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ABSTRACT 
Previously reported chain yields and independent yields for the thermal neutron induced 

fission of 2 3 3 U , 23SV, 2 3 9 P u and ̂ ' P U , the fast neutron induced fission of 2 3 2 T h , 2 3 3 U , 
2 3 ^ j , 23su, 2 3 9 P u , 2 4 0 p u and 2 4 1 P u , and the 14 MeV neutron induced fission of 2 3 3 U , 2 3 ^ J 

238 and U have been adjusted to conform with physical conservation laws and the results 
listed. 
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1. Introduction 

This report describes ar extension of a l ine of work which began with the establishment 

of a computer tased f i ss ion product library (Ref. 1) , and a means of extracting information 

from the library (Ref. 2). Thermal neutron induced f iss ion product yields were extracted 

from the library and assessed (Ref. 3,4) followed by a similar assessment for fast neutron 

induced f i ss ion product yields (Ref. 5); last ly the known independent y ie lds were extracted 

from the library and assessed (Ref. 6 ) . 

All these results were obtained by treating experimental results and in the case of 

independent y ie lds the known values were used as the basis for the calculation of those which 

were not Unown. The end products in al l cases were the best that could he deduced from 

experiment. I t i s known that the experimentally detcmined yields must also obey physical 

conservation laws (Ref. 7 ,8 ,9 ,10) , and this report Jescribes a method of adjusting the 

y ie lds to conform with them. 

The adjusted f ission oroduct yields wi l l be found in Tables 1-14, the fractional 

independent y ie lds in tables 15-17. 

2. Discuss'..*'n 

From the definition of chain yields the total number of fission fragments is equal to 
twice the number of fissions 

Z Y(A) = 2 (I) 
A 

wher Y(A) i? the adjusted chain yield of fission products of mass A expressed in fractional 
form. The fiasion p.-»cess does not involve the anihilation of nucleons so that there are 
as many rmcleons after fission as there were before so that 

1 Y(Aj .A « A„ 1 - v (2) 
A 

where A Is the tass number of the decay chain, Aj. i s the m i number of the f i s s i l e isotope, 

ttr I a lands for the neutron causing f iss ion and v_ i s the total number of neutrons emitted 

during and after f iss ion, I t should be noted that (2) i s a number balance and not a aess 

b»l-j>x-e. 
Since no nucleoiift are destroyed protons are conserved to that 

! XY(A)J(A) - Z» 
A ' 

u> 
, -4 
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w h e r e 

Z,A) = J -/..K1Y(A,Z) (*) 
z 

KIHA.Z) i s Uv: f r a c t i o n a l independent f i r s i o i . y i e l d of n u c l i d e mass A, a tomic number Z; 

'/-. is the atomic number of the f i s s i l e nuc l ide and ZlA) i s the mean atomic number of t i e 

independent y i e l d - of mo.~s A. Since the atomic numbers of complementary f i s s i o n fragments 

must add up to Z ( i . e . no pro tons a r - l o - t j , 

2 KIYtA.Z).Y(A) = 2, FIYt.V.Z - Z ) . Y ( A ) 
A A F 

(S) 

i . e . the t o t a l y i e l d of the i so topes of :itomic number Z summed over a l l masses A, i s equal 

to the t o t a l y i e l d of i so topes of atomic number iZ -Z^ suraned over a i l masses A ' . 

As e.piatinii l." and (5) .ire both based on proton c o n s e r v a t i o n i t would be expec ted 

t h a t ..ne might rie derived in,-.:, the other ' . This i s indeed so and Appendix 1 s e t s ou t t h e 

d e r i v a t i o n of \?.'? from l a ) . 

The pDblc'n now i> s<, u ad jus t the observed cha in y i e l d s y ( A ) , t h a t t aken w i t h the 

adju.-ted independent v f l d s the- obey ( 1 ) - ( a ) . I t would seem a p r i o r i t o be d e s i r a b l e 

that, the adjustment of a s?ivi.-n chain y i e l d should br dependent on i t s magni tude and the 

accuracy with which it i - known. 

I'm a<i|i]r-Uii''ni cho-en was 

><A) ..(A) (a + By(A).o(A)) (6) 

( \vhf r e 

Y(A) is the adjus ted chain y i e l d for mass A, 

\(Al i- the observed chain y i e l d for mass A, 

^IA) i- tht -t.milard d e v i a t i o n of y(A) expressed as a f r a c t i o n of y(A) and a , 0 are 

c o r i - t ant - I ; 

which appears to - a r j ; f \ the a p r i o n r e t i r e m e n t s . 

n » r e i - apparent .v no o b j e c t i v e way of choosing the method of adjustment and equat ion 

'• i- •' - u l ' f M i v e • ho ice . Meek and Rider ( R e f . t 4 ) , use the c o r r e c t i o n 

V | A> \(A) • :2(«i.f) - 2 y ( A ) \ Var y (A) /2 var y(A) 
A A 

for the chaii . u l d of n M . , nuH».| A. f v v e t h a t here Var (2 y(A)) • 2 Var y(A) • • — i l l H 
A ' A 

t in t the ..i,..-rv.-,i .!,.,,.. v i . -bi- ,re n..t e n - e l a t e d , i . e . the va r i ance of the sum o f the 

• "' , ' r v ' " i M " u ' ' • i - e n ' i - . i i u • IU.<I t . the sun, of t h e - v a r i a n c e s of the ind iv idua l cha in 

V I f l , | . . . . 

Possibly the only objection which can be raised to this choice of adjustment, is that 

for a given reaction the adjustments are alllpositive or all negative depending on the sign 

of [200.0 - 2 y(A)]. It would be expected that of the adjustments to individual chain 

yields some would be positive and some negative for an additive adjustment, or some greater 

than unity and some less than unity for a multiplication adjustment. Equation 6 is an 

adjustment which conforms to these expectations. 

Then from (1) above 

and from (2) 

where 

a2y(A) + 6Zo(A).y'(A) 

o2y(A).A+ 02o(A).y (A).A 

A = A„ + 1 - V„ - *F 

(7) 

(8) 

Then if p = 2y(A), q = 2o(A).y2(A), r = Zy(A).A, s = Zo(A).y2(A).A 

a = (2s - Aq)/(ps - rq) (9) 

0 = (2r-Ap)/(rq - ps) (10) 

The test is then to apply (3) in the form 

6.2y(A).Z(A) = Zp (11) 

when 6 should be found = 1. 

Also (5) should apply and the sums of the independent yields of complementary atomic numbers 

should be equal. 

It would, of course, be possible to f i t the experimentally found chain and independent 

yields to the constraints represented by (1), (2), (3) and (5), but i t was found in practice 

that if the chain yields were adjusted to comply with (1) and (2) then 6 in (11) was found 

to be a number very close to l; the actual values together with tht vital yield of 

complementary elements are given later (see Tables 18, 19). 

Further tests are possible and they are described in the Appendix. The result* of 

these teats are equally satisfactory, but the size of the errors involved indicates that 

in further work i t may be wiser to f i t by least square* all the constraints slsMltamousljr. 

3. Method 

(•) <?h«Jn yield* 

The starting point* for the adjustments, which were made by a computer program, 

were the chain yield* of Mfs. 3 snd 5. Gaps in tht a*** v*m*» yi«14 tmblM in tl*> 

- f * :,,»m 



mass range 72-161 ivere f i l l ed in the case or thermal yields by semi-logarithmic inter-
232 23S 239 

polation. For fas t f ission chain yields of Th, TJ and Pu semi-logarithmic 
2 « 238 

interpolation was used, but for U and U the extensive gaps in the data made this 

impossible and the predictions of Ref. 10 were used. The fast f i s s ion chain yields 

for Pu and Pu have not been determin.J and the predictions of Ref. 10 were used 

assigning an uncertainty of + 15S (10) to a l l values. The method used in Ref. 10 to 

predict chain yields is also described in Ref. 15. 
232 253 

There are experimental chain yields available for 14 MeV f iss ion of Th, U, 
U and " U and the gaps were f i l l ed by semi-logarithmic interpolation. In the 

2^2 case of Th the adjustment process fa i led, giving some negative yie lds; this was also 

the case when Flvnn and Glendenin's (Ref. 12), interpolated values were used. 

Presumably the available experimental resul ts do not define the mass versus yield 

curve well enough, certainly the trough and the sides of the heavy fragment peak are 

not well covered by the experimental points . 

With these chain yields and the v values recommended by M. F. James (Ref. 11), 

see Table 20, the values of i and B were computed using (7) and (8 ) , and the adjustments 

derived t;ierefrom were applied to the chain y ie lds . The results are displayed in 

Tables 1-14, in which the adjusted yields (as percentages), are given for each mass 

number, along with the uncertainties ( t 10 as percentages i . e . as coefficients of 

variat ion), carried over from Ref. 3 and 5, and the adjustment factors in fractional 

form 

(b) Fractional independent yields 

The calculated fractional independent yields of Table 13, Ref. 6, were f i r s t 

corrected for the <„id-,ven Z effect. For a given mass number and f i s s i l e nuclide the 

calculated independent yields for each Z value were multiplied by the appropriate odd-

even /. factor* Kiven iii Ref. c, for thermal and fast f i s s i on , and the sum over a l l the 

/ values r,,r Kiwn mass numlier and f i s s i l e element, was found. Each independent 

vie 1,1 in in.- sum was then divider) by the sum so that the resulting values added to 

i.'»»>. The r,u toi 0 in ( i t ) was then computed using the adjusted chain yield. For 

H M.-V f t -- ion the calculated independent yields of Table 13, Ref. 8, were f i r s t 

'' icul.ited u-niK the z value.-! fjiven in Ref. r, for 2 3 2 T h and »J. There are no 

odd-even / effect- to allow for and the proton balance factor 6 in (11) was calculated 
, l 1 * ' , l s - liu'identallv th.- fart that 14 MeV fission is energetic enough to smooth 

out Hi, MM-CVC / err,., t.. ,s it.,,.pendetit.lv confirmed by Nethaway (Ref. IS). 

A summary of these operations i s given in Table 18, anc the independent yields in 

fractional form are set out in Tables 15-17. 

(c) Yields of complementary elements 

I t i s clear that as no protons are destroyed in the f ission process the two 

f i ss ion fragments of each f iss ion must possess atomic nutr.»*rs that add up to Z_, 

thus the number of f i s s ion fragments of atomic number z must be equal to the number of 

f i ss ion fragments of atomic number (Z_-Z). Of course this statement refers to 

fragments before any decay and i t ignores the production of very light particles which 

occur in a very small proportion of f i s s ions . A tes t of the calculated independent 

y ie lds and the adjusted chain yields i s thus to demonstrate that they lead to the 

equality of the total yie lds of the complementary elements on application of (5 ) . 

This i s done in Table 19 which sets out the total elemental yields together with the 

standard deviation deriving from the errors in the adjusted yields . The uncertainties 

in the elemental total yields must be greatei than these since the calculated 

independent yields are subject to considerable errors (Ref. 6 ) . Indeed, any disagree­

ment between the total complementary element y ie lds greater than would be expected to 

arise from the chain yield uncertainties, may be taken as a measure of the uncertainty 

of the calculated independent y.'e'ds, but doing this one must take into account the 

smoothing action of the summation, and also the large range of magnitudes oT the 

individual y ie lds . Further tes t s are described in Appendix 1 and the results of 

these are given in Table 18. 

4. Conclusion 

A method of adjusting fission product yields (both chain and independent), to confona 

with physical conservation laws has been found and used to produce a set of adjusted chain 

yields for thermal, fast and 14 MeV fission. Calculated Independent yields have then been 

corrected for odd-even Z effects and adjusted to conform with proton conservation using the 

adjusted chain yields. Finally the sow of the independent yields of the complementary 

elements have been calculated for comparison-. Departure from equality indicates the 

uncertainty in the independent yields, and further tests indicate that the difference* are 

probably consistent with the error* involved. However, in future work i t would probably 

be better to f i t all the required parameter* simultaneously rather than piecemeal. 

4&£°g£m*SB&t 
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APPPPDt 1 

The re la t ion of equations (5) and (5) 

S t a r t i ng with the L.H.S. of (3) which i s the sum of a l l (yield of chain 

(average atomic number of tha t chain) , and subs t i tu t ing from (4) for Z(A) 

ss A) x 

2 Y(A) .ZU) = 2 Y(A) 2 Z.FIY(A.Z) 
A A Z 

Then it will be seen that the resulting expression may be suamed in two ways (e.g. by 
writing down the array of nuclides 1 jrmed in fission in the manner of l.e 'Nuclide Chart'), 

(a) along a chain of given mass A summing the products Z x FIY(A,Z) for each Z and 
finally multiplying the total by Y(A); then repeating for all mass numbers. 
or (b) along a chain of given atomic numoers Z and summing the products Y(A) x FIY(A,Z) 
and finally multiplying by Z; then repeating for all atonic numbers i.e. for all elements. 
Thus 

2 Y(A) 2 Z.FIY(A.Z) = 2 2 Z.FIYU.Z).Y(A) 
A Z A Z 

= 2y(Z).Z 
Z 

where y(Z) is the yield of element atomic number Z = 2 Y(A),FIY(A,Z) 
A 

Then let Ay(z) = y(Z) - y(Z_-Z), and for even Z 
2 Y(A).Z(A) = 2 Z.y(Z) 
A Z 

Z>1 Z>1 

(for odd z_ there i s a s imilar expression) 

all Z 

z z>t 
From the definition of y(Z) 

£/<*) - 2,£,*<*).rnu,x> • * •*** ^nY(A,z) - i • * 2_,T(*> -
Z A 

- I 

mmmmmm 



y\(A). Z(A)=t f +Y, z '^T + i ) A p p * , , ! Hence 7 Y(A). Z(A) 

But if (5) i s true for a l l Z oy(Z) = 0 by definition and 

\ Y(A). Z(A) = Z r 

A 

which i s equation (3) . 

10 -
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APPEM)IX 2 

A better test of (3) 

From (11) 2 Y(A) Z(A) 
A 

Zp 

Z>1 

Then (say) 0 = (5 - 1) Zp x 100 = ^_, Z.Ay(-^ + z j (The 100 i s due to a change from 
Z>1 

fractional to percentage y ie lds ) . 0 should be 0 as 6 should be 1, and 

Var(0) = 2 , z 2« j ^ a r v ( T + Z ) + V a r y ( - T " Z ) j 
Z>1 

(and it is assumed that the uncertainties in the yields of elements are uncorrelated). 

Hence the values of 0 and Var 0 can be computed, the former from 8 and the letter from 
the standard deviations of the complementary element yields as given in Table 19. 0 and 

v (Var 0) are given in Table 18 and it can be seen that in general 0 is a good estimate of 
0 when compared with the standard deviation as estimated. Note that the uncertainties of 
Table 19 contain onl> the errors propagated from those of chain yields; it would seem 
likely that if the uncertainties of che independent yields were Included even the 14 MeV 
results night be Judged as supporting the hypothesis that 0 = 0 . By the methods used in 
this paper the uncertainties in the independent yields are not well kncm and in future 
work it would seem better to fit all the parameters simultaneously ry least squares. 

Iv * 



APPENPIX 3 

p.,rtivr test bv c—"—'"Pi d ^ a Y energies 

The total decay energy E, depends on the average chain length for M e c a y , tZ so that 

E,,<*>(AZ)2 

a 

very roughly. For a given set of yields in a decay heat calculation the calculate , atomic 

number of the in i t ia l fragment i s 

Z 
Ji. 2Y(A) 1(A) - %. -g- from (ID 

The true value i s - f so the error in the chain length i s 

6 (AZ) = %ZF ( J - D = 0/2OO 

H e n c e i _ 3 - I bl^i = (^/100)/AZ and in <ge terms 
E d 

e (say) = ~ X 100 = 0/AZ 
E d 

The values of e ;>re given in TaMe 18; they are obtained by dividing <f> by &Z - -*• where n0 

is the mean number of ^-decays per fission as given in Ref. 7 and Ref. 8, and i s not 

corrected for the effects of f ission energy. The accuracy of AZ i s stated ( l o c . c i t ) to be 
233 235 

atxiut * H for U and U thermal fission and i t will of course be greater than thia for 

reactions the yields r.f which are less well known. s as given in Table 18 i s thus a rough 

estimate of the error which would occur if the yields of a reaction given in the tables of 

this paper were used to calculate the tota l decay energy for the reactions, ar/J roughly i t s 

accuracy may t>e Judged usirg var 0 and var AZ as given above. 

12 -
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TABLE 18 
Summary of adjustments to fractional independent yields 

Elesent Fission 
Energy 

Odd-even Z 
effect* 

Proton 
balance 

(6 in 
Eqn. 11) 

(see text) (Var 4>fi e =*/A2* Elesent Fission 
Energy 

Max. Min. 

Proton 
balance 

(6 in 
Eqn. 11) 

(see text) (Var 4>fi e =*/A2* 

2 3 2 r n Fast 
14MeV _** -

0.99825 15.78 £ 16.51 4.64 

2 3 3 u Thermal 1.28 1.00 0.99964 3.31 i 8 .0 1.27 
Fast 1.28 1.00 1.0001 - 0.92 £ 23.1 - 0.35 
14MeV - - 1.0055 -50.32 £ 14.5 -19.4 

2 5 5 u Thermal 1.06 0.88 0.99927 6.72 i 6.62 2.23 
Fast 1.06 0.88 0.99927 6.72 £ 6.62 2.23 
14MeV - - 1.0066 -60.32 £ 14.70 -20.0 

238J, Fast - - 1.0006 - 5.52 £ 20.5 - 1.55 
14MeV _** - 0.99761 22.04 £ 12.34 6 .2 

2 » P u Thermal 1.27 1.04 0.99998 0.19 £ 10.5 0.07 
Fast 1.27 1.04 1.0002 - 1.88 £ 9.11 - 0.69 

^ P U Fast - - 1.0013 -12.20 £ 20.67 - 4.21 

" ' p u The nasi _ . 1.0004 - 3.76 £ 11.8 - 1.19 
Fast - - 1.0003 - 2.82 £ 20.0 - 0.89 

(1) (2) 

*The individual fractional Independent yields of Table 13, Ref. 6, for a 
givun mss nuaber add up to i .0000. These individuals were Multiplied by 
the odd-even Z factors of Ref. 0 and the resultant MM mn ir general not 
equal to 1.0000. The figure in the table records for each reaction, the 
Mxima and the minisua of the resultant MM which ware used to renorMlise 
the individuals so that once mere they added to 1.0000. 

**The motional independent yields Mr* recalculated using the Z_ values 
rec/Mcnded in Ref. «. -

(»/ Mean value - 5.M; oadttine- t4 MeV results M M • • 0»*1. 
(2) 8.D. about aean £ 22,»j onlttlraj 14 MsV remits t.0. about MM * t M l . 
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TABLE 19 

Yields of complementary f ission product elements (percentages) 

THERMAL 
F I S S I O N 

2 3 3 U 2 3 5 U 2 3 9 
Pu 

241 
Pu 

THERMAL 
F I S S I O N 

Ge 
Nd 

0 . 6 1 1 
0 . 9 5 4 4 

. 0 3 5 
. 0 1 6 

Ge 
Nd 

0 . 5 0 1 4 
0 . 5 4 3 t 

. 0 2 4 
. 0 0 8 

Se 
Nd 

1 . 3 2 
1 . 3 0 

4 
4 

. 0 4 
. 0 5 

Se 
Nd 

1 . 1 6 
1 . 1 4 

4 
4 

. 0 4 7 
. 0 2 3 

As 
Pr 

1.51 
1 . 5 9 

4 
4 

. 0 6 4 

. 0 2 5 
As 
Pr 

1 . 3 7 4 
1 . 2 3 4 

. 0 3 7 

. 0 1 7 
Br 
Pr 

1 . 5 4 
1 . 6 8 

4 
4 

. 0 5 
,C4 

Br 
Pr 

2 . 1 9 
2 . 2 8 

4 
4 

. 1 0 5 

. 0 4 4 

Se 
Ce 

6 . 2 4 
6 . 0 7 

4 
4 

. 1 5 

. 11 
Se 
Ce 

4 . 6 7 4 
3 . 8 7 4 

.11 

. 0 6 
Kr 
Ce 

4 . 7 0 
4 . 5 5 

•r 

4 
. 0 9 
. 1 3 

Kr 
Ce 

3 . 8 8 
3 . 8 9 

4 
4 

. 1 5 8 

. 0 4 8 

Br 
La 

6 . 5 5 
6 . 5 0 

4 
4 

. 1 5 
. 1 0 

Br 
La 

5 . 1 3 t 
6 . 5 8 4 

. 1 4 

. 0 5 
Rb 
La 

5 .21 
4 . 7 5 

4 
4 

. 0 6 

. 1 5 
Rb 
La 

6 . 4 3 
6 . 1 9 

4 
4 

. 2 5 

. 0 6 

Kr 
Ba 

1 8 . 4 
18 .1 4 

. 3 2 

.31 
Kr 
Ba 

1 4 . 5 0 t 
1 6 . 0 4 

. 4 8 

. 1 3 
Sr 
Ba 

1 1 . 5 

1 4 . 9 

4 
4 

. 1 8 

. 3 6 
S r 
Ba 

9 . 7 3 
9 . 9 5 

4 
4 

. 3 ? 
.11 

Rb 
Cs 

1 0 , 6 
9 . 8 3 

4 
4 

. 1 3 
. 1 7 

Rb 
Cs 

1 2 . 2 4 
9 . 5 1 t 

. 1 3 

. 0 8 
Y 
Cs 

1 1 . 0 
1 0 . 4 

4 
4 

. 2 7 

. 2 2 
Y 
C s 

1 3 . 2 
1 2 . 2 

4 
4 

. 5 4 

. 2 2 

S r 
Xe 

2 1 . 0 
2 0 . 9 

4 
4 

. 2 9 

. 3 0 
S r 
Xe 

1 9 . 4 4 
2 0 . 1 4 

. 1 6 

. 1 7 
Zr 
Xe 

2 1 . 7 
2 3 . 0 

4 
4 

. 7 6 

. 7 5 
Zr 
Xe 

1 5 , 8 
1 4 . 9 

4 
4 

. 7 2 
. 5 7 

Y 
I 

1 0 . 0 
1 0 , 2 

4 
4 

. 1 8 

. 1 7 
Y 
I 

1 2 . 0 4 
1 3 . 2 4 

. 1 0 

. 2 2 
Nb 
I 

1 4 . 6 
1 1 . 4 

4 
4 

. 4 7 

. 2 8 
Nb 
I 

1 6 . 4 
1 6 . 5 

4 
4 

. 8 3 
. 3 4 

Zr 
Te 

1 4 . 0 
1 5 . 9 

4 
4 

. 3 3 
. 2 5 

Zr 

Te 
1 5 . 6 4 
1 5 . 4 t 

. 2 0 

. 2 5 
Mo 
Tc 

1 7 . 7 

1 4 . 9 

4 
4 

. 6 9 

. 2 9 
Mo 
Tc 

1 4 . 1 
1 5 . 7 

4 
4 

. 7 9 

. 2 8 

1 

Sh 
Sb 

5 . 3 6 
4 . 8 3 

4 . 1 4 
. 1 4 

Nb 
Sb 

8 . 8 7 4 
7 . 9 7 4 

. 1 6 

. 1 1 
Tc 
Sb 

5 . 7 5 
6 . 6 4 

4 
4 

. 2 9 

. 1 7 
TC 
S b 

9 . 1 5 
1 0 . 8 

+ 
4 

. 5 9 

. 1 7 

Mo 
Sn 

4 . 1 5 
3 . 9 6 4 

. 1 6 

. 2 3 
Mo 
Sn 

4 . 3 7 4 
5 . 2 5 • 

. 0 8 

. 2 2 
Ru 
Sn 

3 . 7 0 
4 . 3 6 

4 
4 

. 2 0 

. 2 5 
Ru 
Sn 

5 . 2 5 
4 . 5 0 

4 
4 

. 4 0 

. 1 7 

Tc 
In 

0 , 6 5 
0 . 8 2 

4 
4 

. 0 3 0 

. 0 5 
Tc 
In 

0 . 5 4 6 4 
0 . 4 4 0 4 

. 0 2 2 
. 0 2 7 

Rh 
In 

0 . 7 7 1 
0 . 8 0 7 

4 
4 

. 0 3 4 

. 0 5 1 
Rh 
I n 

1 . 7 1 
1 . 1 3 

4 
4 

. 1 2 

. 0 7 

1 

1 

i 

Ru 
Cd 

Rh 
AK 

I'd 
I'd 

0 , 2 8 
0 , 2 5 

0 . 0 7 7 
0 . 0 5 2 

<'.u7!» 
u.07'» 

4 

4 
1 

. 0 2 

.01 

. 0 0 5 

. 0 0 2 

. 0 0 4 
. 0 0 4 

Ru 
Cd 

Rh 
Ag 

Pd 
Pd 

0 . 1 4 4 4 
0 . 1 2 8 t 

0 . 0 3 5 4 
0 . 0 3 2 t 

.0 .34 • 

. 0 3 4 i 

. 0 0 8 

. 0 0 8 

. 0 0 1 

. 0 0 1 

• <X)2 
,(X>2 

Pd 
Cd 

0 . 2 7 1 
0 . 2 8 0 

4 
4 

MO 
. 0 1 2 

Pd 
Cd 

. 2 8 2 

. 2 2 0 
4 
+ 

. 0 1 5 
. 0 0 9 
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TABLE 19 

(Cont'd) 

FAST 
FIS: w 

*»!* " * l "V ^ M 9 P , »«PU M , P » 
FAST 

FIS: w 
Ge 1.06 t 
Ce 2.43 i 

.04 
. 1 0 

Ce t . 1 5 » 
Nd 1.15 • 

.07 

.06 
Ce 0.644 ± .024 
Nd 0.6SS • .022 

Ge ' 121 t 
Nd tl.223 * 

.008 

.014 
Se 
Nd 

1.29 i 
1.28 t 

.03 

.OS 
Se 
Nd 

1.75 • 
1.78 i 

. 1 1 

. 1 1 
Se 1.43 i . 0 8 
Nd 1.43 i . 0 9 

At 5.16 t 
La 6.65 t 

. 2 3 

. 27 
A* 2.60 * 
Pr 1.79 • 

.18 

.10 
A> 1.S8 •• .045 
Pr 1.40 * .022 

A* 0.458 t 
Pr 0.833 * 

.029 

.059 
Br 
rr 

1.50 J 
1.53 • 

.04 

.03 
Br 
Pr 

3.15 * 
3.12 * 

.20 

.20 
Br 2.67 • . 17 
Pr 2.65 • -12 

Se 12.1 t 
Ba 13.3 * 

. 5 5 

. 4 6 
Se 9.58 * 
Ce 6.41 t 

.64 

.34 
Se 4 .97 * .065 
Ce 4 .03 t .062 

Se 1.57 t 
Ce 1.65 t 

.10 

. 1 0 
Kr 
Ce 

4.95 t 
3.99 * 

.23 

.12 
Kr 
Ce 

S.J0 + 
4.90 t 

.33 

.31 
Kr 4 .64 * . 2 9 
Ce 4 .35 z ,2k 

Br 16.5 t 
Cs 17.5 t 

. 6 5 

. 57 
.T 7 8 6 * 
La 6 .34 * 

.51 

.35 
Br 4 .99 • .085 
La 6.60 t .086 

• r 3 .90 * 
La 5.26 * 

. 2 0 

.14 
Rb 
La 

5.23 • 
4 .04 4 

.•4 

.13 
Rb 
La 

8.01 • 
7.54 1 

.50 

.48 
Rb 7.37 * . 4 6 
La 6.88 * . 43 

Kr t 7 . 9 
Xe 16.9 i 

.57 

. 6 6 
Kr 18.9 • 
6a 18.1 ± 

.86 

.90 
Kr 13.2 i ,35 
Ba 16.0 * . 24 

Kr 8.51 • 
Ba 7.38 * 

. 5 4 
.33 

Sr 
Ba 

10.9 t 
13.0 • 

.21 

.32 
Sr 
Ba 

10.9 * 
11.0 • 

.68 

.70 
Sr 10.H * .67 
• * l l . O • . 2 0 

Rb 20.1 • 
I 16.3 ± 

1.16 
.58 

Rb 8.31 » 
Ca 10.6 * 

.49 

.47 
kb 11.1 * .45 
Ca f>.57 * .16 

Rb 12.9b * 
Ca 10.8 t 

. o5 

. 4 6 
Y 
Ca 

9.75 • 
9.25 t 

.16 

.18 
Y 
Ca 

13.0 i 
12.7 * 

.80 

.79 
Y 13.3 i .81 
Ca 12.7 t . 7 8 

Sr 15.1 • 
Te 11.8 * 

. 6 2 

. 4 4 
Sr 16.0 * 
Xe 20.4 * 

.98 
.96 

Sr 18.8 t . 54 
Xe 19.6 t .51 

Sr 13.1 » 
Xe 13.2 t 

. 5 6 

. 5 2 
Zr 19.0 • 
Xe 22.3 t 

. 35 

.67 
Zr 
Xe 

14.4 * 
14.2 • 

.87 

.88 
Zr 15.1 t .*1 
Xe 14.7 t . 9 3 

Y 8 .59 t 
Sb 7.12 i 

.34 

.38 
Y 9.06 • 
I 9 . 1 0 * 

.54 

.55 
Y 12.2 * .26 
I 12.7 t .22 

Y 15.9 ; 
I 18.2 t 

. 64 

.84 
Nb 14.6 i 
I 13.2 * 

.30 

.38 
Nb 14.4 » 
I 14.5 t 

.68 

.93 
Nb 14.9 * .92 
I 15.9 t 1.02 

Zr 3.01 • 
s.-. 2 .3 ; » 

.11 

.16 
Zr 14.9 t 
Te 14.0 • 

.76 

.92 
Zr 16.4 4 .22 
Te IS.O • .23 

Zr 21.4 J 
Te 21.7 t 

1.34 
1.43 

m 
Te 

19.2 • 
18.0 t 

.63 

.45 
Mo 
Te 

12.2 t 
12.5 » 

.78 

.83 
MD 12.4 * .61 
T e 13.6 i . 8 9 

Nb 0 .58 ; 
In 0.8O i 

. 0 2 

. 03 
Nb 4 . 8 3 * 
Sb 5.59 » 

.24 

.38 
lib 9.84 z .17 
So 8.06 * .17 

Kb 15.5 t 
Sb 15.8 t 

1.04 
1.16 

Tc 
Sb 

6.93 i 
7.12 t 

.31 

.16 
Tc 
Sb 

8.31 * 
9.07 • 

.59 

.63 
Tc 8.42 * . 5 9 
Sb 9.36 t , 6 5 

Mo 0.121 * 
Cd 0.2O4 * 

.on* 

.007 
Mb 2 .65 • 
Sn 6 .15 t 

.29 

.39 
Mo 5.35 • . 15 
Sn 4.74 • .13 

Mb 5.51 t 
Sn 5.67 t 

.37 

. 52 
Ra 
Sn 

5.19 t 
3.93 4 

.26 

.15 
Ru 
Sn 

5.15 * 
4 .60 z 

.37 

.30 
RU 5.45 J , 3 9 
Sn 4.41 * .29 

Tc 0 .070 • 
Ag 0.129 t 

.003 

.005 
Tc 0.Y4 • 
In 1.63 J 

.027 

.089 
Tc 0.704 * .050 
In 0.431 t ,014 

Tc 0.906 t 
In 1.23 t 

.052 

.077 
Rh 
In 

1.22 t 
0.72 • 

.08 

.03 
Rh 
In 

2.2* * 
1.63 t 

.16 

.09 
Rh : 20 » . 1 5 
In ' ">1 t . 0 8 

Ru 0 . 0 9 4 * 
M 0.111 t 

.004 
•0T4 

ftu 0.324 t 
Cd 0.85J * 

.014 

.028 
Ru 0.205 * .010 
C 0,276 • ,U0» 

Ru 0.133 2 
Cd 0.162 t 

. 009 

.011 
M 0.424 t 
Cd 0.321 i 

. 0 5 
.009 

Pd 0,577 t 
Cd 0.574 t 

.030 

.075 
Pd • .i.16 * .087 
Cd f-»S4l 1 .0»4 

Rh 0.106 4 
Rh 0.106 • 

.005 

.006 
Ml 0.144 4 
Ag 0.241 * 

m 0.264 4 
N 0.2*4 4 

.011 

.009 

.012 

.012 

Rh 0.091 4 .003 
Af 0,115 t .004 

M 0.14* 4 .005 
Pd 0.146 • . 0 0 * 

Ml 0.040 t 
Af 0.032 4 

•d 0 . 0 2 6 * 
N 0.026 • 

.002 

.002 

.001 

.cot 

- * 7 -



TABLE 19 

(Cont'd) 

f 

14 MeV 

2 3 3 u 2 3 5 u 2 ^ j 

f 

14 MeV Ge 1.10 i .07 Ge 0.740 ± .045 Ge 0 .830 1 .055 
FISSION Nd 1.61 i .09 Nd 0 .770 + .058 Nd 0.849 £ .042 

As 2.88 ± .14 As 2.31 ± .12 As 1.91 ± .07 
Pr 1.80 i .10 Pr 1.33 + .08 P r 2.21 ± .14 

Se 5.19 ± .26 Se 4 .22 ± .27 Se 3 .42 ± .10 
Ce 3.17 i .17 Ce 2.41 + . 13 Ce 2 .83 t .15 

Br 7.17 i .45 Br 6 . 0 3 + .31 Br 5 .24 ± .27 
La 5.25 ± .29 La 5.45 + . 28 La 5.25 ± .24 

Kr 11.3 i .57 Kr 10.3 1 .41 Kr 7.46 t . 24 
Ba 10.1 t .42 Ba 8.58 •*• .36 Ba 8 .25 t .30 

Rb 11.1 i .42 Rb 12.5 + .63 Rb 9 .59 t .41 
Cs 10.6 ± . 33 Cs 8.11 ± .36 Cs 10.7 t .46 

Sr 1o.2 i .54 S r 13.1 * .59 S r 11.9 ± 56 
Xe 12.7 i .63 Xe 13.3 i .70 Xe 12 .3 t .40 

Y 11.7 i .45 Y 12.5 i .65 V 13.9 — #59 
I 10.7 i .42 I 12.6 ± .64 I 13.4 i .41 

Zr 10.1 i .44 Zr 10.9 + .62 Zr 14.« i .57 
Te 10.8 ± .33 Te 9 .92 + .47 Te 13.9 i .29 

Nb 7.54 ± .42 Nb 10.4 i .52 Nb 10.5 £ .41 
Sb 7.24 1 .34 Sb 11.4 t .41 Sb 11.4 £ .28 

Mo 5.51 I .33 Mo 5.59 + .32 Mo 6 . 5 3 £ .34 
Sn 6 .94 t .37 Sn 10.7 + .57 Sn 7 .05 £ .S3 

Tc 3.82 t .25 Tc 3.24 + .21 Tc 4 .01 £ .21 
In 6.92 i .31 In 5.67 * .29 I n 5 .22 1 .24 

Ru 3.14 t .20 Ru 2,99 + .17 Ru 3 .40 £ .19 
Cd 5.29 i .24 Cd 5.02 + .24 Cd 4 . 2 4 £ .19 

Rh 3.99 t .24 Rh 3.10 i .15 Rh 2.76 £ .13 
AK 4.18 i . 20 A« 3.55 + .17 Ag 2 .80 £ . 13 

P(l 4.06 i .22 Pd 3.78 + .21 Pd 2.61 £ .13 
Pel 4.06 i .22 Pd 3.78 + .21 Pd 2.61 1 . 13 

••Htaa 
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TABLE 20 

Values of V- used in this work 

F i s s i l e Nuc l ide 2 3 2 T h 233y 2 3 S H 2 3 8 u 2 3 9 P U 2<°Pu 2 4 , P u 

Thermal F i s s i o n - 2.487 2 .43 - 2.871 - 2.969 

Fast F i s s i o n 2 . 3 0 2 .50 2 .45 2.78 2 .92 3 .15 2 .97 

14 MeV F i s s i o n 4 . 0 6 4.21 4 . 4 0 4 .46 - - -

*At€-k' 

• , i f . *• *Ar "• "** ' 


