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DBLSCAT 

A Computer Code for 
Double - scattering Corrections 

by 

A. K. Agrawal, S. G. Das, 
and F. M. Mueller 

ABSTRACT 

This report describes DBLSCAT , a FORTRAN IV 
computer program for calculating the second-order scat
tering correction for double-differential slow - neutron scat
tering experiments in an infinite, plane-slab geometry. 
Included are a brief description of the theory with special 
cases, a discussion of numerical techniques used, input and 
output descripti ons , sample problems, and the FORTRAN IV 
listing of the computer code. The program allows for both 
transmission- and reflection-type experiment geometries. 
The method used to calculate double- scattering correction 
is based on Vineyard's approach, except that there are no 
assumptions regarding the nature of the scattering cross 
section. Triple integrations appearing in the expression for 
second-order scattered-neutron current are carried out 
using a specified number of mesh potnts . Corrections due 
to finiteness of sample and higher-order scattering effects 
are not included. The code has been written with particular 
emphasis on efficiency and compactness . For a typical run, 
it takes approximately one minute of the IBM 360/75 pro 
cessor time in the qua·si - elastic region and about 10 sec in 
the inelastic region. The code uses about 85 k bytes. 

I. THEORY 

This report describes the theory and operating procedure for the 
code DBLSCAT, which computes the double-scattering correction for energy 
and angular differential slow-neutron scattering experiments in an infinite, 
plane - slab geometry. The basic method used in this code is a straightfor 
ward numerical solution of the neutron-transport equation as suggested by 
Vineyard . * Unlike Vineyard's method, however, this code evaluates explicitly 

*G. H. Vineyard, Multiple Scattering of Neutrons, Phys. Rev.~. 93 (1954) . 
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the effect of inelastic scatt ering from a tabular input of the scattering cross 
section in terms of scattering law. No attempt is made to evaluate higher
order scatterin g corr ec tions, because thei r evaluation becomes extrem.ely 
t ime- consuming and a ls o because the highe r-order corrections are beheved 
to be a small fraction of the second - order co rrection. B esides, the present 
formulation assumes a monoenergetic incident beam. Since in actual experi
ments this is hardly the case, the final double-scattering correction can then 
be obtained b y integrating the results over incident beam spectrum. An ap
proximate method would be to fold-in the incident neutron spectrum in final 
calculations, assuming, of cours e , that the errors caused by such an approx

imation are of the se cond order. 

A. General Description 

Let us consider a scattering sample, the scatters in which may or 
may not be uniformly distributed. Assume that a monoenergetic neutron 
beam of ene rgy E 0 is incident at a direction defined by the vector §o· The 
nth-order scatte red-neutron density is then the solution of the transport 

e quation 

j j dE' dO ' L(E'-+ E , ~·-+ ~) Pn_ 1(E' , £, ~· ), 

n = 0, l, 2, ... , ( l) 

where P- 1 = 0, Pn(E, £,.§)is the nth-order scattered neutrons per unit 
volume, of energy E within unit energy increment, which are proceeding 
in the direction .§ , L(E) is the macroscopic total c ross section at energy 
E, and L(E'-+ E , .§'-+ ~) is the double-differential macroscopic cross section 
for scattering from energy E' to E and direction ~· to .§. The formal 
solution of Eq . l may be written as 

(2) 

and 

n = 1, 2 , 3, ... , (3) 

where L is the distance from the point !: to the surface of the sample in 
the direction - §., as shown in Fig . l. It is assumed that the sample is no
where concave . The problem of calculating higher-order scattering inten
sities is solved by iterative procedure by combining Eqs . 2 and 3. Since 
the integrals involved are generally difficult to evaluate, we restrict our
selves to the infinite , plane-slab geometry only, for which the expressions 

for P 0 and Pn are 



l - l:(E)zsec9 ( 
2

n e 0 5 cos 9 - cos 90 ) 5(E - E 0 ) (4) 

and 

Pn(E, z, ~) = J J dE' dO' l:(E'-+ E, §.'-+ §.) JL d~ e - l:(E)~ 
0 

n=l,2,3, . ... (5) 

where the system of coordinates chosen to describe the vector ~ is shown 
in Fig. 2. The chord length L is related to slab thickness t: 

L z sec e if e < n/ 2, } e > n/2. 
(6) 

(z - t) sec 9 if 

X 

0 

Fig. 1. Geometry of the General Case Fig. 2. Geometry of the Plane Slab 

Expressions for the first- and higher- order scattered neutrons can 
now be obtained by iterating Eqs. 4 and 5 . We note the general results for 
P 1 and P 2 : 

and 

P 2(E, z, 2_) 

e-l:0 zsec90 _ e-l:zsec9f(S) 
l:(E0 -+ E, ~ 0 -+ §.) sec 9 · =------=----..:..>..:...1 

l: sec 9 - l:0 sec 90 
(7) 

(8) 
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where 

f(S) I, if S < TT/ 2, 

Ets ec S- E0ts ec S0 e ' 
(9) 

G(S, S') 
sec S sec S' 

E' sec S' - E0 sec S0 

e -EzsecSf(S) 

E0 sec S0 

e f(S') . e -E'zsecS' _ -Ezs ecSf(S) J 
E sec S - E' sec S' ' 

( l 0) 

E = E(E) and f(S') is given by Eq. 9, where E and S are replaced b y their 
corresponding primed quantities. Higher- orde r corrections, which are 
small, involve extremely complicated expressions and hence are not at
tempted. The current of nth-order scattered neutrons, Jn, which leave 
the surface of the slab is obtained by multiplying Pn with the normal 
component of the velocity. Thus, 

cos S ( E )l/Z 
Jn(E, z, ~) = --S- · -E Pn(E, z, ~). 

cos 0 0 
( ll) 

The double- scattering correction can now be estimat ed by evaluating 
the first- and second-order scattered-neutron currents. The above expres 
sions can be further simplified for a specimen in which the scatterers are 
randomly distributed; i.e., for a given neutron energy, the scattering cross 
section depends only on the scattering angle. For these cases, Eq. 8 
becomes 

P 2(E, z, ~) = f f dE' dO' E(E' ~ E, ~· · ~) E(E0 ~ E', ~0 · ~·) G(S, S' ), (12) 

where the cosine of the first and second scattering angles are 

cos (§ 0 • §.') = cos S0 cos S' + sin S0 sin S' cos (cp' - cp0 ) 

and 

cos (§' · §.) = cos S' cos S + sinS' sinS cos (cp- cp' ), 

and the vector ~ is specified by angles S and cp, as shown in Fig. 2. 
Usually, in experimental arrangements ~ 0 , §_, and the normal to the 
sample are coplanar. In this case, cp = TT - cp0. Furthermore, we can 
choose our coordinate system in such a way that cp0 = 0; then Eqs. 13 
and 14 become 

( 13) 

( 14) 



cos {_~ 0 • !:!') cos S0 cos S' + sin S0 sin S' cos cp' ( 15) 

and 

cos (§' 0 e) = cos S' cos s - sin S' sin s cos cp' 0 ( 16) 

The first - and second- order scattered-neutron currents can now be 
calculated by combining Eqs. 7 , 1 1 , and 1 2 . Note that the calculation of J 1 

is straightforward, since it is related to the scattering cross section through 
a "geometric factor," while in J 2 , triple integration over the variables E', 
S, and cp' is to be numerically performed. Several special cases are first 
considered before going into the details of computational schemes. 

B. Elastic Scattering 

Loss of neutron energy due to a scattering collision with the specimen 
is not considered. By dropping the energy suffix from Pn's and E's , we 
obtain the following expressions for the first - and second-order scattered 
neutron currents: 

and 

where 

e -E0zsecS0 _ e - EzsecS . f(S) 
E(§o · §) • sec s0 • - ------'----,------"-'

E sec S - E0 sec S0 

f dO' E(s' · s) E(s · s') F (s S') _ _ _o - e ' ' 

sec S0 sec S' 

( 1 7) 

(18) 

[ 

e -EzsecS 0 _ e -Ezs ec Sf(S) 

sec S - sec S0 

e -EzsecS' _ e -Ezsec9 . f(S) f(S' )l ' 
sec e - sec S' J 

( 19) 

and the e nergy dependence of the total macroscopic cross section is dis 
regarded . The above result reduces to those obtained by Vineyard (see 
footnote on page 5) for various special cases. Vineyard's quasi- static 
approximation can be obtained by replacing E(e' ~e) with Ncr/ 4n, which 
is valid if the angular differential scattering cross section is a rapidly 
varying function of the scattering angle. The integration over the vari-
able S' can be carried out analytically . Readers are referred to Vineyard's 
paper for the analytical results obtained for transmission experiments. 
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C. Transmission Experiment 

We now cons ider the problem of calculating second-order scatter~d 
t f r inelastic scatte ring exp e riments in which a detector 1S 

neutron curren o h " . t 1 
laced on the opp osite side of the incident beam. For _t 1s expenmen a 

p t th g l e S which the detector makes w1th the slab normal arrang emen , e an . 
· 1 1 than n/ 2 Expressions for the hrst- and second-order 1S a ways es s . . . 
scattered-neutron curr ents a r e obtained b y puttlng z = t 1n Eq s. 7 , 11 , 

and 12 . After rearranging terms, we get 

and 

J z(E , t, ~) 

whe r e 

e -E0tsecS0 _ e -EtsecS 
sec S0 E sec S - E0 sec S0 

sec S0 sec S' 

E' sec S' - E0 sec S0 

e - e e - e f( s•) , 
[ 

-E0t sec S0 -Ets ecS -E'ts ecS' -EtsecS J 
. E sec S - E0 sec S0 - E sec S - E' sec S' 

(20) 

(22) 

(23) 

and f(S ' ) is defined b y Eq. 9 with E and S replac e d by their corresponding 
prime d quantities . The scattering angle is Is- S0 1. Numerical evaluati on 
of the triple integ ration appearing in Eq . 21 w ill be considered in Section E. 

D . Reflection E xpe riment 

In the r eflection expe riment , the d e t ector is placed on the same 
side of the scatterer as the incide nt beam. The angle b e tween the scat
tered b eam and the s l ab norma l is the r efor e always greater than rr/2. 
Expressions for J 1 and Jz are obtain ed by setting z = 0 in Eqs . 7, 11 , 
a nd 12 and specializing the r esults for S > rr/ 2. We find 

(24) 



and 

(:J/z J J dE' dO' L:(E' __.. E, ~· · ~) L:(E0 -+ E', ~ 0 · ~·) · F r(e, 9' ) , 

(25) 

where 

(26) 

and 

(27) 

The scattering angle is again le- 90 1. 

E. Numerical Method 

The evaluation of the second-order scattered-neutron current for 
either the transmission or reflection experiment involves triple integration 
on E, 9', and q:>'. The integration on q:>' can be performed first, since q:>' 
appears only through the momentum transfer variable x in the expression 
for the double-differential cross section. The scattering cross section 
L:(E0 -+ E, 0') can be written in terms of another function called scattering 
law S(x, w): 

ncr ( E )
1/z L:(E0 -+ E, 0') = N 4 TTfi Eo S(x, w), (28) 

where the momentum and energy transfer variables x and w are given by 

( 
z )1/z 

2
'!n (E + E 0 - 2 ./EE;; cos 0') 1/z (29) 

and 

w = (E- E 0 )/n. (30) 

In these equations, m is the neutron mass, and, for molecular systems 
with n identical scattering atoms per molecule, N is the molecular den
sity and cr is the bound-atom scattering cross section. The scattering law 
is in units of 10- 1z sec. For monoatomic systems, n = 1 and N is the 
atomic density . For more complicated systems, the quantities n, cr, and 
S(x, w) take their effective values. The q:>' -dependent term in Eq. 21 or 25 
can be written as 
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zn f dcp' E(E' ~ E, ~· · ~) E(E0 ~ E', ~o · ~·) 
0 

where 

Wz 

( 2
nm2 ) J/z ~ ]1/z [E' + E 0 - 2 '1/ .ro. · .ro. 0 cos (~ 0 · ~·) , 

( 
2 )liz ]1/z 

2
: [E+E'- 2.}EEi cos (.§' ·§ ) , 

(E ' - E 0 )/ n, 

(E- E')/ n, 

(3 1) 

(32) 

and cos (~ 0 • ~·) and cos (.§.' · ~) are given by Eqs. 15 and 16, r e spectively. 

The scattering law is input to the code for a numb e r of positive 
w and K values. In o the r wo rd s, the scattering law is stored as a t wo 

dime nsional matrix SKWi,j for i = l, 2 , ... , IKAPA and j = l , 2, ... , 
IOMEGA. For int e rme diate values of K and w, S(K, w) is calculated by 
using the following interpolati on scheme. L e t K and lw I satisfy the 
r e lationships 

Km ,;; K ,;; Km+ J• m < IKAPA, 

} a nd (33) 

Wn ,;; lw I ,;; Wn+J• n <IOMEGA. 

Within Km and Km+l' the K- dependence of S(K , w) is assume d to b e approxi
mated by 

S(K, w) = a(w )Kb (w) . ( 34 ) 

S(K, wn) and S(K, Wn+1 ) are cal c ulated b y using Eq. 34. We get 

SKWm,n exp[ l og (SKWm,n/SKWm+J,n) ·log(K/~tm)/log (~tm/Km+ l)] 

(35 ) 



and a similar equation for S(~t, Uln+ 1). S(~t, lwl) is then obtained by linear 
interpolation. Thus, 

(36) 

For negative values of w, the principle of detailed balance gives 

(37) 

For K < x 1, m in Eq . 35 is set equal to I; for 1-\ > xiKAPA• m is set equal 
to IKAPA - I. Equation 36 then evaluates S(x, lwl ). For lwl > wiOMEGA• 
S(~t, w) is set equal to zero. Since logarithms of functions are taken by the 
computer code, neither x nor S(;t , w) should ever be set to zero in the 
input. This would result in a diagnostic error. 

Integrations are carried out in a straightforward manner using 
Simpson's rule with a specified number of mesh points in 9' and cp' inte
grations. The integration in E' is also carried out by Simpson's rule, 
for which the upper and lower limits, as well as the integration grid (liE) , 
are supplied externally. The code is written in such a way that energy 
values are added (subtracted) in steps of tiE to (from) the incident neutron 
energy. This method ensures correct estimates of the second-order 
scattered-neutron current, even in the elastic r egion. Our experience 
with this code has indicated that nine mesh points in both 9' and cp' inte
grations are sufficient, while many more mesh points should be used in 
E' integration. We recommend using tiE (the energy mesh size) of 0.1 
or 0.2 meV in the quasi-elastic region; tiE of 0.2 or 0.4 meV should be 
used in inelastic region. 

In cold-neutron scattering experiments, the scattered intensity and 
neutron energy are usually observed in time-of-flight scale. Hence, the 
above results for J 1 and J z for either transmission or reflection experi
ments are to be transformed to the time-of-flight scale . This is done by 
noting that the number of neutrons recorded within a unit time-of-flight 
increment should be the same as the number of neutrons recorded within 
a unit- energy increment . One therefore has 

J(E) IdE I = J(f) ldf I. (38) 

where f is the time of flight. Equation 38 can also be written as 

J(f) (39) 

The code can evaluate either J(E) or J(f). 
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II. COMPUTER PRcx:.rRAM 

The DBLSCAT program calculates the first - and second-order 
scattered - neutron currents for e ither transmission- or reflection-type 
inelastic-neutron-scattering experiments. Both energy and time-of-flight 
scale can be used. The program is written so that the correction due to 
double scattering is eva luated for a given scatte ring angle and a number 
of scattered neutron-energy or time-of-flight values. Units of input param
eters are indicated in their description. As a rule, energy is always given 
in milli - electron volts, and time of flight in ~sec/m. The scattering law 
is read in units of 10- 12 sec for a range of the momentum-transfer values 
1t (in .A- 1

) and a range of the energy-t ransfer variable w (in 1012 sec- 1). 

Both 1t and w are to be specified in an ascending sequence of positive 
values, with w starting from w = 0, while 1t = 0 should be avoided. 

A. Description of Input 

The input data required by the DBLSCAT program and the corre
spon ding format are described below. 

Input cards are numbered to simplify the description of input. These 
card numbers may be written in spaces 73-80 if desired, since these columns 
are not read here. 

Except for the title card, all the input data are to be given in one of 
the t wo formats I6 or El2 .5 as indicated below. 

Card 
No. 

1000 

1100 

1200 

Title card, with 1 in column one and any information in columns 2-72. 

IKAPA 

I6 

IKAPA: 

IOMEGA: 

KAPA(l) 

El2.5 

KAPA(I) 

IOMEGA 

I6 

Numbe r of It variables. It must be ~100 . 

Number of w variables. It must be ~1 00. 

KAPA(2) 

El2.5 

KAPA(3) 

El2.5 

KAPA(IKAPA) 

El2.5 

Momentuom-transfer variables in ascending order in 
units of A -I. There are as many cards of this number 

as needed to specify IKAPA values with six values per 
ca rd. KAPA(I) should not b e 0. 



Card 
No. 

1300 

1400 

1500 

OMEGA(l) 

El2.5 

OMEGA(!): 

SKW(l,l) 

SKW(2,1) 

SKW(3,1) 

OMEGA(2) 

El2.5 

OMEGA(3) 

El2.5 

OMEGA(IOMEGA) 

El2 .5 

Energy-transfer variables in ascending order for posi
tive values only, starting with w = 0 in units of 1012 per 
sec. There are as many cards of this number as needed 
to specify IOMEGA values with six va lues per card . 

SKW(l,2) SKW(l,3) SKW( 1 ,IOMEGA) 

SKW(2,2) SKW(2 ,3 ) SKW(2,IOMEGA) 

SKW(3,2) SKW(3,3) SKW(3 ,IOMEGA) 

SKW(IKAPA,l) SKW(IKAPA, l) SKW(IKAPA,IOMEGA) 

El2.5 

SKW(l,J): 

NENRGY 

!6 

NENRGY: 

NEXP: 

!THETA: 

!PHI: 

IE: 

El2.5 El2 .5 El2.5 

Scattering law in units of 10- 12 sec for Ith value of K 
and Jth value of w. S(~t , w) for the first K value and 
IOMEGA values of w (starting with w = 0) are first 
read. This process is repeated for the second K value, 
and so on, until S(K , w) for all K and w values are read . 
There are as many cards of this number as needed to 
specify IKAPAXIOMEGA values with six entries per 
card. Note that SKW should not be input as 0 or 
negative numbe r . 

NEXP 

!6 

!THETA !PHI IE 

!6 !6 !6 

s:o , if time-of-flight scale is used. 

> O, if energy scale is used. 

s:o , for transmission experiment. 

> 0 , for reflection experiment. 

Number of meshes in 9' integration. It must b e odd 
and S:3l. 

Number of meshes in cp' integration. It must be odd 
and S:3l. 

Number of scattered-neutron energy values for which 
double- scattering calculations are to be performed. 
It must be S:50. 

15 
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Card 
__!iQ,_ 

1600 

1700 

1800 

1900 

FLUX NPMOLE SIGMAB A1 Az A3 

El2.5 El2.5 El2.5 El2.5 El2.5 El2.5 

FLUX: Incident neutron beam flux. 

NPMOLE: Number of scattering atoms per molecule. 

Bound - atom scattering cross section, in barns. 

There are constants which appear in the following 
expression for total macroscopic cross section: 

SIGMAB: 

Al,Az,A3: 

THICK 

El2.5 

THICK: 

TEMP: 

THETAO: 

DENSTY : 

TOFO: 

ELOWER 

El2 . 5 

ELOWER: 

EUPPER: 

THETA: 

E(E) = A 1 + AzE+A3, E being in rnillielectron volts. 

TEMP 

El2.5 

THETAO DENSTY 

El2 .5 El2 . .5 

Slab thickn ess, in e rn. 

Sample temperature , in °K . 

TOFO 

El2 .5 

Angle b e tween incident-neutron beam and slab normal. 

Molecular density of the specimen in 10 24 crn- 3. 

Incident neutron time of flight , in ~sec/rn, if 
NENRGY :5: 0. Incident neutron energy, in rneV, if 
NENRGY > 0. 

EUPPER 

El2 .5 

THETA 

El2 . 5 

Lower limit in E' integration, in rneV . 

Upper limit in E' integration, in rneV . 

Angle between scattered-neutron beam and slab 
normal. 

TF(I) 

E12 .5 

TF(I) : 

TF(Z) 

E12.5 

TF(3) 

El2 .5 

TF(IE) 

El2 .5 

Scattered-ne utron time of flight, in ~sec/rn , if 
NENRGY :5: 0. Scattered-neutron energy, in rneV , 
if NENRGY > 0. There are as many cards of this 
numb e r as needed to specify IE values with six entries 
per card. 



Card 

_li£.:._ 

2000 DELE{l) 

El2.5 

DELE(I): 

DELE(2) 

El2.5 

DELE(3) 

El2.5 

DELE(IE) 

El2.5 

Energy mesh size in E' integration in meV. This 
quantity is varied with final neutron energy so that 
computer time is economized. For quasi-elastic 
peak, it should be either 0.1 or 0.2; for inelastic 
region, it could be either 0.2 or 0.4. There are as 
many cards of this number as needed to specify IE 

values with six entries per card. (Eupper-Elower)/ 
DELE(I) must be o>497. 

B. Output Description 

The output of the DBLSCAT program is self - explanatory. To begin 
with, the scattering law S(11., w) is printed for a given 11. value. Note that the 
units of 11., w, and S(11., w) are also printed to check for consistency. 

A consistency check is made between the experimental geometry and 
the angle 9 that the scattered neutron makes with the slab normal. That is 
to say, 9 must be less than rr/2 for transmission experiments, and it must 
be greater than rr/2 for reflection experiments. If these conditions are not 
satisfied, an error message is printed and calculations are terminated . 

The description of the sample and other parameters are then printed. 
This printout is primarily for verifying the input data. Follow ing this de
scription, results of the computation are printed for each scattered-neutron 
energy. These results include J 1 , J 2 , (J1 + J 2) and the scattering cross sec
tion for the single scattering as well as single plus double scattering. The 
percentage correction is also printed in terms of (J 1 + J 2)/J1 . The scattering 
angle is always given by Ia- 90 1. 

C. Sample Problems 

Two sample problems are presented here. They are identical in all 
respects, with the following exceptions: Problem 1 is for transmission 
experiment in which scattered-neutron intensities are observed in units of 
time-of-flight scale; Problem 2 is for reflection experiment in which 
scattered-neutron intensities are observed in energy units . A hypothetical 
cold-neutron experiment with liquid argon is used , basic data for which are 
given in Table I. 
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The compl ete set of input data forms a nd printouts fo r the above case 
1s shown on the pages following Table I. In the second case, the cornputer 
pnnted output for the scatte ring law is not included, since this is the same 

as that for the first problem. 

The computer time is determined primarily by the numb e r of g rid 
points used in 9', cp', a nd E' integrations. F o r the prob l ems under dis
cussion, we have us ed N (9') = N(cp') = 9 and N(E') = 193 in the elastic 
region and N(E') = 97 in the inelastic region . For N(9') = N(cp' ) = 9; 
each energy mesh takes a bout 250 rnsec of IBM 360/75 proc e ssor time . 
The total processor time us ed for Problems 1 and 2 was about 3 min . 

TABLE I. D a ta Used in Sample Problems 1 and 2 

Specimen: 

Temperatur e: 

L1quid density : 

Slab thickness: 

Atomic density: 

Total c r os s s ec tion : 

Macroscopic 
cros s section: 

Scattering model : 

Self-diffusion 
coefficient : 

Incident neutron 
ene r gy : 

Scattered n e utron 
energy: 

Liquid argon 

85°K 

1.42 g/ crn3 

0.1 ern 

0 .02 138 77 X 10 24/crn3 

cr(E) = 1 . 0 + 2.3 0735 X E- 0· 584963 barns , w here E is 
in rneV 

E(E) 0 . 0213877 X I0 24/crn3 X cr(E) 

0.0213877 + 0 . 0493489 E-0 .584963 ern -1 

Simple diffusion 

1036 . 0 j.Lsec/ rn o r 4.87 rneV 

800.0, 10 36.0, and 1100 . 0 IJ.Sec/ rn or 
8 . 17 , 4.87 , and 4 .3 2 rneV 



COMPUTER INPUT DATA FORM 

COST COD E ________________________________ ___ 

PROGRAM DBLSCAT PROBLEM ARGON at 85 K ORIGINATOR A K AGRAWAL DATE 2/10/71 PAGE 1 OF 2 

jl 12 I 3 I• I s 16 17 18 

1 2345678910 1 2 3 4 5 6 7 8 910 1 2 3. 4 5 6 7 8 91 0 1 2 3 4 5 6 78910 1 23 4 5 t 7 8 9 10 I 2 3 4 5 6 7 8 910 1 2 3 4 5 6 7 8 9] 0 1 2 3 45t78-;j"o 

1 *D BLSCA T * * S A IMtP L E PROBLE 1t. 1 • - T RAN Sot- ISS I 0 N EX PT. - T I ,t. E OF FLI GHT 1 0 0 0 

1 0 1 2 1 1 0 0 

0 1 0 . 5 1 0 1 5 2 0 3 0 1 2 0 0 

4 0 5 0 6 0 7 0 1 2 0 0 

0 0 0 5 1 0 2 0 5 . 0 1 0 0 1 3 0 0 

2 0 . 0 3 0 0 4 0 . 0 5 0 . 0 6 0 0 7 0 0 1 3 0 0 

3 1 8 3 1 0 E - 0 1 2 . 3 7 582E-O 5 . 9 7 3 OOE - 04 1 4 9 5 3 5 E- 0 4 2 3 9 3 5 1 E - 0 5 5 98.4 1 E - 0 6 1 4 0 0 

1 . 4 9 6 0 E - 0 6 6 6 4 9 E - 0 7 3 . 7 4 0 1 4E - 07 2 3 9 3 6 9 E - 0 7 1 . 6 6 2 2 8 E 0 7 1 2 2 1 2 7E - 0 7 1 4 0 0 

3 1 8 3 1 0 E - 0 1 5 0 3 7 2 2 E 0 2 1 • o4 2 o8 9 0 E - 0 2 3 6 9 6 7 5 E 0 3 5 9 7 3 Oo O.E 0 4 1 . 4 9 5 3 5 E - 0 4 1 4 0 0 

3 7 3 9 7 0 E- 0 5 1 . 6 6 2 2 8 E 0 5 9 . 3 5 0 3 5 E- 0 6 5 9 8 4 2 2 E- 0 6 4 1 5 5 7 1 E 0 6 3 0 5 3 1 8 E- 0 6 1 4 0 0 

3 1 8 3 1 0 E- 0 1 1 . 3 6 6 26E-01 5 0 3 7 2 3•-" - 0 2 1 . 4 2 8 9o!\ F,- 0 2 2 3 7 s 81 2< E- 0 3 5 9 7 3 OoC\ E-04 1 4 0 0 

1 4 9 5 3 5 E- 0 4 6 . 6 4 7 7 5 E- 0 5 3 . 7 3 9 70E-05 2 ·13 9 3 5 1 E- 0 5 1 6 6 2 2 8 E - 0 5 1 . 2 2 1 2 7 E- 0 5 I 1 4 010 

3 1 8 3 1 0 E - 0 1 2 . 0 0 0 6 7 E - 0 1 9 . 4 6 2 06£-02 3 0 4 4 21 ~ E- 0 2 5 2 9 6 21 ~E - 0 3 1 3 4 0 7 8 E- 0 3 1 4 0 0 

3 3 3 6 26E-04 1 . (! 9 5 3 5 E- 0 4 8 . 4 1 309E - 05 5 3 8 4 8 1 ~ E- 0 5 3 7 3 9 7 0 E- 0 5 2 7 4 762E-05 1 4 0 0 

3 1 8 3 10E-01 2 . illl 8 9 1 E- 0 1 1 . 3 6 626£-01 51 . o13 7 2 ~ ~- 0 2 9 . 2 9 5 16E - 03 2 . 3 7 5 8 2 E- 0 3 I 11 4 0 0 

5 9 7 3 0 0 E- 0 4 2 . (3 5 7 4 4 E1- 0 4 1 . (! 9 5 35E - 04 9 517 1 81 !\ E - 0 5 6 . ,6 ,4 7 7 5 E 1- 0 5 2 . 8 1 5 6 1 E 1- 0 5 11 4 0 0 

3 1 8 3 1 0 E- 0 1 2 . 7 7 333E - 01 2 0 0 0 67E-01 9 4 6 2 l o.&E-02 2 . 0 1 7 76E - 02 5 . 2 9 6 2 0 E r 0 3 1 4 0 0 

1 3 4 0 78E-03 5 . 9 7 300£ - 04 3 3 6 257E-04 2 1 5 2 81 ~ E - 0 4 1 . 4 9 5 35£-04 1 0 9 8 7 6 E- 0 4 1 4 0 0 

3 1 8 3 1 0 E - 0 1 2 9;3/l 85E-01 2 • ;J 8 891E-01 1 3 6 6 ~ 2,~E-01 3 . 4 1 8 58E-02 9 . 2 9 5 1 6 E - 0 3 1 4 0 0 

2 3 7 582E-03 1 0 (i 0 32E - 03 5 . 9 7 3 OOE-04 3 . 8 2 5 30E-04 2 . 6 5 7 44E - 04 1 . 9 5 2 83E - 04 1 4 0 0 

1 2 3 • s 6 7 8 910 1 2 3 4 5 6 7 8 910 1 2 3 4 5 6 7 8 9 lo 1 2 3 4 5678 9 10 1 2 3 4 5 6 7 8 910 1 2 3 4 5 6 7 8 9 10 12345t7 a 9lo 1 2 3 4 5 6 7 8 9fo 

11 12 13 I• Is 16 17 18 



COMPUTER INPUT DATA FORM 

COST CO DE ________________ _ 

PROGRAM DBLSCAT PROBLEM ARGON at 85 K ORI GINATOR A K AGRAWAL DATE 2/10/71 PAGE 2 OF 2 

j 1 j 2 I 3 I• j s 16 17 Ia 
1 2 3 " 5 6 7 8 9jO 1 2 3 4 s 6 7 8 9j 0 1 2 3. 4 s 6 7 8 91 0 1 2 3 4 5 6 7 8 910 1 2 3 4 5678910 1 2 3 • s 6 7 8 9j 0 1 2 3 4567B91o 1 2 3 4S6 7 89j0 

3 1 8 3 1 0E - 01 3 0 2 2 34E-01 2 . p 2 4 66E - 0 1 1 . 7 1 9 6 1 E - 0 1 5 . ~ 3 7 23E r 02 1 . II 2 ,S 9 O,E - 0 2 1 4 0 0 

3 . 6 9 6 70 E- 03 1 6 5 J3 65E - J0 J3 J9 J3 12 12 17 1E, - 1 01• 5 . 9 7 300E - 04 4 . ~ 5 0 29E - 04 3 0 5 0 2 5 ,£ - 0 4 1 4 0 0 

3 1 8 3 1 0 E - 0 1 3 0 6 9 7 1E- 0 1 2 . 7 7 3 33E - 01 2 . 0 0 0 67E - 0 1 6 . 7 {J 1 42E - 02 2 0 1 7 76 E- 02 1 4 0 0 

5 2 9 6 1 9 E - 0 3 2 3 7 5 82E-03 1 . 3 ,4 0 78E-03 8 . ;; 9 4 02E - 04 5 . 9 7 ,3 OOE - 04 4 3 9 0 5 1,£- 04 1 4 0 0 

3 1 8 3 1 0 E - 0 1 3 0 9 9 OOE - 0 1 2 . ,8 7 1 4 0 E - 0 1 2 . ,2 ~ 9 40E-01 8 . ;; 7 0 88E-02 2 .6,8,4 9 3,£ - 0 2 1 4 0 0 

7 . 1 6 5 6 5 E - 0 3 ,3 . 2 2 5 07E - 03 1 . 8 2 2 1 8 E - 0 3 1 1 p {J 60E - 03 8 . 1 2 ,4 4 1 E-04 5 9 7 ,3 0 O,E - 0 4 1 4 0 0 

- 1 - 1 9 9 3 1 5 0 0 

1 0 1 0 0 . /3 2 2 . 1,3,8 77 E -0 2 4 9 3 ,4 8 9 E - 0 2 - 0 5 8 4 9 6 3 1 6 0 0 

0 1 8 5 0 1 0 0 2 . 1 ,3 {l 77E- 02 1 0 3 6 . 0 1 7 0 0 

2 0 3 &_. 0 4 0 . 0 1 8 0 0 

8 0 0 . 0 1 0 3 6 . 0 1 1 0 0 0 1 9 0 0 

0 . 2 0 . 1 0 1 2 0 o, 0 

I I I 

I I I I I 

1 2 3 • s 6 7 8 9 jO 1 2 3 4 s 6 1 a 9 jo 1 2 3 4 s 6 7 8 9 10 1 2 3 4 56789 10 1 23 45 678 * 1 2 3 4 s 6 7 a 9j o 1 23 4 56 7 89jo 1 2 3 4 56 7 B9j0 

11 12 13 I• is 16 17 Ja 

"' 0 
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•DfllSC.AT• •SAI'1PLE PROBLEM 1* - TRANSMISSlON EXPT, . TIME OF FLIGHT 

L.ISTtNG OF SCATTERING LA W BEING USED IN OBLSCAT CODE 

KAP,h 0,100 ANGSTROMS 

OMEGA 5 (K,Wl OMEGA S (K,-W) OMEGA SIK,Wl OMEGA S!K,W) 
lOt II) /SEC 10(-12) SEC 101121/SEC 101•12) SEC 10( 12.1 /SEC 101 ~12) SEC 101121/SH 101 ·12) SEC 

o.o 3,t8310E-Ol s.oooooe - ot 2,37562E-03 l.OOOOOE 00 ', 97300E-04 z,oooooe oo lo49515E•04 
s,ooooo~ oo 2,39351£-05 1. oooooe 01 5,984lOE.-06 2, OOOOOE Ol 1 1 49600E-06 3.oooooe 01 6,64900Ee07 
4,0QOOOE 01 3,74014E-07 s.oooooe 01 2. 393b9E-07 6, OOOOOE Ol 1,66228E-01 7 1 00000E 01 1,22127E-07 

KAPh 0,500 l!.NGSTROMS 

OMEGA s !K,w J OMEGA 5 (K1\Jrll OMEGA s (K,wl OMEGA 5 !K1W) 
lOt II) /SEC 101-121 SEC 10112 l /SEC 101 .. 121 SEC 10(121/SEC 101 .. }2) sec l0(12l/SEC 101 •12 I SEC 

o.o 3,18310E-Ol s.oooooe-o1 5.03122£ .. 02 1. oooooe 00 1.42890€-02 2,oooooe 00 3.696'75E·03 
s.oooooe oo s, qnooe-o• loOOO OOE Ol lo49535E-04t 2, OOOOOE Ol 3,13970€-05 3 1 00000E Ol 1,66228E..,05 
it.OOOOOE Ol 9. 35035€-06 s.oooooe 01 5,98422€ .. 06 6, OOOOOE Ol 4,15571€-06 7,00000E Ol 3.05318€·06 

KliPA• 1,000 ANGSTROMS 

OMEGA StK,WJ OMEGA S(I(,Wl OMEGA SIK,Wl OM~GA S (I(,W) 
101 12) /SEC lOt-12) sec 10112 l /SEC 101-12) SEC 10112l/SEC 101 -12) SE' 10112 )/SEC 10(-12) SEC 

o.o 3.1831 0 €-01 5. oooooE-o 1 1. 36626E-01 1. OOOOOE 00 5,03723€ ... 02 2, oooooe 00 J ,42890€·02 
,,oooooe oo 2 I 375S2E-03 1. OOOOOE 01 5,97300£.,04 z.oooooe Ol l,4t9535E.-Oit 3 ,oooooe Ol 6.64175E•05 
lt,OOOOOE Ol 3, 73970€-05 s.oooooe 01 2,39HlE·05 6, OOOOOE Ol 1. 66228E-05 71 OOOOOE Ol l,l2127£-,Q5 

KAPA!!: 1.500 ANGSTROMS 

OMEGA S tK,W) OMEGA S IK1Wl OMEGA s (K,wl OMEGA S IK1W) 
10112 l /SEC 101-12) SEC 101 12l/SEC 101 .. 12) SEC 101121 /SEC 101·12} SEC 10(121/SEC 10( .. 12) SEC 

o. o 3.18310€-01 s.oooooe-01 z.ooo67E-o1 1. oooooe 00 9,46206€-02 21 oooooe 00 3,04420h02 
s. oooooe oo 5. 29620E-03 ),QOOOOE 01 1,34078€-03 2, OOOOOE Ol 3,33626€-04 3 1 OOOOOE Ol 1, 4t9535E-04 
it,OOOOOE 01 8,41309€- 05 s.ooooot 01 5. 38489E-05 6. oooooE Ol 3. 73970€-05 7 1 OOOOOE Ol 2 .74762e ... os 

KAPA• 2 oOOO ANGSTROMS 

OMEGA S IK1 W) OMEGA S (K,Wl OMEGA S(K,W) OMEGA S{I<., IO 
10 t 12) /5~( lOt-12) SEC 101 121/SEC 101 .. 12) SEC 10Cl2l /SEC 101~12) SEC 10(12} /SEC 10( .. 12) SEC 

o.o 3.183lOE-Ol 5. oooooe -o 1 2. 38891E-Ol 1. onoooe 00 1.36626£-01 2,oooooe 00 5 ,Ol'723Eoo02 
s.oooooe oo 9,29516~-03 1. oooooe 01 2o37582E-03 2. oooooe Ol 5,97300E-Oit J,oooooE Ol 2 • 65744£,.04 
lt.OOOOOE Ol 1,49535£-04 s.ooooo E 01 9,57188£.,.05 ~. OOOOOE Ol ~.64715E-0) 1 ,oooooe Ol 2,81561£ .. 05 

kAPA• 3, 000 ANGS TRD MS 

OMEGA s (1(,\o/) OMEGA S tK1W) OMEGA s tK,wl OMEGA SIK1Wl 
10!l2l/HC lOt -1 21 SEC 101 12 l /SEC 101-12 J SEC 10112 l /SEC 101-12) sec 101121/SEC 10(•12) SEC 

o.o 3,1831 0E - Ol s.oooooe-o1 2, 71333£.,01 1,00000E 00 2,00061E ... Q1 2 ,oooooe 00 9 o 46206Eoo02 
s .oooooe 00 2,0lrt6E-02 loOOO OOE 01 5,29620E .. 03 2.oooooe 01 1,.3tt07BE-Ol 1 ,oooooE Ol 5, 97300E-O" 
it,OOOOOE 01 3, 36257£-04 5, OOOOOE Ol 2 .15286€-0it b .oooooE Ol 1, lt9535E-04 7,00000£ Ol l.09876E•Oit 

KAPA., 4.000 ANGSTA.OMS 

OMEGA S IK,I<I) OMEGA S(K1Wl OMEGA s t K,w l OMEGA S (K,W) 

1011ll/SEC 10( -1 21 SEt 10112 l /SEC 101•121 sec 10( 12 l /SEC 101-12) SEC lOt 12 l /SEC 101-12) SEC 

o.o 3.18310£-01 s.oooooe-o1 2,93885€-01 1, OOOOOE 00 2, 38891E-01 z ,oooooe 00 1, 3~626£oo01 
5,00ltOOE 00 3.41858E-02 1.00000£ 01 9,29516£-03 2 .ooooo E Ol 2, 37582£-03 3,00000E 01 1. 06032e .. o3 

ft,Q QOOO E 0 1 5,973QOE-04 s.oooooe 01 3,82530€-04 6, OOOOOE Ol 2,65744E-04 7,oooooe Ol 1,1J5283Eoo04 

KAPA• 5 0 000 ANGST~OMS 

OMEGA SiK,Wl OMEGA S (K1Wl OMEGA S(K,Wl OMEGA 5 (K,W) 

10(12l!SEC 101 -lll SEC lOtlll/SEC 101 .. 121 sec 1Q(l2 l/S EC 101•12) SEC 101121 /SEC 10(-12) SEC 

o.o 3.1831 0E -01 5, OOOOOE-01 3.02234€·01 1. oooooE oc 2,62466€-01 2, OOOOOE 00 1o11961Eoo0l 

5.oooooe oo 5.037 23 £- 02 1. oooooe 01 ~ 1 42R90E-02 2. oooooe 01 3,69670E-Ol 3.00000£ Ol lot15365£ooQ] 

4oOO OOOE 01 9. 32297E-04 5.o ooooE 01 5. 97300E .. Q4 6, OOOOOE Ol "', 1502qE-04 1, oooooE Ol 3,050BE-04 

KAPA• b,OOO ANGSTROMS 

OHEG~ S IK1Wl OMEGA S (K,W) 0/o\EGA S(K,wl OMEGA SII(,W) 

10112 l /SEC 10 ( -12) 51( lOt 12) /SEC 10(•12) SEC 10(\Zl/SEC 10 1 .. 12) SEC 101 1Z >/SEC lOt-12) SE( 

o.o 3.18310E-Ol !i.OOOOOE-01 3,06971E-Ol l,OOO OO E 00 2. 713J3f .. Ol 2, OOOOOE 00 2,00067E,.Q1 

5, OOOOOE 00 6, 78142E-02 l.OOOOOE 01 2,0l776E .. o2 2 ,oooooE Ol 5.29619E-O') 3, oooooe Ol 2,37,82E,.03 

it,OOOOOE 01 1. 34078£-03 5.00000£ 01 8 , 59402f .. Q4t 6.00000E 0 1 5,97300E-04 71 OOOOOE Ol •, 39051E~04 

KAPA• 7,000 1\NGS TR OI".S 

OMEGA SIK1W J OMEGA S (I(,Wl OMEGA S(K,W) OMEGA S!K, W} 

10112 I /SEC 101-12) SEC 10112) /SEC 10 ( .. 121 s~c 10112 J /S EC l 0t •l2) SEC 10(12 l /SEC 10(-12) SEC 

o.o 3, 18 3t OE -01 !i.OOOOOE·01 3,099ooe.o1 1. oooooe 00 2, 87lltOE-01 2, OOOOOE 00 2.21940E-01 

'. oooooE 00 8, 5708B E-02 1.00000E 01 2 ,68493E ... 02 2, onoooe Ol 1,16565E ... OI l1 OOOOOE Ol 3,22507£ooQ] 

4, OOOOOE Ol 1. B2218E•03 !ioOOOOOE 01 t. l6800f ... Q3 6oOOOOOE Ol 8,12441f-04 1, oooooe Ol 5 • 91!00E-04 
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• OB LStAT• •SA MPLE PII:OBLEH 1• - TRANSMISSION EXPf o .. TIHE OF HIGHT 

THICK • l, OOOOO E-Ol CH 

TEMP• 8,50000€ 01 K 

THETAO • l,OOOOOE 01 DEC 

MOLECULAR DENSITY • 2ol3877E·OZ X101241/CIIt31 

FLUX• 1 , oooooe oo 

NO . OF SCATTEREPS PE R MO LEC ULE• loOOOOOE 00 

sOUND UOH CROSS SECTION• 6oZOOOOE-OlBARN5 

SIGMA(€) • z,t3Sl7E · OZ + 4 1 9348qE-OZ *E .. (•5,81t9)0E•01) 

ELOWER• z,oooooe oo 11EV 

EUPPERt 4,00000E 01 HEY 

NO,OF MESHES US ED IN THETA INTEGIUTION• 

NO ,OF MESH ES USED IN PHI INTEGRATIO N• 

Tl-"f OF FLIGHT SCAL E IS USED . 

TRANSMISSION EXPERIMENT ~E OHETRY IS USED. 

* OB~SC.AT * *S AMPLE PROBI.EH l *- TRANSMISS I ON EXPT, .. TI ME Of FLIGHT 

TIHf OF FLI GHT SCAlE IS US ED 

TRA NSMISSION EXPE R.IHENT GEOM ETR Y IS USED , 

INCIDEN T TIME Of fL I GH T• lo03600E 0 3 HJCROS EC/HETER 

EO• 4 ,81340E 00 MEV 

T OF F 

MICROSEC/M 

! , QOI)OOE 02 
1, 03bOO E Ol 
l,l OOOO E Ol 

THETA• lt,OOO OOE 01 OEG 

SCATTERI NG ANGL. E• 3,00000! 0 1 OEG 

MEV 

8,112BlE 00 
4,87HOE 00 
4,3228 1E oo 

NO , OF 
fNERGY 
MESH ES 

91 ,., 
193 

Jl 

loHH2 E-08 
4.15225E-07 
4. 51 8 88~-08 

JZ 

7,67675E-09 
9, 24505E-09 
5,4B5l9E-oq 

2,111 10£•08 
4 ,94470E•Ol 
S,ObHOE-0! 

SIGMAl SUiMA12 

U~NS/M ICROSEC /HET!R 

4,797UE•O& 
Z .2H86E•04 
Z,ZI998E•Oj 

7,Sl95H-O& 
2 ,211UE-04 
z.•n•n-o' 

(JUJ211Jl 

l,Hlltli 00 
1, 019051 00 
lolZUH 00 



COMPUTER INPUT DATA FORM 

COST CO DE ______________________________ ___ 

PROGRAM DBLSCAT P RDBL EM ARGON at 85 K OR IGINATOR A. K. AGRAWAL DATE 2/10/71 P AGE 1 OF 1 

I' 12 13 14 1 5 j 6 17 j 8 

1 2 3 4 5 6 7 891 0 1 2 3 4 5 6 7 8 910 1 2 3. 4 5 6 7 8 91 0 1 2 3 45678910 1 23 45~78 9 10 1 2 3 4 5 6 7 8 9] 0 1 2 3 456 7 89]0 1 2 3 45~78 91 0 

1 •D B L S,C ,A T • • S A !'It? L E P Rp 1 B L EJ'A 2 • - ~£F L EC T ! 0 N E P T ENE R GY SC A L E - 1 0 0 0 

((::. ,A R D S 1 1 0 p TO (I 0 0 PI' THE S A1MjP L E f R p B L E M 1N io,. 1 D E SC RI B Il:I.; G S__l(_ . W ) J.l 

1 1 9 9 3 1 5 0 0 

1 . 0 1 . 0 0 . 6 2 2 . 1 3 8 77£ - 02 4 . 9 3 4 89£ - 02 - 0.58 4 9 6 3 ~0 

0 . 1 8 s . 0 1 0 . 0 2 . 1 3_li 77 E- 02 4 . {l 7 1 7 0 0 

2 . 0 3 0 . 0 1 2 0 . 1 8 0 0 

8 . 1 7 4 . {l 7 4 . 3 2 1 9 0 0 

0 .2 0 . 1 0 . 1 2...JQ.[Qj_O 

_LJ. ..J. . 
I II ..J...J. I 

_L..J...J. 

I I I 

I I I I I I l...l..J....L 

I I I I I 

..J...J. 

I 

1 2 3 4 5 6 7 8 910 1 2 3 456789 101 2 3 456789 10 1 2 3 456789 10 1 2 3 4 5 6 7 8 910 1 2 3 4 s 6 1 8 9 lo 1 2 3 456789101 2 3 45678~0 
11 12 13 I• Is 16 17 Je 

N 
w 
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THICK• J,O OOOOE·OJ CM 

TEMP• 81 5QQ0Qf OJ 

THE T AD• L, oooooe OJ OEG 

MOLECU LAR DENS lTV• 2 , JlB77E•OZ XIOil41/CMI31 

FLUX• 1, oooooe 00 

NO . OF SC ATT ERERS PER MO LECULE• 1 ,OOOOO E 00 

SO UND ATOM CROSS SECTION• b,ZOO OOE-OlAARNS 

S IC.M AI E) • Z.l3877E-OZ + 4,93489£-02 *E**(oo5,84930E-01 I 

ELOWER=- Z,OO OO OE 00 MEV 

EUPPER• 4,00000E OJ MEV 

NO.DF MESHES USED IN THETA INTEGRATION• 

NQ ,OF MESHES USED I N PHI INTEGRATION• 

ENERGY SCALE IS USEO. 

REFLE CTIO N EXPER I MoN T GE OM ETRY IS USEO, 

RE FLECTION EXPE RIMENT GEOMETRY 15 USED, 

ED"' 4 ,87000E 00 MEV 

THETA= I, ZOOOOE OZ OEG 

SCATTERING ANGLE" l,lOO OOE OZDEG 

ME V 

8.l7 000 E 00 
4,8 7000 E 00 
4,32000 E 00 

NO ,OF J l 
ENERGY 
MESHES 

97 _, . 103lbE•06 
193 -l,llOZIE•Ol 
193 -z. • HleE-os 

J2 

-3, 57040E-07 
-9, 42090E-07 
-b, 6194bE·07 

I J I+J21 

_,. 46020!•06 
•l, H449E•Ol 
.. z,5tt258E-o5 

S IGMAI 

UR NS/MEV 

1,8Z446E · 03 
Z,U610E•OZ 
1,21!13E·02 

SIGHAI2 

BARNS/MEV 

1,95211E·03 
Z,429T5E•02 
I, B090E•OZ 

I J I+JZ 1/J I 

1 1 Ob99bE 00 
I,OIBZ9E 00 
1, OZ6T3E 00 



APPENDIX 

FORTRAN Prog ram Listing 

REA~ *4 KAPA1NPMOLE MAINOOIO 
CC**********************************************************************MAINOOZO 
CC THIS PROGRAM CA~CU~ATES ONCE AND TWICE SCATTERED NEUTRON MAIN0030 
CC CURRENT, FOR BOTH TRANSMISSION AND REF~ECTION TYPE EXPTS, MAIN0040 
CC**********************************************************************MAIN0050 

DIMENSION TIT~ECISl,TFC~Ol,DELE(50)JE(50l,PlC50),p2(50),PlZ(50)1 MAINOObO 
lSIGMl(50l,SIGMlZ(~O),RATIOC50) MAIN0070 

COMMON /SUB/FLUX,Cl •THICK,Al,AZ,A3•DENSTY,NEXP MAIN0080 
COMMON /SUC/EQ,COTO,SITO,COT•SIT•CDTT,COTPC3l),SITP(3ll•COPHI(3lliMAIN0090 

liTHETA,IPHI,ELDWER•EUPPER MAINOlOO 
COMMON /SET/KAPAClOOl,OMEGA(l00),SKWClOO,lOOl,IKAPA,IOMEGA1TEMP MAINOllO 
DATA C0NST/5,230bE+6/,0TDR/Oo0l7453/•PI/3,14l593/,C2/8,74488E•04/ MAINOlZO 

CC**********************************************************************MAINOllO 
CC MAIN0140 
CC KAPA IS THE MOMENTUM TRANSFER VARIABLE IN ANGSTROM(•!), MAIN0150 
CC IKAPA IS THE NUMBER OF KAPA VARIABLES, MAINOibO 
CC OMEGA IS THE ENERGY TRANSFER VARIABLE IN 10(12) SEC(•ll, MAIN0170 
CC IOMEGA IS THE NUMRER OF OMEGA VAR2ABLES, MAINOlBO 
CC SKW IS THE SCATTERING LAW IN 10(•12) SEC, MAINOI90 
CC !KAPA*IOMEGA ENTRieS, MAINOZOO 
CC NENRGY IS LESS THAN OR EQUAL TO 0 IF TIME OF FLIGHT SCALE MAIN0210 
CC IS USED, MAIN02ZO 
CC IF NENRGY IS GREATER THAN o, ENERGY SCALE IS USEO, MAIN0230 
CC NEXP IS LESS THAN OR EQUAL TO 0 FOR TRANSMISSION EXPTS, MAIN0240 
CC IS GREATER THAN 0 FOR REFLECTION EXPTS, MAINOZ50 
CC !THETA IS THE NUMBER OF MESH POINTS TO BE USED IN THETA MAIN02b0 
CC PRIME INTEGRATION, MAIN0270 
CC IT MUST BE AN ODD NUMBER, MAIN0280 
CC !PHI IS THE NUMBER OF MESH POINTS TO BE USED IN PHI MAIN0290 
CC PRIME INTEGRATION, MAIN0300 
CC IT MUST BE AN COO NUMBER, MAIN03l0 
CC IE IS THE NUMBER OF SCATTERED NEUTRON ENERGY VALUES, MAIN03ZO 
CC F~UX IS THE INCIDENT aEAM FLUX, MAIN0330 
CC NPMOl< NO, OF SCATTERERS PER MOLECULE, MAIN0340 
CC SIGMAB BOUND ATOM SCATTERING CROSS SECTION IN BARNS, MAIN0350 
CC Al,AZ,A3 ARE PARAMETERS OF TOTAL MACROSCOPIC CROSS SECTION, MAIN0360 
CC SIGMA(E)•Al•A2*E**C•A3) WHEII.E E IS IN MILLIVD~TS, MAINO:HO 
CC Al IS IN CM(•llo MAIN0380 
CC THICK IS THE SAMPLE SLAB THICKNESS IN CM, MAIN0390 
CC TEMP IS THE SAMPlE TEMPRATURE IN K, MAIN0400 
CC THETAO IS THE ANGLE MADE BY THE INCIDENT BEAM WITH SLAB MAIN0410 
CC NORMAL, MAIN0420 
CC IT IS IN DEGREES, MAIN0430 
CC DENSTY IS THE MOLECULAR DENSITY, MAIN0440 
CC TOFO IS INCIDENT TIME OF FLIGHT IF NENRGY IS LESS THAN MAIN0450 
CC DR EOUAL TO ZERO, MAIN04b0 
CC IT IS INCIOENT N!:UTRON ENERGY IF NENRGY IS GREATER MAIN0470 
" THAN ZERO, MAIN0480 
CC ELOWER AND EUPPER ARE LOWER AND UPPER ENERGY VA~UES IN ENERGY MAIN0490 
CC INTEGRATIO N, MAIN0500 
CC THESE ARE IN MILLIELECTRON VOLTS, MAIN0510 
CC THETA IS THE ANGLE BET WEEN OUTGOING NEUTRON BEAM AND MAIN0520 
CC SLAB NORMAL, MA I N0 530 
CC IT IS IN DEGREES, MAIN0540 
CC SCTANG IS THE SCATTERING ANGLE, MAIN0550 
CC IT IS IN DEGREES, MAIN05b0 
CC IE IS THE NUMBER OF FINAL NEUTRON ENERGY VALUES, MAIN0570 
CC TF ARE THE TI ME OF FLIGHT OF OUTGOING NEUTROM IF NENRGYMAIN0580 
CC IS LESS THAN OR EQUAL TO Q, MAIN0590 
CC ARE THE ENRGY OF OUTGOING NEUTRON IF NENRGV MAINObOO 
CC IS GREATER THAN O, MAIN0610 
CC IF TF ARE ENERGY, THEY MUST BE IN MEV, MAINObZO 
CC DELE IS THE ENERGY MESH SIZE IN E PRIME INTEGRATION, MAIN0630 
CC IT CAN BE VARRIED WITH TFo MAINOb40 
CC MAINOb50 
CC**********************************************************************MAI N06 b0 

25 



26 

cc 
cc 
cc 

cc 
cc 
cc 

100 

RtAD 
R~AD 
R~AD 

~tAO 
READ 

( 5>7000) 
I ~>700" 
!5>7010l 
(5J7010l 
(5,7010) 

!TITLE!ll•l•1>18l 
IKAPA>IOMEGA 
(KAPA! I ),(•1• IKAPA) 
!CMEGA!I),I•1,IO MEGAl 
I !SK W! I•Jl>J•1> IOMEGAl• 1•1• IKAPA) 

LISTI NG OF S!K>Wl FU NCTIO N 

WRITf (6>6000l 
DO 100 
WRITE (6•600~) 
WKITE (6>6010l 
CO NTINUE 
RtAD (5>700~ l 
READ !5>7010l 
HAD !5>7010l 
READ !5>7010l 
READ !5>7010l 
READ (5, 7010 l 

!TITLE!Jl,J•1,18l 
I•1•1KAPA 
KAPA ( ll 
!CMEGACJl,SK W(l,Jl•J•1>1DMEGAl 

NENRGY,NEXP,ITHETA•IPHI,IE 
FLUX, NPMOLE,SiGMA8>Al>A2,A3 
THICK,TEMP,T HETAO>DENSTY,TOFO 
ELOWER,EUPPER,THETA 
!TF! ll> 1•1• IEl 
!DELE!Il,I•1•1El 

EDITING OF JNPUl DATA 

MAIN0670 
MAIN0680 
MAIN0690 
MAINOTOO 
MAIN0710 
MA I NOTZO 
MAIN0730 
MAIN0740 
MAJN07'0 
MAIN0760 
MAIN0770 
MAINOTBO 
MAIN0790 
MAINO BOO 
MAIN0810 
MAINOBZO 
MAIN0830 
MAIN0840 
MAIN0850 
MAIN0860 
MAIN0870 
MAIN0880 

IF ! NEXP ,LE. 0 ,ANQ, THETA ,GE, 90,0) GO TO !10 MAIN0890 
IF (NEXP ,GE, 1 ,ANQ, THETA oLE, 90,0) GU TO 11~ MAIN0900 
GO TO 12~ MAIN0910 

110 WRIT~ !6>6015l MAIN0920 

115 WRITE !6>8020) MAIN0930 GO TO 120 
120 GO TO 15~ MA I N0940 MAI N0950 
125 WRITE !6>602~) !TITLE!Jl,J•1>18),THICK,TEMP,THETAO,DENSTY>FLUX,MAIN0960 

I NPMOLE>SIGMAB,Al,AZ,Al>ELOWER•EUPPER>ITHETA,IPHIMAIN0970 
IF !NENRGY ,LE, Ol WRITE (6,8030l MAIN0980 
IF (NENRGY ,GT, Ol WRITE (6,8035) MAIN0990 
IF !NEXP oLEo Ol WRITE !6,6040l MAIN1000 
IF !NEXP oGT, Ol WRITE (6,6045l 
Cl•DENSTY•NPMOLE*SIGMAB / (4 0 •P1•1o0544/1•602l ~::~ig~~ 
COTO•CUS!DTOR•THETAOl 
SITO•SIN!DTOR•THETAOl MAIN1020 
COT•COS!DTOR•THETA) MAIN1D30 
SIT•SIN!DTOR•THETAl MAIN1040 
SCTANG•ABSITHETA~THETAOl MAIN10~0 
CUTT•CDS!OTOR•SCTANGl MAIN106D 
DTHElA•Pl/IITHElA-1) MAIN1070 
00 130 1•1•1THETA MAI N1080 
Xl•!l•1l*DTHETA MAIN1D90 
COTP! ll•COS!Xll MAINllOO 

130 SITP!ll•SIN!X1l MAIN1110 
DPHI•Pl/!IPHI-ll MAIN1120 
DO 13~ i•l

1
1PHI MAIN1l30 

135 CUPHI!ll•CUS!II-ll•OPHll MAIN1140 
IF !NENRGY ,GTo Ol GO TO 145 MAIN1l~O 
EO•CDNST /TOFD/TOFO MA 1Nll60 
DU 140 1•1, IE MAIN1170 
E! ll•CONSTITF! ll/TF! ll MAIN1180 
CALL JONE!P01,E! Ill MAIN1190 
CALL JTWU!POZ 1 E!Il,DELE!Ill MAIN1200 
XZ•E(( l•SQRT!EIIll•Cz MAIN1210 
Pl!ll•POl*X2 MAIN1220 
PZI!l•POZ•X2 MAIN1230 
Pl2(1)•P1!il+PZ!Il MAIN1240 
SIGM1!ll•CROSS!P11ll•E!ll) MAIN1250 
SIGM12!1l•CROSS!P12! ll,E! j ll MAIN12b0 

140 RATIO!Il•P121 ll/Pl! ll MAIN1270 
WRITE !6>6050l ITITLE!Jl,J• 1tl 8 l MAIN1280 
IF INEXP oLEo 0) WRITE (6,8040) MAIN1290 
IF !NEXP 

0
GT, Ol WRITE !6, 8045 l MAIN1300 

WRITE 16>6055l TOFO,EO,THETA SCTAN~ MAIN1310 ' ~ MAIN1320 



IIRITE 16•8060) ITF! I ),Et I ),DELE! I l•Pl( I l,PZ(J >•Pl2CI >•SIG Mll I >•SIMAINl3 3o 
! GMlZ!Il,RATIO(I),I•l.IE) MAIN1340 

GO TO 1~ 5 MAIN1350 
14~ EO•TDFO 

DO 150 1•11 te MAIN13b0 
El ll•TF(I) MAIN1370 
CALL JONE(P01•Ell)) MAIN13BO 
CALL JTWO!POZ,E( I )I DELE! I)) MAIN1390 
Pl(ll•POl MAINlltOO 
PZ(J)•POZ MAIN1410 
PIZ(I )•Pl( I )+Pz(l) MAIN1420 MAIN1430 
SIGMl( I l•CROSS!Pll I l•El Ill MAIN1440 
SIGMlZ( I l•CROSStPlZ( I l•El j)) MAIN1450 

1~0 RATJO(Il•P12!1)/Pl(ll MAIN14b0 
WRITE 16•8065) (TITLE!J),J•l•lBl MAIN1470 
IF (NEXP oLEo 01 WRITE (6,8040) MAIN1480 
IF (NEXP ,GT, 0) WRITE 16•8045) MAIN1490 
WRITE 16•8070) EO,THETA,SCTANG MAIN1500 
WRITE 16•807, (E( I l1DELE! I >•Pl( I l•PZ( I l,Pl2( I l•SIGMll I ),SJGMlZ! IMAINl~lO 

l ),RATIIJ( I )• l•l•IE) MAIN1520 
1~5 STOP MAIN1530 

1000 FORMAT!l8A4) MAI N1540 
700, FORMAT(lZib) MAIN1550 
7010 FORMAT(6E12,51 MAIN1560 
8000 FURMAT!lHlllBA4//5X1'LISTING OF SCATTERING LAW BEING USED IN OBLSCMAIN1570 

AAT CDDEI//) MAIN1580 
800, FURMAT!lH0,7x,•KAPA•'•F7,3,1 ANGSTROMS'//4!7X,'0MEGA•,9X•'S(~,wl '•MAIN1590 

A3X)/4(4X•'10!121/SEC'•5X•'101•1Zl SECI)/) MAIN1600 
8010 FORMAT!8(3X,lPE12,5)) MAIN1b10 
8015 FORMAT(1H1,//5X•'*** ERROR MESSAGE ***'I/5X,•SCATTERED BEAM ANGLE MAINlbZO 

ATHETA MUST BE LESS THAN 90 DEGREES FOR TRANSMISSIO N EXPT,'l MAIN1b30 
BOZO FORMAT!1H11//5X•'*** ERROR MESSAGE ***'115X,•SCATTEREO BEAM ANGLE MAIN1640 

ATHETA MUST BE GREATER THAN 90 DEGREES FOR REFLECTION EXPT,I) MAINlb50 
B025 FORMAT!lH1118A4///29X• 1THICK•I,lPEl2.5•' CM 1// MAINlb60 

6030 
8035 
8040 
801t5 
8050 
8055 

80~0 
8065 
8070 

A 30X,OTEMP• 111PE12o51' Kl// MAIN1670 
B 28X,OTHETA0ol,lPEl2 0 5, 0 DEGI// MAIN1680 
C l7X,IMOLECULAR OENSJTY•IdPElZ,S, I X10!24)/CM!3)MAIN1690 
0 °//30X,IFLUX•'•lPEl2o5// MAIN1700 
E 5X•' NO,OF SCATTERERS PER MOLECULE•'•lPE12,5// MAIN1710 
l lOX,IBOUNO ATOM CROSS SECTIO N•'•lPElZ,5,oBARNS 1/MAI N17ZO 
F /ZbX1 1SIGMA!El•'dPE12,5t' + '•1PE12,51 MAIN1730 
G I *En(I/1PE1Z 0 5,1)1// MAIN1740 
H 28X11ELOWER•'•1PE1Z 0 5•' MEVI/1 MAIN1750 
I ZBX,IEUPPER•'dPE12,5•' MEVI// MAIN1760 
J ZOX•'NO,OF MESHES USED IN THETA INTfGRAT!ON•IIJ6/MAINl770 
K /ZOX1 •NO,OF MESHES USED IN PHI INTEGRATION•I•J~//) MAIN1780 

FURMAT11H ,sx,o TIME OF F~IGHT SCALE IS USED,I/) MAIN1790 
FORMAT!lH ,,x,o ENERGY SCALE IS USEO,I/) MA1Nl800 
FORMAT!lH 1 ~X1' TRANSMISSION EXPERIMENT GEOMETRY IS USEO,Il MA!Nl810 
FURMAT!lH ,5X11 REFLECTI ON EXPERIMENT GEOMETRY IS USED,' I MAINlBZO 
FORMAT(1H1118A4///7X• 1TIME OF FLIGHT SCALE IS USED 1//) MAI NlB30 
FORMATI//JX1'INCIDENT TIME OF FLIGHT•I,lPElZo5• I MICROSEC/METER 1//MAlNlB40 

A28X 1 'E0•'•1PE12•5• o MEV 1//25 X• ITHETA•IIlPEl2,5•' DEG'//l4X• •SCATTEMAI NlB50 
BRI NG ANGLE•'IlPEl2,5• • DEG•ttsx, • T OF F•11ox, 1E116X• •ENERGV 1 1~x. •MAINlB6o 
CJllllZX•'J2'•10X1 I (Jl+JZ) '•7X• 'SIGMA1118X, 'SIG HAIZ'•'X• I (Jl+J2)/JlMA! Nl870 
0'130X 1 •MESH '13X•'MICROSECIM'•B X•' MEV116X, 1SIZE o,45X•'BARNS/ MlCR MAINlB80 
EOSEC/METERI//) MAINlB90 
FORMAT!1PZEl4,5•0PFb.Z,1P~E14,5) MAI N1900 
FORMAT!lH1,1BA4///~X• 'ENERGY SCALE IS USED,'//11 MAIN1910 
FORMAT!/ZOX•'EO•'•lPE12,5•' MEV1//l7X,oTHETA•I,1PElZo51° DEG'// MAI N1920 

AbX1 'SCATlERING ANGLE•'•lPEl2o51 10EG' I/7X•'E'•7X• 0 ENERGY'•bXJ 'Jl '•lMAI Nl930 
B ZXI I J z I I lox. I ( J l+J z) I I 7X' I sIG MA 1 I I 8XJ Is I GMA 12 I' SXI I ( J l +J 2) I J 1° I MAIN 1940 
Cl~X 1 •MESH '16X1 •MEV• 1 7X•'SIZE o,44X 1 •BARNS/ MEV 115X•'BARNS/MEV 0 //MAI N1950 
0) MAIN1960 

8075 FORMAT !lPE14,5•0PF~.z,lP~E14,5) MAI N1970 
END MAI N1980 
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c c •••• :~~;!!~~.;:~::.~;~:~~!~!! .... ····································· 
~ ~ ....... ! ~!!.:: ~~: ::.! ~: ~ ~:!; !. ; : ~!!.!;; !! ~ ~.: : ~:.; ~::! ~! ••••.•••••..•• 

~~~~~~ ~ ~~~~~6~~~~g~~ ~ ~~! ~~~ ~ ~ ~ ~~C~~~ ~~~~~; l ~ ~ ~ ~IT P 131 I 1 COPH I 131 I 1 

1 I THE T A1 1 PHI, E LOWER1 EUPPER 
SGM ( Y) •Al+ AZ *E XP ( •A3*ALOG ( V)) 
S I GMAO •SGM I EO ) /C OTO 
SIGMA1•SGMIEI/COT 
X•SIGMA1 •SIGMAO 
IF (X,EQ.O,Ol ON •l,/THICK 
1 F 1 X , NE ,0,0 1 DN • X/1 EXP I •S I GMAOOTHICK) ·E XP I•S IGMA1°THICK I I 
CROSS •CURE NT *C IITOOON •S QR T I EO/ E I I DENS TV 
IF INEXP ,GE, 11 c•OSS•CROS S•I•E XPI·SIGMA 1°THIC KI I 
RETURN 
ENO 

SUB ROU TI NE JON E I POl , ENEI cc•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
CC THIS PR OGRAM CALC ULATE S THE FIRST SCATTERED NEUTRON CURRENT FOR 
CC 80TH TRANSMISSION ANU REFLECTION EXPERI MENTS, 
cc•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

CUMMDN I SUB/FLUX.- CONS , THICK, A l1 AZ1 A3, DE NS TV J NEXP 
COMMON /S UC / EO> CUT O, S I TO, COT, SIT ,con 1 COTP Ill) 1 S !TP ( 31 I> COP HI I 31 I' 

LI TH E T A, I PH l1 E LOW ER1 EUPPER 
SGM( Y) •Al• A2 *E XP I •A3*Al. OGI Y)) 
CKA PA •0, 09450S QR T ( ENE+E0•2, OOSQR T (ENE OEO I •COn I 
OMEGA •I ENE• EO I 01,5184 
SIGMAO •SGM I EOI / COTO 
SIGMA! •SGM I ENEI /COT 
X IISIG MA l·SlGMAO 

IF- (X .EY, 0,0) ON•THICK 
IF (X , NE, 0,01 ON•(EXPI•SIGMAOOTHICKI·EXP(•SIGMA1•THICKI 1/X 

PO I •F LUX OCO NS /C OTO •D N•ENE I EO•SKP ( CKAPA1 OMEGA) 
IF INEXP ,GE, 1 I POl•P Ol•I•EXPISIGMAlOTHICKI I 
RtTURN 
END 

SUBROUTI NE JIWOIP02,E>DELEI 
cc•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
CC THIS PROGRA M CALCULATES SECO ND SCATTERED NEUTRO N CU~~ENT FOR 
CC 80 TH TRANSMISSION AND REFLECTIO N EXPE~IMENTS, 
cc•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

COMMON I SUB I F LUX , CONS, THICK, A 1, A2, Al> DE NS TV, NE XP 
CUMMON /SUC/ EO,COTO, S !TU, COT, SIT >COn ,COTP 131), S !TP 131 I 1COPHI ( 31 I, 

11 TH E T A1 I P~I, El.OWE R1 EUPPER 
COMMON EX 
EX•E 
DE LEA • DELE/4, 
IF IE ,GEoEO I GO TO 110 
RESULT •S IMP I EL OW ER, E•DE L E> DELE I +SIMP I EO+ DELE 1 EUPPER, DELE I 
IF IE,GT,EO•Z , • DELEI GO TO 100 
RESULT •RES UL T+SI MP I E•DELE>E+DELE>DELEAI 

I +SI MPIE+ DE LE>EO•OELE>DELEI 
2 +S IMPI EO· DELE,EO+DELE,DELEAI 

GO TO 140 
100 RESULT •RESUL T+S IMP I E•DELE> E, OELEA I 

+SI MP(E,EO>DELEAI 

110 

120 

130 

1 
2 

I 

GO TO 140 
I F IE,GT,EOI 
RESULT 

GO TO 140 

+S IM P I EO> EO+OE LE> DELE A I 

GO TO IZO 
•S IMP I ELO weq, EO• DELe, DELE I +S I MP I EO•DELb EO+DEL E, DELE A 
I +SI MP I EO+ DELE, EUP PER, DELE I 

RESULT •S IMP IE LO WER, EO•DE LE, DELE I +SIMP! E+DE L E> EUPPER, DELE 1 
IF IE,LT.EO+Z,•DELEI GO TO 130 
RESULT •RE SUL T+S IMP ( EO• DELE, EO+ DELE, OE LEA) 

I •SI MPIEO+DELE,E·DELE>OELEI 
2 +SI MP( E•OELE>E+DELE> DELEAI 

I 
2 

GO TO 140 
RESULT 

P02 
RETURN 
END 

•RESUL T+S IMP I EO• DELE, EO> DELE A I 
+SI MP ( EO> E> DE LEA I 
+SI MP IE, E+ DELE, DELE A I 

•RE SUL T•C ONS •C ONSOF LUX•E I EO 

CROSOlO 
CRO SOZ O 
CROS030 
CR OS040 
CROS050 
CROSOOO 
CROS070 
CROS08 0 
CROS090 
CROS100 
CROS110 
CRUS1ZO 
CROS 130 
CROS140 
CROS150 
CROS1b0 
CR0Sl70 

JO NEOlD 
JO NEOZO 
JO NE030 
JO NE040 
JONE050 
JONEOOO 
JO NE070 
JO NE080 
JONE090 
JO NEIOO 
JO NE 110 
JDNEIZO 
JONEI30 
JONE140 
JONEI50 
JUNE100 
JONEI70 
JONEIBO 
JONE190 
JONEZOO 

JT W0010 
JTWOOZO 
JTW0030 
JTW0035 
JTW0040 
JTW0050 
JTWOOOO 
JTW0070 
JTW0080 
JT W0090 
JTWOIOO 
JTWOllO 
JTWOIZO 
JT WOI30 
JTW0140 
JTW0 150 
JTWOlbO 
JT W0170 
JT W0180 
JT WO I90 
JTWOZOO 
JT WO ZlO 
JT WOZZD 
JTWOZlO 
JTWOZ40 
JT WO Z5 0 
JTWOZOO 
JTWUZ70 
JTW0280 
JTWOZ90 
JTW0300 
JTW0310 
JTW03ZO 
J TW0330 
JTW0340 
JTW0350 
JT W03b 0 
JTW0370 



FUNCTION SIMP(EL•EU,QELEI 
cc•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
CC IT CALCULATES INTEGRAL FROM EL TO EU WITH MESH SIZE DELE 
CC SIMPSONI$ RULE OF INTEGRATION IS USED, 

cc•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
DE •DELE 
N •(EU-ELI/DE+i 

IF (N,EQd) N•2 
IF (MQO(N,Zl.EQ,Ol N•N•l 

DE •(EU•ELI/(N•II 
SIMP •THETA(ELI•THETA(EUI 

DO IOO I•Z•N•Z . 
E •EL+ll•l)OOE 

100 SIMP •SlMPH,OOTHETAlEI+Z,*THETAlE+DEI 
SIMP •S!HP*DE/3, 

RETURN 
END 

FUNCTION THETA(EPI 
cc•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
CC THIS PROGRAM EVALUATES THETA PRIME INTEGRATION, ,, ......•..•.•.•...•...•...•..•....••.•....•...••......•••............•. 

100 

COMMON I SUC/EO, COTO, S l TO, COT 1 S l T, COTT 1 COTP ( 31), S l TP ( 3!11 COP HI ( 311, 
L I THETA, l PHI1 fLOWER, EUPPER 

COMM ON E 
DATA P!/3,141593/ 

ITHETB •!THETA·! 
THETA •O. 

DO 100 I•Z,ITHET B,z 
THETA •THETAH,OSITP( li*PH!l lEP,COTP( !),S!TP( li•E )0 

VALU ( !1 EP, E 1+2 ,•S I TP ( I+l)OPHI! ( EP,COTP ( !+II• 

THETA 
RETURN 
END 

SIIP(!+Il,EIOVALU(!+l,EP,EI 
•THE T AOP l/1 THETB/3, 

FUNCTION VALU(NTP,El•El ,, .•...•...•.............•....•....................•...•.•.....•........ 
CC THIS PROGRAM CALCULATES ANGLE DEPENDENT TER M IN PZ 
cc•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

10 

20 

30 

40 

50 
100 

C OHMON I ~UBI FLU X, CONS1 THICK, A l1 AZ, A3, OENSTV 1 NE XP 
COMMON tsuctEo, coro, s ITO• cor, sIT, con ,carp 131), s 1 TP 131i•COPHI < 311• 

J. lTHE T A1 I PH I 1 E LDWER1 EUP PER 

A 
8 

A 

A 

A 

EQUIVALENCE <THICK,Tl 
SGMIYI •AI+A20EXPI+A30ALUG(Yll 
SIGO . =SGHlEOI/CUTO 
SIG •SGMlE 1/COT 
XI •SlG-SIGO 

IF (ABSICOTPl NTPll ,LE,O.OOll GO TO 10 
SIGI •SGMlE11/COTPINTPI 
Xl •SlG-S!Gl 
X~ •S!Gl•SIGO 
FTETAI •1,0 

IF (COTPINTPl ,LT, 0.01 FTETA1•EXPl+X30TI 
IF (Xl ,EQ, 0,0 ,AND. X2 ,EQ. 0,0) 
IF lXI ,EQ 0 0, 0 I GU TO 30 
IF (XZ ,EQ, 0,0 l GO TO 40 

GO TO 20 

IF (X3 ,EQ 0 0,0 l GO TO 50 
VALU • ( IEXP(·S!GO*TI-EXP(~SIG*Tll/X1 

GO TO 100 
IF (XI , EQ 0 

VALU 

GO TU 100 
VALU 

GO TO 100 
VALU 

GO TO 100 
VALU 

GU TO 100 

•I EXP ( •S l G10T i•EXP ( •S !GOT I l OFTETA1/X2l 
/COTO/COTP(NTPl/X3 

0,0 I VALU • T/ SGM(Ell/COTO 
( EXP ( -s I GUOT 1-EXP ( •S !GOT 11/Xl 

/COTO/SGMIEII 

•U. 0 

1 T•l EXP ( •S I GlOT I•EXP 1-S I G•T l l•FTETAI/XZI 
/COTO/COTPl NTPI/X3 

( 1 EXP ( -s IGO*T J·EXP ( •S I GOT l ll X1·TOFTETA11 
/COTO/COTPINTPI/X3 

•T /X I/COT O/CO TP ( NTP l VALU 
IF (NEXP 
RETURN 
END 

,GEoll VALU•VALUO(•~XP(S!GOT)l 

SlHPOIO 
S l MP020 
S I MP030 
S!MP040 
SIHPO'O 
S l MPOOO 
SIMPOTO 
S I MPOBO 
S I MP090 
S lMP!OO 
SlMPllO 
SlMPlZO 
SIHP130 
SIMP140 
S I MPI!>O 
SlMPjOO 
S!MPI70 

THETOIO 
THETOZ O 
THET030 
THET04 0 
THET050 
THETOOO 
THE TOTO 
THETOBO 
THET090 
THETIOO 
THET 110 
THET120 
THETI30 
THETI40 
THETI~O 
THETIOO 
THETl70 

VALUOIO 
VALUOZO 
VALU030 
VALU040 
VALU050 
VALUOOO 
VALU070 
VALU080 
VALU090 
VALU100 
VALUllO 
VALU120 
VALU130 
VALUI40 
VALUI'O 
VALUlOO 
VALU170 
VALUl80 
VALU190 
VALU200 
VALU210 
VALU2ZO 
VALU230 
VALU240 
VALU2'0 
VALUZOO 
VALU270 
VALU280 
VALU290 
VALU300 
VALU310 
VALU3ZO 
VALU330 
VALU340 
VALU350 
VALU300 
VALU370 
VALU380 
VALU390 
VALU400 
VALU410 
VALU420 

29 



30 

FUNCljUN PHIIIEl•COTl,SITl•El 
Cl.********************************************************************** 
CC THIS PROGRAM EVAL UATES PHI PRIME INTEGRATION, 
cc•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DIMENSION CKIZ,31 l 
COMMON I ~UBI FL UX , CONS 1 TH t CK1 A l.t AZ, Al1 DENS TY 1 NE XP 
CUMMUN /SUC/EO , COTO, 51 TO, COT'S IT' COTT 1 COTP 131) • S !TP 131 l •COPHII31 l' 

1 J THE T A1lPHI1 ELOWER1 EUPPER 
OAT A c l / 1 '' 184/JCZ /0.69453/ I p J/3 ,141593 / 
OM1 •tl•IE1•EO) 
OMZ•Cl*IE-Ell 
Rl•El+E U 
Rl•E•E 1 
Bl•Z.*SI.lRTIEl*EUl 
BZ•Z.•SQKTIE*Ell 
11-'HIA•IPHJ•l 

CC CALCULATION UF KAPA VALUES, 
OU !DO 1•11IPHI 
CK 11• I l •C2•SoR T I R1•B 1•1 COT o•COTl+S ITD•S IT 1•COPHIII) l l 

100 CK 121! l •t2•SQRT I R2•B2•1 COTI•COT-S I Tl•S IT•COPHIII l)) 
Phi J•S KPICKI 1,1 l.rCMl l*SKPICK I 2Jl1JOM2) 

A -SKP ICK ll1 I PHI lJOMl l*SKP ICK I VI PHI ),QMZ) 
00 200 taz.~tPHJA,2 

ZOO Pt1JI•PHJ l•H.*SKP ICK( l1l ),QMl l*SKPICKI z,t J,QM2l 
A + Z1 *SKPICKil,,J+l) , OMll*SKPCCK(2.-l+li.-OM2:l 

PHll•PHl l*P l/1 PHI A/3. *2 o 

RETURN 
END 

FU NCT IO N SKPICK•OMA) ,, ..................................................................... . 
CC THIS PROGRAM INTERPOLATES SIK,Wl FROM TABULAR INPUT DATA, ,, ..................................................................... . 

REAL •4KAPA 
CUMMON /SET /KAPA 1100 l 1 OMEGA 1100 l' SKW 1100, 100 l 1 IKAPA 1 IOMEGA , TEMP 

FUNIAI,A2•A3•A4l •ALUGIABSIA1/A2) l/A,OGIA3/A4l 
CM •CMA 

IF- (OMA,LT,O.Ol OM•ABS(UMA) 
IF CCK.Ll, KAPAClll GO TO 80 
I~ ICK,GT, KAPAIIKAPAl I GO TO 70 

I •1 
10 H I KAPAII) .LE.C K,ANO,CK,LE. KA PAII+l l l GO TO 20 

I II I +l 
GO TU 10 

20 IK •I 
30 IF IUM,GT,OMEGAIIOMEGAl l GO TO bO 

J •1 
40 IF COMEGA(J),LE.OM,ANO,OM,LEoOMEGA(J+lll GO TO 50 

J •J+l 
GU TU 40 

50 1 w ~J 

GO TU 90 
bO SKP ~o.o 

70 

eo 

90 

Rl: TURN 
IK 

GU TU 30 
IK 

GO TO 30 
I 
J 
SKOJ 

SKOJ I 

• I K 
•IW 
•SKWCIJJl*EXPCFUNCSKW(l,J),SKW(t•l 1 J).- KAPA(J) 1 

KAPA11+1ll•ALOGICK/ KAPAII))) 
aSKWCt.-J+ll*EXPIFUNCSKW(J,J+ll , SKWit+lJJ+ll' KAPACil1 

KAPAII+Il l•ALOGICK/ KAPAII+ll)) 
SKP •SKUJ 1-1 SKOJ 1-S•OJ) /I OMEGA I J+1) -D"EGA 1 J) 1• 

A IOMEGAIJ+l l -OMl 
IF IOMA,LT,O.Ol SKP•SKP•EXPIOM/TEMP•7 b3B3) 
IF CSKP,LT,O.Ol SKP•O , ' 
RE T~RN 
EN D 

PH!I010 
PHI IOZO 
PHII030 
PH1104 0 
PHIIO~O 
PHI lObO 
PHII070 
PHI 1080 
PH11090 
PH 11100 
PH IIllO 
PHII120 
PH 11130 
PHIII40 
PHII!50 
PH!llbO 
PHII170 
PHI!l80 
PHI1190 
PHII200 
PHil 210 
PHII220 
PH!1230 
PH!1240 
PHI12~0 
PHI12b0 
PH1!270 
PHJI280 

SKPOOIO 
SKPU020 
SKP0030 
SKP0040 
SKP0050 
SKPOObO 
SKP0070 
SKP0080 
SKP0090 
SKPOIOO 
SKPD110 
SKPD120 
SKP0130 
SKPOI40 
SKP01~0 

SKP01b0 
SKPOI70 
SKP0!80 
SKP0190 
SKP0200 
SKP0210 
SKP0220 
SKP0230 
SKP0240 
SKP0250 
SKP02b0 
SKP0270 
SKP0280 
SKP0290 
SKP0300 
SKP0310 
SKP0320 
SKPOHO 
SKPDHO 
SKP0350 
SKP03b0 
SKP0310 
SKP0380 
SKP0390 
SKP0400 
SKP0410 
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