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ABSTRACT

Input data for this program are the 26 reflections where 6 is the
Bragg angle as measured by a diffractometer from powdered crystalline
samples. Additional data that may be supplied at the user's discretion are
the X-ray wavelengths, a possible error value, empirical gram formula
weight and observed density. The program indexes the set of reflections
on the basis of the cubic, hexagonal, tetragonal, and orthorhombic systems
in that order. All lattice constants are calculated by an iterative least
squares procedure. The printed output includes the crystal system, the
lattice constants and their standard deviations, the wavelengths used,
observed and calculated sinze values, and the difference between these
latter two. An error term, E, is also printed as well as the number of
formula units per unit cell in some cases. The value of E, the size of the
lattice constants and their standard deviations, indicate to the crystallog-
rapher the validity of the indexing. The Miller indices are printed in the

9
form h” + k2 + &2 in the cubic case, h2 + hk + k2 and 1;2 in the hexagonal

case, h2 + k2 and &2 in the tetragonal case, and hz, kz, and &2 in the

orthorhombic case.

A typical indexing problem requires about 3 min on a 7090 IBM

computer.
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iNDEX

A COMPUTER PROGRAM
FOR INDEXING X-RAY DIFFRACTION POWDER PATTERNS

INTRODUCTION

The determination of the crystal class of substances using their
X-ray diffraction powder patterns hes inwvolved a considerable amount of
effort since the advent of W. L. Bragg's early experiments. The calcu-
lations needed for indexing an X-ray diffraction powder pattern can be time
consuming and tedious even for crystals of the cubic clags if several
patterns are to be examined. With crystals that belong to the hexagonal,
tetragonal, and orthorhombic classes, a considerable amount of time can
be used to index their powder patierns. The use of indexing aids, such as
the Hull-Davey charts, Bunn's chart, and Bjurstrom's ruler makes the
work of indexing a powder patiern easier. Even zo, the computational
effort required of the crystallographer is cornsiderabie and for ortho-
rhombic cases successful indevings are infrequent. For these reasons a
logical system has been developed to yield rapidly the indexing of a given
powder pattern by vsing an electronic computer. The sp2ed of the indexing
of the computer is such that several paiterns dep=nding upon their com-

plexity can be indexed in a few minutes time.

The data required by the compuiazr program are the refl=<tions that
are reported as 20, where £ is the Bragg angl2; the sequerntial number

above which the reflections are resclved into their o, and o, components;

2
and the X-ray wavelengths if radiation oiher than CuXa radiaticn is used.
The program generates the set of Miiler indicegs for each refleciion, 2€,

observed and calculated sin“8 valuess and their differ=anc=g as w=1l as the

. . 2 — - . ) ) .
standard deviations of sin”@ and 8. The lattic tants and their stan-

H
)
™
o
o
=
mn

dard deviations are also producead by the program.
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PROGRAM INDEX

Program INDEX was written for and compiled on an IBM 7090
computer with 32K memory. The computer operates under the control of
the FORTRAN Monitor system. The program consists of four subroutines:
INPUT, CUBIC, HEXTET, and ORTHO. The latter three subroutines

contain their own output statements.

SUBROUTINE INPUT

Subroutine INPUT reads in and counts the angles that are in the form
of 2€. A maximum of 130 angles can be accommodated, but a simple change
in one statement can alter the program so that it will accept a larger num-
ber of angles. INPUT converts 260 to sin29 values that are stored in COMMON
so that they will be available to all other subroutines. The program is de-
vised to handle reflections measured using filtered CuKa radiation. If
other radiation is used, the proper wavelengths must be supplied as input
data. At the lower angles where ay and a, lines merge, the sin26 values
are multiplied by the ratio: )1/)avg’ where )1 is the er,l wavelength in
Angstroms and Xav is the unresolved wavelengtn. This operation norma-
lizes the lower reflections to the @y reflections that are used in those

regions where " and "o are resolved.

After INPUT, INDEX cails in order the subroutines CUBIC,
HEXTET, anc ORTHO. In general any set of reflections will yield solu-
tions based on all four crstal systems, hecause there exist in the program
no statements that defermine the validity of the indexing. The validity of
the indexing is judged by the crystallographer using information generated
and printed by the subroutinres. Each subroutine is available as a separate
program so that if the crystal class of the substance of interest is known,
the crystallographer car employ orly the relevant program for indexing the

pattermn.

SUBROUTINE CUBIC

Subroutine CUBIC indexes the powder patterr on a cubic basis. This
sutroutine will find a solution for any set of reflections and the results will
be printed. Aricr printing the results from CUBIC, the program proceeds

to HEXTET.
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It is well known that the lattice constant a and reflections of any
2, 2% 2.2, 2 (1)
cubic crystal must satisfy the Bragg relation sin™ 6 = —5 (h™ + Kk +17).
4a
Thus the idea of the subroutine is to find a solution to a set of
equations of the form:

. 2 _
sin ei =an, . (1)

It would seem plausible, first, to define a by dividing sin2 ei by nl, n,,
etc., in succession until a suitable a is found. However, the fractional
error in sin29 from the first few angles is so great that this procedure can
give incorrect solutions for crystals of large lattice constants. The pro-
cedure finally adopted begins with the last half of the set of angles, i.e.,

{2 ei} where i 1=\I[N/2 1 ...,N, and finds a solution. Having found the match-
TR , N the method of least squares is then used on the set

ing n; fori=
of equations (1) to determine an a such that sin® 6, = a n;. With this a, the

entire solution is calculated by defining

2 *

sin Gi 1
ni= é +§ ,1=1,...,N (2)

where the parentheses indicate the greatest integer less than or equal to

the number within parentheses.

The detailed procedure used in finding the solution is as follows:

sin2 ek

Let k = [N/2]. Define the first trial a by a = —
k

error E a check is made to see if a set of integers n, exists in the list such

that

Then for a given

.2
sin §.
al-ni <Efori=k,...,N. (3)

* Since the 7090 truncates fractional numbers by dropping all digits to
the right of the decimal, the 1/2 is needed so that n, will be truncated
to the correct integer. 1
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If there is not such a set of integers (ni) a is redefined by a = sin’ ek/nk+1
and a solution is sought. If a solution is not found by trying all possible
values of a, then the error E is doubled and the procedure starts again. If
a solution is found, the error E is replaced by E/2 and the procedure is
repeated. The program is so written that once a solution is found, the
error E will be reduced to a value that is 0. 01 greater than that value of E
where no solution exists. Thus, the solution is accepted and printed when
a change in the error from E to E - . 01 would result in no solution. Once
this "minimum' error is determined, the program uses the method of least

1

squares to determine a number ''ahat' defined by 4 = X2/4 a02 where a is
the lattice constant. Next, a set of "'calculated Sinzei" defined as

sin2 ei= a n, fori=1,...,N, is determined. The program thzen prints the
error, the lattice constant, the list of observed 26's, n., sin ei, calculated
sinzei, and the difference between these latter two quantities. The lattice

constant is calculated as )\/(2\/5_) where ) is the X-ray wavelength.

If the above error limitation of 0. 01 is increased to 0. 1, at times
an invalid indexing will result. This is most likely to occur when the list
of data consists of only a few reflections. It should be noted that such a

procedure always produces a solution, whether it is legitimate or not.

The program is devised to handle reflections measured by the use of

filtered CuKa radiation. At the smaller angles where the o, and Qg lines

1
merge, the sin28 values are multiplied by 0. 99833 to normalize these

reflection that is used in those regions where «. and

reflections to the ¢ 1

1
a, are resolved.

INTERPRETING THE RESULTS OF CUBIC

Since this subroutine is designed so that any set of reflections is
indexed on a cubic basis, it is of paramount interest to know the criteria
that determine whether the indexing is valid or not. Several of these cri-
teria exist. The first is the size of the error, E. If E is 2 0.5 then an
overlapping of the integers (ni) is required to find the solution. Using

CUBIC trials of known cubic crystals gave errors less than 0. 20, whereas
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trials of noncubic crystals gave errors greater than 0.25. It thus seems
reasonable to expect that the error E for a valid indexing would generally

be less than 0. 25 and certainly less than 0. 5.

A second criterion for deciding the validity of the indexing is the
appearance of forbidden integers such as seven or fifteen in the assigned
integer list for the first half of the data. Whereas forbidden integers

(those that cannot be expressed in the form h2 + k2 t+ {2

, where h, k, and
4 are integers) should not occur in the last half of the data, they may occur
in the first half of the data. The reason for this is that the entire indexing
is based upon the last half of the set of reflections. Since the reflections
are less accurate for small values of 6, the program bypasses the first
half of the data, indexes the last half, and calculates the lattice constant a.
In this indexing of the higher angles only valid h, k, and { values are used.
However once a is calculated, this value is used in equation 1 to calculate
the h2 + k2 + &2 for the first half of the data. During this process the pro-
gram may calculate one of the forbidden integers, indicating an invalid

indexing.

Another criterion is the magnitude of the differences between the
observed and calculated sin2 ei values. CUBIC occasionally gives signifi-
cantly larger differences for a noncubic crystal than for a cubic one. For
a valid indexing the differences will be, on the average, less than 0. 0005;

whereas, an invalid indexing may give differences greater than 0. 001.

The use of the above criteria for deciding whether an indexing is
invalid or not depends upon the implied assumption that only a single crystal-
line phase is being examined. If some reflections exist that are caused by
impurities then, in general, the use of the above criteria will result in the
conclusion that an invalid indexing was achieved. Impurity reflections can
be identified or removed by varying the procedure for the preparation of the
sample. Moreover, if some reflections are suspected of impurity origins,
then it is best on the first trial to eliminate these reflections from the list

of input data. In this case, a valid indexing is achieved. If the impurity
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reflections occur within the first half of the input data list of a valid
indexing, these reflections may be identified by: (i) en abnormally large
difference between observed and calculated si‘:xze's, aad {2) a forbidden
integer assigned to the preceding or following reflzction.

In a very special case the program may locate an impurity refiection

1
1

or an error in the last half of the input data iist. This will b= rare, how-

ever, because the program is designad to assign all reilections in the last

half of the input data list to the cubic sysfem and an invalid assignment may

Py

be necessary to achieve this ovieative, if eztraneous rei’eciions are present.

Thus, even a single extraneous reflection may not ke detecied by the

(2)

program.

SUBROUTINE HEXTET

Subroutine HEXTET is designed to generate an indexing on a
hexagonal basis and then on a te‘ragonal hasis. Any set of refl:-ctions will
ST IC the
crystallographer judges the validity of the indexing from i~ Information

gererated vy HEXTET. From EEXTET the prozram proceeds to ORTHO

in general yield solutioas in koth crystal systems  As with

HEXTET uses the basic =2qzat.on
smze XS+ YL
where X and Y are related 7o the lattice consiai:s, e, a( 20 an? the
X-ray wavelength, 2. For th2 hexagons. 3. ystem X =" /'3;}“" s YWo=
X2/4002 For the tetragonal system, X - X /4d— a1c Y = 2%/ 4e .}ZA S arid
L, are related to the Miller indices, h, }

and 4 as tollows: S = (&7 + 1l +

k™) for hexagonal systems ard S = (h™ + k%) for tetragons! systems L=

2 A ) .
(£ 7) for both the hexagonal and tetragona’ sysiem.

and L {£<32") values are gereratec by FEXTET.
remain to be solved:

Sin%8. = XS, +YL,, i~ 1, . W (4)
1 1 1

The solving procedure is streightior varo. From the 5 and L lists are

chosen values of S] , o, L., and l.,; X and ¥ are determined &v the
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~3

simultaneous solution of the first two eguations. Wiih these values of X and
Y, values of S3 and L3 from the S and L lists are used to calc:
Calculated sir? 63 is compared with observed sin263. if calculated sin 9
equals observed sin28 within # E, the assigned error, if §_, and L, are
different from S2 and L2, nc if calculated sir1263 kas ithe b

. 22 . A 2
with observed sin 63 when compared with other caiculated sin 63 valaes;

then, S3 and L3 values used for calculating sir1293 are arccepled. The
fourth reflection is similarly indexed. Using now these four equations a
new X and Y are de’rcrm*ned by a least squares fit routine. The rnew X and
Y are then used to index sin eL.). The procedure is repeated until all
reflections are indexed. However, if X and Y 2alculated from the first two
reflections cannot be used to index all reflections, then new S snd L values
are used to determine other pairs of X and Y until aii cefleciions can be
indexed. The selection of S and L values is such that the larges® values of
X and Y are tried first. The valuzs cf X and Y cannot become varishingly
small because it is obvious that if this were so any indsxiang could be
achieved. Thus, a lower limit is placed on X and Y hy fixing the upper
limits of S and L that can be tried. The present program fixzes S and L. at
the fifth value in the ordered iist of thzse values. When an incdexinyg is found
within E and the limited S and L values, E is reduced by one-half end
another attempt is made 1o index the refiections with the gmaller valve., if

o}

no indexing is found within = an attzmpt is me le witt twice e origival £,

)

and if no success is obtained the program taites the neoxt case. The origina
E is equal to the smallest difference Letween succeagsive s:_-:;..{“'e values, Wruen
E has decreased to the smallest valu= within which an indexing car be
achieved, the first five solutions withi» that E are found and printed. Sciu-
tions are first scught for the hexagonal case and then the tétragonal casa.
In general, any set of reflecticns wiil generate solutions expiained by both
the hexagonal and tetragonal cases.

When the program indexes the last reflection ana calculates tne

estimates of X and Y, these valves are then fixed and the program does the

complete indexing crer agzin with these fixed constaints. The reascn for this
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is that a set of indices may have been accepted for a given line, but sub-
sequent least squares approximations may alter X and Y so much that the

accepted indices are no longer the best possible indices.

If no change is made in the lattice constants then the solution is
accepted and printed. If they do change then the program once again fixes
a and b at the new values and reindexes. The program will go through five
iterations before proceeding to the next case. Usually the X and Y are

determined on the first or second iteration.

It should be noted that once a minimum error has been determined,
the program will print at most five more solutions for this minimum error.
This is because subsequent solutions, and quite likely these five, are usually
multiples of the first solution, obtained for example, by doubling the length
of one axis of the unit cell. In the hexagonal case for instance, new solutions

can be obtained from the previous solutions by multiplying one axis by ﬁ

The printed output includes a column headed 'difference'' where each
difference, Di = Si - Ci' That is, Di is the difference between observed and
calculated sin2 ei' These are used in calculating standard deviations. The

standard deviation of sin29 is defined by

N
5o
1
o = i:l (5)
N -2

where N is the number of angles indexed. Then, noting that if Y = sin26
then dY = sin206d6, the standard deviation of 6 is defined by

(6)
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The standard deviatiors for X and ¥ were ottained by using the theorems of
W. E. Deming, (3‘. The procadure is as follows: If A is the matrix to ke

inverted in solving the rormal equations of the lcast squares method and if

-1 o 2. . ; . 2 2 2
C=A " and if ¢ is the variance of the cata, then 0" = 0110{ and o v -
2 e a1 :
Cy,0 where c. . and c,, are the diagonal elements of A °, Having found
22 11 22
)\2 da.
o~ and og- and noting that X = 5 implies —-
a o} = 2 a
Sao 3
Y and ¢, we find g_ , and ¢ by leiting g = -
0 ag Cy " > Ta

INTERPRETING THE RESULTS OF HEXTET

It seems reascnahie to conclude that the correct ngexing is that one
that has the smallest lattice constants and gives the best agreement between
observed and calculated s:.n26 values. Siace this agreement could be made
vanishingly small by ailowing the lattice constants to increase without limit,
an upper limit as explained above has besn fizxed., It is best to know the
expected agreement for the diffraction apparatus heing used. This is done
by using a known material to measure the expected standard deviation
between observed and calculated sin™0 values. When the value of the expected
standard deviation is knowr, it cat be used as a guide in selecting the most
likely correct indzxzing of an unkrowr sample.

In additior, if the emp rical formula weighat and the crystal dersity

-

are supplied as input da*a, “he program witl calcuiate thie numbeer of formulia
. . . . Ly N .. 1 1"
:nits per unit cell and print these i the ouinust under the hieading aumber.
. . ST ' e . . . -
The size of "number' and its deviatinn from integral values are an aic to

sel=cting the valid indexing

Subroutine HEXTET uses a scrting subroutins anct described in this
report., This is SHARE program WE)SORT, Distribution Number 1249,

available through SHARE to users of large iBM computers.

SUBROUTINE ORT'HO

Suproutire ORTHO wiil generate ar indexing on an orthorhombic

basis. As with CT3IC ard HEXTET any set of reflections will in general
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yield an ortkorhombkic based soliution. The velidity is once again decided

by the crystallographer. From ORTHO the program proceeds to the next
crystal.

ORTHO uses the sin G values into which tke input subroutire con-

verted the 26 values. These are then used ir the basiz eguation

sin%0 = XH + YK + ZL )
where H = hz K = kz, L= {2, X = )\2/4_3‘_}2’ b =\ /4&.»02, aud Z = A /4C02

Thus the equations to be solved are

sine = XH + YK +ZL; i=1,....N (&)
One of tke rnost 1mportant aspect:-, of this program seems to be the manner
irr which the first three equations are solved. The solving procedure is
relatively straightforward. A set of tentative values of Hi’ Ki’ and Li are
selected for i = i, 2, and 3. These are subsiituted into the first three
equations whick are then solved for X, %, and Z. The speed of the entire
program depends uperni an elaborate countling procedure designed to select

the most prokable values of H, K, ar? L first. Onc¢e X, V7, and Z are found,

these are substituted into equation 4 aud tentative values of H K4, and L4
.2 .
are used to calculate sin 64, If these vaiuves agree witlun E, the assigned

error, and if H,, K 40 and L differ from H,, K., and L_ and if the cail-

4’ 4 3773 3
culated sin 64 has the best agre=ment with observed 81f'26 wher compared
with other calculated sin264, then thiese tentative values ot H4’ K4, and L4

are accepted. Using, niow, these firs: four equations, a least squares fit
routine calculates rew esiimaie of X, vV, ard Z. These are then used to try
to index the rifth rerlection. The procedure is repeated until all refiections
are indexed. Kowever, if X, Y, and Z calculated from the first three reflec-
tions cannot be used to index all reflections, thern »ew values of H, K, and L
are used to determine other triples of X, Y, and Z until ail reflections are
indexed. The selection of H, K, ard L vaiues is such: chat the larger values
of X, Y, and Z are tried first. The values of X, Y, and Z cannot become
vanishingly small because it is obvious that if this were so any indexing

could Be achieved. Thus a lower limit is placed o X, ¥, and Z by fixing
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the upper limits of H, K, and L, which can be tried When an indexing is
found within E and the limited H, K, and L values, E is reduced by one-
half and another attempt is made to index the reflections with the smaller
value. If no indexing is found within E an attempt is made with twice the
original E, and if no success is obtained the program takes the next case.
The original E is equal to the smallest difference between successive sin26
values. When E has decreased to the smallest value within which an index-
ing can be achieved, the first twenty solutions within that E are found and

printed.

The principle limitations of the program are those that arise from
the limited list of Miller indices that are used in determining the provisional
X, Y, and Z values. Only combinations of the Miiler indices 0, 1, and 2 are
used. The list with these indices contains 1254 usable combinations. *
Usable combinations were selected on the basis that, since the sinze values
are strictly increasing, some index in row i must be greater than the
corresponding index in row j, for j <i. Once a comiination was selected
on the above basis, those permutations of this combination that would repre-
sent an interchange of the crystallographic axes were deleted. If it should
occur that the first three reflections are dependent, e. g. , one reflection is
the (001) line and one is the (002) line, then a higher value reflection is
sought in order to have an independent set from which to determine pro-
visional X, Y, and Z values. It could be that this independent set would
require a Miller index larger than 2. In this case this pattern would not be

properly indexed.

Inciuded near the end of the program is a calculation to determine
the number of formula units per unit cell. This calculation requires the
observed density in grams per cubic centimeter and empirical gram formula

weight. The resuit of the calculation is called "number' in the output.

K

*  See Appendix A
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INTERPRETING THE RESULTS OF ORTHO

11 of the remarks about interpreting the results of HEXTET apply
to interpreting the results of ORTHO and will not be repeated here. The
formulasM)
of HEXTET (see equations 5 and 6).

for calculating the standard deviations are also similar to those

THE DATA DECK

The data deck consists of three types of cards: a name card, a ''cut-

number' card, and "two-theta' cards.

The first card in the deck contains any information the user wishes.
Usually it will contain the name of the crystalline compound, the date the
data were collected, or other identifying information. The contents of this
first card will be printed as the heading over the solution. Thus in the first
card Columns 1-72 contain any 72 alphanumeric characters, and Columns
73-80 are lank.

The second card contains an integer in Columns 1-5, this integer
being right adjusted. This integer is referred to as the ''cut-number' and
designates the last unresolved reflection ir the data. All subsequent angles
will be treated as Ka iines. For example, if tne data consists of 36 reflec-

1

tions {the first 19 of which are unresolved and the rest are K reflections),

al
then the cut-number is 19 and this number should be in Columns 4 and 5 of

this second card.

In addition to tke cut-number, this card may contain the X-ray wave-
lengths, a predicted error term, the formula weight, and the density of the
an K

1 nd a2

respectively, under F10.5 formats. If the X-ray target is copper,

compound. The Kq
16-25

wavelengths are entered in Columns 6-15 and

s

the wavelengths may bhe omitted.

If the user is familiar enough with his equipment to know what the
maximum error will be between observed and caiculated sm2ei, this number
may be supplied to the program by putting the number on this second card in
Columns 26-35. If this field is ieft blank, the program sets this test error
at 0. 0005.
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Two other pieces of information may be supplied on the second card.
The empirical gram formula weight can be put in Columiis 46-5% and the
observed density in grams per cubic centimeter can be put in Columns 56-
65. If this information is supplied, the program wili calculate the number
of formula units per unit cell, and print this in the outout under the title of

1" 1
number. '

Thus, the second card will be:

Columns 1-5 An integer cailed {ne 'cut-number', right adjusted
Columns 6-15 The Kfnl wavelength using an F19. 5 format
Columns 16-25 The K;Z wavelength using an ¥10. 2 format
Columns 26-35 Maximum errcr between observed and calculated

¢

sinzei using F10. & format
Columns 36 45 These columns are left blank. 1If this data deck is to
be run on program HEXTET then this field can be

used as a tetragonal blocli to prevent a tetragonal

. 1 . 5
indexing when the crystal is known to be hexagonal. (5)
Columns 46-55% The empirical gram formula we:ght of the compound
Columns 56-65 The observed density in grams per cubic centimeter

Columns 66-80 lank
As ar example, the following line coulc e the information on card two
where b means klank.
bbb 19bbbbbbbbtbbbbbhbbbind. 600Zbbonhtibndbob 101, 1ckbbb 2. 108hbbbbbbbbbbb

1t shoulad be noted that both of trese first two cards may be entirely
blank and an indexing will still be produced.

The third and following cards contain the two theta angles (n degrees
and decimals under a 7F10. 2 format Tris means sevin angles to a card:
the first angle in Columns 1-10, the secondd angle in Columus 11-29, etc.,

with the seventh angle in Columns 61-70.

The lacst card in the data deck must be niark. {See Appencix B for

a complete listing of a data deck . !
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As many of these data decks may be combined as is desired. The
blank card at the end of each deck will ensure the processing of that crystal

before the next data deck is read into memory.

For example let us suppose that a power pattern has been read and
25 reflections recorded in increasing order. If the crystal was alpha uranium,
the first 5 reflections unresolved, the last 20 reflections being Kal’ and the
target being copper, the data deck might look as follows:
First Card Alpha Uranium. 10 May 1964
Second Card 5, where this integer 5 appears in the fifth column,
. 0002 in Columns 26-35, (this is a test error),
238. 07 in Columns 46-55, (this is the formula weight),
and 18. 7 in Columns 56-65 is the density.

Third, 4th,
5th and 6th Cards The angles in increasing order, under a 7F10. 2
format.
Last Card Blank card.
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APPENDIX A

The equation for the Bragg angles of an orthorhombic crystal is

)\2

4

2 2
k 1
+ 2+ 2
2
(&

sin26 = 5

|
[\ Do
lon

a

Since \, a, b, and c are constants with h, k, and £ being different for

different 6's, we can write this equation as
S. = XH., + YK, +ZL,
i i i i

where Si = sinzei, X = >\2/4a2, Y = )\2/4b2, Z = )\2/402, Hi = h2 for the ith

reflection, etc. So Hi’ Ki’ and Li are squares of integers and may be
selected from the list 0, 1, 4, 9, 16, 25, etc. For the first three reflec-

tions the equations to be solved for X, Y, and Z are then

S1 = XH1 'f'YK1 +ZL1
= +

52 XH2 YK2 + ZL2
= + +

S3 XH3 YK3 ZL3

Since the Si are the observed sinzei, the unknowns are the Hi’ Ki’ and Li’

If we always write the Si in increasing order then we can make the following
assertion: in row i some one of the numbers Hi’ Ki’ and Li must be larger
than the respective H., K., and Lj in row j for all j<i. This is because Si>

Sj and X, Y, and Z are positive constants.

In matrix form our equations are

S1 = H1 K1 L X
82 = H2 K2 L2 Y
S = H3 K3 L Z
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The solution then involves choosing a 3 x 3 matrix
K. L
I_Il 1 1
M = H2 K2 L2
H3 K3 I"3
whose entries are squares of integers (indeed squares of Miller indices),

and then inverting this matrix.

After consultation with several crystallographers, it was decided
that the vast majority of orthorhombic crystals could be indexed using the
Miller indices 0, 1, and 2 in the first three lines. Therefore the matrix M
can be restricted to being a 3 x 3 matrix with entries 0, 1, and 4. As we
have noted before, at least one entry on each line must be larger than the
corresponding entry in any previous line. Thus we do not consider matrices

of the form

1 1
M-=(1 1 4
0 1 1

because it implies S_ is smaller than Sz and S1 contrary to the ordering. In

3
addition, matrices whose first row consists entirely of zeros are rejected.

Another criterion for rejecting matrices is the interchangeability of
crystal axes in the orthorhombic system. If two columns of the matrix M
are interchanged this corresponds to interchanging the respective lattice

constants. Thus the matrix

0 1
M = 1 1
1 1 1

may yield lattice constants a = 2, b = 4, and ¢ = 6 while the matrix



19 BNWL-22

obtained by a permutation of the last two columns would givea = 2, b = 6,
and ¢ = 4. As the assigning of the axis is completely arbitrary either matrix
yields the same indexing. Thus, once a matrix M is selected, all matrices
formed by permuting the columns of M are rejected. Since there are six
ways of permuting the three columns we reject five of these. This leaves

only about one-sixth of the origiral matrices as acceptable matrices.

After all of the above acceptability criteria were applied to the set
of 3 x 3 matrices, there werel254 acceptakle matrices left. These were
stored as octal numbers in a compact form as an integral part of a subroutine
called subroutine FETCH. When called, the subroutine selected one of the
matrices, unpacked it from its octal form, and presented it to the program

as a usable 3 x 3 matrix with integers as entries.

Following is a listing of subroutine FETCH.



S

>k

* k%

FETCH

GET

SLT

LGL
STD
AXT2
AXT1

RETURN

FAP
CoUNT

SUBROUTINE  FETCA ANu GeT

Lol

CALLING

G=GET(N)

CALL FETCH (isL) RETURMS

200
GETseD
PRUCEDURZ

RETURNS

In ACCUMULATOR IN OCTALe

HAATRIA AS> FORTRAN INTEGERS

IN 9§ LOCATIUNS STARTING wITH L AND wOURKKING

JUWNW AU o

SENSE LIGHT 1 MJoi

IF K Io

EMTIRY
EMTRY
SLN
SXA
SXA
CLA
STA
SXA
CLax
CAS
T
NOP
PDC
CAL
Tee
SUo
SLT
TRA
AXT
LGR
LGL
AlNA
STV
TXI
TXL
AXT
AXT
TRA
AXT
TRA

TO0C LARGLES

GET
FETCH
1
AXT1sl
AXT292
Za bk
STD
RETURNs1
ly4
NUMBER
TOOLIG

usl
MATRIX=191
SLT
=C111111111
1

RETURN

U2

9

3
=TI
*%,2

%+ 19291l
LGLs298

%% 42

*¥%y ]

294

*¥y]

244

mudST be vimenolOincv TU AT LeAST S

ot UFF un EnTRY TU THIS SUbLRUUTINE e

wlill pc RETURNEU S

STORE INDEX

ReGISTERS 1 ANU £
STORE ALUKESS OF ARRAY FUK
FETCH ENTRY

orIrko Tiv Nnumobers OF beSikeou
FATRIA AnNL CUMPARE wITH NUiqbeR
Ut MATKICES AVAILADLE e

LOADU INDEX 1 WITH
PROPER IRDEX ANL 02T WNTr mAaTkIXe
IF mATKIX 1S ZbkUs LEAVE IT ZeRUe
SUBTRACT 1=5
CAECK SL L1e IF OFF
RETURN VIA GET EXITs
LOAU ZERD INTU Xk Ze
SHIFT RIGHT TU INITIALIZE
onlFT NexT wWURkv INTO wilkointnTe
mASK UFE PrevIuudS NUmobkie
oTORE IN ARKAYs
InCreminT InvEXA AND
TEST FUR iEnDs
reSTURe INDEX

REGISTERS AND

RETURNe
ReSTORE INDEX FOR
GET RETURNe

c0000
00010
000620
00025
00030
00040
00050
00060
00070
00080
00090
60100
00110
00120
00130
00140
001590
00160
00170
00190
00200
00210
00229
00230
00240
00250
00260
0027V
00280
00290
0035006
Go3510
00520
00330
00340
00350
00360
00370
00380
00390
00400
00410
0042V
00430
004490
00450
00460

0¢

¢¢-"TMNG



TOOBIG

MATRIX

P XD
TRA
£S5
oCT
0CT
OCET
OCT
OeT
QLT
OCF
OCT
OCT
ocCT
CEF
QT
QCT
QCH
ocCT
oCT
ocT
oCT
OCT
oL T
ocCT
oCT
0ci
0CT
oCT
oCT
GG
QTS
(0169 ¢
OCT
oCT
ocCT
DET
OCT
OGT
(aTeq
B¢
QCT
OCT
fACT
OcT
OCT
QLT
OCP

Usy CLEAR AC ARND

SEE RETURN TU UNPACK LOGIC,
v STARTS OF "MATKIX LIST o
2EVE2EIN2 121 110122 42k 1L V2 b 22 o k128 ad ey b7 1:1 1.2
B2 e a2 gds 1422121272 V21217 T22¢cl121d12cocetilatd?
LY212222482) 3 12822247 211127 22 sdelileldesd e dd2ad
8o 26 S 1 1 S e O B e B R W U 0 e LT e S S e e
1E2B21LE23s2 1 T2 L1238 sl22 Bl 3%l 2ld1 1123411322113
1Z2E322 3192 1:122 113422111281 134912225 1135121228313
2L2321 01351 A2 1 02223 951212124384 11212235112 72123
YRl L2223 2L LT 472 K2 5411221238891 2 2dd8weli2lzdz3
22 L bi2kas sl d sl Tednl 2T 22l Y23 yal iz 2k V2as 2o tz1173
LZd2 T2 g 2/ 221039l 214221 1592 L2122115¢221122113
L2a2 2B I3 N1 4l o 2e3 92 ] e e dnallic@dedy 221112823
1122292054 |2 1 02128332 1212128581 122221259 28202123
TR EARNT 25 9 812112391 22222133888 1le2dLi3ellaid2223
L2t AL 2 2B L) e f 25192 2V V42223918222 B2 8120022123
21222423922 02241 2891224222409 eB1222223%wi1 2113122
PR dENap2 22 Il il sl Zeel 1241 132 23 sii@l 413 7¢ L il 3 203 212 1
ZEL LI ARy T2 213V 21921121312 |92l 131 dle] 12173272
WL EaP gl o VI 138 229121125222 sl L2328dwlactlae?2
2218032400 1221312251 21213122 9213213 a7 ¢2 b2 LERL22
22TL 3122092122031 2292212131¢2yli2i232d vl 28221
ZULN23221 w122 TNBEZ 9l 221032 2T el @ 28420 s 212201812
U220V 23222 wlk2 1223820792 21123222 wllBi2li2e ¢l 1ol 122
11812 520l d el 0] o1 1321 12 1 el l 3128222911 3221222
sl 312l 22 mandl 2l bilns vl di ekl 382 122 vk B2 1122
2 L3 1 ee1 229 INSN L7 ) 9l 3022l ] 9els ksl 2 2 3122222
2o 2le2e v LA A8yl 1 L2030 sldd] 1 135 b2 L1 2835
ST LAy L] A8 g | L $ 2P L BE s IR 3 i Lt L 2 L B
LZE2VElB8 39 X121 el 3wl bl i@l soslidde ]l A 185 vl ot 22233
2Y1122283 91122 1228312122233 w2 b A2 2238 sl 3 X253
12221129391 12224 1033921122 2) 33wl ele2lasylie2at2133
ZEA 2R T30l dd 240 I iR 2 7238 et dicgddsileeiel 2255
221212238 1 2222613392 12222103022l ¢ B8 o 12222233
112113123 9321013123827 Jekl3d 28kl 12 eatemasilia ] 1,48 203
1l 2203023y 321 2N 30 23y 2 P11 31 2ed At be g2l 2113 123
22 LS 11wt L eildor sy 1 L Ldide v b L 208 el c e 1332725
2z Ll b2 disd led ks ba Sy kddiiddedvdid e ik ezl 13123
L 2N 825 g A bl M2 e s s 42 Ll s SR ES 0 e 2L I F2R30idcds 3125
222 bR 28wk 180 1) Bierl 2 19 3800 138201133 1159312131123
1211300209 9 20010 3 10254 17213321364 21133 2.1 89211131213
112801 15l 1 21 1 82113 ¢ 20 TCE 1 3 el 2231 V139121281113
234289 10 3 el 2 2 1isH } 5 . 2 A B i 3 1.0 2181223
2 BRSI2 a0 sidt il slZz 250N 2] addg 59l dl 1521259 211332125
Tl el Lras ]2l 2o lilay 21251 @dslidel sl baisy 2 LE181123

[N
WO OCOENOU PWwN

8

i4

44

00&47v

00480

00500
U0LoouLo9
00000109
uo0v0209
00000309
00000405
00000509
00000609
CuoGoTuUY
00UC060Y
00u00909
[CISTVIONRVIVE]
GOUU11us
00001209
00001309
000U1l409
00001509
Jou01609
00001709
cu001809
00001909
00002009
ouoG21l09
Gou02209
00002309
0uoL2409
00LUZbuUY
vluuZouy
uuouz7u9y
UuQuUZBU9
00002909
GU003009
00003109
UoGuU3209
00003309
UUuu3409
0G0U35L9
U00U5609
VuLU370U9
0Cu03805
nnNNn39n9
00004009
O0004le9
Guu04209
voul4309

1¢c

¢c-"IMNdA



oCT
OeT
Q€T
T
UL
OCT
O
QET
OCT
O.CT
OCi
O
OCT
OGP
OCT
OCh
ocT
QeT
QCT
DCT
QeT
OCET
BET
QET
LT
Ol
UCT
ULT
QT
OCT
QCT
QCT
QCT
Cl
OCcT
OGCT
OGT
G
(Chelt
Qe
OCT
oCT
QY@
0CcT
QG
GET
D&

Qe

L2128 2lise il ety erinl2ins e b sl 1 3800 ] 160 288

L7 yedviis
224538415
142134225
L1z 30725
1212836129
a7 o e
LZicoc2ds
L s
Zilidzide il
Y212 322073
1225123
2AZ s 1S
AT ]
LZacberss
Ll BELeD
T 6 I8 T 00
R B
V25222 23
1304 12213
3:3eker 2 el e
B8 byl (P 4G
13 L2z
VAL T B Al IS
L3 02 beleds
230Le2les
23 Lided i
232 vid i3
3 220 L2
1327224279
122438722
L AR
113023721
131113122
131 Vs
2313130 1e
131 s 2es
1 3¢ b2z
234l dacie
L@ 22zl
221112333
120 & aride
1120002 3113 3
234024
121122235
L2 il 8P o
211228038

e 2

A il B35 W
y 1 er 231003
3121 972 &dD
sz abalaZs
y21 1321723
yeildgeolico
sZiiddeely
§ 2V L2 L&D
W2 1252415063
yéllracdés
yelcrsilss
A AN R o)
VA A A
{ o AN AT R UL A |
(AT < iy PR
B i gl
a3
yol il 2275
f e BT L)
s L2108
yalio 20 1
s St
sl s 2
S e G e
bealliedis
vy l3z2ucld3
| ol K B A B
s lDlpre s dd
g LB 222123
y 23222223
82 14 38222
y 22l D2
s 10517027
s 12411321 2
sl ol a2
s I B
s Lo/l sidie g
s 2ol Ase A
S 15221027
sy loa U] 200
s bidecesda
$211112122
s 1214231
149

yed Lleodsa

s 1220 2o h Ay

yollzaZTiSei2risr 1 kSe 712052113
sz 1zl b eserled 1116472221 344:13
LT Vo2 e n Syl LEr Bl Ayl Al 3223
Sl inlidesy i 2Ll 1e2d sV Led32 123
y iAol agey el a i3 2125y 221152123
scld 3lliesedderd)l higoy ke D2 b3
gLzl a2l Lasa el Az g ekl 157213
szl lidy ez o 13T 2oyl e a1 ]l3
scezloritan - 22231 1139142232223
szl B e a8l 872 5 dicd 1522029
WA G AT PN Ny AR LA STV ot S R
Sided o2l 223 L L 25yl ed e 32213
W2 102238 Bdedo )l 2lon 222252 114
| o Al A N PR 445 Vi Wk At A AT T L
$dadziocc ol Lol 2 ll2ay 119241123
Sl oz le]dbyl b3l 1259213121123
sl ol ] Ag Xy Il S AR 1/ S92 3122173
Yol o 2o Sy s 20 122502132221 23
s 2 e Byl Bl la7 ] 25y 3120023
ail 30022313 6 PRl ] 139 7 511 42013
oLl 23l 32 sl 51270003
9181221 1lc5y 13281125y 131 122213
0 9L Z2 2120 S yilinz ol 2 a3 ] 2220 15

s

s

’

’

’

23202105 g 82,2001 54 31122 823
sy 9 b2 1 223 e 18211285y 1834422 123
323l leleaylslez il g el e g 213
925121225y loze2 e 5yl oZ222113
V25 Ll ey LB e 22022223
82312201 28 vk 8dde 220839231222 2]1D
9112 133821 Ty LA 1D 32y 211 1332007
gl 121332129 L2118 5717 200133702
y 1221 33z 11 iikse b 302 Tl 15213122
2210257272192 0125222y 15l 13211
sl nldlel 8 2 93 102 30 1 i S 2 ) 3igil.].
y el V13 220w 128 2ie i a5 20D
s L3l 243220 s 15y 1] 32201y 521 23,211
sl TazdZ s 291d 132229251 203122
siodldsedlniddetddede tdldnidde
sz Slizdindddy b2 Ricil 2 Ley Lol 1227
yez 1 T EZ3 3508 L 121 22853y 211422533
AR TR Sipelilis P85
s 21T 2Ry 911132202001 13233
s 2 Ll 2l G il 201 S S il 2 1R 1.3 3
§21411231.334221113135 )
s L2 50 s U 2 15

g2t 2 31 S AZA Y 2 AT 5y KD 22 15155

46
47
40
4
50
oyl
bz
53
o4

00uU45u9
0000460V
0CU04Tu9
QUCU4060Y
VISIVIVE Ve
GUUU5LUY
00005109
Gu005209
00005309
00005409
00UU550V9
00005609
00u05709
QUOU5B09
O0LU5909
Uu0uL6ULY
00uGeluYy
000062039
00006309
Gui6e409
00006509
0006609
00006T0S
000060609
00006909
Uo00TULY
QU0uTLLY
00007209
QUUUT309
v000T409
GU0UTo09
0U00760L9
(VISIVIS N AV AVE)
OUv07009
0CGO7909
Uuu08uU9
000L081US
ouo0820G9
0000830LY
00LUB4UY
vulUB5uY
JUGUB6UY
0N0N8TNYG
nnengsng
NNNN8SNY
00009009
0C091u9
V0UL9209

44

¢¢-"TMNYA



2122330839221 213]1 3302221031338 1lid ¢ 2823590887230 33
L 12282388 yii otz e and 1 el zs2038 ekl idd 5581 dide 13435
CUZ2 1383812 ko 35 9e e 1A 32030dd el 339 dddnlans
DA D RGOS WA R e SO B A T 0l SN A e AR S R P S A
2L 0B8R 3s222 8B 98222 005 diebid 31308l e D33
112313183521 130:1.0:33 410230 32 3 137 123341 1231211 33
1213123 33, 41141215j,144~;1]35.4143L1193,112312233
Yol mAz s g 213 122 531223 R Ryl 25358 1] 2328 35
22 133 V225128 3k 323101 53 s dd 1812155y 222311453
LBz 233y il lorz 290y dddd ld 4.7 03 VAN PR S e U W B NG 1 e
22031123891 22320215392123227153539222531215%912252225%
PR A P 0 Yo N ) B s YR APl Rl WP A7 WA G B b WO AP Ao 17 A R B W A BT B W Gt
11321013590 18 127233571 83211233 411312243341 13277133
1132201388 R1 312118351 239201 13851 1392223811321 2252
113224 2B yri S i s gl Zail ] 2 3oy Ll aer digisian 21512 gil9 4
128 sl daa s« $i35 .yl 0z 210 5s Llold 220825122233
123238l a2zl nssZ Lol cBageieBua b el sy 21 30722138
128222233321 3282433 ¢ 310112183381 1122382435111 22133
3112121339321 182132531310 222388 2] 1212245y 3210 32233
311222188531 21271839421 212133 9811222235y 312%20233
321212233931 22221334812022233 581213232134 1211833213
211132321391 1213422351 2171335223 34880332238 122134713
2121382139272 11532139 12213322392 1213352¢Bndalld53223
2221332139 28xl 8322391 15213125911 31285879y 23503223
1231113123 5181113213133 1132235131 2131295 32113873
2311133234131 12320341 32113213 42351132531 800 23474
1332130239122 RESZ228 82351113239 85241 3125231815120
2321131238 13201 287 1492311292159 252 118213 182128925
23NN 2322301322 322325121 0Rd3gad7id 32y donads iy
dBZlZ“dlayd441c34£4;43&21b2i5;ll£b)lll5’121331113
112383132351213831123,321133112351123321 3351213854 13
l”&jﬁlllJsdalﬁJLL13’Llcjj1465,141331243,112932123
1213323284 210382123:91223311233212331123922193112%
1223320438 2213321 1884203531103 13322001 @33 2423
1223302088221 3322392245321 8392143328233 280554123
222331 239022832139 22532283922 iD32 2209242331225
2223321238222 332223 s 1151331259 1138512154331 35206
113182123 4113283 12392 13039 Y33 ¢ 121322 V8 #3031 219
123131213 F1 323203 22122391281 312234 2131312723
113232023521 33212865 21323012390 132322 1341231322753
B2AR B3 124 ds BB A5 A7 syl 2n hinss e Bad lo Ll A0 &l 257, 31223
213231225921 3232123912523221391232322239213232223
BAE 1321 136131231113 1301321 236130230 2591311 32204
1381231233 131252113422 11321 13182030 1134151132224
131290223 ¢ 13052 17239251 157125913288812369181252218
4511J1213;lbz;;'/1;,1ﬂ2242 1,,z;1453L1;.1%1232223

éJLd‘ZéJQJledb4éé)’LJL&DLZCJ’DLLLDlll,sJLLlJLLLJ

54
50

97
986
99
100
101

16
1e9
E30
131
132
133
124
135
136
13
138

14y
141

00009309
0u0uY4LY
Co009509
VoUuGYouUY
00LUST09
nnnNagng
0609909
vou0l0uug
G0ul010G9
000106209
OUU1l03u9
Uu0104u9
c0n10509
00010609
00010709
00010809
V0010909
0nn11009
00311109
G0011209
0006113509
00011409
GOOLL509
00011609
Nn0n11709
00011809
0U011909
00012009
000121079
00012209
nnn12309
000124089
00012509
00012609
00012709
00012009
QoL 12909
ane136ng
00013109
00013209
00013309
uo013407
nne135n09
non136n9
CO013709
CoOuwl3609
GO0 1I3TuS
Uoul4aouy

€¢C

¢c-"ITMNd



(“(‘T
OCT
QOCT
OcT
OCT
OCT
QCT
OCT
OCT
GeF
Bed
OCT
OET
OCT
OCT
OLT
ACT
OCT
QET:
OCT
OCT
QO CT
OCT
OcT
oTaN |
oCT
OGT
DCT
OCT
CC
QCT
OCT
QOCT
ocCT
QGT
BITHE
DT
DG T
@Gl
ELGT
oCT
QG
CCT
QUG
QGT
OCcT
&CT
OGT

311131?13;31]F%?ll?s?])?%?]]",?12131117g32113111?
3111382235 311132123 4371231123, 312431123y321137193
3LTVB2213:9 31123120 35%1:21.31218432 1131213, 311252113
3121320 138321 1332 1l 49312203104 1 3532108131 3% 522131 145
Selelel 322l 3 9edili) 7o Td 23 o ST 2053 1102 319:5 2 1] 371952 505:39 1173 29 3
3021821238320 500123630 22311 7593212311239522131123
St 202 218 8 3 2 N9 00 8 80N 997 | ds Ao 23 e 321031213
32 BRI s 223 O @ ie 30 230N Bie 3 22 130 1 18 s 0 oDa
3L N2 32278 WINPT 42723 952 U822 23881 20302055 51931223
D23 VAZSS B lA o 212 5y =l IS gm0 2 3 P75 s 829731195
3Ll o2zl By 52028 A 1By Sl NS S0 A3 T3 s 0D 3000
3 L2 23227 5l 3 Lid 520 23879 B\ B0 0 s g B p 3] DG gi R D D) 3o i
3222325932205 228 81332112188 1330.1025133212213
L3222 103 0 1D D2 U2 2750l 380 ) A9 EISids ) o L siiNal 50 9 s
331112303331 112128% 280120106 85881112008 (g0 1057 53
3312120239331 221 1590011270228 y3512721258351222223
11338321 14140303324 9+ 181 382014 120830 fif g aqaboo
12313321254 7314320042191 3300y 1ol axg s Hei i3] 82005
3111232020 31 11830 97 8201 4a 9 [ 93] 2 133005 s ad0 ] 2007
132218222533 1131225331 11822033101 3102 6539123707
11211333351 2194333341 1:712832341211233234211123333
122113833922 110393351122 233354 1212233854 122123393
2120285388 221 10583552700 133355012 270 583060 i 31 33
222)233330222223335y 11312132334 113122853 1118221333
2131213330 152223538y2131 4255561 23220832 6128022333
1121332335210 3323591221322335212153263%0221233233

211308233 512 3
2123131339221 £33 2323233402182 37233 7211893233
122313233921 2313233s2 21313238 $diz939.3 133000529410 93
2213231388 22723 13133 1223232385800 3038500 830005
2223132339 2223231589 2223237 330e113193133,,11%21.3133
1131 23283.,5.0.13213233 61132231 33 gouiai oo @ 123573 43
1135232j5yél3]Ab43j914341323391134231539z152£3135
12322323342132232333 181113182418 8113233 131123133
1312121335:1:32113133.231:0:1 3] 3234 1311230334131738233
1321132332311 339 13122314341 320221 3349211193733
1322131339 23120:31 3342320 131 3351 31233920 102199935
2311232358 15221 52356 A3 Tz 18788 g 232005253 1a2075] 8
2312231 388 230 /5388 A2 BT K3 13 209 a 0 3 ey 9310 )30 57
25212228500 232.2 132369282 730 334 230 993043y 41 1113133
20T e2a3 521 11 237 33§23 1120 AT a3 g a2l 3 123639103123
ZLAZaasgis 30 10 P8P 3 8 S 2 a0 da g 2211 30330 2l 1 99 aan
3021200 38443 210D 31 3221 2ATRT 32082790 I 333000 1382
S 20 ds Bl 2128 9556 g a1 i aio 3§ 8 1 2 00 3 Sai St 180 )
3221182818951 22,5158y 8212, 3U8aig 120 b8 83y 050 a5 s
B2 22 3% 30 D A8y iy A AN g R e D5 0 D g i
322225233 1 13210 335 TR d)adigniiiaal o 3303397 133

142
143
144
145

1579
180
ibl
182
a3
184
185
lee
e
106
189

nN0014109
00014209
00014309
00014409
00014509
00014609
000147069
00014809
00014909
00015009
00015109
00015209
00015309
00015409
QOaE5509
060015609
00015709
060015809
C0015909
vi016U09
nnon1eln9
00C16209
000163069
20016409
00016509
U001l6609
000186709
00016809
00016909
00017009
GUL17109
00017209
0nNN17309
0G0OL1T7409
00017509
00017609
0N017709
Q017809
Q017909
voUU1l8ui9
uoul81lu9
npN1a2ng
00n18309
n0n184n9
00018509
u0u18609
000187609
noN18809

¥
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OCT
OCT
0C
0CT
OCT
QEF
BeT
QCYT
OCT
Qi
BeE
OGT
OaT
oCT
OCT
OCT
G
QCE
OCT
OCT
oCT
OCT
oct
QCT
OCT
oCT
QG T
OCY
OCT
oCT
OET
ole
0CT
QCT
oCT
OTe
GCT
OCT
oeT

0cT
OCT
ek
0ET
ocT
OGT
8 |
Ul

133%11331224350133210.2339.1233 11223
13391233121 33521 3812133491.29321183
9111 3393 9322233y 1 2331225921081 2293

L

2232121339222321133351233222233921337222255¢2433%2¢233
22332123392233221335223322283%3113121334311312233
311332084 321312133931 1322233432181 22338951 28322133
3128222093 1332112335 138321223350 332909223 3430312133
213120 23343 313122139931 3221 1334813122235 414949 2] 233
312222133 4301.3222233143123133213511831332234123133213
1281832235 21313322341 30:1 332134131 133228,57329:33213
22013321384 3413322832341 332235231 3321392R82133223
331133213 553111332235312133213y321153213§3121353223
32NN A 22 3§ BRLT S 3218932133223 §]183213223y330 713193
3211132235 33021 342393321 1312392331 123223§2321 13293
3322121248881 23228411 3331112351133312234113382123
2132311238 1133522239 1:2333122352133321239 123332223
13 1a8iddas 1 84381 1239131 33104 3l S a 1 %y 18233 1513
2343301131 313312234131332123%132831 1239231331123
31383229351 523312 13423133121 3313233213 23] 48214 3
23233003 wli3 13822231 32331 223%25 153d2489 152282123
231:33212352323831123y132332213923133221392383312 13
232332 MV 3 w152 3322 23923133224 392328312239 252838123
2323342039239 233 2223413323 21391334 812289 3332382213
133232223531 3131)234331313122343131321239313231]123
k3132823 31323 1223493132 3202393 12232223y 3l 32119
3311321239231 1:32218423312321 133311322234 381232123
3212322139 3912322723931 3133221931 31332229 132138333
2111333339112233333421123333391221333334212133333
122233333 y21 4733
113223333 ¢2 1802333341732 2333813 T 11H3 384311 23333
1312123329321 13338y 231 113880 a0 228382413 2128333
231 1:283 331 32:2 133 33492512 1163 38 wid@ 201 5389 1 AR 22244 39
231223333.5.2321238334223221833839280 4433238y 133213533
138212330891 3322238334 11.31332 335128 128233 213133233
220135285921 118328389302 1332339329 118823341 i4313133
L1338 182 3% 115" 13391233131 33921 33131 384113323233
1233132339 243313283% 1233231 3342133231385 226318193
12233237334 23833737 3892233132335 223323133) 228323233
1303131339181 313283913039 3]1 33502823131 384§24] 37 3133
13132328391 83152 34%@ 1313233418232 31334231328133
232313483913 23392313232 33428231 3933032323133
2322224233888 A1 2133631 131.3233423 11328135431 237T3133
321 3] AT IS FUH A28 2338 312 8139335 AP 31828331 2323139
321323133 95031 dil Bl a8l s2838218) 3/ 8386322813283
32 IBILB I I AL BT Z 3Ny 35PN B DA 18872282339313125133
315 V2828595 1D 22 31335 k52- 32339531 1151339351 113283
334123184 590 za sl s 1L 5h 339 BBl L2033 55312183235

190
191
152
193
194

232
2383
234
235
236
257

00c18909
00019009
00ul91iug
00019209
00019309
00019409
Q0N19509
00C19609
00019709
00Nn19809
NON19909
G002GUU%
00020109
cuuz20209
00G20309
50020409
0U020509
00020609
00020709
00020809
00020909
00021009
00021109
00021209
00021309
0021409
00021509
0oV21605
00021709
00U21609
00021909
00022009
00022109
00022209
00022309
00022409
00022509
00022609
0cn22709
00022809
0022909
00023009
00023109
00623209
GUuw23309
00023409
vu023509
oluZ2360Y

14
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NUMBER

w

3321132559331225313395321231559532215135933122323
832123233933 221 2233953272251 33935227 324513331:1233
13330 223891 5832773483371 1846313305 533 5.3113319.9.1.33
313822233y30191352229 5811332159330 337234.3521:53213
332188273 19533512059 1353312239133832271545133332.70.3
3230332113 493313371 234331339223 5113.1333434°) 13233333
120132338392 131353355 1237 29353421 32833335.073] 33333
2232333339311133333431123333393121333339312233333
3221333339 3222333334913321333391332253359331113333
33112333393321133339331223533393321233339332223333
3131384330 320130235913531'5233913332323893153275133
3133202339350 305133953135 13233482315251 335532513433
33132323393323132339332323133933232323539133233333
31513353393132535539523133353932533333

Us U ¥=MATRIX NUMBER OF MATRICES IN LIST

238
239
240
241
242
243
244
245
246
247
248
249
250
251

60023709
003623809
060023909
00024009
0d024109
00024209
00024309
00024409
00024509
00024609
00024709
00024609
00024909
00025009

09000
09500

9¢
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APPENDIX B

TEST EXAMPLES

The examples shown here were run as a test of the program. First
is shown the exact input decks for three crystals. The output shown is
reduced somewhat from the actual program format so that one page of out-

put fits one page of this report.

SAMPLE INPUT DECKS

Test Example 1 UO2 Cubic
5
28. 30 55. 75 75. 89 94. 12 112. 90 115. 38 125. 97
CA(OH)2 A=3.582 B=4.902
74. 10 2.343
18. 15 28. 79 34.18 47. 25 50. 92 54. 45 62. 69

MG2S5104 SWANSON AND TATGE NES CIRCULAR 539 V1 A=4. 76 B=10. 20
C=8.99

140. 73 3. 11
17.3390 22.9008 23.8350 25.8230 29. 7548 32.3141 35.6978
36.5245 38.3006  38. 8509 39. 7073 40. 0385 41.7628 44.5051
46. 6590 48. 4281 50. 3419 50. 6135% 52.2906 54.9331 56.1746
56.8560 57.9911 58.6791 60. 4114
ERROR IS 0.0687

THE LATTICE CONSTANT IS

THE LEAST SQUARES FIT GIVES AN AHAT OF

5. 46893 ANGSTROMS.

0.01933647

1 TWO TH N SINE SQRD TH SINE SQRD TH EAT DIFFERENCE
1 28. 30 3. 0. 05966 0.05931 0. 00015
2 55.75 11. 0.21823 0.21820 0. 00003
3 75.80 19. 0. 37672 0. 37689 -0. 00018
4 94. 12 27. 0.53503 0.53558 -0. 00056
) 112. 96  35. 0.69340 0.69428 -0. 00087
6 115. 38 36. 0.71431 0.71411 0. 00020
7 125. 97  40. 0.79368 0.79346 0. 00022
3 134. 98 43. 0. 85343 0. 35297 0. 00046
9 138.25 44 0. 87303 0. 87280 0. 00022
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Test Example 2 Ca(OH)2 Hexagonal

This sample was one of three prepared to test the hexagonal sub-
routine. The three samples MgOz, SnO, and Ca(OH)2 were obtained as
commercially available analytical grade reagents. These powders were
ground and passed through a 200 mesh sieve. The samples were mounted
on a North American Phillips wide range goniometer. The scanning speed
was kept low at 1/4° min ! to obtain good measurements of 26. The stan-
dard deviation of 26 is ca. 0.50°. Suitable 26 values for this program have
also been obtained with a cylindrical powder camera in which film is used.
Care must be exercised to insure a sample of small diameter so that mea-

sured reflections from the forward areas have minimum errors.

The entire output from the Ca(OH)2 indexing is not present. Only
the valid indexing is shown. The first indexing was hexagonal with E =
0.013092. The value of E was decreased to 0. 006546 and another indexing
obtained. The value of E continued to decrease until it reached 0. 000818.
Below this value no indexing was obtained; thus, the error was fixed at
0. 000818, and the first indexing plus five more were printed. The additional
five indexings were related to the first indexing by multiplying one or both

lattice constants by some integer (see sample below. )



CA(OH)‘-‘2 A=3.582 B=4 902

THE FOLLOWING INDEXING IS ON THE BASIS OF THE HEXAGONAL SYSTEM WITH THE ERROR
LESS THAN 9. 000818

THE UNRESOLVED WAVELENGTH USED WAS 1.54180 AND THE K-ALPHA-ONE WAVELENGTH
USED WAS 1.540851
THE DENSITY IS 2.343, THE FORMULA WEIGHT IS /4. 100, AND THE NUMBER IS 1. 037.

THE FiRST -0 LiNES ARE UNRESOLVED. THE REST ARE K-ALPEA-ONE LINES.
AN EST:MATE OF THE STANDARD DEVIATION OF SiNE SQUARED THETA IS 0. 0002
AN ESTIMATE OF THE SsTANDARD DEVIATION OF THETA IS 0.92133

AN ESTIMATE OF THE 5TANDARD DEVIATION OF AZERO IS 0.1029

AN ESTIMATE OF THE STANDARD DEVIATION OF CZERO IS 0.3937

AHAT 1S 0.061524 RHAT IS 0.024799

THE LATY /CE CONSTANT AZERO 15 3.58575 ANGSTROMS.

THE LATTICE CONSTANT CZERO 'S 4, 89113 ANGSTROMS.

OBSERVED CALCULATED
I TWO THETA HE+KK+HK LI. SiME SQTVARED TEETA SINE SQUARED THETA DIiFFERENCE
1 18. 150 n 1 ). 024688 0. 02489 0. 000C8
2 28. 790 1 0 0. 061%0 2,061:2 0.090028
3 34.180 1 1 0. 086356 0. 08632 0.00004
4 47.250 1 4 0. 16060 0.16072 -0. 00012
5 50.920 3 0 0. 18480 0. 18457 0.00822
6 54. 450 3 1 0.20929 0.20937 -0. 00008
7 62.690 4 1 0.27060 0.27090 -0. 00030
8 64. 400 3 4 0.28396 0.28377 0. 00019

¢¢-"TMNA
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Test Example 3 Mg2SiO Orthorhombic

The data for this example were taken from ''Standard X-Ray

1

Diffraction Powder Patterns,' National Bureau of Standards Circular No. 5309.

The example showed how the error was divided by two until the mini-
mum error of 0. 0009 was reached. Since no test error was provided, the
program used the automatic "E-TEST" of . 0005. The error could not be
divided by two again without falling below this minimum,; therefore, the first
20 solutions were printed with E = . 0009. The first such solution is the
correct indexing as indicated by the agreement between the known lattice
constants and those found by the programs. This solution is shown below.
The integer "number' of this indexing is 3. 87. It is noted that the other 19
"solutions' give values of ''number' larger than 4. Large values of "number"

are more likely to indicate invalid indexings as indicated by this example.
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MG2S104 SWANSON AND TATGE NBS CIRCULAR 539 V1 A=4.76 B=10.20 C=5.99
THE ERROR IS 0.000917

THE LATTICE CONSTANT AZERO IS 4. 75243 ANGSTROMS.

THE LATTICE CONSTANT BZERO IS 5.98528 ANGSTROMS.

THE LATTICE CONSTANT CZERO IS 10.21303 ANGSTROMS.

THE UNRESOLVED WAVELENGTH USED WAS 1.54180 AND THE K-ALPHA-ONE WAVE-
LENGTH USED WAS 1.54051.
THE DENSITY IS 3.110 THE FORMULA WEIGHT IS 140. 730, AND THE NUMBER IS

3. 87. :

THE FIRST -0 LINES ARE UNRESOLVED. THE REST ARE K-ALPHA-ONE LINES.

AN ESTIMATE OF THE STANDARD DEVIATION OF THETA IS 0. 02746

AN ESTIMATE OF THE STANDARD DEVIATION OF SINE SQUARED THE TA IS 0. 00024
AN ESTIMATE OF THE STANDARD DEVIATION OF AZERO IS 0.00180

AN ESTIMATE OF THE STANDARD DEVIATION OF BZERO IS 0. 00261

AN ESTIMATE OF THE STANDARD DEVIATION OF CZERO IS 0. 00345

BNWL-22

00047
00010
00019
00028
00034
00003
00008
00000
00005
00015
00007
00008
00028
00030
00042
00025
00011
000238
00010

. 00009
. 00034
. 00011
. 00026
. 00002

OBSERVED CALCULATED
I TWO THETA HH KK LL SINE SQUARED THETA SINE SQUARED THETA DIFFERENCE
1 17.33900 . 0 1 1 0. 02272 0. 02225 0.
2 22.90080 0 . 1 4 0.03941 ©0.03931 0.
3 23.83500 1 1 0 0. 04264 0.04283 -0.
4 25.52300 1 1 1 0. 04879 0.04852 0.
5 29.75480 1 1 4 0. 06592 0. 06558 0.
6 32.31410 1 0 9 0. 07743 0. 07746 -0.
7 35.69780 1 1 9 0 09395 0. 09402 -0,
8 36.52450 1 4 1 0. 09820 0. 09820 -0.
9  38. 30060 0 1 16 0. 10762 0.10757 0.
10 38. 85090 4 0 1 0.11061 0.11076 -0,
11 39.70730 1 4 4 0.11534 0.11527 0.
12 40. 03850 1 0 16 0.11719 0.11728 -0.
13 41.76280 4 1 1 0. 12705 0.12732 -0,
14 44.50510 1 4 9 0. 14341 0.14371 -0.
15  46. 65900 0 4 16 0.15683 0. 15725 -0.
16  48. 42810 1 0 25 0.16822 0. 16847 -0,
17 50.34190 1 9 1 0. 18090 0.18101 -0,
18 50.91350 1 1 25 0. 18475 0.18503 -0.
19 52.29060 4 4 4 0.19417 0. 19407 0.
20 54.93310 4 1 16 0.21273 0.21264 0
21 56, 17460 0 1 36 0.22167 0.22133 0
22 56. 85600 1 9 9 0.22663 0.22651 0
23 57.99110 1 4 25 0.23497 0.23471 0
24 58.67910 0 9 16 0. 24008 0. 24008 0
25  60. 41140 9 1 0 0.25312 0.25298 0

. 00014
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APPENDIX C

PROGRAM LISTING







* O

[a¥aXalaNaNaRaNala¥alal

1

10
20

30

1Y)
51
60
1LY
550

561
562

PROGRAM INDEX

LIsT

LABEL

CALL HELPER

DIMENSION TWO TH{15U)sS(150)9525Q(150)sNAME(12)+EL(60)+ES(600)
COMMON ELs TWO THINAME»S2SQsNCUTsXLAMDASYLAMDASNISETESTeTETBLK o
*59ES 9 FORMWT o DENSTY

CONT INUE

GENERATE THE L LIST OF ALL LL

DO 5 1=1+30

EL{I)=(l=1)%(]=])

CONTINUE

CALL INPUT

CONT INUE

CALL CUBIC

CONTINUE

CALL HEXTET

CONTINUE

CALL ORTHO

GO TO 10

END

SUBROUTINE INPUT

LIST

LABEL

DIMENSION TWO TH{15uU)»S(150)9525Q(150) sNAME(12)+EL(C0)9ES(600)
COMMON ELs TWO THeNAME » S2SQeNCUT » XLANMDA» YLAMDAINIsETESTH»TETBLK »
#S9ES s FORMWT 9 DENSTY

FORMAT (12A6)

FORMAT(1X91UF10e5)

FORMAT(I592F1045})

FORMAT (TF1lUe3)

FORMAT(1596F1Ue5}

READ INPUT TAPE 2¢5UsNAME
READINPUTTAPEZ995U s NCUT s XLAMDA»YLAMDA»ETESTy TETSLKsFORMWT9DENSTY
IF(ETEST) 56295619562

ETEST=04U005

CONTINUE

00040
00060

HEX00310

HEX00380

HEX00490
HEX00500
HEX00510
HEX00520
HEX00530
HEX00540

ETEST 1S THt PROBAbLE EXPERIMENTAL ERROR IN THE DATAe IF UNKNOWN»HEX00550
LEAVE ETEST BLANK AND PROGRAM WILL SEY ETEST=®,0005. IF UNCER~ HEX00560

TAINs GUESS LOWe EeGe IF ERROR IS ABOUT «000259 SET ETEST=40002.
NO SOLUTION WILL BE PRINTED FOR E LESS THAN ETEST

TETOLK WILL PREVENT THE PROGRAM FROM PRODUCING A TETRAGONAL

HEX00570
HEX00580
MEX00590
HEXQ0600
HEX00610
HEX00620

Ge
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[aKalaXa!

80

90

1090
150

200
250
280

290
300

310

INDEXING UNLESS NO HEXAGONAL INDEXING HAS BEEN FQUNDe IN THE
LATTER CASE THE TETRAGONAL CASE WILL BE TRIED IN SPITE OF THE
BLOCKe 1F A TETRAGONAL INDEXING IS NOT DESIREDe PUT A POSITIVE
DECIMAL NUMBER» EeGs 5 IN COLUMNS 236 TO 45 OF THE CUT NUMBER
CARDe OTHERWISE LEAVE THAT SPACE BLANKe

XLAMDA IS THE UNRESOLVED WAVELENGTH AND YLAMDA 15 THE WAVELENGTH
OF THE K~ALPHA-1 RADIATION.

IF(XLAMDA) 80,8090
XLAMDA=1,.5418
YLAMDA=1.54051
RATIO=YLAMDA/ XLAMDA
CONT INVE

IF NO WAVCLENGTHS ARL RtAv IN THE PROGRAM USES THOSE OF COPPERe

DO 100 1=1,22000,7

Jel+b

READ INPUT TAPE 207¢s(TWU TH{K) K2l J)
IF(ABSFITWOTH(I) ) 4+AUSF(TWOTH(I+1) )+ABSF{TWOTH(I42) )+ABSF{TWOTH(1+3
X})+ABSFITWOTH(I+4) ) +ADLSFITWOTH(I+5) ) +ABSF(TWOTH(J)})) 10091569100
CONTINUE

DO 200 J=1497

N=l-J

IF(TWO TH(N)) 25Us2uus2b0

CONT INVE

NI=XMINOF(N915C)

IF(NCUT) 30Us300U928u

DO 290 IslyNCUT

SIIIs(RATIO®*2)®#SINF(TWO TH(1)%0Ue00B8726646)%N2
S2SWLT)SsSINFITWO TH(I)®*UeU1T745349) %22
CONTINUE

NKUTsNCUT+1

DO 310 I=NKUTsNI

S{I1)sSINFITWO TH(I)®*UeUUBT260646)%#2
S$2SQUI)=SINF(TWO TH(I)I*0.ulT7453292)%#%2

CONT INUE

MARK =8

RETURN

END

HEX00640
HEX00650
HEX00660
HEX00670
HEX00680
HEX00690
HEXQ0700
HEX00710
HEX00720

00566

HEXQ0770
HEX00780
HEX00790
HEX00800

9¢€
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SUSROUTINE CuBlC

LIST

DIMENSION YHAT(150)sR(150)sTWO TH(150)

DIMENSION C(15U)»A1999)sB(150»2)95(150)

DIMENSION NAME(12)sOMIT(175)9BE(175)»5S2SQ(150)+EL(60)9ES(600)
COMMON ELs TWO THsNAME»S2SGUsNCUT o XLAMDASYLAMDAYNI oETESTTETBLK »
*S9ESeFORMWT o DENSTY

30 FORMAT(I59F1l5429F20Ue503F2545])

35 FORMAT( 1Xs46H THE NUMBER OF FORMULA UNITS PER UNIT CELL IS Floe.2
*)

40 FORMAT(77d THE CRYSTAL HAS BE&N INDEXED IN THE CuBIC SYSTEM WITH A
* LATTICE CONSTANT OF FT7e4sllH ANGSTROMSe/66H AN ESTIMATE OF THE ST
#ANDARD DEVIATION OF THE LATTICE CONSTANT IS5 F8e6///)

5v FORMAT(52X8HOBSERVEDI6X1CHCALCULATED/4X1HIGXPHTWO THETABX12HCALCUL
®ATED N TX&4HSINE SQUARED THETA SINE SQUARED THETA 15X10HD1
*FFERENCE)

60 FORMAT(77H THE CRYSTAL HAS BEEN INDEXED IN THE CUBIC SYSTEM WITH A
* LATTICE CONSTANT OF F7e4935H ARGSTROMS»BUT IN VIEW OF THE LARGE /
#41H ERROR THIS INDEXING IS PROBABLY INVALID. /66H AN ESTIMATE O
#*F THE STANDARD DEVIATION OF THE LATTICE CONSTANT IS FBe6///)

70 FORMAT(1V0HU ERROR 1S FOelt//)

80U 6ORMAT(12A6)

90 FORMAT(1H1//724X12A6/7/)

+0 100 I=l,l25
OMIT(I)=8%]=]
100 CONTINUE
DO 110 I=l,31
OMIT(I+125)=4%(8%]l~1)
110 CONTINUE
DO 120 I=1,7
OMIT{I+156)=16%(8%]~1)
120 CONTINUE
DO 130 I=1,2
OMIT(I+163)=64*(B*i~1)
130 CONTINUE
DO 180 I=lslé64
IF(OMIT(I)-OMIT(I+1))180s18U»140
140 KB=OMIT( 1)
OMIT(1)=OMIT(I+1)
OMIT(I+1)=KB
JB=]

150 IF(JB~1) 18U»1BUs16V

160 IF(OMIT(JB)=-OMIT(JB=1))1Tus1BUsl8U

170 KB=OMIT(JB)

OMIT(JB)=OMIT(JB~1)
OMIT(JB~1)=KB
JB=sJB=1

GO TO 150

00040
00050

00090

00095
00109

00110
00115
00120
00125

00140
00150
00160
00170
00180
00190
00200
00210
00220
00230
00240
00250
00260
00270
00280
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410

LE
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180

190
200

210
220

330
340

350
36U
370
380
390
400

410
420
430

440
450
460
470

CONTINUE

9=0

DO 220 J=1,165

N=l+1

40 210 I=Nyp999
Z=FLOATF (1)
IF(Z-OMIT(J))190p20ur190
All)=]

GO TO 21lv

A(1)=04U000

GO TO 220

CONT INUE

CONTINUE

E=0e2

U=0,e0

Ve0e0

YLE=E

NBES5LU

1SSIGN 490 TO LGO
ASSIGN %510 TO L
ASSIGN 450 TO M

MSwW=0

KAY=NI/2

K=(NI/2)~1

KeK+1

NsA(K)

I=s(N1/2)=1

Js(NI/2)=-1

IF(N) 35093404350
IF(N=NB) 36Uy»b440s440
X=S(KAY ) /FLOATF (N)
I=]+1

IF(I=NI) 390+390,380
GO TO LGO»(49Us6VUV)
Cil)=s{l)sx

JsJ+l

IF(J=399) 4lue34urdaly
IF(CUIN=A(J)=E) 42094209400
IF(CUII=ALJI+E) 34uUr4309430
B(Isl)=S(])
B{Iy2)=A(J)

GO TO 370

GO TO Ms(45Us560)
IFIMSW+Ll) 4604709460
IF(MSW) 48094709480
YLE®E

EsE%*2e

MSW==1

GO TO 33.

00420
00430
00440
00450
00460
00470
00480
00490
00500
00510
00520
00530
00540
00760

00764
00766
00770
00780
00790
00800
00810
00820
00830
00840
00850
00860
00870
00880
00890
00900
06910
00920
00930
00940
00950
00960
00970
00980
00990
01000
019010
01020
01030
01040
01050
01060
01070
01080
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480
490
500
510
52V

530

540

55V

560
57v
580

590

600

61V

620

630

ASSIGN 540 TO M

GO TO 53¢

IF(MSW) 50095905500

GO TO L»(51U»560)
IF(MSW=1) 52055909520
ASSIGN 56U TO L

MSwW= 1

UsMINL1F(E»YLE)
VaMAX1F{EsYLE)

Em(U+V )/ 20

YLE=E

ASSIGN 540 TO M

ASSIGN 560 TO L

GO TO 330

Usg

YLE=E

Ex(E+V)/2¢

YLE=E

IF(V=U®e05) 55095509330
t=v

ASSIGN 600 TO LGO

GO TO 33v

V=g

IF(V=U=eU5]) 6ULIBLU 580
Ea(E+U)/ 24

GO TO 33¢

YLE=E

EmE/2a

MSW= 1

GO 70 330

SUMSQ=0,e 0

DO 61u I=KAYsNI
SUMSQeSUMSQ+(B(192)%#8(192))
DNUM® (e 0

LO 62u J®KAYNI
DNUM=DNUM+(B(191)%B(192))
AHAT=DNUM/SUMSQ

SUMEU eV

SUMSQe 0.

DO 630 IwlyN]

Bilsl)=S{I)
BlIe2)8XINTF((SII)/AHAT)+e8)
YHAT (1 )=AHAT®#8(1»2)
R(1)=B(Isl)=YHATLI)
SUMBSUM+R(] ) *#2
SUMSQ=SUMSQ+B(1e2) 852
CONTINUE

ODEGFRD=aNI-1

SIGMAA=SQRTF (SUH/(DEGFRD#*S5UMSQ) )
XLC=YLAMDA/ ({24 #SQRTF (AHAT) )

01090
01160
01110
01120
01130
01140
01150
01160
01170
01180
01183
01190
01200
01210
01220
01228
01230
01233
01240
01250
01260
01270
01280
01290
01300
01310
01320
01330
01340
01350
01360
01370
01380
01390
01400
01410
01420

01430
01440
C1450
01460
01470

01480

6€
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632
634
636
640

65v
6560

WRITE QUTPUT TAPE 3,90sNAME

WRITE OQUTPUT TAPE 3+70sE

ZNMBER®= AUERO#¥3,U ¥DENSTY# Ueb6U23/FORMWT
WRITE OUTPUT TAPE 3935s2NMBER

IF (E=e3) 6329632,634

WRITE OUTPUT TAPE 3,409 XLCeSIGMAA
GO TO 636

WRITE QUTPUT TAPE 31,609 XLCeSIGMAA
WRITE OUTPUT TAPE 3,50

DO 660 I=1sNI

IF(XMODF (I1+69401)650U96404650V
WRITE OUTPUT TAPE 3+»90sNAME

WRITE OUTPUT TAPE 3950

WRITE OUTPUT TAPE 3530+ (JoTWO TH(1)sBI(I92)+S{T)sYHAT(1)sR(1))

CONTINUE

RETURN
END

01500
01510

01550
01560
01570
01580
01590
01600

01620
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SUBROUTINE HEXTET

PROGRAM TO DETERMINE CRYSTAL INDEXESe HEXAGONAL CASE HEXQ0040
OIMENSION TWO Tr(15U)eS(150)¢525Q0150) oNAME(12)9EL(60)sES(600) »

#0(150) 9D (15U) 0A{15092)sKA(15092) sASTOR(25)+CSTOR(25)9FACTOR(25) s

#C(150)
COMMON ELs TWO THoNAME »S25UsNCUT s XLAMDA»YLAMDAINI 2ETESTTETBLK o
#SsESeFORMWT 9 DENSTY

500 FORMAT(44X9H OBSERVED1S5X1UHCALCULATED/ HEX00080
*EXIHIGXIHTWO THETAGXBHHH+KK+HKOXZHLLOXIBHSINE SQUARED THETA HEX00090
X5X18HSINE SQUARED THETABX1OHDIFFERENCE//) HEX00100

5U5 FORMAT(44X9H OBSERVEDISXLIUHCALCULATED/ HEX00110
#ZXIHIGXIHTWO THETA4XSHAH+KK 8X2HLLSX1B8HSINE SQUARED THETA HEX00120
X X18HSINE SQUAREDL THETABXLOHDIFFERENCE//) HEX00130

51U FORMAT(1XI39F11e3921100F20e50F23e5¢F20e5) HEX00090

511 FORMAT(9UHUTHE FOLLOWING INDEXING IS ON THE BASIS OF THE TETRAGCNAHEXCO0150
#L SYSTEM WITH THE ERROR LESS THAN F846) HEX00160

512 FORMAT(89HUTHE FOLLOWING INDEXING IS ON THE BASIS OF THE HEXAGONALHEX00170
* SYSTEM WITH THE ERROR LESS THAN F8.6) HEX00180

515 60RMAT{64H AN ESTIMATE OF THE STANDARD DEVIATION OF SINE SQUARED THEXQ0190
#HETA IS FlUe4/51H AN LSTIMATE OF THE STANDARD DEVIATION OF THETA IHEX00200
#S Flue4/51H AN ESTIMATE OF THt STANDARD DEVIATION OF AZERO IS HEX00210
#Flue4/51H AN ESTIMATE OF THE STANDARD DEVIATION OF CZERO IS HEX00220
#F1lUe4/9H AHAT 1S FlUe692X9H BHAT IS F10e6/31HOTHE LATTICE CONSTANTHEX00230
* AZERO 15 FlUe5911H ANGSTROMS«/31HOTHE LATTICE CONSTANT CZERO IS HEX00240
#FlUe5911H ANGSTROMSe//) HEX00250

52V FORMAT{36HOTHE UNRESOLVED WAVELENGTH USED WAS FBe5s41H AND THE K-~AHEX00260
*LPHA-ONt WAVELENGTH USED WAS F8e5/16H THE DENSITY IS F6e391He922H
#THE FORMULA WEIGHT IS FB8e3921lHs AND THE NUMBER 1S F6e39 1lHe)

525 FORMAT(11HUTHE FIRST 13e53H LINES ARE UNRESOLVEDe THE REST ARE K=AHEX00340

#LPHA=1 LINES. ) HEX00350
$37 FORMAT(92HUTHE PROGRAM IS UNABLE TO INDEX THE CRYSTAL ON A HEXAGONHEX00280
#AL JASIS WITHIN THE MAXIMUM ERROR OF Fl10e5) HEX00290
538 FORMAT(93HOTHE PROGRAM IS UNABLE TO INDEX THE CRYSTAL ON A TETRAGOHEX00300
#NAL BASIS WITHIN THE MAXIMUM ERROR OF Fl0e5) HEXQ00310
539 FORMAT(64HUTHE PROGRAM ]S UNABLE TO INDEX THE CRYSTAL WITHIN THE EHEX00320
#*RROR OF FBe61) HEX00330
558 FORMAT(1H1/24X12A6//7) HEX00400
NSTORE=O HEX00470
KKKK=0C HEX00820

GET SET FOR THE HEXAGONAL CASE. HEXO01070
R=1.0 HEX01080
K=} HEX01090
GENERATE THE S LIST OF ALL HH+KK+HK HEX01100

584 1=0 HEX01110
NAY=] HEX01120
KAY=s ]} HEX01130

DO 592 M=1432 HEX01140

DO 591 Kslst HEX01150
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591
592

593

594

2
3

Isl+1
ES(I)m{M=1)#(M=1)+(K=1)%(K=1)}+KT#*(i4~1)%#(K=1)
CONT INUE

CONT INUE

DO 593 K=1425

ASTOR(K)=Us

CSTOR(K)=us

+ONT ENUE

ASSIGN 727 TO KSKIP

ORDER THE § LIST

CALL SORTACIES»528)

LP=0

DO 3 122,277
IFLES(I=11=ES(I)) 319800
LP=LP+]

ME529~LP

DO 2 J=1eM

ES(J=1)=ES(J)

CONT INUE

GO TO 594

CONT INUE

COMMANDS 5947}0 3 DELETE DUPLICATE INTEGERS.

NES=27
NEL®=30
B%le0
DO 4 I=m2,NI
D=ABSF(S(I)=S(1=1))
BaMINLIF(BsD)
CONT INUE
B 15 THE MINIMUM VLIFFERENCE BETWEEN S(1) AND S{1+1l)e
Eme&49#8

COMMANDS TO HERE FIX THE MAXIMUM ERROR E

4
C

5
C
C
C

6
C
C
C

YiE®é o #E

KAT=0

KAT IS INCREASED BY 1 wHEN WE FAIL TO INDEX THE CRYSTALe
NOD=0

ASSIGN &8 TO IGO

THE VALUE OF IGO DETERMINES WHETHER THE ERROR IS BEING DECREASED
OR 1S FIXEDe

KAP=(

KAP IS INCREASED 8Y 1 EACH ITELRATION.

IF(KAT) ToTel2

KAT=]1 MEANS THE MINIMUM ERROR HAS BEEN DETERMINED ARD THE
PROGRAM 15 NOW FINDING ALL SOLUTIONS FOR THAT FIXED ERRORs
GO TO IGQv(819)

EsYLE/24U
IF(E=ETEST) 250425049

Mlw]

HEX01160
HEX01170
HEX01180
HEX01190
HEX01200
HEX01210
HEX01220
HEX01230
HEXQ1240
HEX01250
HEX01260
HEX01270
HEX01280
HEX01290
HEX01300
HEX01310
HEX01320
HEX01330
HEX01340
HEX01350
MEX01360
HEX01370
HEXQ01380

HEX01390
HEX01400
HEX01410
HEX01420
HEX01430
HEX01440
HEX01450
HEX01460
HEXO1470
HEX01480
HEX01490
HEXO01500
HEX01510
HEX01520
HEX01530
HEX01540
HEX01550
HEX01560
HEX01570
HEX01580
HEX01590
HEXQ1600
HEX01610
HEX01620
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v
12
11

15
20
22

26
28

32

34
35

36

42

44

46

48

50

52

MisMI+]

IF(MI=5) 119119250
NOD=NOD+1

IF{NOD=5) 354359250
NUT=1

MUT=Q

ASSIGN 22 TO KUP
ASSIGN 28 TO LUP
KQ=M [ ~1

Ku=MI

Ky=(U

KVeKV+1

IF(KV~=KQ) 26426970
KX=0

KX®sKX+d

IF(KX=KQ) 34434932
GO TO KUP9(22,7V)
KY=0

KY=sKY+1

IF(KY=KQ) 40540936
GO TO LUP(2897V)

GO TO (42044946048 95U9529549569589600629649669068¢65)eNUT

1E=KY
JE=KV
NE=K X
KE=KY
GO TO 90
IE=KV
JE=KUY
NEsKX
KE=KY
GO TO 99U
TE=KX
JE=KV
NE=KU
KE=KY
GO TO 90
1E=KV
JEaKX
NE=KY
KE=KU
GO TO 90
1E=KU
JEmKV
NE=KX
KE=KY
GO TO 9v
IE=KX

HEX01630
HEX01640
HEX01650
HEX01660
HEX01670
HEXN1680
HEX01690
HEX01700
HEXO1710
HEX01720
HEX01730
HEX01750
HEX017530
HEX01760
HEX01770
HEX01780
HEX01790
HEX01800
HEX01810
HEX01820
HEX01830
HEX01840
HEX01850
HEX01860
HEX01870
HEX01880
HEX01890
HEX01900
HEX01910
HEX01920
HEX01930
HEX01940
HEX01950
HEXQ1960
HEX01970
HEX01980
HEX01990
HEX02000
HEX02010
HEX02020
HEX02030
HEX02040
HEX02050
HEX02060
HEXQ2070
HEX02080
HEX02090
HEX02100
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54

56

58

1Y)

62

64

66

68

69

JE=KU
NE®=KY
KE=KV
GO TO
1E=KU
JE3KX
NE=KV
KESKY
GO TO
IE=KX
JE=KY
NE=KU
KE=KV
GO TO
[EaKX
JE=KU
NE=KYV
KE3KY
GO TO
IE=KU
JE®K X
NESKY
KESKY
GO TO
IE=KU
JE=KY
NE=K X
KE=KY
GO TO
1E=KU
JE=KY
NE®=KY
KE=KX
GO TO
IE=KU
JE=KY
NE=KV
KE=K X
GO TO
IE=KY
JE®KU
NE=KV
KE=K X
GO TO
1E=KU
JE®KV
NE=K X
KE=KY

90

9u

$0

90

Su

90

90

90

g0

HEX02110
HEX02120
HEX02130
HEX02140
HEX02150
HEX02160
HEXQ02170
HEX02180
HEX02190
HEX02200
HEX02210
HEX02220
HEX02230
HEX02240
HEX02250
HEX02260
HEX02270
HEX02280
HEX02290
HEX02300
HEX02310
HEX02320
HEX02330
HEX02340
HEX02350
HEX02360
HEX02370
HEX02380
HEX02390
HEX02400
HEX02410
HEX02420
HEX02430
HEX02440
HEX02450
HEX02460
HEX02470
HEX02480
HEX02490
HEX02500
HEX02510
HEX02520
HEX02530
HEX02540
HEX02550
HEX02560
HEX02570
HEX02580
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70

72
14
76
9u

g [aXaXakaEaXal

100

OMMANDS 9

GO TO 90
NUT=NUT+1
IF(NUT=14) T2972+10
MUT=MUT+1
GO TO (1591591955 T4926926926926926976934934934969) 9MUT
ASSIGN 70 TO KUP
GO TO 26
ASSIGN 7V TO LUP
GO TO 34
TRES(IE)*ELIKE)=ES{NE)*EL(JE)

THAN MI+2

T IS THE COEFFICIENT DETERMINANT

IF T=0e WE HAVE DEPENDENCE

KAN®KAY+NAY

X AND Y ARE DETERMINED FROM LINES KAY AND KAN.
IF(T) 1109101912V

COMMANDS 101 THROUGH 1U9 CHECK FOR DEPENDENCE

101
102
103
104
105
106
107
"110
115

120
124

125

126

130
140

141

IF(ESCIE)) 103910201203

IF(EL(JE)) 1049359104

SA®ES(IE)/ES(NE)

GO 7O 10%

SASEL(JE)/EL(KE)

IF{SA=(S{KAY)/S(KAN) )=04001) 106335935
IF{SA={SIKAY)/S{KAN) )+06001)35¢35+107
NAY=NAY+1

IF(KAY+NAY=N]) 5954310
Xa(S{KAY)#EL(KE)=S(KAN)*EL(JE) ) /T
IF(X=e0Ul) 359355115
Yu{S{KAN)#ES(IE)~SIKAY)*®ESINE)I/T
IF(Y=eUULl) 35935912V

KP=y

NND=0

NND=O UNTIL WE FIND AN ACCEPTABLE SET OF INDICES AT COMMANDS 244
AND FOLLOWING.

OLD DE=1l,.1

KP=aKP+1

KP IS THE NUMBER OF THE REFLECTION CURRENTLY BEING INDEXED
YLE®E

IF(KP=~4) 13041305126

KP=4

GO TO 600U

NR®U

NR=NR+1

IF{NR-NES) 14191415238
IF(X*ES(NR)=S{KP)=E)1505150,238

THROUGH 76 COUNT THROUGH ALL 2X2 MATRICES WITH ENTRIES LESS

HEX02590
HEX02600
HEX02619
HEX02620
HEX02630
HEX02640
HEX02650
HEX02660
HEX02670
HEX02680
HEX02690
HEX02700
HEX02710
HEX02720
HEX02730
HEX02740
HEX02750
HEX02760
HEX02770
HEX02780
HEX02790
HEX02800
HEX02810
HEX02820
HEX02830
HEX02840
HEX02850
HEX02860
HEX02870
HEX02880
HEX02890
HEX02900
HEX02910
HEX02920
HEX02920
HEX02940
HEX02950
HEX02960
HEX02970
HEX02980
HEX02990
HEX03000
HEX03010
HEX03020
HEX03030
HEX03040
HEX03080
HEX03060
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150 NS=0
160 NSaNS+1
IF(NS=NEL) 20542055140
205 C(KP)=X*®ES{NR)I+Y*EL (NS)
C(KP) IS THE CALCULATED SINE SQUARED THETA TC COMPARE WITH THE
C OBSERVED SINE SQUARED THETA.
21 IF{CHKP)=S(KP)=E) 22092209140
22V IF(C(IKP)=S(KPI+E) 16U»2339233
233 DE=ABSF(S(KP)=C(KP)})
IF(OLD DE-~DE) 16051609234
234 IF(KP=1) 2442449246
236 A{KPyl)=Bl

Al(KPy2)mB2
C WE ACCEPT THE TWO INDICES ES(NR) AND EL(NS) SO GO INCREASE KP
C BY 1 AND TRY TO INDEX THE NEXT REFLECTION.

G0 TO 124

238 IF(NND) 359359236
244 B1=ES{NR)
B2=EL(NS)
OLD DE=DE
NND=1
GO TO 1eév
COMMAND 244 STORES THE CURRENT BEST SELECTION OF INDICES FOR LINE KP
246 IF(A(KP=191)=ES(NR)} 24492479244
247 IF(AIKP=102)=ELINS)) 2443524812246
COMMANDS 246 AND 247 AVOID DUPLICATE SETS OF INDICES.
248 GO TO 160
250 KAT=KAT+1
IF(KAT—=1) 26U»26U1265
26U Em2e4%*E
ASSIGN 721 TU KSKIP
COMMANDS 25u AND 26v ACKNOWLEDGE THE FIKRST UNSUCCESSFUL E AND SET THE

C PROGRAM TO FIND AND PRINT ALL SOLUTIONS OBTAINABLE FOR THE LASY
C SUCCESSFUL Ee
ASSIGN 9 TO 1GO
GO TO ¢
265 IF(KT) 26792679702
C KT=0 IS THE TETRAGONAL CASE» KT=1 1S THE HEXAGONAL CASE.

267 IF(KAT=1) 26U»26U»268

268 IF(KKKK) 79U»T79U»795

310 XKTaKT
IF(XKT=ve5) 31243124311

311 WRITE OUTPUT TAPE 3»558sNAME
WRITE OQUTPUT TAPE 3537,»E
GO 1O 702

C
COMPLETE FAILURE FOR HEXAGONAL CASE. GO TO TETRAGONAL CASE.
C

312 WRITE _QUTPUT TAPE 355589 NAMF

HEX03070
HEX03080
HEX03090
HEX03100
HEX03110
HEX03120
HEX03130
HEX03140
HEX03150
HEX03160
HEX03170
HEX03180
HEX03190
HEX03200
HEX03210
HEX03220
HEX03230
HEX03240
HEX03250
HEX03260
HEX03%270
HEX03280
HEX03290
HEX03300
HEX03310
HEX03320
HEX03330
HEX03340
HEX03350
HEX03360
HEX03370
HEX03380
HEXQ03390
HEX03400
HEX03410
HEX03420
HEX03430
HEX03440
HEX03450

HEX03470
HEX03480
HEX03490
HEXQ3500
HEX03510
HEX03520
HEX03530
HEX03540
HFX03580
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WRITE OQUTPUT TAPE 3+538»E

HEX03560

GO TO 795
< HEX03580
C COMPLETE FAILURE FOR BOTH CASES. HEX03590
C HEX03600
C HEX03610
COMMANDS 60U TO 628 PREPARE FOR LEAST SQUARES CALCULATION OF HEX03620
C AHAT AND BHAT. HEX03630
6V0 ESIXESILIWA{1s1)+S(2)#A(2,1)+S{3)*A(3y]) HEX03640
ESIVY=S(1)#A(142)+S(2)%A(2+2)+5(3)%A(3,2) HEX03650
YX=A(1el)®A(192)+A(201)%A(2,2)+A(391)%A(392) HEX03660
YIBA(Lp2 )HU24A (292 ) #H2+A(392) %#2 HEX03670
XIRA( 1ol )W824A(201) #%2+A(391) %2 HEX03680
6U5 ESIX®ESIX+S(KP)®A(KP 1) HEX03690
ESIYSESIY+S(KP)#A(KP»2) HEX03700
YXSYX+A(KP 1) ®A(KP»2) HEX03710
YIsY I +A(KP o2 ) #42 HEX03720
XISXI+A(KPo1) #82 HEX03730
61v AHAT® (ESIX®YI=ESIYHYX)/(XI*Y]=YXR&2) HEX03740
BHAT= (ESIY~YX®AHAT) /Y] HEX03750
C AHAT AND BHAT ARE THE LEAST SQUARES ESTIMATES OF A AND C IN THE HEX03760
C EQUATION S(I1)mA®ES(I)+C*EL(]) HEX03770
626 IF(KP=N1) 629,7U657ub HEX03780
¢ HEX03790
COMMAND 628 ASKS IF WE ARE DONEe IF NOTs COMMANDS 629 THROUGH 690 INDEXHEX03800
C THE REST OF THE REFLECTIONS. HEX03810
C HEX03820
629 KP=KP+1 HEX03830
657 ND=U HEX03840
OLD DE=l.1 HEX038%0
660 IR®U HEX03860
665 IR=IR+1 HEX03870
COMMAND 657 SAYS THIS IS THE FIRST ATTEMPT 7O INDEX THIS REFLECTION HEX03880
666 IF(IR=NES) 66816689667 HEX03890
667 IF(ND) 8UU»685969v HEX03900
COMMAND 667 ASKS 1F WE FAILED TO INDEX THIS REFLECTION YES»YESeNO HEX03910
668 1s=0 HEX03920
669 1S=1S+1 HEX03930
IF(IS=NEL)6TV96T00665 HEX03940
670 C(KP)=AHAT®#ES{IR)+BHAT*EL(IS) HEX03950
671 IF(CIKPI=SIKP)=E) 67596759672 HEX03960
672 IF(ELIIS)) Buvs6739665 HEX03970
673 IF(ND) Buus685»69u HEX03980
675 IF(CIKP)=S(KP)+E)66916802680 HEX03990
680 DE®ABSF(S(KP)=C(KP)) HEX04000
IF(OLD DE~DE) 66996692687 HEX04010
C HEX04020
C WE ASK IF THE NEW SET OF INDICES IS BETTER THAN THE PREVIOUS SETe HEX04030
C HE X064 040
685 IF(KAP) 8UU»35935 HEX04050
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C IS THIS THE FIRST ITERATION
686 B1=ES(IR)
b2mbEL(1S)
OLD DE=DE
ND=1
GO TO 669
COMMAND 686 STORES PRESENT BEST INDICES AS B1 AND B2
687 IF(A(KP=191)=ES(IR)) 686968896E6
688 IF(A(KP=192)~EL(IS)) 6869689¢68€
COMMANDS 687 AND 688 CHECK FOR DUPLICATE SETS OF INDICES.
689 GO TO 669
69U A(KPol)midl
A(KP»2)nB2
COMMAND 690 ACCEPTS Bl ANV 82 AS THt BEST SET OF INDICES FOR LINE KP
IF(KAP) 60596059691
C IS THIS YTHE FIRST ITERATION YES»YESHNO
691 IF(KP=NI) 62996920692
692 ESIX=0e
ESIY=0.
YX*0e
Yizue
XImG,
DO 693 L=1yN1
ESIX=ESIX+S(LIRA(L)Y)
ESIVSESIY+S(LI®A(L22)
YXEYX+A(Lel)®A(Ls2)
YiayYI+A(Le2)n%2
XIsX1+A( L9l )#2
693 CONTINUE
X=AHAT
Y=BHAT
GO TO 610
COMMANDS 692 TO 693 PERFORM ALL LEAST SQUARES FITS EXCEPT THE FIRST
701 IF(KKKK) 5849584795
C
COMMAND 701 SKIPS ThHE TETRAGONAL CASE IF A HEXAGONAL SOLUTION HAS BEEN
C FOUND WITH E LESS THAN »0UUO0.
TV2 KT=u
NSTOR®U
ASSIGN 727 TO KSKIP
R®UsB6O6V255
IF(TETBLK) 5849584701
COMMAND 702 BRANCHES THE PROGRAM INTO THE TETRAGONAL CASE.

703 IF(KAP=5) TU&sTU4» 709
C 1S THIS THE SIXTH ITERATJON NOsNOSYES
T04 U=ABSF(X-AHAT)
V=ABSF (Y=BHAT)

HEX04 060
HEX04070
HEX04080
HEX04090
HEX04100
HEX04110
HEX04120
HEX04130
HEXQ4140
HEX04150
HEX04160
HEX04170
HEX04180
HEX04190
HEX04200
HEXQ4210
HEX04220
HEX042230
HEX04240
HEX04250
HEX0&4260
HEX042T70
HEX04280
HEX04290
HEX04300
HEX04310
HEX04320
HEX04330
HEX04340
HEX04350
HEX04360
HEX04370
HEX04380

HEX04400
HEX064410
HEX04420
HEX04430
HEX04440
HEX04450
HEX04460
HEX044T0
HEX04480
HEX04490
HEX04500
HEX04510
HEX04520
HEX04530
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705

706

709

710

720

730

731

721

722
723
1723

T24

IF(U+V=e002) T0U9»709+705 HEX04540
X=AHAT HEX04550
YaBHAT HEX04560
GO TO 629 HEX04570
KAP=KAP+1 HEX04580
THE PROGRAM ADVANCES TO 7U6 UPON SUCCESSFULLY INDEXING THE CRYSTALHEX04590
KPaQ HEX04600
IF(KAP=1) 62946299703 HEX04610
DO 710 K=l,sNI HEX04620
O(K)BAHAT#A (Kol )+BHAT#A({K»2) HEX04630
CONT INUE HEX04640
O(K) IS THE CALCULATED SINE SQUARED THETA. HEX04650
DO 730 K=leNI HEX04660
D(K)I=S{K)=0(K) HEX04670
CONT INUE HEX04680
SIGMA=0,. HEX04690
SIGTH=U, HEX04700
DO 731 I=1,sNI HEX04710
SIGMA=SSIGMA+D (1) ##2 HEX04T720
SIGTH=SIGTH+((D(1)*#%2)/525Q(1)) HE X04730
CONTINUE HEX04740
SIGMABSIGMA/FLOATF {N1=2) HEX04750
SIGMABSQRTF ( SIGMA) HEX04760
SIGTHmSIGTH/FLOATF(NI=2) HEXQ4T70
SIGTH=SQKTF (SIGTHI*5742957795 HEXO4780
SIGHATEYI®(SIGTH®®*Z2) /(XI%Y[~YX¥RZ) HEX04790
SIGHBT=XI*SIGHAT/YIL HEX04800
SIGHAT=SQRTF (SIGHAT) HEX04810
SIGHUT=SQRTF(SIGHBT) HEX04820
COMMANDS FOLLUWING 731 CALCULATE THE VARIOUS STANDARD DEVIATIONSs HEX04830
AZEROZYLAMDA #R /SQRTF(3+0%AHAT) HEX04840
CZERO=YLAMDA /(2.¥SQRTF(BHAT)) HEX04850
GO TO KSKIP#(T210727) HEX04860
ASTORE = AZERO HEX04880
CSTORE = CZERO HEX04890
D0 723 1=1925 HEX04900
DO 722 K=1y2v HEX04910
FACTOR{K)=SQRTF(ES(K)) HEX04920
IF(ABSF(ASTORE=FACTOR(K)#ASTOR(T) )=0001) 1723917230722 HEX04930
CONTINUVE HEX04940
CONT INVE HEX04950
CONT INUE HEX04960
DO 725 I=1y25 HEX04970
DO 724 K=1,2V HEX04980
FACTOR(K)®SURTF(EL(K)) HEX04990
IF (ABSF(CSTORE~FACTOR(K)#CSTOR(I))=Ue00L) 78097809724 HEX05000
CONT INUE HEX05010
CONT INVE HEX05020

725
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[a¥aXaXaKa!

1726
1727

1729

1731
1732
1740

126
127

732
733

734

735

740
741

IF(KT) BuuelT2591T4u
CONT INUL

DO 1727 I=192%

DO 1726 K=15920
FACTOR (K )=K
IF(ABSF(ASTORE= FACTOR(K)*CSTOR(I))=s0U01) 1729y 172991726
CONT INUE

CONTINUVE

GO TO 1740

CONTINUE

DO 1732 121,425

DO 1731 K=1+20
FACTOR(K)=K
IF(ABSF(CSTORE-FACTOR(K)®ASTYOR (1))=e001) 780978091731
CONT INVE

CONTINUE

CONTINUE

NSTOR=NSTOR+1
ASTOR(NSTOR)=ASTORE
CSTOR(NSTOR)=CSTORE
IF(NSTOR=25) 72697269702
CONT INVE

CONT INUE

ONCE THE MINIMUM ERROR HAS BEEN DETERMINED» THE COMMANDS FROM
721 TO 727 WILL ELIMINATE SOLUTIONS WHICH ARE MULTIPLES OF
PREVIOUSLY ACCEPTED SOLUTIONS FOR THAT ERROR.

SIGAZO=AZERO*SIGHAT/ {24%AHAT)
SIGCZO=CZERO*SIGHBT /(2. ¥BHAT)

DO 732 I=14NI

KA(I91l)=A(19])

KA(ls2)1=A(192)

CONTINUE

WRITE CUTPUT TAPE 3»558»NANME
IF(KT=1) 73497354735

WAS THIS CASE HEXAGONAL OR TETRAGONAL
WRITE QUTPUT TAPE 3»511»E

ASSIGN 762 TO KK

ASSIGN 774 TO KKK
VOLUME®=AZERO*CZEROXAZERO

GO TO 740

WRITE OQUTPUT TAPE 3+512+E

ASSIGN 764 TO KK

ASSIGN 776 TO KKK
VOLUME=AZERO#AZERO*CZERO*0«B866026
CONTINUE

IF(FORMWT) T4297425744

AEX05030
HEX05040
HEX08050
HEX05060
HEX05070
HEX05080
HEX05090
HEX05100
HEX05110
HEX05120
HEX05130
HEX05140
HEX05150
HEX05160
HEX05170
HEX05180
HEX05190
HEX05200
HEX05205
HEX05210
HEX05220
HEX05230
HEX05240
HEX01040

HEX01060
HEX05250
HEX05260
HEX05270
HEX05280
HEX05290
HEX05300
HEX05310
HEX05320
HEX05330
HEX05340
HEX05350
HEX05360

HEX05370
HEX05380
HEX05390
HEX05400

HEX05410
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742 INMBERBvVeu
GO TO 755

744 CONTINUE
ZNMBER®VOLUME*DENSTY*0+6023/FORMWT

755 CONTINUE
WRITE QUTPUT TAPE 3»520»XLAMDAYLAMDADENSTY s FORMWT »ZNMBER

WRITE OUTPUT TAPE 3,525.NCUT HEX05430
WRITE OUTPUT TAPE 34515, SIGMA»SIGTHeSIGAZOsSIGCZOsAHAT #+BHATSAZEROHEX05440
#9CZERO HEX05450
760 GO TO KKs(7629764) HEX05460
762 WRITE OUTPUT TAPE 3,505 HEX05470
GO TO 770 HEX05480
764 WRITE OQUTPUT TAPE 3,500 HEX05490
770 DO 779 1=19NIl HEX05500
IF(XMODF (146036))T7T797719777 HEX05510
771 WRITE OUTPUT TAPE 3¢5589NAME HEX05520
COMMANDS 7T7u TO 771 COUNT THE LINES TO A PAGE S0 YOU DO HEX05530
C NOT WRITE OVER THE FOLD. HEX05540
772 GO TO KKK (TT49776) HEX055%0
774 WRITE OUTPUT TAPE 3,505 HEX05560
GO TO 777 HEX05570
776 WRITE OUTPUT TAPE 3,500 HEX05580
777 WRITE UUTPUT TAPE 355109 (19TWO TH(I)sKA(Io1)eKA(I92)sS{I)s0t1)sD(IHEXO5590
®)) HEX05600
779 CONTINUE HEX05610
780 CONTINUE HEX05620
KKKK=KKKK+1 HEX05630
GO TO 6 HEX05640
790 WRITE OQUTPUT TAPE 3,558»NAME HEX05650
WRITE OUTPUT TAPE 3,539.C HEX05660

795 RETURN
800 CALL DUMP HEX05680
COMMAND bGU IS USED FOR AN ERROR INOICATOR -- IF THE PROGRAM GOCES TO HEX05690
COMMAND 800 SOMETHING IS AMISS HEX05700
END HEX05710
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SUBROUTINE ORTHO

PROGRAM TO DETERMINE CRYSTAL INDEXESs ORTHORHOMBIC CASEe
DIMENSION TWO TH(15U)»5(150) sNAME(12)3525Q{15G)95Q(60) sAH(150)s
#AK(15U) 9 AL(150) 9ESST150)»C(150)9sDE(150) sKAH(150)9KAK(150)»KAL(150)
#eKI(9)sSTOREA(3U) s STOREB(30) »STOREC(30)9£S5(600)

COMMON SQs TWO THeNAME »52SQalNCUT 9 XLANMDA s YLAMDASNI9ETESTeTETBLK
*S9ES o FORMWT 9 DENSTY

50 FORMAT (1X92019%)

51 FORMAT( 1X»10F1lue5)

10 FORMAT(40XBHOBSERVED 11X1UHCALCULATED/2X1IHI3XIHTWO THETA3X2HHH3X2H
*KK3XZHLLOX3BHRSINE SQUARED THETA SINE SQUARED THETASX10HDIFFERENCE
*//)

20 FORMAT (1H1/ 1X12A6/ 93H THE FOLLOWING INDEXING IS ON THE BASIS OF
* THE ORTHORHOMBIC SYSTEM WITH THE ERROR LESS THAN FB8e6/
$ 31H THE LATTICE CONSTANT A
%ZERO 1S FlO0e5s11H ANGSTROMSe/31H THE LATTICE COWNSTANT BZERO IS F
*10e5911H ANGSTROMS./31H THE LATTICE CONSTANT CZERO IS F10e5911H AN
#GSTROMS. )

25 FORMATI(S5THOTHE PROGRAM FINDS NO SOLUTION FOR VALUES OF E LESS THAN
~ F8eb6///)

30 FORMAT(1X139F12e593159F17e5¢F20e59F1Ee5)

4u FORMAT(36HUTHE UNRESOLVED WAVELENGTH USED WAS FBe5s41H AND THE K«AHEX00260

#LPHA-ONE WAVELENGTH USED WAS F8e5/16H THE DENSITY IS F6e3» 22H THE
* FORMULA WEIGHT IS F8e3921Hs AND THE NUMBER IS F6e2y 1He}

45 FORMAT(11HOTHE FIRST I3,53H LINES ARE UNRESOLVED. THE REST ARE K~AHEX00340

#LPHA-1 LINESe )

65 FORMAT(52H AN EST+MATE OF THE STANDARD DEVIATION OF THETA IS
1F1Ue5/65H Ain LSTIMATE OF THE STANDARU DEVIATION OF SINE SQUARED TH
2ETA IS Flue5/ 51H AN ESTIMATE OF THE STANDARD DEVIATION OF AZERO
31S Flue9/51H AN ESTIMATE OF THE STANDARD DEVIATION OF BZERO IS F10
4e5/51H AN ESTIMATE OF THE STANDARD DEVIATION OF CZERO 1S F10e5//)

70 FORMAT(12A6)

69 FOKMAT(31HOERROKs PROBAGLY CUBIC CRYSTALe//)

9U FORMAT(7F1lue2)

99 FORMAT(1HL//264X12A6//)

KKKK =0
140U
Je4l
K=42
L=43
TPV
N=45
LE®46
ME=4T
NE=48
KIiT=0
KAT=0
ASSIGM 308 TO I1GO

00070

006120
00130
00140
00150
00160

00180
00190

00210
00220

00240
00250
00260
60270
00280
00290
00310
00320
00330
00350
00770
00780
00790
00800
00810
00820
00830
00840
00850
00870
00880
00890
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NOD=0
MAY=N]
230 +=1,0
DO 240 [=m2yNI
BeMINIF(BeABSFIS(I)=5(I=1)))
240 CONTINUE
E=e998B
EMAX=E/2 o
E®32 o #EMAX
COMMAND 23 AND FOLLOWING COMMANDS FIX THE MAXIMUM ERROK
KAN=1
Ks=1
C K$sl WILL START THE VALUE OF K AT 1 SO THE PROGRAM DOES NOT LOOK
C FOR THE 03090 LINEe
JAN=KAN
NAN= JAN+1
C XoYs AND 2 WILL BE DETERMINED FROM REFLECTIONS KANeJAN» AND NANe
301 JAN=JAN+1
305 NAN=NAN+1
306 IF(KIT) 3UT93UTs314
C IF KITel WE SEEK ALL SOLUTIONS FOR A FIXED ERKOR
307 GO TO IGOs(3089309)
308 E=E/2.0
+5SIGN 480 TO KSKIP
NSTORE=U
IF(E~ETEST) 33143314309
309 DO 391 IT=1,1255
CALL FETCH(1TsK9)
DO 310 ICK=1,9
SQUICK+39)=K9(ICK)#%2
310 CONTINUE
GO 10 500
314 NOD=NOD+1
IF(NOD=2U) 39193919620
321 KIT=KIT+1
IF(KIT=1) 3229322»391
322 ASSIGN 309 TO IGO
ASSIGN 588 TO KSKIP
GO TO 309
331 IF(KIT) 332+332,321
332 E=E#2,
GO TO 321
C THIS FIXtcS Tht ERROR ARD SEEKS ALL SOLUTIONS
50U DESQ{ I)*(SGIM)*SQINE)=SQIN)#SQIME) )=SQUJI) ¥ {SQU(L)#SQINE)=SQIN)*SQ(L
XE)I4SQIK)®{SQ(L)%*SQ(ME)~SQ(M)*SQ(LE) )
C D IS THE COEFFICIENT DETERMINANT
IF(D) 52695019526
5u]l RANKaSQUI)#SQIL)+SQ(J)#SQIM)+SQ{K)I*SQ(N)

00900
00910
00920
00930
00940
00950
00960
00970
00980
00990
01000
01010
01020
01030
01040
01050
01060
01070
01080
01090
01100
01110
01120

01140
01150
C1160
01170
01180
01190
01200

01220
01230
012490

01250

135
01270
01280
01290
01310
01320
01330
01340
01350
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5u2

IF(RANK) 39193915502
RANK®SU{ I)*¥SUILE)+SQ(J)*#SQ(ME)+SQ{K)¥SQINE)
IF(RANK) 39193919505

C
COMMANDS 501 AND 502 REJECT ROWS WITH ALL ENTRIES ZERO.
C

505

506

5V7

USS(KAN) #(SQ(M) #SUINE)=SU(N)*SQIME) ) =S (JAN)*(SW(JI%RSQINE)=SU(K)¥S
#Q{ME) )+SINANI*(SQ(J) ¥SQIN)=SQ(K) #5Q(M})

IF(U) 39195069391

0asSu( 1) ®(S (JAN)I¥SQ(NE)I=S (NAN}I#*#SQIN))=S (KAN)*(SQIL)#SQ(NE)-~SQ{N)
#ESQILE) I+SQIKI*(S (NAN)*SQ(L)=S (JANI*SQ(LE)}

IF(V) 391,507,391

WaSQUI}#(S (NAN)#SU(M)}=S (JAN)*SQIME))=SQIJ)*{S (NAN)*#SQ{L)=S (JAN
#)}%SQILE) }+S (KAN)I*(SQIL)*#SQIME)=SQIM)*SQ(LE))

IF(W) 391,510,391

C
COMMANDS 5u5 THROUGH 507 REJECT INCOUNSISTENT EQUATIONS.

C

508

509

510
512

512
513

514
515
516
518
520

NAN=NAN+ 1

IF(NAN=5) 30953099509
JAN=JAN+1

NAN=JAN+]1

IF(NAN=5) 3U9,309,608
IF(SQ(I)) 51145189511
A22=SQIMI=-SQIJI*SQIL)/SGLT)
A328SQ(ME)~SQILE)I®#SQ(J)/SGI(T)
A2325Q(N)=SQ(K)*SQIL}/SQLT)
A33=SQINE)-SQ(K)#SQ(LE)/SQ(])
IF(A32%%2+A33%%2) 51295159512
IF(A22%%2+A23%%2) 51395169513
Cal,

B=s~A23/A22
Am=(SQ(K)~B#5QlJ)1/5G(1)

GO TO 514
IF(ABSF(A*S(1)+3%5(2)+C#5(3))~001) 50895089391
IF(ABSF{SQ(LE)/SQ(1)~S(3)/5(1))=,001) 50845089391
IF(ABSFISQUL)I/SQ(I)=5(2)/75(1))=e001) 50895089391
IF(SQ(J)) 5209522952V

KOLDI=1

KOLDL=L

KOLDLE=LE

Isy

L=aM

LE=ME

JaKuLDl

M=KOLDL

ME=KOLDLE

GO TO 511

KOLDI=1

01350
01370
01380
01390
01400
01410
01420
01430
01440
01450
01460
01470
01480
01490
01800
01510
01520
01530
01540
01550
01560
01570
01880
01590
01600
01610
01620
01630
01640
01650
01660
01670
01680
01690
01700
01710
01720
01730
01740
01750
01760
01770
01780
01790
01800
01810
01820
01830
1840
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C

KOLDL=L
KOLDLE=LE
1=K

LaN

LE=NE
K=KOLDI
N=KOLDL
NE=KOLDLE
GO TO 511

COMMANDS 510 TO 526 PERFORM AN ANALYSIS OF ALL DEPENDENT CASES.

C

[aNaNa!

526 X®mS{KAN)*(SW(M)*SQINE)})-SQ{N)*¥SQIME)) =S (JAN)®(SQ{J)}*SQINE)=SQ(K)*S
QR (ME ) )ESINANI#(SQ(J)IHSQIN)=SQ(K)%S5Q(M))
XaX/D
GF (X=eULLl) 391939195286
528 YaSW(I)I*(S (JAN)I¥SW(NE)I=S (NAN)I®SU(IN))=S (KAN)I*(SQ(L)#*SUINE)=SQ{N)
EMSQ(LE) ) +SQIK)IH(S (NANI*SG(L)-S (JAN)I*SQ(LE))
YaY/D
IF(Y==uUl) 39193914530
530 2sSQ(I}*(S (SANI*SW(M)=S (JAN)*SQ(ME)}=SQ(J)% (S (NAN)I®#SGIL)I~S (JAN
*#)RSQILE) I+S (KAN)I#*(SQ(L)*#SQ(ME)~SQIMI*SQ(LE))
2=2/D
IF{Z=eOvl) 39153919535
535 JAY=(
540 JAY=JAY+1
JAY IS THE NUMBcR OF THE REFLtCTION BEING INDEXED
NR=y
MD=Y
OLD DE =1l.1l
541 NR=NR+1
IF(NR=2u) 54295429549
542 NS=0
544 NS=NS+1
IF(NS~20)54635469541
546 NT=0
548 NTsNT+1
IF(NT=20U)55uUs5509544
549 IF{MD) 39193919570

MD NON=ZERO MEANS AT LEAST ONE ACCEPTAbLLE SET OF INDICES HAVE
BEEN FOUND FOR REFLECTION JAY.
55U CIJAY)=XH#SQINR)+Y#SQINS)+Z*SU(NT)

C{JAY) IS THE CALCULATED SINE SQUARED THETA

C

IF(C{JAY)=SIJAY)=E) 55745579551
551 IF(X#*SQINR)+Y*SWINS)I=S{JAY)=E) 54495524552
552 IF(X#SQ(NR)=S{JAY)=E) 54195534553
553 IF(MD) 3919391»570
WERE THERE SOLUTIONS FOR THIS XsYs» AND Z NO»NOSYES
557 9F(CL1AY)=SIJAY)+E)} 54895589558

01850
01860
01870
01880
01890
01900
C1910
01920
01930
01940
01950
01960
01970
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
02130
02140
02150
02160
02170
02180
02190
02200
02210
02220
02230
02240
02250
02260
02270
02280
02290
02300
02310
02320
02330
02340
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COMMAND 557 ASKS IF THIS 15 A SOLUTION NOsYES»YES

C

558

564
566

567
568
569

DEE=ABSF (CLJAY)=S(JAY)}

IF(OLL DE-DEE) 54895484564

THIS COMMAND ASKS IF THIS SET OF INDICES IS BETTER THAN ALL
PREVIOUS SOLUTIONS NOs NOs YESe

IF(JAY=1) 56645669567

OLD DE =DEE

MD=]l

Bl1=SQ{NR)

B828SQ(NS)

B83=SQINT)

THE Bl ARt THE CURRENT BEST SOLUTION FOR THE S(JAY) REFLECTIONs
GO TO 548

IF(AH{JAY=1) =~ SQINR)) 566¢568+566

IF(AK{JAY=1)=SU[NS)) 5669569566

IF(AL(JAY=1)=SQINT)) 56695484566

COMMANDS 56795689 AND 569 REJECT DUPLICATE SETS OF INDICESS

C

C

COMMANDS FOLLOWING 875 DO THE LEAST SQUARES FIT FOR THE FIRST 3 LINESe.

C

570

391

574
575

578

AH(JAY)=B

AK{JAY)=B2

AL(JAY)=83

MD®=0U

OLD DE=ls.l

C(JAY )=X*Bl+Y*B2+Z%B3

IF(JAY=4) 5405759578

CONTINUE

IF(KKKK) 61U»61vr574

RETURN
AO=AH(1)#5(1)+AH{2)*S(2)+AH(3)%S5(3)
BOTAH( L) #®2+AH(2 ) #%2+AH(3) #%2

CO=AH (1) *®AK(1)+AH(2) *#AK(2)+AH(3)*AK(3)
DO=AH (1) *AL (1 }+AH(2) *AL(2)+AH(3) *AL(3)
AASAK{ L) *S(1)+AK(2)*S(2)+AK(3)%®5(3)
+B=C0

CCaAK (1) %R2+AK(2 ) *H2+AK (3 ) #%2
DD=AK(1)*#AL(1)+AK(2) %*ALI2)+AK (3 ) *AL(3)
ATeAL(L)#S(1)+AL{2)*S(2)+AL(3)%5(3)
BT=DO

CT=DD

+TBAL( 1) #82+AL(2)#R2+AL(3) %% 2

AO®BAO+AH (JAY ) #S{JAY)
O=BO+AH(JAY ) ##2

COmCO+AH(JAY ) *AK(JAY)
40=DO+AH{JAY ) ¥AL(JAY)

02350
02360
02370
02380
02390
02400
02410
02420
02430
02440
02450
02460
02470
02480
02490
02500
02310
02520
02530
02540
02550
02560
02870
02580
02590
02600
02610

02630
02640
02650
02660
02670
02680
02690
02700
02710
02720
02730
02740
02750
02760
02770
02780
02790
02800
02810

96
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580
584

586

COMMA

588
4u0
410

415
420
440
450
451
452
454

470

480
590

AA=AA+AK (JAY ) *#S[JAY)

BB=CO

CC=CCHAK (JAY ) %92

DD=DD+AK (JAY ) #AL(JAY)

AT=AT+AL {JAY ) #S{JAY)

+T=D0

CT=DD

DY=DT+AL (JAY ) ##2

DEN=BO® (CCROT~DO®CT ) =COX (BE#DT~DORBT ) +DO* (BB #CT=CCHBT)
AZEROS (AO¥ (CCHDT~CT#OD ) =COX (AAXDT—AT*DD)+D0* ( AARCT~AT*CC) ) /DEN
BZERO= (BO# (AAXDT-ATROD)=AO% (BB*DT-BT*0D)+DO* (BB¥AT-BT#AA) )} /DEN
CLEROs (BO* (CCHAT-CT*AA)~COU* (BB*AT~BT*AA) +AO* (BB*CT-BT*CC} ) /DEN
IF(JAY=NL) 58495849586

X=AZERO

YaBZERO

Z=CLEROQ

GO 10O 540

AZERO=(YLAMDA/24)/SQRTF(ALEROQ)
BZERO=(YLANDA/2¢)/SQRTF(BZERO)

+2ERQO= (YLAMDA/24) /SQRTF (CZERO)
NDS 575 THROUGH 586 CALCULATE AZEROBZEROs AND CZEROe
GO TO KSKIP»(588+480)

EX=AZERO

KEX=0

DO 450 IC=1420

DO 440 183110

ZB=18

IF(EX=ZO#STOREA(IC) = Ue001) 45194519415
IF(EX~ZB%STOREB(IC)~ CeU0L1) 45104519420
IF(EX-ZB%*STOREC(IC)~ 0eUULl) 45194519440

CONT INUE

3ONT INUE

GO TO 470

KEX=KEX+1

IF(KEX=2) 45294549391

EX=BZERO

GO TO U0V

EX=CZERO

GO TO 400

NSTORE=NSTORE+1

STOREA(NSTORE)=AZERO

STOREB(NSTORE )=BZERO

STOREC(NSTORE)=CZERO

CONT INUE

W={YLAMDA/ 2 e ) *%2

DO 594 IC=)lsNl
ESS(IC)= Q* {AH{ IC) ZAZERO®®2+AK (IC)/BZERO®#2+AL(IC) /CZEROD
*Re2)

02820
02830
02840
02850
02860
02870
02880
02890
02900
02910
02920
02930
02940
02950
02960
02970
02980
02990
03000
03010
03020

03030
03040
03050
03060
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594 CONTINUE
COMMAND 590 FINDS CALCULATED SINE SQUARED THETA

SUMA=Q.
SUM=Ue
DO 596 IC=1sNI
DE(IC)=S{1C)=ESS(9C)
KAH{IC)=AH{ IC)
KAK(IC)=AK(1C)
KAL(IC)=AL(IC)
SUM=SUM+DE( IC) ##2
SUMARSUMA+(DE(IC)I#*2)/525Q( IC)

596 +ONTINUE
SIGMAmSQRTF { SUM/FLOATFINI=3))
SIGTH=SGRTF (SUMA/FLOATF(N1=3))1%#57¢2957795
SIGMAX=SIGMA*SQRTF( (CCHDT~CT#DD)/DEN)
SIGMAY=2SIGMA®*SQRTF ( (BO*D T~BT#D0) /DEN)
SIGMAZ=SIGMA®SQRTF{ {BO*CC~BB#CO) /DEN)
SIGMAABSIGMAX*AZERO/ (24%X)
SIGMAB®SIGMAY*#BZERO/ (2e%Y )
SIGMACES IGMAZ*CZERO/ (24%2)

69U WRITE OUTPUT TAPE 3»2VUsNAMEIESAZEROYBZEROSCZERO
VOLUMEBAZERO#BZERO*CZERO
IF(FORMWT) 6U19601ls603

603 ZNMBER=DENSTY*VOLUME#e6U23/FORMNWT
GO TO 6uL&

601 ZNMBER=0,

604 CONTINUVE
WRITE OUTPUT TAPE 3940y XLAMDAPYLAMDA sDENSTY s FORMWT o ZNMBER
WRITE OUTPUT TAPE 3945,NCUT
WRITE OUTPUT TAPE 39655SIGTHsSIGMA»SIGMAA»SIGMAB» SIGMAC
WRITE OUTPUT TAPE 391U
DO 6u7 IC=1N1
IF(XMODF(IC+6932)) 60696029606

602 WRITE OUTPUT TAPE 3999 9NAME
WRITE QUTPUT TAPE 3,10

6U6 WRITE OQUTPUT TAPE 393Us(ICHTWO THIC) sKAH(IC) o KAK(IC) s KALIIC)

*S{IC)eESS(IC)eDE(IC))
607 CONTINUE
KKKKBKKKK+1
GO TO 3Vé
6U8 IF(KKKK) 6U9%9»6u99620
6C9 WRITE OUTPUT TAPE 3»99sNAME
WRITE OQUTPUT TAPE 3,89
RETURN
610 WRITE OUTPUT TAPE 3»99sNAME
WRITE OUTPUT TAPE 3+25»E
620 RETURN
EiD

03070
03080
03090
03100
03110
03120
03130
03140
03150
03160
03170
03180
03190
03200
03210
03220
03230
03240
03250
03260
03270

03280
03290
63300

03320
03330
03340
03350
03360
03370
03380
03390
03400
03410

03430
03440

v3g460
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