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o

, U , and ®. were optained

)

the 2200 m/sec cross sections of the prin-
235

(1

by the

- pplica to about 60 measurements, published and

unpublished. The present report is a revision of the earlier work in

results which were superseded by later data from the same authors.

For a

ferred to Refexence 1.

[s1)

sion of the osservational equations leads to negligible changes in the

\iCh new data are includzad,

Ls part of the present study, Ibarra and

some o0ld data revised or eliminatedqd,

and a

ctified. The total number of measurements used has in-

211 data in the BENL Sigma Center files in December, 1964

iscussion of the least-squares technigue, treatment of the

a
exverimental data, and interpretation of the results, the reader is re-

ve shown that taking account of quadratic terms in the expan-

final results; therefore, the present calculations continue to use the

linearized eguations.

*% DPresent address:

Stanford University, Stanford, California

This work was performed under subcontract with the BNL Sigma Center.



seasured values used in the calculation are listed in Appen-

The :
dix A, The first column lists the experiméntal value, expressed either
in barns Ios cross scctions, or as purc numbers fér M, v, (l+&), and
ratiocs. ‘The second column lists the relative (percent) error on the

measurement, usually as guoted by the experimenter, but occasionally

v us to account for estimated spectral uncertainties, etc. The

0O
o)
)
H U
o
[0
o]
o

d column lists the assigned weight, usually 10 */c¢®, but also oc-

casionally changed from this value. Leferences and remarks are in the

For O. “»u } we have listed individual measurements based on total
cross sectlons with a2 scattering cross section of 10 barns subtracted.

The average of these results is in close agreement with the value ob-

o

taiﬁed‘graphically in Reference 1, but the weighting may be more real-
istic here. TFor Gy in U233 and U235, the graphically obtained input

Cata of rReference 1 have been retained, except that the scattering cross
sections have been changed slightly tc zgree with the recommended values

"in the current {1965) edition of BNL-325.

The coefficients of the normal equations and the solutions of the

" normal eqguation and the error matrix are tabulated in Appendix B.

The f£inal resulits are listed in Table I.

Table I
U235 U233 Pu239
Og . 577.1 1.9 524.5 £1.9 740.6 £3.5
O4 678.2 £2.2 . 573.1 2.1 1014.5 4.2
v 2.442+0.006 2.504 %0.008 2.898+£0.011
i 2.078£0.005 2.292 %£0.006 2.116%0.009
o 0.175+0.002 0.0926£0.0027 0.370x£0.006



With few exceptions, these results all agree within the listed un-
certainties with the valuez in Reference 1. of(U235) has changed by an
amount bar.l:r outside the combined errors; this reflects among other
things the elimination in this calculation of 2 or 3 suspect values
used in (l). The largest change occurs in ca(Pu239), where the change
is about 1.5%.

(1)

In Figure 1 the probapility integral curve is plotted, ‘Agree-
menﬁ with the calculated distributions seems to be somewhat better than
in (LY.

There has been little attempt to determine and correct systematic
errors in the various experiments, unless these have been fairly ob-
vious. One exception has been in the measurements of v; these have been
corrected, 1f neclessary, to include delayed neutrons; and for those
measurements which are normalized to v of Cf252, the value u(Cf252) =
3.779=0.0LC has been adopted and the results renormalized to this value,

(3)

which is the weighted average of several recent measurements.

It is worthwhile comparing the least squares results with the in-
dividual measurements. In Table II the results are compared with the

weaighted averages of the experimentally measured input data. With the

2
exception of G;(Pu2“9), for which only a single measurement with a
£ -
guoted uncerxtainty of 'z 3.0% exists, the agreement is guite good.
Table II
Average of measured values Least squares value
235 ,
g (U ) . 582.6 = 4,1 577.1 = 1.9
235 ;
(L+a) (U ) 1.1738= 0.0010 1.1756= 0.0022
235 . ,
n(u ) 2.076 % 0,006 2.078 = O.QOS
235
v{(u ) 2.438 £ 0.004 2,442 + 0.006
233
o (u"77) 518 £ 5 524.5 = 1.9
223
{ls+a) {U ) 1.0937+ 0.0004 1.0926% 0.0027



239 .
o.(Pu )/c (U )

Taple II (con't)

Average of measured values

[y
bt
=
[Xe]
I
(@]
o
W
(]

2073 =51
1312 + 2
1413 + 5

2.929 £ £.038
2,538 £ 0.036

1.163 £ 0.012

704 =21
576 + 4
é8l x 4

Least squares value

1.103 £ 0.003
2.292 = 0.006
1.0255x 0.0028

0.002 -

H-

0.909
2.116 = 0.009

1.0183z 0.0041
1.2837% 0.0055
1.1862= 0.0337
1.412 = 0.007
1.5229= 0.0059

1014.5 = 4.2

0.9321+ 0.0033

1.370 = 0.006
2148 =10
1314 = 5
1409 = 5

2.898 = 0.0li

2.504 = 0.008

1,157 £ 0.004
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APPENDIX A

REL{%]
ERROR WT
MEASUREMENT OF SIGMA F 235
popvgcks; 2.50 /.16 RAFFLE,JNE 1¢,8(1959]
.opp00 1.00 1.05 DERUYTTER, JNE 15,165 [1961) :
5066 1.60 §.59 MASLIN,QUOTED BY E.R.RAF,GENEVA,[196%4)
MEASUREMENT 1&ALPHA 235
171648 1,04 1.60 SAFFORD, REZFERENCE [3]
LLLnl §.50 1.04d NlLL!AVS QUOTED IN REF, [3]
WL Tl 3.50 §.11 KAMNE ET AL, GENEVA CONF.4,315,(1956]
L17204 2,44 .25 COCKING, QUOTED IN REF.I[3] _
L1750 2,00 .25 TINGEY AND VAMCE, QUOTED IN REF,{3]
L1750 v il 6.25 JOMES&LOUMSBURY,EANDCICAN]11[1961]
17250 B.58 bL,68 CABFLL&SL:Z,J.INORG NUCL CHEM24,1L93
{19521 iNCLUDES EST.ERROR IN G
L17159 6.59 L.80 OKAZAKI&LOUNSBURY,AECL-1965[APR 1964]
_ INCLUDES EST. ERROR IN G
L17670 §.56¢ .08 QUOTED N OKAZAK!I&LOUMSBURY,AECL-1565
[APR 1954] INCLUDES EST ERROR IN G
‘ MEASUREMENT OF ETA 235
LBSEON 2.50 §.16 LITTLER&LOCKETT, QUOTED IN REF, [3]
C28550 i.25 §.6L SPIVAK&YEROZILIMSKY,GENEVA L,295[1956]
126469 2.50 6.16 ALICHANIVY ET AL, GEMNEVA 4,3¢1[1958]
LB77860 B.48 L,34 MACKLIN ET AL, NSE §,210(196¢]
MEASUREMENT OF NU 235
Jakgga 5.68 .84 SNYDER&WILLIAMS, LA-102[19k41,
REVISED VALUE QUOTED IN REF.[3]
LL203060 i.53 §.3% KENWARD,RICHMOND&SANDERS,QUOTED IN [3]
L4368 6.76 2.930 COLVI‘&SONERBY P.C. SIGMA CENTERI{1964]
LL3god $.86 1.56 MATHER ET AL, PR,1>3,1h63[1963]
JLLEYG 1,60 1.68 HOPKINS&DIVEN,NUCL.PHYS,,48,433[1963]
LAST 3 MEASUREMENTS MORMALIZED TO
3,779 FOR MU CALIFORNIUM 252
MEASUREMENT OF SIGMA F 233
LE0EE0 1,86 1.8 BIGHAM ET AL, GENEVA 16,125[1958]
MEASUREMENT OF 1&ALPHA 233
LHGEEE f.50 L.0@F INGRAFAM ET AL, GENEVA 4,165[1956]
oguuﬁ §.60 2.78 KUKAVADSE ET AL, GENEVA 4,2308[1956]
.gguzo f.50 L,60 CABELL&SLEE,JNE 16,19501962]
INCLUDES EST. ERROR IN G
MEASUREMENT OF RATIO ETA 233/ETA 235
L16568 6.58 .. 06 MACKLIN ET AL, NSE 8,216,[1960)
19800 2.68 5.25 RICHMOND, QUOTED iN REF.[61
Loingd 1.58 f.LL  ANDERSONXMAGLE, QUOTED IN REF.L6]
11580 1.58 6.54 CALLIHAN ET AL, GENEVA P/834 [1955]
.10200 1.30 .59 CABELL,ROSE,TATTERSALL,TNCCIUK177(196p
Lifiigd 2,60 #.25 GAERTTNER ET AL, NSE 3,1758(1958]

-7 -
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MEASUREMENT OF ETA 233
MACKLIN ET AL, NSE 8,210[1966)
SPIVAK ET AL, GENEVA 4,295[1955]

MEASUREMENT OF RATIO NU 233/NU 235
DESAUSSURE&S T LVER,NSE 5,49[1959]
(LLASHMIKOVE ET AL, PROC.ACAD.SCI.USSR
156{1855]

MCMILLAN ET AL, KAPL-1LGLL
Sk me&COVERBY FANDC[UK 4
D v"r ET AL, PHYS. REV. 181,
HOPKINS&DIVEN,NUCL., PHYS 43,
CORRECT:D FOR DELAYED NEUT RO

B
]

MEASUREMENT OF RATIO SIGMA F 233/
Sin F 235

BiG HAM ET AL, GENEVA 16,125{1958]
{INCLUDES ERPOQ IN G FACTOR

REMENT OF ETA 239

L ET AL, GEMEVA 4,295[1955]
DES G FACTOR CORRECTION

' ET AL, NSE 14,101[1%62)

MEASUREMENT OF RATIO ETA 239/ETA 235
ROSE, COOPER, TATTERSALL, THCCIUK]770196(
R1CHMOND, QUOTED IN REF.[6]
A\DCR°ONzhAGLE NQUOTED IN REF. (6]
MACKLIN ET AL, NSE 16,101,{1962)
TAERTTNER ET AL, NSE 3,1758[1958)

ML,SUQENFN OF RATI!O SIGMA F 239/
SICGMA F 235

BIGHAM ET AL, GENEVA 16,125[1958]

PRATT ET AL, ORNL-2£81([19551

SELLERS ET AL, ANL~-5511[1955)

CORRECTED FOR G FACTOR

MEASUREMENT OF RATIO MU 239/NU 235
DIVEN ET AL, PHYS.REV1§1,1812[1956]
DESAUSSURE&SILVER, NSE 5,43[1959]
SAMNDERS ET AL, JNE 2,24701956]

Vi1 _SON,LA~16LT194L4]

COLVIN&SOWERBY, P.C, TO SIGMA CENTER
KALASHNIKOVA ET AL, PROC.ACAD. SCI.
ussi £1955]

SNYDER&W! LLIAMS QUOTED IN REF,[6]
HOPKINSEDIVEN,NUCL,PHYS, 48, 433(19631
CCRRECTED FOR DELAYED NEUTRONS

JACOB ,QUOTED IN TNCClUKI43(1959]

MEASUREMENT OF RATIO SIGMA F 239/
SIGMA F 233

BIGHAM ET AL, GENEVA 16,125[19858]
iNCLUDING G FACTOR CORRECTION
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MEASUNEMENT OF RATIO NU SIGMA F 2%9/
SLUSIGMA R 255

ORI 08! 1.50 Lotl GUINEMAGTIULG0N, MSE 12,%59([1962]
CONRECTVED vY 6 FACTOR

1.550070 6,60 2,78  JASKEY,HIBDONUSJOBLOM QUOTED IN REF, (S
MEASUREMENT OF SIGMA A 239
1468, e cond 1Y SAFFORDAHAVENS
ol L0 K Toa. BOLLIMGER ,
IR TR A B fu.li  PATTEMDEN '
T PR AR 50,0 6,11 MIKITIN
LOLE L GunEG 1,00 1.063 PALEVSLY

MEASUREMENT OF RATIO ETA SIGMA A 233/
ETHh SIGMA A 235

g.otzey 1.59 .l GWINGMAGNUSON, NSE 12,359[1962]
INCLUDES G FACTOR CORRECTION

.20 g.82 1.49  GUYINGMAGMUSON,MSE 12,%64(1962]
MILSURZMENT OF 1&ALPHA 239

1.57600 1,00 1,67 Z-w AND O SLEE, J. INORG.NUCL.CHEM 25
uu/fith) INC,EST.G FACTOR ERROR

MEASURENMINT OF ETA SIGMA A 239

2075407007 2.59 .16 MUZHLHAUSE, NSE 5,225[1959]
N MEASUREMENT OF ETA SIGMA A 233
KT DAY 1,50 G0 MUEFLIMAUSE, NSE 5,225019591
L3R5 0, o .38 2,30 QY u&MAG\UoON,NSE 12,3%64[1962]
' MEASUREMENT OF ETA SIGMA A 235
2%, 85000 1.5, G, MUEHLHAUSE, NSE 5,225(1959]
1L1G.50 580 0,75 1,78  GYWINGMAGNUSON, MSE 12,364[1962]
MEASUREMENT OF MU 239
2.82080 1.360 $.59 MATHER,FIELDHOUSE&MOAT,EANDCIUKILGS
MEASUREMENT OF NU 233
2.532080 1.4 §.51 MATHER,FIELDHOUSE&MOAT,EANDCIUKILOS

~IASUREMENT OF RATIO MU 239/NU 233
1.16304 1,89 1.68 COLVIN&SOWERBY, TNCCIUK]IL3[1959]

J MEASUREMENT OF SIGMA F 239
70L. 50660 5.08 6,11 RAFFLE,AERE-R-2098 [1959]

MEASUREMENT OF SIGMA A 233
576.00860 B.7¢ 2.06 FROM GRAPH

' MEASUREMENT OF SIGMA A 235
681.60500 .53 3.00 NEW VALUE

REFERENCES

£3] SAFFORD&HAVENS,NUCLEONICS17,134[1959

[5] LEONARD,HW-69342[1961] [UNPUBLISHED]

[6] EGELSTAFF,MORTON, SANDERS, AERE
NP/R214G {19571 [UNPUBLISHED]
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COEFFEICIENTS OF THE MNORMAL EQUATIONS
B8.77 2(.96 ~i:L... ~7.91 =-g.81 . 0 5.98 =34,0LY
200,95 005 =7,0n -0, 0L =5,57 =1L,.0 5.98 —13.53
~lJ,,¢ .50 32,'3 16,26 =0,Lh Govis =22.37 .98
A IR A TR N DA A D 4 G.O0  -n.00 ~13.53 5 98
~5,8%  ~5,50 -ﬁ.uu LEg 16,17 ) g.pp 2,50
~5,5%2 ~35.32 FOHp = 00 7.37  16,§1 g.id 2,34
5.98 5,00 =20.37 =13.,05 [ G.60 24,37 -5*98
-34 .44 ~1%.58 5.68 5,98 2.%50 2.5 =5,98 37.4LL
2.3% 2.39 f.008 g.00 =4,94 ~%,94 g.8u =2,34
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