

of an expansion in Legendre polynomials (center-of-mass system): 

ffn,n(E,ö)«3yifiL)   £   (2^1)fje(E)Pje(cos0), 

where f0 = 1, and L is large enough (<14).  Tables of f^ are given. 

Information is also given on y-ray spectra following absorption and following in- 

elastic reactions.  The neutron energy range is broken into groups.  The energy 

En given in the tables is the upper energy of the group; the spectrum quoted is 

considered as constant in that group.  The y-ray energy range is also broken into 

groups.  The spectra have been integrated over these groups.  The groups are la- 

beled by a single energy, Ey, which is either the energy of a predominant line in 

that group or the mean energy of that group. 

• 
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1.   NITROGEN 

1.1   NEUTRON CROSS SECTIONS 

1.1.1 The Total Cross Section 

Over the entire range of incident neutron energies from 0.037 eV to 18 MeV the 

total cross section is the same as that given in our previous compilation, UNC- 

50021 (see Table 1 and Fig. 1). 

Mention should be made here of very detailed measurements made at Hanford 

even though they are too recent to have been included in this compilation.2  From 

2 to 8 MeV these measurements are considered to be the best available at pres- 

ent; above 8 MeV they are suspected of being too high, and below 2 MeV the shape, 

but not the normalization of the data, was fixed at the time of communication (late 

August 1965). 

1.1.2 The Elastic-Scattering Cross Section 

Throughout the entire range the elastic-scattering cross section is the difference 

between the total v. ross section and the sum of the cross sections for all other re- 

actions (see Table 1). 

1.1.3 The Radiative-Capture Cross Section 

The cross section for the radiative capture (n,y) reaction is the same as in UNC- 

50021 (see Table 1).   It is taken to follow the 1/v law from 0.18 barn at 0.0253 eV 

1 

"^    **K*<imm>*wmm*»*m.—&*'     •'■■■nt JW-I-..- 



i 

. 

• ■ 

t 

I 

• 

to 0.08 millibarn at 0.0253 MeV.   At higher energies the cross section is taken to 

be zero. 

1.1.4 The (n,a) Cross Section   

For energies below about 8 MeV the measurements of Gabbard, Bichsel, and Bon- 
■ 

ner3 were used.  At higher energies, the only measurement is the old one of Ran- 

dolph.4 We used our usual French curve art work to bring the curve through Ran- 

dolph's point to 18 MeV (see Table 1). 

1.1.5 The intd) Cross Section 

Differential cross sections for the angular distribution of the deuterons from the 

(n,d) reaction in nitrogen are given by Chase et al.' The Legendre analysis code 

was used to integrate these to give total (n,d) cross sections at the appropriate 

energies.  As in the case of the (n,a) reaction, the only cross section measure- 

ment is that of Randolph.4  French curves were again used to extend the cross- 

section curve through Randolph's point and on to 18 MeV (see Table 1). 

1.1.6 The (n,2a) Cross Section 

Randolph4 quotes a value of 15 mb for the (n, 2a) reaction in nitrogen at an inci- 

dent neutron energy of 14 MeV.  A curve was drawn through this point passing 

through zero at 11.5 MeV (see Table 1). 

1.1.7 The (n,p) Cross Section ' 

For incident neutron energies below about 1.25 MeV the values from UNC-5002 

were used.1  Between 1.25 and about 8 MeV we took the measurements of Gabbard, 

Bichsel, and Bonner.3 There are no measurements of this cross section at higher 

energies.   After some agonizing, we finally made the assumption that the (n,p) 

cross section should roughly parallel the (n,a) cross section and extrapolated ac- 

cordingly (see Table 1). 
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1.1.8 The (n,t) Cross Section 

Gabbard, Bichsel, and Bonner3 have measured the cross section for neutron-initi- 

ated triton emission for neutron energies below about 8 MeV.  There are no meas- 

urements at higher energies.   Here we assumed that the cross section should rise 

similarly to the {n,d) cross section but should maintain a slowly varying sum when 

added to the (n,p) cross section, since competition with that reaction might be ex- 

pected (see Table 1). 

1.1.9 The Absorption Cross Section 

The absorption cross section is equal to crn y + crn a + <7n d + an j« + oh p + ^n t- 

A curve is given in Fig. 2. 

1.1.10 The (n,2n) Cross Section 

Ashby and Catron6 give -10.55 MeV as the Q value for the (n,2n) reaction in N14 

and -10.84 MeV as the value in N16.  The latest supplement to BNL-325T has a 

graph showing measurements by nine authors of the (n,2n) cross section in N14 but 

gives no data on the reaction in N16.  Because of the low relative abundance of N16 

and because of the similarity of the Q values in the two isotopes, we have used the 

N14 data to describe the (n,2n) cross section in the natural element (see Table 1). 

1.1.11 The Nonelastic Cross Section 

At six energies from 5 MeV to 11.6 MeV Chase et al.5 have calculated the non- 

elastic cross section as the difference between their measured values of the total 

cross section and integrated values of their differential elastic-scattering cross 

section measurements.  Bauer et al.8 have similarly found a value at 14 MeV. 

Flerov and Talyzin9 and Phillips, Davis, and Graves10 have obtained nonelastic 

cross sections by sphere transmission measurements at neutron energies between 

14 and 15 MeV.   For neutron energies below about 5.5 MeV we have taken the non- 

elastic cross section to be the sum of the cross sections for all reactions except 
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elastic scattering.   For higher energies we have drawn a curve guided by the 

measurements given above. 

1.1.12  The Inelastic-Scattering Cross Section 

For energies below about 5.5 MeV we have used values from UNC-5002.X  For 

higher energies we have used the difference between the nonelastic cross section 

and the sum of all other nonelastic reactions.   The sum of inelastic and (n,2n) 

cross sections is given in Fig. 3. 

1.2  ANGULAR DISTRIBUTION OF ELASTICALLY SCATTERED NEUTRONS 

For neutron energies above about 3 MeV the situation is, as usual, quite compli- 

cated.   Bostrom et al.11 have measured differential cross sections at 10 energies 

between 3 and 16 MeV, but with a large gap from 7 to 15 MeV.  Chase et al.6 have 

made measurements at seven energies between 5 and 11.6 MeV.  Legendre coeffi- 

cients have been derived from both sets of measurements, and the agreement be- 

tween the two sets of coefficients is, to say the least, poor.   Phillips12 has meas- 

ured the angular distribution at 7 MeV, and, on analysis, his data yield the same 

Legendre coefficients as those of Chase at the same energy.  Analysis of the 

measurements of Bauer8 and those of Strizlak et al.13 gives coefficients which 

agree well for low values of i, but the agreement deteriorates as the order of the 

expansion increases. 

In drawing cui /es of ff vs energy we have used the results of Fowler and John- 

son14 for energies below 2.5 MeV, and, for higher energies, we have favored the 

results of Chase and of Bauer.   We have also, at high energies particularly, had 

to avoid the Scylla and Charybdis15 of finding, on resynthesis, either negative dif- 

ferential cross sections (resulting from excessively high coefficients) or violation 

of the Wick limit (which often results from excessively low coefficients).   The 

Legendre coefficients are listed in Table 2. 



1.3   ENERGY DISTRIBUTION OF INELASTICALLY SCATTERED NEUTRONS 

Nitrogen-14 has isolated energy levels at 2.31 MeV, 3.95 MeV, and a multitude of 

closely spaced levels above 4.9 MeV.   R. B. Day16 investigated the neutron energy 

range from 2.56 to 4.2 MeV for the presence of a 2.3-MeV gamma ray and suc- 

ceeded in detecting one only above 3.95 MeV.   He quotes a cross section of 6 mb, 

a value which does not disagree with the low energy data of Hall and Bonner17 who 

measured the cross section for production of the 2.31-MeV gamma ray by neu- 

trons with energy between 4.73 and 8 MeV.   The observation of no gamma rays 

produced by neutrons with energy below 3.95 MeV disagrees with the data of Bos- 

trom et al.18; the disagreement became even worse after Bostrom corrected his 

data.19  In fact, Bostrom's data also disagree with the low energy data of Hall and 

Bonner.   Therefore, we have decided to follow Day in assuming that inelastic scat- 

tering is negligible for neutrons below 3.95 MeV, and, furthermore, to assume 

that excitation of the 2.31-MeV level is negligible for incident neutrons of any en- 

ergy.   An experimental check of this assumption is available only for 14-MeV neu- 

trons for which Bauer8 estimated that the cross section for exciting the 2.31-MeV 

level is of the order of 4 mb; this datum is, however, in disagreement with an es- 

timate of about 15 mb given earlier by Bobyr et al.20 

< 

For incident neutron energies less than 4.91 MeV, the inelastic scattering cross 

section was assumed to be equal to the excitation of the 3.91-MeV level.   For 

higher energies, the inelastic scattering cross section is for the excitation of a 

continuum of levels.   The energy distribution of emergent neutrons is here gov- 

erned by statistical theory with parameters: 

Et = 10.8 MeV E}^ = 16. MeV 

a^ = 0.63 MeV"1 E^ = 4.02 MeV 

a(2) = 0.63 MeV"1 E^) = 0.01 MeV 

Eo(l) =8.5 MeV 

ii ,Wmm, iwngipw W^^-Bf—r. 



1.4  ENERGY DISTRIBUTION OF GAMMA RAYS FOLLOWING NONE LÄSTIG RE- 
ACTIONS 

1.4.1 Gamma Rays Following Absorption 

Motz et al.21 give the relative intensities of the gamma rays following thermal 

neutron capture.  We assume that the capture spectrum does not change as a func- 

tion of energy.  We also assume that the (n,p) reaction causes no secondary gam- 

ma emission.   Therefore, we obtain the number of >*-rays per absorption by mul- 

tiplying the radiative capture spectrum by the factor: 

tfn.y 
O^y+^p' 

Luckily both the (n,p) and (n,y) cross sections follow the 1/v relation over the en- 

tire range of energies for which the (n,y) reaction is of interest so that the inten- 

sity factor is constant.   At 0.0253 eV we have used 1.80 barn for an p and 

0.08 barn for <7n y.  The absorption spectrum is given in Table 3. 

1.4.2 Gamma Rays Following Inelastic Scattering 

The spectrum of gamma rays following inelastic scattering of neutrons by nitro- 

gen was calculated by statistical theory for neutron energies above 5.7 MeV.  In 

considering the spectrum of inelastically scattered neutrons we assumed that the 

excitation of the 2.31-MeV level could be safely neglected.  In considering gam- 

ma-ray emission we cannot make that assumption; several higher energy levels 

decay by cascades which include the 2.31-MeV level.  This level was included in 

the gamma-ray spectrum calculations as one for which excitation by decay of 

higher levels was allowed, but for which excitation by incident neutrons was not 

allowed. 

For neutron energies below 5.7 MeV the gamma-ray spectrum was governed by 

the decay scheme shown above.  Excitation functions for the various levels were 

based on the work of Hall and Bonner.17  The y-ray spectra are given in Table 4. 

6 
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TABLE 1 — N - NEUTRON CROSS SEC 

W ^n,!!' 
E, MeV ^nT anTn Levels* Continuum ^n^n 

1,80176 ul          : L.5!>Ulb UU y,e6v9E«ül 0 1,99566-01 1,08996-02 
1.7139E ul         : L.56vig UU 9,e28«JE-Ul 0 2,2O55E.O1 l.ü6ü26-02 
1|63O3E Ul            3 L.5Bö4fc UU y,745ög-Ul Ü 2,4635E-ü1 1,0146E-O2 
1.55ÜÖE Ul              2 L.5Vb7fc ÜÜ «|6543E.ul 0 2,65846-01 9,2353t,03 
1   4751= ul         : L,6UÜUE UU »,5lu2E-Ul 0 2,82916-01 7,76896-03 
i.Jojag 01              3 L.S9516 UU 9,32266-01 0 2,99266-01 6,o925|.-o3 
l|334ee ul         : L.5»34t UU 9,Ul205'ül Ü 2,88536-01 4,4s35fc.o3 
1|2697E Ul              3 L.5ul/t OU ö,81946-ul Ü 2,57456-01 2,39486*03 
1,2O77E ul         : L.46o4e UU 8,82676-01 0 2,l6o46-ol l,l4346«o3 
1I1488E Ul              1 L.429bfe UU o^buUE-'Ul 0 1,94296*01 3,3235b.04 
1.0926g ul         : l,«Uü26 UU 8,424^6.^ 0 1,93196-01 4t34556.o5 
1,03*56 Ul             3 L,36l5g UU ä.ll42E-Ul 0 l,97456-ol 0 
9.86S2E UU             3 L,33oie UU 7,90U9E-Ul 0 2,05566-01 0 
9   4059E OU             3 L.3u2ÖE OU 7,76506-ül u 2,18616-01 0 
8t9472E UU             3 L.2925B OU 7,bou7E*ul 0 2,35766-01 0 
8.5106E OU             3 l,3l9bE OU 8,11216-01 0 2,54776-01 0 
B,0957E UU             3 L.4627E OU 9,24e46-ul u 2,789oE-Ol 0 
7%7QQ9B UU             3 L.5U2g UU 1.0192E   UO u 2,72306-01 0 
7  3253g UU             3 L.4347£ OU 9,35736-01 0 2,5oooE-Ol 0 
6,968i6 0U             3 L.375ue OU 9,l8b46-ul 0 2,6600E-0l 0 
6,6282= OU             3 L.35B5E OU 9,ü967E-0l 

9,5753E-U1 
0 2,7o596-0l 0 

6|3o5üg UU             3 L.4U235 OU 0 2.27076-01 0 
5|9975E UU             3 L,478uE OU l.09bQ6   UU 0 1.58356-01 0 

i:^^ 00             3 L.5&l8e 
1.64326 

OU 1.29176   00 0 4,7963E.o2 0 
OU             3 uu 1,4x846   00 0 3,45366-02 0 

5,1621E OU             3 1.63376 OU 1.32166   OU 0 2,1254E-O2 0 
4,9lo3E 00             3 L.36756 OU l.o5lyE   00 

1.45b5E   uO 
0 6,57llEro3 0 

4,67oöE UU             3 1.85666 OU 8.583(16- 
7,7304b, 

o3 Q 0 
4   44306 OU             3 1.77686 OU 1.35466  00 ü3 0 0 
4I2263E OU             3 L,7u676 UU 1.22946   00 6,76266« ü3 0 0 
4,02026 OU             3 L.71156 UU 1,24U96   UO 1,75x46« y 3 0 0 
3,8242B OU             3 1.68616 UU 1.32556   00 0 0 0 
3|6376E OU             3 ../5>üöe UU 1.36766   00 G 0 0 
3   4602E 00            3 L.72996 UU 1,33676   00 0 0 0 
3,29156 OU             3 1.73426 OU 1,35966   00 0 0 0 
3,l3ln6 
2,97836 

OU            3 L.66876 OU 1,364X6   00 0 0 0 
UU            3 .,66356 ou 1,38796   00 0 0 0 

2,8330E UU             3 l.4677E OU 1.2354E   oo 0 0 0 
2,8946E UU             3 L.46816 OU 1,24526   00 0 0 0 
2,5634g UU            3 l.5uüUfc UU 1,3547E   oo 0 0 0 
2,43846 UU             3 L,5u626 OU 1,4048E   00 0 0 0 
2,3I95E UU             3 1.56216 OU 1,44456   oo 0 0 0 
2,2o636 UU            3 .,66I6E OU 1.45626   00 0 0 0 
2|0987E UU             3 L,58056 UU l,5o96E   ÜCJ 0 0 0 
1,996*6 OU             3 ..65176 OU 1.59126   00 0 0 0 
1,89906 OU            3 .,84776 OU 1,77476   00 0 0 0 
l,8o646 OU             < J,46o4E UU 2,29946   00 0 0 0 
1,71835 00             < J.Ü^ZVE OU 1,99756   00 Ü 0 0 
1,63456 OU             < »,39576 UU 2,35026   00 0 0 0 
1,55486 OU              < !,36886 OU 2.31566   OO 0 0 0 

♦Excitation of 3.91 MeV level only. 
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IONS (ALL CROSS SECTIONS IN BARNS) 

VfW^. 

1,74516.02 

l|498Vb«ü2 
1,31196*02 
I,0b54fe»o2 
7,2o746-ü'3 

9,285ofe'»ü4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
u 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

B.oou^b-U 
b,75366-0 
b,9947b-ü 
9,25ü9fe-ü 
V.öblüb-ü 
l«0Oüeb"U 
l,075ob»Ü 
1.17356-y 
1.32376^ 
1,57036-^ 
a,l7lb7fe-y 
i.8ol7b-ü 
$.ö28Jb'ü 
J,l83756»g 
1,82666-0 
|,7859fe.g 
1,88936-0 
J/8176-Ü 
lt6855E.ö 

l,1181E*u 
J,09396^ 
1.6Q356-U 

lt65566»o 
X.59S9|«ü 
J/2236-g 
2.4O25B-0 

2,53226-0 
3,3OQ76*U 
1,49246.0 

ft0029i-o 
5,9ol06-0 
#tl202E*« 
3,38226*0 
5.52616-5 
3.38996-0 
8,684n6-g 
2,3l356-g 
l,50776-g 
l,2l66e»g 
ltl266E-g 
7,7934fe.g 
8,72926-ü 
1.47756-0 
9.39625-0 
P♦000^B• 
•,07676- 
1,42796- 
5,60826- 
*,02426- 
1,87866- 

^10Üülfciü2 
2io2l<(6«o2 

ü1lbü4fc«ü2 

212gV76«o2 
^2945fe,ü2 
^14o736«ui 
^;5V4ub»u2 
ü19ib3bto2 
•»{34*16102 

*l6|*7feiga 
•>l7i»0fe"ü2 

^6o6k6io2 
ajTifiltga 
3:45p86tüa 
3:3n«96«y2 
3}55»9btü2 
*l0p3>6»02 
*{l*6&btü2 
4134M36IU2 
t.biiVbwvi 
4:77645tü2 
»106«3b«o2 
»i«66gblu2 
»1940t»biu2 

/j22V3b«u2 
?187ilb«o2 
^0^8b.o2 
4149»Qb»ü2 

"»,6li6t«o2 
«:4294b.g8 
81l4i7b«o2 

*129*?bto2 
2l34b?6ig8 

!>175J3bto2 
i:69345,o8 
liO*X5btü2 
1.228UbiU8 
I18g3lfc»u2 
l193üib»u2 
^152b46iU8 
3144o*t«ü2 

^d 

u 
u 
Ü 

u 
u 
u 
u 

u 
a 
u 
u 
u 
u 
u 
u 
u 
u 
u 
Ü 
u 
u 
Ü 

u 
ü 
u 
u 
ü 
u 

gn.t 

4,eöüüE-o2 

*.7t>uäE-ü2 
^,6V!?1E-U2 
4.6u5uE-ü2 
<»,^U2!1E-Ü2 
<»l3il3g,ü2 

•c ^ w - 

«,0^-» /'E"u2 
•3,3V99E-ü2 
J,l228E-02 
ü.7ü!»7e-u2 
*!.29ü7E-ü2 
1,7429E-ü2 
1,89266-02 
•j     o ,,  £% ia •• _ .. Q 

^2 

0 
0 
u 
Ü 

ü 
0 
0 
Ü 

0 
0 
ü 
u 
ü 
0 
ü 
0 
0 
0 
0 
Ü 

ü 
Ü 

ü 
0 
0 

0 
0 
0 
ü 
0 
Ü 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ü 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ü 
0 
0 
0 
0 
0 
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TABLE 1 — N (CONTI 

E, MeV fan ;n.n Levels 
^11,11' 

Continuum ^n^n 

,479oE ilii 2 ,ü7485 ou 
^QftBE UÜ 2 .5l51fc üü 
,33625 ou 2 .b26üE ou 
,27306 üü 1 ,ö6ü»t Uü 
.2109S Uü 1 .6ü98fc ÜU 
,15ld£ UU 1 ,72625 ÜU 
,0956E UU 2 ,46495 ou 
.0422E U0 2 ,2uö35 ÜU 
,9l37E-Ul 1 ,5!>275 uu 
,43o2E-ül 1 ,26026 ou 
|97U3E*U1 1 ,39606 ÜU 
,53266-01 1 ,59575 ÜU 
,1167E-Ul 1 ,78596 DU 
,72o8g«ül 1 .9u436 ÜU 
,3443Epüx 2 ,0^96 OU 
,986lE»ul 
,64545.01 

2, .29296 ÜU 
2 ,3b2o6 ÜU 

,32135.(31 1, (9l35fc ÜU 
,0l3üE-ül 1. ,79665 ou 
|7197E-Ul 2, ,o32He ou 
,44n6EKül 
,X7546»ul 

2, ,22935 ou 
2, ,31846 ou 

,923r)5»0l 
,66295,01 

2, ,47536 ou 
2, 56966 ou 

1^455.01 3, (3!>265 Üü 
,23735«ul 5, .ül42fc ÜU 
,o3o6E-ül 3, 29126 ÜU 
,83*1£»ü1 2, 91946 ÜU 
,647lE.ol 2, .95626 ÜU 
,46925-Ui 3, ,04346 ÜU 
,3oOüE*ül 3, .lu3lfc ÜU 
,13915-01 3, 176ü6 ou 
,986g6-ül 3, ,23316 ÜU 
,e4ü3E-Ul 3, .3ü04B UÜ 
,7ol86-ül 3, ,37726 OU 
,57ouE»'ül 
|444?6.üi 

3, ,4465fc ou 
3, 49836 ou 

,32555-ul 3, 5&326 ou 
,2l2lE-Ul 3, ,61835 ÜU 
,10426-Ul 3, ,66366 ou 
,00l6E-ül 3, ,73206 Ou 
,9o39E-Ul 3, ,79795 ou 
,81115-01 3, ,87666 ÜÜ 
,722*5*01 3, ,9*486 ÜU 
,63875-Ul 3, 99625 ou 
,55805-ül 4r 06Ü3E üü 
,48285.01 4, 11726 Uü 
,4lo55.ul 4, ,16885 ou 
,34175-Ul 4, ,22106 ou 
,2762E*Ul 4 ,29ü26 ■ üü 

95 

72 
6 

476 üü 
7676 CÜ 
796 ÜO 

3896 üü 
59566 üü 
71616 üü 
47916 üO 
2o496 UÜ 
53616 üü 
25116 00 
36666 ÜO 
58636 üü 
77326 üo 
86606 00 
02926 üO 
232B6 00 
2g9nE 00 
75736 00 
73836 00 
02056 00 
22ü55 00 
26686 00 
39386 00 
577*6 00 
35u26 00 
01236 üO 
26946 00 
91776 00 
95456 00 
04176 00 
10156 ÜO 
17446 00 
23156 00 

29686 00 
3756F 00 
44496 00 
49676 00 
55i76 00 
61666 00 
66226 00 
73o56 00 
79646 00 
87516 00 
94335 00 
99466 00 
Q5686 00 
11576 00 
16746 00 
21956 00 
28876 00 

0 
0 
0 
0 
0 
0 
0 
0 
0 
Ü 
0 
0 
0 
0 
Ü 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Ü 
0 
c 
0 
0 

0 
0 
0 
ü 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
Ü 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Ü 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ü 
0 
0 
0 
0 
0 
0 
0 



(CONTINUED) 

on. 2a an,a 

ü      l,b83üe-g^ 
0       4tei976«g^ 

Q ü 
0 ü 
Ü U 
U U 
ü ü 
0 U 
0 u 
0 « 
li « 
0 u 
0 u 
0 u 
Q U 
Q U 
0 U 
Q u 
0 u 
ü u 
0 u 
Q u 
0 u 
0 ü 
g g 
g g 
0 u 
0 g 
0 u 
0 u 
0 g 
0 g 
0 g 
0 g 
0 g 
0 g 
0 g 
0 g 
0 g 
0 g 
0 g 
0 g 
0 g 
0 g 
g g 
0 g 
0 g 
0 g 

l199«Üfc»ül 
7i9271fe»u2 
ii7l*H»g8 

iiüi»Jfc»g8 

«J.SöZgttgJ 

'i*öö?fetg? 
V.t/ftJbtg* 
l127g?fctü2 
i.egy^t.gg 

•i7?!?fc«g? 
<l9!»*?btg2 
eil&?*faig2 
liZ^^fctgZ 

lie&glbigi 
li8og5btg3 
&i7niiig9 
Ii7gi:*btg3 
I167l3fctg5 
l.eöglfeBg? 
ii69»Higl 
ii6g^fcig? 
i^fgiitg? 
ii9««i<fc»gä 
l1S7yibigl 

l154v96«gi 

Iji^Sgfbtg« 
li^Sg^big^ 
laHöHtg* 
li'ooJMg» 

li^9gofe»g? 
ii4il»^tg? 
iijn^tg} 
ii4fgulig? 
I1479qetg3 

^rud ^.t an.r 

u 0 0 
u 0 0 
g 0 0 
u ü 0 
g ü 0 
g 0 0 
u 0 0 
u 0 0 
u 0 0 
u 0 0 
u 0 0 
u Q 0 
u g 0 
g 0 0 
u 0 0 
u 0 0 
u 0 0 
g 0 9 
u 0 0 
u 0 0 
I Ü 0 
g 0 0 
u 0 0 
g 0 0 
u 0 0 
u Ü 0 
u 0 0 
g 0 0 
g 0 0 
g Q 0 
u 0 0 
u 0 0 
ü 0 0 
g Ü 0 
g u 0 
g 0 0 
u 0 0 
g Ü 0 
g Q 0 
u 0 0 
y 0 0 
u 0 0 
u a 0 
g Ü 0 
Ü Ü 0 
g Ü 0 
g 0 0 
g 0 0 
g 0 0 
u Ü 0 

■ »Jill ■UJIIUIU,IU.J 
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TABLE 1 — N (CON 

^n,!!' an,n' 
E, MeV <7nT ^n Levels Continuum            an.2n 

,2l?ü6»ü: L            4,34586 üü       4 ,34445 ÜU 0 0 0 
,i5^eE.u; L            4.3^576 OU        4 t3942E 0.0 0 0 0 
l098!>E"U: L             4f4«696 OU        4 ,44545 UO 0 0 0 
,0449E»ü3 L        S^ui^e ÜU        4 ♦50ÜÜE ÜU 0 0 0 
I9394E-»U1 2            4t&744£ OU        4 ,5729E UO 0 0 0 
|4547E-UJ 2            4f5i87fe ÜU        4 .51725 uu 0 0 0 
l993$£.u< 2            4,53196 OU        4 ,53046 JO U 0 0 
,5549£,o5 i            4,59826 ÜU        4 ,59676 UÜ 0 0 0 
,l377E.ui i            4,69426 ÜU        4 ,69266 Üü 0 0 0 
l74üe6-ni 2            4,öU296 00        4 .8U146 ÜO 0 0 0 
,36336-u; i             4,99485 00     4 ,99335 00 0 0 0 
,0042E-u5 2            5,29415 OU        5 ,29265 ÜÜ 0 0 0 
|6626E-ui i            5.6^136 OU        & ,6l98E 00 0 0 0 
,3376gpU; i            5.52n85 

i            5,43466 
ÜU       l .5193E 00 0 0 0 

t02Me*Qi ou      5 ,43315 00 Ü 0 0 
>7345E-üi i            5,5B7iE OU        5 i5B56E 00 0 Q 0 
|4549E-ü« i            5,7ö736 00        5 ,78586 00 0 0 

• 
0 

.leaeg-ui i            5,97476 ÜU        5 ,97316 00 0 0 0 
,93505.yi 2           6^3746 Uü        6 .0359E Üü 0 0 0 
,695oE-üi 2            5,99916 OU        5 |9976E 00 0 0 0 
,46616,1)« 2            5,y2576 00        5 ,92425 üü 0 0 0 
,2483E*ü< i            5,99445 OU        5 ,99286 UÜ 0 0 0 
,04116-ui i            6^8896 ÜU        6 .08745 00 0 0 0 
,e44(je,u; i             6,14626 Üü        6 .14466 00 0 0 0 
|656S>E*ü- i             6,18716 00        6 .18555 00 0 0 0 
,47B2e.ui l            6,i>276 ÜU        6 .l5llE UO 0 0 0 
(SoB^E-U' 2            6,iu786 00        6 ilO^E ÜO u 0 0 
,l472Eppui i            6,1201,6 ÜU        6 .10'OE 00 0 0 0 
,9937£-uJ >.            6,29166 00        6 ,28876 00 0 0 0 
,8477E*ui »            6,47836 OU        6 ,47666 ÜO 0 0 0 
,7o8eE-oJ 
|5if67E-üi« 

i            6,59206 OU        6 .59iy6 
.69145 

00 ü 0 0 
l            6,69325 ÜU        6 ÜO 0 0 0 

^SlnE-ui 
|33l5£wUi 

l           6,76516 OU        6 .76326 00 0 0 0 
i           6,62946 OU        6 .6274E 00 0 0 0 

l2l7eE-ui l            6,6UB6E ÜÜ        6 ,60665 00 0 0 0 
,1096E-üi >            6,69855 00        6 .69645 00 0 0 0 
,0067E»üi i            6,8B3ie OU        6 .88106 

.07845 
00 0 0 0 

^QÖVE-U« '■            7,üöü66 ÜU        7 00 0 0 0 
(SlSBEvü« 2            7,27496 ÜU        7 ,27276 00 0 0 0 
,727ig.uk !            7,39u45 

l            7,^8476 
ÜU        7 .38815 

,48235 
ÜO 0 0 0 

,643Qg.ui OU        7 00 0 0 0 
,56266.ui >           7,577*6 Ou       7 .575üE 00   . 0 0 0 
,4866E^ui 2            7,58325 ÜU        7 »5bu86 UO 0 0 0 
,4l4lE-üi i            7,41465 ÜU        7 .41216 üü 0 0 0 
,3492E,Ü< i            7,23356 OU       7 .23o9E 00 0 0 0 
,2795E-oi ■           7,2u0üE OU        7 .19745 00 0 0 0 
,2l7lE-U« i            7,20346 OU       7 .20U7E ÜO 0 0 0 
,l578£pui i            7,24316 Ou       7 ,24035 ÜO 0 0 0 
»lOl^c-üi >            7,3U575 00        7 .3o28E 00 0 0 0 
,0476E^ui >            7,48396 «U        7 .48lBE 00 0 0 0 

■    - 

i 



(CONTINUED) 

rn.20! gn.a 2LaS. 
0ntd Znj. ^L 

Q 
Ü 

Ü 
0 
Ü 

0 
0 
0 
0 
g 
o 
0 
Ü 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Ü 
0 
0 
0 
0 
Ü 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

u 
u 
u 
u 
u 
Ü 
Ü 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
Q 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
Ü 

u 
u 
u 
u 
u 
u 
u 
u 
u 
Ü 

u 
u 
u 
u 

i;^7üUt«ü3 
ii47üüfc»ü^ 
i»4^uütfü5 

ii
4toüQttg3 

XjL4ttugbBU^ 
i14öiüt«u5 

ii6gg^t»ü3 

üJüVJfc.gi 

l^Söv^biuS 
l1&Öu«ib»u3 
X159e&b«u3 
lifciiVbtua 
i.fciöVbtga 

ilüVWöb«u2 
it.b^eibtu3 

1.7205btu«J 

l17eB/bPü3 
l1b20eb»ua 
i.er^vbtg? 
ij9ük*b«ua 
l197lub«ü3 
^.O^uVbtuJ 
ü107*Xbtü9 
^I8«6biiy3 

^j23Jbbaü3 
iiayggb.gj 
ü.aÄegbfug 

«i&ägWbiü3 

i{15V«Vbiü3 
ii,66g6bagä 
*17k!Bybfg3 
i(27V/üt«g5 

U 
U 
g 
u 
o 
g 
o 
o 
u 
u 
ü 
g 
g 
g 
o 
ü 
u 
g 
ü 
o 
ü 

g 
g 
g 
g 
u 
g 
g 
g 

g 
g 
u 
g 
g 

g 
g 
g 
g 
g 
g 
g 

g 
g 
o 
■J 
ij 

u 
g 

g 
o 

ü 
o 
ü 
o 
o 
o 
o 
o 
g 
o 
ü 
Ü 
o 
g 
o 
0 
0 
Ü 
0 
Ü 
Ü 

0 
0 
0 
Ü 
0 
g 
o 
u 
o 
u 
o 
u 
Ü 
0 
0 
g 
ü 
o 
o 
Q 
g 
g 
o 
o 
o 
ü 
ü 
ü 
ü 

0 
0 
0 
0 
0 
0 

c 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Ü 
u 
0 
0 
ü 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Xtöl366»Q 
8,12726-0 
(t(33Jobvu 
ö#t»43Vfe»u 

e.vö2u6*ü 
9l2g9*6fu 
9,4425e»ü 
9t6ö15i»o 
9,92666-ü 
l,0l786.o 
l.ü436e-g 
l,u7ogb*g 
l.gV7ie»u 
1,12406.u 
1,1>336-ü 
l,ie2!>6-ü 
l,2l246-'j 
1,24316,0 

i 

10 
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TABLE 1 — N (C01 

E, MeV 

9651El 

,577XE. 
,l58flE. 
,76096- 

,02236- 
.miE. 

,74946, 
46911, 

» 
7fl72Ei 
477661 
25921, 
O'I'EI 
693961 
666n6i 
4672EI 
317i6i 
1593E 
001*61 18 855iEi 

,71911. 
,96346» 
,49746» 
.337961 
)2235E. 

tll
9l6» 

,01196» 
9l366i 

l620?Ei 
,73176* 
,64726« 
,96696. 
,49056. 
,41786. 
,34866. 
,28296. 
,22o3E. 
,16086. 
,10426. 
,09036. 
99096. 
,9o376. 
o4o2E' 

1999JE. 

03 
03 
03 
03 
03 
03 
03 
0? 

Jl 
03 
03 

$ 

!l 
03 

o3 

o3 
03 
03 

ll 
03 
03 
03 

ll 
H 
09 
03 

ü3 
03 
U3 
03 

03 

o3 
03 
04 
04 
n4 

£nT 

7f7493ß oo 
7,8889B 00 
7,98266 00 
6,01776 00 
Öi037l6 00 
8,o9o3| 00 
8,07968 00 
8,09791 oo 
9,11646 00 
8,1378! 00 
6,19761 oo 
«.1777| o« 
8,19898 oo 
8f227oi oo 
8,297iB 00 
6,29438 00 
8,32616 00 
8,39768 oo 
8,99476 00 
8,42998 00 
8,44876 00 
8,47608 00 
8,49786 00 
8,91798 oo 
8,93826 00 
8,99786 00 
8,97798 00 
8,99846 oo 
8,62496 00 
8,64476 00 
8,67386 00 
8,69718 00 
8,71736 oo 
8,73718 00 
8,79748 oo 
8,77718 00 
8,79606 00 
8,81968 00 
8,83676 00 
8,89796 00 
8,87728 00 
8.89628 00 
6,91638 00 
6,93626 00 
8,99678 00 
8,97678 00 
8,99648 00 
9,0l40E 00 
9,028*8 00 
9,0*866 00 

8 

6 

74636 
8894E 
97996 
0144E 
03386 
0469E 
0722E 
0944E 
1148E 
1341E 
1*376 
17366 
1944E 
22286 
29296 
2699E 
S217E 
393oE 
39ooE 
42076 
4438E 
47106 
49266 
9126E 
93276 
9922E 
9718E 
9929E 
8189E 
6389E 
6679E 
6906E 
710*6 
73ü8E 
79Ü4E 
76996 
7886E 
8o8üE 
8289E 
84996 
8691E 
88766 
9077E 
92746 
9477E 
9679E 
9870E 
00436 
0184E 
0364E 

Levels 
an,n' 

Continuum gn.2n 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

0 
0 
0 
0 
0 
0 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Ü 
0 
0 
0 

0 
0 
0 
0 

T?."^'tT'— 



jKtmmm, 

N (CONTINUED) 

^n^a ^n,« 

I                         0 u 
0 u 

I                     o u 
I                         0 Ü 
1 

I                        0 Ü 
f                                                            w 

)                    o u 
f 

)                    o 0 
1 

)                         0 Ü 
V u 
)                    o u 
1                        0 u 
)                        0 u 
9                          0 0 
9                         0 u 
0                         0 0 
D                         0 u 
0                         9 0 
0                         0 0 
0                         0 0 
0                         0 D 
0                         0 0 
0                         0 0 
0                     o u 
0                         0 u 
0                         0 0 
0                         0 0 
0                         0 0 
0                        0 0 
0                         0 0 
0                         0 0 
0                         0 0 

0                         0 u 
0                       Q 0 
0                         Q u 
0                         0 u 
0                         6 u 
0                         (1 u 
0                           11 0 
0                      ( 1                      o 
0                      ( 1                   0 

0                      ( )                    o 
0                      ( 1                        u 
0                            ( i                    u 
0                             1 1                         u 
0                            1 1                       u 
0                            1 I                    u 
0                       ( )                   u 

0                             1 I                       u 
0 i                 u 

0 9                           0 

<>124f7b«u? 

*l77*§feiü3 
i,87i2fetü3 

f13t7i<7fetü5 
♦!B7l»ife»ü3 
♦ ts^HtüS 

•I7j»36iü3 

flUl fnJL 'HA 

!ioMllB«i 
K2|a!Ei0i 

»M»?EB 

0 
Q 
U 
U 
ü 
ü 
u 
ü 
u 
ü 
u 
u 
u 
Ü 

u 
u 
u 
u 
u 
u 
Ü 

u 
u 
Ü 

u 
0 
0 
0 
u 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Ü 

u 
0 
ü 
0 
ü 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ü 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

lt27«ft6»04 

l.^ool-o4 

ll?7}96-0* 

1,76*16-0* 
ltbü87E»0* 

l.VOl'ß-O4 

llV*96ß»0* 
1I9990B»0* 
2|g49*6«Ü4 

2,m'E»0* 
2;i547B.O* 
2f2o92fi«04 

2,26516^4 
2I32256»04 

2.38l5B»04 

2  50j4|.54 
4>647|.o* 
8|63i76»g4 
2.69136.0* a;76»66.04 
3|E3«7E»0* 

a^B2lB-o* 

J 6*246.0' 
3,73466.04 
3,62911.0* 
3.92*16.0* 
4|ö2546.o4 
4,12736*04 
4,23^86.04 
4,339ol-0* 
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ViJl.- 

*. U 

TABLB 1—N(C( 

E, MeV 

7,7809E»0:' 

7|04o5EbO' 
♦,69711^0' 
♦;370?E.O( 

4|0*8oEtoO< 

S!*75JE.O' 
9;4968EtoO< 
5 32976.0' 
3,1690E*O! 
3,00986.0' 
2,ee2«E>iO' 
2,722IE.0' 
2,59016.0' 
2,46376*0' 
t,3436E.0< 

t't2293Ebüi 

2fl2o»6i»o' 
2,01716*0' 
1,91866*0' 
i.eaJgB^o' 
1,73626.0' 
l^JMl^' 
1,97096.0' 
1,49456*0* 
1,42196*0' 
l,392lE.o' 
1,28626*0' 
l,2239E.u< 

1,16386.0: 
1,10706*0' 
1,093üE.O' 
1,00176*0; 
9,928)6*0! 
9,o8366*o! 
8,62196*01 
8|2oll6.ol 
7,8oll6*0 
7,42o66.o! 
7,o987E*o9 

OnT 

9,Q662i 00 
9,o7896 00 
9,0969B oo 
9,1163| 00 

9.14681 
9,1660| 
9,17891 
9,19676 
9,21631 

9,1294B 00 
00 
00 
00 
00 

9,22888 00 
9.2469B 00 
9.26996  oo 
9.2790B 00 
9.2967B 00 
9,3l99B 00 
9,32906 00 
9,34696 00 
9.3662i oo 
9.3790B 
9.3978E 
9,4252B 
9,48486 
A   * m. A A —> 

00 
00 
00 

,, .- .-, oo 
9.48446 oo 

00 
00 

9.9o62B 
9.92716 
9.9466B, 00 
9.966gE 00 
9,98886 00 
9,998oB 00 
9,6o826 00 
9,61816 00 
9,62786 00 
9,64496 oo 
9,66966 oo 
9,68646 00 
9,7ü626 00 
9,72926 00 
9,74496 00 
9.79766 oo 
9.76786 00 
9.77826 00 
9,79966 00 
9,81926 00 
9,82826 00 
9.64966 00 
9.86936 oo 
9,87786 0U 
9,86786 ou 
9,89846-ou 

gn.n 

9,0»98E 00 
9,06286 00 
9,0896E 00 
9,10*06 00 
9.11786 00 
9,1J9OE 00 
9.l939g oo 
9.16696 00 
9,18396 00 
9.20J8E 00 
9,81946 oo 
9,23276 00 
9,29186 00 
9,2649E 00 
9.28196 00 
9,3Oü7E  00 
9,3l34E  00 
9,33o96   00 
9,3498E  00 
9.36226  00 
9,38o9E  00 
9,40796  00 
9,43666   00 
9.46986  00 
9,48726  00 
9,9o766  00 
9,92666  00 
9,94996  00 
9,9647E  00 
9,9764B  00 
9.986QE   go 
9,9995B  00 
9.6n456   00 
9.62o7B  00 
9.64UE  00 
9,66ljB  00 
9,68O9B  00 
9.69886  00 
9,71786   00 
9,72996  00 
9,7394B  00 
9.7491B   00 
9,7697B  00 
9.78466  00 
9.7968B  00 
9.8134B  00 
9.83236  00 
9,8440E  00 
9.89316  00 
9,86286  00 

Levels 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ffn,n' 
Continuum 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

gn.2n 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Wiäft'L* ■ TW1**" 



T" •xfrnr- 

- N (CONTINUED) 

giu« ^n.a 

U 
o 
u 
o 
u 
0 
Ü 

Ü 

Ü 

0 
0 
Ü 

Ü 

Ü 

Q 

0 
Ü 

Ü 

Ü 
0 
Ü 

Ü 

Ü 
Ü 

u 
u 
0 
0 
Q 
0 
0 
Ü 

a 
u 
0 
0 
Q 
u 
u 
u 
0 
u 
u 
u 
u 
u 
u 
u 
u 
u 

OOlOfi 

ifloti 

alilii 

gn.d gn.t ^■v 

2§J 

ii 

0 
0 
u 
0 
o 
ü 

ü 

o 
u 
0 
u 
Ü 

0 
0 
0 
0 
Q 
u 
0 
0 
0 
Ü 

0 
0 
u 
Ü 
0 
u 
0 
0 
0 
0 
u 
0 
0 
0 
0 
Ü 

0 
0 
0 
Ü 

0 
Ü 

0 
0 
0 
0 
0 
u 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0' 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

,791 

tit 

ill? 
»00» 

lio* 

.951 

•fil 

fetn 

l,?4o 

^■^•«■a ——■■■ i«     ■        i >. ■i-w'ii . u..    i   jju.^y^i^^i ^  I^I- M.^ mmi'tm 
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TABLE 1 — 

E, MeV 

*i0799E>o» 
9.7798E.09 
9|497J6P05 
»f22986«o5 
4.9748E»o5 
4,73l|E.üJ 
*i5OOjE»o5 

4,o729E»o5 
S,S7S9Et>o9 

9|9fl99Etoo9 
9'933«3Ekü9 
3ll7l7E»u! 
9,Oi7gE^o9 
2ae699Etoü9 
2|7299E.a5 
«;596iE*o5 
t',J7olEi.Q5 
8;349|E-O9 
2,239oE»o9 

2,022#E*ü5 

1,92376*05 
l9029*E«u? 
1,74O7B»O5 
1,699|E«>O9 
l,975QEbgd 
lf4982E*05 

l,2895E.of 
1,226^6*05 
1,166|6«O5 
1,1099E»05 
llo59§e.o5 
1,0Q436»09 
9,95296.ü* 
9,o87o6*ü6 

8,6438E«o6 
8,2223E»ü6 

7.8213EI.06 
7,4398E«ü<> 
7,o77y6«o6 
8,73l86»u6 

*,D9l8S^aö 
9,''9*l£.o6 

anT 

9,9l98E GO 
9(928S| 00 
9.9473| oo 
9,97288 00 
9,97896 00 
9,98808 QO 
9,99746 00 
liOOOOi 01 

gn.n 

XtOOOOE 
IfOOOOl 
iQOOOi 
lOOOOl 
lOOOOl 
lOOOOl 
lOOOOl 
lOOOOi 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
X 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

01 
01 
61 
01 
01 
01 
01 
01 

ooooB 01 
00008 01 
00008 01 
0OOU8 01 
00001 01 
ooooe oi 
ooool Ql 
OOOOi 01 
ooool 01 
00088 01 
Oül8i oi 
0ü28B oi 
0ü37| oi 
00*78 
00j7|, 
01)888 
QU78B 

00876 
0ü97E 
OlOOE 
01078 
0117E 
276 

-378 
1476 
,l5o6 
01976 

0 
0 
0 
01 

67B 
-776 
01876 

01 
01 

or 

Q2i 

76 
üc 
7c 

32176 

01 
01 
01 
01 
01 
oi 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
oi 
01 
01 
oi 
01 

9,879«E 00 
9,8909E 00 
9,9n89E 00 
9,93396 00 
9,93866 00 
9,94666 00 
9,999nB 00 
9,99696 00 
9,9994B 00 
9,99436 QO 
9,9931E 00 
9,992nE' 00 
9,99ü7E 00 
9f9499B oo 
9|9482B 00 
9,9469E 00 
9,9496E 00 
9,9448E o 
9,94206 o 

0 
00 M»7"e oo 

9|94l3E 00 
9|9398E 00 
9,93836 00 
9.9368B 00 
9I9392E QO 
9,9339B 00 
9,9393B 00 
9,9477E 00 
9,9999E QO 
9,9639E 00 
9.9714B QQ 
9.9800E 00 
9,98896 00 
9,9964B  00 

Levels Continuum 

0 o 
0 0 
0 0 
0 0 
0 0 
0 0 
o 0 
0 o 
0 0 
0 0 
o 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
o 0 
0 0 
0 0 
0 0 
0 0 
0 0 
o 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
D 3 
0 o 
3 0 
0 0 

^.zn 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D 
3 



N (CONTINUED) 

jiVw- 

^n.2a ^n,a ^LE ^.d ^ILt 

0 
0 
0 
Q 
0 
Ü 
0 
0 
0 
0 
0 
0 
0 
Ü 
u 
0 
0 
Ü 
u 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
u 
0 
0 
u 
0 
Ü 
0 
g 
Ü 
u 
Ü 
0 
u 
0 
0 
Q 
Ü 
u 
0 
0 

a Ü 
9 0 

i ill m 
in 

111! 
m 
111 

im* m 
810 0E 

m 

Of 

0 

:* 
0 
B 
8 

h o* 
0? 
0 

h 
0» 

* si 
0 

»a 

«a 
oi 
oi 

S 
«i 
01 

o 
0 
0 
0 
0 
0 
0 
0 
Ü 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Ü 

0 
0 
Ü 

0 
0 
0 
0 
Ü 

u 
0 
Ü 
0 
0 
0 
0 
u 
u 
u 
Ü 

Ü 

0 
Ü 

Ü 

0 

Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
o 
o 
o 
o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2^ 

1,1'Ml'O 
I MllftO 
1 (WtM 
1 l"7|»l 
Mini»« 

iJ'fTl'O 
ifmM«o 

a,044S|»| 
ätOOlOlM 

Jfoii|»o 

a«**m»o 
aNfioi^o a^^oiLu 
a^8#9S.o a;l!^g.0 
8.7509II.O 
if|8t4l»0 

»*:i 
lUa*oi»o 
»aoHi-o 
lvaB7l|»o 

9 }Mli«o 9 M99B 
9,j9?0|'0 

h 
Wi.l 

9tnioi«o 
S6iioi»o 
Sii^l»o 
4ta2n9|.o 
4,92n6.0 

4.43736-0 O4f0|.; 
4,^406-0 
j.jeaoe-o 
4|Oo4oB»0 
J.OZJll-o 
5,15»4B.0 

5,28596.ü 

1   ■"■-  •!..'   ■•"' 
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TABLE 1—N(CC 

E, MeV 

l9e7lE«0( 
,743eg,ü( 

,292*E»ü< 
,063iE»Ü< 
(8839E»ü< 
,6949E«U( 
,5I43E-ü< 

|34^9E■ü, 

,1799E»U* 
,0248E«0( 

I8773E*ü< 
)737nE»o* 

4Ü69E.0* 
)3557E.ü' 
,24o«E»0( 

,131»E>»0< 

,0278EtiO< 

,92!jEfcO< 
le346E*o! 

lJ79lEtoo! 
,'b2iE»0< 
|42BlEbo( 

,2928EliO< 
,22'|iko( 
,l69IEbO< 
,il2lEi»0< 

iOQ69BliO( 
(9777E*o' 
tXlO*t>Q' 

,24311^: 
,84lfE<tO: 
|4591Etoo; 
l0953E*o' 
I7493E*O' 
,42olliiü 

,8o9lE»o' 
.'29lE»0 
,25636»0( 
.OOOOEkiO' 
,756iE.(,; 

^n,n' ^n,!!' 

^T gn.n Levels Continuum 

ltü25?7fe   01 ifOiuoE o: l                           0 
lt0237g  Ql I,O1U7E U: L                           0 
ltü2476  01 I.OIISE O: t                           0 
1,ü25ü6   01 1,U113E  03 L                           0 
l.02576   ol ItOll^E  02 L                           0 
liU267g  Ql 1I0123E O: l                          0 
1.02776   ol 1.0129E   03 L                          0 
ltü287E   01 liOl38E  03 l                         0 
1«0297E   01 liOl42E  03 t                           0 
1IÜ30üE   ül 1,0141E  03 t                           0 
lfÜ307E   0'1 lfQl4*E  03 L                          0 
ltU9l7g  01 liOl'OE  03 L                         0 
1,0328g  Ql liOl'M  03 i                        0 
1.0337B  Ql 1.01*11  03 t                    0 
1«U3476  01 l.Ol6*!' 01 l                          0 
It03'u6 Ql 
l.O3'7!  Ol 

liOlJjB 03 l                         0 
1.0l*^E' 03 l                          0 

l,0367i  Ql liOlJ3B  03 L                         0 
1,03771: Ql l,0l7»6i 03 .■                        0 
1,0387|  0i ItOlMi 03 l                        0 
lt0397|  Ql l,Oll?t 03 l                          0 
Xi040Ql  01 
li0407B  01 

liOl!}! 03 L                         0 
liOl'*E 03 l                           0 

liOjlJl  01 liOlHE 03 0 
llO4?'!  01 li0l94E  03 i'                        0 
IfO4;*!  01 i.oi'ie 03 l                           0 
ItO44*!  01 lf02ü'E  03 l                         0 
1I04'DI 01 
li04fjl  01 

liOSogE 03 l                           0 
li02olE  03 
l.o2o4E  03 

l                          0 
Ii04^l  01 L                          0 
i,o4!78 ol 1I02O7E  03 t                           0 
1.0487|  Ql 1.0210E  03 0 
lf0497B  ol li02l9E  03 L                          0 
liO'DOB  01 ll02ö9E  03 0 
ito'oofi 01 1I02O2E' 03 i                          0 
ItOjOül  01 
liO'O'E Ol 

ItOl'JE  03 l                           0 
1.0194E  03 L                           0 

i.ojiji 01 1I0198E  03 t                         0 
1,0'87B  01 l,0l9flE  03 l                          0 
ltO'376  ol 1.0199E  03 L                          0 
ll0947i  ol l(02ulE  03 L                            0 
i.o"jr 01 lf02ü2E  03 l                           0 
1,0987|  ol I.O2O3E O; l                           0 
I.O'^7!  01 1I02ü4E 03 L                           0 
ll0587|  ol 1I02U4E 03 L                           0 
1.0»97E 01 1I0204E  0] L                             0 
li08o7i Ql l(02o'E  03 i                           0 
i.o6i7e 01 i.o^oiE o; L                            0 
liO*27B   Ql 1I3*ü4B  o: L                           0 
lfO*378ol ItoZü^E   03 L                           0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

gjiii.jijin.i   mmtm    in«« 



— N (CONTINUED) 

«tofci . 

^11.20? ^n.a! 

0 
0 
0 
0 

0 

ü 
u 
u 
u 
u 
u 
u 
Ü 

Ü 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
Ü 
0 
u 
Ü 
u 
u 
Ü 

u 
u 
u 
u 
u 
u 
u 
u 
Ü 

Ü 
u 
u 
0 
Q 
Q 
0 
0 
0 
Ü 
Ü 

u 
u 

2n£ 

lI2(|»«U6«ül 

i73*r?biüi 

l177«dfctül 

üt7§ie6bigl 

»:4i*7hiüi 
»;57*gfe.üi 
*t66a4Mül 

4l94»7Etöi 

^ILd ^n.t £iLr 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
ü 
0 

u 
u 
u 
Ü 
ü 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
ü 
u 
u 
u 
u 
u 
ü 
u 
Ü 

u 
u 
u 
u 
u 
u 
Ü 

u 
ü 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
u 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 
i] 
ü 
0 
0 
Ü 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ü 
0 

9,*lt76»u3 
9|55»9|:-ü3 
9|6976g«oS 

9tVB»7fc»o5 
6,i4l4E.ü8 

*,4563g.o3 
6|6l97fe.ü3 
6t7873e.ü3 
6,95916.ü3 
7(i393E«üS 
7t3l996.u3 
7l^0lie»0

3 

7,69io6-oS 
7(B8l7E-oS 
öfO

ö53B»o3 
ef29oo6"o3 
8|49996»o3 
6t7l9oE*g3 
Bl9397g»üS 
»ti6l96-ü3 
9t3936E«fU3 
9,6316g.gS 
9,ö794E.ü3 
lfÖl29g.o2 
x.ojias-oj 
l.o649g.o8 
l,09i4g.0a 
1,11906»08 
l.i474g.o2 
lfi764B.02 
lt2o62E>o2 
1,2367g.02 
X.26S0B.02 

l,3S3n6.o2 
1.3668g.ü2 
li*0l46»g2 
1,43696^02 
l,47326-ii2 
l,>109g.02 
1,94886^2 
l.S»88oB-o2 
1,62026*02 
1,6694g.02 
1,71176-02 
1.79506.ü2 
1,7994g.ü2 
1,64906-02 

"■-r    B   .    • .       ,■' 
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E, MeV 

4,52426,07 

4|0936E«ü7 
3|B94ü6'-07 

5:5234E,ü7 
j;39l6E-07 
S.l88tE«U7 
9 032ftE«ü7 
2,88476.07 
2,744o6»o7 
2|6102E«07 
lf4a29E.ü7 
S|3618E.U7 
2,24666-07 
t,l37l6.ü7 
2,03216.07 
1.93376.07 
1 83946.07 
1,7497E.07 
1,6643E.O7 
1,58326.07 
l,5n6nE.o7 
1,132*E.O7 
1,3627E.O7 
1,29626.07 
1,83306,07 
II1728E.O7 
l,ll5*E.o7 
1,06126.ü7 
II0095E.O7 
9,6g246,oÖ 
•il34iE.ü8 
8,68876.0«* 
1.26495.06 
7,86l9E.od 
7,47846.00 
7;il37E*üö 
»,7667E.Oö 
*,4367E.üä 
i;i228E.o8 
9,82426.00 
9|54olE.o8 
5,26996.Uä 
5,01296.00 
4,76846.00 
4,53596.00 
4,3i476.o8 
4,lo426.üä 
3,9o4l6.oö 
3,71376.00 

1.06476 
1.06976 
1,06676 
1.06776 
1.06676 
1,06976 
1,07146 
1.0734E 
1.07546 
1.07746 
l,ü7936 
1.06146 
1.08336 
1.06546 
1.06746 
1.06936 
1.09135 
1.09336 
1.0^536 
1.09736 
l.ü*92E 
l.lüUE 
l.lü326 
l.lüSJe 
l.lü736 
1.1U926 
1.11126 
1.11326 
1.11526 
1.U736 
1.11926 
1.12136 
1.12336 
1.12536 
1.12736 
1.12936 
1.13126 
1.13336 
1.13536 
1.13736 
1.13936 
1.14196 
1.14496 
1,1*866 
1.15316 
1.1*816 
1.16315 
1.1682B 
1.17326 
1,17816 
1,1632«:. 

qntn 

0 1       l|02u26   01 
0 1       l.oSülE   01 
o: l       1,01996   01 
0 l       1,01986   01 
o: L       1,01966   01 
o: 1       1,01936   01 
ü: 1       1,01976   01 
o: l       1,O2ü4E   01 
o: L       1,0211E   01 
o: L       1.02176   ol 
o: l       1,02236   01 
o: L       1,02286   01 
o: L       l,o2336   01 
o; L       1,02396   01 
o: l       1,02436   ol 
u: L       1,02466   01 
03 L       l,025g6   ol 
o: l       1,02*36   ol 
03 L       1.02565   01 
03 L       1,02*86   01 
03 l       l,ü2596   01 
03 L       l,ü26uE   Ol 
03 L       1,02626   ül 
03 l       1,ü263E   ol 
03 L       1,02636   ol 
03 l       1,02626   01 
03 L       l,026lE   ol 
03 l       1,02*96   Ol 
03 i       1,ü257E   ol 
03 .       1,02**6   01 
03 l       1,02*16   Ol 
03 l       1,02486   ül 
03 1,02435   ol 
03 1,02386   ol 
03 1,02336   ül 
03 1,02^66   ol 
U3 1,0219E   ül 
01 1,ü212E   Ol 
01 l,02ü4E   ol 
01 1,01946   01 
01 1,01646   ül 
d l,Ol6oE   Ol 
01 l,0l79E   ol 
01 1,0163E   Ol 
01 1,0196E   01 
01 1.02125   01 
oi l,0227E   Ol 
01 1,02*25   01 
oi 1,02*65   01 
01 1,02686   01 
oi 1,02806   01 

TABLE 1 

^n,!!' ^n' 
Levels Continuum           an.2n 

o 0 
0 0 
0 0 
0 0 
0 0 
o 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 o 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
n 0 
0 0 
0 0 
0 0 
0 0 
0 0 
ü 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

rrr 
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■■tf*-»r 

M£L 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

fn,a fh* rn.d 

u •i2i?»S6iuJl 
u 4i3l!ogBo| 
Ü •Mlftmi 
Ü sslm.üi 
u 
u 

4l7o4?ttül 

u 
u 
u »iiMlfc»«; 
u ».SJykfctoi 
Ü »Mnitüi 
u ».feo^Hiui 
u »iTAPH.ul 
Ü »iövuöfc.üi 
u ^lO^'btül 
u ^•IV^Okaul 
u «»^•yftfc.ui 
u t,

15lü4bBül 

u «>1679k!fetül 
u Oiüt'lbwi 
u 'lüi^btül 
Ü ''iif'ikwn 
u V^fetüi 
u 

/i7!»»?fctül u 
u '^«öiöbiüi 
u ö1i>mtüi 
Ü ep&vHiui 
u öiSUlfetgl 
u o^biil.ul 
u 
u 

vioig?fc»üi 

u v^r-ottüi 
u y17i»^foj 

V19$B^fc.ül u 
u llO^lrb   uo 
u 
u 

llOMVb UO 
ll07**b   UO 

u 
u 

iiiuüje uo 
itlSMfc   00 

u lll^Ql 00 
u iiif^fc uo 
u l12l63e   uo 
u i^na uo 
u ll27^b  U0 
u liSllyb   UO 
u liSM^b  uo 
u ii3?!« uo 
u IAH* UO 
u ii4*?9e uo 
Ü ll*|»?6! 00 

u 
u 
u 
Ü 

u 
u 
u 
ü 
u 
u 
0 
u 
u 
0 
u 
ü 
0 
u 
ü 
u 
u 
u 
u 
u 
0 
u 
u 
0 
u 
ü 
ü 
u 
u 
u 
0 
u 
u 
u 
u 
u 
u 
u 
u 
u 
Ü 
Ü 

u 
u 
u 
u 
u 

o i#an7i.o2 
0 i,939*i»03 
0 M8«7|»ü2 
Q M3906«pl 
0 8,090«i»e8 
0 *tl*Hi*it 
0 8,19788.0« 
0 8,2939|.0t 
0 8t

3i0'6«02 
o M69oe»o2 
0 2|*290e»02 
0 2.«90'B»ö2 
0 2l^39gv02 
0 2,?18l6»ü2 
0 2,68446.02 
0 a,79|4Bp02 
0 2,82aiE-o2 
0 8«89|96.02 
Q ?  96876.52 
0 3,04lBE.o2 
0 3,11886.02 
0 5,19786.02 
0 5,27886.0« 
0 3,38l8|.o2 
0 3,4489B.o2 
0 3,534lg.l,2 
0 J,62386.o2 
0 3,7l936.o2 
0 3,§0946.02 
0 3,9o98fi.o2 
0 SÖO*76.o2 
0 <,106lß.o8 
0 ^,2loo6»c2 

0 4,*2996.o2 
0 4l&379g.o2 
0 4,89886*02 
0 4,77Q86.O2 
0 Jif»l36*o2 
0 9,01926.02 
0 ;,1481B.O2 
0 5,27236.o2 
0 9,4o9B6.o2 
0 9,P426e.o2 
0 9,66296*02 
0 9,62686*02 
0 9,9743E*ü2 
0 6,i295c-a2 
0 6,2bo6E^o2 
0 6,43966.0« 
0 6,6o3l6*o2 

*>*'•*'-'>       u    ■      J-    II    i I l       'i^l  tin i WJF -J "*'i    ; ■ 
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TABLE 3 — N - NUMBER OF y-RAYS EMITTED 
PER ABSORPTION 

Ey, MeV 

1.667 .0051 
1.884 .0089 
1.997 .0017 
2.520 .0025 
2.827 .0006 
3 531 .0038 
3.678 .0098 
3.854 .0003 
4.508 .0068 
5.269 .0136 
5.298 .0089 
5.532 .0089 
5.561 .0047 
6.321 .0077 
7.298 .0038 
8.316 .0017 
9.046 .0002 
9.149 .0006 
10.824 .0060 
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TABLE 4 — N - NUMBER OF y-RAYS EMTTTEI 

E, MeV 0.75 1.25 1.75 2.25 2.75 3.25 3.75 4*25 

,802006 01 
,710006 01 
,630006 01 
• "OOQE 01 
,475008 01 
,400006 01 
,33oo06 01 
,270006 01 
,210006 01 
,150005 01 
,090006 01 
,0*0006 01 
,890006 0U 
,410006 00 
,950006 00 
«510006 00 
,100006 ou 
,700006 ou 
,33o006 00 
,97000E 00 
,83QOO6 Oü 

,3ooOUE 00 
,000006 00 
»TOOOUE 00 
t*5OO0E 00 
,800006 0U 
,900006 00 
,4ooooe 00 
,25000E 00 
tlOOQOE 00 
IO'OOOE OU 
•OOOOUE OU 
,99000E OU 
•00000E"16 

,0007 
,0008 
,0008 
,0008 
,0008 
,0008 
,0008 
,0008 
,0008 
,0009 
,0009 
,0009 
,0009 
,0009 
,0009 
,0008 
,0008 
,0007 
,0007 
,0006 
.000* 
,00ü3 
,0001 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

,0025 
,3026 
,0026 
,0026 
.0027 
.0027 
.0027 
,3020 
,0028 
,0026 
,0029 
,0029 
,0026 
,0027 
,0026 
.0025 
,0023 
,002o 
.0017 
,0014 
,0009 
.0003 
,0000 

0 
0 
Ü 
0 
0 
0 
0 
0 
U 
0 
0 

,1220 ,3504 
1233 3352 
1248 3466 
1267 3445 
,1289 3429 
1318 34o4 
13'2   , 3366 
1389 ,3372 
,1434   ; 3361 
1491   ( 3399 
1561 ,3396 
1634 3365 
1726 ,3365 
1632   . 3418 
1956   , 3467 
2111   . ,3536 
2293 ,3630 
3522 3755 
2796 3923 
3l36 4148 
355X ,4437 
4o63   , ,4803 
4622 ,5233 
5236 15735 
5645 ,6289 
5796 ,6235 
5796 6235 
6o33 (*42i 
6633 7nU 

,9334 9334   ; 
94oQ   , 9400 
94oo   , 940Ü 

0 u 
0 u 

,0342 
0346 
8"0 ?0356 
0362 
037o 
0378 
0387 
n396 
04o7 
0416 
0428 
0439 
0450 
0462 
0475 
0469 
O5o3 
0523 
0540 
0553 
0568 
0559 
0497 
0445 
f]439 
0439 
f)386 
0177 

0 
0 
0 
0 
0 

0207 
0206 
0209 
0210 
0211 
0212 
0212 
0211 
0209 
0209 
0196 
0190 
0179 
0167 
0156 
0140 
0123 
0113 
0095 
0684 
0078 
00*4 
oo3e 

0 
0 
Q 
a 
o 
0 
Ü 
0 
0 
0 
0 

0423 ,0363 
0427 ,0365 f, 
0431 ,0366 
0435 ,0366 
0440 ,0370 
0446 ,0370 
0451 ,0369 
0455 ,0366 
0499 ,0361 
0460 ,ü35x 
0461 ,0339 
0460 .0327 
0459 .ü3l4   , 
0459 ,0296 
0457 ,0281 
0458 .0264 
0461 .0243   , 
0459 !ü2?4    ; '2 
r)465 ,ül90 ,2 
0463 .0129 2 
u44o .on46  , 2 
ü376 0   i 2 
0316 I)  • 2 
0334 u  « 2 
3373 0   • 2 
0370 u  . 2 
037fi 
0385 

0   • 2 
u  • 2 

0436 0   « 2 
0596 u  . 0 
0600 0 
0600 Ü 

0 0 
0 u 



ED PER NEUTRON-PRODUCING REACTION 

Ey, MeV 

4.75   5.25 5.75 6.5 7.5 9.0 11.0 13.0 15.0 17.0 

1244 
,1260 
,1260 
,13O3 
1329 
1394 
;i384 
,1419 
,1463 
,1510 
1564 
,1631 
,1708 
,1797 
,1899 
,2006 
,2104 
,2219 
,2379 
,2532 
,26o6 
;25i5 

,2ü72 
2l45 
>l45 

,20^0 
,2o46 
I007ü 

0 
Ü 
0 
0 

,0962 
.0961 
,0976 
0984 
,0994 
,100* 
1015 
.1024 
,1034 
,1048 
,1069 
,1087 
,1118 
III" 
,1194 
,1244 
,1286 
,1318 
.1383 
,1478 
1564 
1616 
1592 
,1414 
1265 
,1250 
.1250 
.llU5 
,05o5 

0 
0 
0 
0 
0 

.084f 

.08M 
,0858 
,0864 
,0869 
.0873 
.0879 
.0877 
,0879 
,0886 
.0892 
,0905 
,0919 
,0936 
.0952 
.0953 
.0939 
.09-51 
.0958 
.0932 
.0845 
,o65o 
.03ü0 

0 
0 
0 
Ü 
0 
0 
0 
0 
0 
0 
0 

,1858 
I860 
1868 
,1876 
,1881 
1884 
,1889 
,1889 
,1900 
,1914 
,1939 
,1962 
,1985 
,1983 
,1951 
,1917 
1879 
,1764 
.1542 
1136 
,0634 

,9190 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 

.l46q 
1491 
1439 
1419 
1399 
,1363 
1336 
1314 
,1296 
,1880 
,1898 
,1216 
;ii44 
,1079 
,0994 
.0892 
.0629 
,0327 
,0098 

Ü 
ü 
0 
0 
0 
u 
Ü 
Ü 
u 
0 
0 
0 
0 
0 
0 

2182  , ,1507 
2102  , 1381 
2012  , 1273 
1911 ,1169 
1811  , ,1079 
1716 ,0953 
1628 ,0822 
1991 ,0687 
1442 ;o922 
1316 ,0318 
1199 ,0138 
0986 ,0032 
0793 0 
09o4 0 
027? 0 
0101 0 
0004 0 

0 
0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

,0900 •0!*! 
,0150 
;oo5j ,0797 0362 

,0701 0299 ,0005 
0589 ,0156 0 
,046* ,0041 0 
,0319 0 0 
10162 0 0 
,0059 0 0 
,0001 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 Ü 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
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2.   OXYGEN 

2.1   NEUTRON CROSS SECTIONS 

2.1.1 The Total Cross Section 

For incident neutron energies below about 3.5 MeV the data of UNC-50381 have 

withstood the onslaught of the years.   For higher energies we have used the data 

of Fossan et al.2 quoted in the latest supplement to BNL-3253 (see Table 5 and 

Fig. 4). 

2.1.2 The Elastic-Scattering Cross Section 

For energies above about 3.5 MeV the elastic-scattering cross section was calcu- 

lated from 

' ^n,n = JnT - ^nX 

For lower energies the total and elastic-scattering cross sections were assumed 

to be identical. 

2.1.3 The Nonelastic Cross Section 

In the energy range below 10 MeV the cross section for nonelastic reactions is 

given by 

^nX s ^n' + 011,01 

1 
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Above 10 MeV a smooth curve was drawn, guided by the data of FlerovandTalyzin4 

and of Bauer et al.6  Confirmation was given by the data of Chase et al.6 

2.1.4 The (n,a) Cross Section 

The cross section for the (n,a) reaction in oxygen has been measured by £.A. Davis 

et al.7 at a great many incident neutron energies between 5 and 8.8 MeV.   For en- 

ergies below 5 MeV the values in UNC-5038 were retained. 

Until recently, the only measurement of the (n,«) cross section in oxygen at higher 

energies was that of Randolph8 at 14 MeV.   In 1963, however, Bormann and co- 

workers9 published a set of values for neutron energies between 12 and 20 MeV. 

We have used these and have bridged the gap between these and Davis's data by a 

smooth curve. 

2.1.5 The (n,d) Cross Section 

The (n,d) cross section has been measured at 14 MeV by Randolph.8  The angular 

distribution of neutrons from the (d,n) reaction in N15 has been measured by Weil 

and Jones10 for several deuteron energies.   We have analyzed and integrated these 

distributions, and, from the resulting cross sections for the inverse reaction, 

cross sections for the direct reaction have been calculated. 

2.1.6 The (n,p) Cross Section 

The data of DeJuren, Stooksberry, and Wallis were used.11 

2.1.7 The Absorption Cross Section 

The absorption cross section is equal to <7
n Q» 

+ cr
n n + an d*  ^ curve is given in 

Fig. 5. 
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2.1.8 The Inelastic-Scattering Cross Section 

For energies below about 10 MeV we have still used the data for excitation of in- 

dividual levels measured by the Rice group and quoted in BNL-325,12 but other- 

wise unpublished except in compilations.1»13"16 At higher energies the only meas- 

urement found in the literature is the cloud chamber work of J. P. Conner17 in 

1953.  Consequently we have taken 

^n' = ^nX - an,a - cjn,p - ^n,d 

to describe the inelastic-scattering cross section for neutron energies above 

10 MeV (see Table 5 and Fig. 6). 

2.2  ANGULAR DISTRIBUTION OF ELASTICALLY SCATTERED NEUTRONS 

Detailed measurements of the angular distribution of neutrons elastically scatter- 

ed from oxygen have recently been made by Lane18 in the energy range below 

about 1.7 MeV and by Say res19 between about 3 and 4.75 MeV.   Otherwise ono can- 

not say that the situation is much better than it was two years ago.   The old gaps 

and conflicting experimental results still exist.  Above 5 MeV the only new meas- 

urement is that of Bauer6 at 14 MeV. 

The work of Fowler and Cohn20 confirms Lane's data, and that of Phillips21 and of 

Johnson and Fowler22 confirms Sayres* data.  We have generally ignored the data 

of Hunzinger and Huber23 since their data conflict with those of other workers 

perhaps because of their lack of measurements at small scattering angles.  In the 

range just below 3 MeV we have been guided by the calculated Legendre coeffi- 

cients of Lustig,13 since his work predicted the main features of Lane's experi- 

mental results. 

We have analyzed angular distributions from many sources, plotted the resulting 

Legendre coefficients, and drawn curves through the data.  Where there are seri- 

ous gaps or conflicts in the data it is obvious that more than one curve will be 
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possible.  In such cases, the judgments cannot alv       ^e rational; a species of 

aesthetics is also necessary.  Point values are then read from the curves at the 

energies used in the tables.  Where the values change rapidly with energy, aver- 

age values are prepared corresponding to these tabular energies.  These point 

values are then used to resynthesize angular distributions to make sure that no 

negative cross sections are being generated. 

It is also necessary to examine the forward peak of the resynthesized angular dis- 

tribution at each energy.  G. C. Wick24 has shown that the differential cross sec- 

tion at 0° (cos 9 = 1.0) is limited by 

an>n(E>o).(J^) 

where k = 1/X, the reciprocal of the reduced neutron wavelength.  It is patently 

impossible to make measurements at zero deflection in the undeflected neutron 

beam, as that experimental verification of the Wick limit is not available; further, 

the measurements at other angles (e.g., cos ö = 0.7 to 0.95) may be such that a 

least-squares routine, like our LEGEND code, will predict <7n n(E,0) values below 

the Wick limit.  In such cases, the Wick limit may be entered as a data point at 

Ö = 0, or the normalization may be raised by increasing an n relative to (Tnx, or 

the limit may be lowered by decreasing a^j.  One must be careful, however, since 

these measures to insure strict observance of the Wick limit generate some dis- 

tortion of either the angular distribution or the cross sections themselves.  The 

Legendre coefficients are listed in Table 6. 

2.3   ENERGY DISTRIBUTION OF INELASTIC ALLY SCATTERED NEUTRONS 

As shown in the Nuclear Data Sheets,25 the first excited level in oxygen at 

6.06 MeV has the same spin and parity as the ground state, and pair emission is 

given as the probable mode of decay.   Lustig, Goldstein, and Kalos18 cite 
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T. W. Bonner as having concluded, after a search for these pairs, that excitation 

of this level by inelastic scattering is rare compared with that of other levels. We 
•■v . 

have followed their example and ignored the contribution of the 6.06-MeV level to 

inelastic scattering. 

Because of the relatively large gap (1.76 MeV) between the fourth and fifth levels, 

we have decided to treat the fifth and higher levels as forming a continuum and to 

treat the lower levels as individually excited. 

At 18 MeV it seems most likely that the spectrum of secondary neutrons will be 

given adequately by statistical theory since the influence of the very large number 

of high energy levels will probably overwhelm that of the lowest levels.   We have 

■ t _ 

used French curves to bridge the gap between 10 and 18 MeV, bringing the level 

excitation curves to zero at 18 MeV. 

The discrete part of the neutron spectrum is given in Table 7.   The continuous 

part has been calculated using the parameters: 

aj = 18 MeV"1 

E01 = 17 MeV 

En =9 MeV. 

2.4  ENERGY DISTRIBUTION OF GAMMA RAYS FOLLOWING NONELASTIC RE- 
ACTIONS 

2.4.1   Gamma Rays Following Absorption 

We have taken the radiative-capture cross section to be zero.   The only source of 

absorption y-rays which we take into account is that due from the reaction 

018(n,Qf)C18*.   The data given in Table 8 are based on the work of Davis et al.7 
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2.4.2  Gamma Rays Following Inelastic Scattering 

The spectrum of gamma rays following inelastic neutron scattering, shown in 

Table 9, was calculated from the excitation curves for the three discrete levels 

along with the continuum theory parameters.   The level density was assumed to 

be 4 per MeV up to 17 MeV. 

2.5   REFERENCES 

1. Kalos, M. H., Goldstein, H., and Ray, J. H.:   UNC-5038 (Aug. 31, 1962). 

2. Fossan, D. B. et al.:   Phys. Rev., 123:209 (1961). 

3. Stehn, J. R. et al.:   BNL-325, 2nd Ed., Supplement 2 (May 1964). 

4. Flerov, N. N. and Talyzin, V. M.:  Atomnaya Energiya, 1:155 (1956). 

5. Bauer, R. W. et al.:   Nuclear Phys., 47:241 (1963). 

6. Chase, L. F., Jr., et al.:  AFSWC-TR-61-15 (1961). 

7. Davis, E. A. et al.:   Nuclear Phys., 48:169 (1963). 

8. Randolph, M. L.:   Radiation Research, 7:47 (1957). 

9. Bormann, M. et al.:   Zeitschrift für Physik, 174:1 (1963). 

10. Weil, J. L. and Jones, K. W.:   Phys. Rev., 112:1975 (1958). 

11. DeJuren, J. A., Stooksberry, R. W., and Wallis, M.:   Phys. Rev., 127:1229 
(1962). 

12. Hughes, D. J. and Schwartz, R. B.:  BNL-325, 2nd Ed. (July 1958). 

13. Lustig, H., Goldstein, H., and Kalos, M. H.:   NDA 086-2 (Jan. 31, 1958). 

14. Troubetzkoy, E. S.:   NDA 2111-3, Vol. C (Nov. 1, 1959). 

15. King, D. C:   AEEW-M-445 (July 1964). 

16. Schmidt, J. J.:  KFK 120 (EANDC-E-35U) (Dec. 1962). 

17. Conner, J. P.:   Phys. Rev., 89:712 (1953). 

18. Lane, R. 0. et al.:   Ann. of Phys., 12:135 (1961) and private communication. 

19. Sayres, A. R., private communication. 

20. Fowler, J. L. and Cohn, H. O.:   Phys. Rev. 109:89 (1958). 

21. Phillips, D. D., private communication. 

33 

y    i,     i »i,»im« n »I.IUI JVHII   i JlW-llCPTi!—»- 



^— J       —:— , 

■ 

■ 

' 

22. Johnson, C. H. and Fowler, J. L.:  Bull. Am. Phys. Soc, 9:348 (1964). 

23. Hunzinger, W. and Huber, P.:  Helv. Phys. Acta, 35:351 (1962). 

24. Wick, G. C: Atti Reale Acad. Italia, Mem. classe sei. fis., mat., e nat., 
13:1203 (1943).  See also Coon, J. H. et al.:  Phys. Rev., 111:250 (1958). 

25. Ajzenberg-Selove, F. and Lauritsen, T.J  Nuclear Data Sheets, National 
Academy of Sciences-National Research Council, Washington, D. C. 

34 



■ 

'1 •o 

MM MM MM MMM M*> 
903339333   39 

JIJJ JMMMMJt   iiil  MM 
»■3«   »r^-S»   «•»'   3.\l 
»   3«   «  ■  »4     3»  ft» 
> ^•-•«•*"•''• « ■»• 3 rt^ 
»»  Ort» ts.» »»» rtr» 

n 
MM M M M M M MM MfO «■! 3333333333333333339339 
339333333333 
tt«t»*ai«»ftt 

UU Ul kit Ul Ul lii til utl til Ul ill Ul 
»^   90 r4 0<V  MrO    0<rtM 
Ok«v or*- *> »to Ot t> f4<0«9 
r4»ai^T4<oah>re^(SM 
H a OM t> tt\t\ » » o«- » 

r»' "» r»« i*» « ♦ MiOr«OA 

IMMMMMMMT4M «4M M riiOM ««MM T4M 19 « 9 i 

^1 
tUtilJitllliilll^llllllAlllltllaltilllUtlllUtitliliUUIlliallalltlliltlUttlJillltilkilllltU 
M 3 a» H or«. r^"o M 3M o> o o o e» c» OM om v r^ « Y otn «440 n n e 
«-1 o oo> 00» o o 000» 000000 on » 09 CM e o o 09 e<D M 
otn <n r^M o» » OII> 009 o o« to OM<O «4«49 o an ♦ 00 009 «4 
■iMnn«49r>«Dv v4oon<o^o«-io on ot^« «49 o 09 9 o 09 9 

cv n 10 *o fO M CM 

«4«-l«4<4«4«4v4v4v4«4«4MMinaOO090O90O09999a999O< 

UJUJUJUUUlliJIUlUUIUItlJUiUltilUl 
« 9«- into om 9 a «4W IA rO« V 
»9 M 9 «4 9« o9 9«  99» « 
r«. K. 01 eo OM in <OM 9in M 9 CM* 
«4 9 «D is. r^m M 9« *4»«> N CM« rt 

«nnnmnnNM M «4 «49  «4« 

■fa «9 
a p b5 

«•OnMMMMM«4«4v4T4«4v4rlT4< «4 T4M M« 
-3   3   ^»   O O 

tilJIUIUlUIUIJI-tlllllllJIIlllllJIUIUIlilUIUIilJIJI 
S«4miv«n  •49r4««   9   O« K » 9   t-t «4>0   OCM 
»in o9in«»99»9oMiMv4VMr^Y|n 09 
o* r>  o-o »v»o «4A sn«- » CM -o iv "o nj% > i> o 
n  «4 <■(>'** 9>»«-<9M n  »ro  00  r4M  f4 M MA  »'Mlft 

9» 1^ «4M« »*■  9v4  «4 «4M fM-> » -O 'M ^1  «4«  r4'S\ 

b
fi =i 

o o o o a > 
0309000   0330300 

litUilillUUIUIIUUJUlUIUilUlilUIUIUJUJUiliJIUUJIllUllillllllJIUUlUIIUUIUIillllllllUllllUIUI 
M   «4  O*-!^*»   O» ^.rvi«   orv^iv-rvIOV   T40M«4O99n   H «4in M^ 9  99   9» 9  «4 O 
<r  o34>«(\i on>M}«(M>«A>«.>« >« oao oo4)vm ri9N.in«s«in999ra 
r44»»»n9o99iOIO«4n^HA9M«M   O OiA    3 tM«  CM« »   «4M 9 IV HA   Otn 9M 
9«-l'XtllOKirM<0  4>T-l   0<0  9   30^9   O«   of>>«    0«4n    =xn    Oo9rv9 99  09 9 » CM N 

»»rs.öN.N.x.30» r4X>N.oorvN.x»f>r4ni>> 

I 
30090093 

-330033000   33333300333Hr4 
0 00393003  aao-aooooso^o 

•  ■ 
UJ Ml   U   U VU lit Ul ' U .U   U lil   U  IJ  li  il Ü '.il JJ  it :U il Ul HI Ul 111 Ul til Ul Ul 111 Ul Ul 
•«.r»-oa>x)3i-iB3>ryC'   -> > o » rv IH n   39999rvaD«-; nn M rv 9 
OCM«r^n(vm 9a'Or4t>t-l»«'IO*0 «-t994'in9^>r9«'9999mn 
« »»."v 3X* > 3^*^ 0>«'v >«■ Jt-I«- »9 r4l03M 3^ «49» 
«lAXtVin«««^   OtO'M-.M    3r-IH    arM»    "»'n   O  »4 ■>••    09   «4 r4 9 9 9  9 

lil HI 
=>♦ 
9« 

9  O 

CM» 

Ul Ul Ut 
9» 9 
iA 9 9 
9  on 
9 9» 

♦ » 
a M 
M M 

IM M «4 «4«4«4 

> 
a> 

H  H  H ^ 
3   3   O   O 

H «4  r4 H .-4 
3   3    3   3   3 

3   J   3   3   3   3   3 
3   3 3   3   3   3   3 

3 3 
3 O 

3   3 3   3  3 3   3 

III lil lil lil 111 111 lil UU Ul lil IU 111 ill III III 111 IU lil Ul 111 III Ul Ul Ul lil lil til til Ul IU lil Ul lil Ul Ul Ul Ul Ul Ul 
rv » v> 9HM orvrv n o JV -M > -M orv»» r4M om   orx «4» x> o» M M9 Min   319 39 
r-i»  a on» «- »ivniMOsjinrv on  en xacunrvxitocM o s» 9 09 iv o «4 «-• 9» <r 
o«4»inrvo»9a«»»9 o« «49 oM9Ma» ocM« «4r»9 MMMra«9rark.n 9 
9iv«m««»cMM «4oca>« 99  orom9«»»^9<H9«« tv e9«9 M«4999 

9991 IMM 

35 



—r—-*  
■ 

l     ^üüiiJL— 

aoosaooaosass 

^ 

a a o => a a a a 
a -a a s a : aa aaaaa 3900: 

tilUiUiUJIltUIUIUiUilUUiUiUltUUiUillJlilllllUlUUJ  111 Lb 
a a «-I a a^ * a^aaaaaaaaaaa-aa^a 
M f»> O aaHHaaaaasaaaaiaaoaaa 
»«'«'Oroi-iaaaaaaaaaa aaaaaaao 

lilliiUIUJUJUtUikUUiUiUllUUIUJUi 
aaaaaa aaaaa3»a^a 
aaaaaaaaaaaaaaa 
aoaaaaaaaaaaaaa 

«■"»"O'O'O'O'O'O^J'On'OlOlO'O'O'O'O'O'O'O^O'O'O'O'O'O'O'O'^'OW'O'O'O'O'OlO'O 

I 
aaaaaaaaaaaaaaaaa'aaaaaaaasaaaaaaaaaaaaa 
aaaaaaaaaaaaaaa 3 aaaaaaaaaaaaaaaaa aaaaaa 

Ul 111 UJ 'il U) IU III UJ VU Ul LU Ji Ul Jl 111 111 Ol Ot lil IU Ul 'til  Ul Ol ^t Ji 4J Ul til Ul Jl Ul Ul 111 Jl til kM til ill 
a S <-i a av ♦ aaa^aaaaaaaaaaasaa aaaaaaaa aaaaaa 

01 r». ok aai-i<4aa aaaaaaaaaoaaaaaaaaoaaaaaaaaaoa 
nvv^fOriaaasaaaasaaaaaaaaaaoaaaaaaaaaaaaa 

Ht-lt-lrlrlHHrHi-l   ^HHH-IHHHr4HHH.-I^T<^^^l'M.->l>IMCM:M  AIMAIO»  MM 
aaaaaaoaaaasaaaaaaaaoaaaasaaaaaaaaaaaas 

tu ui IU 111 ui tu tu tu lit Ul 111 Ui 111 111 tu til III ui ui ui tu tu til Ui Ui ui ui Ui ut m ui ui 111 111 ui 111 tu IU ui 
*4CV   art  alO (O   a»v t*   dCMA  >T4OrvSc0ll\r»'>i   a «■!>  »«  IVA  o rs.  SIO  >»«   OOA  9 

h>. » 0» « or« o« x«(v«T4n<scMx>eni ct-)««« ID« Ok^ro« ^O'O^CMI^X«« 
v •© 0*0 c« orv* cMHaaoHNioine «-i«- rv v« m »« n as ont\to-* <o 0« ro NIO in 
««•OvtO'iDKin« »o(MT4oOka>r««in««.nM(M*4oe»«' o ir\ vii^n O<CM or»« 

n n ton CMMMMN CM CM M IM r«»<»i»4»4»<*<»^»^w*»i*4»< OkO>»««^Kr^«<»«if»« 

^ 

a a o 
»   t 

IU UIUI 
A O CM 
HCMin 
10 » « 
CM *«^ 

ao a o 
a a a a 

aaaoaoaa aa 
a a a a a aaas aaaaaaa 

aoa^aaoa 
aaaaaa aaaaaa 

lUUillitU lUIUtUOJ UllilUJtUIUkUIUIUUJUIliitUIUUIIUUllUIUIUIUIUUIlUIUIUIUlUUJ 
X> 0> a» O -n ~> -^ ■*> <*i r r>.arM-0<0«»CMroO» t-tCh rviM *> (M o <-«in <o to » »ft 
»»r«. aMOv » x> > ♦  aM'O« ♦ »»IHPOM« IOO>S>A » r» »o ft r» <n r«. HMO> 
IftOlOMY   Hrv^<V3aftHrO4>f04>ft«^>M«   a«   OM Ok (> ♦ •v   a»«   CM* ft 
vin ^ r^ ft   a«[MCM«Xftoa«Jt^«   aft   o« ^ 00 90 Ok  o rllO « CM tv« «   T« atM 

-«»r»,T^nlHtMM,O*>MA»M,O«->O'O'»>ft^ftfO,OMCMMMMl0'OfO<<>M-ft0ki-ir<<>« 

artH aaaaaaaaaaast?  aa 
aaaaaaaaaaoaaaaaaa 

EH 

> 

•k 

W 

IU Jltil 
ft 41  CM 
t-CMlft 
IO  > X> 
CM «-trv 

aaaaaa 
a 0 rl H a a 

LU IU UI 01  Jl IU IU U   U  t»   U   U Ol IU tu <U VU IU UI U IU Jl UJ IU  U -Jl 'U UI UI UI IU UI UI Ut IU UI 
ft O a»«FO»o^>'0,o«' rv amoo •© o cv -o o > t-i» rv CM ft (M o HftOro OkOft 
» CK rv a CM >o * » cnok* arMfi«- » »Ok r4rorM«-ro»iaift3>n»roiftrviftr^ ^mok 
ft !> n :M « •-iiv.>>N.=>3ftc-i>0'OiocftoroMx a«- afM »»«r^a»» «I ♦ ft 
i-lio fv r«- ft  a« CM CM O   O ft  a a « iv «    aift   a » rv o « Ok a t-iro <o (M «v « «   1-1 a(M 

|CMCM'OlOCMM(Mr0^rrOrOrOftrv.in>orO^IMCMCMCMtOrO'OlO«inOkr*i-IO* 

a a a a a a a 
a a a a a a a 

a a a a a a a aHHHi-t<-<H<-tHHHt-li-lf-|t-li-IHf-l>-«<-tH 
aaaaaoaaaaaaaesaaaaaa 

m iu ui ui ui ui tu iu ui ui III ui tu tu m tu ui ui iu iu tu tu 111 iu ui ui ui ui tu tu ui ui iu ui ui ui IU IU III 
« « ft 10 iv «• a«-roftX> aaocM a»04>(MrvcMiO!Orv(i>roH«o   arv «o«  a 1» A IO <0 ri 
rosoooc«»«»«-« »«ton => »-»ft CM fo aom« o« « in H •o » caift 10 CM « rv a« 
Oto i-ioOkOk» OT-tfomrv erj iv T4 ift <>♦ «-norvn rtcM« ««CM r4«4«lv(Ma>mroroio 
ft«rocvc30>ajcDrvo(n<r«iocvtCM«-«oa»<rokiftT4tvno>'Aio  oiv^^okovcvi  as 

CM CM IM CM CM 

36 



90000093030003903000009090090000 

tilUiUlUlUiUlUIIUIUUIIUIllUIUIUlUIUItliUilUIUIllUJUIUllllUIUJUIUiUJIllUIIUUIIUUJUIUI 
000309000930099030 30933000009000990 9900 
9999399039A0 399033->9909a99399993999900a 
99939999 9999 993999 99 330339093000909 99(99 

"0'0,OIO*>"0'0,0"0'0"0'0"0>0'0,0,0,0 "OHJ>OfOW>)0«>->«>«>(Oj«>x>,0»0 -OW ^"»»OfO 

933993393339 33333 
933993993333 99993 

Hi  IJU oi ui HI at .u '.u tu ui at OJ ui in .u ai ai m t 
Cl 33330399333333333 

O  I 33303C3330300   30303 
333933333333   33333 

■3333333393933333   9939 
• 9999939999999999   9999 

uiuiuiuuuiJJuimuiuiiiiiiiuitiiiytiiuttituisii 
'9999333999399999   9999 

n*>.*iionnnnny»>onny>r*)nnnnnnnnionnitnionnionf»tof>nnn 

> 

W 

933999933333093333399939999999999990000 

UJUIIUUIUIUiUIIUUilUUiUIIUUtlUJUJUIIUMIUIIllUilUUIIUUIIilUIUIUIUIIUUIIllUIUIIlllUUI 
♦ -O  S flM«   9P>>A CM -O M lA »   90I rllO « ria>««'IAlA r«»«IA rv M »A  «4» 9> P» • M 
cvcM»<r« »»CMSKK» HtoA^^m «HIA tftnr^Kmmr«»  o»^^ « o^acwe o* 
<o CM r». iA v « « o<r orvm iA u\ « ao r^m om v4aoif\rocM«4«4r«(Mn«<o» r««- CD CM« o 
»o o<© K> er^«cM»r^«(M oa><o«mT4oeot>>m«ncMv4oaka>iv«iiv««ncMMHri 

CM CM CM IM CM MCM( 

in 

H 

w 

Ili lli Ui Ui 111 UJ Ui 
3 9 O C3 3 3 3 
3  3  3  3  3  3   3 

0330000300900 3303030^900000^30000 
03333099909990933333999999999993 

uiuiuiuiuiuiuiuimuiiuiuuiiiiuiiiiiiiuiiiiuitiiuiuiiiiuiiiitiiiiiuiiiiuiiu 
33333003030 30 000030333 993 9999999 
93333339933993399333399933393993 
033300033300 3 0000300900300999099 

^'O'O'O'O'O'O'O'O'O'O'O^'O'O'O'O'O'O'O'O'OfllO'OfO'O'O'O'O'O'O'O'O^'OfO'O'O 

3 3 3 9 3 
3333333333 33333 
3333333333 33333 

33333939 
93393339 

u 'ti ji .ii n in ui JJ LU JJ ai ii in LU ai u OJ u ai u u OJ iu at at >u iii ai ai ai in 'it ui ai ii it ui ui ui 
33 3 33333333 3 33.333 3 33 333333 3 33333 33 3 3339 
9C309999033a00^33!3033 3333030013 333 3309399 
33333333333333333333   3333333333333333333 

tO(0'0t0f0iO«l*>r<>l»>r0r0r0."0rOf0'Or9'0rO cj.'O'O'OrOfOiOfOfO'OlOfO ■oforotoioioro 

.MM-M'MM.V.MM'M.MNMMMAirviM'M.MMrMCM'MCa^lMtMMMCMCMMAI'OlO-O'O'O'O 
993333933333393333333333333333333393939 

UI 111 UI UI IU IU IU UI UI 111 UI 111 IU 111 111 IU <ll UI 111 lU Ui IU 111 UI UI 111 UI III UI 111 UI IU 111 UI UI 111 Ui UI UI 
O O  3T-*>0 *4   3J\ .MifV(MI«.rs.»f>.oA»-OI»»»JO^I   3 3>«r4CM«A   v«-0^A««v«Sv4O» 
«ii\tn«cDt-i«'«na>Knrvai«Hv4rk»4>aDif\KfoM««m»^.r^r4Kii\»«KSo 
«n »««-«-«mr«. o« o>*  or^mroHoooriCM«'«» «■•« r» *4iA a«- <o rs. *irvm « 
«-l»««  CM  0<D««  tO rlOitDr^mviOCM  *400><0^>«m«V»OCMCMvtt1  0 0"»   om   *4K 
m«-««^« lOfOmnmCMCMCMCMCMIMCMCMfM   v4v4v4r4<plv4v4«-l«««4«4v4««»»»»«K 

37 
;■ 



- 
■i 

. -A 

'.. 

- cML 4 

I 
(31       muJUJiiilllUllllUIUIIllUIIUIitlUUIUi  UlUilUUIUIIUUIUIUIUIIlllllUilUUIUtlUUJUIIUUJIUIII 

a 3soa>oa39993 aasaaasaa aaaaa aaaasaa aaa:.«aa 
aaooooaaaaaoaaaoaaaaaaooaooaaoaoaaaooaa 

a a a a s a a : aaaaaaaaaaaaaaaaaaa: 
aaaaaaaaaaaaaaaaaaa: 

f-tl        illuiuiiiiuiuiuitlltlttllLIIUIUIUIUiUIUIUIUtlimtUIUtlll'JIUIlUUtUllllillUIJilUlttitll'JtlJllUM 
aj  aoaaaaaaaaaaaaoaaaaaaoaaaaaaaaaaaoaaaaa 
Öl  O8aooooooa9oaaooaaoaaaaaaaa8e9a^ooaoaoo 

aaaaaaaaasaaaaaaasaaaaaaaaaaaoaaaaaaaaa 

<ioror«>r»roro»o»oiorowio»fOi|Owr,>WfOiOfO»«>r»iOfO»Ofororow»o»o»ow»oro»oiOK> 

a aaaaaaaaoaa eaaaaaaas aassa aaaaasa a 
A i\ A n A 
a a a s a 

Ul Ui Ul UJ Ul Ul Ul Ul 111 Ul Ul lU Ul UJ 111 Ul Ul 111 IU Ul IJU ui IU ui ui 111 IU ui ui tu IU ui IU m tu tu IU tu ui 
•* m r«n*ii\ A ao^-to <0tn v4«-*<o r<. iv am MioniMoorom » a^o fo P* a» » S HO a 
•  v4M«mor^nrioDm«4*^T4 a» ♦ rs.^ »^ »« ^ a«-iAiioiAiA«- fir^»»« aoiA 
»MM a M4> am ON« cv aocviA<-icorvr<.»Aiivn o«or«. fs. ao aro rv H« CM »t«.« n 
««»MMT^Tie em e<o cva>Y  orv to or»« Aio>^mc\i o« «m to i-ioeDivin«to(M 

Al Al CWM Al Al 

m 

03 

t I 

3 

oaoas»oc»aoaaooo^c»ooa^oooaoaooaooaaoa>ooac> 
ooaoaaaaaaaoaaoaaaaaaaaaaaaaaaaaaaaaaaa 

UlUimiUUIIUtllllilllUilUIUUIIIIUIIIIIUUllUlllttlUIUlUIUiUJiUUllllUillJUIUIUIIIilllUlUlUI 
aa^aoto^aaoaaaeaoo^aaaoaaaaooaacsaa^^oaa^a 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaa 
oaaa^aaaaaaaoaaaoaaaaaaaaaaaaooiaoaaaaao 

»0'0'0,0,,>IOIO»OIO'0!0.,OIO'0'0«,OWrO  rO'O'OIO'OtO'O'OlO  fOtO  »O'O'O'O'O'O'O'O'O 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaa 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

IB 111 til Ul UU |UtUtUUIUIlUlUIUlUUtkUtULUlUlUUIUItUai>UJIIUvUIU UKUIUUIUttUkULUlUlU 
aaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaa 
aaaaoaaaeaaaaaaaaaoaaaooaaaaoaaaaaaaaaa 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

»»WHOtOlOtOW   »»tOfOIOtOIOIOJOfO rOtOWlOlO'OfOrO.'O «towrowwtoiotofoo 

f 

s 
a a a a a a a saasaaaa aaaaaass 

UllUUItUIUUIIUIUIUUIIUIUIUIUUIUIUIlUlUIUtUIIIUJIUtUIUUIUItUIUUIUIIUIUIUIUUIUItU 
w » rv cm.-» » »miA HIA «to r4 I^IO « ."VO   a»IA MIVJ\CW  O rfr»- « fO « <-• O .MCV xv » 
a oto a» »OHOKOC^V-IOIA H»» O CV W in « IT» »O »AIAI on to » o r» OD m « H o 
«v » o« » ^ « a« »rs.in«<o«-i«T-(«orv4>orv»CM« o«Ai(>««cMCM«-i«-iAitoiArv 
e»iA eiA *4^<« e«n or^VAiOt^VAi e«o<o«to«4aeDr»iAY*OAiv4o»s>r»<oiA 

lOtOtOtOtOAIAICMCVAIAIAiAl 

' 38 



■ ■■'"-■ —■ .- . r 
•      H —. 

o o 

^ 

I 

> 

S9S99330303   93   9S9SS   999999999909930009909 

IUUJU<UJUillilllUtlliU<IUUi<lllllUIUIUIIliUJUItllUiUIUIUIUIUilU(UUiUiniUIUIUIIIIIIIIUIII 
SO 09^099990 99 90000 0090000 OOOO OOSiOOOOOOO 
93999 3939999999999999999000909000999900 
99 000999999 99 OOOOO 9999 99000000000000000 

■0'0«0,0*>lO>*>"0"0'0!0»0«,0»0'OIO«0,,>0'0»OfO»0»0»0«OW«0»0.'OWfO»«rt»OllO,0 

399999999999999999990999999999999990000 
■3   3   3  33  999999   99   90000  09999909009  3000000000 

.ijujuaijiuiijiuiuiuiuiiiitijjiuiuitauiiiiuitiiiiiiiiutuiubuiuiuiimiüiuiijiuiiituiuiui 
3 3 333 333999 99 99999939999999999999009000 
309930999990990000099900000009000000000 
S>   3   333333999   9999999   99999999999   3999999999 

oooo oooo oooo ooooo o ooooorv^fvr^r^tx-f^fvivr^ivfvr^r^fvrv 
339999939999999990999099999999999999900 

iii iu 'it <ii iij IJI ui IU ai u> ui ui UJ tu tu ui iu ill uu ui ui tu ut ut tu tu ui ui ui ui ui ui tu ui ui iu UJ ui ui 
»■»> 3A AivoAor^o cvr4*4«4«<-ieoiD«o<A » r^tfv oiom^roronov««^ o*«nt 
« rv rv po o IT« 9t-i^cD« in o»(MCDocM»»NBOPk oom *<»»» orv »m « e<o ♦ 
CM r>.f> or>.ii>«fOiMfMro«or«-ocMift<^CMo HIA or^ «4««- v m O« CM O e(MK> am M 
CC^««  PO CM  r4=0«t>.0»»ir*r>CM  M«4«40 OM  «4« M «>«    Ot». ♦   *4aDK\  M  O^. HI 

el     u. I  ! 
3900 909090 OOOO^OO OOOOO 
39 39 999999 999099999990 

UilUlilUIUiUIUIUiUIUililUiUJIUIllUilUUIUIUIUiUI 
99 33990030930030000009 
3339393399999999999999 

9000000000000000 
oo ooooooooooooo o 
I« m in ii» m m m m m ^ m m m ^i m y| 

333399939999999999099999909999000990000 
399399399939099990999999990900000009000 

H       aiai!ii'iiaijj4i^ji<iiuiuiuiijiuiuiuiuitJttuij|iiiuiiituiuiuiuiuiuitaiuiuitiiuiiitiouiutut 
SI    303 393339339999999993999990099000000000 
b I    990999909900000000039090900000^00000000 

993393933339999309333399999999999999990 

ro row lO^wwwtoi'OiowfowwfOfO'o foioiowoiorowrowwio«»»««»»«« to 

~ 

> 

(if 

t\nj\j\'nt\t\s\i\t\ii\s\j\J\s\i\ooo oooooo o o o o o o o o o o o o o o 
9   99   3  3   3  3  3 3 3   39999399   999939999909000000000 

lit 111 IU III 111 111 UJ Ui IU 111 111 lU 111 Ut LU llllli 111 Ul Ul 111 111 111 IU Ui IU Ul 111 III Ul Ul HI Ul Ui III 111 111 Ul «M 
o« rv»rvo 9CWf40ino'0»on»3(Ofoioao9goiOM«4««ri om« HI o«% n »» 
O (M tO  »   9m i>  omm  » *> -O <* t\ *  m^)0  CVv4»f^«-l»0   r4«   rlCVIIVIOCMCMIOlO« «cw  » 
N(MtMcvi*in^»(wm«cMO ou\ oin o«- Mntn^n o»o>*«« ««■ r« oo o »«4« »». 
T4 e»a>rv«m««io(\iNr4rte or» a« cvo« o K <•■  o^> m ra o> ^ m M e « O m IO «4 

(VCMv4«4«4r««4*4*4«4v4«4«4«4«4*400OO^K^<O«««\m«\««*««m>>ioiOlO 

39 



 -^— , 

J 
UIIUUIUIUIUIUIUIUIUI Ul 
393oac3sesoa 
39303393399 
99009933303 

t0,0"»",»"0'0>0i0,«>.,0,»> 

b
fil 

3 3 3 3 3 

JJ Ul 01 JJ OJ vJi Oi   U LU   11   il 
93   3333   3  33J33 
399993 9 S 999 
3999 3399399 
r».i»»ivrvfs.rvfvfvr»'^ r>. 
•   ••»«•••*•   • 

roioro»oroi»>'oro!*>.,o,o 

> 

W 

33333399999 
•    ••••il»l»t 
ui in ui in tu in in ui m m ui 
• CM »<»»« »ivoi T^r^ 

(M CM V O TH-O »o T-t o o«-« 
v4eoif>M  aKll\n«-»0>^> 

lO 

n 

^ 

^ 

> 

w 

900099099^999999099999 9 099999 9 999990999 
090093333399999999999999999999993999999 

ill m m m iu m tu m ui in in m in m m m m m m yj in HI m m m m m ifi in m m yj in ui ifi m m m in 
000009900^99909^099999009999999 9. 9999999 
330333399933999999999999999999999399999 
000003330300330999909990999909999999 9 90 

,0"0'fl,0^»OIO,0'0,0'0!0'*»«'OiO*>«>'0"0,0,0"0,0'0,»>,0"0,»J'0'OKJ"0>0-J«0'0-0!0 

333333333399399999399999999999999999939 
0033333930933999999999999999 9 9999999999 

muitiiuiuiuttiiuiuiuiuiiifuiuiuiiiiiijaijj^ijiiiiui'iiui^i.umuiuiuijiiiiai'jtjitijuiiu 
9033903333339999999999999999    3999399 9  999 
909090009099990'909993939039999a99999909 
93933933333999999339399B933999933399999 

i^,^r^'v-vrvt^fs.(vr«o.>»»v»vfs.fvr^^.r^,>.(N.'xi'».r^i^rs,r*'«»i>»rvrvx) o x> X>® t> o TO TO 
3938   3333   300333339   999   99999999   99   993933333 

UJ Ui UI UI Ul Ul UI Ui UI UI UI III IU Ul Ul UI Ul UJ UI IU IU III Ul 111  111 IU IU 111 111 UI UI HI 111 Ul III UI III IU IU 
«VO   9«4<« 4» i-tO rv   9CM » A«  r4Srs.«.-^>OCM   9^ I». M    300CM(f\«T4^»S«^l^r^ 
finv^nHSN««   oCMi-i<or>'CwiO(>o>«i>>«CMrsi<oncviii\ «-io>nt«gD<r«-iaDm«<o 
e» » a CM in con «♦ «4a><OYn»ra»o«'«a> ato « »n r«> «-i« o on «o o « r«. »H-o i*> 
» oer» m n T4ea>r^<o«iO(v«-tooinr««inm«io<MCM«Hri o oo «4<OCMB« «-»^M- 

««'>OnmmnmiMCMfMM(MCMCMCM«4*4*4*4*4v««4«-lvlv4«-l«4T4«40iOi«>«>t^K.rk.«« 

40 



- 

MiluwMimwwwiiiwumtumitiiwutwfifiMumiMmimwww ■»I     «tor^»«"« M • a^..-w«r«.«v oat M rs.« »i«.*« at at • OWA 

«■M «ct ««MM • ««r>kt^ aot«*«- •«« on•« • o« « « »KM 
' n a« » ««•» ^ a ee«4« *« onn MmMiO M am e 

•  •  t  • 

MNN NMNN N MMNM MIO NMn MNf« I9n«'«0 X» M M«   I 
»osaoov^a^asaa »«»oaaosaoooaai» 

at »wwwwaiiuiMtitaiuiuiaiuiuiutuiuiiMiMmuiittiitttiwiH 
^ «M «4»n « am 0« »t^M« a» o*4»e»in«(vfg wo> 
»m »«nM»n « am aotm CM «4 »10 aM O«4««M»M Mm 
«« e>« «4^ oM »40 o>m «M N« ^> » OCM 4Dv4«MMnnM 
•« M 0 « « N « ot*. m n cw am am» a« «a«mvMm«4» 

««••••»»MM •««•«««••••«•«•«•««MVw» *«»« »«■ 

•««•«FtMMNNNraMMMMMMMMNNNmmranNMMMMnnnMnnnmnvnm aaaaooc*oooaooaoaaaaeoeoaaaaooaaaaoaooooao 
UüwwiiiiifuimmtifWiifMfttiwviiwiiittfwmmmtiiwuiMitiitiinittfwwmtiiwuiufwuimw 
«•»•««NMVNr^N oM « «t« n « «4 o>v o^.r^ am ♦ ovt^maaotoao«» 0« »« 
o>eo»r9<i>o«^c^M««ioiomiOT4iori»«ior<«4«moMMMeoo«44eioe>^^ 
M <o<o am t^ 0 a« t^mm aa404»v4»«m«« »0 «4Y m P«. a«m or«. «D<e«p>m «4^« 
M«4e4DI>>«^»M0«4«M«D«mv«M»mM*4M»M»«4O e« M ^ a »14 *4«« K « m 

CVW CM €VI 
•  • » • • 

«cvn n * ■  ■  • 

r4v4v4v4T4*4*4v4«4v4MMMMMMMMMMmr}NMMIOiONMmiOIOM«mmom«m«IO«iO 
a^ooaaaaa^^aoaaaaa^oaaoo^oooa^aaaoi'Aaaao^^aoa 

iti w tft in tit 0 w liMif ut w w w 'if '^ *" IM w lit m ut m ui w ^f ^ iif w m ui ut 'g iw w w IM w tit ut "* m Mi m m 
•«I     ^«4^«««4m«a« a« «4 « «4«m rtm « am «« «mr»r.«M*r»«MO>M ae>»a»»M««» 

**!      »v4Mv4n<0a»m^mp^<»r>«mMivair4a»mmM*4«mnm««r» oatn am a»r^m r*« 
«-•M*«^>(M»»»«M«r>o>«>t^*4r> o«)«to«r>w4f«.cvi n<e«*4 OM 10 m torn Mn a>«4mm«4 o 
« m v4 o»0mmM «4 m« o«m »K. «4tw on «m ^m a *-> « am «to «4*4^ »t^m »m mo»» 

MMMM • • 

IMMMMMMMMMMmMMMMMMtO^IO^tOtOM 

'1 
UlUllliUIIUUIIIIIilUIIIIUtlllllJIlJUiUIUIIllllJIIJttlllJIIIIiJIAiUIUJUIUIUIUIUIUIUIUIIIJtllkJUIIiltifUJUfUl 

**•*■ n »»« «010 M in ♦ CM a 010 0*4« »r«>* r4«om »^mvM »«Hoonm »a»m<o »« 
o »r» r^*«m asm»*«»«- 40mm« «««tovM» »«»OT^cMto^KnmM o« n «»» 

a«Mnr«»«4t«>M<o«T4^m«ior>«mHM«m«Nr«m<e^«mrs«'«s OM e« « «t «m 
m««toM OK«* m v4o»K«^>«tom ^ «>»4* ■« r> «4K*4*4«4»N »<«m •« »to »mm o« 

mmmmmmNMMMMM 
0 • 1 ■ 

0^3003   3303:901 033030033.">   30330330 
iMNtMMmmmm« <» ♦ 
J33303033300 

ItlUIUlUIUIIUIJilllllllilUilillllUilAlllllitllllllllfUIUIIUUJilllAIUIIUUIUIUililUIUIIllUIUIillUlillUJUiUIUI 
•I     K em «<r m « t*oi m r*n mMm mm mm S»T4(MCOCM » o«4m mm »«40 OM r*»«*»«««« 

i     »m • ot». »« em m r^rt oMm « »m omnm mm »-tm o«4« ««4« rw««ev4MNK »N«t^ 
« « <c K om r^m tv o« «4»KM»mmmw»o»ss»»M»m»«Mo««MKf>' era »r4« 
» mmvm emM »rs.* 01 »K«<OMMm «4*4m«t^t^<OMM «mm rt*4T4<o «ov4r^ OM 0*4 O 

V 4>MMMm 
t » t 

IMMmra M M*4 *4 
>00000000000( 

UllilUIUJIilUIIUUIIUUIIiJIilliJUitUliJUJUIUIUIUIIilUiUltAilllliJUIUIIUIllliiUIUilUUJIlllUUlliiUiUliillii 
mmmm^Horimra^m »»or^m«»«r^»<omts.om omwm art« «r^mmT4mm o<o» 
»Mm«t«.oK«»KMoMmi^m«-Mv4»»T4mmramm»«m<o«« o<e»N«T4« «>«K<O 
«4M «»m <am «4mr«m«4 ov4M •♦ «Mm »»M»r^«u\Mm« »«4m««N «4»IOT4M « rv O 
«'moKm«4m«4Km oK«'«4»»m«'KMv4M«mi^»Mmco«4« cm« ON »r>«Doo«-«r»«HCM 

«««mmm^-^-mmmMMN im CM M  «4MNMmCMmM  tOM »-IfO f-l«4 
t  • 

-I 

«4r4r4T4«4HT4f-l«4v4v4«4«4«4i-lf-IMMCMCM(Mf-IHr4«4MMv4r4«4f-l«4«4«4H«4<-IMeMnMMMM 
00000300000003000000000000000303003003300   303 

UllllUIUIUIlLliiUIUIU^UIUJlLLUUilllUJlUlUlilUlllilLuiUlUIUIiAIUIUIUIUiUIUllilUIUIiliUIULIUIilJLiiUI 
»«4m«'«KmM««»m mmts.mr^r«>«omm«' «««»mmm »4o«m«'m«4«4a>oooivaim« o 
»mr4MKKoo om Mmv4m »«'MM««»«t«.«ora«««'M«4Mm«««Ko»M «r» «JT^ 
»m«4»MCM«««t^«4««r«.»M«4«r^cMnff>»«4«»«'««4«4KomKK<-i«4i«>f>>.Mm«o» 
» »r^m omr^i-tm»«- torn o« «v t«. « r^ « omm oocvt »mM o om mmw oor^ »-t w OCM r^ 

imm«'mmMMT4«4«4r«-m<DN«'r4T4«4v4»»T4«MmramM T4CM «4« ■HIO *•**■ ^ » 

I 
0 o o o a o o 3 O  3   3 O  3 1 

000 
o e o 

0030 

Ui Ul UIUI Ul Ul Ul Ul Ul Ul III 111 Ul 111 Ul 111 Itl Ul III Ul Ul Ul Ul Ul lU IU III Ul IU Ul UJ Ul HI Ul 111 111 Ul Ul 111 UJ 111 Ul Ui Ul 
r* »m aoT4N «or^r^ntomM »M a» r«. »m «4N om or*. r4ra <o om MM «M m am o »« ♦ mm ^ 
«-•moomm«»r^a)M»cDmKoir omea)mr>-ir«M e on «ov^ovHi-tcm^m «<»««) 
e«-iramr«>om« e« »m mo« «4»eM«M e»ocM«v4r«i«MMMm« »n ^m »«m -r» o » 
»K«m««nMM«^ o c «>« »m o^m »«m »r»« «4»««CM e4c««M«4 »««m« 10 CM o 

CM CM CM CM CV MM M 

41 



—    — ; T - 

^1 

a a 9 o o o o c* 

-1 

*l 

«•OMMMMfMmONIONNMMMMIOIOniOr>«m»qi>>mOIO*omMMMNMIWMNMnm«l9 

•w*!      Ml 1     »». 
*o e« K«nM »« »«< r^m «4«M»»AI»«« o* ♦ ««M^MW own K« e»m MO««» 

IIA « »*4r*i<\ or», «n o« «M««in»«4«N «4 e«« at MM «(^«mcyifs •« ««% M »« 
n »M ^ *«l\ »«««m o e«M « M ••»•« v4mMMM«KM««  « OolWK MA ^v«^«^««» *4 

• ■ ■ ■ • • • ■ a • ■ • 

^1 

MMMMMMMMfONNI 
ooeeooooooii loooooeoei 

nnnnnMM M 
eoooeeo o 

lit Ol 111 Ul Ul UJ 111 Ul Ul II) U' Ui Ui kii Ul Ul Ui 111 UJ lli Ul Ul lil lit 111 Ul III W W HI W Ml Ut IU ill IU Ul Ul UU 11/ 111 lli UJ tu 
nr^M«i^o«M« «»»»»«-«Mr^nN«« «« n r^r^MMM ««n ^ w« MSA »o«»r^<o?i «-• 
<r e o>« «mm ■% « « «rv o« »« »r^ KM « ««> »^> »« ■«> a« « *«■«« KM^V ■% «4« « o « 
•O r« «rl«  OM *4 «4 »K'9 «M «  om »»10 ««Mt ««•OMM«IMM««n«« «  « OrlM «40« 
*« t^ om K« o«\« ««4r>*4«io K-CM o»r^« «to ■« OM M <r «t ► «V M K e»»M<«^a>«*M or> «t 
«IN Nn 

• • ■ 

IOMMNNMMCMCV(MMNMMMMiO»0nni0l>>niO«MIOIO«MnMCMNMMMniO(0l0l0M«O 
000000 3 9030990aooaooooooooooaoaeeaeooooooooa 

-1 uiuiuiiiiuiiiikiiuiuiuiuimuiuii 
M<r « « » o o>io o» « o« « i 
*.« »-irs. a« am » o> « » «Y < 
Mm ^«o>«ion« ««r« or^r 
»^ »m rv« o« mran « »or 

ilUIUiUIUItMUIUIUltUUlUIUI 
on o«r^-n o» oo>c« 

'^«ram«««»« OOM^ 
i cy o» r» on « « m « «-• » r> 
• »M t»»«»T4»«o««4 

■taiaiHiiaiaiitui uiuikautiiiiauiui 
^ra« t>>m n K« a»v«««Mint» 
• i^n •« « «4O»T4 on «4« o« 
on • am V4«K« MM «K O»M 
ii»«rat^« on^> a«« « r» «r«. r>. 

t* rttff* •« «mvraMn ««MMM« «««n rt «4« «r^riM <«« ««nMMMnn «««4ra«m «r». « 
!•»•■ I lllll •    t • •    t    I    •    t    t    • 

«4M MMMMN «4V4V4*4««T4T4 «-«MMNMMNMMnnn MMM *« «« ««MM MM M N M M (M M M Oi 
oooo 9000000000 ooooooo ooooo oaaaoaooaaaaooooo o 

Ml *" 
•M1      m<4 1      «4 » 

IllUllllUllllllJIllllJIilllilllllilllllJUJIlllillUUlllltllllllllUIUllllllllIIIUIIIIIIIIIIIIIIIUIIillllUllillilllltllllllil 
OMO «i*4CM0i «« rv »mn « « rvoi«- »n o-o rvoi » o» » «m « Mmm « «n n om m OMM M 

««im o>« «««»«4 »m 9«4«4n«in^«m o«4m»«««Mo>«*4mn«m« w»««« 
»m««m on CM o« m<Ho««4(MT4i-i«»««4»n«« o««4« «4* M« «M «4 »m ««-<-• a 

«4«4n««m« o««aDm on mm «(M«n«H «M«rM«4n«raM«n««mM or» » o>m M »« 

H»«n »««- T4*-tHT4CMnn CM « r^n «■ n oi ?-•?-««- HN •-•<r «riri*4«nm«' NWCMMNC»«-! <■• 

MOIMNNCMCM «HrlNCMCMOin CMCMNCMCVl H rt tHH i 
ooooeooooooooo ooooooao^ lOaaoooooi 

uimuiuimiiiiiiuiiiiutiuuiuiuiiiiuiuiiiiiiiuiiiiutuiuiuiiiiiiii IlilUIIUIllUIUIlllfJUIIli 
"I     mrv«iv(Moninno>n«4 on M« »tHoo««rv««4«4nm««4«MM««««mm om ■/ « « 

I      «4 o «rv »»« »«« MM «« »n rv« »«««rv«- «m« n «»M O«M a«N o««r»<r rvm « 
«m oor»«iAnm on « « w »n »««MrinnmcM«« r»« n « « Mn o>m «min o»««« 
««Mm«T49mM««r«MM«n «ov^invmrv 9« om »«MMwn nMT4»rv«vraM ** 

imnnm «riv4 **** ^rvicunnnnM «4««M NN N 

000000009000a9T4T4«-l< 
coooeeooöeoooo eoo oooo 00000000 

in ui 111111 ui m 111 ui IM tu tu ui tu tu m ui ui ui 111111 ui 111 in ui ui ui m ui 111111 ui tu ui ui m 111 iu 111111111 ui 111 iii ui 
• o«n m « o »M a»««Mr^Mra«rv «n «4« ra orv «♦ oo>mra « «1 «4M a«« on « or»m 
«»«««« o>« «n oi-tmctin OOCM«O« «m ««n o- om n M « r» o« r» o> o »« O<H O« m 
»» a«4nm ^ on r»fim o>* ««n r»n «^CM« ««-M^V^V^M «m n nn 4 « an •♦ orv* CM 
• ««iv«««'«nMfti<-ioeo>«' »m«4r>n»«n e^.«T4»««Mo«««nT4»«rvm«n 

> M M CM IMM M 

42 



m. 
, 

-I 

--I 

-1 

n iM*om«»o»>>iom>>«r> MIOVMV eeo 

(MkKiiiuttMniiaiiaisiMuiui lamutHi 

•   ••• •••••• 

-1 

MNNNMfomonnmmnmmn ooo 
ooe o o o o o o o oeeoeo 

ujyjiiiuiuiujuiuiiiiiiiuiiii luuiujuj 
e« u\ m M r«. r«-« m T4 «irt oa>4><e 
n«tfw««*^»»«otrt*r(v«> ton « 
M « »«o o>« « r«. on m wt r* on rt 
« o»n v4M r. r- » o T^IV • ON W* 

I o ^^o ^ei 

*4N' 

nmio«ncMCMCwior>n»onr>nm < 
00900^3300-300000 

UlUIUiUIUlllllUklllMUilLlllUIIUtHMI 
..i    « m r» w« o» n »■> <a » »»IO r» N 

« o« asm v4« o» » on o «4CM CM 

• H(^ »MV v4«4 vM(V «4 vM» I 
•   t   •   ■ •   • 

MCMMNNMMOiNMranram«in eooooei 

-"I 
IllUIUIUiUJ UJUtUllUIUUIUI UJIUUIUI 
« «-««««»««in o<om «4 i>«m« 
K tf> « 0> CM (O ro «tl% O OOCM »i-l O 
ON « v«N »N « O^. «in «« T4« 

K)   Or«««  »N « rim   04D«  v4« » 

t4 rirl T4N(Mn CM N W wm IO N B N 

flrlNNNNNNMNNCtlNNNCMNNNNNNNNNNNNNNMNNMNniNNNNMMMMM 
ooooo^ooeoooooooooooooooooaooeooooooisoeeoooo« 

UllUUIlillL lilliliiliilUflllUI ulUJUIIUUIUIlttUIUIUJUIUIUIUIUIUIUIUIUIIltUIUIIIfUiUIUByiMIMUfMilllM 
K o« » «m on T4«in<o »in CMIO ««» o« ^> » «m «^ o»s K O«N ot^m Marnn «m • o>« 4      « »« « rs O«N «^ o« « m »«^T4r*.«in«»* ««»»««nr>m »r^«M\ « « o« •» »MM • 

l     »OT4r4B»o«inr<o«^>mn»« »m o« N «« «4«« v4»«ra<4»««N o«r«>M n w O»«K 
o o»<r »« «m -w « rocMN r* oo»»»««^^.r^« ««Anninww«« »»»»»»»MMW 

*4T4«l«>invnnrOIOnraiOIO>OnNNniNNNNNNNNNNNNNNMMMMMMMM MMMM 

o o o o o e 
r4r4r4T4r4NN(MCMNNniCMNCMNNCMNNNNCVNNNNNNMNMMt 
>oooooooooooooeooooooeooooroooeeee« 

«II Ul 111 Ui Ul (II III III Ul III III Id  Ul IU IU U> UJ Ul Ul Ut Ui Ul Ul Ut UJ Ul Ul Ul UJ Ul «11 Ul Ul Ul Ul Ui Ml Ul Ul Ml IM Ml Ml (M I 
*4N« » T*«!-.« «m »«.CM o «m »♦ Mn »»v «MM« ««m »« • o««n *4 OMMIA M r^tx.«t^ 1 
N« rim «-IN CD «CM 0*4«« « ««r »«n« ^ em « N r^«<» « •»■>« ««4« « « «(Km »*•«« 
r^ 00 e«4M»o inBriv^-viin»«'»»»»»«« o«n Mmm «w »«« w m K a« »« «K« 
N v4o»«t«>«in« « MNN w* ca»« »» *«^io e«io er>>« «4»«WM e«««M «4 »mt+m* 

N NN 

43 



mmhJiL. 

-30OO0O0OOOI=<OOOOaOOOOOOOO>^C3C3O000< i o o o o o o a 

-I 
UliUUIUIiAIUIIIfllllilUIIAiilJmiilUJUlUIIIIUIUIUIUIUIlAIUIiUUIUIillUllAJUIIllUIUJUIUILilUIUIUIilJUIIilUliil 
«« <ANtMh>«^<rntf\iiMna> o«-«4>««ri>-) am T4UMoiorM«K><-4««N«onmfO«0<vm4>io o 
^ r<> «> ovi or«. r4<-i<Ain «>♦ CM»O •♦ <oa> cs wr4 »in a»»« o oo rv» «CM» »«CM O« O* *4CMII\ *•* am 
cuaD«rv»i>>a>«tf\ii\K om i-is>«ii\mt^»c\iii\ oi<\>-ioD««ojf-«<-i«-i(Mio««»<H«\a>Oi«aw\ or« 
om rir*p> Q<on or*.'» CM »rv«- CM sai-ovn 1-1 ooo r^u\ •«• 10 CM rt n»(or<.«m««-r>CMCM i-iri o om 

» CO l tin in irt ■ rOroronCMCMCMCMCMCMCMCM 

I 
« * <r *■ «'<r« «'«' «'««-«'«■«■«■« **■ «-inminminininmuMnintninxtin nininininininininmm 
oosoooooooooooooooooooooooaooac.-'ijooooocioooooooo 
•  •■itt»aiiit>tii«i»t»(t»»»»»»i»i»»i*i»»*i*»»i» 

111 111 Ul 111 111 111 Ul III III Ul Ui 111 IU IU 111 Ul Ui Ui Ul Ul Ul UJ 111 111 Ui Ui Ul Ul 111 III 111 III Ul III 111 III III III III III III 111 Ul lU III III 
*4r^ «ro «riaNMiA »lOM «-IOI m <o oorvrooin ri«-i«^m am CMIO CM CM <o «r^m » ann K a» » 
o»o »o » oh> «m « *■< o« i-i CM « »o to i"» K> TH »M «Hr4T4o«>«r<m o>r> o>« «-to^-icMiomm« «-i^»» 
»4><r CM CM «4v4CMrom r» »CMm COCM « om OCM «CM oocMmT4a>r^^»CMr^n o »r«. ^ a> on K «-•« CM 
m«iocw*4o»»r>>«m««iocMCM*4v«o em O«CM«« C^IO o^.<«'CMO>r>.m(Mc«><omiov4o«:>r^ 

CM CM CM CM (M M CM CM 

-1 

»0IO»l0l»)l0IOW»0IOt»>IO»0'O»0l«»fOf0«l0»0Wl0IOI0IOW»«l0W>OWI»>l<>IO«K»K>l0WI0K>»*- 
1900^00^000300^013^000003000090000000000130303   0^1 

uijJuiiuuiuiaiiiJiiiuiuiiiiuiiiiuiuiiiiiuiiiiiiiiiiiJuiaiiiiiiiuiaitiiuiuuiiJiiiuiaiuiuiiiitiiujiiiuiiiiLuui 
(Mm *-<«-i<o<ono««T4^K«'« »«»nmon^-ii-ieoonvcMT-icMCMOorv.« «>ai*-i4>CM«»>-im 
m ^ oni CM om m rt wtttt <■• o«-m m a OCMCMT^^I^CM »♦ « OCM »<-ir^»««'<Dm««-ia>»cMaDrvo 
«« mtvrHK« n« <o »« orvm«« «eoritn »m<-i^mncM<-i sr4<-i(M««e ri« a> Hin a« ^ » 
m «H cvro o-on or» ▼ «-i»^.« CM oco<o«'rar4»ar»mvnCMT4 o»i»^om<r «10 CM CM «-«rise « 

co«r»r^r»'0<o<ommm«'«'«'«'«'rofor<sioncMCMCMCMCMCMCMCMCM<-««-«i-iT4<-iv4T4i-i<-«T4«-i<-ii-*»» 

O 
I 

CD 

a n 

> 
IOfO»OWIOiOWiOrOIOi»>fOiOfOiOtOrOr7*-«,«,'***-**^«-*-**»<r' 
oooooooooooooooocooooocoooooooooo 
• ••lt(**tl»»tl   »I   •••*»ll»lltl*»l»» 

Ul III Ul 111 IU Ui 111 IU Ul III III III III III III III III 111 Ul Ul Ul III (11 Ul III III IU IU Ul Ul Ul Ul 111 
«mmt-iotsm^Nfem««»» «OCM 10 o^niio » »m m i-im «>w •r+rs.f» • 
^. t^. 10 m Tin o<-ir><eo^>aDCMoo«  coioo»o>oHois.ca>«iomr4 
mncM<4T4«4Mio«'<o »<-iv OOCM <o om» o« »r. co o«- »r^m«co«-i« 
«'tocMv4o»«>r»«m««KicMCM>-i«^o(Mroirii-ir»«o«ioot«.«CMo> 

« * ♦ «• 
o o o o 
i  I  t • 

IU III 111 UJ 
CMIO 00> 
»  OCMIO 
«or».« « 
« CM   C« 

o o c o o 
I »  t I  • 

Ul Ul Ul III Ui 
m CM is,m CM 
in « m to » 
r» »CM« o 
« « to TH o 

• • 
UiUI 
♦ 9 
CM CM 
« CM 
eo r» 

CM CM CM IM CM i IIO CM CM 

-i 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMfMCMCMCMCMCMCMMCMCMCMCMCMCMCMlOIOfO 
ooaoao^ooaoooooaosooooooooooooocaooooooooooooo 

UlUlUIUIUillllllUliUllttllUIUtUIUIUIllltllkllUIUIUIilJUiaiUllllUIUIUiUliliUliUillllllllUllllUJIlllllllllUUi 
o»roioiV'Oocoommr^ncMm»^r«.omcMHCMmor»mm OCMio ioK.r»4>cMroBmcMa>CMfO oro 
»rvr»r»fxso<-i«-o»cM<oo«-(i>roix>« »mHrs.»oo<ciov««n«' o o« mm r»m4>»4>r«<o« 
m«ncMv4oo»a>r^4>«inm«ioncMrMHi-it-iooo»»Bosi-«iM«oa)*4«r^r4m»<rm«o 
CM(MCMCMCMCMCMWrlT4i-l<-lrl>-l>-IW<-IHf-lr4r4t-lr4i-lT4oooo»caiV'Om««rOCMCMi-IOO»VC3 

CMCMCMCMCMCMCMCMCM CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

i 
> 

w 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCM'MCM'OrOlOlOlOlOrO'O'OrorOrOlO'OlOlO'O'OrOlO'OtOrOrOrOrorOrO 
oaooooooooooeooooooaooooooocooooo^c^oooooooooo 
ttit(itiit(tit»tit*tiitfriitiiitiii»ii*t(ti»t 
in in nun in iu ui in in ui in in ui iu ui in iu iu iu in in HIHI nun in in in in in ui in in in m in in n in in in in in in in 

in   *> 4» !>»  » (D (M   O (X> «  T4(M in   •-•«r04><-l<-«»rl   (0»«rO   »f-ICM«    oro m CM  -O CM A  »  OCM r^lO «   rl IS « 
«-. rv »o ainr^nruottmorvrv H^m »«O^CDCCMCM »«« »OCM «rK^ar-ifo^i^KmTHmmn 
n r4ooori(M«'<oa)i-i«'rvT4m o* <o r» <-i r^m « «CM rvm«-«- <o ov or»mmm« «nm om r-i • 
•ocMv4c»ai.t«-«m««io(MCM«Hi-ic»«cin*-ir»K)c«ioor>«<M»K«cMcB««'io*4oKir»m 

CM CM CM CM •oioniontMCMCM 

- 

44 



000000093.-3 00 ^0  00000000090 00   3   30 030000 0  00:300 

uiuiuitiiJitituiuiuiuiuiuiiiiiuaiiuiiiaiuiuiuiiuiiiuikiiuiui'iJUiajaiuiLuujujuiUJuiiiiutuiujuiui ^i      «h^.»-i«Mfirv^.{\ifo o<r ^ O4>^<O<OT4« ftm rivri «Hin CM on(CHOt-«o<oirtm«' ««ww w*n <-i 
«•HI      o<oi(\o«-eco»<iA(v«is.m^«in»«««'<riiMni<\raaii>r*.«n«iAo o« r^rofoors. or^is. o 

wm o«»mcMC\i«-aon a o » **■* «D« <-i»a)iBO>«H«a>CMrvio 3r«tf\«r>(M(vr>«mr«ocv(ifNo> 
IFI a oir>   o OCM ««■   o^ ♦  o^U\(M »f^mCM o<s « U\ ro <-t OAI^^VIOCM •-» 3(><»^«lf»l« "»»OCM 

H<HT4»90«Kr^rv<o«<ominmv«v«vtoioraro;'>tocM(\ioi.-Mc\trsteMrMH<-iT'*«-iriT'*r4f-ir4 

r«.rvr«.r^rvrN.rvr^rviN.r^rv.rs.rvixr«.r>.rNr>.rvrN.rvix,r>>«».0'>>3>x>ao«>aoa>'OvO<x> 
ooooooooooeooooooocooocooooocosoococo 
111 III III III III III III Ul Ul III III III ID III III III 111 III III III III Ul 111 111 III III III III 111 III 111 (11 III III III Ul III 
V44>IVOCM »aoi-igoiv^'rviooi om fs,eM os« rvitrx « ^^»««^tvivtooi»-!» 
CD (M * « c;(Vr4<cKcvne>»«K>«(vcM«<r)CMir*-iO'(M«a'<«-ia>K««cM« c» 
«on w «-•co<o«'m»onio«'<o a>on<oo>mrvv4<o a on <o«otvr4«n(Moi«« 
<-• e<c>^.««K><v«-io»aD^<(iirio«nojfv«-ir<cc«fi<o(Nj«}« r«tv « «-i«<in(v 

IOIOM«VCMMCVI(MIV«Vv4«4«H«-lr4flv4v4r4<-lT4*4<4fl»0>«>«>f^(s|v«««H\M\M\| 

» a 4> CO CO IS » 
o o o o o o a 
1 « •  » • • » 

III III Ul 111 III 111 Ul 
»♦ »r^cM T«r«. 
cv «D in >• V * i»> 
*4« tO T-4 o o r* 
Cfs. IT K» »■• o> r» 

m4><0<0O4><C<0<(3O'0<O<0<0<04><0<0'0<0iC<0<04>4>4><O4l<0O4>O4<l4>04>4><04>OO4>4> 
ooooooooooooooooooooooooGaoooeooooooooooaoooo 

IuiiuuiuiuiaiujtiiiiiiuuivuviJiiiaiuiuiiuuiJJuiuuuiuiuiiuiiJuiiuuiuiuiuitiiujuiuiuiaitiiiiiiiiuiiii 
«f r-iif» <o »H OJ «cMfO«- a><oc\i«»»ri<H(M ort orin o cc m r^ <-i «- (v ♦ r. as» ♦ ««ir »r^rvco 
o* *• »-• oo^^XM^-oimnm »4>m«^ai»»a>m on ex »CMOI ^ -i«- IA <-i oi is. « »«<o orvi^ 
on ^n <-i<Ht\i<ocM »cooo onr^n o CD rs i<> co onr^cv^n »^mnoicMCMmtKN rv »CM x« »CM« 
9m o<ooi«>«- or^n or^t/\rM»^i<\(M o(0'Omni-ioisr^m<rncM<-i'3»io^.-o(i\««nrwMT4 

T4»»««r>>N'^<0'4><oiAif\in«'«'««'«'nnnnnn»irMCM(MCM(M(MCMi-i<-iT4r4HT4T4«-i<-iT4T4 

> 
'0'0>oO'0<0<ooo<0-oO'0<0<o-o<o<0'00<oorors.rsi^rsrxrNr>.rs.r^rsr>.rvr>. 
oocoooooc-ooooooooooocooceoocooooooc:^ 
•   t   l   «   i   I   *   I   t   «   •    t   »   tlkllttlll»   »I    •   »   i   •   •   »   •   i    it 

III III III 111 III Ul III III 111 III 111 IMUI II1UI IUUI 111 Ul 111 III III III IU III III III III III 111 III Ul III III III III 
io am n r«. «xv <o i>s « CM r« «-• *-i o •-•« is « «m » r^m m « IA fin n fi oi-i isn ^ ^•tMO<om o*4^.0vm C'»(\/(r<MMi>o>cviC'«rve«ni-4»ir »cr^o^iro o 
r>.n orvm^ncMCMn«-«^ ooim »(M««Hmo^<-i««'«'m»M-CMoocMm 
•r ^ «c 'r n CM T4 c»aiv<cmir>«iocM(\i T4«-I C C IT »H * CV « V c r» «r »-i «r m cv 

o o o o o 
I  t  I  »  I 

Ul 111 Ul Ul III 
woim o o 
* « n n 
m CM o » o> 
rs ir fi c «c 

r^ r* ^ 
o o c 
•  • • 

III III IU 
r** « 
♦ KJ »-I 
otNim 
rsBMO 

(MCMCMCMCMCMCMCM 

mmmmmmAmmmmmmxtmmmmmii'immmxtmmmmmmmAmmmmmmmmmmmm 
0O^0C3O030OC3OO0O0O0003O0000OO9O3Oa<3O003O^a<3OO 

m m tit 4ii ill ill tti ui ui ill in ill ill iii.n til til .11 m til m .11 m in m m ill til ai m yj til m Hi ill ill m m m m .ti itt m m 
o« rs io n »ri«-iocM^»n o<o t »in oo«oneo»^T-ir^«- » «-tin sn CM«- eo<Hf-irsrs»*4nn 
»H » » o o om mrv ^»•-ir^m^m« is»o»^>cMin<on«D -o «-in »T4^a)ncM4>nn r^* m s« 
m oa)»T4« orv«irv«cM<0(M»rs««rsocM<OTH«c\i»««ncM<-<(MC\inm^»(MmscM« om 
o«T4rs.v  oivn or^vcMOiwcM aioomn waiop^m*- noi r^ ■^»«^•om« «ntMCM r-i^i o 

»ooco^i^rvooommm' nnnnnncMoicMCM CM CM rg CM ■ 

> 

m'i\mmmmmmmmmmmmmmi>mmmO'0oo<o«0'O'0oo-0'0'04}o«'O'0«4>O'O« 
scccosoooccoocaoooeosoooocoaocccrcsococzoooccc 
lililiillllltlllliltllllilliiiiiliiiltiillii 

III III III III III III III III III III III III Ul llllll Ul 111 III III III III III III III III III III III III III III III III III III III III III III III III III III III 
■a w-n> o3«r>s»r«.io orMr44>m«n»<on»oiann <o 3 tun -M «-«« iSt-iiom<rH»mn » » s 
* i=»ir<.CMio»cinma>mmO'4:«o>m«CMr».p}CMfi»r> »-ir- rivT-nvrsncMcxinrov^CM»« 
»rv<n(vcMCMCM«mrs.»(vmco(M4> om omco^CMCMnf^n o»»rH«<o«TH»aoco»tH'«'rvcM 
m«n(v|«-ic:»a>Kirir'««ncv(Mi-i*-iocirc«cva«  cr^v   cr^incvoivircvca-oinir^-ic: 

CM CM CM CM CM (M ««mmm« «♦ ««nnnionn 

45 



TABLE 7 — O - FRACTION OF DISCRETE LEVEL EXCITATION 
CORRESPONDING TO LEVEL OF ENERGY Ev 

E. MeV 6.14 

Ev, MeV 

6.02 7.12 

x.joiji I  01           3 

i;«)oii 
!  01           3 
1  01          3 

1 99 Oil 1  01           3 
1,479x1 1   01           3 
1 «0381 
1,334|| 

5  01          3 
\ ol         3 

li26971 5  01           4 
l,2077l 1   01           4 
1.14SII 5   01           J 
1,09211 f   01           9 
1, 03991 E   01           * tlWil !   00           7 

9 40f9l 1 oo J 
1 o«        I !   ou           J 

l\llll\ : w ! 1 ou         9 
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tM i UÜ 1 
!   UU 
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t9i696»0X 
,5367|.oX 
•999uE*0l 
•730li«Ul 
tl39li«oi 
,992ul*0l 
•iio2e«oi 
iJ466|«ül 
»7429g.0x 
• 867og«Ol 
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TABLE 8 — O - NUMBER OF y-RAYS 
EMITTED PER ABSORPTION 

MeV 
E, MeV 

2tunooüE ül 
1,7100ÜE 01 
I.ÖJOOÜE 01 
1|55000E nl 
1,*750Q6 01 
l.JnoooE 01 
l|3390üg 01 
l,2700üE 01 
1,2100UE ni 
I.I'OOÜS 01 
L,09000g 01 
L.0400üE 01 
>i8900üE 00 
't^lQOOE 00 
[.f'onoB 00 
lt9100üS Uü 
MnoooE 00 
ItJöOOüE 
,
33

00üE 

00 
00 

,üO00Ü£. lü 

3.5 

.423ü 

.4330 

.^340 

.Olo 

.422o 

.<07o 

.^930 
• 3990 

.367ü 

.4C)20 

.497ü 

.5000 
• 'uoo 

.450d 
,4ü0ü 
«lOOü 

0 
0 
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TABLE 9 — O - NUMBER OF y-RAYS EMTTTl 

E, MeV .75 1.25 1.75 2.25 2.75 3.25 3.75 4.25 4.75 I 
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ol 
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01 
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PTED PER NEUTRON-PRODUCING REACTION 

-■tT'iiai 

Ey, Mev 
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Fig. 4 — O - Total Cr 
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Fig. 5 — O - Absorption Cr 
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Fig. 6 — O - Inelastic-Scatte 
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3.   ALUMINUM 

3.1   NEUTRON CROSS SECTIONS 

3.1.1   The Total Cross Section 

For incident neutron energies above 2.4 MeV we have used the composite curve 

from the second supplement to BNL-3251 to represent the total cross section, 

and from 0.4 to 2.4 MeV the composite curve from the second edition of BNL-325.2 

From about 5.5 to 400 keV we have used the results of Garg, Rainwater, and 

Havens3 as reported in the BNL-325 Supplement.1  Since the Columbia results3 

tend to indicate distinctly lower values of the total cross section at low energies, 

and since they reported no measurements below 4 keV, we have used the results 

of Hibdon4 below the 5.9-keV resonance which lead into the composite curve in 

the second edition of BNL-o25.2 We used this curve, which rises very slowly 

with decreasing energy, for all energies below 4 keV (see Table 10 and Fig. 7). 

3.1.2 The Elastic-Scattering Cross Section 

Over the entire energy range we took the elastic-scattering cross section to be 

the difference between the total and nonelastic cross sections. 

3.1.3 The Radiative Capture Cross Section 
  

|Pi From about 20 keV to 5 MeV we used the results of many experimentalists5-11 

»- quoted in the BNL-325 supplement.   The most detailed and extensive measure- 

■' 
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ments were those of Henkel and Barschall,5 Henkel,6 and of Calvi et al.7 Where 

a choice between two measurements was necessary we used the more recent 

measurement.   In ranges where measured points were sparse (from about 45 to 

120 keV and from about 20 to about 30 keV) we used the ''eye guide" curve from 

the BNL-325 supplement.   The lower portion of this eye guide curve was brought 

smoothly into the 1/v line drawn through the BNL-325 "recommended" value of 

0.235 barn at 0.0253 eV.   The 5.9-keV resonance was assumed to make no ap- 

preciable   contribution to the (n,y) cross section.   It is, after all, a p-wave res- 

onance and consequently very narrow.  Above 5 MeV the (n,^) cross-section curve 

was brought upward through the 14-MeV data points of Csikai12 and Perkin.18 

We attribute the rather sharp rise in the cross section to the onset of a direct 

interaction type of capture reaction. 

3.1.4   The (n,o) Cross Section 

For the {n,oi) cross section we have used the measurements of Butler and Santry14 

and Ferguson.15  The measurements of Ferguson cover only the range from about 

12.7 to about 14.3 MeV and are given in "arbitrary units."  We normalized them 

to the data of Butler and Santry. 

3.1.5  The (n,p) Cross Section 

The BNL-325 Supplement1 shows composite curves of the (n,p) cross section cov- 

ering the energy ranges from about 12 to about 21 MeV and from 2.7 to 5.1 MeV. 

The contributors in the upper energy range were Gabbard and Kern,16 Mani, 

McCallum, and Ferguson,17 and Hudson and Morgan.18  For the lower range, the 

measurements of Calvi et al.7 were normalized to those of Henkel.19 BNL-3252 

gives a curve running from about 2.6 to about 8 MeV attributed to "Los Alamos, 

unpublished;" presumably these are the work of Henkel.19 We have followed the 

composite curve of the BNL-325 supplement up to 5.1 MeV, the curve from 

BNL-325 from 5.1 to 8 MeV, and the BNL-325 supplement's composite from 
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12 to 18 MeV.  We bridged the gap from 8 to 12 MeV with a smooth curve rising 

to a peak at about 10 MeV and then descending. 

3.1.6 The Absorption Cross Section 

We have taken the absorption cross section as equal to an ^ + an)0 + an>p.   A 

curve is given in Fig. 8.   The Q-values given by Ashby and Catron20 show three 

additional neutron-absorbing reactions to be energetically possible.  These are 

the (n,t), (n,He3), and (n,d) reactions.   The values shown for the (n,t) and (n,He3) 

cross sections in the BNL-325 Supplement1 for 14 to 15-MeV neutrons are upper 

bounds only, and, even so, are very small compared with the (n,p) and (n,a) cross 

sections.  We have ignored them. 

Several measurements are quoted in the BNL-325 Supplement1 for the (n,np) re- 

action at incident neutron energies between 14 and 15 MeV. Since the (n,np) re- 

action comes about because of the break-up of the deuteron from the (n,d) reac- 

tion, and since the (n,np) reaction produces a secondary neutron, we have taken 

the (n,d) cross section to be negligible and counted the (n,np) reaction as part of 

the (n,n') reaction. 

3.1.7  The (n,2n) Cross Section 

Mani et al.17 have measured the cross section for the (n,2n) reaction leading to 

the 229-keV isomeric state, 6.5 sec Al26m.   There are no other measurements of 

this reaction save those of Csikai et al.,12 which are an upper bound. We have 

assumed that half of the (n,2n) events will lead tu the ground state of Al26 and 

have drawn one curve through a set of points resulting from doubling Mani's 

measured values. 

3.1.8  The Nonelastic Cross Section 

The BNL-325 Supplement1 shows a curve of the nonelastic cross section for neu- 

tron energies from somewhat below 2 to well over 100 MeV.   The lower energy 
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portion of this curve was drawn through the data points of Beyster, Walt, and 

Salmi.21 We have drawn a similarly shaped smooth curve through the inelastic 

scattering cross-section measurements of Towle and Gilboy22 at 2, 3, and 4 MeV. 

Our curve lies somewhat higher than the BNL-325 eye-guide, although it is within 

the experimental error of the Beyster measurements at 2.5, 3.25, and 4 MeV. 

Cross sections derived from the inelastic gamma-ray measurements of Kiehn 

and Goodman23 fall about a factor of two above our curves.   In the energy range 

from 1 to 4 MeV, the cross sections for the (n,y), (n,p), and {n,a) reactions are 

entirely negligible, and the nonelastic cross section can be regarded as the in- 

elastic-scattering cross section. 

Above 4 MeV we drew our curve smoothly through the usual cluster of points at 

14 MeV1 and between the two points of Degtyarev and Nadtochii24 at about 16 MeV. 

Our curve crosses the BNL-325 eye-guide between 9 and 10 MeV where it passes 

through one of the data points of Ball, MacGregor, and Booth25 at 9.5 MeV. 

3.1.9  The Inelastic-Scattering Cross Section 

We have calculated the inelastic-scattering cross section from the formula 

(Jn,n' = ^nX " an,y " an,v ' an,a " ^n 

At 7 MeV our calculated value is within the experimental error of a measure- 

ment of this cross section by Thomson.26 Values of an n' are given in Table 10 

and Fig. 9. 

3.2  ANGULAR DISTRIBUTION OF ELASTICALLY SCATTERED NEUTRONS 

Aluminum is no exception to the rule which has held for most elements for which 

we have compiled angular distribution data.   In some energy ranges there are 

detailed measurements:  those of Langsdorf, Lane, and Monahan27 and of Ji-Peng 

Chien28 below 1.5 MeV as well as isolated measurements by Lovchikova29 and 
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Bostrom and Morgan.30 At one energy, 14 MeV, there is a superabundance of 

data.31"33 There is a range in which conflicting measurements abound:  between 

2 and 5 MeV there are 18 different measurements by eight different work 

ers.21»22»34"39 Finally, there is a large range in which there are no measure- 

ments at all.  In this case it runs from 7 to 14 MeV.   There are rarely any trust- 

worthy measurements above 14 MeV, and for aluminum there are none.  We are 

fortunate in having a set of optical model calculations, by Bühler and Emendorfer40 

which span the unmeasured energies and agree well with experiments at both 

ends. 

In preparing our Legendre coefficients we have analyzed the 14-MeV data31"33 

as a composite angular distribution with 45 points.   For each of the 14 coefficients 

we drew our curve midway between the point resulting from the analysis of the 

14-MeV composite and the point given by Bühler and Emendorfer's calculations40 

at that energy.   Between 6 and 12 MeV we used the Bühler and Emendorfer re- 

sults.   Between 1.55 and 5 MeV we were guided by the trend of the data, although 

our curve did not often pass through points resulting from analysis of the meas- 

ured distributions.   From 0.3 to 1.5 MeV we used Chien's data,28 and below 

0.3 MeV we used Langsdorf's data.27 For the extrapolation to 18 MeV we followed 

the trend of the data below 14 MeV consistent with the necessity of avoiding 

Wick limit violations on the one hand and avoiding generation of negative cross 

sections on the other.   The Legendre coefficients for aluminum are shown in 

Table 11. 

3.3   ENERGY DISTRIBUTION OF INELASTICALLY SCATTERED NEUTRONS 

For incident neutron energies below 4.02 MeV we have assumed the excitation 

of five discrete levels (0.842, 1.013, 2.206, 2.73, and 2.977 MeV).   The level at 

2.206 MeV is that given in the Landolt-Bornstein tables41 with the excitation en- 

ergy of 2.21 MeV lowered slightly to bring it below the lowest of our mesh points 

for which there will be a cross section for excitation of this level.  Similarly, 
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our 2.977-MeV level is a combination of those given in the Landolt-Bornstein 

tables at 2.98 and 3.0 MeV with excitation energy slightly lowered as for the 

2.21-MeV level (see Table 12). 

For energies above 4.02 MeV we have calculated the distribution of scattered 

neutrons according to statistical theory using the following parameters: 

Et = 14. MeV a(l) = a(2) = 3. MeV1 EJ1) = 0.842 MeV 

E(1)= EJ
2
) = 6.5 MeV E(

2
) = 0.01 MeV 

3.4 ENERGY DISTRIBUTION OF GAMMA RAYS FOLLOWING 
NONELASTIC REACTIONS 

3.4.1 Gamma Rays Following Neutron Capture 

Troubetzkoy and Goldstein42 and Draper and Bostrom43 have given the spectrum 

of gamma rays following thermal neutron capture.  We have assumed that the 

spectrum is the same for all neutron energies of interest (see Table 13). 

3.4.2 Gamma Rays Following Inelastic Scattering 

For neutron energies below 4.02 MeV the spectrum of gamma rays emitted in 

inelastic neutron scattering was derived from the level excitation information 

described above.   Between 4.02 and 8. MeV there are the experimental data of 

Perkin,44 and at 14 MeV those of several experimenters.45"48   Statistical model 

calculations, as given by Troubetzkoy,49 were performed to interpolate between 

the two sets of data (see Table 14). 
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TABLE 13 — Al - NUMBER OF y-RAYS 
EMITTED PER ABSORPTION 

Ey, MeV 

.20 2.5000 
1.5 .9500 
1.78 1.0000 
2.5 .7000 
4.0 .8000 
6.0 .2000 
7.73 .2500 
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TABLE 14 — Al - NUMBER OF y-RAYS EMITTED PER NEUTRON-] 

E, Mev .75 1.25 
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4.   SILICON 

4.1   NE UTRON CROSS SECTIONS 

4.1.1 The Total Cross Section 

For neutron energies above 0.5 MeV the data presented in the latest supplement 

of BNL-3251 have been used.   Between 2.6 MeV and 5.4 MeV the data of Calvi 

et al.2 have been used exclusively since it is the most recent and complete set of 

measurements in this energy interval.  Below 0.5 MeV the data were obtained 

from BNL-325, 2nd Ed.3 Measurements performed since then, such as Rayburn 

and Wollan4 and the earlier tabulation of Howerton,5 are consistent with these 

data (see Table 15 and Fig. 10). 

4.1.2 The Elastic-Scattering Cross Section 

For the entire energy range of interest the elastic-scattering cross section was 

calculated by 

^»n = ^T " anX 

4.1.3 The Nonelastic Cross Section 

In the energy range below 4.5 MeV the cross section for nonelastic reaction^ 

given by 

^nX =? ^n' + ^»p + (7n,a + an,Y 
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Above 4.5 MeV, the only measurement available is at 14.0 MeV, BNL-325.1  This 

point was used along with the data presented for aluminum to give a reasonable 

representation of the cross section above 4.5 MeV. 

4.1.4 The {n,a) Cross Section 

Below 8.5 MeV the cross sections for the (n,a) reaction were taken from measure- 

ments of Mainsbridge et al.6  These data are also shown in BNL-325.1  Above 

8.5 MeV the data reported by Colli et al.7 have been used. 

4.1.5 The Q^p) Cross Section 

The cross sections for the (n,p) reactions have been obtained from measurements 

reported in the latest supplement of BNL-325.   As for the (n,a) compilation, the 

data below 8.5 MeV were obtained from Mainsbridge et al.   Above 8.5 MeV a 

smooth curve similar to the one shown in BNL-325 has been used to represent 

the abundant data available. 

4.1.6 The (n,^) Cross Section 

Since the last revision of silicon cross sections reported in UNC-5002,8 some ad- 

ditional data of Macklin et al.,9 at 65 keV, have become available.   These are con- 

sistent with the last compilation which also makes use of some of Macklin's ear- 

lier work. 

4.1.7 The Absorption Cross Section 

The absorption cross section is here taken to be 

I 
<JnJy + Jn,a + Jn,p 

A curve is given in Fig. 11. 
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4.1.8  The Inelastic-Scattering Cross Section 

Below 4.5 MeV the cross section for the inelastic-scattering reaction has been ob- 

tained from the discrete level excitation data of Lind and Day,10 and the Rice 

group.11  There were also data available from Engesser et al.12 at 14 MeV.   At 

other energies the data obtained for aluminum were used as guides to draw a rea- 

sonable curve for silicon (see Fig. 12). 

4.2 ANGULAR DISTRIBUTION OF ELASTICALLY SCATTERED NEUTRONS 

Between 0.9 and 4.8 MeV, the data for angular distribution were obtained from 

BNL-400.13  Below 0.9 MeV, the data of Lane et al.14 were used.   There was also 

the work of Martin et al.16 at 14 MeV.  These data compared well with the angular 

distribution of 14-MeV neutrons from aluminum shown in BNL-400.   On this basis 

the Legendre polynomials calculated for aluminum were also used for silicon 

above 4.8 MeV.   The Legendre coefficients are shown in Table 16. 

4.3 SPECTRUM OF INELASTICALLY SCATTERED NEUTRONS 

The neutron distribution of inelastically scattered neutrons with incident energies 

less than 4.5 MeV was governed by the excitation of five levels (1.28, 1.78, 2.02, 

2.20, and 2.41 MeV).   Cross-section data for these levels were obtained from the 

work of Lind and Day10 and the Rice group11 (see Table 17).   For energies greater 

than 4.5 MeV a continuum of levels was assumed, with parameters: 

a = 2.8 MeV"1 

Et = 2 MeV 

EQ = 10 MeV. 
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4.4  ENERGY DISTRIBUTION OF GAMMA RAYS FOLLOWING NONELASTIC 
REACTIONS 

4.4.1  Gamma Rays Following Neutron Capture 

The spectrum of gamma rays following thermal neutron capture was obtained 

from a compilation by Troubetzkoy and Goldstein.16 We assume the same spec- 

trum holds for all incident neutron energies (see Table 18). 

4.4.2  Gamma Rays Following Inelastic Scattering 

The data for the spectrum of gamma rays following inelastic scattering were ob- 

tained from Perkin17 at energies from 3.5 to 8.5 MeV.   Below 3.5 MeV it was cal- 

culated from data on discrete levels.10»11  Above 8.5 MeV the data of Engesser 

et al. at 14 MeV were used and enabled an extrapolation of the data at lower ener- 

gies to be made (see Table 19). 
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TABLE 18 — Si - NUMBER OF y-RAYS 
EMITTED PER ABSORPTION 

Ey, MeV 

1.28 .16 
2.10 .13 
2.65 .11 
3.54 .60 
4.2 .10 
4.93 .75 
5.11 .08 
6.11 .025 
6.40 .11 
7.18 .08 
8.47 .02 

10.60 .002 
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TABLE 19 — Si - NUMBER OF y-RAYS EMITTED PER NEUTF 

Ey, MeV 

K E, MeV 

,lo2o 
,4000 
0900 

,9100 
>300 
1*00 

,0200 
,1300 
,*400 
7ooo 
,<floo 
,1500 
,9700 
oooo 

0E 
üg 
ue 
og 
ÜE 
ÜE 
ÜE 
0E 
0E 
ÜF 
ÜE 
0g 

01 
01 
01 
ou 
00 
00 
00 
ou 
ou 
0Ü 
ou 
00 

OE-Ol 
Og«o3 

.15 

,03UU 
.Q'OO 
,0500 
.Ü4Ü0 
t023o 
.0120 
,0U5ü 

0 
Ü 
0 
u 
0 
0 
0 

1.25 

• 0^00 
,0300 
,ü35ü 
,0280 
,0180 
,0070 
,0010 

0 

o 
,003o 

1,0000 
0 
Q 
0 

1.75 2.25 2.75 3.25 3.75 4.25 

:im ,0210 ,0600 0 $11 ,ojoo 
,o2eij ,0700 0 ,o3oo 

,6700 ,04ou ,0820 .0080 ,Ol2o ,n24o 
,6900 ,0480 ,ü66o .0180 0 ,uiio 
,6000 ,0920 .0700 ,0j20 0 ,0070 
,6600 ,097ü .ü32o ,03l0 0 ,0020 
,8700 ,110U .0100 .0090 0 0 
,8700 ,1300 0 0 0 0 
,9700 ,030ü 0 0 0 0 
,997o 0 0 0 0 0 

Ü 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

,01 
.oi 
.o; 
,o< 
• u: 
.01 



-'VtiVT'— ■"•— 

TED PER NEUTRON-PRODUCING REACTION 

EY, MeV 

4.25        4.75 5.25 5.75 6.25 6.75 7.25 7.75 

10 ,ojoo ,00*0 ,0620 0 Q ,1000 ,0500 
'0 »o'oo ,0150 ,052ü 0 u .0790 ,o35o 
!0 ,0240 ,ü390 .o"o ,002o 0 ,0400 ,0260 
0 ,011-0 .0340 ,o28o .oo^a • Olfü .01*0 ,0190 
0 ,0070 • ül^O .0l50 ,002o .oo'o 0 0 
0 ,00^0 .0010 0 0 u 0 0 
0 0 0 Ü 0 u 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 Ü 0 0 
0 0 0 0 0 Ü 0 0 
0 0 0 0 0 Ü 0 0 
0 0 0 0 0 u 0 0 
0 0 0 Ü 0 u 0 0 

,0060 
,Ol2o 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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5.   IRON 

5.1   NEUTRON CROSS SECTIONS 

5.1.1 The Total Cross Section 

For incident neutron energies above about 0.23 MeV we have used the supplement 

to the second edition of BNL-325.1 The measurements of Nereson and Darden,2 

and those of Mazari and Alba8 which lie below the "eye-guide" curve in the range 

from about 4 to about 15 MeV are balanced by those of Weil and Jones,4 which lie 

above it from 4 to 8 MeV, and those of Bratenahl, Peterson, and Stoering,6 and of 

Armitage et al.8 which lie above the *'eye-guide* * from 9 to 14 MeV. 

From 4 keV to 0.23 MeV we used the data of Garg, Rainwater, and Havens7 and 

followed the curve of the second edition of BNL-3258 for lower energies.  An ex- 

ception to this was the range from 1.1 to 1.2 keV where we summed the BNL-325 

values and the capture cross-section measurements from Harwell9 to delineate 

the 1150 eV resonance (see Table 20 and Fig. 13). 

5.1.2 The Elastic-Scattering Cross Section 

Over the whole energy range we calculated the elastic-scattering cross section as 

the difference between the total and nonelastic cross sections.  That is: 

(T« „ = C^rp - a. 7^ un,n " unT    unX 

- 
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5.1.3 The Radiative-Capture Cross Section 
- 

In the low energy part of the resonance region, from 1 to about 30 keV, we are for- 

tunate in having the detailed measurements made by Moxon at Harwell and report- 

ed by Rae et al. at Geneva.9 The measurements of Mitzel and Plendl10 in this 

range were not used since they show the 1150 keV resonance as much lower and 

broader then do those of Moxon.   Those of Macklin et al.11 were not used since, 

in the range around 20 keV, they show resonance peaks as lower and broader than 

Moxon's work.   From about 35 keV to about 2 MeV we have drawn a composite 

curve through the measurements of many workers,12-16 and have continued the 

curve to 18 MeV mitigating the steep descent slightly at the higher energies.  Be- 

low the Harwell data, from 10 to 1000 eV, we have taken the data of Isakov18 and 

joined a 1/v curve which passes through the value measured by Isakov11 

(2.57 barns at 0.0253 eV). 

5.1.4 The (n,p) Cross Section 

The cross section for the (n,p) reaction in Fe66 has been measured in great detail 

by Santry and Butler,18 and their results agree well with those of Bormann et al.19 

and of Terrell and Holm.20  Since Fe58 accounts for about 92% of the naturally oc- 

curring isotopic mixture, we have taken this cross section to represent that of the 

natural element. 

5.1.5 The (n,a) Cross Section 

No measurements of the cross section for the (n,a) reaction in either natural iron 

or Fe58 are available.   The calculations of Bullock and Moore,21 however, indicate 

that the (n,a) cross section should be roughly the same size as the (n,p) cross 

section but should reach its peak at about 16 MeV instead of between 13 and 

14 MeV.   Calculations and measurements in other iron isotopes22"24 lead one to 

expect the (n,o?) cross section to be somewhat smaller than the (n,p) cross sec- 

tion.  Accordingly, we have used our (n,p) curve for the (n,a) cross section, dis- 
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placing it so that the peak value is about 10% higher in energy and about 10% lower 

in magnitude. 

5.1.6  The Absorption Cross Section 

i 

The work of Heinrich and Tanner25 gives the (n,t) cross section in iron as very 

small and with a threshold above 15 MeV. We have therefore ignored this reaction 

and counted the absorption cross section as (Tn y + crn _ + orn a (see Fig. 14). 

5.1.7  The Nonelastic Cross Section 

Data on the nonelastic cross section from seven workers are given in the supple- 

ment to BNL-325.1 We have used these along with several more recent measure- 

ments28'29 to draw a composite curve of anx above about 3.5 MeV.   For lower en- 

ergies the inelastic-scattering cross section and the radiative-capture cross sec- 

tion are the only contributors to (JnX, and the values of the inelastic-scattering 

cross section are in good agreement with the nonelastic cross section between 

about 0.85 to 3.5 MeV.   For most of this range the capture cross section is, of 

course, negligible compared with the other cross sections. 

5.1.8  The Inelastic-Scattering Cross Section 

Measurements of the inelastic-scattering cross section are available from Gilboy 

and Towle,29 Sukhanov and Rukavishnikov,30 and Thomson.81  We have derived the 

lower energy portion of this cross section, below about 3.5 MeV, from the inelas- 

tic gamma-ray production cross-section measurements of Montague and Paul.32 

At higher energies we have taken the inelastic-scattering cross section (including 
an,2n) as the difference between the nonelastic and the absorption cross sections, 

i.e., 

^n,n' + ^zn = ^nX - ^p -Vn,a- Vn,Y 

Our calculated values agree well with the measured values (see Fig. 15). 

109 
• 



5.1.9  The (n^n) Cross Section 

Ashby and Catron83 give -11.2 MeV as the Q value for the (n,2n) reaction in Fe66, 

-13.3 MeV in Fe54,  -7.63 MeV in Fe57, and -10.0 MeV in Fe68.  We have taken the 

threshold to be 10.9 MeV and drawn our curve rising from there and passing 

through the 14-MeV measurement of Ashby et al.84 Lebedev et al.86 state that the 

difference between the (n,2n) and capture cross sections is 0.26 ±0.1 barn at 

14 MeV.  A value of the (n,2n) cross section derived from our values of crn _. and 

<yn & with this formula is in good agreement with Ashby's measurement.   This 

agreement may also be taken as confirmation of our choice of an a. 

5.2  ANGULAR DISTRIBUTION OF ELASTICALLY SCATTERED NEUTRONS 

At 14 MeV we analyzed the composite distribution, given in the second edition of 

BNL-400,36 which is made up from the work of Elliot,87 Yuasa,88 Coon et al.,27 and 

Anderson et al.89 We did not, however, use the work of Khaletskii40 since his 

values do not agree well with those of the other workers.  Between 14 and 7 MeV 

no angular distribution measurements were found.   Between about 1.5 and 7 MeV 

there are 20 measurements by 15 groups of workers.29'41"54 The calculated coef- 

ficients of Biihler and Emendörfer,66 which were so helpful in bridging the 7- to 

14-MeV gap in the aluminum angular distributions, were not used.   The authors 

mentioned that their results could be compared with experiments at 7 and 14 MeV 

but make no statement about how good the agreement is.   They do say that their 

curves agree "essentially" with the calculated results of Bjorklund and Fern- 

bach.Be 

Below 1.5 MeV we have used the recent measurements of Smith67 which supersede 

the earlier detailed work of Langsdorf, Lane, and Monahan.68 Isolated measure- 

ments by several workers83»69"64 are in good agreement with Smith's data. 

The Legendre coefficients are given in Table 21. 
1 
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5.3 ENERGY DISTRIBUTION OF INELASTIC ALLY SCATTERED NEUTRONS 

For incident neutron energies we have taken the energy distribution of inelastical- 

iy scattered neutrons to be governed by the excitation of six levels with energies 

of 0.845, 1.41, 2.1, 2.658, 3.0, and 3.4 MeV (see Table 22).   The level excitation 

cross sections were derived from the work of Montague and Paul.32  For higher 

energies we have assumed a continuum of levels with secondary neutron distribu- 

tion parameters: 

Et = 11.0 MeV 

a^ = 5.7 MeV"1 

a^ = 5.7 MeV"1 

E^ = 3.73 MeV 

E|
2)
 = 3.73 MeV 

E^ = 0.845 MeV 

EJ2' =0.01 MeV. 

5.4 ENERGY DISTRIBUTION OF GAMMA RAYS FOLLOWING NONELASTIC RE- 
ACTIONS 

5.  . 1  Gamma Rays Following Neutron Capture 

We have assumed that the spectrum of gamma rays given by Troubetzkoy and 

Goldstein66 is valid for incident neutron energies below about 4.5 MeV.   Above 

this energy the radiative capture cross section is negligible compared with the 

(n,p) and (n,a) cross sections.   The charged particle reactions are assumed to 

produce no gamma rays (see Table 23). 

5.4.2  Gamma Rays Following Inelastic Scattering 

For neutron energies below about 3.5 MeV we have used the gamma-ray produc- 

tion cross sections of Montague and Paul,32 from 3.5 to 8.5 MeV we have used the 

data of Perkin,66 and at 14 MeV we have used the data of Caldwell et al.67  We have 

used graphical methods to bridge the gap between 8.5 and 14 MeV and extrapolate 

the data to 18 MeV (see Table 24). 

Ill 
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iH I* 

TABLE 23 — Fe - NUMBER OF y-RAYS 
EMITTED PER ABSORPTION 

Ey, MeV 

.38 .7500 
1.6 .6000 
2.6 .2700 
3.7 .2300 
6.0 .2500 
7.63 .3800 
9.3 .0210 

m 
129 



in 
i» o ^ o r»0 «O 3> "w ro  a 

00000009900 

» -.3 O » O O O   3 0^090 

oo 

Oe3OO0303=>ON3C3O^3 
r» «  c« r^ c a> «c r^ir n  o« 
Ov-iOICVCMtMCMCMCMCMCMCM«-! 

aaoaocpoao 

t- 

»oooooooaaoaooooao 
<oin o on <«- ir irt « «4^ro »CM« »« 
0«-IIOtfMniAUMtMI>tf\«-«-!OrOCM«4o 

in 
to 

ooaoooooooooaooosooooo 
•O  Ofvin ♦  (K » » COITN (O   0<0  «-l««0v4CWv4OI0 
or4Ntf\ rvfs.rs.»v^fs.ivr».^><nfv'»* r» M *4 o 
o o o c scoooooaaacoooooo 

o a tztcy a 

eoooooocoooi 
in 
tn 

in 

oooooooooco 
m oir» O(M»O OCM KCM<oaooocoirk oa> oir» o«\ oco r* 
CM« U% f^ ID » *4(U (MrotOIO^^TfOfOCM   O»|v<0«''0«-I0 
co o s (r.c^«-l«-tT4«>*v<v4v4«-lv4r4ri*H^OCO  asc3 

ao 3 o a s CT es scsrs 33o ^'siaooooo oo or>o 
r«*- cu a*- on ir co o«-icM«-r c«on«h»<ottMi%n««irkirtif\ 
»OT^v-Kunnnn«« * ♦ ♦ n n CM waokSi^^m^-nM 
0*4«HT4«4T4«4«-t«-l«-l«4«-lT4«4v-t«-l«>«T4v«aor>00000 

CSOOOOOOOOOO  OO  3-30000000   oo  o o o 
« or^if\ o<Mn am om CM oom «Or* ovni^or^n on 0 
niA « a> o«-inin«co» o«4 r^eMCMnncMCM wooor^mn 
«-4«-»T-tv4oioiMCMCvcMCMnnr>»mnnnnnn csiCMwcvm 

IA 
'3 3  33   330300 
o oiA   3 3U\ IC\  olft   e 

CM n M- o eo » OM n u\ 
wnwnnn««*« 

100330000300303003 
' o sin m ooeoooo oic\ o om m 
r*. » » OCM ntrm<ors.fs.r»oomn «4 
««-«mirmmmmmmmmmmmm 

m 00000000308 aoooooooooo 00 000 
mom    33093030303  OlA    om   om    3 3   OOm    O  O 
«-•v4 o oo» »•OM- Mr4o»^mn ocomn 3 com CM »41« «-1 
«-iT4«-i«-t oo3oooo»»»»o^«ao0to^^r««o«o«<o 

in 
00 

> 

OO 330300000 0000030000003000 
30000903000000000003 0009000 
OM- m » o ocom om o-HCMroM-M-ncM»-! ors.n orv«- o*m 
mor^ao^^ivKinKM^^M^^MMMroni»-. £M(v«-«-( 

r-, ^^^^^HHHHH  r433O03  3 3303  33  3'33 
ooooooocoooooooooooooooocoo 

UJ Ul III 111 Ul Ul !!• III III Ui Ml lit IU Ul tt» III UJ UJ Ul UJ Ul Ui 111 III U» UJ Ul 
3(30^003000^333003000030 30000 
OOOOOOOOOOOOOCOOOOOOOOOOOCiO 
o o c om eoeooacooooooaoaoooooo 
r4«-inir r^ en K «-im »M- o «-im ** c en Kn o con« «-i 
«oi^^mv^ncMCMrio o ID « »m «-§ r> n Ok« n or^«-«-*» 

T4v4T4*4v4T4v4*4<-l«4«4«-l»»<0«a>^IVO«<04>mmm«> 

130 



'* 
.. 

IA 
t 

Oi 

00 

in 

m 

m 
m 

m 

m 

m 
t 

m 

s> ra r» o o i • 033 0 0  OOO   OO  0 3 03   -3 0   O  S> 

e^o ooooaoaooosca^o s s o o i-3 -o o  3 o 

at ta caoooeia^acacsoai 000003  03 

in 
oo 

o ooaao on oo .oooooooaooooooo 

^ o o o o o es c o o o o o o acsoao oooooo oo 

33   03330   03 o-sscao'ooo o 3 3 r> o 
m trt 

O O O   3-3 
3 OOUN U\   OO 

(M  OSOIA CM OIA 
CM CM «-I «H «H «H o 

O 3 3  O 
m 3 

303030000 '333 0333  0C3 

c 
13 

c o 
Ö u 
Oi 

CO 

CO 
CO o 
t-, u 

• r** 
0 3 3 0 3 ■3 O 
O O 3 3 3 3 3 
OO CM «   O SNJ 
<r m r> (MCM ^ 3 

-33   333  30303-333   3 3 3 3   £33 

000  030000300000333300.333 3 
OOO   030S030333<0<0«-lt\l^-'rk<0^   39 
com CM »<o ro »«*   OO CM IS. 3 OO fN. fv «m ^ IO CM CM T^ 
if»if>ir»*5r*ior>»otMCMT^T4 3 3c:3ooooo3 

3 3 C3   000033 3  OOO  3   333 3 3  3 O 3 O O O 
3 3^   O O O 3 Olft |(\   O O O*  V   O» OO <0 JN 9" tO    3333 
«-tora woo^-CMrMCMio«- o*-icMCMtoM-tn>or»coo33 
T^   ~ Ci   .-2 0^00^0^09  oo   ooooooooi^oo;; 

3  3 

<-l«-l 

I 
> 

333 3333303 3 3333333333333Hr<3 
OOO 03300000803 03333000003 Or* 

• t to 
ui ui ui u* ui ui tu ui in tu ut tu IU ui ui ui m ui in tu ui tu ui UJ IU iu ut 
33C»<303303  0  3303   33333333 3-3  3   33 
o o es oooooooooooocsesoooooooooo 
oeo ooaoooooooo oo^ooooooaocso 

r^ « ro CM CM « o IMO ^ ro »«« cv* «-iooov4CMnio «-10 oo 
'tOMT CM   OCO*»« CM r4 0»a><OK\ <«- IOCM W 3 Ow (Dtv OUN « K\ Mr   o 

«««■«'fOfOmonCMCMCMCMCMCMCMCMCM «O C0T4 

131 



2 4        6      8  10 

Energy, MeV 

Fig. 13(a) — Fe - Total Cross Section - High 
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6. DEUTERIUM AND BERYLLIUM 

The cross sections of deuterium were taken from the report UNC-5038,1 those of 

beryllium, from UNC-5014, Vol. B,2 They are listed in Tables 25 through 30 with 

out any essential modifications. 

REFERENCES 

1. Kalos, M. H., Goldstein, H., and Ray, J. H.:   UNC-5038 (Aug. 31, 1962). 

2. Krumbein, A. D.:   UNC-5014, Vol. B (May 31, 1962). 
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TABLE 25 — D - NEUTRON CROSS SECTIONS 
(ALL CROSS SECTIONS IN BARNS) 

E, MeV 

l.Jül'e 01 
1 7l39= n 
l,63ü35 ui 
1 55M8E ui 
l.4^'l5 ül 

ül 
n 

■n 
01 
Ül 

1,092«= ül 
1.0395E oi 
" 00 

00 
Ü0 
UO 
Oil 
00 
00 
00 
Ü0 
no 
üü 
oo 

anT 

1 3S48S 
1 2697= 
1 2Q77£ 
I 1^9 = 

9,8802= 
' 4059S 
8;94;2t 
8.5lu8S 
8;ö9»7C 
7 7ou9= 
7 3293S 
6 968lg 
66282g 

' l62l= 00 
I.holS oo 
4 443QE 

3 8242£ 
3.6376S 
3 461,25 
3,2915= 
3.i3ioS 
2 9785= 
2.8330= 

2 6948= 
2 5634= 
2i4384s 
2,3l95i 
1.2063E 
2;o987E 
1,9964£ 
l,fl990£ 
1.80*4= 
1.7ia3E 

uo 
oo 
00 
oo 
00 
oo 
oo 
oo 
uu 
oo 
Uü 
O-J 
JO 
0 0 
ou 
oo 
ou 
00 

uo 

7,90»3E.ol 

8,5796E.0
3
1 

8t9n22Ew0l 

9.3ii3E-ül 

01 
01 
00 
00 

- 00 
36 00 

=, !E 00 

1.2504B 00 
1,2^9E 00 
1,390*6 oo 
1.3703B 

1.4?026 

8t9n22Ew0 
• 3il36.; 
9,6n77E.o 
9,9«lSE-- 
i,o^o4e 
i.o7o2e 
l.llüjE 
l.l'gjE 
I.I;';E 

00 
» —-W-B 0 0 
.<"4E 00 

|5iü4E 00 
00 

JB 00 

l.7^86 00 

l,87o7E 

1. 

1.55^26 

l,6.iü7E 
lf6^956 
*    7.99 = 

00 
00 
00 

E 00 
00 
00 
00 
00 

«t'l'^t on 
2,2^896 oo 
2.3i836 oo 
2.3^87E 90 
2.4?ü5E oo 

2,^ü2B 00 
2.5013E 00 
2,54o5g oo 
2.5^11E   00 
2,6iü4E 00 
2,6^12^  oo 
2,6«ü8E   00 

^11,11 

4.40llE-0l 
*,7832Ew0l 
5.1986E-01 
5,5961E.ol 
9,9993E-ül 
J.J^nB-ol 
0.7728E.ÜI 
7,2o28E,ol 7.7l5iE.0i 
9.l07'E-ül 
S.48i3E'0l 
S^oOE-ul 
9.4Q19E-01 
9,9O36E. 

iin5o3E 
I.OJ'JE 

1,1799E 
1.23Ü8E 
1.29O3E 

1.3
4
O3E 

1.3892E 
l.j5o4E 
1,4992E 
i "a7E 
1.6Q95E 

1.6699E 
1.7198E 
1.789iE 
i.8405e 
1.8899E 
1.939gE 

2.o649E 
2.1195E 
2.1697E 
2.2174E 
2,?689E 
2.3183E 
2.3687E 
2.42O5E 

2.*6o2E 

him 
2.5811E 
2.61O4E 
2.65I2E 

2,68o8E 

•01 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
ou 
00 
00 
00 
00 
00 
00 
00 
00 
ou 
ou 

w 
2'97E.ui 
2o42E*ol 
loo^ui 
00106-Ul 
OOQOE-.jl 

8n68E.u
J
1 

59626-^ 
"oonE-ui 
5oooE-ül 
39$oE.ül 
2996E-Üi 
2ü0QE"0l 
1994E-U1 

lQ0jß»ül 
9893E.Ü2 
0023E,U2 
9870B.J2 
OOOOE-ü2 

9946Ewü2 
0l30E»02 
0000E"o2 
OOOOE-Ü2 

0000E«ü2 
0O0OE-i)2 
00l2E*lJ2 
00Q06«.j2 
Ql32E-j2 
9fl26E.u2 
00llE-u2 

E-02 
E-ü3 

o' 
o 
0 
0 
n 
o 
o 
o 
o 
n 
o 
3 
0 
0 
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A 

TABLE 25 — D (CONTINUED) 

E^MeV 

l,6349s   uo 

l,Jo6«e DO 
1  33«2£   oo 
l,273n5 «JO 
1,21'J95   Oo 

V,Vl37£-oi 
»,43ijas»ul 
«,97O3C-IJI 
8.53^=-.,! 
8,ll<>,/=-iil 
7,72ii«s.di 
J,344Ä5-.,l 
*,9861E- il 
6#6454s-ni 
6#32l3r-Jl 

5,44:j«5-!Jl 
5  17^ = -.,! 
4.925nr-Ul 

4   4545 = .tu 

3 64/! = ..,! 
3/692^,11 
J.'flJfis-il 

2.;5605-ll 
2,84,j3a-.)i 
2  7ol8=-oi 

2/447-.,^ 
2|32'>5 = .(jl 
2,21^1=-.,! 
2,l042 = »irL 
2|00l.6s»(ll 
lt

9Ü59 = -iil 
l,8lll=-!ji 
1 72^ = -:ii 
I63a7i-.il 
l.^dfls-Ol 
l,48^ft = -iii 
l,4l:jS5-ül 
1.34i7 = -in 

^nT a gn.n 

2,7l80£ 00 
2.74Ö2B on 
2.7«o36 00 
2,8;lU9E 00 
2I8''ü9E üO 
2,84876 00 
2.9^976 oo 
2,8fl94e oo 
2,9?ülB 00 
2,9^99E 00 
2,9^996  oo 
2,9,>u,)6 00 
3.n'iü!j6 uo 
5.(|iV9E 00 
3.ü4U?6 uo 
•J. 1*0.it 

3.l'»9flE 
3,1*0116 
f.l'OOe 
3,i^U?t 
3,1'»99B 
3,1999E 
*.2:Ü!JE 
3.2^1E 
^t^'JüE 

u') 
on 
uo 
un 
UO 
un 
U1 
Ü0 
00 
00 
on 
oo 
oo 

-._  jn 3,2^*le  j.i 
lid 
un 
uo 
uo 
on 
(MJ 
no 

3#<'*.ulE 
3.^,'o!iE 
3.;'Uü£ i.2'»99£ 
3,2^oilE  01 
3i2^6£ 
3.3MU,)E 

,•] 'Oufi 3.3,9^ 
3,31005 
3,3,V6E 
J   39V96 

3.3^i)6 
3,3*d9g 
3,349<SE 

3,3«99E 
3,37JQ^ 

0 0 
JO 
UO 
00 
Ü0 
0 0 
on 
50 
0 0 
0 0 
oo 
0 0 
DO 

E, MeV 

l,27'>25-ui 
1.2l%E-ill 
l,l'48E-ül 
l,09ä5E.iH 
l,0449E.0l 
9i9394Epi,2 
• 4547c-li2 
8  993^.^ 
J ^S-o? 
8   1377E.1,2 
7,74u85-ti2 
7i3633S.ü2 
7 00425»IJ2 
8.6626E-1J? 
6#33/6r-ijJ? 
8,ü2H6 = -i|iJ 

5|l8H8s.o2 
4
i93,<flE-i)4 

4,69i>0e-,i? 
4 46f>1S-„2 
4   24H3g.(i2 
4 04X15-U2 
3   844  s,(,2 
3;65ö!j;«ü2 
3,47'J2£.(,2 
3#3g65s.o2 
3,14726.(,2 
2 99375.„2 
2   8477£.o2 

2;57«'7S.()2 
2 4Slfl5.n2 
2i33lüi.«2 
2t2l7ss«„2 
2,lo,'6s.„2 
2,üO'*7 = -II2 
1,9O

,
»9=-II2 

l,72'2S-i)2 
l,S4,,nS«l)2 

l,48^As-u2 
1 4l415-n2 
l'34928,o2 
1,27995.„^ 
I,2l7l5-(|2 
1,19785.02 
l,l0l3s-()2 
l.n47*e.l,2 

ffnT gn.n 

3.37916 oo 
3.3«(joB JO 
3.3',92B oo 
3.39JJIE 00 
3,3099E 00 
3,^"üllB 00 
3,4noo6 JO 
3.;'ü0f: ÜO 
3.4t0ij|s on 
3.4.'ji)e jo 
3. 4 ny (| 6    :)() 
3,4 i JOB on 
3i

4'iUu6 uO 
3.4ootit£ on 
3,4,.JOE on 
3, 4M Job OO 
3,4,iJufe üU 
3,4,00^   oo 
3#4noiJE ÜÜ 
_J,4)JfiB 00 
3i4"rJ0>-   3 0 
iMinijg an 
3,4MüOE 00 
-J.joüüE   ÜO 
''t^nüOE on 
3.4nÜfJE   ÜO 
3t4"iiü6 00 
3.4>J0B ÜO 
3.4OJO6 oo 
JtSuüli DO 
S^joe oo 
3.4"ü0fi   00 
3  4,. dl»E   ÜO 
:J»4"üflE oo 
3,4")C6 00 
^.4"'JOE on 
3.4"0uE üO 
3«4'-UljB 00 
3.4f)ü(je ü" 
3,4nufjB ÜO 
3(

4'iüU6 JO 
3.41J()E 00 
3,4-.U<|C OU 
Mnüfjg oo 
3,4'üue oo 
J,4'illfJß uo 
3.4^)OE oo 
3»4'>üO6 un 
3,4MUU6 UO 
3t4iiiloB 00 
3«4nijf)6 nn 

139 

»wn«^«w- 



'S. 

TABLE 25 — D (CONTINUED) 

E, MeV ^T s %xTi 

9ft9i6.o3 
^791s.ü3 
ül68E»u3 
5771g,ü3 
l5ö8E»ü3 
76fj9g»o3 
3a24e.o3 
0223c»ü3 
679Bg.ü3 
3'JlE-u3 
n4^2E"03 
7494g»o3 
469üg»03 
2o2*£»o3 
94ö9E»u3 
7o72E"03 
4776E-03 
2592g». «3 
o5l5cwo3 
8539g.U3 
6660gBÜ3 
4872E>»03 
3l7igbü3 
l553g-o3 
üQl4E^u3 
J'JlE-nS 
Jl'8£.ü3 
9834g.03 
4574E,o3 
3379s.03 
2235c.«3 
ll'lE-uS 
0119E-03 
9l3eE»()3 
82o5g»ü3 
7317E.Ü3 
6472g«o3 
5669g.03 
49o5E«u3 
4l7egiiü3 
34e6g.o3 
2829gft03 
22o3g»o3 
16(}6EM03 

_,10
4
2E»O3 

1,O5O3E»O3 

9,99ü9E,•"4 

9;5g37E»ü4 
9,n4ü2E''ü4 

«.39y3E-i^ 
8.1799E-Ü4 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

nOOE 
nUOE 
OÜOE 
OÜOE 
OUOE 
nOOE 
oüüE 
nüOE 
nUOE 
"(JOE 
OUOE 
nOOE 
nUoß 
nOOE 
nOOE 
oOOE 
nUOE 
nOOE 
oUOE 
nOuE 
nüOE 
MUOE 
oQOE 
OÜOE 
nOOE 
nUOE 
OOOE 
nüOE 
nUOE 
OOOE 
nüüE 
nooE 
nOOE 
"UOE 
nOOE 
nuuE 
nOOE 
nüOE 
nüOE 
nOOE 
nOQE 
OUUE 
nüOE 
nUOE 
nOOE 
OUüE 

OüüE 
nOOE 
nüOE 
nüoE 
r'UoE 

00 
00 
00 
00 
00 
00 
00 
00 
UO 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

E, MeV 

;7eof§«u 
40l5E*ü 
9
4
ü5E»O 

n598E. 
"6435. 
4e31g.0 
2l57E»ü 
96I3E.ü 

7l94s»0 
4e92E»0 
27ü3g.o 

B639gfcü 

4962E»n 
3257i.o 
l6355-o 
0092g.ü 
8624g.o 
7228g.O 

3436E(.o 
2293Eüü 
l2ü6g»o 
Ol7lE"0 
«128E»0 

7362g,0 
S'l'E-O 
57g9E»ü 
4
9
4
3E»ü 

42l5E»o 
3521E-o 
2862E»»o 
2239g.o 
1638E-0 
lo7oE«ü 
O53QE^O 
00l7E"0 
52B3E"0 
0636E-0 
6219E»0 
2ollE«0 
8nllE»0 
4
2O6E»0 

0587E»o 
Jl!5E.o 
3870g.0 

gnT s gn.n 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

POOE 
nOOE 
oOOE 
r>OOE 
fiüoE 
rOoE 
nuoE 
nüoE 
nooE 
OOOE 
POOE 
nuoE 
r.üOE 
nooE 
nUOE 
nooE 
rüUE 
OOOE 
r-OOE 
OÜOE 
OOOE 
oUOE 
OOOE 
OÜOE 
oUOE 
rOOE 
oOOE 
OÜOE 
nUOE 
nOOE 
oüoE 
nooE 
POOE 
rOOE 
oOOE 
oüüE 
nooE 
oüOE 
rOOE 
oOOE 
OÜOE 
OOüE 
oOOE 
"ÜOE 
OÜOE 
nüOE 
oüüE 
rüOE 
OOüE 
OÜOE 
nUOE 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
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TABLE 25 — D (CONTINUED) 

- 

E, MeV 7nT = a, n.n E, MeV ynT - ^.n 

i^irsi J            3 
*            3 

.^SEHQ! $            3 
|2292Eaü! >            3 
,97<2E»ü! S            3 
,73165.0! $           3 
,50ü8E»ü' 
,28l3E»ü! 

$           3 
»           3 

O725E«O' $           3 
87396.o! 5            3 

,5Q5*E»O! 
33*3E»»o! 

5            3 
)           3 
$            3 

,1717E"0! J            3 
,Ol7o6"0' 
>8699Eiio! 

J           3 
1           3 

(7299L#ü! )           3 
(
5968E«o! 1           3 
/7üIE»O! J           3 
,3496E-ü! 5           3 
.ZSSog.o! $           3 
I126QE>O! 
,022^.0! 

»           3 
$           3 

9237Eaü! S           3 
,82996.o! J           3 

8558E»0! 
1            3 
J           3 

5750E».0! $           3 
f9fl2E»o! J           3 

(
42?lE-o! )           3 
3556|.0! 5            3* 
2e95E.o! >           3 
2266E*ü! $            3. 

,l86eE.ü! J           3 
,lo99E"0! 
,0558E»o! 

{           3 
J           3 

,onj36-o! 
,'5296.o< 

5            3 
,            3. 

,087l,6»ü< ,            3 
64306.o< i            3, 
22236.ü< >            3 

8213g.o< )            3 
439B6»0< i            3. 

(o77o6"0< 
73l8E»0< 

)            3, 
i            3, 

,4039E"0< >            3, 
D9l2E-o< 
7941E.O< 

>            3. 
)            3, 

,5116E-Ü< >            3. 
|2428E»ü< »            3i 
.9e71E.()( >            3. 

4ro 
JnO 

4hC 

4oo 
4nü 
4oo 
4oo 
4PÜ 
4oo 
4»;0 
4PÜ 
4n0 
4no 
4n0 
4n0 
4nü 
4nü 
4no 4nü 
4ro 
4n0 
4PÜ 
4nü 
4rtÜ 
4r,o 
4n0 
4oü 
4o0 
4n0 
400 
400 
4no 
4
Oü 
4D0 
4nü 
4pü 
400 
4no 
4nü 
41,0 
4r0 
4r0 
4f, ü 
4fi0 

4r,ü 
4n J 
40Ü 

0E 
0E 
OE 
ÜB 
OE 
06 
OE 
OE 
06 
OE 
06 
OE 
OE 
06 
06 
06 
06 
06 
06 
06 
06 
06 
OE 
06 
06 
06 
06 
06 
OE 
06 
06 
OS 
OE 
OE 
06 
OE 
06 
06 
OE 
06 
06 
06 
OE 
06 
UE 
OE 
OE 
OE 
OE 
06 
OE 

00 
00 
00 
00 
00 
ÜO 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
ÜO 
00 
00 
00 
00 
00 
00 
00 
oo 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
ÜO 
ÜO 
00 
00 
00 

4  74386.0< 4  9l295.o< 
4|29246ao< 
4.Q93lE»ü< 

3'8a3$E»o( 
3;6949E.o< 
3
i
9l43E»0< 

3 34296*0< 
3;i799E»o< 
3  0248Ea0< 
2*e773E.ü< 
2,737Q6.Ü( 
2.6il39E»0< 
l 47Jf|P0i 
2  3557E-0< 
2#2408E»0< 
2,l3l9E«0< 
2(0276E»0( 
1,9287E«0< 
1  63466.0< 
1,7452S»0< 
1,S601E"Ü< 
l,J79iE*ü< 
i,:o?i6-o< 
1,4268E.0< 
1  35916.o< 
1.2928E*0< 
lt2298S»ü< 
l,l698E-o< 
l.ll28E«0< 
l,0989E»ü< 

9|9!f77E.o* 
9,llo5S»t)' 
8  6662g.0: 
8.2436g.o: 
7  84i5E»0' 
7,499lE-o: 
7.0993Eaü) 
6,7493E"0" 
6,42oiEaO' 
6,lo706ao! 
;.8O9I6»ü: 
9  9258E»o: 
9|2563C.ü: 
9tGgOoEwü' 
4.796i6.u/ 
4 9242E-Ü' 
4,3039S*0' 
4
i0936E»0' 

S^^E-ü* 

nOOE 00 
006 00 
JODE 00 
0U06 00 
nOOE 00 
OOQE 00 
0006 00 
0ÜD6 00 
0006 00 
0006 00 
OOüE 00 
«005 00 
nOOE 00 
0006 00 
0006 00 
noos 00 
nti06 00 
nOOE 00 
n006 00 
nOOE 00 
0006 00 
OÜ06 00 
n006 00 
nOOE 00 
nOo6 00 
nOOE 00 
rOOE 00 
0006 00 
nOOE 00 
nUOE 00 
0006 00 
0006 00 
0006 00 
0006 00 
0006 00 
0006 00 
0006 00 
nOOE 00 
0006 00 
nOOE 00 
nOOE 00 
POOE 00 
006 00 
06 00 
OE 00 
.r 10 

T 

r.O 
nO 

PÖ 
nO 
^0 
nO 

Ob ÜO 
06 00 
06 00 

m 
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TABLE 25 — D (CONTINUED) 

i  iA 

E,MeV 'nT s gnrn 

* 

m 

iZo4iE»o7 3 
523*6-07 3 

;39i6E-o7 3 
,18«lE-07 3 
,03266»07 3 
••J7B.07 3 
I440EP07 3 
*102E*07 3 

/S29Ei-o7 3 
(36i8E«(j7 3 
;24666.07 3 
,1371E,07 3 
,o328E»o7 
9337E»o7 

3 
3 

.B394E-07 3 
74976.07 3 
S643E.07 3 

;;832E.o7 3 
,'060E»07 
*32$S»o7 

3 
3 

,3627E»o7 3 
29626-07 3 
23326.07 
l72|i6.o7 

3 
3 

,119*6-07 3 
;06126.07 3 

,l3416-08 

3 
3 
3* 

,8e876.oe 3 
26496PÜ8 3 

|86j86-oe 3' 
.♦7846.08 3, 
,11376-08 3 
76675-08 3, 

,4367E.o8 3 
.12286-08 3( 

8242g.08 3 
,'^016-08 3" — 

26996-08 3 4 
.01296-08 3, 
,76846-08 3, 
,53596*08 3, 
31*76-08 3, 

,10*26-08 3, 
904lS-08 3. 
71375-08 3, 

0001   00 
0005 00 
r>00E 00 
nOOE 00 
OOOE  00 
0006 00 
000E 00 
000E 00 
000E 00 
OOOB 00 
OOOE 00 
OOOE 00 
OOOE 00 
OOOE 00 
0006 00 
0006 00 
nooE oo 
0006 00 
nüOE oo 
OOOE 00 
nuoE oo 
0006 00 
nOOE 00 
OOOE 00 
nOOE 00 
nOOE 00 
COOE 00 
OOOE 00 
OOOE 00 
nOOE oo 
OÜOE 00 
nOOE 00 
OOOE 00 
OOOE 00 
nOOE 00 
OOE 00 
006 00 
06 00 
06 00 
OE 00 
OE 00 
06 00 
OE 00 
OE 00 
OE 00 

OOE 00 
006 00 

0 
n 
oo 
no 
oo 
no 
oo 
oo 
no 
oo 
oo 
n 
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TABLE 29 — Be - NUMBER OF y-RAYS 
EMITTED PER RADIATIVE CAPTURE 

Ey, MeV 

3.41 .5000 
6.797 .7500 

I 
165 



'. 

TABLE 30 — Be - NUMBER OF y-RAYS EMITTED 
PER NEUTRON-PRODUCING REACTION 

Ey.MeV 

E^MeV 2.43 

m 

1.0O2OÜ6 01 t26lo 
J.JJüfjE 01 .2900 

1,33476g ol ,3600 
lta0774E ol .«QUO 
1,092816 01 ,4490 
9,18819g 0ü ,5100 
8,94717g 00 ,57üü 
8,095736 OU ,649o 

l*ll9liE  0Ü «^SO 6,62823g oo ,7750 
5tJ9747g 00 ,8140 
5,42673g oo tB37ü 
4.91031g 0ü ,«380 
4,443o3g oü ,820u 
4,o2o226 oo ,76üü 
3,63769g oo ,A3oü 
3,29l4eg 0U ,3Oüü 
2,97825g 00 ,1200 
2,69484g 00 0 
1,000006-10 0 
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