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PREFACE

This report contains descriptions and operating instructions
for a collection of general utility programs applicable to various
phases of crystal structure analysis with computers. All coding
is done in FORTRAN II language for 32K core IBM 704 and 7090
machines; the FORTRAN-language programs are completely listed
in the Appendix.

The data input to many of the programs has been designed to
be compatible with the output of the automatic data reduction pro-
gram XRDDR (H.G. Norment, "An X-Ray Diffraction Data Reduc-
tion Program for the IBM 704 and 7090,0 NRL Report 5739, Feb.
1962).

Where data input from special tape is required, the logical
tape numbers are assigned symbolic designations near the begin-
nings of the FORTRAN programs. Thus, if it is required that these
tape numbers be changed, it is sufficient to change only the one
FORTRAN statement card and then recompile.

In the form presented in this report, the programs are writ-
ten for use with the IBM 7090 IB Monitor system.

PROBLEM STATUS

This is a final report on one phase of the problem; work on
other phases continues.

AUTHORIZATION

NRL Problem C07-03
Project RR 001-02-43-4805

Manuscript submitted November 21, 1962.
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A COLLECTION OF FORTRAN PROGRAMS
FOR CRYSTAL STRUCTURE ANALYSIS

1. UNIT CELL PARAMETERS AND ERRORS BY LEAST SQUARES

1.1 Purpose

Given a set of reflection data consisting of Miller indices and sin 0 or sin 6/A values,
compute the least-squares reciprocal and real-space unit cell parameters and uncertain-
ties for any crystal system.

1.2 Input

The data input is taken from cards immediately following the program deck. It con-
sists of one control card and a deck of reflection cards.

A. Control Card:

columns 1-2 3-4 5-12 13-72

data Ni LIST YAM Hollerith information

formats 12 12 E8.5 10A6

1. N1 specifies the crystal as follows:

Crystal System N1

triclinic 1
monoclinic* 2
orthorhombic 3
tetragonal 4
hexagonal 5
cubic 6

2. If LIST 0 or blank, the complete reflection data with observed and calcu-
lated [(sin 8)/X1

2 are printed out. If LIST # 0, only the cell parameter and errors
are printed.

3. YAM is the wavelength of x radiation used, or else YAM is 0. If YAM = 0
or blank, the program assumes that (sin 0)/x values have been loaded. If YAM =
the program assumes that sin 0 values have been loaded.

B. Reflection Card:

columns 1-4 5-8 9-12 13-22 23-32
data h k t S W

formats 14 14 14 E10.5 E10.5

1. h,k, tare the Miller indices

2. S is either sin e or (sin 6)/,\ (see above)

4 3. V is a least-squares weighting factor. If w is not punched, the program
assumes W = (sin 0)/K.

*It is always assumed by the program that c is the unique axis; thus the first setting
is used for the monoclinic system.

t i



2 NAVAL RESEARCH LABORATORY

The reflection card deck is terminated with a blank card.

S~A second calculation may follow. The reflection deck of the last calculation In

terminated with two blank cards.

1.3 Method of Calculation
l Let S2 =4(sin2O)/A2

Hij bhhjh, i, j = 1,2,3

gs1 .j, i, j = 1,2,3

Swhere h, and a' are respectively a Miller index and a reciprocal cell edge vector.

Then
6 2 = Hgi go

where the repetition of a subscript as a superscript in the same term of an expression

denotes summation over that index.

The least squares criterion requires that

F = [,(., iJ,- S2)2] = inim,
whence ,a_ no [, (K, , ,,,.:o
or

[.H...,,] g" =[,,,...], n,.,i, 1, 2 ,3,

where the brackets denote summation over all experimental observations, and v is a
weighting factor, different in general for each observation.

After collecting terms, this becomes

(2,- ,•_ . (2 - S ,) [IH..a. ,] ,i , (2- 8n.. [,_2H..]

where n,.,i, j - 1,2,3; m >, n; j > i; and 81, is the Kroneker delta. In matrix notation this
becomes

N'n.,,<,) • ( ),-,) = (D(",.))

where
h(nmXij)=(2-$o(2-6j WnH]

G(no) 0e

D(n.) = (2 - &no) [IN .'"1

The G(no) are found by the usual matrix methods. The variances likewise are found by the
usual methods, i.e.,

F h(noXna)
-2 o(n-) Ihi k-9
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where h(noXna) is the cofactor of h(noXn,) element of jhi, k is the number of terms in the
bracket summation, and 4 is the order of I h

The uncertainties in the unit cell parameters and volume are then found by error
propagation methods. The equations are quite messy and will not be reproduced here.

1.4 Output

The output is self explanatory. It consists of the reciprocal cell parameters, the
real cell parameters with uncertainties, the real. cell volume with uncertainty, and, if
desired, the observed and calculated S values are listed for each reflection.

1.5 Limitations

No more than 150 observations may be used.

1.6 Special Subroutines Called

In addition to the executive program, the following special subroutines are used:

a. PARAM c. ERRREL
b. ERRPRM d. OUTPRM.

Other nonlibrary programs used are:

e. RECIP
f. ARCSIN
g. Modified versions of RW MATS and RW DET (SHARE distn. no. 635).

1.7 Special Tape Requirements

None

2. QUASI NORMALIZATION OF STRUCTURE FACTORS

2.1 Purpose

Prepare a BCD tape containing h,k, 4, and E2 -I, similar to the one written by XRDDR,
using for input the hk,4, F2 tape written by XRDDR in the Busing least-squares program
format (1).

2.2 Input

The input consists of a card input, which is loaded following the program deck, and
a tape input, which usually will consist of the data tape output from SUBROUTINE OUTPUT
of XRDDR. The tape input is from logical tape 16.
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A. Control Card:

columns 1-10 11-20 21-30 31-40 41-50 51-60

data NOIB NASP NF BTl EX LIB

formats 110 110 110 E10.4 ElO.4 I10

1. NOIB is the number of reflection records on logical tape 16.

2. NASP is the number of different atomic species in the crystal.

3. NF is the number of files on the input tape to be spaced over. This allows
input to be taken from a library tape.

4. BT1 is the modified Wilson equation temperature factor B (as taken directly
from the output of XRDDR).

5. EX is the exponent in the modified Wilson equation (labeled x in the output of
XRDDR).

6. LIB is 1 if a library tape is used as input. It is blank otherwise. (It is
assumed that the first record of a library tape is an identification record.)

Atomic Scattering Factor Cards:

columns 1-8 9-16 17-24 25-32 33-40 41-44

data AS AS1 BS BSI CS AN

formats F8.4 F8.4 F8.4 F8.4 F8.4 F4.0

The quantities AS, AS1, BS, BS1 and CS are the parameters A, a, B, b, and C
defined and listed by Forsyth and Wells for calculation of atomic scattering factors (3).
AN is the number of atoms of the atomic species in the unit cell. There is one card
for every different atomic species in the crystal. The deck consists of one control
card followed by NASP atomic scattering factor cards.

B. Reflection Data Tape:

columns 1-9 10-18 19-27 28-36 37-54 55-63

dati h k 4 F2 blank (*in O)/
formats F9.2 F9.2 F9.2 F9.2 18X F9.6

2.3 Method of Calculation

F 2 values are converted to E2 values according to the following equation

V =F2 ,, .[,(. )/, f2).

The reflections are read from the input tape and processed in groups of 500 (or less
for the last group). Thus, any number of reflections may be processed in one computer
run.

2.4 Output

Logical tape 15 i1 rewound at the beginning of the calculation. Output is BCD on tape 15.
The program writes an END FILE on 15 and rewinds it when the calculation is finished.
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Scolumns 1-4 5-8 9-12 13-32
data h k t E2_ I

formats 14 14 14 F20.5 I
2.5 Limitations

There can be no more than twenty different atomic species in the crystal.

2.6 Special Subroutines Called

A FAP coded subroutine FLSKPD is called which forward-spaces tape 16 the number
of files specified by NF (see control card).

2.7 Special Tape Requirements

SLogical tape 16 is used for BCD reflection input. !

3. RATIONAL DEPENDENCE*

3.1 Purpose

To determine the extent of rational dependence, as defined by Hauptman and Karle (4),
in a crystal structure using the normalized structure factor magnitudes.

3.2 Input

The input consists of a card input, which is loaded following the program deck, and
a tape input, which usually will consist of the data tape output from program SF NORM of
XRDDR. The tape input is from logical tape 12.

A. Card Input

There are two types of cards in the card input.

a. 72 columns of Hollerith characters (these characters are used to title the
output).

b. Control Card:

columns 1-10 11-20 21-30 31-40 41-50 51-60 61-70

data NA NINT NFIN MINN AN SDMIN JPUT
formats 110 110 110 110 E10.4 E10.4 110

1. NA is 1 for noncentrosymmetric crystals; it Is 0 or blank for centrosymmetric
crystals.

2. NINT is the initial modulas.

*After Block and Yannoni, National Bureau of Standard (unpublished).
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3. NFIN is the final modulas.

4. MINN is the minimum number of reflections considered significant in a sub-
set showing rational dependence effects. Results will not be output for subsets of
reflections with fewer than MINN members.

5. AN is the minimum number of standard deviations which is considered a
significant difference between the subset average and overall average of E2.

6. SDMIN is the smallest deviation between the subset average and the overall
average of E2, where the deviation is considered to significantly show the presence of
rational dependence effects.

7. JPUT is not 0 when complete listings of reflections are desired for each sub-
set for which evidence of rational dependence has been found. JPUT is 0 when the
reflection listings are not desired.

Additional control cards may follow if additional calculations are desired. The card
deck is terminated with a blank card.

B. Tape Input.

This tape may be tape number 5 or 7 from program SF NORM of XRDDR:

1. The first record on the tape consists of the number of reflection records on
the tape (format 17).

2. Reflection records:

columns 1-4 5-8 9-12 10-32

data h k t E2 -1

formats 14 14 14 F20.5

3.3 Method of Calculation

A FORTRAN source program written by Block and Yannoni was obtained from Dr. Block
of the National Bureau of Standards. The program has been modified with respect to reflec-
tion input; certain redundancies in the selection of subsets have been eliminated; a pro-
vision for specifying the minimum significant number of reflections in the subsets has
been added; the criterion for accepting as significant a deviation of average E2 from the
overall value has been operationally improved by making it independent of the numbers of
reflections in the subsets; and, finally, the output has been vastly expanded and improved.
Otherwise the calculations are done essentially as coded by Block and Yannoni.

All reflections in a subset satisfy the relation

ah + bk + c - n (modm)

where m is a positive integer limited (by the program) to a maximum value of 14; a, b,
and c may have integral values ranging from -13 to +14, depending upon the value of m.

If the value of average E2 for a subset differs significantly from the average over all
observed E2, then rational dependence is said to exist in the crystal structure.

The program automatically checks all possible subsets for rational dependence effects
for all moduli (i.e., all m) between the limits specified on the control card.
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3.4 Output

The output consists of three parts A, B, and C. A and B are always obtained, and C
is or is not obtained at the option of the program user.

A. This is a leading one-page printout consisting of the control information, overall
average E2 , and the total number of reflections on the input tape.

B. For each subset for which significant rational dependence effects are found the
following is printed: a,b,c,n,m, average E2 , and the number of reflections in the subset.

C. If the control datum JPUT is not zero, data for all reflections in the subset defined
by the printout of B above are listed, immediately following the B printout, in the form:
h,k,e, E2-1, and E2-A, where A is the overall average E2 .

3.5 Limitations

The only limitation in addition to those already mentioned in section 3.3 is that the
number of input reflections be less than 5000.

3.6 Special Subroutines Called

A subroutine OUTRAT, especially designed to write output for this program, is called.

3.7 Special Tape Requirements

Logical tape 12 is used for reflection input.

4. SIGMA-2 LISTINGS

4.1 Purpose

For each member of an ordered list of reflections, where the member is defined by
the Miller index triple h and normalized structure factor magnitude E, the program lists
all pairs of reflections h9, Ej, and hp E, from a similar ordered list of reflections which
satisfy the relation

h=hi +hi•

A pair of reflections hj and h9 is said to be a Z2 interaction pair for the reflection h if the
equation above is satisfied.

4.2 Input

The data input consists of one control card, which is positioned at the end of the pro-
gram deck, and a list of h and E2 -1, which is read in either from logical tape 11 or from
cards. The output tapes from program SF NORM of XRDDR may be used.
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A. Control Card:

columns 1-10 11-20 21-30

data Z IZ NOIB

formats E10.4 110 110

1. All reflections for which E2-1 < Z are rejected from consideration.

2. If IZ = 0 the reflection data are read from logical tape 11. If IZ 1 0 the reflec-
tion data are read from cards.

3. Lists of I interaction pairs are tabulated for the NOIB reflections with larg-
est E2 -1 values. NOIB is negative, lists are prepared for the entire group of reflec-
tions for which E2-1 t Z (see method of computation below).

B. Reflection Data.

The reflection data is prefaced with one card (or record) NRT containing theI number of reflections to be read. The format is 17.

The reflection records contain the following information:

columns 1-4 5-8 9-12 13-32

data h k t K2-1

formats 14 14 14 F20.5

4.3 Method of Calculation

As each reflection is read into the computer it is accepted or rejected on the basis
of whether or not the criteria on h,k,t specified in REJVEC (see section 4.5) are satis-
fied. If the criteria are not satisfied, REJVEC sets E2 -1 = -10. Then, the reflection is
tested on the basis of the magnitude of E2 -1, and all reflections for which E2-1 < Z are
rejected. (The minimum physically meaningful value of E2_1 is -1.)

The selected set of reflections is arranged in decreasing order of magnitude of E2 -1.
Then lists of 12 interaction pairs are calculated and tabulated for the top NOIB reflections
in the selected set. If NOIB has been entered as a negative number, the lists are calcu-
lated for every member of the selected set.

4.4 Limitations

The selected set of reflections may not exceed 2400 reflections. There may not be
more than 1000 Y2 interaction pairs for each i.

4.5 Special Subroutines Called

a. REJVEC.

This subroutine imposes acceptance criteria on h,k,4 of each reflection. The
program user may write his own program or use the dummy program already written.
The quantities NI, N2, N3, and Q in the calling sequence are h,k,t, and K2 -1.
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b. SIGVEC.

A crystal-system-dependent subroutine which selects h. and hj for each h. If
SIGVEC for the triclinic case is used, and the reflection decks are always "blownup"
so as to include all symmetry mates of all reflections, then this subroutine becomes
noncrystal-system dependent. SIGVEC versions for triclinic, monoclinic, and ortho-
rhombic crystals are available.

c. OUTSIG.

This subroutine prints out the list of i, E1 andih, Ej and the products E.E E for
each h, E.

4.6 Special Tape Requirements

Logical tape 11 is used for reflection input.

5. TRIPLE PRODUCT SUMMATION FOR ORTHORHOMBIC CRYSTALS

5.1 Purpose

These programs (one for centrosymmetric and one for noncentrosymmetric crystals)
are designed to calculate the quantity E E2 E3 , as defined by Hauptman and Karle (5), or the
quantity IE E2EA3 cos (01+02+03), as delined by Karle and Hauptman (6).

5.2 Input

The input consists of a card input, which is loaded following the program deck, and
a tape input, which usually will consist of an output tape from program SF NORM of
XRDDR.

A. Control Card:

columns 1-10 11-20 21-30 31-40

data NA IM JM KM

formats 110 110 110 110

1. NA is the number of atoms (exclusive of hydrogen atoms) in the unit cell.

2. IM is the maximum value of Miller index h.

3. JM is the maximum value of Miller index k.

4. KM is the maximum value of Miller index t.

Triple Product Selection Card:

columns 1-10 11-20 21-30 31-40 41-50 51-60

data h, k, 't h 2  k2  •2

formats 110 110 110 110 110 110

FI
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1. hlkl,.t1 are the Miller indices of the reflection with normalized structure
factor El (see section 5.1).

2. h2 ,k2, t2 are the Miller indices of the reflection with normalized structure
factor E2 (see section 5.1).

The deck consists of one control card followed by any number of triple product selec-
tion cards. Calculation is terminated by the second blank card read (the first blank
card causes calculation of the triple for h1'h 2 " 0).

B. Reflection Data.

SThe first record on the reflection data input tape contains the number of reflec-
tion records to follow (format I7).

Each reflection record consists of:

columns 1-4 5-8 9-12 13-32

data h k • E2-1

formats 14 14 14 F20.5

Tape input is from logical tape 9.

For many problems it may be necessary to recompile the source program in
order that the dimension assignments on the triply indexed variable E be changed (see
section 5.3).

5.3 Method of Calculation

The program stores each value of (E2-1)hkt as the triply indexed FORTRAN variable
E(h,k, t). The program then runs through the list of reflections in a triple nest of DO
loops in order to select summands.

The orthorhombic symmetry operations on h,k,, are coded into the program.

Since the program uses h,k, t as indices, these quantities always must be positive.
The program automratically rejects one- and two-dimensional data. Core size limits the
maximum values of h,k, t rather severely. As listed in this report, the program accepts
maximum values of h,k, t as large as 30, 10, 30. E is the only dimensioned variable in the
programs, and most of the core is available to it; however it will frequently be necessary
to recompile.

The only difference between the programs for centrosymmetric and noncentrosym-
metric crystals is that for the former, the average is divided by N-AS/ 2/8, whereas the
latter is divided by N"A3/ 2/2. (Note the third statement following statement number 8 in
the FORTRAN listing given in Appendix A.)

Whereas only three-dimensional data are included in the summations, h,, h 2 , hK need
not be three dimensional.

If none of the Miller indices of h 1 , h, h are zero, the program includes the correc-
tion term (E2j,+ K2 j + K2j3- 2)/NX/2inthe results.
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5.4 Output

The output for each reflection includes:

a. h3p h
1 ,h 2

b. the number of terms in the sum.

c. the scaled triple product average without correction term.

d. the scaled triple product average with correction term.

e. the correction term.

5.5 Limitations

See section 5.3.

5.6 Special Subroutines Called

None.

5.7 Special Tape Requirements

Logical tape 9 is used for reflection input.

6. STRUCTURE FACTOR CALCULATION

6.1 Purpose

To provide a convenient means for calculation of structure factors and quasi-
normalized structure factors for use during preliminary stages of structure determination.
Reflection input is from the E2-1 or F 2 output tapes of XRDDR. Isotropic temperature fac-
tors are used.

6.2 Input

The input may be divided into general and control information, and reflection data.

A. General and Control Information.

The cards in this part are included with the program deck.
1. 72 columns of Hollerith characters (format 12A6). These Hollerith characters

are used to title the output.

2. Control Card No. 1:

columns 1-10 11-20 21-30 31-40 41-50 51-60 61-70

data IC IE NR NF IP LIB LINE

formats 110 110 n10 110 I10 110 110
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IC = 0 if crystal is centric; IC # 0 if crystal is acentric.

IE = 0 if F 2 reflection data input is used; IE # 0 if E2-1 reflection data input is
used.

NR is the number of input reflections (if E2 -1 reflection data is used, this may
be left blank).

NF is the number of files to be spaced over if the reflection data are read from
a library tape.

IP = 0: E output mode is specified; IP j#0: F output mode is specified. IP is
irrelevant for centric crystals (see section 6.5.B for a description of the modes).

LIB = 0: library tape not used for reflection input; LIB # 0: library tape is used
for reflection input.

Line = 0: reflection data is read from logical tape 10; LINE # 0: reflection data
is read from cards.

3. Cell Constant Card:

columns 1-10 11-20 21-30 31-40 41-50 51-60

data a b c a v,
formats E10.4 El0.4 El0.4 E10.4 E10.4 E10.4

a,b,c,a,/3,y are the real-space unit cell parameters in units of angstroms and
degrees.

4. Control Card No. 2:

columns 1-10 11-20 21-30 31-40 31-50

data BT XT SFC KKT 1OUT

formats E10.4 E10.4 El0.4 110 110

BT and XT are the parameters B and X of the modified Wilson equation as taken
from the output of XRDDR (if KKT = 1, these fields may be left blank).

SFC is a scale factor by which all F0 are to be multiplied to bring them to the
proper scale. It is irrelevant if Eodata are input.

KKT has the value of 0,1, or 2, which serves to select the desired structure fac-
tor normalization procedure as follows:

KKT = 0: apply exact normalization procedure to F,; apply approximate normali-
zation procedure to F0 or E0 .

KKT = 1: apply exact normalization procedure to Fc; apply exact normalization
procedure to F0 or E0 .

KKT = 2: apply approximate normalization procedure to Fc; apply approximate
normalization procedure to F 0 or E0.

(see section 6.4 for explanations of exact and approximate normalization.)

If 1OUT # 0, a BCD output (logical tape 11) will be written (see section 6.6).

if
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5. Scale factor cards.

If IE is 0 (i.e., F0 reflection data are input), a deck of scale factor cards is input.SEach card contains one scale factor (format El10.4). The deck is terminated with a

blank card. The scale factors are indexed in the order loaded and are applied accord-
ing to the procedure given in section 6.2.B under description of SCF.

6. Atomic scattering factor cards.

There is one card for each unique atomic species in the crystal:

columns 1-8 9-16 17-24 25-32 33-40

data A a B b C

formats F8.4 F8.4 F8.4 F8.4 F8.4

A,E,B,b, and c are the parameters used in the Vand, Eiland, Pepinsky approxi-
mation equation for calculation of atomic scattering factors as defined by Forsyth
and Wells (3,7).

The deck of atomic scattering factor cards is terminated by a blank card.

The loading order of the atomic scattering factor cards is important and must
be consistent with the quantities I on the coordinate cards (see section 6.2.A.7).

7. Coordinate cards.

There is one card for each atom in the asymmetric unit:

columns 1-10 11-20 21-30 31-40 41-50

data X Y Z B I

formats E10.4 E10.4 E10.4 E10.4 I10

XY, and Z are the fractional atomic coordinates of one atom.*

B is the isotropic temperature factor.

I is an integer which relates the atom to one of the atomic scattering factor
cards and thus specifies the atomic type. Each atomic scattering factor card is
numbered 1,2,3,... in sequence as it is read into the computer. Thus, if the second
scattering factor card to be read is for carbon, then I = 2 on all carbon coordinate
cards.

The deck of coordinate cards is terminated with a blank card.

8. Transformation cards.

The atoms In the asymmetric unit are transformed according to the relations

given in "International Tables for X-Ray Crystallography," Vol. 1, (N.F.M. Henry and
K. Lonsdale, Birmingham.Kynoch Press, 1952) so as to fill out the unit cell. There
is one card for each transformation.

columns 1-10 11-20 21-30 31-40 41-50 51-60

data T1 T2 T3 Ul U2 U3

formats E10.4 E10.4 E10.4 E10.4 E10.4 E10.4

*f an atom is at the origin, XY,Z should be given the values 1,1,1 instead of 0,0,0.
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The transformations are done as follows:

=X' TI + UI.X

Y' = T2 + U2"Y

Z' = T3 + U3.Z.

Example: Space group P21 /I

Transformations: iyi; x,1/2 -y, 1/2 + z; 1, 1/2 + y, 1/2 - z.

Transformation cards

Ti T2 T3 U1 U2 U3

.0 .0 .0 -1. -1. -1.

.0 .5 .5 1. -1. 1.
.0 .5 .5 -1. 1. - 1.

The deck of transformation cards is terminated with a blank card.

B. Reflection Data.

The reflection input may be included along with the program deck, following the
general and control information cards, or be taken from logical tape 10. It may be
taken directly from an XRDDR output tape or from a library tape, each file of which
contains the data from an XRDDR input or output tape. In the latter case, the pro-
gram assumes that each file is prefixed with one identification record.

The program calculates structure factors for each reflection in the reflection
input.

If F 2 reflection Input is used (sin 0)/K values may or may not be included (they
are automatically included on the XRDDR F2 output tapes). The format is the same
as that used for input to the Busing least-squares program.

If E2-I reflection input is used, the first record must consist of the number of
reflections to be read (format I). No provision is made for input of (sin e)/x data.

F 2 reflection data:

columns 1-9 10-18 19-217 28-36 37-45 46-54 55-64

data h k t F0  (blank) SFC (sin 9)/A

formats F9.2 F9.2 F9.2 F9.2 9X F9.2 F9.6

The quantity SCF is a floating point integer which relates the reflection to one of
the scale factors described in section 8.2.A.5 above. The integer corresponds to the
loading sequence number of the scale factor (i.e., the first scale factor loaded corre-
sponds to SCF = 1.0, etc.). SCF may be punched on every card. Alternatively, the
reflection input may be grouped into sets where all reflections in a set are multiplied
by the same scale factor. In this case, it is sufficient to punch SCF in the first card
only of each set. This is the same scaling procedure used in the Busing least-squares
refinement program; however, in this program, the F0 values are scaled.
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Z2_I reflection data:

columns 1-4 5-8 9 - 12 13 -3 2

data h k 4 RoZ-

formats 14 14 14 F20.5

N another calculation is to follow, a card with a 1 punched in column 7 follows
the last card of the main deck; otherwise, a blank card is last.

6.3 Data Deck

The composition of the data deck Is as follows:

a. Hollerith card.

b. control card no. 1.

c. cell constant card.

d. control card no. 2.

e. all scale factor cards (if IE • 0, there are no scale factor cards).

f. blank card.

g. all atomic scattering factor cards.

h. blank card.

i. all coordinate cards.

J. blank card.

k. all transformation cards (Hf any).

1. blank card.

m. reflection cards unless r'eflection input is from tape.

n. a card with 1 in column 7 or a blank card depending upon whether or not
another calculation is to follow.

6.4 Method of Calculation

Structure factors are calculated from the total unit cell contents (rather than from
the asymmetric unit contents) using the equations for the triclinic case. Nevertheless,
coordinates may be entered for one asymmetric unit only, provided that transformations
follow by which the asymmetric unit set is expanded to fill the unit cell. The transforma-
tions may be copied directly from the *International Tables for Crystallography," Vol. I
(1952). In this way, the program is completely general in its applicability while requiring
the most simple type of Input.

The quasi normalization of structure factors (and in the case where F2_1 reflection
input is used, the inverse normalization) may be done In either of two ways, designated
an exact and approximate normalization.

1. Exact normalization:

32 = F f2
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2. Approximate normalization:

F 2 exp [BT(sin2 e/X2)zT]

where 1,

f, = f0,1 exp [-Bi(sin2 0)/\2]

and N is the number of atoms in the unit cell.

6.5 Printed Output

A. Centric Crystals.

The output for each reflection is:

a. hkt

b. F0

c. F0

d. E0

e. Er

f. AF

g. AE.

B. Acentric Crystals.

Either one of two modes of output may be selected:

1. F mode

a. hfk,t

b. E0 , Ec

c. FOP Ec

d. A0, BO

e. Ac, Bc

f. &A$ &B

g. AF.

2. E mode

a. h,kt

b. F0, Fc

c. Eo0 Ec

e. P, CcI where JE12 = C2+ D2

f. AC, AD

g. AE.
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In addition to the reflection output, the program prints I I AF I F0 , and
R = 16F I / I I F0 I both including and excluding unobserved data.

6.6 Tape Output

If IOUT ý 0 the program writes a reflection output tape containing one of the follow-

ing sets of data for each reflection (format 7F10.4):

a. Centrosymmetric crystals

h, k,t,F0 , E0, AF,AE

b. Noncentrosymmetric crystals

1. IP=0:
h,k,,Co0 ,D0 ,AC,AD

2. IP ý0:
h,kj, A0,BoAA,AB

where the observed quantities are scaled and given the signs of the corresponding calcu-
lated quantities.

6.7 Special Subroutines Called
a. OUTSFC.

An output routine designed for these calculations only.

b. RECIP.

c. The FAP coded tape utility program written by P. Gum.*

d. INTG.

6.8 Special Tape Requirements

a. Logical 10 is used for reflection input.

b. Logical 11 is used for reflection output.

7. INTERATOMIC DISTANCES AND ANGLES WITH
INTERPOLATION FOR PEAK CENTER LOCATION

7.1 Purpose

Given a basic set of atomic or peak coordinates and a set of symmetry transformations
on these coordinates, calculate and list all interatomic distances b, where 0.7 4 b < BMX,
and calculate all angles between connected pairs of distances for all possible combinations
in any crystal.

*Diffraction Branch, Optics Division, NRL.
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7.2 Input

The data input is from cards which are loaded immediately following the program
deck. The cards are described in loading sequence as follows:

A. 72 columns of Hollerith characters (format 12A6). These Hollerith characters are
used to title the output.

B. Cell Constant Card:

columns 1-10 11-20 21-30 31-40 41-50 51-60

data a b c aIv

formats E10.4 E10.4 El0.4 E10.4 E10.4 E10.4

The quantities ab,c,a.,ATy are the real-space unit cell parameters expressed in
units of angstroms and degrees.

C. Bond Length Limit Card:

columns 1-10 11-20

data BMX AMX

formats E10.4 E10.4

BMX.

Interatomic distances b for which 0.7 4 b < BMX are considered acceptable and
are tabulated for printing.

AMX.

Angles for all pairs of acceptable distances sharing a common atom, for which
the distances of both members of the pair are less than or equal to AMX, are tabu-
lated for printing.

[WARNING: When a large number of atoms or peaks are involved and BMX and
AMX are both large (i.e., greater than about 3.OA), the number of angles printed can
be very large-.]

D. Grid Interval Card:

If peak maxima coordinates are to be found by interpolation between grid points
of a Fourier calculation result, this card contains the fractional grid increments in
the directions of X, Y, and Z.

columns 1-10 11-20 21-30

data XINC YINC ZINC

formats 110.4 E10.4 1E0.4

For example, if the Fourier calculation was done in increments of 1/30, 1/60,
and 1/120 along X, Y, and Z, respectively, then

XINC = .03333, YINC = .01666, and ZINC - .008333.

If interpolation is not to be done, this card must be blank.
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E. Coordinate Card:

columns 1-10 11-20 21-30

data X Y Z

formats ElO.4 1E0.4 E10.4

X, Y, and Z are the fractional coordinates of an atom or peak. There is one
card for each atom or peak in the basic (untransformed) set. If interpolation is to be
done, each coordinate card is followed by an interpolation card (see section 7.2. F
below). If interpolation is not to be done, the interpolation cards are absent from
the deck.

The coordinate card deck is terminated by a blank card.

F. Interpolation Card.

Interpolation cards are included in the coordinate deck, one following each coor-
dinate card, if and only if card D is not blank (see section 7.2.D). .2.4).

The fractional coordinates of the grid point closest to a peak maximum in a
Fourier calculation result are given on the coordinate card. Relative to this central
grid point, designate the Fourier summation value at nearby grid points by P(i, j,k),
where i,j, and k have integral values representing the (signed) n, ýabers of grid inter-
val separations of the point from the central one in the directions of X, Y, and Z,
respectively.

The interpolation card contains the following:

acolumns I-10 11-20 21-30 31-40 41-50 51-60 61-70

.data i(0,0,0) P(-I,0,0) P(1,0,0) P(0,-l,0) P(0,1,0) P(0,0,-1) P(0,0,1)

formats H10.4 E10.4 E1O.4 E10.4 E10.4 E10.4 E10.4
If the user wishes to interpolate some, but not all, points, then values of P(0,0,0) =

100.0 and all other P = 1.0 may be entered for those points that are not to be! interpolated.

Note that P(0,0,0) must be the largest P on the card. Also, all P must be greater
than zero. Negative or zero P can be accommodated by adding a constant increment
to all P such that the results are all positive.

G. Transformation Card:

columns 1-10 11-20 21-30 31-40 41-50 51-60

data TI T2 T3 U1 U2 U3
formats E10.4 310.4 310.4 E10.4 E10.4 310.4

There is one transformation card for every symmetry transformation to be applied
to the basic set of coordinates. The transformations are applied according to theequations:

X1 = T1 + U1-X

Y1 = T2 + U2.Y

ZI a T3 + U34Z.

The transformation card is terminated by a blank card.
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7.3 Data Deck

The composition of the data deck is as follows:

a. Hollerith card.

b. cell constant card.

c. bond length limit card.

d. grid interval card, or blank if interpolation is not desired.

e. all coordinate and Interpolation cards.

f. blank card.

g. all transformation cards (if any).

h. blank card.

7.4 Method of Calculation

The basic set of coordinates are loaded, interpolated (if desired), and then each trans-
formation is applied to the basic set, generating a transformed set for each transforma-
tion. Thus, if there are N atoms in the basic set and there are M transformations, the
complete set contains N(M + 1) atoms.

Interatomic distances less than or equal to BMX are tabulated for all pairs of atoms
in the basic set and for all distances ( BMX) which cross the transformed set boundaries
for the complete set.

Atom pairs closer together than 0.7A are listed in a separate output and are rejected
from further consideration.

Next, the list of accepted interatomic distances is scanned to find pairs of interatomic
distances which share a common atom. Angles for all such pairs of distances are tabu-
lated if both distances are less than or equal to AMX. Logical tape 9 is used for Inter-
mediate storage of angles.

Interpolation is done by fitting the seven Fourier grid points closest to the peak maxi-
mum to a Gaussian function and then finding the maximum of the function. The corrections,
&X, A Y, and &Z to be added to X, Y, and Z are found by solving the matrix

C) D

where

"D = og P(,0,O) l/Fog P('0,O) + log P(OO0 1)
etc. 2[P(-1 ,0,0)J/[ P(i11010

7.5 Output

In the output, each atom is represented by two Integers separated by a hyphen. The
first Integer specifies~the transformation (numbered according to loading order) which
has been applied, and the second integer specifies the atom in the basic set (numbered
according to loading order) from which it was derived.
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The output is in the following order:

a. Atomic coordinates for the complete set.

b. Interatomic distances.

c. Angles.

d. Interatomic distances less than 0.7A.

7.6 Limitations

a. The complete set of atoms or peaks is limited to 500 in number.

b. If more than 2900 acceptable interatomic distances are found, BMX is decremented
by 0.25A and the calculation is begun again. This process is repeated until a total of 2900,
or less, acceptable distances are found, or until BMX < 2.0. In the latter case, distances
and angles are calculated for the basic set of atoms only. If more than 2900 acceptable
distances are found in the basic set, the calculation is terminated without output of results.

c. No more than 200 distances less than 0.7A can be accommodated.

d. There is no limit on the number of bond angles.

7.7 Special Subroutines Called

a. subroutine INTERP. This subroutine does the interpolation by Gaussian curve

fitting.

b. subroutine MATS (SHARE distr. no. 635).

c. soubroutine OUTBND: (distance and angle output).

d. function DOTPRD.

e. function ARCSIN.

7.8 Special Tape Requirements

Logical Tape 9 is used for intermediate storage.

8. LEAST-SQUARES PLANE AND LINE FITTER

8.1 Purpose

This program fits planes and/or lines to sets of points and calculates angles between
planes and lines which have been fitted.

8.2 Input

a. 72 columns of Hollerith characters (format 12A6). These Hollerith characters
are used to title the output.

1!
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b. Unit Cell Card:

columns 1-10 11-20 21-30 31-40 41-50 51-60

data a b cI = C v

formats E10.4 E10.4 E10.4 E10.4 E10.4 E10.4

The quantities ab,c,a8,y are the real-space unit cell parameters expressed
in units of angstroms and degrees.

c. Plane or Line Specification Card:

columns 10-3 4-6 7-12 13-72

data N NO L Hollerith

formats 13 13 16 l0A6

N is the number of points to be fitted.

NO is the plane or line number.

L = 0 or blank if the points are to be fitted to a plane.

L = 1 if the points are to be fitted to a line.

The Hollerith characters in columns 13-72 are used as a page heading for the
line or plane in the output.

d. Coordinate Card:

columns 1-10 11-20 121-30 31-40

data X I z I W
formats E10.4 E10.4 1E0.4 E10.4

X, Y, and Z are fractional coordinates of a point to be fitted to a line or plane.

W is a least-squares weighing factor. If W is not punched, it is assumed to
have a value of one by the program.

e. Angle specification card.

This card specif led a plane-plane, line-line, plane-line, or line-plane pair for
which the dihedral angle is to be calculated.

columns 1-3 4-6 7-9 10-12

data NO1 Li N02 L2

formats 13 13 13 13

NO1 is the number of the first plane or line.

LI = 0 or blank if NO1 refers to a plane.

LI = 1 if NOl refers to a line.

N02 is the number of the second plane or line.

L2 - 0 or blank if N02 refers to a plane.

L2 - 1 if N02 refers to a line.
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The plane and line numbers NO are used to identify the different planes and lines
both internally and in the output. The numbering may be different from the order of
input. No two planes may have the same number, and no two lines may have the same
number, but the numbering of lines and planes is independent. The number of any
plane or line must not be greater than 50.

8.3 Data Deck

The composition of the data deck is as follows:

a. Hollerith card.

b. unit cell card.

c. plane or line specification card.

d. all coordinate cards for this plane or line (the number of coordinate cards
must be the same as the N punched on the preceding plane or line specifi-
cation card).

e. plane or line specification card.

f. all coordinate cards for this plane or line.

g. additional sets of specification and coordinate cards for as many planes and
lines as are to be fitted.

h. blank card.
i. all angle specification cards, if any.

J. blank card.

8.4 Method of Calculation

The method described in detail by Shomaker, Waser, Marsh, and Bergman (8) is used.

The program is written in the fullest generality so as to be able to handle points
defined in any three-dimensional coordinate system. However, no provision is made for
symmetry transformation of point positions, so all points must be properly transformed
before Input.

For a given coordinate system, the program sequentially fits all desired planes and
lines. It stores the appropriate unit vectors for the planes and lines by plane and line
number. The program can then calculate dihedral angles between all pairs of planes,
lines, or plane-line combinations that are specified.

8.5 output

The output is largely self explanatory. Specifically, the following information is
! given:

a. equations of the planes and lines.

b. for planes, the coordinates of the centroid.

c. perpendicular distances of each point from the least-squares planes and lines.

d. average deviations, stWndard deviations, etc.
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e. cosines of angles between plane-plane and line-line pairs.

f. sines of angles between line-plane pairs.

Each point is numbered in the output according to loading order. Thus, the Hollerith
section of the plane or line specification card (see section 8.2.c) may be used, in part, to
relate the points to atom numbers or other external designations.

8.6 Limitations

a. No more than 50 points may be fitted to any plane or line.

b. No less than three points may be fitted to a plane.

c. No less than two points may be fitted to a line.

d. There may be no more than 50 planes and no more than 50 lines.

e. The number of a line or plane may not be larger than 50.

8.7 Special Subroutines Called

a. subroutine RECIP.

b. subroutine MTXMUL.

c. function DOTPRD.

8.8 Special Tape Requirements

None.

9. POINT TO PEAK DISTANCE CALCULATION

9.1 Purpose

This program provides a means for calculating distances from one or several points
to a set of points in any three-dimensional coordinate system.

9.2 Input

a. 72 columns of Hollerith characters (format 12A6). These characters are used to
title the output.

b. Unit Cell Card:

columns 1-10 11-20 21-30 31-40 41-50 51-60
data a b c a 1 8 '

formats E10.4 E10.4 E10.4 E10.4 E10.4 E10.4

The quantities s,bc,a,,8,V are the real-space unit cell parameters in units of
angstroms and degrees.
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c. Maximum distance card.

This card contains the single quantity BMX. All distances d are tabulated for
which d .< BMX (format E10.4).

d. Point Card:

columns 1-10 11-20 21-30

data XC YC ZC

formats E10.4 E10.4 El0.4

XC, YC, and ZC are the fractional coordinates of the point for which distances
to the set of points, specified by the coordinate cards and their transformations, are
to be calculated.

e. Coordinate card

These cards contain the fractional coordinates X, Y, and Z of the basic set of
points, which gives rise to a complete set via the transformations (see card below),
whose distances to point XC, YC, ZC are desired. The card layout is the same as
that already given for the point card above.

f. Transformation Cards:

columns 1-10 11-30 21-30 31-40 41-50 51-60

data Ti T2 T3 Ul U2 U3

formats E10.4 E10.4 E10.4 E10.4 E10.4 El0.4

The function of these quantities is explained in section 7.2.G.

9.3 Data Deck

a. Hollerith card.

Sb. unit cell card.
c. maximum distance card.

d. point card.

e. all coordinate cards.

f. blank card.
g. all transformation cards.

h. blank card.

i. additional point cards for as many calculations as desired.

J. blank card.

9.4 Method of Calculation

This program is an abbreviation of the Interatomic Distance and Angle Program (sec-
tion 7). It does not provide for interpolation or angle calculation.
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9.5 Output

The output of distances is essentially the same as that described for the Interatomic
Distance and Angle Program (section 7.5).

9.6 Limitations

a. The complete set of points must not exceed 500 in number.

b. A maximum of 5000 distances can be accommodated.

9.7 Special Subroutines Called

a. DOTPRD.

9.8 Special Tape Requirements

None.

10. FORM FACTORS FOR THE BUSING LEAST-SQUARES

REFINEMENT PROGRAM

10.1 Purpose

Provide an automatic process for preparing form factor cards used for input to the
Busing least-squares refinement program ORXLS (1).

10.2 Input

a. One blank card.

b. Form Factor Parameter Card:

columns 1-8 9-16 17-24 25-32 33-40 41-46

data A a B b C Hollerith

formats F8.5 F8.5 F8.5 F8.5 F8.5 A6

The quantities A, a, B, b, C are the parameters, as defined by Forsyth and
Wells (3), used in calculating the form factors. The six columns of Hollerith
characters are used as identification on the output cards.

10.3 Data Deck

The composition of the data deck is as follows:

a. blank card.

b. as many form factor cards as desired.

c. blank card.

II
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10.4 Method of Calculation

The analytical approximation of Vand, Eiland, and Pepinsky (7), is used as extended
by the work of Forsyth and Wells (3).

The approximations are good only as far as (sin 0)/x X 1.40 (the range of MoKC radiation).

These approximations are not' recommended for highly accurate work.

10.5 Output

The form factor card images are written on logical tape 10 for peripheral punching.
For each atomic species, five cards are punched as follows:

a. a blank separator card.

b. four cards containing the form factor values in intervals of 0.05 in (sin 0)/X
from 1.55 to 0, in that order.

Each card has an F in column 72. Columns 73-78 contain the Hollerith characters
specified in the form factor parameter cards. Column 80 contains the sequence number
of the card, i.e., 1,2,3, or 4.

Essentially the same information also is printed.

10.6 Special Subroutines Called

None.

10.7 Special Tape Requirements

a. Logical tape 10 for peripheral punching.

11. VARIANCE-COVARIANCE MATRIX AND ATOMIC COORDINATE
INPUT FOR THE BUSING FUNCTION AND ERROR PROGRAM

11.1 Purpose

This program produces two BCD card decks containing, respectively:

a. The variance-covariance matrix for a set of atomic position coordinates,
with all covariance elements given a value of zero.

b. Atomic coordinates.

These cards are ready for input to the Busing Function and Error Program ORXFE (2).

11.2 Input

a. Preliminary Card:

Columns 1-9 10-19
data N SF

formats 19 EI0.5
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N is the order of the variance-covariance matrix, i.e., N f 3x (number of atoms).

SF is a scale factor by which the matrix is to be multiplied. Specifically,
SF = 7 w (F0 - F,) 2/(m - n), or unity.

b. Unit Cell Card:

columns 1-10 11-20 21-30

data a b c

formats E10.5 E10.5 E10.5

If the standard deviations on the cards described below are in fractional
(dimensionless) form, a,b, and c all have values of one.

If the standard deviations are in units of angstroms, then a,b, and c are
the unit cell edge lengths in units of angstroms.

c. Standard Deviation Card:

columns 1-10 11-20 21-30

data oa(X) W a (Z)

formats E10.5 E10.5 E10.5

The quantities a(X), r(Y), and a(Z) are standard deviations or uncertainties of
the atomic coordinates X, Y, and Z. These quantities may be dimensionless or
may have units of angstroms (see section 11.2.b).

d. Coordinate card.

The layout of the coordinate cards is the same as for the standard devia-
tion cards. Each coordinate card contains the fractional coordinates X, Y, and
Z of an atom whose standard deviations are given in the corresponding card of
the standard deviation deck.

11.3 Data Deck

a. preliminary card.

b. unit cell card.

c. all standard deviation cards.

d. all coordinate cards.

11.4 Output

Output may be on logical tape 9 for peripheral punching or, if sense switch 1 is down,
the cards are punched on-line.

Each matrix card is numbered sequentially and identified with the letters SD (format
8E9.4, 14, MH SD).

Each atomic coordinate card is numbered sequentially and identified with the letter

P (format 8F9.6, M4, 24 P).

The two decks are separated by a blank card.
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11.5 Limitations

The program will accommodate no more than 64 atoms.

11.6 Special Subroutines Called

None.

11.7 Special Tape Requirements

Logical tape 9 is used for peripheral punching.

12. OTHER FUNCTIONS AND SUBROUTINES

12.1 Function ARCSIN(X)

This program uses Hasting's Chebyshev approximation (sheet 39 of Ref. 9).

If IX I > 1, the program calls a subroutine ENDJOB which may be constructed by the
user to suit his purposes.

The program was coded by B. A. Schoomer.*

12.2 Subroutine RECIP (AR, BR, CR, ALR, BER, GAR, AA,
BB, CC, COSAL, COSBE, COSGA)

Given the sets of three translational and three angular parameters for a three-
dimensional space lattice, this subroutine finds the parameters for the corresponding
reciprocal space lattice.

Given Lattice: Reciprocal Lattice:

¢R CC

ALR BR At. aB

BER SI E A

AR AA

AR, BR, CR, ALR, BER, GAR -* AA, BB, CC, AL, BE, GA

AR, BR, and CR may be given in any convenient units; ALR, BER, and GAR, are given in
degrees.

*Diffraction Branch, Optics Division, DNRL.
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12.3 Function DOTPRD (U, V, W, X, Y, Z, B1, B2, B3, COSA, COBB, COSC)

This function calculates the scalar product of two vectors U and V where U= U(U,VW)
and V = V(X,Y,Z).

The vectors U and V are defined on a skew-vector basis Bi, B2, B3

B3

<A 

st

such that

S= UBI + VB2 + WB3

V = XBI + YB2 + ZB3

and
U V = UX(B1) 2 + VY(B2) 2 + WZ(B3)2 + (VZ + YW) B2 B3(cos A) +

(UZ + WX) BI B3(cos B) + (UY + VX) B1 B2(cos C).

12.4 Function SCAFAC (A, Al, B, Bl, C, S)

This function calculates an atomic scattering factor using the analytic approximation

of Vand, Eiland, and Pepinsky,(6).

The scattering factor f(s) is

f(s) = A exp(-A1S 2 ) + B exp(-B1S 2 ) + C.

The quantities A, Al, B, Bl, and C are taken from the tables of Forsyth and Wells (2).
S is (sin 0)/k.

12.5 Subroutine MTXMUL (L, M, N, A, B, C)

This subroutine performs matrix multiplication according to the equation

AB= C

where

the number of rows in A is L

the number of columns in A is M

the number of c9lumns in B is N.

(As listed in this report, the dimensions of all matrices are 3 x 3; however, these may be
changed to any other values needed.)
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12.6 Function INTG(A)

This program converts floating point Integers to fixed point integers without trunca-
tion error. This is done in a manner such that the integer value zero is not printed with
a leading minus sign.
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APPENDIX A

FORTRAN LISTINGS OF GENERAL UTILITY PROGRAMS APPLICABLE
TO CRYSTAL STRUCTURE ANALYSIS

In the form presented in this appendix, the FORTRAN-language programs are writ-
ten for use with the IBM 7090 IB Monitor system.

Program Page

Least-Squares Cell Parameter 33

Subroutine DET 34

Subroutine PARAM 35

Subroutine ERRPRM 36

Subroutine ERRREL 37

Subroutine OUTPRM 37

Quasi Normalization of Structure Factors 39

Rational Dependence 41

Subroutine OUTRAT 43

Sigma-2 Listings 44

Subroutine OUTSIG 45

Subroutine REJVEC 46

Subroutine SIGVEC, Triclinic 46

Subroutine SIGVEC, Monoclinic 47

Subroutine SIGVEC, Orthorhombic 48

Triple Product Summation, Centrosymmetric 48

Triple Producf Summation, Noncentrosymmetric 50

Structure Factor Calculation 52

Subroutine OUTSFC 56

Interatomic Distance and Angle 57

Subroutine INTERP 60

Subroutine OUTBND 60

Least-Squares Line and Plane Fitter 63

Point to Peak Distance Calculation 67

Form Factors for Busing Least Squares 68

Variance-Covarlance and Atomic Parameter Input for
Busing Function and Error 69

32
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Program (Cont'd) Page

Function ARCSIN(X) 70
Subroutine RECIP 71

Function DOTPROD 71
Function SCAFAC 71
Subroutine MTXMUL 71

Function INTG(A) 71

Least-Squares Cell Parameter

DIMENSION NAME(1O),M(3,15C),W(150)tS(15O) S2(150)hSC(15O), 02691
1 H(33t150)9G(393)tSG(3t3)tBE(3t3).AL(3t3) 9B(3) PAM3),SA(3)oSAL(30302691
2 )9EB(3) 02691
ITP=5
JTP=6

50 MMNI
READ INPUT TAPE ITP,10OOONloLISTYAM,(NAME(I),Iu1,10)
IFIN1)500 500,100

100 READ INPUT TAPE ITP.2000M(lMM),M(2,MM),M(3,MM)tS(MM),W(MM)
IF(XABSF(M(lMM) )+XABSF(M(29MM))+ XABSF(M(39MM)1)140,140110 02691

110 S2(MM) = 40*(S(MM) **2) 02691
IF(W(MM))120,1209130 02691

120 W(MM) a S(MM) 02691
130 MM = MM +1 02691

GO TO 100 02691
140 MM=MM-1 02691

"IF(YAM)14591459141 02691
141 YAM a YAM**2 02691

DO 142 I =19MM 02691
142 S2(I)= S2(I)/YAM 02691
145 NN = 1 02691

DO 147 1=193 02691
DO 147 J1l,3 02691
DO 147 K1,vMM 02691

147 H(I9J9K)=O.0 02691
GO TO(310,2909240.,2109180s1500)N1 02691

150 N - 1 02691
DO 160 I *1#MM 02691

160 H(1*1#t)= M(1I)**2+ M(2,I)**2+M(3,I)**2 02691
GO TO 325 02691

180 N=2 02691
NN=2 02691
DO 190 I z19MM 02691
H(2t2,I)2 M(3.I)**2

190 H(11I)M(29I)**2 + M(191)**2 + M(2,l)* M(II)
GO TO 325 02691

210 Nm2 02691
DO 220 IlMM 02691
H(29291lIs M(391)**2

220 H(1t1I)" M(2,I)**2 + M(1I)**2
GO TO 325 02691

240 N a 3 02691
GO TO 315 02691

290 N a 4 02691
GO TO 315 02691

310"N - 6 02691
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315 DO' 320 1I 1.3 02691
DO 320 .J a 1.3 02691
DO 320 K x 19MM 02691

320 H(I.JoK) aM(IK)* M(J9K) 02691
325 DO 326 1 a 1.3 026.91

DO 326 J a 1.3 02691
G(IoJ) * 0. 02691
SG(I.J) s 0. 02691
BE(19J) -0.0 02691

326 AL(IJ) a0.0 02691
IF(MM-N) 327.3279328 02691

327 WRITE OUTPUT TAPE JTP,3000
GO TO 500 02691

328 CALL PARAM(NHWG9SGFvSCMM9S2,LL) 02691
DO 345 j1 wlLL 02691
DO 345 I *1.LL 02691

330 B(I) =SORTF(G(1911) 02691
GO TO 345 02691

340 BEC IJ)z G(ItJ)/SQRTF(G( 1.1)*G(J#J)) 29
345 CONTINUE 02691

IF(N-2) 3469347,362
346 B(2)xBC1)

G( 292)=6( 1.1)
SG(292)=SG(1,1) 02691
GO TO 360 02691

347 GO TO(3609350)#NN 02691
350 BE(193)a 0.5

BEC 3.1) .BE( 193)
G(193) = 0.5*G(1,1)
G(391) a G(193)

360 B(3)=B(1)
6(3,3)26(1.1)
SG(393)NSG(191) 02691

362 EB(1)=90.0 -57e29578*ARCSIN(BE(2,3))
365 EB(2)=90.0 -57*29578*ARCSIN(SE(193))
368 EB(3)=90.0 -57.29578*ARCSINIBE(1,2))
369 CALL PECIP(B( 1).B(2).oB(3),EB(1).EB(2),EB(3).A(l).A(2).A(3) , 02691

1 AL.(2o3) .AL(193)vAL.(I92)l 02691
CALL ERRREL(GSG.BEAALN.SA.SAL.V.SVR.LL) 02691
VR = 1.0/V 02691
CALL OUTPRM(A.AL.NAMEB.EBVR.SA.SAL.SVR.LIST.MMN.LLFSCS2.WM

1,N1 .JTP)
GO TO 50

500 CALL EXIT
1000 FORMAT(212,E8*5#10A6) 02691
2000 FORMAT(314*2E1O.@5) 02691
3000 FORMAT(1H1.3X998H THERE ARE NOT ENOUGH DEGREES OF FREEDOM. UNIT02691

1 CELL PARAMETERS AND ERRORS CANNOT BE CALCULATED.) 02691
END 02691

Subroutine DET

C SHARE DISTRIBUTION NO. 605
SUBROUTINE DET(AvALPHA.NoBET)
DIMENSION A(696)
BETa. 1
IF(N-1)400,200#300 02691

200 BET a A(191)
GO T0 400 02691

300 Al1.1)= Al1.1)- ALPHA 02691
6 D0 15 1=29N DET 0005

A( sI!)sA( 1,1)4)LPHA DET 0006
70 11.l1- OfT 0007
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7 DO 15 Jul.11 DET 0008
8 IF (A(19J))9.15.9 DET 0009
9 IF(ABSF(A(JJ))-ABSF(A(1,I))lh111010 DET 0010
10 R=A(I*J)/A(JtJ) DET 0011

GO TO 130 DET 0012
11 R=A(JtJ)/A(I#J) DET 0013

DO 12 K=U1N DET 0014
BaA(JPKI DET 0015
A[J9KlmA(I.K) DET 0016

12 A(IK)=B DET 0017
BET=-BET

130 JJzJ+l DET 0019
13 DO 14L=JJsN DET 0020
14 A(I*L)=A(I9L)-R*A(JL) DET 0021
15 CONTINUE DET 0022
16 DO 20 I=1.N DET 0023
20 BET=BET*A(IIt)

400 RETURN 02691
END

Subroutine PARAM

SUBROUTINE PARAM(N9H*W.G.SG9FsSC.MMS29LL) 02691
DIMENSION H(3,3,150)*W(150)tG(393),SG(3,3)*SC(1501.S2(150)3D(3,3)902691

1 A(696)9B(6ttAA(697) X(69I) 02691
IF(N -3)362#365.365 02691

362 LL = N 02691
GO TO 330 02691

365 LL a 3 02691
330 DO 360 I = 19LL 02691

DO 360 J = 1ILL 02691
IF(I-J)350,340935)0 02691

340 D(I1I) = 1.0 02691
GO TO 360 02691

350 D(I.J) a 0.0 02691
360 CONTINUE 02691

367 DO 440 I :1,LL 02691
DO 440 J :I*LL 02691
DO 440 K -I9LL
DO 440 L =KoLL 02691

IF(] - J)38093709380 02691
370 JJ = I 02691

GO TO 390 02691
380 JJ =l+I+J
390 IF(K - L)41094009410 02691
400 KK z K 02691

GO TO 420 02691
410 KK *1+K+L
420 A(JJKKI=O.0 02691

B(JJ) a 0.0 02691
DO 430 II=1,MM 02691
A(JJ#KK) a A(JJtKK) + W(II)* H(IvJII)*H(KL9II) 02691

430 B(JJ) = B(JJ) + W(II)* S2(11)* H(ItJ.II) 02691
A(JJ*KK) =(2*-D(IJ)) *(2.0 - D(K#L))*A(JJ#KK)
B(JJ) a B(JJ)*(2*0 - D(I#J)) 02691
AA(JJtKK)= A(JJtKK) 02691

440 AA(JJ*N+}) a B(JJ) 02691
IF(N-1)445p4459446

445 G(191)aB(1) /A(191)
GO TO 480

446 CALL MATS(AA9XN9I) 02691
DO 470 I a 1LL 02691
DO 470 J a I*LL 02691
IF(I - J) 460.4509460 02691
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450 G(II)m X(I,1) 02691
GO TO 470 02691

460 K =l++lJ
G(1IJ) a X(Ks1) 02691

470 CONTINUE 02691
480 CALL ERRPRM(W*HFSCSGNMMG.S2,AoLLD) 02691

RETURN 02691
END 02691

Subroutine ERRPRM

SUBROUTINE ERRPRM(W.HF.SC.SGNNMM.GS2.ALL.D) 02691
DIMENSION H(3,3O150),SC(150).SG(393)tG(393),S2(150).A(6.6)#AA(6.6 02691

1 ),W(150) SK(6)9D(3*3) 02691
F a 0.0 02691
DO 490 L = 19MM 02691
SC(L) = 0.0 02691
DO 480 1 = 1LL 02691
DO 480 J = ILL 02691

480 SC(L):SC(L)+H(ItJJL)*G(IIJ)*(2*O-D(I1J)) 02691
490 F = F + W(L)*(SC(L) - S2(L))**2 02691

V a MM - N 02691
IF(N.-1)500P500.505 02691

500 SG(1.1)= F/V 02691
GO TO 680 02691

505 DO 506 I=1,N
DO 506 J=1lN

506 AA(IJ) = A(I.J)
CALL DET(AA.O.0,NTED)
N2 = N -1 02691
DO 640 KzlN 02691
DO 570 I1=1N 02691
DO 570 J:1IN 02691
IF(K-I)5209570#510 02691

510 II z I 02691
GO TO 530 02691

520 II= I - 1 02691
530 IF(K - J)550,570.540 02691
540 JJ = J 02691

GO TO 560 02691
550 JJ = J -1 02691
560 AA(IIJJ) a.A(IJ) 02691
570 CONTINUE 02691

CALL DET(AAv*O9N2,EDT) 02691
640 SK(K) = (F*EDT)/(TED*V) 02691

DO 670 I a 19LL 02691
DO 670 J a 1iLL 02691
IF(I - J)660s6509660 02691

650 SG(I.1) = SK(I) 02691
GO TO 670 02691

660 K *l+I+J
SG(1.J) - SK(K) 02691

670 CONTINUE 02691
680 RETURN 02691

END 02691

= 1 1
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Subroutine ERRREL

SUBROUTINE ERRREL(GSG.BE.AALN.SA.SAL.VSVR.LL) 02691
DIMENSION G(3,3).SG(393),BE(3,3) .A(3),AL(3,3boSA(3).SAL(3,3),U(3) 02691
V a 0(1,1)4 G(Z,2)*6G(393) + 2*0* G(293)* G(1*3)* G(lo2)-G(1,1)* 02691
1(0(2.3) **2)- G(2,Z)*IG(1,3) **Z)- G(3,3)*(G(1,Z) *42) 02691
VaS0RTF(V)
SZ a 0.0 02691
DO 5 Izl#LL

5 U(I12040
IF(N-1)10910*20 02691

10 SA(1)=(SG(1,1)*(A(1)/G(1,1) 1**2)/2.0 02691
GO TO 380 02691

20 DO 310 I*1,LL 02691
DO 310 J =19.LL 02691
DO 310 K *1.LL 02691
IF(I -J)100,310,l00 02691

100 IF(I -K)20093109200 02691
200 IF(J-K) 300,310,310 02691
300 U(I) a 2.0* SG(JK)-((G(JK)/(G(JPJ)* 6(KK)))**2)*(SG(KK)*CG(J,02691

1 J) **2)+ SG(JJ)*(G(KK) **2)) 02691
SZ a SZ +(G(1,I)* U(I))*(G(IoI)*(G(JoK) **2)+ G(loJ)*G(IK)* SQRTF02691

1 IG(JJ)*G(K#K))) 02691
310 CONTIN$UE 02691

SZ - SZ/(2.O *!V**4)) 02691
D a 1.0 02691
IF(N-4)330.3209330 02691

320 D a -D 02691
330 DO 370 1 a 19.LL 02691

DO 370 J a 19LL 02691
DO 370 K a 19LL 02691
IF(LL-2) 335,360,335

335 IF(I-J)34093709340 02691
340 IF(I-K)350,370,350 02691
350 IF(J-K)360,3709370 02691
360 SA(I) -(( D*(G(J*K)/(A(I)*(V**2)))**2)* U(I) + (A(I)**2)*( SG(1#1)02691

1/(G(1,1) **2)+ 2.0*SZ))/2#0
SAL(Jo,K)a (ro0 - AL(JtK)**2 )*(G(ItI)* U(I) + (BE(1,J)**2 +((BE(I.02691
1 K)**2)*(190- BE(1,J)**2)*(AL(JK)**2)1/(lo0 - BE(IPK)**2)) * G(J#02691
2 J)* U(J) + (BE41,K)**2 +((BE(IJ)**2)*(1.0 - BE(19K)**2)*(AL(J902691
3 K)**2)l1(1*0 - BE(ItJ)**Z))* G(K#Kl* U(K)l/(2*0*(V**2)) 02691

370 CONTINUE 02691
380 SVR=SZ*2*0 02691
420 DO 430 1a 193 02691
430 SVR a SVR + SG(II)/( G(1,I)**21 02691

DO 435 1 -lL.L 02691
435 SA(I) a SQRTF(SA(l)) 02691
440 SVR= SQRTF(SVR/((V**2)*2o))

RETURN 02691
END 02691

Subroutine OUTPIRM

SUBROUTINE OUTPRM(AALNAMEBEBVRSASALSVRLIST ,1M.NLLFSC# 02691
1-S29W9MNN1jTP)
DIMENSION NAME(10),M(3,150),W(150),52(15O),SC(150),AL(3,3),B13), 02691
1A(31,SA(3),SAL(3,g),EB(3),ALD(3) .SALD(3) 02691
IF(N-4)95 950#50

50 DO 100 1 .1,2
K a 1 +1 02691
DO 100 J *K93021
L a6-1-J 02691

60 ALD(L)s 90.0 - 57.295780* ARCSIN(AL(I#J))
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70 D w SQRTF(SAL(I9J)) 02691
100 SALD(L)w 57.295780*ABSF(ABSF(ARCSIN(AL(IJ)+D))-ABSF(ARCSIN(AL(IJ02691

1)-D))) 02691
95 WRITE OUTPUT TAPE JTPsOO00,NAME(Ih)9Il,1Oh)MM

DO 170 In 1.N 02691
GO TO(101102. 96)oLL

96 IF(N-4)1039979103
97 GO TO(110*120*1309160)tI

101 GO TO 110 02691
102 GO TO(1109125)9I 02691
103 GO TO(110,1209130,14015,Oo160)gI
130 WRITE OUTPUT TAPE JTP91100,B(3)9A(3)9SA(3)

GO TO 170 02691
120 WRITE OUTPUT TAPE JTP,1200tB(2)9A(2)oSA(2)

GO TO 170 02691
125 WRITE OUTPUT TAPE JTPI11OO9B(2)#A(2),SA(2)

GO TO 170 02691
110 WRITE OUTPUT TAPE JTPv1300,B(1)9A(1)9SA(1)

GO TO 170 02691
160 WRITE OUTPUT TAPE JTP*14009EB(3)*ALD(3)vSALD(3)

GO TO 170 02691
150 WRITE OUTPUT TAPE JTP,15OOEB(2),ALD(2)#SALD(2)

GO TO 170 02691
140 WRITE OUTPUT TAPE JTP,1600EB(1)%ALO(1)9SALD(1)
170 CONTINUE 02691

WRITE OUTPUT TAPE JTP#1700oVRoSVR
WRITE OUTPUT TAPE JTP91800
GO TO(500%510.520q530t540.550)vN1 02691

500 WRITE OUTPUT TAPE JTP92400
GO TO 175 02691

510 WRITE OUTPUT TAPE JTP#2500
GO TO 175 02691

520 WRITE OUTPUT TAPE JTP92600
GO TO 175 02691

530 WRITE OUTPUT TAPE JTP92700
GO TO 175 02691

540 WRITE OUTPUT TAPE JTP92800
GO TO 175 02691

550 WRITE OUTPUT TAPE JTP92900
175 IF(LIST)2601809260 02691
180 R * MM - N 02691

SD O SORTF(F/R) 02691
SO2 = SD* 2.5 02691
Li * MM/20 02691
L2 = MM - L1*20 02691
L3 0 02691

185 L3 aL3+1 02691
IF(L1 - L30200#190#190 02691

190 K2 a L3*20 02691
Ki a K2 -19 02691
GO TO 220 02691

195 L3mL3+1 02691
200 IF(L2)260,2609210 02691
210 K1 a L1*20 +1 02691

K2 = KI + L2 -1 02691
220 NM = 0 02691

WRITE OUTPUT TAPE JTP92000*L3#SD
DO 250 I x KlK2 02691
DEL *(S2II)-SC(I))*SQRTF(W(I)) 02691
IF(SD2-ABSF(DEL))23092309240 02691

230 NM = 1 02691
WRITE OUTPUT TAPE JTP,2100,M(1,I)PM(2l)o1M(3,I)oS2(1).SC(I)oW(l)1

1DEL
GO TO 250 02691
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240 WRITE OUTPUT TAPE JTP,2200,M(IilM(2,I),M(3,I),S2(I).SC(I'iW(I),
IDEL

250 CONTINUE 02691
IF(NM)256*256#255 02691

255 WRITE OUTPUT TAPE JTP#2300
256 IF(L1-L3)260tI959185 02691
260 RETURN 02691

1000 FORMiAT(1Hl/1H4,36X,45HUNIT CELL PARAMETERS WITH STANDARD DEVIATION02691
1S//29X,10A6//46X,23HNUMBER OF REFLECTIONS u916//1 02691

1100 FORMAT(1HO926X95H C* =9F10.7*22X94H C 2,F9e596H +OR-tF8o5/) 02691
1200 FORMATC1H0926X95H B* =*F1O.7,ZZ2X94H B w*F9e5*6H 4OR-oF8*5/) 02691
1300 FORMATI1HO#26X*5H A* =PF10.7922X94H A =9F9#596H +OR-9F8*5/) 02691
1400 FORNIAT(lHO923X*8HGANIMA* zPF1O.5#19X97H6AMMA sF9a4,6H +OR-#F8o4/)02691
1500 FORMAT(1HO923X98H B3ETA* sF1O.5,19X97H BETA =,F9s4#6H +OR-,F8#4/)02691
1600 FORMAT(1HO,23X98HALPHA* ,9F1Oe5,19X97HALPHA .PF9*4.6H +OR-oF8@4/)02691
1700 FORMAT(1HO964X*3HV =9F1l.496H *OR-tFlOo4////) 02691
180C FORMAT(33X948HUNITS ARE 1/(ANGSTROMS), ANGSTROMS9 AND DEGREES) 02691
2100 FORMAT( 1HO,11X,3l6,6XE14.7,SXEl4.7,3XE12.5,6XE12.5,3H *) 02691
2200 FOR?4AT( 1HZ311X,3I6,6XEl4.7,5XE14.7,3XEl2.5,6X.El2.5I 02691
2000 FORMAT(lH1945X*25HOBSERVED AND CALCULATED S925X95HPAGE 913///27X9102691

18HS = (2*SINC)/L.)**2v1OX#21HSTANDARD DEVIATION z sE1295///17X,13HH02691
2 K LlOX.6H5(OBS),13X,6HS(CAL),12X,1HW. 9X91BH(DELTA SM*W02691
3**1/2)) 02691

2300 FORMAT11HO/9X958H* THIS DEVIATION IS GREATER THAN 2*5*(STANDARD 002691
lEVIATIONI 1 02691

2400 FORMAT(1HO,45X927HTHE CRYSTAL IS TRICLINIC 302691
2500 FORMAT(1HO.45X927HTHE CRYSTAL IS MONOCLINIC 302691
2600 FORMAT(1HO945X927HTHE CRYSTAL IS ORTHORHOMBIC) 02691
2700 FORMAT(1HO945X927HTHE CRYSTAL IS TETRAGONAL 302691
2800 FORMAT(1HO945X927HTHE CRYSTAL IS HEXAGONAL 302691
2900 FORMAT(lHO,45X927HTHE CRYSTAL IS CUBIC 30269LI

END 02691

Quasi Normalization of Structure Factors~

CSFQIIOR QUASI NORM* OF STRUCT. FACTORS USING F TAPE INPUT
DIMENSION NME(123, AS(203,AS1(20) ,BS(20),BS1(20o)CSc20),AN(20), 02691
1 H1(500),H2(500) ,H3(500),M1(5003 9M2(50O3 ,M3(5003,AVEQ(500),SI(500)02691
I TP=5
JTAPE z 15 02691
ITAPE = 16 02691
REWIND ITAPE 02691
REWIND JTAPE 02691
READ INPUT TAPE ITPs
1 10009NOIBNASPgNFBT19EX *LIS
READ INPUT TAPE ITP,
1 40,(AS(I),AS1(13,BS(13,BS1I(ICS(I 3,AN(1 3.1.1NASP)
IF(NF3S5,51

1 DO 2 I=1,NF
2 CALL FLSKPD(ITAPE3
5 IF(LIBI1O,3091O
10 READ INPUT TAPE ITAPE91200,(NME(I3,Ia1,12)
30 NO a 02691

NI NOIB/5OD 02691
WRITE OUTPUT TAPE JTAPE9740,NOIB 02691

100 IF(N1-NO)400,15O#200 02691
150 N4 -NOIB - N1* 5o0 02691

IF(N4)40094009210 02691
200 N4 a 500 02691
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210 READ INPUT TAPE ITAPEPIlOO,(Hl(l),H2C11,H3(IlAVEQ(I),SiI).Ia It 02691
1 N4) 02691
DO 300 1 a 19N4 02691
M1(Ilz INTG(H1(Il)) 02691
M21U)w INTG(H2(I)) 02691
M3(1)= INTG(H311)) 02691
SI(I)z SI(I)**2 02691
SIG v 0.0 02691
D0 250 J - 19NASP 02691

250 SIGzSIGAN(J)*(AS(J)*EXPF(-AS1(J)*SI(!l)+ BS(J)*EXPF(-BS1(J)*SI (1102691
1 )+CS( J) )*2 02691

300 AVEQ(I)x(AVEQ(Il* EXPF(BT1*(SI(I)**EX)l/SIG)- 1.0 02691
WRITE OUTPUT TAPE JTAPE,680,(Ml(I),M2(I),M3(IlAVEQ(I3,I :1,N4) 02691
NO z NO +1 02691
GO TO 100 02691

400 REWIND ITAPE 02691
END FILE JTAPE 02691
REWIND JTAPE 02691
PRINT 2000 02691
CALL EXIT

1000 FORMAT(3110,2El0.4,I10)
40 FORMAT(5F8*4,F4*0) 02691

1100 FORMAT(4F9s2,18XF9e6) 02691
680 FORMAT(314,F20*5) 02691

2000 FORMAT( 16H JOB FINSHED.///////////)
740 FORMAT(17) 02691

1200 FORMAT(12A6)
END
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Rational Dependence
CRATDEP RATIONAL ',.-:PE.NuA4CEI (AFTER LiLOCK-YANNONI)

DIMiENSION NA',E(1219 NF(21I,'KAI28IKf1(28)w
1KCC28),EC(29CM-K(5000),ML(5UOO0)o,;HC5OoOCESo,'ýc5000),MAR(5000)
COMMON MH*,'4KML.ESOMo;ý1RKAKDKCsJ:4Fo,"AU9;AI TNA~i-ENJKMAJTP,
1AVESOG#JPUT .NCTR ,NO
KAM z 0 06800
KAM2 = 1 06800
KAM3 =-I 06800
KAW = 2 06800
KAMS =-2 06800
KA(6) = 3 06800
KAM? =-3 06800
KAM8 = 4 06800
KAM9 2-4 0)6800
KA(1O) - 5 J680()
KA(il) :-5 06800
KA(12) = 6 06800
KA(13) =-6 U6b00
KA(14) z 7 06800
KA(15) =-7 U6800
KA(16) = 8 06800
KA(i?) =-8 06800
KA(18) z 9 06800
KA(19) =-9 06800
KA(20) = 10 06800
KA(21) z-10 06800
KA(22) = 1 06800
KA(23) =-11 06800
KA(24) = 12 06800
KA(25) =-12 06800
KA(26) z 13 06800
KA(27) =-13 06800
KA(28) = 14 06800
ITP=5
JTP=6
KTP=12
REWIND KTP

53 READ INPUT TAPE ITP989(NAME(I),1=1,12)
READ INPUT TAPE ITP.4,NANIIJTN4FINg,MINNAiNSD;AI NJPUT

60 READ INPUT TAPE KTP95PNO
61 READ INPUT TAPE KTP,6,CMH(J),MK(J)o,NL(J),ESQ.1(J),Jz1,NO)

REWIND KTP
SUMESOO a.0
DO 62 I=19NO
ESOM( I IESOMI I)+1.0

62 SUMESQ=SUMESQ+ESQM( I)
BNOzNO
AVESO=SUMESO/BNO

70 MAzNINT
NCTR=-1
WRITE OUTPUT TAPE JTP,15.(NAME(JIJ=1,12),NINTNFINoAVESOANMINNo
1NO*SDMIN

80 IF(NA)83990990 06800
83 AN=1.414214*AN 06800
90 DO 95 Jz 1928
92 KB(J)=KA(J) 06800
95 KC(J)=KA(J) 06800

180 DO 440 Ns19MA 06800
190 DO 440 J&1*MA 06800
200 DO 440 Ku19MA 06800

N=N
J uJ
K=K
IM(IAMN) 440920009202
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2000 IF(KB(J) )440920109202
2J1O IF(KC(K) p44094409202
202 MAD:MA+1

DO 207 LD=19MAD
NF(LD)=0

207 EC(LD)=0.
2lflO DO 240'0 Lz1.NO

K SUMUKA (N )*MH CL) +KB( J) *MK( U +KC( K *ML(L)
MT X MOOF(CK S L)MM ~A
IF(MT )22i0O,230092300

2200 MT=MT+MA
2300 MT=MT+l

MR(CL)=MT
EC(MT )ESQM(L)+EC4MT)

2400 NF(MT)=NF(MT)+l
300 PMAzMA
301 PMA=PMA/2.
302 MAN PMA
303 MANmMAN+l
304 IT=MA+2
310 D0 430 M=1,MAN
311 IT=IT-1

1315 IF(IT-NI) 132091321,1325
1320 STOP 0066
1321 DNF=NF(M)

JNF=NF(M)
1322 BEC=EC(M)
1323 GO TO 1350
1325 JNF=NF(M)+NF(IT)
1330 ONF=JNF
1340 BEC=EC(M)+EC(IT)
1350 IF(JNF-MINN )4309430, 1355
1355 AVESQG=BEC/DNF
1360 CHEK:AN/SORTF(DNFC

IF(CHEK-SDMIN) 1365o1370,1370
1365 CHEK-SDMIN
1370 PHEK=AVESQ+CHEK
1380 PMHEK=AVESQ-CHEI(
360 IF(AVESOG-PHEK) 370,3809 380 06800
370 IF(AVESQG-PMHEK)38O, 3809 430
380 IF (MA-3)400#40093193
3193 IR x 0 06800
3194 CAT=2.0 06800
3200 XMA=MA 06809
3210 XLA=XMA/CAT 06800
3215 IZ0O 06800
3220 MX=XLA 06800
3230 YMXzMX 06800
3240 IF (YMX-XLA) 33509325093350 06800
3250 XKE=KA(N) 06800
3260 AAD=XKE/CAT 06800
3270 N¶A~uAAD
3280 ABOzMAC
3290 IF(ABD-AAD) 33500330093350 06800
3300 IZmIZ+1 06800
3310 GO TO (3320#3330933409430)91Z
3320 XKE=KB(J) 06800
3325 GO TO 3260 06800
3330 XKE=KC(K) 06800
3335 GO TO 3260 06800
3340 XKE *M-1
3345 GO TO 3260 06800
3350 IRzIR+1 06800
3355 IF(MA-IR-3) 4009400#3360 06800
3360 CAT*CATel. 06800
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1365 IF(CAT-14*01 3210932109400
4C'0 CALL OUTRAT
430 CONTINUE

IF(SENSE SWITCH 2)5109440
440 CONTINUE 06800
450 MA=MA.1 06800
460 IF(NFIN-MA) 470.180*180
470 READ INPUT TAPE ITP.4.NANINT.NFINMINN.ANSDMINJPUT

IF(NINT) 500,500.00
500 CALL EXIT
510 WRITE OUTPUT TAPE JTPs9,(NAME(L2)9L2=1,12)

WRITE OUTPUT TAPE JTP,?,KA(N),KB(J),KC(K)9MA
WRITE OUTPUT TAPE JTP916
GO TO 500

8 FORMAT (12A6)
4 FORMAT (411092El3.49I10)
5 FORMAT (17)
6 FORMAT(3149F2O.5)
7 FORMAT(6H0 A =13v6X93HB 2I396X93HC =13,6X,6HIAODE =16)
9 FORMAT (lHlt19X,1ŽA6)

15 FORMAT(1H2.19X.12A6////20X,16HINITAL MODULAS =16vlOXl5HFINAL MODU
iLAS 216///2CX919HAVERAGE E**2 aF9.5///20X, 13HDEVIATIONS OFF7
2.3. 66H STANDARD DEVIATIONS FROM AVE E**2 ARE CONSIDERED SIGN
31IFCANT///20X, 40HONLY SUBGROUPS CONTAINING NO FEWER THAN 16,
4 39H REFLECTIONS ARE CONSIDERED SIGNIFICANT///20Xt 1OHTHERE ARE 17
59 30H REFLECTIONS ON THE INPUT TAPE///20X95lHTHE MINIMUM ACCEPTED
6DEVIATION FROM AVE* E**2 IS F5.3)

16 FORMAT(1HO919X#47HCALCULATION TERMINATED BY SENSE SWITCH CONTROL.)
END

Subroutine OUTRAT

DIMENSION NAME(12) * NF(29) .KACZ8)tKB(28)9
1KC(28),EC(29),MK(5000),ML(5000),MHC5000),ESQM(5000),MRCSOOO),
2LH( 40 )9LK (40 ) LL C40)9*ESQL(C40)
COMMON MHMK.MLESOMMR,*KAKBKCJNFMADMITNAMENJKMAJTP,
JAVESQGqJPUT .NCTR .NO
KET=M-1
IF(JPUT)75#50*75

50 NCTRaNCTR+l
IF(NCTR-INCTR/9) *9)60.55,60

55 WRITE OUTPUT TAPE JTP,99(NAME(L2)9L2xl,12)
60 WRITE OUTPUT TAPE JTP98,KA(N),KB(J)9KC(K),MAKET# AVESOGJNF

GO0 TO 350
75 NPzO

L4=0
D0 220 L9zl#NO
L9zL.9
IF(MR(L9)-M)200.Z 10,200

2OO IF(MR(L9)-IT)2209210*220
210 L4zL4+1.

LH(L4)uMH(L9)
LK(L4).MK(L9)
LL(L4).ML(L9)
ESQL.(L4)mESQM(L9)
IFC 40-L4 )230.2 309,220

220 CONTINUE
230 Jl=L4/40

J2uL4-J1*40
J3wJ2-20
IF (J3)24192419243

241 J4*J2
GO TO 245
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243 J4xJ2-2*J3
GO TO 247

245 IF (J1)00,300,*246
246 J5mJ1

GO TO 250
247 J5:JI+1
250 DO 290 Llzl#J5

NPwN P+1
WRITE OUTPUT TAPE JTP,99,NAME(L2),L2x1v12)
WRITE OUTPUT TAPE JTP,7,KA(N),KB(J),KC(K),MAKETNPAVESOGJNF
L5xL1*40-39
IF (J1-L1)260o270927O

260 L6=L5+J3-1
GO TO 280

270 L6mL5+19
280 DO 290 L2zL59L6

AOaESOL(L2)-1.O
AGA=ESQL CL2 )-AVESOG
A01=ESOL(L2+2O)-1.O
AQAl-ESOL(CL2+20)-AVESOG
WRITE OUTPUT TAPE JTP910

2.90 WRITE OUTPUT TAPE JTP,11,LH(L2),LK(L2),LL(L2),AQAOALH(L2+201.
1LK(L2+20) ,LL(L2+20) ,AQ1,AQA1

300 IF (J4)3609360*310
310 IF (J3)32093209315
315 L5=L6+r'

GO TO 335
320 NP=NP+l

WRITE OUTPUT TAPE JTP,9,(NAME(L2),L2=I912)
WRITE OUTPUT TAPE JTP,7,KA(N),KB(J),KC(KCMA.,KETNPAVESQOGJNF

330 L5zL6+21
335 L6=L5+J4-1

DO 340 L2=L59L6
AQ=ES0L( L2)-1*0
AQA=ESQL1(L2 )-AVESOG

340 WRITE OUTPUT TAPE JTP,12,LHCL2),LK(L2),LL(L2),AQAQA
350 RETURN
360 L4=0

IF(NO-L9) 350.350.220
7 FORMAT(6H0 A =1396X93HB 21396X,3HC :13,6Xs6HMODE *1698X,11HREMAIN
IDER =16q24X94HPAGEI5///22X91OHAVE E**2 =F1O*598X,11HNO* REFL* 216/
2///2(60H H K L E**2 - 1 E**2 - A
3 ni

8 FORtMAT(6HO A =13,6X93HB =13,6X,3HC =1396X96HMODE 21698X#11HREMAIN
1DER =16o24X#6H ///22X,1OHAVE E**2 =FlO.5,8X,11HNO* REFL* a16)

9 FORMAT (1H1919X912A6)
10 FORMAT (1H
11 FORMAT (2(1X93I4p7XF9*5,7X9F9*5915X))
12 FORMAT -(1HOv314,7XF9*5,7X9F9#5)

END

Sigma-2 Listings

CSIGEXC SIGMA-2 INTERACTION EXC
DIMENSION M1(24OO),M2(24OO),M3(2400),AV(2400).K1(26OO),K2(2#OO),K3
1(21.0oGbAV(24,0O)
COMMON MlM2tM3#AV
ITP=5
IP all
LxO
READ INPUT TAPE ITP,
1 10029Z9IZoNOI8
I7(IZ) 29 192 02691
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1 M.M=2 02691
REWIND IP
READ INPUT TAPEIP,1001,NPT
GO TO 3 02691

2 MMx1 02691
READ INPUT TAPE ITP9100loNRT

3 00 25 I1=1NRT 02691
20 GO TO1596),MM
5 READ INPUT TAPE IT0,
1 10009N1,2NZNI,
GO TO 7 02691

6 READ INPUT TAPElPslO00,N1,N2,Nl#0
7 CALL REJVEClN1,N29N3t 0)

IF( Q-Z) 259.10, 10
10 LaL41 02691

M1(L)=Nl
M2(L)=N2
M3(L)aNg
AV(L)mSORTF( 1.0e0)

25 CONTINUE 02691
30 DO 160 J=IsL.
40 DO 70 K=19L
50 IF(AV(K))7O,60*60
60 BAVmAV(K)

GO TO 80
70 CONTINUE
80 D0 110 Im~sL
90 IF( AV(I )-BAV) 11091009100
100 BAV=AVII)

11-0 CONTINUE
K1(J)am1( 11)
K2(J)uM2( 111
K31J)sM3( 111
OAV( J)sAV( Ii)
AV(I11u-1.0

160 CONTINUE
IFf NOI8) 165,180.170

165 NOIBmL
170 CALL SIGVEC(NOIBIC1,K2,K3,QAVtL) 02693
180 CALL EXIT

1000 FORMATU3I49F20.5)
1001 FORMAT(17)
1002 FORMAT(E1Oo492110)

K140

Subroutine OUTSIG

SUBROUTINE OUTSIGCM1.M2#M3vO9NlvN29N39 02693
101,00.pN*K1.K29K3. I OAV) 02693
DIMENSION K1(2400)9K2(2400h9K3(2400)9 02693
IOAV(2400),Ml(1000),M2(1000),M3(1000),Q(1000), 02693
2N1(1000),N211000),N3(1000),01(1000),0Q(1000) 02693
COMMON M1,M2*M3v09NltN29N39O1,QQ 02693
JTPw6
IF(N)25925950 02693

25 Ka1
WRITE OUTPUT TAPE JTP,
1 1000,KKl( !)sK2( I)9K3(I)9OAV(I)
GO TO 130 02693

50 JUN/20 02693
IF(J)12091209100 02693
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100 DO 110 Ilv1,J 02693
J3u20*I 1 02693
J2wJ3-19 02693
WRITE OUTPUT TAPE JTP,

1 1000, I1K1( I) K2( I) K3( I) QAV( I)
110 WRITE OUTPUT TAPE JTP,

1 2000, (M1(Jl).M2(J1) ,P43(J1) ,Q(J1),p

IF(N-20*J) 130,130,120 02693
120 12=20*J+1 02693

I4=J+1 02693
WRITE OUTPUT TAPE JTPv
1 1000, !4.K1 CI) K2 (),(3lK( I QAV( I
WRITE OUTPUT TAPE JTP,

120009(Ml(J1),M2(J1) tM3(Jl) 9Q(Jl )s
2N1(Jl),N2(Jl),N3(J1),Q1(JI),OQ(Jl),Jlu12,N)

130 RETURN 02693
1000 FORMAT( 1H1,17X*9HH K L,9X,1HE913X95HPAGE #12///16X93I494XF8*5

1////70H H(I) K(U) L(U) EUI) H(J) K(J) L(J) E(J)
ZE I )*E(J)*E)

2000 FORMATC iHO, 14,215,4XF8.5,1X,3I5 .4XF8.5,4XF1O.5)
END 02693

Subroutine REJVEC

SUBROUTINE REJVEC(N1.N29N39O)
C DUMMY
100 RETURN

END

SUBROUTINE REJVEC(NlPN2#N3,0)
C REJECTS ALL REFL* FOR WHICH ANY OF HKL EQUAL ZERO

IF (Ni)10 ,30,10
10 IF(N2)20930,20
20 IF(N3)40,30940
30 0-10.
40 RETURN

END

Subroutine SIGVEC, Triclinic

C TRICLINIC
SUBROUTJNE SIGVEC(NOIB9K1,K2,K39GAV#L) 02693
DIMENSION K1(24O0)9K2(2400)9K3C2400)9 02693
1QAV(2400O),M1C1000),M2C1000),M3(1000),Q(1000), 02693
2N1C1000),N2C1000),N3C1000),Q1(1OUO),QQ(1000) 02693
COMMON MltM2*M3v09N1.N29N39O1#QQ 02693
DO 170 I1=1NOIB 02693
N=O 02693
DO 160 J1,*L 02693
DO 160 K*J9L 02693
IFCK1CJ)+K1(K)-Kl(I)) 10, 40, 10

10 IF(K1(J)+Kl(K)+K1(Il) 20s 50s 20
20 IF(K1(J)-Kl(K)-K1(l)) 309 609 30
30 IF(IKJ)-KlCK)+K1I I)) 160, 709160
40 IF(K2(J)+K2(K)-K2(I )) 160, 80,160
50 IF(K2(J)+K2(K)*K2(1))160, 909160
60 IF(K2(J)-K2(K)-K2C!))16091009160
70 IF(K2(J)-K2(K)+K2(I))l60,110,160
80 IF(K3(J)*K3CK)-K3C(l)16O,1509160
1)0 IFCK3CJ)+K3CK)*K3(II)1160,150,160

100 IF(K3(J)-K3(K)-K3Ufl1l6O,150,160
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110 IF(K3(J)-K3KIK)K3(I))l60,150,160
150 NmNel

Ml(NI uKi(J)
M2(N)mK2(J)
M3(N3zK3(J)
0(N) a OAVIJ) 02693
N1(N)=K1(K)
NZ(N)zK2(K)
N3(NJ .K3 (K)
01(N)z QAV(K) 02693
00(N)s OAV(J)* OAV(K)*OAV(I)

160 CONTINUE 02693
17U CALL OUTSIG(M1,M2,M3,ON1,N2,N3,Q1,QoN,

1 K1,K29K3,IOAV)
RETURN 02693
END 02693

Subroutine SIOVEC, Monoclinic

C P4ONOCLINIC9 SECOND SETTING
SUBROUTINE SIGVEC(NOIBK1,K2,K3,QAV9L) 02693
DIMENSION K1(2400)9K2(2400boK3(2400)9 02693
1GAV(2400)oMl(lOOO)9M2(lO00),M3(1000)*0(1000)9 02693
2Nl(l000),N2(l000),N3(1000),01(1000),00(1000) 02693
COMMON Ml9M2vM39Q9N1,N29N3,01,QQ 02693
00 170 11,vNOIB 02693
Nx0 02693
DO 160 J1,sL 02693
DO 160 KzJ9L 02693
IF(XABSF(K2(J)+K2(K))-XABSF(K2C(l)) 109 20, 10

10 IF(XABSF(K2(J)-K2(K))-XABSF(K2(Il))160, 209160
20 IF(K1(J)+KI(K)-K1(I)) 30, 60,30.
30 IF(K1(J)+K1IK)+Kl(I)) 40, 70940
40 IF(K1(J)-K1(K)-K1(I)) 509 80950
50 IF(K1(J)-K1(K)+K1(1l)1609 90,160
60 Mali

IF(K3(J)+K3(K)-K3(I)3 100,150,100
70 M=2

IP(K3(J)*K3(K)+K3(Il )100,150,100
80IF(K3(J)-K3(K)-K3(I))1469150,146

90 IF(K3CJ)-K3(K)+K3(I 33160,150,160
100 IF(K1IJ))120,110,120
110 GO TO(1409145),M
120 IF(Kl(K))160,1309160
130 GO TO(1459140)PM
140 IF(K3(J)-K3(K)eK3(I) 3160,150,160
145 IF(K3(J)-K3(K)-K3(I))160,150,160
146 IF(K1(1fl1609909160
150 NsN+l

M1(N)zKl(J)
M2(N)=K2(J)
M3(N)-K3(J)
0(N) a QAV(J) 02693

N2(N)aK2(K)
N3(N)nK3(K)
O1(N)m QAV(K) 02693
OQ(N). OAV(J)* OAV(IK)*GAV(I)

t160 CONTINUE 02693
170 CALL OUTSIG(M1,M2,M3,QN1,N2,N3,Q1,QQN.,

1 K1,K2#K3919QAV)
RETURN 02693
END 02693
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Subroutine SIUVEC, Orthorhombic

ORTHORHOMB IC
SUBROUTINE SIGVEC(NO1B9K19K29K39QAV9L) 02693
DIMENSION K1(2400)*K2(2400)9K3(24001, 02693
1QAV(2400),M1(1000),M2(1000).M3(1000),Q(1000), 02693
2N1(1000),N2(1000),N311000),Q1(1000),QQ(1000) 02693
COMMON MlM2,M39QN19N2.N39O1900 02693
DO 170 Iz1#NOIB 02693
N0O 02693
DO 160 J=19L 02693
DO 160 KsJsL 02693
IF(XABSF(K1(J)+K1(KI)-XABSF(Kl(1l))100,110,100

100 IF(XABSF(K1(J)-K1('K))-XABSF(K1(I )))16091109160
110 IF(XABSF(K2(J)+K2(Kfl-XABSF(K2(I )))120.1309120
120 IFIXABSF(K2(J)-K2(K)3-XABSF(K2(I )))160.1309160
130 IF(XABSF(K3(J)+K3(K))-XABSF(K3(I )1l140,150,140
140 IF(XABSF(K3(J)-K3(K))-XABSF(K3(I )))160915O.160
150 NzN+1

Ml (N)=K1 U)
M2(N)=K2(J)
M3(N)zK3(J)
0(N) = QAV(J) 02693

N ()K (K)
N2(N)zK2(K)
N3(N)=K3(K)
01(N)= OAV(K) 02693
0Q(N)= OAV(J)* OAV(K)*OAV(I)

160 CONTINUE 02693
170 CALL OUTSIGCM1,M2tM3,Q.N1,N2,N3,01.QQ.N,

1 K1,K29K39IOAV)
RETURN 02693
END 0-2693

Triple Product Summation, Centrosymmetric

CORTHTP OPTHnPHOMBIC TRIP. PROD* PROG. FOR CFNTRO. CRYSTs
DIMENSION E(30910930)
ITPz5
JTPz6
KTPz9
REWIND KTP
B1l.OE-21
READ INPJJT TAPE ITP91000.NA.IMtJM*KM

1000 FORMAT(6I10)
DO 75 Iw1#IM
DO 75 J-19JM
DO 75 Kw1*KM

75 E (I 9J K) B
READ INPUT TAPE KTPZOQONOIB

2000 FORMATC 17)
DO 8 NO=19NOIB
READ INPUT TAPE I(TP92100.I#J#K9A

2100 FORMAT(3149F20*5)
IF( 1)198.2

1 lu-I
2 IF(J)398#4
3 Jz-J
4 IF(K)5#8,6
5 Kw-K
6 E(ItJtK)aA
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REWIND KTP

ANzN A
SFaSQRTF(CAN**33 /8.0

C START NEW TP CALC.
9 READ INPUT TAPE ITP,1000,M1,M2*M39N1,N2#N3

jjzj~uJJ+1
I 1aXASSF(CMl)
12=XA8SF(M2)
l3UXABSF(M3)
J1=XABSF(N1)
J2=XABSF(CN2)
J3=XABSF (N3)
LlxM1+N1
L2uM2+N2
L3uM3+N3
K lzXABSF(CLl)
K2=XABSF(CL2)
K3xXABSF CL3)

IFC I1+1 2+13+J1+J2+J3) 10,10, 50
10 MNxMN+1

EEE 1.0
COR: o00
GO T0C559630)YMN

50 IFCM1)1192~Lt11
11 IF(M2)12*20912
13 IF(N1)13920#13
12 IFCM3)14920914
14 IF(N2)15920,15
15 IF(N3)17,20917
17 IF'CL1)18,20918
18 IF(L2)19920019
19 IFCL3)25o2U#25
20 EEE=190

COR=0.0
GO TO 55

25 EEE=SQRTF((E(lll2t13)+1.0)*(ECJl9J2tJ3)+1*0)*(E(KlKZoK
3 )+100) I

CORC(E(IlI 2 II3)+L(JlJ2,J3)+ECKlK2,K3)+l.0)/b0RTF(AN)
C CALCULATE TRIPLE AVERAGES
55 RNO.0*

TP=O.0
D0 600 1.1dIM
DO 600 Ja1,JM
DO 600 K*1,KM
IF(E( ItJK)-B)90,600990

90 LmI

NsK
NNN =

100 IH=XABSFCL1+L)
I K*XABSF(CLZ +M I
ILeXABSF(L3+N)
IFC IH110,00,llO0

110 IF(IM- IH)500912O912O
120 IFCIK)130,500913O
130 IFCJM-1Kj500,140#140
140 IF(IL)1509500,lSO
150 IM(M-10500,16O,16O
160 IF(ECIHIK9ILI'B)16595

0 0 91 65

165 KHaXABSF(M1+L)
KKaXABSF (M2+M)j KLOXASSFfM3+N)
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167 IFfK14)170,500,170
170 IF(IM-KH)500,18.O,180
180 IF(KK2190*500,190
190 IF(JM-KK)500,200*200
200 IF(KL.)21U95U00,21O
210 I(MK)0#292
220 IF(E(KH#KKKL)-B)230v500,23O

20RN=RN+1*O
TPaTP+E( ,JK)*E( I,4,KIL)*E(KHKI(,KL)

500 NNNmNNN+1
GO TO(510,520,510.530,510.540.51O.600),NNN

510 Lw-L
Ma-N

N u-NI GO TO 100
520 Lm-L

30GO TO 100
50Mu-N

GO TO 100
540 Mu-N

N u-N
GO TO 100

600 CONTINUE
TP=TP*SF/RN+COR
NRuRN
TPCaTP/EEE
IF(XMODF(JJJ*15)-1 )62096109620

610 WRITE OUTPUT TAPE JTP91100
620 IF(MN)6259625o621
621 WRITE OUTPUT TAP'E JTP.l300oNltM29M3tN1.NZN3*NRoTP*TPCoCOR

PRINT l300,Ml9M2tM39Nl9N29N3*NRPTPoTPCoCOR
GO TO 9

625 IF(SENSE SWITCH 1)6269627
626 PRINT 1200,M1,M2.M3,N1,N2,N3.NRTPTPCoCOR
627 Llu-L1

L2=-L2
L 3 -L 3
WRITE OUTPUT TAPE JTPol4009Ll#L29L3
WRITE OUTPUT TAPE JTPol20OMlM29M3,NloNZN39NRtTPPTPCoCOR
GO TO 9

630 CALL EXIT
1100 FORMAT(1H191OX975H H K L H K L NOoCONTRo TRIPoPRO

MDe COSCINV*) CORoTERM///)
1200 FORMAT(lHO,1OX.13,214,15.214.3Xo18,2X,3(3XF1O.5))
1300 FORMAT(1HO,1OX,13,-214,15,214,3X,18o2X.3(3XE1O.4))
1400 FORMAT(1HO#1OX#139214)

END

Triple Product Summation, Noncentrosymmetric

JTPu6
KTPm9
REWIND KTP
B. l.OE-2 1
READ INPUT TAPE ITP910009NAoIMoJM9Kt4

DO 75 Iwl1#14
DO 75 J=19JM
DO 75 KulK14

73 E(IsJoKIEB

READ INPUT TAPE KTP920009NOIB
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2000 FORMATIITI
DO S NOul.NoIB
READ INPUT TAPE KTPt2100.I.J9KtA

2100 FORMAT43149F20*51

1IU-
2 IFIJ)3*8*4
3 J*-J
4 IFIKD5,86. - _________________

5 Kw-K
6 E( I#J#KR.A
8 CONTINUE
REWIND KTP-
ANUNA
SFuSQRTP (ANea-*3)_Z.Q ________________

MNuO 
ALC START NEW TPCC.--

9 READ INPUT TAPE ITPol000,M1.N2oM3tN1,N29N3

t2aXABSS(M2)
13=XABSSPM3D __________

JZEXABSF(NU -

J~uXABSP(N21
J3uXABSP (MS

L2*N2+N2
L3uM3+N3_____
K1UXABSF(LI)
K2uXABSF(L2) ___________

K3=XABSS(L3) ________ -

IPI !1+12+13+J1+J2+J3) 10.10.50
10 14NEKNNI

EEEw1.O ______________________

60OTO(5596301*MNN _________

12 1P1fM3113920913
13 IPI-51114s2O.*4*
14 IFIN2115920915
15 IPLN3117*20.L7 --- -- ___ _

17 IF(LI1S.#20#1S
Is IF-Il 129 0,20 0 "
19 tF(L3125920925

CORUOO.
GO TO 55t

25 EEEuSQRTF igE(l1.I2.I3).1.O)*(E(J1,J2.J3,+1.O)*(E(K1,K2,K3,+1.1))
J*~r st2.K3 3*1 -01SORTE(ANI

C CALCULATE TRIPLE AVERAGES
55 MuO-0& - -- ________________

TPuO0o
DO0 600 Q .I4
DO 600 Jml*JM

IFtEt I.JoKI-B)90*600,90
-90 Lal- -____________________

IK-XABSS(L2*PI)
- ILmXABSF (L)MI.* _______________________

IFf IHDXRO.5009110
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110 IF(IM-IH)5009120#120
120 IF(IK)13O.5009130
130 IFIJM-IK)5009140#140
140 IF(IL)150,500,150
150 IF(KM-IL3500*1609160
160 IF(EfIH#IKIL.1-B)16S950O,165
165 KHaXABSF(Ml+L)

KKoXABSF(M2+M)
KL*XABSF(M3+N)

167 IF(KH)l7O,5009170
170 IF(IM-KH)50091809180
180 IF(KK)1909500,190
190 IF(JM-KK)500*ZOO.2OO
200 IF(KL)21O,5OO.Z1O
210 IF(KM-KL.L)009220s22O
220 IF(E(KH9KKKL)-B)230,5009230
230 RN=RN+1*O

TP.TP+E(IJK)*E(IHIKIL)*E(KH.KKKL)
500 NNN=NNN+l

GO TO(510,520,510,530,51O,540,510,600),NNN
510 Ls-I.

Nz-N
GO TO 100

520 La-L
GO TO 100

530 Ma-M
GO TO 100

540 Mm-M
Nz-N
GO TO 100

600 CONTINUE
TP=TP*SF/RN+COR
NR=uRN
TPC=TP/EEE
IF(XMODFI JJJ92O)-1 )62096109620

610 WRITE OUTPUT TAPE JTP*1100
620 IF(MN)6259625o,621
621 WRITE OUTPUT TAPE JTPsl300,MlM29M39N1,N2,N3,NRTPoTPCPCOR

PRINT l300,M1,M2oM39N1.N2,N39NRoTPoTPCoCOR
GO TO 9

625 WRITE OUTPUT TAPE JTPtl200,MloM29M3,N1,N2tN3*NRPTP#TPCPCOR
PRINT 1200#MloM2tM3tNl9N29N39NRPTPoTPCoCOR
GO TO 9

630 CALL EXIT
1100 FORMAT(1H1.1OX#75H H K L H K L NO*CONTft. TRIP*PRO

10. COSIINV*) COReTERM///)
1200 FORMATE1HO.1OX.13.2I4,15.2l4.3X.I8.2X.3(3X.F1O.5))
1300 FORMAT(1HO,1OX.13.214,I5.214.3X,18,2X.3(3XE1O.4H)

END

Structure Factor Calculation

CSTRFAC STRUCTURE FACTOR EXECUTIVE PROGRAM
DIMENSION NAME(12)vX(3,500),Hi3,128), F1(20),FA1(20),FB(20),FB1(
1 2OhPFC(20)9 AA(3,3)hIA(500),TB(500),AF(500),AF1ASOO)oBF(SOO
2 ),8F1(5OO),CF(5OO),SI (128).sE(128).F(128),A(128).PA(128),P(500),
3 GYP(500),FK(128)oC(128),SF(128) ,EN(128hB8(128) ,0(128)hDF(128I.DE(
4 128)sCO(128),DO(128),DC(128)hDD(128),AOI128bPBO(128),DA(128J ,DB(I
5 28).NME( 121 ,FJ(128).AB(3931 .SCF2(100)
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50 KT1IO
I TuS
JT=6
LT11l
REWIND KT
REWIND LT
N ASP' 0
1=0
READ INPUT TAPE IT91000t(NAME(I)#Iml,12)
READ INPUT TAPE IT91100,ICIE9NR9NF9IP9LI89LINE
READ INPUT TAPE IT,12O00A1,AZA3tALvBEGA
READ INPUT TAPE IT*1300*BTtXTeSCF*KKT#IOUT

60 1=141
READ INPUT TAPE ITs1600.SCF21I)
IF(SCF2( I) 609100*60

100 NASPuNASP+1
READ INPUT TAPE IT,14O0,Fl(NASP),FglINASP),FB(NASP).FB1(NASP),

1 FC(NASP)
TF(F1(NASP) 3100,110,100

110 K=0
120 KaK+1

READ INPUT TAPE IT,1500,X( 1.KhX(2,K) ,X(3,K),TB(K) .IA(K)
IF(ABSF(X(1,KJ)+ABSF(X(2,K))eABSF(X(3,KU)1)30,130,120

130 KzK-1
NCzK

140 READ INPUT TAPE IT.1600.T1.TZT39U1,U2,U3
TF(ABSF(Tl)+ABSF(T2)+ABSF(T3)+ABSF(Ul)+ABSF(U2)+ABSF(U3))17O,17O,

1 150
150 DO 160 Iz1.NC

K=K+1
XI 19K)=T1+U1*X( 1,1)
X(2,K)=T2+u2*X(2oI)
X(3,K)zT3+U3*XI3#I)
IA(K)=1A( I)

160 TB(K)=TBCI3
GO TO 140

170 SDFzO.0
SFOzO.0
SDFO=0.0
DO 180 11.sK
JzIA( 1
AF(I)=F1(J)
AFlI I 3PA1(J)
BF( I 3FB(J)
BF1( I )FB1(J)

180 CF(13=FC(J3
IFI EI190,195,190

190 NN1l
GO TO 200

195 NN*2
200 CALL RECIP(A1,A2,A3,ALBEGA.AB(l1.13 AB(2,23.AB(3933 ,AB(2933 ,AB(1.

1 33.AB(1923)
DO 230 1=193
DO 230 JsI93
IFI I-J)220,2109220

210 AA(Iol3u AS(II)**2
GO TO 230

220 AA119J3. 2*0*AB(IJ3*AB(1,13*AB(JtJ)
230 CONTINUE

NF(N3 2409.2409,231
231 DO 232 I'1.NF
232 CALL FL.SKPD(KT)
240 IF(LIB)2429243,242
242 READ INPUT TAPE KT,1000,(NME(I3,I*19123
243 GO TO(244924013.NN
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244 IF(L1NE124039240292403
2402 READ INPUT TAPE KT92100,NR

GO TO 2401
2403 READ INPUT TAPE !To2100.NR
2401 NOmO

Ni uNR /128
245 IF(N1-NO)47092509260
250 N2=NR-N1*128

IF(N2 )470*4709270
260 N2w128
270 GO TO(280*310 )oNN
280 IF(LINE32819282*281
281 READ INPUT TAPE IT,1700,(H(1.13,H(2o13,H(3.13,E(1).1IoN2)

GO TO 283
282 READ INPUT TAPE IKT.1700.IH(1,I3,H(2.I3,H(3.I3.E(I3,I1.tN2)
283 DO 300 IlilN2 I

Ell)= SORTFIE(I)+1.O)*SCF
SII 130.0
DO 290L=193
DO 290MuL#3

290 SI(I)uH(L,!3*H(MI)*AA(LM)+SIII)
300 SI(IuSI(1/4.0

GO TO 330
310 IF(LINE)311*3129311
311 DO 2311 Isl9N2

READ INPUT TAPE IT918009 H(1,I),H(2,13,H(3,13,F(I),SCFSl(13
IFI 5CF)2314o2314o2313

2313 JK=!NTG(SCF3
2314 F(!3uSORTF(F(f),%*SCF2(JK3
2311 CONTINUE

GO TO 313
312 DO. 3311 ImlvN2

READ INPUT TAPE KT918009 Ii(1,I).H(2,13.H(3,I).F(I3.SCFSl(I3
IFC SM333 14. 3149.3313

3313 JK=INTG(SCF)
3314 F(!3.SQRTF(F(I33*SCF2(JK)
3311 CONTINUE
313 IF(S!(l))3149314,317
314 DO 316 Iw1,N2

DO 315 L=193
DO 315 M=L*3

315 S!(l).H(LI)*H(M.ýI)*AA(L.M43eSIcI,
316 SI(I13SI(I3/4.O

GO TO 330
317 DO 320 I*1.N2
320 SIC!). SM(I**2
330 DO 450 Ia19N2

AC! 30*0.
SIGKuOoO
FK( [3.0.0
DO 350 Ju1.K
FAt J3mAP (J)*EXPP (-AFlI J3*SI(I) )*BF (J3*EXPF(-BFI(J 3*SI(I) )+CF( J)
SIGK. SIGKeFA(J**42
FX( 13uFK(I34.tFAIJ)*EXPF(-TBIJ3*SIAI, 3**

DO 340 L193
340 P(J3.P(J)+N(Lt1)*X(L*J)

PtJ)nP(J3*692831853

GYPJIJ3UA(J3*EXPF(-TB(J,*SI(I))
350 A(I3*A(I)+GYP(J)*COSF(PCj)3

FBTX.EXPF(IBT*(SI(I 3 **XT3/2oO)/SQRTF(SIGK)
FFAXm1.0/SGRTF(FK( j13
[FE KIT-13 351, 352 , 53
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351 FKCI)*FFAX
FJ( I IuBTX
GO TO 355

352 FK(I~aFFAX
FJ( I IFFAX
GO TO 355

353 FKCI)=FBTX
FJ( I IFBTX

355 C(I2UACI)*FK(I)
MIC12370. 60, 370

360 SF(Ilw All)
ENUIua C11)
GO TO 390

370 B(12.0.0
DO 360 Ju1,K

360 B(IJ*8(I2. GYP(J)*SINF(P(J2)
DCI m8IBCI)*FKC I)
SPC I~xSORTF(AC I)**2+8C I)**21
EN I)zSFCI)'FKC I)

390 GO TOC40094102.NN
400 F(Ulz ECI)/FJCII

GO TO 420
410 ECI~z FfI)*FJ(I)
420 DF I )=SIGNFCFC 12 ,FC I) )-SFC I)

SDF-SDF+AfBSF (OF C ))
SFOxSFO+FC I)
DEC 1 3SIGNF(EC I) ENCI) )-ENC II
1F(FC I) 42294239422

422 SDFOuSDFO+ABSFCDFC I))
423 IF(IC)4259424o425
424 FC I2-SIGNFCFCI)9SF(II I

EC I )SIGNFC ECI) .ENC I))
GO TO 450

425 IF) IP)44094309440
430 TARuECI)/A8SFCENC I)1

COC I )C I )*TAR
00(1IzOC I )*TAR
DCCI )zS!GNFCCOC I)t.C(1))-CC!)
DD(1) SIGNF CDOC I) .0(1)-DC I)
GO TO 450

440 RATxFCI)/A8SF(SFC II
AO I )=AC I *RAT
BOCI)uBCI2'RAT
DACI~xSIGNFCAOCII.ACII 2-AC!)
DOC I ISIGNFC6OC 12,8(1) -BCI)

450 CONTINUE
460 IFCIOUT2629465962
62 IFCIC)66t65966
65 WRITE OUTPUT TAPE LT.1200,CMC11,I2HC2,I),NC3.IIFCI2,ECI2,DFCI2,

1DECI).I.1.N2)
GO TO 465

66 IFC1P)68967968
67 WRITE OUTPUT TAPE LT.1200.(HC1Io).HC2,12.HC3.I),COCI2.DOCI),DCCI).

lDD(I)oI.1.N2)
GO TO 4b5

66 WRITE OUTPUT TAPE LT.1200.CHC1.I).HC2.12.HC3.I),AOCI).B(il),DACI).

465 CALL OUTSFCCN2.IC.H.F.SF.A.BE.EN.C.DDF.NO.AOB0.DA.DB.CODODC,

IDD9NAME9IPvDE)

GO TO 245
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470 REWIND KT
END FILE LT
REWIND LT
R=SDF/SFO
RlmSDFO/SFO
WRITE OUTPUT TAPE JTv19009SFOtSDF9SDFO9R9R1
READ INPUT TAPE IT92100911JJ
IF( IIJJ)509480950

480 PRINT 2000
CALL EXIT

1000 FORMAT(12A6)
1100 FORMAT(7110)
1200 FORMAT(7F10&4)
1300 FORMAT13E10.4,2110)
1400 FORMAT(SF8*4)
1500 FORMAT(4E10*4#11O)
1600 FORMAT(6E10*4)
1700 FORMAT(3F4eO9F20*5)
1800 FORMAT(4F9*2,9XF9s2,F9*6)
1900 FORMAT(1H1.9X912HSIGMA F(O) inFl5*3,8X.15HSIGMA /DEL F/ z9F10.3#8X

1915HSIGMA /DEL F/ =sFlOo3,1H*///24X,2(3HR =,F9*5,9X),1H*////20Xq64
ZH* THESE QUANTITIES DO NOT INCLUDE CONTRIBUTIONS FROM REFLECTIONS/
32OX933H OBSERVED WITH ZERO INTENSITIESo)

2000 FORMAT(lH1,1OX921HTHIS JOB IS FINISHED*///////////)
2100 FORMAT(I7)

END

Subroutine OUTSFC

SUBROUTINE OUTSFC (N2,ICHFSFABEENCDDFNOAOBODADBCO#
1 DO9DC9DD9NAME9IP9DE)
DIMENSION H(39128),F(128),A(128) ,B(128),E(128),EN(128),C(128),D(12

1 8)9 DF( 128) ,AO( 128) ,BO( 128) ,DA( 128) ,DBI 128) .CO( 128) .DOC 128)
2 *DC(128),DD(128) ,NAME(12),DE(128),M(3,128).SF(128)
J T 6
N436*NO
DO 5O I1,1N2
DO 5O J=193

50 M(J, )zINTG(H(J, I))
IF( 128-N2)110s11O,100

100 N1*N2/22
N3=N2-N1*22
IF(Ni )165,1659120

110 N1z5
N3=18

120 DO 160 I.19N1
N4zN4+1.
Jlu1 -1) *22+1
J2=J1+21
WRITE OUTPUT TAPE JT,10009(NAME(K)*Kz1,12)oN4
IF( IC)125o15O9125

125 IFIIP)14091309140
130 WRITE OUTPUT TAPE JT91260

WRITE OUTPUT TAPE JT.1400.(M(1.J),tM(2,J).M(3.J) ,FCJ),SF(J),E(J~,
1 EN(J),CO(J),DO(J),C(J2,D(J),DC(J).DD(J) .DE(J) ,JxJ1.J2)
GO TO 160

140 WRITE OUTPUT TAPE JT#1100
WRITE OUTPUT TAPE JT.1300,(M(1,J),M(2,J) .M(3.J) .E(JhoEN(JboF(J).
1 SF(J).AOCJ) ,BO(J),A(JbtB(J) ,DA(J),DB(J) ,DF(J),Ja.J1,J2)
GO TO 160

150 WRITE OUTPUT TAPE JT91500
WRITE OUTPUT TAPE JT,1600,(M(1.J),M(2,J) .M(3,J) ,F(J),SF(Jb*ECJ).

I EN(J)9DF(J)#DECJl9JzJ1,42)
160 CONTINUE
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165 IFIN3)2109Z10*170
170 JlaN1*22+1

N4zN4+ 1
WRITE OUTPUT TAPE JT,1000v(NAME(KIK1,12h9N4
IF( IC) 175,2C0,175

175 IF(IP)1909180#190
180 WRITE OUTPUT TAPE JT91200

WRITE OUTPUT TAPE JT,1400,(M(1.J),M(2.J) .M(3.JhoF(JhsSF(J),E(J),
1 EN(JhtCO(J),DO(J),C(JhtD(J),DC(J).DDIJ2 ,DE(J),JaJlN2)
GO TO 210

190 WRITE OUTPUT TAPE JT91100
WRITE OUTPUT TAPE JT.1300,(M(1,J(,M(2,J) .M(3.J),E(J),EN(J),F(J~o
1SF(J~,AO(J),BO(J),A(J),B(J),DA(J),DB(J) .DF(J) ,JaJ1N2)
GO TO 210

200 WRITE OUTPUT TAPE JT91500
WRITE OUTPUT TAPE JT.1600,(M(1.J),M(2,J) ,M(3,J),F(J),SF(Jb*E(J),

1 EN(J) ,DF(J) ,DE(J) ,JuJlsN2)
210 RETURN

1000 FORMAT(1H1,12A6//1OX,4HPAGEI4/)
1100 FORMAT(120H0 H K L E(O) E(C) F(O) F(C)

1A(O) B(0) A(C) B(C) DEL A DEL B DEL F/
2)

1200 FORMAT(120H0 H K L F(O) F(C) ECO) E(C)
1C(OI D(O) C(C) D(C) DEL C DEL D DEL E/

2)
1300 FORMAT(1HO,3I392F1Oo4,9F10.3)
1400 FORMAT(1HO,3I392Fl0.399F10.4)
1500 FORMAT186HO H K L. F(O) F(C) E(O)

1 E(C) DEL F DEL E /)
1600 FORMAT(H0 v314*2Fl2o302Fl2*49Fl2*39Fl2o4)

END

Interatomic Distance and Angle

CbNDANG BOND DISTANCE AND ANGLE PROGRAM
DIMENSION NAME(12)9N(500)qX(500),Y(500), 02693

1Z( 500 ) NS1( 2003 .NSZ( 200) ,SV( 200 'Ni( 2900) ,N2 (2900)t
2D(2900),E1(2900),E2(2900),E3(2900),ANG(2000),
3M1(2O000) M2(2000) ,M3(2000) 02693
COMMON N1,N2,D9E1,E29E3
EQUIVALENCE(M1,N),(M2,X),(M3,Y3,(ANGZ) 02693
COSDF(X)=COSF(3a14159*X/180*)
ITPS5
JTPz6
KTP=9
REWIND KTP
READ INPUT TAPE ITP910009(NAMEI3II)1-'12)
READ INPUT TAPE ITP91200,A9B9CvAL~dE9GA
READ INPUT TAPE ITP915009BMXtAMX
READ INPUT TAPE ITP#11O0,XINC9YINCtZINC
BMX=BMX**2
CALxCOSDF (AL)
CBEnCOSDF (BE) 02693
CGAuCOSDF(GA) 02693
120 02693
IF( XINC+Y INC+Z INC) 107, 100, 107

100 101+1 02693
READ INPUT TAPE ITP91I00vX(I),Y(I),Z(I)

105 N(I)RI-1 02693
IF(ABSF(X(I J)+ABSF(Y( I))+ABSF(Z( I)) )110,110,100 02693

107 CALL IftTERP(1,NXYZITPXINCYINCZINCABCCALCBECGA)

al
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110 JJzQ 02693
KKmO 02693
1S1-1
Ii.! 02693

115 READ INPUT TAPE ITP,1200,TI*T2,T3.U1,U29U3
IF(ABSS(T13+ABSF(T2)+ABSF(T31+ABSF(U1 ).ABSF(U2)+ABSF(U3) 11409140. 02691

1 120 02691
120 DO 130 Jo1,I 02693

11011 02693
N(I111=11-1 02693
X( I1)uTl+U1*X(J) 02691
Y( I13uT2,U2*Y(J.] 02691

130 Z(113uT3+U3*ZIJ) 02691
GO TO 115 02693

140 DO 145 Jwl.11
!F(XMODF(J95.0)-1 31429141,142

141 WRITE OUTPUT TAPE JTP91800vfNAME(K)oKu1,12)
142 LluN(J)/l

L2uN( J)-L1*I*1
145 WRITE OUTPUT TAPE JTP,1700.L1,L2sX(J),YIJ)*Z1J)
150 D0190 Jul.11 02691

12aJ+1 02693
DO 190 K=12911 02693

155 IFtN(J)/13190,157t190
157 V1'X(J3-X(K) 02693

V2*Y(J)-Y(K) 02693
V3*Z(J)-Z(K) 02693
VEC.ABSF (DOTPRD( Vl.V2,V3,V1,V2.V3.AB. 02693

1CvCALoCBEsCGA)) 02693
IFCVEC- BMX)16091609190

160 IF(VEC-949)170o180,180 02693
170 JJaJJ+1 02693

NS1(JJ)=N(J) 02693
NS2CJJ)=N(K) 02693
SV(JJ)=SQRTF(VFri 02693
GO TO 190 02693

180 KK*KK+l 02693
N1(KK)=N(J) 02693
N2(KK)=N(K) 02693
D(KK1aSQRTF(VEC) 02693
E1(KK)uV1 02693
E2(KK3sV2 02693
E31KK)=V3 02693
IFf 2900-KK) 330,330 .190

190 CUNTINUE 02693
LLu0 02693
NM*O
DO 322 Jp1.KK
IF(D(J)-AMX)19591959322

195 KK1.J41 02693
DO 320 KuKK1.KK 02693
IF(D(K)-AMX$20092009320

200 IF(N1(JI-N1(K)12209210922.0' 02693
210 Mali. 02693

ZDu1,0
GO TO 276

220 IF(N1(J1-N2(K)32409230,240 02693
230 Mm2 02693

ZDu-1.O
GO TO 276

240 IF(N2(J3-NI(K)3260,250,260 02693
250 M*3 02693

ZDw-1.0
GO TO 276
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260 IF(N2(J)-N2(Kl)3209270s32O 02693
270 Mu4 02693

ZD* 1.0
276 LLELL*1

COANGuZD* DOTPR0(El(Jb9E2(J)9E3(JloEcIcK)9
1E2(K) .E3(K) ,A.B.CCALCBE.CGA)/(DIJ)*D(K))
ANGCO=1*O-ABSF(COANG)
IF(ANGCO)227792779277

2277 WRITE OUTPUT TAPE JTP, 1600,N1(J),N2(J3,N1(K),N21K),ANGCO
COANGu1.o0

277 ANG(LL~u90O0-57*295780*ARCSIN(COANG)
278 GO TO(Z80,290*30093l0ohM 02693
280 M1(LL)aN2(J) 02693

M2(LL)=N1(J) 02693
M3(LLluN2(K) 02693
GO TO 315

290 M1(LLI*N2(J) 02693
M2(LL)*N1(J) 02693
M3(LL)aNl(.K2 02693
GO TO 315

300 M1(LLluNl(J) 02693
M2(LL)uN2(J) 02693
M3(LL~aN2(K) 02693
GO TO 315

310 M1(LL)*N1(J) 02693
M2(LL )N2(J) 02693
M3(LL)=Nl (K) 02693

315 IF(2000-LL)36093609320
360 WRITE TAPE KTP.(M1(MN).N2(MN).N3(MN),ANG(MN),MNul.200O)

LLE0
NMwNM+1

320 CONTINUE 02693
322 CONTINUE

IF(LL)3239323#1323
1323 WRITE TAPE KTP,(MI(MNlM2(MN),M3(MNhoANG(MN).MNu1.LL)
323 CALL OUTBND(IoJJ9KK9LL*NS1,NS29SV, 02693

1N1,N2.N3.DE1,E2.E3.-ANGM1,M2,M3, 02693
2NAME*JTP*NMoKTP)

325 CALL EXIT
330 BMXa(SQRTF(BMX)-*25)**2

IF(BMX-4o0)335o,3359370
335 IF(Il1/-1)34093409350
340 WRITE OUTPUT TAPE JTP.1300

GO TO 325
350 WRITE OUTPUT TAPE JTP,1400

1221 02691
370 KKuO

JJSO
GO TO 150 02691

1000 FORMAT(12A6) 02693
1100 FORMAT(3E10.4) 02693
1200 FORMAT(6E10.4) 02693
1300 FORMATI1H1,8X*71HMORE THAN 2900 2 A. OR LESS BOND DISTANCES HAV

IE BEEN FOUND AMONG THE///9X971HUNTRANSLATED SET OF ATOMS@ THIS PR02691
20BLEM TS TOO LARGE. NO RESULTS WILL///9X.91OHBE ISSUED*) 02691

1400 FORMAT 1H1,8X971HMORE THAN 2900 2 A* OR LESS BOND DISTANCES HAV
1E BEEN FOUND. VECTORS///9X,58HWILL BE CONSIDERED FOR THE UNTRANSLO2691
2ATED SET OF ATOMS ONLY*) 02691

1500 FORMAT(2E10.4)
1600 FORMAT(1OX,4l4,E1Z.5)
1700 FORMAT(l1XtI291H-,12#3F10.51
1800 FORMAT(1H1,1OX,12A6///12X.ANATOM96X.1HX.99XHr,9X~lHZ/)

END
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Subroutine INTERP

SUBROUTINE INTERP(I INXYZ,!TPXINCYINCLINCA,8,CCALCBECGA)
DIMENSION X(500)*Y(500).Z(500).N(500) .P(7).E(393).G(3.4hoH(3)
E( 1,1)w1.0
EC 1,2)a8*CGA*YINC/(XINC*A)
EC 193)=C*CBE*ZINC/(XINC*A)
E(291 )A*CGA*X!NC/(YINC*B)
E(2,2)=leO
E(293)-C*CAL*ZINC/(YINC*B)
EC 3*1 )A*CBE*XINC/(ZINC*C)
E( 3t2)=*CAL*YINC/(ZINC*C)
E(393)=1*0

100 1.1+1
READ INPUT TAPE ITP91O000X(fl#Y(I)9Z(I)
IF(ABSF(X( I).+ABSF(YI I I)+ABSFIZ( 1))) 130,130.110

110 READ INPUT TAPE ITP910009(PIJ)9Jý1971
L=O
DO 120 J1,P3
L=L+2
G(J.4)=LOGF(P(1)/P(L))/LOGFIP(1)/P(L+1)')
G(J,4)=(G(J.4)-1.O)/(2.0*(G(J,4)+leO))
DO 120 Kz193

120 G(JsK)ut(J,K)
CALL MATSCGeH9391)
XCI )Xf I)+H( 1)*XINC
Y( I)aY( I)+H(2)*YINC
21 I)zZ( I)+H(3)*ZINC
N I )=I-l
GO TO 100

130 RETURN
1000 FORMAT(7E10.4)

END

Subroutine OUTBND

SUBROUTINE OUTBND(I9JJ9KK9.LMvNS1.
1N 52 SV .N1.N2 .N3. 0El. E2,E3 .ANG .M1,
2M29,M39.NAME9,J TP9,NM. KTP I

C OUTPUT S.R. FOR BOND DISTANCE AND ANGLE PROGRAM 02693
DIMENSION NS1(20009NS2(2OO)9SV(2OO)* 02693
1N1(3000),N2(3000),Dt3000),E1(3000),EZ(3000)g
2E3(3000),ANGC2000),Ml(2000),M2(2000),
3M3(2000)sNAMEC 12) '02693
REWIND KTP
IJK1l 02693

50 I1=KK/44 02693
IF(KK)85585975 02693

75 IF(I1)120s120,100 02693
85 WRITE OUTPUT TAPE JTP98000

GO TO 250 02693
100 DO 110 Jul.11 02693

WRITE OUTPUT TAPE JTP,1000#(NAME(K),K1.1l2)#J
I 3=J*44-22 02693
12=13-21
DO 110 L012913 02693
L1*N1(L)/I 02693
MllzN 1(L)-Li *l+1 02693
L2aN2(I/I 02693
M22uN2(L)-L2*I+1 02693
LLluNlCL+22)/I 026;93
MM1.N1CL*22)-LL1*I +1 02693
LL2=N2(L*22)/l 02693
MM2sN2(L+22)-LL2*I +1 02693
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110 WRITE OUTPUT TAPE JTPt20009Ll9MllL2,M229D(L)#LL19MMlLL29MM29
1D(L+22)
IF(KK-11*44) 170.1709120 02693

120 14=11*44+1 02693
I5UKK-14-21 02693
IFI 151121.1229122

121 IszO

122 l6aI4+15-1
17.16+1
18RKK-15
19211+1 02693
WRITE OUTPUT TAPE JTP910009(NAME(K).I(=1.12)19I
IF( 15)150,150,130 02693

130 D0140 Lz14#16 02693
L1.N1(L/! 02693
M11.N1(LI-L1'I +1 02693
L2zN2 (U/I 02693
M22=N2(L)-L2*1+1
LLlaN1(L+22)/I
MM1.N1(L+22)-LL1*1 +1 02693
LL2=N2(L+22)/I 02693
MM2zN2(L+Z2)-LL2*1 +1 02693

140 WRITE OUTPUT TAPE JTP,2000,LlM11,L2,M22,D(L),LL1,MM1,
1LLZMMZ.D(L+22) 02693

150 DO 160 L*17*18 02693
LlNl(L)/I 02693
M11.N1(L)-L1*I +1 02693
L2=N2(L)/I 02693
M22zN2(L)-L2*1 +1 02693

160 WRITE OUTPUT TAPE JTP930009Ll9Mll9L2sM229D(L.)
170 GO TO(17592701.IJK 02693
175 IF(NM)2509117691175

1175 LLw2000
GO TO 1177

1176 LL=LM
IF(LL )250,250#1177

1177 NM=NM-1
READ TAPE KTP,(M1(MN),M2(MN),M3(MN),ANG(MN),MN.1,LL)
J1=LL/44

176 IF(J1)200,200#180 02693
180 DO 190 K-19J1

WRITE OUTPUT TAPE JTP,4000,(NAME(L)sLzl912b9K
J3=K*44-22 02693
J2sJ3-Z1
DO 190 NzJ2.J3 02693
L1*M1 (N)/I 02693
L2xM1(N)-L1*l +1 02693
L3aM2 (N)/I 02693
L4=M2(N)-L3*I +1 02693
L5=M3(N)/I 02693
L6aM3(N)-L5*I +1 OZ693
ML1=M1(N+22)/I 02693
ML2=M1(N,22)-ML1*1 +1 02693
ML3zM2(N+22)/I 02693
ML4xM2(N+22)-ML3*1 +1 02693
ML5uM3(N+22)/I 02693
ML6.M3(N+22)-MLS*I +1 02693

190 WRITE OUTPUT TAPE JTP,5000,L1,L2,L3,L4,L5,L6,ANG(N),
IML1,ML2,ML3,ML4,ML5,ML6,ANG(N+22) 02693
IF( LL-J1*44 )175, 1759,200

200 J4xJ1*44+1 02693
J5xLL-J4-21 02693
-IF(J5)201 ,20?,202

201 J5z0
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202 J6uJ4+J5-1
J7uJ6+1
,J8=LL-J5
J92J1.g. 02693
WRITE OUTPUT TAPE JTP,4000,(NAME(L)vLxl,12),.J9
IF(CJ5 )230.2,30 * 210 02693

210 DO 220 NuJ4,J6 02693
L1zM1(N)/I 02693
L2aM1(N)-L1*I +1 02693
L3zM2(N)/I 02693
L4.M2(N)-L3*I +1 02693
L5zM3(N)/I 02693
L6aM3(ND-L5*1 +1 02693
MLluM1(N'+22 Il 02693
ML2uM1(N,223-ML1*1 +1 02693
ML3aM2(N+22 3/I 02693
ML4uM2(N+22)-ML3*I +1 02693
ML5aM3(N+22 Il 02693
ML6*M3(N+22)-ML5*I +1 02693

220 WRITE OUTPUT TAPE JTP,5000,L1,L2,L3,L4,L5,L6.ANG(N),
1ML1,ML2,ML3,ML4.ML504L6,ANG(N+22) 02693

230 DO 240 NuJ7,J8 02693
Ll=Ml(N) Il 02693
L2=M1(N)-L1*I +1 02693
L3uM2(N)/I 02693
L4UM2(N)-L3*1 +1 02693
L5aM3(N)/I 02693
L62M3(N3-L5*I +1 02693

240 WRITE OUTPUT TAPE JTP96000tLl9L29L39L4tL59L6#ANGINI
GO TO 175

250 IF(JJ)Z65*2659255 02693
255 KK-JJ 02693

DO 260 J=19JJ 02693
N1(J)=NS1(J3 02693
N2(J)=NS2CJ) 02693

260 D(J)aSV(J) 02693
WRITE OUTPUT TAPE JTP97000
IJK=2 02693
GO TO 50

265 WRITE OUTPUT TAPE JTP99000
270 REWIND KTP

RETURN
1000 FORMAT(1Hlo6X93ONBOND DISTANCES(ANGSTROMS) FOR 912A697H PAGE 912/02693

1//19X924HATOM ATOM DISTANCE927X924HATOM ATOM DISTANCE)O2693
2000 FORMAT( 1HO,17XI2,1HIl2,3XI2.1H-,12,4X.F8.5,26X,12,lH-.I2,3X,12#

11H-91294XsF8s5)
3000 FORMAT( 1)0, 17XtI2 .13-. 12.3X.12 1H-.I2.4X.F8.S)
4000 FORMAT(lH1,6X#3OHBOND ANGLES (DEGREES) FOR 912A6,7H PAGE 912/02693

1//2(l1X932HATOM ATOM ATOM ANGLE#11XD3 02693
5000 FORMATC1HO,2(9XI2,1H-,12,3XI2,1H-,I2,3XI2,1H-,I2.4XF9.4,l0Xp) 02693
6000 FORMAT(I1HO,9X,12.1H-,12,3X,12,1H-,12.3X,12,1H-.12,4X.F9.4) 02693
7000 FORMAT (1Hl910X*53HTHE FOLLOWING BOND DISTANCES ARE ALL LESS THAN 002693

1.7 Ao//11X959HBOND ANGLES INVOLVING THESE BONDS HAVE NOT BEEN CALC02693
lULATEDs) 02693

8000 FORMAT (1H1,91OX %64HN0 BOND DISTANCES BETWEEN 0.7 AND 4.0 ANGSTROMS 02693
1HAVE BEEN FOUND.) 02693

9000 FORMAT(lHl1,XP58HN0 BOND DISTANCES LESS THAN 0.7 ANGSTROMS HAVE B02693
lEEN FOUND.) 02693
END 02693
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Least-Squares Line and Plane Fitter

CLSOPLN LEAST-SQUARES LINE AND PLANE FITTER
DIMENSION ZZ(12) .G(3'3),ZY(1O).X(3.50).WXS(3). WXXS(3,3),WT(5O)o
1ADJ(393) , A(393).G1(3.3btXMK(3),B(3,3),YMK(3),VM(3,3),VMI(393)p
2VMJ(393) , C1393)9, DI(50,oDEL(5O),DEL250OXBAR(3boVMKI3.so)t
3P(3)*UNIK(395O) *BV(3)
49Z12(3)
ITP=5
JTPz6
Z34ul.OE-12
MM21O
READ INPUT TAPE ITP91000*(ZZ(I)9121*12)
READ 11PUT TAPE ITP91003*A1.A29A3oALvBEvGA
WRITE OUTPUT TAPE JTP91020#(ZZ(I)9Im1912)
CALL RECIPI A1,A2,A3,ALBEGAB1,B2~,B3,COSACOSBCOSC)

C SET UP MATRIX G
G( 1.1 )=1**2
6(1.2 )uB1*82*COSC
G( 193)=B1*83*COSB
G(2v1)=G(192)
6(2.2l=B2**2
6(293 )-82*B3*COSA

G(392)*G(2*3)
G(3#3)283**2
61(1,1 )=A1**2
G1(1,2)uA1* A2*COSF(GA*3.14159/180*0)
G1( 1,3)aA1*A3*COSF(BE*3.14159/180.0)
G1(2o,l)zG1(1.2)
61 (292,)A2**2
G1( 2,3).A2*A3*COSF(AL*3.14159/180.0)
G1(3o1)*G1( 1v3)
61(392)zGl(293)
Gl(393)3A3**2
READ INPUT TAPE ITP,1O02*N9NO9L.#(ZY(I)9I=1#1O3

10 DO 20 J-19N
20 READ INPUT TAPE ITPe1003, X(19J)PX(29J)#X(39J)#WT(J)

C COORDINATES OF CENTROID
DO 25 1219N
IF(WT(I) )25922*25

22 WT(I)z1oO
25 CONTINUE

DO 30 1m.1.3
WXS( I )0.
DO 30 Jm19N

30 WXS(I)=WXS(I)+WT(J)*X(I#J)
WSZO.
DO 40 I=19N

40 WS=WS+WT(I)
DO 50 Im193

50 XBAR(I)nWXS(I)/WS
C SET UP MATRIX A

DO 60 I193
DO 60 J=.193
WXXS( I#J)nO*
DO 55 Kul.N

55 WXXS(IJ)UWXXS(IJ)+WT(K)*X(I.K)*X(JK)
60 A(IJ)UWXXS(IJ)-XBAR(IV*XBAR(J)*WS

IF(L)65*65961
C EVALUATE MATRIX B FOR LINE
61 CALL MTXMUL(393939G1.AoB)

GO TO 75

C SET UP ADJOINT OF A
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65 AOJ( 11)=A(292)*A(3.33-A(2,3)*A(392)
ADJ( 2,13 AE 3,1.3*A(2,3)-A( 2,1)*A( 3,3)
ADJ(3,13.A(2,1.)*A(3,2)-A(3,13*A(292)
ADJ(1,23=A(392)*A(193)-A(1,2)*A(393)
ADJ(2923uA(1,1)*A(393)-A(3,1)*A(193)
ADJ(3,2)xA(391)*A(1,23-A(1,1)*A(392)
ADJ 1.3)=A( 1,2)*A(293)-A(1,33*A(2,2)
ADJ(2933uA(2,1)*A(193)-A(1,1)*A(2,3)
ADJ(3933=A(1,13*A(292)-A(291)*A(192)

C EVALUATE DETERMINANT OF A
CALL MTXMUL(3,3,39ADJAC3
DETNAzOo
DO 70 1-193

70 DETNAnDETNA+C( 1.13
DETNAzDETNA/3e 0

C EVALUATE MATRIX 8 FOR PLANE
CALL MTXMUL(393,3,ADJtGB)

75 DO 80 1=193
80 BV(I)0O.

DO 90 1.1.3
DO 90 J-193

90 BV(13=BV( I)+B(Jtl)**2
BIGBV=BV( 1)
KK:1
DO 110 1=203
IF(BV(13-BIGBV31111olOtl00

100 KKwI
BIGBV=BV( I)

110~ CONTINUE
VMN=SURTF CBI6BV)
DO 120 1=1,3

120 VM(1,1)=B(I#KK)/VMN
NNN=O

C EVALUATC VM BY ITERATION
125 CALL MTXMUL(393o1,BoVM*VMI)

NNN=NNN+l
IF(MM-NNN)3#3,4

3 MMuMM+1O
Z34zZ34* 100.

4 IF(40-NNN)19192
1 WRITE OUTPUT TAPE JTPo10219NO

GO TO 235
2 IJ1l
VMN=SORTF(VMI(1,1)**2+VMI(291)**2+VMI(391)**2)
DO 126 1=1*3

126 VMI (1,13 VMI (X1913/VMN
DO 140 1=1.3
Z12 (I )VM( 1913/VMI (1913-1.0
IF(ABSF ( (VM( I.13/VMI(Io133-1*0)-Z34 31409140#130

130 IJ=2
GO TO 150

140 CONTINUE
150 DO 160 I=193

VM( I,13VMI( 1.1)
160 VM(1913=VM(It1)

GO TO(170*125)9IJ
C NORMALIZE VECTOR VM

170 CALL MTXMUL(1#3939VMoGtVMIP
CALL MTXMUL(193#19VMItVMtVMJ)
ORMaSORTF(VMJ(191) 3
DO 180 1=193

180 VM(Io13=VM(Io13/ORM
IFE L3185. 185, 500
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500 DO 510 1.1,93
P( 11O.00
DO 510 Jul*3

510 P( I)uVM(Jo1)*G(JtI)4P( I)
DL.28*O*0
DO 530 1=19N
DEL2( 11.0.0
DO 520 J=193
DO 520 Ku193

520 DEL2(1I lDEL2(1I)+(XBAR(J)-X(J.I I)*(XBAR(K)-X(KtI I [(G1(JK)-

530 DL2aDL2+DEL2 (I)
WRITE OUTPUT TAPE JTP.1025,NON,(ZY(I 1,11,10),XBAR(11,P(1).XBAR(Z

1) .P(2).XBAR(3),P(31,( I.WT(IlDEL2(I),I1,1N)
SATNzN-2
IF(SATN)55995509540

540 STND=SQRTF(DL2/SATNI
WRITE OUTPUT TAPE JTP,1032,STND

550 DO 560 1=1.3
560 UMK(19NO)=VM(191)

GO TO 235
C EVALUATE EIGEN VALUE FOR PLANE

185 CALL MTXMUL(3o39l9BoVt4,VMJ)
DNEGzO.
DO 190 1=1.3

190 DNEGxDNEG+VMJ(I.1)/VM(I,1)
EIGEN=3.0*DETNA/DNEG

C EVALUATE D(PLANE TO ORIGIN DISTANCE)
0=0.
DO 200 1=1#3

200 D=D+VM(I,1)*XBAR(I)
C EVALUATE D*DELTA Do(DELTA D)**2 FOR EACH POINT

0L2u0.
DO 220 Ix1.N
DI (1=0.
DO 210 J=1#3

210 01(11=01 (I )+VMIJ,1l*X(JI I
DEL( I 1D1 (11-
DEL2 (I)=DEL (I) **2

220 DL2=DL2.WT( I)*DEL2( 11
DO 230 1=1.3

230 VMK(IqNOl=VM(Itl)
C OUTPUT ONE

WRITE OUTPUT TAPE JTP,1005,NOtN.(ZY(I),I=1,10),VM(1,1) .VM(2.1),VM(
13.11.D.XBAR( 1) XBAR(21.XBAR( 31,( IWT( I) .DI(l) DEL CI) ,DEL2 C I) .11N
2)
WRITE OUTPUT TAPE JTP#1012#DL29EIGEN
A VED S 0
DO 231 1=19N

231 AVED=AVEDeDI(I1
ATN=N
A VED=A VED/A TN
SATN=N-3
IF( SATN)2329232*213

232 WRITE OUTPUT TAPE JTP910189AVED
GO TO 235

233 STNDaSQRTFCDL2/SATN)
WRITE OUTPUT TAPE JTP,1019,AVED*STND

C INTERROGATE NEXT CARD
235 READ INPUT TAPE ITPv10029N*NO9Ls(ZY(III=1.1OI

IF(N)2409240910
240 READ INPUT TAPE ITP*1013tN9LltNOtL2

IF(N)27092709245jC OUTPUT TWO
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245 WRITE OUTPUT TAPE JTP*1014
GO TO 260

250 READ INPUT TAPE ITP,1013sNsLlsNO9L.2
IF(N) 270 .2709,260

260 IF(LI1275o275#300
275 IF(L2)2809280#340
280 DO 290 I193

XM(( I )VMK(1I N)
290 YMK(I)=VMK(IoNO)

LL.Lw1
GO TO 350

300 IF(L2)3109310#330
310 DO 320 1=193

XMK( I )UMK( I N)
320 YMK(I)sVMK(I*NO)

LL.L~z
GO TO 350

330 DO 335 1=1,3
XMK( I )UMK( I N)

335 YMKII)zUMK(I*NO)
LL.Lz*3
GO TO 350

340 DO 345 1=1,3
XMK(I)=VMK( IN)

345 YMKCI)=UMK(INO)
LLL=4

350 DTPD:DOTPRD(XMK(1),XMKC2),XMK(3) ,YMKCL),YMK(2htYMKC3),B1,B2,B3s
1COSAtCOSB.COSC),
WRITE OUTPUT TAPE JTP*1006
GO TO(360*37093809390)*LLL

360 WRITE OUTPUT TAPE JTPsl016tNtNODTPD
GO TO 250

370 WRITE CUTPUT TAPE JTP*1036*NoNODTPD
GO TO 250

380 WRITE OUTPUT TAPE JTP91035#N*NOOTPD
GO TO 250

390 WRITE OUTPUT TAPE JTP910379NNODTPD
GO TO 250

270 PRINT 1017
CALL EXIT

1000 FORMAT(12A6)
1002 FORMAT(213916.fOA6)
1003 FORMAT16E10.4)
1005 FORMATC1H1,7X*12HPLANE NUM4ER14. IlOv6H ATOMS,7X,10A6////12X,99HEOU

2ATION OF F-LANE IS Ml*X + M2*Y + M3*Z = D WHERE 0 IS THE ORI
3GIN TO' PLANE bISTANCE/1HOi,20X,3HM1=El2.5,7H M2=E12.5t7H M3=E
412o596H DzE12.5////12X,32HCOORDINATES OF CENTROID X =El2o5
595X93HY *E12*595X,3HZ 1l2.5////15Xo72HATOM NUMBER WEIGHT
6 0 DELTA D (DELTA D)**2/(1HO,17X,13s6XsE~o.4,
75X9E12#5*5XoE12#594XsEl2o5))

1006 FORMAT(1HO)
1012 FORMAT(////15X921HSUM WT*(DELTA D)**2 =E12*592OX913HEIGEN VALUE zE

112o5///)
1013 FORMAT(413)
1014 rORMAT(1H1i29X94oHDIHEDRAL ANGLES BETWEEN PLANES AND LINES////29X#

134HANGLE BETWEEN PLANES P1 AND P2 a A/1H0928X933HANGLE BETWEEN LIN
2ES Li AND L2 x B/1HO928X936HANGLE BETWEEN LINE L AND PLANE P a C)

1016 FORMAT(1HO928X94HP1 =13tiOH P2 =13917H COSINECA) =E12.5)
1017 FORMATI 1H1,9X,13HJOB FINISHED*///////I///)
1018 FORMAT(1HO.14X911HAVERAGE D 2E12.5)
1019 FORMAT(1HO,14X911HAVERAGE D zE12*5s15X#20HSTANDARD DEVIATION =E126

15)
1020 FORMAT (1H1,35X9I2A6)
1021 FORMAT(1H1,71H A SATISFACTORY LEAST SQUARES FIT CANNOT BE FOUN

1D FOR SET NUMBER 13#3811. EXAMINE INPUT PARAMETERS FOR ERROR.)
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IU25 FORMAT(1H1,SX,11HLINE NUMBER1I4911096H ATOMS97X,10A6////12X,4OHTHE
IPARAMETRIC EQUATIONS OF THE LINE ARE//37Xs4HX a E12*595H + E12e5
294H T//37X94HY mE12*595H + E12@5#4H *T//37Xt4HZ xE1Z.595H
3+ E12.594H * T////12X*46HTHE SQUARE DEVIATIONS FROM THE LINE, D**
42# ARE// 22X*11HATOM NUMBER,11X,6HVJEIGHT,14X,4H0**2/(1H0,24X,13,1
54X9E12*5o6XoE12s5))

1032 FORMAT(////12X%21HSTANDARD DEVIATION z E12*5)
1U35 FORMAT(Ho,2SXw4H~l =13910H L2 =13917H COSINE(B) uE12.5)
1036 FORMAT(1HO,28Xv4H L a13#1OH P =13917H1 SINE(C) =E12s5)
1037 FORMAT(1HO,28X*4H P =13910H L =13917H SINE(C) =E12*5)

END

Point to Peak Distance Calculation

ATDIST nFTPBNINEI QISTANCES nF ATnOMS FRnm ANy pOnzT IN UNIT CELL

DIMENSION NAKE(12).N15D0I1.X(00I.Y(S00),
IZISO0INSI(2003,NS2(200),SVI200).N1150001 ,NZISOOO),
2JNT(IlI.NINT(100.11).AWE(100I.EDN(1003.NTS(1001.D(5000).TTIIl3.
3TV(111 tDIS(11),DISA(100#111
C0SDF(X)mC0SF13,I4I59*XjIl0,)
ITP*S
JTPU6
READ INPUT TAPE ITP,1000,INANE(KIIu,1wv2)

_.-READ INPUT TAPE ITP*1200*A.B.C*AL.BE.GA
READ INPUT TAPE ITP,1100vSNX
READ INPUT TAPE IfPs 1100.XC*YC.ZC

100
100 1-1+1

READ INPUT TAPE ITP9II00.X(13.YII)9Z(II
105 N(11=-I-

if (AUSF(X~i ) IABSF Y(VI I) ABSF.&IZII31311. 110. 10
110 JJO0

115 READ INPUT TAPE ITP,1200@T1,T2,T3,UIUZU3
IF(ASSFITl3.A3SSFT2).ABSFIT31.ABSFIUl).ABSFIU23.ABSF(U3) 3140.140.
1 120

120 00 130 .5-1.1
11-11+1
Nill 1.11-1
X1II13.T1*U1OX(J)
VI I1)aT2+U2*YIJ)

130 ZIIlbaT3+U3*ZIJ)
60 TO 115

140 CALaCOSOP (AL)
CIE-COSOPISE)
CCGA=CSDPIGA)

150 00190 Jw5-1,1
151 V1.X1J3-XC

VZsYJIJ-YC
V3*ZIJI-ZC
VEC.AISFIDOTPRDIV1,V2,V3,V1,V2,Y3,A9S,

I C ,CALCSfe-9-c-6A-IT
IFIVEC-SN13X1400,1S0190 _______

NIIKK3IJ)I4
OIKK3SORTFIVECI
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190 CONTINUE
WRITE OUTPUT TAPE JTP,33009(NAMEMA),K1212
00 200 JulKK

200 WRITE OUTPUT TAPE JTPtZOOOL1.Nlt0IJI
READ INPUT TAPE ITPt 1100,XC@YCqZC
IF(A55F(XC)*ABSFIYCJ*AUSFIZCI ZIYO.Z190,210

210 KKu0
6O TO 150

2190 CALL EXIT
1000 FQENAT(12AA1--
1100 FORNAT(E10.4)
1200 FORMATIK0I
2000 FOftNAT4140lX,17I2,1N-,I2.4X.F6.SI
.3300 FORMATl£1)1.lOlX. 12A&J

emiNO( 1,1,0,0.O,1,0,O,.0,0,0,0,0

Form Factors for Busing Least Squares

CFURMBU.5 FORM FACTORS FOR BUSING LEAST-SQ. REFIN& PROGRAM
DIMENSION S(33b9F(32)9NC(25)9BL.ANK(12)
ITPub
JTP=6
KTzlO
REWIND KT
READ INPUT TAPE ITP,2509 (BLANK(I)*Izl12)
NC( 1)=1
NC(9)=2
NC( 17)=3
NC(25)=4

5 READ INPUT TAPE ITP9
1 100.A9A1.B,B9BlC9ATOM
IF( A)30, 30. 10

10 S(1)1I.55
DO 20 I=1932
F( I)-A*EXPF(-Al*S( I)**2)+B*EXPF(-B1*S( I)**2)+C

20 S(1+1)*S(l)-.05
WRITE OUTPUT TAPE JTP9 2009ATOM
WRITE OUTPUT TAPE JTP, 210
WRITE OUTPUT TAPE JTP, 220
WRITE OUTPUT TAPE .JTP9 210
WRITE OUTPUT TAPE JTP9
1 2309(S(I ),FCI),S(I+16),F(I+16),I=1,16)
WRITE OUTPUT TAPEKT9250*(BLANKCI)91=1912)
WRITE OUTPUT TAPEKT,2409(F(I ),F(I+1),F(I+2),F(1+3),F(1+4),
1F(1+5),F(1+6),F(1+7).ATOMNC(IV,11,o25.8)
G0 TO 5

30 END FILE KT
REWIND KT
CALL EXIT

100 FORMAT(5F8*59A6)
200 FORMAT(1H1.9X9A6)
210 FORMAT~lHO)
220 FORMAT(1HO.9X,7HSINo/L.13X.11HFORM FACTOR#29Xt7HSINo /Lt13Xt11HFO

IRM FACTOR)
230 FORMAT( 1NO,9XoF5.2,15XF1O.6,30XFS.2,15XFlOe6)
240 FORMAT(7F9*49F8*491HF9A69IZ)
250 FORMAT(12A6)

END
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Variance-Covariance and Atomic Parameter Input
for Busing Function and Error

CBUSVAR VARIANCE MATRIX INPUT FOR BUSING ERROR FUNCTION PROGRAM
DIMENSION A(18528)98(1921
ITP=5
JTP=6
15U9
REWIND15
READ INPUT TAPE ITP9
1 l00,NsSF
READ INPUT TAPE ITP9
1 2009AlvA29A3
DO 10 IulN*3
READ INPUT TAPE !TP.
1 2009B0IhB(I+1)#BlI+2)

5 8(Ilu(B(I)/A1)**2
B(1.1)=(B(1+1)/A2)**2

10 B(I+Z)=(B(1+2)/A3)**2
SF=SF**2
Mao
DO 40 Iul.N
DO 40 J=19N
IF( I-J)20930,40

20 M=M+l
A(M)0.O*
GO TO 40

30 M=M+1
A(M)B( I)

40 CONTINUE
MN=M/8
IF(M-8*MN)45945941

41 L=M+l
MUMN*8+8
DO 44 I=LtM

43 A(I )-O0*
4S IF(SENSESW!TCH 1)46#47
46 MMzi

PUNCH 600
PUNCH l00,NSF
GO TO 48

47 MM=2
WRITE OUTPUT TAPE15#100*N#SF

48 K0O
DO 55 Ia1.M#8
KzK+l
GO TO(51950)tMM

50 WRITE OUTPUT TAPEIS.3009A(I ) ,A(I+11*A( 1*2) 9A(I+3)PA(I1+4) 9A(1+5)9
1A( I+6)#A(I+7) iK
GO TO 55

--51 PUNCH 700.A(I),A( I+1),A(1+2) ,A(1+3),A(I+4),A(1+5).A(I+6),A(I+7)
55 CONTINUE

READ INPUT TAPE ITP#
1 200,(B( I ).8( +1) .8(1+2) ,I=1.N.3)

IJuN/8
IF(N-IJ*8)80980960

60 L=N+l
NaS*IJ+8
DO 70 IwLsN

70 B1I)aO*O
8O GO TO(8198219MM
81 PUNCH 600
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82 KwO
DO 95 Isl.Nt8

GO TO(92#90)*MM
90 WRITE OUTPUT TAPE!5.300,B(I ),B(I+1).B(1+2).B( I+3).B(144).B( 1+5),

1B( 1+6) .8(1+T) .K
GO TO 95

92 PUNCH 800,8(I),B(1e1).B( I+2),B(1+3),B(I+4)#B(I+5).B(I+6),B(147)
95 CONTINUE

END FILETS
REWIND15
PRINT 400
CALL EXIT

100 FORMAT(99,E1Oo5)*
200 FORMAM(E10*5)
300 FORMAT(SE9*491493H SD)
400 FORMAT158H JOB FINISH$EDo SAVE TPE A5 FOR OFF-LINE CARD PUNCHIN

500 F0RMAT(SF,9,.69149ZH P)
600 FORMAT(72X)
700 FORMAT(SE9*4)
800 FORMAT(8F9s6)

END

Function ARCSIN(X)

FUNCTION ARCSINMX
10 Aw+l.5707963
20 Bz-092l459880
30 Cz+0.08897899
40 Ou-0.05017430
50 E.+0003089188
60 Fz-0*01708813
70 Gu+0*00667009
80 *H.-0*00126249
100 YYuX
110 IF(YY) 12092109120
120 Y=ABSF(YY)
130 IF(Y-1*0) 1409230,280
140 Zu-SQRTF(l.0-Y)
150 ZuA+Z*(A+Y*(B+XC*(C+Y*(D+Y*(E+Y*(F+Y*(G.HY)))))))
160 IF(YY) 170.21 0#190
170 ARCSIN= -Z
180 RETURN
190 ARCSIK=Z
200 RETURN
210 ARCSlNm0.0
220 RETURN
230 IF(YY) 2609210.240
240 ARCSINzA
250 RETURN
260 ARCSIN*-A
270 RETURN
280 CALL ENOJOB
290 END
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Subroutine RECIP

SUBROUTINE RECIP(AR.IIRCRgALR#dERGARAABBCCCOSALCOS8ECOSGA)
ALG&ALR*3*14159/160@O
t3EGu3ER*3914159/1&OsO
GAGzGAR*3sl4l59/.18 Coo
CO3AR=CCSFIALG)
COSDRaCOSFt5EG)
COS GRwuCOS F GAG I
VRuAIR*b7*CR*SXRTF( 1.OCOSAN*COSAR-COSbN*COSBR-COSGR*C0SGR+2.*COSAR

1*COSIR*COSGR)
SINARnSINF(ALG)
SINBRzSINF(3EG)
SINGR=SINF(CGAG)
AAU,9R*CR*SINAR/VR
bBSAR*CR*S INBR/VR
CCUAR*aR*S INGR /VR
COSALU(COSBR*C0SGR..COSAR) /(SINbjN*SINGR)
COSUEa(COSAR*C0SGR-COSb()/ 15IAAR*5INGk)
COSGAu(COSAR*COSBR-COSGR) /CSIN4R*SINBR)
RETURN4
ENC6

Function DOTPROD

FUNCTION DOTPRO(UVWXY,~olb1..3.COSACOSi~,COSC)
D0TPRDaU*X*B1**2+V*Y*B2**24.W*Z*a3**2.( V*Z+Y*W )*t2*b3*COSA+
1(U*Z+W*X)*bl*B3*C0So(U*Y+V*X)*o1*b2*COSC
RETURN
END

Function SCAFAC

FUNCTION SCAFAC(A9A1,8b.B1C#S)
SCAFACmA*EXPFC-Al1*(**2) J+B*EXPF(-B1*CS**2) )+C
RETURN
END

Subroutine MTXMUL

SUBROUTINE MTXMULCL#M#N#A#B#CI
DIMENSION A(3*31,B(393)9C(3v3)
DO 10 Iml#.L
DO 10 Jzl#N

10 C(I#JI*O.
DO 20 Isl#.L
DO 20 J1,9N
DO 20 Ka1,M

20 C(IJ)uC(I9J)+ACI.KJEB(K,42
RETURN
END

t Function INTG(A)

FUNCTION INTG(A)
IFIAIZO.10920

10 INTwOO
G0 TO 30

20 INTG.XSIGNFIXINTFIABSF(A)..1I.XINTFIA)I
30 RETURNENI 2 1
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