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PROGRAM BRAGG 
A FORTRAN-IV PROGRAM FOR CALCULATING 

BRAGG CURVES AND FLUX DISTRIBUTIONS 

Gerald M. Litton 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

February 24, 1967 

1. GENERAL DESCRIPTION 

UCRL-17391 

PrograITl BRAGG calculates Bragg curves and nUITlber -distance 
curves for a beaITl of ions of arbitrary atoITlic nUITlber, atoITlic weight, and 
energy, incident on an absorber. This absorber is assuITled to be hOITloge
neous, but ITlay consist of an arbitrary nUITlber of cOITlponents, each speci
fied by an atoITlic nUITlber, atoITlic weight, and atoITlic density. The geoITle
try considered is that of a broad, well-colliITlated beaITl incident on a slab 
whose transverse diITlensions are large cOITlpared to the distance travelled 
by the ions in the absorber. 

The calculation takes into account the processes of ionization 
energy loss, energy straggling, and nuclear attenuation; but energy deposi
tion froITl secondary particles is neglected. The ionization energy loss and 
nuclear attenuation processes are calculated by ITleans of distinct subrou
tines, which are intended for use either with protons or with ionized nuclei 
of heavy atOITls. This flexibility has been deliberately incorporated, so that 
the user ITlay easily eITlploy his own routines for the calculation of these 
processes for any desired ion. 

Corrections for ITlultiple scattering have been included. The cal
culation of these corrections also produces estiITlates of range shortening 
and beaITl spreading due to the scattering process. These estiITlates are in
cluded in the prograITl output. 

Various options for data o,utput are available. Bragg and nUITlber
distance curves ITlay be printed in digital forITl, as on-line graphs, or as 
regular Cal-CoITlp plots. The Bragg curves ITlay be norITlalized to an arbi
trary quantity, either at the origin or at the Bragg peak, SiITlilarly, the 
nUITlber-distance Curve ITlay be arbitrarily norITlalized at the origin. 

For graphic display purposes, an option perITlits shifting the cal
culated Bragg curve so that the Bragg peak is set aVa particular depth of 
penetration. 

The prograITl also calculates the particle ener gy spectruITl at the 
Bragg peak. This ITlay be printed out either in digital forITl or as a Cal-CoITlp 
plot. 
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Other options are available. Some of these pertain to control of 
the numerical procedure employed in the calculations, although the standard 
options that the program uses have been carefully chosen to yield the best 
results for most cases. An option is available that allows the user to choose 
an arbitrary value for the multiplication factor used in the calculation of the 
straggling standard deviation. The standard option is the theoretical value. 
Still another option pertains to the value of the nuclear-attenuation cross
section parameter. The standard option chosen is one that has been found to 
give reasonable agreement with experimental data. 

For comparison purposes, input data may be supplied to the pro
gram. This data is then plotted along with any Cal-Comp figures output by 
the program. 

Decks for Program BRAGG maybe obtained from the Computer 
Center Library, Department of Mathematics and Computing, Lawrence 
Radiation Laboratory, Berkeley, California. 

II. MATHEMATICAL MODEL 

A detailed derivation and discussion of the eqy-ations upon which 
Program BRAGG is based is contained in UCRL-17392.. The purpose of 
this section is to outline briefly the basic mathematical expressions evalu
ated by BRAGG. All terms used are defined in Table 1. 

A. Particle Energy Spectrum 

The spectrum at a given distance S is written as 

EO 

M(E, S)dE = 1 .NO(EO) • exp {-A 1 [~(E' )jf(EI)] dEl}. exp[ - U1. [dUj dE] dE, 
,Jrr PE 

(1) 
which is defined as the number of particles at S having energies within an 
interval dE about E. The function U is defined as 

and 

U = [S - S(E)] j a(E, EO), 

S (E) = A 
P 

!O [1/ f(E')] dE', 

(2) 

(2a) 

where S(E) is the mean distance travelled by particles slowing down from 
energy EO to energy E. 
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Table 1. Nomenclature 

Atomic weight of the ith species of the target 

Atomic weight of beam ions 

UCRL-17391 

Constant appearing in the equation describing validity of the 
delta-function approximation / 
Electron charge in (cm-MeV)1 2 
Energy of beam ions in MeV per nucleon 
Initial energy of beam ions 
Specific ionization energy loss of ions of energy E, in 
MeV / (g/ crn 2 ) 
Step'-si'ze' criterion parameter, used in numerical integration 
scheme 
Input parameter used in calculation of f(E) 
Total energy deposition rate per unit distance of travel at posi
tion S, MeV/(g/cm2 )jsec 
Nucleon rest mass;::; 93S MeV 
Number of ions :pe:f'se'Con-c;l:;with,en~i:\gh~'s: lying! within!aninterv:al 
d~~a??ut:jenergy~.;q.L$ n: : ;' ' , _'., 
Number of electrons per cm3 in the target 
Beam ion total-number flux at position S, in particlesj~rn~ -sec 
Initial number flux at target surface, in particles/enL -sec 

Atom density of the ith species of the target, in No. / cm3 

Number of species in target 
Total reaction-cross -section parameter 
Parameter connected with range straggling calculation 
Distance of travel in the ta~r.get, in g/cm2 , 
Mean distance travelled by ions slowing down from energy EO 
to energy E 
Atomic number of ith species of the target 
Atomic number of beam ions 
Total energy in the center -of-mas s system 
Target density, in g/cm3 

Standard deviation of ions slowing down to zero from energy E 
Standard deviation of ions slowing down from energy EO to 
ehe.rg:y' E 
Microscopic total-reaction cross section for beam ions with 
energy E with the ith target species 
Wavelength of beam ions with energy E 
Macroscopic total-reaction cross section for beam ions with 
energy E with the target. 
Straggling parameter of ions slowing down to zero from energy 
E 
Straggling parameter of ions slow,ing down to energy E from 
energy EO 
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B. Number Density 

The particle number density, also denoted as the number flux, or 
simply flux, is given at a particular distance S by 

N(S) = J M(E, S)dE, 
all E 

(3) 

where M(E, S) is given by Eq. (1). The curve describing the variation of 
N(S) with S is called the number-distance curve. 

C. Dose 

The relative dose at a distance S is given by 

O(S) =f M(E, S) . f(E)dE. 
"all E 

(4) 

D. Cross Sections 

The total microscopic reaction cross section for the ith component 
of the target at a particular energy E is calculated from an exp;ession devel
oped by Evans 2 and is given as 

where the particle wavelength is 

and the eM energy is 

E = 
A .. A 

1 P E 
-'A--:--A"=---'- . + . 

P 1 

(6) 

(7) 

The term .r. is an input parameter chosen so as to best fit the ex
perimental data. Worfk has shown that a value of 1.06 for r-o gives best 
agreement with many experimental results. This value is used by the pro
gram, unless the user specifies otherwise. 

.: 
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The total macroscopic cross section is given by the expression 

~(E) = T].(E) N. 
1 1 

(8) 

i 

E. Ionization Energy Loss 

The f:unction f(E) represents the specific energy los s of the ions 
due to ionization interactions with the atoms of the absorber. The calcula
tion of this function is incorporated into a se~ies of subroutines, and is based 
entirely on the work of Steward and Wallace. 

One important input parameter required for the calculation of f(E) 
is IADJ, which is related to the mean excitation energy for a particular ab- 4 
sorber. The significance of this quantity is discussed by Barkas and Berger, 
and a tabulation of values for all elements is given by Turner. 5 <: 

F. Straggling 

The variance in the distance of travel of ions slowing down from 
energy EO to energy E is given as 

where (T2 (E) is the variance for ions slowing down to zero from E. It is 
calculated by lhe following expres sion, a modification of that derived by 
Ste rnheime r. 

where 

= 4rr Z 2 e 4n 
p 

1+H(E) 
H(E) 

M C2 )2 
H(E) = (_0_--.-

E+MOC
Z 

dE 
[f(E)] , 

The straggling parameter Q'. (E, EO) is given by 

(9) 

(10) 

(10a) 

The theoretical v~lue of So is equal to,J2. However, the user 
may at his option choose a different value. 



-6 - UCRL-17391 

G. Multiple -Scattering Corrections 

Because of small-angle multiple -scattering, slight corrections 
must be applied to the calculated dose and flux distributions. (Although the 
magnitude of these corrections is small, the expressions for them are long 
and tedious and will not be reproduced here. Reference is made instead to 
UCRL-17392.) One result of these calculations is an estimate of range 
shortening and beam spreading due to the scattering. 

III. INPUT FORMAT 

In the deck of input cards, the first card specifies the number of 
individual problems to be run, in (110) format. Following this card is a 
separate data deck for each problem to be run. Each deck is arranged in 
the Random Input System, making input extremely easy and efficient. 

A. Random Input System 

The basic advantage of this system is that within a given data deck, 
the input cards may be arranged in any desired order, and one must supply 
only those cards necessary to the particular problem being run. 

The deck consists of control cards and data cards. Data cards are 
seldom used, being necessary only when space on the associated control 
card is insufficient for the data being supplied by that control card. The first 
field on a control card indicates to the program which control card is being 
examined. In some cases, this field by itself specifies a particular option to 
be followed Py the program. In other cases, the remaining fields supply data 
to the program. In a few cases, a control card will indicate that a number of 
specific data cards immediately follow. 

The format of all control cards is (Ai0, 3E10.0, 2Ai0). The first 
field contains an alphanumeric identifier, always left -justified. The remain
ing fields mayor may not contain data, depending on the card. Table II gives 
a complete list of the· control cards available as input to BRAGG. For sev
eral cards, the standard option is indicated in the table. This is the option 
chosen by the program in the absence of a control card specifying otherwise. 
In many cases, the standard option is the opposite of the control card speci
fication and is not indicated in the table. For example, the PRINT DOSE 
control card specifies the printing of certain information. In the absence of 
this card, the information will not be printed. 

A blank control card indicates the end of card input for that prob
lem. Upon termination of a problem, the program reads in another data 
deck the (last card again being blank). The program terminates after the 
number of problems specified by the initial data card has been run. 

;.' 



Columns 
1 through 10 

BEAM 

ENERGY 
TITLE 
TARGET':(· 

PRINT DOSE 

PRINT E 

PRINT SPEC 

PRINT SIG~ 

LET NORM-P 

LET NORM-I 

FLUX NORM 

X-ADJUST 

PLOT DOSE 
PLOT FLUX 

DATA 

PLOT DATA 

SAME CURVE 

PLOT SPEC 
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Table II. Control Cards 

Function 

(a) Z and A in fields 2 and 3. 
p P 

(b) Beam designation (alphanumeric identifier) in 
fields 5 and 6. 

Beam energy (MeV/nucleon) in field 2. 
Read the 80 -character title from the next card, 
(a) NT, target specific gravity and value of IADJ 

in fields 2, 3, and 4. 
(b) Target designation (alphanumeric identifier) in 

fields 5 arid 6. 
(c) Read (Z J' N

l
, AJ' J = 1, NT) from the next NT 

cards, 1ll (3E10.0) format. 
Pr int the do s e and particle - num be r dens ity at all 

points calculated. 
Print the energies at which computations are per

formed. 
Print the particle energy spectrum at the Bragg 

peak. 
Print the particle survival fraction, straggle param

eter, and mean energy at all points calculated. 
Normalize the calculated dose distribution so that 

the dose at the Bragg peak is equal to the quan-,:o:~ 
tity in field 2. (Standard option: unnormalized.) 

Normalize the calculated dose distribution so that the 
initial dose is equal to the quantity in field 2. 
(Standard option: unnormalized. )':<>:~ 

Normalize the particle flux distribution so that the 
initial flux is equal to the quantity in field 2. 
(Standard option: normalize to 1.0. )':<>:~ 

Shift the calculated Bragg curve so that the peak oc
curs 2-t the penetration distance value, in 
g/ cm , given in field 2. 

Produce a Cal-Comp graph of the Bragg curve. 
Produce a Cal-Comp graph of the number -distance 

curve. 
(a) ND in field 2, 
(b) Read ND data points from the cards immediately 

following. The order of the input points is Y DATA 
(I), XDA T A (I), with one data point to a card in 
(2E10.0) format. 

Plot the data points last read in with a DATA control 
carda ~:::::::~:::::: 

Plot the curve for the current problem on thJ,:(~(ame 
figure as that of the preceding problem. 

Produce a Cal-Comp graph of the spectrum at the 
Bragg peak, 



Columns 
1 through 10 

CRIT1 

FR 

QUICKPLOTD 
QUICKPLOTN 

RZERO 

SIGMULT 

PRINT SCAT 

CALL TABLE 

:::See Section B-7. 
:::Se.e Section B-1. 
::~~~~~. Section B-2 • .. , ..... , .. ,. ..... (" 

See Section B-3, 
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Table II. (Continued) 

Function 

Set CRIT 1 equal to the value in field 2. (Normal 
option: 0,01). 

Set FR equal to t]).,~ value in field 2. (Normal 
option: 0.2), .,",' 

Produce an on-line graph of the Bragg curve. 
Produce an on-line graph of the number -distance 

curve. 
Set rO ~qual to the,~:~lue in field 2. (Normal 

optlOn: 1,06). 
Set So equal to the value in field 2. (Normal 

option: .J2). ,:o:c 
Print intermediate information produced in the 

multiple -scattering calculations 
Print the information on file TAPES in tabular, ... ".-,.-,. 

form and reqind the file (See Section B-3 ):'"''.''''' 
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B. Notes on Control-Card Use 

1. In certain cases, once a particular option has been chosen, it 
will remain in effect for all of the remaining problems in a set, or until 
another control card changes the option. The options for which this is true 
are indicated by a double asterisk in Table II. For example, insertion of the 
control card LET NORM-P, with a 1.0 punched in the second field, will cause 
the calculated Bragg curves for each of the remaining problems to be nor
malized to unity at the peak. 

C()ntrol cards not asterisked must be inserted in the data deck of 
each problem for which that option is to be exercised. 

2. In using options for producing Cal-Comp graphs, the following 
points shold be remembered. A PLOT DATA control card will cause the 
program to plot the data points with each figure produced during the execution 
of a given problem. Therefore, it would normally be used when only one graph 
is to be plotted during a given problem. Similarly, the SAME CURVE control 
card prevents frame -advancing and axis -labelling during a given problem. It 
is normally used to plot several Bragg curves or number-distance curves 
from successive problems on the same figure. Therefore, if either a PLOT 
DATA or SAME CURVE card is present in the data deck for a given problem, 
not more than one of the control cards PLOT SPEC, PLOT FLUX, or PLOT 
OOSE should be in that deck. 

3. During execution, the standard printout consists of several key 
results; described in Section IV-A. These quantities are also written on the 
file TAPES at the completion of each problem. Insertion of a CALL TABLE 
control card during a particular problem causes the following sequence: (1) 
After successful completion of the problem, TAPES is rewound; (2) All re
sults on TAPES are printed on the standard output file in convenient tabular 
form; (3) TAPES is rewound. 

4. Regardless of the context, the quantities appearing in fields 2, 
3, and 4 of any control card must have a decimal point or be right-justified 
within the field. 

5. Data points supplied by the DATA control card may be either for 
Bragg or number-distance curves or for the Bragg-peak spectrum. Once 
read in, a set of data points remains in storage until a new set is read in. 

6. The on-line plotting option, via the control cards QUICKPLOTN 
and QUICKPLOTD, can be used only if one or more data points have been sup
plied by a DATA card. 

7. With the TARGET control card, NT is the number of components 
of the target; it is also equal to the number of data cards immediately following 
the TARGET card. Note that No

J 
is equal to the atom density times the fac

tor 10- 22 • 
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IV. OUTPUT FORMAT 

A. Standard Output 

Various output options are available to the user by means of con
trol cards. In all cases a certain amount of standard output is produced. 
This consists of a synopsis of the input data and a summary of key results. 
The fir st section include s the following: 

1. Beam atomic number, atomic weight, and initial energy; 
2. Target specific gravity and value of IADJ; 
3. Atomic number, atomic weight, and atom density of each component 

of the target; 
4. Values to be used by program for CRIT1,FR,r·0' and SO' In addi

tion, messages are printed indicating the modes to be used for flux 
and dose normalization and for axis shifting. 

The second section of standard output contains the following: 

1. The peak-to-initial-dose ratio; 
2. The depth of penetration at the Bragg peak; 
3. The average energy at the Bragg peak; 
4. The full width at half-maximum of the Bragg peak; 
5. The mean range, defined as the penetration distance at which the 

dose has fallen to one-half that at the peak; 
6. The percentage -detour factor, which is the percentage difference be

tween the mean distance of travel and the corresponding penetration 
distance calculated at that point at which the dose is equal to ten per
cent of the peak dose; 

7. The mean beam deflection, equal to the mean distance of travel in a 
direction perpendicular to the initial direction of travel of the beam. 
It is calculated at the same position as is the percentage -detour 
factor. 

All energies are measured in units of Me'fnucleon, and all dis
tances in units of g/cm 2. 

B. Optional Output 

The PRINTE card causes the program to print a list of the particle 
energies at which calculations are performed. The relationship between a 
given energy and the corresponding mean distance of travel is given by Eq. 
(2a). 

The PRINT S.IG card .causes th,e P!ogram to li~t, at each pat-tide 
energy at which calculations are performed, the following quantities: 

1. The energy; 
2. The survival fraction, equal to the fraction of particles which have 

survived to that energy without undergoing a nuclear interaction; 
3. The corresponding straggle parameter, given by Eq. (11); 
4. The corresponding penetration distance into the slab, equal to that 
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distance given by Eq. (2a) modified slightly to take into account the 
multiple-scattering correction. 

The PRINT DOSE control card causes the following quantities to be 
listed: 

1. The penetration distance (same as 4 above); 
2. The normalized or unnormalized flux, given by Eq. (3); 
3. The normalized or unnormalized dose, given by Eq. (4); 
4. A calculation-mode indicator, If the indicator is "MON'!, at that 

point calculations were made using the delta-function approximation 
(see APPENDIX A). If the iridicator is rrSUMIt, then the dose and flux 
were calculated by standard numerical integration. Finally, if the 
indicator is rr SUM!", the depth of penetration was greater than 5(0), 
given by Eq. (2a). 

The PRINT SCAT control card causes the printing of miscellaneous 
quantities associated with the calculation of the multiple -scattering correc
tions, including: 

1. The energy; 
2. The actual mean distance of travel corresponding to that energy given 

by Eq. (2a); 
3. The corresponding penetration distance; 
4. The mean angle of deflection made by the particles with respect to the 

initial direction of travel; 
5. The mean beam deflection, a quantity expressing the mean distance 

travelled by the particles in a direction perpendicular to the initial 
direction of travel; 

6. The quantity THETAS, equal to the mean angle of deflection of the 
particles per unit length of travel. Its significance is discussed in 
UCRL-17392. 

The PRINT SPEC card produces a printout of the energy spectrum 
at the Bragg peak, calculated by use of Eq. (i), This spectrum is automati
cally normalized to unity at the peak. It should be mentioned that the average 
energy at the peak is calculated by using this spectrum as a weighting func
tion. 

Use of the QUICKPLOTD and (or) QUICKPLOTN control cards will 
·produce a plot of the dose and (or) number-distance curve on the standard 
output unit. 

,. Several options may be exercised in the printing of Cal-Comp plots. 
First, regular plots may be produced for any or all of the three calculated 
curves (Bragg, number-distance, and peak spectrum) within a given problem 
by use of one or more of the PLOT DOSE, PLOT FLUX, and PLOT SPEC 
control cards. In all cases, the axes are automatically labelled and num
bered. Furthermore, a title is affixed to each figure produced. This is sup
plied by the TITLE control card. If a title is to be printed on a graph, it 
must not exceed 43 BCD characters. Any excess above this number will be 
lost. All plotted figures are sized to the standard 8i by ii-in. sheet. 
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The DATA and PLOT DATA control cards znay be used to plot ex
periznental data along with either a Bragg, nuznber -distance, or peak-spectruzn 
curve. The SAME CURVE control card znay be used to overlay curves frozn 
different problezns on the sazne figure, for coznparison and display purposes. 
(See Section III-C-2. ) 

V. RESTRICTIONS 

A. Mesh Size 

The znaxiznuzn allowable nuznber of znesh points for a problezn is 
500. The total nuznber of znesh points used depends on znany variables, the 
chief ones being FR and CRIT1. The standard options used for these vari
ables will norznally keep the nuznber of znesh points well below 500. If dif
ferent values are used, the nuznber of points can in sazne cases exceed 500. 
If this occurs, an error znessage is printed, and the prograzn goes on to the 
next pro blezn. 

B. Initial Energy 

The znaxiznuzn allowable initial energy is 1000 MeV/nucleon. This 
restriction is iznposed by the routines that calculate f(E), and it can easily 
be znodified. 

C. Target Coznponents 

The znaxiznur'n nuznber of coznponents of the target is set at 10. 

D. Input - Data Points 

The znaxiznuzn nuznber of data points that znay be read in with a 
DATA control ca-rd is set at 300. 

E. Title Card 

The BCD characters on the card following the TITLE control card 
will be printed on any Cal-Coznp plots produced. In this case, characters 
in excess of 43 will not be plotted. In all cases, the full 80-characters are 
printed along with the output. 
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APPENDIXES 

A. Numerical Procedures 

1. Delta-Function Approximation 

We consider the evaluation of the expres sion given by Eq. (4), 
<.land the associated expressions in Eq. (1) and ~2). For sufficiently small 
values of Q' (E, EO), the term (1/.JTI). exp {- U }[dU/dE] behaves like a delta
function; and Eq.(4) reduces to 

( 12) 

where S is given by Eq. (2a). We wish to learn when this approximation 
is valid. This may be deduced by the following argument. Consider the 
exponential term 

(13 ) 

where U is given by Eq. (2). For a given value of S, Tis the controlling 
factor in determining how rapidly the total integrand in Eq. (4) goes to zero. 
Thus, for U~3, the contribution to the total integrand will be negligible. 
Therefore, if each and every other factor in the integrand remains relatively 
constant over the energy interval within which the integrand differs signifi
cantly from zero, then the approximation of (4) by (12) is valid. 

We state this mathematically as follows. Let D be the range 
covered by the variable S(E) over which the term T is significantly greater 
than zero. We may write 

(14) 

where M is some constant in the neighborhood of 2 to 3. We wish to cal
culate the change in energy, b.E, corresponding to the distance D. From 
Eq. (2a), we find that for a change in S(E) equal to D, the corresponding 
change in energy is approximately 

D . 1 
b.E = p::-' f (E) = M· Q' (E, EO)' f(E) . p::- . (15 ) 

p p 

We now require that the percentage change in each other factor in the inte
grand be les s than some fraction h over the energy interval b.E given by 
(15). The two functions to consider are: 

EO . 

G1(E) = exp -1 A . [~(E' )/f(Ei)] dE', (16 ) 
E P 

and 
G 2 (E) = f(E). (16a) 
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For a given function G. (E), the percentage change over an incre-
ment ~E is approximately 1 

~G. 
1 ),.., G:- (E 

1 

dG.(E) 
1 

dE 
~E 

G:lE) . 
1 

(17) 

Taking the derivatives of both functions in (16), using the approx
imation in (17) and the expression for ~E in (15), and requiring that the 
percentage change of each function over ~E be les s than h, we obtain the 
following criteria: 

~(E) • a (E, EO) < CRIT1 ( 18) 

and 

dF(E) 
dE • a(E, EO) < Ap o.CRJT1, (18a) 

where 
CRIT1 = hiM. (19) 

If both of these requirements are satisfied for a reasonable value of hiM, 
then Eq. (4) may be replaced by the much simpler Eq. (12). Similarly, if 
Eq. (18) holds, then: Eq. (3) may be replaced by the following: 

EO 
- f E ~ (E') dE' 

N(S) = NO (x) e""IfETJ (20) 

Experiment has shown that a value of CRIT1 equal to 0.01 produces 
excellent results. For larger values, the delta-function approximation begins 
to break down. 

2. Numerical Integration 

For those points at which the delta-function approximation is inva
lid, the integrals in Eq. (3) and (4) are evaluated numerically, using the 
simple trapezoidal rule. In this case, the procedure is basically as follows: 

1. Choose a set of energies {Ei}. 
2. Calculate the set {Si} = {S(Ei)} for each energy by using Eq. (2a). 
3. Calculate a(E, EO) for £i7ch energy by using Eq. (11). 
4. Evaluate the integral -k 0 Ap [~(E' )If(E')J dE' at each energy. 

Finally, the numerical integration is performed for a set of v~lues 
for the distance S. In fact, the evaluation is greatly simplified by choosing 
these values to coincide with the set· {sd. 

It remains to choose the energy set {Ed at which the numerical 
calculations are to be performed. Since the term T given by (13) is the 
most rapidly varying in both (3) and (4), we impose the requirement that in 
traversing the energy interval ~E, which is the interval over which the 
trapezoidal rule is applied at any given step, the change in the quantity U be 
less than or equal to some fraction FR, where FR is a small fraction of unity. 
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This ensures that the change in the exponential term T will likewise be small 
over the interval .6.E. 

The change in U across .6.E is approximated by 

(21 ) 

where .6.5 is the difference between two successive members in the set 
{Si}' 

It is as sumed that a(E, EO) remains relatively constant over the 
interval. We require, then, that 

(22) 

From Eq. (2a), the relation between the change in distance .6.S 
and the corresponding energy change .6.E is 

.6.E = 1 • f(E) . .6.5. 
A,p 

(23 ) 

Substituting into (22), we obtain the restriction on .6.E: 

1 
.6.E ~ 7\" . f(E). a(E, EO) . FR. (24) 

p 

Thus, for a given energy E., the next energy E i +1 at which the calculations 
are performed is given by (i4) where the equality sign is chosen. Therefore 
we can write 

(25) 

Experimentally, it is found that a value for FR of 0.2 is satisfac-
tory. 

B. Notes on Compatibility 

Program BRAGG is written in Fortran-IV language for the Control 
Data Corporation 6600 computer system at,the Lawrence Radiation Laboratory 
(LRL) in Berkeley, California. It can be used with a minimum of modifica-

"" tion on practically any system that accepts Fortran-IV and that has adequate 
storage capacity. The chief alterations that might have to be made are out
lined below. 

1. Word Size 

The CDC-6600 operates on a word size of 60 bits, or ten BCD 
characters. For machines using different word sizes, all instructions de
pending on the word size would have to be modified. These would be pri
marily the DATA statements appearing at the beginning of the main program; 
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some of the WRITE or PRINT statements (and their associated FORMAT 
statements) that appear in the main program and in the subroutines 
GMPRINT and TABLE; and the series of LOGICAL IF statements appear
ing in the main program after statement 501. 

2. Graphing Routines 

BRAGG contains the option of producing Cal-Comp drawn figures; 
the control statements for this process are contained in SUBRO UTINE 
GMPRINT, and many of them refer to subroutines peculiar to LRL Berkeley. 
At other ins,tallations, these statements might have to be removed or re
placed. 

3.ENGODEand DECODE' Statements --- . . 

These statements occur in the subroutines FIXLBL, CENTER, 
and GMPRINT. The easiest method of eliminating these statements is by 
a set corresponding WRITE and READ statements to a scratch file. 

This occurs in the beginning of the main program and in sub
routine TABLE. DATE is an LRL routine which supplied the current 
date. 

5. Input -Output Statements 

The input and output statements may each take any of several 
forms; not all of these forms may be allowed on other systems. 

C. Sample Problem 

The input and output for a typical problem are given here. The 
case chosen is for 125-MeV protons in water. Only the standard printed 
output is selected, but Cal-Comp plots are shown for all three calculated 
curves. 

Figure 1 shows the input cards for the problem. The three pages 
following Fig. 1 show the standard output. Figures 2, 3, and 4 show the 
Cal-Comp plots of the Bragg curve, the number -distance curve, and the 
spectrum at the Bragg peak. 

( 
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----------PROGRAM BRAGG----------

SAMPLE PROBLEM WITH PROGRAM BRAGG 

-------------------------INPUT OATA-------------------------

BEAM PARTICLES BEAM AT. NO. BEAM AT. WT. BEAM INITIAL ENERGY 

PROTONS 1 1.00 125.00 

eRnl FR S I GMUl T RZERO 

1.11000E-02 2. OOOOE-O 1 1.414 1.0600E+OO - . .. . 

NO ADJUSTMENT OF THE ABSCISSAS HAS BEEN MADE 

~O NORMALIZATION OF THE NUMBER-OENSITY DISTRIBUTION IS MADE 



MATERIAL DESIGNATION ---------- -- -----_._---- -------
WATER 

-18-

SPECIFI C GR AVITY 
--- 1.00.0 -

IADJ 
65.10 

NUMBE~_9F ~OMPONENTS IN TARGET MATERIAL..... 2 

COMPONENT 
__ ATOMIC 
NUMBER 

ATOMIC 
WEIGHT 

ATOM DENS lTV 
(NO. PERCM*"'3) 

1 8 16.0.0.0. 3.350o.E+22 
____ ~ ________________ 1 ____________ 1.0.00.__ __ ____ b .690Q~ +~-.? _______ _ 

UCRL-17391 



-19- UCRL-17391 

04/21/61. 

SUMMARY OF RESULTS 

(BRAGG PEAK/INITIAL) DOSE R~TIO ••••••••• •••••••• 6.5298 

AVERAGE ENERGY AT BRAGG PEAK (MEV/NUCLEON) •••••• 10.1360 
,~_. , __ ._ "~". _ .~ '"._. M" ••• ~."",'~ __ .... •• _ _ ••• _~_H'_ ..... • _ ....... _._. .. ___ ...... __ ...... "" ____ .. . 

MEAN RANGE (G/CM**21 •••••••••••••••••••••••••••• 11.3042 
-.-.--.-~- -_ .. -._-_ .... -.'", .. -..... , .. .~ - - ----... ~ .. ~ .. -----.-.~ ._'".. - - "-.- - ... "~-- .... -~ .... __ .... __ .----- . .- ~ .. _.- ... "._------_ .. - .---.-+~ .. -.-

MEAN LATERAL DISPLACEMENT OF BEAM (G/CM**21 ••••• 5.041E-Ol 
.•. ------ .-.~-. _. .__. _.' -.. _.-.- ... ~ _.. . ... -"----- '- - .... - --- ~ .. _ .. -._---.. ----_ .... -- ._-_._- . --.- ..... -~-------.--
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.. I l+ 2 _' .. • 'Ill', ~ lilt 12 !3.14Ii:" 11 1111.2122 1124 aan a lUI! 1131S' M 35 311 31» 394G~I42 4344 454647 tit! SO 51 5Z5l54 16 51S1 5159 60 1112 63 MIl5 A:'HI &170111211-14157817 7171_ 

,_,r'LUT FLU.", 

.. 11+ 2
: .. ,. IJ~ ',11 lIUI' 1415:"1111 tt2U'22222U5."2UUIl31.J211U~.3111J1411~142436445 •• '484951i51 52535455515151"1011121)&485_:"61.7011721+14 7516711171. 

,_p PLIJT DIJ::;E 
, .1 L+ 2 I ... 1'1' __ 1'1I121l1415~111 II 11201122 II HIS 21" 21M:JO 31 S2 3334:a5 ."»"4041 4243 4445 46 4J .. 415011152 53 54551151 Sl5t1O 1112UM55 611" •• 1171 121+14 7511" Jill_ 

,_.I"'LOT SPEC ' 

.1 t 2 , .. I 'I" 1011 U t31~ 1$~tI n 11 "all n D H 25. n 2121""1 a 13M 35 an31 3941141 4243 +4 45 464741. 50 515213 5455 I'll 5159 50 II Gil 14151611' II UlOl1 121+ 7. 75 lin 7171_ 

,_ tJ'ERG .... · 125.0 . 

~'['I" 4 
J_F .0 

11'1' • II II 12 Il It':" 11l1l1a2121D24 Z5 21 n 21 21 aI 31 J2 23)435 J6 3131394114142 43 44 45 4647 4141505152 53 54 16 56 5J Sol S91i1l61 82 6l14~ &6~116119 7011 nl+14 7S" n Jl7I. 

6.6', 1.0 
.1 L+ J .. S 'I'" • 1111 ! 1314 '5~lll11 t. 20 11 ~ 2:124 Z5 21212129313132 II J4 3535 3731394041 0 4J 444546 47 til 4150 51 5l5;l54 55 fllli7 5859 &011626214 55 .~I7I1U1011 721+141511 n n ". 

,_. d.O :3.35 16.0 
.11+ A :a ~ 1 '1'1' • III.~ ~ IJ 14 'S?I 171111202122 _' 2425 21 17:e 2130 31; 11l4» SJ1l1" 4114142 43~45464J" 49505152 53 54" 56 ~1 ~"60 6162 53 S4 65.~"11 iii 1011 nl+74 J5l1n 1I111D 

,_, THRuET L..O 1.U 6..).1 t·JATER 

~'I + __ ~ 'fll' , "" ""4 "~" '"' ",." ""." 1111111 ..... II , .. '''' """ ..... , ~ , .. '~' ...... """ .... 51""" 00 .. "" .. " ":".""" "1+'0'" n" ". 
,_ BEHt1 1 .0 1 • 0 F ROTutiS 
·'1" .-: .• '1'1' • to 11 ~ 131415~1 tJ 1.1I2In '23 24 25 2121212131111 :a21314 Z:J6 J7 31 J9 404142 04445 .. 4148 4UO ~I 52 53 54 ~!16 51 ~ U60 6112116415 61:11 1181011 721+14 75" 11" 7111 

,_,">At1FLE FROBLEt'l WITH PROGF:At1 BRAGG 
·'1+ J 41 1'1' 1M 112 11.'5~" f'l 12121222:. 125 inn I. ~ ')t151137113940~142434445"41414SS051525l545UU'5I5960611213&U511:'l."'01In1+1415J1nll1t. 

,_p r I TLE 
.11+ J. 'Ill' • 10 1112 tat. ":IIU II 112021UZU425SflZI2II11S1lZ11l4lS :lilY JI.40~14Z04U54641414'S051 !ZSlS45556Ii'"5UUII'lIl&4I5I1~t7.n1011 721+141578711111. 

1 
~ +Z:a41"'IWIIUI1~n~11111Ia212223~~anaa~313Z111419.J7.~~4142~"~4641~~S05IU"S4~M~~"~"~UMM.~un~1172+"nnnn~. 

I I 
• I 
I I 
• I 

s_z 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0 0 0 
I 2 1 4 5 • IJ • 111011 1211314 15116 17 11 1920 21 12 2324125 211 21128 293013131)31)4 35 ~)1 38 39 4041 42!43 H 4SJ4~ 41 4814950 S1\~2 53 54 55 S6 51 58 59 611161 U 63164 651i6161 Gl69j70 11 72 

A JI f 1 1 1 1 111 1 11 1 111 1 1,1 I I I I I 1 I III I III I III I III I I i I I I I III I III I 111 1 III 1 I I I I 1 I III I III I III I III I I 
;} ",. I I • I " I I • I I I 1 , 

'" t;2 2 2 2 2.2 2 212 2 212 2 212 2 2 2 2 2 2 2 2,2 2 212 2 212 2 212 2 2222222,222,2221222,222222222,222,222,222,222 
,:.:: I I 'I I I I I :" I I 1 I I I I I 

c IT ~ 3 3 3 3 313 3 313 3 313 3 313 3 3 3 3 3 3 3 3IJ 3 313 3 3,3 3 313 3 3 3 3 3 3 3 313 3 3,3 3 3,3 3 313 3 3 3 3 3 3 3 313 3 313 3 313 3 313 3 3 
I 1 I I I I I I I j I I I I I I 

0." 4444441444,44414441444444444144414 4 414 4 414 4 4 44 4 4 4 4,4 4 414 4 414 4 4,4 4 4 4 4 4 4 4 414 4 414 4 4,4 4 414 4 4 
, I I 1 I 1 I I I 1 I I 1 I I I I 

'"'p 5 5 5 5'0 5515551555155555555515 5 ~,5 5 515 5 5,5 5 5 5 5 5 5 5 515 5 515 5 5,5 5 5,5 5 5 5 5 5 5 5 5,5 5 5,5 5 5,5 5 5,5 5 5 

I
, t 2 1 4 5 611 8 9110 11 1211114 15116 11 " 1920 21 22 23 NI2~:~ ~11~r. 7!l30131 n 33,31 J:i 36 ,ll,lfl 39 4041 4214J~. 45146 41 481~9 50 51152 51 54 5~ 56 51 ~8 59 Wl61 62 6:i164 65 SGI67 68 69110 11 JZ 

,ow 6 6 6 6 6,6 6 6,6 6 616 6 616 6 6 6 6 6 6 6 616 6 616 6 616 6 6,6 6 6666666'66 6'S 6 616 6 616 6 6 6 6 6 6 6 616 6 616 6 616 6 616 66 
I 1 I I 1 I I I '. I 1 I I I I 1 I 

GP, 1,7 1111,111,1111711i1111111111111111111111111 11 1111111)1) 111111111111111111111111,111'111 
I I I I 1 I 1 I I I I 1 1 I I I 

"0,888888,88 8!8 8 8,8 8 8,8 8 8 888888,888,888 ,888 ,88 8 ~8 8 8 8 8,8 8 8,8 8 8,8 8 8,8 8 8 8 8 8 8 8 8,8 8 8,8 8 8,8 8 8,8 8 8 

,'''!l99 9 9 9:9 9 9:9 9 9:9199:9"9 9 9 9 9 9;-;:9 9 9;999;9 9 919 9 9 99 919-9-9~ 99:; -; ;:9-9 ;1999 g; 9 99 9:99-9~9 9:999~ 9" 9 
II' 2 1 J 5 6 1 8 9 10 II 12 131~ ~ '1611181920212'2 2J H ZS 26 21 28 29:W 3132 31 34 3~ 16 31 18 39.0414243444546 4148 49 5(151525354 S5 56 5158 59 60 61 &2 6J 64 65 66 &16869 70 71 72 n 74 75 7611 1819 811 

tBM L'!I077? 

XBL 675-4000 

Fig. 1. Input cards for sample problem. 
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S~MPLE PROBLEM WITH PROGR~M BR~GG 
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Fig. 2. Cal-CoITlp plot of Bragg curve for sample 
probleITl. 
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SRMPLE PROBLEM WITH PROGRRM BRRGG 

-----. -- \ 
1---'-------1-- ----

I , 

, 
2.0 4.0 6.0 8.0 10. 12. 14. 

PENETRRTIDN DISTRNCE IG/Cn--2l 

XBL 675-4002 

Fig. 3. Cal-CoITIp plot of nUITIber -distance curve for 
saITIple probleITI. 
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S~MPLE PROBLEM WITH PRDGRRM BR~GG 
1 . 0,.---,--,--

.90 ---- -.---4-------f,f-

.80 .. - .. --

.70 --.---+--

.60------- -------. 

.so 
I 

! 

/ 

_.- -----j 
_.-

------ --

-1-----1----

--_. __ .- \-----_. 

\ +------1-----

. 40 ------. .--.-J~--.- --.-- ... - .- --.--... -.... -----. 
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o _. ___ ... _. __ . ____ ._._. ___ ._ .. __ ._ .. __ ._ .... ________ .. __ .... _. __ . ___ .... _ .. __ .. __ ._ .. ____ ._l.. ___ .. __ ._._ .. :::::::.= __ '=._~ __ ....... . __ . 

o 3.0 6.0 9.0 12. 15. 18. 21.. 24. 27. 

ENERGY (MEU PER NUCLEON) 

XBL 675-4003 

Fig. 4. Cal-Comp plot of spectrum at the Bragg peak 
for sample problen~. 
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D. Fortran .Listing 

This section contains the complete Fortran listing of Program 
BRAGG. All subroutines used are included, except for Cal-Comp plotting 
subroutines and system routines for input, output, and other standard 
functions; 
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PROGRAM BRAGGCINPUT ,OUTPUT .,TAPE2=IIIIPUT. TAPE3=OUTPUT,TAPE98 ,TAPE99, 
2 TAPE5) 

REAL M,INT.N.MAT.BEAM,LET.IADJ.NELECT 
LOGICAL EPRINT,SGPRINT,DPRINT,SPPRINT.PRTABlE.PRSCAT~KPLOTN. 

2 KPLOTD.FRAME,PLOTD,PLOTN,PLOTSP,PLOTP 
DIMENSION MAT(ZJ,BEAMI2,.XNAMEI15).FMT(2),TITLE(lS) 
DIMENSION GG(500,. SAVElrSOO).CROSS1500).U(SOO).DUOE(500) 

COMMON ATTEN(SOO).SBAR(SOO),E(SOO).SIGMA(SOQ).IND(SOO).LETCSO0), 
,2 N(500)tSPECT2(500)~THETAS(500).THETA(SDO).XBAR(500),Y(500), 
3 XDATA(300).VDATA(300),F(500) 

COMMON/CHA IRI {ADJ.Z .A.DENS.AH 10) • l1 (2.10) ,NO ,DUMMM (2' 
COMMON/DATA/NDTAPT,PLOTP 
COMMON IGMDATAZ/TITLE, FRAME,INNP,KSl,KS2 
COMMON/GMDATAI/IMAX,DIFF,I8,PD 
COMMON/GDATA2/RHO.RlERO 
EQU I VALENCE (GG, SAVEl. THETAJ 'CU. THETAS.) • Cy ,CROSS ,OUDE, 
DATA 

2COMI 16HTARGET I.COM2 14HBEAM I.COM3 19HCRITl I~ 
3COM4 19HFR I,COMS /6HENERGY I.COM6 /lOHLET NORM-PI, 
4COM7 19HFLUX NORM I,COMS /BHX-ADJUST /,COM9 110HPRINT SIG /. 
SCOMIO/IOHPRINT DOSE/,COMll/10HPRINT SPEC/,COM12/10HPRINT E I, 
6COM13/ lOHQU!CKPLOTDI ,COM14/9HPLOT DOSE I.CO,M15/9HP(.OT FLU.X I, 
7COM16/10HSAME CURVE/,COM11/SHTITLE I,COM18/10HPLOT SPEC I, 
8COMI9/10HQUICKPLOTN/.COM20/10HRZERO I,COM21/10HCALL TABLE/, 
9COM22/l0HLET NORM-I/,COM23/10HPRINT SCAT/.COM24/10HPl.OT DATA It 
lCOM25/l0HSIGMULT ItCOM261l0HOATA I 

DATA TITLE/lS*lOH / 
DATA JDEXl,JDEX2/10HMON ,lOHSUM I 
DATA JDEX3/10HSUMI I 
DATA (XNAME(I).I=1.lS).XMASK/16*lH I 

M(UI=(O.S64l9,*EXP(-C'u**zl) 
H(E)=(921.3/(921.3+Ell**2 
GCE)=(1.3027E-2S)*(Z**2/RHO)*NELECT*Cl.O+H(E)t/H(EI 

CALL CCBGN 
REWIND 5 
ASSIGN 770 TO NNNI 
ASSIGN 767 TO NNN2 
LNORM=O 
FR=O.2 
CRITl=O.Ol 
CONSTl=O.O 
CONST2=O.O 
CALL DATE(TTDATEl 
SIGMULT=1.414 
RZERO=1.06 
READ(2.100)NNP 
DO 1000 IN'NP=l,NNP 
WRITE (3.114) 
WRITE(3,110) TTOATE 
XAOJ=O.O 
FRAME=.TRUe. 
PLOTD=.FALSE. 
Pl.:OTN=.FALSE.. 
PL.OTS?"" •. FAlSE. 



PLOTP=.FALSE. 
KPLOTD=.FALSE, 
KPt..OTN=.FALSE. 
PRTABLE=.FALSE. 
PRSCAT=.FALSE. 
DPR I NT:: .,FALSE. 
SGPRINT:.FALSE. 
SPPRINT=.FALSE. 
EPRINT=,FALSE. 

_J 
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501 READ (2.101) TEMP1,TEMP2.TEMP3.TEMP4tTEMP5,TEMP6.TEMP7.TEMP8 
IF(TEMPI.EO.XMASK)GO TO 515 
IF(TEMP1.EQ.COMI1GO TO 502 
IFCTEMPI.EQ.COM2}.GO TO 503 
IF(TEMPl.EQ.COM3)CRITl=TEMP2 
IF(TEMPl.EQ.COM4tFR=TEMP2 
IFCTEMPl.EO.COM5,GO TO 506 
IF(TEMPI.EQ.COM6)GO TO 507 
IF(TEMPl.EO.COM7'GO TO 508 
IF(TEMPl.,£O.COM8'XADJ=TEMP2 
IFCTEMPl.EQ.COM9)SGPRINT=.TRUE. 
IF(TEMPl.EQ.COMI0)OPRINT::.TRUE. 
IF(TEMPI.EQ.COMlllSPPRINT=.TRUE. 
IF(TEMPI.EQ.COM12IEPRINT=.TRUE. 
IFITEMPI,EQ.COMI3)KPLOTD=.TRUE. 
IF (TEMP 1.,£Q,COMI4 J P'LOTO=. TRUE. 
IF (TEMP I.EQ.CONI'5) PLOTN=. TRUE. 
IF(TEMPI.EQ.COMI6JFRAME=.FALSE. 
IF(TEMPI.EQ.COMll)GO TO 511 
IF C TEMP 1. EQ.COMI8) PLOTSP::. T,WE. 
IF (TEMP 1.EQ.·CDMI9) KPLOTN=. TrWE. 
IF (TEMP 1. EQ.COM20) RZERO=.T EMP2 
IF(TEMPl.EQ.COM21)PRTABLE=.TRUE. 
IFCTEMPl.EQ.COM22)GO TO 510 
IFCTEMPl.,£Q.COM23)PRSCAT=.TRUE. 
IF(TEMPI • .£Q.COM24)PLOTP=.TRUE. 
IFCTEMPl.EQ.,COM25,SIGMULT=TEMP2 
IFCTEMPl.EQ.COM26.GO TO 504 
GO TO 501-

502 NO=TEMP2 
RHO=TEMP3 
IAOJ=TEMP4 
MATll)=TEMP5 
MAT(2)=TEMP6 
CALL CENTERCMAT.2.MAT~20) 
DENS=RHO 
NELECT=O.O 
DO 5020 1=1.,'11:0 
READ l02,CZT1~,Il.J=1,2,.AT(1. 
ZT(Z,I,=ZT(2.1)*1.OE22 

5020 NELECT=NELECT+,ZT:(2.I )*ZN 1.1) 

C ZTCl.I,=ATOMIC NUMBER OF COMPONENT I 
C ZH2,rJ=ATOMIC DENSITY OF COMPONENT I. ATOMS PER CM**3 • 

GO TO 501 
503 Z=TEMPZ 

Il=IFIX(Z) 
A=TEMP3 



.. 

BEAM (l ) =TEMP5 
BEAM(2)=TEMP6 
CALL CENTERIB6AM.2.BEAM,20) 
GO TO 501 

504 NDTAPT=TEMP2 
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READ 105 •. (YDATA(U.XDATA(I).I=l,NDTAPTI 
GO TO 501 

506 ECl,=TEMP2 
GO TO 501 

507 (ONSTl=TEMP2 
LNORM=l 
ASSIGN 768 TO NNNI 
GO TO 501 

508 CONST2=TEMP2 
ASSIGN 765 TO NNN2 
GO TO 501 

510 ASSIGN 768 TO NNNI 
(ONSTl=TEM'P2 
LN.ORM=2 
GO TO 501 

511 READI2.104)(XNAMECI',1=1.8) 
(ALL CENTERCXNAMEt8~TITLE.43) 
CALL CENTEReXNAME.8.XNAME.132) 
GO TO 501 

515 WRITE(3.103}CXNAME(I).I=1.13) 
WR lTE ( 3 flU) 
PRINT 112,(BEAMCIJ,I=1.2).IZ.A,E(1) 
PRINT 113.CRITl,FR,SIGMULT,RZERO 
IFIXADJ.EQ.O.OlGO TO 516 
WRITE (3.144) XAOJ 
GO TO 511 

516 WRITE( 3.143) 
511 IFCLNORM.,EQ.O)GO TO iHS 

IF (I..NORM •. EQ.l) WR ITEI 3.145) CONSTI 
IF(LNORM.EQ.2)WRITEI3,157)CONSTl 
GO TO 519 

518 WRIT E ( 3 • 146 ) 
519 IFICONST2.~Q.O.0)GO TO 520 

WRITE(3,147)CONST2 
520 WRITE(3,148) 

PRINT 16l •. (MAHH,J=I.2I,RH/hIADJ 
PRINT 162.NO 
PR I NT 163,( I • Z T·( 1 • I t fAT ( H • .z T ( 2 • I ) • I = 1 • NO ) 

( BEGIN CALCULATIONS 

601 Z2=Z**2 
DE=O.Ol*E( 1) 

CAL.L BEYE 
FR2=FR/A 
INT=O.O 
SIGMA2=O.O 
ATTEN(1)=1.0 
SIGMA(l)=O.O 
XBAR(l,=O.O 
SBAR(1)=O.O 
Y(ll=O.O 
THETA2=0.0 
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TEMP9=DE*0.5*A 
F (1 )=0£OX1E'( 1)) 
CROSS(l)=XSECCE(l.) 
GG ( 1» =G ( E C II ) 
00 .603 1=2.500 
LET(I)=O.O 
DELTAE(I)=O.O 

603 N(I)=O.O 
N(1)=1.0 
LET( 1) =F( 1) 

IND(l)=JOEXl 
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C DEL TA-FUNCTION APPROXIMATION CAI..CUI..A nONS 

JREG=l 
DO 615 1=2.500 
IF(I.EQ.500)GO TO 900 
E ( I ) =E ( I -ll-D E 
CROSS(I'=XSECtE(Il. 
GG ( I ) = G ( E ( 1) ) 
Fe I )=DEOX(E( I H 
SBAR(I)=SBARCI-1)+TEMP9 *(1.0/FCI-l)+1.0/F(IlJ 
INT=INT+TEMP9 *(CROSS(I-l)/F(I-l'+CROSS(I)/F(Itl 
ATTEN(I'=EXP(-INT' 
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S IGMA2=SIGMA2+TEMP9 * (GG( I"U" F ( I-I) J **3+66 ( I l/( F( 0"**3) 
SIGMA(I)=SQRTeSIGMA2'*SI6MU~T 
NC I)=ATTEN( I' 
LET(I)=N(Il*Fel) 
IF(LET(Il.LE.LET(I-1)'GO TO 605 
IKEEP=I 

605 INO(I,=JOEXl 
IF(CROSS( n*SIGMA( I ).GT.CRITl)GO TO 620 
TESTP2=ABSf(FfI)-F(I-l •• /DEl 
IFCTESTP2*SIGMA(II.GT.A*CRITl)GO TO 620 

615 CONTINUE 
620 rS=I 

C NUMERICAl.. INTEGRATION SECTION 

16=15+1 
ASSIGN 641 TO NNN5 
ASSIGN 630 TO NNN6 
JREG=2 
DO 643 J=I6.500 
IF(J.EQ.500'GO TO 900 
GO TO NNN6 

630 I,F(E(J-U.GT,.lO.O'GO TO 638 
634 ASSIGN 639 TO NNN6 

DE=O.2 
GO TO 639 

638 DE=FR2*SIGMA(J-11*F(J-l' 
IF(DE/E(J-1), •• GT.O.05'DE=o.05*EeJ-1) 

639 E(J)~E'J-1)-OE 
640 IFfE(JI·.~E •• l)GO TO 646 

CROSS(J)=XSECCE(Jll 
GG(JI=6(E(Jt) 
FCJ)=DEOX(E(JI) 
TEMP9=O.5*A*{EfJ-l)-E(J), 
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SBAReJ)=SBAR(J-l'+TEMP9 *(1.0/FeJ-l)+1.0/FeJ)) 
GO TO NNN5 

641 IFeS8AReJ)-SBARCI5'.LE.3. 0 *SIGMA(IS) GO TO 642 
I7·:::J+l 
ASSIGN 642 TO NNN5 

642 INT=INT+TEMP9 *(CROSSIJ-l)/F(J-lt+CROSS(J)/FeJ)) 
ATTEN(JI=EXP(-INT) . 
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SIGMA2=SIGMA2+TEMP9 *(GG(J-l)/(F(J-l})**3+GG(J)/(F(J»**3) 
643 SIGMACJ)=SQRT(5IGMA2)*SIGMULT 
646 18:0-:1-1 

E(I8+1)=O.0 
DO 720 1=17, 18 
IND(I)=JDEX2 
DO 713 J = I 5 ,r 8 

113 U(J)=(SBARCIl-SBAR(J)t/SIGMAIJ) 
U(I8+11=U(I8) 
DO 715 J = I 6 , I 8 
FACT=ATTENIJ)*MIU(JJt 
FACT2=FACT*(UIJ-l)-U(J+l)) 
N (I) =N (1)+FACT2 

715 LETCI)=LET(I)+FACT2*F(JI 
N ( I ) =N ( I )f 2. 
LET(I)=LET(I)/2. 

716 IFCLETIIl.GT.LET(I-l'lIKEEP=I 
720 CONT I NUE 

C CALCULATIONS BEYOND THE RANGE 

DELTAS=0.I*SIGMAII81 
1=18 
JREG=3 

721 1=1+1 
IFII.EQ.500)GO TO 900 
E ( I 1=0.0 
SBAR(I)=SBARII-l'+DELTAS 
ATTEN(I)=ATTEN(I-l) 
SIGMACI1=SIGMACI-l) 
INDCI)=JDEX3 
DO 722 J=I5tI8 

722 U1JI=C.SBARII)-SBARIJ)/SIGMAIJ) 
UII8+1)=U(18) 
DO 725 J=16.18 
FACT=ATTEN(JI*MCUiJI' 
FACT2=FACT*(UIJ-l)-U(J+l» 
N ( I ) =N ( I H·FACT2 

725 LETCI'=LET(I)+FACT2*FCJ) 
N ( r ) =N ( I , /2. 
LET(I}=LETCI)/2. 
IFILET1It.GT.LETCI-I)rIKEEP=I 
TEMP11=LETCI)/LET(IKEEP) 
IFITEMPll.GT.O.001) GO TO 721 
IMAX=! 

C CALCULATE THE SPECTRUM AT THE BRAGG PiAK ••••• 

DO 727 J=I5J!8 
727 U(JI=(SBARCIKEEP}-SBARCJ))/SIGMA(JI 

U( 18+1) =U( 18' 
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DO 128 J:oI6,I8 
FACT=ATTEN(JI*M(U(Jtl 
DUDE{J)={UCJ-l,-U1J"/CE(J-l)-ECJ,)+cueJ)-U(J+l),/CEeJ)-E(J+l)' 

728 SPECT2CJ)=FACT*DUDE(JI 
CALL SCATTER 

C INTERNAL SHIFTING ROUTINE 

JM=IMAX-17 
DO 730 K=O,JM 
ECI6+K)=ECI7+K) 
SBARCI6+K)=SBARCI7+K) 
y( I6+K)=YC I7+KI 
THETA(I6+K)=THETACI7+K) 
THETAS(I6+K)=THETAseI7+K) 
XBAR(I6+KI=XBAR(I7+K) 
ATTENCI6+K'=ATTENCI7+K) 
SIGMACI6+K'=SIGMA(I7+K) 
NC I6+KI=N{ I1+K) 
LETCI6+K)=LETCI7+K) 

730 INDCI6+K)=INDCI7+K) 
JM=I8-17 
DO 731 K=O,JM 

131 SPECT2(I6+K)=SPECT2CI7+K) 
KSl=I6 
KS2=I6+I8-I1-1 
IMAX=IMAX-I7+16 
IKEEP=IKEEP-I7+16 

C NUMBER DENSITY NORMALIZATION 

GO TO NNN2 
765 DO 766 J=ltIMAX 
766 N(J)=NCJ)*CONST2 
167 GO TO NNNI 

C LET NORMALIZATION 

168 IFC LNORM.EQ.l )TEMP=CONSTlILil( IKEEP) 
IFCLNORM.EQ.2'TEMP=CONSTI/LETel) 
DO 769 !=It1MAX 

769 LETCI)=LETCII*TEMP 

C CALCULATION OF MEAN ENERGY AT BRAGG PEAK 

170 IF(IKEEP.GT.151GO TO 771 
EMEAN=E ( IKEEP' 
GO TO 773 

771 TEMP=O. 0 
DENOM=O.O 
KS3=KS2-1 
DO 772 J=KSl.KS3 
XPP=O.5*SPECT2CJ)*(E(J+l,+E{J-l) 
TEMP=TEMP+XPP*ECJ' 

112 DENOM=DENOM+XPP 
EMEAN=TEMP/DENOM 

173 IFCXADJ.,EQ.O,.O)GO TO 115 
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C ROUTINE FOR ADJUSTING THE ABSCISSAS 

TEMP5=XADJ-XBAReIKEEP) 
DO 774 1=1 dMAX 
SBARCI)=SBARCIJ+TEMP5 

774 XBARCI)=XBARCI}+TEMP5 

C BRAGG PEAK SPECTRUM ~ORMALIZATION 

775 JM=KSI 
Kl=KSl+l 
DO 776 J=KI.KS2 
IFISPECT2(J).GT.SPECT2eJM))JM=J 

776 CONTINUE 
DO 777 J=KSI.JM 
COMP=SPECT2(J)/SPECT2(JM) 
IFCCOMP.GT.l.0E-4)GO TO 778 

777 CONTINUE 
178 KSl=J 

TEM=SPECTZIJM) 
DO 779 J=KSl,KS2 

179 SPECT2CJI=SPECTZ(J)/TEM 

C ROUTINE TO CALCULATE BRAGG ?EAK WIDTH AT HALF-MAXIMUM 

lBO TEMP=O.5*LET(IKEEPI 
IT= I MAX-l 
DO 181 J=I. IT 
I=IMAX-J 

781 IFCLET(Il.GT.TEMPI GO TO 782 
782 Xl=(XBARCII-XBARlI-l»*(LETCI-ll-TEMP)/(LETCI-ll-LET(I)J 

2+XBAR 11-1 ) 
RANGE=X1 
J1=J+5 
DO 783 ...1=...11 d T 
I=IMAX-J 

783 IFCLET(I).LT.TEMP) GO TO 784 
WIDTH=9.999E99 
GO TO 786 

784 X2=(XBAR(I)-XBAR(I-l)I*(LF.TCI-l)-TEMP)/(LETCI-l)-LETII)) 
2+XBARC 1-1) 

WIDTH=XI-X2 
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C ROUTINE FOR CALCULATING TEN-PERCENT ORDINATE AND CORRESPONDING 
C SCATTERING QUANTITIES. 

786 TEMP=O.I*LET(IKEEP) 
Jl=IKEEP+l 
DO 781 J=JI.IMAX 
IFCLET(J).LT.TEMPI,GO TO 788 

787 CONTINUE 
788 JIO=J 

FACTOR= (LET( JIQ-I)-TEMP) /( LET( JIO ... l )-l.ETC JI0) ) 
YIO=Y(JIO-ll.CYlJI0)-Y(JIO-1))*FACTOR 
Xl=SBARIJlO-1)+(SBAR(JIO)-SBAR(JI0-1)J*FACTOR 
X2=XBARIJIO-I)+CXBAR(JIO)-XBAReJIO-1'l*FACTOR 
PD=! 00* (XI-X2 ) IX 1 

790 IFCEPRINT)CALL PRINTE(6,IMAX) 
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IF( SGPRINT I'CALL PRINTG{ IMAX,XSAR,ATTEN,SIGMA.E) 
IF (DPR I NT ,'CAll PRI NTD( I MAX •. XBAR ,N. LET. I NO I 
IF(XADJ.NE.O.O)WRITE(3.149ITEMP5 
IF(SPPRINTICAll PRINTSP(KSl,KS2,E,SPECT2) 

IF(PRSCAT)CAlL PRSCATT 
TEMPl=lET(IKEEP}/LET(l) 
PRINT 107,TTDATE 
'WR I TE ( 3,150) (XNAME ( I ) t I =1.13) 
WRITE(3,151ITEMPl 
WRITE(3.153)XBAR(lKEEP) 
WRITE(3.154)EMEAN 
WRITE (3.15S,WIDTH 
WRITE(3.156,RANGE 
WRITE( 3.1S,8)PD 
WRITE( 3,159)YIO 
WRITE(S) E(i),WIDTH.TEMPl,EMEAN,Xl.XBAR(IKEEP),PD,YlO 
IF(KPLOTD)CALL KWPLOT(l) 
IF(KPLOTN)CALL KWPlOTCZ) 
IF(PRTA8lEICALL TABLE 
IF( .NOT.PLOTD)i,GO TO 800 
IF(FRAME,CALl (CNEXT 
CALL GMPRINT(l) 

800 IFC.NOT.PlOTN)GO TO 810 
IFCFRAME.CAll (CNEXT 
CALL GMPRINHO) 

810 IF(.NOT.PlOTSP)GO TO 1000 
IF(FRAME)CALL C(NEXT 
CALL GMPRINT(3, 
GO TO 1000 

C ERROR ABORT 

900 PRINT 160,JREG,E(49~) 

IMAX=499 
EPRINT=.TRUE. 
SGPRINT=.TRUE. 
DPRINT=.TRUE. 
SPPRINT=.TRUE. 
GO TO 190 

1000 CONTINUE 
CALL ((END 
RETURN 

( FORMAT STATEMENTS 

100 FORMAT ( 110) 
101 FORMAT(AIO.3E10.4.2AIO,2EIO.0) 
102 FORMAT{8EIO.4) 
103 FORMATC15A10, 
104 FORMATt8A10, 
105 FORMAT(ZEIO.OI 
106 FORMAT(100X,A10) 
107 FORMAT(lHl,lllOOX.AlO) 
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110 FORMAT( IIIOOX.AIOII/49X.33H----PROGRAM BRAGG--------/ 1//) 
III FORMAT {1111111135X.61H---------- INPUT DATA--------



.. 
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2-----·--- ) 
112 FORMAT(11122X.14HBEAM PARTICLES,12X,12HBEAM AT. NO •• 11X.12HBEAM A 

2T. WT. ,8X,19HBEAM iNITIAL ENERGY . 
3 1119X.2A10,14X,I2.17X.F7.2,17X.F8.2111) 

113 FORMAT(27X.5HCRITl,21X,2HFRt 19X.7HSIGMULT.17X,5HRlERO/I 
2 24X,Ell.4.13X.El1.4,14X,F7.3,15X,Ell.41/1) 

114 FORMAT (lH!) 
119 FORMAT(22X,2(F9.3,11X,Ell.4,18X)) 
141 FORMAT(AI0,EI2.5) 
143 FORMAT(//22X.45HNO ADJUSTMENT OF THE ABSCISSAS HAS BEEN MADE I 
144 FORMAT(1122X.50HALL ABSCISSAS ARE SHIFTED TO PUT THE BRAGG PEAK AT 

2,F7.3, BHG/CM**2. ) 
145 FORMAT(1122X,37HTHE LET-DISTRIBUTION IS NORMALIZED TO ,Ell.4,18H A 

2T THE BRAGG PEAK ) 
146 FORMAT(/122X.48HNO NORMALIZATION OF THE LET-DISTRIBUTION IS MADE 
147 FORMAT(/122X.48HTHE NUMBER-DENSITY DISTRIBUTION IS NORMALIZED TO , 

2Ell.4t24H AT THE INITIAL ORDINATE ) 
148 FORMATII122X.59HNO NORMALIZATION OF THE NUMBER-DENSITY DISTRIBUTIO 

2N IS MADE I 
149 FORMAT(/I 22X,35H ALL ABSCISSAS HAVE BEEN SHIFTED BY ,F8.4, 

2 8HG/CM**2. ) 
150 FORMAT (11/155X.IBHSUMMARY OF RESULTS/115AI0/111) 
151 FORMAT(III/30X.48H(BRAGG PEAK/INITIAL) DOSE RATIO ••••••••••••••••• 

2 • 2F9.4) 
153 FORMATCI/30X,48HPENETRATION DEPTH AT BRAGG PEAK (G/CM**2) ••.• , •• · •• , 

2F9.4) 
154 FORMAT(1130X.48HAVERAGE ENERGY AT BRAGG PEAK rMEV/NUCLEON).~~ ••• , 

2F9.41 
155 FORMAT(I/30X.48HBRAGG PEAK FULL WIDTH AT HALF-MAXIMUM ••••••••••• 

2E10 e3) 
156 FORMATCI130X.48HMEAN RANGE (G/CM**2) •••••••••••••• · •• · ••••••••••••• 

2F9.4) 
157 FORMATUI22Xt37HTHE LET-DISTRIBUTION IS NORMALIZED TO E11.4, 

2 24H AT THE INITIAL ORDINATF. ) 
158 FORf-1AT,( 1/30X.48HPERCENTAGE>ETOUR FACTOR •••••••••••••••••••••••• • 

2 F8.4}' 
159 FORMAT(1130X,4BHMEAN LATERAL DISPLACEMENT OF BEAM (G/CM**2) •• ~ •• 

2 E10.31 
160 FORMAT(IHl/15X,82HPROBLEM ABORT ••••• VARIABLE STORAGE REQUIREMENTS 

2EXCEED ALLOWABLE LIMITS IN REGION 121/ 
3 5X,28HFINAL CALCULATED ENERGY ••••• E11.4) 

161 FORMATCIH111/35X,41H------------- -TARGET OATA-------------- III 
2 30X,20HMATERIAL DESIGNATION.5X.16HSPECIFIC GRAVITY.8X,4HIAOJI 
3 30X,2A10,10X.F6.3,12X,F6.2) 

162 FORMAT(1130X,44HNUMBER OF COMPONENTS IN TARGET MATERIAL ••••• I311/1 
2 44X,6HATOMIC,5X,6HATOMIC.6X.12HATOM DENSITY I 
3 30Xt9HCOMPONENT,5X,6HNUMBE~.5X,6HWEIGHT,5X,15H(NO. PER CM**3)/) 

163 FORMAT(33X,I2,IOX,F3.0.6X,F7.3,7X,El1.41 
END 
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C 
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FUNCTION XSECCEt 

FUNCTION XSEC COMPUTES THE MACROSCOPIC CROSS SECTiON FOR A 
MATERIAL COMPOSED OF ONE OR MORE ELEMENTS. A AND Z ARE THE AT.WT. 
AND AT, NO, OF THE BEAM, AND AT(I) AND ZTD.It ARE THE CORRESPON
DING QUANTITIES FOR THE MATERIAL. ZT(2.I) ARE THE SCALED ATOMIC 
DENSITIES FOR THE MATERIAL. 

COMMON/GDATA2/RHO.RZERO 
COMMON/CHAIR/IADJ.Z,A,DENS,ATC10).ZTC2.10),NO 
XSEC=O.O 
DO 100 I=l.NO 
IF(A,EQ.1.00)A3=0.O 
IFCA,NE,1.0)A3=A**O.333333 
BLAMBD= I, 971E-11/( A*SQRT( 1862. 0*E+E**2)J 
TEMP1=RlERO*1,OE-13*(A3 +AT(I)**0.333333+BLAMBDl 
TEMP2=A *AT(I}/{A +ATCI) 
TEMP3=1,437E-13*Z*ZT{1,I) 
TEMP4=TEMP3/(TEMP2*TEMP1*S) 
IF(TEMP4.GE.l.O)GO TO 50 
SIG=3.l4159*(TEMP1**2)*(1.O·TEMP4) 
GO TO 51 

50 SIG=O.O 
51 XSEC=XSEC+SIG*lT(2,1' 

100 CONTI NUE 
XSEC=XSEC/RHO 
RETURN 
END 

.. 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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SUBROUTINE SCATTER 

SUBROUTINE SCATTER COMPUTES THE MEAN VALUES OF THE QUANTITIES 
(S-X) AND (YI FOR ALL ENERGIES. IT THEN COMPUTES THE ARRAYS 
(X), NeX). AND LET(X) ••••• ALSO CALCULATED ARE THE ARRAYS OF 
THETA. THE MEAN ANGLE, AND THETAS. THE RATE OF CHANGE OF THE 
MEAN ANGLE. 
THE ROUTINE IS StilTABLE FOR SfNGLE OR MULTIPLE COMPONENT TARGETS. 
Z=PART1CLE ATOMIC NUMBER 
A=PARTICLE ATOMIC WEIGHT 
ZM(II=TARGET ATOMIC NUMBER. MAtERIAL -1- • 
AM(I)=TARGET ATOMIC WEIGHT. MATERIAL -1- • 

REAL INT1.INT2.INT3 
COMMON/CHAIR/IADJ.Z,A,DENS,AM(lO).ZT(2.10) ,NO 
COMMON ATTEN(500),SBAR(500),E(500).SIGMA(500),IND(500),LET(500). 

2 N(500),SPECT2C500),THETAS(500).THETAI500),XBAR(500),Y(500) f 

3 XDATA(300),YDATA(300),F(500) 
COMMON/GMDATAI/IMAX,DIFF,I8,PD 
COMMON/GDATA2/RHO,RlERO 
REAL LET.N,NATOM(lO) 
DIMENSION TEMPl(lO),TEMP2(10).ZM(lO),TEMP3(10),GAMMAClO).THS(lO) 
DIMENSION SAVE(lO). THETAS2(500) 
EQUIVALENCE (THETAS2.THETAS) 

I NTl=O 
INT2=O 
INT3=0 
THETA2=0.O 
DH?'F=O.O 
Yll)=O.O 
THETA(II=O.O 
XBAR(II=O.O 
DO 10 J=l,NO 

5 SAVE(J)=O.O 
NATOM(J)=ZT(2.JI 
ZM(J)=ZTll,JI 
GAMMA(JI=A/AM(JI 
TEMPl(J)=(2.606E-25/RHO )*NATOMeJ)*(Z*ZMeJI*(1.0+GAMMA(J))/A)**2 

10 TEMP2(JI=(3.836E4)/(AMeJ)*ZM(J))**0.333333 
DO 300 1=1,18 

14 THETAS2(1)=0.0 
DO 120 J:<1,NO 
TEMP5=842.2*A*SQRTCEeII*IEII)+1862.0»)leIZM(J)**0.3333331* 

2(1.0+GAMMA(J))) 
RATIO=AMINl(TEMP5.TEMP2IJI I 
H =(E(II*(E(II+1862.0)/(ECI)+931.0IJ**2 
TSCM2=(TEMPl(J)/H )*eALOG(RATIO**2)+1.0)-1.O) 
TSCM=SQRT(TSCM2) 
THS(J)=ATAN2{SINITSCMI.COS4TSCM)+GAMMA(J)1 

11 IFCTHSiJ}.GE.SAVEfJ»)GO TO 12 
THSeJ,=THS(JI+3.14159265 
GO TO 11 

12 SAVE(J)=THSeJ) 
120 THETAS2(II-THETAS2(Il+THS(J)**2 

IFCI.EQ.IIGO TO 300 
28 DELTAE=ECI-l)-E(IJ 

TEMP=DELTAE*O.5*A 
32 THETA2:THETA2+TEMP*(THETAS2'I-II/F(I-1)+THETAS2(I)/FCI») 



C 
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THETACI)=SQRT(THETA21 
IFCTHETA(I).LT.0.18539S)GO TO 31 
IN=! 
GO TO 302 

31 DIFF=DIFF+TEMP*CCl.O-COS(TH!TACI-l)')/F(I-ll 
2 +ll.O-COSCTHETAII»))/FtI)) 

XBARCl)=SBAR{I)-DIFF 
Tl=CTHETAS2CI-l)/CO~(THETAII-1»**2)/F(I-1) 
T2=CTHETAS2(1) ICOSCTHETACI)'**2 l/FCI) 
INTl=INTl+TEMP*CTl+T2) 
INT2=INT2+TEMP*(XBAR(I-ll*Tl+XBARll)*T21 
INT3=INT3+TEMP*((.XBARCI-1)**21*Tl+(XBARCIJ**2)*T21 
YSQ=(XBARCI'**2'*lNTl-2*X3AR(II*INT2+INT3 
YII)=SQRTIYSQ) 

300 CONTINUE 

C CALCULATIONS BEYOND THE RANGE 
C 

IN=I8+1 
302 DO 400 I=IN,IMAX 

DS2=(SBAR(11-SBARCI-ll,*0.10111 
Y I I ) = Y C I - U +0 S 2 
XBAR(I)=XBAR(I-ll+DS2 
THETA(I)=01177000000000GOO 00 

400 THETAS(I)=0171700000000000 0000 
IN1=IN-l 
DO 405 I=l,INl 

405 THETAS(I,=SQRT(THETAS2CI») 
RETURN 
END 

UCRL-17391 



-37-

SUBROUTINE SEVE 
COMMON/CHAIR/lADJ.Z, A, DENS .AlC 10) • ZT{ 2,10) ,NO ,DUMMM (2) 
COMMON/GEN/LI,LAZ,NN,II,IEV,ANL 
COMMON/TABLE/ZEX.EV,R 
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COM·MON/ABLOK/AMN(3,3) ,ALPHA(4.4)!BBLOK/CE( 10) ,CN( 10) ,CNl( 10), 
1DENr10)/CBLOK/B(S) 

DIMENSION EV(200).ZEX(200) 
DIMENSION DR(22),TABLE(22,10), 

1. I LC 5) , EO ( 22 ) 
REAL IADJ.Ll,LAZ,LE.LL,LAMB2,LAMBDA 

BETA(3).EL{3),D(6,5) 

DATA EO/.01,.015,.02 •• 03,.04,.05 •• 07,.1 •• 15,.2,.3t.4,.5,.7,1.0,1.5 
1,2.0.3.,4 •• 5.,7.,10,I,TABLE/183 •• 230.,265.,320.,360.,390.,430.,440 
2.,410.,380.,330.,290,,265.,230.,172.,131.,109.,83.,69.,58.,45.,3~. 

3219,118.,141,,164.,205.,235.,260.,285.,315.,325.,320.,290.,270., 
4250 •• 220.,170.,131 •• 109.,83.,69.,58.,45.,34.279,95.,114.,132.,164. 
5,187.'208 •• 230 •• 254't264,'263.,243.~230o'216.'193.tI56.,124,,105., 
68 1 • 6 , 6.8 • , 58 •• 4 5 • , 3 4 • 2 79 , 7 1 , , 8 6. ,9 9 • , 1 2 2 • , 1 40 e , 1 5 5. • 1 7 5 • , 1 9 3 • t 2 0 3 • , 
7Z06 •• 196.,189.,lBl.,166.,14!.,117.,101.o80.,67.,57.,45.,34.279, 
848.,58.,66.,80,,93.,103.,12~ •• 132.,142.,149.,150.,149.,147 •• 140 •• 
9129.,111.,98.,79.,67.,57.,45.,34.279,39.,47~,54.,65.,75 •• 83.,97.,1 
*11.,123 •• 130.,133.,133.,131.,128 •• 120 •• 107.,94.,78.,66.,57.~45o' 
134.279.34 •• 40.,47 •• 56.,64.,71.,32.,94.,108.,112.,121 •• 12Z.,122., 
2120.,111.,100.,90,,75.,64.,56,,44.,34.279,28.,33.,38.f47.,54.,60., 
369 •• 80.,92.,100.,109.,110.,111.,110 •• 107.,95.,86.,73.,624,55.,43., 
434,279,23.,27.,32.,39.,46.,51.,59.,69.,00.,87.,96.,100.,101.,101., 
598.,90.,81.,70 •• 60.,54.,42 •• 34.279,19.,23.,27.,32.,38.,43.,50.,600 
6.70 •• 77 •• 87.,91.,93.,94.,90.,84.,76.,67.,58.,52.,41.,34.279/ 

DATA AMN/ -,75265,.73736E-l,.40556E-l,.253?8El, 
6 -.312 •• 18664E-l,-.24598 •• 11548,-.99661E-2/,ALPHAI 
7 -.80155E1,.36916.-.14307E-l •• 3471BE-2,.18371El,-.1452E-1, 
8 -.30142E-l,.23603E-2,.45233E-l,-.95B73E-3,.71303E-2,-.68538E-3, 
9-.59898E-2.-.52315E-3,-.33802E-3 •• 39405E-4/.D/30*0./ 

100 IF(IADJ.EQ.O.1 GO TO 999 
IF (NO.GT.I) GO TO 20 
NO:::l 
DEN(!)=l. 
DENS:::l, 

C ZT(I.I) ARE THE AT. NOS. OF THE TARGETS. 
C ZI(2.I) ARE THE RELATIVE ATOMIC ABUNDANCES OF THE TARGETS 

GO TO 54 
ZO SAT=O.O 

DO 51 I'" 1 ,NO 
51 SAT=SAT+ZT(2.II*AT(I. 

DO 52 r =1. NO 
52 DENC])=ZT(2fI)*DENS*AT(I}/S\T 

SUM=O. 
DO 53 I =1, NO 

53 SUM=SUM 
ZAF=SUM 
GO TO 55 

+Z T (ld pl· DEN ( r.) / AT ( I ) 
/DENS 

54 ZAF=ZT(1.1)/ATC1) 
55 LI=ALOG(IAOJ) 

LAZ=ALOG(l./ZAF) 
IF (Z •. GT .10.) GO TO 500 

C Z LESS THAN 11 
C LOW ENERGY DEDX 

NN=O 
R2=DIDXCZ.)/1IZ.3138 
RI0=DIOX(lO.)/34.279 



Q=ALOG(RIO/R2./ALOG(S.) 
P=R2/C2.**Q) 
Z23=Z**(2./3,) 
IF(NO.EQ.IIGO TO 403 
SUM=O. 

-38- UCRL-17391 

DO 402 l=l,NO 
SUM=SUM+DEN(II*ZT(1.I'/(DENS*AT(I,*(Z23+ZTCl,II**{2./3.»)**1.5) 

402 CONTINUE 
F=2.08*(Z23+5.54)**1,5*SUM 
GO TO 404 

403 F=2.08*ZAF*C(Z23+S.541/(Z23+ZT(1,1)**(2./3.)}I**1.5 
404 EP=(F/P,**(l.IQ) 

EP=AMINl(EP,10.) 
DO 406 1=1,21 
EV( l)=EQ( I I 
E=EV(I, 
IFCEP.LE.E} GO TO 405 
DR(I)=F 
GO TO 406 

405DR(I):::P*E**Q 
406 CONTI NUE 

JK=2 
22=Z**2 
DO 407 I=lt21 
ZEX(I)=DR(Il*TABLECI,JK)*Z2 

407 CONTINUE 
C SET UP TABLE 

EV(22)=lO. 
EV(23,=lO.4 
1=23 
DO 408 J::12.50,2 
1=1+1 

408 EV(I,::J 
DO 409 J=55,200,5 
1=1+1 

409 EV(I)=J 
DO 410 J=210.1000;10 
1=1+1 

410 EV(I)=J 
IEV=I 

C HIGH ENERGY DEDX 
DO 411 I=22,IEV 
ZEXIIl=Z2*DIDX(EV(111 

411 CONTINUE 
GO TO 201 

C Z GREATER THAN 10 
C DEFINE ENERGY REGION BOUNDARIES AND SET UP TABLE 

500 BETA{1,=(Z**(1./3 •. ,/137.)**Z 
BETA(2)=2./465.5 
BETA(3):::(3. *ZI137.,**2 
DO 503 1=1,3 
IF(BETA(I).GT.·,OI) GO TO 501 
ELCI)=465.5*BETACI) 
GO TO 503 

501 IFfBETA(1).GT •• 9999' GO TO 502 
GAMMA=l./SQRT( I.-BETA! II) 
EL(I)=931.*~GAMMA-l.) 
GO TO 503 
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502 EL( I) :1.Ela 
503 CONTI NUE 

EV( 1) =.01 
EV(2,=,015 
DO 540 1=2,9 

~ . 540 EV(!+I,=.OI*FLOAT(I' 
EV( 11) =,1 
EVI12,=,15 
EV(13)=,2 
EV(14)=.3 
EV(15)=.4 
EV(16,=,437 
EV'( 17) = .489 
EV(18):::.5 
EV(19)=.6 
EV(20)=.613 
EV( 21) =.7 
EV(22)=.8 
EV(23)=.816 
EV(24)=1. 
EV(25)=1.12 
EV(26,=1(;5 
JL=26 
DO 541 1=2,10 
JL=JL+1 

541 EV(JL)=I 
EV(36)=10.4 
1=36 
DO 504 J=12,50.2 
1=1+1 

504 EV(I)=J 
DO 505 J=55,20a,5 
1=1+1 

505 EV(I)=J 
DO 506 J=210,10QO,10 
1=1+1 

506 EV( I I =J 
IEV=! 
DO 507 I=IJIEV 
JK=I 
IFCEV(I).GE.EL(l») GO TO 50} 

507 CONTINUE 
508 GO TO 900 
509 IELl=JK 

DO 510 I=JK,IEV 
JL=I 
I F ( EV ( 1) • G E. E L( 2 } ) GO TO 512 

510 CONTINUE 
511 GO TO 901 

,~ 512 lEL2=JL 
IFCEL(3).GE.EV(IEV» GO TO 516 
DO 513 I=JL, fEV 
JK=I 
IFCEVCI1.GE.EL(3') GO TO 515 

513 CONTINUE 
514 GO TO 902 
515 IEL3=JK-l 

GO TO 517 



516 IEL.3::IEV 
517 CONTI NUE 

C LOW ENERGY REGION 
Z23=Z**(2./3.) 
Z&76=7.39E4*Z**1.207 
AOZ=A/Z 
DO 518 1=1.1'40 
lS2 3·el 2 3+l n 1. I ) ** ( 2.13. I 
ZTOAT=ZT(l.I)/AT(I) 
AS=A+AT(II 
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CE(I·)=Z816*ZTOAT/ZS23**1.5 
CN{I)=4.14281E6*(A/ASJ**1.5*SQRT(Z*ZTOATl/ZS23**.75 
CNl{I,=45.1671*(AOZ/(ZTOAT*AS})**.27719/ZS23**.138595 

518 CONTINUE 
1'41'4=1 
ZEX{l)=DEDXLfEV{l» 
DO 520 I=2.IELl 
ZEX(I,=DEDXLfEViI)l 

520 CONTINUE 
C MEDIUM-LOW ENERGY REGION 

SPL=DEDXLLEV(I£Ll)I 
SQREL=SQRTCEV(IELlll 
SQRREL=EV(IELl)**.22281 
CL=ALOG (SPLl 
SUM=O. 
DO 521 I=l.NO 
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EXPN=EXP(CNl(I,*EV(IffLll**.27719) 
SUM=SUM+(.5*(CE(I}+CNII1/EXPNI/SQREL-.27119*CN(I'*CNl( I1/SQRREL/EX 

IPN)*DEN(II 
521 CONTINUE 

DSPL=SUM/DENS 
DCL=DSPL/SPL 
Z2=Z**2 
RAT=RATIO(EV(IEL2)l 
RATSQ=RAT**2 
DEX=DIDX(EVCIEL2IJ 
SPH=lZ*RATSQ*DEX 
CH=ALOG (. SPH I 
BEL=SQRTiEV(IEL2)/465.5) 
IF CBEL.LE.Z23/137.1 GO TO 522 
DRAT=ANL/EV(IEL2)*(1.-45.7*)EL* ALOGtZ)/(2.*Z-Z23) 
GO TO 523 

522DRAT=ANL/EV(IEL21 
523 CONTINUE 

IFfEV(IELZI.LT.7.) GO TO 535 
SUMl:=O. 
DO 526 M=I.4 
SUMl=SUMl+ALPHA (M. 3) *LI** (M-l) 

526 CONTINUE 
SUM=O. 
DO 527 M=I.4 
SUM=SUM+ALPHA (M, 4) .'1;.1** (M-l) 

527 CONTINUE 
DPDE=2./EV{IEL21*CSUMl+3.*ALOGIEVIIEL2»*SUM) 
GO TO 537 

535·SUM=O. 
DO 536 M=I.3 
SUM=SUM+AMN(M.3)WLI**(M-l) 



536 CONTINUE 
DPDE=2./EV(IEL2J*SUM 

537 CONTINUE 
XLAM=LAMBDACEI/CIEL2)) 
DXLAM=DEX*XLAM 
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DCH=ORAT IRAT +1./EV(IEL2)~1.IDXLAM-DXLAM/EVlIEL2)*DPDE 
ALEl=AlOGCEV(IEL1), 
IFCALEl.EQ.O.) ALE1=.OOl 
DO 528 1=1,4 
Dll,I'=ALEl**(I-l1 

528 CONTINUE 
ALE2=ALOGtEV(IEL2)) 
IF(ALE2.EQ.O.J ALE2=.OOl 
DO 529 1=1;4 
D(2,I)=ALE2~*CI-l1 

529 CONTINUE 
DO 530 1=1,4 
DC3,I)=FLOATCI-l)*ALE1**(I-2) 

530 CONTINUE 
DO 531 1=1,4 
DC4,I)=FLOAT(I-1)*ALE2**(1-2) 

531 CONTINUE 
D(1,5,=CL 
DCZ.5,=CH 
DI3,5t=DCL*EVCIELl) 
D(4,5)=DCH*EV(IEL2) 
CALL GLSQ(D,B,IL,4,4.SSSQ,O.,0.) 
K=IELl+l 
NN=2 
DO 532 1= K • 1 E L 2 
ZEX(IJ=l./SPIML CEV1I») 

532 CONTINUE 
C MEDIUM-HIGH ENERGY REGION 

K=IEL2+1 
NN=3 
DO 546 I=K,IEL3 
II =1 
ZEXC!)=Z2*RATIO(EVlI»)··2*DIDXCEVC!» 

546 CONTINUE 
IF (IEL3.EQ.IEV) GO TO 201 
K=IEL3+1 

C HIGH ENERGY REGION 
DO 534 I=K,IEV 
ZEXCI1=Z2 *DIDX(EV(I)j 

534 CONTINUE 
C OUTPUT AND GO TO THE NEXT PROBLEM 

RETURN 
C DIAGNOSTICS AND SKIP TO THE NEXT PROBLEM 

900 WRITE(3.3511 
351 FORMATr,IIII.31H STATEMENT 508 WAS ENCOUNTERED. 

RETURN 
901 WRITEO,352) 
352 FORMATfII/lt31H STATEMENT 5'U WAS ENCOUNTERED. 

RETURN 
902 WR ITE ( 3,353) 
353 FORMAHllll.,31H STATEMENT 514 WAS ENCOUNTERED. 

RETURN 
999 PRINT 1112 
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1112 FORMAT(5X,27HPROBkEM ABORT ••••• IADJ=O.O 
201 RETURN 

END 

UCRL-17391 
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FUNCTION DIDXIE) 
REAL IADJ,LI,LE.L~MBDA 
COMMON/CHAIR/IADJ,l,A,DENS,AT(10).ZT(2,lO),NO.OUMMM(Z) 
COMMON/GEN/LI.LAZ.NN.II,IEV,ANL 
COMMON/ABLOK/AMN(3,3).ALPHA(4,4) 
LE=ALOG(E' 
IFIlE.EQ.O., LE=.001 
IF(E.LT.7.) GO TO 221 
IF(E.EQ.7.1.ANO.(II.EQ.32J) GO TO 221 
SUM=O. 
00 220 N=2,4 
DO 220 M=1,4 
SUM=SUM+FLOAT (N-I) *AlPHA( M ,N) * (L PHt( M-1, ) * (LE** (N-2) ) 

220 CONTINUE 
DIDX=E/(SUM*LAM8DA(E) I 
RETURN 

221 SUM=O. 
00 223 N=2.3 
00 223 M=lt3 
SUM=5UM+FLOATIN-I)*AMN(M,N)*(LI**(M-Itl*(LE**(N-21) 

223 CONTINUE 
OIDX=E/(SUM*LAMBOA(E) 
IF (E.lT.I.) GO TO 224 
RETURN 

224 WRITE(3,1) E 
1 FORMAT(37H ENERGY IN DEOX IS OUT OF RANGE E=E15.8) 

RETURN 
END 
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FUNCTl ON DEDX ( X I 
COMMON/TABLE/YDATA(200).XDATA(2001,R 
COMMON/GEN/DUM(4),IMAX 
M=IMAX 
Ll=l 
L2=M 
K=l 
IF ( X-X DATA ( 1 I 11,15.3 

3 K=M 
IF(XDATA(MI-Xllw15,9 

9 K=M/2 
IF(X-XDATA(K»20.1S,29 

20 L2=K 
GO TO 23 

29 Ll=K 
23 IF(L2-Ll-lI1.14,25 
25 M=Ll+L2 

GO TO 9 
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140EOX= YOATA(Ll)+ (X-XDATA(Ll)'. (YDATA(L2)-YDATA{Ll»/ 
2 (XDATA(L21-XDATA(Lll) 

RETURN 
15 DEDX=YDATA(KI 

RETURN 
1 DEDX=O.O 

WRITE(3.1111)Ll,L2,K.M 
7177 FORMAT(2Xt36HERROR IN FUNCTION DEDX ... JOB ABORTED l(lOX,tl8) 

CALL EX IT 
END 

.: -
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SUBROUT I NE GLSQ (A.X" I L. N.M ,ALPHA. E 1, E2) 
DIMENSION A(6.5J. X(5), IL(5) 
MM=M+1 
LL=l 
DO 60J= 1 ,MM 

60 IUJ)=O 
1=1 
DO 3K=1,MM 
11=1+1 
DO 4J= I I ,N 
IFCABStA(J.K))-El) 4,4.6 

6 Tl=SQRT (tA(J.K))**2+(A(I.K))**2) 
S=ACJ,K)/Tl 
C=A(hKllTl 
DO 5L=K.MM 
T2=C*A(I.L)+S*A(J,L) 
A(JtL)=-S*ACI,L)+C*A(J,LI 

5 A(I.L)=T2 
LL=Ll.+ 1 

4 CONTINUE 
IF (ABS CA(I,K»)-E2)3,3,8 

8 ILlK)=I 
1=1+1 

3 CONTINUE 
X(MM)=-1.0 
II=M 
DO 35I=1,M 

35 X/I}:::O. 
DO 30J=1.M 
IF (IL(II)30.30t31 

31 $=0. 
LL=II+l 
I=ILCII) 
DO 32K::r:LL ,.t4M 

32 $=S+AII.K)*X(K) 
X ( I I ) =-SI A ( I, II ) 

30 II=H.-1 
IF (IL(MM)150,51,50 

51 ALPHA=O. 
GO TO 52 

50 I=ILCMM) 
ALPHA=A ( I ,~trv1) 

52 RETURN 
END 
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FUNCTION RATIO(E) 
COMMON/GEN/LI,LAZ.NN,II,IEV,ANL 
COMMON/CHAIRIIADJ.Z.A,DENS,AT(10).l.T(Z,10),NO,DUMMM(2) 
DIMENSION AN(S) 
DATA AN/.413253,1.63475,lO.4782,2.21626 •• 8475781 
Z23=Z**(2./3.) 
IF (E.LE.4.6S) GO TO 200 
BETA=SQRT(I.-I./CE/931.+1.1**Z) 
GO TO 201 

ZOO BETA=SQRT(E/465.5) 
ZOI IF (BETA.LE.Z23/137.) GO TO 20Z 

IF (BETA.GE.2.*Z/137.1 GO TO 204 
G=(137.*BETA+4.*l-3.*Z23,/(6.*Z-3.*Z23) 
GO TO 203 

202 G=2./3. 
GO TO 203 

204 G=l. 
203 X=137.*BETA/Z**G 

Al=AN(I)*X**CAN(Z)**2) 
A2=AN(3)*X**ANC4) 
A3=AN(S)+I. 
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RATIO=1.-EXP(-Al)/A3-AN(SI/A3/(A2+1.1 
IFCNN.EQ.IIANL=Al*AN(ZI**2*EXP(-A11/A3+AZ*AN(4)*ANCS'/A3/(A2+1.)** 

12 
IF{(E.LT,1,51.0R.CBETA.GT-3.5*Z/137.1)GO TO 205 
RETURN 

205 WRITE(3,1) E 
1 FORMATC37H ENERGY IN RATIO IS OUT OF RANGE E=£15.8) 

RETURN 
END 
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FUNCTION SPIML(EI 
COMMON/GEN/LI .LAl.NN.l I, IEVtANL 
COMMON/CHAIR/IADJ.Z,A,DENS.AT(10).ZT(Z.10).NO.DUMMM(2) 
COMM0N/CBLOK/B(51 
BETAl=Z**(1./3.)/137.**2 
BETA2=2.S146S.5 
IF (E.EQ.1.) GO TO 251 
XLE=ALOG(E) 
SUM=O. 
DO 250 1=1,4 
SUM=SUM+B(I)*XLE**(I-l) 

250 CONTINUE 
SPIML=l./EXP(SUM) 
IF (E.LT.4.65'GO TO 253 
BEL=1.-1./(E/931t+l.)**2 
IF ((BEL.GT.BETA21.0R,(BEL.LT.BETAl» GO TO 252 
RETURN 

253 BEL=E/465.S 
IF (BEL.GT,BETA2J.OR.(BEL.LT.BETAl» GO TO 252 
RETURN 

251 SPIML=l./EXP(B(l» 
IF (.002148.GT.BETA2,.OR.(.002148.LT.BETAll) GO TO 252 
RETURN 

252 WRITE(3,l) E 
1 FORMAT(37H ENERGY IN SPIML IS OUT OF RANGE E=EI5.8) 

RETURN 
END 
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FUNCTION DEDXL{EI 
COMMON/CHAIR/IADJ.Z~A,DENS.AT(101.ZT(2.10),NO,DUMMM(2) 
COMMON/GEN/LI,LAZ.NN,II,IEV,ANL 
COMMON/BBLOK/CE(10),CNC10),CN1(10),DEN(10) 
SUM=O. 
SQRE=SQRT(E) 
SQRRE=E**.27719 
DO 230 I =1 ,NO 
SUM=SUM+(CE(II+CN(II/EXPCCNICIJ*SQRRE)I*SQRE*DEN(I) 

230 CONTINUE 
DEDXL=SUMIDENS 
BETA=Z/137.**2 
IF (E.LT.4.65) GO TO 231 
BEL=1.-1./(E/931.+1.)**2 
IF (BEL.GT.SETA) GO TO 232 
RETURN . 

231 BEL=E/465.S 
IF CBEL.GT.BETAI GO TO 232 
RETURN 

232 WRITE(3,1) E 
1 FORMAT(38H ENERGY IN DEDX~ ts OUT OF RANGE E=E15.8) 

RETURN 
END 
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.. 

,e 



.# 

-49-

REAL FUNCTION LAMBDACE) 
REAL IADJ,LAZ.LI,LEtLL 
COMMON/GEN/LI.LAZ.NN,II,IEV~ANL 
COMMON/CHA I RJI ADJ,Zt A, DENS. AT( 10) • ZT( 2,10) tNO .DUMMM C 2) 
COMMON/ABLOK/AMN(3,3),ALPHA(4,4) 
LE=ALOGCE) 
IF(LE.EQ.O.1 LE=.OOI 
IFCE.LT.7., GO TO 221 
IF(E.EQ.7.1 • .o.ND.CIl.EQ.32H GO TO 221 
SUM=O. 
DO 210 N=I,4 
DO 210 M"'I,4 
SUM=SUM+ALPHACM,N'*(LI**(M-1')*/LE**(N-l)) 

210 CONTINUE 
LL=LAZ+SUM 
LAMBDA=EXP (LLl 
RETURN 

221 SUM=O. 
DO 222 N=lt3 
DO 222 M=1 d 
SUM=SUM+Ar-1N( M ,N) *LI** 1'''-1) t( LE** (N-lJ ) 

222 CONTINUE 
LL"'LAZ+SUM 
LAMBDA=EXP{LL)*.001 
IF IE.LT.1.)GO TO 211 
RETURN 

211 WRITE(3.1) E 
1 FORMAT{39H ENERGY IN LAMBDA 15 OUT OF RANGE E=EI5.8) 

RETURN 
END 
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SUBROUTINE KWPlOT(KK) 

C SUBROUTINE KWPlOT SETS UP THE DESIRED ARRAY FOR QUICKPLOTTING 

DIMENSION TITLE(15),SET2C500) 
COMMON ATTENC500},SBAR(SOO),E(SOO),SIGMA(SOO).IND(500).LET(SO0), 

2 N(500),SPECT2(SOO),THETAS{SOO),THETA(SOO),XBAR(500),y(500), 
3 XDATA(300),YDATA(300),F(500) 

EQUIVALF.NCE (SETZ,Y) 
COMMON/GMDATAI/IMAX,DIFF,18,PD 
COMMON/DATA/NDTAPT,IPLOTP 
COMMON IGMDATA2/TITLE,rFRAME,INNP,KSl,KS2 
REAL N,LET 

IF(KK~EQ.l)GO TO 20 
IF(KK.EQ.2,GO TO 30 

20 DO 21 I=l.NDTAPT 
21 SET2(II=XINTERP{XDATA(I),XBAR,LET,IMAX) 

GO TO 50 
30 DO 31 I=l,NDTAPT 
31 SET2(I)=XINTERP(XDATA{I),XBAR,N,IMAXI 
50 CALL YGRAPHCNDTAPT,XDATA,YDATA,SETZ) 

RETURN 
END 



C 
C 
C 
C 
C 
C 
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FUNCTl ON X I NTERP (X ,XDAT A, YDATA. I MAX 

FUNCTION XINTERP INTERPOLATES WITHIN A SET OF OATA POINTS 
XDATA(I). YDATA(II. I=l,IMAX. THE QUANTITY X IS THE GIVEN 
VALUE OF THE INDEPENDENT VARIABLE, AND XINTERP IS THE INTERPOLATED 
VALUE OF THE DEPENDENT VARIABLE. 

DIMENSION XDATA(l),YDATA(l) 
~,,= r MAX 
Ll"'l 
L2=M 
K=l 
IF(X-XDATA(l,,1.lS.3 

3 K=M 
IF(XDATA(M)-X)8.15.9 

9 K=~1I2 

IF(X-XDATA(K))20.15.29 
20 L2=K 

GO TO 23 
29 L1=K 
23 IF(L2-Ll-l)1,14.25 
25 M=Ll+L2 

GO TO 9 
14 XINTERP= YDATA(Ll)+ (X-XDATA(Ll»* (YDATACL2)-YDATA(L1»/ 

2 (XDATA(l21-XDATA(Ll» 
HETURN 

15 XINTERP==YDATA(K) 
RETURN 

1 XINTERP=YDATA(ll 
RETURN 

8 XINTERP=YDATA(IMAX) 
RETURN 
END 
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SUBROUTINE VGRAPH(M.X.V.YFI() 
DIMENS ION X( 1) ,y( 1) ,YFIT( 1) 
DATA IFFF,IBBB.rOOO.IPPP/IHF,lH ,1HO.IHP/ 
YfvlIN=Y(l) 
YMAX=Y(1) 
DO 3 1=1 ,M 
IF(YMIN .GT. YCI» YMIN=YCII 
IF (YrvlAX • LT. Y ( I ).) Yr>1AX=Y C I ) 
IF Cyr"'IN .GT. YFIT( I)) YMIN=YFITC I) 
IF (YMAX .LT. YFIT(I)) YMAX=YFITII) 

3 CONTINUE 
WRITE 13,1005) YMIN,YMAX 
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1005 FORMAT (lHl.15X,E13.5,37X,E13.S/19Xtl01HIIIIIIIIIIIIIlIIIIIII11111 
11 II III I I II I I I III III I III I I I III I I II II II I I II I I II I I I I II II I I I I I III II II I 
lIIIIIIIII ) 

DO 1100 I =bM 
IO=l.O+lOO.O*(YCII-YMIN)/(YMAX-YMIN) 
IO=MAXQ(MINO(IO.1001,1) 
IP=1.O+100.0*CYFITCI)-YMIN)/(YMAX-YMIN) 
IP=MAXO(MINO(IP,lOO),ll 
IF (10 .NE. IP) GO TO 1030 

1008 IF (10 .NE. 1) GO TO 1020 
WRITE(3,1010)X(I),IFFF 

1010 FORMAT (lX.E13.5,6H -.lOOAl) 
(;0 TO 1100 

1020 K=IO-1 
\..t RITE (3. 1 0 1 0) x ( I ) ; ( I B B B tJ = 1 • K ) • IFF F 
GO TO 1100 

1030 IPP=IPPP 
100=1000 
IF (IP .GT. ro) GO TO 1040 
IPP=IOOO 
IOO=IPPP 
IDU~4MY:::IO 

10=IP 
I p= I Dur..,MY 

1040 IF (10 .GT. 1) GO TO 1060 
K=IP-IO-l 
IF (K .GT. 0) GO TO 1050 
\,IRITE (3.1010) X(I). IOO.I~P 

GO TO 1100 
1050 CONTINUE 

WRITE C3,10101 X(l). IOOt(IBBB.J=l,KI.IPP 
GO TO 1100 

1060 Kl=IO-l 
K2=lP-IO-l 
IF CK2 .GT. 0) GO TO 1070 
WR!TE(3,1010)X(I).(IBBB'J=1,Kll.IOO.IPP 
GO TO 1100 

1070 CONTI NUE 
WRITE (3dOlO) XCI). (IBBBU=1.Kl).Ioo,crBBB.J=1,K2),IPP 

1100 CONTINUE 
WRITE (3,1110) YMIN.YMAX 

1110 FORMAT (19X,lOlHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII11111 
lIIIIIIIIIIIIIIIIIIIlIIIIIIIrrlIIIIIIIIIIIIIIIIIlII1 /16X,E13.5,87 
2X,E13.S1 

1,01 RITE (3. 112 0 ) 
1120 FORMAT {33HOP REPRESENTS THE PREDICTED POINT/28HOO REPRESENTS THE 

IDATA POINT/73HOF REPRESENTS BOTH THE DATA AND THE PREDICTED POINTS 



2 IF THEY LIE TOGETHER) 
RETuRN 
END 
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SUBROUTINE PRINTE(E,lMAX) 
DIMENSION E(l) 
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C PRINTOUT SUBROUTINE FOR ENERGIES 

116 FORMAT C1H11116X,92H---------
2EV/NUCLEON)--------- --

117 FORMAT C25X.4( 9X.F9.3» 

10099 1=1 
10100 IFCI-l+200-IMAXI10101.10113.10113 
10101 WRITE(3,116) 

DOIOl02J=1.50 
K=I+J 

10102 WRITE(3_117,(ECK-1).ECK+49,.E(K+99"E(K+149» 
1=1+200 
GO TO 10100 

10113 WRITEI3,116) 
LP=(IMAX-I+l)/50 
LC=CIMAX-I+1)-50*LP 
LD=LC+1 
IFCLCI10104.10103.10104 

10103 L=LP 
LC=50 
GO TOCIOOlt10033,10043.1004~I.L 

10104 L=LP+l 
GO TO (1001,1002,1003,1004J,L 

1001 DO 10011 J=I,LC 
K=I+J 

10011 WRITE(3,111)(EIK-I1J 
GO TO 10046 

1002 DO 10021 J=I,LC 
K=I+J 

10021 WRITE(3.117)(E(K-l).EIK+49») 
LD=LC+1 

10023 DO 10022 J=LD.50 
K=I+J 

10022 WRITEI3,117)CECK-l,) 
GO TO 10046 

1003 DOI0031 J=l,LC 
K=I+J 

10031 WRITE(3,117)(E{K-l).E(K+49).ECK+99)I 
10033 DO 10032 J=LD.50 

K=J+I 
10032 WRITE{3,117)(ECK-l,.ECK+49» 

GO TO 10046 
1004 DOI0041 J=l,LC 

K=I+J 
10041 WRITE{3.117)(E(K-1).ECK+49',E(K+99),ECK+149) 
10043 DO 10042 J=LD.50 

K=I+J 
10042 WRITE(3,111) (ECK-l).ECK+49),E(K+99t) 

GO TO 10046 
10044 DO 10045 J=LD~50 

K=I+J 
10045 WRITE 13'117)CE(K-1),E(K+49).ECK+9~).E(K+149) 
10046 RETURN 

END 
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c 
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SUBROUTINE PRINTG(IMAX.XBAR.ATTEN.SIGMA.6) 
DIMENSION XBAR(I),ATTEN(ll.SIGMAIll,E(I) 

UCRL-17391 

PRINT SUBROUTINE FOR DISTANCES,ATTENUATION FACTORS.SIGMAS,ENERGIES 

130 FORMAT(IHll/27X.l1HPENETRATION,13X.BHSURVIVAL,7X, ZOHMEAN SQUAR 
ZE STRAGGLE.IIX,GHENERGY/24X,18HDISTANCE (G/CM**Z).9X,8HFRACTION 
3 8X.19HPARAMETER (G!CM**ZI,8X,13HIMEV/NUCLEON) III) 

131 FORMATI27X,Ell.4,11X,Ell.4,lOX,El1.4,13X.F9.3) 

1=1 
210 IF( I.GE.IMAX)GO TO 214 
211 IF( (2+49).GT.IMAXlGO TO 214 
212 INRITE(3tl30) 

DO 213 J=I.50 
K=I+J 

213 v/RITE(3,131)(XBAR(K-l).ATTEN(K-l),SIGMA(K-l),EIK-l») 
1=50 +1 
GO TO 21D 

214 WRITE(3,130) 
DO 215 J=ItIMAX 

215 WRITE(3,131ICXBAR(J),ATTEN{J),SIGMA(J).E(J» 
216 RETURN 

END 
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SUBROUTINE PRINTD(IMAXtXBAR,N.LET.INDJ 
REAL N.LET 
DIMENSION XBAR(l)'LETIl),N(l)~IND(l) 

C PRINT SUBROUTINE FOR DISTANCES,FLUXES.LET-S 

UCRL-17391 

120 FORMAT(lHll/27X,11HPENETRATION,12X.13HPARTICLE FLUX,lOX. 
214HENERGY RELEASE,12X,11HCALCULATION/24X,17HDISTANCEIG/CM**21,6X, 
31BH(NUMBERISEC-CM**Z),8X,13i(MEV-CM**Z/G),16Xt4HMODE/ II) 

121 FORMAT(Z7X,El1.4,12X,Ell.4.i2X,El1.4,18X,A61 

1=1 
ZOO IF(I.GE.IMAXIGO TO 204 
201 IF( (1+49).GT.IMAX)GO TO 204 
202 WRITE(3.120) 

DO 203 J=1.50 
K=I+J 

203 WRITEI3.1211(XBARIK-1 I.NIK-l 1.~ET(K-l ),IND(K-l)) 
1=1+50 
GO TO 200 

204 WRITE(3,1201 
DO 205 J=!.IMAX 

205 WRITE(3.121)(XBAR(JI.N(J),LET(J),IND(JJ) 
230 RETURN 

END 



.<, 

C 
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SUBROUTINE PRINTSP(KS1,KS2.E.SPECT2) 
DIMENSION E(1),SPECT2C1) 

SPECTRAL PRINTOUT SUBROUTINE 

UCRL-17391 

136 FORMAT ( IHI I/ZOX, 78H------- -- ENERGY SPECT RU"1 AT BRAG 
2G PEAK----------- . 1/121X,21lSHPARTICLE ENERGy,7X, 
38HRELA TI VE, 13X) 1 22X·, 2( 13H (MEV INUCLEON) ,5X. 14HNUMBER DENS lTY ,llX ) 
411 ). 

137 FORMAT(22X,2(F9.3.10X.El1.4.13X)) 

lI110 I =KSl 
11200 IF( I-1+100-KS2) 11201.11203.11203 
11201 WRITE(3,136) 

DO 11202 J = 1 , 50 
K=I+J 

11202 WRITE(3,137)(E(K-1),SPECT2(K-ll.ECK+49),SPECT2CK+49) 
1=1+100 
GO TO 11200 

11203 WRITE(3.136) 
LP=(KS2-I+U/50 
LC=(KS2-I+1)-50*LP 
LD=LC+1 

11204 

11205 

1201 

11211 

1202 

11221 
11223 

11222 

11224 

11225 
206 

IFCLCJ11204t11Z04,11Z05 
L=LP 
LC""50 
GO TO {1201,11224),L 
L=LP+1 
GO TO (1201,1202),L 
DO 11211 J=1.LC 
K=I+J 
WRITE(3.137)(ECK-1).SPECT2(K-1l' 
GO TO 206 
DO 11221 J=1.LC 
K=I+J 
WRITE(3.137)(E(K-1),SPECT2(K-l),ECK+49),SPECT2(K+49) 
DO 11222 J=LD.50 
K:::l+J 
WR ITE ( 3,137) C E ( K-1 ) ,. SF? ECT~! ( K-1) ) 
GO TO 206 
DO 11225 J=LD,50 
K=I+J . 
WRITE(3,131)fE(K-l),SPECT2(K-1).ECK+49),SPECT2(K+49») 
RETURN 
END 



C 
C 
C 
C 
C 
C 
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SUBROUTINE PRSCATT 
PRSCAlT PRINTS INFORMATION RELATED TO THE ATTENUATION DUE TO 
SMALL-ANGLE MULTIPLE SCATTERING ••••• THE INFORMATION PRINTED AT 
EACH POINT CONSISTS OF THE FOLLING ••••••••• ENERGY PER NUCLEON AT A 
POINT,XBAR,S5AR,THETA, AND V. 

COMMON ATTEN(SOO).SBAR(SOO),E(SOO).SIGMA(500IfIND(SOO),LET(SO0), 
2 NfSOO),SPECT2eSO ),THETAS{SOO),lHETAISOO).XBARfSOO),YeSOO), 
3 XDATA(300),YDATA(300),F(SOO) 

COMMON/GMDATAI/IMAX,DIFF,I8,PD 

210 1=1 
209 IF(I-IMAX)211,214,200 
211 JF(I+49-IMAX)212,212,214 
21Z PRINT 130 

DO 213 J=I.50 
K=I+J 

213 PRINT 131. EIK-l).XBAR(K-l),SBAR(K-ll,THETA(K-I),YIK-l),THETAS(K-1 
2 I 

1=50+1 
GO TO 209' 

214 PRINT 130 
DO 215 J=I,IMAX 

21S PRINT, 131,E(JI,XBAR(J),SBAReJ),THfTAIJ). YeJ).THETAS(J) 
130 FORMAT(IHl,8X,6HENERGY, 9X,11HPENETRATION,6X,16HMEAN orST. TRAV- • 

2 5X,13HMEAN ANGLE OF,7X, 13HMEAN 3EAM DE-/ 
3 5X,13H(MEV/NUCLEON),3X.18HDISTANCE (G/CM**Z),3X,15HELLED (G/CM** 
42) ,3X,16HDEFLECTION (RAD) .4X,18HFLECTION eG/CM**2).3X. 
5 6HTHETAS II) 

131 FORMAT(6X,F9.3,8X,El1.4,9X,El1.4,8X,Ell.4.9X,Ell.4,5X.Ell.4) 
200 RETURN 

END 

.. 



SUBROUTINE TABLE(XNAME) 
DIMENSION XNAME(15) 
ENDFILE 5 
REWIND 5 
CALL DATEIDTE) 
PRINT 200.DTE 

200 FORMAT I1Hl/lOOX.AlO) 
PRINT 1.IXNAME(II.I=I,13) 
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1 FORMATC//I13AIO//IIX,14HINITIAL ENERGY,4X,lOHPEAK HALF-
2 4X,12HPEAK/PLATEAU.4X,14HAVE. ENERGY AT,lOX,4HMEAN. 
3 6X,8HDEPTH AT 5X.lOHPERCENTAGE .7X,9HMEAN BEAM/ 
4 lXtl3HCMEV/NUCLEOr~) ,7X.8HWIDTH 
5 5X,lOHDOSE RATIO.4X,17HPEAKIMEV/NUCLEONI.8X,5HRANGE, 
6 5X.9H PEAK ,3X,13HDETOUR FACTOR ,5X.lOHDEFLECTIONI/ 

5 READ (5) E,WIDTH,TEMPl,EMEAN,Xl,XBAR,DT,YMAX 
IF(ENDFILE 5)300,10 

10 PRINT 2,E,WIDTH,TEMPl,EMEAN,Xl,XBAR,DT,YMAX 

UCRL-17391 

2 FORMAT(4X,F7.2,7X,EIO.3,5X,Ell.4,6X,Ello4,8X,Ell.4,2X,EI0.3, 
2 4X,Ell.4,5X.ElO.3) 

GO TO 5 
300 REWIND 5 

RETURN 
END 



SUBROUTINE GMPRINTCKT) 
REAL N ,LET 
LOGICAL PLOTP,FRAME 
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COMMON ATTEN(SOO),SBAR(SOO),E(SOO),SIGMA(500 ),IND(SOO).LET(SO0). 
2 N(SOO).SPECT2(SOO)'THETAS(~OO)'TH£TA(SOO),XBAR(500),Y(500), 
3 XDATA(300),YDATA(300),F(SOJ) 

COMMON/GMDATAI/IMAX,DIFF,18,PD 
COMMON IGMDATA2/TITLE, FRAME,INNP,KSl,KS2 
COMMON/DATA/NDTAPT,PLOTP 
COMMON I CCPOOL I XI., IN, XMAX, YMI N, Yi'-1AX. CCXMI N, CCXMAX, CCnt IN, CCyr"lAX 
COMflllON/CCFACT IFACTOR 
EQUIVALENCE(TEMtYl,(STOREl,THETA) 
DIMENSIO~ TEM(SOO),STOREl(SOO) 
DIMENSION YLABEL(13),XLABEL(13),YLABEL3(2',XLABELZI3) 
DIMENSION ROUND(10),XLABELl(131.YLA8ELl(Z).YLABELZ(21.TITLE(lS) 
DATA (ROUND(II,I=l,4)/1.O,Z.O.3.0.5.0/,NROUND/41 
DATA YLABELl,YLABEL2/13HRELATIVE DOSE, 20HRELATIVE NUMBER FLUX/ 
DATA XLABELl/30HPENETRATION DISTANCE (G/CM**21/ 
DATA XLABEL2/24HENERGY (MEV PER NUCLEON) I 
XLABEL(4)=lOH 
YLABELC31=lOH 
IFC (.NOT.FRAMEl.AND.( INNP.GT.U }GO TO 9 
FACTOR=lOO.O 
CCXivtIN=2.0 
CCXMAX=11.0 
CCYr>lIN=2.5 
ccyrv1AX=8.88 
PARTX=lO. 
NXl=lO 
PARTY=lO. 
NY1=lO 
KSIZE=2 

9 IFCKT.EQ.O)GO TO 20 
IF(KT.EQ.3)GO TO 35 

C SET UP THE X- AND Y-ARRAYS AND AXIS LABELS 

C SET uP FOR LET PRINTOUT 

DO 30 I=l.IMAX 
30 TEM(I)=LETCI) 

DO 31 1=1,2 
31 YlABELCI'=YLABELl(l) 

DO 32 1=1.3 
32 XLABEL ( I) =XLABELI (1) 

NPT=IMAX 
DO 33 I=l.NPT 

33 STORE1CI}=XBAR(Il 
GO TO 4 

C SET UP FOR SPECTRUM PRINTOUT 

35 NPT=KS2-KSl+l 
DO 36 I =l,NPT 
STOREICI)=ECKSl+l-11 

36 TEM(1)=SPECT2(KSl+I-l) 
DO 37 1=1,2 

37 YLABElCI)=YLABEL2(1) 



~ 

C 

C 
C 
C 

DO 38 1:::1.3 
38 XLABEL ( I.) :::XLABEL2 ( I) 

GO TO 4 

20 
21 

22 

23 

SET UP FOR FLUX PRINTOUT 

DO 21 I=1.1MAX 
TEMC U =N C I' 
DO 22 1=1,2 
VLA8£LCI)=YLABEL2CI) 
NPT=IMAX 
DO 23 1=1.3 
XLABELCI)=XLABEL1CI1 
DO 24 I=l,NPT 
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24 
4 

STORE1Cll=XBARCIl 
IFH.NOT.FRAMEl.AND.<INNP.GT.1»GO TO 11 

SET UP DUMMY NUMBERS IN THE TWO ARRAYS FOR LINEUP 

IFCPLOTP)GO TO 25 
NDT=NPT 
GO TO 80 

25 DO 60 J=l.NDTAPT 
TEM(NPT+J,=YDATA(J) 

60 STORE1CNPT+J)=XDATACJ) 
NDT=NPT+NDTAPT 

C AXIS LABELS ADJUSTMENT 

C 

80 CALL LINEUPISTOREI,NDT,ROUND,NROUND,PARTX.XMIN.XMAX) 
IFCXMIN.LE.O.O)GO TO 81 
IFCKT.EQ.3)GO TO 70 

HI NX1 =NX I-I NT( ABSC XM IN) *PART Xl! XMAX-Xr>1 IN )'1"1.0E-06) 
3 XMIN=O.O 

70 CALL LlNEUPCTEM,NDT ,ROUND,NROUND.PARTV.YMIN,YMAX) 
IF(YMIN.EQ.O.O)GO TO 10 
NYl=NV 1-I NT( ASS (YM IN) *PARTy II yr'4AX-Yr'4 INJ+1. OE-06) 

5 yr>1IN=O,O 

PLOT CURVE 

10 CALL CCGRIOCNXlt6HNOLBLS.NY1) 
CALL FIXLBLCNX1,NY1,KSIZE.NXP,NYP) 
KX=-NXP 
KY=-NYP 
IFCNXP.NE.OlGO TO 50 

40 IFCNYP.NE.O)GO TO 51 
GO TO 41 

50 ENCODE(10,100.XLABEL (4)·lKX 
100 FORMAT(7H XIO**CI2,IHt~ 

GO TO 40 
51 ENCODE(10.100.YLABEL(3~·'KV 

GO TO 41 
41 CALL CENTER(XL.ABEL ,4,XLABEL .64) 

CALL CENTER(YLAaEL,3.YLAS~L,46) 
CA~L CCLTR(2.1.9.08,O.3,TIT~E.64) 
CALL CCLTR(2.1,1.1.0,2,XLABEL ,64) 
CALL CCLTR(1.0,Z.6,l.2.VLABEL,46) 
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-62- UCRL-17391 

11 CALL CCPLOT(STOREl.TEM,NPT,4HJOIN) 
IF! PlOTP) CALL CCPLOT(XDATA.VDATA.NDTAPT.6HNOJOIN,7,1) 
RETURN 
END 



C 

-63- UCRL-17391 

SUBROUTINE FIXLBL(NXl,NY1'KSIZE,NX~.NYP) 
Cm4MON /CCPOOL/XMIN ,XMAX. vr-1 I N t Yi4AX. CCXMI N. CCXMAX. C.CYMIN, CCYt-1AX 
NFMT1=lOH(FIO.6l 
NFMT2=lOH(F10.71 
NFMT3=lOH(F10.81 
CCXINT=(CCXMAX-CCXMINI/NXl 
CCYINT=(CCYMAX-CCYMIN)/NYI 
XTEM=MAX1F(ABS(XM1NI,ABSr~MAX)} 
YTEM=MAX1F(ABS(YMINI,ABS(YMAX)) 
ASSIGN 60 TO NNNI 
ASSIGN 87 TO NNN2 
XSTEP=l,O 
YSTEP=l,O 
DO 51 1=1.3 

51 IF(CCXINT*XSTEP.LT.O.35*KSIZElXSTEP=XSTEP+1. 0 
IF(CCXINT*XSTEP.LT.O.3S*KSIZElASSIGN 82 TO NNNI 
DO 52 1=1,3 

52 IF(CCYINT*YSTEP.LT.0.1*KSIZEIYSTEP=YSTEP+l.0 
IF(CCYINT*YSTEP.LT.O.1*KSIZEIASSIGN 100 TO NNN2 
GO TO NNNI 

X-AXIS NORMALIZATION AND LABELLING 

60 NX=ALOGIO{XTEM)+1.0E-IO 
NXP=NX-l 
IF(NXP.GE.-2.AND.NXP.LT.l,GO TO 61 
XFCTR=10.0**CFLOAT(NXP») 
GO TO 62 

61 XFCTR=l.O 
NXP=O 

62 XINT=ABS(~XMAX-XMIN)/(NXl*X~CTR») 
XM=XMAX/XFCTR 
CCY=CCYMIN -KSIZE*O.10 
X=Xr-11 N I XFCTR 
CCX=CCXMIN 

70 AX=ABS(X)+1.OE-06 
IF(AX •. GT.XM+l.0E-06)GO TO 82 
IFIAX.LT.O.OOIIGO TO 78 
IFCAX.GE.O.OOl.AND.AX.LT.l.OIGO TO 71 
IF(AXoGE.1.0oAND.AX.LT,10.0)GO TO 75 
IF (AX.GE .10. 0 t AND, AX,L T dOO.O) GO TO 77 
GO TO 81 

71 ENCODEC10.NFMT3,NTEMPIX 
XT=CCX-KSIZE*O.16 
GO TO 80 

75 ENCODE(10,NFMT2.NTEMPtX 
XT=CCX-KSIZE*O,16 
GO TO 80 

77 ENCODE(lO.NFMTl,NTEMP)X 
XT=CCX-KSIZE*O.14 
GO TO 80 

78 XT=CCX-KSIZE*O,02 
NTEMP=lOHO 

80 CALL CCLTReXT.CCV.OtKSIZE.NTEMP.4) 
81 CCX=CCX+CCXINT*XSTEP 

X=X+XINHi'XSTEP 
GO TO 70 

C Y-AXIS NORMALIZATION AND LABELLING 
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82 GO TO NNN2 
87 NV=A~OGlO(YTEM}+l.OE-lO 

NVP=NY-l 
IFCNYP.GE.-2.AND.NYP.LT.IIGO TO 83 
YFCTR=lO.O**(FLOAT(NVPII 
GO TO 84 

83 YFCTR=l.O 
NYP=O 

84 YINT=ABS(VMAX-YMINI!tNV1*YFCTR" 
VM=YMAX/YFCTR 
CCX=CCXMIN -4*KSIZE*O.07 
CCV=CCVMIN-O.5*KSIZ~*0.06 
Y=YMIN/YFCTR 

85 AV=ABS(Y)+1.OE-06 
IFCAV.GT.VM+l.OE-06IGO TO 100 
IFCAY.LT.O.OOlINTEMP=lOH 0 
IFCAV.GE.O.OOl.AND.Ay.LT.l.OIENCODE(lOfNFMT3tNTEMPIY 
IFCAV.GE.l.O.AND.Ay.LT.lO.OIENCODE(lO.NFMT2.NTEMP)Y 
IF(Ay.GE.IO.O.AND,AV.LT.lOO.O)ENCODEClO.NFMTl,NTEMP)Y 
IFCV.EQ.YMIN!YFCTRICCY=CCY+O.03*KSIZE 
CAll CCLTRCCCX,CCy,O.KSIZE,NTEMP,41 
IFCY.EQ.YMIN/YFCTR)CCY=CCY-O.03*KSIZE 
CCY=CCY+CCYINT*YSTEP 
V=Y+YINT*YSTEP 
GO TO 85 

100 RETURN 
END 
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SUBROUTINE CENTER(NTEMP,N,NSAVE,MI 
DIMENSION NFMT (5l,NMASK(10).NTEMP(15) 

'DIMENSION NWORD(151,NSAVEI15),NHOLDI15),MASK{lO) 
DATA CNFMT (1),I=l,5)/1H(,lH ,2HX, ,IH .4HA10) I,MASKI/IH I 
DATA(NMASK(Il,I=I,lOI/00000055,000005500,00055000 Q,055000000, 

205500000000,05500 ,055000000000000,05500000000000000. 
305500000000000000 ,05500000000000000* I 

DATA (MASKII),I=1,10)/00000077,000007700,00077000 0 ,077000000, 
207100000000,07700 ,071000000000000.07700000000000000, 
307700000000000000 ,07700000000000000000 / 

IFCN.GT.13.0R.N.LT.l.OR.M.LT.l.OR.M.GT.132IRETURN 
DO 110 1=1 ,N 

110 NWORD{I)=NTEMP(I) 
JM=N+l 
DO III J=JMtl5 

111 NWORD(Jl=MASKl 
DO 100 J=I.15 

100 NHOLD(J)=MASKI 
NCOUNT=:J 
DO 10 1=1, N 
IFCNWORDIII.NE.MASKl) GO TO 20 

10 NCOUNT=NCOUNT+IO 
GO TO 239 

20 DO 30 J=l,lO 
NCOMP=NWORD(I'.AND.MASKIII-J) 
IF(NCOMP.NE.NMASK(ll-J)) GO TO 35 

30 NCOUNT=NCOUNT+l 
35 NSTORE=NCOUNT 

DO 40 1=1, N 
J=N+I-I 
IF(NWORDIJ).NE.MASKll GO TO 45 

40 NCOUNT=NCOUNT+IO 
45 DO 46 1=1 tlO 

NCOMP=NWORD(JI.AND.MASKIII 
IF(NCOMP.NE.NMASK(I) I GO TO 50 

46 NCOUNT=NCOUNT+l 
50 NCHAR=lO*N-NCOUNT 

IF(NCHAR.GT.112.0R.NCHAR.GT.MIRETURN 
NBL=(M-NCHAR)/2 
IM=NCHAR/lO 
IF(MODINCHAR,lO).NE.O)IM=IM+1 
IK=NSTORE+IO*IM 
IF(NSTORE.EQ.OlGO TO 210 
ENCODEII0,70,NFMT(2»NSTORE 

70 FORMAT(II0) 
GO TO 220 

210 NFMT(3)=lOH 
220 ENCODE(10,70 .NFMTI41IIM 

DECODEIIKtNFMT,NWORD)(NHO~O(I)tI=l.IM) 

DO 229 J=I.15 
229 NWORDIJ'=MASKI 

NFMT(2)=lH) 
IF(NBL.EQ.O)GO TO 54 
IF(NBL.LT.IOIGO TO 55 
ENCODECIO,3,NFMTINBL 

3 FORMAT(lH(,I2.1HX,15AIOI 
GO TO 231 

54 NFMTC1,=lOH(15AI0 
GO TO 231 
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55 ENCOOE(lO,5,NFMTlNBL 
5 FORMAT(lH(,11,8HX,15AIO 

231 IM=IM+2 
IK=NBL+IO*IM-MOD(NBLtlO)+lO 
IF(MOD(NBL,lO).NE.O)IK=IK+IO 
ENCOOE(IK,NFMT,NWORD)(NHOLD(I),I=l,IM) 

239 JM=M/l 0 
IF(MOD(M,lO).NE.O)JM=JM+l 
DO 240 I=l,JM 

240 NSAVE(I)=NWORD{Il 
NFMT(l)=lH( 
NFMT(2)=lOH 
NFMT(3)=2HX, 
NFMT(4)=lOH 
NFMT( 5) =4HAIO) 
RETURN 
END 
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