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ABSTIW!T

This report lists six group neutron cross sections of”

the more common fissionable isotopes for study of fast

neutron critical assemblies and sixteen group cross S6C-

tions of the more common reactor material

intermediate neutron critical assemblies.

averaging scheme used for the development

group parameters are also given.

forstudy’of” ‘ .

Data sources and

of these multi-

‘., ,. ... ... .
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PREFACE

.,. .

This document consists of the two informal reports

N-2-731 and N-2-753 concerning multigroup parameters for

fast and intermediate critical assemblies. These. reports ~

were intended as “work sheets” which could be revised re-

peatedly as additional neutron cross section. dqt? .bec?qe, ,. ... ..
. . ..

available and/or as our errors in interpretation of ex-
. .. ,..’.

istent data or plain arithmetic errors were uncovered.

The incorporation of the current versions as a LAMS report

merely facilitates referencing and implies no special per-

manence in the listed parameter values.

. ,.
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SIX GROUP CROSS SECTIONS FOR U-233, U-235,

U-238, Pu-239, AND Pu-240

The appended set of multigroup parameters for Uranium

and Plutonium isotopes is a modernization of that given in

an internal document and again is intended primarily for

Sn method calculations pertaining to Pajarito fast critical

and exponential assemblies data. Although a number of

important gaps in experimental cross-section information

have been filled in the last couple years, some guiding

“principles” are still required to complete the six group

parameter listings. The cross-section data and “principles”

used are as follows:

1. Fission Cross Sections: af (U-233), ~f(U-235),

af(U-238), and af(Pu-239) are from D. W. Allan, R. L.

Henkel, “Progress in Nuclear Energy” Series I, Vol. II.

(The corrected LA-1714 data for Pu-239 and U-238 presented

in the above paper are given highest weight.) af(Pu-240)

is from R. L. Henkel (Unpublished) . The energy range ‘of

interest is completely covered.

II. Fission Spectrum: Fifty-fifty split of the Rosen

and Watt type formula, El/2e-0.775E and e-E/0.965 sinh

(2.29E)1/2, is given by Cranberg, Frye, Nereson, and Rosen

(Phys. Rev. 103, 662, 1956). The Rosen formula fits the

7



spectral data on U-235 fission better than the Watt formu-

la, especially for low neutron energies, the 50-50 split

being a compromise to help boost the fission spectrum

averaged U-238 fission cross section towards Leachman’s

experimental value. Despite the evidence that the fission

neutron spectrum of Pu-239 is harder than that of U-235

(Grundl and Neuer), the above split is adopted for all U

and Pu isotopes and for all fission-inducing neutron

energies. Two arguments for this simplification are: 1)

some “experimental” determinations of inelastic scattering

parameters have involved this assumption, and 2) the

present Sn code handles only a unique fission spectrum.

III. Number of Neutrons per Fission: Thermal ~

values are taken as lower limits of those given in BNL-325

for U-233, U-235, and Pu-239; V(U-238, E - 1.6 mev) is

taken from Leachman (International Conference on the Peace-

ful Uses of Atomic Energy, Vol. II, 193, 1956) ; ~(Pu-240)

is obtained from reactivity coefficient measurements at

Pajarito and the assumption ac(Pu-240) = CC(U.238). d~/dE

is taken as roughly constant (Leachman and Terrell

theories) and intermediate in value between that indicated

by spontaneous fission ~(Pu-240) vs. thermal fission

U(PU-239) and by Leachman (1oc. cit.) .

IV. Capture Cross Sections: ~c(U-238) is from

.

.

.
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BNL-325 and H. Newson {IMke Univ., 1956, unpubi) .’

(U-235) for O.2 ~ E < 1 mev is from a(U-235) *ta

.,. ,,...,

of B. Co

,,,.

Diven, J. Terrell, and A. Hemmendinger; Phys. Rev. ”’109,

144-150 (1958). Little dataare available on dc(U-233),
,..

qh239j, and ac(Pu-240) ; but burnout rneasurementss “’..,, ,.,...,” ..’. ‘“.’.’.

principally at Argonne (Okren’t,International Conference

on the Peaceful Uses of Atomic Energy, Vol. 5, 347, 1956)

indicate CYc(pu-239) and~c(u-zss) to be s~~i:lar ~~~~ton- .“-”;

.,.

,.

.. .

ically”decreasing functions of ene~g~ .’qot,Un!ike,~C(u~238}P*,,.,.1~..
.. .... ,.

~ UC(PU-240)’ ~ Uc “ ‘“” ‘“Gaps are filled by taking 0C(U-233) , ..
(U-238) and energy dependence as similar to ac(U=238) as “

permitted by the Diven, et al., and Argonne data.

v. Inelastic Cross ,Sections: Inelastic transfer ‘“.,. ,.-”..,
parameters for U-238 for incident neutron energies less .

than 2 mev are obtained from the data of Cranberg and

‘Levin, “Inelastic Neutron Scattering by”U-238° - inier”nal” “,

Los Alamos report. “Their general heavy element data to-

~, 343, 1953) indicate the utilit of the statistical
?-E/~ E.

model.inelastic spectrum E e with B: 0.2 (rnev)1/2 ““

and incident neutron energy E. ~ .2.5 mev. The measure-

ments of Batchelor (AERE NP/R 1629) and Bethe,”Beyster, ‘

and Carter ,(LA-1939), although in less.detail, give ,., . .,.

additional confirmation, the net result being that, for

. .

9 ,, .
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U-238, the inelastic multigroup parameters are adequately

determined. Inelastic transfer parameters for the other

isotopes are obtained with the help of the following

,“principles” which do not appear to overly violate exist-
.. .

ing data (BNL-325, LA-1939, and Cranberg and Levin) : 1)

the nonelastic cross sections of the Pu and U isotopes are

the same (a prediction of the cloudy crystal ball model),

“’”2) the level spacing parameter f3,and hence inelastic

spectra, are similar for the Pu and U isotopes (a predic-

tion of the statistical model) . Specifically, both the

. . “, ‘;&esults of Cranberg” and Levin and of LA-1939 indicate that

inelastic spectra from U-235 and Pu-239 are a little softer

than from U-238 for 1 < E. < 2 mev, and we assume this

“difference in spectral character persists for E. < 1 mev.

VI . Transport Cross Sections: These are from Utr =

at - ‘cl.
+(0) thus assuming isotropicity of fissionel. trs

,neutrons and inelastically scattered neutrons. Angular

distributions of elastically scattered neutrons from U-235,

Pu-239, and U-238 are obtained from BNL-400 and some

additional Los Alamos results (Walt and ?3eyster, Cranberg

and Levin, and Allen) . Some of these data presumably in-

clude small amounts of inelastic scattering, e.g., due, in

U-238, to excitation of the 45 kev level. To fill in gaps,
‘., ‘.~,,<.b-

(0
el.)tr’(oelO) is assumed to be the same function of

.

10
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energy for all Pu and U isotopes.

Fission spectrum, T(E), weighting within energy groups

is used throughout. Cross-section information is graphed

in Figs. 1-8 against
J4OE (E)dE. Multigroup parameters

are given in Tables I-VI and six group activation cross

sections for a number of “detector” elements are given in

Table VII. The “detector” cross sections are based on data

given in BNL-325, LA-2122, and on data from B. C. Diven

(an ~ of gold), J. D. Knight (an Zn of U-238), and AIZRE/
8 s

TP/21 (an ~ of U-238 and Th-232) by J. Lynn and A. Lane.
$
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TABLE I

SIX GROUP SPECIFICATIONS

Group No.

En. range

Vel.(cm/sh)

Fission
Spectrum

E (Mev)*

v

‘f

UC

atr

0i–>i

‘i->i-l

‘i–>i-2

‘i->i-3

‘i–>i-4

ai–>i-5

Va
f

1

0-0.1

2.9

0.014

0.059

2.44

2.34

0.6

12.0

9.06

5.71

2

0.1-0.4

6.7

0.090

0.26

2.46

1.43

0.23

7.9

6.16

0.08

3.518

3

0.4-0.9

1100

0.180

0.65

U-235

2.49

1.20

0.15

5.2

3.42

0.35

0.08

b

2.988

4

0.9-1.4

14.7

0.168

1.14

2.53

1.22

0.11

4.65

2.30

0.55

0.40

0.07

3.087

5

1.4-3.0

19.9

0.344

2.10

2.62

1.22

0.08

4.5

1.77

0.24

0.67

0.45

0 *O7

3.196

6

3.(3-W

28.5

0.204

4.41

2.94

1.21

0.05

4.25

1.20

0.27

0.37

0.65

0.44

0.06

3.557

.

.

*
Flux averaged group neutron energy.



TABLE II

U-238

Group

v

af

a
n,2n

a
c

atr

6.
1—>i

oi—>i-l

a.
l—>i-2

(s
i—>i-3

a
i—>i-4

o
i—>i-5

vu
f

1 2

0 0

0 0

0 0

0.40 0.16

11.8 8.2

11.4 7.96

0.08

0 0

3

0

0

0

0.14

5.25

4.53

0.50

0.08

0

4

2.46

0 ●044

o

0010

4.50

2.906

0.80

0.55

0.10

0.108

5

2.50

0.485

0

0.05

4.4

1.825

0035

0.96

0.64

0.09

1.213

6

2.80

0.616

0.07

0.02

4.00

1.254

0.33

0.46

0.79

0.53

0.07

1.725

21
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TABLE III

Pu-239

Group

v

(s
c

atr

a
i—>i

a.
I—>i-l

CJ.
l—>i-2

‘i–>i-3

a.
l—>i-4

0.
l—>i-5

V(y
f

1

2.86

2.05

0.5

12.0

9.45

5.863

2

2.88

1.67

0.17

8.4

6.51

0.05

4.810

3

.2.93

1.70

0.11

5.7

3.55

0.29

0.05

4.981

4

2099

1o83

0.07

4.8

2.09

0.45

0.30

0.06

5.472

5

3.09

1.95

0.05

4.5

1.42

0.18

0.50

0.35

0.05

6.026

G

3.48

1.90

0.03

4.25

1.05

0.20

0.27

0045

0.31

0.04

6.612

.

.

.
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TABLE IV

Pu-239 Revised*

Group

Energy

x

Vci
f

atr

‘i–>i

ai–>i-l

“i–>i-2

ai–>i-3

ai->i-4

ai–>i-5

1

0-.1

.013

5.863

12●0

9.45

(v-l-u)Of 3.313

2 3 4

.1-.4 .4-.9 .9-1.4

.084 ● 170 ●161

4.810 4.981 5.472

8.4 5.7 4.8

6.51 3.64 2.28

.05 .20 .37

.05 ●21

.04

2 ● 970 3.171 3.572

*
This revised set has smaller inelastic
sections and Yields predicted spectral

5

1●4-3

.347

6.026

4.5

1.51

.30

.40

.25

.04

4.026

6

3-CO

.225

6.517 .

4.25

1.20

.20

.30

.38

.21

●03

4.587

scattering cross
index values of

Jezebel in be~ter ag~eement with observation. Note that
the fission spectrum, A , is somewhat different also;
it is more energetic than ~(U-235).

23
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TABLE V

Pu-240

Group

.....v

af

a
c

‘tr

‘i–>i

ai–>i-l

‘i–>i-2

a
i—>i-3

o
i—>i-4

.. .
ai–>i-5

Va
f

1

0

0.60

11.8

11.2

0

2

3.18

0 ●05

0.23

8.2

7.87

0.05

0.159

3

3.23

0.77

0.15

5.45

4.07

0.40

0.06

2.487

4

3.30

1.39

0.11

4.65

2.24

0.50

0.35

0.06

4.587

5

3●42

1.54

0.08

4.5

1.62

0.22

0.58

0.40

0.06

5.267

6

3.72

1.60

0.05

4.25

1.03

0.24

0.33

0.55

0.40

0.05

5.952

. . . . .
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TABLE VI

U-233

Group

v

af

Cl
c

‘tr

0.
1—>i

ai–>i-l

‘i–>i-2

ai—>i-3

ai–>i-4

‘i–>i-5
v~

f

1

2.51

3.23

0.40

1108

8.17

8.107

2

2.53

2.24

0.15

8.1

5.66

0.05

5.667

3

2.57

1094

0011

5.3

2.91

0.29

0.05

4.986

4

2.61

1.89

0.08

4.6

1.82

0.45

0.30

0.06

4 ●933

5

2.70

1.83

0.06

4.5

1.53

0.18

0.50

0.35

0.05

4.941

6

3.02

1.75

0.04

4.25

1.19

0.20

0.27

0.45

0.31

0.04

5.285

25



TABLE VII

Group

En. (Mev)

an,2n(U-238)

uf(U-238)

af(Th-232)

Uf(U-236)

Uf(NP-237)

Uf(U-234)

uf(Pu-239)

Uf(U-235)

Uf(U-233)

an,a(Li6)

u*,Y(Au)

a
n,ct(B)

an,T(U-238)

a~,y(Th-232)

SIX-GROUP DETECTOR CROSS SECTIONS

1

0-0.1

0

0

0

0

0

0

2.05

2.34

3.23

1.10

0.60

0.61

0.40

0.46

2

0 ●1-0.4

0

0

0

0

0.069

0.065

1.67

1.43

2.24

1.76

0.25

0.27

0.16

0.21

3

0.4-0.9

0

0

0

0.064

0.95

0.85

1.70

1.20

1.94

0.43

0.14

0.08

0.14

0.13

4

0.9-1.4

0

0.044

0.009

0.51

1.63

1.20

1.83

1.22

1.89

0.26

0.10

0.04

0.10

0.07

5

1.4-3.0

0

0.485

0.10

0.76

1.72

1.34

1.95

1.22

1.83

0.21

0.06

0.06

0.05

0.05

.

6

3.()-M ‘

0.07

0.616

0.16

0.96

1.63

1.41

1.90

1.21

1.75

0.08

0.02

0.04

0.02

0.02

.

.
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SIXTEEN GROUP CROSS SECI’IONS

The set of sixteen group cross sections given here

was prepared primarily for calculations of homogeneous

epithermal critical systems with the view of testing the

importance of resonance shielding on criticality. The top

five energy groups are identical with and have the same

cross-section specifications as those in the six group set

used for Pajarito metal systems, e.g., employ fission

spectrum weighting. With one exception, specification of

the remaining group cross sections is by means of flat

collision density (in lethargy) flux weighting; e.g.,

<(Y
tr ‘i = ~ ‘u/o/ [ ‘U’ootr ‘ith ‘NL-325 and ‘NL-400

as the data source. The exception is in the specification

of capture and fission group cross sections in the reso-

nance ?X?giOII where < ax >i (X = n,~ or n,f) is defined by

~ ox:rr/E
<ax>i=~~ ‘

r
for E < 3 kev,

Aui r
—

(1 + &u#/’

1or —
J

ax du
Aui ~

for E > 3 kev,—

where the resonances, r, are given their non-Doppler

broadened widths (BNL-325 and extrapolation using Porter-

Thomas distribution of neutron widths), a; denotes the

27



maximum

section

reaction cross section rather than total cross

of the rth resonance, and as is the potential

scattering cross section of the medium per atom of the

reacting element. The above formula thus neglects the

effects of Doppler broadening, resonance scattering, and

resonance overlap, the first two effects being somewhat

compensatory, and the last partially justifying the reso-

nance structure cut-off artifice at 3 kev. This over-

simplified approach is, nevertheless, expected to yield

the gross features of resonance self-shielding.

The effective capture and fission group cross sections

for U-235, U-238, Pu-239, U-233, Th-232, and Pu-240 in the

resonance region are graphed against 6s in Figures 9-17.

The tabulated sixteen group cross sections for these

isotopes are those for infinite dilution. For finite

dilution, the graphs must be used and the transport cross

sections recomputed. The implied effective resonance in-

tegral for U-238

of Dresner (Nut.

us > 200b and is

compares favorably with the 300° results

Sci. and Eng., Vol. 1, No. 1, 1946) for

too large by - 30% at us = 45b.

.

On file at T-1 are the labeled sets of 16 group cross

sections of fissionable isotopes corresponding to the

following values of Cs per atom:

.
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per atom)

20

40

50

60

100

200

400

600

1 x 103

2 x 103

4 x 103

6 X 103

1 x 104

2 x 104

4 x 104

6 X 104

1 x 105

2 x 105

4 x 105

6 X 105

1 x 106

m

$35

25-1

25-2

25-3

25-4

25-5

25-6

25-7

25-8

25-9

25-1o

25-11

25-12

-

25-Y

~38

28-1

28-2

28-3

28-4

28-5

28-6

28-7

28-8

28-9

28-10

28-11

28-12

28-13

28-14

28-15

28-16

-

-

28-Y

- o-dL#+L%3wA--,

Label

$33

23-1

23-2

-

23-3

23-4

23-5

23-6

23-7

23-8

23-9

23-10

23-11

23-12

.

-

-

.

U-233

~239

49-1

49-2

49-3

49-4

49-5

49-6

49-7

49-8

49-9

49-1o

49-11

49-12

49-13

49-14

49-15

49-16

-

-

Pu-239

~240

40-1

40-2

40-3

40-4

40-5

40-6

40-7

40-8

40-9

40-10

40-11

40-12

40-13

40-14

40-15

40-16

40-17

40-18

Pu-240

Finally, for Hydrogen and Deuterium, two-table multigroup

cross sections are given for use with Sn calculations in

the “linear approximation.” Here, if the differential

scattering cross section is represented as c$s(E’->E)dE =

CJs(u)@ = 1/2 x CJs,n(~)pn (v), the mult igroup parameters are

29



defined by

I
“utr” - a - a

t t3,2/5

Table A
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TABLE VIII

SIXTEEN GROUP SPECIFICATIONS

Group

1

2

.. .. ... . 3

4

5

6

7

8

9

10

11

12

13

14

15

16

En. Range

3 - m mev

1.4 - 3 mev

0.9 - 1.4 mev

0.4 - 0.9 mev

0.1 - 0.4 mev

17 - 100 kev

3 - 17 kev

0.55 - 3 kev

100 - 550 ev

30 - 100 ev

10 - 30 ev

3 - 10 ev

1 -3ev

0.4 -lev

o.1- 0.4 ev

Thermal(O.025)

Au

0.762

0.442

0.811

1.386

1.772

1.735

1.696

1.705

1.204

1.099

1.204

1.099

0.916

1.386

v(cm/shake)

28.5

19.9

14.7

11.0

6.7

2.70

1,14

0.480

0.206

0.101

0.0566

0.0319

0.0179

0.0109

0.00606

0.00218

T
Fission
Spectrum

O .204

0 ● 344

0.168

0.180

0.090

0.014

0

0

0

0

0

0

0

0

0

0

.

.

40
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TABLE XVII

Hydrogen Anisotropic Table B ($ weighting beyond group 2)

Group ai–>i.—
1 0.015

2 0.128

3 0.025

4 0.181

5 1.227

6 2.86

7 3.417

8 30517

9 3.542

10 2.18

11 1.814

12 1.915

13 1 ● 594

14 4.00

15 10●0

16 12.0

For 6 gps.

2 0.128

3 0.025

4 0.181

5 1.227

6 6.50

ai->i+l

0.569

0.511

1.365

1.849

2.356

3.372

4.15

4.444

3.998

4.964

5.445

5.076

4.942

6.4

2 ●0

0.511

1.365

1.849

2.524

ai->i+2

0.128

0.397

0.507

0.248

0.155

0.248

0.325

0.310

0.637

0.987

0.863

0.896

1.474

0.6

0.397

0.507

0.265

‘i->i+3

0.096

0.148

0.068

0.016

0.012

0.019

0.023

0 ●051

0.128

0.158

0.152

0.268

0.160

0.148

0.073

ai–>i+4 ‘i->i+5

0.036

0.020

0.005

0.001

0.001

0 ●001

0.004

0.010

0.020

0.028

0.045

0.028

0.021

0.006

0.001

0.000

0.000

0.000

0.000

0.001

0.002

0.006

0.011

0.005
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TABLE XX

Hydrogen Anisotropic Table B ( )((E) Spectrum Weighting)

Group ‘i–>i

1 .004
~ .015

3 .140

4 .279

..,. ●5 1.693

6 2.86

7 3.417

8 3.517

9. 3.542

10 2.18

11 1.814

12 1.915

13 1.594

14 4.00

15 10.0

16 12.0

For 6 gps.. .

2 0.128

3 0.025

4 0.181

5 1.227

6 6.50

‘i–> i+1

.558

.569

1.347

1.754

1.821

3.372

4.15

4.444

3.998

4.964

5.445

5.076

4.942

6.4

2.0

0.511

1.365

1.849

2.524

cr.
l—>i+2

.127

.426

.496

.233

.127

0,248

0.325

0.310

0.637

0.987

0.863

0.896

1.474

0.6

0.397

0.507

0.265

0
i—>i+3 ‘i–>i+4

a.
l—>i+5

.095

.157

.066

.016

.009

0.019

0.023

0.051

0.128

0.158

0.152

0.268

0.160

.035

.021

.005

.001

.001

0.001

0.004

0.010

0.020

0.028

0.045

0.028

0.148 0.021

0.073

.005

.002

.000

.000

.000

0.000

0.001

0.002

0.006

0 ●011

0.005

. .

52



..
,,”1

-
N0

.
0g

.
t+maw

●

00
?

G
3

m4Em
.

m
..

0mN
●

m00mN
.

mIn

1
+

1
+

0
.

00NN
●

000m
.

00vIn.
02?0

.
0Nt-0

.
f-l

:0
●

u
)

mm.0mmco.
0InmIn

●

00C
N

l-l●

0mmw.

N&
’●

0wE.

NbN
.

mNw
.

l-l

m@
.

m
.

&.NbN
●

N*
.

m0*
.

mml-l

In

l-l
l-l

mcoN
●

0zm.m1
+

%
.

NmI+l-l.
m0m+1
+.

m

r-WN
●

m

.“

l-l

mNw
.

I-4

meK
Y●

N0m*In
●

NN

t-WN
.

1
+

F
1a
)

m
tJ

m0m
●

!-4

0m0a
.

d

O
i

4
In0

%.(nc
1

&
0mm

wf-l
l-l

l-l

5
3



TABLE XXII

D Anisotropic Table A ( X(E) Spectrum Weightin@

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

1.332

2.062

2.645

3.083

3.278

3.223

3.223

3.223

3.223

3.223

3.223

3.223

3.223

3.2231

3.55756

4.4920

l/E Spectrum

ai->i ai->i+l

.348

.559

● 539

1.045

1 ● 930

1.856

1.833

1●806

1.812

1.425

1.326

1.425

1.326

1.142

1.7634

4.4916

0.941

1.582

0.540

.535

1.142

1.826

1.336

1.336

1.353

1.380

1.234

1.482

1.625

1.482

1.625

1.877

1●794

1.903

1 ● 660

cr.x->i+2 ‘i->i+3 ai->i+4

0.200 0.270 0.011

.633 ●335

.964

.212

.012

●031

.037

.037

● 177

.316

.272

.309 .007

.272

.204

4 3.095

5 3.269

0.251

0.027
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TABLE XXIII
.

D Anisotropic Table B ( X(E) Spectrum Weighting)

Group

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

‘i-> i
a.
I->i+1

cr.
l->i-l-2

-.031

-.046

-.352

0i->i+3

-.148

-.200

‘i–>i+4

.160

.398

.456

.760

1.091

1.019

1.016

1.013

1.014

.932

.898

.929

.889

.823

.81’?7

.8073

0.275

.287

.508

-.001

.138 -.136

-.210

-.041

-.033

-●008

-.025

-.030

-.030 -.030

i-.051

+ .208

-0112
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TABLE XXVIII

Group

1

2

3. ... .....

4

5

6

7

8

9

10

11

12.,,.,.

13

14

15

16

1.65

1.9

2..5.

3.1

3.8

4.5

4.7

4.6

4.6

4.6

4.6

4.7

4.7

4.7

4.7

4.7

0
c

o

0

0

0

0

0

0

0

0

0

0

0

0

0

0.001

0.003

@2

~ el
s

1.65

1.9

2.5

3.1

3.8

4.5

4.7

4.6

4.6

4.6

4.6

4.7

4.7

4.7

4.699

4.697

atr-

1.23

1.42

2.26

2.93

3.59

4.25

4.44

4034

4.34

4.34

4.34

4.44

4.44

4044

4.44

4.44

(J.
l..i

0.715

1.106

1.404

2.326

3.157

3.849

4.012

3.912

3.912

3.737

3.678

3.824

3.763

3.627

3.903

4.437

‘i, i-!-l

0.515

0.314

0.856

0.604

0.433

0.401

0.428

0.428

0.428

0.603

0.662

0 ●616

O .677

0.813

0.536

. .

.,. . .. . . .

60

.

.

. .. . .

. .

,.,
. .



.

wm
●

0r+0.l-
i

a-#.l-
l

t
-

m
●

I
-
4

l
-
!

t
-.
Al
-
!

l
-
l

.0Nw
●

l
-
(

N

I
n

*
●

00N.dz.t+u
)

co.l-
l

0
3co●

As
●

0mm.1+

m

v!
-
i

●

l
-
l

cmm
●

coww.mNI
n

m
“

0.0l
-
l

ml
-
l

.0m1
+.

0l
-
l

ml
-
l

IImIn.
mal
-
l

AI
-
1

NI
n.

m0
●

01
+

t
-

W.1+

bm
●

1
+

1
+

co1
+



00

C
i

o0cot+



..

woA

moN
“
m

W
m

m
m

m
m

N
m
m
m

c
o

:000
0
0
0
0
0
0

so00“000

z0?3
00000”0”

0

6
3

I



.

.
c
o

o0.0

y-o!-ln?-l
#.

(DmN
●

0

0
)
w0L+1

-
m0.m

m

0000
0

0

a
)

6’.
:0.

0000
0

0wF
1.

m

l-l
1

+

.



..

md+0
“

0
0

I-i&
m

W
w
w

.
.

JN
el

l-l
9
-I

l-t

Inco
m.l-l

r-!

c-l

N:
0
0

0
0

0
0

lo00
“

a0
0
0

In*
.

1
+



TABLE XI(XIV

‘i-> i

1

2

3

4

5

6

7 .

8

9

10

11

12

13

14

15

16

2.95 0.06 2.89

2.97 0 2.97

2.40 0 2.40

2.30 0 2.30

2.30 0 2.30

3.47 0 3.47

1080 0 1.80

1.95 0.002 1.95

4.36 0.05 4.31

10.01 0039 9.62

13.78 0.98 12.8

17.40 2.10 15.3

19.52 3.82 15.7

22.77 6.77 16.0

28.3 12.1 16.0

46 30 16.0

1.59

1066

1.52

1.66

2●02

3.40

1.77

1.91

4.23

9.44

12.56

15.01

15.40

15.70

15070

15.70

1.65

1.66

1.52

1.66

2●02

3.40

1.77

1.912

4.28

9.83

13 ● 54

17.11

19.22

22.47

27.80

45.7

1.417

10557

1.368

1.586

1.992

3.291

1.713

1.846

4.047

8.997

11.915

14.306

14.609

14.732

15.052

15.7

ai->i+l

0.173

.103

.152

.074

.028

.109

.057

.064

.183

.443

.645

.704

.791

.968

.648

--
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TABLE XI(XV

19K

Group

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

‘lot ●

3.1

3.2

2.3

2.15

2 ●0

1.90

1.45

1.55

1.73

1.90

2.0

2.15

2.3

2.4

2.7

4.04

CJ
c

o

0

0

0

0

0.001

0.003

0 ●008

0.017

0.038

0.068

0.12

0.21

0036

0,61

1.75

~ e-l-
S

3.1

3.2

2.3

2e15

2.0

1.899

1●447

1 ● 542

1.713

1.862

1.932

2.03

2.09

2.04

2.09

2●29

el
atr :tr ai->i ai->i+l

2011

2.22

1●69

1.84

1.97

1,866

1●422

1.515

1●683

1●830

1●898

1.99

2.05

2.11

2.22

1o69

1,84

1.97

1.867

1●425

1-523

1.700

1.868

1●966

2,11

2●26

2.00

2.05

2●25

2036

2.66

4.00

1●795

2.071

1.495

1.724

1.898

1s813

1●380

1.470

1.633

1●752

1.809

1.905

1●954

1.888

1●975

2e25

0.315

0 ● 149

0 ●195

O ●116

0..072

0.053

0.042

0 ●045

0.050

0 S)78

0.089

0 ●085

O ●096

0.112

0.075
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