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'" AGE 'fa ENERGY 'J025 e .. v" FISSIon 

H~)O=1\L UIXTURES 
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B~r .., 

I 

Nancy Dismuke, and Ruth tts 

'volume of Al 
"" Ob ~v 10 and 3/2~ 

volume o.r H20 

T"he for'mula used in the 'calculation is t for tl',1.6 second 

,nl0ment o:f the slowing dovm range for neutrons in a. Giv$n moderat::rr" 

(see A-·1827 or 1.1T--17): 

7: (Xl)u) til> 

6 X'-';U 
... 1 

3 

1 H-
+ 3- A (x) A(U) . e - ~ [3/2-0(y)1 -" 

u 

2 
;\ (x) 
~+ 

2 
1 ul 

c(x) 3 c(u) 

dy U 

+ i\(U), S A(;r)dy • 

u "" 

+ 

S [3/2=c (s~. 
y 

+,~ ) 

2 \ 1, 
. .1\ (rt d'T -I- - f\ (x) 

- .. 0 3 
c(y) 

~
~. . y. 

x ),,(Y)dlle-~ (3/2 - C(DUde 

x 

1 
S),(y) dy ~ ),(9 )de a ... :3 
x x 

where:: 

y 

S [~/2 
5 

C (w)ldvJ 
...l 

. '. . ... ~ , ..... .: ';-,,' ~ 



i' 

1 
:~ 

" 

'. 

" 

i 

v/haro: 

A ~ 

2 
.....,....,.'~~I'~ 
,rr M.n ... ·lil!\·~ 
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1 

voL, of' 1\.1 ,Ai. 
total vol,,' L-

a 

+ vOltt .. of H20 ~H20 
,total vol., ttC-s 

A Q 

H 

1 

vol .. H20 ~H2 
total volo ~ 

c(x) ;m: A (x.)/ Au(x) , 

~1 = 
o 6 Al ,t120 0 6 ' H 0 
-"- x 2 ~ 7 x a;; . = i.s x 1 (2 cr + CT) 

s 27' 8 s 

Z:2 ~ 0..,5 

18 

,R 
xlx20::, s 

n 6 mev 
The energy is repz-esented by x ... --"n ,..,-" ..... ''':''v) " 

'U oorresponds to x fpr E ~ ~025 60V& 

tJliorosc'opic cross-sections used were taken from 

1IDC~BliG-7, the neutron cross-section curves of n~ Ho Goldsmith 

and II .. W .. !bser'.. In calculating. the average ag~ I> 1:. the 

theI"l719.1 neutron 1'i8810n speotrum of LA-84 ViaS used" 

141oroscopic and mscrosc,opie croas."sections IJ the calcu"" 
volume of Al 

lstad ages tor volume of ~2~ = O~ iD 1, 3/2, and the 

aver'age age for each volume ratio are listed in Table Ie, 

Figure I shows the age as a function of energy andFigQ~e 

II shows the age averaged over the fission speotrwn as a 

£unotion of volume ratio~ 

'ij jI "Fr , ' h lIliJII .. 
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In the case of ° D the age ViaS calou~· 

lated for energies from ~025 eov~ to 10 mev~ The average -age,,I1 7:/8 was found over the energy range ",025 eov .. to 6 nev .. 

and over the anergy ranga .. 025 a .. v.. to 10 mev .. / The value of 
o 
~ trom 6 mav to 10 mav t'ias assumed to be the same as 

'b°(S mev~)o An error in ero 
in this energy i~terval would __ s 

a.fEact 1: very little., However D in the case \of H20· .. Al mix-. ' 

tures the age calcula tion vias not. eJ:tended beyond 6 me" the ' 
Al 

highest energy .fqr which 0- is known.. The calculated __ . s , 

{;(6 mev to '~025 eoVa) Ear the H20-AI mixtures were normalized --
to the value obtained for T (10 mev to ,,025 av',.) .for H20 by 

multipl'S':ing by the ratio of the two H20 ages f'ound expe rimenta 1-· 

ly and by calculation from U~V to thermal... Both the calculated 

and norJ.'llS.lized values of' 1: are shm'm in Table I and in ,Figure 

110 

In these calculations we have assumed that the AIls' 

infinitely heavy" and that it scatters spherically symm.etricQ,ll~·· 

in the c~ of g~ syste~. The first assumption introduces very , 

little error; but the second assumption is, probably inoorrect., 

The total·acattering CI"oss=section of Al at a f'aw l1eV 1s 

already large!'" than the theoretical maximum for s scattering", 

This means that there must be some p or higher scattering" 
. 

which" depending on its sign" would make these calculated ages 

either too high or too lowQ 

This calculation was made under the direction of A. IJ" 

Weinberg and II" Soodak .. 

Gi!iifQ!!&~;:,'<~''''''A':%1 
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~ - I r mcroscopId·· ','1 tliicroscopIc cross., Neu'"'t;roh itg§ 6 'I; ~ from rc" 
! !Cross-sections I section~' : therma~ energy ( .. 025 8"V : 

: (in barns) !' (cm) I .. n ( cm ) 1 ~ . 6 me 

(m!v) J ln ~ E HU Al ~ Al Il2 ._'. _ •. _. _ ... " 
~8 

, 

;:!,:.5xlO 19,,30 57 4,,1 1 ... 51 
'163xlO-B19,,06 53 4 1,,67 

lxio-,7 17,,91. 36 4 1 .. 60 
3,,163xl0-726 .. 76 25 4: 1,:>55 
lxlO-6 15.,61 22 4 1 .. 51 
3,,183xlO-614,.46 21 4 1.,49 
lxlO-5 I3a30 21 4 1.,.46 
:3 <.163x10-512." 15 21 4 1 ... 4:1 
1xlO-4 11",00 21 4 1,,'42 
3~165xlO-4 9,,851 21 4 1 .. 42 
l.xlO-3 8,,700 21 4 1.,42 
. -3 

1 ~ 77SxlO 80124 20 a 5 4 1 .. 50 
3 .. 1.63xlO-3 7 .. 548 20,,5 3.,9 10.50 

- 3" 5:11 623xl0"" 6",973 20 369 1 .. 50 
lxl0 ... 2 6,,397 19,,5 3 .. 8 1,,50 
1,,778xlO ... 2 5,,821 18,,5 3,,8 1,,60 
3@163xlO-2 5~245 17 3 .. 8 1 .. 90 
5~623~10-2 4G670 15 ... 5 3",9 2, .. 30 
lxl-O-1 4,,094 13 3 .. 8 3.~20 

lo778xlO-1 3~519 11,.5 3,,3 3,,80 
3~163xl0-1 20943 8 4 4.~00 

5~623xl0-1 2~370 6 3 .. 4 3 0 90 . 
L 1,,7918 4,,5 4,,6 3,,50 
1,,778 L2163 3 0 103 2090 
3",1.63 ' .,6402 2 1",5 2,,40 
5",623 ,,0649 1.,5 1 .. 1 2,,00 
6,,00 0 .. 0 l"S 1.:,0 2,,00 
ELBO - ,,125 1,,2 1,,0 

7.,68 "" .,250 1~0 L.O 

8'1173 ." .. 375 ,,9 1,,0 
9,,89 - 0500 .. 8 1 .. 0 

/10 -,,5108 .. 8 1,,0 

3,,93 
3oBS' 
2053 
1,,00 
1,,60 
1,~53, 

1,,53 
1..53 
1053 
1",53 
1~53 

1 .. 50 
ID50 
1046 
1.,43 
1,,36 
1.,,26 
1~16 

,,99 

.,88 
067 
.,51 
D45 
,,24 
.. 18 
..,14 

,,],202 
.,1136 
.. 1002 
,,0935 
oOe68 
",0858 

.. 091 3,,81 

.,100 3,,54 
,,096 2<\\41 .. 24 -,,52 0 89 
0.093 1 .. 67 I 
,,091 1 .. 47 0,99 ' 2 .. 03 3 .. 44 
GOG9 1....40 
.. 088 1,,40 1,,99 3,,95 6 .. 40 
,,085 1040 
",085 1.,40 2.,59 5<.91 9,,03 

,,085 1,,40 

.. 005 1.,40 3,,53 7<>88 12 .. 95 

.. 090 1,.37 
",090 1,,37 
0090 1 .. 34 
,,090 1,,30 4,,61 10 .. 01 16,,43 
.. 096 1,,24 
0114 1.,14 
.,138 1,,04 
",192 .. 87 6 .. 54 13 .. 41 21..78 
.. 228 .. 77 7 .. 28 14 .. 73 23,,71 
,,240 ,,53 0 .. 76 17",27 27 .. 30 

.. 234 ... 40 ll.,20 21.,21 32 .. 70 
,,210 4130 14...42 26<l!47 40,,03 
,,174 .,20 25.,58 42,,06 60,,63 
,,144 "liS 45 .. 60 69.,17 96,.03 
,,120 ,,10 '18" 20 112.,85 151..30 
.,120 ,,0868 9l.,46 ]28,,96 170,,1.'3 

,,0802 104 .. 90 
.. 0668 13:),,27 

,,0601 153 .. 24 

,,0534 1BlQ ?6 
. .,0534 183,,05 ~ 

1,,37 

4,,95 

0.,82 

13,.9~' 

19,,19 
I 

25,,00 

32 ~~ 

35 -~ 

39 50 

46",2!; 
57<,90 

.77,,70 
116,,2 .. 

197 
208,)O~} 

'\ '.~ average ovel" 0-6 
\ average agel) usmg the l:av energyinter:\raJ. 30 .. 00 '47053 67,,57 BEL/In 

f'issionspectrum :from LA=84 \ _. , , 
f O,,:~O :fevo Ener_.Into33 .. 27 52~28 '74a~.3 .. ~~:~ . 

.... i', ~ Normalized to , 
. '\ ;;i' ~O =33 

~. ~ Tliese values'· 01' ""!" were reM from l;ne curve!) FIgu.re I ., 

.• ~~ds. docume f" cmt:qjn, s'_=,-r, "k.lg",~"-.ect*=tt~1'~IHilp;5rr.,,),<J ~11 t.h~·.I' .. , :~~ i':' ~ ~':~),,~l" , '" " ' "U''''' --''\1"0:'"'' o~' ;:t..:, ~',."~ '-",.:~- ",~_'i .... ~§tty'::~~~§&;f# __ ·Hli~t -;~:;: .. '..:. ...... ;:,:.;';,"" .. :'" is 4ALt:: .. :la;;:' 
~. ~ 1W.A .ld!.tr:'J 
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