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ABSTRACT 

The MORSE code is a multipurpose neutron and gamma-ray xransport Monte 

Carlo code. Through the use of multigroup cross sections, the solution of 

neutron, gamma-ray, or coupled neutron-gamma-ray problems may be obtained 

in either the forward or adjoint mode. Time dependence for both shielding 

and criticality problems ir pxovided. General three-dimensional geometry, 

as well as specialized one-dimensional geometry descriptions, may be used 

with an albedo option av.ulable at any material surface. 

Standard multigroup cross sections such as those used in discrete 

ordinates codes may be used as input; either ANISN or DTP-IV cross-section 

formats are acceptable. Anisotropic scattering is treated for each group-

to-group transfer by utilizing a generalized Gaussian quadrature technique. 

The modular form of the code with built-in analysis capability for all 

types of estimators makes it possible to solve a complete neutron-gamma-

ray problem as one job and without the use of tapes. 

A detailed discussion of the relationship between forward and adjoint 

flux and collision densities, as well as a detailed description of the 

treatment of the angle of scattering, is given in the appendices. Logical 

flow charts for each subroutine add to the understanding of the code. 

viii 
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I. Introduction 

The Multigroup Oak Ridge Stochastic Experiment code (M0RSE) is a 
multipurpose neutron and gamma-ray transport Monte Carlo code. Some of 
its features include the ability to treat the transport of either neutrons 
or gamma rays or a coupled neutron and secondary gamma-ray problem, the 
incorporation of multigroup cross sections, an option of solving either 
the forward or adjoint problem, modular input-output, cross section, 
analysis*and geometry modules, debugging routines, time dependence for 
both shielding and criticality problems, albedo option at any material 
boundary, one-, two-, and threes-dimensional geometry packages, and several 
types of optional importance sampling. 

Traditionally, Monte Carlo codes for solving neutron and gamma-ray 
transport problems have been separate codes. This has been due to the 
physics of the interaction processes and the corresponding cross-section 
information required. However, when multigroup cross sections are employed, 
the energy group to energy group transfers contain the cross sections for 
all processes. Also, for anisotropic scattering each group-to-group 
transfer has an associated angular distribution which is a weighted aver
age over the various cross sections involved in the energy transfer process. 
Thus, these multigroup cross sections have the same format for both neutrons 
and gamma rays. In addition, the generation of secondary gamma rays may 
be considered as Just another group-to-group transfer. Therefore using 
multigroup cross sections, the logic of the random walk process (the process 
of being transported from one collision ';o another) is identical for both 
neutrons and gamma rays. 

The use of multigroup cross sections in a Monte Carlo code means that 
the effort required to produce cross-section libraries is reduced. (A set 
of multigroup neutron cross sections - 99 group, PQ - based on ENDF/B is 

2 available from the Radiation Shielding Information Center; likewise, some 
coupled neutron gamma-ray sets are also available from RSIC.) 

3 k 
Cross sections may be read in cither the DTF-IV format or ANISN and 

DOT format. The auxiliary information giving the number of groups, elements 

A versatile analysis package, SAMBO, which handles most of the drudgery 
associated with estimation from random walk events is described in ref. 1. 
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coefficients, etc., is used to produce the necessary probability tables 
needed by the random walk module. The possible transport cases that can 
be treated are neutron only, gamma ray only, coupled neutron-gamma ray, 
gamma ray froo. a coupled set, and fission, with all of the above options 
for either a forward or adjoint case and for isotropic or anisotropic 
scattering up to a P.£ expansion of the angular distribution. The option 
of storing the Legendre coefficients for use in a next-event estimator 
is also provided. 

The solution of the forward or normal transport equation by Monte 
Carlo generally involves a solution for x(p)» t n e density of particles 
with phase space coordinates £ leaving collisions. Quantities of interest 
are then obtained by summing the contributions over all collisions, and 
frequently over most of phase space. The equations solved are derived in 
Appendix A and are written as Equations (M)) and (95). 

In some cases, it is of interest to solve the adjoint problem. This 
requires solving a transport problem with the detector response as a 
source. The various relationships between the adjoint and forward quanti
ties are derived in Appendix A. The adjoint equations solved by MORSE 
are Equations (93) and (99)* In utilizing these adjoint equations, the 
logic of the random walk is the same as the forward mode. 

Input to M0RSE is read in five separate modules: (l) walk; (2) cross section: 
(3) user; (k) source; and (5) geometry. The walk input is read in subroutine 
IHHFF and includes all variables needed for the walk process. The cross-
section input is read in cross-section module subroutines XSEC, JNFUF, and 
READ6G. Tne parameters needed to set aside storage are read in XSEC, the 
mixing parameters are read in JNPUT, and the actual cross sections are read 
by READSG. Input information required for analysis of the histories must 
be read by a user-written subroutine SC0RIN which is called from BANKR. 
Since the source varies from problem to problem, input may also be read in 
a user-written subroutine S0RIN for the definition of the source. The 
geometry input is read by subroutine J0MIN. 
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In general, output of input parameters occurs in the same routine in 
which the input was read. In addition, there are two routines (0OTPT and 
0UTPT2) for the output of results of the random walk process. Output of 
analysis results is generally performed in the user-written routine KHUN. 

Figure 1 shows the hierarchy of subroutines for M0RSE. From this 
diagram, it is possible to see the functions of the modules. The input 
section takes care of setting up all variables needed in the transport 
process. Hote that initial calculations by the cross-sectior module stem 
from XSEC. The analysis portion of the code is interfaced with M0RSE 
through B'IKR with several uses made of cross-section routines in making 
estimates of the quantity of interest. With the exception of output from 
the walk process, the rest of the code consists of subroutine calls by 
M0RSE. The geometry module is interfaced through G0KST and the source is 
interfaced through HS0UR. The diagnostic module is independent and any 
part of it K*y be executed from any routine. 

The diagnostic module provides an easy means of printing out, in 
useful form, the information in the various labelled commons and any part 
of blank common. A special roitine is provided for printing out the particle 
bank. By loading parts of core with a Junk word, the diagnostic package 
can determine which variables have been used, A "repeating line" feature 
is also included. 

The geometry module consists of any of the geometry packages written 
for 05R, '̂  including the general three-dimensional geometry. Slight modifi
cations have been made to include variable input-output units and to include 
the logic for albedo scattering. 

An albedo scattering may be forced to occur at every entry into a 
specified medium. A sample subroutine is provided for specular reflection 
and a subroutine call is provided (ALBIN, called from XSEC) for reading and 
storing albedo data of any degree of complexity. Thus transport of parti
cles may be carried out in parts of the problem and an albedo scattering 
treated for other parts of the problem. 

Time dependence is included by keeping track of the chronological age 
of the particle. For neutrons the age is incremented by the time needed 
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to travel the distance between collisions if it traveled at a. velocity 
corresponding to the average energy of the group. Provision is made for 
inputting a thermal group velocity separately. Ronrelativistic Mechanics are 
assumed. The age of secondary gaama rays is determined from the neutron 
age at the collision site and is incremented by determining the time 
required to travel between collisions at the speed of light. For fission 
problems the age of the parent is given to the daughters at birth. 

There are several types of importance sampling techniques included in 
the code. The Russian roulette and splitting logic of 05R is an 
option in M0RSE. Also the exponential transform is provided vith parameters 
allowed as a function of energy and region. Source energy biasing is an 
option as veil as energy biasing at each collision. In fission problems 
the fission weights may be renormalized as a function of an estimate of k 
so that the rcssber cf histories per generation resain approximately con
stant. If desired, all importance sampling may be turned off. 

Some ovher general features include the ability to run problems 
without the use of magnetic tapes, the ability to terminate a job inter
nally after a set elapsed c.p.u. time and obtain the output based on 
the number of histories treated up to that time, batch processing for the 
purpose of determining statistics for groups of particles, and a repeat 
run feature so that resvlts for a time-dependent fission problem may be 
obtained vith statistical estimates. The output of numerous counters per
mits one to obtain an insight into the physics of the problem. 

Detailed descriptions of the subroutines vith the logical flow charts 
are found on the following pages. The appendices contain detailed deriva
tions of various forms of the transport equation, a detailed derivation 
of the treatment of the angular distribution of scattering, and a detailed 
description of the required input. 
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II. Random Walk Module 

The basic random walk process of choosing a source particle and 
then following it through its history of events is governed by the 
routines in this module of MORSE. A given problem is performed by 
following a number of batches of particles which then constitute a 
run. Multiple runs are also permitted. The batch process feature is used 
so that statistical variations between groups of particles can be 
determined. Thus a batch of source particles is generated and stored 
in the bank. The random walk for this batch of particles is determined 
by picking one particle out of the bank and transporting it from collision 
to collision, splitting it into tvo particles, killing by Russian roulette, 
and generating secondary particles (either gamma rays or fission neutrons) 
and storing them in the bank for future processing. Termination of a 
history when a particle leaks from the system, reaches an energy cutoff, 
reaches an age limit, or is killed by Russian roulette. 

The random walk module performs the necessary bookkeeping for the 
bank and the transportation and generation of new particles and relays 
this information to the analysis module for estimation of the desired 
quantities. Use is made of the cross-section module and the geometry 
module during the random walk process and the input-output routines for 
the reading and printing of pertinent information about the problem. 

In this module the main program is used to set aside the storage 
required in blank common and to pass this information to subroutine M0RSE 
which is the executive routine for the random walk process. After performing 
the necessary input operations and setting up storage requirements, the 
walk process consists of three nested loops: one for runs, one for 
batches, and the inner-most is for particles. After each termination 
of the batch loop, some bookkeeping is required before the generation 
of a new batch of source particles. After the termination of a run, 
a summary of the particle terminations, scattering counters, and secondary 
production counters are output, as well as the results of Russian roulette 
and splitting for each group and region. 
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There are only two main labelled commons (AP0LL0 and 5UTR0O in 

the random walk routines. Tables I and II list the definitions of the 
variables in these two ci—mi . lote that in Table II "current" and 
"previous" refer to values of parameters leaving the current and previous 
event sites, respectively (VTBC is the exception, being the weight entering 
the current event site). Also note that "event" includes boundary crossings, 
albedo collisions, stc, as veil as real collisions. A description of 
blank common is given in Fig. 2, along with definitions in Table III. 
The locations of the variables are given in Table IV. All the variables 
used as location labels, except IGE0M, locate cell zero of an array. 
Cells HIAST • 1 to IIA5T + BXEFT are available to the user for analysis 
arrays. 

A description and a logical flow chart for the subroutines that 
make up the random walk module are given the following pages in this 
chapter. 



Table I. Definition of Variables in Common AP0LL0 

Variable Definition 

AGSTRT 
DDF 
DEADVT(5) 

Input starting age of source particle 
Starting particle weight as determined in S0RES 
The suited weights of the particles at death. The four 
deaths are: Russian roulette, escape, energy, and age limit. 
DfcADWT(5) is unused. 

ETA Mean-free-path between collisions 
ETATH Distance in cm to the next collision if the particle does 

not encounter a change in total cross section 
ETADSD Flight path in m.f.p. that has been used since the last event 
UUP, VHP, 
VHP Input direction cosines for source particle 
VTSTRT Input starting weight 
XSTRT, YSTRT, 
ZSTRT Input starting coordinates for source particle 
TClfF Age limit at which particles are retired 
XTRA(lO) Not used 
10,11 Output and input logical units 
MEDIA Number of media for which there are cross sections 
IADJM Switch indicating an adjoint problem if > 0 
ISBIAS Switch indicating that source energy distribution is to be 

biased if > 0 
IS0UR Input source energy group if > 0; otherwise, S0RIH is called 

to read input spectrum 
ITERS Number of batches still to be processed in the run 
ITIME Not used 
ITSTR Switch indicating that secondary fissions are to be the source 

for the next batch if > 0 
L0CWTS Starting location in blank common of the weight standards and 

other arrays MGPREG .ong (see Fig. 2 and Table IV) 
L0CFWL Starting location in blank common of the fission weights 
L0CEPR Starting location in blank common of the energy-biasing 

parameters 



Variable 

Table I (cont.) 

Definition 

LflCHSC 

L0CFSN 

MAXGP 

MAXTIM 
MEDALB 
MGPREG 

MXREG 
NALB 

HDEAD(5) 
5EWNM 
NGE0M 

NGPQT1* 

NGPQT2* 
NGPQT3* 

NGPQTG* 
NGPQTN* 
NITS 
NKCALC 

NKILL 

NLAST 

Starting location in blank common of the scattering counters 
Starting location in blank conmon of the fission and gasma-
generation probabilities for each medium and group 
Maximum number of energy groups for which there are weight 
standards or path-length stretching parameters 
The elapsed clock time at which the problem is terminated 
Medium number for the albedo medium 
Product of number of weight standard groups (MAXGP) and 
regions (MXREG) 
MnTimum number of regions in the system 
An index indicating that an albedo scattering has occurred 
if > 0 
Number of deaths of each type (see DEAEWT). 
Name of the last particle in the bank 
Location of first cell of geometry data storage in blank 
common 
The lowest energy group (largest group number) for which 
primary particles are to be followed 
The number of primary particle groups 
The lowest energy group (largest group number) for which 
any parcicle is to be followed 
Number of energy groups of secondary particles to be followed 
Number of energy groups of primary particles to be followed 
Number of batches per run 
The first batch to be used for a k calculation. If 0, k 
is not calculated 
An index to indicate that Russian roulette is to be placed 
if > 0 
The last cell in blank common that was used by the cross-
section storage or is set aside for banking 

See page 11 for diagram of energy group structure. 
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Table I (cont.) 

Variable Definition 

NMEM 

HMGP* 

HM0ST 
IKPG* 

H0LEAK 

H0RMF 

HPAST 

HPSCL(13) 

NQUIT 
HSIGL 
HS0UR 

The location of the next particle in the bank to be pro
cessed 
The number of primary particle groups for which there are 
cr.ss sections 
The maximum number of particles that the bank can hold 
The total number of energy groups (both primary and secon
dary) for which there are cross sections 
An index which indicates that nonleakage path-length selec
tion is to be used if > 0 
An index to indicate that the fission parameters are tc be 
renormalized if > 0 
An index to indicate that the exponential transform is to 
be used if > 0 
An array of counters of events for each batch: 
(1) sources generated 
(2) splittings occurring 
(3) fissions occurring 
(k) gamma rays generated 
(5) real collisions 
(6) albedo scatterings 
(7) boundary crossings 
(8) escapes 
(9) energy cutoffs 
(10) time cutoffs 
(11) Russian roulette kills 
(12) Russian roulette survivors 
(13) gamma rays not generated because bank was full 
Number of runs still to be processed 
Starting location of the bank in blank common 
An index input to indicate that fissions are to be the 
source for future batches 

See page 11 for diagram of energy group structure. 
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Table I (cont.) 

Variable Definition 

KSPLT An index to indicate that splitting is to be considered if 
>0 

NSTRT The number of particles to be started in each batch 
NXTRA(lO) Not used. 
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Table II. Definition of Variables in NUTR0N Common 

Variable Definition 

MAME 

NAMEX 

16 

IG0 

SHED 

MEDlJLD 

HREiJ 

U,V,W 

U0LD,V0LD, 
W0LD 
X,Y,Z 
X0LD,Y0ID, 
Z0LD 
WATE 
0LDWT 
WTBC 
BLZHT 
BLZ0B 
AGE 
0LDAGE 

Particle's first name. 
Particle's family name. (Note that particles do not marry.) 
Current energy group index. 
Previous energy group index. 
Medium number at current location. 
Medium number at previous location. 
Region number at current location. 
Current direction cosine. 

Previous direction cosines. 
Current location. 

Previous location. 
Current weight. 
Previous weight. 
Weight just before current collision. 
Current block and zone number (packed). 
Previous block and zone number (packed). 
Current age. 
Previous age. 
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Location 
Labels 

Mnemonic 
Variable 
Name Length 
EKER 
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) 
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} 
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t 
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} 
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Fig. 2. Layout of Blank Common 
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Table III. Definitions of Variables in Blank Common 

Mnemonic 
Variable 

Definition 

EHBR(lG) 
VEL(IG) 

FS(IG) 

BES(IG) 

WTHI(IGS 

HREG) 

WTL0(IG, 
8REG) 

WTaV(lG, 
•REG) 

PATH(IG, 
HREG) 
ISPLClG, 
HREG 
WSPL(IG, 
HREG) 
•0SP(IG, 
•PEG) 

WK0S(IG, 
•REG) 
BRKL(IG, 
MREG) 
WRKL(IG, 
•REG) 
RBSUdG, 
•REG) 
WBBU(IG, 
•REG 
ZSIWHX 
(IGJHNEG) 

Upper energy boundary of group IG (in eV). 
Velocity corresponding to the mean energy for neutron groups 
and the speed of light for gaama-ra> groups (in cm/sec). 
Unbiased source spectrum - unnormalized fraction cf source 
particles in each energy group - transferred to c.d.f. by S0RI5. 
Biased source spectrum - relative importance of each energy 
group - transformed to biased c.d.f. by S0RIH. 

Weight above which splitting is performed (vs. group and 
region). 

Weight below which Russian roulette is performed (vs. group 
and region). 

Weight to be assigned Russian roulette survivors (vs. group 
and region). 

Exponential transform parameters (vs. group and region). 

Splitting counter (vs. group and region). 

Weight equivalent to hSPL. 

Counter for full bank when splitting was requested (vs. 
group and region). 

Weight equivalent to H0SP. 

Russian roulette death counter (vs. group and region). 

Weight equivalent to RRKL. 

Russian roulette survival counter (vs. group and region). 

Weight equivalent to KRSU. 

Initial values of WTHI array. 
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Table III (cont.) 

Ifaemonic 
Variable 

Definition 

IHIWL0 
(lG,HRBG) 
IHIWAV 
(IG,HHEG) 
FWL0(HRBG) 
IHIFL0 
(HREG) 
GWL0(lG, 
HREG) 

EPRB(IG, 
HREG) 

HSCT(IG, 
HREG) 
VSCTdG, 
HREG) 
HAI3(IG, 
HREG) 
WALB(IG, 
HREG) 
HFIZ(IG, 
HREG) 
WFIZ(IG, 
HREG) 
HGAMdG, 
HREG) 
WGAMdG, 
HREG) 

Initial values of WTL0 array. 

Initial values of WTAV array. 
Weights to be assigned to fission daughters (vs. region). 

Initial values of FWL0. 

Weights to be assigned to secondary particles (vs. group 
and region). 

Relative importance of energy groups after scattering (vs. 
group and region). 

Number of real scatterings (vs. group and region). 

Weight equivalent to HSCT. 

lumber of albedo scatterings (vs. group and region). 

Weight equivalent to HALB. 

Humber of fissions (vs. group and region). 

Weight equivalent to BTTZ. 

Kuriber of secondary productions (vs. group and region). 

Weight equivalent to HGAM. 
HSCA(IMBD) Scattering counter (vs. cross-section medium). 
FISHUG, 
DSD) 

FSE(IG, 
IMED) 

u»GB{l&» 
IMED) 

Probability of generating fission neutron (vs. group and 
medium). 

Source spectrum for fission-induced neutrons for each group 
input as frequency of group IG. 

Probability of generating secondary particle (vs. group and 
LUB). 
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Table IV. Location of Blank C Arrays 

Ifceaonic 
Variable 

l a w 
Location of Array i n Blank Coaaon 

(BC(I) or IC(I ) ) 

EHKR(IG) BC(I); I * 16 

VKL(IG) I * HCT6 + 16 

FS(1G) I = 2«BMT6 + 16 

BFS(IG) I = 3«nfT6 + 16 

VTHl(lG,MIffiG) BC(I); I = L0CHTS + (IREG-1)«MAXGP + 16 

WTL0(I6,*R8G) I = I0CWTS • MGPREG + (•REG-l)«HAX5P + 16 

WTA7(I6.HRE6) I = L0CWTS • 2*iGFREG + (KRBG-l)«HAXGP + 16 

PATH(IG,HREG) I = L0CVTS + 3«MGPKB6 • (lHE6-l)«MAXGP + 16 

KFL(IG,HREG) • C ( I ) ; I = LgfCWTS + M4GPRE6 + (HREG-l)«MAXGP + 16 

WSPL(IG,HKEG) I = L0CWTS • 5«MSPKE6 + (HR£G-l)«MAXGP + 16 

30SP(IG,IBB6) I » I0CWTS + 6**CPREG + (IREG-1)«MAXGP + 16 

H»0S(I6,BRE6) I = L0CWTS -i- 34CPRS6 + (lRB6-l)«MAXGP + 16 
RKJCL(IG,HREG) I = L0CWTS • 6«HiPREG + (lRBG-l)«MAXGP + 16 

WRKL(IG,HREG) I - L0CWTS -i- OflMQPRBG + (HRBG-l)«MAXGP + 16 

RRSU(IG,IKEG) I = L0CWTS + 104CPRSG + («RE6-l)«HHBGP • IG 

VBSU(IG,IHBG) I = L0CHTS * ll«MGPREG + (HKEG-l)«MAXGP + 16 

HIWHT(IG,IREG) BC(I); I = L0CWTS + 124CPRE6 + (lKBG-l)«MAXGP + 16 

MIHL0(I6,HREG) I - INCUTS + 13*MSPRBG • (HREG-l)«MAXGP + 16 

IJIWAV(IG^REG) I - I0CWTS • 1MMGPRB6 + (HREG-l)«MAXGP • 16 

PWL0(IREG) BC(I); I = L0CFWL * IRE6 

IMIFL0(1RSG) 

G¥I^(IG,IRBG) I = L0CFHL + 2«MXRBG + («HE6-l)«llCC • 16 

EPRB(IG,IREG) BC(l)i I « L0CEPR «• (reEG-l)«WfPG + 16 

KCT(IG,IREG) I C i I ) ; I = L0CBSC • (HBEG-DrfWTG • 16 

WSCT(IG,3K2G) 3C( l ) j , X * L0C33C + 3HTG*HXKEG • (3RSG-l/*SffG + IG 

IAL9(I69«BEG) • C ( I ) ; , I * L0CHSC ¥ 2«HfPG*ORBG * (iRBG-l)rtBffG • 16 

MaLB(l69IRE6) BC(I); , I = L0CBSC • 3rfDffG#0CREG • (BRBG-l)dD06 + 16 
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Table IV ( c o n t . ) 

Mnemonic 
Variable Location of Array i n Blank Conmon 

Name (BC(l) or HC(l)) 

HFIZ HC(I); I * L0OTSC + fc«HMTG«MXRE6 + (HREG-l)«l!MTG + 16 

WFIZ B C ( I ) ; I = L0CHSC + 5*HMT6«MXR1G • (HREG-l)»HMTG • 1 6 

HGAM H C ( I ) ; I = L0CHSC + 6»HMTG«MXHEG + (HREG-l )»BMTG + 1 6 

WGAM B C ( I ) ; I = I0CHSC + T«HMTG«MXREG + (HPEG- l )»EMTG + I G 

HSCA(IMED) N C ( I ) ; I * L0CHSC + IMED + 8*IMTG»MXHEG 

or I s L0CFSH - MEDIA + IMED 

FISH(IG,IMED) BC(I); I = L0CFSH + (iMED-l)riMPG + IG 

FSE(IG,IMED) I = L0CFSH + HMTG«MEDIA + (DfED-l)«flMTG + IG 

GMGH(IG,IMBD) I = L0CFSH + 2»HMT6«MEDIA + (lMED-l)*HMTG + 16 
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Rain Progr 

The main program performs the following functions: 
1. Sets the maximum alloved size of blank conmon (all other 

routines using blank common use a dummy dimension of l); 
2. Ensures that certain labelled commons are loaded in a specified 

order (which mu3t agree with the order of these commons in the 
diagnostic routines using the L0C function); 

3. Loads the Junk word (U8U8U8U8.,) in blank coauon and all labelled 
coMions present in this routine; 

k. Sets the two variables used for input and output logical units; 
and 

5. Calls M0RSE fov the actual administration of the jcb. (The size 
of blank common is transferred to M0RSE as an argument.) 

Subroutines called: M0RSE 
Functions required: L0C (library function at Oak Ridge National Labora

tory - output is the absolute address (in 8-bit bytes) 
of the cell given as the argument) 

Variables required: JURK 
Variables changed: IT0OT (10 in most other routines) 

ITU (13 in most other routines). 
CiJ—mi8 required: Blank, AP0LL0, FISBHK, HUTR^I, L0CSIG, MEAHS, M0MEVT, 

QAL, RESULT, GE0MC, I0IMAL, PDET, USER, DUMB. 
Helpful Hints: 
1. Vote that if a new cross section, geometry, or analysis package is 

used, the labelled commons here may hare to be modified correspond
ingly. 

2. The junk word is the bit pattern that comes closest to being output 
identically as either a fixed'or floating number. It is also recog
nized by subroutine HEIFER that the cell has not been used by the code. 

3. The L0C function returns an absolv/te address of a variable in bytes, 
requiring division 'nj *• to obtain the number of 4-byte (32 bit) words.* 

k. To change the size of blank common only the statement defining the 
common needs to be changed, since the L0C function is used to obtain 
this value to be transferred to M0RSE. 

» 
See Appendix E for a description ox' all library routines used in MORSE. 
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I t i s recommended that th i s routine always he compiled and that i t be 
the f i r s t routine compiled. This insures that i t i s loaded f i r s t and 
that the commons i t speci f ies are loaded f i r s t , and in the desired 
order, in the common area. 
The program s i z e , in bytes , i s usually on the order of 150000 * k* 
(blank common s ize in words). 

Main Routine 

DETERMINE SIZE OF AREA 
TO BE LOADED WITH JUHK WORD 

(HUT) 

LOAD kmmk&Lb UTTO 
CELLS 1 TO MLFT OP BLAHK COMCR 

LOGICAL UHITS 

DETEEBOHE BLAflK 
comm SIZE (BUT) 

I 
I CALL HpRSE G2ZM 
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Subroutine MgRSE (NLFT) 

M0K5E is the executive routine for the walk process and controls 
the succession of events which comprise the Monte Carlo process. The 
problem is assumed to consist of NQUTT runs, each consisting of NITS 
batches, and starting out with NSTRT particles in each batch. Thus the 
functions of M0BSE are logically broken down into nested loops with the 
inner loop consisting of the execution of the walk process for each particle. 
The next loop is for each batch of particles and the outer loop is for 
each run. Several problems may be run in succession by stacking input 
data. 

There is no significant part of the walk process perionned in M0RSE 
except for the termination of histories. The bookkeeping of l>efore-
collision parameters, the determination of history terminations, and 
the ordering of the subroutine calls are the basic functions. The option 
of terminating a problem by an execution time limit is provided; this option 
may only be executed at the end of a batch and the normal termination 
of a problem occurs in that all end of run processes are completed. 

Called from: Main program. 
Subroutines called: IHPUT, TIMER,BAHKR(-1), BABKR(2), MS0UR, 0UTPT(l), 

GETBT, TESTW, KXTC0L, BASKK(lO), ALBD0, BAHKR(6), 
GTMED, FFR0B, GPR0B, C0LISM, 3AHKR(5), BABKR(9), 
BABKR(-3), 0UTPT(2), BABK(-li), ̂ JTPT(3), ICL0CK. 

Commons required: Blank, AP0LL0, VUHtyflf, FISBHK. 
Variables required: SLFT, SKILL, ISPLT, ffGPQTV, ^ _ l t M f r r r f 

I from cowwti AP9IUJ9 
HGPQTG, WTS, HQU1T, HSTRT, f(see page 8) 
MFISH, ITCTR, IMEM, MA2TIM, TCUT ) 

HALB - index indicating that an albedo collision has 
occurred. 

MFISTP - index indicating that fissions are allowed 
if > 0. 
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Variables changed: 
HDEAD(I), DEADWT(I) - counters 
1 = 1 - Russian roulette kill 
= 2 - particle escaped the system 
= 3 - particle reached energy cutoff 
* U - particle reached age limit - it was retired. 

HPSCL(I) - counters 
1 = 5 - number of real collisions 
= 6 - number of albedo collisions 
« 9 - number of energy deaths 
= 10 - number of age terminations. 

! 
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Subrout ine M0RSE(HLFrr) 

CALL IWHJT FOR 
THE NEXT PROBLEM 

I 
SAVE FISSION WEIGHTS, 
SPLITTIHG AHD ROULETTE 

PARAMETERS IH 
TBfFOR&R? LOCATION 1 

BEGIH HEW RUH 
UTS = HITS 
ITERS « HITS 

ITSTR * 0 I 
CALL B A H K R P U 

AHALTSIS IHTERFACE 
AT START OF RUH I 

RESTORE FISSIOW HEIGHTS, 
SHJTTIHG AHD ROULETTE 

PARAMETERS FROM 
TEMPORARY LOCATION s 

BATCH FROCKS 
(DUKEHG A SIHGLB HUH) 

© 
next 

) 

CALL BAHKR(-lu) 
AHALISIS IHTERFACE AT EHD OF RUH 

1 
I HQPIT = HOJIT - 1 1 

HO 

HQUIT < 0 

6ALL (WWl'l'iJ, bum | 
OUT BuVOF-FROBLEM 

RESULTS 
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BrmgiL 

I i_SL 

r 
CALL 2} 

issunop I 
OttLMBEwT 

FOB m. pyrrTcua n Mi mrou 



2k 

Y i nwl 
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M0RSE (Random Walk, coat.) 

fy (fros previous page) 

CALL GTMSD TO OHEAIB I 

IBS I MTISTP > 0 

CALL 7H0B TO CALCULATE JOHfiCTH) BUNKK 
OP fissioa m m » PBDOOCED WHICH 

THHI GAUS FBABKTO STOflS THEIR BABAIBPB 

> 0 

CAM* GPBgB TO qJBIRftW ^XrflAHT 
PARTICLES WICH THHI GAUS GSIftB TO 

FARnGU'8 BABAMPMB H B M B t BAHL 

| CALL CgLiai TO QBttBATE 

I 
GALL BAMR15; FOR 

aBAL-oomsiow ABALIBIS 
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gafergntlne PATS (A,W) 

Gi'ven an array A, DATE inserts a holler ith string with the day of the 

week, the south, the day of the south, and the year. It vill use as 

•any as 32 bytes, so A aust be dimensioned at 8 for single precision. MW, 

on return, is the nuaber of 4-byte words which moat be output. 

Topical calling sequence: 

DDCnSI0i ARRAY (8) 

CALL DATE (ARRAY, IDM) 

PRUT 1, (ARRAY(l),M.,IUM) 

1 FtfRMAS (*TiDAY IS ',8A*) 

producing, 11 called on May 30, 1970: 

•10DAY IS SATURDAY, MAY 30, 1970'. 

Called from: HTUT 

Routines called: 

IHEHC 

UTlKDC (library function at Oak Ridge Rational Laboratory, converts 

a a-byte integer to an EBCDIC string) 

JJfBCD - same as HT0RC except also returns the nunber of bytes in 

the EBCDIC string 

CL—IIIII: DATDAT which contains arrays of EBCDIC characters for months 

and weekdays, arrays of nuwbers of EBCDIC characters and starting 

points. It is loaded in a Block Data routine with the following 

values: 

Omm /DATOAT/ XMflRH(ll), VEKB(6), DAY(l), D»^TH(l2), BT0iTH(l2), 

IHEKB(8), IwEEK(8) 

~-^z.^*< +vummmi**m 
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lodex 
XM0TFH 

(REAL«8) 
WEKE 

(REAL«8) 
DAY 

(REAL«8) BOTTH HM0HTH IWEKE IWEEK 

1 
2 
3 
k 

5 

JA*UARY(l)» 

FEBRUARY 

MARCH(3) 

A P R I L © 

MAY®JUHE 

HUH?STO<D 

M0»®TUES 
WEDHES© 
7HURS® 
rai© 

M Y S ® 1 9 ® 0 
8 

16 
2k 
32 

7 

8 

5 

5 

3 

0 

k 

8 

12 

16 

ll 

3 
3 
ll 

6 
6 JULYAUGU SAT0R<D 36 U 2k 5 
7 ST@SSPT ko 1» 32 3 
8 
9 

10 

EMBER(3) 

0CT0BER(T) 

R0VEMBER 

kk 
52 
6fc 

6 
9 
7 

U0 5 

11 DECEMBER 72 8 
12 80 8 

(£} denotes I blanks. 
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Sabroctiae SATS (A,SW) 

CALL FUiCTIOB IWEEK 
FOR TBB DAT OF WEEK (IWSK) 

HTEGER MDKTH (MftKH) 
HTBGER DAT OF KMHH (IDAT) 
ITBGEB TEAR (HEAR) 

STORE EBCDIC FOR .ttT 
I OF WEEK JX A 

i 
I ADD 5HDAT TO X I 

i 
j ADD EBCDIC FOB MDWH TO A I . x 

I ADD 1H TO A"1 
SK 

CONVERT BMT TO EBCDIC 
AID AM) TO A T 
I MO a TOA~1 

CONVERT ITEAR TO EBCDIC 
AMD ADD TO A 

T 
1 ADD 3H TO A I ' V_ 

CALCUIATE IW, BOMBER 
OF fr-BTTE WORDS I E A 

—7*^— 
f EETDRI J 
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Subroutine EUCLID (ME&, Zl, II, Zl, 22, 12, Z-2, PIP2, IGV Am?, HTP. ISulli} 

This routine is provided for the user to determine the number of 
mean free paths between tvo points in the system. It vill eitner return 
the total number of mean free paths or vill return the first boundary 
intersection point ;md the nuvber of mean free paths to that point. 

Called ."rosi: GBTETA 
Subroutines called: GSflftf, L00kZ, HSIGTA. 
Functions used: DSQRT (library) 
Commons required: GBBftlC. 
Variables required: 

M K - Set to 1 upon calling, 
XI, 71, Zl - coordinates of starting point, 
X2, Y2, Z2 - coordinates of end point, 
P1P2 - distance between starting and end points, 
IG - energy group index, 
WW - 0 for total mean free paths 

ft 0 for intersection points and mean free prths between. 
Variables changed: 

M K * 1 for a flight reaching the end point, 

« C for a flight crossing a Bedim boundary (IT r* 0 only), 

* -1 for a flight escaping the system, 

* -2 for a flight encountering an internal void (IT + 0 only), 

XI, Yl, Zl » returns boundary intersection point if ITD # 0, 

ARC - negative of number of mean free paths, 

VTD - if IB) 4 0 on input, vill return as -1 if an escape occurs, 

MB>IUM - medium number of end point. 

Si^ifleast internal variables: 

MMK - flag set by GB0HL (returned as M K - defined above) 

HIT? - internal flag set to 1 when traversing an internal void 

(medium 1000). 

Limitations: 16 provision is made in this version for albedo boundaries. 
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Subroutine FBUat 
Fission neutrons are stored by F3AK in the area in blank 11—IIJII set 

aside for this purpose. Seven paraneters can be stored for HM0ST neutrons 
in this fission bank. If it is called as nany as 50 tines when the besik 
is foil, HELP and EXIT are called. 

Called froan FPB0B. 
Subroutines called: HELP, EXIT (library). 
Ci—King required: Blank, H U T M , JUPJU0, FISHK.' 
Variables reavdred: 

HFISn - location of cell sero of the fission bank in blank coamen, 
•FISH - number of neutrons in fission bank, 
IMflST - nsTlmna susber of particles allowed in bank, 
SU9KF - weight of fission neutron to be banked, 
FVJffE - total weight of banked fission neutrons, 
JOT, 16, KJMEZ, X, T, Z (from HOTJtfnT coumon, see page 12) 

Variables changed: 
WTSK - incremented after banking;, 
TUBS, - incremented by HBTBT after banking. 

Significant internal variables: 
•FULL - incremented upon each call when bank is full. 
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Subroutine FBAHK 

v YES DfCREMBn* 
' 1FISH £ HlftST —? IFULL ' 1FISH £ HlftST 

STDRB PABAICTHIS 
i* HLAiK ooieow 

CELTS (SFISW+7*1IFISH+I), 
I = 1 . 7 I f 

FUME AM) 
•FISH 

rKKTUMM 

fKETUfflM 

CALL HSIP 
CALL EXIT 

i4»*-*^^,«4%N?rrffc ., '- ; ^ n > i i l t f l > - ^ ; -

U ^ . J 1 , •--• •M^£^m^.... .-.. J 
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The random number package Is essentially the 05R package as modified 
for the XBM-360 computers. Six-byte (Ml hit) arithmetic is used with a 
generator (constant Multiplier) equal to lAFDfcpoD^ (» 32Tf2kk6l5^). If 
no starting number is given (a value of zero input) the routine uses 
35FA931/U< which is twice the generator. The trailing zero bit restricts 
the siffiificance cf the arithmetic to hi bits so that the p3eudo-random 
sequence generated by the CDC-160U package say be durnSeated. (The CDC-
l604 package mist use 32TT2kUCl5„ as the generator and starting number to 
give the saae sequence.) 

The following subpracrams are available in the package: 

P0&TRII Calling Statement Random Sumber Generated 

B - runmr (o) 
B * &FIRAP (0) 
h « BZPnUP (0) 

CALL iZJM (SDItC#S) 

CALL P0XI9 (SIH,C0S) 

CALL OVTSf (X,Y,Z) 

fit - immxPiT) 

R - FISBBP (0) 

uniformly distributed on the interval (0,1). 
Uniformly distributed on the interval (-1,1). 
Exponentially distributed: P(R) dR « e~ dR 
0 < R < •. 
The sine and cosine of • %bere + is uniformly 
c'lstribut*d on the interval (0,2*). A random 
azimuthal angle. 
The sine and cosine of 6 where cose is uni
formly distributed on the interval (-1,1). 
A randca polar angle. 
An isotropic unit vector. X « cosd, Y * Cos+ 
sind, Z » sin? sind where 0 is a random polar 
angle and + is a random azlkuthal angle. 
Maxwellian energy: 

P(R)dR 
U>l/2 

R 1 / 2 *'«* dR . 
A neutron speed squared from the W*»tt fis&ion 
spectrum: P(R) dR » e~ R /* sinh ( 2 / E ^ ^ ) , 
where T « 0.9*5 « 1.913220092 x 1 0 1 8 and E * 
0.533 x 1.913220092 x 1 0 1 8 (ref. * ) . 

%:?Ct&s*j-jie&i". :•*-
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(cont.) 
P0RTRAH Calling Statement Random lumber Generated 

CALL RHDIH(R) Loads R into RAMD0M(l), I « 2, k if R 4 0. 
R is read vith a Z12 format and must be double 
precision (8 bytes). 

CALL SKD0UT(R) Loads RAaD0M(l), I « 2, h into R. 

Note: The arguments of FLTFHF, SFLRAF, EXPR9F, FISRIF are not used 
by the routines. 
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Subroutine FTIatD 

FFR0B calculates the expected weight of fission neutrons *t a colli
sion point and then splits or plays Russian roulette so as to produce the 
correct average number of fissions* all of weight FWL0 (specified in prob
lem input for each region). PBJUOC is called for each neutron produced* to 
be stored for processing in the next generation. 

Called from: N0H5B. 
Subroutines called: ONED, B*JKR(3), FfiJUOC, HELP, BKR0R (library). 
fi;—1nns required: Blank* lUTBflJm** AP0LL0* FISBK. 
Variables required: 

•MED, WHE* IHEG* IG (fro. lUTBgsI common* see page 12) 
L0CFSI - location in blank common of cell sero of array of fission 

cross sections* 
L0CK3C - location in blank ro—on of cell zero of scattering counter 

B C D - cross-section medium of collision point, 

MXREG - marl mum region number* 
IMTG - total number of energy groups, 
FT0TL - total of fission weights from all collisions, 
L0CFVL - location in ulank i u—in of cell zero of array FVL0W, 
HPSCL(3) - fission counter. 

Variables changed: 
WATEP - fission weigbt transferred to FtAHK 
FT0FL 
HPSCL(3) 

Significant internal variables: 
JVL - current value from array FWL0, 

ISCT - location in blank common of (IG.ITCEG) cell of scattering 
counter array 1FIZ (and later W7IZ). 
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Subroutine 18<0tt 

This routine is called by the source executive routine, MSfXJR, uhen 
the source for the present batch ia to be taken from the previous batch 
fissions. Its function is to transfer the neutron parameters froa. the 
fission bank to the neutron bank. If there were no fissions in the previous 
batch, it sets a flag, priats a message, and returns. 

Called from: *B0tJR. 
Subroutines called: 

3T0MT(l) - loads paraneters in c iBani IUTR0ST into the • location 
is the neutron bank. 

Commons required: Blank, HfTRpI, FISB1K, AF0LL0. 
Variables required: 

IFISB - number of fissions produced in the previous batch, 
M M - set equal to WISH, 
•ITS - number of batches requested for the run, 
ITERS - batch counter, 
IF1SBI - location in blank common of cell zero of the fission bank. 

Variables changed: 
U T S - set to number of batches completed if IFISH - 0, 
ITERS - set to zero if MPISH « 0, 
IAME "\ 
IMSD I 
IRKG L set to zero (in IUTR0I common, see page 12) 
U, V, W j 

X, Y, Z 1 
WATE / 
AGE \ set to values found in fission bank (in NUFRttl common, 
I G | see page 12) 
IAMSX J Vot«: I G is group index of neutron causing fission. 
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Subroutine FS0UR 

>o 

AS FUG 
BOB IS O0MP1EEB I 
raw imsn or 
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The subroutine(ETETA selects SKA, the number of mean-free-paths for 
the next flight, from an appropriate exponential distribution. Path-ovn length stretching based on the exponential transform is included, as 
veil as an option to select from a modified distribution which does not 
permit a particle to escape from the system. 

The unbiased flight path distribution function is given by 

P U) « e"* o 

where n is the distance traveled in mean-free paths. Selection of a 
particular flight path ESA from P (n) is done by the function KXPKsT 
(in random number package, see page 3k). 

If an external boundary occurs at some distance, ARG mean-free paths 
from the starting point along the flight direction, then the probability 

ART* 
of escape is e~ If it is required that no particle escape, then the 
distribution function e*1* is normalized over the interval (0 >ARG), and 
the flight path is selected frco the modified distribution 

P u) = T n 

1 (l-e^ 0) 
and the particle's weight is adjusted by the factor 

*0M ,. -ARG 

Path-length stretching, which is a form of biasing (or importance 
sampling), can be accomplished by selecting from the modified distribution 

p (n\ - - 1 — *- n/BIAS 
P 2 ( n ) * BIAS e 

which produces values of ETA a factor of BIAS times those produced by 
the unbiased distribution P (n). Therefore, values of BIAS greater than 
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unity vill stretch the path length and values less than unity vill shrink 
the path length. The actual selection is accomplished in tern* of the 
distribution function for n* * n/BIAS, 

P2(n-) - P2(n)|^r| • .""' • 

A selection is made from PgCn') which yields ralues of STA' and then 

ETA « BIAS*ETA' . 
If path-length biasing is used, then the particle's weight must be adjusted 
by the factor 

For the combination of path-length stretching and no escape, the 
modified distribution is given by 

- n/BIAS 
3 ? 1 * BIAS*(l - e-***/****) 

vith the actual selection of ETA' being made from the modified distribution 

v»'>-?3Hfrr(1 _*.-««*«) 
where n = BIAS*n'. The path-length ETA is then given by 

ETA * BIAS*ETA», 
and the particle's weight multiplied by the factor 

J S . BIA8.[X - e - m ( l - a* U B>](l . ." "B/*"8) 

The form for the factor BIAS used in this version of GVFETA is based 
on the exponential transform and can be expressed as 
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1 1 4 8 " d - noranc) 

DHBC is the cosine of the ancle between the flight direction and the 
nost inportant direction (calculated by the user function DUfiC), 

PATH is a measure of the marl mum amount of path-length stretching to 
be applied. A value of sero corresponds to BIAS * 1.0, and no 
biasing is accomplished. Larger values of FsAT&tbut less than 
unity) yield values of BIAS > 1.0 when DIHSC > 0, and the 
particle's path length is stretched accordingly. Conversely, 
when DIBBC < 0 (the particle is traveling away from the impor
tant direction) BIAS < 1.0 and the track is shortened. 

Called from: IXTC#L. 
Subroutines called: EUCLID. 
Commons required: Blank, IUTR0fe, AP0LL0. 
Variables required: 

IG, X, T, Z, U, Y, V, * O T , HHBG (from IUTR0i common, see page 12) 
MAX8P - number of energy- groups for weight standards and/cr path-

length stretching parameters PATH, 
V0LBAK - an index for nonleakage biasing, 
RAD - the largest overall dimension in the system, 
PATH - path-length stretching parameters (in blank common). 

Variables changed: 
ETA - the number of mean-free paths to the next collision, 
WATE - the particle's weight corrected for the biasing employed 

during the present flight selection. 
Significant internal variables: 

ARC - the distance in mean-free paths from the last collision site 
to an external boundary along the present flight direction. 
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M B - WHfBttf«PP(-ra«(l.-l./BUa)) 

; . ' • '&$?'•&*>&'*•.. 
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Subroutine GgBT(l) 

Three entry points are used in this routine. Entry SETST saves the 
address (in words) of the first ce** vmilable for the neutron bank in blank 
i r—mn and returns the address of -*. last cell it will use. Entry 
ST#MIT(B) stores values from common RuTBpH into the I set of locations 
in the neutron bank and Entry GBHT(I) does the reverse; it picks up 
variables from the bank and puts them in common lUTRflB. 

Called from: UPOT (SEWT), MfrSB ( G E M ) , MS0GR (ST0IOT), FS0UR (ST0KBT), 
0UTPT (GEIff). 

Commons required: Blank, XUTRnV. The area of blank common used for the 
neutron bank is shown in Fig. 3. Votice that IG, 
KANB, IANBZ, HIED, and IKBG are stored in 2-byte vords 
(and are therefore limited to £ 65535), symbolized by 
a dotted line splitting the normal fc-byte word. 

Variables required: 
SBTBT: BLAST 

HM0ST 
GETRT: I 
ST0&ST: K, 5AIC, HAMSX, SBED, 5KBG, IG, U, V, W, X, Y, Z, WATS, 

BLZNT, AGE (from IUTO0" common, see page 12) 
Yariables changed: 

SETHT: BLAST 
GETRT: variables in common HlfTR̂ I required by SETHT above, 
ST0KVT: 12 consecutive locations in blank cosnon. 

Significant internal variables: 
MI0 - location in blank common of start of neutron bank. 
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HIAST before 
SET5IT call 
(stored in lflftj) 

BLAST af ter_. 
SETHT call 

(unused) 
IG 
U 

AGS 
BLZBT 

HRBC 
(unused) 

IG 

paraneters for neutron 1 

parameters for neutron 2 

similarly for up to lQf&T neutrons 

parameters for neutron Mftt 

Fig. 3. Layout of the Betatron Bank in Blank Common 

.^••-yrfS^S^iy;- .^dtfc*gjpt' * 
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Subroutine GETNT(N) 

ENTRY 
SETNT 

[NLAST,N*0ST) 

SAVE STARTING 
ADDRESS OF BANK 

IH f 
MAST BY 

SIZE OF BANK (l2«NHfeT) 

ENTRY 
.STJSRNTCN), 

STORE VALUES 
FROM /NUTR0N/ 

INTO Nth 
LOGATTOH IN 

BAHK T 
( RETURNJ 

ENTRY 
GETNT(N) 

mn STORE VALUES 
FROM Nth 

LOCATION IN 
BARK INTO 
/HUTRflW/ 

I 
£ RETURN 

) 
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Subroutine G0M5T (TSIG. MARK) 

The end-of-flight coordinates are computed assuming the starting 
medium extends infinitely. The proper data are stored in GEflftfC before 
calling GE0H and is restored after the GE0M call. If the flight is 
starting in interior void (HNED = 1000), velocity components (or direction 
cosines) rather than an end point are given to GE0M. If an albedo medium 
is enco.intered the flag NALB is set to the albedo medium number, and then 
H0RML and G0MFLP are called, respectively, to determine the normal to the 
surface encountered, and to reset certain paras:̂ ters for GE#M to use later 
in going avay from the albedo surface. 

Called from: HXTC0L. 
Subroutines called: GEflfc, H0RUL. 
Functions used: SQBT (library) 
Commons required: AP0LL0, HUTR0H, GEfftfC 
Variables required: 

xtfLD, y^LD, TAUK HMED, 1 _ _ f l l l o - i i , 0 x 
• * L from HT7TR0H common, see page 12) 

U, V, V, HREG / 
IBLZ0 - packed word containing block and zone numbers for starting 

point, 
ETATH - distance to be traveled (in cm) if the flight remains in 

the starting medium, 
MARK - initial value of flag used by GB0M, 
TSIG - total cross section of starting point medium, 
ETA - flight distance in m.f .p. 

Variables changed: 
X, Y, Z - end point of flight, 
HALB - albedo flag (= MEDAI2 or 0), 
MARK - flag indicating type of termination of flight, 
ETA - actual flight distance (in m.f.p.) if albedo collision occurs, 
HMED - medium of end point, 
HREG - region of end point, 
ETAU3D - actual flight distance (in m.f.p.), 
IBLZH - block and zone of end point, 
ETATH - actual flight distance (in cm). 
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Subrac'inr G0CST (T5IG,BABX) 

pkLCULATE AH] 
STOBB BD) 
ponr ni 

I 
CALL ^ R H . 
CALLQftVLP 

= 1 

80 

YES 

COORDINATES, BLOCK 
AKD ZOME BOWERS 

g /GB»C/ 

= 1000) 

AMD BRBG 

I 
ESSSFJIl 1 

STORE EH) POUT 
c? FLIGHT J X.T.Z 

tSDALBAID 
MARKG = 0 

•0 

^1 IBLZ» » TBUUH & 

SET STATE fO 
DISTANCE 
TRAVELLED 

TES 
MH9LD = 

1000 

KO 

fRETORH J 

i STORE DIEECGOM 
AS Effl) FOIST 

PI A a f t C / 

IALB = 0 
MASK = MAREC 

^f SET ETATH TO 
DISTANCE 
TRAVELLED 
3TAMSP/TSIG 

RETUKR 
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Subroutine GPRflB 

This subroutine is the executive routine for the generation and 
storage of secondary gamma rays (or neutrons for an adjoint, coupled prob
lem). The probability of generating a gamma ray is determined and the 
resulting gamma-ray weight, VATEG, is compared with input values of the 
desired gamma-ray weight, GWL. Russian roulette and splitting are used 
to produce gamma rays of weight GWL. That is, if the gamma-ray weight is 
less than the input values, then the gamma ray is killed with probability 
(GWL-|WATEG|)/GWL and stored with probability ( |WATEG|)/GWL. If the 
gamma-ray weight is greater than the input value, then there are J = 
WATEG/GWL gamma rays stored with weight GWL with Russian roulette played 
with the remaining gamma ray of weight WATEG - J*GWL. 

Another version of GPR0L which has been found to be more useful in 
some cases does not use GWL as a desired gamma weight but instead uses it 
as the probability of generating a gamma ray. Thus, a random number, if 
compared with GWL, and, if greater, no gamma ray is generated; if less than 
or equal, then a gamna ray with weight = WATE*PGEH/GWL is stored. This 
procedure produces gamma rays of varying weights, but the number of gamma 
rays may be controlled easily. 
Called from: M0BSE 
Subroutines called: GAMSEN, GST0RE, HELP, ERR0R. 
Functions used: SIGH, ABS (library). 
Commons required: Blank, RUTR0N, AF0LL0. 
Variables required: IG - primary particle energy group, 

NMED - geometry medium, 
WATE - primary particle weight, 
GWL - input weight values for gamma rays, 
NREG - geometry region, 
NMTG - total number of particle groups, 
MXREG - number of regions for which there are 

weight standards. 
Significant internal variables: 

WATEG - gamma-ray weight, 
PGSN - gamma-ray generation probability. 
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S u b r o u t i n e GFR0B 

(START) 

CALL GIMPSM TO TDD 
GAJMA-RAY GROUP AM) GESERAIID1I 

PROBABILITY 

I 
LOOK UP HFUT VALUES OF 

GAM4A-RAI WEIGHT 

SUBTRACT STORED 
WEIGHT FB0M GEKSATIOI 

WETGHT 

I 

I S GAJM 
ZBPUT WEIGHT 

VALUE LESS THAH 
k 0R EQUAL TO ZERO?. 

YES 
GVL £ 0 

- » t CALL H E L F I 

| CALL EHB0R~| 

CALL GSTDBE 
TO STORE A. GAM* 

YES 

WITH PROBABILITY - 1 — — ^ -
GWL 

CALLGSTtfRE 
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Subroutine GST0RE (W8G, IGG) 

This subroutine checks to see if there is room in th- bank, and if 
so stores the significant variables for the generated gamma ray (or neutron 
in an adjoint coupled problem). Since the information in NUTR0N common 
is stored, the current neutron parameters must be saved temporarily and 
then restored. It is assumed that the gamma ray is emitted uniformly 
in direction. An option for analyzing the generated gamma ray is provided 
through the BAHKR interface. 

Called from: GPR0B. 
Subroutines called: GTIS0 (U, V, W), ST0RUT (HMEM), BAHKB (U). 
Commons required: NUTR0N, AP0LL0. 
Variables required: 

W8G - gamma-ray weight, 
IGG - gamma-ray energy group, 
L0CHSC - location in blank common of cell zero of scattering counter 

arrays, 
HMEM - last location in bank that has been used, 
HM0ST - maximum number of particles allowed in the bank, 
HMTG - total number of energy groups, 
MXREG - maximum region number, 
IG . 
HREG I 
WATE \ (from HUTR0N common, see page 12) 
NAME I 
U,V,W / 

Variables changed: 
HMEM - last location in bank that has been used, 
HEWNM - the gamma-ray name. 

Significant internal variables: 
U,V,W - direction cosines of gamma ray. 

Limitations: Isotropic gamma-ray emission. 
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Subrout ine GST0R& 

ROOMY *> 
NMEM ^Blf iST 

STORE OTffORARILY THE 
NEUTRON NAME, WEIGHT, 

ENERGY GROUP, DIRECTION 
COSINES 

I CALL GTIS^(U tV,W) | 

1CALL 
T 

i i iSIGIDl 

1 RESTORE NEUTRON 
PARAMBfEBS 

INCREMENT GAIMA-RAY COUNTERS 
NPSCLW 
NGAM ) ENTERING AHD 
WGAM J LEAVING COLLISION 

I 
CALL BANKRW 

(ANALYSIS OF GAliiA SOURCES) 

I 
fRETURNJ 

INCREMENT 
COUNTER OF 

GAMMI RAYS LOST x 
(RETURN) 
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Subroutine INKJT 

The basic functions of subroutine IHP17T are to read, from cards, 
the basic problem description, and to print out this information, to initialize 
parameters, to perform some initial transformations on basic problem data, 
and to call other more specialized routines that perform similar initializations, 
As an example, several group indices must be set differently depending 
on whether the problem is a neutron only, gamma only, or combined neutron 
and gamma. If an adjoint problem is being done, many quantities must be 
Stored differently since all values are input as though a forward calcula
tion was being done. For complete details, refer to the flow chart. 

Called from: M0RSE. 
Subroutines called: 

DATE - provides EBCDIC string containing day of week and date, 
S0RIR - reads cards E, source spectra and relative importance of 

source groups, if biasing is desired, 
RHDIR - stores initial random number, 
RRD01TF - retrieves current random number, 
J0HIR - reads geometry data, 
XSEC - reads cross-section data, 
SETHT - sets up neutron bank, 
EXIT - library, 
SC0RIR - user routine for reading analysis data, 
GANGER - provides gamma-generation probabilities, 
FISGFR - provides fission-generation probabilities. 

Functions called: 
IC0NPA (A,B,H) (library function at Oak Ridge Rational Laboratory -

compares, bit by bit, N bytes of locations A and 3; returns 
zero if A and B are identical) 

MODEL - (library function at Oak Ridge Rational Laboratory which 
determines the model of the computer) 

Commons required: Blank, GE0MC, BARK, USER, BRKHMC, RUTR0R, AP0LL0, 
FISBRK, R0RMAL. 

Variables input: (see definitions of variables in common AP0LI0, ITUTR0R, 
USER, pages 8, 12, 167. A more detailed listing of input is given 
in Appendix C.) 

•-•VVtT JWh! A * * * J " * * * 5 " * * ' ' 
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CARD A (2QAU) 
Title 
(Any character other than a blank or alphameric in column one vU 1 
terminate the job.) 

CARD B (1UI5) 
HSTRT, HM0ST, H I T S , HQUIT, HGPQflH, HGPCtfEG, HMGP, HMTG, HC0LTP, 

IADJM, MAXTIM, MEOIA, MEDALB 

CARD C ( U I 5 . 5 E 1 0 . 5 ) 

IS0UR, HGPFS, ISBIAS,(unused), WTSTRT, EB0TH, EB0TG, TCUT, VELTH 
CARD D (7E10.1*) 
XSTRT, YSTRT, ZSTRT, AGSTRT, UIHP, VIHP, WHIP 

CARDS El (TElO.fc) (skipped if IS0UR > 0) (read by S0RIH) 
FS(I), 1 = 1, HGPFS 

CARDS E2 (7E10.U) (skipped if IS0UR > 0) (skipped if ISBIAS £ 0) 
(read by S0RHI) 
BPS(I), 1 = 1 , HGPFS 

CARDS F (7E10.li) 
EHER(l), I - 1, HMPG 

CARD G (2I5,5X,36ll,5X*13U) 
HHISTR, HHISMX, (HBIHD(j) ,J=1,36) ,(HC0LIS(J) ,J=l,13) 

CARD H (Z12) 
RAHDtfM 

CARD I (1UI5) 
HSPLT, NKILL, HPAST, H0LEAK, IEBIAS, MXREG, MAXGP 

CARDS J (6I5S*E10.5) 
HGP1, HDG, HGP2, HRGl, HDRG, HRG2, WTHIH1, WTL0W1, VTAVE1, PATH 
(read until HGP1 < 0) 

CARDS K (TElO.fc) (skipped if IEBIAS <_ 0) 
((EPR0B(IG,HREG),IG=1,HMTG),HREG=1, MXREG) 

CARD L (1UI5) 
HS0UR, MFISTP, NKCALC, H0RMF 

CARDS M (7E10.U) (skipped if MPISTP £ 0) 
(FWL0(I),I*1,MXREG) 

CAM 5 H (7E10.M (skipped if MFISTP £ 0) 
(FSE(IG,IMED) tIG*l,NMGP) ,IMED*1,MEDIA) 

CARDS 0 (7E10.10 (skipped if HGPQTH or HGPQTG - 0) 

http://7E10.li
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> 

((GWL0(lG,HRBG),IO=l, HMGP or HMTG-HMGP) , HREG=1, HXREG) 
J0KTB called for geometry data 
XSEC called for cross-section data 
SC0RIH called for analysis data. 

Variables changed: 
All in coonon USER - set for use by analysis routines, 
All in coHBon H0RMAL - zeroed, 
All in common G^^MC - zeroed, 
All in common NUTR#l - filled vith Junk vord (U8U8U8U8 , ) , 
All in common AP0LL0 - except II, 10, ITIME, HLAST are filled vith 

junk vord, 
MAXTIM 
DFP 
IGPQTO 
HGPQT1 
HGPqT2 
HGPQT3 
HWPC0L 
IC0LFR 
RAHD0M - set to internal number by RRDIH if zero is read in, 
MAXGP - set to 1 if 0 is read ?n, 
MXREG - set to 1 if 0 is read in, 
MGPKEG - MAXGP*MXREG 
L0CWTS 
L0CFHL 
L0CEPR 
L0CHSC 
L0CFSH 
HGE0M 
HLAST 
HSIGL 
NTCSBN 

for definitions, see common AP0LL0, page 8, 
and diagram of energy group structure, page U 

> 
for definitions, see common AP0LL0, page 8 
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Subroutine HPUT 

(SOARS) 

IHLEFT = MLASfl 

ZERO COIRBHS 
OF OC4M01S WfiUUL 

AID G80M 

I 
LOAD HUSH) CELLS IH COMOB 

JUJTHUI, FISBK, 
AF#LLd WITH JllSK WORD I 

1/f: CAR) A (30A*) 
THLB 

•0 -XCALL EXTFI 

CALL DATE (TITLE,IV) 
PRUT DATE 

i 
x/p: CABD B (1M5J 

HSTHT, H0ST, U T S , BQUIT, BGPQTB, KFQTG, 
1MSP, DTO, IOjfc.T?. IADJM, UUTIIf, *&EA, 
MBWLB I 

1 HAXHM = MUtTIM*600o"| 
jfc. 

IP MODEL 

ISVGP * M G P 
HMSP » 0 

1/0: CAHD C (1»I5,SE10.5) 
IS0UR, HGPFS, ISBIAS. (UHUSED), 
WTSTRT, EB0TK, EB0TG, TCUT. VELTH 

3 1/0: CARD D (7ELO.J*) 
33TRT, YSTRT, ZSTRT. AGSTRT, UIKP, VIHP, WHIP I 

ZERO BLANK COMON CELLS 
1 TO MEMO 

DPP • l . C 
DDP * WTSTRT 

BOPOTO » 0 

S 
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I BEUTROH 
OHLY 

RGPQT1 = RGPOTR 
HGPQT2 = RM5P 
HGPQT 3 = EGPQTH 

GAMMA OHLY BGPQTl = HGPQHI 
RGPOJT2 = RMGP 

WGPQT3 ^ WHIP + BSPqgE 

I 
CALL S0RIH(DFF,HGPFS7 

^READ: CARDS E(7ELO.H) 
BGPFS VALUES OF FS 
AMD, IF ISBIAS > 0 
BGPFS VALUES OF HFS 

READ: CARDS F (7ELO.^T 
EMTG VALUES OF UPPER 

ERERGY LIMITS OF GROUPS 
nrro CELLS I TO IMTG 

OF BLABK COMMOB 

I CALCULATE VELOCITIES 
AS VELOCITY OF NEAR 
ERERGY IR GROUP. 

STORE IR BLAK COMMDR CELL 
RMTG + GROUP BOMBER 

STORE VELTH IR CELL RKK « 

I 
I P R U T ; ERERGIES ABD VELOCITIES } 

^ S THIS A T 
ADJOIHT 

>BLEM? 

BO 

YES (iAiWM > u ) I 
RGPOjrO - RMTG - HM3P - RGP^EG 
RGPQTl = RMTG - RMGP 
RGPOT2 = RMTG - RGPQTjf 
HGPOJT3 = RMTG 
RGPQG = RGPQTO + I 
RGPQR = HGPQT2 + 1 

© 
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| PRUfT: ADJOIHT MESSAGE] 

IHMJ = HMfoTSl 

HO 

YES (HC0LTP > O) 

1/0: CARD G (215, 5X,36I1,5X, 1311) 
HHISTR, HHESMX, (HBMD(j), J=l,36), 

(MOLLIS(J), J = 1,13) I STORE SUM OF HBIMD HI HWPC0L 
MC0LPR = 253/MWPC0L 

I 
PRIHT HOLLERITH HA*BS CORRESPOHDIHG 
TO EACH POSITIVE VALUE OF 1BIHD 

READ: CARD H (ZL2; J 
RAMD0M j 

I 
CALL RNDIN(RAHD0M/ 
CALL RHD0UT(RAHDflM) 

I [pRiHT: RANDOM 

J[ 
1/p: CARD I U M 5 > 

KSPLT, HKELL, HPAST, R0LEAK, I E M A S , 
MXREG, MIUCGP I 

I F MAXGP * 0 , SET MWQSP = 1 
I F MXREG £ 0 , SET MXREG = 1 

M3PREG = MfcXGP*MXREG 

© 
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I LOAD /USSR/ WITH 
II, 10, WGPQI1, NGPgr2, 

HGPQT3, HITS, NM3P, HMTS, 
HSTRT, IADTM, TCUT, 

WTSTRT, XSTRT, .!STRT, ZSTRT, 
AGSTRT, DFF. NGPQTG, 

WGPQTN I 
CALCULATE STARTERS FOJHTS 
FOR ARRAYS IH BIAHK COMON: 
I0CNTS, L0CFVL, L0CEPR, 

L0CHSC, L^GFSH 

I 
ZERO HLAHK COMCN 7BXM 

L0CWIS + 1 TO L0CFSK + 2 « B l g G * l g > I A 

& 

HO 

HSFLT + HKILL 
• HPAST = 0 I 

1 /0 : CARD J ( 6 l 5 , i « 1 0 . 5 ) 
HGP1, HDG, HGP2, HRG1, HDRG, HRG2, 

3THIH1, WHflPL, WTAVE1, XHU 

1 S&u = 1 
HDG = 1 

NGP2 = MAXGP 

HRG1 = 1 
HDRG = 1 

HRG2 = MXREG 

< 0 XD 
YES 

IADJM > 0 

SWITCH HSKL 
AHD HGP2 TO 

ADJOIHT VALUES 
I 

<b 
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© 1 LOAD WTHIHL, HILfW., 
HEAVKL and XKJ 

m o HAjKOOIMW 
AREAS SPECIFIED BT 

O O V A B HBSIO* HDDS 
(snuraa WHHMCWIS*! 

I7f: 

•0 
(XEHAS « o) 

K (700.4J 
EPB0B(l&,IfK) 

c m s Î CEPR • i *> 

(START i w CARD FOB 

ADJOMTty (IADJM > 0) I 
"aSS" L aws; ! / • : CAD L U « 5 ; I 

. HTSIP. •BBAIC. ERMF 1 

HO. 
(JK3TP < 0) f 

I /# : CABS M (7E10.*J 
FHLf(l), 1-1, MRK 

STORE HBLAKCOMO* 
STARTDC WOT CELL 11CFWL » 1 I 

I /#: CARDS: 1(7*10.*) 
PSEdG.IWD) STORE II 
ffj\pr OOMMOB CELLS 
L0CIS1 • IMTG«MEDIA 
• (UCD-D—HGP • IC 
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BO 

YES (BGPQ3S*HGPgi!G > 0 ) 

1 / 0 : CARDS 0 (7KL0.4; 
( ( G « L 0 ( I G , M R E G ) , I G = 1 , E M G P OR HMTG-IMGP) 

KREG = 1 , MXREG) 
STORE IB BLANK COMOB 

(131 REVERSE ORDER IF ADJOIBT) 

I 
STORE JUHK WORD IE HEAR I 

COMOM CELLS JK30M + 1 I 
TO HLEFT I 

t§ CALL J0MIH(RST0R(!KIB0M), 1 1 , i o f 
READS GEOICIRT DATA I E : 

RETURNS NUfiER OP CELLS USED IE 
BST0R(1IGB0M) 

I 
N3LAST = HGE0M + KST0R(RE0M) 

SLAST = 
- 1 

A 0 l f l j . ^ 

I 
I PRUT: NGE0M, BC3A5T~! 

(HGP^TH i 0 ) n 1 ' 

CALL X3EC(lADJM, I0&FR," 
MEDIA, BLAST, BM5P, BMEG, RLEFT, 1 0 , I I ) . 

READS CROSS SECTIONS IN AND SETS 
UP PROBABILITIES 

& 

•Sfa* J? i»«»*r**»^' 
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I WSIGL = MAST | 

CALL SEHIT(MAST9 ttfST) 
STORES MAST IH7ERSALLY FOR USE 

BY GETHT AMD ST0RHT; 
INCREASES MAST BY 12*m4ST 

YES 
(l«STP > oT 

BF1SEH = MAST 
MAST = MAST + V 

(FISSIOH BOK SET UP) 

STORE MAST AM) M2PT 
(= Kf fT - MAST) I I 

COHC1 USER 

(MJFT< 0) 
PHUT H0M5BOO5 

. 2 * . 
I CALL EXIT] 

I ZERO IG IM THE BAHK \ 

CALL SCpRI* 
USER ROOTIES WHICH 
READS IV BBCESSAEY 
AHALYSIS DATA 

© 
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«JUiW» TAUES OF 
Fission FWMMUTT 
ID CDF AID 9KNB I I 

nssioB SOURCE 
jfflMT JgfTrt 

jsfil*5'-. t ^ ^ g s * * * * ^ ^ - . 
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function WEEK (MflRH, IDAT, HEAR) 

This routine will look up the date for you if you don't know it and 
fill in integer values for M0RTH, IDAT, and ITEAR (requested vith N0RTH 
£ 0). It also returns, as the function value, an integer fron 1 to 7 
representing the day of the week. If it is given a positive value of 
M0HH, it assumes you have given it a month, day of month, and year and 
will not disturb these but will simply determine the day of the week. 
If you stump it (by specifying a year before 1901 or after 2099) IVEEK 
is returned as zero. 
Called by: DATE 
Routines called: 

IDAY - library routine at OREL; the output is two U-byte words con
taining 8 EBCDIC characters representing the number of the 
•onth, a hyphen, the day of the Month, a hyphen, and the last 
two digits of the year. That is, on Nay 30, 1970, the argument 
for IDAI will return containing the EBCDIC representation of 
05-30-70. 

Variables required: 
Hfim j< 0 - flag to calculate MfftTTH, IDAT, and HEAR. 

> 0 - flag to leave arguments aloce. 
Variables modified: 

KfeTH - integer representing month 
IDAT - integer representing day of month 
HEAR - integer representing year 
IVEEK - integer representing day of week. 
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F u n c t i o n IVEEK ( N p T H 9 I D A T , I Y E A R ) 

I IWEEK * 0"^" 
HO 

JOBS. 
(Mflrra < o) i CALL IDAT(IDA) | FOR EBCDIC DATE I 

UHPACX IDA DTK) 
M0HTH, IDAT, 

AND HEAR 

YES 

CALCULATE IWEEK, THE IHTEGER 
REPRESEHTIHG THE DAT OF THE 
WEEK R>P THE GIVER DATE 

I 
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Subroutine M50UB 

MS0UB is the executive routine for the generation and storage of 
the source parameters at the starting of each batch. The source parameters 
•ay be read into IHPUT on carols, generated by subroutine S0URCE or obtained 
from the fission bank for a Multiplying system. For either type ci problem 
the calculations by subroutine S0URCE override the fission bank input or 
the values read from cards. If the direction cosines ore all input as 
zero, an isotropic source direction is generated. The group number obtained 
from the fission bank is the group causing fission and may be used in the 
selection of the source group for the fission neutrons. PSE in blank common 
contains the group distribution for each medium. 

Called from: M0RSE 
Subroutines called: F30UR, GSTftT, SOURCE, GTIS0, ST0HRT, BAHKR(l), 

L00KZ 
Commons required: IUTR0B, FISBBTC, AP0LL4, GX&HC 

Variables required: 
ITSTR - an index which determines if the source should be obtained 

from the previous batch fissions CITSTR f 0) or generated 
by S0URCE or from input data (ITSTR * 0) 

IS0UR - an index which determines the options tor the energy 
distribution of the source. If IS0UR> 0 the source 
energies are all generated in energy group IS0UR. If 
IS0UR £ 0 subroutine IKPuT calls S0RIH and the energy is 
selected by SftJRCE 

BNEM - the number of particles to be generated for the batch 
= MSTART for non-fissioning systems and IF1SH for multiplyirg 
systems 

XSTRT, YSTHT, ZSTRT "\ 
WTSTRT, AGSTRT I starting parameters input from cards, 
UIHP, VHP, ZIHP [ from coamon AP0LL0, see page 8 

Variables changed: 
U0LD, V0LD, W0LD, ETATH, X0LD, Y0LD, Z0LD, IBLZ0, ETA, IG0, 
MED0ID, 0LDAGE - previous collision parameters are zeroed for the source. 
0LDOT - previous collision weight set equal to WTSTRT 
X,Y,Z, WATE, AGE, HAMEX, ^ 
IBLZN, NREG, NMED, NAME, ( parameters set for each particle generated, 
H v W IG 1 ? u t i n WTR0N common, see page 12 
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HPSCL(l) - counter for number of sources 
NEWHM - set to nane of last particle generated 

FWATE / zeroed for the next batch 
mgH J 
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S u b r o u t i n e MS9UR 

(suss) 

INITIALIZE THE FOLLOWING PRECOLLISIOR 
PARTICLE PARAMETERS: 

U0LD - 0. 0LDWT = WTSTRT 
V0:J) = ':. ETA = 0. 
W0LD - 3. IG0 = 0. 
ETATH = 0. MED0LD = 0. 
Xĵ TD = 0. 0LDAGE = 0. 
Yf» LD = 0. IBLZ0 - 0 
70LD = 0. 

(o 
I 

ARE THE PARTICLE PARAMETERS TO B E \ I < ? T p _ 0 

STAINED FROM INPUT DATA OR FROM 
2ATA STORED I N THE FISSIOR BARK? 

>M V is ISTR I 0 

13 THE SOURCE A\ HO 

CALL FS0UR TO TRANSFER THE NEUTRON 
PARAMETERS FROM THE FISSION BANK 

TO THE NEUTRON BANK 

G 

CALL GETNT TO GET 
CURRENT PARAMETERS 

SET X, Y, Z, 
MATE, AGE, 
NAMEX TO 
STARTING 

VALUES 
= 3 

WERE FISSION NEUTRONS PRODUCED: 
DURING THE PREVIOUS GENERATION V 

YES 
NMEM > 0 

CALL SOURCE TO OBTAIN OR 
ALTER X,Y 1 * l WATE,AGE 1 U,V,W,IG 

(IG MUST BE SET FOR 
A FISSION PROBLEM) 

NO 
NMBf < 0 f 

3 D 

FT0TL = 0.0 
FWATE = 0.0 
NFISH = 0 

CALLLppKZ 
TO FIND REGION, MEDIUM 

AND BLOCK NUMBERS 

SET THE FOLLOWING SOURCE 
PARAMETERS FOR EACH PARTICLE 

NAME 
IBLZN 
NREG 

HMED> 
U.V.V 

CALL ST0RNT TO TRANSFER THE 
PARTICLE PARAMETERS INTO THE BANK 

I INCREMENT SOURCE PARTICLE 
COUNTER NPSCL(l) 

CALL BANKRU; FOR USER" 
ANALYSIS OF SOURCE EVENTS 

NO 
N < NMEM 

YES 
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Subroutine NXTC0L 

This subroutine is called by the main program to determine the spatial 
coordinates, the block and zone number, particle's age, and nonabsorption 
probability at the next collision site and at every boundary crossing 
encountered along the vay. The total number of boundary crossings is-
recorded as is the number of escapes. If a particle escapes, its weight 
is set equal to zero and the history vill be terminated by the main pro
gram. 

Called from: M0RSE 
Subroutines called: GETETA, KSIGTA, G0&KT, BANKR(7i, BANKR(8). 
Commons required: Blank, NUTR0N, AP0LL0 
Variables required: 

AGE - chronological age of the particle at the previous collision site, 
BLZNT - a packed word containing the block and zone number at the 

previous collision site, 
NMED - the medium number at the previous collision site, 
X0LD, Y0LD, Z0LD - spatial coordinates at the previous collision site, 

TSIG - total cross section. 
Variables changed: 

AGE - chronological age at new collision site, 
BLZNT - a packed word containing the? block and zone number at the new 

collision site, 
NMED - end-of -flight medium, 
NPSCL(7) - total number of boundary crossings, 
NPSCL(8) - number of escapes, 
X, Y, Z - end-of-flight spatial coordinates, 
WATE - weight of particle undergoing flight to the new collision site. 

Significant internal variables: 
MARK - an index which identifies toe type of event at (X,Y,Z); 

MARK = 0, normal boundary crossing, MARK » 1, flight ended 
within the medium, MARK = -1, particle escaped, MARK = -2, 
particle entered an interior void, 

ETA - mean-free paths of flight remaining after a boundary crossing, 
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ETATH - total distance that a particle vould travel if the medium at 
the starting point vas extended indefinitely, 

ETAUSD - mean-free paths of flight consumed while traversing a given 
medium. 
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Subroutine IXTC0L 

(START) 

CALL GETBTA TO OBTAII THE TOTAL MEAN-FREE PATHS 
OF PARTICLE TRAVEL (ETA) AID THE PARTICLE'S 
CORRESPONDING HEIGHT (SEEP IF LAST COLLISION 

MAS AN ALBEDO SCATTERING) 

~*\W 

i 
IS THE STARTING POINT 

LOCATED II AM INTERIOR VOID? 

REDUCE ETA BT TEE 
MBAN-FREB-PATH 

DISTANCE TRAVELED 
BETWEEN BOUNDARY 

CROSSISUS, 
ETA = ETA - BTAUSD 

I 

Jl } TBS RIB) = 1000 

CALL RSIGTA TO OBTAIN TOTAL CROSS 
SECTION (TSIG) FOR THE S E K ! 

TO BE TRAVERSED I CALCULATE THE DISTANCE THAT A PARTICLE WOULD" 
TRAVEL IF THE MBTZUM HAS KTTBIT)H) INDEFINITELY 

ETA/TSIG 

CALL BAHKR(77 
FOR USER ANALYSIS 

OF BOUNDARY CROSSINGS _ 

CALL G0M3* TO OBTAIN 
HEXT EVER (X,T ,Z) , THE DISTANCE TRAVELED L 

(ETATHAID ETAISP), AND MARK WHICH F ^ " 
IDENTIFIES THE TYPE OF EVERT. I 

IF (X,T,Z) IS OR Al ALBEDO SURFACE 
ETA « ETA - ETAUSD 

INUREMENT BOUNDARY 
CROSSING COUNTER 

RPSCL(7) 

/TE 
Bo^sduy 
Crowing 

(NARK = 0 or - 2 ) 

, 7 5 5 ? TO DETERMINE 
\ EVENT AT 

( • 

MENS TYPE 0 P \ 
(X,Y,Z) J 

ESCAPE (HARK = - l ) 

Real 
Collision 
(MARK = 1) 

TERMINATE HISTORY, 
SET HATE = 0 

RETURNW 
» 

INCREMENT COUNTER, 
NPSCL(8) 
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Subroutine 0UTPT CKEY) 

This routine controls the calculation and output of the average values 
of the source parameters Cbeginning of the batch, KEY = l) and the ccllision 
counters at the end of each batch (KEY = 2). At the end of the run (KEY 
= 3), results for the number of scatterings, the ways in which the particles 
were terminated, and the counters for splitting and Russian roulette 
are printed. 

For k calculations, the estimate of k at the end of each batch is 
output, with the final value of k and its standard deviation output at 
the end of the run. 

In addition, the c.p.u. time used is output for each batch. 

Called from: M0RSE 
Subroutines called: TIMER, RHD0UT, GETNT, 0OTPT2 
Commons required: Blank, HUTR0N, AP0LL0, FISBHK 
Variables required: (nearly all variables from NUTR0H common, see page 12 

for definition} 
NITS, ITERS, HHEM, RA5D0M 
HPSCL(I)-
N0BMF, NFISH, NKCALC, NSPLT, NKILL (from common AP0LL0, see page 8) 

Significant internal variables: 
FMKJV - a running count of the total number of particles starting, 
SWATS - the sum of the source particle weights, 
FKSUM - running sum of the k values weighted by the number of 

particles starting the batch? 

VARK - running sum of the square of the k values weighted by the 
number of particles starting the batch, 

NITSK - number of batches used for k calculation. 
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SUM HUMBER OF PARTICLES 
III THIS BATCH DfEO 

TOTAL 

•J-
CALL TIME PRUTS OUT TIME 

SINCE LAST PSHTOUT I 
CALL RBDBUT 

PRIST OUT RA1D0M 

I ZERO AVERAGE 
VALUE VARIABLES I 

DETERMHE AVERAGE 
HATE, COORDINATES, 
ESERGT, DIRBCTIOI 

COSHES, AGS FOR 
SOURCE PARTICLES 

I OUTPUT 
VALUES FOR THIS 

BATCH 

RETURW 

KEY 

Subroutine <JUTPT (KEY) o 
KEY = 3 

START OF BATCH 
KEY? 

KEY = 2 

ETO OF RUH 

EHD OF 
BATCH 

0 : THE OTILESIOlf 
COURCRS 

HPSCL(I), 1=1 ,13 

PJJALL TIME | 

ZERO COLLISIOM 
COURIERS 

IXCREMBfT WEIGHTED 
SUM OF K AMD K**2 =T~ 

TOTAL FISSIO* WEIGHT, TOTAL 
WEIGHT OF BARKED KBUTROB, 
TOTAL BUMBER OF FTSSIOK 

^RETURm 

1 
fi RUBER OF 

1 EACH TYPE OF 
PARTICLE DEATH 

0 : HUMBER OF 
SCATTERIMGS FOR 

BACH MEDIUM 

0 : IUM8ER ASD WEIGHT OF 
SCATTERDIGS FOR EACH EBERGY 

GROUP, REGIOH AMD TYPE OF 
SCATTERING USED 

p : HEADING' 
CALL 

} : HEADING 
CALL flUTPT2 

j 4: AVERAGE K AH) I 
1 STAKPABP DEyiATIOg | 

7*T 
f RETURR 1 
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Subroutine 0UTPT2 (HI, WHI, MaXGP, MXREG, 10) 

This subroutine is used to output the number (HI) and weight (WNI) 
counters indicating the results of Russian roulette, splitting, and 
scatterings for the complete problem. The output arrays depend on region 
and energy group. 

Called from: 0UTPT 
Variables required: HI - the two-dimensional array to be output, 

WHI - the two-dimensional array to be output, 
MAXGP - the largest group for which Russian roulette 

and splitting were considered, 
MXREG - the number of regions for weight standards, 
10 - logical output tape number. 

Subroutine 0UTPT2 

(START) 

OUTPUT: HEADIHG AKD 
REGION NUMBERS 

| OUTPUT: HEADIHG | 

OUTPUT COUNTERS 
FOR ALL REGIONS 
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Subroutine S0RIH (DFF, MGPFS) 

The source energy spectrum (in group form) and, if needed for biasing, 
the relative importance of source groups, are input and transformed to 
cumulative distribution functions (c.d.f.) by this routine. (Note that 
the biased spectrum is not input but rather calculated by S0RIH.) 
Forward and adjoint cases are handled automatically. If an adjoint problem 
is being done, the c.d.f.'s start at 1.0 and decrease with group so they 
will be in the correct order after IHPUT reverses the arrays. HGPFS 
values of the natural spectrum (referred to as the array FS) *nd, if 
requested, the relative importance (referred to as the array BFS) are 
input into blank common. After FS is input the summations DDF over groups 
1 to HGPFS, and DFF over all groups actually being used up to HGPFS are 
formed. DDF is replaced by (DFF/DDF)*WPSTRT for use, in S0URCE, as a 
weight correction when less than HGPFS groups are being used in the pro
blem. DFF is transferred to common USER for use by the analysis as a 
normalization in adjoint problems. It should be noted that the array 
FS, as input, is treated as fractions of particles to be emitted in the 
natural distributions, but, for the adjoint case, should consist of averages 
over the group width, not integrals. 

Called from: IHPUT 
Functions used: ABS, MAXO (library) 
Commons required: AP0LL0 
Variables required: 

HGPFS - number of values of FS (and BFS) to be read, 
HMTG - total number of groups in cross sections, 
HGPQTH - number of neutron groups, 
HGPQTG - number of gamma-r«y gro'JpS, 
HMGP - number of primary particle groups in cross sections, 
WTSTHT - starting particle weight, as input, 
IADJN - positive for adjoint problem, £ 0 for forward, 
ISBIAS - source bias switch, biasing used if > 0. 

Variables input: 
FS(I), 1=1, HGPFS, and ^ 
if ISBIAS > 0, I format (7E10.U) 
BFS(I), 1=1, HGPFS f 
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Variables changed: 
DFF - summation of FS over groups being used in problem, 
DDF - ratio of DFF to summation of FS over NGPFS groups, times 

starting weight-
Significant internal variables: 

NGPQff - set to NGPQJH if neutron only or combined problem, 
set to NGPQTG if gamma only problem, 

NG1 - set to the largest of NGPFS, NGPQTN, NGPQ^G for single particle 
problem, set to KMGP+1 for combined problem, 

NG2 - set to HMGP+NGPQTG for combined problem, 
irrelevant for single particle type problem. 
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S u b r o u t i n e S^IIR (DFF,RGPFS) 

(svaaj 

HHTIALIZE 
IHERHAL 

VABIABLES 

WG1 = MUP(KGPFS,WGPOTJ»1 
HG2 - WG&&K 

KGPCg = KGPQjni 

.HEUTRGH 
OHLY 

COWHED 
THFHHi— 
A S ) GAMfl 

WG1 = MUBPCGPFS,BCPOiGFr 
•G2 3 KGPOJG 

»GP<ff = RGPOgG 

£ 
READ WSPFS VALUES OF FS 

OriD HLAJK OOMG* 
SUkKTUK I I CELL 2 < M G + 1 

I 
FORM THE SUMS OF FS 

DDF = £ FS( I ) 

1=1 
RG2 

DFF = J FS(I) * £ FS(I) 
1=1 

I = lGgqr»l 

TwwJ1 

(DPoS 
ID K l - 1 

ODF = dPF/DDF)<ianrr 
(UEIGRT CORRRCnai FOR 

L 

ROL = RffiPna 
RG2 = MCP 

+BGPQIG 
BGP<ff = BGP<pK 

» H M » PPFI 



78 

ADJOUT 

YES 
(ISBIAS > 0 ) 

IQDIFT 
IWIBBUCJ 
VARIABLES 

I 
BEAD KPF5 VALUES OF BFS 

IflR) HUUff OOMCK STARTOC 
I I CELL 3niOC+l I 

TiT 
WITH BSF(l)«FS(l) T 

KWW THE SOU: 
• 5 2 

MP * V »S(I) • Y, ""(I) 
1=1 

1(1) FOB 
I = MEWM TO WSl-1 

(lo*«: 

• • ? • • > 

by L.0 - ttoe 
for an adjoint 

BffLlCE «F{I) 
I 

nr Y, wsdrnVsp 
d H - i 
WQS 1*1 S> SS2 I 

fsTiT 

ir J ndmO/urr 

I 
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SOURCE YES 
S^IASH)? / ISBIAS > 0 

^ 
PRINT FS 
ARRAY 

/ ISBIAS > 0 

PRINT FS AND 
BFS ARRAYS 

J_, 

/ ISBIAS > 0 

k (RETURN J 

/ ISBIAS > 0 

^RETURN) 



80 

Subroutine TESTW 
TESTW is called after a particle is withdrawn from the bank and then 

after each collision. A test is first performed to determine if the 
Russian roulette and splitting options have been specified. Then a com
parison of the particle's weight is made with the Russian roulette weight 
standard WTL0R to determine if the particle will experience Russian 
roulette. If the particle is killed, its weight is set equal to zero, 
and if it survives it assumes a new weight, WTAVE, which is designated 
by the user. 

If Russian roulette is not performed, a comparison of the particle's 
weight is made with the splitting weight standard WTHIR to determine if 
the particle should be sp3.it. If the particle is split, each of the two 
particles will assume a weight which is half that of the original particl?. 
One of the pair is given i name not in current use, and then placed in 
the bank. The splitting process is repeated on the remaining particle 
until the particle's weight falls below the splitting standard WTHIR. 

Called from: M0RSE 
Subroutines called: BAMKR(ll), RAflKR(l2), ST0RNT, RANKR(2). 
Commons required: Blank, NUTR0N, AP0LL0 
Variables input: 

IG, MAXliP, HKILL, HSPLT, ] 
NM0ST, NMEM, NEWHM / f r ° m C a n m ° n A P 0 L L 0 ' S e e ***e 8 

WTHIR - weight standard for splitting, 
WTL0R - weight standard for Russian roulette, 
WPAVE - weight assigned to particle which survives Russian roulette. 

Variables changed: 
WATE - the weight of the particle after splitting or Russian roulette 

and just before its next collision, 
NMEM - the new number of particles in the bank, 
NEWNM - the names of the daughter particles created by splitting. 

http://sp3.it
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CALL FOR THE RUSSIAM ROULETTE AND SPLITTirG 
WEIGHT STANDARDS: WTHIR, WTL0R, WTAVE 

e 
i 0 

< 

S PARTICLE'S WEIGHT 
GREATER THAU WTHIR?. 

lTffi PARTICLE'S WEIGHT 
LESS m A H j m d R ? 

I WATE = 0 . > L WITH PROB. 
± _ |WATE| 

4-
WTAVR _L 

WITH PROD 
JWATEJ 
WATVR / 

HTV. 

IHCREMEirr R.R. K i l l " UMTERS 
FOR BATCH (NPSCLQi. JMD RuH 

tTHCREMEWT COUNTER ,̂ 

KO T V TLof TO DETERMINE 
f IF THE BAHK CAN 

\ACCEPT A NEW PARTICLE, 

| WATE = WTAVE j 

CALL BANKR(ll) FOR 
R.R. KILL ANALYSIS 

) 
YES 

IMCRQOrr R.R. SURVIVAL COUNTERS FOR 
BATCH (NPSCL(12))AHD RUN 

i. I 
I WATE = WATE«Q. 

^ 

CALL BANKR(12) FOR R.R. 
SURVIVAL ANALYSIS 

1 
ESTABLISH IDENTITY AND 

PROPERTIES OF THE 
DAUGHTER PARTICLE 

I 0LDWT"= WATE | 
HT0R CALL STjpRNT TO STORE 

DATA ON DAUGHTER PARTICLE 

I 
INCREISfT SPLITTING COUNTER 

FOR BATCH NPSCL(2) 

3 
CALL BANKR12; FOR SPLIT 
DAUGHTER ANALYSIS 

I 
RE-ESTABLISH OEIGIKAL PROPERTIES 

OF THE PARENT PARTICLE EXCEPT 
FOR ITS WEIGHT WHICH HAS BEEN 

REDUCED BY ONE-HALF 

INCREMENT SPLITTING 
COUNTERS FOR RUN 

file:///ACCEPT
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Subroutine TIMER (L,A) 

Upon entry to this routine, L is an index having values of -2, -1, 
0, or 1, which specify one of the following options: 

L Option 
-2 Initialize local and global clocks 
-1 Read global clock 
0 Read and reset local clock 
1 Read local clock. 

For all except L = -2, the appropriate clock reading is converted to an 
EBCDIC string of up to 39 bytes. If the number of hours is zero, only 
minutes and seconds are provided. If both the number of hours and minutes 
are zero, only the number of seconds is provided. If all three are zero, 
the string is 'LESS THAN ONE SECOND*. The number of U-byte words necessary 
to contain the string is returned in L. 
Typical Usage: 

DIMENSI0N ARRAY (10) 
CALL TIMER (-2, ARRAY) 
D0 1 I = 1, 10 
LENGTH = 0 
CALL TIMER (LENGTii, ARRAY) 

1 PRINT 2, I, (ARRAY(J), J = 1, LENGTH) 
2 F0RMAT ('TIME REQUIRED F0R THE' ,lU,' TIME THRU THIS L00P WAS * ,10A*0 
LENGTH = -1 
CALL TIMER (LENGTH, ARRAY) 
PRINT 3, (ARRAY(I), 1 = 1, LEW/TH) 

3 F0RMAT ('T0TAL TIME F0R THIS CALC. WAS ' ,10A*0 
Called by: M0RSE, 0UTPT 
Routines called: 

ICL0CK - library function at Oak Ridge National Laboratory; returns 
reading of computer timer (c.p.u. time) in hundredthc of seconds. 

INTBCD - library subroutine at ORNL; converts a U-byte integer to an 
EBCDIC string; also returns the length of the string. 
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INSERT - library subroutine at ORNL; inserts a string of given length 
at a specified point in another string. 

Yurittbies required: 
L - see above 

Variables* modified: 
A - see above. 
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Subroutine TIIER (L.A) 

IT » CLOCK 
- ILgC |£ 

YES 

jk. 

SET ILtfC AHD 
3f IGLflB TO CLOCK 

f RETuRH J 

I RESET HgCI I 
DECODE IT IHTO 

IH - HO. OF HOURS 
-? IM - HO. OF MIHUTES F" 

IS - HO. OF SECOHDS 

YES ^ A - 'LESS THAU 0HE SBC0HD.' 
^ L = 6 

f RETUHH J 

COHVERT IS TO EBCDIC AHD 
INSERT IH A 

I ADD 'SECgMD.' TC A I 

10 -^ IHSERT 'S' AFTER 'SBCgHD' IH~A~1 

COHVERT IM TO EBCDIC 
A3D IHSERT IH A 

I IHSERT 'HaUTE.' IH~A~1 

nFDATE L \fp 

\ IHSERT ' S ' AFTER 'fflHUTE' IH A j 

COHVERT IH TO EBCDIC 
AHD IHSERT IH A 

i —; 
lIBSZBT 'agSB' 15 A } 

*l IHSERT 'S' AFTER 'BgUR' IH A I 
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III. Multigroup Cross-Section Module 

The function of this nodule in the muitigroup Monte Carlo code is to 
read AHISH-type cross sections for media or elements, mix several elements 
together to obtain media cross sections, determine group-to-group transfer 
probabilities and determine the probabilities and angles of scattering for 
each group-to-group transfer. All variables are flexibly dimensioned, 
and are part of blank common. Many types of cross sections may be treated, 
such as neutron only, gamma only, neutron-gamma-ray coupled or gamma rays 
from a neutron gamma-ray coupled input. Cross sections for either a for
ward or adjoint solution may be obtained, and the Legendre coefficients 
for each group-to-group transfer may be retained for next-flight estimation. 

The cross sections are read for one coefficient and one elenent into 
a buffer area. Then these cross sections are decomposed into total, 
fission, and dovnscatter matrix and stored in temporary arrays so that 
they may be mixed to form media cross sections. The total and fission 
cross sections are stored only once for an element, but the dovnscatter 
matrix is stored for each coefficient. The cross sections are transposed 
as stored if an adjoint problem is being solved. 

After all cross sections are stored the contribution of each element 
to the cross section for the media is determined. Also at this time the 
sum of the dovnscatter vector for each group is determined for the future 
calculation of the nonabsorption probability; the gamma-production cross 
section is also determined by summing the transfers to the gamma groups. 
After the cross sections for the medium have been determined, the non-
absorption probability, fission probability, and gamma-production proba
bilities are formed by dividing by the total cross section. The dovnscatter 
matrix is converted to a probability table by dividing by the scattering 
cross section. 

The Legendre coefficients for each group-to-group transfer are con
verted to angles and probabilities of scattering at those angles by the 
use of a generalized Gaussian quadrature using the angular distribution 
as a weight function. That is, 
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+1 
n 

f(u) *(JJ) dn = I t(u.) -». , i 
-l 

where 
f(y) is any polynomial cf order 2n-l or less, 
»(y) is the angular distribution for u, the cosine of the scattering 

ancle, 
p. is a set of discrete cosines, l 
•». is the probability of the corresponding cosine. 

-A. 

Thus, a set of u.'s and p.*s that satisfy the equation mist be found. 
To do this, e set of polynomials, Q-, which is orthogonal with respect 
to the angular distribution, is defined such that 

J. 1 °.(v) Q,(u) «(u) du = 6., H. , 
-1 

where I. is a normalization constant. 
l 

The moments of the angular distribution M., i=l, 2n-l, determine 
the orthogonal polynomials, Q., i=l, n. The desired cosines, u., are 
given by the roots of Q , 

and the corresponding probabilities are 

* 
i 

fn-.l Qj(p.)' 
k=l Hi 

-1 

; 

In the process of deriving the orthogonal polynomials, some restric
tions on the moments of the angular distribution are obtained. These 
restrictions arise if both the original distribution and the derived point 
distribution are to be everywhere non-negative. The restrictions are: 

l) I > 0 for i«l, n. 
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This restriction may be written in terms of the determinant of 
the moments: 

*1 M 2 M; i+1 

> 0 

l 1*1 1+2 2i 

2) The roots of Q.(v) must all lie in the interval 

• l ^ y . <, 1 . 

It must be emphasized that the restriction arising from the original dis
tribution being everywhere positive (or zero) does not restrict the trun
cated expansion of the distribution to be everywhere positive. That is, 
moments from a truncated distribution that is not necessarily everywhere 
positive are used to derive a discrete distribution with positive proba
bilities . 

Other characteristics of this representation are that the information 
is compact, the angles are clustered where the angular distribution is 
peaked, and because of the restrictions, cross sections that have blunders 
in them pre rejected because they produce angles outside the range of -1 
to +1. All of the variables used to locate cross sections occur in common 
L0CSIG. Definitions of the variables which are set up in subroutine XSBC 
are given in Table V. An outline of the storage of the cross sections 
in blank common is given in Table VI. Other details of the cross-section 
module are given with the description of the various subroutines. A more 
detailed description of the theory for the generalized Gaussian quadrature 
is given in AppecHx B. 
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Table V. Definitions of Variables in Common L0CSIG 

Variable Definition 

ISTART starting location for the total cross-section vector for the 
first medium 

I5CG0G starting xocation for the scattering cross-section vector for 
the first medium 

IBAB0G starting location for the nonabsorption vector for the first 
medium 

IGAB0G starting location for the gassa-production vector for the 
first medium 

IFP0RG starting location lor the v* fission probability vector for 
the first medium 

IFIGP starting location for the primary-secondary transfer proba
bility matrix 

IFSF0G starting location of the primary dovnscatter probability 
matrix 

IDSG0G starting location of the secondary downscatter probability 
matrix 

IPRBHG starting location of tfc primary scattering angle probability 
matrix 

IPRBGG starting location of the secondary scattering angle probabil
ity matrix 

ISCAIG starting location of the primary scattering angle matrix 
ISCAGG starting location of the secondary scattering angle matrix 
ISP0RG size of storage needed for each medium, not including Legendre 

coefficients 
ISP0RT» starting location for temporary storage of downscatter matrix 
HPBUF starting location of input buffer region for the F table 
IS2D0G starting location for temporary storage of total cross section 

for element 1 
BTFP0G* starting location for temporary stroage of vZ f for element 1 
IABS0G starting location for temporary storage of downscatter matrix 

for P. coefficients (primary groups,element l) 
nyTSG" total storage required by temporary storage 
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Table V (cont.) 

Variable Definition 

196 
IGG 
IDSG 
ITCP 
IIDS 
•MED 

IELEM 

IC0EF 
BSCT 
ITS 

BTG 
WDSBGP 

1D5MGG 

IADJ 

L0C 
DIGS 

MSG 
II, 10 
KKK 

the nuaber of primary groups to be treated 
nuaber of downscatters *6r 1GP (usually equal to IGP) 
nuaber of secondary groups to be treated 
nuaber of downscatters for WCG (usually equal to IGG) 
nuaber of groups for which cross sections are to be input 
nuaber of downscatters for the DK3P groups 
suaber of aedia for vnich cross sections are tc be stored -
should be saae as MEDIA (see coaaon AP0LL0, page 8) 
nuaber of eleaents for which cross sections are to be read 
cuaber of eleaents times density operations to be perforaed 

U O R P E 

nuaber of coefficients, including P Q 

nuaber of discrete angles (usually • W * / 2 j n * ^ r a i ) 
nuaber of downscatters for combined primary and secondary 
groups (usually equal to ITG) 
total number of groups (primary + secondary) = 8GP + K G 
the number of locations needed for the downscatter matrix for 
the primary particle 
the nuaber of locations needed for the downscatter matrix 
for the secondary particles 
same as IADJM (see coaaon AP0LL0, see page 8) 
indicator for stripping gaaaa rays froa a coupled neutron 
gaaaa-ray cross-section set - set equal to nuaber of neutron 
groups + 1 

saae as L0CEPR (see coaaon AF0LL0* see page 8) 
starting location of the indices for starting locaties of the 
downscatter vector for each group (primary) 
saae as above for secondary 
input and output logical unit numbers 
a running index of the number of cross sections that have 
already been read in (used in checking the element numbers 
obtained from tape) 
logical tape susber of cross-section tape if > 0 
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Table •- (coot.) 

Variable Definition 

IDEL starting location for element identifiers Which determine the 
element cross sections to be read from tape 

ITZML amount of storage for prinary and secondary group dcvnscatters 
per element 

ITEMS starting location for temporary storage of dovnscatter matrix 
for P. coefficients (secondary groups) for element 1 

H3SG starting location of the mixing parameters 
IRDSG switch to print the cross sections and to test the card sequence 

as they ere read if > 0 (test card sequence only if - 0, and 
does neither if < 0) 

ISTR switch to print cross «ectior» as they are stored if > 0 
IPRI¥ switch to print angles and probabilities if > 0 
IMJ switch to print intermediate results of u's calculation if > 0 
DIM switch to print moments of angular distribution if > 0 
IOTF switch to signal that input format is DTF-IV format if > 0; 

otherwise, A1TSI format is assumed 
ISTAT flag to store Legendre coefficients if > 0 
IPUH switch to print results of bad Legendre coefficients if > 0. 

If Legendre coefficients are to be restored, then: 
imri'iG - redefined by JMPUT as starting location of P, coefficients 

for secondary group for medium 1 
IT0TSG - redefined by J1PTJT as total storage required for all media 

for each Legendre coefficient 
ISPURT - redefined by J1TVT as starting location of P, coefficients 

for primary groups for medium 1. 
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Table VI. Location of Permanent Cross 
Sections in Blank Common 

Location* Information Size 

IftSG = BLAST 

UGS 

E»SG 

ISTAKT 

ISOC0G 

HAB0G 

IGAB0G 

IFP0RG 

IFSP0G 

IDSG0G 

IPRfflG 

IPBBGG 

ISCAIG 

ISCAGG 

ISP0RG 
• ISTART 

List of 
Nixing Table 

Index to 
^(Pri-ary) 

Index to 
^(Secondary) 

List of Element 
I.D. lumbers 

s 

V1* 
£Y/^ 

vE t*T 

"*T 

U 
» m 

^ 

g'-»g 

V-g 
v-* 
Repeat for 
next medium 

3*HM1X 

MGP 

IGG 

IELEM»1IC0EF 
i f IXTAPE > 0 

HTG 

BTG 

ITG 

•GP 

•GPvIGG 

(MDS+L)(MDS) 
2 

(BDS0»l)(MDS0) 
2 

(•DSC+lHlDSG) «ISCT 

(BDS+l)(BDS) •HSCT 

(EDSC+IKHDSO) 

ISP0RG 

•flSCT 



92 

TaM^ VI (cont.) 
Location* Information Size 

If ISTAT > 0 
ISP0RT 

P Coeff. 
Primary 

IKFP0G 
F x Coeff. 
Secondary 

Repeat for 
P L Coeff. 

HLAST — 
« 
Locations are for index of zero. 

Total storage is HTG + NMED*ISP0RG + 3*NMIX + IX + LEG 
where: 

HTG = HGP • HGG 
ISP0RG = U»HTG + HGP(l + HGG) 

• p a p t l ] (HDS+lMHDS) 

+ f^aST+ll (HDSG+1)(HDSG) 

IX = HELEM»HCOEF if IXTAPE > 0 
s 0 otherwise, and 

LEG = (HDS+HDSG)«HMED»(HC0EF-1) if ISTAT > 0 
3 0 otherwise. 

NDS«NMED 

NDSG«NMED 

(HDS • HDSG)«HMED»(HC0EF-2) 



Subroutine AIBD0 
Tfcis routine is called upon encountering an albedo scattering surface 

and provides the outgoing neutron parameters for the albedo collision. 

The sample routine performs specular reflection at the albedo 
scattering surface. The requirements of specular reflection may be 
written as 

I»I = -R-H, 
and 

I x H = R x N, 
where I is the incoming neutron direction vector, 

R is the reflected neutron direction vector, and 
H is the outward normal to the surface (I'H < 0). 

Manipulation of the above two equations results in 

R = I - 2(I-H)H. 

Called from: M0RSE. 
Commons required: HUTR0*, H0RHAL. 
Variables required: U, V, V (from common IUTR0I, see page 12) 

UV0RM, VI0RM, WH0RM - components of unit vector normal to boundary. 
Variables changed: U, V, W. 

Subroutine ALBD0 

REPLACE VECTOR I BY 
I - 2(I.H)B 

f RtfrURW J 



9* 

Subroutine AMGLBS (IG1, JG1, NX) 

This is the main executive routine for the generalized Gaussian 
quadrature. First it calls GETMUS vhich uses the moments of the angular 
distribution to determine the recurrence relations vhich generate the 
orthogonal polynomials. In so doing GETMUS performs the check for I, > 0, 
vhich is one of the requirements on the moments. Hext AMGLES calls FIHD 
in an iterative fashion in order to calculate the roots of the orthogonal 
polynomials. FUD checks the roots to determine if the second restriction 
on the moments, namely that the roots must lie in the interval (-1, +l), 
is satisfied. Next AIGLES calculates the veigfrt factors associated with 
each root in the Gaussian quadrature. Finally the angles and probabilities 
vhich have been calculated are rearranged so that they appear in order of 
decreasing probability. If the given moments do not satisfy the two 
requirements, then it is not possible to determine as many angles and 
veights as initially requested. However, AIGLES determines as many as it 
can from the data given. 

BOTE: If 2n+l moments are given (and all are acceptable), then a discrete 
distribution with n+1 scattering angles may be determined. If only 2n 
moments are given, then there is a certain amount of freedom in choosing 
a 2n+l-8t moment to cc«plete the calculation. In these cases AFGLES will 
compute a value of y _ (and hence of Mp_ + 1) vhich is in the middle of the 
allowed range for u . and, using this value of Vn¥-%* complete the calcula
tion of a (n+1)-angle distribution. 

Called from: JBFUT 
Subroutines called: GETMUS, FIHD, Q, EXIT, BADM0M, XSCHLP. 
Commons required: MEAH, RESULT, M0MEHT, L0CSIG. 
Variables required: 

IG1 1 indices of group-to-group transfer being 
JG1 J calculated 
HM0M - number of moments given 3 

XM0MrT(l) * M i, i«l, IM0M, 

"}; j ^ . . 0 print 
x m m i " o do not print moments 

MX - medium number 
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___ £ 0 do not print error Messages 
> 0 print error messages 

10 - output unit nuaber, 
ISCT - number of scattering angles expected. 

Variables changed: 
P0UT(l) * X * cosine of scattering angle for 1*1, BY+1, 
Weight(l) « W « probability of scattering angle for I«l, 1YH, 
IN - nuaber of u values accepted, 
BY - number of o 2 values accepted. 

Significant internal variables: 
XKU(I) - M ± 9 

VAR(I) - o*, 
JJMBNL(I) - M±t 

B00T(l,J) - Ith root of Qj(X), 
HP * 1V+1 « number of angles in discrete distribution, 
KACC * IMtlV « nuaiber of moments accepted. 

Output: 
XHJWT(I) « H±9 i»i, mte. 
Indices of group, number of Moments accepted (only if number accepted 
is less than nuaber given). 
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Subroutine ASGLES 

©^ 

(5D 
AL. 

| CLCAB v i ^ t 1 ARRAYS I 

CALL GBPUS 

CALCULATES THE SBCOHSBCB RBLATIOBS FCR IBS ORTBOGOBAL POLYBOMIALS. 

of a quantities calculated 
AT « number of o 2 quantities calculated 
(SN « SY or l f+1. If a l l <r* Talues are posit ive, 1 W « 
of ncnents given. If o*p _< 0, 
p-1.) 
a , i - 1 , BM 
of, i-1. If 

GETM05 returns SM - p and IT * 

> 0 
-2\ PBIBTOOT OIYB 1 

BO ALL BDBHS ARK BAD AID BO 
CAB B CALCOLATBD. PRUT 
OPT 1 

ns 

jy ," * -~ 

CALL FIBD CL JCK) 
CALCTLATBB T B BOOTS OF 0^(1) 
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© 
SET IUMER OP y ' s AB> 

OF g 2 » g TO 1 - 1 

TBS 
ALL MMERS HAVE 

a 2 HAS ROT BEER CHECKED YET 

CALCULATE Vw TO BE THE MID-FOIRT OP THE ALLOWED RAIGE 

I CALL PUD (imjKX) 
r+i CALCULATE IRE ROOTS OP 9 ^ ^ USIRG CALCULATED VALUE FOR v^^ 

TIB 

I REDUCE 10MBER OP a*'s BT ORE I 

It 
OP ARGLES H DISTKIBUTIOR « IY+1-RP 
OP M O O T S ACCEPTED * HJMV 

CALCULATE COSIIBS ARD PROBABILITIES OP DISCRETE DISTRIBUnOH 
Xj - ROOTi OP QppU), 1-1, IP 

*i' 
f"J ^ U l ) 1 
L«l *L 

-1 
FROBABILITT OF COSHE x, 

REARRARGE COSIIBS II ORDER OP DECREASHG PROBABILITT 
FOR EPPICIBICT II NORTE CARLO SELBCPOI 



98 

10 
HACC < HM?M 

CALL BADM0M TO PRIBT 
ERROR MESSAGES 

YES <^T) 

HO 
IFUH« 0 

-^fRETUHH J 

PRIST OUT HIMHER OF MOMEHTS ACCEPTED 
AHD GROUP IHDICES FOR THIS DISTRIBUTION 

^RETURH ^ 
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Subroutine BALHfH 

In tbe erent that a moment has been rejected because it implied nega
tivity in the angular distribution, BAIM0M is called to provide a printout 
to the user giving the value of the quantity rejected, y. or c 2, of the 
moment rejected, and of the Legendre coefficient which was rejected. In 
addition, the allowed limits on these quantities are also printed out. 

See mathematical description for formulas used. 

Called from: AHGLES. 
Subroutines called: MAMBTT. 
Functions used: Q. 
Commons required: M0MEST, MKAIS, QAL, L0CSIG. 
Variables required: 

M - number of o 2 ,s accepted, 
wv - number of y's accepted, 

(VOTE: I=BH implies y_ rejected; V < HI implies o 2 .. rejected) 
HHfEMT(l) - M ±, 
MU(I) - v±9 

VAR(I) - a 2, 
»0RM(I) - • i, 
QR(I) - q1 « V H i - l ' 
A(l,K) - a^. 

(Hote that I » i, but K » k+l) 
Significant internal variables: 

HM » H+BH * number of moments accepted, 
HEAD « Hn>l » index of moment rejected, 
HP1 - 1+1, 
HM1 - I - 1. 

Output: 
M W - M B a X , 
MUB - u"4", 
VifflT - (o 2) 
VARB - ( a 2 ) B i n , 
M0MT - if**, 
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l«*B-lfln, 
F T - * " " , 
F B - f - ^ . 
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Subroutine BADMfr 

I i«itiaii«» MU writ* titTTl 

Mm 
» - o. 

Ski. 

(cjl 

raMlmlttU H^^ ( i t agr kn» %«•» 

• S C T I S,k Vk*i 
""* k-o 

Urlt* 

lEF 
1 

yi) y-D 

Vi.k Vk*i 
k*> 

I**-**' < V - «Li- c4>f| 

Vr Vr Vi 
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•in Call Mttt3R to cocrertR L,M 2,...M J ( M,M H B A I ) to Legendre coefficients 
S W C , S S D 

I 
Calculate asount by which K^*** a n d fHRAD e z c e e d t b e i r liMts 
Calculate allowed range for Kg^^ »nd fwnij\ 

Printout: H^T 
I 

KBAD' 
and 
and 

allowed values, allowed range., error 
allowed values, allowed range, error 

c j 
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Subroutine C0LISH (IG, U, V, V, WATE, BCED, HREG) 

The subroutine is called at each collision and the incoming group 
number, direction cosines, and particle weight are converted into post-
collision parameters. The outgoing group is selected from the downscatter 
matrix (the vector corresponding to the incoming group). After determining 
the outgoing group the cosine of the angle of scattering is determined from 
the set of probabilities and angles for the particular group-to-group 
transfer. The outgoing direction cosines in the laboratory coordinate 
system are determined from the incoming directions and the angle of 
scattering and a uniformly selected azimuthal angle. The particle's 
weight is altered by the non-absorption probability in lieu of absorption. 

As an importance sampling scheme the outgoing group probability dis
tribution may be altered and selection of the outgoing group is made from 
this biased distribution. If this option is chosen, L0CEFR > 0, and 
subroutine GTI01TF is called. 

Called from: M0RSE 
Subroutines called: GTMED, GTI0OT, GTIS0, AZIRR. 
Functions used: FLTRHF, SQRT (library). 
Commons required: Blank, L0CSIG. 
Variables required: 

IG - the precollision energy group, 
U,V,W - the precollision direction cosines, 
WATE - precollision particle weight, 
IMED - geometry medium of collision, 
NREG - -eometry region of collision. 
(Various indices from common L0CSIG, see page 88 ) 

Variables changed: 
IG - post-collision group, 
U,V,W - post-collision direction cosines, 
WATE - post-collision weight. 
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Significant internal variables: 
FSAB - non-absorption probability, 
IH - group number « IG for primary particle, 

* IG - HGP for secondary particle, 
HADDPG - number of locations Vatveen smarting location of scattering 

angle probabilities for primary and secondary particles, 
R - random number, 
W D - location of biasing parameters for group IG, 
KD3K - number of downscatter groups, 
FM - cosine of polar angle of scattering, 
SIKETA^ 

I sine and cosine of azimuthal angle of scattering 
C0SETAJ 

Limitations: number of angles is equal to number of probabilities for 
each group (assumed in use of HACDPG). 
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Subroutine C0LISK 

TSOT 
LOOK UP C90SS-6ICTI0R M)IUM 

MD GJVBI THE G l M f f m MDIUM 

I 
CAlTULAIE^IIjDg IGUP 

FOR TOTAL CR068 3BCTI0M I 
LOOK UP KBABBOSFflOS" 

PROBABILITY A » ICDIFT 
HEIGHT 

•0 
IG > 

L0C > 0 

I PICK DONHBCARER f l 

YES 
•8CT * 0 

CALCULATE ISSXES 
FOR LOOKDKt UP 

DOWBCATBBR PBOBABILITUB 

CALL GHpUT ( l £ , I , | * £ , 1 
10)SK,IG,WATE,II) 

I AH) 1GDIFIES 
PARTICLE HEIGHT 

CALL GTIS0(OJ~ 
PICK 3AIDCM 

DIRBCTIOM COSIBES I 
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NO 

0: INCOMING GROUP 
OUTGOING GROUP 

LAST INDEX FOR PROBABILITIES 
LAST PROBABILITY 
RANDOM NUMBER 

I 
SET ANGLE TO ONE OF j 
LARGEST PROBABILITY | 

PICK UP ANGLE CORRESPONDING 
TO PROBABILITY 

I CALL AZIRN (SINETA,tySETA) 
SELBCT AZIMUTHAL SCATTERING ANGLE 

I 
DETERMINE OUTGOING DIRECTION 

COSINES FROM INCOMING DIRECTIONS 
AND SCATTERING ANGLES 
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Subroutine FIHD (L,NF) 

This subroutine determines if the roots of Q_.(x), the Lth order orthog
onal polynomial, lie within the range (-1,41). If not, a flag, HF, is set 
to 1 and the subroutine returns. If the roots lie within the range (-l,+l), 
then NF = 0, and the subroutine proceeds to calculate the roots. The 
roots, x,, k = 1,L, are stored in R00T(K,L), K = l,L in labelled common 
RESULT. The roots are in increasing order R00T(l,L) < R$J0T(2,L)< ... 
< B00T(L,L). 

FI5P presumes that the roots of CL .(x) have already been calculated 
and stored in R0#T(K,L-l), K = l,L-l. Thus it is necessary to use FIHD 
in a bootstrapping manner. First R00T(l,l) = R., the root of Q_(x), is 
stored. Then one sequentially calls FIHD(2,HF), FIND(3,BF), etc. It is 
also presumed that the roots of Q. _(x) are in the interval (-1,4-1). 

FUH) uses the property of orthogonal polynomials that the roots of 
0_ and Q_ "interleave." Thus: 

1) Q- has no roots above +1 if (L has no roots above +1 and Q_ (+l) 
> 0. (Remember that Qr(+<B) > 0.) 

2) (L has no roots below -1 if Qr(-l) differs in sign from Q_(R00T(l, 
L-l)) where R00T(l,L-l) is the lowest root of (L (x). 

3) The Kth root and no other root of CL lies between the K-lth and 
the Kth roots of Q,. .. 

Once the root has been isolated as being between XL0W = R00T(K-l,L-l) 
and XUP = R00T(K,L-l), it is found by a very simple procedure. The interval 
(XL0W,XUP) is bisected by XTRY = (XL0W + XUP)/2. Then the subinterval con
taining the root is determined by the fact that the sign of <L must change 
in passing ov*r the root. Thus the root lies in (XL0W,XTRY) if sign 
tQ^XLtfW)] ̂  «ign [QjXTRY)] and it lies in (XTRY,XUF) otherwise. XTRY 
replaces the appropriate limit, XUP or XL0W, and the process is repeated. 
Each iteration reduces the size of the boundary interval by 2, or, in other 
words, increases the accuracy to which the root is known by one binary bit. 
Obviously, after as many iterations as the computer word has bits, XTRY 
will be «»s close to the root as can be calculated by the computer. 

«9V,MS;*~-'< . Jt#vw»'* 
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Called from: AHGLES 
Subroutines called: Q 
Commons required: RESULT, L0CSIG 
Variables required: 

L - the order of the polynomial whose roots are desired, 
R00T(K,L-l), K=1,L-1 - the roots of Or •,(*) i n increasing order, 
__._. (<_ 0 do not print error message 

*"(> 0 print error message 
Varf~Jbies changed: 

_ _ f- 0, the roots of QjCx) lie in the interval (-l,+l) 
\ - 1, the roots of Qr(x) do not lie in the interval (-l,+l) 

If HP = 0 
R00T(K,L), K=l,L - the roots of Qr(x), in increasing order. 

Significant internal variables: 
VALUB(K) - <^(RWT(K,L-1)), * = U^-lt 
LM1 * L - 1, 
HSP - number of iterations taken in root-finding procedure. 

Limitations: L < lU. 
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Subroutine FETD 

START 

Calculate ^ ( B W T t f ^ L - l ) } K=1,L-1 
Set HtoT(L,L-l) = 1. temporarily as upper l i a i t 
for Lth root of Q̂  (vsed below in loop; 

( 

I 
Is there a root of Q. above +1 

I 
Is error 

€> 

. » 0 

pSfa = Qj-i) 

p \ l + l ) < 0 p r i n t i n g desired?, 
HO 

IPUR = 0 
rYES 

Print error 

_v 

c Is there a root of (L below l^L3f*r=*Cl 
KETtBH 

error printing \*0 

QL-l(-l) bare 
the save sign 

i 
fi mm = o 

Print error 
Message 

XUP = BftW(K,L-lJ 
Rustier of iterations = 0 5 

fg^l 
RETURH 

Increase nusber of iterations by 1 
XTRY = Midpoint of fXL0W,XUP) interval 

A 
SAMS 

J? ROOT 
Jims, nr 

rXL0'W==XTRfl 

A i « n (^(XTRY)): Sign (^(XLfiim 

f OCTRlTBJn 

DIFFERENT 
ROOT LIES IN I 

• • M ; 
3! J XUP=XTRY| 

gnnmgh < » j » i ^ M r » n A .Y^S 

> XMP = xi*-r OR 
HSP - h8 

*© 



no 

? XL0W = R00T(K,L-l) 
QfrflW = q(B00T(K,L-l)) 

n^rta 5. 

Return R00T(L,L-1J to zero 
HF = 0 

fRETURN 1 
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Subroutine FISGES (IG, IMKD, PHUP) 

This subroutine locks up the value of vE /IL for the current neutron 
energy and geometry mediun. 

Called fro»: IHPUT. 
Subroutines called: GTMED 
Coonons required: Blank, L0CSIG. 
Variables required: ISP0RG, IFP0RG ) 

I G f ^ ) Ifroat co»on I0CSIG, page 88) 
Variables changed: PVUP. 

Subroutine FISGEH 

^ 
START 

CALL GTMH) 
LOOK UP CROSS-SBCTIOH MEDIUN 

GIVEN THE GEOMETRY MH)IUM 

PICK UP VALUE OF 

'f> v Z . / ^ 
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Subroutine GAMSEH (IG, MED, PGffl, IGG) 

This subroutine provides the function of determining the energy of 
the secondary particle to be generated and its probability of generation. 
Por a forward neutron gamma-ray problem, a neutron of energy IG upon 
suffering a collision in medium IMED may generate a secondary gamma ray 
of energy IGG. For an adjoint gamma-ray neutron problem, a gamma ray of 
energy IG generates a neutron of energy IGG. 

Called from: GPR0B 
Subrcutises called: GTSSD 
Functions used: FLTRHF 
Commons required: Blank, L0CSIG 
Variables required: ISP0RS, IFVGP, SGG, IGSB0G (from common L0CSIG, 

see page 86) 
IG - incoming energy group, 
IMED - medium jf collision site as provided by the 

geometry module. 
Variables changed: PGSsB, IGQ. 
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Subroutine GANGER 

* | m PGft » 0 I 

f CALL GTMH) (DOWNED} 
LOOK UP CROSS-SECTIOK lfl)IUM 

MH) GIVER THE 3B0«THY MH)IUM 
116) 

1 
DETERMINE STARTING INDEX 

FOR SECONDARY PARTICLE 
PROBABILITY TABLE I 

SELBCT SECONDARY PARTICLE 
GBOUP 

L 
LOOK UP SECONDARY PARTICLE 
GENERATION PROBABILITY 

(RETURN) 
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Subroutine CETMU6 

This subroutine calculates the quantities u. and 0* used in the 
recurrence relation for the orthogonal polynomials, Q (x). It uses as 
input the movents, M , of the distribution fix). GETMUS also checks to 
determine if 0* > 0. If not, a flag is set to indicate this. 

Let us assume that HM0M moments are given initially. Then HM0M = 
HN • HV where KV * HM0M/2 is the number of 0* quantities to be calculated 
and MM i? *-he number of u. quantities to be calculated. NM « HV or NM = 
•V • 1, -depending on whether KM0M is even or odd. GETMUS calculates 
u. « 1,HM and oj, i « 1,HV. This is sufficient to determine Q.(x) for 
i * 0,HM. If it turns out that some value of <r| is not positive, say 
a 2 < 0 (this will happen when M < 0, a violation of the nnon-.iegativityM 

condition on f(x)), then the calculation is terminated, a flag is set, 
and GETMUS returns with HV = p - l and HM - p. 

The relevant equations are as follows: 
The orthogonal polynomials are written 

Q.(x) = I a.. x k with a.. = 1 
1
 K=o x 

= (x ~ u i) Q ^ U ) - a* Q i _ 2 ^ ' 

This leads to 

aik = ai-l,k-l " Mi ai-l,k " °i-l ai-2,k . 

If we define 

k =0 

i-1 
Li = J Q Vl,k Mk.i ' •"* 
qi S VNi-l • 
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Then ve have 

u i = «± " V i • a n d 

a2 = N./N. _ , 1 i l-l 

The calculation proceeds as follovs: 

Step 1: initial values for quantities for i = 1 and 2 are set up from 
explicit formulas from the mometrts. 
Step 2: set i = 3. 
Step 3: calculate L. from moments and coefficients for i - 1. 
Step U: calculate q. from L. and H. .. 

r x 1 1-1 
Step 5: y ± = q^ - q i_ 1. Step 6: calculate a., , k = 0, i from u.> o2 , s and a. n ,. r — lk l l-l l-l ,k 
Step 7: calculate H. from moments and a. . 's. 

i l )& 
Step 8: a2 = K./N. .,. 
Step 9? Test a2. If o? £ 0 , terminate the calculation with n = i-1 and 
set error flag. 
Step 10: i - l«-i, return to step 3-
If NM#M is even* the calculation terminates after step 9 when i » IM0M/2. 
If NM0M is odd, the calculation terminates at step 5 vhen i = (HM0M+1/2). 
Called from: ANGLK 
Commons required: M0MENT, MEANS, QAL, L0CSIG 
Variables required: M0MEHT(k) = K , k = 1,H*0M (tjpe real) 

# 0 print out all the quantities calculated 
IFMU ^ by GETMUS 

= 0 do not print out data except in case 
of error (a2 < 0). k — 

Variables changed: 
NV - the number of a 2 ,s calculated, 
NM - the number of u's calculated, 
MU(I) = y ±, i = 1,NM (type real), 
SIG(I) ' a*, i = 1,JTV, 
N0RM(I) * N i, i * 1,NV (type real). 
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Also calculated and put in labelled coTCuon QAL, although they are not used 
elsewhere in the program, 

Q(I) = qn. i - 1, NM 
A(l,K) = u. i = 1,NV; K = l,i+l 

1 ,Iv— _L 

L(I) - L. i = 1,NM. 
Limitations: NM0M < 27. 

Subroutine GETMUS 

| Zero y>, a , N, L, q, and a arrays | 

A 
HV = mfm/2 
NM = KM0M - Wf 

A 
Set up u-., a. , L., a . . , N., a. for i = 1 

C 
I 

Is M_ acceptable'.. 
a. ^ 0 YES 

J> HO 
• P Q Z D -

i*® 
> 1 

Calculate L., q., \j>., a . . . N., a. for 7771 

<s> 

© YES (Is M, acceptable? ^ 3 * fri i = 2 |- *© 
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Calculate L., q.. •fi., a.,, N., 0. 

HZ 
( I S M21 acceptable 

) i=l+l \<j- m 
^ *© 

YES 
/ 5 0 V — * & f One more p. to be calculated} ™ 

fr YES, MM > HV 
\ ******* C W ^ "ih-i 1 

NM = NV 

Print out p . , a., N., L., q., a.., if desired 

i 
fW~= i-i «M ̂ Tj 

2 
I Write error message and results of calculation, if desired | 
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Subroutine GTI0UT US, J, NREG, NDSK, IG, WATE. IND) 

This subroutine is called when the selection of the group-to-group 
transfer is to be biased. Thus, the natural probabilities of scatter 
from group I to group J, P(l-*vJ), is to be altered by an importance 
function V(j). Selection of the outgoing group L is made from P(l-*J)V(j) 
with an associated weight correction of N/[V(L) ]where N = N y S K V(j)P(l-K)r). 

J=l 
Called fro-i: C0LISN 
Functions used: FLTRNF 
Commons required: Blank 
Variables required: 

IS - one less than index for within-group scattering, 
NREG - geometrical region of the collision, 
NDSK - number of possible downscatter groups, 
IG - incoming energy group, 
WATE - incoming pa:-tide weight, 
IND - index for the location of importance of within-group scattering. 

Variables changed: 
J - the number of downscattering groups, 
WATE - modified to correct for the biasing. 

Significant internal variables: 
SBSIG is the normalization N of the biased distribution. 
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Subroutine GTI0UT 

fSTAKTJ 

SUM THE BIASED 
DISTRIBUTION 

I SCALE RANDOM NUMB51 
BY SUM OF DISTRIBUTION 

1 
SELECT DOWNSCATTOi 

FROM BIASED DISTRIBUTION 

I 
CORRECT PARTICIJS WEIGHT 

TO COMPENSATE FOR 
BIASING 

(RETURN) 
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Subroutine JNFUT 

This subroutine is the executive routine for processing the cross 
sections from the ANISN or DTF-IV formats to the necessary probability 
tables. The major function of this routine is to mix the cross section 
stored for each element to form media cross sections and tc decompose these 
cross sections into the individual probability distributions. The Legendre 
coefficients for each group-to-group transfer may be restored in a perman
ent storage area after the discrete angles and probabilities have been 
determined. Output of the cross sections as read (if IRDSG > 0) and as 
stored (if IPRIN > 0) and the gamma-production cross sections is initiated 
by this routine. If diagnostic printout of cross-section storage is required 
a call to XSCHLP (l, UHJNPT) will give a decimal dump of all cross-section 
storage and commons. 

Called from: XSEC 
Subroutines called: HEADSG, ST0RE, LEGEND, ANGLES 
Functions used: IABS (library) 
Commons reqmired: Blank, L0CSIG, M0MENT, MEANS, RESULT 
Variables required: all variables in L0CSIG, see page 88 
Variables changed: Blank common from ISTART to NMXSEC. 
Input read: MIX RH0 times the cross section of the element NEL is added 

NEL to the MIX medium cross section. If NEL is negative, the 
RH0 current mixing operation completes the cross section for 

that medium. There are NMIX of these cards read. 
Significant internal v&riables: 

NDSK is the current number of dovnscatter groups for smarting from 
prejent location. 

Limitations: If cross sections are to be mixed, and then the Legendre 
coefficients are to be restored, the first element must 
be mixed first. The first element should no- appear 
in several media since the Legendre coefficients stored 
for medium 1 may write over the element 1 cross sections. 
The seriousness of this limitation is strongly dependent 
on the number of groups, coefficients, ex>S, elements. 
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Subrout ine JNPUT 

IDEAL CB066 8KTKXB FDR 
ELBOT or tax mxoif 
FOB (SOUP I 



122 

STORE CORTRIBUTIOS TO DOWRSCA'MER | 
AH) TO TOTAL SCATTERIBC CROSS SECTTOH 

FOB GROUP I , DOWBCATTER J 

J < RDSK 

BTG = MGP 

STORE CORRIBUTIOS OF SECOKMRY 
PARTICLE GEMEBATIOR CROSS SECTIOl 

© P - 1 

I 
STORE OORRIBOTIOS OF PRDARY 

TO SECOKMRT TBARSFEB 
CROSS SECTIOR 

YES 
I < RGP 

RTS > RGP 

© STOHtL CORTRIRUIIOR TO 
TOTAL CROSS SECTOR FOR 

GROUP I 

1 STORE CORTRTBUTTOW TO DOURBGATTER 
AH) TO TOTAL SCATTERDC CROSS 

8ECTIOW FOB GROUP I. DOWBCATTB J 

® P. 3 
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5) p. 2 
• YES 

I < NTG 

CALCULATE PROBABILITIES: 

FOR EACH PRIMARY GROUP 

I 
CALCULATE PROBABILITIES 

ZS/ZT 
FOR EACH SECONDARY GROUP 
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i 
| SET Div = 2L + 1 | © 

I SUM LEOEMDRE COEFFICIENT | 

CALL LEGEND 
CALCULATE MOMENTS OF ASGULAR 

DISTRIBUTION 

I 
CALL ANGLES 

RETORTS ANGLES AND WEIGHTS 

©P- 2 

, T 
| STORE ANGLES 

FORM CUMULATIVE 
PROBABILITIES AND 

STORE 

NO 
J < NDSK 

® p. 3 

NO 
I < NGP 

_NO 
NGG = 0 

YES 
NSCT £ 0 

I 

1 
® P- 6 

NO 1 
® P- 6 
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CALL LEGEND 
CALCULATE MOMENTS OF 
ANGULAR DISTRIBUTION I 

CALL ANGLES 
RETURNS ANGLES AND WEIGHTS 

, 1 , 
t STORE ANGLES 1 I FORM CUMULATIVE 

PROBABILITIES AND 
STORE 
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\ SET IHDFJC FOR I t h GROUP I 3 
SET FUG TO INDICATE 

FIRST KtX —H-
IS GROUP-TO 

GROUP TRAWS7EB A YES 
ZERO FOR THIS J CO= 0 

l E j e a i T ? 

l^ZZygrxtSS ™ CÔTRIBUTIOB I FIRST MIX*/ KF = 0 

| SUM EfTO COEFFICIENT 

YES 
H < KMX 

i S THERE MCiRT* 
JfcJOSG? 

HO 

NO 

J < RDSK 

YES 

NO 
I < HTG 
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@ 

© 
* ^ . 

FORM NORMALIZED 
CUMULATIVE DOWNSCATTER 

DISTRIBUTION (PRIMARY GROUP) 

YES 
J2 < ND; 

YES 
J < NGP 

FORM NORMALIZED CUMULATIVE 
DOWNSGATTER DISTRIBUTION 

(SECONDARY GROUP) 

J < NTG 

0: PRIMARY TO 
SECONDARY PROBABILITIES 

<S> 
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O P - 7 

YES 
NSCT * 0 

NO 
IPRIK £ 0 

YES 
I £ NMED 

0: ANGLES AND 
PROBABILITIES 
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Subroutine LEGEND 

Subroutine LEG^D converts Legendre coefficients to moments. The 
coefficients are given in labelled common M0MENT in the form 

1 
r t t = jf(u)P£(u)du I = i,NF or f(y) = I g L f ^ y ) ^ « l). 

-1 
The output of LEGEND c o n s i s t s of che moments, 

1 

M = I u 1 1 f (y)du n = 1,NM0M . 

- 1 

Method: I f we l e t 

r 1 = 2 £ •*• 1 

n , l 2 y 1 1 P^(y)dy 

- 1 

Then by us ing t h e fundamental r e c u r r e n c e r e l a t i o n fo r Legendre polynomials 

we can d e r i v e 

1 

P~* £ = | | y I 1 " 1 [ ( 2 1 + l ) y P £ ( i i ) ]di i 

- 1 

1 
2 

- 1 

I + 1 

y * " 1 ^ * • l ) P f + 1 ( y ) + £ P ^ w ) ] dp 

1 1 - 1 T5 f U . * 
y P £ + 1 ( y ) d y • ? 

y""1 P^dOdu 
- 1 - 1 

1 + 1 p - l 
+ ^ - ^ P - 1 

2£ + 3 n - l , Z + l 21 - 1 n - i . £ - l " 

Since we have t r i v i a l l y P n = 6 and P~ = <5 , t h e c o e f f i c i e n t s P 

may e a s i l y be computed. Then 



M = 
n 
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u n f(y)d 
-1 
n 1 

2£ + 1 „ ' = I ^ h ] »n V > * 
£=0 -1 

,-1 
n£ £ 

£=0 

= i p : i f « 

Called from: JHFUF 
Commons required: M0MENT 
Variables required: 

NM0M 
F(L), L = 1,NM0M (presumably NF >_ NM0M, no check is made) 

Variables changed: XM0MNT(N), N = 1, NM0M. 
Significant internal variables: 

P l ( t ) = Pn-l,i 
P2(£) = P"1^ n,£ 
P10 = P"1, „ n-1,0 
P20 = P~\ . n,£ 

Limitations: NM0M < 2k. 
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Subroutine LEGS© 

(l) = '(l) 
n = 2 

3 
P2(f) =p^ f ^^j—^PKi - l) + | ~ ~ P i ( / + l) i = o,noii-i 

HIOM 
( n ) =<o + I »"> * **> 

1=1 

T 
| P l ( l ) = ^ ( i ) / = 0,1Q»H| 

r n ^ n < i — I L 

Bote: Recursion relation terns involving zeroth order coefficients sust be bandied 
separately. PIO is Pl(o), etc. 
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Subroutine MAMENT (NM0) 

This routine converts moments to Legendre coefficients. The moments 
1 

M n = H n f(v)du n = 1,NM# , 
-1 

are given in labelled common MOMENT. The output of the subroutine consists 
of the same number of Legendre coefficients stored in labelled common M#M3NT. 

Method: f. P£(y) f(y)dy 
-1 

1 
= * P< n n=0 " n j 

u n f(y)dy 

= I 
n=C £,n n ' 

where the P. are the coefficients of the £th Legendre polynomial, 

* n=0 * ' n 

Since 

P£fiO -
(21 - i)y P £ - 1 ( P ) - (£ - D P 2 (u) 

n i 0 *,n I £ J n i Q

 P £- l ,n 
'£ - l] l ' 2 

y p u n 

in £-2,n n=C 

As t h i s i s an i d e n t i t y , we may separately equate the coeff ic ients of each 

power of y giving the r e l a t i o n 

Since 

P . [Si-i] P . f.Lz_i] P 

£,n { I J £ - l , n - l I £ ) £-2,n 

PQ = 1 and P (y) = y , we have P A = 6_ and P. - 5. . 0,n On l , n In 
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Called from: RADM0K 
Connons required: MOMENT 
Variables required: NM0, (XM0MNT(N), N=1,HM0) 
Variables changed: (F(L), L-1,NM0) 
Significant internal variables: 

P 0 ( n ) - Pi-2,n 
P l ( n ) = Pl-l,n 
P2(n) = P £ n 

P 0 ° = Pi-2,0 
P 1 ° = Pi-l,0 
P20 = P 1 Q 

Limitations: NM0 < 25. 
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Subroutine MAMEHT 

HEM: 

"»> - *0n = 6 0n 
Pl(n) = P ^ = ^ 

F a ) = XI0M!T{1) = ^ 

f = 2 

3 
P2 ( n ) = p/n - ( ^ n r 2 ) P 1 ( n - 1 } * ( L r k ) p o ' n ) ' n = °' 1 

I 
F(i) = P / 0 + £ P2(n) * XlsJMrrCn) 

n=l 

I PO(n) = Pl(n) n = 0,1 
Plfn) = P2(n) n = 0, t 

HO I 
- ^ = rotjfeA- YES RBTURH 

Hote: Recursion relatione involving zeroth order coefficients sust be handled 
separately. POO is P0(0), etc. 
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Subroutine NSIGTA (IGA, JMED, TSIG, PNAB) 

The function of this subroutine is to look up the total cross section 
and non-absorption probability for energy group IGA and geometry medium JMED. 

Called from: EUCLID, NXTC0L, User routines 
Subroutines called: GTMED 
Commons required: Blank, E0CSIG 
Variables required: 

T o t v t o n -rofn»-om T u t i v i n -o-^.^_ ^ .^^_^„ Trt/i<?TP «._^ _—__ QQ 
l O r y n u , l O i A f f i , xxiMjjy/vr — i i u i i i v,<^iuu.wn i ^ v / u x u j o c c p S g , £ GO, 

IGA - energy group, 
JMED - geometry medium. 

Variables changed: 
TSIG - total cross section, 
PNAB - non-absorption probabilit?/-. 

Subroutine NSIGTA 

(START) 

CALL GTMED 
LOOK UP CROSS-SECTION MEDIUM 
GIVEN THE GEOMETRY MEDIUM 

CALCULATE INDEX FOR TOTAL 
CROSS SECTION 

PICK UP TOTAL CROSS SECTION 
TSIG AND NONABSORPTION PROBLEM 

PNAB 
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Subroutine PTHETA (IMED,IG0LD,IGQ,THETA,PMU,NMTG) 

This routine calculates the probability per steradian of scattering 
through an angle whose cosine is THETA for an energy transfer from group 
IG0LD to other groups. Use is made of the restored Legendre coefficients 
with the group-to-group transfer incorporated. Thus, evaluation of 

p w ( e ) = j ^ - i i + l (2£+Df^ Jp t(e) 
1=1 

I-KT 
vhere ? is the probability of scattering from group I to group J, 

I-KT f is the £th Legendre coefficient for scattering from group I 
to group J, 

P. (8) is the value of the £th Legendre polynomial for an au^le 
whose cosine is 8. 

There are NC0EF-1 coefficients restored by JNPUT; i.e., the P Q table 
is not restored. 

It is assumed that within-group scattering is not zero and is calculated 
for each entry. An option is provided for calculating the probability 
of scattering to all other groups or to a set number of downscax-ter groups. 

The following recursion relation is used for calculating the Legendre 
polynomial: 

L PL(x) = (2L-1) x P ^ U ) - ( L - l ) p
L _ 2

( x ) * 
Called from: User routines only. 
Subroutines called: GTMED^ XSCHLP 
Commons required: Blank, L0CSIG 
Variables required: 

IMED - geometry medium, 
IG0LD - the incoming energy group, 
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IGQ - the limit of the dovnscatter for which P(8) is calculated. 
That is, P(6) is determined for group IG0LD to IGQ. If IGQ is 
zero full dovnscatter is assumed and P(6) is determined for 
IG0LD to NGP, 

THETA - cosine of the scattering angle. 
Variables required: 

ISTAT, NC0EF, NGP, NTG, NTS, TSP0RG, IDSG0G, INSG, IFSP0G (from 
common L0CSIG, see page 88) 

K O i i t t J i c a Ciicui^cvi. 

PMU - the probability cf scattering through an angle whose cosine 
is 6; PMU is dimensioned by NMTG, 

NMTG - the total number groups to be considered in the problem. 
Significant internal variables: 

P(K) - Legendre polynomial of order K evaluated at 8. 
Limitations: dimension of 10 for Legendre coefficients. A change in this 

dimension will allow higher crder of expansions. 
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^START^ 

BO 
NC0EF > 1 

1 0 : ERROR NECESSARY ] 

~l YES 
| SET IGQD = NGP f ) SET IGgD = HTG 1 

[sopa 
) CALL ERRflRl 

j SET IGQD ^ IGQ j 

CALL GTMED 
LOOK UP CROSS-SECTION MEDIUM 

I 
LOOK UP INDEX OF WITHIN 

GROUP SCATTERING 

YES 
NC0EF £ 1 

CALCULATE LEGENDRE POLYNOMIAL 
FOR COSINE THETA I 

CALCULATE 

Pg J/k* 

* GREATER *"\ NO 

CALCULATE SCATTERING PROBABILITY 
FOR WITHIN GROUP SCATTERING 

I 

THAN IGQD' 
YES 

(RETURNJ 

CALCULATE SCATTERING PROBABILITY 
FOR SCATTERING TO GROUP I 

NO 

(RETURN) 
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Function Q(Ki),X) 

This function subprogram generates Q„ (X) - the value at X of the 
orthogonal polynomial, Q, of order ND. The recurrence relation for the 
Q polynomials is employed to generate the function 

Q.(x) = (x - y.) Q. _(x) - a? . Q. Jx) 1 1 l-l 1-1 1-2 

Q0(x) = 1 

Q^x) = :c - M± 

Called from: ANGLES, FIND, BADM0M 
Commons required: MEANS 
Variables required: 

ND - the degree of the polynomial desired, 
X - value of the argument desired, 
XMU(i) = y 
VARf• ̂  ? y i Q labelled common MEANS 

Variables changed: 
Q - the value of the function. 

Limitations: ND < lU. 
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Q = \{x) 

Function Q !ND,X) 

rSTART 

1 = 1 

A = Q ^ U ) = 1 
B = Q^x) = x - \i.± 

= ^ r = 1 

> 1 

c = ^ + 1(x) = (x - i^J-Q^x) - v S . _ i ( x ) 

i = i + 1 

±=wz 
YES 

;Q = \w 

fRETUKU 
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Subroutine READSG 

The purpose of this routine is to read multigroup cross sections 
and store them in a buffer region of common. If the flag IDTF is greater-
than zero, DTF-IV fcrsst cross sections may be read; otherwise, the AKIS5 
format is assumed. 

The ANISN cross-section format makes use of the repeat feature; thus, 
there is a mixture of Hollerith and numbers on the card. This subroutine 
will therefore be different for various computers. On IBM machines each 
cross-section card is read twice; once for the Hollerith R and once for 
the cross-section values. For CDC machines decode may be used to separate 
the Hollerith. DTF-IV format does not permit repeats, and thus the subroutine 
reads the card numbers directly into the buffer storage region starting 
at INPBUF. 

If cross sections are read from cards, in the ANISH format, a card 
sequence check is performed. Three possibilities are taken into account: 
(l) vi energy group number in columns 73-76 and a sequence number for 
that group in columns 77-80 (format from codes such as GAM or MUG); (2) same 
as (l) except columns 73-76 are blank (format from codes such as SUPERTOG 
or XSDRH); (3) columns 73-76 are blank and columns 77-80 contain a card 
sequence number starting at 1 for each set of cross sections (format fros 
ANISH). Non-numeric characters, including blanks, may precede or follow 
the above sequence numbers without affecting the checks. 

If a card is out of order, the card image is printed and the program 
continues. This test may be removed by setting IRDSG negative. (This also 
removes the option of printing the cross section as read.) 

If IXTAPE > 0 then cross sections are read from a standard ANISN 
binary cross-section tape. An identification record (Ul6,6A8) precedes 
the cross section for each :oefficient. The desired cross section must 
be required in the order in which they are on tape, and the element identi
fiers must be the fourth integer !*• the identification record. These 
identification numbers are required on input card D of the cross-3ection 
input. 
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Called from: JNPUT 
Subroutines called: 

XSCHLP 
FETYPE 

Library functions at Oak Ridge National Laboratory to determine 
if a Hollerith is a number or a letter and to convert EBCDIC to 

BCDT0I I integer, respectively. 

Commons required: Blank5 L0C3IG 
Variables required: IRPBUF, INGP, INDS, KKK, IXTAPE, IDTF (from common 

L0C3IG, see page 88) 
Input: (lNGP«(llIDS+3)) values of cross sections for each call. 
Significant internal variables: 

M - number of cross sections for each coefficient, 
HP - number of repeats for a particular cross section. 

Limitations: Card formats must be either ANISN or DTF-IV, or a binary 
tape may be used. 

* 
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Subroutine READSG 

(START J 

DETERMEME HUNBER OF 
CROSS SECTIONS TO BE READ 

T 
! ZERO BUFFgh AREA I 

10 

I DTF-IV FORMAT t 

•0 

TT: SIT CROSS 
SECTIOIS 

(QME CARD) 

•0 

6 6 

YES ^]I: ID RECORD K-
ITTAPE> 0 

•0 
Ik > ID Bo. 

0: ERROR MESSAGE 
CALL ISCHLP 

DOMMT TAPE I 
RECORD | 

10 
9k < ID io. 

I CALL ERROR*! 

res 
ih = ID Mo. 

READ CROSS SECTIOIS 
UTO CORE 

I 0: ID RECORD j 

YES 
IDTF> 0 

*E5 
—a 

PRIfT MESSAGE ncurono 
0U1TK1TS OF CARD 



Ikk 
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Subroutine STflKE (IE,IC) 

The purpose of subroutine ST0KE is to pick up the cross sections 
for element IE and coefficient IC from the input buffer region and store 
the total, fission, and downscatter matrix in the temporary storage. Only 
those parts of the input cross sections that are to be reused are stored. 
That is, the neutrons may be stripped from a coupled neutron-gamma set* 
or the gammas may be stripped from a coupled neutron-gamma set. Also, 
during the restoring the cross sections are transposed if an adjoint solution 
is desired. 

Called from: JNHT 
Commons required: Blank, L0CSIG 
Variables required: IE - element number 

IC - coefficient number 
cross sections in blank common from IHPBUF to 
ISPBUF+I]IGP*( IHDS+3) 

IHPBUF, HTG, HTS HC0EF, ISP0RT,- IHFP0G, ISIG0G, 
HfDS, IADJ, HME (from common L0CSIG, see page 88). 

Variables changed: cross sections in blank cannon from ISF0RT to IT0TSG 
Significant internal variables: 

IHDX - starting location of downscatter matrix for the IE element 
and IC coefficient, 

IEI - number of locations to be skipped in the total cross-section 
array for other elements. 
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to 
KG 

( XETiiSS ji 

(stag) 
I CALCTHATE HELPFUL IM>BtBS | 

j S?ME P C wrniT] 
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Subroutine XSEC (IADJM,L0CEPR,MEDALB,MEDIA,NLAST ,NMGP ,NMTG,HLEFT ,10,IN) 

Subroutine XSEC is the primary interface of the cross-section module 
with the rest of M0RSE. 

The function of XSEC is to read the cross-section information defining 
the number of groups, coefficients, elements, media, etc., and to set 
up the storage locations required. All variables in common L0CSIG are 
defined in subroutine XSEC. (Three variables are redefined in JHPUT if 
Legendre coefficients are restored.) After the storage is allocated, 
subroutine JNHJT is called and is the executive routine for manipulating 
the cross sections. 

The first medium cross sections are stored from ISTART to ISP0RG+ 
ISTART; each successive medium requires ISP0RG cross sections. The Legendre 
coefficients are stored behind the media cross sections. 

Called from: IHPUT 
Subroutines called: JHPUT, ALBIH, XSCHLP 
Commons required: Blank, L0CSIG 
Variables required: 

IADJM - switch indicating that the problem is an adjoint problem if > 0, 
L0CEPR - location of energy-biasing parameters; if 0, no energy 

biasing will be used, 
MEDALB - medium number for the albedo scatterer; MEDALB > 0 signals 

a combined albedo and normal transport problem; = 0 is flag 
for normal transport only and ALBIH will not be called; < 0 
signals an albedo only problem, normal cross sections will 
not be read, MEDALB is the albedo medium, 

MEDIA - number of media for which cross sections are to be read, 
HLAST - the cell used in blank common before XSEC was called. 

Input: There are four cards read by subroutine XSEC. These cards contain:* 
First Card - comment card, 
Second Card - HGP, HDC, HGG, HDSG, WGP, HfDS, HMED, HELEM, HMIX, 

HC0ETF, NSCT, ISTAT, IXTAPE. Por definitions see common 
L0CSIG, page 88. 

• 
A more detailed description is given in Appendix C. 
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Third Card - IRDSG, ISTR, IFMU, IM0M, IPRIH, IPUN, IDTF. For defi
nitions see common L0CSIG, page 88. 

Fourth Card (omitted if IXTAPE <_ 0) - element identifiers of cross 
sections to he read from tape. 

Variables chauged: 
MEDALB - set to 7777 if there is no albedo surface in problem, 
BLAST - -he last cell of permanent storage required, 

Significant internal variables: 
HEC - number of cross sections to be read from tape. 
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S u b r o u t i n e XSE-? 

(STAKA 

SET UP lf,m.UfiC 
IH CO»P!t L0CSI5 

[S THIS AH ALBBPflYBS _ _ — ^ ^ k r v , v CALL ALBIM 
OBLY PROBLEM? /MEDALB < 0 " * ^ > a w u a I I""*! READ ALBEDO DATA 

| I / O : TITLE CARD 1 

I I / O : GROUP pgoimunoM"! 

T 
© 

RETURVJ 

S THIS A GANKi YES SET K ? = ICG 
OHLT PROBLEM* J •SP = 0 SET RMg AS FLAG 

« 

•SP = 0 

CALCULATE TCTAL 
RIMER OF (SOUPS FOR 

I0ICH CROSS SBCTIOBS ARE 
TO BE STORED 

T 
I I / O : PRDTT OPTIOBS I 

Hi-. ELacr IDEITIFTKR I 

CALCULATE HD5X OF 
DOWSCATTER VECTORS FOR j 

EACH CROUP (PBIHABT, I 

5 
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CALCULATE INDEX OF 
DOWUSCATTER VECTORS FOR 
EACH GROUP (SECONDARY) 

CALCULATE INDEX FOR 
PERMANENT STORAGE 

ARRAYS 

CALCULATE INDEX FOR | 
INPUT BUFFER LOCATION 1 

I CALCULATE INDEX FOR 
TEJtfORARY STORAGE ARRAYS 

I CALCULATE TOTAL STORAGE 
REQUIRED r 

I 0: STORAGE INFORMATION 1 

HAS BLANK 
C0M40N BEEN 
EXCEEDED? 

YES 3 0: MESSAGE"! 
NTEMP > 0 T 

1 CJ&L XSCHLP ) 
CALL .INPUT 

EXECUTIVE ROUTINE FOR MdNIPULATING 
CHOSS SECTIONS 

i CALL EXTFI 

© 
YES 
MEDALB > 0 

SET ALBEDO MEDIA 
NUMBER 
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IV. Diagnostic Module 

Frequently in debugging a problem or in trying to gain further insight 
into the physics of a problem, it is desirable to dump the contents of 
certain labelled commons or parts of blank common. This module of M0RSE 
makes it possible to print out in a readable format the values of these 
variables. 

The key routine in this module is subroutine HELPER* which prints out, 
in decimal form, any part of a single-precision (U-byte word) array. 
This routine, along with two machine-language (IBM-360 series) routines, 
decides whether a number is an integer or a floating point number and 
converts to EBCDIC accordingly. It also recognizes the "Junk" word 
(U8U8U8U8 6 ) and outputs the string "flflT USED" in its place. This feature 
is included because it is neb always feasible to depend on the core being 
zeroed or filled with any particular constant. Selected portions of core 
are therefore filled with this word, which was selected because it is 
essentially the same number when treated as an integer or as a floating 
point number. 

A more inclusive dump may be obtained with subroutine HELP which outputs, 
on request, selected portions of blank common and commons AP0LL0, FISBNK, 
NUTR0K, and USER. 

« 
HELPER is a 3light revision of TDUMP. 



152 

Subroutine BNKHLP (NAME) 

This routine outputs (one particle to a line) all of the particle 
bank and, if used, all of t.he fission bank. If identical lines are 
encountered, it prints a message giving the number of identical lines. 
The last line is always printed. 

Called from: 
HELP - when index IGXBP < 0. 

Subroutines called: 
IC0MPA (A,B,N) (library function at Oak Ridge National Laboratory -

compares, bit by bit, K bytes of locations A and B; returns 
zero if A and B are identical) 

Commons required: 
Blank, AP0LL0, FISBHK 

Variables required: 
NSI6L - location in blank common of cell zero of the particle bank, 
HM0ST - maximum number of particles allowed for in the bank(s), 
10 - logical unit for output, 
MrlSTP - index indicating that fissions are to be considered if > 0, 
NFISBH - location in blank common of cell zero of the fission bank. 
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Subroutine BNKHLP (NAME) 

(START) x 
I PRINT TITLE AND NAMJT1 

l 
I JUMP = 0 1 

CALCULATE INDEX OF FIRST 
CELL FOR PARTICLE I(JB) 
> 0 

r ° 
I PRINT ONE LINE I 

< NM0$T - 1 

j JUMP = JUMP • 1 I 

^ H A VE NM0ST PARTIC 
BEEN TREATED? 3* 

= 0 

| PRINT JUMP WITH" 
I MESSAGE x , 

I JUMP = 0 I 

•^f RETURHJ 
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< ! > 

PRINT FISSION 
BANK TITLE 

~T~~ 
I JUMP » Ol 

CALCULATE INDEX OF FIRST 
CELL FOR PARTICLE l(JB) 
> 0 

i PRINT ONE LINE I 

| JUMP - JUMP • 1 I 

^ H A 
&L 

YE NM0ST PARTIC 
KEEN TREAT 

RTICLESL 
£D? J 

NO 
I < NM0ST YES 

^RETURN J 

= 0 

PRINT JUMP WITH 
MESSAGE 

I JUKP = 0 > 
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Subroutine HELP (ICALL, DTJMP, ILABP, IGXBP, IUSRP) 

This routine is used to output values of selected variables used by 
the code, at any desired point in the solution of the problem. It will 
provide, with setting of the proper switch, prints of: 

1) blank common from cell one up to the geometry data storage, 
2) first and last eight words of geometry and cross-section data 

storage areas, 
3) first and last 12 words of the neutron bank, or the entire neutron 

and fission (if used) banks, 
h) all the user area in blank common (beyond the neutron and fission 

banks), and 
5) labelled commons AP0LL0, FISBHK, HUTR0N, and USER. 
HELP has been found useful to the writers of the code in debugging. 

For this purpose, temporary calls are inserted at points of interest. As 
the code stands now, calls are made in M0RSE just after each problem is 
completed, and also at a few points in the code that will not be reached 
unless an error occurs. 

Called from: M0RSE, FBAHK, FPB0B, GPR0B. 
Subroutines called: 

HELPER 
BHKHLP - prints all of the neutron bank and all of the fission bank 

if it is being used. 
Function used: L0C 
Commons required: Blank, NUTR0H, FISBHK, AP0LL0, USER. 
Variables required: 

ICALL - h EBCDIC characters representing location of call, 
IHUKP - > 0 for print of blank common, 
ILABP - > 0 for print of labelled commons, 
IGXBP - > 0 for print of first and last 8 cells of geometry and 

cross-section storage, and the first and last 12 cells of 
the bank, 
< 0 for above print of geometry and cross section and also 
tO C a l l S3XSLF f o r cGiaplc tc px'xut Of t u c a c u i r u u ttuu f x s s i o n 

(if used) banks. 
IUSE? - > 0 for print cf user area in blank ccscs, 
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AMTG - total number of energy groups, 
L0CVTS - location of cell zero of weight standards arrays, 
MGPHEG - product of number of groups and regions for weight standards, 
L0CFVL - location of cell zero of JVL0 array, 
NXEJSG - number of regions for weight standards, 
L0CEPR - location of cell zero of energy group bias array, 

C = 0 if energy group bias not being used) 
L0C1SC - location of cell zero of scattering counter arrays, 
MEJIA - nusiber of sedia in cross sections, 
L0CFSI - location of cell zero of FISH array, 
HGE0M - location of cell one of geometry data storage, 
VS1GL - location of last cell in permanent cross—section storage, 
BLAST - last cell used by neutron or fission bank, 
ILEFT - number of cells available to user beyond banks. 
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Subroutine HELP (ICAIA,ISUMP,ILABP,IGXB?,IUSRP) 

(sTARTJ _5_ 
PRUT ICALL 

(SAME OF RQUTISE CALLI1G HELP) 

YES I HUMP > 0 

P R U T SMTG VALUES 
OF ESZSdES 
VELOCITIES,' 
SOURCE SPECTRUM, 
BIASED SOURCE 
SPECTRUM 

PRIST MGPFEG VALUES 
OF W H O * , VTL0R, WTAVR, 
PATHS, BSFLT , W5FL, 
•0SPL, WS0S, RRKLL, 
VRKL, RRSUR. HRSU I 

PRIST WSTIEG VALUES 
OF nmnn, IHWL0, 
HIHAV I 
PRI1T 2«MZREG 
VALUES OF FWL0W 
(MXREG CURHEIT 
AM) MIREG HITIAL) 

| PRIST SMTG«MXREG 
I VALUES OF GWL0W 

I 

10 

L0CEPR > 0 I YES 

PRIST SMTGaMXREG 
VALUES OF EPR0B 

PRIST 5MT&MXHBG VALUES 
OF EACH SCATTERISG 
COUSTER ARRAY I 

PRIST MEDIA VALUES 
OF SSCATS I 

PRIST SMTG*MEDIA 
VALUES OF FISBS 
F3E AWD GMGEV 

YET 
srsdGgm) 

> o 

PRIST FIRST AID 
LAST 8 ffUMRRRR IF 
GBgH STORAGE AREA 

W 

IGXBP f 0 

I G E O M STORAGE" 1 

& 

rl 
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(Tram previous page) 
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Subroutine HELPER (A, HIT, ILAST, KAMI, 10) 

HELPER enables the user to output, in decimal form, any part of a 
single-precision (it-byte vord) array at any point in the program. The 
user need not know whether the numbers are integer or floating point. 
Fumbers that can be translated as integers in the range +lo (+16777216) 
will be printed as such; floating numbers are handled correctly betveen 
• l ^ N v L C f 7 6 ) and •l6 6 3(VL0 7 5). If the *unk vord (Wii8ii6^8l6) is 
encountered, r'Wf£ USED" is printed. limbers are printed eight to * line 
in an Ell.5 or 111 format and identical lines are replaced by a "KEPEATOG 
LUE PATTEHH" message (except that the last line of an array output is 
always printed). 

Called from: HEiP, XSCHLP 
Subroutines called: 

SUBRT 
IC0MPA - (3J.brary function at Oak Ridge national Laboratory; see 

BBKHLP vriteup). 
Variables required: 

A - first vord of array of interest, 
1H1T - first U-byte wore of array A to be output, 
BLAST - last U-byte vord of array to be output, 
HAME - U hollerith characters to be used as a label, 
10 - output unit. 

http://3J.br
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Subroutine HELPER (A,IIIT,ILAST,IAME,IO) 

START 

I 
PRUT IAME, HIT 

(IF > 1) HLAST 1 
H = HIT ! 
12 = HI - 1 

£ 
JIMP = 0 

I = ILAST - 12 
K = SMALLER OF I AID 8 r 

1 FRCTT 1 LHE I 

10 

PEIWT REPEATUG 
LIHE MESSAGE 

JUMP « JUMP • 1 
12 = 12 • 8 
II ' 12 + 1 

I = ILAST - 12 
1 

> 1 

< 1 I 12 = 12 • 8 
JUMP? 5 — * K = 12 • 1 
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Subroutine SUBRT (A, M, Al) 

SUBRT is an assembly language routine called by HELPER to perform 

conversion of a U-byte computer word to a string of hollerith characters. 

It tests for unused elements (W^I8JI6_ 6) returning the string nW0T USED," 

decides vhether the number is an integer or floating point, converts the 

number into hollerith if floating point, and calls ISTBCD if integer. 

JJTCUCD is called to convert all numbers it receives as integers into 

hollerith and passes control back to SUBRT. 

Called from: HELPER 

Routines called: HTfiCD - library subroutine at ORBL; converts a fc-byte 

integer to an EBCDIC string. 

Variables required: 

A - fc-byte word to be converted, 

H - format size (HELPER calls with M = 11 resulting in 111 and 

1PE11.5 formats). 

Variables changed: 

Al - first word of 12-oyte array for storage of hollerith string. 



162 

Subroutine XSCHLP (IBCDUM, NAME) 

This routine outputs in decimal or integer form the contents of the 

coonons used in the cross-section module, as veil as the contents of the 

various cross-section arrays in blank common. (See Table VI for layout of 

the cross-section area.) Tnis subroutine »uay be called from any location. 

Called from: READSG, PTHETA, XSEC, and ANGLE (just before error calls). 

Subroutines called: HELPER 

Functions used: L0C 

Commons required: Blank, L0CSIG, MEANS, M0MENT, QAL, RESULT. 

Variables required: 

IBCDUM - contents of black common are printed if > 0. 

NAME - a four-character word to indicate the calling program. 
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Subroutine XSCHLP (IBCDUM, IAME) 

f START J 

T 
0: COffTEHTS 

LggsiG 

0 : CCWTHITS 
HEAR 

0 : COBTEBTS 

0: COBTHTPS -

QAL 

0 : COITERS 
HSSDLT 

I 
I 0 ; KDOIG TABLB I 

I 
0 : PRIMARY AID 
SECOBDARY GROUP 

HDICES 

JBL 
HiHrZ > 0 I . D . BUMBERS 

l i '^l 'j i ' . l ' 
IBCDUM < 0 

YES 6 



16k 
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V. Analysis Interface and Sawple User Routines 
The MORSE interface to user-provided analysis routines is through 

calls to function DIREC, and subroutines GT*ED, SC0RIV, S0URCE, and 
especially BARKSs Function DIREC supplies the dot product between the 
neutron direction vector and the most important direction. It is used 
by GETBTA, which determines the length of the next flight, to vary the 
amount of path-length biasing depending on vb»ther the particle is traveling 
in an important direction or not. If path-length biasing is not desired 
(or if it is desired to bias all paths independently of direction), DIRBC 
should return 1.0. (TIMED is used to relate cross-section and geometry 
media. It is called from every routine needing cross-section data. These 
calling routines have available the medium of the point of interest, 
as specified by the geometry data, and need the proper medium to give 
the cross-section routines. In most cases, the geometry and cross-section 
media are the same, but for special cases such as toe infinite homogeneous 
media with a boundary crossing estimator two different media for GE$f are 
required. All data required by user-vritten routines are input by subroutine 
SC0RII which is called after the general problem specification, geometry, 
and cross-section data are input. Subroutine SOURCE is called for each 
source particle (including neutrons just produced by fission) so that 
the user may specify the phase space coordinates of each (if it is not 
desirable to use the constant values specified by input cards to the 
walk routines). 

BAIKR is the primary interface to t*ae analysis package, being called 
with as many as 17 values of the argument index to direct the analysis. 
These arguments and their meaning are outlined in Table VII. 

It should be noted that not all the BAIKR calls listed in Table VII 
are actually progressed in the code (those not progrsisms* are included 
ss comments); the user suy have to add these calls for his special pur
poses. 8everal labelled common* transfer data for use in the analysis, 
and, in addition, the unused portion of blank common is made available. 
Data which &** determined by the problem specification (which are not 
edified by the walk or whose initial value amy be useful) are loaded 
in common USER by subroutine IIFvT. These quantities are given in Table VIII. 
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Table Til. BAHER Arguments 

Argument 

-1 

-2 

Called From 

MftSE 

-3 HptGdJa 

-k MilRSE 

1 MS0UR 

2 TESTV 

3 PPB0B 

li GST0RE 

5 MfeSE 

6 N0SSB 

T BXTC0L 

8 HXTC0L 

9 MUBSE 

Location of call in walk 

After call to HFJE - to set parameters 
for nev problem. 

At the beginning of each batch of 1STHT 
particles. 

At the end of each batch of iiSrftr particles. 

At the end of each set of HITS batches -
a new problem is about to begin. 

After a source event. 

After a splitting has occurred. 

After a fission has occurred. 

After a secondary particle has been 
generated. 

After a real collision has occurred -
post-collision parameters are available. 

After an albedo collision has occurred -
post-collision parameters are available. 

10 

After a boundary crossing occurs (the 
track has encountered a nev geometry medium 
other than the albedo or void media). 

After an escape occurs (the geometry has 
encountered medium zero). 

After the post-collisior energy group exceeds 
the maximum desired. 

After the maximum chronological age has 
been exceeded. 

11 TESTV 

12 TESTV 

13 G8T0HE 

After a Russian roulette kill occurs. 

After a Russian roulette survival occurs. 

After a secondary particle has been gener
ated but no room in the bank is available. 
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Table VIII. Definition of Variables in Common USER 

AGSTRT 

VTSTFT 

XSTRT 

YSTRF 

ZSTHT 

DPF 

EB0TN 

EB0TG 

TCUT 

10 

II 

IADJM 

NGPQT1 ) 
NGPQT2 } 
NGPQ73 ) 

NGPQTG 

NGPQFN 

NITS 

NLAST 

NLEFT 

NMGP 

HMTG 

NSTRT 

Initial age (input on card D) 

Initial w light (input uu card C; 

Initial x position (input on card D). 

Initial y position (input on card D). 

Initial z position (input on card D)« 

Normalization for adjoint problems - calculated in 
S0RIN. 

I/jver energy boundary of last neutron group. 

Lover energy boundary of last gamma-ray group. 

Age limit (input on card C). 

Logical unit for output. 

Logical unit for input. 

Adjoint switch (> 0 for adjoint problem). 

Problem dependent energy group limits - see flow 
chart for subroutine INPUT. 

Lowest energy gamma-ray group. 

Lowest energy neutron group. 

Number of batches (input on card B). 

Last cell in blank common ur.ed by either cross-section 
package or bank(s), whichever is larger* 

Number of cells in blank common available to user. 

Number of primary (neutron) groups (input on card B)> 

Number of total groups (input on card B). 

Number of source particles for each batch (input on 
card B). 
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The user will also need ccaaon HUTRflfll which contains prior and present 
collision paraaeters (the pre-collision weight is also provided). 

All other variables in the valX which aay be needed by the user 
should be transmitted by the primary interface routine, BARKR, as argu
ments in the called routine. See BAHKR vriteup for examples. 

Sample User Routines 

The problem chosen for this example is to calculate fluence at up 
to 20 distances from a point, isotropic source in an infinite medium. A 
boundary-crossing estimator is used along with alternating geometry media 
1 and 2 in concentric spherical shells. The information required by the 
sample analysis routines is passed by common DET. Ine variables required 
are defined in Table IX. Descriptions of each routine including flow 
charts and listings follow. 

A description of the versatile analysis package SAMBO is contained in 
reference 1. Some of the user routines described here are replaced by 
more general routines in SAMBO; other routines complement those in SAMBO. 
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x&oxe **. 

Variable 

v e i i i i * v j t < of Yariatle* ir. C DET 

Definition 

ID 

HSCAPE 

RAD(20) 

101(20) 

UD(20) 

SUD(20) 

SUD2(20) 

SD(20) 

SSD(20) 

SSD2(20) 

FDCF(IOO) 

lumber of detectors. 

Counter for boundary crossings beyond the last detector. 

Radii in cm of the spherical detectors (must be aedia 
boundaries). 

Kumber of estimates at each detector. 

«Dcollided response for the current batch. 

Uncollided response (UD) summed over batches. 

Sum, over batches, of the squares of the uncollided response 
estimates weighted with HS0RC* (sum of UD**2/MS0RC). 

Total (uncollided plus collided) response for the current 
batch. 

Total response (SD) summed over batches. 

Sum, over batches, of the squares of the total response esti
mates weighted with NS0RC (sum of SD**2/VS0RC). 

Response function array. 

NS0RC is the number of particles starting the batch. 
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Subroutine BAMKB (I1UKID) 

The function of BMKR is to call analysis and diagnostic subroutines 
as specified by the user. The particular subroutines called in the analysis 
module are determined by the index IBBKID. In this problem: BAIKR (-M 
™ m ^ 1HJI; BAIKR (-3) calls RBATCR; BASER (-2) calls STB7CH; BABKR (-1) 
calls SIBm and HEUP; 'BAIKR (l) calls SDATA; and BAIKR (7) calls BDFYX. 
Any other values of HBH3D result in a return. 

A version of BAKU that writes a collision tape similar to that 
written by 05R is also available. 

There are 36 possible variables that may be writtec on the tape for 
each of the 13 types of events. The use of the tape-writing version 
of BAIKR is not encouraged but it is provided for that occasional circum
stance where it is advantageous. 

Called from: MS0UR, FPB0B, M0RSB, KXTC0L, TESTW, GST0RE. 
Subroutines called: STRUM, STBTCH, HBATCH, HRUI, SLAT A, BDRTX, HELP. 
Commons required: AP0LL0. 
Variables required: 

IBIKID - an index which identifies the type of collision and/or 
subroutine called (KBRKID - -U, -3, -2, -1, 1, 2, ... 13), 

BITS - number of batches to be run, 
ITERS - number of batches which remain to be processed, 
HQUIT - number of runs remaining plus one (set to negative of the 

number of runs completed, when an execution tine kill occurs), 
HMEM - number of particles which remain to be processed in a given 

batch. 
Significant Internal variables: 

VBAT - the batch number less one, 
ISAVE - the number of particles starting the current batch. 
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SsihrrwM: 

-1 

i 
CALL STRUW 
GALL HELP 

> BATCH 
RUWER LESS O t t 
WAVE . BIMER 
Of PARTICLES 
STARTI1G BATCH 

CALL STBTCH (MEAT) 

laLtttAfcH I^V/JI 

rear QAiJDnBJI 

O 

-2 

-3 

J 

- l i 

EBBPD1 

2 ,3 ,* , 
5,6,8, 
9 ,10010^13 

I CALL saral 

^TcgT 
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rafMBRK'SI «*NKF 10 
C COMT CALL EUCLIO FROM • * • § » « ? ! BWKK 2O 

CONNON /APOLLO/ A€STJtT,OOF*DEAIWTf 5l,ETAvfTATH,ETAUSOtUtNP«Vtl|Pv BANKR 30 
1 MINrvtfT$TRT«XSTRT.VSTRTvZSTRT«TCUTvXTRAC10l« BANKft 31 
2 fO«llt«ClA*IAOJN,ISOIAStISOUR»tTERSvlTINE.ITSTRvLOCMTS,LOCfllL*BAilKR 32 
3 L0CERR»LOCNSCtLOCFSN«NAXC»«NAftTinvNE0ALB«NBPRE«tflXRE€tNALB« BANKR 33 
4 N0€A0f5ltN€MPI«ME0N«N6#0nfR«#0T2vNC»QT3tNGR0T6vN0»0TN,NITS. BANKR 34 
5 NKCALC«NKILL»NLAST,NilEII«NN6RtNII0STvNIITB*k0LEAK,N0RNFvNPAST, BANKR 35 
6 N»SCLC13ltN0UITvNSieLtNSCURtNSRLT9NSTRT«RXTRAfl01 SANKR 36 

CONNON /NUTRON/ NAHEtNANEX«ICtIC0*NPEC,NEC0L0«NRE6tU»V»ll»U0LD«V0L0BANRR 40 
1 •U0L0vXtr,ZvX0LCtViM.O<2OLCt«ATE«CH.0«rr»lfTBCtBL2NTvBL2O1l*A6E«0LDASeBANKR 41 

NONK - NBNKIO BANKR 50 
IF fNBNKI 100,10^,140 BANKR 60 

100 NONK * NBNK t 5 BANKR 70 
SO TO C104.1C3tlO2.1Ol>.NBNK BANK* BO 

201 CALL STRUN 6AP*« 90 
C CALL HELPI4HSTRU.1.1.1.1I BANK 100 

RETURN BANK 110 
102 NOAT - NITS ~ ITERS BANK 120 

NSAVE • NNER 
CALL ST6TOMN6AT) 

BANK 130 
BANK 140 

C NBAT IS THE BATCH NO. LESS ONE BANK 150 
RETURN BANK 160 

1C? CALL NBATCHtNSAVEl BANK 170 
c NSAVE IS THE NO. OF 

RETURN 
FARTICLES STARTED IN THE LAST BATCH BANK 1B0 

BANK 190 
104 CALL NRUNINITStNOUITI BANK 200 

c NITS IS THE NO. OF BATCHES CONFLETEO IN THE RUN JUST CONFLETEO BANK 210 
rfOUIT .6T. 1 IF MORE RUNS RENAtN BANK 220 

c •EO. 1 IF THE LAST SCHEDULED RUN HAS EEEN COHPLETEO BANK 230 
c IS THE NEGATIVE OF THE NO. OF COPPLETE RUNS. WHEN AN BANK 240 
c EXECUTION TINE KILL OCCURS BANK 250 

RETURN BANK 260 
140 0? TO tl.2.3.4.5. 6.7,6.9.10.11.12!.N6NR BANK 270 

c M6NKID COLL TYPE BANKR CALL NONKIO COLL TYPE BANKR CALL BANK 2tO 
c 1 SOURCE YES CNSOtft) 2 SPLIT NO (TEST*IBANK 290 
c 3 FISSION YES CFPROBI 4 6ANBEN NO (CSTOREBANK 300 
c 5 REAL COLL YES fNORSE1 6 ALBEDO YES IMORSEIBANK 310 
c 7 BORVX YES INXTCOLI B ESCAPE YES (NXTCOLBANK 320 
c 9 E-CUT NO INORSEI 10 TINE KILL NO (MORSEIBANK 330 
c 11 R R KILL NO CTESTHI 12 R R SURV NO (TESTMtBANK 340 
c 13 CANLOST 

1 CALL SOATA 
RETURN 

2 RETURN 
3 RfTURN 
4 RETURN 
5 RETURN 
6 RETURN 
7 CALL SORVX 
RETURN 

B RfTURN 
9 RETURN 
10 RETURN 
11 RETURN 
12 RETURN 

ENO 

NO tOSTOREI BANK 350 
BANK 360 
SANK 370 
BANK 360 
BANK 390 
BANK 400 
BANK 410 
BANK 420 
BANK 430 
BANK 440 
BANK 450 
BANK 460 
BANK 470 
BANK 460 
BANK 490 
BANK 500 
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Subroutine BDBXX 

This routine is called whenever the particle in the walk encounters 
a change in geometry media. If the source-to-collision distance corresponds 
to a detector position, the reciprocal of the cosine of the angle free 
the radius vector is used as a fluence estimate. The response 
value for the appropriate energy group modifies the estimate, which is 
then stored in the counter for the appropriate detector. 

Called from: BAMKR (7) 
Subroutines Called: ERR0R (library) 

ABS (library function) 
Commons required: USER, HUFR09, DET 
Variables Required: 

X, ¥, Z, tf, V, V, WATE (from common HUTR0H, see page 12) 
ID, ISGAFE, HH(I), FDCF(l), SD(l), RAD(I) (from common DET, see 
page 169) 

Variables changed: HSCAFE, HH, 3D. 
Significant internal variables: 

R21 - radial distance to boundary crossing, 
R2 - 99% of R21, 
R22 - 101% of R21, 
C0S - cosine of angle between particle direction and radius vector, 
ABC0S - absolute value of C0S, 
C0 - fluence estimate, 
C0HD - response estimate. 



17U 

S u b r o u t i n e BDRYX 

(START) 

CALCULATE R21, 
DIS'^UICE FROM ORIGIN 
TO BOUNDARY CROSSING 

NO 
I S R 2 1 GREATER 

THAN IARGEST 
DETECTOR POSITION?, 

C A L C U L A T O R , 
COSINE OF ANGLE 

BETWEai PARTICLE 
DIRECTION ARD SURFACE 

(Detector indicated 
by Index I) r NSCAPEI 

*̂ iABogs ~ : p o n 

ABC0S - ] C 0 6 | 

r 
C0N = UATE/ABCpS 

STORE C0N*K>CF(IG) 
IN to(lj 

INCREMPn N»(l) j — * - * — 
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SUBROUTINE SCftYX BOftYX 10 
ftCKYX 20 

FC* USE IN SPHERICAL GEOMETRY ONLY BCRYX 30 
BOftYX 40 

IDENTIFIES OETECTOR POSITION WITH A BOUNCARY CROSSING AND THEN BOftYX SO 
CALCULATES AND SUMS QUANTITIES OF INTEREST FCR EACH BATCH. fcORYX 60 

BORYX 70 
COMMON /USER/ AGSTRT.MTSTRY.XSTRT.YSTRT.ZSTRT.CFF.EBOTN.EBOTG. BORYX BO 

1 TCUT, 1 0 , 1 1 , IADJNvNGPQT!,NGPQT2,NGPQT*,NGP0TS,NGP0TN,NtTS,NLAST, BORYX Bl 
Z NLEFT,NMGP,NMTG,NSTRT BORYX B2 

COMMON /OCT/ N0,NSCAPE,RAC(20).N»H2O).U0<2C).SU0<20).SUO2(2O). BORYX 90 
1 SC(20).SS0(2O),SS02(20).FDCFUGO) BORYX 91 

COMMON /NUTRON/ NAME.NANEX.IG. IGC.NMED.MECOLD.NREG.U.Vvll.UOLD.VOlDBOftY 100 
1 ,WOLD.X,?.Z,X0LC,YOL0.ZOL0.MATE«0L0MT.MTBC,BLZNT,BLZON.AGE.OU>ACE00ftY 101 

621 • SORT (X* *2 • V**2 • Z * *2 I BO«V 110 
Rl * R21*0.99 BORN 120 
R22 * R21*1.01 BORV 130 
00 5 I- l .ND BORV 140 
!* (R2-RA0(1)) 1 5 . 1 5 , 5 BOftY 150 

5 CONTINUE BC«V 1*0 
NSCAPE-NSCAPE*1 BORY 173 

10 RETURN BIKV 1B0 
15 IF (R22-RAOU)) 10 ,20 .20 BORY 190 
20 ERA * U*X • Y*Y • W*Z BOXY 200 

COS » ERA/R21 - l . E - 1 0 BORY 210 
IF fCOSI 30 .25 *30 BORY 220 

25 WRITE (10*1000) BORY 230 
1000 FORMAT!1H0.14H COS-0..RETURN) BORY 240 

RETURN BORV 250 
30 AECCS-ABS I CCS) BORV 240 

IF <ABCOS-1.0001) 40 .40 ,35 90HY 270 
35 WRiTE (10 .1010 ) ABCOS BORY 200 
1010 FORMAT!1HO.*ABCOS.GT.1. * *E10.4) BORV 298 

CALL EPROR BOftY 900 
40 IF (ABCOS-0.01) 45 .50 .50 BORY 910 
45 ABCOS » 0.005 BOftY 320 
50 COtt-MATE/ABCOS BORY 330 

NN( i ) « NN( I ) * 1 BORY 340 
CONO - CON*FDCF(IG> BORV 350 
SO( I ) » SCI I ) • CONO BORY 3*0 
RETURN BOftY 3*0 
ENO BOftY 3*0 

»•« " * - ^ K * V * -... ^ M ^ U ^ >> - " - * * • ' 
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Function DIBEC (DtMff) 
This function provides the dot product of the neutron direction vector 

and the radius vector. Thus DIREC • 1.0 for an outgoing neutron and • 
-1.0 for an inward going neutron. These values result in M T T I I W path 
stretching and shrinking, respectively, when used in the calling routine 
GETETA. 

Called froa: GETETA 
Function used: SQRT (library) 
Coaawns required: IUTB0B 
Variables required: 

U0LD, V0LD, V0LD - prior collision direction cosines (at this point 
they are equal to the current collision values), 

X0LD, Y0ID, Z0LD - coordicates of prior collision site (at this point 
they are equal to the current collision values). 

Variables changed: 
DIREC - the function value. 
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Function DIRBC (DUMtf) 

. 31 
I DIRBC — r 

IT] 

fREIURIM 

CALCULATE Rl, DOT 
PRODUCT OF BBU190I 

VECTOR AM) UMBDRMMJZH) 
RADIUS VBCIOR 

T 
TrsTTrVdi 82, 

MORMMJZATIOR OF 
RADIUB VBCIOR 

I DIRBC ° R1/R2 I 
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rmcuo* oiftfciti OIREC to 
oiacc so 

SMtilCAL OIUXSTtV VfftSION OlftCC 40 
OlftCC 50 

COMMON /MtfTOOV MMe 9MillO 9IC viai»tMt0*nf00L0«ll0C€«U vV.II»U0L0*V0L00IKfC SO 
1 ,l!0lD,t,T,t.«Otft,tOL0aOt0,IIATf.0l8*lT t l lTOC,Oi!UT.IM.IW tA€C,Oi.0A«»ltfC >l 
>IHWJO»Mi»^fOU>VOtOillOiO»gOLO OIMC *0 
R2-S0RT (10lO*»2*VOL0**2«*0L0**2l OlftEC 70 
I * (02 - l . t - 4 1 10*tO#S OIKCC (0 

9 COS-ftl/M OttCC fO 
OlftfC-COS Olftf 100 
ftfTtftft Olf.5 110 

10 OlftfC*!. OltE 120 
OfrUM OltC 130 
B » D I M 140 
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Subroutine GTMED (MDGE0N, MDXSEC) 

This subroutine allows one to equate the cross sections for tvo differ
ent geometric media. Thus, if one uses a boundary crossing estimator, 
G£0K requires that the media on both sides of the boundary differ. However, 
for a homogeneous problem, the transport needs only one cross section 
to be stored. For any problem not involving a boundary crossing estimator 
for a homogeneous system, V.DGE0M and MDXSEC may be equivalenced and the 
subroutine calls removed. 

A data statement sets the tvo media numbers that are to have the 
same cross sections. 

Called from: M0RSE, FPR0B, NS1GTA, C0LISN, PTHETA, FTSGEN, GAMGEN 
Variables required: MDGEtfM, NED1E, MED2E 
Variables changed: MDXSEC 

Subroutine GTMED (MDGE0M, MDXSEC) 

fsTAKM 

NO SET 
MDXSEC = MED1E 

m{+i***ti-mTi« »f<Mtti» 4**t*+^&rJt&*<'ji^tm*i*&<u 
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4 

3 
X 

I 
I 
I 
f 

SUtftOUTINE GTNEDfMOGC(»tM>XSEC> 
OAT A NE01E/1 / .NE02E/2 / 
IF INOGEON - NE02EI I C 5 . 1 C 

5 HOXSEC * NE01E 
RETURN 

13 HOXSEC » MDGEOfi 
RETURN 
ENO 

GTNED 10 
GTNEO 20 
GTNEO 30 
GTNEO 40 
GTNEO SO 
GTNEO 60 
GTNEO 70 
GTNEO 00 
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Subroutine HBATCH (NS0RC) 

This routine is celled at the end of each batch to perform the sums 
needed for calculation of batch statistics. Provision is made, although 
not used in this case, for batches of different sizes. Because of this, 
the summation of the square of the accumulated estimate is divided by 
the number of particles starting the batch. (See VAR1 vriteup for statis
tical formulae.} 

Called from: BAHKR (-3) 
Conmons required: DET 
Variables required: 

ND, UD(l), SUD(I), SUD2(I), SD(l), SSD(l), SSD2(l) (from common DET, 
see page 169) 

NS0RC - number of particles beginning the batch. 
Variables modified: SUD(l), SUD2(l), SSD(l), SSD2(l). 

Subroutine NBATCH (NS0BC) 

SUM UHCOLLIDBD RESPOKSE* 
AND SQUARE OF UWCOLLIDH) RESPOHSE/PAKTICIZ a 

I SUM TOTAL RESPONSE 
AND SQUARE OF TOTAL RESPOHSE/PARTICLE 

NC 

YES I >HD 
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c 
c 
c 

riMT NSAfCNCNSOaCI 

HOATCH SIMS MfCM-OiMMTlUfS OP IMTtftfSf OV0I A l l OATCNES* 

/ O f T / IM«OJCAtt«tMK20l«NMOItUOIM»*SODIieitSOOtlMlt 
t SOUOI»SSOI10lfSS02<tOltFOC*IIOOI 
• 0 S l«ltND 
9 • O M I I 
snout • soon i • * 
sootcii • S U M I I I • t—itmmc 
0 • S M I I 
SSOCII • SSOIII • 0 
S S M I I I • SS02II I • C**2SNS0*C 

OMTC 10 
MSAfC ftt 
MMTC SO 
OOATC 40 
MftftfC 10 
ftt*TC f t 
0J4TC00 
OOATC TO 
ftOATC OS 
OMfC 00 

I f 100 
IT 110 
IT UO 
IT ISO 
IT 140 
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Subroutine MHU1 (ifflffS, iQUIT) 

This routine is called at the end of each run (consisting of IRUIS 
batches of ISTKT particles in this case). The calculated quantities are 
normalized and output, along with fractional standard deviations. 

Called from: BAMKR(-M 
Subroutines called: 

VAR1 - calculates fractional standard deviations. 
Commons required: DET, USSR 
Variables required: 

IRUIS - number of batches completed (note the BITS in common USSR 
is the requested number of batches, not necessarily the 
actual number completed), 

IQUIT - number of runs remaining plus one, or negative of the number 
of runs completed vhen an execution time kill occurs, 

ISTRT - number of particles per batch, 
ID, SUD(I), SUD2(I), SSD(I), SSD2(l), SR(l), RAD(l), ISCAPE (from 
common DET, see page l6°) 

Variables changed: 
SUD2(I) ^ converted to fractional standard deviations by 

il) J ssK>(r ' V A R 1 

} 
SUD(I) 
SSDfl) V normalized to unit source particle 

Variables output: RAD(I), 3UD(l), SUD2(l), SSD(l), SSD2(l), F H (H(l) 
normalizedX 

£j 
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Subroutine HBUK (HRUH,KQUIT) 

(saw) 

CALCUTATB 
TOBO, BOMBER 
OF HISTORIES, 

HPART I 
CALL VAKL 

T CALCULATE 
. . « . d . ' » FOR 
UKOLLXVB) 
AID TOTAL 

RESPOUSE ARRAYS 

manfosx— 
UHCOLLIDH) AM) 

TOTAL RESPOMSE ABD 
0? ESTIMATE! 

FOR DETECTOR I 

OUTPUT iADnSr; 
UNCOLLIDH) ASD 

TOTAL RESPONSE, 
f.s.d.'s AID NUMBER 
OF ESTIMATES FOU 

DETECTOR I 

BO 

YES I > H D 

(RETURN) 



c c 
c c 

SUBROUTINE NRUNCNRUNS»NQUIT) 
SUBROUTINE NRUN SUMS OVER ALL BATCHES, AND CALCULATES 
OUTPUTS OUANITITIES OF INTEREST A»=TER A COMPLETE RUN. 

AND 

COMMON /OET/ NO-NSCAPE,RA!M20),NN<20)fUDC20) ,SUD(20),SU02(20)• 1 SD(20),SSD(20),SSD2<20)tFDf,FU005 
COMMON /USER/ AGSTRT,WTSTRT,XSTRTtYSTRT,2STRTfOFF,EBOTNtEBOTG, 1 TCUT,IO,Il,IADJM,NGPQTl,NGPQT2,NGPQT3,NGPQTG,NGPQTN,NITSiNLAST, 
2 NLEPTtNMGPtNMTGtNSTRT 
NPART « NRUNS*NSTRT 
FNB « 1.0/NPART 
WRITE (10,1000) 

1000 F0RMAT(1H1,52X,«4 PI R**2 RESPONSE* 
1 /1H0,6X,'RADIUS',14X,'UNCOIL*,16X, 
1PFSD»,J5X,»TOTAL'»17X,'FSD»tl2X,'FRACTION OF'/IH ,25X, •RESPONSE1, 
213X t' UMCOLL S13X«« RESPONSE S13Xt "TOTAL* «12Xt •CROSSINGS1) 
CALL VARKSUD(l) tSU02(l),NOtNRUNS,NPART) 
CALL VARKSSD(l)tSSD2(l)«ND,NRUNStNPART) 
DO 5 I»ltND 
FIN « NN(I) 
FIN * FIN*FNB 
SUD(I) « SUC(I)*FNB 
SSD<I) « SSC(I)*FNB 

5 WRITE (10,1010) RAD(l),SUC<!),SUD2<I),SSDU),SSD2U)tFIN 
1010 FORMATdH , 2X, 2( E10.4,11X) ,F 8.5»E21.4,2F19. 5) 

RETURN 
END 

NRUN 10 
NRUN 20 
NRUN 30 
NRUN 40 
NRUN 50 
NRUN 60 
NRUN 61 
NRUN 70 
NRUN 71 
NRUN 72 
NRUN 80 
NRUN 90 
NRUN 100 
NRUN 110 
NRUN 111 
NRUN 112 
NRUN 113 
NRUN 120 
NRUN \30 
NRUN 140 
NRUN 150 
NRUN 160 
NRUN 170 
NRUN 180 
NRUN 190 
fRUN 200 
MRUN 210 
NRUN 220 
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Subroutine SC^RIN 

This routine is called by subroutine INPUT for the user to input 
necessary analysis data. In this sample, a title card, the number and 
radii of detectors, and values of the response function are read in 
and output. 

Called from: INPUT 
Commons required: USER, DET 
Variables immt «-nd out nut: 

K0MENT - 80 hollerith characters, 
ND - number of detectors, 
RAD(l) - radii for each of ND detectors, 
FDCF(I) - NGPQT3 (=NGPQTN in this case) values if the response 

function. 
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Subroutine SC0RIN 

1/0: F#MERf 
80 CH&HACTERS 

TITLE XHFCRM&TION 
* • • • • ! • • ' ' A BEAD: ND 

NUMBER OF 
DETECTORS 

I 
READ: RAD 

HD VALUES OF 
RADII TO DETECTORS 

I 
I 0 : HD,RAD 1 

I 
I / p : FDCF 

VGPQF3 VALUES 
OF RESPONSE 
Fisicnon 



c c c 

c c c c c c 

SUBROUTINE SCORIN 
ANALYSIS INPUT DATA ARE READ INTO SCORIN 
COMMON /USER/ AGSTRT,WTSTRT»XSTRTfYSTRTtZSTRTfDFF,EBOTK*EBOTG, 1 TCUT,I2fIl»IA0JM,NGPQTl,NGPQT2»NGP0T3tNGPQTGfNGPQTN,NITS»NLAST, 
2 NLEFT,NMGP»NMTGtNSTRT 
COMMON /DET/ NO»NSCAPE»RAD(20l»NN<20)tUD(20)fSUD120),SUD?'201 t 1 SD<20)tSS0<20),SSD2<20)fFDCF<100) 
DIMENSION K0MENTC20) 
READ (11,1000) KOMENT 

1000 FORMAT <20A4) 
READ IN PROBLEM OUTPUT PARAMETERS 
WHERE 

ND NUMBER OF DETECTORS 

C 
C 
C 
C 

REAO (11,1010) ND 
1010 FORMAT (8110) 

READ IN DETECTOR POSITIONS (MUST CORRESPOND TO MEOIA BOUNDARIES) 
DETECTOR MUST NOT BE PLACED AT THE LAST MEDIUM BOUNDARY. 

C 
C c 

REAO (11,1020) (RADC ),I-1,ND) 
1020 FORMAT (7E10.4) 

REAO IN NGP0T3 VALUES OF THE RESPONSE FUNCTIONS 
REAC (11*1020) (FOCF(I),I-1,NGP0T3) 
WRITE (12,1030) KOMENT 
FORMAT <1H1,20A4) 
WRITE (12,1040) NDt<RA0(X)tI-lfND) 
FORMAT (1H0»19HNUMBER OF DETECTORS»I4/20H 
1 (1P5614.3)) 
WRITE (12,1050) (FOCF(I),I»1,NGP0T3) 

1030 
1040 

1050 

DETECTOR RADIIt 

FORMAT 
RETURN 
ENC 

(1H2 RESPONSE FUNCTION S/»6(1PE14.3>) 

SCORI 10 
SCORI 20 
SCORI 30 
SCORI 40 
SCORI 50 
SCORI 51 
SCORI 52 
SCORI 60 
SCORI 61 
SCORI 70 
SCORI 80 
SCORI 90 
SCOR 100 
SCOR 110 
SCOR 120 
SCOR 130 
SCOR 140 
SCOR 150 
SCOR 160 
SCOR 170 
SCOR 180 
SCOR 190 
SCOR 200 
SCOR 210 
SCOR 220 
SCOR 230 
SCOR 240 
SCOR 250 
SCOR 260 
SCOR 270 
SCOR 280 
SCOR 290 
SCOR 300 
SCOR 310 
SCOR 320 
SCOR 321 
SCOR 330 
SCOR 340 
SCOR 350 
SCOR 360 
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Subroutine SDATA 

Cabled by BAHKK(l), from M50UR, for each source collision, this 
tine calculates uncollided response for each detector. 

Called from: BANKR(l) 
Subroutines called: ATOIGTA 

Functions required: EXP (library) 
Cocunons required: USER, DET, N17TR0N 
Variables required: 

IG - energy group index, 
NMED - medium number, 
TSIG - t o t a l cross section provided by HSICTA, 

HD - number of detectors, 

RAD(l) - array of detector r a d i i , 

HATE - neutron veight , 

JDCF(l) - array of response functions 

Variables modified: 

UD(l) - array of uncollided responses. 
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Subroutine SDATA 

QSTART) 

CALL NSIGTA. 
TO PROVIDE TOTAL 
CROSS SECTION FOR 
GROUP 16 AND 
MEDIUM NME) 

CALCULATE 
UWCOLLIDBD 

FLU5NCE, C0B 
H = « « S ^ - ( l S I G ) H , R i U ) ( l ) 

I 
STCRE RESPONSE ESTIMATE, 
C^N*FDCF(IG) FCR 

DETECTOR I 

ML 

YES I > HD 
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SUMOUTME SOATA SOATA 10 
C SOATA 20 
C SUBROUTINE SOATA CALCULATES UNCOLLIOEO QUANTITIES OF INTEREST AT SOATA 30 
C EACH OETECTOft POSITION FOR EACH OATCH. SOATA 40 
C S9MA 90 

CONNON /OCT/ N0«NSCAFEfRAOI2OltNNC2Ol vU0f20ltSU0f20lfSU02f2Of* SOAfA 00 
1 S0t20l*SSO(2OI«SSO2C2OI,FOCFfl00l SOATA 01 
CONNON /USER/ AGSTRT.NTSTRT.XSTRTtYSTRT.tSTRTtOFFtEOOTNtEOOTC, SOATA 70 

1 TCUT 910tlltlA0JN vNGFOTl«N0FQT2tN€F0T9 vN6r3TO»N0FOTNtNITStNLASTt SOATA 71 
2 NLEFT»NN6P9NNT6tNSTRT SOATA 72 
CONNON /NUT ROM/ NAME* NAM EX, U , IO0tNNE0tNE0OLO*NREOtUtVtMtU0L0tV0LOSOATA 00 

1 tHaLOtXtV*2tXOLOtVOLO*£aLOtUATEaOLONTvHTOCtOL2NTtBL20NtAOE*OLOAOCSOATA 01 
CALL NS:S7ACI6 VNNE0«TSI0«XII SOATA 90 
00 9 I - I . N O SOAT 100 
XI -RAOMI SOAT 110 
CON*HATE«EXf> l - T S I G * X I I SOAT 120 
CONO « C0N*F0CFII6) SOAT 190 
0011J « UOU) • CONO SOAT 140 

9 CONTINUE SOAT 190 
RETURN SOAT 140 
ENO SOAT 170 
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Subroutine SflURCB ClG, U, V, W, X, Y, Z, WATE, MED, AG, IS0UR, ITSTR, 
HGPQT3, DDF, ISBIAS, HMTG) 

This subroutine determines the initial parameters for all primary 
particles. If the variabler which are input to M0RSE are not altered by 
30URCE then those input parameters are used for every particle. If a 
fission problem is being considered, the particle group at the time 
SOURCE is called is the group causing the fission event and the source 
energy group for the new particle must be reset. The version of source 
discussed here merely selects from an input energy spectrum. An option 
to select from a biased energy distribution is provided. The weight 
correction for selecting from the modified distribution is given by the 
ratio of the natural probability to the biased probability at the selected 
energy group. 
Called from: MS0UR 
Commons required: Blank 
Variables required: 

IS0UR - a svitch vhich determines the type of source - see HHfT, 
ITSTR - a svitch which indicates whether fission is an original 

source particle or a daughter (irrelevant in this problem), 
•GFQF3 - total number of groups over which the problem is defined, 
DDF - starting weight corrected for source being defined over differ

ent number of groups than actually being ised in the problem, 
ISBIAS - switch indicating if biased sampling is used for source 

energy, 
HMTG - total number of groups. 

Variables changed: 
WATE - particle source weight, 
IG - particle energy group. 

Significant internal variables: 
HWT - location of group zero source probability (either biased or 

unbiased). 
Limitations: This version only selects an energy group. 
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Subroutine S0URCE (IG^.V.WJX.YJZ.WATE.MED.AG.IS^URJITSTR 
NGPQfT3 ,DDF ,ISBIAS ,HMTG) 

YES 
ISOUR > 0 

| SET flAmCLE SOURCE WEIGHT | 

A s sntmcE nreRfrA Y E S 
SET IHDEX FOR 

SOURCE PROBABILITY 
V BIASH)? J ISBIAS > 0 TABLE 

SET IHDEX FOR SOURCE 
PROBABILITY TABLE 

l 
£ SELECT SOURCE HIHtGY 

GROUP I 
P X < R * P I + 1 

YES 
ISBIAS > 0 

MAKE WEIGHT 
CORRECTED* 
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SU040UTINE SOURCEIIG*U*V*N*X*V***UATE*NE0*AG*IS0UR*ITSTR9NGF0T3* SOURC 10 
1 0OF*IS»IAS*NKTG> SOUtC 11 

SOURC 20 
IF ITSTMOt MUST PROVIDE IG*X*V*2 U*V*lf*tiATE AND AG IF OESIREO TO BESOIMC 30 

DIFFERENT FROM CARD VALUES CMNICN ARE THE VALUES INPUT TO SOURC El SOURC 40 
IF I T S T f l , !G IS THE GAP NO. CAUSING FISSIONt NUST FROVtC « NEW IG SOURC 90 

TNIS VERSION OF SOURCE SELECTS INITIAL GROUF FRON THE FISSION SPECTRIN!. 
SOURC 70 

CONNQN MTStl l SOURC Of 
IFtIS0OR»9»9»90 SOURC 90 

S MATE-OOF SOUR 100 
IF 11St I ASI 10*10*15 SOUR 110 

10 NUT * 2*NHTG SOUR 120 
GO TO 20 SOUR ISO 

19 NUT « 3*NNTG SOUR 140 
20 R * FLTRNFIRI SOUR 190 

00 25 I*1*NGP0T3 SOUR 140 
IF <ft.LE.MTSt I•NMT)) GO TO 10 SOUR 170 

29 CONTINUE SOUR 100 
30 16-1 SOUR 190 

IF IISOIASI 90*90*35 SOUR 200 
39 IF 11-11 90*40*49 SOUR 210 
40 MATS • UATE*tlTS<2*MlTG»l)/IITSt3*NNTC*l> SOUR 220 

RETURN SOUR 230 
49 NATE • NATE*lNTSC2*NNTG«ll-MTSI2*NNTG^I-lll/CMTSf3^iNTG^II^TSC3^ISOUR 240 

1MTGM-LI I SOUR 241 
90 RETURN SOUR 290 

END SOUR 240 

http://ft.LE.MTSt
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Subroutine STBTCH (NBATCH) 

The arrays used to accumulate uncollided and total response are zeroed 
by this routine. In addition, if NBATCK = 0 indicating the first batch 
in a run is about to begin, all arrays are zeroed which accumulate esti
mates and squared estimates over batches. 

Called from: M0RSE 
Subroutines called: ERR0R (library) 
Commons required. DET, USER 
Variables required: 

NBATCH - batch number less one, 
ND - number cf detectors. 

Variables modified: 
HSCAPE, HH(I), SUD(I), SUD2(l), SSD(l), SSD2(l), SD(l), UD(l) (from 
comaon DET, see page 169). 
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Subrout ine STBTCH (NBATCH) 

YES 

NBATCH = 0 
NO 
NBATCH > 0 

ZERD NSCAPE 
AND ND VALUES 

OF NN, SUD, 
SUD2, SSD AND 

SSD2 ARRAYS 

ZERO ND VALUES 
OF UD AND SD 

ARRAYS H 



SUBROUTINE STBTCH(NBATCH) 
THE FOLLOWING QUANITIES ARE INITIALIZED IN STBATCH 
UO(I) « UNCOLLiOED RESPONSE SUMMED OVER A SINGLE BATCH 
SUD(I) - SUM OF UNCOLLICED RESPONSE SUMMED OVER ALL BATCHES 
SU02U) * SUM OF UO(I)**2 
S D U ) • TOTAL RESPONSE SUMMED OVER A SINGLE BATCH 
S S D ( I ) • SUM OF TOTAL RESPONSE OVER ALL BATCHES 
SSD2( I ) « SUM OF S D ( I ) * * 2 

WHERE 
I IS THE INDEX FOR DETECTORS (CM) 

COMMON / D E T / NCNSCAPE ,R AD( 20 ) ,NN( 20) ,UD (2C) ,SUD (20) »SUD2 (20 ) t 
1 S D ( 2 0 ) , S S D ( 2 0 ) , S S D 2 ( 2 0 ) , F D C F ( 1 0 0 ) 

COMMON /USER/ AGSTRT,WTSTPT,XSTRTtYSTRT,ZSTRT,CFF,EBOTNtEBOTGt 
1 TCUTrlO*IltIADJM.NGPQTl,NGPQT2fNGPQT3,NGPQTG,NGPQTNfNITStNLASTt 
2 NLEFT,NMGP»NMTG,NSTRT 
IF (NBATCH) 5»10f20 CALL ERROR 
NSCAPE « 0 
DO 15 I«1,ND 
NN(I)*0 
SUP(I) • 0.0 
SU02(I) • 0.0 
SSD(I) - 0.0 
SSD2U) - 0.0 
DC 25 I«1,NC 
SOU) * 0.0 
UD(I) * 0.0 
PETURN 
END 

STBTC : 10 STBTC : 20 
STBTC : 30 
STBTC : 40 
STBTC ; 50 
STBTC ; 60 
STBTC : 70 
STBTC : so 
STBTC ; 90 
STBT 100 
$737 110 
STBT 120 
STBT 130 
STBT 140 
STBT 150 
STBT 151 
STBT 160 
STBT 161 
STBT 162 
STBT 170 
STBT 180 
STBT 190 
STBT 200 
STBT 210 
STBT 220 
STBT 230 
STBT 240 
STBT 250 
STBT 260 
STBT 270 
STBT 280 
STBT 290 
STBT 300 
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Subroutine STRUM 

This routine is called at the beginning of each set of KITS batches 
and is normally used only for problems like time-dependent fissioning 
systems. In this sample, it is used to print out the first 50 random 
numbers for assistance to users trying to duplicate the random number 
generator. Note that the starting random number is saved and restored 
before returning. 

Called from: BA*KR(-l) 
Subroutines called: 

HNJfcUT 
BHDIN 

Functions used: FLTRNF 
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Subroutine STBUN 

fSTART) 

1 CALL RNDOUT (RAKD0M7 

I SAVS AND OUTPUT RANÎ M 

STORE NEW RANDOM 
NUMBER IN X } 

CALL RND0UT (RAND0M) j 
OUTPUT X AMD RANDOM \ 

NO 
I < 50 

HAVE 50 RANDOM 
NUMBERS BEEN 

PRINTH)? 

RESTORE SAVED 
VALUE OF RANDOM 
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SUBROUTINE STRUN 
C * * THIS R3UTINE IS ENTERED ONLY AT THE 
C • * • THIS VERSION MINTS A LIST OF THE 
C * • • OF VARIOUS MACHINES NAY 0UF1ICATE 

REAL** RANOON.RSAVE 
CALL RNOOUTIRAKOONI 
RSAVE • RANDOM 
tiftlTE IA.10C0I RANOON 

1000 FORMAT I * THE INITIAL RANOON NUMBER 
1 • THE NEXT 50 NUNBERS FOLLOW*/I 
DO 5 I - l . S O 
X * FLTRNFfXI 
CALL RNOOUTIRANOONI 

5 WRITE (6 ,10051 X9RAN0CN 
1305 FORMAT t F 2 Q . 0 , « X « f U I 

RANOON » RSAVE 
CALL fNDINI RANDOM! 
RETURN 
END 

STRUN 10 
BEGINNING OF EACH SET OF NITS tATCNES 
FIRST FEU RANOON NUMBERS SO THAT USERS 
THE RANOON NUMtrR SEQUENCE STRUN 40 

STRUN SO 
STRUN 40 
STRUN 70 
STRUN BO 

t IN HEXt IS »»Z16-/ STRUN 40 
STRUN 91 
STRU 100 
STRU 110 
STRU 120 
STRU 130 
STRU 14© 
STRU ISO 
STRU 160 
STRU 17C 
STRU ISO 



201 

Subroutine VAR1 (SX, SX2, M, HBAT, IPART) 

This routine calculates Tariances and fractional standard deviations 
(f.s.d.) for batch statistics allowing for unequally weighted batches. 
The formula for the variance of the mean is 

2 1 1 r 2 1 f ? 1 
x (H-l) n .f\. 1 1 n* I * l ij * 

where N = number of batches, 
n = total number of independent histories, 
n. = number of independent histories in the ith batch, 
x. = accumulated estimate in the ith batch. 

Hote that 

H 
n = I n 

i=l 
n. 

- 1 v 1 

where x is the estimate from the jth history in the ith batch, 

where x is the mean, averaged over n histories. 
The fractional standard deviation is 

f.s.d. * ¥a-/x . x 

Hote that the routine must be called before the array Sl(=nx) is normalized. 

Called from: NRUN 
Functions required: SQKT, AL5 (library functions). 
Variables required: 

H 
SX(l) - array of values of nx « J n.x t 

i=l 
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H 
SX2(l) - array of values of J n.x? 

N - number of elements in SX and SX2. 
HBAT = H, 
IPABT = n. 

Variables changed: 
3X2(1) changed to f.s.d. 

Subroutine VAB1 (SX,SX2,M,HMT,KPART) 

ZERO M 
VALUES 

OF 3X2(1) 

I 
fpjBTURNj 

fsTARl) 

KEKACE SX2(I) 
WITH f . s . d . 

YES 

['ZEBO 
SX2(l) 

HO /HAVE 
I < 
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SUBROUTINE VARlCSX»SX2vN,ft§AT«IN>fcUI VARl 10 
NRAT IS TNE NO. OF INOEFENOENT OATCMfS VARl 20 
NPART IS TNE TOTAL NUNOBt OF PARTICLES PROCESSED VAAl 30 
IT tS ASSUNEC THAT THE SUNSO ARRAY MAS ACCUNULATEO THE NUNREft OF PARTICLES 

TINES THE SQUAIIE OF TME tATCN AVERAGE I THIS IS 0RTA1NE0 OV OIVtOMt SO 
TNE SQUARE 0 BATCH SUN AY TNE NUMBER OF PARTICLES START IRS TNE RATCHl AC 

01MENSIOR SXtNI«SX2INI VARl TO 
IF INVAT-1) 5 .5 ,15 VARl 00 

5 00 10 !» l»N VARl 90 
10 SX2III * 0 . 0 VARl 100 

RETURN VARl 110 
15 00 S3 I « l . H VARl 120 

IF CSXtlll 25,20.25 VAM 130 
20 SX2III « 0.0 VARl 140 

GO TO 30 VARl ISC 
25 SX2III * CSX2Il»/NFART - (SXfll/NPARTI**2l/(NEAT«l.l VARl 140 

SX2II) * SQRTfA8S<SX2fIIH/SX(II*NPART VARl 170 
3C CONTINUE VARl 18C 

RETURN VARl 190 
&*0 VARl 290 
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Sample Problem 

The fast-neutron fluence at several radial distances is calculated 
for a point, isotropic, fission source in an infinite medium of air. 
The air vas assumed to be made up of only oxygen and nitrogen with a 
total density of 1.29 g/*. The special spherical geometry vas used to 
describe the concentric spherical shells of air surrounding the point 
source. Although the entire medium vas air, the geometry medium numbers 
alternate betveen each of th*» sliells for use vith the boundary-crossing 
estimator. This estimator requires that each detector lie on a boundary 
separating tvo media. The cross sections for air usee in this calculation 
vere for 22 neutron groups vith five Legendre coefficients used for the 
angular expansion. Only the top 13 neutron groups vere analyzed. The 
group structure vith the corresponding fraction of particles emitted in 
each group is given in Table X. Splitting, Russian roulecte, and path 
length stretching vere also implemented. 

The problem input and output are listed at, follows: 
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Table X. Fission Spectrum in 14-Group Structure 

Group Ko. 
Energy Limits 

(MeV) Fraction of Source Neutrons 

1 15.0-12.21 1.5529(-*0a 

2 12.21-10.0 8.9338(-*) 
3 10.0-8.167 3.U786C-3) 
k 8.187-6.36 1.3903(-2/ 
5 6.36-U.966 3.U557(-2) 
o *».yoo-M.u6o 3.5047(-2) 
7 k. 066-3.012 1.072fc(-l) 
8 3.012-2.1166 8.8963(-2) 
9 2.U66-2.350 2.3l86(-2) 
10 2.350-I.827 1.2030(-1) 
11 I.827-I.IO8 ?..1803(-1) 
12 1.108-0.5502 1.9837C-D 
13 0.5502-0.1111 1.U036C-1) 
Ik 0.1111-0.3308 1.5l»89(-2) 

*!tead as 1.5529 x 10" . 
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' • »»•*«* ***.~jmm 

MORSE SAMPLE PROBLEM POINT FISSION SOURCE IN AIR 
THIS CASE WAS BEGUN ON TUESOAY, AUGUST 4 , 1970 

NSTRT* 200 
NGPQTG* 0 

MAXIMUM 

NMOST* 400 
NMGPe 22 

EXECUTION TIME 

NITS« 10 
NMTG* 22 

5 MINUTES 

NQUIT-
NCOLTP' 
MEDIA-

0 
1 

NGPQTN' 
IADJM-
MEDALB) 

13 
0 

ISOUP» 0 NGPFS' 
WTSTRT*0.1000E 01 

XSTRT-0.0 
UINP=0,0 

14 
EBOTN' 

ISBIAS 
' 0 . 0 

NRESP* 
bBOTG-0.0 

YSTRT=0.0 
V I N P - 0 . 0 

DDF IS DIFFERENT FROM WTSTRT, DDF * 0 .98451E 00 

SPECTRUM OF CUMULATIVE GROUP PROBABILITIES 

FSC 1 I - 0 . 1 5 8 2 E - 0 3 
FS( 3 I - 0 . 4 5 9 9 E - 0 2 
FS( 5>=0 .5382E-01 
FS< 7>«0.1984E 00 
FS( 9 ) = 0 . 3 1 2 3 E 00 
F S ( U ) « 0 . 6 5 5 9 E 00 
FS«13)«0 .1000E 01 

FS( 2 > » 0 # 1 0 6 6 E - 0 2 
FS( 4 ) * 0 . 1 8 7 2 E - 0 1 
FS( 6 ) « 0 . 8 9 4 2 E - 0 1 
FSI 8 ) * 0 , 2 8 8 7 E OC 
F S ( 1 0 ) « 0 . 4 3 4 5 E 00 
FS(12 )«0 .8574E 00 
F S U 4 - I - 0 . 0 

TCUT-0.1000E 01 

ZSTRT-0.0 
WINP*O.C 

VELTH-0.2200E 06 

ASSTRT-0,0 

8 

GROUP PARAMETERS, GROUP NUMBERS GREATER THAN 22 CORRESPOND TO SECONDARY PARTICLES 



GROUP UPPER EDGE VELOCITY 
(EV) (CK/SEC) 0.1500E 08 0.5102E 10 

2 0.1221E 08 0.4609E 10 
0.1000E 08 0.4171E 10 

4 0.8187E 07 0.3730S 10 
5 0.6360E 07 0.3291E 10 
6 0.4966E 07 0.2929E 10 
7 0.4066E 07 0.2602E 10 
8 0.3012E 07 0.2289E 10 
9 0.2466E 07 0.2146E 10 
10 0.2350E 07 0.1999E 10 
11 0.1827E 07 0.1675E 10 
12 0.1108E 07 0.1259E 10 
13 0.5502E 06 0,7952E C9 

INITIAL RANDOM NUMBER * 000035FA73U 
NSPLTa 1 NKILL= 1 NPAST« 1 NOLEAK* 0 IEBIAS« 0 MXREG« 1 MAXGP* 13 
WEIGHT STANDARDS -OP SPLITTING AND RUSSIAN ROULETTE AND PATHl.ENGTH STRETCHING PARAMETERS 
NGP1 NOG NGP2 NRG1 NDPG NRG2 WTHIH1 toTLOWl fcTAVfcl XNU 0 0 0 0 0 C 0.10C0E 02 0.1C00E-01 C.10CCE 00. 0.5000E 00 

NSOUR* 0 MFISTPa 0 NKCALC* 0 NORMF* 0 



SPHERICAL GEOM 

IUM RACIUS 
1 0.30000D 04 
2 0.50O0OD 04 
1 0.750000 04 
2 0.10000D 05 
1 0.150000 05 
c 0,200000 05 
1 0-300000 05 
2 0.60000D 05 
1 0,70000D 05 
2 0.90000D 05 
1 0.120000 06 
2 0.150000 06 
1 0.100000 07 

REGION RADIUS 
1 0.10000J 07 

NGEON* 5 2 9 , NGLAST« 528 



22 GROUP AIR CROSS SECTIONS P5 DENSITY * 1.29 G/L 
NUMBER OF NEUTRON GROUPS 22 
NUMBER OF NEUTRON DCWNSCATTERS 22 
NUMBER OF GAMMA GRCUPS 0 
NUMBER OF GAMMA DOWNSCATTERS 0 
NUMBER OF INPUT GROUPS 22 
NUMBER OF INPUT DOWNSCATTERS 22 

NUMBER OF MFOIA 1 
NUMBER OF INPUT ELEMENTS 1 
NUMBER OF MIXING ENTRIES 1 
NUMBER OF COEFFICIENTS 6 
NUMBER OF ANGLES ? 
ADJOINT SWITCH 0 

CPTIONS ARE ACCEPTED IF VARIABLE IS GT 0 
IRDSG» 0 ISTR* 0 IFMU« 0 IMOM* 0 IPRIN* 0 IPUN' 
ICTF« 0 ISTAT« 0 IXTAPE* 0 

CROSS SECTIONS START AT 529 
LAST LOCATION USED (PERM) 2435 
LAST LOCATION USED tTEMP) 4228 

ELEMENT 1 APPEARS IN MEDIA 1 WITH DENSITY 1.16C0E 00 

ro 



CROSS SECTIONS FOR MEDIA 
GROUP SIGT SIGS PNABS GAMGEN NU*F 

1 8.149E-09 6.753E-05 0.8287 0.0 0.0 

2 7.568E-05 6.259E-09 0.8271 0.0 0.0 

3 6.718E-05 5.516E-05 0.8212 0.0 0.0 

4 6.663E-05 S.590E-05 0.8390 0.0 0.0 

5 7.320E-05 6.267E-05 0.8562 0.0 0.0 

6 8.455E-05 6.759E-05 0.7994 0.0 0.0 

7 1.001E-04 8.468E-05 0.8463 0.0 0.0 

8 7.2126-05 6.391E-09 0.8861 0.0 0.0 

9 6.2106-05 5.8196-05 0.9369 0 .0 0.0 

10 8.6S1E-05 8.227E-05 0.9510 0.0 0.0 

11 1.173E-04 l . l4;:e-04 0.9736 0.0 0.0 

12 1.17SE-04 1.159E-04 0.9863 0.0 0.0 

13 1.850E-04 1.847E-04 0.9985 0.0 0.0 

14 3.186E-04 3.1856-04 0.9998 0.0 0.0 

15 4.159E-04 4.156E-04 0.9992 0.0 0.0 

16 4.432E-04 4.4246-04 0.9982 0.0 0.0 
17 4.6266-04 4.609E-04 0.9962 0.0 0.0 
18 4.6676-04 4.6376-04 0.9935 0.0 0.0 
19 4.745E-04 4.6916-04 0.988/ 0.0 0.0 
20 4.8266-04 4.732E-04 0.9805 0.0 0.0 
21 4.8846-04 4.7306-04 0.9684 0.0 0.0 
22 5 .407E-04 4 .7356 -04 0.8757 0 .0 0 .0 

BANKS S7ART AT 2436 
LAST LOCATION USEO 7235 

ISS DOMNSCATTER PROBABILITY 
0 .3791 0 .2414 0.0535 0 .0503 0.0593 0 .0445 0.0560 0,0292 

0.0061 0.0264 0 .0311 0.0168 0 .0062 0.0003 0.0000 0.0000 
O.OUOO C.OOOO 0.0000 0 . 0 0 . 0 0 . 0 

0.3928 0.2664 0.0607 0.0429 0.0407 0.0613 0.0330 0.0070 
0.0305 0.0366 0.0202 0.0076 0.0004 0.0000 0.0000 0.0006 
0.0000 0 . 0 0 . 0 0 . 0 0 . 0 

0.4106 0.3386 0.0339 0.0276 0 .0420 0 .0304 0.0063 0.0468 
0.0437 0 .0150 0 .0050 0 .0002 0 .0000 0.0000 0 . 0 0 . 0 
0 .0 0 .0 0 .0 0 . 0 

0.4969 0.4007 0.0146 0.0202 0.0117 0 .0025 0.0113 0.0198 
0.0154 0.0066 0.0002 0.0000 O.OOAO 0 . 0 0 . 0 0 , 0 
O.U 0 .0 0 .0 

0.5150 0.4087 0.0528 0.0042 0.001? 0.0053 0.006V 0.004 J. 
0.0016 0 .0001 0 .0000 0.0000 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 .0 

0.9146 0.4754 0 .0000 0.0001 0.0015 0 «0044 0.0029 0.0012 
0.0001 
0 .0 

0.5757 

0.0000 0.0003 0 . 0 0 . 0 0 .0 0 . 0 0 . 0 0 .0001 
0 .0 

0.5757 0.3669 0 .0430 0.0109 0.C004 0.0016 0.0013 0.0001 
0.0000 0.0000 0 .0 0 . 0 0 . 0 0 .0 0 . 0 0 . 0 

0.4243 0.1600 0.4142 0 .0 0 . 0 0 .0011 0.0004 0.0000 
0.0000 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 C O 

o.c £ 0.1507 0.8218 0.0276 0 .0 0 . 0 0 . 0 0 . 0 o.c £ 
0 .0 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 fO 

0.5076 0.4924 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 
0 .0 0 . 0 0 .0 0 . 0 0 . 0 

0.7315 0.2685 0 . 0 0 .0 0 . 0 0 . 0 0 .0 0 . 0 
0 .0 0 . 0 0 . 0 0 .0 

0 .8099 0.1901 0 .0 0 . 0 0 . 0 o.o 0 . 0 0 . 0 
0 .0 0 . 0 0 .0 

0.9135 0.0865 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 .0 
0 .0 0 .0 

0.9614 
0 . 0 

0.9235 

0.0386 0 .0 0 .0 0 . 0 0 . 0 0 . 0 0 .0 0.9614 
0 . 0 

0.9235 0.0765 0 .0 0*0 0 . 0 0 . 0 0 . 0 0 . 0 

0 .9240 0.0760 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 .8941 0.1059 0 .0 0 .0 0 .0 0 . 0 
0.8682 0.1318 0 . 0 0 .0 0 .0 
0.8974 0.1026 0 .0 0 .0 
0.8734 0.1266 0 .0 
0.8779 0.1221 
1.0000 



ANALYSIS INPUT DATA 
NUMBER OF DETECTORS 7 

DETECTOR RADII l.OOOE 
9.000E 04 1.200E 05 

04 2.000E 04 3.000E 04 6.000E 04 7.000E 04 

ESPONSE FUNCTION 
l.OOOE 00 l.OOOE 00 l.OOOE 00 l.OOOE 00 l.OOOE 00 l.OOOE 00 
l.OOOE 00 l.OOOE 00 l.OOOE 00 l.OOOE 00 l.OOOE 00 l.OOOE 00 
l.OOOE 00 

ro 
U) 



TIME REQUIRED FOR INPUT WAS * SECONDS. 
YOU ARE USING THE OERAULT VERSION OF STRUN WHICH DOES NOTHING. 
YOU ARE USING THE OEFAULT VERSION OF SOURCE WHICH SETS WATE TO CCF AND PROVIDES AN ENERGY IT,, 
•••START BATCH 1 RAN0OM-C4FPE7H2412 

SOURCE DATA 
WT» 1.9690E 02 UAVE- -1 .7613E-02 VAVE- -8 .2379E-01 WAVE- 4.500BI-02 AG!AVE"' 0 .0 
IAVE*- 10.38 XAVE- 0 .0 YAVE- 0 .0 ZAVE- 0 .0 

NUMBER OF COLLISIONS OF TYPE NCOLL 
SOURCE SPLIT(D) FISHN GAMGEN REAI.COLL ALBEDO BDRYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV GAMLOST 

2G'J 4 0 0 3810 0 2174 0 180 0 2* X 0 

TIME 'EUUIREO FCR THE PRECECING BATCH MS 7 SECONDS. 

•••START BATCH 2 RAN00M-A0982979E99A 

SOURCE DATA 
WT- 1.9690E 0? UAVE- «.12l4E-02 VAVE- -6.1608E-02 WAVE- 1.96036-02 AGEAVE- 0.0 
I AVE" 10.12 XAVE- 0 .0 VAVE- 0 . 0 7AVE- 0.0 

NUMBER 0* CCLLIS1CAS OF TYPE NCOLL 
SOURCE SPLIT(O) FISHN GAMGEN REALCOLL .ALBEDO BDRYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV GAMLOST 

200 0 0 3 3749 0 2100 0 ITS 0 28 1 0 

TIME REQUIREO FOR THE "RECEDING BATCH WAS 6 SECONDS. 

***STAR7 BATCH 3 RAN00M-CBE0AB9677DA 

SOURCE OATA 
WT- 1.9690E 02 UAVE- -2 .8»24E-02 VAVE- -4 .29*9E-02 WAVE- -S.3498E-03 AGEAVE- 0 .0 
IAVE- 10.08 XAVE- 0 .0 YAVE- 0 .0 2AVE- 0 .0 

NUMBER OF COLLISIONS OF TV?E NCOLL 
SOURCE 3PLIT40) FISHN GAMGEN REALCOLL ALBELO BDRYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV GAMLOST 

200 6 0 (i 390S 0 2179 0 179 0 27 4 0 

TIME REQUIRED FOR THE PPECEC^NG BAICH WAS 7 SECONDS. 

•••START BATCH 4 RANOOM-288B9AES80E2 

SOURCE OATA 
WT- 1.9690E 02 UAVE- 1.3272E-02 VAVE- 9.0401E-02 WAVF- -3 .9147E-03 AGEAVE- 0 .0 
IAVE- 10.12 XAVE- 0 .0 YAVE- 0 .0 /AVE" 0 .0 

NUMBER OF COLLISIONS OF TYPE NCCLL 
SOURCE SPL1T<0> FISHN GAMGEN REALCOLL ALBFDQ BORYX ESCAPE F-CUT TIMEKILL R P KILL R R SURV GAMLOST 

200 3 0 0 3834 0 2161 0 181 0 22 1 0 

TIME REQUIRED FOR THE f-RECECING BATCH WAS 7 SECONDS. 

•••START BATCH 9 RANDOM-B4032CC5611A 

SOURCE OATA 
WT- l . )690E 02 UAVE- 2.6382E-02 VAVE- 1.9445E-02 WAVE- -1.S468E-02 AGE AVE- 0 .0 
!AVE- 10.64 XAVE- 0 .0 YAVE- 0.0 ZAVE- 0 .0 

NUMBER OF COLLISIONS OF TYPE NCOLL 
SOURCE SPLTT(O) FI,HN GAMGEN REALCO'iL ALSEDO BDRYX ESCAPE E-CUT TIMEKILL R R K ILL P R SURV GAMLOST 

200 2 0 0 3509 0 2099 0 191 0 11 i 0 



TIME REQUIRED *0R THE PRECEDING BATCH WAS 6 SECONDS. 

•••START BATCH 6 RANOOM-A2E1102437E2 

SOURCE OATA 
WT- 1.9690E 02 UAVE- 1.2133E-02 VAVE- -2.4994E-02 WAVE- - 2 .3 *308 -02 AGEAVE- 0.0 
1AVE- 10.09 XAVE- 0.0 YAVE- 0 .0 ZAVF- 0.0 

NUMBER OF COLLISIONS OF TYPE NCOLL 
SOURCE SPMT(D) FISHN GAMGEN REALCOLL ALBEOO BDRYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV GAMLOST 

200 2 0 0 3968 C 2237 0 119 0 13 2 0 

TIME REQUIRED FOR THE PRECECING BATCH WAS 7 SECONDS. 

•••START BATCH 7 »AN00M-423CADCCeCCA 

SOLUE DATA 
WT> 1.9690E 02 UAVE- 3.6979E-02 VAVE- S.C583E-02 WAVE- 1.6982E-02 AGEAVE- 0 .0 
JAVE" 9 .99 XAVE- 0 .0 YAVE- 0 .0 ZAVE- 0 .0 

^MBER OF COLLISIONS OF TYPE NCOLL 
SOURCE SPLIT ID) FISHN CAMGEN REALCOLL ALBEDO BORYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV GAMLOST 

200 2 0 0 4072 0 2241 0 178 0 24 2 0 

TIME REQUIRED FOR THE PRECECING BATCH WAS 7 SECONDS. 

•••START BATCH 8 RAND0M-B19J662B386A 

SOURCE DATA 
WT- 1.96901= 02 UAVE- 6.8224E-03 VAVE- -6 .4666F-02 WAVE- -3.1843E-C2 AGEAVE- 0.0 
IAVE- 10.00 XAVE- 0.0 YAVE- 0 .0 ZAVE- 0 .0 

NUMBER OF COLLISIONS OF TYPE NCOLL 
SOURCE SPLIT(O) FISHN GAMGEN REALCOLL ALBEOO BORYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV GAMLOST 

200 1 0 0 3678 0 2111 0 174 0 27 0 0 
TIME hEQUlRED FOR THE PRECEOING PATCH WAS 6 SECONDS. 

•••START BATCH 9 RANOOM-91E673330EAA 

SOURCE OATA 
WT- 1.9690E 02 UAVE- -9 .43T1E-03 VAVE- -2 .3999E-02 WAVE- -2.0416E-02 AGEAVE- 0 .0 
IAVE- 9.93 XAVE- 0 .0 YAVE" 0 .0 ZAVE- 0 .0 

KUMBER OF COLLISIONS OF TYPE NCOt.L 
SOURCE SPL'~(0) FISHN GAMCEN REALCOLL ALBEDO BDRYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV GAMLOST 

200 0 0 0 3799 0 2179 0 173 0 27 3 0 

TIME REQUIREO FOR THE PRECEOING BATCH WAS 7 SECONDS. 

•••START BATCH 10 RAN00H-106B29364432 

SOURCE OATA 
WT- 1.9690E 02 UAVE- 1.38J1E-02 VAVE- 6.7391E-02 WAVE- 1.3778E-02 AGEAVE- 0.0 
I AVE- 10 .28 XAVE- 0.0 YAVE- 0 .0 ZAVE- 0 .0 

NUMBER OF COLLISIONS OF TYPE NCOLL 
SOURCE SPLIT(O) FISHN GAMGEN REALCOLL ALBECO BORYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV GAMLOST 

200 0 0 0 3683 0 2199 0 174 0 26 0 0 

TIME REQUIREO FOR VHE PRECEOING BATCH WAS 6 SECONDS. 



4 PI R**2 RESPONSE 

RADIUS UNCOLL FSD 
RESPONSE UNCOLL 

O.IOOOE 05 0 .3351E 00 0 .00704 
0.2000E 05 0 .1245E 00 0 .01255 
0 .3000E 05 0 . 4 9 2 4 E - 0 1 0 .01725 
0 .6000E 05 0 . 3 9 2 5 E - 0 2 0 .02827 
0 .7000E 05 0 .1792E-02 0 .03110 
0.9000E 05 0 .3960E-03 0 .03574 
0 .1200E 06 0 . 4 5 3 6 E - 0 4 0 .04082 

ME REQUIRED FOR THE PRECEDING 10 BATC 

TOTAL FSD 
RESPONSE TOTAL 

0.1788E 01 0 .03067 
0.2029E 01 0 .04221 
C.1606E 01 0 .05644 
0.6230E 00 0 .07?18 
0.3905E 00 0 .10718 
0.1329E 00 0 .11209 
0 . 4 5 0 8 E - 0 1 0 .21420 

kS 1 MINUTE t 16 SECONDS 

FRACTION OF 
CROSSINGS 
1.23650 
1.30250 
1.21050 
0.87250 
0.73600 
0.47550 
0.22200 

NEUTRON DEATHS 
KILLED BY RUSSIAN ROULETTE ESCAPED 
REACHED ENERGY CUTOFF 
REACHED TIME CUTOFF 

NUMBER 
22 6 
0 

1794 
0 

WEIGHT 
0.15116E 01 0.0 
0.13430E 04 
0.0 

NUMBER OF SCATTERINGS 
MEOIUM 1 NUMBER 38010 



REAL SCATTERING COUNTERS 

ENERGY REGION 1 
GROUP NUMBER WEIGHT 

1 0 C O 
2 7 2 .57E 00 
3 11 7 .08E 00 
4 50 5.15E 01 
5 151 1.17E 02 
6 28? 2.C7E 02 
7 835 5.69E 02 
8 766 5.32E 02 
9 2 57 1.68E 02 

10 1617 1.06E 03 
11 4619 3.29E 03 
12 8313 6.12E 03 
13 21101 1.62E 04 
14 0 0 . 0 
15 0 0 . 0 
16 0 0 . 0 
17 0 0 . 0 
18 0 0 . 0 
19 0 0 . 0 
20 0 0 . 0 
21 0 0 . 0 
22 0 0 . 0 



NUMBER OF SPLITTINGS 

ENERGY REGION 1 
GROUP NUMBER WEIGHT 
1 0 0.0 
2 0 0.0 
3 0 0.0 
4 0 0.0 
5 0 0.0 
6 0 0.0 
7 0 0.0 
8 0 0.0 
9 0 0.0 
10 0 0.0 
11 0 0.0 
12 2 K39E 01 
13 18 1.09F 02 

ro 
CD 

NUMBER OF SPLITTINGS PREVENTED BY LACK 0? ROOM 

ENERGY REGION 1 
GROUP NUMBER WEIGHT 

1 0 0.0 
2 0 0.0 
3 0 0.0 
4 0 0.0 
5 0 0.0 
6 0 0.0 
7 0 0.0 
8 0 0.0 
9 0 0.0 

10 0 0.0 
11 0 0.0 
12 0 0.0 
13 0 0.0 

.A! .*». 



NUKBER O c RUSSIAN RCULETTE KILLS 

ENERGY REGI' ON 1 
GROUP NUMBER WEIGHT 

1 0 0 . 0 
0 0 . 0 
0 0 . 0 

4 0 0 , 0 
5 1 4 . 1 6 E - 0 3 
6 0 0 . 0 
7 K 3 . 1 7 E - 0 2 
8 7 3 . 4 I E - 0 2 
9 * 4 . 5 9 E - 0 3 

10 6 4 . 0 3 F - 0 2 
11 34 2 . 1 0 E - O 2 
12 4? 2 . 8 2 E - 0 1 

129 9 . 0 4 F - 0 1 

NUMBER OP RUSSIAN RCULETTE SURVIVALS & 

ENERGY REGION 1 
GROUP NUMBER WEIGHT 

I 
2 
•a 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1? 

TOTAL CPU TIME FOR THIS PROBLEM WAS 1 .28 MINUTES. 

$$$$$$$$$$ MORSE SAMPLE PQOBLEM * * * * * * * * * * * * * * * * * * 

0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
1 9.98F-03 
0 0.0 
0 0.0 
c 0.0 
1 9.94E-03 
•a. 2.24E- I 

?0 8.41E-02 

M M M i k k ^ ^ -
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VI. Geometry Module 

MORSE uses the geometry packages that are used with 05R with minor 
changes. That is, there are spherical, slab, cylindrical, ard general 
three-dimensional geometry packages that can be used. There are several 6 descriptions of the various geometry routines in the 05R manual and 

7 in the helpful hints for 05R user's manual. 

Changes were made to all of the GEOM packages to allow for albedo 
scattering from any material surface and for variable input-output 
logical units. The GFOM packages are available in double precision for 
the IBM-360. 

The geometry packages may be replaced with any special-purpose 
geometry routines the user might write. The three main functions of the 
geometry package are performed by the three subroutines discussed below. 

Subroutine J0MIN (NADD, INTAPE, 10TAPE) 
This subroutine reads geometry input and NADD is the first location 

in blank common that may be used for input storage. In the special geometry 
packages blank commpn is not used, so NADD is not incremented; otherwise, 
NADD must be incremented by the storage required by geometry data. 

Subroutine L00KZ (X, Y, Z) 
This subroutine determines the block and zone number, medium, and 

region for the point X, Y, Z. This routine is called from MS0UR to determine 
the starting region and medium for source particles. 

Subroutine GE0M 
This is the main executive routine in that it determines the end 

point of a flight given the starting point, direction cosines or a tenta
tive end point, and the number of mean free paths (or physical distance 
in any desired units) the particle will travel. It is called from G0MST 
ana the information is transferred through common GE0MC (see Table XI). 
In the more complicated geometry packages there are many routines that 
assist subroutine GE0M in determining the collision point. 

To facilitate the use of the various geometry packages* a brief descrip
tion of each is included here, and the input instructions for each are 
given in Appendix D. 
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variable 

Table XI . Definitions of Variables in Common GE0MC 
As Found in Subroutine GE0M 

Definition 

X2,Y2,Z2 

X1,Y1,Z1 
ETA 

ETAUSD 

IBLZ 

IBZN 
MARK 

NMED 

NF.EG 

Coordinates at tentative end-of-flight or if the trajec
tory is in an internal void; X2, Y2, Z2 are the direction 
cosines of the trajectory. 
Starting coordinates for the partible. 
Number of mean free paths to be traversed if flight goes 
to X2, Y2, Z2. 
Number of mean free paths actually traversed after the 
call to GE0M. 
An index to the oedium number for the special geometry 
packages. For GENERAL GE0M, IBLZ is a packed vord giving 
the block and zone of the end of flight. 
A dummy variable. 
A flag set by GE0M indicating the results of the trajec
tory calculation. 
= 1 for completed flight. 
= 0 for boundary crossing. 
= -1 for escape. 
= -2 for ei *ering an internal void. 
Medium number at e M of flight or of medium about to be 
entered at a boundary crossing. 
Region number at end of flight; not set at boundary 
crossings. 
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SPHERICAL GE0M* 

Spherical GE0M is used to describe up to 20 concentric spheres centered 
at X = Y = Z = 0. Internal voids may be used in any location and media 
numbers need not be ordered with increasing radii; however, regions must 
be numbered consecutively from the center. The medium and regions are 
bounded by the outer radius input. For example, the first region is interior 
to the surface of radius R . External (pure absorber) voids are not allowed 
except outside the maximum radius. 

Subroutine G0MFLP sets the medium index IBLZ and region number NREG 
to the values appropriate to the medium re-entered after a reflection. 
Subroutine N0RML calculates the direction cosines of the normal to the 
spherical surface. 

Subroutines required: GE0M, J0MIN, L00KZ, G0MFLP, N0RML. 
Input instructions are given on page D-l. 

Taken from references 6 and 7. 
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SLAB GE0M* 

SLAB GB0M can be used whenever there are rectangular parallelepipeds 
with normals to medium and region boundaries parallel to the S axis. A 
finite width and height are allowed. A maximum of 20 medium and region boundaries 
may be used with internal vcids (medium 1000) allowed, but external voids 
(medium 0) are not permitted inside the system. Media may be numbered 
in any order but regions must be numbered consecutively with the region 
of lowest Z being region 1. The media and regions may have different 
internal boundaries but the external boundary must be the same. Subroutines 
G0MFLP and H0RML provide the ssae functions for SLAB GE0H as for SPHERICAL 
GE0M. 

Subroutines required: GE0M, J0MIN, L00KZ, G0MFLP, N0RML. 

Input instructions are given on page D-2. 

Originally written by H. A. Betz. 
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CYLINDRICAL GE0M» 

CYLINDRICAL GE0M may be used to describe a series of concentric cylindrical 
cylindrical surfaces with up to 20 heights and 20 radial boundaries. 
The radial boundaries may be different for each height interval and 
internal voids (medium 1000) are allowed. Negative heights, i.e., Z < 0, 
are net allowed. Media and regions numbers may be used in any order. 

Subroutines required: GE0M, J0MIN, L00KZ, G0MPLP, N0RML, Jftik, J0&5, 

J0M6, J0M9, J0M1O. 

Input instructions are given on page D-3. 

Originally written by K. D. Franz and W. Morrison. 
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GENERAL GE0M» 

The general three-dimensional geometry package has been described 
in detail elsewhere. The only limitation of geometry detail that may be 
treated is that surfaces must be describable by quadratic surfaces. 

The description of the system must include a rectangular parallelepiped 
whose faces are parallel to the XY, YZ, and XZ coordinate planes. This 
parallelepiped is then divided into zones with planes that extend across 
the entire system. The zones are divided into blocks with planes parallel 
to coordinate axes bu'w which extend only across the individual zones. 
Each block is then divided into sectors by quadratic surfaces with the 
sector defined by whether the volume is positive or negative with respect 
to the quadratic surfaces. Each sector may contain only one medium; 
therefore, if a medium cannot be described by a single quadratic surface, 
it must be divided into several sectors. 

Besides material boundaries, internal (medium 1000) and external 
(medium 0) voids may be used. If an external void is interior to the 
system it behaves as a perfect absorber since the particle is assumed 
to have escaped upon entering. 

Region geometry may also be described for use in importance sampling. 
The block and zoc3 boundaries for region geometry must be identical 
with the material boundaries. A description of geom input is given 
on page D-U. A code, PICTURE^ , has been written to aid in debugging 
both material and region geometry input. 

Subroutines required: GB0M, J0MIN, L00KZ, G0MFLP, H0RML, J0rf>, 
J0M5, J?M6, J0M7, J0M9, J0KLO, J0KL1, J0M12, J0KL3, J0MU, J0KL5. 

Functions required: J0M8, J0KL6, J0M17, L0C-
Figure k shows the hierarchy of subroutines for GENERAL GE0M. 

Detailed descriptions of the various routines are given in references 
6 and 7 ; however, some changes have been made since those reports were 
written. The two main changes incorporated in Subroutines G0MFLP and 
H0RML are discussed. 

"Discussion taken from references 6 and 7* 



• •4 l * » t " . b * * * « « 4 i ' « l <l 
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J0MIN 

— L0C 

J 0 M 1 1 — r - J0M13 T jgJMiT 

J0M12 J0M13 

J0M13 

J0M16 

-J0Mi* 

GB0N 

J0M5 T r "J0M13 
J0M6 — ' J0M8 

J0M7-J0M8 

O0MFLP 

J0N8 
J0M13 r J0M6 — 

J0M1O -
J0M15 -

-L00KZ 
• J0M1O - J0M9 - L00KZ -> J0M9 -* J0M13 

"J0M15 

Ĵ  

•J0M15 

•J0M6 - I J0M8 1 
•J0M3.1* 

•J0M15 

J0M13 

-J0M6 ,~L J0M8 

J0M13 l ~ J 0 M 1 3 8 
ON 

Fig. 1*. Hierarchy of Subroutines in GENERAL GE0M 
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Changes to Geometry Packages 
In order to implement the albedo option, it was necessary to make a 

minor change to the general GE0M package (and to all other special geometry-
packages). Previously a particle was always traced through the geometry to 
a collision point inside a medium. In the albedo option a particle is 
tracked to the boundary of ths albedo medium where it undergoes a collision 
and departs in a different direction. In addition, the scattering and 
other routines needed to know the normal direction to the surface of the 
albedo medium and the region in which the albedo scattering occurred. To 
accomplish this, two subroutines were written and added to the GE0M package. 
These are G0MPLP, which prepares GE0M for the particle to reverse direction 
on its next flight, and N0RML , which calculates the normal to the albedo 
surface. One change was made to subroutine GE0M to implement this: at 
block boundary crossings the variable NCUE, indicating which boundary was 
crossed, is saved in NCUESV located in labelled common GE0M1. The storing 
of HCUESV is made at F0RTRAH statement 7 and the previous statement 7 becomes 
the next statement in the program. 

In addition to the above modification, two other changes to the general 
GE0M package, which is described in reference 7, have been made. The 
first consists of putting several additional variables in labelled 
common for greater ease in examining dumps while debugging. The second 
change was made only to the IBM-3^0 version of GE0M. This involved changing 
the logical unit numbers used for the standard input and output units to 
variables NIN and H0UT which were stored in common J0MTHX. The calling 
sequence for J0NIN was changed to CALL J0MM (ADDR, NIR, 90UT) so that the 
user could convey the desired logical unit numbers to the GE0M subroutines. 

Additional Parameters in Labelled Conimm 
In J0M5 and J0M6, the GE#K56 common added the parameter REG which is 

a packed word that describes the present position of the particle with respect 
to the quadric surfaces in the block. A nl" indicates the particle is on the 
positive side of the surface, a "0 n the negative side. The surfaces are in 
the order in vhich they were mentioned in the block description, starting 
at the last bit in the word and working back. 
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In J0M7 a new labelled common, OE0M7O, was added to contain the variables 
P, Q, f(0), f(l), (Q2 - PF ), u, v, w, Au, Bv, Cw,(Au + Dv + Ev), (Bv + Fv) 
used in calculating intersections with the quadric surfaces. 

In J0M9 and L00KZ, the parameters in their calling sequence were 
changed to XI, Yl, and Zl. Then the statements 

X0KE = XI 
Y0RE = Yl 
Z0NE = Zl 

were added at the start of the program. Finally, X0NE, Y0NE, and Z0NE were 
added to the labelled common GE0M39- The error necsage "YOU ARE LOST," 
indicating that a point id located outside the system, has been modified 
to print out the coordinates of the offending i-uint. 
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Subroutine GflMFLP (General GE0M) 

The purpose of this subroutine is to prepare GE0M for the fact that 
an albedo-scattered particle is about to reverse direction while at a 
boundary. The indicators specifying that the particle has crossed the 
boundary and is entering the new medium must be flipped to indicate that 
the particle is reentering its original medium. It also calls J0M6 to 
obtain the region number of the albedo-scattering cite and stores this in 
NREG in GE0MC coamon. 

Subroutine G0MFLP 
START 

IS BOUNDARY A BLOCK 
BOUNDARY OR A 

QUADRIC SURFACE? 
block boundary 
NB0UND = 0 

quadric surface 
NB0UND /£ 0 

REVERSE SIGH OF SGSF TO PUT 
PARTICLE OH OPPOSITE SIDE OF 

BOUNDARY 

I 
CALL J0ML5: PACKS THE EHf 

SGHF IHTO ELZON 

NO 

| - —*- V V n w & v «*••»• • »««-M m i •*« • • ... ^ 

DETEPKTNE WHICH DIRBCTIOH 
BOUNDARY WAS CROSSH) 
BY INSPECTING NCUE5V. 
SET HCUE TO RH>RESH!T 
THE OPPOSITE DIRECTION 

I CALL J0MLO: THIS UPDATES 
THE BLOCK AND ZONE NUMBERS 
FOR THE CROSSIHG OF A 
BOUNDARY IH THE DIRECTION 

INDICATE) BY NCUE 

CALL J0ML5: PACK THE HEW 
BLOCK AND ZONE NUMBERS IHTO 

HLZfll 
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Subroutine H0RML (General GE0M) 

Subroutine N0RML determines the n^^mal to the albedo surface. The nor
mal is stored ±n UR0RM, VN0RM, WH0RM in labeled common H0RMAL and always 
points out of the albedo medium. 

Subroutine S0RML 

START 

'IS BOUNDARY A 
BOUNDARY OR A 

AUADRIC SURFACE? 
quadric surface 
HB0UHD / 0 

b l o c k boundary 
HS0UKD = 0 

I SET UHftRM, VB0RM, VW0RM TO ZEROl 

GET COFWTCIHHS OF QUADRATIC 
FURCnOH FOR B01MDARY 

NUMBER HB0URD. CALCULATE 
UH0RM, VF5RM, WB0RM AS 

GRADIENT r FUNCTION AT 
CRT :D?G P O I N T . 

I 
DETERMINE IN WHICH DIRECTIOH 

BOUNDARY HAS CROSSED 
USHIG NCUESV. SET 

APPROPRIATE COEFFICIHIT OF 
NQRMU. T0_£L. 

decrease 

V! RETURN ) 

SGNF < 0 

(UP^PM, VN0RM, VBpB&j 
= - j*0BM, VN0RM, MMtm) 

NORMALIZE (UNpBM, VNpRK, 
WN0BM) TO BE A UNIT VECTOR 
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APPENDIX A 

The Many Integral Forms of the Bcltzmann Transport Equation and its Adjoint 

The purpose here is to derive a complete set of forward and adjoint 
integral transport equations in energy-group notation and to relate these 
equations to the Monte Carlo procedures used in the M0RSE code. 

The Boltzmann Transport Equation 

The derivation begins with the general time-dependent integro-differentia] 
form of the Boltzaiann transport equation, the derivation of which can be 
regarded as a bookkeeping process that sets the net storage of particles 
within a differential element of phase space (drdEdS) equal to the particle 
gains minus particle losses in (drdEdH) and leads to the following familiar 
and useful form: 

^-—• •(?,E,5,t) + v.*(?,E,5,t> + Zt(r,E) •(?,E,2,t) 

= S(r,E,ft,t) + J dE'dB' Z (r,E'+E,5'->5) •(r,E',5',t) 
(1) 

where 
(r,E,ft,t) denotes the general seven-dimensional phase space, 
r = position variable, 
E = the particle's kinetic energy, 
v = the particle's speed corresponding to its kinetic energy E, 
ft - a unit vector which describes the particle's direction of motion, 
t = time variable, 
t(r,E,8,t) = the time-dependent angular flux, 
$(r,E,8,t)dEdft = the number of particles that cross a unit area normal 

to the Q direction per unit time at the space point r and time t 
with energies in dE about E and with directions that lie within 
the differential solid angle dS about the unit vector 5, 

± |r- $(r,E,8,t)dEdft" = net storage (gains minus losses) per unit volume 
and tine at the space point r and time t of particles with ener
gies in dE about E and with directions which lie in dS about S. 
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3°V+(r,£,S,t)dBd& « net convective loss per unit volume and tine at 
the space point r and time t of particles with energies is d£ 
about E and directions vhich lie in dS about 5, 

Zjr.E) « the total cross section at the space point r for particles 
of energy E, 

£t(r,E)+(r,£,5,t)dBdfi * collision loss per unit volume and tine at the 
space point r and time t of particles with energies in dE about 
E and directions vhich lie in dfi about 8, 

E (r,E'-»£,&'-»3)dEd2 * the differential scattering cross section vhich 
describes the probability per unit path that a particle with an 
Initial energy E* and an initial direction &' undergoes a 
scattering collision at r vhich places it into a direction that 
lies in dS about 3 vith a new energy in dE about E, 

( « 

Ifi'ldEdS £ (r,E,-*E,5,-*Q) •(r,E\Q\t)dE,dfl,|dEd2 « inscattering gain per 
unit volume and time at the space point r and time t of particles 
vith energies in dE about E and directions vhich lie in d3 about 
5, 

S(r,E,5,t)dEd& * source particles emitted per unit volume and tine at 
the space point r and time t vith energies in dE about E and 
directions vhich lie in dfi about S. 

An effect of interest such as biological dose* energy deposition, or 
particle flux (denoted by X) for a given problem can be expressed in terms 
of the flux field *(r,E,fi,t) and an appropriate response function P (r,E,5,t) 
due to a unit angular flux and is given by: 

X « jjjJP#(r,EAt)v(r^ ffi>t)drdEd5dt . (2) 

Consistent vith the M0RSE code, the energy dependence of Equation (l) 
vir be represented in terms of energy groups vhich are defined such that: 

tS. * -.nergy width of the gth group, s 
g « 1 corresponds to the highest energy group, 
g » G corresponds to the lowest energy group, 

vith the obvious constraint that 
E 

? f 
) AE • I dE • E . the maximum particle energy. g-1 g ' ° B o 

A "group" form of Equation (l) is obtained by integrating each term 
vith respect to the energy variable over the energy interval AS : 

g 
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a 
it i - •(?,E,0,t)d£ • Ji«V I •(r,E,5,t)dE • f r (r,E)¥(r,E,Q,t)dE v j j z 

AS AE AE , v 
g g g (3) 
« j S(r,E,n,t)dg • | j f dE'dS' J Is(r,E,-E,2«-5}^(r,E',5,,t)dE 
AE g S g AE 4» AE 
« g g 

Equation (3) provides the formal basis for the following group parameters:* 
• (**,8,t) » time-dependent group angular flux, 

« I *(r,E*5»t)dE 8 W 
AE g 

^ t(r) « energy-averaged tot>*l cross section for the gth group, 

J * t(?»E) v(r,E,5,t)dE 

= - * ' (5) 
J T(r,E tff, t)dE 
AE 

g • « energy-averaged particle speed for the gth group, 

J •lr,B,u,t)dE 

= - * (6) 

I * • < * • ETftt)dE 

AE 
g 

E* 8(r,C,-^I) « group g' to group g scattering cross section, 

J J E8(r,E*+E,3,+G) • (r,E',S,,t)dE»dE 
AE . AE 

5 * « (7) 
j •(?,£» ̂ St)dE f 

S (r,£,t) « distribution of source particles for the gth group, 

2 I S(r,E,Q,t)dE . (8) 
AE g 

These parameters will be referred to as forward-weighted group parameters. 
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The group form of the Boltzmann equation expressed in terms of the afore-
defined group paransters is given by 

7~rr • (r,5,t) + Q-v • (r,Q,t) + rf(r) • (r,a,t) » OT. g g «; g 

1 r 
= S (r,5,t) • 7 dS» E g "^(r.G'-Ki) + .(r^Q'.t) , 

(9) 

ts =g 

where the summation over energy groups could be expanded over all g 1 to 
allow for upscattering — not usually considered important in shielding 
problems. 

Integral Flux Density Equation 

The transformation of Equation (9) into an integral form is now con
sidered. To accomplish this, the combination of the convection and storage 
terms are first expressed in terms of the spatial variable R which relates 
a fixed point in space (r) to an arbitrary point (?'), as shown in Fig. A.l. 

f = t - — 

y 
Figure A.l 
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The total derivative of the angular flux with respect to R is given by 

dR f V r , J S , U , t ' 3R 3x 3R 3y 3R 3Z 3R 3t 

which, according to Fig. A.l and noting that the particle's speed (v) is 
equal to (- dR/dt) can be rewritten as 

dR v v * ' * x 3x y 3y z 3z v 3t 

= - H-V •(?«,E,n,f) - - | f . 
V do 

(10) 

Equation (10) can be expressed in group notation as 

Substitution of Eq. (ll) into Eq. (8) with r = r' and t = t f yields 

(11) 

~ 4 (?',ft,f) + £?(?') * (F\fl,f) = S (r"»,fl,t) dR Tg t Tg g 

* .41 * < ""g(?,,n,-fl) 4 .(r'.a.t') . 
(12) 

The integrating factor 

-| Z*(r - R'aJdR' &tz 

i s introduced in the following manner: 

d_ 
dR 

i i 

- J Z^(r - R'8)dR\ 

• (p ' .O. t ' ) e 

«• 

- J Z*(r - R'aJdR' 

= - e 
(13) 

dR • r ? ( 5 , ) v g ( ? ' J . f ) | . 
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Using Eq. (13), Eq. (12) can be rewritten as 
R R 

d_ 
dR 

- f I*(r - R ,5)dR , - J £*(r - R'aJdR' 

• g (?» ,5 , t» ) e = e 
(lk) 

1 f t 

Ifaltiply Eq. (lU) by dR and integrate ( R - 0 toR = • ) ; then 

- J I g ( r - R'fi)dR' 

• ( r ,5 , t ) - + ( - ,S , t )e ° 
g g • 

en 

•I 
- J * J - R'Q)dR' 

dR e S (r - RflfQ,t - £) 
g v 

+ I I * ' sf**"8^ - Rff,5'-»ff) • . ( r ' . f l ' . t ' ) 

(15) 

Require that 

• g ( - , 0 , t j e 

- J Z*(r - R*a)dR' 
0 » 0 , 

and introduce the "optical thickness" 
R 

0 (r.R^j) = 
g 

Zfir - R'Q)dR' , 
V 

and Eq. (15) becc-*es 

• g(?,a,t) - J 
0 

dR e 
- 0 (r,R,Q) 

g S (v - Rff^.t - R/v) 
g 

1 e 
+ £ d0» i f "**(? - RBtf'-**) + . (r ' .Q' . t ' ) 

g'«g{, « J 

(16) 

(17) 

(18) 

Ml 
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Equation (18) will be referred to as the "Integral Flux Density Equation." 
An effect of interest A in group notation can be expressed as 

X = fff P*(?,5,t) 4 (r,Q,t)drdfldt , (19) 
8 JiJ 8 8 

where 
P (r,5,t) = the response function of the effect of interest due to a 

unit angular group flux (group g, r, S, time t), 

f P*(r,E,Q,tH(r,E,5,t)dE 
AE 

f *(r,E,5,t)dE 
AE g 

A » that portion of the effect of interest associated with the gth 
a 

energy group. 
The A are so defined that the total effect of interest A is given by the 
summation 

G 
A « I A . (3» 

g«l g 

Integral Event Density Equation 

The "event density" • (r,5,t) describes the density of particles going 
ft 

into a collision and is related to the group angular flux in the following 
manner: 

• (?,5,t) s E?(?) + (?,5,t) . (21) 
8 * g 

where 
f (r,5,t)dfl « the number of collision events per unit volume and time 

at the space point r and time t experienced by particles having 
ei&rgies within the gth energy group and directions in d5 about Q. 

The defining equation for the event density is obtained by multiplying both 
sides of Eq. (l8) by the group total cross section E?(r) and identifying 
the product lf(r)4 (rt5,t) as the event density * (r,3,t): 

* g g 



+ (r,fi,t) * J dR E*(?) e g 
- 0 (r.R.B) 

S (r - R5,5,t - R/v) 
S 

(22) 
1 f if ***(? - RS,3'->fi) } 

Equation (22) will be referred to as the "Integral Event Density Equation.' 
The effect oi interest X can be expressed in terns of the event den

sity; consider Eq. (19) rewritten as 

fff P ! ^ * 5 . * ) a 

x- * -*-! K& •(?,5,t)drd5dt 
8 JJi z«(r) * 

* (23) 
Jff P*(r,S,t) •g(r^J,t)drdffdt , 

where 
ft-P (r,5,t) * the response function of the effect of interest due to a 

particle which experiences an event at (group g, r, Q, tine t), 
'•(r.fi.t) « ?•(= 
or 
P*(r,S,t) » lf(?) P*(?,5,t) . (24) 
g t g 

V*irfi9t) « P+(r,ff,t)/Z*(r) 
& g t 

Integral Emergent Particle Density Equation 
Define the emergent particle density x_(r,Q,t) as the density of 

particles leaving a source or emerging from a real collision with phase 
space coordinates (group g, r, 5, t), 

v (r,5,t) - S(r,ff,t) -t- 7 f dff* I?'"** (r,Q'-*5) ,% ,(r,5\t) . U 5 ) TB 8 g, ^ s g 

Then Eq. (18) can be written as 
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- 8 (?,R,5) t - ts ir,R,w; 
• (r ,2 , t ) « dR e g xJ? ' , f i , t ' ) . (26) 
g J S 0 

The "Integral Emergent Particle Density Equation" is obtained by substi
tuting Bq. (2o) into Eq. (25): 

X g(?»5,t) 

1 f . . ^ f -* .Ir.R.fi'j 
S (?,5,t) • I dR» Zf "^(?,n»-^) dR e g X^Cr'NB'.f) 

8 Ms 0 

J f . £ " ( ? £ • • * > r _ -8 .(?,R,S') , - , «, t ) 

- S (?,S,t) • J d5' -5 -—; dR if (?) e g V , Q ** ' 
*» t 0 ( 2 7 ) 

The effect of interest X can also be expressed in terms of the emergent 
g 

particle density 
X « JjJ P^(?,5,t) Xg(r,2,t)drd5dt . (26) 

The response function P*(r,Q,t) is obtained by considering a particle vhich 
emerges frost a collision at r with phase space coordinates (group g, Q, 
time t). This particle will experience an event in dR about r* • r • R5 
at time t 1 « t • R/v with the probability 

R 
- f !*(? • R'SjdR' 

!*(?•) e ° dR , 

and the contribution of this event is the response function Pv(r'yQ,t')» 
The sus of all such contributions to the effect of interest is given by 

*g(r • R'5)dR* - J * 
J dR £*(?') e ° pJCr'J.f) , 
0 

and should be the same as a response function P x(r,S at) vhich is based on 
emergent particle density. This leads to the following relationship: 

P*(r,5,t) - f dR if(r') e~ B * ( ? , R * 5 ) P * ( r ' ^ , f ) , (29) 
£ J t g 
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where 

F*(r,5,t) = the response function (of the effect of interest due to a 
particle which emerges from a collision having the phase space 
coordinates (group g, r, S, time t) 

R 
8»(r,R,5) = J E g(? • R,5)dR' . 

0 
(30) 

It is noted that 8*(r,R,5) differs from the optical thickness 0 (r,R,Q) 
as defined by Eq. (17) in that the integration is performed in the positive 
5 direction and as such 8*(r,R,Q)is the adjoint of 8 (r,R,S). P*(r,Q,t) 

g M _ g S 
can also be expressed in terms of P (r,3,t) by substituting Eq. (25) into 
Eq. (29), yielding 

p£(?,5,t) . f dR e - 0*(r,R,5) 8 (31) 

Operator dotation and Summary ot the Forward Equations 
Define the transport integral operator 

T (r1 

8 

7 6 (?»R,5) 
,5) i ] dR E g(?) e g (32) 

and the col.' is ion integral operator 

Z g "*g(r\5'->5) 
g g g* -g J r g ( r ) 

(33) 

which can be rewritten as 

« 8 g , . g J 

where 

r g" ,' g (r.Q1-^) 

S»'(r) 
8 

I g ( r ) 
r g ,(r) 

, (3M 

I g ,(r) - £ f * Ig'"*g(r,fi'-Q) . (35) 
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In Eq. (3M, [E g *g(r,B»-*n)/Ig (r)] is a normalized probability density 
S 5 

function from which the selection of a new energy group and direction can 
be accomplished and [E 6 (r)/Ir (r)] is the nonabsorption probability. 

S \M 

Using the transport and collision integral operators, Eq. (22} can be 
rewritten as 

* (r,fi,t) = T {T'+T£) S (?\fl,tf) + C ^ (?',n'-^)* (?»,n»,f) . (36) g g g g ~̂ g g 

The term T (r(,r,S)S (r'̂ ft.t') can be identified as the "first collision 
g g 

source" and denoted by 

Sg(r\3,t) =T (?'->?,S)S (?\ff,f) , (37) 
c g g 

and the "Integral Event Density Equation" becomes 

* (r,5,t) = Sg(?,5,t) + tfr'^rJDC 1 - k (r» .SMI)* (r^SHf) . (38) g c g -»-g g 

Using the relationship * (r,5,t) = Z g(rH (r,»,t), Eq. (30) can be 
g t g 

transformed into the "Integral Flux Density Equation:" 
sf(?,a,t) #'(?') 

• (r,5,t) = - £ — + T (?'-•? ,5)C , (r',5'->5) -- • (?»,5\t»). (39) 
g £«(?) g g"* g Eg(F) g 

Finally, the integral operators are introduced into Eq. (28) and the 
following form for the "Integral Emergent Particle Density Equation" is 
obtained: 

X (?,0,t) = S (?,5,t) * C . (?,a»->G) T , (?•*?£•) x f(?,,0,,t') (1*0) g g g -*g g g 

An examination of Equations (38), (39), and (Uo) would reveal that 
either the "Integral Event Density Equation" or the 'Integral Emergent 
Particle Density Equation" would provide a reasonable basis for a Mcnte 
Carlo random walk. Equation (UO) was selected for the M0RSE code since 
the source particles would be introduced according to the natural distri
bution rather than the distribution of first collisions. However, it is 
noted that after the introduction of the source particle, the subsequent 
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random walk can be regarded in terns cf either Eq» (38) or Eq. (ko) 

with the particle's weight at a collision site being the weight before 
collision (WTBC) or the weight after collision (WATE), respectively. 

The randoa walk based on the "Integral Emergent Particle Density 
Equation" would introduce a particle into the system according to the 
source function. The particle travels to the sixe of its first col^isic 
as determined by the transport kernel. Its weight is modified by the 
non-absorption probability and a new energy group and flight direction 
are selected from the collision kernel» The transport and collision 
kernels are applied successively determining the particle's emergent 
phase snace coordinates corresponding to the second, third, etc., collision 
sites until the random walk is terminated due to the reduction of the 
particle's weight below some cut-off value or because the particle escapes 
from that portion of phase space associated with a particular problem 
(for example, escape fiom the system, slowing down below an energy cut
off, or exceeding some arbitrarily specified age cut-off). 

?an<lom Walk Procedure 

The actual implementation of the random walk procedure is accomplished 
by approximating the integrals implied in the collision and transport 
integral operators by the sum 

xJ?,5,t) « I x*'?,5,t) , (Ul) 
6 n«0 g 

where 
X g (?,8,t)dQ = the «erge*t p e t i o l e de« . l t y of p r i d e s e d g i n g 

from i t s nth collision and having phase space coordinates (group 
g, r , dfi about 5, time t ) , 

X°(r,5,t5 « S ( r , 8 , t ) . 
6 g 

X "{r,5,t) - C , ( ? £ • • * ) T t ( r*r t 8»)y*" 1 <r ' ,B ' f t ' ) . 
o o o C? 9 

Thus, the source coordinates (groun g , r , 5 , time t ) are selected 
o o o o a . /• . « * 

from 8 (r,C,t) end a flight distance R is picked Ej°(r)e pgo* r' n' Mo' 
* z 

to determine the site for the first collision r^and the particle's age 
tfc- t 0 • B/*g^ The probability of scattering is Ej 0(^/lJ°(r 1). All 
particles are forced to scatter and the.'r weight is modified with this 
probability. A new group g.is selected according to the distribution 
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j dfi If*g(?j50-fi) 
i n 

Igo(rV 
s 

and then a nev direction 5 i s determined from 

S X O 

The process is repeated until the particle history is terminated. Contri
butions to the quantity of interest are estimated at appropriate points in 
the random walk (boundary crossings, before or after real collisions, etc.) 
using the particle's VATS and the estimator P*(r,5,t). 
Derivation of the Adjoint Inteigro-Differontial Boltzmann Transport Equation 

Consider a (as yet unspecified) function +*(r,E,Q,t) which exists over 
the same phase space and satisfies the same kind of boundary conditions 
satisfied by the forward angular flux +(r,E,3,t). Further, let an operator 
0* be defined such that the following integral relationship is satisfied: 

•»{r,E,3,t) 0 •(r,E,5,t)drdEdPdt 

s III] •(r,E,3,t) 0* •(r,E,3,t)drdEd5dt + (Boundary Terms) . 

The 0* operator will be referred to as the adjoint operator to the 
corresponding forward operator 0. 

Multiply each term of the Boltzmann transport equation, Eq. ( l ) , by 
the function +*(r,E,3,t) and integrate the resultant equation (term by 
term) over all phase space: 

iff J ••(?,E,C,t) i | ^ •(?,E,3,t)d?dEd5dt • fjJJ •»(?,E,3,t) 

x V**f •(r,E,5,t)drd£d5dt • lilf •*(r,E,5,t) £ t(r,E) 
(*»2) 

x •(r,E,5,t)drdBd5dt * I J| • #(r,E,5,t) S(r,E,5,t)drdEd5dt 

* ill! • * ^ » E » 5 » t ) if ̂ ( r.E^E.S'-^) •(?,£»,3*,tJdE'dS'drdEdSdt . 

It can be shown that the following adjoint relationships are true for 
the conditions associated with a particle transport problem: 



A-14 

|J | | ••(r,B,5tt) i|^#(?3^,t)drdBd5dt - - Jjll •(?,E,C,t) 11^ 

* •#(r,B,5,t)drdEd5dt • l i f c • ••drdEd&dt 

JjJ] • # ( * » E » 2 » t ) £

t

( ? , E ) •(r.Ejk)drdEdfidt - \\\\ v(r,E,a,t 

Zt(r,E) •*(r,E,5,t)drdBd5dt , 

U3> 
Boundary Term 

) 

llll •* ( ?» E» J 5» t ) 7 - f i •(r,EfC,t)drdBd«dt » - |||| •(r,E,3,t 

x V-Q +«(r,E,5,t)drdEdSdt • 11 ill • ••2-didEdfidt 

* 

(U5) 

Boundary Term 

Jill ••(r,E,5,t) jf ^(r^E.fi '-C) •(?,£• £* .tJdB'dS'drdFdBdt 

« [j|f •(?,E,5,t) if Es(r,B*S',&«6*) ••(?,£• .S'.tJdE'diS'drdE^dt 

The boundary terms which occur in Equations (fe3) and {k?) m f - ^ e m a^^ 
to vanish vhile conforming to the natural characteristics cf the system 
under analysis. For example, the extent of the time domain can be defined 
such that initial and final values of • and/or •* are zero [and the boundary 
term of Eq. (k3) vanishes]. Also, the surface within which the spatial 
domain of phase space is contained can be so located that the combination 
{• #*] is zero everywhere on that surface [and the boundary term of Eq. (*»5) 
vanishes]. For most Monte Carlo analyses, the elimination of the boundary 
terms in no way restricts the generality of the solution obtained. 

Using the adjoint relationships given by Equations (**3) through (U6), 
and presiding that the boundary terms vanish, Eq. (U2) can be rewritten as 

" JjjJ • ^ » E » 5 » t ) v It •*(?,E,5't)d5dEd5dt " ffff • ( ? » E » S » t ) 

x V-Q ••(^E,8,t)drc!Ed8dt + •(r,E,8,t) £t(r,E) •»(r,E,S,t)drdtd5dt 

= llll *(r,E,ft,t) S*(r,E,8ft)drdEd8dt «• fjjj $(r,E,fist) 

* Zg(r,E-*E,,5^') •*(?,£»,S'.tJdE'dS'drdEdSdt , 
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where the adjoint source term S*(r,E,Q,t) is defined such that 

jfff •(r,E,fl,t) S*(r,E,5,t)drdEd5dt 
(W 

•*(r,E,8,t) S(r,E^,t)drdE^Kdt . 

Hoting that the forward flux 4(r,E,5,t) can be factored frca each term, 
Eq. (Vf) can be rearranged as follows: 

- ^ | j - •*(?,E,5,t) - V«Q ••(?,E,Q,t) JJJJ •(?,E,5,t) 
• Zt(r,E) ••(r,E,5,t) - S*(r,E,5,t) - jj Zs(r,E-^t ,&^») 

x •*(?,£»,5',tJdE'dfi* 
(U9) 

drdEdfldt = 0 . 

It is required that the forward angular flux +(r,E,8,t) correspond to 
non-tri\ial physical situations, i.e., +(r,E,8,t) > 0 over at least some 
portion of phase space. The observation is made that +*(r,E,fi,t) is still 
essentially undefined and that many functions +*(r,E,ft,t) probably satisfy 
Eq. (1»9). At this point, T*(r,E,8,t) is defined to be that function which 
satisfies the following equation: 

I - ^ ^ • * ( r , E , 5 , t ) - V-J5**(r,E,S,t) + Zt(?,E)**(?,E,5,t) - S»(?,E,5,t) 

- M Z g(r,E*E ,,JW5 f) ••(?,£*,S'^idE'dS' = 0 . 

This condition also satisfies Eq. (1*9) exactly and provides the following 
•*(r,E,fl*,t)-defining integro-differential equation: 

- ;-ft ••(?,E,S,t) - V-fl* •*(?,E,S,t) + Zt(r,E) •*(?,E,S,t) 
(50) 

= S*(r,E,8,t) + ]) Z g(?,E*E ,,?W5 f) ••fr.E 1,^ ̂ dE'dfi 1 , 

whicn is commonly called the "Adjoint Integro-Differential Boltzmann Equation." 
However, it will not be the practice here to refer to the function $*(r,E,ft,t) 
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as the adjoint flux; consistent terminology vill be introduced later in 
this section. 

At this point, tvo procedures for defining and calculating group 
adjoint fluxes are considered. One method involves integrating each 
term of Eq. (50) over the energy interval AE , vhich leads to the following 
group equations: 

- ^ - | 7 i»(r,C,t) - 7-5 i|(r,fl,t) + Z*(r) ••(r,E,5,t) 

= S*(r,5,t) + I [ dfl» E * * g , ( M f ) •* (?,5',t) , 
S g'=g J S g 

where 
g = 1,2,...G 

J*(?,5,t)=^- j •*(?,E,5,t)dE , (52) 
g AE 

J 
g 

•*(r,E,Q,t)dE 
or, 

g (53) 
I ^ •«(?,E,fl,t)dE 

AE g 
J Zt(?,E) •*(?,E,C,t)dE 
AE 

Z?(r) i —* , (5*0 

I •*(r,E,Q,t)dE AE g 

j ] ^s(r,E-*•E,,jwi,) **(?,£» .ft'.tJdE'dE 
- , AE AE , 
ifg (r,W) i - * fi , (55) 

••(r.E'.fl'.tJdE" 
AE , g* 

S»(r,fl,t) = j | - J S*(r,E,ft,t)dE . (56) 
K A£ g 
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The £ g(r), Z**8 (r,JW5t), and v are adjoint weighted group parameters x s g 
and their use in the solution of Eq. (51) provides group adjoint fluxes 
defined by Eq. (52) where •*(r,E,8,t) represents the solution of Eq. (50). 

Another approach for defining group adjoint fluxes is to directly 
devise the equation vhich is adjoint to the group form of the Boltzmann 
equation [Eq. (9)1- The group adjoint equation so obtained* is given by 

- ̂ -|7**(?,5,t) - A-a*«(?,5,t) + rf(?)#»(?,E,S,t) v at g g t g 
G , . ( 5 7 ) 

= s«(JJ5,t) + I d5« if*'(5.SW5')••(?,JJ'.t) 
g g'=g J s g 

g = 1»2,.. .G. 

where v , Eg(r) are forward weighted group parameters identified to those 
8 t iw*1 - - -

vhich occur in Eq. (9) and the matrix 7r^ (rjJHfl1) is simply the transposi-
s 

tion of the forward weighted group-to-group differential sesttering croes-
section matrix. 

The group adjoint fluxes •*(r,3,t) vhich represent the solution of 
Eq. (57) are adjoint to the group fluxes • and do not necessarily assume 
the same values as the group adjoint fluxes #*(r,8,t), i.e., 

•*(?,Q,t) * ̂ - J **(?,E,fl,t)dE . 
g AE g 

This follows since zf (r), Z^*g (rjfl-KJ1), and v are, in general, different 
t s g 

from the adjoint weighted values. Usually forward weignted sroup para
meters, as implied by Eq. (57), are used in MORSE. However, other weighting 
schemes, such as adjoint or adjoint and forward, deserve consideration 
when cross-section weighting is a problem. When a sufficiently fine group 
structure is employed, the group parameters become less sensitive to the 
weighting scheme and the corresponding group adjoint fluxes are also 
nearly the same. 
1 
The derivation of Eq. (57) is not presented here because of its similarity 
with the previous derivation of Eq. (50); the integrals over energy are 
simply replaced by appropriate group summations. 
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Integral Point-Value Equation 
Equation (57) is now transformed into an integral form following essen* 

tially the same procedures used with the forward equations. As shown in 
Fig. A.2,1st r 1 « r • RQ rather than r* » r - RQ as was the convention with 
the forward equations. The total derivative of +*(r,Q,t) with respect to 
R is given by 

|f ••(r'.Q.f) s7-|^vJ(r',Q,f) * V-S •»(r',Q,f) . (58) 

r 1 = r • R8 
t» = t + R/v 

Figure A.2 
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- I I?(r • R'aidP* 
J * 

Use of the integrating factor e provides the following 
relationship: 

- J * r • R'BJdR1 

^(••(r'^f)e ° ) 

- f l£(r • R^dR' 

dR 
(? \5 , t«) e - £?(?•) • • ( r ' i . f ) t g 

R F: 
- j I*(? • R'SjdR' - j 1 ? * ' * #*)**' 

* e 

( ^ • l ( r ' ^ . t ' ) - E«(r») • • ( r ' .B . f ) ) • 

(59) 

Equation (59) 9 together vith Eq. (58), can be arranged to give 

(" Tat • J ( r > , » 5 » t , ) - v - 5 ••<?,.5.t») • £*(?•) •jCr'^.f)] 

* e 

• [ lf(r • R'5)dR' 
0 d 

dR 
" J * 

(60) 

r • R'SJdR' \ 
•*(?\5,t») e 

It is noted that Sq. (60) is identically the left-hand side of Eq. (57) 
which can now be rewritten as 

- T I*(r 4 R»5)dRf 

0 
(61) 

d_ 
dR 

- ! 
£*(r + R'5)dRV 

••(r'.S.tMe 

G f , 

(S»(r»^,t») * JI * • Zf 6 (?• JWJ') •»,(?• ,ff',t")>. 
g g ' « g ' " g 

* j mm»MH(*-t*ii"* 
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Integrate Eq. (6l) fron R • 0 to R • • and assisse that 

- I I?(r • R'QjdR1 J * 
(•y-J&.tJe ° ) i 0 ; (62) 
g 

then the foUoving integral expression for •*(r,5,t) is obtained: 
8 

- a;(r,R,S) 

(63) 

f - 0*(r,R,S) 
• • ( r ^ . t ) « dR e • (S»(r • Rfi,5,t • R/Y 

S j 5 ( 

• I I dfi' Ef*'(? • R5JW) •• t(?»,5 , ,f)> . 

Equation (63) contains the adjoint optical thickness 0*(r tR,S) vhich vas 
defined earlier by Eq. (30) as 

n 
0*(r,R J ) = f £ g (r • R'SJdR' . 

Redefine the source term 
R - E»(r,R,5) f - *~ir,K,u; SJ» (rjQ.t) » dR e » S»(r + RR,0,t • R/y ) , (6k) Tg J g g 0 

and Eq. (63) can be rewritten a* 
- e»(r,R,Q)i 

g' 
f - 3*(r,R,G) <• , 

•J(r^,t) « S*g(r,5,t) v J dR e g I J d5» Z*/ g (r'£*fl') 

x 

••,(?• ̂ '.t') * syf.fi.t) • j dR z * G + R S ) 

, z«*« (r'.fotf') 
I d5» -2 •;jr',5',t») , 

e g 
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and in tents of the transport and collision operators, Eq. (65) becomes 

••(?,5,t) * S« (?,5,t) • T (r»r',B) C ,(M\?*) *• (?• ,5* ,f) . (66) 
a *» € ff*a 9 

A comparison of Eq. (66) vith Equations (38), (59), and i<0) reveals 
that the function * #(r,C,t) as defined by Eq. (66) is adjoint to the emergent 
particle density x vr,5,t) as defined by Eq. (bo). Therefore, let +*(r,5,t) 
be denoted by x*\r,8,t) and Eq. (66) becomes 

x;(?.5,t) - S« (?,fi,t) • T (f>r«,fi) C . ( W , r ' j *•,(?• ,3\t*} . (6?) 

The nature of x*(r,5,t) trill depend on S* (r,fi,t) — how or on uhat 
basis should S£ (r,5,t) be specified? If S*(r,E,5,t) is set equal to 
P¥(r,B,H,t) (the response function cf the effect of interest X due to a 
unit angular flux), then 

I Iff *(r,E,fi,t) S*(r,B,fi.t)drdBd8dt « ffff •(r.B.O.t) 
'"' "" (68) 

x P*(r,E,5,t)dVdEd5dt « X . 

According to Eq. (U8), the effect of interest X would also be given by 

X » ffjU*(r,E,5,t) S(?,E,5,t)d?dEd2dt . (69) 

The effect of interest as given by Eq. (69) can also be expressed in 
group notation 

X » fff J»(?,5,t)S (r,Q,t)drd5dt 

fff * (r,S,t)3»(r,B,t)drdBdt , 

where 
•*(r,3,t) is the group adjoint flux corresponding to the adjoint 

weighted group parameters, 

"Hmf*''-- -' • ™_ Jk—p" ••#*.* —•aifJF-'C &. 'J 
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AE 
S (r,5,t) « A£ — * ? 

J ••(rtB,S,t)SCr,Et5,t)dE 

* S •J(r.fi.t) 

I 3«(r,B,5,t)v(r,E,fi,t)dE 

S«(r,5,t) • - * 

J P^(r,E,a,t)v{r,B,5,t)d£ 
AE 

- - * Pl<?,5,t) . 
• g(?^.t) 8 

However, as noted earlier, usually forward weighted group parameters are 
input to NORSE and the group adjoint fluxes #*(r,5,t) are calculated. 
As a direct consequence of the derivation of the #*(r,8,t) defining 
equation, Eq. (57), the effect of interest for the gth group is also 
given by 

X « fjUj»(r,8,t)S(r,5,t)drdBdt 

» ||fv (r,8,t)S»(r,B,t)drd8dt , 
(70) 

where 
•*(r,8,t) is the group adjoint flux corresponding to the forward 

weighted group parameters, 

S (r,8,tj * I S(r,E,5,t)dE , 
AE 

g (71) 
S»(r,5,t) « P*(r,5,t) . g g 

'fhe derivation from this point on will implicitly assume forward 
weighted group parameters. However, the results can, with slight modi
fication, be made to correspond to the adjoint weighted group parameters 
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Substitution of £q. (71) into Eq. (6U) y ie lds 

S» ( r , 5 , t ) = [ dR e~ B * ( r * R > Q ) ? • (? • ,5 , t» ) , (72) 
™g J g 

and according to Equations (25) and (29) , Eq. (72) can be rewritten as 
Equations (73) and (7*0, respectively: 

f - e*(?,R,5) 
5{g(?,5,t) = I dR !*(?•) e g P*(F\5,f) (73) 

«nd 
S?_(?,3,t) = P*(?,a,t) . (ih) 

Substitution of Eq. (73) into Eq. (67) and Eq. {jh) into Eq. (67) y i e lds 

the following foras for the "Integral Point-Value Equation:" 

xJCr.O.t) = ? (?*? f,5) {P*(?',Q,f) • < : , ( ? • JM') xJJ.^'.Q'.ty} (75) 

and 
x«(?,5,t) =p^(?,5,t) + T (rV?»,5) ( : , ( ? • ,&>5M x M ^ . G ' . f ) . (76) 
g g g g*g g 

Integral Event-Value Equation 

At this point let us introduce a value function based on the event 
density and to relate this quantity to the point-valu^ function by consid
ering a particle leaving a collision at r with phase space coordinates 
(group g, 5, time t). The value of this particle to the effect of interest 
is the point-value function x*(r,5,t). This particle will experience an 
event in dR about r» = r • 1$ with the probability [£*(?')e~ eg* r , R' 5'dR] 
and the value of this event (to the effect of interest) will be referred 

to as the "event-value" and be denoted by W (r'.S.t*). That is, the 
"event-value" W (rf ,5,t«) is defined as the value (to the effect of 

8 
interest) of having an event at r* with an incoming particle which has 
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phase space coordinates (group g, ft, time t*). The sum of all such contri
butions to the effect of interest is given by 

3» - 8*(r,R,n) 
:f(r») e g W (F',ft,f) , t g 

0 
and, i f the ev^nt-value f»inction i s properly defined, should equal the 
point-value function; tha t i s , 

7 e*(?,R,n) 
X»(r,ft,t) = dP. Z*(?») e g W ( r ' . S . t ' ) (77) 
5 J ^ g 

0 
or 

X*(?,ii,t) = T ( W , f l ) W ( ? ' , « , f ) . (78) 
g g g 

A comparison of Eq. (78) with Eq. (75) would show that W (r,Q,t) can be 
o 

iden t i f i ed as 

W ( r , 5 , t ) = P*( r ,5 , t ) + C (?,£WT) x * , ( r , f t , , t ) , (79) 
© o o ' c o 

and subs t i tu t ion of Eq. (78) in to Eq. (79) y ie lds the defining equation 
for the "Event-Value Function" 

W ( r , f t , t ) = P*(?,Q,t) + C ,(r ,JW2') T f ( r^ r ' , f t» ) W . ( r , , f t , , f ) . (80) 
g g g*g g s 

Equation (80) w i l l be re fer red t o as the " In tegra l Event-Value Equation." 
A comparison of Eq. (80) with Eq. (38) would show xhat t he event-value 
function W ( r , f t , t ) i s adjoint t o the event densi ty ij> ( r , f i , t ) . Therefore 

g g 
the effect of i n t e r e s t A i s given by 

X 
g •III S g ( r , f l , t ) W (r,ft,t)drdfidt . (8l ) 

c g 
Integral Emergent Adjuncton Density Equation 

The solution of either the point-value equation, Eq. (76), or the 
event-value equation, Eq. (79) > could be accomplished by Monte Carlo 
procedures; however, the random walk would not be the same as that implied 
by Eq. (Uo)*. Consider the following altered form of Eq. (76), 

* 
The desire in M0RSE .̂s to use the same random walk logic for both forward 
and adjoint calculations. 



X*(r,fl,t) = P*( r ,5 , t ) + 
g g 
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- B*(?,R,Q) 
dR E g ( r ) e 6 

r#?^ 
E«(r) 

(82) 

Li 
Z** 6 (r ' ,Q-*V) s 

\l Z ^ g , ( r f ,JHfi') 

'* s 
g 

£. 
z g (?') 

x»(r"\a',f) . 

The addi t iona l weight factor ("r^^* V r g ( £ } l ir-icoci s^'nce Ea. (76) 
and i t s a l t e red form (Eq. (82^, are ac tua l ly f lux- l ike equat ions, even 
though x*(r , f t , t ) i s adjoint to the emergent p a r t i c l e densi ty x ( ? , f t , t ) . 

In a fashion analogous to the forward problem, the following new 
quant i t i es are defined: 

and 

H ( r , f l , t ) = Z?(r) x*(r,£i , t) g t g 

H ( r , f t , t ) = T ( r > r f , « ) G ( r 1 J2,t»-) 
g g g 

(83) 

(Sk) 

Since x*(r , f i , t ) i s a f lux- l ike v a r i a b l e , the new var i ab le H (r , f t , t ) can 
g g 

be regarded as an event density and G (r,fl,t) like an emergent particle 
density. The defining integral equation for G (r,ft,t) should be the 
proper basis for an adjoint random walk. 

The defining equation for the adjoint event density function H (r,ft,t) 
is obtained by considering the following altered form of Eq. (75): 

f - S*(r,R,a) 
X*(?,G,t) = I dR Eg(?') e g [p!(?',ft,f) g (85) 

+ C.(r'fi*Q') X .(?',"\t')] . 
0*^0 O 

.&IZ Multiply Eq. (o5) by I*(r) and rearrange as follows: 

" g 
- B*(r,R,fl) a . 

dR zf(r) e g [zg(?') P*(?',5,f) t t g 

+ c .(r'JWJ1) zg'(?v) x*,^,»fi,»t,)3 g*g t A g f 

(86) 
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where 

£?(?•) 
c ,&&&') = - ^ — c . ( r ' .M' ) . (87) 

g-g' z g ' ( ? ) g-g' 

Noting t h a t : 

H ( r , 5 , t ) = I ? ( r ) x*(?,ft,t) , 

r - B*(r,R,ft) 
OK £7%rj e = x « v '**' ' 

and 

Z?(p) P*(?,ft,t) = P* ( r , 5 , t ) , 
« g g 

Eq. (86) becomes 

H (?,f t , t ) = T (r^? . f t H P ^ r ^ f t . f ) + 2 . ( r ' l & Q ' i H , ( ? » , 5 ' , t •) ] . (88) 
g g g ff*g g 

A comparison of Eq. (88) with Eq. (8*0 reveals t ha t 

G ( r , f t , t ) = P* ( r , 5 , t ) + ? . ( r , ^ ' ) H , ( ? , « • , t ) , (89) 
g g g*g g 

and the subsequent substitution of Eq. (8k) into Eq. (89) yields the 
following defining equation for the adjoint emergent particle density: 

G (r,ft,t) = P*(?,5,t) + C .(r̂ ft+ft') T ,(rV?»,Sf) G f(r 1 ,ft» ,t»). (90) g g g-*g g g 
Equation (90) is almost identical with Eq. (U0) which defines the 

forward emergent particle density x (r,ft,t) and also serves as the formal 
basis for the forward random walk. At this point, let us interpret Eq. (90) 
in terms of the transport of pseudo-particles called "adjunctons" in the 
(P'-»p) direction of phase space. This presents two immediate problems: 

l) The transport of the adjunctons from r* = r + KJ to r would be 
in a direction opposite to the direction vector ft •— therefore, 
the direction vector for the adjuncton should be ft = -J5, and 
r' = r - Eft . 
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2) The c o l l i s i o n kernel should be in terpre ted as describing the 
(p»-*p) change in phase space experienced by the adjunct on during 
i t s randoE walk; the re fo re , l e t 

( £ o o ( r fr+ft') 
dfi' s , " . (91) 

e> £? (?) 

Equation (91) may be rewritten in terms of a nonnalized collision 
kernel and a weight factor: 

r^ g , (r ,JHft f ) 
C , (r,ft'-KJ) = Y dft1 

g ~*g tt J 
I aw — 

g" 

I dfl E g^ g ,(r,JHft f) 
fij ! 

I I dfi Z^ g , (?4^ f ) 
g • 

Z* ' ( r ) 
. (92) 

The selection of new phase space coordinates (group g, »J = -ii) is made 
from the normalized kernel and the weight of the adjuncton is modified by 
the weight factor []* which is no longer a simple non-absorption probability 
and may assume values in excess of unity. Therefore, there is no "analogue" 
scattering for adjunctons and the adjuncton's weight may increase at some 
collisions. 

Equation (90) can be rewritten as 

.* M 

G (r,fl,t) = P*(r,ft.t) • C , dW-KJ) T (?**?,$}•) G (?t^. > t.) ( 9 3) g g g ~»"g g g 

which now corresponds to the transport of adjunctons and provides the desired 
basis for the adjoint random walk in the M0RSE code. Note that the source 
of adjunctons is provided by P (r,&,t) which is related to Pv(r,S,t) as 

g g 
follows: 

P*(F,fl,t) = P*(?,-fl,t) , (9U) 
g g 

which must be taken into consideration if the response function P (r,Q,t) 
has angular dependence — however, many physical situations permit an 
isotropic assumption for the ̂ -dependence. 

A Honte Carlo solution of Eq. (93), the "integral emergent adjuncton density 
equation,"will generate data from which the adjuncton flux x*(r,ft) and 
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other quantities of interest can be determined. The general use of 
X*(r,G) must take into account the reversal of direction between adjunctons g A 

and real particles, i.e., ft = -ft. For example, consider the various ways 
of calculating the answer of interest: 

X = ?*(r,ft,t) $ (r,5,t)drdQdt (95) 

f f f Pt(?,ft,t) 
= I -* T (r'-»r,fl) X (r'^^'/drdftdt 

JJJ j6( ?) 8 « 

X s I S (r,ft,t)x*(r,ft,t)drdftdt = [[ S (r,5,t)x*(r,-Q,t)drd5dt (96) 
o JJj 5 B ,^y o 6 

X = 1 3g(r,ft,t)W (r,5,t)drdQdt = Sg(r,ft,t)W (r\-ft,t)drdftdt (97) 

t, S (£>ft,t) rrtS (r,ft,t) efr i> IC :,U,-GJ r r p ir,U,t; 
= -fi~^ H (r,ft,t)drdfldt = M 5 H (r,-ft,t)d5dQdt (98) 

JJJ E « ( 5 ) « JJJ £«(r) g 
X g 

*"t%~' "t 
fff S (r,ft,t) 

X = -6 T (rf-^,SI)G (?• ,a\f )drdftdt 
g >>' Z g(r) g g 

t (99) 
rrr S (r,ft,t) . . 
JJJ zg(r) g g 

Further, if outward boundary crossings would be scored in the forward 
problem, the corresponding source adjunctons would be introduced in the 
inward direction. Likewise, adjunctons would be scored for entering a 
volume from which the source particles in the forward problem would be 
emitted. It should te noted that many sources and response functions are 
isotropic and the problem of direction reversal need not be considered. 
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Multiplying Systems 
The general integral equations in group notation of the previous sec

tion are here specialized to the problem cf multiplying systems. In a 
fissioning system it will be presumed that the source of neutrons for 
the nth generation comes from fissions which occur auring the previous 
generation, the (n-l)st generation. In group notation and seven-
dimensional phase space, the source term for the nth generation, 
S*(r,ft,t), is given by 

S*(?,ft,t) = J Sn(?,E,J2,t)dE (100) 
AE g 

where 
S (r,E,ft,t)dEd5 = source particles emitted for the nth generation per 

Tinit volume and time at the space point r and time t with energies 
in dE about E and directions which lie in dQ about 8, 

Sn{?,E,ft;t) - ^ | 2 . if dj.,^- vZ (?,E«)#n"1(?,E,,2,,t) (101) 

f(E)dE ~ fraction of fission reutrons emitted having energies in dE 
about E, 

+ (r,E,fl,t) = angular neutron flux for the (n-l)st generation, 

vZ^CrjE1) = fission neutron yield x macroscopic fission cross section. 
Substitution of Eq. (101) into Eq. (100) and expressing the energy integra
tion as a summation over energy groups yields 

f 1 • 
s!!<?.5,t) = if I \ <&' ^ (?) •!71(?.5,,t) , (102) « 4* *<=r. * ' V 

1 
The terms generation and batch will be used interchangeably in this section 
and will refer to the batches of neutrons processed in the M0RSE Monte 
Carlo calculation. 
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where 

g • f f(E)dE (103) 
AE g 

I vIf(?,E)*(r\E,8,t)dE 
AE 

vlf (?) = —* 
i AE 
[ <fr(r,E,fl,t)dE (1(A) 

6 
Equation (102) can also be expressed in terms of the emergent particle 
density: 

n
 f * f vZf'fr) 7 i -8 (r,R,Q') , 

S*(?,5,t) . , £ I dfi-—^ dR £« (?)e g x ^ (?' ,QSt*)(i05> 

where 

•g ,(r,a«,t) = f dR e 
- 3 ,(r,R,Qf) 

g X ,(?',5',f) , (106) 

so that for a given SAr,5,t),the emergent particle density distribution for 
the nth generation can be calculated using the following modified form of 
Eq. (27): 

,n#- = x (r,5,t) = s"{?,n,t) 
6 o 

I 
g'-g J 

dH' 
^'"^(r.fl 1-***) 

*nr 

r>u-*'J f _, _ - 6 (r,R,fl») 
- d R Z g ( r ) e g x!,C? ,.5 ,,f) (?) I t g 

,n/- s n /-. -= S^(?,ft,t) • Cgl_^(?,fl»-fl) Tgl(?'-?,G») Xg.tf'.S'.t') . (107) 

Equations (105) and (10?) can be combined and written as an eigenvalue aquation 
in seven-dimensional phase space 
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. f 1 f vZg'(?) -B(?,R,Q) 
xjT9Q9t)*±T* I dS' * dRgg(r) e g xJ?',5,f) 

K»=G / E? (r) ff 8 -^ U 

+ 

(108) 
i f sf^tf.Q'-S) 7 - e (?,R,a») 
£ d g' d R E * < ? ) e g X.,(r',5',f) 

ff'-e / Z g (r) J g 

g & Uir *t v ' 0 

The usual objective in a reactor calculation is to find the eigen-
functions x (r,fl,t), and the eigenvalue k. In MDRSE this is accomplished 
iteratively, each batch being one iteration. The source for the first 
batch is unknown and must be assumed. From this source an estimate of the 
resulting emergent particle densities ,x * are calculated from Eq. '107). The 

2 c 

source for the next batch, S , is obtained from Eq. (105) and then estimates 
2 s 

of the X are obtained from Eq. (107). After the source has converged 
(usually after a fev batches), the x a r e presumed to be a valid estimate 

© 
of the eigenfunccion x in Eq. (108) and an estimate of the multiplication 

S 
factor can be obtained for each of the succeeding batches. 

The multiplication factor corresponding to the nth generation (or batch) 
is defined as the ratio of the total production of fission neutrons during 
the nth generation to tht total number of source neutrons introduced into 
the r-th generation 

1 fff v Z f c ? ) 7 *» -e .(?,R,Q») 

_ M\\™'"wzrh < (?) e g v ( ? , J , > t , )

 {m 
i f f f araait XIJI <• g' 

which can also be expressed as the ratio of successive sources 

I jf] Sn
f(?,5,t)cted5dt 

(110) 
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The multiplication factor is calculated at the end of each batch and the 
eigenvalue, k, is taken as the mean value vf the k averaged over all the 
batches calculated after convergence of the eigenfunctions was aciieved. 

Equation (107) is solved by M0RSE in the same manner as it would be 
for non-fissioning systems. The fission event is treated as an absorption 
and the neutron's weight is modified accordingly, i.e., fissions that occur 
do not introduce new neutrons into the present generation. The multiplica
tion factor, k , is estimated by summing the contribution vEf(r)/lf(r). 

n r t 
W, at every collision (W. , the neutron's weight before collision, is an 
D D 

estimate of the collision density). At the end of the batch, k is divided 
by H, the total starting weight of the batch. 

The source for the next batch is not obtained directly from the indi
vidual contributions (vE~-R). Rather, Russian roulette and splitting are 
used to discretize these contributions intc ones of equel value. The splitting 
and Russian roulette parameters used are determined by the input parameter, 
FVL0V, the desired value of a single contribution. To keep the number of 
neutrons from multiplying or decreasing indefinitely, FWL0 is modified from 
batch tc batch such that the number of source neutrons for each batch remains 
nearly constant. The value of FVL0W for the (n+l)st batch is calculated at 
the completion of the nth batch as follows: 

FWL0 - FWL0 »v (fission neutrons produced during the nth batch) ( m 1 

n+1 n n (source neutrons introduced into the first batch) ' 

where k is an accumulative estimate of k through n batches. The k modifying n n 
factor is requires since the FWL0 calculated after th3 nth batch affects 
the number of source neutrons in the (n+2)nd batch. 

The adjoint problem for the fissioning system is solved by M0RSE in terms 
of the random walk of "adjunctons" as described by the integral emergent 
adjuncton density equation, Eq. (93), that can be rewritten in batch nota
tion as 

G?(r,Q,t) = [P*<r",a,t)]n • C , (r,ft'-8) ? ( ? ' - ? > ) G* (?' ,8' , f ) , (112) g g g "*g g 6 
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with the source of adjunctons being provided by the response function 
based on flux density, P . The effect of interest for the nth generccion, 
n X , is the production of fission neutrons due to fissions in group g that 
O 

appear at the fission site in the next generation according to th^ group 
fission spectrum, f , and is given by 

r • III 
(113) 

[P'(r,n,t)]%n 1(?,Ji,t)drdftdt « g 

[[J vE«(?) I J dft' ̂ x ' r ^ r ^ S t ^(^^Octdfldt 
s , = G W " J 

where 
X (r,8,t) = the value to the effect of interest in the nth generation g 

of an emergent neutron with phase space coordinates (group g, 
?, 5,t). 

From Eq. (113), the source of adjunctons for the nth generation is 
identified as 

[p*(?,c,t)ln = vr*(?) I dc- I^- X:?" 1(?,5',t) . (11U) 

Noting that according to Equations (83) and (8*0 

X*n(?,0,t) = — i — T (?'-r,Q) G*(?\G,t') , (115) 
g E g ( F ) g g 

Eq. (llU) can be rewritten as 

1 f f « 
[P*(?,5,t)] n = vZ«(?) I dfl' ^ T f(r-?,3')<7 (J'.fi'.f) 

g f gf=G [ w Uw I* (?) * g 

vr«(?) i f 7 - a . ( ? ,H,5 -> n l

 ( l l 6 ) 

M-fc~ I] ™' VJ d R e ^ . (J ' - s - . f ) . 
g'=G Uw 
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Noting that the fission process is independent of che incident neutron's 
direction and that the fission neutrons are emitted isotropically 

[p*<;,?!,t)] n = [ p J ( 5 , a , t ) ] B , ( i n ) 

and Eq. ( l l6) can be used in conjunction with Eq. (112), i . e . , ft replaced 
by ft. 

Equation ( l l6) can be rewritten as 

- 3 ,(r,R,ft ') vZf(r) 1 " ' 
f ^ . * » n - f c ™ , U a8-[fg. vzf(?)](aB.' « 

f g ^ 4TT 0 

« 1 ( l l 8 ) 

x G*7 (r',ft',f) , 
O 

where -. 
vZ (?) = £ vZ*(r ) , (119) 

g=G 

vZ*(?) 
_ /»\ = energy distribution of adjunctons emerging from an adjoint 

fission, 
[f ,vZ (r)]= the g'th group cross section for adjoint fission. 

It is noted that the integral emergent particle density equation, 
Eq. (ICT), is identical in form with the integral emergent adjuncton 
density equation, Eq. (112), so that essentially* the same random walk 
procedures can epply to the solution of the forward and adjoint fissioning 
systems. The adjoint source, Eq. (ll8), differs from the forward source, 
Eq. (l05)> only in that the fission cross section and the group fission 
spectrum have charged their roles. The adjoint-fission group cross 
section is [f *vE (r)] and the energy distribution of the adjunctons 
emerging from an adjoint fission is vE~;(r)/vZ (r). 

« The same differences will exist between the forward and adjoint collision 
kernels here as was the case for non-fissioning systems. 
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The adjoint solution is started by assuming some arbitrary initial 
source, [P*(r,8»t)] ,and calculating the G+(r,H,t) using EQ.(112). A new source 

A. K O © 
term, [P (r,«)] is then calculated from Eq. (118) and the next estimate, 
? _ * g G (r,S^ is calculated using Eq. (112). This procedure continues until, as 
* n 
in the forward case, the source has converged and the G 's are presumed to 

6 
be an estimate cf the eigenfunctions G . Then for each succeeding baxch, 
the following estimate is made for the eigenvalue k: 

1 fff - , f - B .(r^fl*) 
I ||dfdft'dt[f^-vZ« (?)]J dR e g Gn,(?»,S\f) 

k = * ^ - ^ • 2 , (120 
n 

g 
Jn\\\ [P*.^.8,t)]ndrdfidt 

and the eigenvalue, k, is taken as the mean value of the k averaged over 
all the batches calculated after convergence of the eigenfunctions was 
achieved — exactly the same procedure used in the forward calculation. 
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APPENDIX B 
Generalized Gaussian Quadrature 

General Statement of the Problem and Its Solution 

Given w(x), a £_ x <_ b, such that u>(x) _>_ 0 (Restriction I) 

Problem: find ir. ,u>.} for i = l,n so that: 
1 1 

t 
f n 
f(x) co(x) dx = I 

j i=l 

f(x.)-w. 
1 3. 

(Restriction II) 

holds for all f(x) where f(x) is a polynomial of degree 2n-l or less. 

Solution: Determine a set of polynomials Q.(x) (i=l,n) orthogonal with 
respect to w(x). That is 

D I Q±(x) Q (x) u>(x) dx = 6 N ± , 

where <5.. is the Kronecker delta and N. is a normalization constant, 

Then {x.}. , are given by the roots of Q (x), Q (x.) = 0, and I l—A. n n I 

w. = 
I 

n-1 
7 Q7(x.)/N. 
.**- 1 1 1 1=1 

-1 

Note: Since the functions I,x,x ,....,x are independent and form a 
basis for the space of all polynomials of degree 2n-l or less, it is 
equivalent to Restriction II to require that 

b 
M = v 

n 
x w(xj dx = ) x.'w. for v = 0,2n-l . 

L l l i=l 

In other words, the problem is that of finding a discrete distribution. 

n 
CO1 >(x) = J" co. 6(x - x.) 
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Or* 1 

having its first 2n moments. {M } ~ identical to those of the original 
distribution w(x). 

It is then possible to relax the non-negativity restriction, u(x) ^.0, 
and in fact to state that fci(x) used not be completely specified but only 
its first 2n moments be given. Restriction I then becomes two restrictions 
on the moments: 

I a : |C.| > 0 i*l, n-i 

where |C.| is the Gram determinant 

lc ! = .|c2l 
W 2 

fyyu iCn-ll " 

M0 M1 M2 
M 1 M 2 

M n-1 
M 

M _M -—— n n-1 n 2n-2 
and 
I.) The roots of Q(x) lie inside the interval [a,b], i.e., a <̂  x. <_h 

whenever QL(X.) = 0. 

Equivalence of Moments and Legendre Coefficients 

Wo shall use the following form ^or the Legencre expansion of an 
angular distribution: 

f(u) = I -
1=0 

¥-HV y ) ( i ) 

From t h i s i t follows tha t 

f £ = f(u) P £(v0 dn and fQ E l 

- 1 
The moments of the distribution are defined by 

1 
M n s J yI1 f ( y ) dW 

-1 

(2) 

(3) 



B-3 

If the Legendre polynomials are written 

n=0 
(k) 

[the p. 's may be derived easily from the recurrence relation for P.(y)] 
in 1 

Then it follows simply from Equation (?) that 

= V TV 

n=0 In 
-1 

W H ^ ii H,. = V r» M *%"' " "** ^ 'In "n n=0 
fO 

Likewise 

M = 
n J y f(y) dy - I 21 + 1 

1=0 
y n P£(y) dy 

-1 

From the orthogonality property we know that P (y) is orthogonal to any 
polynomial of degree less than 1. Hence 

Then 

y11 P-(y) dy = 0 for 1 > n 
-1 

n 
M . Y <*±A f p-i 
n t i Q 2 1 *nl (6) 

where 

-1 
nl Vn P£(p) dy 

n are the coefficients for a Legendre expansion of y , that is, 

n 
• n = I 

1=0 
21 + 1 _-l p , s 

[The Legendre polynomial recurrence relation may also be used to derive 
recurrence relations for the p .] 
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Equations (S) and (6) shcv that the first n moments of an ang J.ar 
distribution may be derived from the first n Legendre coefficients and 
vice versa. 

C-eneration of Polynomials Orthogonal With Respect to CJCX) 

Let us now presume that we are given the first 2n moments, M^,*!., 
..., JU ,, of an arbitrary function w(x) and are given no additional 
information about w(x). We shall attempt to derive a set of polynomials 
which are orthogonal with respect to a(x). If we define the notation 

b 
E[l(x)j = I I(x) w(x) dx , 

a 
then wnat we wish is to determine ^ ,0, , ...» Q. such that 

k / -»» Q (x) = J a x , {i; 
1 k^O 1 K 

with the normalization condition a.. = 1, and that 
li 

E[Q.(x) Q (x)] = 6 N. . 

X T l s U C VXXChtf 

b 
Mi = E[Q^(x)] = J Q^(x) u»(x) dx 

a 
Since w(x) > 0, then it follows that* 

(8) 

N± > 0 . (9) 

From the properties of orthogonal polynomials we Icnow that an arbi-
polynoi 

polynomials, 
trary polynomial of order i, S.(x), may be expanded in terms of the Q 

* Since we wish to relax the non-negativity restriction slightly but not 
completely, we will retain Eq. (9) as a reasonable requirement for a "well-
behaved" w(x). This requirement is essential to allow full use of the 
properties of orthogonal polynomials* Ifc. is also essential to the 
eventual use of this development as a Monte Carlo selection technique 
since it is needed to ensure that the "probabilities," w., be positive. 



s i ( x ) = I s i A ( x ) * 

It follows that 
E[S.(x) Q (x)] = 0 for i < j . 

Let us presume that ve have obtained the first i polynomials and are 
attempting to derive Q (x). Due to our normalization condition (a._. = l) 

î -L ix we nave 

Q.+1(x) = x i + 1 + RAx) , (10) 

where 

H 1 W " X "i*1^ ̂  
Q.^(x) = x-x1 + R.(x) i+l l 

= x-[Q.(x) - R. _(x)] + R.(x) l l-l l 

= x Q.(x) + [R.(x) - x R. _(x)3 . l i l-l 

The term R.(x) - x R. (x) is a polynomial of order i and may be expanded 
in ,e.rms of the Q's. Thus 

Q.+1(x) = x Q±(x) + I d i k Q^x) . (11) 
k=0 

For j <_ i-2 we can use the orthogonality relation 
i 

E[Qi+1(x) Qj(x)] = 0 = E[x Qi(x) Qj(x)] + \ d^ EtQ^x) Qj(x)] 

= EU.(X) (X Qjfx')]*^, H< 

= d i J K J • 
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since x Q.(x) is a polynomial of order _<_ i-1 and is orthogonal to Q.(x) 
J i 

Since H. > 0 ve oust have d., = 0. 
If we write 

and 
yi+l = " di,i 

2 o. = - d. . , , I i»i-l 

then Eq. (U) red cuuCcs i>U 

Q i + 1(x) = (x - y i + 1) Qi(x) - a2

± Qi-:L(x) . (12) 

This equation is the basic recurrence relation for our polynomials. We 
have 

E[Qi+1(x) Q ^ U ) 1 = 0 

= Elx Q.(x) Q.„1(x)] - u. + 1 E[Q.(x) Q.^U)] - a\ EtQ^U)] 

= E[Q.(x) (x Q, Ax))] - o* I. 1 

= ElQ.U) {Q.U) - J d Q^z))] - a\ • 
k=0 

= E[Q^(x)] - aj I w 

= H. - a. H. _ . l l l-l 

This is easily solved for 

o? = N./N. . . (13) 
l I l-l 

I f we re turn tc Equation (10) , i t i s easy to see t h a t 

N i = E[Q (:c) Q i (x ) ] = EtQ^x) x 1 ] + E[Q..(x) K . ^ X ) ] 

i b i ( l U ) 

- E[Q.(x) x 1 ] . j Q a . k | x k x 1 dx - j ^ a ^ M ^ . . 
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(15) 

Likewise we will define 

L. + 1 = E[Q.U) x i + 1J 

i 

Then the final orthogonality relation used in defining Q. _(x) gives us 

i + 1 "*.v^-yj - w 

= E[Q,_(x) x 1] + E[Q,^(x) R _(x)] 
A. "•".!. ITI 1—-L 

= E[x Qi(x) x 1] - y ± + 1 E[Qx(x) x 1] - a 2 EtQ^Cx) x 1] 

L-^i " W- A 1 H. - a 2 L. l+l l+l l i i 
or 

u i + l 
= 

L i + 1 
N. 

l 
i N. 

l 

= N. 
l 

L i 

" N 7 T (16) 

The coefficients a., may be obtained from the recurrence relation, Eq. (12), 
k by taking the coefficient of x on both sides of the equation. This gives 

a.^, . = a. . - p.^_ a. . - o. a. _ . . (17) 
l+l ,k i,k-l l+l i,k I l-l,k 

To recapitulate, one uses moments through M p. and the values of a., from 
Q.(x) to calculate N. (Eq. Ik). N. , along with th* previously determined 
N. , allows one to calculate a. (Eq. 13). Th« JC~. ts through M p. and 
Q.(x) determine L (Eq. 15). This in turn allows the calculation of 
y..n (Eq. 16). With a. and y.in the recurrence relation (Eq. 12) deter-l+l I l+l 
mines Q. ,,(x). In sum the moments M ,M_,...,M,~ . of u>(x) allow the l+l o 1 dii—l 
determination of the orthogonal polynomials Q (x), Q (x), ...., Q (x). 
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This is subject only to the restriction H. > 0, i = 0,n. Although it is 
far from obvious, this restriction may be written in simple closed form as: 

M_M-jM« .... M. 

M 1 M 2 I S Mi+1 

Ki Mi+1 *** M2i 

> 0 

Properties of the Roots of the Orthogonal Polynomials 

The roots of the orthogonal polynomials have two useful properties 
which we shall prove. 

Lemma I: Q(x) has n distinct, real roots which "interleave" with 
the roots of Q , (x); that is, between any two adjacent roots of Q (x) 
there is one and only one root of Q (x), and furthermore there is one root 
of Q(x) greater than the largest root of Q 1(x) and one smaller than 
the least root of Q ,(x). Likewise there is one and only one root of 
Q 1(x) between any two adjacent roots of Q (x). 

Proof: We assume the Lemma to be true for Q _ and Q ^. Let 
n-1 n-2 x, > x„ >....> x n be the roots of Q ,. Then it follows that the l 2 n-1 n-1 sequence Q _(x,), Q ~(x_) , ..., Q _(x .. ) alternates in sign. Since n—d i n—d d TL—d n—l 

- - Vi V^V • 
The sequence Q (x.), Q (x 0). ..., Q (x ..) also alternates in sign. This n n l n 2-" n n-1 
establishes that there is at least one root of Q between any two roots of 
Q ... Because the Q. 's are normalized to a.. = 1, they are all positive n-1 I n * ^ 
at +» and alternate in sign at -». Q ? has no root between x. and +«; 
hence Q A*-,) > 0. But a _ > 0 (because N , > 0 and N ~ > 0); n—d i n—1 n—i n-d 
therefore, Q (x ) < 0 and Q must have at least one root greater than x^. 
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Similar reasoning leads to the conclusion that Q _(x ) , Q (x -* -«), 
and G (x •* -») have the same sign while Q (x ) is of the opposite sign. 
Thus Q must have at least one root between x „ and -•. Since this gives 
us n intervals where Q must have "at least one" root, it is clear that 
Q has n distinct roots which interleave with the roots of Q . 

The proof by induction may be completed by using similar arguments 
to show that one of the two roots of Qp(x) lies above the single root cf 
Q, (x) and one below it. 

Lemma II: The n roots of Q (x) lie in the interval (a,b). 

Proof: Assume that Q (x) has only s changes of f.ign in the interval 
(a,b) at the points x_, x 0, ..., x . Let 

± ^ s 
8(x) = (x - x1)(x - x )(x - x_) (x - x ) , 

then 8(x) Q(x) does not change sign in the interval (a,b). It follows 
that* b 

E[6(x) Q U)] = 8(x) Q (x) o)(x) dx # 0 . n J n 
a 

However, 8(x) is a polynomial of order s <_ n. Since Q^(x) is orthogonal 
to all polynomials of order less than n, we must have s = n, thus proving 
the assertion. 

The Meaning of the Two Restrictions Which Replace the Non-Negativity 
Requirement, M(X; >. 0 

In the foregoing development, knowledge of the entire function w(x) 
is never required. Instead, all that is needed are the moments, M n, M-, 
...., Mj* ,, of u(x). The generalized quadrature thus developed is there
by valid for the whole class of functions having those moments. Since 
the moments are equivalent to the Legendre coefficients, f^, f. , ...., 
fp .., this class is comprised of all functions having the same truncated 

This step relies on the requirement that u>(x; be non-negative. We wish 
to relax this restriction somewhat but not completely. Since Lemma II 
expresses a property which will be essential to the use of this develop
ment as a Monte Carlo selection technique, we will use this property as 
one of the requirements for a "well-behaved" (o(x) with which we shall 
replace the non-negativity restriction. 
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Legendre expansion; that is, 

u>(x) % ut(x) = I ^ - ^ i - Pt(x) . 
£=0 

In particular, the discrete distribution derived by this technique is 
itself one function from this class. 

It is not required that all functions of this class he non-negative; 
in fact, there are infinitely many which are not. It is not even required 
that the truncated Legendre expansion w*(x) be non-negative. However, it 
is essential that at least one function in this class be non-negative. 
The restrictions 

1) N. > 0 , i = 1, ...,n and 
1 

2) Q (x) has n roots in the interval (-1, +l) 
n 

express exactly this requirement. Then it follows that to*(x) is the 
truncated expansion of some unspecified non-negative function. The failure 
cf either of those two conditions expresses the fact that the given moments 

\ 
(or Legendre coefficients) are not those of any everywhere positive function. 

V \ 
Generation of the generalized Gaussian Quadrature 

We are given <A(x), a <_ x <_ b, [or rather, ve are given the moments of 
w(x)] and we are attempting to find a set of points, x., and associated 
weights, u., so that, for any arbitrary polynomial, f(x), of order 2n-l 
or less, 

b 
n 

S[f(x)] = f(x) u(x) dx = I f(x.)•(•). . 
a 

By simple division of polynomials, 

f(x) = a _(x) Q (x) + r _(x) Ti-l n n—l 

where a ,(x) and r n(x) are polynomials of order n-1 or less. Ti-1 n-i 

E[f(x)] = E[q (x) Q (x)] + E[T AX)] 
^n-1 n n-1 ( l 8 ) 

= E[r , ( x ) ] from the orthogonality property of Q . 
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However, we want 

n n n 
E[f(x)] = I f(x.)-o). = [ q Ax.) Q (x.)-o). + Y r .(x.)«u>. .*•- i i .**, Ti-1 i n i l .L_ n-1 I I i=l i=l i=l 

n (19) 
= I V l ( x i ) V x i ) - - I + E [ r n - l ( x , ] * i=l 

By subtracting Eq. (l8) from Eq. (l9)» we find -chat we must require, for 
all polynomials, q -.(x), that 

n 
I q ,(x.) Q (x.)•(!). = 0 . (20) .*•., TI-1 i n i I i=l 

This condition can only be met if 

0 (x.) = 0, that is, the desired points, x., are the roots of 0 (x). (21) 

Now we still must pick the weights, a>. , so that 

i=l 

where r (x) is an arbitrary polynomial of order n-1 or less. Since 
r . may be expanded as a linear sum of the orthogonal polynomials, QQ, 
Q. Q , , it is sufficient to require 

n 
E L Q ^ X ) ] = I Qk(xi)-u>. for k = 0,1,...,n-1 . (22) 

i=l 

However, 

Et^x)] =E[Q k(x) Qo(x)] = N Q « k o . 

Thus we mr.ft have 

n 
7 Q (x.)-(o. = F 6, for k = 0,l,...,n-l . (23) 
. **, TC 1 1 O ko 
1=1 
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Multiplying Eq. (23) by [Q.(x )/N ] and summing over k, we find 

~~ k 
(24) 

k=0 j i=l i=l i k=0 

n-1 Q. (x ) Q (x.) = I -V1-N K = -V 1- N = i . 
k=0 Ni ° k° No ° 

Introducing the function 

D n-i ( x - y ) =. I — s : — 
k=0 k 

ve can write Eq. (2h) as 

X "i "n-l^j^i' = 1 • ( 2 5 ) 

1 = 1 

To proceed further we must e s t ab l i sh t he Christoff^l-Darboux identity.-

V x ) V i ( y } - V i ( x ) Vy' 
H

n - i ( * - y> 

[ ( x - V ' W * * - V i < W x ) V ( y) - V i ' - ' " ^ - %'ViW -°n-A-2 (y'^ 
S^U - y) 

<x - y> W > V i ( y ) + v i [ V i ( x ) V2<y) - W x > V i ^ " 
N n . l ( x - y ) 

V i x > Vi ( y } W > W y > - W»> V i ( y ) ^ i 

V i W V i ( y ) W > V 2

( y ' - « W x ) Vi (y> 
= N n - 1 W - y> 

<wx> s,-i(y) v 2

( x ) v 2

( y ) . w x ) w y ) - w } v 2

( y ) 

= s >• a + s-^—rz—rr^ 
H n - l N n - 2 " V ? 7 J'/ 
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n-1 (̂ (x) Q^y) (̂ (x) Q^y) - (̂ (x) Q^y) 
1 \ + " ' NQ(x - y) 
k=l 
n-1 

-I 
\M \(y) (x - v^) - (y - ̂ J 

k=l «k 
+ N„(x - y) 0 

n; X Q^x) ̂ (y) ^ _ n- X Q^x) Cyy) Q^x) ^(y) 

k=l \ - « * 
N 0 

(26) 

'i 1 a (x) a (y) 
L K n-1 "k 
k=0 

(x,y) . 

Therefore 

Dn-l(VV 
Q (x.) Q (x.) n -1 s--l i 

V l ( x j 
Q n(x.) Q (x.) n-1 .i n I 
x.) 
l 

(27) 

For i i c1 and Q^x ) = ̂ ( x ^ = 0, 

D ,(x,,x.) = 0 . 

Therefore, returning to Eq. (25), 

u. 

•JV^YV = i 

a) = (D (x ,x )] A n-1 j j 
-1 

fY ?&) 
N, k̂=0 l*k 

-1 
(28) 
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2 Limits of y. and 0. _i 1 

In the calculations leading to the generalized Gaussian quadrature 
we obtained two restrictions which had to be satisfied in order to have a 
positive distribution located on the interval (-l,+l). These restrictions 
were: 

1) ». > 0. 

2) All the roots of Q.(x) lie in the interval (-l,+l). 

Let us determine first what limitations these two restrictions place on 
2 the quantities u., c.. Consider first the effect of adding an infinitesimal 

amount An to y.. We have 

Qt(x) = (x - yj Q ^ U ) - a i_ 1 Q ^ U ) 

and 

Q*(x) = (x - \i± - Ay) Q i - : L ( x ) - a ^ Q ± _ 2 (x) » V^v'x) - Ay Q ^ C x ) . 

I f Q. has a root a t x Q , then Q* wi l l have a root a t x f l+ Ax 

Q»(x 0 + AxQ) = 0 = Q.<x 0 + ax Q ) - LV Q ^ U g + Ax 0> . 

If we expand the right-hand side and keep only first order terms 

0 = \ ( \ ) • Ax Q QKx Q)- Ay Q ^ X Q ) = Ax Q Q J U Q ) - Ay Q ^ ^ ) 

or 

A x c = - % n ^ r 4 " • ( 2 9 ) 

Since Q.(x) is positive as x approaches +», then Q!(x_) > 0 at x. 
equal to the largest root of Q.. At successively smaller roots of Q. the 
sign of Q!(x) alternates from positive to mgdwive. Q. ,(x) is similarly 
positive at +». Also, it has no roots greater than the largest root of 
Q.. Therefore Q. ,(x) > 0 at the largest root of Q.. Because the roots 
of Q._-. "interleave" with the roots of Q., the sign of Q. ,(x) must 
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a l t e r n a t e at successive roots of Q.(x). Therefore, a t a l l roots of Q.(x) 
1 1 

we must have: 

Q. , (x) 

lifer* ° ( 3 0 ) 

1 

o r , going back t o Equation (29) 

dy. 
I 

Therefore, as y. is increased, the roots of Q.(x) shift to the right, and, 
as y. is decreased, the roots shift downward. If y. is steadily increased, 
the largest root of Q. will eventually equal 1. This point is determined 
by 

Q±(l) = 0 = (1 - y j Q i. 1(l) - a?_ x Q ±. 2(i) 

or 
2 y g

( i ) 

Pi = X ' °i-l Q~7lT • 
This is clearly the maximum value of y., which will generate positivity in 
the interval (-l,+l). Likewise there is a minimum value at which the 
lowest root of Q. occurs at x = -1. 

i 

Q . ( - 1 ) = o = ( -1 - y i ) Q ^ C - l ) - a ^ Q ^ - D 

° r Q (-1) 
min , 2 * i - 2 v ' li * - A " a i - l Q^TST ' 

Note t h a t 

due t o the p o s i t i v i t y of the functions as they approach +• and tha t 

6 i = - < r - n i y > 0 ' 
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2 due to their alternation in sign at -•. Since o. > 0, we have the l-l 
following picture on a y.-axis 

min max 

i — f f y 
1 

-1 -1 • o? fl. l - o? o. +1 
1-1 1 1-1 1 

How that we have upper and lower limits for y., what can we say about 
2 2 x 2 

a.? Since a. = H./H. ,, restriction I implies that a. > 0. We can obtain 
tL . min max _ , _ *-

an upper-limit to a. by setting y = u**i* F o r l a r S e r values of a., 
y. > y_. , which means that there is no value of y. which will allow 
all the roots of Q. , (x) to lie inside (-l,+l). Thus 

l + l 
2 Q i 1 ( + 1 ) -> \ 1 ("1 ) 

1 * ^ i L <£(+l) = " X " ( a i U Q -̂l) 

2 = (a?) 2, r V i ( + 1 ) V i ( - 1 } 

L V + 1 ) Q̂ T =iTJ 

2, „ / r V i ( + 1 > V i ^ i / r W vci, ) „ = 2 , , - ^ - ^ ^ J J - j 

2 We can work back tssm. the limits on y. and a. to obtain limits on the moments. 
l l 

< - N A - i 
i i-1 

„ \ ^ M , V a-i_ M. . since a.. = 1 
H i = L aik *W = ^i + L * V l 

k=0 k=0 

Therefore 

s / r W + 1 ) W - 1 } i 



B-17 

impl ies 

a l s o 

i " 1 2H i ' 1 

i k fc+i - I aik \+t K "21 < <*. . (+1)"1 a. , (-1) -, - L a i k" t 
k = 0 [^W-^TTJ k = 0 

L. . L. 
1 + 1 1 

i+1 N. N. . 
l l - l 

V i " L aik \+i+i - M2i+i + I aik \+± 
k=0 k=0 

max . 2 \ - l ^ .̂ „ 
**i+l = X * a i ^ ( l ) » therefore, 

^TIT + N ~ 7 = N i V1 " °± ̂ TT ) + h±a± max L . . , = ». - a. a. l + l l l i 

* > i + i < H i ( x - °i % f i T ) + Li ai ' I ai* W i 
^ k=0 

Q (-1) i " 1 

"si+i > N i (- x " ai TOT ) + Li ai * I aik " W • 
k=0 

To ottain the limits on the Legendre coefficients, take the set of 
moments already determined M, , M~, ...., Mn. , combined with and 

1 2 2i-l 2i 
convert from moments to Legendre coefficients. This gives f^T* When 

are combined with and converted, one obtains zZ. . 1 2 ' 2i-l 2i 2i 
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APPENDIX C 

MORSE Input Instructions 
There are five subroutines that read information for a complete M0RSE 

run. A description of the formats and variable definitions is given in 
this appendix. 

The input read by Subroutine INPUT is as follows: 
CARD A (20AU) 

Title card. 
(Any character other than a blank or alphameric in column one will 
terminate the job.) 

CARD B (1515) 
NSTRT - number of particles per batch, 
NM0ST - maximum number of particles allowed for in the bank(s), 
NITS - number of batches, 
N^UIT - number of sets of NITS batches to be run without calling 

subroutine INPUT, 
NGP^TN*- number of neutron groups being analyzed, 
NGPQTG*- number of gamma-ray groups being analyzed, 
NMGP* - number of primary particle groups for which there are 

cross sections. Should be the same as NGP (or the same 
as NGG when NGP = 0) on card XB read by subroutine XSEC, 

NMTG* - total number of groups for which there are cross sections. 
Should be the same as NGP+NGG as read on card XB read by 
subroutine XSEC, 

NC0LTP - set greater than zero if a collision tape is desired; the 
collision tape is written by the user routine BANKR, 

IADJM - set greater than zero for an adjoint problem, 
MAXTIM - maximum clock time in minutes allowed for the problem to 

be on the computer (360/91 c.p.u. time), 
MEDIA - number of cross-section media. Should agree with NMED 

read by subroutine XSEC, 
MEDALB - albedo scattering medium is absolute value of MEDALB; 

if MEDALB - 0, no albedo information to be read in, 
MEDALB < 0, albedo only problem - no cross sections 

are to be read, 
MEDAJJB > 0, coupled albedo and transport problem. 

* See Table C-II, page C-o, for sample input. 
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CARD C (U15, 5E10.5) 
IS0UR - source energy group if > 0. 

if IS0UR <_ 0, S0RIN is called for input, 
NGPFS - number of groups for which the source spectrum is to be 

defined, 
ISBIAS - no source energy biasing if set equal to zero; otherwise 

the source energy is to be biased, 
N0TUSD - an unused variable, 
WTSTRT - weight assigned to each source particle, 
EB0TN - lower energy limit of lowest neutron group (eV) (group NMGP) , 
EB0TG - lower energy limit of lowest gamma-ray group (eV)(group NMTG), 
TCUT - age in sec at which particles are retired, 
VELTH - velocity of group NMGP when NGPQTN > 0; i.e., thermal-

neutron velocity (cm/sec). 

CARD D 
XSTRT A ,. . _ ^. . 

! coordinates for source particles 
t (values may be overridden by subroutine S0URCE) 

ZSTRT J 
AGSTRT - starting age for source particles, 
UINP "\ .. _ ,. 

I source particle direction cosines 
VINP J 

/ if all are zero, isotropic directions are chosen 
WINP J 

It IS0UR on card C is <_ 0, subroutine S0RIN will be called for the input 
of source data. For the sample problem m input spectrum with biasing 
parameters is input. 

CARDS E1(7E10.10 
NGPFS values of FS(l), the fraction of source particles in group 
I, are required. 

CARDS E2(7E10.10 
If ISBIAS > 0, NGPFS values of BFS(I), the relative importance of 
a source in group I, are required. 

Reminder: Cards El and E2 are not needed if IS0UR > 0. 
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CARDS F (7E10.U) 
NMTG values of ENER, the energies (in eV) at the upper edge of the 
energy group boundaries. 
Note: The lower energies of groups NMGP and N>fTO vere read on Cird C. 

If a collision tape is desired (NC0LTP > 0) on card £, include Card 
G; otherwise omit. 

CARD G (215, 5X, 36ll, 1311) 
NHISTR - logical tape number for the first collision tape, 
NHTSMX - the highest logical number that a collision tape may be 

assigned, 
NBIND(J), J=l, 36 - an index „o indicate the collision parameters 

to be vritten on tape (see Table C-I for definition of parameters). 
NC0LLS(«J), J=l, 13 - an index to indicate the types of collisions 

to be put on tape (BANKR arguments 1-13, page 166 fcr definition). 

CARD H (Z12) 
RAND0M - starting random number. 

CARD I (1UI5) 
NSPLT - index indicating that splitting is allowed if > 0, 
NKILL - index indicating that Russian roulette is allowed if > 0, 
NPAST - index indicating that exponential transform is allowed 

if > 0, 
N0LEAK - index indicating that no:i-leakage is allowed if > 0, 
IEBIAS - index indicating that energy biasing is allowed if > 0, 
MXREG - maximum number of regions for which there are weight standards 

and exponential transform variables (will be set to one if <_ 0), 
MAXGP - maximum number of groups for which there are weight standards 

and exponential transform variables (will be set to one if <̂  0). 
If (NSPLT + NKILL + NPAST) = 0, omit cards J. 
CARD J (615, UE10.5) (see p. Ul of ref. 6) 

NGP1 
1 from energy group NGP1 to energy group NGP2, inclusive, 

in steps of NDG and from region NRG1 ̂ o NRG2, inclusive, 
in steps of NDRG, the following weight standards and path 
stretching parameters are assigned. If NGP1 = 0, groups 1 
to MAXGP will be used; if NRG1 = 0, regions 1 to MXREG will 

"' be used (both ir. steps of one). 
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WTHIH1 - weight above which splitting will occur, 
WTL0W1 - weight below which Russian roulette is played, 
WTAVE1 - weight given those particles surviving Russian roulette, 
PATH - path length stretching parameters for use in exponential 

transform (usually 0 <_ PATH < l). 
The above information is repeated until data for all groups and 
regions are input. If either NGPl or NFGl equal zero, th~ values 
will be stored for all MAXGP and MXREG. 
End cards J with negative value of NGPl (ex., -1 in columns k and 5)« 

The following cards are omitted if IEBIAS j< 0 
uHituo ft. v [.CLU.**; 

((EPR0B(IG,NREG), IG = 1, NMTG), NREG = 1, MXREG) 
Values of the relative energy importance of particles leaving a 
collision in region NREG. Input for each region must start on 
a new card. 

CARD L (1UI5) 
NS0UR - set <__ 0 for a fixed source problem; otherwise the source 

is from fissions generated in a previous batch, 
MFISTP - index for fission problem, if ̂  0 no fissions are 

allowed, 
NKCALC - the number of the- first batch to be included in the esti

mate of k; if <̂  0 no estimate of k is made, 
N0RMF - the weight standards and fission weights are unchanged 

if <_(); otherwise fission weights will be multiplied, 
at the end of each batch, by the latest estimate of k 
and the weight standards are multiplied by the ratio of 
fission weights produced in previous batch to the average 
starting weight for the previous batch. For time-dependent 
decaying systems, N0RMF should be > 0. 

If MFISTP £ 0, omit cards M and N 
CARDS M (7E10.10 

(FWL0 (I), I = 1, MXREG) values of the weight to be assigned to 
fission neutrons. 

| CARDS N (7E10.U) 
I (FSE(IG,IMED), IG=1, NMGP), IMED^l, MEDIA) the fraction of fission-

induced source particles in group IG and medium IMED. 
Note: Input for each medium must start on a new card. 

For a combined problem, the following cards must be included; omit 
for a pure neutron or gamma-ray problem. 

r 
[ 

I. 
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CARDS 0 17E10.5) 
((GWL0 (IG.NREG) IG = 1, NGPQTN or NGPQTG), NREG = i, MXREG) -
values of the weight to be assigned to the secondary particles 
being generated. NGPQTN groups are read for each region in a 
forvard problem and NGPQTG for an adjoint. Input for each region 
must start on a new card. 

Geometry input data 
Read by subroutine J0MIN and the specific input depends on »h' geometry 

packages used (see ref. 1, pp. ̂ 9-53 and p. l8C, and see Appendix D). 

•JTRTTT! -irmn-h / l o + a 

Read by subroutine XSEC. 
CARD XA (20AU) 

Title card for cress sections. 
CARD XB (l6l5) 

NGP* - the number of primary groups for which there are cross 
sections to be stored. Should be same as NMGP on card B, 

NDS - number of downscatters for NGP (usuaJlj NGP), 
NGG* - number of secondary groups fox* which there are cross sec

tions to be stored, 
NDSG - number of downscatters for NGG (usually NGG), 
INGP* - total number of groups for which cross sections are to be 

input, 
INDS - number of downscatters for the INGP groups (usually INGP), 
NMED - number of media for wh-ch cross sections are to be stored -

should be same as MEDIA on card B, 
NELEM - numbei* of elements for which cross sections are to be read, 
NMIX - number of mixing operations (elements times density 

operations) to be performed (must be >_ l), 
NC0EF - number of coefficients, including P , 
NSCT - number of discrete angles (usually NC0EF/2 ) 

Integral* 
ISTAT - flag to store Legendre coefficients if greater than zero, 
IXTAPE - logical tape unit of binary cross-section tape, set ~ 0 if 

cross sections are from cards. 
CARD XC (1615) 

IRDSG - switch to print the cross sections as they are read if > 0, 
ISTR - switch to print cross sections as they are stored if > 0, 

See Table C-II> page C-o, for sample input. 
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IFMU - switch to print intermediete results of y's calculation 
if > 0, 

IW0M - switch to print moments of ant5ular distribution if > 0, 
IPRIN - switch to print angles and probabilities if > 0 , 
IPUN - switch to print results of bad Legendre coefficients if > 0, 
IDTF - switch to signal that input format is DTF-IV format if 

> 0; otherwise, ANISN fo«n<it is assumed. 
CARD XD (1615) 

Element identifiers for cross-section tape, omit if IXTAPE <_ 0. 
Element \dentifiers must be in same order as elements are on tape. 

The following cards are read by subroutine READSG. 

CARD XE 
ANISN format if IDTF <_ 0; otherwise DTF-IV format. 
Cross sections for INGP groups with INDb downscatters for NELEM 
eJements each with NC0EF coefficients. 

The mixing cards are read *y subroutine JNPUT. 

CARDS XF (PI3, E10.5) 
NkJX (see card XB) cards are required. 
KM - medium number, 
KB - element number occurring in medium KM (negative value indi

cates last mixing operation for that medium). 
RH0 - density of element J& in medium KM. 

Analysis input data 
Read by subroutine SC0RIS. 

For the sample problem, the following cards are required: 
CARD SA [20Ah) 

analysis title card 
CARD SB (I1C) 

ND - number of detectors. 
CARD SC (TE10.i*5 

RAD(I) I = 1, ND - detector radii. 
CARD SD (7E10.M 

FDCF(I) 1 = 1, NGPQJTN - response function for neutrons groups 
1- through NOPQTN, 3ee Card B. 

file:///dentifiers


C-7 

Table C-I. Variables That May Be Written on Tape 

J Variable* J Variable 

1 NC0LL 19 WTBC 
2 NAME 20 ET4USD 
3 IG 21 ETA 
k U 22 AGE 
5 V 23 0LDAGE 
r O T T 

H KHEG 
T X 25 NMED 
8 Y 26 NAMEX 
9 Z 27 WATEF 
10 WATE 28 BLZNT 
11 IG0 29 BLZ0N 
12 U0LD 30 VEL(IG) 
13 V0LD 31 V3?L(IG0) 
Ik W0LD 32 TSIG 
15 X0LD 33 PWAB 
16 Y0LD 3* NXTRA 
17 Z0LB 35 EXTRA1 
18 0LDWT 36 EXTEA2 

These variables are defined in Table I, page 8, 
and Table II, page 12. 
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Table C-II. Sample Group Input Numbers for Some 
Representative Problems* 

Case A - Neutron Only Cross Sections (22 groups) 
Case B - Gamma-Ray Only Cross Sections (18 groups) 
Case C - Neutron-Gamma-Hay-Coupled Cross Sections (22-18 groups) 

Froblem ' Type 

C 
a cc >» «D e a 05 O 
P. Pi .H Pi O Pi £ >•« * 
0 K 3 3 g +* § o c o o to o a 3 g u U U > > *1 o <u a o o CO C5 

c 
at r"» 

<-=r m t-: o o-* O «̂ - r_\ /"» _;*• Ĵ _ 
r-J *~** U «-! «t rH £ r-4 Ĥ 

Input « a, CO P i 
t> -p 
0 3 A 

V E 
00 £ Pi CO 

-p 
3 P. Pi 

Variable «8 O €0 O C8 4> O 
O S5 H «J 3 O 

O O £* 
cd 

o 
V O O 
55 H E* 

NGPOJN Ik 0 lU 0 lU ' 

NGPQJTG 0 17 0 17 17 CARD B 
NMGP 22 18 22 18 22 Variables 
NMTG 22 18 22 18 UO 

4 

[HGP 22 18 22 0 22 
I CARD XB 

• Variables 
(NGG 0 0 0 18 18 I CARD XB 

• Variables [iNGP 22 18 i*0 UO UO 

I CARD XB 

• Variables 

For cross sections with full downscatter NDS = NGP, NDSG = NGG and 
INDS = INGP. 
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APPESDIX D 

Geometry Input Instructions 

SPHERICAL GE0M* 
CARD GA (15, D10.5) 

MED - medium number interior to R (>0) 
R - outer radius of sphere or spherical shell containing 

NED. 
Repeat CARD GA for all radii (<2G) in increasing order. 
End CARD GA input with blank card. 
CARD GB (D10.5) 

R - region radius of sphere or spherical shell containing 
regions. Region numbers are assigned in consecutive 
order starting with 1, and R must be in increasing ordes 

Repeat CARD GB for the number of regions (^20). 
End CARD GB input with blank card. If no regions are desired, 
a blank card sn«t be used to signal no region geometry. 

Taken from ref. 6. 

4 
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SLAB GE0M 

CARD GA (15, D10.5) 

MED - oediom with Z as lower bound (>0) 

Z - lower limit of mediuc MED. 

Repeat CARD GA for all boundaries with the last card containing 
MED = 0 and the boundary of the system. 

CARD GB (D10.5) 

Z - lower limit of region boundary. Region numbers are 

assigned in consecutive order starting with 1 and Z must 

be in increasing order. 

Repeat CARD GB for all region boundaries. 

End CARD GB input with a blank card. If no region geometry is 

desired a blank card is required. 

CARD GC (1«D10.5) 

XL - lower boundary of system in X direction. 

XU - upper boundary of system in X direction. 

YL - lower boundary of system in Y direction. 

YU - upper boundary of systeir in Y direction. 
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CYLINDRICAL GE0M 

CARD GA (15, 5X, A8) 
HRSGIB - flag to indicate material media (=l) or both region 

and material media (=2). 
SEX - sex of programmer. 

CARD GB (E10.5) 
R - radii of the cylindrical shells describing the material 

media in ascending order. 
Repeat CARD GB until all radii have been input. 
End CARD GB input vith a blank card. 
CARD GC (E1G.5, 1215/815) 

H - upper height of medi«= M(l) (>0). 
Cylinders asswed to start at H - 0. 

M(l) - media for the cylindrical shells for this height. 
Repeat CARD GC until all height intervals have been input. 
End CARD GC input vith a blank card or if there are more than 
12 radial intervals, 2 blank cards. 
CARD GD (E10.5) omit if HREGIH = 1 

RG - radii of the cylindrical shells describing the region 
geometry in ascending order. 

Repeat CARD GD until all region geometry has been input. 
End CARD GD vith a blank card. 
CARD GE (E10.5, 1215/815) omit if HREGIH = 1 

BXJ - upper height of region MG(l). 
M&(l) - region numbers for the cylindrical shells for this 

height. 
Repeat CARD GE until all height intervals have been input. 
End CARD GE input vith a blank card or if there are more than 
12 radial intervals, 2 blank cards. 
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GEHERAL GE0M 
CARD GA (15, 5X, A6, IX, A7) Hollerith left adjusted 

SSTAT - flag to indicate material media only if 1 and both 
region and material media if 2. 

SEX - ZZZL cf the programer. (Select one from MALE, FEMALE,or 
blank indicating uncertain.) 

57TATUS - marital status of progra&Eier. 
CARD GB (2AU, A3, 5(D10.5, Ai) 

DIl#fY(3) - hollerith characters not used. 
FIH(l) - zone boundaries in increasing order along the 

X-axis. 
BCD(l) - flag to indicate end of input if blank, C U M ^ 

means to continue. 
Repeat CARD GB if more than five boundaries along the J axis are needed. 
CARD GC - same as CARD GB except for T axis. 
Repeat CARD GC if more than five boundaries along the T axis are needec 
CARD GD - same as CARD GB t^cept for Z axis. 
Repeat CARD GD if more than five boundaries along the Z axis are needed. 
CARD GE (AU, A2, 315) 

BCD1 - hollerith ZOSE 
BCD? - dummy 
HXZBO - integers which specify the zone as being the JIXZHOta 
KYXJO - zone in the X direction, HYZBOth zone in the Y 
HZZBO - direction, and HZZBOth zone in the Z direction. 

CARD GF(2Afc, A3, 5(D10.5, Al) 
DlMfY(3) - hollerith characters not used. 
FIH(l) - block boundaries in increasing order along the 

7 axis. 
BCD(l) - flag to indicate end of input if blank, comma 

means to continue. 
Repeat CARD GF if more than five boundaries along the X axis are needed. 
CARD GG - same as CARD GF except for Y axis. 
Repeat CARD GG if more than five boundaries along the Y axis are needed. 
CARD Gfi - same as CARD GF except for Z axis. 
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Repeat CABD CS. if mors than five boimdaries along the Z axis are needed. 
CARDS GI to GO describe the geometry for a block and mist be 

included for each block in the zone. 
CARD GI (Aky A2, 315) 

BCD1 - h o l l e r i t h BLOC 
BCD° 

11 AMID - in tegers which spec i fy the block as being the 

SYBBD - IXBlDth in the X d i r e c t i o n , the lYBHDtb in the 

BZBffD - Y d i r e c t i o n , and the NZB8D in the Z d i r e c t i o n . 

CARD f^J (3At, 5 0(IS.A1^ 

HAM2 - h o l l e r i t h MEDI 

DUM(2) - dumny 

OP(I) - a list of media sector by sector in the block 
BCD(l) - flag to indicate end of input if blank, a comma 

neans to continue. 
Continuation with 12(l5,Al) format is permissible. 
CARD (X (3Afc, 10(I5,A1)) 

IAM2 - hoJlerith SURF 
WJM(2) - dummy 
TMP(I) - a list of quadratic surfaces appearing in the block. 

Umbers Bust appear in the order the surfaces are 
described on CARD GQ. 

BCD(l) - flag to indicate end of input of blank, a comma 
Beans to continue. 

Continuation of CARD GK in 12(I5,A1) format is permissible. 
CARD GL (AU, A2, l8l3) 

SI - hollerith SECT 
DUN — dummy 
DfD(I) - the designation of each sector which describes the posi

tion of the sector relative to quadratic surfaces. 
•1: sector is on positive side of surface, 
-1: sector is on negative side of surface, 
0: surface is not needed to define sector. 

i 
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There mist he a CARD GL for each sector and references to quadratic 
surfaces mist he in same order as they are listed on CARD GQ. 
CARD GM (3AU, in(l5,Al) 

IAM2 - hollerith REGI 
DUN(2) - dummy 
DTP(I) - a list of regions sector hy sector in the block. 
BCD(I) - flag to indicate end of input if blank, a comma 

means to continue. 
Continuation with 12(I5»A1) format is permissible. 
CARD GM (3A*, 10(I5,A1)) 

IAM2 - hollerith SURF 
DUM(2) - dummy 

UPttA 
/ same as for CARD GK except for region input instead of 

BCD(l)] material input . 
CARD G0(AU, A2, 16T3) 

SI - hollerith SECT 
DUM - dummy 
UfD(l) - same as for CARD GL except for region input instead of 

material input. 
Repeat CARDS GI to G0 for each block. 
CARD GP (15, 16AU, A2) 

H0BD - total number of quadratic surfaces in the entire system. 
DUM(I) - hollerith characters ignored by the code. (Helpful in 

identifying input at a later time.) 
CARD GQ (fc(D10.5, AU, IX, Al)) 

C0F(J) - coefficient of the term 
BCDl(J) - hollerith indicating which term of the equation. 

XSQ, YSQ, ZSQ, XZ, YX, YZ, XY, ZX, YZ, X, Y, Z, or 
blank are the possibilities. 

BCD2(J) - a flag which indicates the quadratic equation 
continues. Any non-blank character ends the field. 
The next function must start on new card. 

Repeat CARDS GQ until all surfaces have been described. 
A sample of the input is shown in Figure D.l. 
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APPENDIX E 

Library Subroutines and Functions 

The following subroutines and functions are library routines at Oak 
Ridge National Laboratory and are not provided with MORSE. 

Purpose 
Determine absolute address of cell given 
as argument. 
Converts integer to EBCDIC. 
Converts integer to EBCDIC and returns 
number of bytes in EBCDIC string. 
Determines if a character is a number or 
a letter. 
Converts EBCDIC to integer. 
Compares bit by bit N bytes of two 
variables; returns zero if the two 
variables are identical. 
Determines whether the problem is being 
executed on the IBM-360 model 75 or 91. 
Determines number of the month, day, 
and year. 
Determines c.p.u. time. 
Inserts a string of given length at a 
specified point in another string of 
characters. 

Subroutine or 
Function Called From 

L0C Main, XSCHLP, 
HELP 

INT0BC DATE 
INTBCD DATE, TIMER, 

SUBRT 
FETYP'J READSG 

BCDT0I READSG 
IC0MPA INPUT, BNXHLP, 

HELPER 

M0DEL 

IDAY 

ICL0CK 
INSERT 

INPUT 

IWEEK 

TIMER, M0RSE 
TIMER 

There are several uses of these library routines. One is to pro
vide the time, day of the week, and year that the job is being executed. 
A second use, provided by Subroutine TIMER, is in determining the amount 
of c.p.u. time used per batch and for input and output. To obviate sev
eral of these library subroutines, dummy subroutines TIMER and DATE may 
be used. A third use is in the diagnostic module. The absolute location 
of variables in commons, the determination of a repeating array, a "not 
used" feature, and an integer or floating point output are the features 
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of the diagnostic aodule that require these special routines. If similar 
routines are not available, other user-written routines can be supplied 
for XSHLP, BNKHLP, and HELP. 

Several other uses of these routines are made, but they are relatively 
unimportant. MDDEL is used to scale MAXPIM, depending on the machine on 
which the job is being executed. IC0MPA is used by INPUT to terminate a 
job when a non-blank or alphanumeric character appears in the first column 
of Card A. READSG has an option of checking for sequence errors in the 
cross-section cards. While none of these features are necessary to the 
operation of MOIiSE, they have proven to be quite useful. 


