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FAST-NEUTRON CROSS SECTIONS OF 
HAFNIUM, GADOLINIUM, AND SAMARIUM* 

by 

G. L. Sherwood, A. B. Smith, and J. F. Whalen 

ABSTRACT 

Elastic and inelastic neutron- scattering cross sec
tions of elemental hafnium, gadolinium, and samarium were 
measured at incident neutron energies of 0.3-1.5 MeV . The 
experimental resolution was sufficient to reasonably resolve 
elastic and inelastic processes and to define indivLdual in
elastic cross sections for the most appreciably excited states . 
The total neutron cross sections were determined up to 
1.5 MeV with resolutions of ::::z.5 keV. Within the precisions 
of the measutements, all observed eros s sections were rela
tively smoothfunctions of energy . The experimental results 
were compared with those obtained from calculations based 
upon both spherical and deformed optical potentials and sta
tistical theory, inc! us ive of fluctuation corrections. The cal
culated results were descriptive of measured total, elastic 
scattering, and, to a lesser extent, inelastic scattering c ross 
sections . Experimental and calculated results were com
pared with previously reported measured values and with the 
contents of several evaluated neutron data sets used in re
actor design . 

I. INTRODUCTION 

The elements hafnium, gadolinium, and samarium are complex mix
tures of even and odd isotopes. Some of the i sotopes are fission products, 
and some have large thermal- capture cross sections. As a result, they 
are found in reactor systems and are often used as reactor poisons or con
trol components. The isotopes of these elements are deformed, and their 
low-lying excited states are predominantly rotatLOnal and vibrational 
structures . 1 'z Even at relatively low incident neutron energies, these col
lective states can be directly excited by inelastic neutron- scattering pro
cesses. The strength of these direct reactions (DR's) increases with 
incident energy and leads to inelastic neutron distributions differing sign
nificantly from those associated with compound nucleus (CN) processes. 

*All numerical data contained here have been uansmitted to the National Neuaon Cross Section Center 
(NNCSC), Brookhaven National Laboratory. 
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Despite the applied importance and physical interest of hafnium, 
gadolinium, and samarium, relatively little is known of the interaction of 
fas t neutrons with these elements. Studies of low--energy cross sections 
have provided values of the .£ = 0 strength function, but not always with good 
agreement between experim~nts or with calculation. 

3 
At neutron energies 

above -100 keY, measured total cross sections are not consistent, partie-
d . t 4 - 6 El . ularly with respect to the presence of interme 1ate struc ure. ashe 

neutron-scattering cross sections have been reported at selected incident 
energies, primarily near 1. 0 Me V7 •

8 Often the experimental resolutions 
previously used did not clearly differentiate the elastic scattering from 
inelastic processes. Studies of inelastic neutron scattering from these ele
ments have been largely confined to indirect observation of the (n,n''Y) pro
cesses9 and to determinations of nonelastic scattering cross sections .10 

The excited structure of a number of th e isotopes of hafnium, gado
linium, and samarium has been extensively studied through coulomb excita
tion, charge particle, and neutron-capture gamma-ray measurements.z,u 
In some cases, a reasonably detailed knowledge of the excited structure has 
resulted, particularly for the odd isotopes. However, general under standing 
of the structure 1s mcomplete, and, coupled with uncertainties in reaction 
mechanisms and associated potentials, this makes the quantitative ca lculation 
of neutron cross sections difficult. 

The objective of the present work is to provide fast-neutron cross 
sections of hafnium, gadolinium, and samarium for applied use in reactor 
design; to provide the experimental basis for developing reaction models 
of w1de and quantitative usefulness ; and to further the understanding of the 
structure of deformed nuclei. 



II. EXPERIMENTAL METHODS 

The fast -neutron time -of -flight method was used to determine 
scattered neutron - velocity distributions . Total neutron cross sections were 
derived from monoenergetic neutron transmissions. These techniques and 
associated apparatus have been described elsewhe r e and will not be detailed 
here.IZ,J) The time-of-flight method employed concurrently-determined 
scattered neutron-velocity distributions at eight scattermg angles distributed 
over the interval 25-155° . Th e scattering angles varied during the studies, 
but were carefully determined for a given measurement . Throughout the 
work, the 7 Li(p,n)7 Be reaction was used as a neutron source in such a man
ner as to provide the desired incident neutron spreads at the sample under 
study . 14 All scattering samples were metallic right cylinders 2 .0 em high 
and 2 . 0 em in diameter fabricated from the natural element. Their chemical 
purities were )98% per atom, and the sample densities those of the natural 
element. Neutrons were incident upon the base of the cylinders m the total 
cross-section measurements and upon the lateral cylindrical surfaces in the 
scattering studies . All scattering cross sections were determined relative 
to the differential elastic scattering cross sections of carbon. 15 Using a 
Monte Carlo procedure, 13 we corrected the scattering measurements for 
incident beam attenuation, for finite angular r esolution of the apparatus, and 
for multiple scattering e ffects . All measured results were reduced to 
barns per atom of the natural element. 

9 
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III . EXPERIMENTAL RESULTS 

A. Total Neutron Cross Sections 

The total neutron cross sections of hafnium, gadolinium, and samar
ium were measured from -0. 10 to 1.5 MeV. Incident neutron-energy reso
lutions were 2 - 3 keV, and measurements were made at energy intervals of 
::55 keV. The statistical errors associated with the measured data points 
were - l o/o. "In - scattering" cor rections were estimated, found to be smalL 
and neglected. Figures l- 3 summarize the experime;,tal results for hafnium, 

0.1 0 .4 

113-1666 Rev. 1 

0.7 1.0 

En, MeV 

BNL- 325 
TOTAL SCAT 

1.3 

Fig. 1. Measured Tara I Neutron Cross Sections of Hafnium. The vertica l 
bars indicate measured values and their uncertainties. The dashed 
line denotes the sum of measu red e lastic and inelastic scattering 
cross sec tions. The solid curve is the "eye guide" of BNL-325.4 
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---TOTAL SCAT. 

1.6 
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113 - 1665 Rev. 1 

Fig. 2. Measured Tota l Neu tron Cross Sections of Gadolinium Format 
and notation are identical to those o f Fig. 1. . 
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Fig. 3. Measured Tota l Neu tron Cross Sections of Samarium. Format and 

notation are identical to those of Fig. 1. 

1.6 



gadolinium and samarium, respectively. Numerical values are given in the 
appendix. The present hafnium results are in good agreement with those 
obtained in a number of earlier measurements, 4 but significantly higher than 
some of the recent values reported in Ref. 4 . The present gadolinium values 
are in good agreement with those reported by Stupegia et al. 4 and by Gilboy 
and Towle. 8 However, they tend to be somewhat larger th~ the results of 
Seth5 and do not show the reported strong intermediate structure . The pos
sible presence of such structure is discussed in Section IV.A of this report. 
Generally, the total cross sections of samarium obtained in the present 
work are similar to previously reported values obtained with less detailed 
energy resolution .4 

B. Elastic Neutron Scattering 

Elastic neutron scattering was measured at incident neutron-energy 
intervals of :550 keV from 0.3 to 1.5 MeV. The incident neutron-energy 
spreads were -20 keV, the scattered neutron -energy resolution ~1.5 nsec/ m. 
and the scattered neutron sensitivity a few millibarns per steradian. The 
scattered-neutron resolution was usually sufficient to resolve the elastic 
neutron group from inelastic contributions, as is illustrated in Fig . 4. How
ever, at incident neutron energies ) 1.2 MeV, the resolution was less than 
definitive, particularly at forward scattering angles, and the observed elastic 
scattering was corrected for contributions from inelastic processes asso
ciated with small reaction Q values (IOI::;; 100 keV). These corrections 
were based upon selected good-resolution measurements and theoretical 
extrapolation from measured values. 

<f) 

>z 

8 
I 

- TIME 

Fig. 4 

Time-of-flight Distribution Obtained by Scattering 0.8-MeV 
Neutrons from Hafnium through an Angle of 115°. A smaU 
background has been subtracted. Vertical bar.s indtcate sta
tistical counting uncena.mues. Neutrons due to elastic 
scattering and the observed melastic excitation of states at 
0.094 and 0.307 MeV are indicated. Neutrons correspon<ting 
to the excitauon of a state at 0.190 MeV are attributed to 
double inelastic scattering to the 0.094 -MeV state. 

113-806 Rev, 1 

The differential elastic scattering angular distributions were usually 

determined at eight scattering angles. These angles were similar, but not 
always identical. at various incident neutron energies. Typical values of 
these laboratory scattering angles were 28.5, 38.5, 53.5, 69.5, 84.5, 114.3, 
129 . 5, 154.2°. The angular resolution of the measurements was :55°, largely 
determined by the source- sample configuration. All measured elastic scat
tering angular distributions were reduced to corrected cross sections 
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(relative to the carbon standard) and expressed as an expansion of 

Legendre polynomials of the form 

d o = ~ [1 t ~ (J) · P ·(B ~, 
dn 4n .~ 1 1 

1=1 

( 1) 

where the scattering angle is given in the laboratory system. The param
ete rs a and (J) i were derived from a least-squares fit of Eq. 1 to the actual 
experimental value s. The value n was chosen so that the fitting error on 
the nth coefficient did not generally exceed its value. This led to values of 
n = 5 at higher energies (-0.8-1.5 MeV) and n = 4 at ene r gies of ::50.8 MeV. 
The experimental results expressed in the form of the above expansion were 
descriptive of the individual differential measurements as indicated by the 
solid curves and data points of Figs. 5-8. The use of this expansion per 
mitted easy comparison of r e sults obtained at slightly d i ffering scattering 
angles and incident neutron ene rgies . Howe v er, extrapolation of the meas 
ured results by means of Eq. 1 be yond the experimental angular interval 
of - 25 to - 155° ma y not necessarily be valid. 

Th e measured differential elastic scatte ring cross sections of haf
nium, gadolinium, and samarium, expressed in the form of Eq. I, are sum
marized in Figs . 9-11 and expressed in tabular form in the appendix. These 
results are composites of a number of measurements made over several 
yea rs. Where multiple values were available within an ene rgy increment 
approximating the incident-energy resolution, they were averaged to obtain 

1.0 

113 -1277 Rev. 1 

• • EXP 
o W1S 
- P-F'IT 

--ABAO.JS 
---2-PLUS 

Fig. 5. Scattering of 1.0 - MeV Neutrons from 
Hafnium. So lid data points are the 
present e las tic and ine lastic (Q ; 

- 98 keV) results. Open points are 
from Ref. 7. Curves a re the result o f 
calculation as discussed in the text. 
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113 -1278 Rev. 1 

Fig. 6 . Scattering of 0.5 -MeV Neutrons from 
Gadolinium. Elastic and inelastic 
(Q ; -80 ke V) results are indicated . 
The curves are discussed in the tex t. 
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113-1279 Rev. 1 

Fig. 7, Scattering of 0.98-MeV Neutrons from 
Gadolinium. Solid data points are the 
results of rhe presenr elasric and in
elastic (Q = -80 keY) measurements. 
Open points are from Ref. 8. 

113-1921 Rev. 1 

Fig. 9. Differential Elastic Scanering Cross 
Sections of Hafnium, Expressed in the 
Form of Eq. 1. The curves indtcate 
the results of model calculations 
described in the text. 
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Fig. 8. Scattering of 0.98-MeV Neutrons (rom 
Samarium. Results of present elastic 
and inelasuc (0 = -100 keY) meas
wements are indicated by so ltd data 
pmnts. Open ciJ:cles indkate the 
values of Ref. 8. The curves are 
discussed in the text. 

113 -1798 Rev. 1 

Fig. 10. Differential Elastic Scanenng 
Cross Sections of Gadolinium, 
Expressed in the Form of Eq, 1. 
The curves are dtscussed m 
the text. 
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~~' 
ABACUS 

113 -854 Rev. 1 

Fig. 11. Differential Elas tic Scattering 
Cross Sections of Samarium. 
The format is the same as 
that of Fig. 9. 

the results shown. The uncertainties asso
ciated with individual differential cross
section determinations must be subJeCtively 
estimated, as they are complex functions of 
statistical effects. systematic uncertainties, 
and instrumental properties and are not nec 
essarily constant from energy to energy or 
from measurement to measur ement. Fig
ures 5 - 8 indicate conservative estimates of 
these uncertainties. The influence of multiple 
scattering and other corr ection factors was 
gene r ally small (10% in the worst configura 
tions) and led to u ncertainti e s in the measured 
values of only a few percent. It was judged 
that the integrated e l as ti c cross section de
rived from Eq. 1 was known to ±8% inclusive 
o f uncertainties in the carbon standard cross 
sections. This e rror wa s somewhat lar ge r 
at incident ene r gies above 1 .2 MeV, because 
of the correction f or partially r e solved in
e l astic scattering contributions. The quoted 
e rrors associated with the w i values are 
representative of the "goodne ss" of the fit of 

Eq . 1 to the measured values and do not necessarily reflect the uncertainties 
in the individual points. Generally, the fit to the individual experimental 
points was well w ithin the es timated experimental unce rtainty. (See 

Figs. 5-8 . ) 

The results of the pr e sent elastic s cattering measurements are in 
reasonable agreement wi th previously report e d elastic scattering angular 
distributions w h en cognizance is taken of the va r ious exper imental resolu
tions employed . The results of Gilboy and T owl e 8 obtained by scattering 
0.98-MeV neutrons from gadolinium and from s amarium compare we ll w ith 
the sum of the elastic and first inelastic group c ross sections determined 
in the present work. (See Figs . 7 and 8.) When co rrected for inelastic con
tent, the results obtained by Walt and Barschall7 for the scattering of 
l. 0-Me V neutrons from hafnium are reasonably cons istent wi th th e results 
obtained in the present work, though the e appears to be some dis c repancy 
at very forward and back scattering ang les . (See Fig. 5.) These differences 
are not outside of the experimental uncertainties. 

C . Inelastic Neutron Scattering 

The elements hafnium gadolinium. and samarium each consist of 
• 2 

five or more isotopes , of w hich at least 30% are of odd A. All are deformed 
and, particularly the odd isotopes, are characterized by complex low -lying 
excited structure . If only isotopes of greater than 10% abundance a re 



considered, the number of states per element below an excitation energy of 
-1.0 MeV exceeds 40. This estimate is conservative, since the structure of 
many isotopes is only partially known. Thus the average spacing between 
states barely exceeded the optimum scattered-neutron resolution of the 
present experiments, and it was difficult to associate an observed neutron 
group with the excitation of a specific nuclear state. More correctly, a 
neutron-emission cross section was determined . This was associated with 
an average reaction Q ± dQ value, assuming inelastic neutron scattering 
processes were the contributing factors. The Q values were determined 
from measured neutron flight times and flight paths and were ver ified by 
comparison with the inelastic excitation of well-known states (850-keV 
(2+) state in 56Fe, for example). The assigned uncertainties in Q values, 
dQ, were generally governed by the complexity of the nuclear structure and 
available resolution and indicated the energy interval associated with the 
specified cross-section determination. These dQ uncertainties usually 
exceeded the experimental scattered-neutron resolutions. 

The observed structure of hafnium, gadolinium, and samarium is 
summarized in Table I and compared with known states in the individual 
isotopes in Figs. 12-14. The measured Q values and cross sections near 
excitation energies of 500 keV were distorted by elastically scattered neu
trons originating in the second neutron group from the 7Li(p,n)1Be source 
reaction. 13 The results were corrected for this elastic contamination using 
the known yield of the second source group 15

' and the measured elasti c cross 
sections. This correction procedure did introduce unc ertainties . Inelastic 

TABLE l. Energies in keY o! States in 
Hafnium, Gadolinium, and Samarium, 
as Observed in the Present Inelastic 
Neutron Scattering Measurementsa 

Hafnium Gadolinium Samar ium 

98 ± 10 80 ± 20 100 ± 20 
310 t 50 260 t 40 200 (?) 
450 ± 50 350 ± 40 270 ± 30 
525 ± 25b 430 ± 30 350 ± 30 
61o ± sob 500 ± 40(?)b 520 t 50 (? )b 

800 t 100 870 ± 50 690 ± 50 
1050 ± 90 

960} 
810 ± 50 

1240 ± 90 1140 1100 ± 13 0 930 ± 40 
1230 1020 ± 30 

1090 ± 40 

aSee text for discussion of uncertainties . 
bcantains contribution from elastic scattered 

neutrons originating in the second group 
from the 7Li(p.n) 7Be source reaction . 

scattering of second-group neu
trons introduced further uncer-
tainties, which were particularly 
e"i dent in hafnium where the 
second- group excitation of the 
98-keV state was estimated to 
account for :S 20o/o of the observed 
cross section for the excitation 
of the 610-keV state . Similar 
second- group inelastic exci ta
tions were not explicitly observed 
in either gadolinium or samarium 
and were estimated to make rela
tive! y small (-:;; 1 0%) contributions 
to the observed cross sections in 
the worst cases . Throughout 
the measurements, no correcti ons 
were made for any second
source-group inelastic 
scatter i ng. 

15 
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Fig. 12. Excited Structure of Hafnium. Left, reported values .2 Right, model used in ca lculations, Center, experimental observ ation. 
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Many measured time spectra indicated that the observed "levels" 
were multiplets. (The 960-. 1140-, and 1230-keY states in gadolinium were 
acute examples.) "Unfolding" techniques could have been used to break 
these complex groups into individual components, particularly if the struc
ture were known from other sources. However, such procedures could have 
led to deceptive results and were avoided. since the spirit of the investiga 
tion was the provision of c ross sections for applied use . It was doubtful if 
extensive unfolding procedures would have contributed to this end. There
fore the resolutions given in Table I and the corresponding cross-section 
values are to be interpreted as observational quantities in the context of a 
more complex structure. 

The inelastic scattering angular distributions were observed at eight 
or more laboratory scattering angles, usually concurrent with elastic scat 
tering angular distributions. The observed angular distributions were es
sentially isotropic with, in some instances, slight tendencies toward forward 
scattering angles. (See Figs. 5-8.) The latter effect was most in evidence 
for reactions associated with small Q values (e.g . • :SlOO keY) and at higher 
incidence energies, where it was difficult to resolve the inelastic neutron 
group from an order of magnitude more intense elastically scattered com
ponent at forward angles . The angle-integrated inelastic cross sections 
were derived from the measured differential cross sections by constructing 
a simple average and multiplying by 471. In the context of the above observed 
isotropy and small anisotropy, it was estimated that this procedure incurred 
no more than a So/o error. Scattered neutrons of << 200 keY were observed, 
but in this region detector sensitivity changed rapidly with energy, and 
c ross-se ction determination was judged unreliable. Thus cross sections 
were only determined at incident energies )200 keY above the respective 
inelastic scattering thresholds. Figures 15-1'7 show the resulting inelastic 
excitation cross sections of hafnium, gadoliniu.m, and samarium, respectively. 
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Fig. 15 

Observed Inelastic -excitation Cross Sections of Hafnium. 
Crosses indicate measured cross sections and associated 
cross - section error. Observed reaction Q values in MeV 
are indicated. Cu.rves are the results of calculations as 
described in the text . 
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Fig. 16. Observed In elastic-excitation 
Cross Sections of Gadolinium. 
The notation is the same as 
that in Fig. 14. 
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Fig. 17. Observed Inelas tic-excitation 
Cross Sections of Samarium. 
The notation is the same as 
that in Fig . 14. 

The c orresponding numerical values are list e d in the appendix. The indi
cated uncertaintie s are subjective and conservative estimates due to a 
number of sources, including errors in the carbon r efe rence standard. 

The lack of previous experimental results made it difficult to make 
quantitative comparisons with the present measured inelastic values. The 
nonelastic cross section of hafnium reported by Walt and Barschall7 was 
-lOo/0 less than that d e rived from the present w ork. There was little cor
relation between the reported cross sections for inelastic gamma- ray 
emission from hafnium and the directly measured c ross sections for in 
elastic scattering of the present experiment. 9 A s e arch of the literature 
did not reveal any previous direct determinations of inelastic neutron scat
tering cross sections of either gadolinium or samarium in an energy range 
comparable to that of the present work . 

It is of interest to examine the present ela.stic scattering, inelastic 
scattering, and total cross - section results for internal consistency. The 
total scattering cross sections were estimated by extrapolating the meas
ured inelastic cross sections to threshold and combining with the observed 
elastic scattering cross sections. Figures 1-3 compare these results w ith 
the directly measured total cross sections. The total and the total scatter
ing cross sections of gadolinium are in good agreement; the total scattering 
cross section of hafnium and of samarium deviate from the total c ross sec
tion by as much as S - 6% at higher energies. These discrepancies can be 



partly attributed to uncertainties associated with the second source group, 
discussed above. In all three elements, there are some differences between 
total and total scattering cross sections near the lowest measured energies . 
These differences are not systematic nor due to capture effects. They are 
believed due to uncertainties in the extrapolation of the first and relatively 
intense inelastic group to threshold. The low-energy discrepancies are 
;S lOo/o. within the respective experimental accuracies . 
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IV. PHYSICAL INTERPRETATION 

A. Total Neutron Cross Sections and Intermediate Resonance Structure 

Intermediate resonance structure has been reported in the total 

neutron cross sections of heavy deformed nuclei .
3 

This structure has been 
attributed to collective "doorway" states and should be evident at low inci
dent neutron energies where the number of available exit channels is 
limited.t6, 17 Such structure has been particularly reported 1n the total cross 
sections of gadolinium over the energy range 0 . 1-0.6 MeV and was charac
terized by a magnitude l0-20o/o that of the entire total cros s section and an 
average periodicity of - 20 keV. Such structure was not qualitativ~ly evident 
in the present work, as illustrated by Figs. l - 3, though the statlst1cal pre
cisions and energy resolutions used here generally were superior to those 

used in past measurements . 

Close inspection of the present total cross-section results indicated 
a possible tendency toward an intermediate structure of small magnitude 
(a few percent). The possible exis t ence of such structure was quantitatively 

assayed using the cor relation function
18 

C(6 ) = < a( E +6) 
<a(E + 6)> 

a(E) > 
< a(E)> - l . 

(2) 

C(6) was evaluated as a function of 6 over the entire measured energy in
terval and se veral subintervals thereof for the total cross sections of 
hafnium, gadolinium, and samarium . The measured total cross sections 
consisted of compound nucleus (CN) and direct reaction (DR) components . 
The latter were assumed to vary slowly with energy and were estimated by 
least-squares fitting the measured valu es with a cubic power s eries in 
energy. The DR cross section obtained in this manner was subtracted from 
the measured values, leaving a fluctuating CN contribution. This latter 
fluctuating cross section was assayed using Eq. 2 . 

Figure 18 shows representative results of the above correlation 
analysis of hafnium, samarium, and gadolinium. In each case , C(6) rapidly 
decreases with increasing 6 in a manner expected from the theoretical 
Lorentzian form. 18 Superimposed on this Lorentzian shape is a general 
oscillatory behavior, characteristic of the finite range of the experimental 
sample and of the predicted rms magnitude . For hafnium, there seems to 
be an additional component slowly decreasing with increasing values of 6 . 
This is believed due to a residual direct reaction not fully corrected for in 
the above fitting procedures . Fitting with higher-order power series greatly 
reduced the effect. In all instances, these correlation functions indicated an 
apparent resonance width of 2-4 keV. This width was essentially equivalent 
to the experimental resolution and much larger than the characteristic CN 



resonance widths. It was judged that these correlation distributions gave 
no quantitative evidence for resonance structure with average widths appre
ciably larger than that associated with the experimental resolution of 
2-3 keV. 
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Fig. 18 

Correlation Function. C(o ). Disttibutions of the 
Form of Eq. 2 Determined !rom the Measured 
Total Neutton Cross Sections of Gadolinium, 
Samarium, and Hafnium 
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B. Calculations Using the Optical Model and Statistical Theory 

The experimental results were compared with values calculated 
from the optical model and statistical theory. 19 _zz The initial calculations 
used a spherical potential and established the qualitative basis for subse
quent use of a deformed potential. Individual calculattons for each isotope 
of these complex elements would have been unduly tedious. As an alterna
tive, even and odd "models" of each element were used. (See Figs. 12-14.) 
The even models were reasonably consistent with the structure observed 
in this and other work and with the known systematics of nuclear structure .z3 

The structure of the odd models was more speculative, but they were of 
minority natural abundance . Calculations were carried out for each element 
using the pair of model isotopes. The results were combined in accordance 
with the respective model isotopic abundance and averaged over energy in
tervals equivalent to the experimental resolutions for comparison with 
measured values. (The averaging increments are indicated by the brackets 
ofFigs. 12-14 .) 

The optical potentials were adjusted to provide a subjectively judged 
"best" description of the total and the differential elastic neutron scattering 
cross sections determined in the present study . Throughout, the statistical 
methods of Hauser-Feshbach were used to determine compound elastic and 
inelastic neutron scattering eros s sections .z 1 When deformed potentials 
were used, attention was given to direct inelastic excitation processes asso 
ciated with the coupling of the ground (0-) and first excited (2-) states of 
the even nuclei. 
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· t' 1 f Moldauer was taken The spherical surface-absorptlon paten 1a o . . 
as a point of departure. 24 This potential has been shown descnptlve of 

· d strength funct10ns. The low-energy neutron- scattenng processes an 

potential has the form 

£ .!._ dq' 
- r dr 

q(r) (3) 

and 

where 

R 1.16 A 1/3 + 0.6 F , 

a 0 .6 2 F, 

c 0.5 F, 

and 

Vso (spin- orbit term) = 7.0 MeV. 

Calculations were carried out using the ABACUS-NEARREX computer 
program. 25 V, W, and the absorption width, b, were varied to obtain the 
best agreement with measur ed elastic scattering. Table II lists the result
ing 11 selected 11 parameter values. Total cross sections calculated from 
these parameters are reasonably descriptive of the experimental values for 
hafnium, gadolinium, and samarium, as indicated by the ABACUS curve of 
Figs . 19 and 20, for example. Further, the calculated elastic scattering is 
in qualitative ag re ement with experiment (see Figs. 9 -ll ), though detailed 
comparisons with measured angular distributions reveal appreciable dis
crepancies, particularly at scattering angles greater than 90°. (See Figs. 5, 

TABLE II. 11 Best" Optical-model Parameters 

Quantity 

VR' MeV 

W!M ' MeV 

b, F 

VD!R' MeV 

ll 

Samarium 

150 

42.0 

8 . 0 

1.37 

0.35 

Gadolinium 

156 

43.0 

12.0 

1. 25 

43.0 

0 .36 

Hafnium 

178 

44. 

12.0 

1.0 

44.1 

0.27 

6, and 8.) Inelastic excitation 
cross se c tions calculated with the 
above spherical potentials are in 
fair agreement with the experi 
mental results, as indicated in 
Fig. 15 (ABACUS). Detailed 
agreement is probably not signif
icant other than for the excitation 
of the first few states, since the 
relation of the measured values 
to the model structures used in 
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Fig. 19. Measured Total Neutron Cross Sections (crosses) of Hafnium, 

Compared with Results of Spherical (ABACUS) and Deformed 
(2-PLUS) Optical-model Calculations. Square data points are 
rhe results of check measurements using a different (time-of
flight) technique. 
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Fig. 20. Comparison of Measured and Calculated Total Cross Sections 
of Gadolinium. The notation is the same as in Fig. 19. 

the calculations is uncertain. However, the nonelastic cross sections de
rived from the calculations, from the present measurements, and as re
ported from previous experiments, are similar. 7 The above calculated 
inelastic angular distributions are symmetric about 90° and, in the present 
cases, nearly isotropic. (See Fig. 5, for example.) This is in agreement 
with the measured results, though there appears to be a systematic tendency 
for the largest experimental values to occur toward forward scattering 
angles . 

Differences between measured and calculated inelastic scattering 
can be attributed to incorrect excited structures used in the calculations. 
In simple cases, it is reasonable to compare experimental results with 
values calculated from alternate structure assignments and thereby obtain 
some insight into the nuclear structure. In the context of the isotopic and 
structural complexity of the elements of this study, such a procedure was 
judged unrewarding and not attempted. Moreover , in the present work 
there can be little doubt that inelastic processes associated with small Q 

values are predominantly due to the excitation of the levels of the well
known ground- state rotational bands of the even isotopes. 

Compound nuclear processes are influenced by resonance-width 
fluctuations and correlations. 26 These concepts can be incorporated in the 
Hauser-Feshbach formulation as corrected transmission coefficients, 

< e>. where 
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(4) 

Q can vary between zero (strongly overlapping compound nuclear levels) 
and one (isolated levels) , and in the present cases, Q would be expected to 
approach the former limit . The above spherical calculations were extended 

to include both limiting values of Q--zero and one--usmg the ABACUS
N EARREX computational program . The use of the above "c orrections " did 
not significantly alter the calculated elastic scattering cross sections . 
However , the calculat ed cross sections for the excitations of the fast (2+) 
state of the even isotopes were (for either choice of Q) 15% or more lower 
than the uncorrected Hauser-Feshbach result and In poorer agreement wi th 
experiment. This does not imply that the concepts of Eq . 4 and Ref. 26 are 
incorrect, but rather may indicate the defici e ncy of th e mode l in other areas . 

The calculati ons were extended to include the effects of the known 
static deformations of the even isotopes of hafnium and gadolinium . A de
formed potential and the 2-PLUS computer program were used to calculate 
total , elastic , and inelastic scattering cross sections of the even model ISO
topes.27 The direct excitation of the first (2+) state was explicitly con
sidered . The excitati ons of higher l evels in the even isotopes and all 
inelastic scattering from the odd isotopes were calculated with the conven
tional Hauser-Feshbach formula . The nuclear deformation parameter, [3, 
was taken from th e literature, 10 and the direct well was assumed equival ent 
to the real well. Initial attempts to determine "best" deformed p otential 
values indicated that the parameters would be similar to those obtained for 
the spherical potential, and the l a tter were accepted for further d etailed de 
formed calculations . (See Table II . ) The calculat e d total cross sections 
were, particularly for gadolinium, in somewhat poorer agreement with ex
periment than those derived from the spherical potential. (See Fig . 20.) 
The deformed calculations did result in better agreement with experimental 
elastic angular distributions than those obtained from the spherical potential. 
(See Figs . 5, 6, 9, and 10 .) This was particularly true of angular distribu
tions at scattering angles greater than 90° . For hafnium, there were very 
small differ ences between the energy-dependent shapes and the magnitudes 
of the excitation cross sections of the firs t (2 +) states as calcula ted using 
the two methods . (See Fig . 16 . ) For gadolinium, the two results were es
sentially indistinguishable , and only the 2-PLUS result is shown in Fig . 16 . 
Generally, the calculated direc t excitation of this first (2 +) state was small 
( :S5o/o of the compound nucleus contribution) at the energies of the pr esent 
experiment . Thus, though the direct contribution was peaked forward, it 
should not have led to large asymmetries in the observable cross sections. 
(See Figs . 5 and 6.) Small asymmetries in the inelastic cross sections were 
possibly supported by the measured distributions . But, as pointed out above , 
it was not clear to what extent the small experimental asymmetries were 
due to instrumental effects . N 0 attempt was made to incorporate th e 



"corrections" of Eq. 4 into the deformed potential calculations. It is rea
sonable to expect their effect to be similar to that of the spherical case 
discussed above. 
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At the energies of the present experi
ments, the contribution of the direct excitation 
of the first (2+) state is small. This is not true 
at higher incident neutron energies. Figure 21 
compares elastic and inelastic (2+) scattering 

Fig. 21 

of 6.0-MeV neutrons from hafnium as calculated 
with the spherical (ABACUS) and the deformed 
(2-PLUS) potential. At these energies, the ef
fect of the DR component is pronounced in lhe 
minima of the elastic cross section and in the 
angular distribution of the inelastic scattered 
neutrons. Experimental resolution of such ef
fects would require measured scattered-neutron 
velocity resolutions more than an order of mag
nitude better than that used in the present 
experiments. 

Comparison of Calculated Elastic 
and Inelastic (2+) Scattering of 
6.0 -MeV Neutrons from Hafnium 
Using Spherical (ABACUS) and 
Deformed (2 -PLUS) Potentials 

The spherical and the deformed optical 
potentials selected above were used to calculate 
the £ = 0 strength functions of hafnium and 
gadolinium. Table Ill compares the calculated 

results and reported experimental values. Unfortunately, the uncertainties 
associated with the experimental values are large, often exceeding the dif
ference between the two calculated results . In this mass region, the 
strength function is known to follow a "double, humped 11 behavior, 3•

23
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28 and 
hafnium and gadolinium are approximately symmetrically placed on either 

TABLE UI. l :. 0 Strength Functions of Even Isotopes of Hafnium and Gadohmum 

Isotope 

Gd 

174Hf 

176Hf 

178Hf 

uoHf 

Hf 

Experimental 

(1.9~0.3) x to·• 
(1.9±0.4) x 1o·•• 

(2.2 ± 1.2) x 1o·•c 

(2.8 ± 1 .3) x 10·•d 

(1.44± o.5) x to·•d 

(2.t ± 0. 7) x 10" 4 d 

(0.3 ±0.26) X 10" 4d 

( 1.9 ± 0.9) x 10·•b 

(t 5±0.3) x to·•b 

( L.H ± o. 5l " t o·•b 

(2.t ~ o. 7) x to·•b 

(2.5±0.5) x 10" 4 b 

Calculated 

2.08 x to·• (ABACUS) 

1.58 x to·• (2-PLUS) 

2.47 x to·• (ABACUS) 

1. 73 x to·• (2-PLUS) 

•R . Chnen and 5 . Mughabghab , Proc . of Antwerp Coni.. p. 21 (1965). 
bRecommend value. 1 

cR. Chrien, private communicatlon as quoted in Ref. 3. 
dT . Fuketa and J. Harvey, pnvate communication as quoted in Ref. 3. 
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side of the intermediate valley. This characteristic behavior of the strength 
function can be interpreted in terms of nuclear deformation, and, indeed, 
the above deformed potential does lead to such a dependence of strength 
function on mass. However, comparison of calculated strength functions 
with the present experimental values of hafnium and of gadolinium, as in 
Table Ill, does not alone indicate any clear pr efe rence for the spherical 

(ABACUS) or deformed (2-PLUS) potentials. 

The potential parameters derived from the present experiments 
differ somewhat from those found generally applicable in the lighter-mass 
region. 24 Both real and imaginary potential parameters tend to be several 
MeV smaller, and the absorption width, b, tends to be larger, though the 
width of the surface absorption cannot be entirely divorced from its mag
nitude. The tendency toward increased surface-absorption widths in the 
deformed nuclear region has been noted before in studies of tantalum, 
rhenium, platinum, and tungsten .2 8

•
33 Very qualitatively, the absorption 

width appears related to the deformation parameter, {3. Values of b ~ 0. 5 F 
tend to be suitable for {3 :5 0 . 15 . The width increases from this value in a 
relatively linear manner as {3 increases beyond 0 . 15, reaching a value of 
- 1.4 F at {3 = 0.35. 



V. COMPARISON WITH EVALUATED NUCLEAR 
DATA FILE - B (ENDF-B) 

Since a primary motivation of the present work is the provision of 
cross-section data for reactor design, it is of interest to compare the pres
ent experimental results with the contents of the Evaluated Nuclear Data 
File-B, ENDF-B.z9-3l This file contains a relatively complete set of eval
uated cross sections for hafnium and gadolinium, but only material pertinent 
to a single isotope of samarium {148Sm). Therefore evaluated samarium data 
of Ref. 32 were used in the comparison with experimental results . 

Figures 22 - 24 compare measured and evaluated total cross sections 
of samarium, gadolinium, and hafnium . Each figure uses the total cross 
section values given in BNL-3254 to extend the present measurements from 
1.5 to 10.0 MeV. The hafnium ENDF-B total cross sections tend to follow 
the BN L- 325 values and deviate from the present results by .::' 1 Oo/o, particu
larly in the energy range 1. 0-1.5 MeV . The hafnium evaluation of Ref. 32 
differs somewhat from that of ENDF-B, but is in no better agreement with 
the present experimental results. The evaluated total cross sections of gad
olinium are in better agreement with experiment than those of hafnium, 

., F~.u 
' • · • .~ ';---7-. "" .. ·. '"""' Comparison of Measured and Evaluated Total 

D • Cross Sections of Samarium. Present experi-
t) ••• mental results are noted by bars. Boxes are 

• from Ref. 4. The line labeled KFK is from 
L--.l.-~L-.J.....L-..L.-J....wU,.----'---'----'--'--'-..W.'-':!' I the evaluated data of Re f. 3'2. 

O,l 1.0 10.0 

En. MeV 113 -1783 Rev. 1 

Fig. 23 

Comparison of Measured and Evaluated Total 
Cross Sections of Gadolinium. Bars denote 
the present experimental results, boxes the 
data of Ref. 4, The ENDF -8 evaluation is 

;t-·: ' : '" ;:::~ "--
113 -1785 Rev, 1 ~~ ·~ 

En. MeV 
indicated by the curve.29 
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Fig. 24. Comparison of Measured and Evaluated Total Cross 
Sections of Hafnium. Bars denote the present ex
perimental results, boxes the data of Ref. 4. The 
solid curve shows the evaluated results of Ref. 29, 
and the dashed curve Ref. 32. 

L .1...1...1.~ ... 

29 



30 

deviating slightly from measurement only at the lower energies. The ex
perimental total cross sections of samarium are a little larger than the 
values given in Ref. 32, whi c h follows the BNL- 325 compilation. 

The hafnium e valuated elasti c scattering cross sections given in 
ENDF -B are in reasonable agreement with experiment above - 400 keV, 
as indicated in Fig . 25. The agreement with experiment is less satisfactory 
for gadolinium, as shown in Fig. 26. The evaluated total elastic scattering 
cross sections of gadolinium are appreciably below the measured values. 
Since the ENDF-B file is internally c onsistent, the evaluated total cross 
sections of gadolinium agree with the presently measured results, and the 
measured elastic and inelastic cross sections are reasonably consistent 
with the total cross sections . The discrepancy between measured and eval
uated elastic scattering cross sections would be expected to persist in the 
inelastic scattering cross sections, as it does (see below). 

a· l, ~J '"w~~ 
a·l~l 
·~~I 3~ 1 ~. --
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3- l~/ 
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I I I IEN~F: : I I I ! I : : 

113 -807 Rev. 1 

Fig. 25 

Comparison of Me asured (crosses) 
and Evaluate d (curve from Ref. 29) 
El astic Scanering Cross Sec tions o f 
Hafnium 
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En, Mev 
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Fig. 26 

Comparison of Measured (crosses) and 
Eva lua ted (solid curve from Ref. 29) 
Elastic Scattering Cross Sections o f 
Gadolinium. T he dashed curve de 
notes the results of spherical calcu 
lations described in the text . 

. Figure 2 7 compares the observ ed inelastic scattering cross sections 
of hafmum Wlth the ENDF-B evaluated quantities. In making this compari
son, we averaged the .reaction Q-values of the evaluated data to make pos
Slble a companson wah the observed quantities. The evaluated data did 
not contain a cross section that could be reasonably associated with the 
excitation of the 1 .05-MeV state . Generally, the evaluated and experimental 
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Fig. 27. Comparison of Measured (crosses) 
and Evaluated (curve from Ref. 29) 
Inelastic Excitation Cross Sections 
of Hafnium 

inelastic scattering cross sections of 
hafnium are in reasonable agreement, 
but for the excitation of the first state 
(Q = - 0.098 MeV). The evaluated ex
citation cross sections for this first 
state were based upon optical-model 
and statistical calculations and led to 
results appreciably below the experi
mental quantities, particularly at 
higher incident energies. A similar 
tendency of calculated results was 
noted in Section IV . No detailed ex
perimental inelastic-excitation cross 
sections of gadolinium were available 
when the ENDF -B evaluat1on was 
carried out . As a result, the gadolin
ium evaluation gives only total in
elastic cross sections and temperature 
distributions . Figure 28 compares the 
total inelastic scattering cross sections 
of gadolinium derived from the present 
measurements and as given in ENDF -B . 
The evaluated result tends to be appre
ciably larger than the measured values 
at incident neutron energies above 
0.6 MeV . This discrepancy compen
sates for the discrepancy in the elas
tic scattering cross sections and leads 
to a total cross section rather in good 
agreement with experiment. 

Generally, the results of the 
present experiments provide a far 
more definitive experimental basis 
for a sound evaluation . If used for 
this purpose, they would lead to modi

fication of the evaluated cross sections of ENDF-B, particularly for the 
elastic and inelastic scattering cross sections of gadolinium . 

Fig. 28 

Total InelasticScaneringCross Section of 
Gadolinium Derived from Measurements 
(dashed curve), and Corresponding Values 
of Refs. 29 and 31 
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VI. CONCLUDING REMARK 

The observed total cross sections of hafnium, gadolinium, and 
samarium tend to be a little larger than some of the prev1ously reported 
values and do not show measurable evidence of intermediate structure . 
Elastic and inelastic differential neutron- scattering cross sections of the 
three elements were determined in detail throughout the energy range 
0 . 3-1.5 MeV. The results are suitable for meeting most applied needs . 
The experimental resolution and the complexity of these e l ements pre
cluded extensive interpretations leading to appreciably improved knowl 
edge of nuclear structure. Results of optical-mode l and statistical 
calculations were quantitatively des c riptive of total, elastic , and , to a 
lesser extent, inelastic cross sections . At the energies of the present 
experiments, the contributions of direct-reaction processes were not 
pronounced . The evaluated total neutr on eros s sections contained in 
ENDF- B were reasonably descriptive of the experimental results . The 
agreement between the ENDF-B data and the measu r ed elastic and in
elastic scattering cross sections was less satisfactory , particularly for 
gadolinium. The present experimental results should make possible an 
appreciable improvement in the evaluated elastic and inelastic neutron
scattering data sets. 



APPENDIX 

Tabular Results 

The experimental numerical data forming the basis for this paper 
are tabulated here. These data have been forwarded to the National Neutron 
Cross Section Center (NNCSC), Brookhaven National Laboratory. 

~AF~IUM DATA BLOCK c 
c 
c 
c 

G, SHERWOOD, A, SMITH• J, W ~ ALE N ---TO BE PUBLIS~ED 

c 
c 
C ELASTIC SCATTERING fROM NATURAL HAfNIUM DATE 11-68 
C fiNAL VALUeS 
C TIME-OF-FLiGHT METHOD 
C INCIDENT RESOLUTI ON ABOUT 20 KEV 
C SCATTERED RESOLUTION 1·5 NSEC/ M 
C ES TIMATeD ERROR IN lNTEQPATED X-SEC 8 PERCfNT INCL UDING STO, 
C EHRDR IN O~EGA COEF, ESTIMATED FRO~ LE AST SQ, FITTING, 
C FORMAT 
C 0 X•SEc• (X•SEC/ 4*Pll*l1,• SUH O~EGA•Pl EQ(1l 
C SU~ FROM 1-, 
C P•LE GENDRE POLYNOMIAL I N LAB. SYSTfH 
C MEAS URED ANG ULAR INTERVAL 25-155 DEO. AT E!G~T A~GLES 
C All DATA CoRRtCTE U POR MULTIPLe SCATTERING 
C ALL RESULTS RELATIVE TO DIF, CARBON X•SEC OF ANL -55671REV) 
C FOLLOWING CARD FORMAT 6Xo 214• 5( !5ol4l , BCD 
C WHER~ RESP~CT!VE VALUES ARE, 
C E-N IN KEV 
C X•SEC•1 00 
C OMEGA-1 •100 0 
C O-oMEGA-1*1000 

OMEGA-5 •100 0 
D•OMEGA-5•1000 

c 
c 
c 
c f OL LOWI~ G E0C1) 4B ~VE , 

300 839 
J15 820 
330 705 
346 753 
373 695 
390 675 
406 65J 
425 635 
435 608 
450 605 
466 594 
476 60 2 
490 591 
506 562 
526 570 
543 55 5 
570 525 
585 500 
606 522 

621 120 
72R 120 
692 120 
673 100 
S21 100 
922 100 
927 100 
963 100 
9U9 100 
932 100 
936 100 
941 80 
935 60 
924 60 
95o 5o 
998 50 
977 50 
95o 5o 
9S9 50 

47o 1oo 
342 100 
H1 So 
63? 100 
553 100 
75o so 
678 so 
691 60 
781 60 
74Q 60 
7S6 5o 
s29 5o 
785 5o 
7SJ 5o 
9oo 5o 
947 5o 
963 5o 
94o 5o 
997 5o 

100 &o•nOJO 100 
11 5 10 0 80 100 

so 60• 10 so 
100 10 0 0 100 
100 so 10 so 
216 10 0• 60 so 
244 so 100 so 
23o 6n 7S 8o 
1S6 60 50 so 
2So 60 100 80 
262 5o 60 60 
2J5 5o 60 6o 
232 5o 46 6o 
221 5o 25 6o 
337 5o 2o3 so 
373 5o 125 so 
36S 5Q 144 60 
36o 5o 120 6o 
4.!9 60 172 70 

1 
2 
3 
4 
5 
6 
7 
e 
9 

10 
11 
12 
13 
u 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
H 
45 
46 
47 
48 
49 
50 

33 



34 

504 1o3o 50 1080 50 475 60 170 eo 51 
650 52 
690 4e6+114o 50+1257 5o• 557 eo• 247 100 

53 
730 493+1112 60 1206 60 591 eo 194 eo 

54 
770 491+1142 eo 1211 eo 611 eo 250 100 

55 
810 5oo 135o 100 1452 100 80A 100 350 eo• 110 eo 

439 eo 100 eo 56 
860 494 129o 100 1448 100 e53 100 

509 142t 100 1575 120 903 100 405 eo 140 eo 57 
900 440 100 300 100 58 
960 513 147o 120 173~ 14o 1090 120 

170 130 59 
1010 482 144 0 120 1660 120 1070 100 487 100 

1050 507 147o 120 16eo 120 1060 100 490 100 200 120 60 

1093 523 1406 130 1617 130 1046 120 424 100 100 150 61 

1130 49e 1412 130 1655 130 1109 120 561 120 142 130 62 

1178 495 139e 150 1600 150 1044 130 432 120 120 130 63 

1210 515 142o 150 1670 150 1200 130 500 120 180 150 64 

1308 530 1541 150 17eo 150 1300 130 600 150 250 150 65 

1353 5o2 159o 150 1741 150 1457 150 761 150 173 150 66 

1388 4e6 1512 150 1679 150 1367 150 732 150 130 150 67 

1400 475 1soo 164 1700 249 1400 291 5A7 210 309 214 68 

1412 487 1587 150 1782 15o 1534 15o 793 150 312 120 69 

1445 480 1557 150 1831 t5o t55o 150 833 150 120 100 7o 

1475 48o 152o 15o 1e1o 150 1622 150 900 150 180 100 71 

1500 45o t64o 150 1809 150 1412 150 571 150 100 180 72 

1501 480 1667 1eo 195o 273 1689 J2o 980 405 He 364 73 
74 

c INE~ASTIC SCATTERING FROM HAFNIUM DATE 11•68 75 

c FORMA TC 7Et0 ,4) 76 

c RESPECTIV.LY·•· 77 

c 1, INCIDENT ENERGY IN MEV 78 
c 2, UNC~RTAINTY ( .. , IN INCIDENT E~IER3Y 79 

c 31 REACTION Q IN MEV eo 
c 4, TOTA~ UNCERTAINTY IN Q VALUE, USSUA~L Y INTERVAL 81 
c OVER WHICH CROSS SECTION IS INTEGRATED, 82 
c 51 RESPECTIVE INELASTIC CROSS SECTIO~, 8J 
c 6, + E~ROR IN CROSi SECTION 84 
c 7) • ERROR IN CROSS SECTION 85 
c AL~ DATA ASSOCIATED WIT~ ABOVE ELASTIC MEASUREHE~TS 86 
c AL~ DATA RELATIVE To THE DIFFERENTIAL ELASTIC SCATTEH!NG 87 
c CROSS SECTION Of CARBON·-· AN~•5567(RcWl 88 
c 89 

Hr o••o9e KEY 90 
,3200E 00 ,100UE•01•,9600E•01 ,lOOOE•Ol o1170E 01 ,3622E oo ,3622E 00 91 
,JJooE DO .toooE •o 1··9eooE·o1 ,l OOOE•nt o11HF 01 .1722E oo ,1722E 00 92 
.3400E 00 o1000E•o1•,98oOE•o1 ,1000E·o1 ,9694E 00 ol454E oo ,1454E 00 93 
,3500E 00 ,loooE•o1··9800E•o1 o1000E•01 ,Q658F 00 ,1449! oo o1449E 00 94 
.J7ooE 00 o1000E•o1•·9800E•o1 o1000F.•01 o1 072~ 01 o1609E oo .t609E 00 95 
,3900E 00 ,1000E•o1•·9800E•01 o1000E•01 .t273E 01 o1909E oo ,1909E 00 96 
,4100E 00 .1000E •o 1··9800E•01 ,1000E•01 oi254F 01 ,1881E oo .1ee1E 00 97 
,4300E 00 .1oooE•ot-.98ooE•o1 ,1000E•01 .U87E 01 o1781E oo .1781E 00 98 
,4500E 00 .1oooE•o1-.9eooEso1 o1000E•01 o1379E 01 • 2068E oo o2068E 00 99 
,4700E 00 o1000E•o1•·9800Eoo1 .1000E•01 • , 313~ 01 o1138E oo .UJIIE 00 100 
,4800E 00 .1000E•o1·.9800E~o1 o1000 E•01 o1314F 01 , 1J97E oo .t397E 00 101 
,4900E 00 .1oooE•o1-.9eooE•o1 ,1000E•Ol o1358F 01 .u7Be oo .t178E 00 102 
,5oooE 00 .1oooE-o1-.9eooE·o1 ,1000 E•01 o1 33 5F 01 .1416E oo o1416E 00 103 
o5100E 00 .1oooE•o1•,9sooEo o1 o1000E•01 •1314E 01 o1140E oo o1140E 00 104 
,5200E 00 .1000E•o1·,9800E•01 o1000E•01 .tJHe 01 o14!l8E oo •145SE 00 105 
,5JOOE 00 ,1oooE•o1•,9800Eoo1 ,1000~•01 ,1J33F 01 ol155E oo ,U5!5E 00 106 
,5400E 00 .1oooE•o1-,9eooE•o1 ,1000F.•01 o135 ZE 01 ,U72E oo ,1172E 00 107 
,5500E 00 ,1000E·o1·,9800E•01 1 1000E•01 o1340F 01 ,1419E oo ,1419E 00 108 
,56oOE 00 .1oooE•o1-,9aooE•o1 ,1000E•01 ol325E 01 ,u5oE oo ,U5oE 00 109 
.5700E 00 .1000E•o1·,9800E•01 ,1QOOE•01 .t435E 01 1 1522E oo •1522E 00 110 
.5800E 00 ,1000E•o1•,9800E•o1 ,1000E•01 o143 61' 01 o1245E oo o1245E 00 111 
.5900E 00 .1000E•o1·,9800E•01 .1000f'•01 o1442F 01 .t530E 00 .t53oE 00 112 
o6000E 00 .1oooE·ot.,9aooE·ol ,1000F·01 o1444F 01 .1248E oo o1248E 00 113 



35 

.61 00!: ~u ,l QO~~ · o t•.9bO Ot • Ol . 10001" • 01 , 1 3 7 QC 01 . 2050; 00 .2 050E 00 114 
,62 00E 00 o10 0U!:•o l··9 &QOE • 01 , 1ooo• · o1 ol393c 01 o 1 4 81~ oo ·148 t E 00 115 
,6JOOE 00 .1 oooE · ot -.9 eooE • 01 .1000C · 01 ol 4 lO~ 01 .2150~ oo .21soe 00 116 
,6400E 00 .1 oooF. · o1 ·.9&ooE•o1 , tOOO~ · n1 . 1517<: 01 .1611 ~ oo .t611E DO 117 
.6500E 00 .1 oooE · o1 -. 9~ooE · o 1 . 10001"•01 •I 360 c 01 .2o•o~ oo .2040E 00 118 
. 6600E 00 .to ooE · o1·. 9&ooE · o1 . 1 OOOE · Ot ., 4 2 3~ 01 ·1519~ oo ·1519 E 00 119 
,6800E no .1 oooE · ot -.9 eooE · o1 . 10001" • 01 , J 47U 01 .t557~ oo ·1557E 00 120 
.6900E 00 .1oooE•nt-.9ao oE · ot . 1 OOOF · Q1 ,, 4 OF 01 . 2140~ oo .2t4oE 00 121 
.7oooE 00 .1o ooE · n1-.9eooE • o1 ,1QOQC•Q1 d 54 7< 01 . 16 43 E oo .t643E DO 122 • 71001: DO ,10 0UE • Ol •, 9SOO~ · O l , 100UE • 01 .144 01" 01 , 2160<: oo .2160E 00 123 
.7200E 00 .1oooE·n1-,98oo E· o1 . 1000 c•n1 .1549F 01 . 1643~ oo . 1643E 00 12 4 
,7300E no . toooE·o1·,9 800E · o1 , 1000F • Q1 , , 4 ?Q" 01 ·217 0<; oo .217QE DO 125 
.7400E ou .toooE· ot-.9e ooE • n1 · 100 DF · 01 ,, 626c 01 .2439 ~ oo ,2439E 00 126 
.75 ooE DO .1 oooE-o1-.9sooE· o1 . !OOOE • 01 • , 5201" 01 . neoe 0 0 .228QE 00 127 
,76 00E 00 .t oooE · o1 ·, 9BooE · o1 . tooor: · o1 .149 91" 01 .1592; oo .159zE 00 128 
,77 ooE no ,1 QOOE " Q1•.98QOE · 01 o!OOOF • 01 ., 52 0" 01 • 2290; oo . 229QE 00 129 
,7e ooE DO .1o ooE ·o1·.9B ooE • o1 .!OOOI" • Q1 •15521" 01 o165Q;: oo .165oE 00 130 
,79QOE DO .1oooE·ot-,9 eooE • o1 .100D F· 01 • , 4• or: 01 . 2220; oo .n2oe 00 131 
. eoooe 00 .to ooE•ot-.9eoo E.o 1 o100UF · 01 .1 4t-5F 01 •1 55 4E oo o15 54E 00 132 
,8 100E 00 ,1 oooe · o1·.9B ooE · o1 o10001"•01 · 1 530" 01 , 23DOE oo ,23DOE 00 133 
. 6200E DO .1onoF. · o1··9aooE· o1 . !000~ · 0 1 , , 6n o" 01 .1 695E oo .1695E 00 134 
. 8300E 00 .1o oo E·o1-.9aooE · o1 .IOOOF • 01 , , 560" 01 , 2J40E 00 .2 34oE 00 135 
,8400E 00 ,10 00E•o1·,98DOE•01 . 1000f • 01 o11 nor: 01 ,254 0E oo ,2540E 00 136 
.8600E 00 .1 oooE · ot·.9BOOE• o1 ,1000F•Ot ., 6n 8r: 01 . 2413; oo .2413E 00 137 
.eeooE uo ,1QOOE•n1•,98 QOE • 01 o1 OOOE·01 . 1546 1" 01 . 2319E oo .2319E 00 138 
,9QOOE 00 o10 00E •o1•,98 00E · 01 . 1000 ~"• 0 1 . t 6HF 01 . ?519E oo ,2519E 00 139 
,9200E 00 .1o ooE · o1-.9eooE · o1 ol000F•01 o15';4F 01 .2331~ oo • 233tE 00 140 
,9400E 00 ,1 000E•o1·,9800E• 01 , 1QOOE • 01 ot5 A9r: 01 , 2383E oo .238JE 00 141 
,9800E 00 .1oooE•n1·,9Boo Eoo 1 .tOOOE•01 .,e n Jc 01 . 2705; oo .2705E DO 142 
.1oooe 01 .1ooo E•o1- .9e ooE•o1 o1 000E•01 • , 8 7 '~ 01 . 2818E oo , 2818E 00 143 
.1o2oe 01 ,1QOOE • o1·o9800E• 01 , 1000E ·01 . t611F 01 . 2H6E oo ,2416E 00 144 
. 1040E 01 .1oooE·ot-.9e ooE · o1 .1000F • 01 •1 73 7F 01 . !84 4! oo ,1844E 00 145 
. 1osoe 01 .10 00E•o 1·,98Q OE • Ol . 1oooe ·o1 ·1 74 OF 01 ,2610E oo .2~>1oe 00 146 
·1060E n1 ,1oooE•o1·,98oo Eoo1 o10 0DF·01 . t 809F 01 ,1919 E oo .t919E 00 147 
.1oeoe 01 ,1oooE•o1-.9eooE• o1 o100 0F•0 1 · 1 8 3 5~ 01 .t946 E oo •194H 00 148 
•llOOE 01 .toooE•o1•·9eooE• o1 o1000F • 01 o!840F 01 o19 52E oo ·195zE 00 149 
·1120E n1 .1o ooE·n1-.9eooE• o1 o1000F · Ot o1 81\H 01 . 1977; oo .1 977E 00 150 
.114QE 01 .1o ooE ·n1-.9 eooE · o1 , 1000F • 01 • t757F 01 . 263 6E oo ,26 36E 00 151 
ol160f 01 ,100UE•o1·,98 00E o01 , 10DOE•D 1 ol8 28F 01 ,19 38E oo ·19Jee 00 152 
.ueoe 01 ,1000E·o1•,9800E• 01 , 1000F•01 ,t]16F .0 1 o1820E oo .1e2oe 00 153 
.12 00E 01 . 1000E · o1 ·. 9800E · 01 o1 00DE · 01 o1 7 3'>F 01 o1503E oo .1503E 00 154 
.1220E 01 .1 oooE·n1··9eo oE • o1 , 100DF. • 01 •15 28~ 01 o2292E oo ,2292E 00 t55 
.1240E 01 .10 00E · o1··9800E • 01 , 1000E •01 .161 0F 01 ,t7 08E oo ,1708E 00 156 
o1250E 01 .1oooE•nt-,9e ooE oo1 o1000F•0 1 , j 6Q 1F 01 , 2401E oo ,24 0tE 00 157 
o1260E 01 o1000E•o1·o98 QOE oo1 o1 000 E•D1 •1506E 01 o1598E oo .1598E 00 158 
.!.270! 01 ,1oooE·o1·.9Boo E•o1 o1000F·01 o\5 33F 01 . 2299E oo .~299E 00 159 
.1280E 01 .1oooE•o1··9eooE• o1 . 1000F•01 · 1H9F 01 .1592E oo .t592E 00 16 0 
o1290E n1 .1oooE• o1-,9eooE·o1 olOOOE•Ol · 1 6 0 ~~ 01 .2413E 00 ,2413E 00 161 
o13QOil 01 .1QOOE•o1·,9800Eo o1 o10 00E•01 ot378F 01 o2068E oo .2068E 00 162 
.1310E 01 ,1000E•n1·,98oOEo o1 o1000F•01 o1 470F 01 ,2205 E oo ,2205E 00 163 
.1320E 01 .1 000E•o1•,9800E•01 o1 000F•01 .t418 E 01 .2127E oo ,2127E 00 164 
,1330E 01 ,1oooE·ot-,9e ooE • o1 o1000F • 01 o155 7F 01 ,2336E oo ,2336E 00 165 
.1340E 01 ,1000E•o1•·98 00E • o1 o1000E•0 1 •16•0F 01 .2460E oo .246oe 00 166 
.1360E 01 ,10 00E •o1•,9800Ew 01 ,100 UE • 01 . t 432F 01 , 2o25E oo .2025E 00 167 
.1J80E 01 . 1000E • o1• ,9 BooEoo1 o1DOOE •01 o12 3 6F 01 o2~81E oo • 248tE 00 168 
.1•ooe 01 .1000E •o 1·.9&ooE• o1 , 1000E • 01 ol3HF 01 ,2469E oo ,2469E 00 169 

170 
Hr o .. J1o KEV 171 
,eo oo! 00 ,1QOOE•o1•,J100E 00 ,5QOO E• 01 .~94!E 00 .2041E 00 .2041E 00 172 
.e8ooE 00 ,10 00 E• o1•, 3100E 00 , sooOF · o1 ,4500E 00 o1 749E oo .1749E 00 173 
.9ooo! DO o1 00 0E•o1··3100E 00 , 5 QOOE•01 .~1 6 ' e DO o1547E oo ,154?E OD 174 
.1oooE 01 .1000E"01•,310DE 00 , 5QO OIO•o1 o3410 E 00 o1520E oo .152oe DO 175 
.10~0E 01 .10 00E•o 1·,3100E 00 ,500 DF • 01 .~914F 00 ,9871E• 01 ,9871E·01 176 



36 

.1060E ,1000E•o1··3100E oo ,5000F•01 .~870F 00 ,6931E•01 ,6931E•01 177 
01 .6827E•01 ,6827E•01 178 

.uooe 01 ,1QnOE•o1·o3100E oo ,5000E•01 ,4800F 00 

.1120E 01 .1oooE·ot-.31ooE oo ,5000F•01 ,4844F 00 .6740!;•01 ,674oE•01 179 

,1140E n1 ,1000E•o1•,3100E on ,5000F•01 .5158F 00 ,7109::•01 ,7109E•01 180 

.1160E 01 .1oooe·o1··3100E 00 ,5000E•01 , ~872F 00 ,8o85!;•o1 ,8085E•01 181 

.ueoe 01 ,1000E•o1··3100E on ,500DE•01 , ~573F 00 ,6876E•01 ,6876E•01 182 

.1200E 01 ,1000E·o1··3100E on ,5000F•01 1 5917F 00 ,1168E oo .1168E 00 183 

.1220E 01 ,1000E"D1··3100E oo ,5000E•01 ,5527E 0 0 ,1290E . 00 ,H9oE 00 184 

.1240E 01 ,1QOOE•Q1··3100E 00 ,5000~•01 .5154F DO ,9246E•01 ,9246E·01 185 

,1250E 01 ,1000E•o1•,3100E on ,5000E•01 .~66QF 00 .t990E oo .199QE 00 186 

.1260E n1 .1QOOE·o1··3100E on ,soooF·n1 .~811F 00 ,1717!: oo ,1717E 00 187 

,1270E 01 .1000E•o1··3100E on ,5000E•01 .~3951' 00 .1592!; 0 0 ,1592E 00 188 

.1280E 01 ,1000E•o1•o3100E on ,5000E•01 ,4743E 00 ,1031E oo .1031E 00 189 

,1290E 01 ,1000E"Q1··3100E oo ,5000F•01 .~3761' 00 ,1564E oo ,156•E 00 190 

o1300E 01 ,1000E•o1·•3100E oo ,5000E•01 .52451' 00 .1868!; oo ,1868E 00 191 

.1310E 01 ,1oooe·o1-.31ooE on ,5000F•01 .~891F 00 .1837E oo .1837E 00 192 

.t320E 01 .1000E•o1··3100E 00 ,5000F•01 ,46441' 00 .8206::•01 ,8206E•01 193 

.1330E 01 .1oooe·o1··31ooE on ,5000E•D1 ,5472F 00 ·1208!: oo •1208E 00 19. 

.1340E n1 ,10DOE·o1•,3100E on ,5000E•01 .~667E 00 ,1000E oo .lOOOE 00 195 

,1360E 01 ,1000E•o1•,3100E 00 ,5000F•Ol • 5H5e 00 ,8777!:•01 ,877?E•01 196 

.1380E 01 .1oooE-o1·.31ooE on ,5000E•01 .46961' 00 ,8112E•01 ,8112E•01 197 

,1400E 01 .1000E"Q1··3100E on ,5000E•01 .~0161' 00 ,8345::•01 ,8345E•01 198 

.1410E 01 .1000E•o1•,3100E on ,50001'•01 .~6251' 00 ,1437E oo ,1437E 00 199 

.1420E 01 ,1QOOE•a1··3100E on ,5000E•01 • ~318F. 00 .1o9oe oo .109QE 00 200 
,1430E 01 ,1QOOE•o1•,3100E 00 ,5000F•01 ,49Q8F 00 .1361!; co ,1J61E 00 201 
.1450E 01 ,1000E•n1··3100E on ,5oooF.-n1 .52601' 0 0 ·1890E oo o189QE 00 202 
.147oE 01 ,1000E•o1·•3100E on ,5000F•01 ,4921~ 00 ,1382E oo ,1382E 00 203 
,1480E 01 .1onoE·o1-.31ooE on ,5000F•01 .44421' 00 ,9408::•o1 ,9408E•01 204 
.1500E 01 .toooE-o1·.31ooE on ,50001'"01 ,4863F 00 o1257E oo .1257E 00 20, 
.15tOE 01 ,1oooE·o1-,J1ooE on ,5000F.•01 , 3391F 00 .2086E oo .2086E 00 206 

207 
Hf" a•·45o KEY 208 
.lOOOE 01 ,1000E•o1•.4500E on ,5000E·01 o18SOF 00 ,4770E·o1 ,477oE•o1 209 
.1Q40E n1 .1oooE-o1-,45ooE on ,5000F•01 o17AOF 00 ,4670~·01 ,4670E•01 210 
.1100E 01 .toooE•o1··•sooE on ,5000F·01 o1600F 00 ,4390E•01 ,439oE•o1 211 
·1120E 01 ,1000E•o1•,4500E on ,5000~•01 .~640F 00 .5960E•01 ,596oE•01 212 
o1160E 01 .toooE·o1·.45ooE on ,50001'•01 ot720F 00 ,427oe·o1 .427oE·01 213 
o1360E n1 .1oooE·o1-.45ooE 00 ,5000F•01 .usaF 00 ,8730E·o1 ,873oE•o1 214 
.1380E 01 .1oooE-o1··45ooE on ,5000F."01 ,,930F 00 .8390E·o1 ,839oE·o1 215 

216 
Hf" SECO~O GROU~ CORRECTED• a• ABOUT •525 KEY 217 
.1000E 01 .toooE-o1-.525oE on ,2500F·01 ,4049~ 00 .2336!; oo .2336E 00 218 
.1040E n1 .1000E•o1•,5250E on ,25001'•01 .~032F 00 .10DOE 00 .10DOE 00 219 
.1Q60E nl .100UE·o1··525QE on ,;:>5QOF•01 .~257F 00 o10H! 00 ·1074E 00 220 
.1080E 01 .1oooE-o1·,525oE on ,2500E•01 .?16SF 00 ,7154E•01 • 7154E·01 221 
.uooe 01 ,1000E•o1••5250E on ,;:>500E•01 o?363F 00 ,7797E•01 , 7797E•01 222 
.1120E 01 o1000E•o1·,525QE on ,2500F•01 .?5531' 00 o8424E•01 ,842H•01 223 
.1160E 01 .1000E·o1·,5250E on ,2500F•01 ,?62SF DO • 8672E·o1 ,8672E·01 224 
.ueoE 01 ,1000E•o1•·5250E oo ,2500E•Ol .;:>2581' 00 ,H51E•01 • 7451E•01 225 
·1200E 01 ,1000E"01•.5250E on ,2500F•01 .?4501' 00 ,8084E•01 .8084E•01 226 
.1220E 01 .toooe·o1-,525oE on ,2500F.•01 .124 OF 00 ,AQ92E•01 ,8092E•01 227 
·1320E n1 .1000E•o1•,5250E on ,;:>5ooF.·ot .t7tOF 00 .5643;•01 ,564JE•01 228 
o1400E 01 ,100~E•o1·.5250E on ,2500F•01 .?8~~~ no ,9464:0•01 ,9464E·01 229 
.1500E 01 .1on~E-ot-.525oE 00 ,2500F•01 o1675F 00 ,5527E·01 ,5527E•01 230 
.1sooE 01 o1000E"01··5250E on ,2500F•01 o1 45 4F 00 ,4798~·01 ,4798E•01 231 

Hf" 0 .. 610 KEV 
232 
233 

.1160E 01 ,1000E•a1·.6100E 00 ,5oooe·n1 ,;:>790~ 0 0 ,9206E•01 ,9206E·01 234 
·11BOE n o100~E•o1•,6100E on ,5000F•01 ,?940F 0 0 .9702E•01 ,9702E•01 235 
.1240E 01 .1000E"01•,6100E on ,5000E•01 ·~070F 00 o1013E 00 .1013E 00 236 
.1320E 01 .1000E"01·.6100E on ,5000F•01 .~60QF 00 .8580E·01 ,858oE•01 237 
.1500E 01 .1000E•o1•,6100E on ,500UF•01 o19A21' 00 ,4897E•01 ,4897E•01 238 

239 
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HF c;u 800 KEY 240 
,1400& 01 ,1000E•o1-,8000E 00 ,1QOOE 00 ,4Q22F DO ,1327! 00 o132?E 00 241 
,150QE 01 ,1000E•Q1·,8QQQE 00 ,1000E 00 o2858E 00 ,9431E•Ol ,9431E•01 242 

H' Q••1050 KEV 
243 
244 

,1400E 01 ,1000E•o1•,1Q5QE 01 0 9000E•01 .126 2E 00 ,3155E•01 .J155E•01 245 
.1!5001 01 .1oooe•o1-.1o5oE 01 0 900DE•01 o1961E 00 ,4902E•01 .4902E•01 246 

HF Q••1240 KEV 
247 
2411 

,1490E 01 ,2000E•01•,1240E 01 ,9000E•01 ,4790E DO ,1580E 00 .t58QE 00 249 
.uooe o1 ,2000E•o1·.1240E 01 ,9QOOF•01 ·20001' 00 ,6600E•01 ,660oE•01 250 
.151Qf 01 ,2000E•01•,1240E 01 ,9000E•01 o5030E 00 ,1659E DO ,1659E 00 251 

252 
c 25J 
c 254 
c TOTAL CROS5 SeCTIONS Op HA,NIUM 255 
c MONOEN~RGeTIC SOURCE METHOD 256 
c RESOLUTION 2•3 KEY 257 
c FORMAT(3Et2,6l 251 
c ENERGY IN KEV 259 
c XSEC IN BARNS 260 
c ERROR IN XSEC IN IARNS 261 
c 262 

,1QH99E 03 ,918000E 01 ,2JODOOE 00 26J 
,1Q6600E 03 ,9420oOF 01 .uoDDoE 00 2114 
,to8600E 03 ,9!520oOE 01 .uooooe 00 265 
.uo6ooe 03 ,920000E 01 .uoDooe 00 266 
,U2700E D3 ,ueoooe 01 ,uooooE 00 2b7 
ol14700E D3 ,9210oOE 01 ,2J0000E 00 2b8 
,U6700E 03 ,941000E 01 ,1J0000E DO 269 
.ue?ooE 03 ,8990oOE 01 ,220000E 00 270 
o12680QE 03 ,91600DE 01 ,13QOOQE 00 271 
.1288QOE 03 ,910000E 01 ,lJODOOE 00 272 
,1J0900E OJ ,910000E 01 .uooooe 00 273 
.tJ290QE OJ ,\ID9000E 01 .uoooae 00 274 
,134900E OJ ,8760oOE 01 .uonooe 00 275 
,1J6900E 03 ,9070QOE 01 .uoooof 00 276 
,1J8900E OJ ,es5oooe 01 ,1J0000E 00 277 
,140900E OJ ,889000E 01 ,lJoDOOE 00 278 
,142900E OJ ,e6ooooe 01 ,130000E 00 279 
,144999E 03 ,891000E 01 ,1J0000E 00 280 
,1H999E OJ ,88JOoOE 01 ,1JQOOQE 00 281 
o148999E oJ ,e67oooE 01 .uaoooe 00 282 
,H0999E OJ ,863000E 0! ,13000QE 00 283 
.1!52999E 03 ,876000E 01 , UOOOOE 00 284 
.t!5•999E 03 ,e68DoDE 01 .uoooae 00 285 
,156999E OJ ,8860QOE 01 .uoooae 00 286 
,1!58999E OJ ,858DoOE 01 .uooooe 00 287 
,160999E OJ ,ee5oooe 01 .uooooe 00 288 
,163100E 03 ,871oooe 01 .uooooe 00 289 
,U5100E 03 ,8730oOE 01 .uoooae 00 290 
.16710QE OJ ,e&eoooe 01 ,l:JoOOOE 00 291 
,169100E 03 ,845000E 01 ,119999E 00 292 
o171100E 03 ,e32oooe 01 ,119999E 00 29J 
,17310DE Q3 ,846000E 01 .uooooe 00 294 
,175100E OJ ,832000E 01 ,130000E 00 295 
.17710oE 03 ,849QoOE 01 ol1999fE 00 296 
o1791DOE 03 ,8J30oOE 01 ,119999E 00 297 
,18110DE o3 ,8100QOE 01 ,1t999tE 00 298 
,18310DE oJ ,814000E 01 ,119999E 00 299 
.U5tooE oJ ,8570oOE 01 o119999E 00 300 
,187200E 03 ,8470oOE 01 .1t999tE 00 301 
,189200E 03 .~oeoooe 01 o119999E 00 302 
.191200E 03 ,8200oOE 01 .22ooone 00 303 
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,19J200E ,8240oOE .11 9999E 00 304 
03 01 305 

o195200E OJ , e220oOF 01 .11 9999E 00 306 
,197200E 03 ,816000E 01 ,H9999E 00 307 
,199200E OJ , 83JOOOE 01 ,119999E 00 308 
,201200E OJ ,7940oOE 01 ,119999E 00 309 
.20J200E OJ ,821000E 01 ,119999E 00 310 
.205200~ OJ , 818000F 01 .119999E 00 
o207200E 03 ,798000E 01 ,119999E 00 311 

.209200~ 03 ,78J000F 01 ,119999E 00 312 

,211200E 03 ,811000E 01 ,119999E 00 3U 

,UJ200E OJ ,84JOOOE 01 ,119999F 00 314 

,217300E OJ ,e32oooe 01 ,119999E 00 315 

.219JOOE 03 ,815000E 01 , 119999E 00 316 

.221300E OJ ,~J9000E 01 ,119999E 00 317 

,22J300E OJ , 8190oOE 01 .H9999E 00 Jte 

,225300E 03 .8160oOE 01 ,119999E 00 319 

.22730oE 03 ,8240oOE 01 ,1t9999E 00 320 

.229300E OJ ,799000E 01 ,H9999E 00 321 
,231300E 03 ,791000E 01 ,119999E 00 322 
,23JJooE 03 ,7930oOE 01 ,119999E 00 323 
.2353ooe 03 ,7880oOE 01 ,119999E 00 324 
.23730oE 03 ,790000E 01 .1t9999E 00 325 
,2J9300E 03 ,eo5oooe 01 ,119999E 00 326 
.2HJooE OJ ,7940oOE 01 o119999E 00 327 
o243300E 03 o811000E 01 1 H9999E 00 328 
,2453ooE ~3 ,7~70oOE 01 o119999E 00 J29 
.247Jooe 03 o819000E 01 o119999E 00 JJO 
,249300E OJ ,Y860oOE 01 .tt9999E 00 331 
,251400E OJ ,799000E 01 .119999E 00 332 
.25J4ooe 03 o8120oOE 01 ,119999E 00 3J3 
1 255400E 03 ,79toooe 01 ,119999E 00 334 
,257400E 03 o801000E 01 o119999E 00 335 
,259400E 03 ,762000E 01 ,119999E 00 336 
,261400E 03 , 774999E 01 ,119999E 00 337 
,26J400E 03 ,7980oOE 01 ,119999E 00 338 
,2654ooe OJ o7710oOE 01 o119999E 00 339 
, 2674ooe 03 ,761000E 01 o119999E 00 340 
,269400E 03 ,7!11000E 01 oH9999E 00 341 
o271400E 03 ,781000E 01 o119999E 00 J42 
,273400E 03 ,7960oOE 01 ,119999E 00 343 
,275400E 03 ,7720oOE 01 ,119999E 00 344 
, 27Hooe 03 o806000E 01 ,22onooe 00 345 
.2794ooE 03 , 774999E 01 oU9999E 00 34. 
,281400E 03 ,763000E 01 ,119999E 00 347 
, 28HO oE 03 ,774999E 01 o119999E 00 348 
,285400E 03 ,762oooe 01 ,119999E 00 349 
o287400E 03 ,7670oOE 01 ,119999E 00 350 
,289400E 03 .752000E 01 ol19999E 00 351 
,291400E 03 ,755oooe 01 ,119999E 00 352 
,293499E 03 ,7920oOE 01 o119999E 00 353 
,295499E 03 ,778000E 01 ,119999E 00 J54 
,297499E 03 ,77eoooe 01 ,119999E 00 355 
,299499E 03 ,78Joooe 01 1 l19999E 00 356 
,J01499E OJ ,777oooe 01 ,119999E 00 J57 
,JOJ499E 03 ,7820oOE 01 .H9999E 00 3!58 
,Jo5499E 03 ,7730oOE 01 ,119999E 00 359 
,J07499E 03 ,769000E 01 ,119999E 00 J60 
o3Q9499E 03 ,751000E 01 ,1t9999E 00 361 
,JU499E OJ ,75ooooe 01 ,H9999E 00 J62 
,J1J499E 03 ,749000E 01 ,H9999E 00 363 
,Jt5499E 03 .nsoooe 01 ,119999E 00 J64 
o317499E OJ ,757oooe 01 o119999E 00 365 
,J19499E 03 ,7620oOE 01 ,119999E 00 366 ,321499E 03 ,76oooOE 01 o119999E 00 367 
, J2J499E OJ ,762oooe 01 oH9999E 00 J68 
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,325H9F 03 .7770~0E 01 ,119999E 00 369 
,327H9E 03 • 7H9Q9E 01 ,11 9999 E 00 J7o • 329499E 03 ,7b3000F 01 ,119999E 00 371 
.331499E 03 ,7b3000F 01 .119999 f 00 372 
,3J3499 E ~3 ,7780nOE 01 ol1 9999t 00 373 
,3J5499E 03 • 774oooe 01 .H9999 E 00 J74 
,3J7499 E 03 • 772DOOF 01 .119999F 00 375 
,339499E 03 .7580oOE 01 ,119999E 00 376 
.3H499E 03 • H50nOE 01 o119999E 00 J77 
.J4360oE 03 ,7670oOE 01 .119999 E 00 378 
,345600 E 03 ,746000E 01 .119999!' 00 379 
.347600E 03 ,7630oOE 01 ,119999F ou J80 
• 34960 Of 03 , 778000F 01 ,1t9999E 00 J81 
,J51600 E 03 • 771000F 01 ,119999E 00 J82 
.35J6ooE OJ ,773DoOF 01 ,11 9999 E 00 J8J 
,354600E 03 ,76 00oOE 01 ,1J0000E DO J84 
.J55&oo e OJ , 7380oOE 01 ,119999E DO J85 
,J56600 E OJ o 7790oDE 01 ,1JQ000F 00 J86 
.J5760oE OJ ,7590oOE 01 ,7ooODO E•01 J81 
,358600E 03 ,78JOoOE 01 ,l:JQOOOF 00 J88 
.J&o&oo E OJ ,744000~ 01 ,1J0000F 00 J89 
,362600 E OJ ,7430oOE 01 ,13 0000E 00 J90 
,364600 E OJ ,741000E 01 ,1J OODOE 00 391 
,366600 E 03 1 7b3DoOF 01 11J 000 0F DO J92 
.36e&ooe 03 , 7770oOE 01 ,lJOODOE 00 J9J 
,J7o6oo e 03 1761DOOF 01 ,1JODDOE DO J94 
.3726oo E 03 ,7900 00E 01 ,lJ OOOOE 00 J95 
o374600E 03 , 729DoDE 01 ,lJ OODOE 00 J96 
.3?660o E 03 1758oooe 01 ,13 0000E 00 J97 
.378600E OJ ,145000 E 01 olJOOOOF 00 J98 
.3e2&ooE 03 , 77ooooe 01 ,1Jonooe oo J99 
,J84600 E OJ , 7b4000E 01 ,1J onooe oo 400 
,386600E OJ , 777oooe 01 ,lJ OODOE 00 401 
,J88600E 03 ,7430oDE 01 ,tJonooe oo 402 
.J9o60o E OJ ,748000E 01 ,1600DH 00 403 
.392600E OJ ,79JOOOE 01 .1J ono oe oo 404 
,J94600E OJ IH4000E 01 ,lJ OOOOF 00 405 
.J96&ooe OJ 173JOOOE 01 ,1J 000 0E 00 406 
.398600E 03 ,726000F 01 olJ ODD OE 00 407 
o400600E OJ ,7370oOF 01 ,1JOOOQE 00 401 
1402600E OJ ,7500QOF 01 11:J ono oe oo 409 
,404600E 03 17560oOE 01 ,1J 0000F 00 410 
,406600E OJ ,7650oOE 01 ,13 Q000f 00 411 
,408600E 03 ,73oOoOE 01 ,lJ OODOF 00 412 
·•1o6ooE 03 .77ooooe 01 11JOOOOE 00 413 
,412700E OJ ,755000F 01 ,1JOD0af 00 414 
,4147ooE 03 ,744000 E 01 .uonooE oo 41, 
,4167ooE 03 • 72BOoOE 01 ,lJOOOQE 00 416 
,418700E 03 I 729000E 01 ,1J 000 0E 00 417 
.420700E OJ ,135000F 01 .uooooe oo 418 
,42270oE OJ ,?89000E 01 ,1J QDO OE 00 419 
,4247ooE 03 ,752000F 01 .13nnooE oo 420 
,4267ooE OJ ,1590oOE 01 ,lJonooE oo 421 
,428700E OJ , 7370oOE 01 ,13 0000E 00 422 
.43o7oo e 03 ,7340oOF 01 ,1J 0000E 00 42J 
,4J270oE 03 ,745000E 01 .uooooe oo 424 
,4347ooe 03 ,129000E 01 ,l:JQDDOE 00 425 
,4J67ooE 03 17340oOE 01 .l:Jonooe oo 426 
,4JB70oE 03 ,7610oOE 01 ,1J000QF 00 427 
1H0100E 03 ,7490oOE 01 ,1Jooooe oo 428 
,44270oE OJ 17670oOE 01 .uono oe oo 429 
,44470oE 03 ,737000E 01 ,130000E 00 4JO 
,44670oE 03 17HOoOE 01 1130DDOE 00 431 
,448700E OJ ,7J8000E 01 ,1JQOOOE 00 432 
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,450700E 03 ,737000E 01 ,1JOOOOE 00 4JJ 
434 

,4527aoE OJ ,7620oOE 01 ,13000QE 00 
435 

,4547ooE 03 ,7240aOE 01 11JonooE 00 
4J6 

,4567ooE 03 ,7J90aOE 01 ,130000E 00 
1458700E OJ 17520oOE 01 ~uonooe 00 437 

.uo7ooE OJ 17D8DaOE 01 ,1HOOOE 00 438 

,462700E 03 17280oOE 01 ~uonooE 00 439 

,464700E OJ 1721000E 01 ,1JOOOOE 00 440 

14667ooE OJ 1736000E 01 11JonooE 00 441 

,468700E 03 .7580oOE 01 .uooooE 00 442 

~Ho7ooE 03 ,739DoOE 01 11J0000E 00 443 
,472700E 03 1743DODE 01 ,lJoOOOE 00 444 

• 4741ooe 03 1742DoOE 01 .uonooF 00 445 

,4767aoe 03 1735000E 01 .16onooE 00 446 
,4787aoE 03 ,747000E 01 ,1JonooF 00 447 

.•eo7ooE 03 174100DE 01 ~uoaODE 00 448 

.4827aoE 03 ,730DODE 01 ~uonooE 00 449 
,484700E 03 ,736DOOE 01 11JOOOOE 00 450 
,486700E 03 1 71JaooE 01 ,1JonooF 00 451 
~•ee7ooe 03 , 7JBOoOF. 01 .13onooE 00 452 
149o7aoE 03 17330oOE 01 11J0000E 00 453 
1U2?ooE OJ 1741DOOE 01 113000QE 00 454 
,4947ooE OJ ,724DoOF 01 .uooooe 00 455 
,4967aoE OJ ,7aJOoOE 01 .16000QE 00 456 
,49e7ooE 03 17220oOE 01 113onooE 00 457 
,5oo7ooE 03 1739DoDE 01 ,1J0000E 00 458 
,5Q2700E 03 ,116000E 01 .uonooE 00 459 
,5Q4700E 03 1721000E 01 11Jonooe 00 460 
1506700E 03 .noonoe 01 ,1JonooF 00 461 
,508700E 03 ,7360oOE 01 .130000E 00 462 
,51o7ooE 03 ,733DoOE 01 .uonooE 00 463 
.5127ooE 03 ,719DoOE 01 .uonooE 00 464 
,HHaoE 03 ,7320oOE 01 .uonooe 00 465 
,5167ooE 03 ,7320nOE 01 ,130000E 00 466 
,52o7ooE 03 ,7cooooE 01 ,1J0000E 00 467 
,5227ooE 03 , 7110oOE 01 ,1Jonooe 00 468 
.524700E 03 1751000E 01 ,1J0000E 00 469 
,52670oE 03 1720000E 01 ,1JonooE 00 470 
,528700E 03 ,722DoDE 01 ,1JonooE DO 471 
,53o7ooE 03 .ntoooE 01 .13onooE 00 412 
,5327ooE 03 1 7HoooE 01 .13onooE 00 473 
,5347ooE 03 17300oOE 01 ,1JOODOE 00 474 
,5367ooE 03 ~n4ooDE 01 .uooooE 00 475 
,53e7ooE 03 1730000E 01 ,1J000QI' 00 476 
,54o7ooE 03 ,772DOOE 01 ,13onooe DO 477 
,5427ooE 03 1757oooF 01 ,13onooE 00 478 
,5447ooE 03 1neoooE 01 ,1JonooE 00 479 
,54680oE 03 ,7180oOE 01 ,130000E 00 480 
.548800E 03 ,740000E 01 .uoooee 00 481 
.55o8ooE 03 ,731DOOE 01 ,1J0000F 00 482 
,552BaoE 03 ,699999E 01 ,130000E 00 483 
.554800E 03 ,7Q5000E 01 .uooooF 00 484 
,5568ooE n3 • 7140oOE 01 .130000F 00 485 
,558800E 03 ,7270oOE 01 ,1J0000E 00 486 
.560800E n3 ,7260oOE 01 ,1J0000E DO 487 
.562800E 03 ,759000E 01 .uonooe 00 488 
,564800E 03 ,740000E 01 .130000F 00 489 
,566800E 03 ,7180oOE 01 ,lJonooE 00 490 ,568800E 03 .719000E 01 .130000E 00 491 
,57080DE 03 ,7430nOE 01 1130000E 00 492 ,5728DOE 03 ,7450oOE 01 ,1J000QE 00 49J ,574800E 03 .7330oOE 01 11J0000E 00 494 
.576800E 03 ,763UOOE 01 ,1J0000E 00 495 ,578800E 03 ,723000E 01 .13000QF 00 496 
.5eoeooE 03 ,7220nOF 01 .130000E 00 497 
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o582800E 03 ,7350 oOE 01 ,1J0000E 00 498 
.58480oE 03 • 7170ooe 01 ,1J0000E' 00 499 
,!j8680o E 03 ,7140oOE 01 .uoooo< 00 500 
,588800 E 03 ,7oeoooe 01 ,130000E 00 501 
,590800 E 03 , 72H99E 01 ,1JoOOoE 00 502 
,592800E 03 ,732000E 01 .uoooo F 00 503 
,59480o E 03 .744000E 01 ,1JODOOE 00 504 
,596IOQE 03 • Hooooe 01 ,1J QOOOE 00 505 
,'!198800E 03 I 736DOOE 01 .uooooe 00 506 
,600800E 03 .7Q80oOE 01 ,1J 0000E 00 507 
.602800E 03 ,730000F. 01 .1Jonoo e 00 508 
,604800E 03 ,7070oOE 01 ,13onooe 00 509 
,606800E 03 • 723000F 01 .uooooe 00 510 
,&oeaooe OJ ,7260oOE 01 ,1JOOOQE DO 511 
.uoaooe 03 ,730000E 01 .uooooe DO 512 
.U2800 E 03 .7170oOE 01 .uoooo e 00 51J 
,61480o E 03 ,7440QOE 01 ,1Jonooe 00 514 
,616800E 03 ,7190 00E 01 .uooooe 00 515 
.ueeooe OJ ,?34000E 01 ,uoooae 00 516 
o620800E OJ o1110oOE 01 .uooooe 00 !j17 
,622&ooe OJ ,7J60ooe 01 .13 onooe 00 518 
,62480oE OJ o7160oOE 01 ,13QOOOE 0 0 519 
,626800E o3 ,7220oOE 01 .uooooe 00 520 
.628800E 03 I 7190QOE 01 ,uooooe 00 521 
.63o&ooE 03 o744000E 01 .uooooe 00 522 
,632Booe oJ ,7470oOE 01 .1Joooae 00 52J 
.6J4800E 03 .7J~OOOF 01 ,1J000Q E 00 524 
,6J6800E OJ ,7160oo e 01 ,1J0000F 00 525 
,6J8BOOE nJ ,7170oO E 01 .13onooe 00 526 
,64Q800E 03 , 709000E 01 ,1J0000E 00 527 
,642800E OJ ,7oJoooe 01 .uonooe 00 !j28 
,644800E OJ ,740000E 01 ,1JOOOOE 00 529 
,646800E OJ .H?oooe 01 ,1JODOOF 00 5Jo 
.64&8DOE 03 , 7HOoOE 01 ,16onoo e oo 531 
.648999E OJ .6949e2e 01 ,899150E•01 5J2 
.65t82J E OJ ,654QJ2F 01 .155446E 00 5J3 
,654001 E OJ ,7538n5E 01 .1o9925E oo 534 
, 656831E OJ ,7Q5875F 01 ,89691QF•01 5J5 
,66t839E 03 1 695828E 01 ,89820c E•D1 536 
,666846 E OJ ,?o556oE 01 ,89810oF~o1 537 
,6?1854E OJ ,7Q9253E 01 ,8V8?~cE•01 5J8 
,676862E 03 ,7a29 o8F 01 ,69751cE•D1 539 
• 681869E 03 ,709467E 01 ,B9952oF•01 540 
, 68687?E 03 ,7328t8E 01 ,9g o63oe ·o1 541 
• 691&e 4E 03 , ?14669E 01 ,89817CE•01 542 
,696892E 03 , 734269E 01 ,89919oE•o1 54J 
• 7o1899E OJ ,7252oOE 01 , 89974cE ·o 1 544 
,7Q6906 E 03 ,73t727E 01 ,9oo76oF•D1 545 
, 711914E OJ , 711649E 01 ,9o227oE·o1 546 
.716921E OJ ,7418t6E 01 .e9e75oE•o1 54? 
,72t92eE 03 ,709~87E 01 ,9g1210E•Ol 548 
,72693'E 03 , 684662E 01 ,89957oE•D1 549 
, 731942E 03 ,732749f 01 • 6978<1oE•01 55o 
,736949E 03 ,7JoBo7e 01 ,89946oE•01 551 
.74t956E 03 ,7U2897E 01 .9Q1030E·01 552 
, 74696JE 03 , 71J4 77E 01 ,89962QE•01 553 
• 75t97oE OJ , 71134 7E 01 ,9o o730E ·D1 554 
, 7H97?E OJ ,706628F 01 ,9oo66QE•01 555 
.76t964E 03 ,7Q6J94E 01 ,9g 1JOOE ·01 556 
• 766991E 03 1 704603E 01 ,901~00E•01 557 
,77t997 E 03 ,718717E 01 ,9g2610E•01 558 
, 777004E 03 • 73 775JE 01 ,9Qt65QE•01 559 
,762011E 03 , 7H053E 01 ,9oa600E•Ol 560 
, 787018E OJ .7a3525F 01 ,9Q393CE·01 561 
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,792024E 03 .72B098E 01 ,9o2450E•01 562 
56J 

,797031F 03 ,128754E 01 ,9Q134QF•01 
564 ,802037E 03 , 712023E 01 ,89928oE•Ol 
565 .eo7o4H 03 ,754799E 01 ,9Ql270E•Ol 
566 ,812o5oE 03 ,713618E 01 ,902430E•0 1 
567 ,81]057E 03 , 7H<50E 01 ,9Q1020E• 01 

,822063E 03 .739Do1E 01 ,9Q03BOE•0 1 568 

,827070E 03 ,753925E 01 .901030E•Ol 569 

,832076E 03 ,729323E 01 ,9Q386QE•Ol 57o 
,837081E 03 ,724584E 01 ,9oo760E·01 571 
,842089E 03 , 7<292H 01 ,899160E•01 572 
,847095E 03 ,7282o5E 01 ,9Q0900E•Ol 573 
,852101E 03 ,7471t3E 01 ,9Q322QE·01 574 
,857107E 03 ,7351t9F 01 .11o3HE 00 575 
,862113E 03 , 722975E 01 ,90!00H•01 576 
,867120E 03 ,716567E 01 ,900610E•01 577 
,872126E 03 ,730712E 01 ,9oo150E•01 578 
,877132E 03 , 71663BE 01 1 9Q22BOE•01 579 
,882138E 03 , 716~61E 01 , 9Q1180E• 01 580 
• 887144E 03 ,728691E 01 , 9oo27oe·o1 581 
,892150E 03 • 7269o3E 01 ,9oo340E•01 582 
,897156F 03 , 728582E 01 ,9go9ooE•01 58J 
,9021~2E 03 ,697261F 01 ,89949QE•01 584 
, 9Q 7168E 03 ,728893E 01 ,B9B77oe•o1 585 
,912173E 03 ,742379E 01 ,B9985cE•01 586 
,917179E 03 , 715211E 01 ,B9811QE•01 587 
,9221e5E 03 , 741539E 01 ,89714oE•o1 588 
,927191E 03 ,674303E 01 ,89796QE•01 589 
, 932197E 03 ,730995E 01 ,B97J7oE·0 1 59Q 
,937202E 03 ,7140/65E 01 ,B98130E•01 591 
,942207E 03 ,728442F 01 ,89BB7oE•01 592 
,947214E 03 ,7235oOE 01 ,89770QE•0 1 593 
,952219E 03 , 731464E 01 ,eta61oE•01 594 
,957225E 03 .7315o4E 01 ,89914 0E• 01 595 
,962231E 03 ,706243E 01 ,89868QE•01 596 
,967236E 03 ,745660E 01 ,8954Boe·o1 597 
,9722~2E OJ .7101fl1E 01 ,89735 QE•01 598 
,977247E 03 ,735570E 01 ,89766 QE• 01 599 
,982253E 03 , 744 756E 01 ,895360E•01 600 
,987259E 03 , 743486E 01 ,897070E•01 601 
,9922~4E 03 ,7571 &9F 01 ,895010E• 01 602 
,997269E 03 .7~4623E 01 ,B94B7oE• o1 603 
o100227E 04 ,7329J3E 01 ,894 910E•01 604 
t100727E 04 , 715691E 01 ,8'i4290E"01 60, 
o1D1228E 04 , 7346JOE 01 ,B9455 oe•o1 606 
o101729E 04 ,734732E 01 ,894260E•01 607 
o102229E 04 ,7341~3E 01 ,B9355oE•o1 608 
.102730E 04 ,7299J5E 0!. ,893 99QE•01 609 
.1032JoE 04 , 719575E 01 ,892140E"01 610 
o1037J1E 04 .727823E 01 ,B9245oE•o 1 611 
o104231E 04 ,725820E 01 ,8926BoE •01 612 
o104732E 04 .722059E 01 ,89J27oE~o 1 613 
·105232E 04 ,7374JOE 01 ,8f199oE •o1 614 
.105733E 04 , 721150 E 01 ,B9o41oE•0 1 6U 
.10623J E 04 .702294E 01 .89o53oE•o1 616 
·106734E 04 , 7369e3E 01 .B9t55oe•o1 617 
,1072J4E 04 ,7188J7E 01 ,109058E 00 618 
,1077J5E 04 ,700849E 01 .889370E•01 619 
o1082J5E 04 ,724466E 01 ,8900 50 E• 01 620 
.toe7J6E 04 ,749781F 01 ,89047QE•01 621 
o109236E 04 ,732922E 01 ,889600E•01 622 
.109737E 04 ,714996E 01 . ee852oe•o1 623 
.110237E 04 , 742123E 01 ,e9on6oE•01 624 
•110738E 04 , 7613A5E 01 ,B,98BoE•o 1 625 



4 3 

·1112H F n• .7:S66~0E 01 , B88380f • D 1 626 
o111739 F 04 • 722521F ~1 ,88 9n1oF · ot 627 
, U2239 E 04 • 7259o9E 01 ,8e B22oF ·ot 628 
.u274o E 0 4 .7210t9E 01 ,88 822oF • 0 1 629 
,U3240 F 04 , 72~4J5E 01 ,8eB25oE•o1 630 
,U3741E 04 • 7~2160f 01 ,8&HooF•01 631 
,114241E 04 , 743165E 01 ,eeH9o f ·01 632 
.114742E 04 ,718761F 01 ,8a 5 71o F•o1 633 
,U5242E o• ,745850E 01 ,B8 51Boe · o1 634 
,115743E 04 • 7<26o6E 01 ,B86160F•01 635 
.U6243E 0 4 .723879F 01 .ee s79 oE·o1 636 
,1167HE 04 I 756777E 01 IB8719o F·01 637 
.U77HE 04 , 7196J7E 01 ,BI632oE•01 638 
,U8245 E 0 4 • 7264o<!F 01 .ee6eeoe·ot 639 
,u8746E 0 4 , 7141~H 01 ,B8595oF·01 640 
,U9246 E 0 4 , 740259E 01 ,B8649Q F•Ol 641 
oU97HE 04 ,7232t7E 01 IB8 602 oF•01 642 
o120247E 04 ,7346t4E' 01 ,8&680oE•01 643 
o120748E 01 ,750865E 01 ,88 ~36oE ·01 644 
o121248E 04 ,752655E 01 .ass71o E·o1 6H 
.121749 E 04 .7169J1 E 01 ,88 697oE •Ol 646 
o122249E 04 ,730485E 01 ,8e s 77oE•o1 647 
,122749E 04 , 718052E 01 ,8e 5 &2oE•01 648 
.12325oE 04 ,6998t2E 01 ,88 500 0E•Ol 649 
.12375oE 04 , 7J24t4E 01 ,88 5 HOE·01 650 
.1242hE 04 ,71532BE 01 ,8esn 6oE•o1 651 
.124H1E 04 ,72705UE 01 ,88491QE•01 652 
.t25252E 04 , 714842F 01 ,81485oE•01 653 
.125752E 04 ,721149E 01 ,88612oE•01 654 
o12625JE 04 ,7J2546E 01 ,88 6 920E•01 655 
.t26HJE 04 ,72344JE 01 ,8&573oF·o1 656 
.t27254E 04 , 728259E 01 ,easl2o E•o1 6n 
o127754E 04 , 743983E 01 ,eas72oE•o1 658 
.1282~4E n4 ,721070F 01 ,88469o E•01 ~59 
,t28755E 04 ,7262o9E 01 ,lo 8 464E 00 660 
o129255E 04 ,722J28F 01 ,8S 397oE•01 661 
o1297,6E 04 , 7H665E 01 ,8aJJJo E•o1 662 
o1302,6E 0~ ,727772F 01 ,B83B1oE•01 663 
.tJo757E 0~ ,7211BOE 01 ,88 326 o E•Ol 66~ 

.1J1257E 04 ,729639E 01 .ee 291 oE·o1 665 

.131757E 04 ,742597E 01 ,B8 3360E •01 666 
o1322,8E 04 o710082E 01 ,BS273oE•01 667 
.132758E 04 , 7256JJE 01 ,81167H•o1 668 
o1332,9E 04 , 743281E 01 ,eeo84oE•o1 669 
o1337,9E 04 ,72274BE 01 ,eaoesoe~ol 670 
.1H26oE 04 ,7707J8E 01 ,88o62oE•01 671 
o13476oE 04 ,7155e8E 01 ,eeo52oE•01 672 
o1347eQE 04 , 748566E 01 ,eao75oE•01 67J 
o13526oE 0<1 ,721587E 01 ,88114oE•D1 674 
o135761E 04 ,7253oOE 01 ,8e o94oE•o1 675 
.136261E 04 I 741155E 01 .B8194QE•Ol 676 
o1J6762E 04 ,742656E 01 ,8S128oE•01 677 
.1J776JE 04 , 72707JE 01 , euuoe•o1 678 
,13876JE 04 I 733560E 01 ~seoJ2oE•01 679 
.1392HE 04 ,7272nOI' 01 ,81927oE•01 680 
.139764E 04 ,717381E 01 ,88021QE•01 681 
.140265E 04 ,736978 E 01 ,87978oE•01 682 
,140765E 04 I 741296E 01 ,87992oE•01 683 
.1H265E 0 4 ,712914F 01 ,87991oE•01 684 
,tH766E 04 ,7228o2E 01 ,B790BOE•01 685 
o142266E 04 , 724666E 01 .87903oE•o1 686 
.142767E 04 ,763760E 01 ,8eo2ooE•o1 687 
,143267E 04 ,7:.t7289E 01 ,87898oE•01 688 
.143H8E 04 I 720623E 01 IB7947oE•o1 68CI 



44 

1 1H268E 04 , 7H0&5E 01 ,81972oE•o1 
.1~4768E o• ,71639•E 01 ,87904oE•o1 
,145269E 04 , 7~97e6E 01 ,87995oE•01 
.1~5769E 04 ,7250J6E 01 ,8783~oE•o1 

.1~&27oE 04 , 716~12E 01 ,878060E•01 

.146770E 04 ,723387E 01 ,a7e5&oE•01 
,t4127oE 04 ,7375eoe 01 1 8793~0E•01 
.tH771E 04 ,768~28E 01 ,B7937oE•01 
.1~8271E 04 ,736958E 01 ,87867oE•o1 
.1~8171E 04 ,7oo5o1E 01 ,87932oE•01 
.1~9272E 04 ,?348o4E 01 ,87924oE•01 
.1~9172E 04 ,?22816E 01 ,1o7579E oo 

c 
c 
c TOTAL CROSS SECTIONS OF HAFNIUM 
c CHECK POINTS USING TIME-OF-FL!G~T 

c FORMAT(AS PE~ ABOVE> 
c 

,606667E 03 , 7316oOE 01 ,126000E 00 
,8Q5737E 03 ,680960E 01 ,137000E 00 
.1oo~82E 04 ,7219oDE 01 ,1,nooe 00 
.120405E 04 1 7741~0E 01 1 173000E 00 
,140321E 04 , 72070E 01 ,199000E 00 

c 
C END HAFNIUM DATA BLOCK 
c 
c 
c 
c 
c 
C GADCL!N!UM DATA HLOCK 

TECHNIQUE 

C G, SHERWOOD, A• SMITH• J, WHALEN•--TO BE PUBLISHED 
c 
c 
c 
c 
c 
C ELASTiC SCATHR!NG FROM NATURAL GADOLINIIIM DATE 11•68 
C FINAL VALUeS 
C T!ME-OF•FL!u~T METHOD 
C INCIDENT RESOLUTiON ABOUT 20 KEV 
C SCATTERED RESOLUTION 1o5 NSEC/M 
C EST!MAT~D ERROR IN INTEGRATED X•SEC B PERCENT INCLUDIN' STD, 
C ERROR !N OMEGA COEF, ES,!MATED FRO~ LElST SQ, FITTING, 
C FORMAT 
C D X•SEc• (X•SEC/ 4*,!)*11,+ SUM O~EGA•Pl EQC1l 
C SUM FkOI'< 1-5 
C P•LEGENDRE ~OLYNOMIAL IN LAB, SYSTEM 
C MEASURED ANG ULAR !NTERVAL · 25-155 DEG, AT EiGHT A~GLES 
C ALL DATA CORReCTED FOR MULTIPLE SCATTERING 
C ALL RESULTS RELATIVE TO D(F, CARBON X-SEC OF ANL•55671REV) 

c 
c 
c 
c 
c 
c 
c 
c 
c 

FOLLOWING CARD FORMAT 6X, 2!4, 51!5 1 141 , 8CO 
wHE RE ReSPECTIVE VALUES ARE, 

E•N IN KEV 
X•SEC*100 
0MEGA•1 *1000 
D•oMEGh1•1oon 

OMEGA-5 •1000 
D•OMEGA-5*1000 

690 
'91 
692 
693 
69~ 
695 
696 
697 
691 
699 
700 
701 
702 
703 
70~ 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
71, 
716 
717 
718 
719 
720 
721 
722 
723 
72~ 
72, 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
7~2 

7~3 
744 
745 
746 
747 
748 
749 
750 
751 
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FOI.\,0111 NG EQ(11 ABOVE, 752 
300 743 971 97 Ho 57 113 70 •65 9~ 0 0 753 
310 683 95n 95 226 1H ·17 141 33 188 0 0 754 
320 678 966 96 548 91 •7 113 12 150 0 0 755 
330 671 993 99 ~48 69 158 85 •201 113 0 0 756 
3~0 653 89~ 89 78a 111 21 142 150 189 0 0 757 
350 666 911 91 65t 6' •102 88 30 104 0 0 758 
380 6419 1145 114 900 97 222 118 15! 54 0 0 759 
400 551 1o9o 109 605 6o 121 57 ·79 76 0 0 760 
420 616 1151 115 830 125 76 151 0 5o 0 0 761 
440 586 1128 112 82t 86 96 103 0 50 0 0 762 
450 540 1089 108 822 97 115 97 ·140 148 0 0 763 
460 582 1071 107 805 eo 196 8t 0 5o 0 0 764 
470 587 1203 120 971 97 209 5o 28 65 0 0 765 
480 577 1178 117 972 97 320 51 105 69 0 0 766 
~90 606 12oo 120 858 8t 218 67 123 90 0 0 767 
500 543 12Jo 123 873 87 275 101 69 111 0 0 768 
510 560 111A 111 e3 0 8l 157 66 64 89 0 0 769 
!120 549 1145 114 976 97 287 5n 197 50 0 0 770 
530 581 1216 121 1026 102 311 53 150 71 0 0 771 
540 565 1216 121 1047 10~ 307 57 64 50 0 0 772 
550 519 1259 125 1058 101 273 105 1 133 0 0 773 
'60 545 1189 118 1oJo 103 Jto 58 135 77 0 0 774 
,0 501 122t 122 1165 116 436 50 108 63 0 0 775 
580 559 12e 0 128 1142 1U 384 5o 119 59 0 0 776 
590 533 1187 118 1100 110 459 5o 198 50 0 0 771 
600 562 124o 124 1158 115 465 71 292 102 0 0 778 
620 517 1196 119 1128 112 274 5o 0 50 0 0 179 
640 512 1248 124 1176 117 428 eo 173 108 0 0 780 
650 574 1383 138 1164 116 313 5o 159 50 0 0 781 
680 497 1215 121 1212 121 444 eo 191 113 0 0 782 
700 482 1277 127 12U 12l 298 76 0 50 0 0 783 
800 569 15oo 150 1438 143 601 60 170 67 0 0 784 
820 557 1489 148 1442 144 63o 63 293 65 0 0 785 
840 548 1503 150 1486 148 682 110 297 148 0 0 786 
860 557 1557 155 1499 149 67o 71 302 96 0 0 787 
180 557 1601 160 1637 163 804 eo 3~1 105 0 0 788 
900 549 158~ t56 1601 160 74t 74 271 50 0 0 789 
920 539 1599 159 1711 171 877 95 434 127 0 0 79o 
960 ~95 1597 t59 1739 173 857 85 362 60 0 0 791 
980 509 1565 156 1726 172 86o 86 366 78 0 0 792 

1000 532 1612 161 183t 18J 1019 171 512 228 0 0 79~ 
1020 560 1511 151 183o 163 943 94 542 77 0 0 794 
1040 549 156 0 156 1925 192 1006 ton 567 86 0 0 795 
1060 538 1415 141 178~ 178 766 87 396 117 0 0 796 
1oeo 534 1514 151 1681 168 776 77 313 5Q 0 0 797 
1100 559 1'67 156 1724 172 855 85 268 58 0 0 791 
1120 550 1557 t55 179o 11e 986 124 ~93 160 0 0 799 
1140 547 1601 160 1764 176 954 116 H2 155 0 0 800 
1160 537 1644 164 1922 192 1060 106 506 87 0 0 801 
1200 502 1582 158 1777 177 875 87 357 56 0 0 802 
1240 539 1632 163 1826 182 976 97 429 77 0 0 803 
1260 514 1665 166 1!14, 1St 947 94 309 96 0 0 804 
1280 515 1789 178 2023 202 1324 185 75~ 239 0 0 805 
1300 531 1788 178 2122 212 1459 147 838 189 0 0 8011 
1320 53~ 1764 t76 2081 208 1267 126 628 63 0 0 807 
1340 515 1777 t77 2049 20f 1240 124 535 54 0 0 808 
1360 520 1811 t81 2085 208 1463 175 866 230 0 0 809 
13~0 503 1783 178 2022 202 1251 125 538 85 0 0 810 
1400 538 1H4 174 2022 202 1329 132 650 ,. 0 0 811 
1420 488 1804 t80 2098 209 1335 133 63! 92 0 0 812 
1440 472 18U t81 2181 218 1514 151 733 121 0 0 813 
1450 524 194, 194 2193 2U 1553 155 752 75 0 0 814 

1~60 505 1754 t75 2115 211 1339 133 598 135 0 0 815 
1480 466 1823 182 2251 22, 1577 157 666 122 0 0 816 
1,00 490 177~ t77 2163 216 14111 141 652 171 0 0 817 

818 
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c INELASTIC SCATTERING FROM GADO~INJUM DATE 11•68 819 

c FORMAT( 7E10,4l 820 
c RESPECTIVELY·•· 821 
c 1) INCIDENT ENERGY IN MEV 822 
c 2) UNCERTAINTY C••l IN INCIDENT ENE~QII' 823 
c 3) REACTION Q IN MEV 824 
c 4) TOTA~ UNCERTAINTY IN Q VA~UE, USSUA~LY INTERVAL 825 
c OVER WHICH CROSS SECTION IS I TEGRATED, 826 
c 5) RESPECTIVE INELASTIC CROSS SECTIO~. 827 
c 6) + ERROR JN CROSS SECTION 828 
c 7) • EHROR IN CROSS SECTION 829 
c ALL DATA AsSoCIATED WIT~ ABOVE ELASTIC MEA5UREMENTS 830 
c ALL DATA RELATIVE To THE DifFERE NTIAL ELASTIC SCATTERING 831 
c CROSS SECTION Of CARBONe·• AN~•5567(REVl 832 
c 833 
GD a .. o, o8o 8H 

.J2ooE DO ,1oooE•o1-.eoooE•o1 ,2oooe•o1 , A728E DO ,33o9e oo ,J309E DO 835 
,JJooE DO o1DDOE•o1··8000E•Ol ,2000E•01 .t343F. 01 ,3014E oO ,3014E 00 836 
,3400E DO ,toooE•ot-.eoooEoo1 ,200DE•D1 ot350E 01 o3025E • 00 ,J025E 00 837 
.35ooe DO ,1QOOE•o1•oBOOOEo01 1 20DOE•01 o1021E 01 t3121E oo .3121E 00 838 
·•oooli DO .1oooe•o1·o&oooEoo1 1 2000E•01 .9700E DO .JoooE• oo .Joooe 00 839 
.Hoof DO ,1QOOE•o1• t BOOOE~oi o200DE•01 o1312E 01 ol942E1 00 ol942E 00 840 
,45001 00 .1oooE•o1•,BoooE•o1 ,200DE•01 • Q3Je~ 00 o3121E ' oO ,J12tE DO 841 
o4600E 00 .toooE·o1-.BoooE•o1 ,2000E•D1 d 445F 01 o1448E 00 o1448E 00 842 
.47ooe DO ,1oooe·o1•.BoooE•o1 ,2000E•D1 .134 >e 01 o1426E 00 o1426E 00 843 
,4800E DO ,1000E•o1•,8000Eoo1 o2000E•01 o1176E 01 o1764E · 00 o1764E 00 844 
,49001 00 ,1DOOE•o1•,8oooEoo1 ,2000E•01 ·12HE 01 ,1866E• 00 •i866E 00 845 
,5oooE DO ,1oooE•o1•,8oooE•o1 ,20DOE•01 d 130~ 01 ,1734E 00 ,1734E DO 846 
,51 DOE 00 ,10DDE•o1·,80DOEoo1 ,20DOE•01 ot345E 01 o2017E DO o2017E 00 847 
,52 0DE DO ,10DOE•o1··8000E•D1 1 2000E•D1 o1155F 01 ,1733E 00 ,1733E 00 848 
,53 DOE 00 ,1QODE•01•o8000Eo01 ,2000E•D1 o1421E 01 ,2131E oD ,2131E 00 8<19 
.5400f 00 ,1000E•o1•o8000ie01 ,2000E•01 ·1410~ 01 o1049i • 00 o1049E 00 no 
,55 DOE 00 ,1000E•o1-,8oooEeo1 ,2DODE•01 o1341F 01 ,1422E 00 o1422E DO 851 
,56001 DO ,1oooE•o1•,8oooE•o1 o200DE•D1 .t457F 01 o1093E DO ,1093E 00 852 
,,ODE DO o100DE•o1•,BoOOEo01 ,2000E•01 .t405E 01 ,2108E · 00 o2108E DO 853 
.5800E DO ,1QOOE•o1·,8000E•01 ,200DE•01 o1413F. 01 o1335E • 00 ,1335E DO 854 
,5900E DO .1DOOE•o1··8000Eeo1 1 20DDE•01 •1532~ 01 o2299E • oD o2299E DO 855 
o6000E DO ,10DOE•o1•,8000Ee01 ,2DOOE•01 o1498E 01 o1018E• 00 o1018E DO 856 
,6200~ DO ,1oooE•o1-.8oooEeo1 ,2000E•01 ·13801; 01 .t171E OD ,11?1E 00 857 
,6400E DO ,1oOOE•o1•·8DOOEoo1 1 2000E•01 ·1303~ 01 ,uo5e· oo o1105E 00 858 
,66QOE DO .1oooE•o1·,8oooEoo1 ,200DE•01 .t354E 01 ,1148E DO ,1148! DO 859 
,6eoo! DO ,1oooE•o1·,BoooEeo1 ,200DE•01 ,t47H 01 o1250E ' 00 o125oe 00 860 
,7oooE DO ,1oooE•o1·,8oooE•o1 ,20DOE•01 o1398F 01 o1257E 00 ol25?E DO 861 
, 75oOE DO o1000E•o1•,8000E•01 ,2000E•D1 .t450F. 01 o30DOE DO .3000& 00 862 
,7999E 00 ,1oooE•o1-,BoooE•o1 ,200DE•01 .t453E 01 .1437! oo •1437E 00 863 
,82QOE DO ,1oooE•o1•.8oooEeo1 ,20DDE•D1 .t345E 01 o1427E 00 .142?E 00 864 
,84QOE DO .1oooE•o1·,BoooEeo1 ,200DE•01 o1561F 01 o16!56E • OD ,1656! DO 86!1 
,8499! DO ,1000E•o1·,8000E•01 ,2000E•01 o1410E 01 o3000E 00 .Hooe 00 866 
,8600i 00 ,1000E•01•,8000Eo01 ,200DE•01 d .499E 01 ,1590E oo o1590E 00 861 
,88oOE DO ,10DOE•o1••8000E•01 ,2DODF•01 ot3A3F 01 o1468E 00 o1468E 00 868 
,8999E DO ,1oooE•o1·,8oooEoo1 ,200DE•01 o1389F 01 o1397E oo o1J97E DO 869 
,9200E DO .1oooE•o1••80DOEeo1 ,20D0E•D1 ol482F 01 ,1571E ' 00 ·1571! 00 870 
,9566! 00 ,toooE•o1•,80DOE•o1 o200DE•01 o1383E 01 .1392! oo o1392E DO 871 
,98QOE 00 ,1oooE•o1•,8oooEoo1 ,200DE•01 ol431E 01 o1518E t 00 o15tee DO 872 
.1000! 01 .1DOOE•o1•,BoooEeo1 ,200DE•01 o1422F 01 o1508E 00 ,15D8E DO 873 
o1020E 01 ,1oooE•o1••8DOOE•o1 o20DOE•01 o1421E 01 o1507E • 00 o1507E 00 874 
ol040I 01 ,1oooE•o1·•8DOOEoo1 o2000E•01 ·1371! 01 .14!54! 1 oo o14!54E 00 e" ,1Q60E 01 o1DOOE•o1·,8000Eoo1 ,20D0E•01 ot302F 01 o1249E oD ,1249E DO 876 
.1Q80i 01 o1DOOE•o1•o8000E•01 ,2000E•01 o1463E 01 o1551E 1 00 ol551E DO 8?7 
.uooE 01 ,1oooe•o1•,8oooEoo1 1 20DDE•01 o1392E 01 ,1477E DO ,147?E 00 878 
.1140E 01 ,1DDOE•ot-,eoooEoo1 ,200DE•D1 o1412F 01 ,1498E oO ,1498E DO 879 
oll60E 01 ,10DOE•o1·,8QOOEe01 ,2000E•D1 o140H 01 o2091E t 00 o2091E DO ee o 
.12ooe 01 ,1000E•o1•,8000E•01 ,20DDE•01 o1246E 01 ,3322! • oo ,3322! 00 881 
,1220E 01 ,1oooE•o1•·8DooEoo1 .2DDDE•01 ·1188E 01 ,2560E ' DO ,256oe 00 882 
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o124Q! 01 .toooe·~t-.eoooE•o1 ,200DE•01 o1132F 01 .2702E oo .27D2E 00 883 
o126QE 01 ,1QOOE•o1·,80DOEe01 ,20DOF•01 • !1 ... ~. 01 ,2526E OD ,2526E DO 884 
,1280E 01 ,1o ooE•o1• ,8oo oE oo1 ,2DOOF•01 o1l55F 01 ,2826E oo ,2826E 00 885 
.uooe 01 .1oooE•o1··8000Eo o1 , 2000E•01 •109'F 01 ,3010E 00 .3010E 00 886 
o132oe 01 o1DOOE•o1··6000E•01 . 2oooe·o1 , 1 0 4 3F 01 ,J602E•00 ,J602E•OO 887 

888 
GO Q••26D••4D K~Vt 889 

.7oool 00 .100UE•o1•,2600E on ,4QOOF•01 ,43151; 00 ,9470E•Ol ,947gE•01 890 

.eooo• oo o1000E•o1•,2600E 00 ,4000~•01 ,,346J 00 • 9519!•01 ,9519E•01 891 
•l020E 01 o10DDE"D1•.2600E on ,40 0DF•01 .~215F DO ,9532e·ol ,9532E•01 892 
,1Q4QE 01 ,1DDDE•o1•,26DOE 00 ,40 00F•01 , 4691F 00 ,9979E·Ol ,9979E•01 893 
·1050E 01 .1oooe· o1 -.26ooE 00 ,4Q DOE · 01 .435D• DO •2DOOE 00 o200QE 00 894 
·1060E 01 ,1000E•o1•,2600E 00 ,4000E•01 . 5064t 00 ,9595E•Ol ,959SE•01 8115 
.110 O! 01 .toooe•o1-,26ooe oo ,4000 F•01 .~616F DO ,9963!•01 .9963E•01 896 
ol140f 01 ,1000E• o1 ·.2600E 00 ,400 0<=•01 ,4Q37<= DO .9281E·01 , 9261E·D1 897 
o1l6QE 01 ,1QDOE• ot •,2600E on ,4QODF•D1 , 4220F DO ,9476E•Dl ,9476E•D1 898 
,u8oE 01 ,1D DOE · o1 •,26 DOE on ,40 00F•01 .;1826<= DO ,9Q59E•Ol ,9059E•01 899 
·l199E 01 .1QOOE·o1·,2600E DO ,4000F·01 .~948E DO ,9661E•01 • 9661E· 01 900 
.12201 01 ,1QOOE•o1•o26DOE oo t 400DF•01 .4212F DO o9468EP01 • 94681: • 01 901 
·1240! 01 .1000Erot·.26ooE DO ,400DF•01 , 4180F 00 .9434!•01 ,943~E•01 902 
.1260E 01 ,1oooE~o1·.2600E on ,400D E•01 ·•077~ DO ,9621E•01 • 9621E · 01 903 
.12&0! 01 .1oooE-o1·.26ooE on ,4000F•01 ,4407~ DO ,9Q34E·01 ,9034E•01 904 
o1300E 01 ,1oooE~o1•.26ooE on ,400 DE•D1 ,42 65F DO o9202E•01 ,92D2E·01 90!1 
o1320£ 01 o1000E•o1•o2600E DO ,400 0E•01 .3877~ DO ,9113E•01 , 911JE·01 906 
o1340E 01 .1000E•o1··26ooE oo ,•OO OF. • 01 ,4366F DO ,963JE·Ol ,9633E•01 907 
o1400E 01 .1000E"01··26DOE on ,400DF• 01 ,41~2F 00 .9249E•Ol ,9249E·01 908 
,1420E 01 ·1DOOE·o1··26DOE on ,400 0F • Ol , J836F DO ,9Q69E•01 ,9069E·01 909 
.1450E 01 ,1QOOE•o1••26DOE 00 ,•oo o• • ol , 34 72F 00 ,9683E·01 ,968JE·01 910 
o148QE 01 .1000E•o1•,2600E 00 ,4QOOF• 01 ,4683r: DO ,•H61E•Ol .9161E•01 911 
.15ooe 01 ,10DOE•o1•o260QE DO ,4000F.•01 .396!1' DO ,9726E·Ol ,9726E·01 912 

913 
GO QOoJ5D •• 40 KEV WEAK 914 
.aoooE oo .lOOOE·o1·,35DOE 00 ,4000 E•01 o1361F 00 .8042E•Ol .8042E•01 915 
.1100E 01 ,1QOOE·o1·,3500E on ,4000<=• 01 o t5~ 4 F 00 ,8480E•Ol ,848oE•Ol 916 
o1200E 01 .1000E•ol•,3500E DO ,400 0F•01 ,,.,6A61'"01 o3900E·Ol ,39DoE•01 917 
o145Qii 01 o10DOE•o1··3500E on ,40D OE •01 ,J472F•01 ,J683E·ol ,3683E•01 918 

919 
GO Q• o430 +• 30 KEV WEAK 920 
.110 0 E 01 ,100UE·o1··4300E on , 300DF. · 01 o14A3fi 00 , 5990E·Ol ,599oE·o1 921 
.1200E 01 o1DOOE•o1•o4300E on , 3000F • 01 ,012&•·01 ,5Q47E•01 .5047E•01 922 
·1300E 01 o1000EPQ1•o4300E on , 3000F•01 •1210~ DO ,5628E•01 ,5628E•01 923 

924 
GD O•·,oo+•JO• VEHy DOUBTFUL 2ND G~ OUP CORR. 925 

olHOE 01 ,2QOOE•o1••5000E 00 ,400DF•01 ,A7oH•01 o1575E oo •1575E 00 926 
o1500E 01 .2000E•o1•o5000E DO ,4000E• 01 ol 430F 00 ,1514 E oo o1514E 00 927 
o14DOE 01 ,2oooE•ot-.5oooE on ,•OO OF • Ol o141 SF DO ,1571E oo ,1571[ 00 928 

929 
GO Qa•870••50 KEV 930 

.1300E 01 ,10 0UE•o 1•,8700E DO ,50 00E •D1 •1154<= DO ,5886,•01 ,5886E • 01 931 

.14DOE 01 o1000E•01··8700E 00 , 500 OF •01 .t437o 00 .5096 , •01 , 50 96E • 01 932 

.1450E 01 ,1000E•o1•,8700E on ,5QOOF•01 ,'\255F·01 ,4162,•01 ,4162E·01 933 
ol500E 01 o10DOE•o1-.870QE on ,50 0DE•01 .~1•or:·o1 • 4348E·o1 ,4348E·01 934 

935 
GD Qe COMPOSITE or STATES NEAR 1.1o•-o .1 Hr:Y 936 
1.5oo•o oo 2.ooo•oo2·1.too•ooo 2.000•002 4,700•001 1,535·001 1,535•001 937 

938 
c 939 
c 940 
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c TCTAL CROSS SECTIOhS OF GADOLINIUM 941 

c MONOt NcRvET!C SOURCE HETMOU 942 

c RESOL UTIO N 2•3 KEV 943 

c FOHHAT(3Et2,6) 944 

c ENERGY IN KEV 945 

c XSEC IN BARNS 946 
c EHROR IN xsec IN BARNS 947 
c 948 

,999999E 02 ,863000E 01 .uooooe 00 949 
,101100E 03 ,869000E 01 ,150000F 00 950 
o102100E 03 ,8660oOE 01 ,uonooe 00 951 
o103100E 03 ,840000E 01 ,15000QE 00 952 
.104100E 03 .e5eonoF 01 ,150000F 00 953 
o105100E 03 ,B68000E 01 ,150DOOE 00 954 
.106200 E 03 ,e31oooe 01 ,140000E 00 955 
.107200E 03 ,8J10oOE 01 t150000F 00 956 
·108200E 03 , euooOE 01 ,uooooe 00 957 
·109200E 03 ,836000E 01 ,140000E 00 958 
.uo2ooe 03 ,824000E 01 ,140000E 00 959 
o111200E 03 .eo9oooF 01 ,140000F. 00 960 
oU2300E 03 ,e350oOE 01 ,140000E 00 961 
,U4300E 03 ,8180oOE 01 ,Honooe 00 962 
.115300E 03 ,8630oOE 01 ,Honooe 00 963 
.116300E 03 ,842000F 01 0 14QOOQE 00 964 
o117300E OJ .8440QOE 01 ,14QOOOE 00 965 
,118JOoE 03 .~150oOE 01 ,1HDOOF 00 966 
,U9300E 03 ,e7ooooe 01 .uooooe 00 967 
.12o3ooe 03 ,euoooE 01 ,140000E 00 968 
.121JooE 03 ,824000E 01 ,140000E 00 969 
.122•ooe OJ ,e32oooE 01 .uooooF 00 970 
o12J400E 03 ,799999E 01 ,uonooF 00 971 
.12Hooe 03 .819000E 01 ,uonooe 00 972 
.125400E OJ ,7850oOE 01 ,14oOOQF 00 973 
.12640oE 03 ,7890oOE 01 ,14000QE 00 974 
.127400E 03 ,864000E 01 .uooooe 00 975 
.128400E 03 ,813000E 01 ,uonooe 00 976 
,12940QE 03 ,8230oOE 01 .uonooe 00 977 
.13o40oE 03 ,8450oOE 01 .140000E 00 978 
,131400E 03 ,819000E 01 .14oOOOE 00 979 
.132400E 03 ,82ooooe 01 ,Honooe 00 980 
.1334DoE 03 ,e46oooe 01 ,140000E 00 981 
.13Hooe 03 ,8120oOE 01 ,140000E 00 982 
.1354ooe 03 ,7930oOE 01 ,14Q00QE 00 983 
,136400E 03 .8090oOE 01 ,140000E 00 984 
.137499E 03 o8090QOE 01 ,uooooe 00 985 
,138U9E 03 ,7970oOE 01 .uoooor 00 986 
,139499E 03 ,8210oOE 01 ,uonooe 00 987 
,140499E 03 ,8290oOE 01 ,uonooe 00 988 
,141499E 03 ,eo7oooe 01 .uooooe 00 989 
,142499E 03 .eHoooe 01 ,140000E 00 990 
,143499E 03 .e16oooe 01 ,140000E 00 991 
.144499E 03 ,A19000E 01 ,14000QE 00 992 
1 145499E 03 ,790000E 01 ,14oOOOF 00 993 
.146499E 03 ,7810oOE 01 ,140DOOE 00 994 
,14H99E 03 ,7960oOE 01 ,HoDOOF 00 995 
.148499E 03 .eo1oooe 01 ,140000F. 00 996 
,149499E 03 ,78oOoOE 01 ,14000QE 00 997 
,150499E 03 .786DOOE 01 .uooooe 00 998 
,151499E 03 ,8170GOE 01 .Hooooe 00 999 
.152499E 03 ,8Q40QOE 01 ,140000E 00 1000 .153499E 03 ,8010oOE 01 ,140000E 00 1001 ,154499E 03 ,790000E 01 ,140000E 00 1002 ,155499E 03 ,7670oDE 01 .140000E 00 1003 
1 156600E 03 ,7650oOE 01 ,249999E 00 1004 
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,157600E 03 ,7790DOE 01 ,H OOO GE 00 1005 
,158600E OJ .eoeoooe 01 ,HoDODE 00 1006 
,1596DOE OJ ,771DoOE 01 ,140DOOF 00 1007 
.16o6ooe OJ ,797000E 01 ,14oOOOE 00 1008 
.161600E OJ ,7770oOE 01 ,14 0000E 00 1009 
o162600E OJ , 779000E 01 ,140000E 00 1010 
.16J60oE 03 o8020oOE 01 .uooo oe 00 1011 
.16460oE 03 ,804000E 01 o140000E DO 1012 
.1656ooe oJ ,7640oOE 01 .uooooe 00 101J 
,16660QE 03 ,799999E 01 .uooo oe 00 1014 
.16760oE OJ ,778oooE 01 .uooooE 00 1015 
,168600E OJ ,7890oOE 01 ,uooooe 00 1016 
,16960oE OJ .eo9oooE 01 o140DOo E 00 1017 
o1706DOE OJ o8110oOE 01 .uonooe DO 1018 
.t716DoE OJ ,7690QOE 01 ,140000E 00 1019 
,17260oE 03 ,so7oooE 01 o140000E 00 1020 
,173600E OJ , 777DoOE 01 ,uoooae 00 1021 
,1746DOE OJ ,7990QOE 01 .uooooE DO 1022 
1 175600E OJ .~oeoooE 01 ,140000E 00 1023 
.17660DE OJ ,7820oOE 01 .uonoo E 00 1024 
.1776DOE 03 ,7850oOE 01 ,14000DE no 1025 
o17860QE 03 ,779000E 01 .uoooDE DO 1026 
.17960DE 03 ,7620oOE 01 ,14o0DOF 00 1027 
,180600E OJ ,7760oOE 01 ,14000GE 00 1028 
.18160QE OJ ,7890oOE 01 .uonooE 00 1029 
,182600E OJ ,7930oOF 01 ,14 00D OE 00 1030 
.183700E OJ ,164DoOE 01 ,140000E 00 10J1 
.18HOOE 03 ,779000E 01 ,14QOOQE DO 1032 
.1e57ooe 03 ,7670oOE 01 ,uooooe 00 10J3 
.1867ooe OJ ,771DQOE 01 ,uonoDE 00 1034 
.te770oE OJ , 7720oOE 01 ,140000E 00 10J5 
,1887DoE 03 ,7590oDE 01 .uooooe DO 1036 
.te97DoE oJ ,8040oOE 01 .uonooe 00 1037 
,190700E 03 • 77BOOOF 01 ,14onooE 00 1038 
,19170oE 03 , 7HOoDE 01 ,uooooE DO 10J9 
.19270DE OJ ,792DoDE 01 ,14 o00DF DO 1040 
.19J7ooE 03 ,7680gOE 01 ,14000DE DO 1041 
.194700E 03 ,7660oOE 01 .uooooe 00 1042 
.t957ooE 03 , 7790oOE 01 ,14 Q000E 00 1043 
,t9670oE 03 , 7760oOE 01 ,140000F 00 1044 
,1977ooe OJ ,?91000E 01 ,14 0000F 00 1045 
,19B7oo E OJ • 772oooE 01 ,14 Q000E 00 1046 
.1997DoE oJ ,780000E 01 ,uoooo F 00 1047 
.2oo7ooe 03 ,772000E 01 ,uonooe 00 1048 
.201700E OJ ,eoJoooF 01 ,14 0DOOE 00 1049 
.202700E 03 ,7620oOF 01 ,uonooF 00 1050 
,203700E 03 ,780000F 01 ,14 000 0E 00 1051 
.204700 E 03 .7~9999E 01 ,140000E 00 1052 
,2Q5700E 03 1 7!i2000E 01 .140DDO E 00 1053 
.206700E OJ ,7560 00E 01 ,14Q000F 00 1054 
,2Q7700E 03 ,760000F 01 .uonooe 00 1055 
.208700E OJ ,7510oO E 01 ,H ono oF 00 1056 
,209700E 03 1 766000E 01 ,uoooo e 00 1057 
.21o70DE OJ , 7t>50QOF. 01 ,14000DF 00 1058 
.2u7ooE OJ ,758000F 01 .uooo oe 00 1059 
.212700 E 03 ,7940oOF 01 .uonooe 00 1060 
.2137ooE 03 ,7640 00E 01 .H ooooe 00 1061 
o21HOOE 03 ,760000E 01 ,uooooe 00 1062 
.2157ooE oJ ,78DOOOE 01 .14 oDO OF 00 106J 
.21670o E oJ ,7540oOF 01 .uonooF 00 1064 

.217700E 03 ,7610oOE 01 ,u ooooE 00 1065 

.218800 E OJ , 7HOoOE 01 ·14 0DOOE 00 1066 

.21980oF 03 ,7~60oOE 01 ,14oOOOE 00 1067 
,220800 E o3 , 77ooooe 01 ,H onooe 00 1068 
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.22180QE 03 ,7SBOoOF 01 ,14QOOH 00 1069 
,222800E 03 ,7S4000E 01 .uonooe 00 1070 
,223800E 03 ,767000E 01 ,uonooe 00 1071 
.22•eooe 03 ,759000E 01 .uonooF 00 1072 
.225800E 03 ,746000E 01 ,14onooE 00 1073 
,226800E 03 ,7670oOE 01 ,140DOOE 00 1074 
,227800E D3 ,745000E 01 ,140000F 00 1075 
,228800E 03 , 7S5000E 01 ,14 Q00QE 00 1076 
.22980DE 03 ,7690oOE 01 ,14 0000E 00 1077 
, 2J0800E 03 ,7570DOE 01 ,UooOH 00 1078 
,231800E 03 ,767000E 01 ,140DOOE DO 1079 
.2328ooe 03 ,7840QOE 01 .uooooe 00 10110 
,233800E 03 ,7850ooe 01 .uonooe 00 1081 
.234BooE 03 ,7780oOE 01 ,14 0000E 00 1082 
.2358QQE 03 .7sooooE 01 1 14000QF 00 10113 
.2368ooE 03 ,7S6000E 01 .uooooF 00 1084 
.2368ooe 03 ,755000E 01 ,14Q000E 00 1085 
,237800 E 03 ,75aoooe 01 ,14onooe 00 1086 
,2388DoE D3 .7350oOE 01 ,14 oDOOE 00 1087 
,2398ooE 03 , 73~0nOE 01 .u onoo e 00 1088 
,24080QE 03 ,719000E 01 ,140000f DO 1089 
.24180DE 03 ,7420oOE 01 ,14Q00QE 00 1090 
.2•2aooE 03 ,7280oOE 01 .nonoo e 00 1091 
,243SooE 03 ,743UOOE 01 .Hooooe 00 1092 
,2448ooe 03 ,7370QOE 01 ,14 0000E DO 1093 
,245800E 03 ,7290oOE 01 ,14 0000 E 00 1094 
,24680oE 03 ,7280QOE 01 ,14 0000F 00 1095 
,24780QE D3 ,7290oOE 01 .140000F DO 1096 
,248Booe 03 ,7330oOE 01 ,140000E 00 1097 
,24980QE 03 ,709000E D1 ,240DDOE 00 1098 
,2498DDE 03 ,H2000E 01 ,170000E 00 1099 
,25oBooE 03 ,7500QOE 01 ,140000E 00 1100 
,251800E 03 ,752000E 01 ,140000E 00 1101 
.252800E 03 .12eoooe 01 ,uooooe 00 1102 
,253800E 03 ,722000E 01 .14onooe 00 1103 
.254800E 03 ,7570oOE 01 ,14 0000E 00 1104 
,25580QE 03 ,740000E 01 ,14 QOOOE 00 1105 
,256800E 03 , 7470oOE 01 .14onooe 00 1106 
,2578ooE 03 ,7550oOE 01 .u onooe 00 1107 
,258800E 03 ,748000E 01 ,14Q000E 00 1108 
,259800E 03 ,742000E 01 .uoDooe 00 1109 
.26o8ooE 03 ,7550DOE 01 .14 0000E 00 1110 
.261800E 03 ,7610oOE 01 ,14QOOQE 00 1111 
,26280oE 03 , 7410oOE 01 ,14000QE 00 1112 
,263900E 03 ,736000E 01 .140000E 00 1113 
,264900E 03 ,7520oOE 01 ,140000F 00 1114 
,265900E 03 ,745000E 01 ,140000E 00 1115 
,266900E 03 ,757000E 01 ,140DDOE 00 1116 
,2679DDE 03 .7560DOE 01 ,140000E 00 1117 
,268900E 03 ,7290QOE 01 .14 0000F 00 1118 
,269900F 03 , 72•999E 01 .14oOOOE 00 1119 
,27o9ooE 03 .7580QOE 01 ,14QOOOE 00 1120 
.27190DE 03 ,763000E 01 ,14QOOOE DO 1121 
,27290DE 03 ,7350oOE 01 o140000E 00 1122 
,2739DoE 03 ,H3oooe D1 .uooooE 00 1123 ,274900E 03 ,752000E 01 .uoDooe 00 1124 
,275900E 03 o7180QOE D1 .14Q000E 00 1125 
,27690DE 03 ,766000E 01 .HoOOQF 00 1126 
.27790oE 03 ,?500oOE 01 .14Q000E 00 1127 ,27890DE 03 ,7270oOE 01 ,1t9999E DO 1128 
.2799DDE 03 ,7470QOE 01 ,140DOQE 00 1129 .2ao9ooe 03 ,730000F 01 .uonooF DO 1130 ,2819DDE 03 ,7290oOE D1 ,140DOOE DO 1131 ,28290oE 03 ,7520oOE 01 ,17QOOQF on 1132 
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,28H OoF 03 ,7390nOF 01 , 140000E 00 1133 
.28 59aoe 03 , 7370oDE 01 ,11ooooF 00 1134 
.2e 690oE 03 ,7360oOF 01 ,13nOOaF 00 1135 
.2879o oe 0 3 ,7690oOE 01 ,14000QF 00 1136 
.28 890oE 03 ,7590QOE 01 , 240000E 00 1137 
.28890o E o3 .7J80oOE 01 .24onooF 00 1138 
.28990o < 03 ,736000E 01 ,24 0 000F 00 1139 
.2919ooe 03 ,7570nOF 01 .11oOOOF 00 1140 
.2929ao F 0 3 .729oooF. 01 ,1J n oooF 00 1141 
,29390oE 03 ,752 000F 01 ,13 0 00oF 00 1142 
.2949ooE n3 , 774999E 01 ,1JooooF 00 1143 
.29590o E 03 ,7450oOE 01 .uooooF 00 1144 
.296900 E 03 ,7!>50oOE 01 .14ooooE 00 1145 
,2979oo e 03 ,7580aOF 01 ,lJOOOOF 00 1146 
,298900F ~3 ,74 00oOE 01 ,13 o OOQF 00 1147 
,29990o E 03 • noooH 01 ,13 000QE 00 1148 
,J0090Q F n3 ,7140nOF 01 , 2 4 000 0 F 00 1149 
.301100E 03 ,745 0oOF 01 ,170000F 00 1150 
.302100 F 03 ,75 0000E 01 ,13 0 000F 00 1151 
,3031 00F 03 ,7430oOF 01 ,lJ o oooF 00 1152 
.304100E 03 .75oo ooE 01 ,130000F 00 1153 
,306200 E 03 ,740000F 01 ,13 000 QF 00 1154 
,3o72ooE n J ,7220oOE 01 .u ono oe 00 1155 
,308200 E oJ ,7360oOE 01 .uonooF 00 1156 
,3Q9200 E OJ .7570oO E 01 ,1J onooe 00 1157 
.313200 E 03 , 7430oOF 01 .uonooF oo 1158 
,314200 F. 03 ,7450 aOE 01 ,13000QE 00 1159 
,315200E u3 , 77ooooe 01 ,1J 0000f 00 1160 
.3162ooF. 03 , 7HOoOE 01 ,1J OOO oE 0 0 111>1 
,J172ooe 03 ,732oooe 01 ,13 ooo oe 0 0 1162 
.3t820oE 03 , 7160oOF 01 ,13 0000E 00 111>3 
,319200 E 03 ,7350 oOF 01 ,13 0 0DQF DO 111>4 
,32a2oo E 03 ,7390a0E 01 .13 0000F 00 111>5 
,32120o E 03 , 7240oOF 01 ,1lonooF 00 1166 
.3222oo E OJ • noon DE 01 ,1l 0000F 0 0 1167 
,323200E 03 ,747oooe: 01 olJ OOO OF 00 1168 
.324200E 03 ,7500 QOE 01 ,130000F 00 111>9 
.3252oo E 03 , 741 000E 01 o130000F 00 1170 
,326200E 03 ,724999E 01 olJ OOO OE 00 1171 
,32720o E 03 • H90oO~ 01 .u o ooo e 00 1172 
,3282oo E 03 ,7Q90 QOE 01 ,1J ono oe 00 1173 
.329200 E 03 ,7570oOE 01 ,1J 0000E 00 11H 
,330200 E OJ ,722000E 01 ,13QOOOF 00 1175 
.~3220oE OJ ,724999E 01 ,17onoo E 00 1176 
,3332 00E OJ ,7J6000E 01 ,13 000 0 f 00 1177 
,334200F 03 , 7470oOE 01 ,lJ o nooF 00 1178 
,JJ5200 F 03 ,,JBOoO E 01 ,1J0000F 00 1179 
,336200E 03 ,749000E 01 ,lJ ono o F 00 1180 
,337200E 03 ,740000E 01 ,1J OOO OE 00 1181 
,JJB2oo F OJ ,734000F 01 ,1J 0 000E 00 1182 
,3J920oE OJ ,719000E 01 ,1J onooe 00 1183 
.J4o2ooE 03 ,7510QO E 01 ,1J0000E 00 1184 
,341200E OJ , 7210nOE 01 ,13 000 0E 00 1185 
,J42200E OJ ,H5ooo~ 01 ,13 ooo oe 00 1186 
,343200~ 03 ,761000E 01 ,1Jonooe 00 1187 
,J44200 E 03 ,7•40oOE 01 olJOOOQE 00 u8e 
,345200 E 03 ,?490ooe 01 ,130000E 00 1189 
,346200 E 03 ,75oooo~ 01 ,1J 000QE 00 1190 
.348200E OJ , 724999E 01 ,13 oOO oF 00 1191 
,J492oo E o3 ,732oooE 01 .uooo o F 00 1192 
,35o2ooE 03 , ?180QOE 01 .aonooe 00 1193 
,351200 E OJ , 7J20oOE 01 ,130000F 00 119• 
,352200E 03 ,738000E 01 ,1J onooe 00 1195 
,353200 E OJ ,7350QOE 01 •lJOOOaE 00 1196 
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,354200E 03 , 7310oOE 01 ,1HODH 00 119? 

,3~5200E 03 ,?45DOOE 01 ,1J0000E 00 1198 

,356200E 03 ,749000E 01 ,130000E 00 1199 

,357200E 03 • 745oooF. 01 ,1JoOD~E 00 1200 
,358200E 03 ,761000E 01 ,13oOOOE DO 1201 
,359200E 03 ,?23000E 01 ,2.oOOGE 00 1202 
,360200E 03 ,7HOoOE 01 ,1J OOO~E 00 1203 
,361200E 03 ,734DOOF 01 ,1JOODQE 00 1204 
,362200E 03 1 744000F 01 ,1JOODOE 00 120~ 

,363200E 03 ,7480oOE 01 ,1JoODOE 00 1206 
,364200E 03 ,728DoOE 01 ,130000E 00 120? 
,365200E 03 ,714DoOE 01 ,uonooe 00 1208 
,366200E 03 ,702DOOE Ol ,13 0DDOE DO 1209 
,367200E 03 , 756DoDE 01 ,13Q000E 00 1210 
,368200E 03 , 730DOOE 01 ,1JoOD~E 00 1211 
,369200E 03 ,7070oOE 01 ,u o oo~E 00 1212 
,37o20oE 03 ,735000F 01 o13000QF 00 1213 
,371200E 03 ,710000E 01 .uonooF 00 1214 
,372200E 03 ,745DOOE 01 o130000E 00 121~ 

,373200E 03 1 715000F 01 ,130000E 00 1216 
,374200E 03 ,7430oOF 01 ,13Q000F. DO 1217 
,375200E 03 ,703DODE 01 ,170DD OF 00 1218 
,376200E 03 • HooooF 01 .uooo~E 00 1219 
,3772oo E 03 ,714000E 01 ,13Q000E 00 1220 
,378200E 03 ,711000F 01 ,2.00DOE 00 1221 
,381400E 03 ,~920oOE 01 ,24 000 0E 00 1222 
,382400E 03 ,731DOOE 01 ,13onooE 00 1223 
,383400E 03 ,738 000E 01 ,uonooe 00 1224 
,384400E 03 ,7280oOE 01 ,1JOOOOE 00 1225 
,3854ooE 03 , 7420oOE 01 ,1300DOE 00 1226 
,386400E 03 ,722000F 01 ,130000E 00 1227 
,387400E 03 , Y24999E 01 .uooooF 00 1228 
,388400f 03 ,7270oOE 01 o1300DOF 00 1229 
,389400E 03 ,728DoOF 01 ,1JnODOF. 00 1230 
,390400E 03 .733000E 01 ,13 0000F 00 1231 
,39140QE 03 ,7Q2DoOE 01 .uonooe 00 1232 
,392400E 03 , 710000F 01 ,130000F 00 1233 
,393400E 03 , 722DODE 01 ,13 000QE 00 1234 
,394400E 03 ,7320oOE 01 .13 000 0F. 00 123~ 
,3954DOE 03 ,701Do0F 01 ,1J 0000F 00 1236 
,396400 E 03 ,720000F 01 .13 0000E 00 1237 
,397400E 03 ,728DoOE 01 o13Q000E 00 1238 
,398400E 03 ,732DOOF 01 .130D00E 00 1239 
.399400 E 03 • 74700DE 01 ,13 00D OF 00 1240 
,40o400E 03 1 739000E 01 .13 onooF 00 1241 
,4Q1400E 11 3 • 742DoH 01 .1J onooF no 1242 
,4o24CoE 03 ,7230nOE 01 r13 000QF. DO 1243 
,403400E 03 , 748DODF. 01 ,13onooe: 00 12H 
,4Q4400E 03 .73ooooe 01 ,1 J 000 0F 00 1245 
,405400 E 03 ,752 0QOF 01 .13 000Qf 00 1246 
,406400E 03 ,7450oOF. 01 o13 000QF DO 1247 
,4Q7400 E n3 ,759 0oOF 01 .13 0000F 00 1248 
,4Q8400E 03 • 7430001' 01 .uooooE 00 1249 
,409400E 03 ,726DoOE 01 ,1JOOOQF 00 1250 
,410400E 03 ,738DoOE 01 ,14 000 0F 00 1251 
,411400E n3 ,7690oOF 01 ol40000E 00 1252 
,4124COE 03 ,721DODE 01 .14Q000E 00 1253 
,4134DO E 03 ,750000E 01 ,130000F 00 1254 
,414400E n3 ,726000F 01 .13 000 0F 00 1255 
,4154DOE 03 ,6840oOF 01 ,14 000 0E DO 1256 
,41640oE 03 ,7320oOE 01 .13000QF DO 1257 
,41]400E 03 , H4000F 01 .14 oODO E DO 1258 
,4179~9F 03 ,7Q6000F. 01 ,nnoooE 0 0 1259 ,4189S9E 03 .729DoOE 01 .14 0000E 00 1260 ,4199S9E n3 ,746~oOE 01 ,24 000QF 0 0 1261 
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,420999E 03 • 7160aDE 01 .17 ono o E 00 1262 
,421999 E 03 ,7290nOF 01 .H ono oF 00 1263 
,422999 E 03 ,739oooF. 01 .u ooo oF 00 1264 
,423999E n3 ,729000E 01 .uonooF 00 1265 
,424999E 03 .7J40nOF 01 .14 000 oF 00 1266 
,425999 E OJ .754oooE 01 .H ono o E 00 1267 
,4269S91: 03 ,756000E 01 ,H onooE 00 1268 
,4279S9 1: nJ • 739000E' 01 .u onooF OD 1269 
,428999E 0 3 ,7180oOE 01 ,14 0000F 00 1270 
,429999 E OJ .7270oH 01 o14 0 DOOF OD 1271 
,43110D E 03 • 751DODF 01 ,1400DOE 00 1272 
,4J 2100E 03 .7450 00F 01 ,14 0000E 00 127J 
,4J 3 100 E OJ • 7370oDF 01 ol4 0 00QE 00 1274 
,4J4100E 03 .727 oooE 01 .HoOOOF 00 1275 
,435100F 03 .747DoOE' 01 ,140000E 0 0 1276 
,436100E 03 .7260QOF 01 ,14 000 0F OD 1277 
,43710DF 03 ,7450oOF 01 .14 0000E' 00 1278 
,4J8100E 03 .72000DE 01 .H o OOOF DO 1279 
,4391DO E OJ , 7~HnOE 01 .u n nooF DO 128o 
,440100E 03 ,7290oOE 01 ,14 0 000 F OD 1281 
,441100E Q3 .7060oOE 01 .14 ono oE 00 1282 
,44210oE 03 ,7590oOE 01 ,14 000 0F 00 1283 
,443100E 03 ,7290oOF 01 .14 0 000 E 00 1284 
,444100E 03 ,7290 oOE 01 ,u ono oE 00 1285 
,445100E 03 , 7?4999E 01 ,H ono oE 00 1286 
,44610oE n3 ,7460oOE 01 .uonoo E 00 1287 
,447100 E OJ ,7510oOE 01 ,uooooF 0 0 1288 
,44 8100E o3 , H50QOF 01 ,14 000 0F 00 1289 
,449100E QJ ,7520oOE 01 ,140000E 0 0 129o 
,45n1DoE 03 ,1270oOF 01 .14 o OOoF 0 0 1291 
.•suooE OJ ,7290nOE 01 ,14000Qf 00 1292 
,452100E o3 ,7600nDE 01 ,14 U00 0F 00 129J 
,45J100E OJ ,7400 00E 01 ,l4 Q00QE 00 1294 
,4541DOE 03 ,688000F 01 .uooooE 00 1295 
,45 5100E 03 ,7070 oOF 01 ,14 0000F 00 1296 
,456100f 03 ,7o&oooe: 01 ,uooooF 00 1297 
,457100F OJ 1 720000F 01 ,14 0 00Q F 00 1298 
,458100F 03 ,711000 E 01 ,14 0 00oE' 00 1299 
,45910oE 03 ,7~00oO F 01 .u ono o< 00 1300 
,460100 E 03 ,747000E 01 .14 000H 00 1301 
.461100F 03 .7~40oOF 01 ,17 000 0E 00 1302 
,461100 F. 03 , 7370no~ 01 , 240000F 00 1303 
,462100E OJ .7J90nO E 01 .uonooF 00 1304 
.463100 E 0 3 . 733UaOE 01 ,14 0000E 00 1305 
,46HOOE 03 • 7330oOF 01 ,l7 oOO OF 00 13 0 6 
,465100E 03 ,7 290oOF 01 ,l4 oOO QE 00 1307 
,46610Df 03 , 7200nOF 01 ,HoOD oF 00 1308 
,467100E 03 .7oJoooF 01 ,l4 oOO QF 00 1309 
,468100 E OJ , 7190oOF 01 .uooooF 00 1310 
.469100 f 03 , 7290QOF 01 .14 0000F 00 1311 
,47010QE 03 ,7470 oOE 01 ,14 000 QF 00 1312 

.ouoof 0 3 ,7150oO E 01 .u ono o F 00 1313 

.47210oE 03 .7320oOF 01 ,14 Q000F 00 1314 

,473100 E 03 ,7420oOF 01 ,14 0000F ou 1315 
,474100 E 0 3 .7260oUF 01 ,14 000 0F 00 1316 
,475100 E 03 ,72100D E 01 ,l4 Q00QF 00 1317 

,47 6100E n3 ,7270 oOE 01 ,140000F 00 1318 

,477100E 0 3 .7070 oOF 01 ,14000QE 00 1319 

,4 78100E 03 ,7!>20QOF 01 ,H QOOOF 00 1320 

,479100 F 03 ,747 000E 01 .14 0 000F 00 1321 

,48o1oo E 03 .7580 oOF 01 .H oOO OF 00 1322 

,48110o E 03 , 7240oOE 01 .u onooF 00 1323 

,482100 E OJ ,74:0000E 01 .HoOOOF 00 1324 

,483100 E OJ • 7150oOF 01 .14 0 000 F 00 1325 
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,484100 E 03 ,7290n OE 01 ,14 000 0E 00 1J26 
,485100 E 03 , 7J 70oOF 01 .140000F 00 1J27 
,48 6100 E OJ , 7l 1000F 01 .14 0000E 00 1J28 
,4e7tooF. 03 ,7260oOF. 01 ,14 000QE 00 1329 
,48 8100 E OJ • 715oo01= 01 .14 onooE 00 1JJo 
,4891oo E OJ .7J9onoE 01 ,14 0000F. 00 1JJ1 
,49o100E OJ ,7!:>30oOE 01 ,14 0000E 00 1J32 
,491100E ~3 .7560n01= 01 .uanooE 00 1333 
,492100 E OJ .756000E 01 ,14Q00QF 00 1JJ4 
,49J100E OJ , 7430oOE 01 ,14QOOQE 00 1JJ5 
,494100E OJ • 731000F 01 ,140000F 00 1J36 
,495100E OJ ,728000F 01 ,140000E 00 1JJ7 
,496100F OJ ,731000F. 01 .140000E 00 1JJ8 
,497100 F. OJ .74Sa ooF. 01 ,14Q000F 00 tJJ9 
,498100E OJ • 7HoooE 01 .14 onooF 00 1J40 
,49910Q F OJ ,7160QOF 01 ,14 Q000F 00 1J41 
,500100 E OJ • 7410 00F. 01 .14 000oE 00 1J42 
.5Q1100 E OJ .141000F 01 ,140000E 00 1J4J 
,5Q2100F. nJ ,7<90 QO F 01 ,14000oF 00 1J44 
.S03100E 03 ,705000E 01 ,140000E 00 1345 
,504100 E 03 ,7440nH 01 ,140000E 00 1346 
,505100E 03 ,7220oOE 01 .140000E 00 1J47 
.506100F 03 • 75J ooH 01 ,140000 f' 00 1348 
.soHooE 03 ,7590oOE 01 ,17 nnooE 00 1J49 
,508100F. 03 .706000F 01 ,140000E 00 1J50 
.509100E OJ .70JOoOE 01 .14ooooF 00 1351 
,510100 E OJ ,729000E 01 ,140000F 00 tJ52 
, 511100E 03 ,755oooF 01 ,17oOOOF 00 135J 
,512100F OJ ,720000E 01 ,140000F 00 1J54 
.51J100F. 03 ,741000E 01 .14onooF 00 1355 
,514100E OJ ,700aOE 01 ,14 0000E 00 1J56 
,515100E OJ ,7J30oOE 01 ,140000E 00 1357 
,516100F. oJ ,7090oOE 01 ,14000QE' 00 1J58 
,51710Q E OJ ,732000E 01 ,140000F 00 1J59 
,518100E oJ ,738000E 01 .14QOOQE 00 tJ6o 
,519100E 03 , 7210QOF 01 ,14 onooE 00 1J61 
.520100E 03 ,7390oOE 01 ,140000 E 00 1J62 
.521200f' OJ ,70200UE 01 ,14000QF ou 1J6J 
1 522200E OJ ,7570oOE 01 .HoOOOE 00 1J64 
,52J200E 03 ,726000 E 01 .14 oOOftE 00 1J65 
.52420oE OJ ,7450o OE 01 ,14 0000F 00 1J66 
.52520oF. 03 .718000F 01 ,140000F 00 1J67 
,5262DOE OJ ,7J1000F 01 .140000 E 00 1J68 
,527200E n3 ,7350oOE 01 ,1400 00F 00 1369 
.528200E oJ .741000F 01 ,140000F 00 1J7o 
,5292ooE 03 ,709000E 01 ,14 0000F 00 1J71 
,530200E 03 ,734000E 01 .HonooF 00 1J72 
,5J12ooE 03 ,6890QOF 01 .140000F 00 137J 
.532200E OJ ,740000E 01 ,·14onooE 00 1J74 
,5J3200E 03 ,7280oOE 01 ,14000QE 00 1J75 
,534200E OJ , 719000E 01 ,14oOOQF 00 1376 
,5J5200E ~J ,714000E 01 ,140000F. 00 1J77 
,5J6200E OJ ,729000E 01 ,14 0000F 00 1378 
,5J72ooE OJ .7360oOE 01 .14 onooe 00 1J79 
.538200E OJ • 74JoooF 01 .uonoOE 00 1J8o 
,5J9200E OJ .7J40oOE 01 .14 onoo E 00 1J81 
,540200E OJ ,724000E 01 ,140000E 00 1J82 
,541200E OJ ,1060QOF 01 o140000E 00 1J83 
.54220oE OJ .7170oOE 01 .14oOOOF 00 1J84 
,54J2DOE OJ .7o7oooE 01 ,14 000Q F 00 1385 ,54420oF 03 ,715000E' 01 ,140000F 0 0 1J86 ,5452DO E nJ , 7410oOF 01 .14 onooF. 00 1J87 ,5462ooE OJ ,7460ooE 01 .14onooF 0 0 1388 ,5472ooE OJ ,731000E 01 ,14onoo e 00 1389 
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.54&2oo e 03 .no;o~oe 01 .1HOOQ E 00 139o 
,5492 DOE 03 .7380oOE 01 ,14 0000F 00 1391 
,550200E 03 ,7290oOE 01 ,l1 0000F 00 1392 
,5512DOE OJ , 744D00f 01 .14 0000E 00 1393 
,552200 E 03 • 7C30QOF 01 ,14 00DQE 00 1394 
,55J2DOE OJ ,7460oDE 01 ,14 000 0F DO 1395 
,554200 E 03 ,738DoOE 01 .HonooF DO 1396 
,555200E OJ • 7430oOE 01 .14 0000F 00 1397 
,5562DOE 03 , 7JoooOE 01 .14 ooo oe 00 1398 
,557200E OJ ,7J9DoOE 01 ,14 0000E 00 1399 
,558200E 03 ,695DoOE 01 .14 00D oE 00 1400 
,55920oE 03 ,7320oOE 01 ,14 0000E 00 1401 
,56o200E 03 ,73eoooe 01 ,14oooo e 00 1402 
,561200E OJ ,7470oOE 01 .tc onooe 00 1403 
,562200E 03 ,7~4999E 01 ,14 000QF 00 1404 
,563200E OJ , H60oOE 01 ,Honoo e 00 1405 
,564200E 03 ,7550oOE 01 .tc ooo oe 00 1406 
,565200E 03 .aeon oF. 01 ,14 0000E 00 1407 
,566200E 03 , 726DoOE 01 ,14 0DD OE DO 1408 
,5672DOF OJ ,n1ooo~ 01 ,Hooooe 00 1409 
,56820DE 03 ,75DOOOF 01 ,l.OODO F 0 0 1410 
,5692DOE 03 • 726DODE 01 ,uoooce DO 1411 
,57020QE 03 ,709DoOE 01 .uono oe 0 0 1412 
,571200E OJ ,7240oOE 01 .uooo oF 00 1413 
,572200E 03 ,7360oOE 01 ,uonooe DO 1414 
, 5732DOE 03 ,7440QOE 01 ,u oo ooe 00 1415 
,,Y4200E 03 .699oooF. 01 .UQDOQF DO 1416 
,5752DOE 03 ,732DoOE 01 .uooooe DO 1417 
,5762DOE 03 ,699999E 01 ,14oODoE 00 1418 
,5772DOE 03 ,726000E 01 o14 000QF DO 1419 
,5782DOE 03 ,727000E 01 .uonoce DO 1420 
.579200E 03 ,721000E 01 .14 00D OE 00 1421 
,58o200E 03 .7HOoOE 01 ,140000 E 00 1422 
,5812DOE 03 ,724000E 01 .14 ono oe 00 142J 
,58220oE 03 ,7360oOE 01 ,H ono oe 00 1424 
.583200E OJ ,7370oOE 01 .1400DO E 00 1425 
,5842ooe 03 ,732000E 01 ,Hooooe 00 1426 
,585200E 03 ,7490oor:: 01 ,14onooe 00 1427 
,!187200E OJ ,736000E' 01 ,Honoo e 00 1428 
,58820DE OJ , 724999E 01 .uooooe 00 1429 
,58920QE 03 ,759000E 01 ,u ooo oe 00 1430 
,59o20oE 03 ,7450oOE 01 .uooooe 00 1431 
,59120oE 03 ,759000E 01 ,14 00DOE 00 1.32 
,592200E 03 ,72300DE 01 .uonooe 00 1433 
,593200E 03 ,708000E 01 ,uonooe 00 1.34 
,594200E OJ ,6920oOE 01 .uonooe: 00 1435 
,59520DE 03 , 719000E 01 .uono oe 00 143& 
,5962ooe 03 ,728DoOE 01 ,14 000 0E 00 1437 
,5972ooe o3 .722oooe 01 ,14ooooe 00 1438 
,5982ooE 03 ,7470oOE 01 ,uooooe 00 1439 
,§992ooe 03 ,?J40oOE 01 ,14QOODE 00 1HO 
,600200E 03 ,74!10oOE 01 ,uooooe 00 1441 
,601200E 03 ,724999E 01 .uonooe 00 1H2 
,6Q2200E 03 , 7Uoooe 01 ,14QOOoE 00 1443 
,603200E 03 ,7150oOE 01 ,1conooe 00 1444 
,604200E 03 ,72600DE' 01 ,uooooe 00 1H5 
,605200E 03 ,6940oOE 01 .17onooe: 00 1•46 
,6Q6200E 03 ,721000E 01 ,140000E 00 1447 
,607200E 03 ,7Q5000E 01 .14onooe 00 14U 
o608200E 03 ,7o7oooe 01 ,14 000 0E 00 1449 
,6Q9200E 03 ,731000E 01 .uooooe 00 1450 
,610200E 03 ,712000E 01 ,1400DQE 00 1451 
,611200E 03 ,7210oOE 01 ,14000QI:' 00 1452 
,612200E 03 ,723000E 01 .14 nno oe 00 1453 
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,61320oE 03 ,708000E 01 .14onODE 00 1454 

,61420oE 03 ,7D20nOE 01 ,140000E DO 1455 
o615200E 03 ,736000E 01 .uonooE 00 1456 
,616200E 03 ,7130oOE 01 ,140000E 00 1457 
,6172DOE 03 ,7330DOE 01 ,140000E 00 1458 

1 618200E 03 ,735000E 01 ,uonooE 00 1459 
,6192DoE 03 ,705000F 01 ,14onooE DO 1460 
.6202DOF. 03 ,746000E 01 ,14000QE 00 1461 
,62120DE 03 ,711000E 01 ,UOOOQE 00 1462 
.62220oE 03 ,7230oOF 01 ,14onooF 00 1463 
,623200E 03 ,7290oOE 01 ,uonooE 00 1464 
,624200E 03 ,7340oOE 01 o14000DE 00 146!1 
,6252DOE 03 ,720000F 01 ,14 0000E 00 1466 
o6262DDE 03 ,7410DOE 01 ,14000QE 00 1467 
,6272ooE 03 ,735000E 01 ,140000E 00 1468 
,628300E 03 ,723000E 01 , 14000DE 00 1469 
,6293DOE 03 ,7340oOE 01 ,140000E 00 1470 
,6303DOE 03 ,707000E 01 ,140DOOE 00 1471 
,6J1300E 03 ,7040oOE 01 ,1•oooae 00 1472 
,632300E n3 ,740000F 01 ,14oOOOE 00 1473 
,63330DE 03 ,7280oOF. 01 .uonooE 00 1474 
,6353DOE 03 ,7170oOF 01 ,140000F 00 1475 
.636300E 03 ,7490oOE 01 ,140000E 00 1476 
.637300E 03 ,7420nOE 01 ,14000DE 00 1477 
,638300E 03 ,710000E 01 .uonooe DO 1478 
,639300E 03 ,741000E 01 ,14000DE 00 1479 
,640300E 03 ,7280oOE 01 ,140000E 00 1480 
,6413ooE 03 ,7220oOE 01 ,140000E 00 1481 
,642300E 03 ,7330oOE 01 ,14onooE 0 0 1482 
,643300E 03 ,7050oOE 01 ,140000E 00 1483 
,644300E 03 ,7500oOE 01 ,140000E 00 1484 
,645300E 03 ,726DOOE 01 .14onooE 00 1485 
,64 6300E 03 ,722000E 01 ,140000E 00 1486 
.647300E 03 ,73600DF 01 ,140000E 00 1487 
,6H725E 03 , 7023oBF 01 ,981500F.•01 1488 
.648600E 03 , 716000E 01 .11onooE oo 1489 
• 652ntE 03 .6:>18921' 01 ,981310E•01 1490 
, 657736E 03 ,730273E 01 ,98144DE•01 1491 
,662742E 03 ,?Q9331E 01 ,98125oE-01 1492 
,667747E 03 ,696327E 01 ,97460oF•01 1493 
,672753E 03 ,6994o6E 01 ,97566oE•o1 1494 
,677758E 03 , 727463E 01 ,975n2oE•01 1495 
, 687769E 03 ,741321E 01 ,982680E•01 1496 
.692774E 03 ,710878E 01 ,97895oE•o1 1497 
,6977eDE 03 ,73soo2E' 01 ,98598oE•01 1498 
,7o2785E 03 ,7338J5E 01 ,98368oE•o1 1499 
, 7D7790E 03 • 729159E' 01 ,98301DE•01 1500 
,712795E 03 ,732562E 01 ,98494DE•01 1501 
,717800E 03 ,7033o5E 01 ,983800E•01 1502 
,722806E 03 , 713454E 01 ,98477DE•01 1503 
, 7278UE 03 ,728695F 01 ,98278oE•01 1504 
, 732816E 03 ,746190E 01 ,9So57DF•01 1505 
,7378211' 03 ,722427E 01 ,9813ooE•o1 1506 
• 747831E 03 • 7241o6E 01 ,98004oE•01 1507 
,7528~6E 03 , 71o5nOE 01 ,97913oF-o1 1508 
,757841E 03 ,726122E 01 ,98371oE-o1 1509 
,762845F 03 ,731Je1E 01 ,97995oE•01 1510 
.767B5oE 03 ,746036F 01 ,9B159oE-o1 1511 
, 772855E 03 .716586E 01 ,9831BoE•o1 1512 
,7778~oE 03 , 7178?2E 01 ,9ao13oE•o1 1513 ,782865E 03 • 72B2o5E 01 ,98223oE•01 1514 
,787B7oE 03 ,n98654E' 01 ,98269oE-o1 1515 ,792874 E 03 .713•ose 01 ,982950E•01 1516 ,797879E 03 ,nb50191' 01 ,97795DE•01 1517 .ao2aeH 03 ,716224F 01 ,9Bo650E•01 1518 
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,8o7888E 03 , 7131,5E 01 ,9ao29af•01 1519 
• 8128931= OJ .717~J4F 01 ,9816ooF•o1 1520 
, 817898E 03 ,740455€ 01 ,97766oE-o1 1521 
,822902E 03 , 77Q298E 01 ,9so91oE•01 1522 
,84292oE OJ o7217o4E 01 ,97718oE•o1 1523 
,84792!1E 03 ,7115,!1E 01 ,97955aE•01 1524 
·"2929E 03 ,719299E 01 • 9741l9oE•01 152!1 
,857934E 03 ,744695E 01 o119523E 00 1526 
,862938E 03 ,7195JOE 01 ,97190oE•01 1527 
,867942E OJ , 724743F 01 ,97565oE•o1 1528 
,872U7E 03 , 71H39E 01 ,97579&E•01 1529 
,877950E 0 3 , 712423E 01 ,975330E•01 1530 
,8629!15E 03 ,7205~8E 01 ,97635cE•01 1531 
,88796oE' 03 , 710122F 01 ,97261oE•01 1532 
, 892964E 03 ,7157J7E 01 ,9]J830F•01 1533 
,8979UE 03 , 71H23E 01 ,972o9oE•o1 1534 
,902972E 03 ,74t542E 01 ,97150oF·o1 1535 
,907977E 03 , 715749E 01 ,97255oE•01 1536 
,9129HE 03 ,7499o6F 01 ,9J210&E•01 1537 
,917985E 03 , 744676E 01 ,972010E•01 t536 
,922989E 03 ,732265E 01 ,9?494oE•01 1539 
,927993F 03 ,]19960E 01 ,9?382oE•o1 1540 
.932997E 03 ,758473E 01 ,911660E•01 1541 
,938002E 03 , 74!6524E 01 ,97367oe•o1 1542 
, 942517E 03 , 716591E 01 .168276E 00 1543 
,943006E 03 1 717892E 01 ·119439F. 00 1544 
.94801DE 03 ,720264E 01 , 97151 Of•O 1 15~5 
,95J014F 03 ,?29~~7E 01 ,97oHoF-D1 15-'11> 
,958018E 03 , 733955E 01 ,97 2 530E•01 1547 
,963022E 03 1 745740E 01 ,97Q740E•01 1548 
, 9680<6F OJ .1228o5E 01 ,967780E-01 1549 
,973o3o E 03 ,7~5653E 01 ,96861QE•D1 1550 
,978034E 03 ,692755F 01 ,96Bn7oF-o1 1551 
0 963038E 03 , 7l315H 01 ,96720QE•01 1552 
,988042E 03 ,726638E 01 ,9,7n2oE-o1 1553 
,993046E 03 , 7:S5071E 01 ,96840oE•D1 1554 
,9980~9E 03 , 7499A7F 01 ,96618o E·D1 1555 
o100305E 04 , 747753E 01 ,9&776oF-o1 1556 
·10D805E 04 • 736Ba6E 01 ,96Bn5o E•o1 t557 
.1Q1306F n4 , 736632E 01 ,964940E•01 1558 
•1018D6E 04 ,752564E 01 ,96594oE•01 1559 
·102306F 04 , 755679F 01 ,966J6oe·o1 156o 
•102607 E n4 ,706496f 01 ,167J18F DO 1561 
.103307E n4 ,7510UE 01 ,9&575oF·o1 1562 
t103608E 04 ,709443E 01 ,96663oE-o1 1563 
.1Q4308E 04 ,716528E 01 ,96429oE•01 151>4 
o104808E 04 ,7322t3E 01 ,96267oe·o1 1565 
·105J09F 04 ,749623F 01 ,96334oE•01 t566 
·105809E 04 .729692E 01 ,9&447oe·o1 1567 
ol06309E 0 4 .731030E 01 .96477oF·o1 1568 
·106810E 04 ,698466E 01 ,96o69oF•o1 1569 
o1Q7310E 04 ,7QQ661F 01 ,1t7996E 00 1570 
o107811E 04 , 718343E 01 .96 2 7ooe·o1 1571 
·1D8311E 04 , 7461e1E 01 ,96350oE•01 1572 
·108811E 0 4 ,715057F 01 ,11 7609E 00 1573 
·109312E 04 ,730864E 01 ,96233oE•01 1574 
·109812E 04 ,740176E 01 ,96Q74oF•o1 1575 
.uo312E 04 ,7o27o1E 01 ,96o93oE•Ol 1576 
.uo813E 0 4 1 703386E 01 ,96t89oe·ot 1577 
oU1313E 04 ,726735E 01 ,963~4oE•01 t57e 
·111813E 04 1 765180E 01 ,9&Jo5oE•01 1579 
·112314 E o4 ,740134E 01 ,96o97oE•01 1seo 
.112814 E o• ,7044!6E 01 ,96o25oF•o1 1581 
.113314E o• ,723374E 01 ,959670F•Ol 1582 
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·113815 E 04 ,733392 E 01 .96 o 87o E-o1 1583 

.11431 H 04 , 7390tOF 01 .16 6 071E 00 1584 

.114815E ~ 4 1748225E 01 195940oE•01 1585 

.11 5316E 04 o711231E 01 195B59oE-o1 1586 
,U5616 E 0 4 17399t2E 01 195806QE·01 1587 
,U6317E U4 . 72 7540E 01 .95 6 31QF.•01 1566 
·11 6617E 04 1 729543E 01 ,9 5 926oE -01 1569 

.117317E 04 ,1<6060F 01 ,95 8 9 3 oE•01 t59Q 
1117616 E 04 1700176E 01 ,95 6o6 oE-o1 1'591 
.11 8316E 04 , 714699F 01 ,95813QE•01 1592 
.1t 66 16 F 04 , 7101 61 E 01 ,95 7 64Q E•01 1593 
.119319F. 04 1 7236o3F 01 ,95642QE•01 1594 
.119819F 04 , 737541E 01 ,9 577oo E•01 1595 
.120319E 04 I 7l76t3E 01 ,9 5771Q E•01 1596 
.t2 o 62o F. 04 I 714792E 01 ,95 742oF-o1 1597 
·121320 E 04 ,7132t6E 01 195629 oE•ot 1598 
.12162Q E 0 4 , 7226~3E 01 ,95 663Q E•0 1 1599 
· 122321F 04 , 705361E 01 ,95 657oE- o1 1600 
'122621E 04 1753632E 01 ,9s s eoo F•01 1601 
.12332tF 0 4 , H 75e3E 01 ,95 5 51o E•01 1602 
.12 3822F 04 . Y252t8E 01 ,95 6 5 7oF -o1 1603 
.124322 F. 04 ,70758 6 E 01 19 5 5 45o E•o 1 1604 
.1248 22F 1) 4 ,7 16190E 01 ,955340 E•Ol 1605 
.125323E ~4 174 0697E 01 195 5 24o F-o1 1606 
.125823E 04 .732030E 01 , 9'661QF•01 1601 
,126323 E 04 , 72556H 01 ,95605 QE·01 1608 
.!.2682J E 04 .7130t2F. 01 ,9S519oe•o1 1609 
,127324 F 04 , 6 995o5E 01 ,95448QF•01 1610 
.127824E 04 ,709356E 01 ,95495QE•01 1611 
.128324F. 04 ,724754E 01 ,9ji366QF•01 1612 
, 128825F 04 . ~986J7E 01 111 6 792 F 00 1613 
.129325 E 04 .7 0848 5E 01 ,95 3 51Q E• 01 1614 
.1298:!H 04 ,73 79t7E 01 , 9 5 40 4Q E•01 1615 
,1 31326 E 04 ,722395E 01 ,9!5217o E•01 1616 
.132327 E 04 • 710594E 01 ,95 2 230 E•01 1617 
I 132627E 04 , 695821E 01 ,95o74oE•o1 1618 
o133328 E 04 • 7158o6E 01 ,95 o 3ooE•o1 1619 
.133828 E 04 , 715149E 01 ,95151Q E•01 162·o 
.134326F 04 , 735174E 01 ,95197o E-o1 11>21 
o1348<8E 0 ~ ,7 29 360E 01 ,95139QF•01 11>22 
,135329 E 04 ,6&9829E 01 ,9§ Q1BQ E•01 1623 
,136329 f 04 ,693073E 01 ,95 015Q F•01 1624 
.13663o E 04 17Q2430 F. 01 ,94915oE-o1 1625 
,13733QE 04 • 749941F 01 ,94 832oE -o1 1626 
.13 763o E 04 ,727333E 01 ,94 61BQE•01 1627 
, 138331 E 04 ,724650F. 01 ,94 S67o E•o1 1628 
.13 6 831 E 0 4 1 7295~8E 01 ,9f]440E•01 1629 
,139331E 04 , 711872E 01 ,947200F•01 1630 
.139831E Q4 171293 0E 01 194752o E•o1 16111 
.14o332E 04 ,718136E 01 ,946000E•01 1632 
.14 083 2 E n4 1721233~ 01 ,94 8 12Q E• 01 1633 
, !.41332E 04 , 718534E 01 194856QE•01 1634 
1141833 E 04 1728114E 01 194 e 5soe•o1 1635 
.142333E 04 ,728399E 01 194796QE•01 1636 
,142832E 04 ,731648F 01 ,164J05E 00 1637 
,14 283JE 04 ,736978F 01 111 61 06E 00 1638 
,143334E o4 17057t6E 01 ,94 9 45oE•01 1639 
.143634E 04 1736933E 01 ,94 8 37o E-o1 1640 
,144334E 0 4 , 713873E 01 ,94851QE•01 1641 
o144834E 0 4 1702031E 01 194947oE•o1 1642 
o145335F U4 ,696754E 01 1949600 E• 01 1643 
·145835 E 04 ,7 319t4E 01 194973oF•o1 1644 
o14 63 35E 04 , 719318E 01 1949B5oE•o1 1645 ,146636F 04 . 7Q10~ 2 E 01 ,94964oF-o1 1646 



c 
c 
c 
c 
c 
c 

o103~6 F 
.10836 ~ 
o148J~6 F 
,1468J7F 
.H93n l' 
,14911~71: 

0 4 , U6U22E 01 , 9494bOF • 01 
04 .~7912H 01 ,9§ un9oF- o1 
n 4 .~Y2b56f 01 ,941l67o ~ · o1 
04 , 74159/F 01 ,94 852o F- o1 
n4 , 749b25F 01 ,94 ~ o7 0 F- o 1 
04 .7c?394F 01 ,94 Ro8oF - o1 

TOTAL CROSS SECTION S Or GADOLI~J U M 
C~~C~ POINTS US!~G TIHE-OF·rLJ GwT TF:wNJJ UE 
FORMAT( AS PER A80V F l 

.6Q6667E OJ ,6978oOF 01 ,1J500o F 00 

.8o5737 ~ oJ .~96unoF 01 ,14 600o F oo 
•·10o4e2F+ Q 4+,747l~OE• O l•·l6 7 00o F •O O 

o120405 E U4 .~71b oUF 01 ,1 83000F 00 
,14o321F 04 .~944oOF 01 ,21?000 F 00 

c 
C END GAD O ~INIUM r.ATA BLOCK 
c 
c 
c 
c 
c 

C SAMARIU M DATA ~LUCK 

C G, SHF.RWOI"D, Ao SMIT~· J , w~A~EN·-·TO BE PU ll !SHE D 
c 
c 
c 
c 
c 
C HASTIC S CATTI:RIN~ FR(.IH NATURAL SA"'ARI 11 11 DAfE 11·68 
C FI NAL VALVFS 
C TIME·OF•FLJtiwT ~ETHOU 
C INCIDENT RcSC.ILUTJ QN A ~OU T 20 KE ~ 
C SCATTEkED kcSO~UTJON J ,5 NSEC/11 
C ESTIMAT~O ERROR IN I NTEGR ATE n X·SEr ~ oERCENT INCL UDING STD. 
C ERROR I~ u~EGA COEF, ESTJMATFD FRO• L:•ST SQ, FITTIN G, 
C FO RMAT 
C 0 X•SEC• (X·SEC/ 4*Pil*(1,+ SUM O~EGA•Pl E0111 
C SU~ FWOM 1"5 
C P•LEGENDRE POLYN OMIAL I N LAB. sYSTEM 
C HEASURFD ANG ULAR INT EkVA L 25•155 DFG. AT EIGHT ANGLES 
C ALL DATA CoRRECTED ,OR MULTIPLE SCATTEPING 
C ALL RESULTS RELATIVE TO DtF. CARBO X•SEC or AN~·5567tREVI 
C FOLLOWING CARD fORMAT 6X• 214• S( !5o lA) • BCD 
C oHER~ RESPECTIVE VALUES AREo 
C E·N IN ~EV 
C X•SEC*100 
C 0MEGA•1 *1000 
c D-oMEG•-1•1oon 

---------· 
0MEGA•5 *1000 
DeoMEGA•5•1ooo 

c 
c 
c 
c FOLLOWIN G 

303 618 Bli? 88 381 57 
325 657 934 93 471 86 
345 616 914 91 697 69 
365 645 ~2~ 82 734 73 

Eilt11 AB OVE. 

105 69 -30 
194 105 21 
114 55 213 
-57 63 1 09 

90 
141 

H 
84 

0 0 
0 0 
0 0 

164' 
16 48 
1649 
1650 
1651 
1652 
1653 
1654 
1655 
1656 
1657 
1658 
1659 
1660 
1661 
1662 
1663 
1664 
1665 
1666 
1667 
1668 
11>69 
1670 
1671 
1672 

167J 
1674 
1675 
1676 
1677 
1678 
11>79 
16 80 
1681 
1682 
1683 
1684 
1685 
1686 
1687 
1688 
1689 
1690 
1691 
1692 
1693 
1694 
1695 
1696 
1697 
1698 
1699 
1700 
1701 
1702 
1703 
1704 
1705 
1706 
1707 
1708 

59 
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385 628 838 83 717 72 115 ~8 180 118 0 0 1709 

4 05 607 98 o 98 759 7§ 222 7n 169 94 0 0 1110 
425 593 887 88 771 77 84 72 -3~ 96 0 0 1711 

446 623 94o 94 79o 79 159 83 7 102 0 0 1712 

465 590 1011 101 874 81 155 so 25 so 0 0 1713 

485 643 933 93 821 82 184 60 82 eo 0 0 1714 

5 05 615 931 93 883 sa 175 74 ·25 99 0 0 1715 

525 618 905 90 874 87 214 5n •1 50 0 0 1716 
545 620 972 97 945 94 22~ 60 90 eo 0 0 1717 
565 631 1033 103 1004 100 26 5 5o 97 54 0 0 1718 
585 607 1014 101 1039 103 232 5n 24 50 0 0 1719 
605 624 1019 101 1019 101 207 100 1?.5 67 0 0 1720 

620 659 1004 100 1123 112 236 100 171 55 0 0 1721 
646 622 1057 105 1090 109 328 100 110 51 0 0 1722 
6 65 607 1026 102 1112 111 302 100 157 50 0 0 172,3 
6A5 6(19 1055 H5 1177 117 33?. 106 AO 88 0 1724 

705 597 10~3 108 1168 116 314 100 63 50 1725 
725 592 1061 106 1178 117 241 103 87 72 1726 
755 601 1093 109 1224 122 406 103 149 7o 1727 
775 558 lOlA 197 121o 127 357 135 -t~ 87 1728 
795 570 112'5 192 135o 135 47n 133 1 0~ 97 1729 
815 565 1177 197 1344 134 506 150 20S 120 1730 
860 567 1355 195 1506 150 687 126 391 169 1731 
sao 573 1345 194 1542 154 636 76 277 102 1732 
900 578 1412 191 1664 166 729 122 271 52 1733 
920 555 1419 191 1707 Po 825 115 478 154 1734 
940 ~30 143A 193 1721 172 82'5 15~ 494 211 1735 
9 AO 576 140 A 190 1764 176 815 152 467 150 1736 

1000 564 1335 193 1755 175 85A 12A 4Q1 171 1737 
10?0 521 1332 193 1767 176 9J3 93 52 7 157 1738 
1040 561 13~7 198 1866 186 975 97 5~7 162 1739 
1Q AO 565 134A 194 1733 173 All 161 414 1 0 5 1740 
uno 597 144A 194 1811 181 95n 95 466 153 1741 
1PO 557 1425 142 1771 177 979 97 547 153 1742 
114 0 ~76 1478 147 1782 178 9J~ 93 434 1 00 1743 
1160 540 1448 144 1853 185 1016 t51 495 158 1744 
11 AO 539 143• 143 1779 177 87n 157 28 S 145 1745 
12 00 556 1495 149 188Q 18 8 995 99 441 142 1746 
122 0 568 1515 151 1819 181 945 144 367 150 1747 
1240 586 147n 147 1853 185 86~ t46 3'57 150 1748 
1260 550 15o o 150 195o 195 95o 165 360 200 0 0 1749 
13 00 547 1594 t59 1811 181 926 17? 397 165 18 167 175o 
1320 551 1643 t64 1973 197 119 o 169 647 150 0 0 1751 
1340 558 1674 167 2 081 208 128'5 12A 562 150 130 162 1752 
1HO 560 173 t 173 2122 212 1379 149 723 192 350 263 1753 
1400 546 1703 t70 2173 217 1364 tH 70 150 158 159 1754 
14?0 517 1R9~ 189 2316 231 1464 146 777 133 421 t85 1755 
1440 518 1695 169 225J 225 14J5 143 8~3 185 211 170 1756 
14~0 ~64 169• 169 2210 221 1399 139 683 168 306 186 1757 
14AO 532 1737 t73 2133 213 154Q 154 69~ 150 150 150 1758 
15 oo 538 182t tb2 2281 228 t53 R 153 6R2 150 470 120 1759 

1760 
c INELASTIC Sr.ATTEH!~G FROM ~AMAR(lJM DATE 11"69 1761 
c FOR~AT( 7Et0.4l 1762 
c RI::SPECTIVI::LY··· 1763 
c 1) lNr.IDE~T ENERGY IN HF~ 1764 c 2) U~CI::HTA !~TY (.-) IN !NC l nENT E N E~:;v 1765 
c J) REACT!rN (J IN MEV 1766 c 4) TOTAL ~NCI::~TA!~TY IN (.1 VALUE, USSJA LLY INTERVH 1767 c OVER WHICH CROSS SECTION IS INTEGRATED. 1768 c 5) HESP ECTI VE INELASTIC CRO~S SFCTIO~. 1769 c 6) + FkROR TN CROSS SECTION 1770 c ]) • ~r<RUR I~ CROSS SECTION 1771 c ALL DATA A'SOC!ATEU w(Tw A ~OVE ELA,Tt: MEASURE~E~TS 1772 
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c ALL DATA RELATIVE To THE 0 I F"FERENT !Al i=LASTJC SCA TTEH I "'G 177J 
c CROSS SI::CT10 111 OF CARBON··· A"'L·5567(REVl 1774 
c 1775 
c s~ 0= ·1 00 ~Ev 1776 

.5<ooE 00 , 2QOOE • o1 ·.1 000E on , 20001= • 01 , A84 SF 00 o19 06E oo .1 B0 6E 00 1777 

.5400! 00 .zoooE·o1··10ooE on .2oo o• ·o1 . ~339F DO ·1251! 00 o1251E 00 1]78 
,5450E 00 , 2oooF · o1-. 10ooE on , 2oooe · o1 , 794 !F oo ·1192 E oo .t192E 00 1779 
.ss ooE 00 . 2oooE · o1·· 100oE on , 2QOOF · 01 , A7A5F 00 ·1098E oo o1 098E 00 1780 
,5550E no . 2oooEeo1 ·· 100oE on , 2QOOF•01 ,~63Q F 00 o1Z94 E oo ·1 294E 00 1781 
,56QOE 00 .zo ooE ·ot-.1Q ooE on , 20QQF•Q1 .~3 0 3F 00 .t245E oo .1245E 00 1182 
,5650E 00 .2o ooE·o1-.1 oooE on , 2000F · 01 . P220 F 00 .1233E oo .t23JE 00 1 783 
,57006 00 ,2 QOOE · o1•· 1000E 00 , 2 oo oF · o1 .P1 65F DO ·12 24E oo .1 22 4E DO 1784 
,5750E 00 ,2oooE· o1··10 ooE on , ;>ooo• - o1 .P6n51= DO o129 0E oo ·129oE 00 1785 
.saooe 00 . 2QOOE•o 1·. 1QOOE on , 20001= • 01 ,P9 1 51= oo .t337E 00 ·1J37E 00 17 86 
, 5850! DO ,2Q OOE· ry 1··1000 E on , 20001=•01 ,A857F' DO .1328<; oo ,1328E DO 1787 
.59ooe 00 ,2Q OOE•o 1·, 1QOOE 00 , ? OOO F. · 01 ,p 761F 00 . 1314E oo , iJ14E 00 1788 
.595oE 00 . 2oooE•o 1·.1o ooE on , 2000E•0 1 ,0292F 00 .t393E oo .1 393E DO 1789 
,6Q OOE 00 .2oooe·o1-.1ooo E 00 . 20001= - Ql , P459F DO . u75E oo .1175 E 00 179o 
. 6Q50E 00 .2o OO E· o1· ol OOOE on , 2000F · Q1 . 7659F DO · 1148;: oo .U48E 00 1791 
.61 00E 00 , 2QDOE · 01 ··1 DOOE on , ?000~ · 0 1 .11n~= DO ,u57E oo . U57E 00 1792 
.6150E 00 ,2Q OO E• o1•o1 0D OE on , 200DF•01 .o5J>~ DO .100 E oo .14Joe 00 1]93 
.6200E DO , 20DOE•o1• .lQOOE on , 2 00 0~•0 1 , A075F DO .1211E oo . t21 1E 00 1794 
.6249E DO .2o oo e· o1-.1 oooE on , ?OOOF · 01 , 0 J32F 00 . 1249: oo .1249 E DO 1795 
. 630 0E 00 , 2oooe · o1-,1oooe on , 2000E•01 , 96HE 00 ,144 5;: oo .t445E 00 1796 
,635DE 00 .2000E•01·,1QOOE on , ?OOOE • 01 .o54l~ 00 .1431;: oo .1 431E 00 1797 
.6400E 00 . 2oOOE · o1 ·.1 000E on ,?ODO<•Q1 ,o224 F 00 .1233 E oo .1233E 00 1798 
,64~0E 00 . 2oooE - o1··1 oooE on . 200 DF,n1 , Q941 F 00 .t49H oo .14 91E DO 1799 
,6500E DO . 2oooE·ot · .toooE DO , 20DOF · 01 • p 77 6< 00 ·1097;: oo ·1097E 00 18 00 
.6550E 00 . 2oooe ·n1-. 1QooE on , 2000F•01 , A1Q]C DO · 1229;: oo .1 229E 00 1801 
.6600E DO ,20 UOE · o1 •. 10DOE on , 2QOOF • 01 .~34~ 0 DO .1252;: oo .t252E 00 1802 
.6650E 00 ,2000E• o1·· 1000E on , 200DF • Ot ,A 7A 2F DO .131 7;: oo .1317E 00 1803 
.67ooe DO .2oooE- o1·.10DOE oo . 2ooo F· o1 oA410 F DO o1261t oo .126tE 00 1804 
.6?5oE no .2oooe·nt-.1o ooE on , 20001= • 01 o1 04U 01 .1562;: oo ,1562E 00 1805 
.6eooe 00 ,2000E•o1··1 000E on , ?OOOF · 01 . 0347< 00 · 1402;: oo .14 D2E 00 1801> 
.6850E DO o20DOE•o1··1000 E on , ?OOO<•n1 oA 8~~c oo . 1329:: oo ·1 J29E 00 1807 
.6900E 00 .20 00E · o1 ·· 1000E 00 , 20001= · 01 , R959F DO .1J44E oo .1J44 E 00 1808 
,70 50E DO .2ooo E· ot •, 1000E on , ?OOOI= • 01 ,P 77SF 00 .7761!" · 01 .7761E · 01 18 09 
.72 00E DO .zo ooe•ol · . 1oooE 00 , 2oooF · n1 • , 0\9" 01 . 1272E oo .t272E DO 1810 
,73 00E DO .2o ooF· o1-.1 oooE on , ?ODDF•Ol . P7 4,~F DO o1003E oo .109JE 00 1811 
.7500E DO .<o ooe · o1 ··10D oE on . 2 000~•01 ,o QAJF DO ,u35E oo ·11 35E 00 1812 
.nooe DO .2 00 0E•o1 ··10DO E on , ? OOOF•01 ·!123< 01 .14 03 E oo · 1403E 00 1813 
o7B OOE 00 ,2oooe· o1-.1ooo E on , 2000F • 01 , 1 0 4 ~c 01 .1311!: oo ·1 311E DO 1814 
o7900E 00 ,2o ooe · o1··1o ooE on , 2QOOF•0 1 • 091 '" DO . 1239E 00 ·1 239E 00 1815 
.7999E 00 ,2000E•o1··10DO E on , ?OODE • Ol ,o5•J F 00 .u92 E oo .U92E DO 18U 
• 810 0 E 00 . 2oo oe ·ot··10 ooe nn , 20DOF • n1 ., 1 n 9< 01 ·13 86<:; oo ·13 86E 00 181? 
,A199E 00 . 2oooe · o1··1oooE on , ? 0001= • 01 .91 1 7F DO ol139E oo .11 J9E 00 1818 
.8300E 00 ,2Q OOFeo 1•· 10DOE on , ? ODOF · 01 , 1 0 l SF 01 ,12 93E oo .1293E 00 1819 
.8399E 00 ,20 00E • o1•·1 000E on , <>oooe · ot , 1 013F 01 . 1266;: oo .1266 E 00 1820 
.8499E 00 .2o ooe·o1-.1oooE on , ? 0001=•01 o!0 ? 4F 01 .1280E oo .t280E 00 1821 
,86 00E DO ,20 D0E • Q1•,10DOE 00 , 2000F•01 . •9971' DO ol124E oo .1124E 00 1822 
.eeooE DO , 2QOOE · o1· · 10DOE on , 200DF · 01 , 01 42 1" DO .u•2e oo . U42E 00 1823 
.8999E DO . 2oooe · o1 ·· 10DOE on . 2000I' - Q1 ,02 6~F DO .11 58;: oo .usee 00 1824 
,9200E 00 ,20 00E•o 1· ·10DOE on , 2000E•01 .~7A OF' DO ·10'IH oo .1097E 00 1825 
.9400E 00 . 2QOOF·n1 ··10 DOE on , ;>OOOF · 1 ,03 51< DO . 1168£ oo .1168 E 00 1826 
.94 98E 00 .2o ou E- o1··10ooE DO , ;>OOOF • 1 . •64QF DO o1500E oo .1sooE 00 1827 
,98QOE 00 . 2oooe · o1·· 10ooE 00 . 20001= • 01 , o504F 00 .1199E oo .1199E 00 1S28 
·1000E 01 .2ooor::·o1··100oE on , ?OOOF • 01 ,0455F DO ol182E oo .t182E 00 1829 
•104QE 01 .2oooe·ot·.t oooE on , 2000E • 01 .~8321' 00 .11 04: oo oll OH 00 1830 
o1050E 01 ,20 00E•0 1•.10DO E on , 2000 E•0 1 . ~8~oc DO .2DDD E oo .2000E 00 1831 
.1060! 01 .2oooe·ot-.1oooE on , 2000F · 01 .~ 9 6F DO .u17 E oo .1117E 00 1832 
.1o eoe 01 , 2000E · o1•,1QOOE on , 20001'•01 .~1HF 00 .2000E oo . 20DOE 00 1833 

.aooE 01 ,2o ooe · o1 - .1oooE on , 2 0001= • 01 , P94~F DO .20 00E 00 .z oooe 00 18 34 

.1120E 01 ,2QOOE•o1··10DOE on , ? OODF • Ot ,A8 2 7F DO .2 000!: oo .2 000E 00 1835 

.u4oE 01 .20 00F " Q1 ••1 0DOE 00 , 2 00DE•0 1 ,7641F DO .2QOOE oo ,2000E 00 1836 
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·1150E 01 ,2000E•o1-.1000E 00 ,2oooF-o1 ,A110F 00 .2000~ oo ,2000E 00 1837 
·1160E 01 .2oooe•o1··1oooE 00 ,2000E•01 ,A869F 00 ,2QOOE oo ,2000E 00 1838 
.1180E 01 ,2000E•o1•.1000E 00 ,2000F•01 • 7116F 00 ,2000E oo ,2000E 00 1839 
.1200E 01 ,2000E·o1··1000E 00 1 2000E•01 .~818~ 00 ,2000= oo o2000E 00 1840 
o1240E 01 ,2000E•o1··1000E on ,2000~•01 o7342F 00 ,2000~ oo o2000E 00 1841 
.1250E 01 ,20 00E•01··1000E on ,2000E•01 .~390F 00 .2000E oo ,2000E 00 1842 
.12~oe 01 ,2000E·o1-.1000E on ,2000~•01 .~330E 00 ,2000E 00 .2000E 00 1843 
.1300E 01 ,2000E•o1-.1000E on ,2000F:•01 , 714 5E 00 .2000E 00 .2000E 00 1844 
.1320E 01 ,2000E"01··1000E on ,2000F•01 .~277F 00 .2000E 00 .2000E 00 1845 
.1340E 01 .2000E•o1··1000E on ,20001'•01 .A0691' 0 0 .2000E oo .2000E 00 1846 
.1400E 01 .2oooe·n1-.1oooe on ,2000F•01 .~321F 00 o2000E 0 0 1 2000E 00 1847 
o1420E 01 .2oooE•o1··1oooE on ,2000E•01 .7447<= 00 ·2000E oo .2000E 00 1848 

1849 
c 5~ Q=-270 ~EV 1850 

,8oooe 00 .2oooe·o1-.27ooE on ,3000E•01 .14 77E 00 ,5216E•01 ,5216E•01 1851 
,8499E no .2oooE-n1-.27ooE on .~0001'•01 o?110F oo ,4194E·01 .4194E•01 1852 
•1100E 01 .2oOOE•o1··27ooE on 1 3000E•01 o4100F 00 ·1000E 00 ·1DOOE 00 1853 
.1200E 01 .2oooE-o1··27ooE on ,30001'•01 o?83QF 00 .5456E•01 , 5456E•01 1854 
.1220E 01 .2oooe·ot-.27ooE on ,3000F- o1 .~6271' 00 ,8441E·01 ,8441E·01 1855 
.1300E 01 ,2o ou e-nt-.27ooE on .~OOOF•01 o2810F 00 ,5000E•01 ,5000E•01 1856 
.1350E 01 .2oooE•o1··27ooE oo ,3000 E•01 .45tOF 00 ,25COE oo ,250oE 00 1851 
o1400E 01 .2oooe·o1-.21ooE oo ,3000F•01 ·~050F 00 o1500E oo ·1500E 00 t858 
.1450E Il l ,20 00 E-o1-,2700E on ,3000F·Ol ,4Q 0 0E 0 0 .lOOOE 00 .t000E 00 1859 
o15QOE 01 .2000E•o1•o2700E on .~OOOF•01 o?96QF 00 o1000E oo •10 0 OE 00 1860 

1861 
c 5~ 0:.350 ~EV 1862 

.8oooE 00 .2oooe-ot-.35ooE on ,3000F•01 ,1_3A5F 00 ,6078E·Ol o6078E•01 1863 

.1100E 01 .2000E•o1-.3500E on ,30001'-01 .36n1F 00 , 7493EPQl ,7493E•01 1864 
,1200E 01 ,2o ooE-o1-.35ooE on ,3000F·01 o?OOOF 00 ,7538E•Ol ,7538E·01 1865 
,lJQOE 01 .2oooE•o1·.35ooE on ,3000F.•01 .2600F 00 .5oooe·o1 .soooE•01 1866 
,1400E 01 ,2000E"01··3500E on ,3000F•01 o2260F 00 ,9000E•Ol .9oooE•01 1867 
.1500E 01 ,2000E•o1-.3500E on , 3000F•01 .40~0" 00 .993oe•o1 ,99Joe-ot 1868 

1869 
c 5~ 0=•520 ~EV, QUESTIONABLE 1870 
.uooe 01 ,2000E•01··5200E on ,5000F•01 ,6661F 0 0 ,2058E 00 ,2058E 00 1871 
.12ooe 01 ,2000E•o1-,5200E on ,5ooo"·o1 ,4133F 00 .2000E 00 ,2000E 00 1872 
.uooe 01 ,2000E·o1-.5200E on ,5000F•01 ,44301' 00 ,2000E 00 .2000E 00 1873 
,1400E 01 .2o ooE -o1-.52ooE on ,50001'•01 • 361 sc: 00 .2000E oo ,2000E 00 1874 
,1450E n1 ,2oouE•o1•.52ooE on ,5oooe•o1 o4297F oo ,2000E 00 .2000E 00 1875 
.15ooE 01 .2000E•o1··5200E on ,5000"•01 ,3824F 00 ,2000E oo .2000E 00 1876 

1817 
c s~ 0 =•690 ~EV 1878 

.uooE 01 ,2000E·o1-.69QOE on ,5000F•01 ,2867F 00 ,1545E oo •1545E 00 1879 

.1200E 01 .2oooe·o1-.69aoE on ,5000F•01 ,,3671' 00 ·1045E 00 o1045E 00 1860 
o13QOE 01 .2oooE-o1-.69ooE on ,5ooo~·n1 .?7o~F 00 o1500E oo .15ooe 00 1881 
.14ooE 01 ,2000E•o1•,6900E on ,5000F•01 o2675F 00 ,1500E 00 .1sooe 00 1882 
o1450E 01 ,2oouE-o1-.69ooE 00 ,5000F•01 .~2531' 00 o1500E oo .1sooe 00 1883 
.1500E 01 .2oOOE•o1•,6900E on ,5000F.•01 .31191' 00 o1500E 00 .15ooe 00 1884 

1885 
SM 0•-810 KEY 1886 

,1200E 01 .2oooe·o1-.81ooe on ,5000E·01 ,3676F oo o1200E 00 .12ooe 00 1887 
.13ooe 01 ,2oooe·o1-.B1ooE on ,5000e•01 .?900F 00 .1200~ oo .12ooe 00 1888 
o1400E 01 .2QOOE•o1··B100E on ,5QOOE•n1 oHOOF 00 o1200E oo o1200E 00 1889 
,1450E 01 .2oooE-o1-.810oE on ,5000E·01 .?800F 00 .1200E 00 .1200E 00 1890 
,1500E 01 ,2000E•o1-,B100E on ,5000F•01 ,?710F oo ,1200E oo .1200E 00 1891 

c 5~ 0= 930 1\EV 
1892 
1893 

.1450E 01 .2000E•o1-,9300E on ,4000E•01 .?9B2F 00 ,9789E•01 ,9789E•01 1894 
o1500E 01 .2oooE·o1·,93ooE on o4000F•01 .?751F 00 ,9914E•01 ,99HE•01 1895 

c 5~ Q•-1020 KEV 
1896 
1897 

,1400E 01 ,2000E·ol•o1020E 01 ,3000F.•01 o266JE 00 ,9257E•01 ,9257E·o1 1898 
.14~0E 01 .2000E•o1··1020E 01 ,3000F•01 .25271' 00 ,9011E•01 ,9011E•01 1899 
.1sooE 01 .2oooE•o1-.1o20E 01 ,3000F·n1 .~190F 00 ,9336E·01 ,9336E•01 1900 

1901 
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c s~ 0 2 •1090 K~V 1902 
.1450E 01 ,2oooE•o1•.1090E 01 ,4QOOJ:•01 ,4996F DO ,9QOOE•01 o900oE•01 1903 
.t5ooE 01 .2oooe·o1-.1o9oE 01 ,4QOOF•01 • 4 41 6~ DO ,9496E•01 ,9496E·01 1904 

t905 c 1906 c 1907 c TCTAL CROSS SeCT!O~S OF SA"AR!U~ 1908 c HONOE ~ eRuET(C SOURCE METHO U 1909 c RESOLUTION 2"3 KEY 1910 c >ORI-!AT(JEt2.6l 1911 c E~ERGY IN KEV 1912 c XSEC IN BARNS 191J c ERROR IN XSEC IN BARNS 19H c 1915 
,JQ1499E 03 ,7950oOE 01 ,1JOOOO E 00 1916 
,30J499E OJ ,?850oOF 01 ,1J0000F 00 1917 
,Jo5H9E OJ ,76BoooF. 01 ,2J0000F 00 1918 
,30H99E OJ ,7640oDF 01 ,1J 00 00F 00 1919 
,J09H9 E 03 ,7670oOE 01 ,130000F 00 1920 
,311499E OJ ,7730oOE 01 ,1J0000F 00 1921 
,313499E 03 • a4oooF 01 ,13 0DOOF 00 1922 
,315499E OJ , 7700oOF 01 ,13Q000F DO 1923 
,31]499E OJ , 77ooooe 01 ,1JonooF DO 1924 
, J19499F OJ ,7650oOE 01 ,1Jonoo F DO 1925 
,J2t499E 03 ,77JOoOE 01 ,lJODOOF DO 1926 
,J2J499E OJ ,?73DoOE 01 ,130000F DO 1927 
,325499E 03 ,7620QOF 01 ,1J onoo e DO 192! 
,327499E OJ ,77ooooe 01 ,13 000 QF 00 1929 
• J29499F. OJ ,765000E 01 .uonooe 00 1930 
,3Jt499E OJ ,?5ooooe 01 ,1JOOOoF 00 1931 
,3J3499E 03 ,749oooF. 01 ,13 00D OE DO 19J2 
,J35499F OJ ,7820oOE 01 ,13 0DDH 0 0 1933 
,JJ7499 E OJ ,71>9000E 01 • lJ ODDOE 00 1934 
,339499E 03 , 771000E 01 ,1& ono oe 00 19H 
,J4\499E 03 ,7940nOF 01 ,1J onooF DO 19J6 
,J43600F OJ , 7720nOF 01 .13 0DO OE 0 0 19J7 
,H5600E 03 ,7740oOF 01 ,1J Q000F 00 19J! 
,J47600E OJ ,?990oOE 01 ,13oOOOF 00 1939 
,J49600E OJ ,771000E 01 ,13 onooe 00 1940 
,J51600F 03 ,7810oOE 01 ,1J0000F 00 1941 
,J53600E 03 ,774999F. 01 ,1J 000 0E DO 1942 
,355600E 03 ,763000E 01 .uonooF 00 194J 
,3576ooE 03 ,7680oOE 0 1 ,130000E 00 1944 
,J59600E OJ ,768000E 01 ,uonooF 00 1945 
,361600E 03 ,?61000F 01 ,1Jonooe DO 1946 
,36J600E 03 ,7630oOE 01 ,1300DOF 00 1947 
,3656ooe 03 ,7660oOE 01 ,1J0000E 00 1948 
,J69600E 03 ,76JOoOE 01 ,1JODOOF 00 1949 
,J71600E 03 ,784000E 01 ,1J 0000F 00 1950 
.37360oF 03 ,7860oOE 01 ,1J 000Q F 00 1951 
.3756ooE OJ ,7620oOE 01 ,1JonooF 00 t952 
,3776ooe 03 , H6000E 01 o130000E 00 1953 
,379600E 03 , 774999E 01 ,1J0000F 00 1954 
,381600E OJ ,7590oOF 01 .uooooF 00 1955 
,38J600E OJ ,7690oOE 01 ,1J ono oe 00 1956 
.::se56aoE o::s .eo?ooOE 01 .uonooe 00 1957 
,387600E 03 ,765000E 01 ,130000E 00 1958 
,J89600E OJ ,7690oOE 01 .uonooe 00 1959 
,391600E 03 ,7640oOE 01 .16oOOH 00 1960 
,39360oE o::s ,766000E 01 .uooooF 00 1961 
,39560oE OJ ,7500nOF 01 .13onoo e 00 1962 
,397600E 03 ,752onoe 01 ,13 0000F 00 1963 
,399600E 03 • 764000E 01 ,lJOOOOE 00 1964 
,401600 E 03 .77ooooe 01 ,13 000 0F 00 1965 
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.~o37ooE 03 ,759DOOE 01 ,lJonooF 00 191>6 

.~057DOE 03 ,786DDOE 01 ,1J000H 00 1967 
,407700E 03 ,7b40oOE 01 .uooooe DO 1968 
,409700E n3 ,755000E 01 ,130000E 00 1969 
,4u7ooE 03 ,7660oOE 01 ,130000E DO 1970 
,413700E 03 ,770000E 01 ,130000F 00 1971 
.~157ooE 03 ,780000E 01 ,130DDOE 00 1972 
.~177ooE 03 ,7570oOE 01 .uooooe 00 1973 
,41970oE OJ ,7680oOE 01 ,13000QE 00 1974 
,42170oE 03 ,778000E 01 ,lJOOOQE DO 197!5 
,423700E 03 ,7870oOF 01 ,1JQ000E 00 1976 
,4257DoE 03 ,798DoOE 01 ,13onooE 00 1977 
,427700E 03 , 7770oOE 01 ,13Q000F 00 1978 
,429700E 03 ,794DOOE 01 ,1J0000E 0 0 1979 
,431700E 03 ,793000E 01 .uooooe 00 1980 
,43370oE 03 ,774999E 01 ,1J0000E 00 1981 
,4357DOF D3 .8070oOE 01 ,1J 0000E 0 0 1982 
.~37700E 03 1 80200DE 01 ,1J0000E DO 198J 
,43970oE 03 ,7570oDF 01 ,1J0000F 00 1984 
,4H70oE 03 ,7790oOE 01 ,13000QF 00 1985 
,443700F 03 .~01000E 01 ,13QODOE 00 1986 
,4457ooE 03 ,80900DF 01 ,1J0000F 00 1987 
,H7700E 03 , 7740oOE 01 ,1J0000E 00 1988 
,44970oE 03 ,776000E 01 ,1JQ000F 00 1989 
,451700E 03 ,79JOoOE 01 ,1300DQE 00 199o 
.4537oo E 03 .eoJOooe 01 ,17 oOOOE DO 1991 
,455800E 03 ,776000E 01 ,14QOOQE' 00 1992 
,4578DoE 03 .77oDDDE 01 1 14Q00QE DO 1993 
,45980DE 03 ,7b30DOE 01 ,14oDDDE 00 1994 
,46180oE 03 ,77JOOOF 01 ,14Q00QF 00 1995 
,4638DOE 03 ,7780oOE 01 .uoooDE 00 1996 
,46580DE 03 ,7780oOE 01 .uonooe DO 1997 
,4677ooE 03 ,783000E 01 ,24 Q00QE 00 1998 
,4697ooE 03 ,785DoOE 01 ,uooooe 00 1999 
,4717DoE OJ , 772000E 01 ,24000DF DO 2000 
,473800E 03 ,7580nOE 01 ,2~000DE 00 2001 
,475800E OJ ,771DOOE 01 .uonooE DO 2002 
,4778ooe 03 ,753000E 01 .uonooE 00 2003 
,479800E 03 ,792DOOF 01 ,14 onOoF 00 2004 
,4S180oE 03 ,7520oOE 01 1 14 Q000E 00 2005 
,4838DoE 03 .Y680oOE 01 .uooooe 00 2006 
,485800E 03 ,7b30oOF 01 ,13000DE 00 2007 
,487800E OJ ,7HOOOE 01 ,HoDDOE 00 2008 
.H98DDE 03 ,741DDOF 01 .uonDDF DO 2009 
.49180oE 03 ,768000E 01 ,1400DOE 00 2010 
,49380oE 03 ,761000E 01 ,14000QF 00 2011 
,495800E 03 • 770DOOE 01 ,140000F DO 2012 
,497800E 03 ,7690nOF 01 ,140000F 00 2013 
,499BooE OJ ,7b20oOE 01 .uonooe 00 2014 
,501800E 03 ,752000F 01 ,140000F 00 2015 
,503800F 03 ,754000E 01 ,1.00DOF 0 0 2016 
,505800E 03 ,758000E 01 ,140000E 00 2017 
,50 78o oE 03 ,?550oOF 01 ,14000oF 00 2018 
,509800E OJ ,7430oOE 01 ,140000F 00 2019 
, 511800E 03 ,774999E 01 .uonooE 00 2020 
.513800~ 03 , 740000E 01 ,Honooe 00 2021 
.51580oF. 03 ,7580oOF 01 .uonooF 00 2022 
,517800E 03 ,7620oOE 01 ,14 0000f 00 202J 
.519800E OJ ,7680oOE 01 .uonooF 00 2024 
,521B OOE 03 ,7540nOE 01 ,14 0000E 00 2025 
.52380oE 03 , 774000F 01 ,14000DE 00 2Q26 
,525800E OJ ,7870oOF 01 ,14 000 0F 00 2027 
,5278ooF 03 ,752oooE 01 ,HonooE 00 2028 
,5298ooE 03 ,7580oOF 01 ,14oOOoE 0 0 2029 
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,531800~ OJ ,7720oOE 01 ,H QOOoE 00 2030 
,5336ooE 03 .7~5oooE 01 ,1~ ooooF 00 2031 
,535BOoE 03 ,7460oOE 01 .17ooooF 00 2032 
,5J760D~ 03 ,7550QOE 01 .14 00 00 E 00 2033 
,5396DQ E 03 ,759000E 01 ,14 QDOO E DO 2034 
,5H6DO E 03 ,761000E 01 ,1~ 0 DOOE 00 20J5 
.5~ 360oE 03 ,769000F 01 ,14 o OOOF 00 20J6 
,54580QE 03 ,7670DOE 01 ,1~ 0 DOo E DO 2037 
,H7eooe 03 .766000E 01 .u o oooF 00 20J8 
,54980oE OJ ,7880oOE 01 ,14 0 000F 00 20J9 
,551600 E oJ ,7490nOE 01 ,14 o o ooe D 0 20~0 
,553800E 03 ,7520QOE 01 .uooooF DO 20~1 
,555900E 03 , 72~999E 01 ,u ooooe DO 2D~2 
,55790QE 03 ,7590QOE D1 .HonooE DO 2043 
,,9900E 03 , H4DOOF 01 ,14 0 000E OD 2044 
, 5619DOE 03 .75700DE 01 ,240000 F 00 2045 
,563900E OJ ,746000E 01 , l4Q000F 00 204 6 
,56590QE 03 ,7620aOF 01 ,14 0 0 00E 00 2047 
,56790Qf 03 ,7540QO E 01 .14 o nooE 00 2048 
,569900 E 03 ,736000E 01 ,14 0 000 E 00 2049 
,571900~ oJ ,7420nOF 01 ,14 0 000 F 00 2050 
,573900 E OJ ,759000E 01 ,140000E 00 2051 
,575900E 03 ,146000 E 01 ,u ono oF 00 2052 
,57790QE 0 3 , 7740oOF 01 ,14 QOO OF 00 2053 
,57990QE 03 ,7550QOE 01 .uono oF 00 205~ 
,561900 E OJ ,74oOoOF 01 .uooo oe 00 2055 
,seJ9oo e o3 ,7540oOE 01 ,14 QOO QF 00 205& 
,5e59ooE OJ ,747000F 01 ,14 0 0 0 QF 00 2057 
,5879ooE 0 3 ,7680oOF 01 ,14 0 000E 00 2ose 
,58990Q E 03 ,7720oOE 01 .14 ono oF 00 2059 
,591900E 03 ,745000E 01 .1~ o ooo e 00 2060 
,5939DO E n3 ,76JO oOF 01 ,14 0000F 00 2061 
.595900E OJ ,7b60QOF 01 ,14 000 0E 00 2062 
,597900E OJ , 737000E 01 ,140DOO E DO 2063 
,599900E D3 ,755000F D1 ,14 o nDoF 00 2064 
,601900E 03 ,765DOO E 01 ,14 0 DOOE 00 2D65 
,6Q3900 E 03 • 7~0000F 01 ,14 000 0F DO 2066 
.60 59DDE D3 ,7~6DOOF 01 ,1HO OOF DO ~067 

,6Q7900E 03 • 776000E 01 ,14 000 0E 00 2066 
,6Q9900 F 03 ,731000E 01 ,14 0 DOOF 00 2069 
, 61190DE 03 .75500DF D1 ,14 00D OF DO 2010 
,61J9DOE D3 .761000F 01 .lHODD F OD 2071 
,6159DO E D3 , 7370oOE 01 ,14 000 0F 00 2D72 
o61790DE 03 .R03DQOF 01 .14 000 0E 00 2073 
,6199 00E 03 ,7570oOE 01 ,140DOO E 00 2074 
,621900E D3 ,767DoOF 01 ,u o nooF DO 2D75 

,62J9ooE 03 ,781000E 01 ,uoooo E oo 2076 

,6259DQE D3 ,7560oOE 01 ,900DOOE•01 2077 

.6V900E 03 ,761000F D1 1 14 0 DOOE 00 2 07 8 

.6299 00E D3 ,754000E 01 .uoooo e oo 2079 

,6319DOF 0 3 ,7480 oOE 01 ,14 00 DOE 00 2D80 

,63 390QE o3 ,7 Q90oOE 01 ,H oDOQF DO 2081 

,6J 5900E OJ , 767QQOE 01 ,140000 F 00 2062 

,6J 7900F 03 , H90DOF 01 ,17 0 0DOE 00 208J 

, 6J7900E D3 ,7~90QDE 01 ,24 o 0DO~ 00 208~ 

,6J9900E 03 ,769DoOE 01 ,140000 F 00 2085 

,6H900 E 03 • 762000 F 01 .1~ DDO O E 00 2086 

,64J90Q E n3 ,768 0oOE D1 ,1D ODODE oo 2D87 

,6459ooF 03 ,780000F 01 ,14 000QE 00 2066 

,64 7900E DJ , 7HOoOE 01 ,24 0D0DE 00 208 9 

,6,2186F 03 , 777653E 01 ,9716DQ E•01 2D90 

,657193 E OJ ,77464 7E 01 ,972D40E•01 2091 

,66 2200E OJ ,735b36E 01 ,97 2 410 F·D1 2092 

,667207E OJ , 747267F 01 ,974110f• D1 2D93 
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,672214E 03 ,738532F 01 ,97115oF-o1 2094 

,677220E 03 ,7446~8~ 01 ,97367oF•o1 2Q95 

,682227F 03 ,753632F 01 , 973 14oE •o 1 2096 
,6872JH 03 , 77J252E 01 ,97275oE•o1 2097 

,692240 E OJ ,H51o1E 01 ,97J92oE•01 209£ 
,697247E OJ • no8n9F 01 ,975n3oF-o1 2()-99 
.70 2253E 03 , 76 7736E 01 ,97303QF•01 2100 
,7072EOE u3 ,74Q354F 01 , 913 9 8 oF.,o 1 2101 
,712266E 03 , 747030F. 01 ,97489oE·01 2102 
,71 7273F. oJ , 757746E 01 ,9?354QE•01 210J 
,122279E OJ , 771038E 01 ,97t69oE•o1 2104 
,727285 E 03 ,163070F. 01 ,971?JoF•o1 2105 
,7J2292E 03 ,755725E 01 ,97 224o F-01 2106 
,?J7298E OJ ,7014t9E 01 ,97197QF•01 2107 
,742J04F 03 ,739162F 01 ,9?448o~·o1 2108 
,74 731oF n3 ,739510E 01 ,97840QF•01 2109 
,75 2316E OJ ,7917oUE 01 , 9?o 68oF• 01 2110 
,757322E ~3 ,740820E 01 ,97194oF•o1 2111 
,762J28 E 0 3 ,7680t9F 01 ,97 2 9 6oE -o1 2112 
• 767335 F. 0 3 ,744042E 01 , 97 2 59oE-o1 211J 
,772341 E n3 ,752847E 01 ,97556oF-01 2114 
, 777J47E 03 • 77J135F. 01 ,9728BoE•01 2115 
.7823~2E 03 , 7?60 Q4F 01 ,97 J 9JoE•o1 2116 
, 787J58E 03 ,7b30oOE 01 ,97 3 6 5oF• o1 2117 
, 79236H OJ , 7¢7592E 01 ,91220oF•01 2118 
,Y97J7of' OJ ,740389E 01 • 971 9 2 oE-o1 2119 
,8 Q2376 E n3 , 7608t9E 01 ,9?3 620 F.• 01 2120 
.eone2 E OJ , 773463F 01 ,9?J150F•01 2121 
,812J87E OJ ,7888J5F. 01 ,97215oE-o1 2122 
, 817J9JE OJ ,75e3o6F 01 ,97174oE•Ol 2123 
,822399E 03 ,765376E 01 , 9]1 9 2 oE• o1 2124 
,827404E n3 ,7317 79 E 01 ,168474F 00 2125 
.S274o4E 03 ,775232F 01 , 168 396F 00 2126 
,8J2410E 03 1 7799R3E 01 , 9 717 J oE•01 2127 
,837416 E 03 ,764044E 01 ,97394oE-o1 2128 
, e~2421E 03 ,7366 6 3E 01 ,97310oE•01 2129 
,847427E 03 ,760873 ~ 01 ,97124oE•Ol 2130 
,8 52432E 03 , 7i!8576E 01 ,9]5300E•01 2131 
.e~7438E 03 , 775264E 01 ,97 J 66o E•01 2132 
,8624 43E 03 ,776338E 01 ,9117Soe-o1 2133 
. 867449E OJ 1 761372E 01 ,97357oF•01 2134 
. 872 4,4F 03 , 775774E 01 ,91174oE•01 2135 
. 877 459 E 03 , 774377E 01 , 9 7 o6 9 QE-01 2136 
, 882465E 03 , 774143E 01 ,97 o9JoF•01 2137 
.887470E 03 ,7590~~E 01 ,971180E•01 2138 
,89247~E 03 , 7b27Q5E 01 ,97t88QF•01 2139 
.B97HoE 03 .762169 E 01 . 9 7125 oF• o1 2140 
,9Q2486E 03 .743255E 01 ,9696ooe•o1 2141 
,QQ7491E 03 ,761433E 01 ,969070E•Ol 2142 
o912496E 03 ,76716H 01 ,96949oE•01 2143 
,917502E 03 ,759155E 01 ,96 7 5 ooE• 01 2144 
,92 2506E 03 , 800839 E 01 ,96 822QF• 01 2145 
, 927512E 03 ,766478E 01 ,9 6 8 87o E• 01 2146 
,932517 E 03 ,749532E 01 ,96 8 080E • 01 2147 
,937522E 03 , 767797E 01 ,9&92toE • 01 2148 
,942527E 03 , 773647E 01 ,9 6821 QE•01 2149 
, 947532E o3 ,782698E 01 ,9676s 0e-o1 2150 
,952537 E 03 , 772851E 01 ,968200E•01 2151 
,9 ~7542 E 03 ,763246E 01 ,96S16oE•o1 2152 
.962547E 03 1 766654E 01 ,96 68 9 oF•Ol 2153 
,967552E 0 3 ,791719E 01 ,96 763oE•o1 2154 
,972 557E 03 ,783947F 01 ,96 6 43o E• 01 2155 
, 9775E2E 03 ,794067F 01 ,9 6 6 B2oE•o1 2156 
, 9825e?E 03 , 7864t9E 01 ,96596oE•o1 2157 
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,9e757H ~3 • 7&4079F 01 ,96~32o~·o1 2158 
,992577F ~3 .7~~3tOF 01 .96564oF-o1 21~9 
.99 75etE 03 .76•oo8~ 01 ,964610 F•n1 2160 
.1002,8F 0 4 • 774526E 01 ,96 3 56oF-o1 2161 
.1Qo759 F 0 4 , 744U6F 01 .96716oF~o1 2162 
.101259F n 4 , 7V9067F 01 ,96HOoF- 01 2163 
.101HoE 0 4 .7940POF 01 ,96 5 180 F• 01 2164 
·102HOE 0 4 , 7766~3F 01 .9~•56oF- o 1 2165 
.102H1F 0 4 ,765344~ 01 ,964910~• 01 2166 .10J261 E 0 4 .790145F 01 ,965010F• 01 2 167 
.103761~ 04 , 7740~8E 01 .96 5 40oF- 01 2168 
.104262E: 04 • 1;2oou 01 ,16~895E 00 2169 
.104262~ 0 4 .7I<01~6E 01 ,16 7234F 00 2170 .1047621:' n 4 . e 2o542F 01 ,9& 3 B3oF·o1 2171 
.1o52tJ E n• ,772~47~ 01 .96?00QF•01 2172 
.1o5H3E n4 ,A13648F. 01 ,96449oE• 01 217J 
.106264F 04 .7995')7E 01 ,9un7oF•01 21H 
·1067t4F. n4 .7~4£ooE 01 ,95953oF•01 2175 
·107265 F 04 .766826F 0 1 ,96014QE•01 2176 
.1o7H5F 04 .7672JOF 01 .9t9J4oF-o1 2177 
·108266E 04 ,79J678E 01 .96 o36oF•ot 2178 
.to 8766E 0 4 , 7178Q6E 01 , 960160F - Ol 2179 
.1092671; 11 4 ,7513o9F 0 1 . 96~47oF-o1 2180 
.to9767 E n4 ,76 Q~79E 0 1 ,95 8 49oE•01 2181 
.uo267E 04 , 751152E 01 ,95R260f•01 2182 
.aoHe~ 04 .79 8747F 01 ,95 !1 n4oE•ot 2183 
.t11268E 04 ,779616E 01 ,95964oE•o1 2184 
·111H9 F 0 4 ,7865')7F 01 ,9§8400E•01 2185 
·11 2269E 04 ,755020E 01 ,95902QE•01 2186 
o11277oF 0 4 .7933j7~ 01 .9~ 7 8soe•o1 2181 
·11327o E 0 4 ,773399 E 01 ,9~829QE·Ol 2188 
·11377oF. 04 ,7654J8F 01 ,95 78JoF•o1 2189 
oll421t E 04 .776311E 01 1 95734QF•01 2190 
,114771 E 04 .789478E 01 ,9S7920F•01 2191 
.115272E 04 ,7507S4F. 01 ,95 817oF•o1 2192 
.u~772E 04 .7654J4F 01 .9H19oF.·o1 2193 
.11 6273E 04 .776880E 01 ,95 768o F•nl 2194 
.116773E 04 • 7745o2E 01 ,95 6 15QF•01 2195 
.11727JE 04 , 768ij88E 01 ,95 t> 73oF•Ol 2196 
.u777H 04 ,751359E 01 ,955730~•01 2197 
ol182HE 04 • 763194E 01 ,955820F•01 2198 
·11 8715~ 04 ,?89090E 01 ,95 6 23oF•o1 2199 
.u9275E 04 , 7486<;1E 01 ,95626oE•Ol 2200 
·119776 E 04 .796450E 01 ,95 59JoE - ot 2201 
.t2o276F 04 ,786058F 01 ,956060E•01 2202 
.120776E 04 , 793385E 01 .9559JoE•o1 2203 
.121217E 04 • 7637eJF 01 ,955220F•Ol 2204 
.121777 E 0 4 , 7823"1E 01 ,956000E•Ol 2205 
.12227 8E 0 4 ,7583A9E 01 ,955J2oe·ot 2206 
.t22778E 04 ,7B25J7F 01 ,95415oF•o1 2207 
·123278E 04 ,192498E 01 ,953HoE•01 2208 
.123779 E 04 • 7BJ381E 01 ,95•5 ooE•01 2209 

·124279E 04 ,777740E 01 ,95453oE•01 2210 
.12478o E 04 ,756445E 01 ,954360E•01 2211 
.125280E 04 ,761690E 01 ,9524JoE•o1 2212 

.t2578oE 04 • 769966E 01 .16522JE 00 2213 

.12578o E 04 ,7516J8E 01 ,165216E 00 2214 

·126281 E 04 ,7B6677E 01 .~54170E•01 2215 

.12 678tE 04 ,781316E 01 • 9'3620E•01 2216 

,127282E 04 ,767463 E 01 ,951930E•01 2217 

.t27H2 E 04 ,75o3t5E 01 ,9§JtJoe·ot 2218 

.128282 E 0 4 ,160922!; 01 . 9S3010E·01 2219 

.128HH 04 , H8662F 01 ,95 3 44oF-o1 2220 

·129283E 0 4 .75 8678~ 01 • 9517toF-o1 2221 
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.1297e4E 0~ ,7Bo9~1E 01 ,95247oE•01 2222 

.130264E 04 ,761284F 01 ,95205QE•01 2223 

.13o7B4E 04 , 783681F 01 ,9soeooE•01 2224 

,131285E 04 ,7?1935E 01 ,95136oE·o1 2225 

,1J17e5E 04 ,7H0~3E 01 ,952170F.•01 2226 

.132286E 04 , 7846t4E 01 ,95217eE·o1 2227 

.1327B6E 04 ,781319E 01 ,95196eE·o1 2228 

.t33286E 04 ,786047E' 01 ,95o75oE•01 2229 

o13378?E 04 ,768126E 01 ,9516BeE·01 2230 

.1342e7E 04 ,7864aoe: 01 ,952D4eE·01 2231 

·134787E 0 4 , 776631F 01 ,9so65oF·o1 2232 
.135288E 0 4 • 747831E 01 ,9soB9oE•n1 2233 

.135788F 04 ,7629oBF 01 ,95o53oF·o1 2234 
o1362f9E 04 .771522E' 01 ,95130eE·01 2235 
.tJ67e9E 04 ,768979E 01 ,9hD1QE•01 2236 
,137289E 04 ,750633F 01 ,95tn2oe:·o1 2237 
.13779QE 04 ,789671E 01 ,95o44oF·o1 2238 
.138290E 04 ,787254F 01 ,951650E·01 2239 
• ueHoe: 04 , 733974F 01 • 94988aE·01 2240 
.139291f 04 • 7773e5E 01 ,95034QE•01 2241 
.139791F 04 ,734961F 01 .949720F•01 2242 
o140291E 0 4 ,7639s7e: 01 ,95on5oE•o1 2243 
,14o792E 04 .76o7o2f 01 ,948640F•D1 2244 
.141292E o• ,762426F 01 ,94911QE•01 2245 
,141793E 04 .7656t8E 01 ,948B2oE•01 2246 
.142293F 04 , 773368E 01 ,94938QF•01 2247 
.142793E 04 ,7871'.2E 01 ,94953oE·o1 2248 
.143294F. 04 ,7~59~71' 01 ,94B5BoF·n1 2249 
.143794E 04 ,7518t8E 01 ,9491BoE·H 2250 
.t44294E 04 ,7414Q9E 01 ,94B80QF•01 2251 
ol44795E 04 ,7734~6F 01 .9491BoE-o1 2252 
.t45295E 04 ,743072E 01 ,9.955oF•o1 2253 
.t45795E 04 .737175E 01 ,94955oE·o1 2254 
.t46296E 04 ,76038BE 01 ,94781oE•o1 2255 
.146796E 04 , 747738F 01 ,949170E•01 2256 
o147297E 04 ,R~06~4E 01 .164368F 00 2257 
.147797F 04 .75A754F 01 ,94776oF•o1 2258 
,1482>7E 04 .752557E 01 ,947120F•01 2259 
.14~79BE 04 ,757952F 01 ,94 8 25oE·Ol 2260 
,149298E 0 4 ,7~28~4F 01 ,948280F.•01 2261 
.149798E 04 • 761~741' 01 ,66974QE•01 2262 

2263 
c 2264 
c E~D SA~AHIU~ DATA BLOC~ 2265 
c 2266 
c 2267 
c END 0~ HAFN!uM•-GADOL!NIUM··SAHAR!UH DATA r ·l LE 2268 
c 3·MARCH·69•·•A, S• ITH 2269 
c 2270 
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