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work was accomplished at the Air Force Weapons laboratory during the

period of October 1964 to Mrch 1965.

I would like to express my sincere appreciation to Col. I. J.

Russell for his guidance and encourage:ient. I would also like to

thank Lt. Robert I. Stovall for his help in acquiring an early under-

standing of the complexity of the problem and also for his advice on

the choosing of problem areas which could be profitable invwstigated.

I also want to express my thanks to Tiiss Gayle 11ortensen for her

help in compiling the data presented in Aptendix B, and bo lirs.

Henrietta Thomas for accomplishing the tedious task of typing the

decay schemes.

The support given to me by the Air Force lieapons Laboratory,

the Research Division, and Biophysics Branch in Particular was

excellent and maturially aided in the completion of the research

effort.

James E. Dieckhoner
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Abstract

This thesis develops a method by which the time dependent beta

spectrum from four different types of nuclear and thermonuclear

fission can be predicted. From the mass chain yield and the Equal

Charge Displacement theory, the initial isotopic concentrations are

predicted. The time dependent relationships within each mass chain

are solved exactly. The shape of the beta decay spectra for each

isotope is predicted by use of the Fermi theory. An estimation

technique is used to predict the spectra from isotopes with unknown

decay schemes. Attempts are made to predict the percent of the total

available decay energy which is accounted for by beta decay, for

those isotopes with unknown decay schemes. These procedures are

combined in a set of computer programs written for the IBM 7044.

The spectra predicted using the programs are compared with West's

experimental results and agree within a factor of 1.4.

vii



GN:,/PhYs/65-3

I. Introduction

Purpose and Scope

The purpose of the research reported in this paper is to con-

tinue development of a method by which the time dependence of the

beta spectrum resulting from a nuclear or thermonuclear detonation

can be predicted. This effort was started by U±. Robert L. Stovall,

AFIT GSP-64, and reported on in his thesis (Ref 17). Since Lt.

Stovall's thesis is classified S.EC.ET, in accordance with AFR 205-1,

and its availability is therefore limited, enough of his work is

included in this report to assure continuity of thought. Because of

the complexity and number of the processes involved in these detona-

tions, this prediction method necessitates the use of a digital com-

puter. The problem encompasses many areas where experimental

evidence is not available; in these areas the best available theo-

retically predicted information is used, and where no theoretical

predictions are possible, the author has made approximations which he

believes are logical and appropriate. In order to understand better

the calculations necessary to make the predictions for any of the

reactions of interest (U-235 thermal neutron fission; U-235 fission

spectrum neutron fission; Pu-239 thermal neutron fission; thermo-

nuclear neutron fission), a brief review of the typical reactions and

processes which are taking place will be helpful.

;vhen a compound nucleus fissions, it splits into two fission

fragments and emits a number of neutrons, depending on the nucleus

undergoing fission and the energy of the neutron causing the fission.

After a large number of such fission events, a plot showing the

1
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statistical assembly of the fission products according to their masses

exhibits the familiar "double humped" shape. This curve indicates the

percent of the fission product assembly characterized by each mass

number. In many cases these curves have been determined experi-

mentally. In this study the mass chains with atomic weights of 77

through 159 will be considered. In each mass chain there are several

different charge values (atomic number) which can be ford:,ed. They

are formed in varying amounts which can be predicted by a theoretical

approach; each of the members of each of the chains then decays

according to the radioactive decay law. Since the fission products

are in general neutron-heavy, these decays are accomplished by the

emission of beta particles. Each of the members of the mass chain

may emit one or s-veral beta particles which leave the resulting

nucleus in a variety of excited states which then decay to the ground

state by the subsequent emission of one or more gaiz a rays. In beta

decay the beta particles are observed to exhibit a spectrun of

energies characterized by a well defined upper limit, referred to as

the end point energy. This beta spectrum for each individual beta

decay is predictable by use of the Fermi theory of beta decay.

Therefore, to predict the ross beta spectrum of a mixture of

fission products at any time of interest following the fission event,

it is obvious that a great deal of information must be available

experimentally or through theoretical means. This inforration con-

sists of first, the percent of the gross ixture of fission fragments

which are contained in each of the mass chains; second, the percent

of the total chain yield which is accounted for i-:,ediately after

fission by each member of the chain; third, the structure of each

2



Gi/Phys/65-3

decay chain including all branching ratios; fourth, the decay con-

stants of each member of the chain; and fifth, the number and energy

of the different betas by which each isotope decays and the end point

energies of these beta decays.

Previous Work in This Area

The first effort to attempt to solve this problem took place in

1958 (Ref 14). The approach used consisted of taking the then avail-

able data from Bolles and Ballou (Ref 1) concerning the time dependent

activity of the fission products from thermal neutron fission of U-235

and then using the current information concerning the decay schemes

and half lives for the fission products and solving the decay equa-

tions to give the spectra. The time period over which the calcula-

tions were made was from 31.2 minutes to 119 years. No apparent

effort was made to predict the spectra at shorter times. There also

was no attempt nade to theoretically predict or estimate any of the

unknown data.

The next attempt to solve this problem occurred in 1961 (Ref 12).

This effort contained a more thorough attack on the experimentally

unknown data. In treating the isotopes with unknown decay schemes,

however, the authors considered that all of the available energy was

taken by the beta particle and none by the ganma emission from excited

states of the resultant nucleus. This approach was taken in order to

arrive at an upper limit for the high energy portion of the spectrum.

The results of this effort were presented as graphs of total beta

activity per fission versus time, the percent of total beta activity

versus beta energy, and the number of beta rays per fission per

3
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dnery,- interval.

The most recent effort in this area is proscntly being con6ucted

by the b. S. ilaval Radiological Defense laboratory (Ref 8). The iiain

purpose of the work is to develop a .eans to predict the radiological

properties from fractionated nuclear or thermonuclear weapon debris.

In the course of developing this prediction model, it was necessary

to develop a prediction method by which the abundances and activities

of all of the fission product nuclides could be calculated. A great

many of the assui-fptions made by Stovall and in this thesis are identi-

cal with those made by the researchers at the U.S.I .h.D.L., especially

in the areas of chain and isomeric yield determination, partition of

yield among isomeric pairs, and solution of the decay equations. It

will be interesting to compare the solutions arrived at by both groups

of researchers.

Results Obtained

Briefly this paper has taken the prediction method developed

earlier (Ref 17) and improved its accuracy, efficiency, and versa-

tility. Its versatility has been enhanced by the inclusion of a

fourth type of fission; U-235 fission spectrum neutron fission. Its

efficiency has been improved by the inclusion of the computer programs

of the exact solutions to the differential equations describing the

isotopic decays. The efficiency has also been improved by the

development of a method by which the thermonuclear fission case can

be treated in a completely unclassified manner, thereby allowing the

widest dissemination of the prediction method, its results and con-

clusions. As a result of this wide dissemination it should be

possible to more easily obtain independent critical analyses of the

4



GINE/lPhys/65-3

method qnd its results. The accuracy of the method has been iiproved

by the incorporation of new data concerning the half lives, the decay

paths, and the beta decay schemes of the individual isotopes. In

addition to these iinprovements, this paper also reports on a method

w:,ich, although it has not yet rielded any useful results, should

allow the determination of the percent of the total energy available

in an isotopic decay which is accounted for by beta decays.

Report Presentation

The reaainder of this report will discuss the topic areas in the

logical sequence indicated in the preceding discussion. Chapter II

will consider the experimental evidence available, and the theore-

tical techniques used, to predict the distribution of the fission

products according to the mass chains and also the distribution of

the fission products formed within each mass chain. Chapter III will

discuss the characteristics of the decay chains and how their time

dependence is solved. Chapter IV will present a discussion of the

theory by which the individual specLrum associated with each beta

decay is computed, for the isotopes with known decay schemes, and

will present the esti.ation technique with which those isotopes with

unknown decay schemes will be dealt. Chapter V will then describe the

procedures by which all of these calculations are brought together by

the computer codes which have been developed and how the end product,

the time dependence of the beta spectrum, is obtained. Chapter VI

will present the results obtained in this study and will discuss the

limitations on these results. This chapter will also present a

discussion of the utility of tiis research, and its prediction

5
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technique, to the Air Force and to the rest of the scientific

community and also suggest areas in which further effort on this

problem may be fruitfully directed. The mass chain yields for the

four types of fission considered in this report are contained in

Appendix A. Appendix B contains all of the data pertinent to the

decay schemes for mass chains numbers 77 through 159. In appendix C

are found the FORTRAN listings, the definitions of all variables used,

and the flow charts for the computer codes developed for this report.

6



II. Chain and Isotopic Yields

iass Chain Yields

One of the basic pieces of information necessary for the solution

of this problem is the percent of the total number of fission frag-

ments which are formed with each atomic weight. This data is con-

tained in what are commonly known as iass yield curves. The shape of

the mass yield curve varies as a function of the fissioning nucleus

and the energy of the neutron causing the fission. In Fig. 1 are

presented the mass yield curves for (1) thermal neutron fission of

U-235; (2) fission spectrum neutron fission of U-235; (3) thermal

neutron fission of Pu-239; and (4) thermonuclear neutron fission.

(1ef 18:17-37) (Ref 6:7-15) The values for the mass chain yields per

10,000 fissions for each of the casesare presented in Appendix A.

From the shape of the mass yield curves for the four different cases,

it can be seen that the trough area rises and the twin peaks widen as

the energy of the fission causing neutron increases. It can also be

observed that the curves are approximately symmetrical about a Lass

number equal to approxiately one half of the mass number of the com-

pound nucleus (the sum of the mass number of the nucleus undergoing

fission plus the mass of the fission causing projectile) less the mass

of the prompt neutrons emtted in the fission process.

Isotopic Yields

Once the mass chain yields are known, the next problem area is

the apportionment of this yield among the various isotopes which make

up this mass chain. The theory which will be used to predict the

isotopic yields in this report is the one proposed by Glendenin which

7
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is bz sed on the postulate of equal charge displacement ( . C.D)

(Ref 9:489-515), (Ref 4:646-63). Its initial assumption is that the

most probable charge formed in fission (Zp) for any atomic jass is

equally displaced from the charge of maxiinum stability (ZA) for both

the light and the heavy fragments.

(ZA - Zp) Light fragment = J(ZA - Zp) Heavy fragment (1)

The particulars of this theory are described in completeness in

an earlier report (Ref 17). The result of this theory, as modified

by Wahl (Ref 4:649), is the prediction of the fraction of the mass

chain yield which is initially foraed as each member of the mass

chain. This isotopic yield distribution curve as a function of the

distance of the isotopic charge from the most probable charge is pre-

sented in Fig. 2. The curve is seen to be Gaussian in nature out to

an absolute value of (Z - Zp) of 2.2, and exponential in form from

there out to an absolute value of (Z - Zp) of 4.0.

Therefore, the problem then becomes one of calculating the value

of Zp for each of the four types of fission under investigation.

Empirical values for Zp have been calculated for U-235 thermal neutron

fission using Wahl's approach. Using these U-235 thermal neutron

fission values of Zp as reference values, a means by which the Zp

values for any other type of fission could be calculated was desired

A term A Zp was defined:

A Zp - Zp (fission type of interest)

-Zp (U-235 thermal neutron fission) (2)

which could be calculated by two equations:

9
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A z= 1/2(Zc-92) - 0.l9(Ac-236)

+ o.19( (Z/-2.5) (3)

and,AZp = 1/2(Zc-92) - 0.19(A c-236) + O.l9(O.12[ .C J

+C1-2.5): where (4)

Zc = the nuclear charge of the compound nucleus

Ac a the mass of the compound nucleus before the emission

of prompt neutrons

2,/T the number of neutrons emitted when the compound nucleus

breaks into fission fragments

- 0.12E + C1

E* e excitation energy of the fissioning nucleus after bombard-

ment

-E + C2

E -the energy of the projectile causing fission

C1 and C2 = constants being defined for the various fission

processes as:

Nucleus C1 Cz

Pu-239 2.9 6.38

U-235 2.5 6.5

U-238 2.5 6.5

By use of &qs (3) and (4), the values forAZp for the fission types

of interest were determined, except for the case of thermonuclear

fission. Previously, (Ref 17), this case was handled by considering

the contribution to the yield from each of the two isotopic forms of

11
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uranium w-ihich make up the thermonuclear device. The inclusion of

this data caused the report to be classified. In order to allow the

widest dissemination of this report, it vas decided to calculate the

value of A" for the case of thermonuclear fission considering an

average fissioning nucleus.

Besides its disadvantage of being classified, Stovall's method

is not rigorously correct in using the experimental data (Ref:6).

It assumes in calculating the U-238 thermonuclearL Z? that the value

of 1/T is 3.0 and likewise for the U-235 thermonuclearA Z.. In both

of these calculations the choice of;/ = 3.0 is taken from the

syr,metry in the mass yield curve of Crocker, Fig. 1. Howviever, this

value of / is only expressly valid for, and was calculated from, the

gross assembly of fission products from the thermonuclear fission of

a mixture of U-238 and U-235. Therefore, unless the value of kT is
T

independently equal to 3.0 for both the cases of U-235 and U-238

thermonuclear fission, then both of the calculated values ofA Zp are

incorrect.

The mLethod which was developed to determine a single value for

AZP for the thermonuclear case rested on the fact that the sum of

the Lass numbers of the light and heavy fission fragi:ients plus the

mass of the pro:pt neutrons eritted in fission equals the mass of

the compound nucleus. Also, .nowledge that the t.hermonuclear fissile

zaterial is a com:bination of only uranium isotopes allowed the

determination of the value of Z as being 92. A small computer pro-cQ

craias developed which picked the mass ,,.-ield corresponding to an

integer mass number on one side of the mass yield curve and then

searched the other side of the mass yield curve for the complementary

12
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mass number %ith the identical yield. In this way all of the equal

yield mass combinations were found, summed, and an average was com-

puted. This average was therefore equal to the mass of the compound

nucleus after emission of the three prompt neutrons as reported by

Crocker. This yielded a value for Ac of 239. Using these values of

Zc, Ac, and ;/T in Sq (3) an unclassified value for thermonuclear'

was determined. The values forA ZP for the four cases of interest

are presented in Table I.

TABLE I

Values of

Fissioning Nuclide Neutron Energy (E) A Z
TP

U-235 Thermal (0.025 ev) 2.5 0

U-235 1 Mev 2.7 0.023

Pu-239 Thermal (0.025 ev) 2.9 0.316

(Thermonuclear Thermonuclear 3.0 -0.475
Mixture)

Isomeric Pair Formation

In some instances it is possible for two isomeric states of the

same isotope to be formed. At present there is no method available

which will predict the relative amounts of the two isomers that are

formed initially in fission. In this study, the arbitrary, simpli-

fying assumption of a 50-50 split is made. This will be discussed

further in the discussion on possible future work in the further

refinement of the whole prediction method.

Since the chain and isotopic yields must be calculated only

13
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once, for each type of fission, this data is computed and put on

punched computer cards by a si,all computer program and used as input

data in the main program. Simple linear scaling can be used to allow

the use of any fission yield weapon. The present method assumes a

nominal 1 MT fission yield.

14
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III. Decay Chain Characteristics

Decay Chain Solutions

The solution of the beta spectrum as a function of time after

fission requires the knowledge of the amount of each isotope of

each mass chain which is present at any time after fission and also

its activity. The decay chains for the mass chains of 77 through

159 are presented in Appendix I (Ref 10&15). Once the amount of

each isotope initially present is known then the problem becomes one

of solving the radioactive decay equations. Stovall (Ref 17:33-36)

used a numerical method to solve the differential equations arising

from the radioactive decay laws to determine the concentration of

each isotope at the times of interest. This method had the severe

practical drawbacks of: (1) taking a I-reat deal of computer time;

(2) taking progressively longer times to solve for times of

interest which were very large; and (3) the answer arrived at was

only approximate and the error accumulated the further the time of

interest was from the time of fission. It was therefore decided

that for increased flexibility and accuracy, it would be profitable

to spend the necessary time to solve and program the exact solutions

to the differential equations.

Once the decision was made to solve the equations exactly, it

became necessary to decide which of two methods should be used. The

first method considered involved the construction of a conglomerate

decay chain which contained within it all of the different decay chain

combin tions which occur in the mass chains 77 through 159. It then

15
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would be possible by setting certain branching ratios equal to zero,

to synthesize any of the actual decay chains. This conglomerate decay

chain whon once constructed then would have to be solved exactly for

each of its members. It was decided that this method was both too

complicated to solve in the time period alloted and furthermore was

too inflexible for use in case some new decay chain was encountered

which was not contained in the conglomerate decay chain.

The second method considered, and the one which was actually

utilized, consisted of reducing all decay chains to an arithmetic

summation of straight chain decays. For example, the decay path of

mass chain 77 is schematically presented in Fig. 3.

Deca:r che2e for ss 01,i:L 77

The calculation of the concentration of A, B, or C which is present

at any time is a relatively simple application of the radioactive

decay laws. The concentration of D is computed by considering a four

member straight decay chain ith P1 percent of the contribution of

16
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isotopes A, 3, and C and 100 percent contribution from D. The con-

centration of ', vhich is a different isor.eric state of D, is the

s'ui of the contributions of the five meber straight chain of A, B,

C, D, and U; and the four reLber straight chain A, B, C, L. In the

five .i-ember chain the contribution from A, B, and C are multiplied

by the product of P and P and in the four member chain, the con-
1 4-

tribution from A, B and C are multiplied by P2" In sunAing these two,

care must be ta7:en to see that the decay of the isotope Z is only

considered once. The concentration of F is likeise a combination of

three straight chains: The fiva merber chains A, 3, C, D, F and A,

3, C, E, F; and the six member chain A, B, C, D, .,, F. Each member's

contribution is of course weighted by the appropriate branching per-

centages. As can be seen, this method involved the initially large

task of determining all of the different paths which can lead to the

formation of each of the isotopes contained in each of the 83 decay

chains, and the correspondingly tedious task of putting this infor-

mation on punched cards which can be accepted by a digital computer.

The nd--ium length straight chain which occurs in the decay

chains as presented in Appendix B is ten. Fortunately, The solution

for a straigit chain decay of any length follows a predictable, though

involved foru, which increases greatly in length for each additional

meber in the chain. The eauations to be solved are of the 2=or,:

-- i i-i i-i

wnre: X= the decay constant of the isotope = ln2
T 1/2

17
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T, - half life of the isotopes

The familiar solution for a single Lember decaying is:

N1  N N e (6)

where: N1 = the concentration of the isotope at time = t

woe = the concentration of the isotope at time = o

= the decay constant of the isotope as defined above

t = the time of interest

The solution for the second member of a two member chain is:

o x1t- o - t

N2 = AIN1 (
e  + e ) + No e -72

2 0 2 1 ) A1 2)2

The solution for the third member of a three member chain is:

-Xlt -A2t 
3t

O=~A e + e + e)

3 1 21 2 _ )( -3 (x- X2)(X3-X2) (X -A)(X2- )

0 -X2t -X3t 0 -X 3 t+ ° ( N , e Ne(8

2 2 (X3 - 2 ) (X2- A3

18
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As can be seen, the length of the solution increases very rapidly.

The solution for the tenth member of a ten member chain contains ten

major terms, the first term of which consists of ten menibers each

with a denominator made up of the product of nine differences, the

second term consists of nine members each with a denominator made up

of the product of eight differences, and so forth. All of these

solutions were written out, programmed for the computer, and the

computer program cards prepared. Since the types of sources to be

considered by this code are nuclear and thermonuclear explosions,

the equations were solved assuming an instantaneous, non-time

dependent source term. This implied that the values of N? in the
I

equations were those concentrations of the isotopes calculated as

being initially formed in fission, as described in the previous

chapter.

Estimation of Unknown Half-Lives

The method used to predict half-lives for those isotopes for

which no measured value exists is the same one used previously.

(Ref 17:23-25),
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IV. Theory of Beta Decay

Description of Beta Decay

In the process of beta decayt, the nucleus under:oLn1, decay er.its

a beta particle and an antineutrino. This causes the resultant

nucleus to increase its charge by one unit. In this decay process,

the mass number of the original and final isotope is considered the

same. This process is presented in equation form below:

A BAq
A

z -, Z+l + + o (9)
-1 0

Since the decay process involves a three body problem with the final

nucleus, beta pxrticle, and antineutrino; it is not possible to pre-

dict a monoenergetic value for the energy of the beta particle.

Rather, since the atomic mass difference between the initial nucleus

(Z AA) and the mass of the final nucleus (z+iA) represents the total

kinetic energy available for partition between the beta particle

(_ipo) and the antineutrino (o7 0), the process of beta decay can be

characterized by the instance in which practically all of this kinetic

energy is possessed by the beta particle and essentially none by the

antineutrino. This maximum kinetic energy is cor.xionly referred to as

the beta end point energy (E.P.E). The observed beta particle

energies therefore form a spectrum starting at zero energy and ex-

tending to a maximum value, the beta end point energy. The shape of

this beta spectrum has been studied and a theory by iehich it can be

calculated and predicted has been developed by Fenrd (Ref 7:548-62).
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The mathematical derivation of the Fermi theory was discussed in

Stovall's report and will not be reproduced here. The spectral shapes

predicted by this theory correspond to what is known as "allowed"

transitions. There are other spectral shapes observed experimentally

which are known as "forbidden" transitions. The terms "allowed" or

"forbidden" transitions do not indicate whether or not these modes of

decay are any more or less likely to occur in nature; they simply refer

to those transitions whose spectral shapes are directly predicted by

the Fermi theory and those whose spectral shapes are modified ver-

sions of the spectral shapes predicted by the Fermi theory.

Shape Correction Factors

In order to produce the actual spectral shapes for the forbidden

transitions, a set of correction factors are used (Ref 11:557-8);

these correction factors are commonly known as spectral shape factors.

The determination of the degree of forbiddeness of any specific beta

decay and therefore the determination of the appropriate correction

factor to be applied to the results of the Fermi theory is accom-

plished by the calculation of a "log ft" value. The mathematical

expression for the calculation of this "log ft" value (Ref 17:64) is

a function of the atomic number (Z), of the nucleus undergoing decay,

the maximum beta energy of the decay (E.P.E.), and the half-life

(T) of the decay.

Table II lists the log ft values and the appropriate shape

factors (Cft). In the shape factors, the following definitions apply:

= E/m c2 where E = total energy of the beta (kinetic + rest mass),

in = rest mass of the beta, c = speed of light; and S = E x/ moc 2

where E max = T + To, T = maximum kinetic energy of the beta
max 0 max
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"FORBIDDD-L&SS" I LOG ft 1/2 6HAP' FACTOR
0 (C f)

5UP"LuLLO.i ' 3.5+LO. 5 C "- Unityft

ALLWC,D 5.0+1.0 C -- Unity
ft

['2 2

1st FOBIDDi 8. 5±0. 5 C t 1/12(p +q
ft

i 42
2nd FOUBIDDA * .- 13.0 I Cf P+10/3P2q

ft

C --

3rd FOHBIDDd -18.0 ft

+7p q2 (p2 q2) + 6

Transfor,ation Relations

2 2_ 2~ ( 2.

Table II

z.pirical Loc- ft Ranges and Shape Factors
"'10
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(E.P.E.), and To = rest nass energy of the beta.

Therefore, in the calculation of the beta spectrum due to any

single isotope in any of the mass chains, the following steps are

taken. Consider the hypothetical decay scheme in Fig. 4.

4. 0 Mev 3 (25>

Lic. 4

Beta Decair Scheme

Consider first the beta decay characterized by an E.P.E. of 1.0 I ev.

The first thing which is done is to compute the spectral shape by the

Fermi theory. Then the log ft. value is computed, the appropriate

shape factor determined, and the spectral shape is then modified by

this shape factor. The same procedure is followed for the beta decays

with E.P.E.'s of 2.0 and 3.0 Rev. When this is done, then the

spectral shapes for these three betas are weighted according to the

percent of the decays going by each route and swnmed. This sum is

then normalized to give an area of one under the conglomerate spectral

curve. This result is then referred to as the normalized spectral
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shape for the decay, of isotope A to isotope B.

Treatment of Isoto2es ith Unknown Doca Schcnzis

In the case in which only the identity of the initial and final

isotopes are knoi.in, the respective half-life values ai'e either known

or estimated, and the scheme of beta decays by which isotope A decays

to isotope B is not known, an approximation technique is employed. A

quantity o(,

E

here E._ = The total beta-antineutrino energy (E.P.E.)

E = The total disintegration energy

as defined above, is used in wich the value of ET is taken to be the

difference in the atomic masses of isotopes A and B. Stovall

(Ref 17:54) used two different empirical mass formulas, the Cameron

(Ref 2:1021-32) and the Coryell (Ref 3:305-334). No attempt was made

to show that one or the other of these mass formulas was superior to

the other. A method to do this is presented in the section on the

discussion of possible future work in the further refinement of the

whole prediction technique. The Coryell mass formula was eaployed in

the actual calculations since it yielded solutions which agreed well

with the available experimental data.

For unknown decays, therefore, the value of the mass difference

between the parent and daughter isotopes in the decay was multiplied

by the value of 0( to determine the hypothetical beta E.P.E. By this

method, the parent isotope is assumed to decay by one beta to an

excited state of the daughter isotope. By assuming one value of o

24



G. E/Phys/6 5-3

for all isotopes with un'Mown decay schnmes, it was illustrated that

a value of 0( - 2/3 iatchod the observed experixi,ntal data fairly w:ell.

This was tfie value of 0 used in the computer prograns.

It was decided that one of the m,ain objectives of this rescarch

would be the discovery of an alternate technique by which the value

of 0( could be determinud. The approaches investigated did not lead

to any usable technique, although one showed sufficient promise of

being of value to warrant further work. The approaches investigated

are described below.

Alternate Approaches to the Determination of 0

The first approach was to try to determine the variation of

directly as a function of half life. This was accor.iplished by con-

sidering all of the kiown decays contained in the J3 decay chains of

interest. For each of the known decays a value of o( was determined.

For example, consider the decay scheme illustrated in Fig. 4. In

this case 0 would be determined as follows:

o( 1 (.o)+ = ... 5 ±(2Q) (3.0) (-25) 1.75
(4.0) 4

oX = 0.4375 (24)

A total of sixty-two points were calculated and plotted on a graph of

log T, vs. c . There was no observable correlation. It was therefore

concluded that there was no simple relationship between the half-life

and the value of 0(.

The second approach was to attempt to find a correlation between

25



GN/Phys/65-3

the calculated values of o( and the quantities IZ-AA and Z-Zp for

the known decay schemes and assume that they would be valid for the

unknown decays. Plots were made in which all of the data was pre-

sented on a single sheet and also in which the data were presented on

four sheets according to whether the decaying nuclide had values of

Z (number of protons) and N (number of neutrons) which were odd-odd,

odd-even, even-odd, or even-even. When the points were plotted, the

distribution was random.

The third method used to try to determine more rigorously the

value of 0( was suggested by a report prepared by James Griffin, of

the Los Alamos Scientific Laboratory, of the delayed gammas from

fission fragments (Ref 11). Although his method for theoretically

synthesizing the fission process was not considered to be as rigorous

as the method described in this paper and in Stovall's, the report

contained plots of the total decay enerr per fission per second and

the gauna energy per fission per second from a time of approximately

1 X 10 - 3 seconds to 45 seconds after fission for the cases of several

different fissioning nuclides. These theoretical plots compared well

with the experimental points he used.

By computing the difference between the total decay energy and

the gamma energy at the same times it was possible to determine the

beta energy per fission per second at any time of interest in the time

region covered by the original graphs. The desired result of this

approach was to be the detormination of the value of a as a function

not of half-life but rather to determine values of cK for a finite

number of half-life groups. To do this it was necessary to divide the

isotopes into six groups according to their half-life, as shown in
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Table III.

TABLE III

Haif-Life GroupinG

Gp 1 00 > T 1/2 > 67 sec

Gp 2 67 > T 1/2 > 21 sec

Gp 3 03 21 >T 1/2 > 8 sec

Gp 40 4 8 > T 1/2 a 4 sec

Gp 5 (5 4 > T 1/2 > 2 sec

Gp 6 V6 2 >T 1/2 > 0

By su;ming the products of the activity (Ac), the end point

energy (E.P. .L.), and the appropriate value of ol for all isotopes

irth unknown decay schemes present at several times of interest, and

subtracting the contribution from those isotopes whose decay schemes

are known, it should be possible to create an overdetermined set of

equations with the values of the a 's as the unimowns. From the graphs

contained in the Griffin reports (Ref 11) the values of the beta

energy, for various times, was computed and a small computer program

was written to solve the overdetermined set of equations.

A set of thirteen equations, (Lqs. 12 through 24), was generated

coinciding with thirteen values of the total beta energy calculated

from Griffin's plots. Each equation represented the situation at one

particular ti:ae. The times chosen were from 1 to 45 seconds after the

instantaneous fission event. The set of equations is presentcd below.

The values were calculated for one KT of fission and a corMon factor

of 1 x 10-24 was applied to each term in order to reduce the size of

the numbers.
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T e C 0c C 0 VI C
(sec) 1 1 2 6 2

1.: 3.42 + 7.04 + 3.28 + 5.46 + 26.1 + 72.5 + 54.4 = 136. (12)

1.5: 3.45 + 6.83 + 3.43 + 5.66 + 25.7 + 64.6 + 42.5 103. (13)

2.: 3.46 + 6.60 + 3.56 + 5.81 + 25.1 + 57.4 + 33.4 = 88.2 (14)

3.: 3.48 + 6.11 + 3.73 + 6.00 + 23.6 + 44.8 + 20.8 = 67.3 (15)

4.: 3.47 + 5.61 + 3.85 + 6.08 + 21.8 + 34.7 + 13.1 = 47.1 (16)

6.: 3.40 + 4.65 + 3.94 + 5.99 + 18.1 + 20.6 + 5.29 = 30.7 (17)

8.: 3.31 + 3.79 + 3.92 + 5.71 + 14.6 + 12.1 + 2.16 = 24.4 (18)

10.: 3.21 + 3.07 + 3.85 + 5.34 + 11.7 + 7.12 + .891 = 18.7 (19)

15.: 2.96 + 1.81 + 3.57 + 4.33 + 6.44 + 1.95 + .100 = 9.86 (20)

20.: 2.76 + 1.08 + 3.26 + 3.43 + 3.51 + .564 + .012 = 5.57 (21)

30.: 2.46 + .456 + 2.68 + 2.11 + 1.06 + .061 +-.00 = 2.80 (22)

40.: 2.25 + .257 + 2.21 + 1.30 + .330 + .011 +'v.00 = 1.90 (23)

45.: 2.17 + .213 + 2.01 + 1.03 + .187 + .007 +-v.00 = 1.52 (24)

The term C1 refers to the contribution resulting from the decays

of the isotopes with known decay schemes. This term is computed as:

N M
C1 = ; Con i x X [Frac ix .P.E.,iJ (25)i=l i j=l i

Where Con. = Concentration of isotope i at the time of interest1

. = Decay constant of isotope i

Frac. = The fraction of isotope i which decays by a

specific end point energy.

E.P.E. j= A beta end point energy by which isotope i decays.1J

N = The number of isotopes with knovm decay schemes
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N = The nuaber of different betas by which the isotope

decays.

The term C9 is the constant derived from Griffin's Report

(Ref:ll), and it is calculated as:

C2  D.E. - G.E. (26)

WJhere

D.E. = Total decay energy from fission

G.E. Total gamma energy from fission

The terms in columns xl through 0(6 are computed as:

P
= Con x M.D.. x)4.. (27)

i= ij 13 Ij

I,ihere " = The alpha value in half life group jj
Con.. = Concentration of isotope i in half life group j which13

decays in an unknown manner.

= Decay constant of isotope i
j

M.D..= The mass difference energy between isotope i and its

decay product

In order to have a meaningful solution to the equations which

result from condensing the two constants, in other words one in which

the values of alpha range between zero and one, it is necessary that

C1 be smaller than C2. This is the case in Eqs (12) through (22),

however, in the last two equations the opposite is true. This

occurrence forces the solutions to contain negative values for some

of the alphas.
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There are several possibilitics which could account for this

apparent discro-ancy. The first is the data used to calculate C2 .

The gan,xna energy data is reinforced by the experi,ental points with

which it is coirpared; however, the total deca. ,ner,y curve is not

reinforced by experimental data. Upon trying to check on the reforunce

given by Griffin for this curve it wus discovered that the original

work was presented in German and no translation was available in the

time remaining for the research.

The second possible explanation Cor the discrepancy is based on

the half-life prediction method. If this prediction method, which

was originally done by Bolles and a-llou (icf 1), predicts half-lives

which are too short, it would cause the concentration of those

isotopes which are included in CI to be highor than it should be. By

increasing this concentration, the value of C1 as calculated by q(25)

would increase and overwhelm the value of C2.

The lack of computer time available and the lack of time re.,ain-

ing in the reseaich period precluded doing any further work in this

area. In view of the difficulties encountered in this effort, it I.ay

be that the solution to this problun may have to await further uxperi-

mental evidence.
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V. Spectrum Calculations

Lethod of Solution

As explained in Chapter II, the initial concentration of the

fission products from any of the types of fission considered is com-

puted and put on punched cards. Then the normalized spectral shapes

for all of the isotopic decays contained in all of the eighty-three

decay chains are computed and stored on magnetic tape. These two

data records are then combined by a program which puts this data on

another magnetic tape which compiles the explicit data needed to

solve problems involving any of the four types of fission seperately.

Therefore, in order to solve a problem it is only necessary to use

this data tape as input into the program, described in Chapter III,

which contains the exact solutions to the differential equations

resulting from the radioactive decay law. By these means it is no

longer necessary to compute the isotopic yields and the spectral

shapes each and every time a problem is to be solved as was necessary

using Stovall's progranmuing arrangement (Ref 17). This reduces the

running time necessary on the computer from approximately an hour for

a typical problem to twenty minutes to prepare the composite data

tape one time only and thereafter only six minutes per problem. This

time advantage becomes much greater if the time after burst at which

the spectrum is desired is much longer than five or ten minutes,

This is true because in the previous method using the NDA subroutine

(Ref 17:34-36) the iterative solution had to start at zero time and

proceed to the time of interest by small incremental steps while the

present program uses the exact solutions to the differential

31



,l/Phys165-3

equations i-.ith the time of interest used as a simple variable.

A scheiatic presentation of the data used and the means by which

the souctrum is calculated is presented in Fig. 5.

Iiass Yield Curve + Glendenin E.D.C. Theory Isotopic Yields

Decay Chain Data + Fermi Theory + Shape Norimalized .Spec- I
Factors + Empirical 1iss Formulas - tral Shapes

Isotopic Yields + Normalized Spectral Comnosite Data
Shapes for all Trpes of Fission Tape

Composite Data Tape + Decay -quations , Total Fission
+ Parameters of Specific Problems Spectrum of'

Specific Problemsj

Fig. 5 I
A Surxmary of tlie Beta Spectrum Calculations

32

32



GNE/Phys/6 5-3

VI. Results and Conclusions

Results

Predictions of the time dependant beta spectrum at various times

for the four cases of fission are presented in Figs. 6, 7, 8, and 9.

At the present time, predictions of the spectrum resulting from high

altitude detonations are based on the steady-state fission spectrum

of Uranium 235 (Ref 20). The shape of this spectrum is shown on Fig

6. At the early times, it represents fairly well the high energy

portion of the spectrum, but grossly overestimates the low energy

portion. At late times it does a fairly accurate job of representing

the low and medium energy portions of the spectrum but leads to an

overestimation of the hi-h energy portion. Therefore, depending on

the time after fission when the beta particles become trapped by the

magnetic field, the predicted spectrum will be in error at either the

low or high end.

In order for any prediction to be useful, it is most desirable

that its result should compare favorably with an independent source.

In this case the independent source is the experimentally determined

results of West (Ref 19). The graphic comparisons are presented in

Figs. 10 through 16, and are discussed below.

Conclusions

In comparing the predictions of the model with the experimental

results, it is very important to consider exactly how the two results

were obtained. The method by which the experimental data was obtained

is very poorly described. In a telephone conversation with West made

in the Fall of 1964 by Stovall, it was discovered that the data
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reported for 1.04 seconds was obtained by irradiating the sample for

1/2 second, waiting for 1/2 second -,nd then counting over a 1/2 second

period. Likewise the second set of data was obtained with a one

second irradiation, one second wait, and a one second counting period.

The exact method by which the remaining sets of data were obtained

was not made clear during the conversation. In order to synthesize

this experimental approach with the prediction metiod, it was

necessary to make some assumptions. Since the prediction method

assumes instantaneous formation, it was assumed that this occurred at

the middle of the exposure time. A series of instantaneous spectra

were calculated at times ranging from 3/4 to 1 1/4 seconds after for-

mation. These instantaneous spectra were integrated using the trape-

zoidal method. The results are presented in Figure 10. The areas

under the predicted points and under West's points were computed using

the trapezoidal rule and West's points were adjusted to yield the

same area. The factor by which West's points had to be divided was

designated as C. In the first instance the value of C was 2.99. The

same procedure was followed for the second data set yielding a value

of C of 1.42.

When the exposure or measuring period is small compared to the

waiting period, the data sets should agree well with the instantaneous

spectrum. This hypothesis was tested by plotting the instantaneous

spectra at times used by West against the experimental points. Once

again the value of C was computed. For the times of 298, 147, and 78

seconds the values of C ranged between 1.30 and 1.51, a consistent

difference between theoretical and experimental results. At 39

seconds the value of C = 1.66 which tended to suggest that the
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hypothesis was not valid at this time. The comparison at 18.9 seconds

supported this belief since the value of C = 2.76.

It is encouraging to note the close agreement between the pre-

dicted spectra and the adjusted experimental points. In order to

make a more thorough analysis of the comparisons it is imperative

that the exact method by which the data points were obtained be

determined. Unfortunately West never published a full report of his

work, only an abstract. Further suggested areas of work which could

improve the making of comparisons are presented in the section on

recommended areas for further effort.

Applications of the Results

In addition to the academic knowledge of the beta spectrum as a

function of time after fission, the predictor method has an important

practical usefulness as a research tool.

In recent years much has been learned about the phenomenon of

trapped radiation in the area of outer space near the earth. The area

in which this trapped radiation plays an important role is also an

area in which many scientific and military manned and unmanned

satellites are now traversing and are programmed to be using in the

future. While the beta particles, which may be trapped as a result

of a high altitude or near earth space nuclear or thermonuclear deto-

nation, will not themselves constitute an appreciable direct hazard

to satellites traversing this region, their interaction with the

structural materials of the siiell of the satellite can result in an

'-ppreciable X-ray dose as a result of bremsstrahlung reactions.

The predictor model described in this report can be used, with
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minor changes in the output section, to supply data which can be used

to further other research studies in the field of nuclear weapon

effects. One problem to which this method can address itself concerns

the study of fission fallout following a nuclear or thermonuclear

detonation. In the study of this problem one of the basic items of

information necessary is the composition of the nuclear debris at the

time that condensation begins. By use of the predictor program, the

concentrations of each of the isotopes formed directly in fission and

their subsequent decay products can be determined. By a knowledge of

the yield of the device, the temperature at which different elements

solidify, and the time history of the temperature of the fireball, it

should be possible to determine the concentration of each of the

radioisotopes at the time of solidification and therefore to determine

the composition of the fallout at its start.

Recommended Areas for Further Effort

Although the predictor model as presented in this report gives

the beta spectrum as a function of time, there are still many areas

in which it can be substantially improved in terms of accuracy and

flexibility.

The first area is the continuing effort to update the input data.

As more and more decay schemes and half-lives are inserted into the

program to replace unknown decay schemes and predicted half-lives,

less and less importance will have to be placed on the empirical mass

formulas and on the assumed value of LX. In conjunction with this is

the incorporation of new data which may show that certain isotopes

do not nppear in the decay schemes shown in Appendix A. It would also
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be of : reat assistance if some theoretical metihod could be developed

to predict the fraction of initial yield which is accounted for by

each memter of the isomeric pairs. It was shown by Porile (Ref 16)

that in the formation of such isomeric pairs the member with the

higher spin state is usually formed in a greater amount. The deter-

mination of the ratio of formation, however, has not been refined to

such a state, and complete experimental evidence has not been

sufficiently obtained to justify discarding the 50-50 hypothesis.

Some recent papers (Ref 5 and Ref 13) also indicate that the 50-50

split used in this paper is incorrect.

The second area concerns the choosing of a single empirical mass

formula for use with those very short half-life isotopes for which

no decay scheme is now known, and for which no decay scheme will

probably be found. A comparison could be obtained, and a choice made

between the Cameron and Coryell formulas in the following manner.

A spectrum could be obtained for a time of interest at which the

activity of those isotopes with unknown decay schemes is very small.

Since practically all of the isotopes which fall into this category

have short half-lives, this would mean picking a time of interest of

perhaps ten minutes. Next a similar spectrum could be obtained

except that in this case all of the isotopes will be considered to

have unknown decay schemes and the empirical mass difference deter-

mined by one of the mass formulas should be multiplied by the value of

in order to determine the E.P.E. and therefore to determine its

spectrum. This procedure should be followed using each of the mass

formulas and the results compared with the first spectrum obtained
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using the known decay schemes. A comparison of this type could give

a sound basis by which one of the mass formulas could be eliminated

in future work in this field.

The third area of future work is in the area of making the pre-

dictor more flexible. As it now stands, the source is considered to

be of an instantaneous nature. This is of course the correct approach

to take when considering a nuclear or thermonuclear weapon detonation.

However, since the validity of this model is ultimately based upon its

comparison with the available experimental data, it is not un-

reasonable to attempt to adapt the model so that it duplicates, as

closely as possible, the conditions under which the experimental

evidence was obtained. In the experimental cases the fissioning

material was not exposed to an instantaneous burst of neutrons but

rather a steady source of neutrons. This means that the fission

occurred at an approximately constant rate over a finite time interval.

In the comparison which was made with West's data (Ref 19) this

exposure time was one-half of a second. In this case the assumption

of instantaneous formation does not appear to be gross; however, in

some of the later measurements this exposure time became long enough

so that an appreciable amount of decay took place, thereby making the

assumption that the decay started with the isotopic concentrations

typical of instantaneous formation in error. To correct this defi-

ciency, it is recommended that the differential equations of the

radioactive decay law be solved considering a constant rate production

term. This will have the added advantage of allowing the predictor

method to also handle the problem of fission product inventory in a

nuclear reactor.
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Th e eouations which must be solved are of the form:

dN -XN + R (28)

dt ii

The solution for the one Pnd two member chains are shown in Eqs

(29) and (30).

N = R1 (1 - e -  ) (29)

N R ( -2 It -Ae2t R2 (1 - e-A2t) (30)

N2 = i(- 2- l" )+_

As was the case in the solutions of the decay equations considering

instantaneous formation, the solutions become very lonF very quickly.

The fourth area of recommended effort concerns the problem of

computing the integrated beta spectrum. Solution of this problem

would also add to the flexibility of the program. As in the example

of the West data, the experimental evidence available as to the beta

spectrum is not measured instantaneously but rather over a finite

time interval. In order to simulate this for purposes of comparison,

the present method calculates the instantaneous spectra at many times

durin. this period and sums them. By integrating the exact solutions

to the differentiil equations, an admittedly tedious but relatively

simple tisk, it would therefore, be possible to duplicate the exact
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conditions under which the experimental evidence was obtained.

After the recommended improvements discussed above are incorpo-

rated into the predictor model, the next logical step would be to

attempt to combine this program with existing programs which predict

the extent to which the beta particles can be expected to be trapped

by the earth's magnetic field. The results of such a predictor model

could then be used in other programs which compute the radiation

dosage, dose rate, and physiological or physical effects of the

bremsstrahlung radiation on the equipment and/or personnel in the

satellite.
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Appendix A

Chain Yield

TableIV Mass Chain Yields/10 4 fissions

A U-235th U-235 f.sp. Pu-239th T. N.

77 0.8249 4.8235 0.5223 1.05

78 2.0098 7.6204 1.1745 2.02

79 5.5622 11.9882 2.4580 3.66

80 9.4156 18.7126 4.8151 6.97

81 14.1037 30.6543 9.5527 10.51

82 24.1998 42.7472 16.5159 22.42

83 54.2830 77 2805 29.0089 50.12

84 100.5002 91.5459 46.7012 78.21

85 131.0524 121.9460 54.0153 110.3

86 201.0324 172.7850 75.8235 145.3

87 249.0276 250.7498 90.8349 186.5

88 356.8627 343.5819 140.3722 226.7

89 471.7097 421.6817 171.1613 268.0

90 572.0288 507.3745 223.6839 308.8

91 582.5530 552.4071 289.3741 366.8

92 597.6441 581.9531 308.6625 411.0

93 643.5574 609.3539 395.6414 470.9

94 638.5754 619.5415 445.8155 504.0

95 625.7403 627.0754 499.3532 510.4

96 625.5302 635.8294 514.2104 521.7

97 608.0432 614.4070 558.6327 532.4

98 578.6314 613.3496 581.2419 540.2
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Table IV (con' t)

A U-235th U-235 f.sP. Pu-239th T. N.

99 606.6487 619.9075 609.0357 547.9

100 630.2021 609.5064 706.0404 542.5

101 502.6711 595.2214 587.1927 532.2

102 411.8747 498.5613 596.4574 511.1

103 297.8291 293.8295 559.8567 490.4

104 180.0420 170.8505 588.1182 433.2

105 90.4322 101.6695 518.0615 389.2

106 39.2247 61.0513 454.1944 335.1

107 19.0766 35.5966 343.8860 275.6

108 7.0038 24.4014 255.2732 220.8

109 3.0077 14.8411 138.3521 155.5

110 1.7777 10.9786 74.6542 79.37

il 1.8092 7.2152 22.9635 42.17

112 1.0008 4.1761 11.9365 29.99

113 1.6046 4.0181 12.0233 26.03

114 1.3736 3.9115 5.4930 26.02

115 1.0990 3.8252 4.0780 25.02

116 1.8525 3.7743 3.7349 24.90

117 1.1002 3.7600 3.5823 24.55

118 1.4236 3.7812 3.5265 24.09

119 1.4176 3.8413 3.5885 24.53

120 1.4091 3.9397 3.7287 24.83

121 1.4061 4.0615 4.3421 25.03

122 1.5075 6.2118 4.7449 25.23
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Table IV (con' t)

A U-235th U-235 f.sp. Pu-239th T. N.

123 1.6146 9.4494 5.6251 25.96

124 1.7807 13.1158 6.9888 30.09

125 2.1619 20.9510 9.4606 42.12

126 3.1930 34.3669 16.3245 79.04

127 13.0052 47.2269 38.4008 155.6

128 37.4850 71.1708 84.5268 220.9

129 80.2351 126.9981 169.0715 277.9

130 198.8415 213.6048 268.7451 334.2

131 293.1623 366.3871 375.8085 389.9

132 438.0352 503.8890 520.7085 434.5

133 658.0632 553.6068 684.5557 491.0

134 803.3213 590.6258 744.2233 512.3

135 646.9588 614.6103 708.4287 531.8

136 641.2265 639.7539 657.9431 542.5

137 614.9160 640.8418 659.2099 545.6

138 573.6294 629.9629 628.5799 541.6

139 652.4180 614.5107 584.1377 532.4

140 642.5670 594.2453 559.7373 522.1

141 643.8075 585.0948 530.9185 509.8

142 611.8407 562.0456 497.8704 497.8

143 602.7411 535.2041 454.2741 472.5

144 557.5730 508.7896 388.4964 410.7

145 395.3681 406.6189 309.1452 363.6

146 308.2233 322.3120 259.5084 308.8
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Table IV (con' t)

A U-235th U-235 f.sp. Pu-239th T.N.

147 237.1949 234.3551 205.9887 267.4

148 171.0584 181.0381 169.1711 227.3

149 112.9712 111.8032 131.3564 186.9

150 63.6805 78.8216 99.6577 145.6

151 44.2537 53.3984 79.7632 110.6

152 27.8603 35.6057 61.3763 78.06

153 17.1238 21.3461 36.8504 49.67

154 7.6331 13.4208 28.9538 22.49

155 3.2602 7.1121 22.9694 10.48

156 1.4096 2.5408 10.9796 6.98

157 0.7729 1.7284 7.5613 3.68

158 0.2015 0.8382 4.2266 2.02

159 0.1047 0.3461 2.0957 1.06

From Ref 18:17-37

Ref 6:7-15
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APPENDIX B

Nuclear Decay Schemes

This appendix contains the information necessary to describe

the paths by which the isotopes formed in fission decay and the

beta decay schemes for all of the known decays. The half-lives for

the isotopes are given in seconds with those isotopes whose half-

lives are only estimates identified by an asterisk. As described

in Chapter III, the mass differences as computed by the Cameron and

Coryell formulas are included for use in computing the spectral

shapes for those isotopes with undetermined beta decay schemes. In

the description of the beta decay schemes the first number given is

the E.P.E., in Mev, of the beta particle and the number in paren-

thesis is the percent of the total number of isotopes which decay

by emitting beta particles with this E.P.E. In the decay diagrams,

the vertical arrow connecting two isotopes with the same atomic

number indicates an isomeric transition and this is indicated by

the letters IT in the descriptions of the decay schemes. When

branching occurs in the decay diagrams, the percentage going by each

route is indicated by the small number close to the decay path to

which it applies. Where no percentage is given it is implied to be

100 percent.
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77.

3 2 Ge,

36%
29 30 31As- Se

2cu- Zn- Ga 33 34

50

3 2 Ge.

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Cu 1.5 * Cu- Zn 10.5 9.63

Zn 3.5 * Zn - Ga 8.36 7.92

Ga 15 * Ga oGe 5.49 5.01

Gel 54 Ge -As 3.11 3.30

Ge2  3.96x104  As - Se .741 .593

As 1.4x10
5

Se2 stable

Decay Schemes:

Cu P Zn Undetermined

Zn -* Ga Undetermined
Ga > Gel Undetermined (50%)
Ga o Ge2 Undetermined (50%)

Gel- As 2.7(16%), 2.9(48%), IT (36%)
Ge2 -As .38(3%), .76(15%), 1.2(11%), 1.3(4%), 1.56(24%),

2.12(29%), 2.27(14%)

As -)Se .16(2.8%), .438(2.7%), .684(94.4%)
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'78.

2 9 Cu--3 Zn--- 1 Ga Ge--As-- Se

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Cu 1.8 " Cu --- Zn 13.8 13.6
Zn 2.5 * Zn - Ga 6.72 5.61
Ga 8 * Ga -Ge 8.97 9.04
Ge 7.56x103  Ge - As 1.28 1.03
As 5.46xi03  As -*Se 4.50 4.46
Se stable

Decay Schemes:

Cu -----* Zn Undetermined
Zn ---- Ga Undetermined
Ga- Ge Undetermined
Ge -As .9 (100%)
As---Se 4.1 (50%), 1.4 (50%)
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79.

3 4Sel

2 9 Cu---Zn--- Ga--- Ge----- As 3 5 Br

3 4 Se2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Cu 1 * Cu- Zn 12.1 11.3

Zn 1.5 * Zn---- Ga 10.0 9.61

Ga 4.5 * Ga- Ge 7.32 6.74

Ge 25 * Ge---As 4.77 5.07
As 540 As - Se 2.68 2.40
Sel 234 Se- -Br .358 .327
Se 2  2.205xl01 2

Br stable

Decay Schemes:

Cu - Zn Undetermined
Zn- Ga Undetermined
Ga -Ge Undetermined
Ge -As Undetermined
As - Sel 2.2 (100%)
Se 27- Br .160 (100%)
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80.

9 Cu- Zn--Ga--- Ge -- 3As - Se

Half-lives (see): Mass Diff.(Mev): Cameron Cory ell

Cu 1 , Cu - Zn 16.7 15.2
Zn 1.5 * Zn-Ga 8.37 '7.22
Ga 3 * Ga - Ge 10.6 10.7
Ge 25 * Ge-As 3.13 2.74
As 15 As - Se 6.17 6.22
Se stable

Decay Schemes:

Cu -  Zn Undetermined
Zn -  Ga Undetermined
Ga - Ge Undetermined
Ge- As Undetermined
As - Se Undetermined
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81.

3 0 Zn- 1 Ga Ge -3 As 35 Br

50%

3 4Se2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Zn 1.5 * Zn -: Ga 13.0 11.3
Ga 2 * Ga - Ge 8.99 8.54
Ge 7 * Ge - As 6.45 6.93
As 33 As Se 4.54 4.32
Sel 3.42xl03  Se Br 2.03 2.31
Se2  1.08xlO3

Br stable

Decay Schemes:

Zn 0 Ga Undetermined
Ga )"Ge Undetermined
Ge o As Undetermined
As *Sel Undetermined (50%)
As ' Se2  Undetermined (50%)
Se - Br 1.38 (100%)
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82.

30oZn -Ga-,Ge As S e

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Zn 1 Zn Ga 12.3 9.12
Ga 1.5 * Ca - Ge 13.6 12 .7
Ge 5 * Ge - As 4.81 4.76
As 18 * As 3Se 7.86 8.32
Se stable

Decay Schemes:

Zn Ga Undetermined
Ga Ge Undetermined
Ga As Undetermined
As Se Undetermined
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83.

34Se 1 6Kri

3 0Zn Ga Ge - As 3 5Br

50%\

3 4Se. 3 6Kr2

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Zn 1 * Zn-* Ga 14.5 12.6

Ga 1.5 * Ga - Ge 12.9 9.85
Ge 2 * Ge -,As 9.44 8.29

As 7 * As - Se 6.22 5.73
Sel 1.5xlO3  Se - Br 3.74 3.77

Se 2  69 Br - Kr 1.77 1.41
Br 8.64xl03

Kr i  6.84xl03

Kr2 stable

Decay Schemes:

Zn o-Ga Undetermined
Ga -P Ge Undetermined
Ge PAs Undetermined
As Sel Undetermined (50%)
As Se2  Undetermined (50%)
Sel- Br 1.5 (100%)
Se 2----. Br 1.5 (10%), 3.4 (90%)
Br---Kr i  .91 (20%), .96 (80%)
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84.

3 5 "Br

3 1IGa - Ge--- eAs S Kr

3 5 Br2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Ga 1 * Ga- Ge 15.1 14.0
Ge 1.5 * Ge -- As 8.72 6.11
As 4 * As--, Se 10.9 9.73
Se 180 Se- Br 2.10 1.83
Br i  3.60xi02  Br--Kr 5.10 5.45
Br 2  1.92xi03

Kr stable

Decay Schemes:

Ga- Ge Und etermined
Ge -- As Undetermined
As - Se Undetermined
Se -----3Br i  Undetermined (50%)
Se -- Br 2  Undetermined (50%)
Br 1,- Kr .80 (20%), 1.9 (72%), 3.2 (8%)
Br2 -- Kr .5 (3%), .77 (19%), .98 (2%), 1.39 (14%),

1.81 (1 5%), 2.80 (15%), 3.83 (14%), 4.68 (32%)
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85.

3 8 Kr 1

,j:Ga 3 e --- SAs---- Se S-N Br 9 % 37Rb

K/
3 8Kr 2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Ga .8 * Ga ------Ge 14.8 11.4
Ge 1 * Ga - As 11.0 9.84
As .43 As - Se 10.2 7.32
Se 39 Se -- Br 6.74 5.40
Br 1.8xlO2  Br- Kr 3.47 3.08

Kr i  1.584x10 4  Kr---Rb 1.03 1.16
Kr, 3 .2 8xlO
Rb stable

Decay Schemes:

Ga- Ge Undetermined
Ge- .As Undetermined
As - Se Undetermined
Se--Br Undetermined
Br----.Kr i  2.5 (100%)
Kr---Rb .824 (81%), IT (19%)
Kr2----Rb .15 (.7%), .672 (99.3%)
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86.

3e A s- Se- Br- Kr

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Ge 1.5 * Ge- As 10.7 7.57
As 2 * As- Se 12.4 11.2
Se 16 Se- Br 6.03 3.39
Br 54 Br----Kr 8.12 7.06
Kr stable

Decay Schemes:

Ge --- As Undetermined
As S Se Undetermined
Se -. Br Undetermined
Br- Kr 3.0 (33%), 5.0 (33%), 7.1 (33%)
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87.

3 2 Ge - As- Se Br - Kr- Rb

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Ge 1 * Ge- As 13.2 11.4
As 1.5 * As-- Se 12.1 9.17
Se 16 Se -- Br 8.28 7.31
Br 55 Br--.Kr 7.41 5.05
Kr 4.68xlO3  Kr - Rb 4.05 3.19
Rb stable

Decay Schemes:

Ge - As Undetermined
As- Se Undetermined
Se - Br Undetermined
Br--Kr 2.6 (70%), 8.0 (30%)
Kr--Rb 1.25 (25%), 3.3 (10%), 3.8 (65%)
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88.

2Ge - As--3 4 Se- Br - Kr- Rb- Sr32 33
"'  

4 35 - 38
" '  

37 3

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Ge 1 * Ge -- As 11.8 9.30
As 1.5 * As---,Se 14.6 13.0
Se 2.5 *" Se-Br 7.99 5.24
Br 16 Br--.Kr 9.6/ 8.97
Kr I.OIX10 4  Kv --- Rb 3.35 1.18
Rb 1.08xlO3 Rb -- Sr 5.117 4.19
Sr stable

Decay Schemes:

Ge - As Undetermined
As - Se Undetermined
Se - Br Undetermined
Br - Kr Undetermined
Kr--- Rb .52 (70%), .9 (10%), 2.7 (20%)
Rb --- Sr .34 (6%), 2.5 (14%), 3.4 (4%), 5.2 ('7()%)
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89.

3 3As- Se-Br- 3 eKr---Rb- s Sr-Y

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

As 1.5 * As- Se 13.2 11.0
Se 2 * Se - Br 10.5 9.14
Br 4.5 Br-* Kr 9.38 6.93
Kr 192 Kr - Rb 5.60 5.12
Rb 900 Rb - Sr 4.48 3.41
Sr 4.36xl08  Sr - Y 1.40 1.00
Y stable

Decay Schemes:

As - Se Undetermined
Se- Br Undetermined
Br- Kr Undetermined
Kr - Rb 2.0 (35%), 3.9 (65%)
Rb---Sr .4 (2%), .67 (28%), 1.17 (3%), 1.33 (2%

1.61 (53%), 2.87 (5%), 3.92 (7%)
Sr-Y 1.463 (100%)
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90.

4 0 Zrl
/

5o
%

3 4Se-Br - Kr-,7Rb- Sr- Y

\4

4 0 Zr2

Half-lives (see): Mass Diff.(Mev): Cameron Cor-yell

Se 1.5 '  Se-,Br 9.13 6.8/
Br 1.6 Br-, Kr 11.9 10.6
Kr 33 Kr- Rb 5.32 2.89
Rb 1'74 Rb - Sr 6.74 6.66
Sr 8.86xl08  Sr - Y .714 - .09
Y 2.31xl05  Y - Zr 2.25 2.68
Zr i  .8
Zr2  stable

Decay Schemes:

Se- Br Undetermined
Br-, Kr Undetermined
Kr--- Rb 3.2 (100%)
Rb- Sr 1.2 (15%), 2.21 (15%), 4.4 (15%), 5.81 (15%),

6.59 (39%)
Sr- Y •544 (100%)
Y - Zr 1  2.27 (50%)
Y Zr 22.27 (50%)
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91.

Y
39 1

59%

41%

39 3

Half-lives (sec)*: Mass Dif'f.(Mev): Cameron Corvell

Se 1.5 * Se- Br 12.3 10.7
Br 2 * Br---- Kr 10.5 8.57
Kr 10 Kr---.Rb 7.85 6.80
Rb 72 Rb-----a-Sr 6.45 5.13
Sr 3.49xl04 Sr-- Y 2.98 2.76
Yi 3xl03  Y - Zr 1.56 1.19
Y 2 5.lOxl0 8

Zr stable

Decay Schemes:

Se -Br Undetermined
Br -- Kr Undetermined
Kr-- Rb 3.6 (100%)
Rb- Sr 4.6 (100%)
Sr--Y I  1.09 (29.5%), 1.36 (29.5%)
Sr--Y. .61 (7%), 1.09 (3%), 2.03 (4%), 2.67 (27%)
Y--Zr .33 (.3%), 1.54 (99.7%)
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92.

35 B r -,-t-Kr-- -- Rb- -:3Sr-- Y--- Zr

3739 40

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Br 1.5 * Br -- Kr 13.7 12.3
Kr 3 Kr---- Rb 6.48 4.5'7
Rb 5.3 Rb- Sr 9.00 8.37
Sr 9.72x0 3  Sr-- Y 2.70 .648
Y 1.2'7xl0 4  Y - Zr 3.83 4.45
Zr stable

Decay Schemes:

Br - Kr Undetermined
Kr - Rb Undetermined
Rb -- Sr Undetermined
S.545 (90), 1.5 (10%)
Y -- Zr 1.26 (9%), 1.75 (3%), 3.60 (88%)
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93.

4 1 Nbi

25%

,Kr- Rb-- Sr--?Y Zr
3 83 7 3 8 

4

75%

4 1 Nb2

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Kr 2 Kr--Rb 9.67 8.25
Rb 6 Rb----- Sr 7.62 6.61
Sr 498 Sr-- Y 5.24 4.27
Y 3.64xl04 Y -- Zr 3.55 2.73
Zr 1.2xlO Zr----*Nb .499 -.120
NbI  1.17xlO'
Nb 2  stable

Decay Schemes:

Kr - Rb Undetermined
Rb - Sr Undetermined
Sr- Y Undetermined
Y - Zr .45 (.15%), .71 (1.8%), 1.47 (.9%), 1.95(3%),

2.62 (3.9%), 2.89 (90%)
Zr- Nbi  .034 (25%)
Zr - Nb2 .063 (75%)
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94.

K r---3 Rb- Sr- Y- Zr

Half-lives (see): Mass Diff.(Mev): Cameron Coryell

Kr 1.5 Kr- -Rb 7.95 6.34
Rb 3 Rb--Sr 10.8 10.2

Sr 78 Sr- Y 3.87 2.50
Y 1.2x103  Y -----. Zr 6.10 6.34
Zr stable

Decay Schemes:

Kr - Rb Undetermined

Rb - Sr Undetermined

Sr -- Y Undetermined
Y - Zr 5.0 (100%)
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95.

4 1%Nbi

3 6Kr- Rb g Sr 3 Y- Zr Mo

98

4Nb3

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Kr 1.3 * K r- Rb 11.1 9.79
Rb 2 * Rb-- Sr 9.10 8.19
Sr 48 Sr , Y 7.07 5.89
Y 660 Y o Zr 4.73 4.39
Zr 5.62x10 Zr - Nb 2.78 2.09
Nbi  3.24x10 5  Nb- Mo 1.09 .590
Nb2  3.02x10 6

Mo stable

Decay Schemes:

Kr---Rb Undetermined
Rb - Sr Undetermined
Sr- Y Undetermined
Y -- Zr Undetermined
Zr - Nbi  .885 (2%)
Zr- -Nb 2  .360 (42%), .396 (55%), 1.13 (1%)
Nb 2----Mo .160 (99%), .93 (1%)
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96.

,,K r Rb 3 Sr 3 Y ----Vo Zr --- jyNb---Mo

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Kr .8 Kr-- Rb 9.21 7.66
Rb * Rb- Sr 12.3 11.5
Sr 2.5 * Sr-, Y 5.35 3.90
Y 138 Y - Zr 7.93 7.76
Zr stable Zr----* Nb 1.41 .138
Nb 8.28xl04 Nb OMo 3.63 4.00
Mo stable

Decay Schemes:

Kr----- Rb Undetermined
Rb- Sr Undetermined
Sr-i Y Undetermined
Y - Zr 3.5 (100%)
Zr - Nb No transitions - Shielded Nuclide
Nb---Mo .37 (8%), .7 (92%)
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97.

4 1 Nbi

3 7 Rb- Si 3 Y Zr 4 2 Mo

4 1Nb2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Rb 1 * Rb - Sr 10.4 9.89
Sr 1.5 * Sr 2 Y 8.53 7.63
Y 5 * Y - Zr 6.22 6.17
Zr 6 .12xl04  Zr - Nb 4.62 3.91
Nbi  60 Nb -. Mo 2.28 2.45
Nb;a 4.32xi03

Mo stable

Decay Schemes:

Rb - Sr Undetermined
Sr , Y Undetermined
Y - Zr Undetermined
Zr -,Nb i  .45 (10%), 1.91 (90%)
Nb2 -- Mo .93 (1%), 1.267 (99%)
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98.

3 7Rb - Sr - Y Y -- Zr- 1 Nb -Mo

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Rb .7 * Rb-- Sr 13.9 13.2

Sr 1 * Sr - Y 6.64 5.66

Y 2.5* Y - Zr 9.40 9.51

Zr 60 Zr--- Nb 2.91 1.96

Nb 3.09xlO3  Nb- Mo 5.48 5.81
Mo stable

Decay Schemes:

Rb- Sr Undetermined
Sr- Y Undetermined
Y - Zr Undetermined
Zr Nb Undetermined

Nb -- Mo 3.1 (100%)
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99.

/
4%

3 ,Sr- Y- Zr- Nb- Mo 4 Ru

39 40 41 42

4 3 T c2

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Sr 1 * Sr- Y 10.1 9.33
Y 1.5 Y -- Zr 7.51 7.90

Zr 30 Zr - Nb 6.09 5.67

Nb 144 Nb - Mo 3.78 4.24
Mo 2.38xl05  Mo - Tc 1.97 2.01

Tcl 2.16xlo4  T c - Ru -.227 .583
Tc2  6.63xl01O

Ru stable

Decay Schemes:

Sr-- Y Undetermined
Y - Zr Undetermined

Zr - Nb Undetermined
Nb-- Mo 3.2 (100%)
Mo- Te .45 (4%)
Mo--Tc2  .45 (10%), .87 (1%), 1.23 (85%)
Tc--- -Ru .292 (100%)
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100.

Sr---3-§Y -oZr- INb-2Mo ---uT c-Ru

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Sr 1 * Sr- -Y 8.11 7.11
Y 1.5 * Y - Zr 11.0 11.0
Zr 3.5 * Zr -- Nb 4.20 3.49
Nb 180 Nb Mo 6.9'7 7.36
Mo stable Mo - Tc .265 -.125
Tc 16 Tc - Ru 2.99 3.74
Ru stable

Decay Schemes:

Sr - Y Undetermined
Y - Zr Undetermined
Zr - Nb Undetermined
Nb--Mo 3.1 (45%), 3.5 (45%), 4.2 (10%)
Mo--Tc No transition - Shielded Nuclide
Tc--Ru 2.2 (33%), 2.89 (33%), 3.37 (33%)
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101.

3,eSr---W Y - Z r-----.-Nb --- ZKMo- T c ---- ,,,,Ru

Half-lives (see): Mass Diff.(Mev): Cameron Coryell

Sr .7 * Sr-Y 11.5 10.6
Y 1.0 * Y - Zr 9.00 9.17

Zr 2.5 * Zr -- Nb 7.72 6.98
Nb 60 Nb - Mo 5.08 5.59
Mo 876 Mo-----b Tc 3.46 3.40
Tc 840 Tce - Ru 1.28 2.01
Ru stable

Decay Schemes:

Sr - Y Undetermined
Y - Zr Undetermined
Zr- Nb Undetermined
Nb- Mo Undetermined
Mo-T c .6 (3%), .7 (38%), .8 (13%), 1.2 (11%),

1.6 (25%), 2.23 (10%)
Tc-----.Ru 1.07 (8%), 1.32 (92%)
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102.

4 3 Tc1

50%

9Y - Zr---- Nb--- Mo 4 R u

43Tc2

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Y 1.2 * Y -.... Zr 12.4 12.3

Zr 2 * Zr - Nb 5.70 4.83
Nb 7 * Nb ----Mo 8.60 8.69
Mo 660 Mo - Tc 1.57 1.27
Tcl 270 Tc- Ru 4.48 5.13
Tc2  5
Ru stable

Decay Schemes:

Y- Zr Undetermined
Zr-----v Nb Undetermined
Nb -- Mo Undetermined
Mo -- Tcl Undetermined (50%)
Mo ---- Tc2  Undetermined (50%)
Tc 1, -. Ru 2.0 (100%)
Tc2----- Ru 4.1 (100%)
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103.

4 5 RhI

Y- Zr--- Nb----4Mo - Tc - u
39 40 41 4 43 44

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Y 1.0 * Y- Zr 10.3 10.4
Zr 1.5 * Zr - Nb 9.12 8.27
Nb 4 * Nb - Mo 6.58 6.91
Mo 25 * Mo- Tc 5.10 4.75
Tc 72 Tc -- Ru 2.60 3.39
Ru 3.46x106  Ru - Rb .755 1.23
Rhi  3.42xlO3

Rh2  stable

Decay Schemes:

Y -- Zr Undetermined
Zr - Nb Undetermined
Nb - Mo Undetermined
Mo Tc Undetermined
T c - Ru 2.5 (100%)
Ru-oRh .10 (7%), .212 (89%), .71 (3%)
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104.

39Y- toZr---V Nb -- 7VMo Tc--Ru

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Y 1 * Y - Zr 13.5 13.5
Zr 1.7 * Zr -- Nb 7.04 6.12

Nb 3 * Nb- Mo 10.0 9.97

Mo 60 Mo-- Tc 3.08 2.62

Tc 1.08X103  Tc--Ru 6.12 6.47

Ru stable

Decay Schemes:

Y - Zr Undetermined

Zr --- Nb Undetermined
Nb--- Mo Undetermined
Mo---Tc Undetermined
Tc- Ru 2.4 (100%)
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105.

4 5R 1

4Zr-N b-Mo--Tc-Ru / 4SPd

96%

4 5Rh2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Zr 1.2 * Zr-9 Nb 10.2 9.51
Nb 2 * Nb -- Mo 7.93 8.18
Mo 40 Mo-4 Tc 6.51 6.05
Tc 480 T c - Ru 4.11 4.72
Ru 1.59xl04 Ru- Rh 2.41 2.59
Rh i  30 Rh------Pd .317 1.06
Rh2  1.296x105

Pd stable

Decay Schemes:

Zr---Nb Undetermined
Nb -Mo Undetermined
Mo - Tc Undetermined
Tc ----,Ru Undetermined
Ru - Rh i  1.08 (5%)
Ru ---Rh 2  .525 (5%), .915 (10%), 1.080 (25%), 1.145 (45%),

1.870 (10%)
Rh2 -,Pd .25 (10%), .565 (90%)
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106.

Zr-- Nb---Mo- Tc-- Ru - Rh - Pd40 41 42 43 44 45 4

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Zr 1 * Zr - Nb 8.29 7.38
Nb 1.5 * Nb -- Mo 11.1 11.2
Mo 4 * Mo - Tc 4.43 3.94
Tc 9 * Tc - Ru 7.54 7.76
Ru 3.16xl07  Ru -*Rh .393 .498
Rh 30 Rh - Pd 3.85 4.32
Pd stable

Decay Schemes:

Sr--. Nb Undetermined
Nb ;.Mo Undetermined
Mo --- Tc Undetermined
Tc -Ru Undetermined
Ru-- Rh .039 (100%)
Rh--Pd 1.2 (.4%), 1.3 (.2%), 1.5 (.5%), 2.0 (2%),

2.4 (11%), 3.0 (8%), 3.54 (78%)
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107.

4 Zr---- 1 Nb --- Mo----- 3 Tc --- r4Ru---4Rh-----Pd----7 Ag

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Zr 9.6 * Zr--Nb 11.5 10.5
Nb 1.0 * Nb------Mo 9.19 9.24

Mo 2.5 * Mo - Tc 7.62 7.14

Tc 270 Tc-. Ru 5.47 5.84

Ru 252 Ru - Rh 3.83 3.74

Rh 1.30x103  Rh -- Pd 1.84 2.24

Pd 2.21xl0' Pd ---*Ag -0.102 0.340

Ag stable

Decay Schemes:

Zr .N b Undetermined
Nb- -Mo Undetermined
Mo -Tc Undetermined

Tc -Ru Undetermined
Ru-->Rh 3.0 (12%), 3.8 (9%), 4.0 (79%)

Rh--3.Pd .9 (3%), 1.1 (13%), 1.2 (84%)
Pd ----- Ag .035 (100%)
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108.

Nb----- Mo-- Tc -Ru---- Rh----4Pd41 4 43 44 45 4

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Nb 1.0 * Nb-- -Mo 12.4 12.3
Mo 2.0 * Mo Tc 5.70 5.16
Tc 3.5 Tc--- Ru 8.65 8.96
Ru 270 Ru --- Rh 1.76 1.80
Rh 17 Rh -- Pd 5.27 5.60
Pd stable

Decay Schemes:

Nb , Mo Undetermined
Mo -- Tc Undetermined
Tc -- Ru Undetermined
Ru---Rh 1.15 (28%), 1.32 (78%)
Rh-- Pd 3.5 (22%), 4.1 (17%), 4.5 (51%)

90



GNE/Phys/65-3

109.

451 h 4 P d1  47, .

Nb Mo 1Tc Ru o--*c .383
41 2 43 Tc ---50%670

5O%

50%

,,Rhi----SPd 2  4 7 Aga

Half-lives (sec): Mass Diff.(Mev): Cameron Colyell

Nb 1.0 * Nb -~Mo 10.4 10.4
MO 1.5 * Mo-.Tc 8.93 8.35
Tc 2.5 * Tc -Ru 6.74 7.08

Ru 16 * Ru-.Rh 4.95 5.01
Rh1  50 Rh-~Pd 3.21 3.54
Rh2  30 Pd -- Ag 1.33 1.67

Pdi  288
Pd 2  4.86xl0'
Ag1  40
Ag2  stable

Decay Schemes:

Nb -- Mo Undetermined
Mo- -Tc Undetermined
Tc - Ru Undetermined
Ru- Rhi  Undetermined (50%)
Ru-Rh2 Undetermined (50%)
Rhs -Pdj 2.6 (50%)

Rh:-Pd2  2.6 (50%)
Pd -Ag 1.025 (100%)
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110.

,1N b-,,Mo- Tc -,Ru--, Rh-,, Pd

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Nb 0.8 * Nb ----- Mo 13.4 13.2
Mo 1.0 * Mo- T c 6.95 6.08
Tc 2.0 * Tc - Ru 9.97 9.86
Ru 10 * Ru - Rh 3.04 2.76
Rh 3.6 Rh- Pd 6.40 6.54
Pd stable

Decay Schemes:

Nb - Mo Undetermined
Mo - Tc Undetermined
Tc - Ru Undetermined
Ru - Rh Undetermined
Rh -- Pd Undetermined
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iii.

32%

4 8 Pd--Agi

50%

42 Mo-- 3 T c---, 4RU -TRh as%/ 8Cd

46 ,Pd2  47 Ag 2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Mo 1.0 * Mo- Tc 9.96 9.24
Tc 1.5 * Tc- Ru 7.99 7.99
Ru 4 * Ru----* Rh 6.27 5.94
Rh 12 * Rh - Pd 4.49 4.49
Pd i  1.98xl04 Pd -Ag 2.46 2.64
Pda 1.32xl03  Ag - Cd .886 .990
Ag1  74
Aga 6.48xl05

Cd stable

Decay Schemes,:

Mo- Tc Undetermined
Tc -Ru Undetermined
Ru -Rh Undetermined
Rh---Pd Undetermined (50%)
Rh -Pd2 Undetermined (50%)
Pd--Ag .61 (32%), IT (68%)
Pd2_-,Ag, 2.13 (100%)
Ag2 -Cd .69 (6.2%), .79 (1.1%), 1.05 (92.7%)
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112.

4 2Mo - T c j.Ru - ,Rh Pd- 4 Ag -4aCd

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Mo 1 * Mo - Tc 8.08 6.99

Tc 1.5 * Tc- Ru 11.0 10.17

Ru 3 * Ru - Rh 4.30 3.71

Rh 7 * Rh - Pd 7.73 7.45

Pd 7.56x104 Pd --- Ag .551 .426

Ag 1.15x104 Ag -,Cd 4.08 4.17

Cd stable

Decay Schemes:

Mo - Tc Undetermined

Tc - Ru Undetermined
Ru -Rh Undetermined

Rh-, Pd Undetermined

Pd -- Ag .28 (100%)

Ag---.*Cd .92 (.8%), 1.22 (2.6%), 1.34 (3.6%),
1.50 (1.8%), 1.61 (2%), 1.78 (4.4%)
2.01 (5.3%), 2.20 (.6%), 2.57 (1.4%
2.63 (.9%), 2.73 (2.8%), 3.42 (18%),
4.04 (56%)
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113.

4 7 Ag, 4aCdl

4 3Tc -4Ru----,,Rh - Pd . %  
4 In

43 45 4 4

47 Ag--2 4 Cd

Half-lives (sec): Mass Diff (Mev): Cameron Coryell

Tc 1.2 * Tc - Ru 9.14 5.30
Ru 2 * Ru- Rh 7.31 6.80
Rh 4 * Rh - Pd 5.76 5.38

Pd 90 Pd - Ag 3.'79 3.56
Ag1  72 Ag Cd 2.18 1.94
Ag2  1.91x104  Cd - In .253 .324
Cd1  4.41x10

8

Cd2  stable

In stable

Decay Schemes:

Tc -Ru Undetermined
Ru - Rh Undetermined
Rh- Pd Undetermined

Pd -Ag, 3.3 (100%)
Ag,-Cd2  2.0 (100%)
Cd1 -In .575 (100%)
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114.

4 3 Tc - 4 Ru --- jRh - Pd -- Ag --- %Qd

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Tc 1.0 * Tc - Ru 12.4 11.5
Ru 1.5 * Ru - Rh 5.45 4.58

Rh 3 * Rh !)Pd 8.77 8.29

Pd 144 Pd -- Ag 1.82 1.36
Ag 5 Ag - Cd 5.42 5.07
Cd stable

Decay Schemes:

Tc - Ru Undetermined
Ru ->Rh Undetermined

Rh a Pd Undetermined
Pd -- Ag 1.4 (100%)
Ag - Cd 4.6 (100%)
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115.

Ag Cd In

2 8 f 2 X%5% S

43 44 45 48 \% 9

Ag 91%--:, Cd 6 2.-6%>In
47 2 48 2 49 2

Half-lives (sec): Mass Diff (Mev): Cameron Coryell

Tc 0.8 * T c --- Ru 10.5 9.62

Ru 1 * Ru -- Rh 8.67 7.43

Rh 2.5 * Rh -- Pd 6.91 6.04
Pd 45 Pd -Ag 4.84 4.45
Agi 20 Ag o Cd 3.45 2.86

Ag2  1.26xl0o Cd - In 1.60 1.27
Cdi  3.72xl06  In -,Sn .158 .182
Cd2  1.987xl05

Ini  1.58xi04

In2  stable

Sn stable

Decay Schemes:

Tc -- Ru Undetermined
Ru -- Rh Undetermined
Rh :3Pd Undetermined
Pd -z-Ag Undetermined (28%)
Pd -Aga Undetermined (72%)
Ag---Cd Undetermined (28%), IT (72%)
Ag2 :o Cd2.75 (9%)
Ag Cd2  2.9 (91%)
Cd 1 In .2(.3%), .335(1%), .687(2%), 1.63(96.7%)
C-d2 In2 .59(24%), .63(12.5%), .85(1%)
Cd2-- In2 1.11(62.5%)

Ini- Sn .84(5%), IT(95%)
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116.

4Ru --- gRh --- , Pd --- A- Ag --- "a Cd

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Ru 1.5 * Ru Rh 6.77 5.49
Rh 2 * Rh- Pd 10.1 9.14
Pd 10 * Pd- Ag 2.98 2.31
Ag 150 Ag - Cd 6.48 5.96
Cd stable

Decay Scheme:

Ru---,Rh Undetermined
Rh Pd Undetermined
Pd - Ag Undetermined
Ag Cd 5.0 (100%)
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117.

4 8 Cd1  4 9Ini

80%

___ % 20%

44 Ru -----%Rh--4" Pd- 5 0 Sn

eCd 9In2

48 Cd2 49In

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Ru 1.0 * Ru--*Rh 9.81 8.53
Rh 1.5 * Rh - Pd 8.24 7.15
Pd 5 * Pd - : Ag 6.21 5.37
Ag 66 * Ag *Cd 4.62 3.79
Cdi  1.15xlO4  Cd - In 2.66 2.21
Cd2  1.01xl04 In - Sn 1.44 1.13
In i  6.84xi03

In2  2.7xlO3

Sn stable

Decay Schemes:

Ru- aRh Undetermined
Rh -a Pd Undetermined
Pd -a,Ag Undetermined
Ag -2Cdl Undetermined (50%)
Ag * Cd2  Undetermined (50%)
Cd-- In2  1.0 (100%)
Cdi----In, 1.8 (70%), 2.3 (30%)
Ini---Sn .95 (4%), 1.62 (24%), 1.77 (52%), IT (20%)
In2- Sn .74 (100%)
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118.

,,Ini

4 Ru -4-tRh----->6Pd - Ag-- Cd 5 oSn

49 In2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Ru 1 * Ru-----Rh 7.80 6.37
Rh 1.5 * Rh-Pd 11.3 9.96
Pd 4.5 * Pd ----- Ag 4.32 3.23
Ag 25 * Ag-Cd 7.85 6.82
Cd 3xlO- Cd - In .801 .089
Ini  270 In - Sn 4.4'7 3.68
In2  5
Sn stable

Decay Schemes:

Ru - Rh Undetermined
Rh - Pd Undetermined
Pd -Ag Undetermined
Ag -- Cd Undetermined
Cd ---- ,In 2  .8 (100%)
In-- Sn 1.5 (100%)

In2 ---,Sn 3.3 (20%), 4.5 (80%)
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119.

4C1 ,4n1SOS1

45 Rh ---- P d----- A g

50%

4 8 Cd2  49 In2 soSn2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Rh 1 * Rh- Pd 9.28 8.00

Pd 3 * Pd- Ag 7.36 6.24

Ag 17 * Ag-Cd 5.96 4.68

Cdi  142 Cd -*In 4.04 3.12

Cd2  570 In - Sn 2.62 2.06

In1  1. 08x 103
In,, 120
Sn. 2.16xJ0

7

Sn. stable

Decay Schemes:

Rh-Pd Undetermined
Pd -Ag Undetermined
Ag-- Cdi  Undetermined (50%)
Ag -Cd2 Undetermined (50%)

Cd 1 .- In 2  Undetermined
Cd2--Ini  3.5 (80%), 4.0 (20%)
Inl----n% 1.8 (6%), 2.7 (90%), IT (z%)
In2--Sn, 1.6 (100%)
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120.

,Ini

50 %

4sRh --ZbPd -,Ag --- Cd 5 oSn

50%

4 9 In2

Half-lives (sec): Ma s Diff.(Mev): Cameron Coryell

Rh 1.5 * Rh - Pd 12.4 10.7
Pd 2 * Pd - Ag 5.36 4.07
Ag 6 * Ag - Cd 9.00 7.63
Cd 60 Cd - In 2.15 .992
Ini  3 In -, Sn 5.85 4.55
In2 50
Sn stable

Decay Schemes:

Rh- Pd Undetermined
Pd - Ag Undetermined
Ag--Cd Undetermined
Cd -- In i  Undetermined (50%)
Cd -In 2  Undetermined (50%)
I% - Sn 2.2 (100%)
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121.

% I -- °Sni

50~

Rh -- Pd----Ag - ,Cd 6 1 Sb45 46 47 48 \5

4 9 In2 -- Sn2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Rh 1 * Rh- Pd 10.8 8.77
Pd 1.5 * Pd - Ag 8.44 7.04
Ag 4 * Ag - Cd 7.01 5.51
Cd 210 Cd-- In 5.19 3.98
In i  186 In % Sn 3.97 2.95
In2  30 Sn- -Sb .427 .918
Sn. 8.88xl08

Sn 9.Oxl04
Sb stable

Decay Schemes :

Rh-- Pd Undetermined

Pd -- Ag Undetermined
Ag-- Cd Undetermined
Cd - In. Undetermined (50%)
Cd --- In2  Undetermined (50%)
In ---Sni  3.7 (100%)
I2.9 (100%)
Snl--- Sb .42 (100%)
Sn2 o-Sb .383 (100%)
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122.

46Pd -A Cd- In

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Pd 1.5 * Pd - Ag 6.92 4.94
Ag 3 * Ag - Cd 10. 1 8.44
Cd 40 * Cd - In 3.20 1.90
In 7.5 In -NSn 7.02 5.40
Sn stable

Decay Schemes:

Pd -- Ag Undetermined
Ag -,Cd Undetermined
Cd ---- ,In Undetermined
In -- Sn Undetermined
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123.

4 9 In-1 5 0 Sni

50%

,,Pd----- 7 Ag- -. Cd 5 Sb

50%

4 9 In2  Sn,,

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Pd 1.5 * Pd -- Ag 9.32 7.85
Ag 2.5 * Ag -- Cd 8.57 6.34
Cd 9 * Cd -----,.In 6.28 4.83
Ini  36 In - Sn 5.02 3.82
In3  10 Sn - Sb 1.59 1.81
Sni  1. 08xlO7

Sn, 2.40xl03

Sb stable

Decay Schemes:

Pd -Ag Undetermined
Ag , Cd Undetermined
Cd -- In i  Undetermined (50%)
Cd -- In2  Undetermined (50%)
Ini- Sn 4.6 (100%)
In 2 - Sn 3.3 (100%)
Sn-Sb .34 (2%), 1.42 (98%)
Sn2--Sb 1.26 (100%)
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124.

46 Pd -- Ag- Cd In ---- o Sn

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Pd 1 * Pd - Ag 7.79 5.83
Ag 2 * Ag, - Cd 11.0 9.26
Cd 10 * Cd -. In 4.77 2.81
In 20 * In- Sn 8.11 6.24
Sn stable

Decay Schemes:

Pd --.Ag Undetermined
Ag pCd Undetermined
Cd--UIn Undetermined
In - Sn Undetermined
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125.

50 Snl 5 2T 1

50% %

5oSn2  52Te.

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Ag 2 * Ag -Cd 9.45 7.20
Cd 5 * Cd - In 7.18 5.70
In 15 * In . Sn 6.60 4.70
Sni  582 Sn - Sb 2.69 2.70
Sn2  8.12x10 5  Sb - Te .837 .800
Sb 8.51x0 7

Tel 5.01xl06

Te2  stable

Decay Schemes:

Ag-Cd Undetermined
Cd- In Undetermined
In- Sn i  Undetermined (50%)
In Sn. Undetermined (50%)
Sn-- Sb .65 (2.2%), 2.04 (97.8%)
Sn 2 --- Sb .37 (2.1%), .47(1.5%), .93 (.1%), 1.3 (1.3%),

2.33 (95%)
Sb-Tel ,09 (.5%), .118 (1.3%), .124 (6.4%), .295 (8.6%

.437 (1.3%), .612 (2.9%)
Sb ---Te2  .09 (1.7%), .118 (4.8%), .124 (24.6%),

.295 (32.5%), .437 (4.7%), .612 (10.7%)
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126.

BiSb1

4 7 Ag -- Cd---j In----- Sn e

5 1Sb2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Ag 1.5 * Ag -Cd 11.9 10.0

Cd 3 * Cd-- In 5.65 3.71

In 7 * In .Sn 9.01 7.02

Sn 6.30xl012  Sn- Sb 1.19 .729

Sb i  1.14xl0 Sb- Te 3.93 4.04
Sb2 1.08xl06

Te stable

Decay Schemes:

Ag--- Cd Undetermined
Cd In Undetermined
In -Sn Undetermined
Sn Sbi  Undetermined
Sb2-STe 1.9 (100%)
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127.

5 Te./,
7 \

s\ I /4 7 Ag -- *Cd---j In -son----g Sb 98.5% 531

,,Te2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Ag 1 * Ag - Cd 10.3 7.99
Cd 1.5 * Cd- In 8.10 6.51
In 3 * In -. Sn 7.48 5.53
Sn 9.36xl03  Sn-. Sb 3.60 3.55
Sb 3.2xl06 Sb - Te 2.42 1.67
Tel 9.07xl08  Te I .738 .592
Te2  3.35xlO4

I stable

Decay Schemes:

Ag -- Cd Undetermined
Cd - In Undetermined
In Sn Undetermined
Sn ---- Sb Undetermined
Sb -" Te 1.50 (50%)
Sb-- Te2  .80 (22%), .86 (6%), 1.11 (22%)
Ti----oI .73 (1.5%), IT (98.5%)
Teg---I .27 (1%), .695 (99%)
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128.

Cd- In- Sn 5 2 Te48 49~ 505

5 1 Sb2

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Cd 1 * Cd- In 6.50 4.56
In 2 * In----*Sn 994 7.79
Sn 3.72xl03  Sn-- Sb 2.07 1.62
Sbi  3.46xl04  Sb- Te 4.84 4.85
Sb2  600
Te stable

Decay Schemes:

Cd-In Undetermined
In -- Sn Undetermined
Sn--Sbi  Undetermined (3%)
Sn---Sb2  Undetermined (97%)
Sb---oTe 1.0 (100%)
Sbg---Te 2.9 (100%)
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129.

5 2 Te

24%

4 8 Cd--In-- Sn----, Sb 531

76%

,2T e2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Cd 1 * Cd - In 8.95 7.30
In 1.5 * In h Sn 8.34 6.34
Sn 3.60xlO3  Sn - Sb 4.53 4.38
Sb 1.55x0 4  Sb -- Te 3.32 2.52
Te, 2.85x108  Te-'I 1.65 1.46
Te2  4.02xlO3

I stable

Decay Schemes:

Cd- In Undetermined
In - Sn Undetermined

Sn----Sb Undetermined
Sb--Te. 1.87 (4.8%), 3.32 (19.2%)
Sb-- Te. 1.87 (15%), 3.32 (61%)
Te2---1 .3 (1%), .7 (3%), .99 (16%), 1.453 (80%)
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130.

51 Sb1

4 8Cd -- In ---- Sn 52 Te ---gSI- Xe

51Sb2

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Cd 1 * Cd - In 8.67 12.9
In 1.5 * In- Sn 10.8 8.71
Sn 156 Sn- Sb 2.94 2.67
Sbi  420 Sb - Te 5.77 5.79
Sb2  1.98xl03  Te I .130 7.05
Te stable I - Xe 2.71 1.02
I 4.5x104

Xe stable

Decay Schemes:

Cd- In Undetermined
In -Sn Undetermined
Sn - Sb i  Undetermined (50%)
Sn -Sb, Undetermined (50%)
Sb- Te Undetermined
Sb 2 -. T e Undetermined
Te -- I No Transition - Shielded Nuclide
I -- Xe .6 (47%), 1.02 (53%)
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131.

4 In-eoSn Sb 1 \I %

5 2Te 2  5 4Xe3

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

In 1.5 * In -. Sn 10.5 7.46
Sn 204 Sn - Sb 5.39 5.51
Sb 1380 Sb - Te 4.18 3.66
Tel 1.04x105  Te - I 2.59 2.61
Te2  1.5xlO3  I - Xe 1.19 1.16
I 6.96xl05

Xe1  1.04xlO
Xe. stable

Decay Schemes:

In---Sn Undetermined
Sn -Sb Undetermined
Sb -- Te Undetermined (15%)
Sb -Te. Undetermined (85%)
Tel-.I .215 (3.6%), .420 (43%), .570 (30%),

2.457(4.4%), IT (19%)
Te 2 - 1.15 (10%), 1.36 (5%), 1.68 (25%), 2.14 (60%)
I -. Xel .25 (1.4%), .33(4.6%), .606 (43.7%), .81(.3%)
I --- Xe2 .25 (1.4%), .33 (4.6%), .606 (43.7%), .81(.3%)
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132.

In-Sn- Sb -5,Te-- I- Xe
4 50 51 52 53 54

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

In 1.5 * In-- Sn 13.5 9.44
Sn 132 Sn- Sb 5.12 3.52
Sb 126 Sb' Te 6.63 6.56
Te 2.81xl06 Te- I 1.00 .640
I 8.28xi03  I - Xe 3.65 3.68
Xe stable

Decay Schemes:

In-Sn Undetermined
Sn - Sb Undetermined
Sb --- Te Undetermined
Te -I .22 (100%)
I -Xe .80 (21%), 1.04 (15%), 1.22 (12%), 1.49 (12%),

1.61 (21%), 2.14 (18%)
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133.

52 Te1 5 4 XeI

92% 87% 4%7

BoSn-ViSb 13% 53 1 5 Cs

8% 96%/

5 2 Te a 54 Xe.

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Sn 1.8 Sn- Sb 8.07 6.29

Sb 246 Sb-- Te 6.37 4.46

Tel 3.0xlO3  Te ---- I 3.46 3.43
Te2  120 I - Xe 2.06 2.00

I 7.56xl04  Xe --- Cs .310 .572

Xe. 1.99x105

Xe2  4.55xi0
5

Cs stable

Decay Schemes:

Sn, Sb Undetermined
Sb - Tel 3.67 (92%)
Sb -Te 2  4.00 (8%)
Te- 1 1.3 (70%), 2.4 (17%), IT (13%)
Te 2- 1 2.4 (100%)

I -Xel 1.54 (4%)
I -Xe 2  .5 (5.8%), 1.22 (90.2%)

Xe 2 - Cs .268 (1%), .347 (99%)

U5



GNE/Phys/65-3

134.

oSn- Sb-,T e ---e I -Xe

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Sn 1.3 * Sn -- Sb 8.04 4.63
Sb 48 Sb - Te 9.32 7.59
Te 2.52xl03  Te 0I 3.19 1.79

I 3.18x103  I -- Xe 4.52 4.75
Xe stable

Decay Schemes:

Sn- Sb Undetermined
Sb -Te Undetermined
Te - I Undetermined
I ---. Xe .5 (6.5%), 1.05 (1%), 1.25 (23%), 1.49 (15%),

1.68 (7.5%), 1.81 (9.5%), 2.21 (12%),
2.41 (25%)
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135.

50% 16%

so%

55 Cs 2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Sn 1 * Sn- Sb 9.75 7.33
Sb 24 Sb - Te 9.29 5.92
Te 60 Te - I 6.15 4.51
I 2.4x104  I - Xe 4.26 3.10
Xe 3.31xlO* Xe--. Cs 1.18 .282
Cs1  3.18xlO Cs - Ba -.169 -1.13
Cs 2  6.3xlO 3

Ba stable

Decay Schemes:

Sn - Sb Undetermined
Sb -Te Undetermined
Te - I Undetermined
I - Xe .47 (35%), 1.0 (40%), 1.4 (25%)
Xe - Csi  Undetermined (50%)
Xe - Cs. Undetermined (50%)
Csi-Ba Undetermined (16%), IT (84%)
Cs2 ----Ba .21 (100%)
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136.

Sb- Te-- I -- Xe--- .Cs Ba

Half-lives (sec): Mass Diff.(Mev) : Cameron Coryell

Sb 3 * Sb - Te 11.0 8.58

Te. 6 *Te - 6.12 2.90

I 83 I - Xe 7.22 5.78

Xe stable Xe - Cs .924 .100

Cs 1.2xlO6 C s - Ba 2.29 2.98

Ba stable

Decay Schemes:

Sb- Te Undetermined

Te -- I Undetermined
I -- Xe 2.73 (6%), 3.7 (44%), 4.16 (5%), 4.37 (24%),

5.60 (15%), 7.00 (6%)
Xe , Cs No Transitions - Shielded Nuclide
Cs-Ba .341 (92.6%),,.657 (7.4%)
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137.

136Xe+n 5 6

4% 9%

SIb - T e- I- Xe ' CS

5%

,6 Ba 2

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Sb 1.5 * Sb - Te 10.4 6.55
Te 3 * Te - I 7.83 5.56
I 24 I - Xe 7.19 4.17
Xe 234 Xe - Cs 3.89 2.78
Cs 9.45xlO8  Cs --- Ba 2.03 1.39
Bal 156
Ba2  stable

Decay Schemes:

Sb - Te Undetermined
Te - I Undetermined
I --- Xe Undetermined
Xe --- Cs 3.5 (96%)
Cs --- Ba. .514 (95%)
Cs- *Ba 2  1.18 (5%)
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138.

137
,4Xe+n

1%
,2e - Xe --- C s-r--- B

54 65 ,,Ba

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Te 2 * Te I 7.19 4.007
I 6.3 I ... Xe 8.91 6.88
Xe 1.02xlO3 Xe .... Cs 3.86 1.33
Cs 1.93xl03  Cs,..... Ba 5.00 4.14
Ba stable

Decay Schemes:

Te- I Undetermined
I - Xe Undetermined
Xe- Cs 2.4 (99%)
Cs----pBa 2.2 (10$), 2.39 (36%), 2.53 (5%), 2.62 (16%)

2.94 (12%), 3.40 (21%)
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139.

138
,4Xe+n

small%

"100%

52 Te - I -Xe- Cs --- Ba--j La

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Te 1.3 *Te I 8.97 6.80

I 2 I -- Xe 8.26 5.44
Xe 41 Xe - Cs 5.58 4-08

Cs 570 Cs - Ba 4.97 2.72
Ba 4.98xl03  Ba - La 1.77 1.36
La stable

Decay Schemes:

Te -J Undetermined
I -Xe Undetermined
Xe--Cs 3.5 (50%), 4.6 (50%)
Cs- Ba 2.7 (16%), 3.4 (0), 4.0 (80%)

Ba -La 2.17 (28%), 2.34 (72%)

12.
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140.

T e- I- Xe - Cs- 6 Ba - La- Ce

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Te 1 Te - -I 7.80 5.37
I 1.8* I - Xe 10.0 8.12
Xe 16 Xe - Cs 4.94 2.6,7
Cs 66 Cs - Ba 6.69 5.42
Ba 1.11xl0c Ba - La 1.75 -.025
La 1.45x10 5  La - Ce 3.17 2.72
Ce stable

Decay Schemes:

Te - I Undetermined
I - Xe Undetermined
Xe- Cs Undetermined
Cs -Ba 6.0*(l00%)
Ba--La .48 (25%), .6 (10%), .9 (5%), 1.01 (60%)
La-Ce .83 (12%), 1.10 (26%), 1.38 (45%), 1.71 (10%)

2.20 (7%)
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141.

5s I---Xe -- Cs --- Ba-- La---- -C e Pr

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

I 1.5* I - Xe 8.88 6.70
Xe 2 Xe-- Cs 6.72 5.36
Cs 24 Cs-' Ba 6.06 4.02
Ba 1.08xlO3  Ba- La 3.47 2.68
La 1.40xlO' La-- Ce 3.15 1.69
Ce 2.8LxlO8  Ce - Pr -.163 .0
Pr stable

Decay Schemes:

I - Xe Undetermined
Xe Cs Undetermined
Cs -- Ba Undetermined
Ba-La 2.8 (100%)
La - Ce 1.06 (2%), 2.43,(98%)
Ce -- Pr .435 (70%), .580 (30%)
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142.

531 -_--4 Xe -Cs- Ba--eLa --- Ce

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

I 1 * I- Xe 10.6 9.31
Xe 1.5 * Xe- Cs 5.56 3.98

Cs 2.3 Cs - Ba 7.84 6.65

Ba 660 Ba - La 2.83 1.32
La 5.04xi0' La - Ce 4.88 3.99
Ce stable

Decay Schemes:

I - Xe Undetermined

Xe - Cs Undetermined

Cs- Ba Undetermined
Ba-- La 4.0 (100%)
La -- Ce 2.5 (30%), 4.0 (30%), 4.5 (40%)
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143.

, 4 Xe -- Cs---- Ba----7La-- -t8 Ce-r 9 Pn---toNd

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Xe 1 Xe - Cs 7.33 6.60
Cs 2 Cs - Ba 6.68 5.28
Ba 12 Ba - La 4.62 3.96
La 840 La - Ce 4.24 2.99
Ce 1.18xlO5  Ce - Pr 1.54 1.32
Pr 1.18xlO Pr ---- Nd 1.57 .350
Nd stable

Decay Schemes:

Xe Cs Undetermined
Cs -Ba Undetermined
Ba -- La Undetermined
La -Ce 3.3 (100%)
Cr --- Pr .22 ( 6%), .52 (12%), .72 (5%), 1.09 (40%),

1.38 (37%)
Pr- -Nd .933 (100%)
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144.

5 4 Xe- Cs----j Ba- La-- Ce- P r----o Nd

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Xe 1 Xe - Cs 6.08 5.10
Cs 1.5 * Cs - Ba 8.45 7.73
Ba 3.5 * Ba - La 3.46 2.48
La 15 * La- Ce 6.03 5.11
Ce 2.46x107  Ce -- Pr .912 -.136
Pr 1.04xlO' Pr -*Nd 3.29 2.49
Nd stable

Decay Schemes:

Xe - Cs Undetermined
Cs - Ba Undetermined
Ba -La Undetermined
La - Ce Undetermined
Cr--.Pr .186 (20%), .320 (72%), 2.40 (8%)
Pr--Nd .80 (1%), 2.29 (1.3%), 2.98 (97.7%)
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145.

5mC s --a Ba- La-r 8 C -P r--goNd

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Cs 1 * Cs- Ba 7.21 6.37
Ba 2 * Ba - La 5.24 5.07
La 9 * La - Ce 4.87 4.12

Ce 180 Ce-Pr 2.70 2.47

Pr 2.12xlO4  Pr- Nd 2.66 1.52

Nd stable

Decay Schemes:

Cs - Ba Undetermined
Ba-La Undetermined
La--Ce Undetermined
Ce -- Pr 2.0 (100%)
Pr -Nd 1.8 (100%)
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146.

56Cs------- La---- C e- P r--Nd

Half-lives (sec): Mass Diff.(Mev): Cameron Coryell

Cs 1 * Cs - Ba 9.28 8.84
Ba 1.5 * Ba - La 3.99 3.70
La 4 * La---Ce 6.65 6.28
Ce 840 Ce- Pr 1.55 1.14
Pr l.44xl03  Pr - Nd 4.45 3.72
Nd stable

Decay Schemes:

Cs - Ba Undetermined
Ba - La Undetermined
La -C e Undetermined
Ce -Pr .7 (100%)
Pr--Nd 2.3 (44%), 3.7 (56%)
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147.

5 6 Ba---T. La---T8 C e- P r --- UtNd -. Pm -*Sm

Half-lives (sec): Mass Diff.(Mev): Cameron Corvell

Ba 1 * Ba - La 6.06 6.22
La 2 * La - Ce 5.41 5.30
Ce 72 Ce , Pr 3.33 3.68
Pr 720 Pr - Nd 3.30 2.76
Nd 9.59x10 5  Nd - Pm .986 1.14
Pm 7.88x107  Pm - Sm .941 .223
Sm stable

Decay Schemes:

Ba - La Undetermined
La - Ce Undetermined
Ce -- Pr Undetermined
Pr -- * Nd Undetermined
Nd--Pm .212 (3%), .368 (20%), .810 (77%)
Pm -- * Sm .225 (100%)
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148.

61 1

I

/

/ !/ 93%

/

5 6 Ba--La---- 8 Ce -gP -- Nd 7% 6 Sm

siPma

Half-lives (sec): Mass Diff (Mev): Cameron Coryell

Ba 1 Ba La 4.69 4.91
La 2 * La ---- Ce 7.48 7.43
Ce 42 Ce - Pr 2.09 2.39
Pr 120 Pr -Nd 5.08 4.91
Nd stable Nd - Pm -.167 -.126
Pm1  3.72xl06 Pm -- Sm 2.74 2.39

Pm2  4.67xl0
5

Sm stable

Decay Schemes:

Ba- -La Undetermined
La -, Ce Undetermined
Ce -Pr Undetermined
Pr -Nd Undetermined
Nd -- Pml No Transitions - Shielded Nuclide
Nd ,Pm2 No Transitions - Sheilded Nuclide

Pm,--OSm .39 (42%), .49 (22%), .56 (7%), 68 (22%),
IT (7%)

Pm2 -- wSm .99 (41%), 1.9 (14%), 2.45 (45%)
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149.

5 7La-- Ce Pr---oNd Pm Sm

Half-lives (sec): Mass Diff (Mev): Cameron Coryell

La 1.5 * La- -Ce 6.11 6.35
Ce 3.5 * Ce- Pr 4.16 4.75
Pr 30 * Pr---Nd 3.84 3.85
Nd 6.48xlo3  Nd - Pm 1.61 2.25
Pm i.91x105  Pm - Sm 1.59 1.35
Sm stable

Decay Schemes:

La- Ce Undetermined
Ce-- Pr Undetermined
Pr - Nd Undetermined
Nd-Pm .95 (16%), 1.1 (43%), 1.5 (31%)
Pm-. Sm .784 (3%), 1.071 (97%)
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150.

5 7 La -- 8 Ce --- eqPr -6oNd--- lPm --- Sm

Half-lives (sec): Mass Diff (Mev): Cameron Coryell

La 1.5 * La - Ce 8.52 8.23
Ce 2.5 * Ce - Pr 2.79 3.26
Pr 15 * Pr- Nd 5.92 5.73
Nd stable Nd- Pm .378 .765
Pm 9.72xl03  Pm -,Sm 3.3'/ 3.23
Sm stable

Decay Schemes:

La- Ce Undetermined
Ce -- Pr Undetermined
Pr --- Nd Undetermined
Nd -- Pm No Transition - Shielded Nuclide
Pm-Sm .35 (.4%), .52 (.4%), .9 (1%), 1.02 (1.4%),

1.36 (22%), 1.46 (8.5%), 1.8 (22%), 2.28 (29.3%)
2.77 (2.5%), 3.10 (12.5%)
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151.

La- Ce- Pr-- o Nd-,sPm -- Sm- Eu67 58 so 626 o

Half-lives (sec): Mass Diff (Mev): Cameron Corvell

La 1 * La - Ce 6.99 7.05

Ce 2 * Ce - Pr 5.20 5.46
Pr 7 * Pr- -Nd 4.55 4.57

Nd 720 Nd - Pm 2.46 2.98

Pm l.02x10 5  Pm - Sm 2.13 2.09

Sm 2.84xl09  Sm ---*Eu .182 .496

Eu stable

Decay Schemes:

La- Ce Undetermined

Ce ---- Pr Undetermined
Pr - Nd Undetermined
Nd-Pm .24 (1%), .54 (3%), 1.19 (30%), 1.65 (7%),

1.82 (15%), 2.06 (45%)
Pm--+Sm .374 (5%), .454 (3%), .75 (6%), .85 (39%),

.871 (2%), .968 (1%), 1.03 (10%), 1.09 (6%),

1.125 (8%), 1.129 (5%), 1.20 (11%)

Sm--Eu .0543 (1.6%), .0759 (98.4%)
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152.

5 C e----&-P r -- ,oNd -rP ... 6

Half-lives (sec): Mass Diff (Mev): Cameron Coryell

Ce 1.5 * Ce - Pr 3.68 3.99
Pr 5 Pr-- - Nd 6.96 6.43
Nd 180 * Nd- Pm 1.09 1.51
Pm 360 Pm- Sm 4.21 3.95

Sm stable

Decay Schemes:

Ce - Pr Undetermined
Pr ---- Nd Undetermined
Nd -Pm Undetermined
Pm--Sm 2.2 (100%)
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153.

Ce - Pr- --- Nd-- Pm--- Sm -- ,^ Eu59C  59 so 61 : o

Half-lives (sec): Mass Diff (Mev): Cameron Corvell

Ce 1.5 * Ce - Pr 6.22 6.15
Pr 3 * P r - Nd 5.44 5.27
Nd 18 * Nd Pm 3.50 3.69
Pm 330 Pm- Sm 2.85 2.81
Sm 1.68xl06 Sm - Eu 1.03 1.23
Eu stable

Decay Schemes:

Ce-*Pr Undetermined
Pr - Nd Undetermined
Nd -*Pm Undetermined
Pm ---- ,Sm 1.65 (100%)
Sm----Eu .641 (33.4%), .696 (45.6%), .707 (.5%)

.721 (.3%), .803 (20%)
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154.

s Ce- -Pr - Nd-Pm Sm

Half-lives (sec): Mass Diff (Mevy): Cameron Corvell

Ce 1 * Ce - Pr 4.66 4.79

Pr 2 * Pr Nd 7.98 7.17

Nd 12 * Nd- Pm 1.98 2.35

Pm 150 Pm-w Sm 5.26 4.73
Sm stable

Decay Schemes:

Ce-Pr Undetermined
Pr- -Nd Undetermined
Nd -- Pm Undetermined
PM- Sm 2.5 (100%)
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155.

SP r----eo N d----e, Pm -,2 Sm -g Eu -,, 4Gd

Half-lives (sec): Mass Diff (Mev): Cameron Coryell

Pr 2 * Pr - Nd 6.43 6.16
Nd 5 * Nd - Pm 4.53 4.60
Pm 60 * Pm- Sm 3.74 3.74
Sm 1.32xl03  Sm- Eu 2.08 2.18
Eu 5.36xl07  Eu - Gd .882 1.17
Gd stable

Decay Schemes:

Pr Nd Undetermined
Nd - Pm Undetermined
Pm -Sm Undetermined
Sm -- *Eu 1.39 (5%), 1.53 (95%)
Eu---Ge .140 (43%), .160 (37%), .185 (10%)

.247 (15%)
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156.

59Pr ---- oNd -6--Pm-- Sm--- Eu- Gd

Half-lives (sec): Mass Diff (Mev): Cameron Corvell

Pr 1.5 * Pr - Nd 9.07 7.94

Nd 4.5 * Nd - Pm 2.97 3.19

Pm 25 * Pm - Sm 6.29 5.52

Sm 3.24xl04 Sm - Eu .566 .771

Eu 1.3xlO8  Eu- Gd 3.30 3.10

Gd stable

Decay Schemes:

Pr-Nd Undetermined

Nd- Pm Undetermined
Pm ---- ,-Sm Undetermined
Sm--Eu .43 (55%), .715 (45%)
Eu-- Gd .3 (23%), .48 (34%), 1.21 (11%), 2.447 (32%)
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157.

BvPr---Nd - .Pm- Sm- Eu s Gd

Half-lives (sec): Mass Diff (Mev): Cameron Coryell

Pr 1.5 * Pr--Nd 7.48 6.71

Nd 3 * Nd - Pm 5.61 5.16

Pm 13 * Pm- Sm 4.74 4.31

Sm 30 Sm - Eu 3.11 2.76
Eu 5.40xl04  Eu- Ge 1.79 1.76
Gd stable

Decay Schemes:

Pr - Nd Undetermined
Nd-*Pm Undetermined
Pm - Sm Undetermined
Sm --- Eu Undetermined
Eu - Gd 1.27 (100%)

139



GNE/Phys/u'5-3

158.

6oNd- Pm-- Sm -Eu- Gd

Half-lives (sec): Mass Diff (Mev): Cameron Corvell

Nd 2 * Nd ----- Pm 4.03 3.78
Pm 6 * Pm-- Sm 7.38 6.06
Sm 900 * Sm---- Eu 1.56 1.38
Eu 3.6xl03  Eu--- Gd 4.33 3.66
Gd stable

Decay Schemes:

Nd ---,-Pm Undetermined
Pm-Sm Undetermined
Sm- Eu Undetermined
Eu--- Gd 2.65 (100%)
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159.

6 0 Nd -- Pm - Sm -n Eu--g- Gd- Tb

Half-lives (sec): Mass Diff (Mev): Cameron Corvell

Nd 1.8 * Nd- Pm 6.68 5.76

Pm 3.5 * Pm- Sm 5.80 4.91
Sm 40 * Sm- Eu 4.21 3.36

Eu 1.14xlO3  Eu - Gd 2.79 2.36

Gd 6.48xl0 Gd - Tb 1.46 .960

Tb stable

Decay Schemes:

Nd-.Pm Undetermined
Pm-.Sm Undetermined

Sm- Eu Undetermined
Eu -Gd 2.2 (i00%)
Gd- Tb .59 (13%), .89 (24%), .947 (63%)
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Appendix C

Computer Prozrams

This appendix contains the information necessary to understand

the operations of the four computer programs referred to in the

body of the thesis. This information consists of a listing of the

program's Fortran statements, a list of the definitions of all terms

used, and a flow chart. The information for each of the four pro-

grams is presented in this order. In programs two and four, the

omission of the definition of a variable in a function or subroutine

implies that the definition found earlier still applies and has been

omitted for brevity.
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C PROGRAM I
C PkG ) M TO COMPUTE AND CHECK PZ VALUES

OI0t N, IlNj CHAIN(85) ,A( 11) tNOK( 1i) ,ANO( 95),Y(85),P(85)
READ 16t,ITF,YM
N=l

I GO TO(2,3,4,20),ITF
2 READ 17,ANC(N) ,NI,ZMIN,ZP,W,CHAIN(N),WW, |11)

READ 1,WW
ZP=ZP+.316
GO TO 5

20 READ i1,ANJ(N),NI,ZMIN,ZP,W,WW,WWW,(.L1)
READ 18,CHAIN(N)
ZP=ZP+.023
GO TO 5

3 READ 17,ANO(N),NI,IMIN,ZP#CHAIN(N)I,WWW,II.)
READ 18,WWW
GO TO 5

4 READ 17,ANO(N),NI,ZMIN,ZP,W,WW,CHAIN(N),( 1l)
READ 18,WWW
ZP=ZP- .475

5 READ 52,(NOK([),I=I,NI)
Z=ZMIN
X=CHA IN(N)
DO 9 I=I,NI
L=Z+I.
IF(I-NOK( I))6,7,8

6 Z=Z-I.
7 C=ABS(L-ZP)

IF(2.2-C)22,23,23
23 YIELD=6.8444E21*X*EXP(-. 7*C*C)*YM

GO TO 24
22 Y IELD=2.675E27*X*EXP (-7.38*C)*YM
24 A(I)=YIELD/2.

GO TO 9
8 C=ABS(Z-ZP)

IF(2.2-C) 27,28,28
28 YILLD=6. 8444E2 1*X*EXP(-.7*C*C)*YM

GO TO 29
27 YIELD=2.675E27*X*EXP(-7. 38*C)*YM
29 A(I)=YIFLD
9 CONTINUE

PUNCH l00,AN0(N),ZMIN,NI
PUNCH 1O1,(A(I),I=l,NI)
Y(N)=O.O
DO 10 I=I,NI

10 Y(N)=Y(N) *A( I )/1.45E22
N=N+l
GO TO 1

11 DO 12 N=l,83
12 P(N) =(CHAIN(N)-Y(N) ) *1O0./CHAIN( N)

PRINT 103
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PkINI 1C4
()( 13 t=v,41

f-l = N + 4' 2
13 PRI'AT l0oi,ANC;(N),CHAIN(N),Y(N),P(N),APNWIV ),CHAIN(M),Y(M)I,P(M)

PRINT 10Y,ANf!(42?),CIIAIN(42),Y(4?),P(4 )
STOP

16 FURMAT( H2,f 8.4)
17 FUR'lAT(FIO.f,I l0 5Fl0.4)
18 FURVAT(EI0.4)
52 FORMATI1I12)
100 FORMAT(2FIO.O, 110)
Id FORMATiIP6EI2.4)
103 F0R mAT(lHl,39X,52HCOMPARIS0N OF CHAIN YIELD AND SUM OF ISOTOPIC Y!

I ELDS )
104 F(RMAT(IHO,2(8X,5HA NO.,4X,LIHCHAIN YIELD,3X,14HISOTOPIC YIELI),2X#

I8HPCT )IFF,5X) ,IH )
105 F(]R\lAf( 2(5X,FIO.O,2FI5.4,FIO.2,5X)
1C6 FORMAT ( 5X,FIO.O,2F 15.4,FlO.2)
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PROGRAM I

A, ANO = Atomic weight of mass chain

C = Absolute value of Z - Zp

CHAIN = Chain yield

ITF = Indicator of the type of fission: 1 indicates Pu-239

thermal neutron fission; 2 indicates U-235 thermal

neutron fission; 3 indicates thermonuclear neutron

fission; 4 indicates U-235 fission spectrum neutron

fission

NI = Number of isotopes in mass chain

NOK = Indicator of isomeric split: 0 indicates no isomeric

pair; 1 indicates first member of isomeric pair; 2

indicates second member of isomeric pair

P= Percent difference between chain yield and sum of

isotopic yield

Y Sum of isotopic yields

YIELD Isotopic yield

YM Number of megatons of fission

Z Atomic number of isotope

ZXIN One unit less than the atomic number of the first isotope

in the chain

ZF Most probable charge formed in fission

X, W, WW,

WWW = Dummy variables

M, N, I = Indicies of "DO" loops
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PROGRAM I

Start

Input Data

1

efermind
Type Of fission

Fi.0 17
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C PROGRAM II
C THIS PROGRAM COMPUTES AND WRITES ON TAPE THE NORMALIZED SPECTRAL
C SHAPES
C

COMMON A,Z,StSOiLtTHALF,GIRLY,FRAC,EOPvFOG
READ 9l,MF,ALPHA

1 READ 17*ANO,NI,ZMINt(16)
WRITE TAPE 3,ANO,NI
KA=O
A=ANO
L=ZMIN
DO 15 L=1,NI
READ 18,IO,THALF,JO
IF (KA) 5,4,5

4 Z=Z+I.
5 IF (JO) 6,7,6
6 KA=l

GO TO 8
7 KA=O
8 IF(THALF)9,30,9
30 MI=I

FUNN=O.O
WRITE TAPE 3,MI,THALF
WRITE TAPE 3,FUNN
GO TO 15

9 SO=(Z/137.0371)**2
S=SQRTF(l.O-SO)-l.O
II=IABS(TO)
DO 15 LOLA=1,II
IF(10)20,20,21

20 IF(MF)22,22,23
22 READ 90,DIFF,W

GO TO 24
23 READ 90,W,DIFF
24 EOP=DIFF*ALPHA

FRAC = 1.000

GO TO 14
21 READ 19,EOP,FRAC
14 GIRLY=SHAPE(2)

CALL BINER(LOLA,[I)
15 CONTINUE

GO TO I
16 END FILE 3

REWIND 3
STOP

17 FORMAT(F1O.0,15,FIO.0)
18 FORMAT(15,PE1O.2,15)
19 FORMAT(2F10.3)
90 FORMAT(2EI0.3)
91 FORMAT(15,E1O.4)

END
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FUNCTION SHAPE (R)
C
C THIS SUBROUTINE COMPUTES LOG 10 FT VALUES FOR THE FISSION PRO- *
C *DUCTS. THESE LOG 10 FT VALUES ARE IN TURN USED IN DETERMINING *
C *THE FORBIDENESS SHAPE FACTORS TO BE USED WITH THE FERMI BETA DE-*
C *CAY THEORY IN FORMULATING SPECTRAL SHAPES. *
C

COMMON A,Z,S,SC,L,THALF,GIRLYtFRAC,EOP,FOG
FP=GORT(1)
FP1=ALOG(FP*THALF)/2.30258
PSQ=5.464EO3/(FP*THALF)
IF (6.-FPI) 2t11

1 SHAPE=20.
RETURN

2 IF (8.-FPI) 413,3
3 SHAPE=-I.

RETURN
4 IF (IO.-FPI) 6,5,5
5 SHAPE=O.O

RETURN
6 IF (15.5-FPI) 8,7,7
7 SHAPE=1.0

RETURN
8 SHAPE=2.0

RETURN
END
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FUNCTIUN GURT (BO)
C
C * THIS SUhROUTINE CnMPUTFS THE FERMI INTFGRAL FUNCTION USING THE *
C *TRAPLZOIAL RULE. THIL INTEGRATION IS CALCULATED IN TWO PARTS. *
c *F[,'k T LESS THAN OR EUUAL TO 1.0 MEV EACH 0.1 MEV INTERVAL IS $
C *SEPEPATFI) INTr TITN INCREMENTS. FOR T GREATER THAN 1.0 MFV EACH *
C *1.0 MEV INTEKVAL IS SEPERATED INTO TEN INCREMENTS. *
C

C)Jk!M'I A,/, S,SfJ,L ,THALF,GIRLY,FRAC,EOP,FOG
GCRFT=O.
E=O.

CL AMY=. 019 51
IO=((CE[1PI/.Si1I ) .)

Nfl T= 1 0 1
f ()G=PH I()
IF (1.-F)P) 2,2,1

l N)T=(['3P/.01+I.)
2 [)tO) 6 K=l,N.JT

E=E +( LAMY
IF (K-I) 3,3,4

3 =1.0
4 X (=SORT F (F*f--1.0)

Y=.04,)H 5*Z*E/X

ZAM=Ff)-E
f = Y*X*F:J(;- ZAm*ZAM*:*CL AMY*(( SO*F*E+X*X/4. )**S)/AH S (I .- EXPF (-Y)
IF (NUT-K) ',5,6

5 F=F12.
6 Gt)T:GURT F

IF ([1.-ElP) 8,1,7
7 RETURN
8q NUIT=CFFP-I.)/. I

CLAMY=. 195 t
D 13 K=1,NUT
IF (K-I) 9,9,10

9 E=2.951
GO TO I I

10 E=-+CLAMY
11 X=SORTF(E*E-1.0)

Y=.045d5*Z*F/X
ZAM=-IJ-E
F=Y*,X*FG'OG*ZAMNfZA-E* CLAMY*((SCJ*F*[+X*X/4.)**S)/ABS(I.-EXPF(-Y)
IF (K-I) 12,12,13

12 F=F/2.
13 GORT=GrkT+F

RE TURN
END

149



GNE/Phys/65-3

FUNCTION PHI (BB)
C
C *THIS SUBROUTINE COMPUTFS PHI(Z), A FUNCTION OF ATOMIC CHARGE AND*

C *MASS NUMBER ONLY. NOTE THAT PHIZ) IS UNITLESS. *

C
COMMON A,ZtSSOtL,THALFtGIRLY,FRAC,EOP,FOG
C=5.1794E12
O=A**0.33333333
R=I.112E-15*(O-.62025/D)
RS=2.*S
PHI=((C*R)**RS)*((2./GAMMA(3.+RS))**2)*(L.+S/2.)
RETURN
END
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FUNCTION GAMMA (X)
C
C *THIS FUNCTION COMPUTES THE GAMMA FUNCTION OF X FOR POSITIVE AND*
C *NEGATIVE VALUES OF X. *
C

COMMON A,ZtS,SO,L,THALFtGIRLY,FRAC,EOP,FOG
I IF (X) 8,2,3
2 PRINT IO,X

GAMMA=1.70141179E38
RETURN

3 Y=X
4 GLN=O.918938568+(Y-O.5)*ALOG(Y)-Y+(1.O/(12.0*Y))-(I.O/(360.O*Y**3)

1)+(1.O/(1260.O*Y**5))-(I.O/(1680.O*Y**7)+(I.O(1188.0*Y**9))
IF (GLN-88.0) 5,2,2

5 G=EXPF(GLN)
IF (X) 7,1,6

6 GAMMA=G
RETURN

7 GAMMA=3.1415927/(SINF(3.1415927*Y)*GI
RETURN

8 K=-X
Y=K
IF (Y+X) 9,2,9

9 Y=1.O-X
GO TO 4

10 FORMAT (18H GAMMA FUNCTION OF,IPEI5.7127H EXCEEDS +/-1.70141179E+3
18.)
END
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SUTF(ITINL riI N[R(LCLA, I I)
C
C * THIS SUIRUUTINE CALCULATES AND SUMS ALL OF THE IN0IVIDUAL IN- *
C *STANTANt-flUS AND INTEGRATED SPFCTRA FROM THF FISSION PRrDUCTS.
C *IT COMBINES ALL (IF THF ACTIVITY, HALF-LIFE, FPF, AND F0R3I3DF- *

C *NIUSS INFGRIATION IN CALCULATING THE FFFFCTIVF BFTA SPECTRUM (IF *
C *THE FISSIGN PRODUCTS. *
C

CO-MON A,Z,S,S(,L, THALF,GIRLY,FRAC,E,P,FnCG
GI.[ FNSION FUN(21O) ,FUNI (210,11)

4 SUM=O.O
E=O.O
NOT=101
CLAMY=.01957
EO=((E P/.5I1)fl.)
IF (I.-EOP) 6,6,5

5 NOT=EOP/.01+1.
6 00 18 K=I,NOT

E=E+CLAMY
IF (K-I) 7,7,8

7 E=1.0
8 X=SQRTF(E*E-1.0)

Y=.04585*1*E/X
7AM=EO-E
F=Y*X*FOG*ZAM*ZAM*E*CLAMY*((SO*E*+X*X4.)**S)/AiS(l.-FXPF(-Y))
IF (GIRLY) 10,11,9

9 IF (GIRLY-2.0) 12,13,14
10 FUN(K)=F*(X**2 ZAM**2)

GO TU 15
11 FUN(KI=F*(X**2+ZAM**2)/12.

GO TO 15
12 FUN(K) =F*( X**4+10.*( X**2)* (ZAM**2 )/3.+ZAM**4)

GO TO 15
13 FUN( K) =F*( X**6+7. *X*X*ZAM*ZAM*(X*X-ZAM*ZAM) +ZAM**6)

GO TO 15
14 FUN(K)=F
15 IF (NOT-K) 16,16,17
16 SUM=SUM+FUN(K)/2.

GO TO 18
17 SUM=SUM+FUN(K)
18 FUN(K)=FUN(K)/CLAMY

IF (l.-EOP) 19,33,33
19 MOT=(FOP-1.)/.I+I.

CLAMY=. 1957
DO 32 K=1,MOT
MOTO=K+100
IF (K-I) 20,20,21

20 F=2.957
GO TO 22

21 E=E+CLAMY
22 X=SQRTF(E*E-1.0)
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Y=.04585*Z*E/X
ZAM=EO-E
F=Y*X*FOG*ZAM*ZAM*E*CLAMY*((SO*E*E+X*X/4.)*SI/ABS(I.-EXPF(-Y)I
IF (GIRLY) 24,25,23

23 IF (GIRLY-2.0) 26,27,28
24 FUN(MOTO)=F*(X**2+ZAM**2)

GO TO 29
25 FUN(MOTO)=F*(X**2+ZAM**2)/12.

GO TO 29
26 FUN(MOTO)=F*(X**4+10.*(X**2)*(ZAM**2)/3.+ZAM**4)

GO TO 29
27 FUN(MOTO)=F*(X**6+7.*(X**2)*(ZAM**2)*(X**2+ZAM**2)+ZAM**6)

GO TO 29
28 FUN(MOTO)=F
29 IF (K-I) 30,30,31
30 SUM=SUM+FUN(MOTO)/2.

GO TO 32
31 SUM=SUM+FUN(MOTO)
32 FUN(MOTO)=FUN(MOTO)/CLAMY

MI=MOTO
GO TO 34

33 MI=NOT
34 IF(LOLA-1)90,77,90
77 DO 79 KO=1,210
79 FUNI(KO,L)=O.O
90 DO 83 KO=19MI
83 FUNI(KO,L)=FUN1(KO,L)+FUN(KO)*FRAC/SUM
84 IF(LOLA-II)75978,75
78 WRITE TAPE 3,MI,THALF

WRITE TAPE 3t(FUNl(KOtL)vKO=1vMI)
75 RETURN

END
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PROGRAM II

Main Program

A,ANO Atomic weight of mass chain

ALPHA Fraction of transition energy going by beta decay

DIFF Mass difference between two isotopes

EOP End point energy

FzAC = Fraction of decays with specific end point energy

FUNN Normalized spectral value

IO, II = Number of different betas

JO = Branching indicator: 0 indicates no branching;

1 indicates branching

MI = Number of energy increments

MF - Mass Formula indicator: 0 indicates Coryell's formula;

i indicates Cameron's formula

NI Number of isotopes in mass chain

SHAPE See Function SHAPE

THALF Half-life of isotope

W Dummy variable

Z = Atomic number of isotope

ZMIN = One unit less than the atomic number of the first isotope

in the chain

FOG, GIRLY,

S, SO, = Interim Calculation Variables

KA, L = Indicies of "DO" loops
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Function SHAPE

SHAPE = A function which calculates the "log ft" values

FP = Fermi Integral Function

GORT = See Function GORT

FPI, PSQ = Interim Calculation Variables

R = Dummy variable

Function GORT

GORT = A function which calculates the Fermi Integral Function

BO = Dummy variable

CLAMY = Energy Interval

E, EO, F, X,

Y, ZAM = Interim Calculation Variables

K, NOT = Indicies of "DO" loops

Function PHI

PHI = A function which computes a term used in GORT

BB = Dummy variable

C,D,R,RS = Interim Calculation Variables

Function GAMMA

GAMMA = A function which computes the value of the gamma function

X = Dummy variable

G,GLN,K,Y = Interim Calculation Variables
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Subroutine BINER

BINER = A subroutine which computes and stores the values

of the normalized spectral shapes

FUN = Value of the spectral shape

FUN i = Normalized value of the spectral. shape

SUM = Integral value of the spectral shape

NOT, MOT,

MOTO Interim Calculation Variables

LOLA, K,

KO = Indicies of "DO" loops

156



GNE/Phys/65-3

PROGRAM 11

SartD

input 0ata

Do157
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14

Coll Call. call call calculate
shape 6ort hi Bomma Gamma

MAE.Rug
Calculate Calculate calculate Return
Shape Goff Phi

Return Return

Call alarming Calculate
Bluer Birly F u n

15 Output

T Results

Continue
Return

1' (Continued)
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C PROGRAM III
C PROGRAM TO GENERATE NEW INPUT DATA TAPE

DIMENSION A(11),THALF(11)tB(11),FUNI(210,11),MI(l1)
NX=O

I READ 1O1,ANO,ZMIN,NI,(8)
READ 102,(A([I),I=I,NI)
READ TAPE 1,ANO,NI
DO 7 I=1?NI
READ TAPE 1,MI(I),THALF(I)
MM=MI(I)

7 READ TAPE lg(FUNI(K,I)PK=I,MM)
DO 4 I=1#NI
IF(THALF(I))2v3,2

2 B(I)=O.693/THALF(I)
GO TO 4

3 B(I)=O.O
4 CONTINUE

WRITE TAPE 3,ANO,NI,(A(I),I=1,NII,(B(I),I=I,NI)
DO 5 L=I,NI
WRITE TAPE 3,MI(L)
MM=MI(L)

5 WRITE TAPE 3,(FUNI(K,L),K=I#MM)
GO TO 1

8 END FILE 3
NX=NX+l
PRINT 103,NX
REWIND I

IF(NX-4)1,6,6
6 REWIND 3

STOP
101 FORMAT(2F10.O,I1O)
102 FORMAT(lP6EI2.4)
103 FORMAT(15)

END
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PROGRAM III

A = Concentration of isotope immediately after fission

ANO = Atomic weight of mass chain

B Decay constant of isotope

FUN 1 = Normalized spectral shape value

MI = Number of energy increments

NI Number of isotopes in mass chain

THALF Half-life of isotope

24IN = One unit less than the atomic number of the first

isotope in the chain

MM, NX = Interim Calculation Variables

I, K, L = Indicies of "DO" loops
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PROGRAM III

Start

Plo'iOtpu more.r YesrPojcm
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C PROGRAM IV
C THIS PROGRAM SOLVES THE DECAY EQUATIONS EXACTLY
C DIMENSION A(11),AA(I1),B(11)tBB(11)tFUNI(210,11)vMM(11)vBC(11),L(1

11),AB( 1I20)vDC(10,10)#E(10)
COMMON EVE(20),SUN(20,210),ITF,SUM(210)
READ 990,ITFvYM
ITT=ITF-1
IF(ITT)12,13,12

12 DO 14 NX=I,ITT
14 CALL WINDER
13 READ 990,NT

READ 99Iq(EVE(K)qK=1,NT)
00 97 KK=1983
READ TAPE 1,ANONIP(AA(I),I=I,NI),(BB(I),I=ltNI)9(2000)
DO 98 LX=I,NI
AA(LX)=AA(LX)*YM
READ TAPE 1,MI
MM(LX)=MI

98 READ TAPE 1,(FUN1(KO,LX),KO=19MI)
DO 99 IX=1,Nl
READ 992,ANO,NP,(2000)
00 99 JJ=1,NP
READ 993,NC9(BC(K)tL(K),K=1,NC)
DO 99 Il=ltNT
T=EVE(II)
AB(IX9II)=O.O
GO TO (10,20,30,4050,60,7Ot,8OtO, O),NC

10 DO 11 K=19NC
LL=L(K)
B(K)=BB(LL)

11 A(K)=AA(LL)
Pl=BC(1)

1 XNI = Pl*A(1)*EXP(-8(1)*T)
AB(lx,ll)=AB(IX91I) XNI

GO TO 99
20 DO 21 K=ltNC

LL=L(K)
B(K)=BB(LL)

21 A(K)=AA(LL)
PI=BC(1)
P2=BC(2)

2 00 201 I = 1,2
DO 201 J = 1,2

201 DC(I,J) = B(l)-B(J)
DO 202 I = 1,2

202 E(U) = EXP(-B(I)*T)
Tl = E(1)/DC(2,l)
T2 = E(2)/DC(192)
XN2 = Pl*B(I)*AfI)*(TI T2)+P2*A(2)*E(2)
AB(IX,II)=AB(I,II )+XN2
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GO TO 99
30 DO 31 K=I,NC

LL=L(K)
B(K)=BB(LL)

31 A(K)=AA(LL)
PI=BC(l)
P2=BC(2)
P3=BC(3)

3 DO 301 1 = 1,3
DO 301 J = 1,3

301 DC(I,J) = B(I)-B(J)
DO 302 1 = 1,3

302 E(1) = EXP(-B(I)*T)
TI = E(1)/(DC(2,1)*DC(3,))
T2 = E(2)/(DC(1#2)*DC(3,2))
T3 = E(3)/(DC(1,3)*DC(2,3))
XN3 = PI*B(I)*B(2)*A(1)*(TI+T2+T3)
TI = E(2)/0C(3,2)

T2 = E(3)/DC(2,3)
XN3 = XN3+P2*B(2)*A(2)*(TI+T2)+P3*A(3)*E(3)
AB(IX,II)=AB(IX,II)+XN3
GO TO 99

40 DO 41 K=I,NC
LL=L(K)
B(K)=BB(LL)

41 A(K)=AA(LL)
Pl=BC(1)
P2=BC(2)
P3=BC(3)
P4=BC(4)

4 DO 401 I = 1,4
DO 401 J = 1,4

401 DC(I,J) = B(I)-B(J)
DO 402 I = 1,4

402 E(1) = EXP(-B(I)*T)
TI = E(I)/(DC(2,1)*DC(3,I)*DC(4,1))
T2 = E(2)/(DC(1,2)*DC(3,2)*DC(4,2))
T3 = E(3)/(DC(1,3)*DC(2,3)*DC(4,3))
T4 = E(4)/(DC(1,4)*DC(294)*DC(3,4))
XN4 = PI*B(I)*B(2)*B(3)*A(I)*(TI+T2 T3+T4)
TI = E(2)/(DC(3,2)*DC(4,2))
T2 = E(3)/(DC(293)*DC(4,3))
T3 = E(4)/(DC(2,4)*DC(3,41)
XN4 = XN4+P2*B(2)*B(3)*A(2)*(Ti+T2+T3)
TI = E(3)/DC(4,3)
T2 = E(4)/DC(3t4)
XN4 = XN4+P3*B(3)*A(3)*(TI+T2)+P4*A(4)*E(4)
AB(IX,II)=AB(IX,II)+XN4
GO TO 99

50 DO 51 K=I,NC
LL=L(K)
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B(K)=BB(LL)
51 A(K)=AA(LL)

Pl=BC(I)
P2=BC(2)
P3=BC(3)
P4=BC(4)
P5=BC(5)

5 00 501 1 = 1,5

DO 501 J = 1,5
501 DC(I,J) = B(I)-B(J)

DO 502 1 = 1,5
502 E(I) = EXP(-B(I)*T)

TI = F(1)/(DC(2,1)*DC(3,1)*DC(4,1)*DC(5,1))
T2 = E(2)/(DC(l,2)*DC(3,2)*DC(4,2)*DC(5,2))
T3 = E(3)/(OC(I,3)*DC(2,3)*DC(4,3)*DC(5,3))
T4 = E(4)/(DC(i,4)*DC(2,4)*DC(3,4)*DC(5,4))
T5 = E(5)/(DC(l,5)*DC(2,5)*DC(3,5)*DC(4,5))
XN5 = Pl*8(1)*B(2)*8(3)*8(4)*A(1)*(TI+T2+T3+T4+T5)
TI = E(2)/(DC(3,2)*DC(4,2)*DC(5,2))
T2 = E(3)/(DC(2,3)*DC(4,3)*DC(5,3))
T3 = H(4)/(DC(2,4)*0C(3,4)*DC(5,4))
T4 = F(5)/(DC(2,5)*DC(3,5)*DC(4,5))
XN5 XNS+P2*9(2)*B(3)*B(4)*AI2)*(Tl+T2+T3 T4)
TI = E(3)/(DC(4,3)*DC(5,3))
T2 = E(4)/(DC(3,4)*DC(5,4))
T3 = F(5)/(DC(3,5)*DC(4,5))
XN5 = XN5+P3*B(3)*B(4)*A(4)
TI = E(4)/DC(5,4)
T2 = E(5)/C(4,5)
XN5 = XN5+P4*B(4)*A(4)*(TI+T2)+P5*A(5)*E(5)
AB(X,I)=AB(IX,II)+XN5
GO TO 99

60 DO 61 K=I,NC
LL=L(K)
B(K)=BB(LL)

61 A(K)=AA(LL)
Pl=BC(1)
P2=BC(2)
P3=BC(3)
P4=BC(4)
P5=BC(5)
P6=BC(6)

6 DO 601 1 = 1,6

DO 601 J = 1,6
601 DC(1,J) = B(I)-B(J)

DO 602 I - 1,6
602 Ell) = EXP(-B(I)*T)

TI = E(1)/(DC(2,1)*DC(3,1)*DC(4,1)*DC(5,1)*DC(6,11)
T2 = E(2)/(DC(1,2)*DC(3,2)*DC(4,2)*DC(5,2)*DC(6,2))
T3 = E(3)/(OC(',3)*DC(2,3)*DC(4,3)*DC(5,3)*DC(6,3))
T4 = E(4)/(DC(1,4)*DC(2,4)*DC(3,4)*DC(5,4)*DC(6,4))
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= r r(5)/UIC( 1i')FC(?,5) *l)C( 3,'i)'f)C(4,5)'*rfC(,') )
T"6 = ( 60) / ( OC 1, ,)*DC 2,, *OC (3,6 *f) 4, 6 *OC 5, 6)I
XN' P 1",;A( 1 * I2 * 1) ,*11(. 4)*Fk( ') *A(I))*(TI TT?-T3+-T4+I T+T6)

T I = (2)/ DIC(3, 2)** C 4, *0C 5,? *DC(6,2)

T? = (3)/( IC(2,3)*DC(4,3)*0C(5,3*)C(6, )
T3 = L(4)/(IJC( ?4)*)C(3,4)*DC(5t4)*0C(6,4))
T 4 = (S D)/(f2C(2,5)*DC(3,5)*DC(4,5)*)C(6,5))
T5 = L(6)/(DC(2,6)*DC(3,6)*I)C(4,6)*OC(5t6))
XN6 : X46+P2*b(2)*ti(3)*B(4)*B(')*A(?)*( TI+T?+T 3T4 T5)
TI = [ 3(3)/((C(4,3)*)C(5,3)*OC(6,3))
T2 = E(4)/(I)C(3,4)*()C(5,4)*DC(6,4))
T'3 = -(5)/(I)C(3,5 )*OC(4,5)*DC(6tS))

T4 = F(6)/(0C(3,6)*tC(4,6)*0C(5,6))
XN6 = XNI,+P3*B(3)*B(4)*B(5)*A(3)*(TI-T2-T3+T4)
TI = b(4)f(D('5,4)*DC(6,4))
T2 = 1( )/(')C(4,5)*I)C(t,5))
Ti = F( l)/(DC(4,6)*0C(596)
XN6 A N6+P4*l(4)*'3(3)4A(4)*(TI+T2+T3)
TI =
r2 = 7(,")/ C(5,6)
XN6 =XN6+ 15*3|qI*A(5)*(TI+T2)+P6 ,A(6)*E(6)

AH(IX, I)=at3(IX, II H+XN6
GO TI '19

7C Df 71 K=L,NC
LL=[.(K)
b(K) =(ILi(LL)

71 A(K)=AA( L L
Pl=t!C(I)
P2=IAC( 2)
P3=tC(3)
P4 =i3C ( 4
P: =RC ( 5(

PI=RC(7)
7 nr) 701 1 = 1,7

UP 7r11 J = 1,7
7GI DC(I,J) i(l)-1(J)

U1, 70,? 1 1,7
702 E(I) FXP(-R(I)*T)

TI = 7,()/( I C (2,I)1C (,) )*DC (4,1) DC(5,1)*DC(6, 1)*OC(7,1)1
T2 = ? (2)/(C I ,2,)*I)C(3 2)*DC(4,2 *1)C(5,)*IC(6,?)*fC( 7,2))

T3 = ( 3)/(f)C( 1,I)*DC(2,3)*O(4, *OC(5,i)*I)C(6,3)*)C( 7,3))
T4 = 1-(/)/(I)C( l,4)* )C(2,4)*)C(3,4).)C(5,4)*ItC(6,4)*I)C(7, 4 ))
T5 I (5)/(r)C( 1,)*f0C(2,5)*C(3,5) 't)C(4,5)*t)C(b,S)*[)C(1,5))
16 = L(O) /(IC( 1,6)*UC(2,6)*0C(3,6)*()C(4,6)*OC(5,6)* )C( 7t6))
T7 i ()/(()C l, 7)*0C(2 ,7)*DC(3, 7)*I)C(4, 7)*OC(5,7)*DC(6, 7)
AN 7 1 *['-ig I ) !3 ( ?})* B( 3) *B(4 ) * B( 5) H ( ,) *A( I *( TI+T 2 +T3 +-T 4+ T + T 6+TT7

TI f (2)/( )C(3,2)*DC(4,2)DC5,2)*D)C(6,2)C( I,2)
T= L (3)/( )C(2,3) DC(4,3) DC(5,3)*DC 6, 3)*DC(7,3)
T3 = 0 ()/(C(2,4) *0CC 3,4) 0C S,4}) 'C(6,40*DC( 7,4)
14 : V( ) ( ( , )0 ( , . C 4 5 * C 6 5 * C 7,q)
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T = t-(6)/(OC(2,6)*DC(3,6)*DC(4,6)*DC(5,6)*DC(7,6))
T6 = -(7)/(rC(2,7)*DC(3,7)*DC(4,7)*DC(5,7)*f)C(6,7))

XN7 XN7+P2*B(2)*8(3)*B(4)*(5)*B(6)*A(2)*(TI+T2+T3+T4+T5+T6)
TI = t(3)/(fC(4,3)*DC(5,3)*DC(6,3)*nC(7,3))
T2 = E(4)/(DC(,4)*DC(5,4)*DC(6,4)*DC(7,4))
T3 = F(5)/(DC(3,5)*DC(4,5)*DC(6,5)*DC(7,5))
T4 = F(6)/(DC(3,6)DC(4,6)'*DC(5,6)*DC(7,6))
T5 = E(7)/(L)C(3,7)*DC(4,7)*OC( 5 ,7)*DC( 6, 7 ))
XN7 XN7+P3*3(3)*B(4)*B(5)*B(6)*A(3)*(Ti+T2+T3 T4+T5)
TI = F(4)/(OC(5,4)*DC(6,4)*DC(7,4)
T2 = E(5)/(OC(4,5)*DC(6,5)*DC(7,5))
13 = E(6)/(DC(4,6)*DC(5,6)*DC(7,6))
T4 = E(7)/(DC(4,7)*FC(5,7)*DC(6,7))
XN7 = XN7+P4*B(4)*B(5)*B(6)*A(4)*(TI+T2+T3+T4)
TI = -(5)/(DC(o,5)*DC(7,5))
T? = E(6)/(DC(5,6)*DC(7,6))
T3 = E(7)/(DC(5,7)*DC(6,7))
XN7=XN7+P5*B(5)*B(6)*A(5)*(Tl+T2+T3)
TI = E(6)/DC(7,6)
T2 = E(7)/OC(6,7)
XNi7 = XN7TP6*B(6)*A(6)*(TI+T2)+P7*A(7)*E(7)
A,3(I(,11)=AB( IX,11)+XN7

GC Ti0 99
8C Ofl Pt K=1,NC

LL=L(K)
8 (K) =qfti ( LL)

81 A(N,)=AA(LL)
PI=FC( I)
P2=6C(2)
P3 =CiCL(3)
P4=HC(4)
P5= c ( 5 )
Pb=P-C (6)

PH=fRC ( J)

DO 802 j = 1,8

L) 0 602 1 1,8
b 0e E(HI = EXP(-3( I )*T)

TI = t(l)/(DC(?,I)*PC(3, 1)*OC(4,1.)*)DC(5, 1)*DC(6,l)*DC(7,1)*DC(8,1)
I)
T2 = F2/(I)C( 1,2) DC(3,2}D C(4,2)* DC(5,2) 0 C(6A,2)*OC(7,2) DC(8,2)
I)
T= F(3/)C( 1,3)*DC(2,3)DC(4,3)*DC(5,3) DC 6,3)*DCt7,3)*O C(8,3)

1)
T4 = L (4)/(WC( ,4)*)C(2,,4)*DC 3 4*DC(5,4)*nC(6,4) *DC (7,4)*DC 8,4)
I)
TS = WC (I)/(5)C( *,5) 2C(2,5)*DC3, )*DC( ,41)DC(6,5)*DC (7, 5)*DC8,5)

L )
I, = !(b)/( 1C(.,6) *L)C 2,6)*DC(3,) D C4,6) *fC(5,6)*DC(7,6)*DC 8,6)
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I)
T7 = I()/(iC( 1,7)*DC( ?,7)*DC(3,7)*OC(4,7)*OC(5,7)*DC(6,7)*DC(8,7
1)
1o = t-(8)/ C( l,8)*DC(2,3)*DC(3,8)*DC(4,8)*DC(5,8)*OC(6,8)*DC(7,8)

I)
X,N; =I3(1) *3(2) *-(-3)*3(4)*R(5)*8(6)*6( 7)*A( i)*(TI+T?+T3+T4+T9+T

I L+T 7+ Te, )
TI = (2) /(OC( 3,2)*OC(4,2)*9C(5,2)*DC(6,2)*DC(7,2)*DC(8v2))
T"? = M/ F(/(%(2,3)*DC(4,3)*OC(5,3)*!C(6,3)*0)C(7,3)*OC(8,3))
T1 = -(4)/(t)C(2,/)*DC(3,4)*DC(5,4)*DC(6,4)*I)C(7,4)*DC(8,4))
T4 = t(5)/(0C(2,5)*C(3,5)*tC(4,5)*DC(6,5)*DC( 1,9*DC(8,5)
T15 = t ( /(MC(2,6)*[C(,6)*OC(4,6)*0C(5,6)*DC(7,6)*DC(8,6))
To = i(7) /(,.)C(2,7)*0C(3,7)*DC(4,7)*r)C(5,7)*OC(6,7)*DC(8t7))
17 = 2)*/C(C(2,8)* C(3,8)*OC(4,8)*)C(5,9)*DC(6,8)*D( (7,8))
X\' 2 )+p**((2)* (3)*,3(4)*B( 5)*B(6)*3(7)*A(2)*(TI+T2+T3+T4+T5+T6
I+TT)
TI =c 3)/(OC( 4,3)*DC(5,3)*DC(6, 3)*OC(7,3)*DC(8, 3))
T2 = L 4)/(LC 3,4)*DC(5,4),*DC(6,4)*,:C(7,4)*DC(P,4))
T = '- )/(/ C(3,5)*!CC(4,5)*;)C(6,5)*.)C(7,5)*oC( , 5))
T 4 = (6)/(C(3,6)(*DC(A6)C(5,6)*DC(7#6)*DC(8,6))
T' = t.(7)/(.)C(3,7)*0C(4,7)*DC(5,7)*OC(6,7)*DC(897))
T5 = c( 3)/(DC( 3of)*DC(4,8)*DC(5,8)*DC(6,8)*OC(7,8))
Xi,Qg "<XN8fP3.( f3)*R(4)'C,3(5)*P6)*P(7)*A()*(TI+T2+T3+T4+T5+T6)
fl = -(4)/(r,C(5,4)*DC(6,4)*OC(7,4)*DC(8,4|)
T? = L (5)/(,-C (4,5 ) * C ( 6,5) *DC (7, 5 )*OC( 8 1 )

T3 = E(6 )/(DC(4,6)*nC(5,6)*OC(7,6)*DC(8,6)
14 = L (7)/(.1C(4,7)* )C(5,7)*DC(6,7)*DC(8,7))
T = L(R)/()C(4,8)*L)C(5?8)*DC(6,8h*C DC(7,8))
xN, X' o+P4*tb(4)*8,(5)*-r(6)*6(7)*A(4)*(TI+T2+T3+T4+T )
11 = 5 / iC 6 5 * ( , ) 0 ( , )

T? = L(A)/( C(5,6)*OC(7,6)*DC(3,6)
T' = f-(7)/(i C(5,7)*0C(6,7)*DC(S,7))
T4 = ( / 0 ( , 1 0 ( , ) D ( , )
X"I; X%ti+,,35v,.(5)*Cs(6)*B(7)*A(15)*(Tl. T2+T3+T4-)

T? 7( )/ (,C ( 7,6) *DC ( 8 , 6))

X' : XN +Pt%*a(6)*H (7)*A(6)*(TI+T2+T3)
TI = c( 7)/'C(8,7)
12 = ;?IC78

Y',, = '< "1A+01( (7A(7 ) (T I + T2)+PS*A(8)*F( )
A ( Ix, I =Ar( I X, I )+XN,

L t. L K
'_, ( ) =2~r ( LL )

PA= A ( L )

P3, :bC ( i )
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P'5= BC ( 7)

P ") = B C ( ) )
P -1= C (7)

' rJ1 qjj [ = t,9

D0 9(c j I
99L GC( I,J) = ( I )--H(J)

(l 902 1 1,9
902 E(I) = [P(-B(I)*T)

TI = L 1 B)/I(C(2, I )*OC( 3, 1)*IC 4, I )*0C( 5, 1)*0C I6,1)*()C 71 I)OC ,1

1*0C(9,)
T3 = ( (3) / ()C( 1,3)*DC(2,3)*OC((4, )*DC( ,3)*DC(6,3}*I)C(7,3)*f)( 8,3)
t*flC(q,m}

T4 F (4}/(OC L,4)*DC2,4)*DC3,4*QC(5,4)*DC(6,4)*f)C 7,4) *CC8,4)
I*13G (J,4)
T5 = (5 (!)/C( 1,5)*!)C(2,5)*M,3,)*D(CC4,5)*OCI6,9)*C 7,'9)*DCC8,5}
1*[DC(9,'3) )

T6 = (6)/C1)C( 1,6)*DC(?,6)*C{ ,6)*!)C(4,6)*DC5, )*D(7,61*I)C(8,6)

I*DC (9,6))
T? E(7)/(DC(1,7)*DC(2,7) I)C(3,7) *iC(4,7) *C0 (5,7)*

1) C (6,7)* D C ( 8,7)

1*CC('9,7))
T 8 F( 8) OC ( I,8)I C ( 2,)*DC(3,8)*DC( ,) *(C( 5,,8D) *DC(6,8)*DC( 7,8)

1*D,C(9,8)
T9 = E(9)!(DC( 1,9)*DC(2,9)*DC(3,q)*IDC(4,9)*DC(5,Q)*D)C(6,9)*DC(7,8)
I*UC(9,9) I
XN? = P1*3(I)*B(2J*P|3)*h (4)*B(5)*3(6)*B{ 1) *R(8)*A (I*ITL+T2+T3+T4

I f +T 5 6+T 7+T 1T9)
T1 = E(2)/(OC(3,2)*t)C(4,2)*DC(5,2)*)C(6,)*DC(7,2)*OC( 8,2)*DC(9,2)

I)
12 = F(3)/(DC(2,3}*I)C(4,3)*C(5,3)*D)C6,3)*DC(7,3}*DC8,3)*DC(O,3)
1)

13 = F(4)/(0C(2,4)*IJC(3,4)*DC(5,4)*DC(6,4)*OC7,41*f)CC ,4)*OC(9,t4)
1)

T4 = E(5)/( OC(2,5)*DC(3,5)*DC(4,5)*DC(f, 5)*DC( 7,5)*DC(8,5)*DC( ,5)

T5 = E(6)/(OC(2,b)*OCC3,6)*OC (4,6)*DC(5,6)*C.( 7,6)*I)C(8,6)*DCC(,6)
1.)

TG = E(7)/(C(2,7)*DC(3,7)*OC(4,7)*DC(5,7)*DC(6,7)*DC(8,7)*DC(9,7)
L)

T7 = F( 8)/(DC(2, 8)*DC3,8)*I)C(4, 8)*OC(5,8)*OC(6,8)*DC( 7,8)*DC(9,8)
1)

TS = F(9)/(I)C(2,9)'*f)C(i,9)*DC(4,9)*DC(5,9)*DC(6,9)*OC( 7,9)*OC(8,9)
1)

Xf49 = XN9+P2*R(2)*P(3)*B(4)*I (5)*P(6)*P( 7)*3(3)*A(2)*(TJ+T2-T3fT4+
1T5+T6+T1I+T8)
TI = F-13)/(OC4,3)*DC(5,3)*DC(6,3)*DCT,3)*DC(gt3)*DC(9,3))
T2 = F(4)/(DCC 3t.*DC(5,4)*DC(6,4)*DC(7,4)*0C(8,4)*DC(994))
T3 = F(5)/(DC(3,5)*DC(4,5)*DC(6,5)*DC(7,5)*I)C(8,5)*C(9,5))
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T4 = F(6)/(DC(3,6)*DC(4,6)*DC(516)*)C(7,6)*DC([,
6 )*DC( 9 96 ))

T5 = L(7)/(OC(397)*OCI4,7)*DC(5,7)*DC(6,7)*DCI8,7)*DC(q,7)I

T6 = E(8)/(DC( 3 ,8)*DC(4,8)*OC(5,8)*fC(6,8)*DC(7,8)*OC(
9 98))

T7 = F(q)/(DC(3,9)*DC(4,9)*DC(5,9)*DC(6,9)*DC(7,9)*DC(P,9))
XN9 = XN9+P3*B(3)*B(4)*B(5)*B(6)*B(7)*B(8)*A(3)*(TI+T2+T3+T4+TS+T

6

l+T7)
Tl = F(4)/(DC(5,4)*OC(6,4)*DC(7,4)*DC(8,4)*oC(

9 t4 ))

T2 = L(5)/(0C(4,5)*DC(6,5)*0C(7,5)*DC(8,5)tDC(9,5))
T3 = E(6)/(OC(4,6)*OC(5,6)*DC(7,6)*DC(, 6)*DC(

9 ,6 ))

T4 = E(7)/(CC(4,71*DC(5,7)*OC(6,7)*DC(8,7)*DC(
9 ,7))

T5 = F(8)/(DC(4,8)*0C(5,8)*DC(6,8)*DC(7,8)*DC(
9, 8 ))

T6 = E(9)/(DC(419)*DC(599)*DC(6,9)*DC17,9)*DC(6,
9 ))

XN9 = XN9+P4*B(4)*B(5) *(6)*8(7)*B(8)*A(4)*(TI+T2+T3+T4+T5+T6)

Tl = E(5)/()C(6,5)*DC(7,5)*DC(8,5)*DC(9,5))
T2 = (6)/(DC(5,6)*DC(7,6)*DC(8,6)*DC19,6))
T3 = E(7)/(DC(5,7)*OC(6,7)*UC(8,7)*DC(

9 ,7))

T4 = E(8)/(DC(598)*DC(6t8)*OC(7,8)*OC(
9 ,8 ))

T5 = E(9)/(DC(5,9)*OC(699)*DC(7,9)*DC(
8 ,9 ))

XN9 = XN9+P5*B(5)*B(6)*B(7)*B(8)*A(5)*(TI+T2+T3+T4+T5)
Ti = E(6)/(DC(7,6)*DC(8,6)*DC(c,6))
T2 = E(7)/(0C(6,7)*0C(8,7)*DC(9,7))
T3 = E(8)/(DC(6,6)*DC(7,8)*DC(9,

8 ))

T4 = E(9)/(DC(6,9)*DC(7,9)*DC(
8 ,9 ))

XN9 = XN9+P6*B(6)*B(7)*B(8)*A(6)*(T T2+T3+T4)

TI = E(7)/(DC(8,7)*DC(9t7))
T2 = F(8)/(DC(7,8)*CC(9,8))
T3 = Ei(9)/(DC(7,9)*DC(8,9))
XN9 XN9+P7*B(7)*0(8)*A(7)*(TI+T2+T3)
TI = E(8)/OC(998)

T2 = E(9)/OC(8,9)
XN9 = XN9+P8*B(8)*A(8)*(TI+T2) P9*A(9)*E(

9 )

AB(IX,11)=AB(IX,II)+XN9
GC Tn 99

110 DO III K=1,NC
LL=L(K)
B(K)=BR(LL)

III A(K)=AA(LL)
PI=BC(1)
PZ=BC( 2)
P3=BC( 3)
P4=BC(4)
P5=BC(5)
P6=BL(6)
P7=8C( 7)
PB=BC(8)
P9=BC(9)
PIO=BC(10)

1000 DO 1001 I = 1,10
DO 1001 J = 1910

1001 DC(I,J) = B(1)-B(J)
00 1002 1 = 1,10
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1002 F(1) = EXP(-R([)*T)
TI F(l)/(OC(?, 1)*DC(3,1)*OC(4,1)*OC(5, 1)*flC(6, 1 )*O)CC7, 1)*0CC q. )

I*IJC(1.,1)t-I)CC 10, 1)}
T2 = F(2)/(OC(1,2)*C(3,2)*DC(4,2)*DC(5,?)*DC(6,2)*OC( 7,2)*DC(8,?)
1l*C(,2i)*DC(10,2))
13 = E(3)/(DC(1,3)*0C(2,3)*DC(493)*DC(5,3)*CC(6, )*DC( 7,3)*()C(8, )
I*IC(9,1)*OC(1O,3))

T4 = L(4)/(I)C( It4)*OC(?,4)*DC(3,4)*0C(5,4)*DC(6,4)*DC(7,4)*IC(8,4)
I*CC(9,4)*1)C(10,4))
T5 = FCS)/(C)C(195)*OC(2,5)*OC(3,5)*OC(4,5)*DC(6,5)*f)C(7,5)*OC(8,5)
1*DC(Y,5)*DC( 10,5))

T6 E(6)/(DC(1l6)*DC(296)*DC(3,6)*DC(4,6)*DC(5,6)*DC(7,6)*DC(8,6)
I*OC(9,6)*DC(10,6))

T7 = E(7)/([)C(1,7)*DC(2,7)*DC(3,7)*OC(4,7)*DC(597)*DC(6,7)*DC(8,I)
1*OC(9#7)*DC(l0,7))

T8 = E(8)/(OC(1,8)*OC(2,8)*DC(3,8)*DC(4,8)*0C(5,8)*OC(6,8)*DC(7,8)
I*DC(9,8)*DC(10,8))
T9 = E(9)/(DC(1,9)*DC(2,9)*DC(3,9)*DC(4,9)*DC(5#q)*DC(6,9)*DC(7,9)
1*0C009,)M*C(10,9))
TIJ = E(10)/(DCC(1,10)*DC(2,10)*OC(3,1.0)*DC(4,1O)*DC(5,10)*DC(6,10)
1*0C(7, 101*0C(8,10)*0C(9,10))
XNIO = PI* (I1)*8(2)*B(3)*B(4)*B(5)*8C6)*B(7)*B(8)*B(9)*A(1)*(TI¢T?
1+T3+T4+T5+T6+T7+T8+T9+TIO)
TI = E(.Z)/(DC(392)*OC(4t2)*I)C(5,2)*DC(62)*DC(7i2)*DC(8,2)*DC(9,2)
1*DC(10,2))
T2 =E(3)/(DC(2,3)*DC(4,3)*DC(5,3)*DC(6,3)*DCC 7,3)*DC(8,3)*DC(9,31
I*CC(O,3))
T3 = E(4)/(DC(?t4)*DC(3,4)*DC(5,4)*C(6,4)*DC(7,4)*DC(8,4)*DC49,4)
1*DCC10,4))
T4 = E(5)/(OC(2,5)*DC(3,5)*DC(4#5)*DC(6,5)*DC(7,5)*DC(8,5)*DC(9,5)
I*DC(10,5))
T5 = E(6)/(DC(2,6)*DC(3,6)*DC(4,6)*DC(5,6)*DC(7,6)*DC(8,6)*DC(9,6)
1*0CC10,))
T6 = ET)/(OC(2,7)*DC(3,7)*DC(4,7)*DCC5,7)*DC(6,7)*fC(8,7)*DC{9,7)
I*DC 10,7))
T7 = E(8I)/C(28)*DC(3,8)*DC(4,8)*DC(598)*DC(6,8)*OC(7,8)*DC(9,8)

I*DC(10,8))
T8 = E(9)/(DC(2,9)*DC(3t9)*DC(4,9)*DC(5,9)*OC(6,9)*DCC7t9)*DC(8,9)
1*DC(lO,9))
T9 = E(1O)/(DC(2,10)*DC(3,10)*DC(4,10)*DC(5,10)*DC16,10)*DC(7tlO)*
IDC(8,10)*DC 9,10))
XNIO = XNIO+P?*8(2)*B(3)*B(4)*B(5)*B(6)*B(T*B()*gf9)*A(2)*(Tl1T2
1+T3T4+T5+T6+T7+T8+Tg)
TI = E(3)/I)C(4,3)*DC(53)*DC(6,3)*DC(7,3)*DC(8,3)*DC(9,3)*DC(10,3

1))

T2 = E(4)/(DC(3,4)*DC(5,4)*DC(6,4)*DC(7,4)*I)C(8,4)*DC(9,4)*DC(10,4
1))

13 = F(5)/(DC(3,5)*DC(495)*r)CC65)*DC(7t5)*nCC(,5)*DCC(9,5)*DC(IO,5
1))

T,4 = E(6)/C0C(3,6'*DC(4t6)*DC(5,6)*DC(7,6)*DC(8,6)*DC(9,6)*DC(10,6
1))
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T5 = E(7)/(DC(3,7)*DC(4,7)*OC(597)*DC(6,7)*DC18,7)*DC(9,7)*DC(10,7
1))

T6 = E(8)I(DC(3,8)*DC(4,8)*DC(598)*DC(698)*DC(798)*DC(9,8l*DC(10,8
I))

T7 = E(9)/(DC(399)*DOC(4,9)*DC(59)*DC(699)*DC(799)*DC(8,9)*DC(10,9
1))

T8 = E(1O)/(DC(3910)*DC(4,1O)*DC(5910)*DC(6910)*DC(7,10)*DC(8,1O)*
iDC(9910))
XN1O = XN1O+P3*B(3)*B(4)*B(5)*B(6)*B(7)*B(8)*B(9)*A(3)*(T[+T2+T3+T
14+T5+T6+T7+T8)
Tl = E(4)/(DC(594)*DC(6,4)*DC(7,4)*DC(8,4)*DC(994)*DC(lO,4))
T2 = E(5)/(DC(4,5)*DC(6*5)*DC(7,5)*DC(8t5)*DC(9,5)*DC(l0t5))
T3 = E(6)/(DC(496)*DC(516)*DC(796)*DC(896)*DC(996)*DC(10,6))
T4 = E(7)/(DC(4,7)*DC(5t7)*DC(6,7)*DC(8,7)*DC(9t7)*OC(10,7))
T5 = E(8)/(DC(4,8)*DC(5,8)*DC(698)*DC(798)*DC(q,8)*DC(10,8))
T6 = E(9)/(DC(4,9)*DC(5,9)*OC(6*9)*DC(7,9)*DC(8,9)*DC(10,9))
T7 = E(10)/(DC(4,10)*DC(5,10)*DC(6,10)*DC(7, 1O)*DC(8,10)*DC(9910))
XN1O = XNIO+P4*B(4)*B(5)*B(6)*B(7)*B(8)*8(9)*A(4)*(TI+T2+T3+T4+T5+
IT6+T7)
TI = E(5)/(DC(6,5)*DC(7,5)*DC(895)*DC(9,5)*DC(10,5))
T2 = E(6)/(DC(5t6)*DC(7*6)*DC(896)*DC(9#6)*DC(106))
T3 = E(7)/(DC(5,7)*DC(6,7)*DC(8,7)*DC(9,7)*DC(1097))
T4 = E(8)/(OC(5,8)*OC(6,8)*DC(78)*DC(998)*DC(10,8))
T5 = E(91/(DC(5,9)*DC(6,9)*DC(7,9)*DC(8,9)*DC(10,9))
T6 = E(10)/(DC(5,10)*DC(6,10)*DC(7I0)*DC(8,10)*DC(9910))
XN1O = XNIO+P5*8(5)*B(6)*B(7)*B(8)*B(9)*A(5)*(Tl+T2+T3+T4+T5+T6)
Tl = E(6)/(DC(7,6)*DC(8,6)*DC(9,6)*DC(10,6))
T2 = E(7)/(DC(6,7)*DC(897)*DC(9,7)*DC(107))
T3 = E(8)/(DC(6,8)*DC(7,8)*DC(9,8)*DC(10,8))
T4 = E(9)/(DC(6,9)*DC(719)*DC(8,9)*DC(10,9))
T5 = E(10)/(DC(6,10)*DC(7#10)*DC(8,10)*OC(9,10))
XN1O = XNIO+P6*B(6)*B(7)*B(8)*B(9)*A(6)*(Tl+T2+T3+T4+T5)
TI = E(7)/(DCt8,7)*DC(9,7)*DC(10,7))
T2 = E(8)/(OC(7,8)*DC(9#8)*DC(10,8))
T3 = E(9)/(DC(7#9)*DC(899)*DC(10,9))
T4 = E(10)/(DC(7,10)*DC(8,10)*DC(9,10))
XN1O = XNIO+P7*B(7)*B(8)*B(9)*A(7)*(TI+T2+T3+T4)
TI = E(8)/(DC(9,8)*DC(10,8))
T2 = E{9)/(DC(8,9)*DC(10,9))
T3 = E(1O)/(DC(8,10)*DC(9,10))
XN1O = XN1O+P8*B(8)*B(9)*A(8)*(Tl+T2+T3)
TI = E(9)/DC(10#9)
T2 = E(10)/DC(9,10)
XN1O = XNIO+Pg*B(9)*A(9)*(Tl+T2)+PIO*A(10)*E(IO)
AB(IX,II)=AB(IX*II)+XNIO

99 CONTINUE
00 96 M=1,NI
MMM=MM(M)
00 96 N=1,NT
DO 96 I=1,MMM

96 SUN(N,I)=SUN(N,I)+FUNI(1,M)*AB(MPN)*B(M)
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9'7 CONTINUE
2000 CALL PRINT

STOP
990 FORMAT(2,E8.3)
991 FORMAT(8E0.4)
992 FORMAT(F5.0,15)
993 F0RMAT(13,1O(F4.3,I3))

END
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SU8RCUTINE PRINT
COMMON EVE(20) ,SUN(209210) ,ITF,SUM(210)
DI INSION ENERGY(210)
DO 43 MO=1,200
IF(MC-1)40,39,40

39 ENERGY(M )=0.0
GC TO 43

4C IF(MO-101)41,41,42
41 ENERGY(O) =ENERGY(MO-1)+.0l

GO TO 43
42 ENERGY(M0)=ENERGY(MO-l )+.l
43 CONTINUE

KAR = 0

44 GO TO (144,244,344,444),ITF
144 PkINT 155

GO TO 145
244 PRINT 255

GO TO 145
344 PRINT 355

GO TO 145
444 PRINT 455
145 PRINT 57,(EVE(KP),KC=1,7)

PRINT 58
PRINT 65
M 0 ST = 0
IF(KAik)37, 36,37

36 00 37 KAk= 1,200
P&INT od,(SUN(ICj,KAR),MO=1,7),ENERGY(KAR)
PCST=MCFS r+

IF(KAk-200)35,47,35
35 IFU(,JST-50)17,44,44
37 C(IT INUE
47 ("Ll TC (141,247,347,447),ITF
147 PRINT 155

Gu TOl 148
247 P-, INT 255

G7 TO 148
147 PNINT 355

G C T 0 149
447 PkIN1 45b
148 PP% I ', T I , C 8 .

PRINT 60
PR I NT 65
MCST =0
IF (KA4- 2 J:. ) 46,45,4$<

45 (3,L 4o NAR=1,200
PfiIN;T )2, C SL,N( ,KAr ),YO=8,13) ,FNEWrY(KAR)

4 I F ( Mf2S f-50 ) 46, 47,47
46 C T INUF
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54 WRITE TAPE 3,(ENERGY(MO)#MO=1,195)
DO 70 MO=l,13

70 WRITE TAPE 3,(SUN(MC,NIT)vNIT=I,195)
END FILE 3
REWIND 3
REWIND I
RETURN

57 FORMAT I,/IX,5HTIME=,F5.1,6FI5.1)
58 FORMAT (/,6X,7HBIN (1),8X,7HBIN (2),8X,7HBIN (3)#8X,7HBIN (4),8X,7

IHBIN (5#8X,t7HBIN (6)98X,IHBIN (7),BX,IHE)
59 FORMAT (/,lXj5HTIME=tF6.1,5F15.I)
60 FORMAT (/,6X,t7HBIN (8),SX,7HBIN (9)18X,8HBIN (1O),7X,8HBIN (11),7X

i,8HBIN (12),7X#8HBIN (13)97X,IHE)
61 FORMAT (lP7El5.5,OPF9.2)
62 FORMAT (lP6El5.5,OPF9.2)
65 FORMAT (/)
155 FORMAT(lHl,24X,67HINSTANTANEOUS BETA RAY SPECTRA FROM THERMAL PU-2

139 FISSION PRODUCTS,/,29X,58HAT VARIOUS TIMES AFTER DETONATION (BE

2TAS/ENERGY RANGE/SEC))
255 FORMAT (IHI,24X,66HINSTANTANEOUS BETA RAY SPECTRA FROM THERMAL U-2

135 FISSION PRODUCTS,/,29X,S8HAT VARIOUS TIMES AFTER DETONATION (BE

2TAS/ENERGY RANGE/SEC))
355 FORMAT (IHI,24X,66HINSTANTANEOUS BETA RAY SPECTRA FROM THERMONUCLE

IR FISSION PRODUCTS,/,14X,58HAT VARIOUS TIMES AFTER DETONATION (BET

2AS/ENERGY RANGE/SEC))
455 FORMAT(IHI,20X,75HINSTANTANEOUS BETA RAY SPECTRA FROM U-235 FISSIO

IN SPECTRUM FISSION PRODUCTS,/,29X,58HAT VARIOUS TIMES AFTER DETONA
2TION (BETAS/ENERGY RANGE/SEC))
END
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SUQkOIJTtNE WINDR

I READ TAPF 1,ANO,(2)
GC TO 1

2 PETUPN
ENO
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PROGRAM IV

Main Program

A,AA Concentration of isotope immediately after fission

AB Concentration of isotope at the time of interest

ANO Atomic weight of mass chain

B, BB Decay constant of isotope

BC Branching indicator which shows the fraction of the isotope

which contributes to the decay

EVE, T The time of interest

FUN I Value of the normalized spectral shape

ITF Indicator of the type of fission: 1 indicates Pu-239

thermal neutron fission; 2 indicates U-235 thermal neutron

fission; 3 indicates thermonuclear neutron fission;

4 indicates U-235 fission spectrum neutron-fission

L, LL Indicators which show which isotopes in the chain con-

tribute to the production of another isotope

MI, MM = Number of energy increments

NC = Number of isotopes in the decay path

NI = Number of isotopes in the mass chain

NT Number of times of interest

SUN Value of the spectrum at the time of interest

YM Number of megatons of fission

SUM = Dummy variable

DC, E,PI,F 2,

F 3,P 4,1'5,P6,

P7,PS,P9,
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PIO,Tl,T2,

T3,T4,T5,T6,

T7,T8,T9,

TiO,XN1,XN2,

XN3,XN4,XN5,

Xn6,XN7,XN8,

XN9,XNlO = Interim Calculation Variables

I,II,IX,

ITTYJYJJ,

K,KK,KO,LX,

M,MMM,N,NX Indicies of "DO" loops

Subroutine PRINT

PRINT = Subroutine to print results

ENERGY = Value of energy

MOST = Interim Calculation Variable

K0G,KAR,

MO,NIT Indicies of "DO" loops

Subroutine WINDER

WINDER Subroutine to advance tape to read the next record

ANO Dummy variable
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PROGRAM IV

Start

elermine
ype of f ission

Input eart drPorm I

Data Tap
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