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PROGRAM FOR THE LOCATION OF
FOURIER PEAK CENTERS

by

M. H. Mueller, Fred Clark
Argonne National Laboratory

and

S. H. Simonsen
The University of Texas

ABSTRACT

The location of maxima on Fourier (or Patterson)
maps is accomplished with a computer program, written in
FORTRAN, for obtaining the peak location and height from
27 surrounding points in the 3-dimensional Fourier and
from 9 points for a 2-dimensional case.

INTRODUCTION

Although the location of the peak or maxima on Fourier maps can
be estimated by contour lines and by interpolation, this method has limited
accuracy. As a result, analytical extrapolation techniques, such as that
of Booth,(l) have been worked out. Later, Schoemaker et gl.,(z) described
the least-squares fitting of 27 points about the maximum on a three-
dimensional Fourier summation to a ten-parameter Gaussian function.
This scheme has since been used in computer programs such as that of
Ibers,(3) Bryden,(4) and the presently described program. Basically, all
of these are very similar and have been written in FORTRAN. The Ibers
program makes use of the 27 points for 3-dimensional peaks whereas the
Bryden program makes use of the 19 points closest to the maximum as
suggested by Donahue and Trueblood. 5) The Bryden program also includes
a system for peak location on a 2-dimensional Fourier based on 9 points
about the maximum. The present program, MET-146, uses 27 points for
the 3-dimensional program and 9 points for the 2-dimensional cases. It
eliminates the need for input to be in a specific order, allows any number
of three- or two-dimensional cases to be run simultaneously, and gives
more information in the output.



DISCUSSION

The program, which has been written in FORTRAN, requires only
the intensity, or P values, at the points around the maximum together with
an indication of whether the problem is 3- or 2-dimensional.

In the 3-dimensional case, 27 points in a 3 x 3 x 3 rectangular par-
allelepiped as close as possible to the peak maximum are fitted by least
squares to the following ten-parameter Gaussian function P:
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where x, y, and z are the coordinates of the 27 observed density values. In
order to facilitate computation, it is convenient to take the central point of
the 27 as the origin (0,0,0) and to describe the other 26 values in terms of
this origin rather than in terms of the map origin. Thus, all coordinates
are restricted to values of *1 or 0. The coordinate of the maximum den-
sity, when found, is then converted back to the map coordinate system
(X,Y,Z). An analogous procedure to that described above is followed for
two-dimensional cases.

By designating the number of cases on the input cards, one may in-
clude the data for 1 to 11 cases on the same input set of cards. Three-
and 2-dimensional cases may not be mixed on the same input set of cards
(a set is considered to be 27 or 9 cards); however, any number of sets
may follow each other without again feeding in the program deck.

In 2-dimensional problems it is necessary that all cases, if they
are to be included on the same set of data cards, must refer to the same
orientation in space, that is, must have a common zone axis.

The input data also calls for the size of the Fourier map intervals,
that is, 1/60th, l/lZOth, etc., which are not necessarily the same in each
direction. This information is included as a decimal part according to the
following scheme:

DX, DY or DZ

1/240 =~ 0.004167
1/120 = 0.008333
1/60 =  0.016667
1/30 =  0.033333

The output data include certain parameters obtained in the solu-
tion of the problem which assist in detecting errors. A print-out of the
input P values, the calculated P values, and the differences are also printed
out. In this way it is easy to judge the fit obtained from the least-squares
solution.




The next part of the output gives the peak location in terms of the
map coordinates and in terms of the decimal parts of the unit-cell lengths.

When the present program, known as MET-146, was written in its
original form, the Ibers and Bryden programs had not been obtained; but
when these programs became available a comparison was made of the re-
sults of the MET-146 program with those of the other two programs. The
same 3-dimensional data were used as input for each of the three pro-

grams.

from the Booth analytical extrapolation method.

Table I

The results are shown in Table I together with the values obtained

SUMMARY OF FOURIER PEAK RESULTS* OBTAINED BY
SEVERAL DIFFERENT METHODS

. . Analytical Ibers Bryden
MET-146
Peak Designation Extrapolation Program Program

N-2 x= 26.93 | 0.22442 27.67 1 0.2306 27.67 | 0.23056 27.67 0.23061
y= 12.08 | 0.10067 12.11 }{ 0.1009 12.11 | 0.10088 12.10 | 0.10087
2= 10.21 1 0.17017 10.33 | 0.1721 10.33 1 0.17213 10.32 ] 0.17214

Peak Ht. 2356 2357 2356
0-3 x= 16.37 | 0.13642 15.44 | 0.1287 15.43 1 0.12855 15.45 1 0.12874
y= 13.04 | 0.10867 12.95 | 0.1079 12.95 1 0.10788 12.94 ] 0.10786
z= 9.13 10.15217 8.70 | 0.1450 8.67 | 0.14457 8.70 | 0.14503

Peak Ht. 738.5 741 739
N-4 X= 25.99 | 0.2166 25.99 | 0.21661 25.99 1 0.21661
y= 47.71 | 0.3976 47.72 | 0.39764 47.72 | 0.39764
z= 10.34 | 0.1723 10.34 [ 0.17228 10.34 | 0.17226

Peak Ht. 6521.9 6531 6522
O-4 x= 37.79 | 0.3149 37.78 |1 0.31483 37.79{ 0.31493
y= 17.52 | 0.1460 17.53 | 0.14608 17.52 | 0.14602
z= 18.24 | 0.3040 18.24 | 0.30398 18.24 | 0.30398

Peak Ht. 2138.3 2143 2138

*The first column of each result is the map coordinate and the second column is decimal
part of the unit cell. Only MET-146 prints out the two results.



Card

INPUT CARDS

Format Columns Contents
72H 2-72 Title (first column blank)
3E12.8 1-36 DX, DY, and DZ = decimal equivalent
length for one map unit in the three
respective directions used to trans-
form results to the decimal part of
the unit cell.
1-12 DX, decimal in column 4
13-24 DY, decimal in column 16
25-36 DZ, decimal in column 18
16 37-42 K = number of cases (or sets or data)
being combined in this group
(1=K =11).
16 43-48 N = number of data points
(N = 27 or 9).
6X,11F6.0 7-72 Map coordinates, in X direction, of the
points chosen as the origin (0,0,0) of
the 27-point set. (K number of
values.)
7-12 X coordinate, 1st case.
13-18 X coordinate, 2nd case.
etc.
6X,11F6.0 7-72 Map coordinates, in Y direction, of the
points chosen as the origin (0,0,0) of
the 27-point set. (K number of
values.)
7-12 Y coordinate, 1st case.
etc.
6X,11F6.0 7-72 Map coordinates, in Z direction, of the
points chosen as the origin (0,0,0) of
the 27-point set. (K number of
values.)
7-12 Z coordinate, lst case.
etc.
6X,11A6 7-72 Atom identifications (K number of
atoms).
7-12 Identification for case No. 1 such as

0-3.




Card Format Columns Contents
7 through N 312 1-6 (a) x,y,z coordinate values using all
(27 or 9) +6 necessary combinations of the in-

tegers -1, 0, +1.

11F6.0 7-72 (b) Values of p for K cases. (The
order of the coordinates is imma-
terial as longas 000 is first.)

7-12 p value, 1st case.
etc.

OUTPUT INFORMATION

a

b

(2) Program identification

(b) Title

(c) Atom identification

(d) Values of Gaussian coefficients

(e) Values of x, Vv, %z, Pobss Pcalc: Pobs™ Pcalc for each of the N points
(f) Coordinates of peak corrected to map coordinates

(
(

g) Coordinates of peak corrected to the decimal part of the unit cell

h) Peak height at above coordinates
CARD DECK ARRANGEMENT
IBM-704

Peak Location binary program deck
Card 1. (Title card)
Card 2. (DX, DY, DZ)
Card 3. (Map Coordinate of X of origin)

Card 5.

(
(
(

Card 4. (Map Coordinate of Y of origin)
(Map Coordinate of Z of origin)
(

Card 6. (Atom identification)
Card 7-33. (x,y,z and pgpg values, 3-dimensional)

or Card 7-15. (x,y,z and pgpg values, 2-dimensional)



Note 1: More than one set of computations can be made by using additional

data cards 1, 2, 3, etc, in sequence. These cards should be placed after ‘
the initial set of data cards. The last set of data cards should always be

followed by 2 blank cards.

RUNNING TIME

Less than one minute per case.

1552/Met 146 GENERAL OPERATING INSTRUCTIONS
704 PROGRAM
Programmer Date USED NOT USED
—&.Clark . _245/63 prow: ()
READER: T2 x 72 Board ur swiTcH: [_x ] —3

PUNCH: Not Used
PRINTER: Not Used

SENSE SWITCH SETTINGS: None

TAPES:
Input: Tape No. 7
FORTRAN Library Tape No. 1

Scratch:

Output - Printed Tape No. 6

- Punched
To Be Saved None
Rewound by Program Prior to Cuiculoﬁon___ll%___ Atter __None
Manual EOF Needed Tape No. 6
TIME BEFORE OUTPUT: 10 sec/case NORMAL RUNNING TIME: 1 min/case

RUN NO LONGER THAN: 2 min/case

RUNNING PROCEDURE: (Indicate both regular and restart)
(1) Mount and Ready tape No. 6 for Output
(2) Mount and Ready tape No. 7 for Inmput
(3) FORIRAN Library tape on unit No. 1
(4) CLEAR and LOAD CARDS
(5) At HPR 0,1 (E.O.F. on input tape) problem is finished. Write E.Q.F.

on tape No. 6. Remove and print off-line on program control

STOPS (OCTAL): FORTRAN error stops



TEST PROBLEM

The input and output data for two different peaks, N2 and O3, are
included to afford an opportunity to check the program out. Figure 1
shows the data sheet used for punching the necessary IBM cards.
Figure 2 is a direct copy of the output sheets obtained for these peaks.
The title and the input information are printed out together with the
Pcalc and p difference. The values obtained for the peak in terms of
map coordinates are given followed by the conversions of these values

to decimal parts of the unit cell.



704 INPUT DATA

FORM 11 1552
Figure 1. MET-146 704 DATA SHEETS-TEST PROBLEM COST CODE
PROGRAM MEP_146 PROBLEM Ru Cpd ORIGINATOR Myeller DATE 2/20/63 PAGE 1 OF 2
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704 INPUT DATA
FORM 1l cosT cope__ 1352
Figure 1 (Continued)
PROGRAM MET-146 PROBLEM Ru Cpd ORIGINATOR Mueller paTE 2/22/63 PAGE 2 OoF 2
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Figure 2. MET-146 704 OUTPUT SHEETS-TEST PROBLEM

TITLE 1552/MET 146, CODE E2. MACHINE TOUF

1552 MET 146 MUELLER FOURIER PEAK LOCATION TEST PROBLEM 2/22/63

N=-2 0-3
P R S T U 4 R S T u
T.74079734 0.15450858 0.24455260 0.25866698 0.06815001 659479624 0,17571480 0.17094293 0.20883845 -0.05767016
v W L M N v W L M N
0.02111454 0.,01628578 -0.01799421 0.10470875 0.01520672 ~0.00793773 0.00260586 -0,06140602 0$.12413509 0.0366215¢6
X Y z RHO RHO CALC DELTA RHO X Y z RHO RHO CALC DELTA RHO
0 0 0 2294, 2300.305725 -6.305725 0 0 ¢ 727. 731.279861 -4,279861
-1 0 -1 1908, 1909.282181 -1.282181 =1 0 -1 717. 721.779022 ~4.779022
-1 0 0 1995. 1989.011597 5.988403 -1 0 709. 709.534401 -0.534401
-1 0 1 1604, 1599.804504 Lhe195u96 -1 0 1 571. 5664037643 4.962357
0 0 -1 1987, 1988.584030 -1.584030 0 0 - 658. 657.057281 0.9U2719
0 0 1 2064, 205u4.421661 9.578339 0 0 1 659. 660.490616 ~1.490616
1 0 -1 1778. 1TTL661TTH 3.338226 1 0 -1 498, 501.753342 -3.753342
1 0 0 2267. 2279.458221 -12.u458221 1 0 637. 6324239792 4,760208
1 0 1 2255. 2260.529022 -5.529022 1 0 1 650. 646.511192 3.488808
-1 -1 -1 16u8. 1649.6268U6 -1.626846 =1 -1 -1 653. 6571.580u06 T.419594
~1 -1 0 1753. TTU9.716L61 3.283539 -1 -1 o] 678. 681.091576 -3,091576
-1 =1 1 1429. 1432.8873u4 -3.8873u4y =1 =1 1 578 5774757591 0242409
0 =1 -1 1690. 1692.214279 ~2.214279 0 -1 -1 582. 571.824120 10.175880
0 -1 o 1989. 1993.C020416 ~4,023416 0 =1 0 675, 676.723320 -1.723320
0 =1 1 1815, 1812.3G61865 2.698135 0 -1 1 6Lu, 649,923851 -5.923851
1 =1 -1 1493, 1487.383926 5.616974 1 -1 -1 416. 420,964031 -4.964031
1 =1 0 194k, 1945. 152405 -1.152405 1 =1 0 566. 564.03342% 1.966576
1 =1 1 1965, 1964,024277 0975723 1 =1 1 616, 613.292076 2.707924
-1 1 -1 1729. 1730.400879 -1.400879 =1 1 -1 671. 673.908508 -2.908508
=1 1 G 1780. 1770.513153 9.486847 -1 1 0 624, 623.019791 0.980209
-1 1 1 1388. 13984665909 =10.665909 -1 1 7 469, 46T UITITS 1.582024
J 1 -1 1828, 1829.888947 -1.888947 0 1 -1 6ul. 6364362289 4.637711
0 1 G 2080. 2078.986115 1.013885 0 1 0 665. 666.,06u857 -1.064857
0 1 1 1826. 1825. 647308 24352692 0 1 1 563. 565.758728 ~-2.758728
1 1 -1 1658. 1658.061249 -0.361249 1 1 -1 505. 504.075974 0.924026
1 1 ¢ 2092. 2091.711792 0.288208 1 1 2 599. 597.336777 1663223
1 1 1 2042, 2037.349472 4.650528 1 1 1 571. 5T Uu0666 ~3. 440666
XeYsly VALUES CORRECTED TO MAP COORDINATES XeYsZy VALUES CORRECTED TO MAP COORDINATES
2T.67396975 12.1040737¢6 10.32854438 15.44933510 12.94263244 8.70202684
X9YyZy MAP COORDINATES CORRECTED TO UNIT CELL COORDINATES XeYeZs MAP COORDINATES CORRECTED TO UNIT CELL COORDINATES
0.23061632 0.10086723 0.17214240 0.12874440 0.10785522 0.14503381
PEAK HEIGHT PEAK HEIGHT

2356.16809082 738.51707u58

1
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APPENDIX

Procedure: The general least-squares method requires that values of the
parameters be found such that

Mz

§ r S 2 t z
P-3X%~5V] —-zz tux; +vy; +wz; +1lyjz; + mxjz; + nxgy; - In 05

.
11
—

will be a minimum.

By differentiating with respect to each of the ten parameters (6 in
the two-dimensional case), the normal equations are obtained:

2 N
aaZpEl = z (Ej) =0, (1)

1=1

BZE-; N
s = 2 (E)(x/2) =0 (2)

i=1

BZEJZ,L N
— =), (B) (v¥/2) =0 (3)

i=1

dsE? N
ST = 2 (B (-=/2) =0, (4)

1=1

aZEi N
S - Z (Ej) (xi) =0 (5)

1=1

SZEi N
v Z (Ey) (y3) =0, (6)

BZEE N
s =) (B (=) =0, (7)

i=1

BZE; N
ST 2 (B iz = 0, (8)

-
i
—
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o%E? N

Bml - Z (Ey) (x32) = 0, (9)
1=-1

osg; X

S = 2 (B (yyy) = 0 (10)
1=1

Evaluation of the equations at the N points results in a system of linear
equations unknown in the parameters. The system is solved by matrix
inversion subroutine AN F402.

The partial derivatives of Inp with respect to x, vy, and z result in
a system of linear equations after equating each to zero:

alng (1)

-rx +u+ mz + =0 R
Sx ny

il

0
—%%8 -sy+v+lz+nx =0 , (2)

51n8

S -tz +w+ly+mx =0 . (3)

By replacing the parameters by their previously calculated values and
once again utilizing AN F402, values of x, y, and z are found.

Coordinates of the peak corrected to map coordinates are found
merely by adding algebraically the computed values of x, y, and z to their
corresponding values at the origin of the initial array.

Coordinates of the peak corrected to unit-cell coordinates are
found by multiplying the x, y, and z map coordinates by DX, DY, and DZ,
respectively.

The peak height is computed by substituting the calculated values
of x, v, and z and the values of the parameters into the initial equation
representing the peak.






