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control card details and instructions for preparing input decks
are contained here,
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methods used in various subprograms are elsewhere.
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Chapter 1

Introduction

The CRYRM Crystallographic Computing System is a unified
program system for doing crystallographic caleulations on the
IBM 7094 computer, It is designed to make computing as simple
as possible for the crystallographer, while at the same time
giving him a very great variety of options. The philosophy has
been to make the input a minimum, and to provide a maximum amount
of communication between the different kinds of calculations. It
is hoped that by using CRYRM, crystallographers will be able to
spend more time at the heart of the problem--solving structures--
and less time doing trivial calculations and worrying about a
mountain of programming details.

The System Program:

The heart of the system is the system program. This program
operates directly under the IBSYS Basic Monitor. It has been
designed with the Caltech 7094-7040 computing setup in mind, but
is designed for running on other IBSYS setups with a minimal
number of modifications--if any at all are needed.

The system program contains a erystallographic monitor, input-
output subroutines, and certain functional subroutines. Under the

system program are a number of subprograms, which do the actual
calculations, using the subroutines of the system program where
needed. The system program and all subprograms are kept in the
installation's system library--either tape or disk.

1-1
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At the beginning of a Jjob, the ecrystallographie monitor assumes
control. It does such chores as accounting, job sign on, loading of
special magnetic data tapes, ete. When a control card eomes in
requesting calculations which require a sdbprogram, the correct
subprogram is lcaded into memory from the library, then it is given
control of the 7094, After doing its calculations, the subprogram
returns control to the system, which then reads more control cards,
calling in other subprograms as required. At the end of a job, the
system program terminates all output and signs off the accounting.

A diagram showing levels of control in the 709% whem CRYRM is
operating is shown in Figure 1.

Communication between Subprograms and the DATA TAPE:-

Communication between subprograms is accomplished in several
ways. Certain subprograms set indicators in the system for others
which may follow. Others leave tables stored in a protected area of
memory. The main method of accomplishing communication and for
preserving information for future runs is by means of a magnetic
DATA TAPE, The DATA TAPE for a structure carries on it a variety
of information, including cell parameters, the compound name, the
kinds of atoms in it, an atomic information deck, and information
for each reflection,such as,indices, observed structure factor,
sine squared theta / lambda squared, complete calculated structure
factors at the present stage of refinement, form factors, etc.

Each DATA TAPE carries on it the information for one structure
only. This infeemation is updated by the Structure-Factor Least
Squares subprogram at each entry. It may be used as input to
future structure-factor least squares calculationsy Fourier-type
calculationsy distances, angles, and planes calculations; ete.

The DATA TAPE is vrepared by the Data 'l'ape rreparation and Editing
subprogram., Hefiection information on it may be edited by this
subprogram also.

1-
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subprogram, Reflection information on it may be edited by this
subprogram also,

1-3
IBSYS IBM Basic Monitor
] Crystallographic Monitor,
‘ input-OQutput Routines
[1BJOB] |OTHER SYSTEMS] [CRYRM] Functional Routines,
Accounting
FORTRAN MAP DISTANCES, UNIT CELL DEBUGGING AUTOMATIC
COMPILER ASSEMBLER ANGLES LEAST SQUARES PROGRAM DIFFRACTOMETER
AND PLANES CALCULATIONS
| ETC. STRUCTURE- FOURIER INI TIAL DATA-TAPE
FACTOR PATTERSON ‘DATA PREPARATION
* LEAST SQUARES Includes PROCESSING AND EDITING
1 (5 Versions) Sharpening, Film-Film and Form Factors,
General Plane [ Inter- Group Etc.
Etc. Scaling, L.P,
Etc.

CRYRM SUBPROGRAMS

Figure 1,
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The system also provides for the use of another magnetic data tape
designated DATA TAPE EXTRA. This tape carries a more Limited amount of
information. It is used for such chores as communication between
subprograms which reduce raw data and the Data Tape Preparation and
Editing subprogram, and storage of Fourier-type maps.

Both DATA TAPE and DATA TAPE EXIRA are special tapes whiech must be
loaded by the computer operator when the job requiring them is to be
run., There are provisions in the system program to provide for this,

' The Subprograms:

An explanation of why these are called ‘subprograms' is in order.
This is done to emphasize that they run under the CRYRM system
program., As Figure 1 shows, they run on the same level as the Fortran
compiler or the IBMAP assembler. They are more complicated and provide
a greater variety of options than many 'full-fledged programs® for doing
the same type calculations. The CRYRM Crystallographic System can be
best understood if it is regarded as one single unified monster program,
all of which does not remain in memory at one time. .

The capabilities of the subprograms are described in the following
chapters. Several features, some of whi¢h involve new concepts, will.
be pointed out here., The Initial Data Processing subprogram ean. pfovide
for carrying data from raw film readings all the way through inter-group
scaling to suitable input for the Data Tape Preparation and Editing
Subprogram., The Structure-Factor Least Squares subprograms provide for
multiple matrix refinement of parameters; that is, the parameters may be
placed in almost any matrix setup that the user desires. The Fourier
subprogram provides for the calculation of Fourier-type maps which are
on an inches/angstrom scale after being printed, if such is desired.

It also provides for Fourier sections through any general plane which
the user may desire,

Page 10
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Choosing an Asymmetric Unit of Data:
The following conventions should be used in indexing data

for the following types of crystals. Most limitations are due 7o
the Fourier subprogram,.

Triclinic: No reflection may have two or more negative indices.
Monoclinic: No negative 'k'! or 'l' indices are allowed.
Orthorhombic: 411 indices must be positive.

Tetragonal Lo negative indicesi this convention is the same
o as orthorhombie.

'Y

Tetragonal %mm : A11 indices must be positive, and h = k.
Cubic %? . A1l indices must be positive and h€ 1, k £ 1.
Cuble m3m : All indices must be positive and h € k £ 1.

Hexagonal
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Input to CRYRM:

The next chapter describes how one should prepare a card input
deck for CRYRM, In the chapters which follow it the capabilities of
the different subprograms and the format for the different control and
data cards is discussed. In cataloging the different control cards, a
certain scheme has been followed. Each control card is listed as two
lines==the first line shows what must appear on the card, excluding
certoin constants which may be requiredy the second line consists of
a series of '"===="'s, these being replaced by appropriate characters
when a constant or optional field may or must be placed in the corres-
ponding position on the card. Where an = sign appears in the second
row, exactly what appears in the first row (whether it is a character
or %lanks) mist appear on the card., An example follows:

DISPERSION CORRECTICN _
= == = = fff======AAAAA====== ANANS= == == =

This card is described in Chapter 5. DISPERSION CORRECTION must appear
on this kind of card. A form factor identifier must appear in col. 28-30.
A constant must appear in col. 37-42. A constant may appear in col. L49-54,
Unless otherwise specified, any non-integral constant may be entered by
actually punching a decimal point somewhere in the alloted field, for
example, 2.53%, .005, 31. , etec. In most cases, the constant may also

be punched with the decimal point assumed to be between two specified
columnsy for example, if the second row of the card description shows
XXX for the field of a constant, six columns are allowed for this
constant, the decimal point being assumed between the second and third
columns if none is punched ( the . below the XXX's denotes the assumed
decimal point.)

Page 12
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Programming for CRYRM:

All programs for CRYRM are written in the MAP Symbolic Programming
Language and are assembled in the absolute mode. Whereas this type of
programming requires more time and effort on the part of the programmer
than,sax Fortran, many more things can be done in the computer; and the
programs which are produced are very much more efficient in both space
and time than programs written in scme compiler language. For programs
written for CRYRM there is available, in the CRYRM library, a subprogram
which will do such things as tracing through a certain section of a
subprogram or printing out certain sections of memory at different
times for aid in finding errors in the subprogram.

Page 13




Chapter 2
The CRYRM Running Deck

The preparation and arrangement of cards for a CRYRM
running deck 1s discussed here. The deck described here is
suitable for card input through the present Caltech setup--
cards are read by the 7040 and placed on disk for the 7094,
The $ENDJOB card is not required for jobs submitted from remote
eonsdles., Minor.modifications (see Appendix 1) are needed if
input is to be from a magnetic tape loaded by some other computer.
No provisions have been made for input directly through the slow
on-line card reader into the 7094,

Beginning and End of a Deck:

The first card must always be a $ID card, This card
causes the accounting to be signed on and signals the beginning
of a new job., The second card must always be JEXECUTE CRYRM. _
This card eauses the CRYRM system to be given control of the 7094
if it is not already in control. (Aetually the order of these two
cards 1s reversed by ths 7040, so the $EXECUTE CRYRM card reaches
the 7094 before the $ID.) The last’card in all decks must be a
$ENDIJOB card, This signals the system that the input for this job
has been finished, so after any pending calculations are finished
the job will be signed off, and the next job (if there is one) wiil
be read in,
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The In-Between Cards:

Between the $EXECUTE CRYRM and the $ENDJOB cards are placed the
system and subprogram control and data cards whiech cause the required
calculations to be aeccomplished, None of these cards may begin with
a $ character.

The arrangement of the deck ig diagrammed in Figure 2. The system
control cards may be divided into two groups: A. those which do not
cause the loading of and transfer to a subprogram, and B, those whiech
doe The NAME and COMMENT cards, for example, are Group A system control
cards. They do not require a subprogram to complete the action which
they specify, The STRUCTURE FACTOR CALCULATION and the FOURIER cards,
on the other hand, are examples of Group B system control cards. They
cause subprograms to be called into memory to complete the action
called for,

After the leading cards, any number of Group A system control
cards may be placed, or if none are required, they may be skipped.,
Next comes a single Group B control card, asking for calculations A
which require a subprogram. This causes the system to load the required
subprogram into memory from the library. An overlay deck may follow
the Group B card., If S0, the system processes thigs overlay deck before
giving control of the 709% to the subprogram, but after loading the
subprogram into memory., (Overlay decks are not usually required).

Since at this point the subprogram has control, any subprogram control
cards,or data cards,which may be needed by the subprogram must be placed
next 1n the deck. When the subprogram has completed its calculations

it will return control to the system; therefarq the card following the
subprogram deck must be a system control card. = This may be more Group

A cards, if desired; a Group B card, in which case the previous sequence
is repeated, except for different calculations; or if nothing else is
required, the $ENDJOB card,

2=3
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$mp3on . End Card

(a2s many repeating units as required)

Cgf {l More Group A System

Control Gards

Subprogram Control Card
— and Data Deck
(as required)

Repeating
Unit

An Overlay Deck
(if required)

J A Group B System Card

| Group A System Control
Cards (if required)

SEXECUTE CRYRM

Leading Cards
41D |




The Color Code:

The color of the cards which are loaded into the computer in
no way affects the calculations which are done, but a certain color
code has been adopted to help the operators and to make the assembly
and interpretation of a running deck easier,

BROWN-=caeeem Reserved for $ID cards only.

RED SOLID----Reserved for $ENDJOB cards only.

RED STRIPE---Reserved for all other Group A and Group B system cards.
NC COLOR-—we-- Reserved for data cards. '

A1l users should follow the above code. The first two items
pertain to all jobs run at the Caltech computing center, not only
CRYRM jobs. Cards of colors other than those specified above are
suitable for subprogram control cards. Certain recommendations ca
be made which the user should follow if it is convenient. -

l. Put all least-squares or structure factor subprogram decks on
GREEN cards. :

2. Put Fourier-type subprogram input on GRAY STRIPE cards.

3. Put Inital Data Processing input, except data cards, on
YELLOW STRIPE cards.

Hints and Warnings:

1. Put at least two or more cards between the $EXECUTE CRYRM card
and the $ENDJOB card. Only one may sometimes cause trouble.

2. Be careful with system control cards which print a message to
the operator asking for loading of tapes. Don't use a
sequence which prints him the same message twice.

‘3. If a dump of 7094 core storage is desired, even if the job
finishes with no apparent error, this may be forced by
requesting a dump at the beginning of the deck, and then
making a deliberate error (for example, a PATTERSON card
without a space group number) on the card before the
$ENDJOB card, '

Pdde ‘Fj




Coigee Ll a aunp at the beginning of the deck, and then
making a deliberate error (for example, a PATTéRSON card

without a space group number
$ENDJOB card, p ) on the card before the

2=5

L. When estimating the time required for a set of calculations,
remember that the job will be terminated with an error if
this time (times a small factor--slightly greater than one)
is exceeded. It is not possible to give a false low estimate
of time in order to get a higher running priority.

5. When a DATA TAPE or DATA TAPE EXTRA are to be loaded, the
operator of the computer should be warned beforehand so
that he may have the correct reel mounted when CRYRM asks
him for it. DATA TAPE will be loaded on Chamnel ‘'A' and
DATA TAPE EXTRA on Channel 'B!. For example, if a DATA
TAPE whose name iz CRY=210 is to be loaded, tell the
operator "Tape CRY=210 on Channel 'A' ".

Examples of Running Decks:
Example 1.

$ID DJD109A,CHI8057,1

$EXECUTE CRYRM

DATA TAPE CRY-206

PATTERSON SPACE GROUP NO. 12
THREE-DIMENSIONAL

$ENDIOB

The abové cards will cause a three-dimensional Patterson map to
be calculated for the structure whose cell size and observed
structure factors are on tape CRY=206.

The DATA TAPE card will cause a message to the operator asking for
: the loading of tape CRY-206,

Page 18
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Example 2,

itD DJD504C, CH98057, 7
EXECUTE CRYRM

DATA TAPE CRY=-=210 System Control Cards
LEAST SQUARES CYCLE AlO SPACE GRQUP NO, 33

WE IGHTING FUNCTION 1.000 00000 2,445~ ,6398 ,2127 00000 00000 EXT WT]
FULL MATRIX SHIFT FACTOR= 1,0

SCaws FACTOR= 1,0

ANTZO 1 .0060183 ,0121941 .108906k -.0004748 -.0010085 -,0057519

A %:x 'G555%36 F'OO96826 .087328% -.0017957 -.0014676 -.0091156
1N .003025 195415 .0U3551

Structure-Factor

COORD 13 H 241900 ,078522 -.34u4734 Least Squares

‘NO REF INEMENT Subprogram
1SO 10 3.5 Control Deck
1SO 13 3.5

END ATOMIC [INFORMATION

RECYCLE

DISTANCES, ANGLES, AND PLANES —1—A Group B System Card

COMPLETE DISTANCES AND ANGLES 3.5
PLANE 1,2,3,4,5,6,7,8,9,10,11,12,1
WE IGHT?1,0,1,0,1,0,1,0,1.0,1.0,1.,
$ENDJOB

,13 . —Distances, Angles and
0,1.0,1.,0,0.0,0,0,0.0,0.,0__| Planes Su% rogram Deck

This input deck will do two cycles of least squares, getting its
reflection data from the DATA TAPE CRY=210; then it will calculate
complete distances and angles and a least-squares plane wusing the
coordinates generated by the last cycle of least squares.

Page 19
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reflection data from the DATA TAPE CRY=210; then it will caloulate
complgte di stances and angles and a least-squares plane wusing the
coordinates generated by the last cycle of least squares,

2=7

Example 3.
$1D DJD505A, CH9B805T , 4
$EXECUTE CRYRM
EDIT DATA ON TAPE CRY-210Q
CELL 15.5507 9.3751 3.6626
KIND FC© N H =~ |
SUBSTITUTIONS

0 2 0 55.62

0 2 0 55,62 0.0
DELETIONS

7 12 1 3.66
END OF DATA
LEAST SQUARES CYCLE SPACE GROUP NOs 33"

WE IGHTING FUNCTION HUGHES 1,/FOBS SQUARED 4FMIN= 4,0
ATOMIC PARAMETERS ARE ON DATA TAPE,

DISTANCES, ANGLES, AND PLANES

COMPLETE DISTANCES AND ANGLES 3.5

COMMENT FINAL MOLECULAR PLANE FOURIER,

FOURIER SPACE GROUP NO. 33

CENTER POINT 1374 .2629 ,0088 6.5 A, HOR1Z,” 6.5 A, VERTICAL
GENERAL PLANE, DIRECTION COSINES ,1839 -.3451  ,9203 ~ ,Z CONSTANT HORIZ,
$ENDJOB

This input deck calls in four subprograms. First comesan edit of
the DATA TAPE,and then it does a cyele of least squares using the atomic
coordinates which are on the DAYA TAPE as input. Next it calculates
distances and angles, then does a general plane Fourier, using the
calculated structure factors which were put on the DATA TAPE by the
previous least squares cycle for phasing purposes.




Chapter 3

System Control Cards.

Discussion:

The CRYRM system control cards may be divided into two
groups--LA, those which do not cause the loading of any subprogram,
and B, those which cause the loading of and transfer of control
to gsome subprogran.

Sinee Croup A control cards do not cause the system to give
up control, they should be followed by other system control eards.
Group B control cards, however, do cause the system to give control
to a subprogram, If a PROGRAM CHANGES FOLLOW or a SYSTEM CHANGES
FOLLOW control card immediately follows a Group B control card, the
overlays which follow will be placed in memory after the subprogram
is loaded in from the library. Overlays may be in the form of OCTAL
cards and/or absolute-mode column binary cards., Immediately after
such changes are processed (or immediately after the Group B control
cerd 1f no changes are present) the subprogram is given controls
therefore, the next cards in the deck should be subprogram control
cards if they are reqguired. A system control card should follow the
subprogram cards, since the subprogram will return control to the
system when it has finished its calculations.

A1l jobs must begin and end with system control cards.
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Space Group Designation:

The space group numbers used in CRYRM are the same as in the
International Tables for X-ray Crystallography, Volume 1. Where
there is a choice of origin, the origin is taken at the center of
symmetry. A11 monoelinic space groups are with the 'b' axis unigue.
Space groups which fall into the above category require only a space
group number.

In addition to the standard space groups, alternate orientations
of some space groups are provided for. These are indicated by giving
the standard number followed by a space group letter. Below is a list
of special space groups.

Designation Space Group

SA A2

7 Pa

7N ' - Pn

84 Anm

OA Aa
124 A 2/m
13A P 2/a
13N P 2/n
14K . P 27/n
154 s A 27a

=

Page 22
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System Control Cards - Group A

This type of control card does not cause the loading of and transféer to
a subprogran,

$ID ? 999
= 11T XX =WW OO =X =X =D===== = — =

Required Constants:

Initials in columns 16-18 are required. These must be followed
immediately by a job identification number (up to four
characters). This must be followed by a comma and a two-
falphabeticg)-character department identification code,
followed immediately by a five-digit charge number.

Optional Constants: »

Maximum execution time, pages of output, and dump request fields
may follow the charge number. The field after the second
comma on the card is considered the maximum execution time
field (minutes). That after the third comma is the pages-
of-output field, If a D follows the fourth comma, a dump
will be given if an error is made during the job. If no
maximum execution time is specified, 2 minutes is assumed,
In order to skip over a field to ge% to the next, put two
successive commas--do not put blank spaces between commas.

Action:
1. The job is signed on and the timer is started.
2, Memory is cleared, except for system and buffers,

Noteé
If a job exceeds the maximum execution time (times a ceritain
extra factor), the job will be stopped and signed off with
an error indication.
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CRYRM

Action:
This card causes the CRYRM system programs to be loaded into memory
from the library. CRYRM is then given control. If CRYRM is
in control when this card is processed, the card is ignored.

$ENDJOB

D e e = —— e o e
=== —_—— = —_—— ===

Action:
This card signals the end of input for the current job.

ERROR DUMP REQUESTED

Action:

This card sets an indicator which causes a memory dump if the job
ends with an error.

PROGRAM CHANGES FOLLOW

Action:
This card prepares CRYRM to accept overlays to subprograms. All
overlays in the form of absolute mode column binary cards
and/or OCTAL cards must follow this card,

Noteﬁ
This card will not permit changes to the CRYRM system. If such
overlays are needed, use a SYSTEM CHANGE:S FOLLOW card. If
a complete binary deck for a subprogram is to be read in,

it will contain overlays to CRYRM and therefore a SYSTEM
§,_M5HANGES FOLLOW card is required. T —

Page 24
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overlays are needed, use a SYSTEM CHANGES FOLLOW card, .
; card,
a complete binary deck for a subprogram is to be read iif

it will contain overlays to CRYRM
GHANGES FOLLOW card is required. and therefore a SYSTEM

ErerrrTsssssaa T e S

OCTAL ,
======3 000 =000 == ‘ = =========
Required Constants: '
1. Fivi-d;git octal number giving location to be overlaid in
col, 7-11. ‘
2., Twelve-digit octal number in col. 13-18. All zero digits must
" be punched as such. )
Actions ,
The 12-digit octal number replaces the contents of the location
specified by the 5-digit octal number.
Notes A ‘
This card must be preceded by a PRCGRAM CHANGES FOLLOW, SYSTEM
CHANGES FOLLOW, another CCTAL, or a binary card.
NAME :

‘======ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ , ==

Optional Field:
Any alphabetic or numeric identifier (for example--a compound name)

may be placed in col. 7-56.

Actionsg’ ' . -
.1, The fifty characters specified above are placed in the page heading.
5. If a DATA TAPE has been loaded, these characters are placed where
they will be put on the DATA TAPE, if the DATA TAPE is copied when
first used during the job (as,for example, the least squares
routines do). . :

Note: .
If a DATA TAPE is loaded after this card has been processed, the fifty
characters from the tape will overlay these in the page heading.
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COMMENT

Action:
Card is listed with the output. Anything in col. 8-80 c¢an be placed
in the listing by this card.

DATA TAPE _
:::::::::::%:4?:%:j:mm::::::DONT:T HST=NAME,== ===

Required Constants:
A tape name, not to exceed 12 characters, beginning in col. 19.

Cptional Field:
If DONT TEST NAME. appears in col. 37-51, the name testing feature
of tape loading is suppressed.

Actions

1. A message will be printed toc the operator, asking him to load
the tape whose name i1s given on a certain tape drive on
Channel 'A'. The system then waits until this is completed.

2., Unless name testing has beer suppressed, the tape name recorded
as the first 12 characters at the beginning of the tape will
be compared to that punched on the card. '"Not equal is
assumed to be an ervor in loading the tape. If the tape is
not loaded correctly after two tries, the job is ended with
an error.

3, The fifty-character page heading identifier which has been
placed on the tape by a NAME card is placed in the page
heading unless name testing has been suppressed.

1. If this card is used the operator should be warned that he will
be asked to load the tape whose name is given above on Channel
VAV, This will allow him to have this tape ready.

5, The tape name should be identical, column for column, to that
which appeared on the PREPARE DATA TAPE card wiich was used to
make 1t.

PREPARE DATA TAPE, EDIT _ _—

P3ge26




e WLACGALLILAT L

M cos will allow him to have this tape readyv.
2. The tape name should be identical, coluﬁn forpcoisggy.to that
9

which appeared REPA ST NATA m -
nake it?p on the PREPARE DATA TAPE card which was used to

A D : s .
= E C%;‘Sd%lswélot reguired before = PREPARE D

DATA TAPE EXTRA :
== XXX XX XXX ======DONT=TEST=NAME. ====

il

Required Constantss
A tape name, not to exceed 12 characters, beginning in col. 19.

Optinnal Field:
If DUNT ''EST NAME. appears in col. 37-51, the name testing feature
of tape loading will be suppresse&.

Action:
1. A message will be printed to the operator, asking him to load
the tape whose name is given on a certain tape drive on
Channel 'B'. The system then waits until this is completed.

2. Unless name testing has been suppressed, tine tape name recorded
on the tape is compared to that on the card. “Not equar'is
assumed to be a tape loading error. If the tape is not loaded
correctly after two tries, the job is ended witn an error.

1. The operator should be warned that he will be asked to load the
specified tape on Channel 'B!, This will allow him to have the
correct tape ready.

2. Name testing should always be suppressed on new tapes.
3. Note 2 spaces between TAPE and EXTRA.
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System Control Cards - Group B

This type of control card will cause the ioading or and transfer to a
subprogram, It should be followed by overlays if these are
required, and then by any subprogram control cards which may be
required.,

INITIAL DATA PROCESSING

= et

Action:
The Initial Data Processing subprogram is loaded into memory, and
given control after any waiting PROGRAM CHANGES are processed.
See Chapter 4 for a discussion of required subprogram control
cards.

PREPARE DATA TAPE

XOO000000X =======x ==

Required Constants:
A tape name, not to exceed 12 characters beginning in col. 19.

Action:
1. A message will be printed to the operator, asking him to loaft
the tape whose name is given con a certain tape drive on
Channel 'A'., The system then waits until this is eompleted.
2. The Data Tape Preparation and Editing subpregram is loaded into
nmemory from the library, and given control after any waiting
PROGRAM CHANGES have been processed,

See Chapter 5 for required subprogram control cards.

Note:

The tape name given here will be stored éh the tape for name
testing during future loading.
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EDIT DATA ON TAPE

).0.0:0.0,0:0.0.0.9.0.0.¢

Required Constants:
A tape name, not to exceed 12 characters, beginnlng in col. 19.

Action: _

1. A message will be printed to the operator, asking him to load
the tape whose name is given on a certain tape drive on
Channel 'A', The system then waits until this is completed.

2. The tape name recorded on the tape is compared to that on the
card, “Not equal™is assumed to be a tape loadting error. If
the tape is not loaded correctly after two tries, the job is
ended with an error,

3. The Data Tape Preparation and Editlng subprogram is loaded into
memory from the library, and given control after any waiting
PROGRAM CHANGES have been processed.

See Chapter 5 for required subprogram control'cards.

Note:
1. The operator should be warned that he will be asked to load the
speeified tape on ChannelfA?,
2. The tape name should be identiecal column for column to that which
appeared on the corresponding PREPARE DATA TAPE card.

LIST DATA ON TAPE
==== 000 0.00000008

Required Constants:
A tape name, not to exceed 12 characters, beginning in col. 19,

Action: ‘

l. If a data tape has not been loaded, actions 1 and 2 above are done.

2. The Data Tape Listing subprogram 1s loaded into memory and given
control after any waiting PROGRAM CHANGES have been processed.

No subprogram control card®re required, The DATA TAPE will be listed.
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STRUCTURE FACTOR CALCULATION SPACE GROUP NG.
== == = XX

Required Constants:
Space group number in col. 52-54%, right justified, letter (if reguired) in 55.

Action:
l. Space group number is converted and stored,
2. Appropriate version of the structure-factor least squares subprogram
is loaded into memory from the library.
3« It is set for the STRUCTURE FACTOR mode, then is given control
after any following PROGRAM CHANGES are processed.

Notes
Error if DATA TAPE has not been loaded prior to this card.

LEAST SQUARES CYCLE SPACE GROUP NO.
=m==oo== == Smmm=== ===== ==== 200,08

Required Constantss
Space group humber in col. 52-54, right justified, letter (if required) in 55,

Optional Constants:

Cycle letter in col, 24 and cyecle number in col, 25-27, If these are
left blank, the previous cycle letter and incremented previous
cycle number are used. The crvcle number is required if this is
the first cycle with the present DATA TAPE,

Action: v
1, and 2. as for STRUCTURE FACTCR CALCULATION.
3. Subprogram is set for the LEAST SQUARES mode, then is given
- control after any following PROGRAM CHANGES are processed.

Note:
Error if DATA TAPE has not been loaded prior to this card.

See Chapter 6 for required subprogram control cards for the structure-
factor least squares subprogram, ,
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FOURIER SPACE GROUP NO.

S===—== === == XXXY:

Required Constants: ‘ ‘
Space group number in col, 52-54%, right justified, letter (if required) in 55,

Action:

1., Space group number is converted and stored.

2. The Fourler subprogram is loaded into memory from the library.

3. It is set for the FOURIER mode and then is given control after
any following PROGRAM CHANGES are processed.

Note:

It is assumed thatyprior to this, ecalculated structure factors have
been put on the DATA TAFE if the DATA TAPE is to be used for
input to the Fourier,

)

PATTERSON , ¥ SPACE GROUP NO.

S s =S = ==XXXY=
Required Constants:
Space group number in col. 52=54, right justified, letter (if required) in 5%,

Action:

l. ©Space group number is converted and stored.

2. The Fourier subprogram is loaded into memory from the library

3 It is set for the PATTERSON mode and then is given control after
any following PROGRAM CHANGES are processed,

See Chapter 7 for required subprogram control cards for the Fourier
subprogram,
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DIFFERENCE FOURLER SPACE GROUP NO.
—————— NO S,F. ============ =X0KY

"AND L.S.

Required Constantss:
Space group number in col. 52-54, right justified, letter (if required) in 55,

Optional Fields:
1. If , NO S5.F. appears in col, 19-27, the partial calculated structure

factors are assumed to have been put on the DATA TAPE by a previous
calculation,and the entry to obtain them is suppressed.

5, If AND L.S. appears in col. 20-28, the entry to obtain the partial
calculated structure factors is made in the LEAST SQUARES mode,
and a cycle of least squares is done at that time.

Actione
1. Space group number 1is converted and stored.
5, Unless it has been suppressed, the correct version of the structure-

factor least-squares subprogram is loaded into memory and entered
in the STRUCTURE FACTOR or LEAST SQUARES mode for the calculation
of required partial and complete structure factors.

3. After the return from the structure-factor least-squares subprogram,
the Fourier subprogram is loaded into memory from the library and
is entered to obtain the required difference fouriers.

Note:

1. Input of structure factors from DATA TAPE is required.

5. If an entry is to be made for the calculation of structure factors,
5 WEIGETING FUNCTION card, an OMIT ATOMS card, and an atomic
information deck (see Chapter 6) must follow this card. The
subprogram control cards for the Fourier subprogram (see
Chapter 7) should then follow these. ' v

3, Any PROGRAM CHANGES for the Fourier subprogram should be placed

immediately after the atomic information deck.
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COMPLETE DIFFERENCE FOURIER SPACE GROUP NO.

o= e e e

i}

Required Constants: ,
Space group number in eol, 52-54%, right Justified, letter (if required) in 55,

l. Space group number is ccnverted and stored.
2. The Fourier subprogram is loaded into memory from the library.
3o It is set for the COMPLETE DIFFERENCE FOURIER mode and then is

given control after any following PROGRAM CHANGES have been
processed.,

1. Input of structure factors from DATA TAPE is required.
2. It is assumed that,prior to this, calculated structure factors
have been put on the DATA TAPE.

See Chapter 7 for required subprogram control cards,

DISTANCES, ANGLES, AND PLANES

Action:

The Distances, Angles, and Planes subprogram is loaded into memory
from the library, and given control after any waiting
PROGRAM CHANGES have been processed,

See Chapter 8 for required subprogram control cards.
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AUTOMATIC DIFFRACTOMETER £ 7~

= e oo
= —_———

—_— —

Action:
The Automatic Diffractometer Calculations subprogram is loaded into
memory from the library, and given control after any waiting
PROGRAM CHANGES have been processed,

See Chapter 9 for required subprogram control cards,

UNIT CELL LEAST SQUARES

Action:
The Unit Cell Least Squares subprogram is loaded into memory from the
library, and is given control after any waiting PROGRAM CHANGES
have been processed, \Note two Dblanks after UNIT, )

See Chapter 10 for required subprogram control cards,

PUBLICATICN LIGST

e s o e — e T e e S S e —— P — —— — coevenerenepenc
prapmad === === —_—— ———— ==t —_—— Pttt by

Action:
The Publication Listing subprogram is loaded into memory from the
library, and is given control after any waiting PROGRAM CHANGES
have been processed.

Note:
A FORM card must follow this card. See Chapter 11 for the format
of this subprogram card,
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TEMPERATURE ELLIPSOIDS

e e e g ——

Action:
The Temperature Factor Ellipsoid Inversion subprogram is loaded
into memory from the library, and is given control after any
waiting PROGRAM CHANGES have been processed.

See Chapter 12 for required subprogram control cards, . |

STATISTICAL PHASING SPACE GROUP NO.

Required Constantss:
Space group number in col, 52-54, right justified, letter (if required) in 55

Actions
1. Space group number is converted and stored.
2, The Statistical Dhasing subprogram is locaded into memory from
the library, and is given control after any walting PROGRAM
CHANGES have been processed,

See Chapter 13 for required subprogram control cards.,

PROTEIN CALCULATIONS

RS I S S L L L S . I L L L L L R L L L L S L L S s s L o o s S o e s

Actions
The Protein Calculatlon subprogram is loaded 1nto memory from the
library, and is given control after any waiting PRCGRAM CHANGES
have been processed.

Notes .
For information on this subprogram, one should contact R. H. Stanford.
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Chapter U

Initial Data Processing

Programming Contributions:

D, Duchamp, film factor scaling, internal weighting, L. P., etc.
C, M. Gramaccioli, scaling between groups.
Mrs, B, Stroll, precession Lorentz-polarization correction,

Discussions

This subprogram is a completely intermeshed set of routines for use
in data reduction, It provides for entry of data directly as read from
films (or at any later stage of processing), calculation of film factors,
sssigning of standard deviations to individual film readings, averaging
between films, Lorentz-polarization corrections, absorption corrections,
end scaling together of several groups of correlated intensity measurements,
Any of these calculations may be done separately, or they may all be done
at once,

This subprogram is called by the INITIAL DATA PROCESSING System Control
card. The output may be placed on a DATA TAPE EXTRA for input to the
Data Tape Preparation and Editing Subprogram or for re-input to a later
phase of this subprogram., Initial input of reflection data is by cards
(two types—=long or short format)., Thereafter data entry may be by cards
or by a DATA TAPE--this DATA TAPE having been prepared as a DATA TAPE EXTRA
by a previous computer run of this subprogram or the Automatic Diffractometer
Subprogram.

Program Description:

The caleunlations of this subprogram are accomplished in three passes
of the data. The particular problem of the user may require any one, any

hea
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two sequential, or all three passes.
magnetic tape links between passes are provided automatically.

a2

is outlined in the table below.

If more than one pass is required,

The scheme

Processing Subprogram

Crganization of the Initial Data

Typel of
Reflection Input

Calculations

Printed Output

Magnetic
Tape Cutput

PASS 1

PASS 2

PASS 3

1 Input is

1. Long Format
Data Cards
2. Long Format
lag. Tape

If £ilm factor
scaling:

1. Long Format
Data Cards
Long Format
llag., Tape
nots
Short
Data
Short
Mag.

26

if
1, Format
Cards

Formet

Tape

2,

Short
Data

Short
I: a, g ®

Format
Cards
Format
Tape

C\\.J\;F-’ W NN

N -
°

)
®

=
® ® ) L]

o ]

Setting of "less thans"
Calculation of film and
pack factors.
Calculation of constants
for internal weighting
Assigning internal weight]

Film factor scaling
Assigning internal weight
(if not done in PASS 1)
Setting of "less thans"
(if not done in PASS 1)
L. P, Correction
Absorption Correction
"Extra correction

Sorting of reflections
according to indices.
Caleculation of factors
between correlated
grouns of data
Scaling and combining

Results of all
calculations are
printed., If card
input, cards are
listed.

A reflection by

reflection list
of all results

and correction

factors

A reflection by
reflection list
of results,
certain statis-
tical results

ad -
of groups

either by cards or magnetic tape, not both,

A Long Format
Mag. Tape

A Short Format

Mag. Tape

A Short Format
Mag. Tape




' | of groups . I l

The Subprogram Deck:

The subprogram deck is composed of two partss (1) a series of cards
feeding in constants and designating options desired, and (2) the data.
The cards in the first part of the deck (1) may be in any order. A CELL
card and at least one calculation-requesting card must be entered,

If the reflection data is to be entered by magnetic tape, the second
part of the deck (2) is a single DATA ON DATA TAPE card. When using this
option, a magnetic tape with data in the proper format must be loaded as
a DATA TAPE prior to the entry of the INITIAL DATA PROCESSING card.

If the reflection data is to be entered by cards, the second part of
the deck (2) consists of either a long-format or a short-format data deck.
The last card of either deck must be END OF DATA. The long-format data
deck is designed for use in entering readings directly from films—-
specifically where several different exposures of the same photograph are
involved, as for example, in the multiple-film Weissenberg method. The
short format data deck is used for group by groun (layer by layer in the
case of films) entry of single intensity measurements, as, for example, for
input for a Lorentz-polarization correction, or for inter-group scaling.

In the control card description the Type 1 cards are for entering
constants and designating options (the first part of the subprogram deck).
The Type 2 cards are for use in data entry, :

Short-Format Card Input:

The short-format data deck consists of groups of short-format data
cards., FEach group should be preceeded by a LAYER card or a COUNTER DATA
FCLLUWS card giving the necessary information about the group and separating
it from other groups. For example, when entering Weilssenberg data taken
about the "a" axis, the zero layer forms one group, the first layer forms
another groupn, the second layer ancther and so on--each group being preceeded
by an avpropriate LAYER card identifying that group. As many groups as are
needed may be entered, one following the other. The last card of the data
deck must be an END OF DATA card, This card indicates the end of the
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subprbgram deck, and therefore only one is allowed., An example of entry
of two groups (%he zero and first layer about the "a' axis) follows.

Example 13
LAYER 0 AXTIS A
0 2 3 25,2
0 2 L 150,1
0 13 22 5.3
LAYER 1 AXTS A
1 3 L 220,
1 3 5 263
1 3 8 15.32
1 13 20 4,2
END OF DATA.

The order of the data cards within the groups is not important to the
subprogram, and is up to the user,

Long-Format Card Input:

Long-format card input is designed for use in entering film intensity
data directly as read from films. It is designed for the multiple-film
technique. For this option the reflections must be divided into groups as
described under Short-Format Data Input.

The long-format data card provides for up to ten entries--cach entry
corresponding to a different film. The films should be grouped into "packs"--
all films within a pack having been taken by the same exposure, as, for
example, three films which were in the camera at the same time during a
multiple-film Weissenberg exposure. A pack may contain from one to ten
films., Within a pack, the atténuation between films is due only to the
absorption of x-rays by the film, _



auvlteiple=1L1101 Welssellberg cXxposure., A pack may contalll iTom one To ten
films, Within a pack, the atténuation between films is due only to the
absorption of x-rays by the film,

b5

The packs are arranged on the long-format data card in order of
decreasing exposure--most intense pack first. Within a pack, films must
be arranged in order of decreasing intensity--the most 1ntense film first.
For example, if a layer was taken by the Weissenberg method in two exposures,
a long exposure of three films and a short exposure of four films, the -
entries on the long-format data card would be assigned as follows

Entry | Entry Entry Entry Entry Zntry | Entry | Entry | Entry|- Entry
1 2 , 6 7 8 9 10
Darkest | Middle Neakest arkest Second Third Weakest
Filmy | Film, | Film, | Film, Film, | Film, | Film, Not Not Not
Long Long Long Short Short Short | Short Used Used | Used
Exposur gExposurgExposur posure osur posur glxposure] = ' - : o

A1l entries should be left-justified and there should be no "not used®
entries between film entries. For each entry that has been assigned to a
film, there must be, within the group of reflections, at least one reflec-
tion with a reading from the film corresponding to that entry., 1if in the
above example, a reading from the weakest film of the long exposure pack
does not occur on any reflection card within the group, no entry should be
reserved for that film--the four entries for the short exposure should be
moved to the left one entry, Entry 7 being placed in the "not used" section.

The entry format for a given group is entered into the subprogram by _ |
use of a PACK FORM card, which tells which packs are where. The entry - |
format must be constant w1th1n a group, but may change between groups. The ;
designations punched on the PACK FORM card are used as headings for the
columns of figures in the printed outpute.

In punching a long-format data card, the indices are punched, then
1nten51ty readings are punched in the en%ries corresponding to the films

from which they came. If a reflection was not read on a given film--— :
either because it was too dark or too weak--nothing should be punched in

the entry for that film, The handling of reflections which are too weak

to be observed on any film is described later under '"Unobservable Reflec-
tions."

The long-format card input deck must be arranged in the following
manner: First must come a PAEB&Re#ORM card, specifying the entry format




)

for the first group of data. The LAYER card for the first group must follow
immediately. Then come all the long-format data cards for the first group.
If the entry format of the second group is different from the first, a new
PACK FORM card must immediately precede the LAYER card for the second group.
(If no PACK FORM card occurs, the entry format specified on the last entered
PACK FORM card is assumed.) Then follow the LAYER card and the long-format
data cards for the second groubp. Al]l other groups are entered in the same
fashion--PACK FORM (if required), LAYER, long-format data cards. A LAYER
card must precede the long-format data cards of each group, and a PACK FORM
card may precede the LAYER card. At the end of all data input, and END OF
DATA card nmust follow. Remembering that the designations punched on the
PACK FORM cards are used as column headings in the printed output, some users
like to enter a new PACK FORM card before every LAYER card; this is permitted.
An example of the entry of long-format data is given later in this chapter.

Tape Outputb:

If a magnetic tape has been loaded on DATA TAPE EXTRA before the INITIAL
DATA PROCESSING card enters, the final tape output will be placed on this tape
in either the long or short format depending on what calculations were last
completed. The normal option in this case is to write a new tape from the
beginning; however, the present output may be added onto previous output
(provided the format is the same) by use of an ADD TAPE QUTPUT 10 DAYLA TAPE
EXTRA card.

The short format output tape from this subprogram is suitable for use
as input to this subprogram or to the Data Tape Preparation and Editing
subprogran, It does not contain sufficient information for Structure-Factor,
Least Squares or Fourier calculations.

Unobservable Reflections:

Unobservable reflections are handled by setting a minimum observable
intensity and saying that the reflection is "less than™ this minimum obser-
vable value. "Less than'" reflections are designated by making their weight
negative,

Unobservable reflections may be entered in one of two ways. First, a
value may be punched for each "less tran'" reflection, the weight being

-
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¥ be entered in one of two ways. First, a
"less tran" reflection, the weight being
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made negative to indicate a "less than" Or, the weight may be madeknegative
and no value punched--the minimum observable intensity being assigned
internally by the function plotted below:

1.5 Imin'

min
I

R @ e e e o

L

(sin 8)1 (sig 6)2
sin 6 —- ' '

The rise at high sin 6 is designed to take into account &7, o5 splitting

at high angle. Of course, if this option is used, unobservable reflections
whose nminimum observable intensities are not approximated by the above
function (for example, low angle "smeared out" reflections on upper-level
Weissenberg photographs) must still be entered individually. The SET LESS

THANS card is used to effect automatic setting of minimum observable
values,

Internal Weights:

Provisions have been made for assigning standard deviations to
individual film intensity readings by the following function

| 2032
o(1) =..L[a+b1+ . c 12 2][1+de"g('5‘ sin e)] for I< Ip.e

Ve max = 1)
o(I)

1

a very large number - for T2 Ip.x

where o(I) is the standard deviation in intensity I; we is an external
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welght punched on the data card; a, b, ¢, d, g and Ipyy are constants;
and sin 6 is the Bragg sin 6.

The function is designed primarily for use with readings obtained
by visual estimation using a standard intensity scale (strip). It will
be discussed more throughly elsewhere, but in brief: the "a" term is
designed to raise the error assigned %o a reading 1low on the intensity
scale; the "bI" term usually dominates for a reading in the sensitivye
intermediate region of the intensity scalej the " cI2 /(Ipax - I)2 O
term is designed to raise the error of a reading high on the intensity
scale; the second factor (with the exponential) is designed to raise
the error of readings which are obscured by &7, &o splitting. In the
preceeding statements "raising the error" means raising the error :
relative to reflections which do not have the particular characteristic
described. The wgy is provided so that the standard deviation of certain
readings with special undesirable characteristics may be increased,

Use of the internal weighting option is effected by entering a USE
INTERNAL WEIGHTS card. The above function may be used in two modes,
First, all the constants--a, b, ¢, d, g, and Ipgx--may be entered, and
weigh%s assigned by direct use of the function.

Alternatively, an Ipip and an Ipsx may be entered, and the program
will assign constants as follows:

& = Inin/3
d=0.25 .

= 50,0 ‘ _
and b w?ll be dete}mined by a statistical analysis of the consistency
betwéen reflections which are multiply observed in the sensitive region
of the intensity scale., The "b's" so determined are calculated on an
axis-by-axis basis and give an indication of how good the data about a
given axis is. In practice, calculated values of "b" usually range from
.05 to 0,15, Also in practice the determination of "b" is very sensitive
to punching errors on the long-format data cards. An accurate value for
"b" is dependent upon the multiple readings of each given reflection act-
ually being independent visual obscervations,; and of course on a large
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"b" is dependent upon the multiple readings of each given reflection act-
ually being independent visual obscrvations, and of course on a large

L-9

number of multiply-observed reflections upon whiech to aprly the statis-
tical criteria. '

In the assigning of internal weights to readings of high-angle
reflections, the I which is used in the function is the reading multiplied
by a factor of 2/3 to take into account &7, Xp splitting since the reading
is actually a combination of two lesser readings. The transition from low
to high angle is made by the same method as used in assigning minimum
observable intensities to less than reflections.

Once the standard deviations have been assigned to,film readings?
they may be carried through the remainder of the Initial Data Procescsing
Subprogram (by propagation-of-error methods) to give a standard deviation
for each scaled corrected reflection. The qguantity designated a "“weight"
in this subprogram is the reciprocal of the standard deviation in the
square of the structure factor amplitude (the intensity).

Calculation of Film and Pack Factors:

A film factor is defined as the ratio (always »1) between intensities
of consecutive films within a pack. A pack factor relates two adjacent
packs and is defined as the ratio of the intensity of the least intense
film entered for the longer exposure pack, to the most intense film entered
for the shorter exposure pack. The two films related by a pack factor are
adjacent in the entry format. The factor relating two adjacent films in
the entry format is the number used to multiply the readings from the later
film to bring them on the same scale as the readings from the preceeding
film, Thus by applying consecutive factors, each resading can be brought
on the same scale as Entry 1.

The calculation of these factors can be effected by use of the
CALCULATE FILM FACTORS card. Three methods of calculation are available,
designated as follows:

]|
LOGARITHMIC log(Kyy) = - b
i
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; VeI =2
RATIO AVERAGE K, = rl(Ib)i
2wy ’
* DISCRETE SUMS Koy = Z(Ta) 1
2 Ib i

where Kap is the factor between film "a" and film "b", I, is the reading
from film "a" of a reflection (i) observed on both film "a" and film "b%,
Ip is the corresponding reading from film "b", wiy is the weight (calcu-
lated from the standard deviations of the readings) assigned to each
multiple observation (i). The summations are over all reflections (1)
which are observed on both films. The first two methods require assigned
standard deviations for weighting. In practice, the LOGARITHMIC method
has proven most satisfactory, and is therefore recommended,

Since the film factor is due only to attenuation from absorption by
the films (in the usual case), all film factors within a given group should
be the same, Accordingly, an average film factor for each layer is calcu-
lated. By taking into account the angle of incidence between the x-rays and
the film, the film factors of all the groups are averaged to give an overall
film fac%or for all the data entered. These factors once calculated are
available for film-factor correction and averaging. <The results of the
§alculation of film and pack factors are punched out on cards for possible
uture use,

Film Factor Correcticn and Averaging:

Film factor correction, as used here, means the multiplying of
readings under all entries by the proper factor to put them on the same
scale as the first film (Entry 1). After the readings are scaled up, they
are averaged to give a value for the observed intensity for each reflec-
tion, After this is done, all reflections within a given group should be
on the same scale., The scale may differ, however, between groups. '

The DO FILl! FACTOR CORRIZECTICH card is used to specify this option,

If film factor correction and averaging is to be done, either the film and

pack factors must be calculated in the save run, or they must be read in
2 & )] a C a OVUVERA FILIIXI B é 5 irad)d
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ine DO FILII FACTOR CORIZECTICH
If film factor correcction and :
pack factors must be calen
using FACTOR-_AXIS cards (

cgrd ;s used to specify this option,
averaging is to be done, either the film and
lated in the save run or they must be read in

and an OVERALL FILM FAGTCR card if requirod).
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When doing film factor scaling, the pack factors have to be used
individually and, in general, have no relation to each other, The user,
however, may select how the film factors (those factors due only to :
attenua%ion from absorption by the films) are handled. One may select
(1) a GENERAL film factor, meaning that one overall film factor will be
used for all the data; or (2) a LAYER film factor, meaning that a , 1
separate average film factor for each group (layer) is used for all film ' |
factors within the groups or (3) an INDIVIDUAL film factor, meaning that
each film factor is entered individually--the factors between films within
a pack are handled as though they were unrelated to one another. The |
overall film factor is entered assuming normal incidence of the x-rays &
to the film, and is automatically scaled up for groups where non-normal
incidence occurs., The GENERAL film factor is recommended except in E
special cases where one would expect the film factors not to be the q
same,

By the appropriate entries on the DO FILM FACTOR CORRECTION card, one
mey use weighted or unweighted arithmetic or log(geometric) averages. The
welghted option is standard. It assumes that welghts, derived from the
internally assigned standard deviations, are available., Weighted averages
are not possible when the internal weighting option is not being used.
When the weighted option is being used, the standard deviations of the
readings are correctly scaled and combined to give a standard deviation of
the average. This is done by standard propagation-of-error methods with
the assumption that the errors in film and pack factors are negligible.
The weighted LCG AVERAGE is recommended,

Lorentz-Polarization Corrections:

For film data this subprogram has provisions for making Lorentz and
polarization corrections for films taken by precession, rotation-oscilla-
tion, equi-inclination Weissenberg, antiequi-inclination Weissenbherg,
gener=1 inclination Weissenberg, and powder techniques. The photographic
method used in collecting a group of data, along with any special constants
for that group, is entered on the LAYER card which preceeds the group.
Groups taken by different methods may be mixed at will within a given run.
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The Lorentz and polarization correction applied to data which follow
a COUNTER DATA FCLLOWS card is the same as the zero-level rotation-oscil-
lation correction, Of course, any of the film Lorentz-polarization correc-
tions may be also used for cc nter data by just calling the data "film data."

When this correction (and also the absorption correction, ete.) is
applied to an intensity value, the weight assigned to this in%ensity is
divided by the same factor in order to keep the standard deviation of this
intensity on an absolute scale.

Absbrption Correction:

Provisions are made for the application of absorption correction
factors by this subprogram; however, the subprogram contains no routine
to calculate these factors, If a user desires to do absorptlon corrections
he should enter a DC ABSORIFTICN CORRECTION card, and using the PROGRAM
CHANGES FOLLOW optlon, he should enter a short octal overlay program at .
location "ABSORP" in the Initial Data Processing Subprogram. This overlay
progrem will be entered for each reflection; it should return to location
"SRUN1" with the accumulator ccntaining the floating-point binary absorp-
tion correction factor to be multiplied by the intensity wvalue of the
reflection being processed. The main subprogram will handle all printing
of the absorption factor and its actual application,

The "EXTRA'" Corrections

Provisions have been made for tihe user to enter an overlay program by
means of the PROGRAM CHANGES FOLLOW option, and to have this overlay program
executed, The octal overlay program should be entered starting at location
WXTRART". After it completes its calculation, it should return to location
"SRUN2™ with the accumulator containing a floating-point binary factor to
be applied to the intensity of the reflection being processed., (Use a
floating-point 1,0 if no factor is desired). This routine may be used to
do special manipulation of the indices, intensity, or weights of reflections,
It is entered once for each reflection. The correction factor which it
generates is applied to the intensity at the same time as the Lorentz-
polarization correction factor is applied.
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genergtes‘is applied.to the intensity at the same time as the Lorentz-
polarization correction factor is applied,

Inter-Group Scaling:

Note: The following description is abstracted from a more complete
account written by C., M. Gramaccioli, who is the programmer
of the Pass 3 part of the Initial Da%a Processing Subprogram,

(a) Introduetion:

_ The inter-group scaling part of the Initial Data Processing Subprogram
provides for the scaling together of correlated groups of reflections in
order to produce a set of intensity data with all reflections on the same
scale, The method used in calculating scale factors will be described
‘more completely elsewhere, but in general it is an iterative least-squares
determination of scale factors—--one for each group--which minimizes the

function NSl P L
= Wk(cilik o CjIjk)? = -
ko= Mo A T— LSt
subject to the constraint Z‘ci2 = constant,
i

where wy 1s the weight given the pair of observations, Ijx and Ik, of the
same reflection from groups "i" and "j" respectively, and ¢4 and c; are the
scale factors to be applied to groups "i" and "j" respectively., Up to 15
values per reflection may be scaled together., The presence of good cor-
relation between groups is important. Needless to say, poor correlation

of certain groups will produce inferior scaling factors for these groups.

A common use of this option is to scale together several layers of
photographic intensities faken about two or more axes., Another case,
although less common, is the scaling together of several correlated groups
of counter data,

Use of the inter-group scaling routines is effected by entering a
SCALE AXES TOGETHER card. If, instead, a SORT REFLECTIONS card is entered,
the routines are entered in the sorting mode. In this mode the calculation
»>f scale factors 1s bypassed and the subprogram can be used as a reflection
sorting routine. If 1t does find more than one value for a given reflection,
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however, it will combine the values. This mode nmay bte useful for putting
a group of randomly collected counter intensities--already on a common
scale--into an order which is more convenient for future calculations.

(b) Sorting:

Before any calculations are done, all reflection data are sorted
according to indices. The sorting usually is the most time consuming
vart of inter-group scaling, but it usually can be speeded up considerably
by vproper entry of systematic limitations on the ranges of the indices,
Without any limitations, the sorting routine will scan the data for all
possible reflections within the sphere of reflection, This can be a
considerable waste of time, especially wherec large cells are involved.

If one or more indices have only positive values, this fact should
be entered on the SCALE AXES TCGETHER card., If further restrictions
may be placed on certain indices, a RANGE card should be entered. When
a RANGE card is used, reflections are ignored which have at least one index
outside of the range indicated, Because of this, this option may be used
to select certain reflections from a larger collection of reflections; ‘
but, if scaling is being done, care must be taken not to destroy correlation.

(c).Arranging the Final Cutput:

As a result of a procedure to make the sorting the fastest possible,
the output is arranged with the slowest moving index corresponding to the
one which has the smallest range of values. The fastest moving index is
the one immediately preceeding the slowest; i.e, if the slowest moving
index is "', the fastest is "k'"; and if the slowest is "h", the fastest
is "£", If another arrangement is desired, tie slowest moving index can
be specified on the SCALE AXES TCGETHER card. In the case of very large
ranges of indices, this may be necessary, because the above mentioned
criterion of the fastest sorting can leaé to the impossibility of per-
forming thie sorting at all., In this case, the best way to proceed
is to make the index with the largest range of values the slowest moving

(d) Weignts:
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(d) Weights:

For the best scaling together of the data groups, standard deviations
of the intensity measurements are necessary. These can either be entered
with the data, or, more frequently, they are assigned by the previous parts
ol the subprogram or by some other subprogram.

When standard deviavions of the individual measurements are available,
they are correctly modified by the scale factors when putting measurements
on the same scale, and are used in obtaining the weignted averages of mul-
tiple measurements of the same reflection, being properly propagated to give
a standard deviation in the average intensity. The reciprocal of this
standard deviation is printed under "WEIGHT" in the output, and is suitable
for use (unmodified) in finai stages of parameter least squares. With tape
input, standard deviations stored previously are automatically entered. For
short=tormat card input, the reciprocals of the standard deviation in each
intensity measurement should be punched in the WWWW position on the reflection
data card.

For groups of data in which there are no standard deviations avaiiable-=
as, for example, with data scaled by a procedure extraneous to the CRYRM
system-~the NC SiGMAS option should be requested on the SCALE AXES TOGETHER
card, This option sets '

1 1
= \/W RVAES 6
e LeV¥K <Cilik 0313k>
where wix and wsx are the "WEIGHTS", entered externally, for the observations
I3k and Ijx respectively, and wk, Ijk, Ijk, Ci, and cj are as before. In the
averaging of the final results when the NO SIGMAS option is used, the weighted
average uses only the external "wik"; and the "WEIGHI"™ printed for the average
intensity reflects only the multiplicity of observation and the assigned
external weights, These should not be considered as estimates of the recipro-
cal of the standard deviation in Fopg? and therefore should not be used in an
unmodified form in parameter least-squares weighting,
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(e) Axial Weights:

By use of the WEIGHT card2 (up to 10 permitted), weights may be
assigned to observations according to axes. 9Such ue{gnts multiply the
welgnts of all observations about the axes concerned, This option is
designed principally for the case where standard deviation input weights
are not available, but it can be used as well if one is not satisfied
with the assigned standard deviations of observations about a certain
axise

(f) Input Scaling Factors:

By use of the SCALING FACTOR card, input scale factors (up to 100
permltued) may be entered., Tnis could reduce the nunmber of iterations
needed in calculating scale factors, especially if certain groups are
very differcnt in scale from the others. TFor such cases input scale
factors are recommended for the groups far different in scale from the
first group--but not required.

(g) Absolute Scaling of Data:

A rather different use of input scaling factors is possible. It
is usually convenient to have the output structure factors as close to
the absolute scale as possible, All data are scaled with respect to the
first group entered, If the absolute scale factor is known for one group,
This group can be entered first, and an 1nJut scale factor entered for it.

Notes All scale factors are printed w1th the scale factor for the first
group fixed at unity. ©So, 1f a scale factor was entered for the first
gToup, all scale factors will be printed divided by thls factor.

(h) Best Fit Polynomialss

After the scaling is done, three polynomials are printed, giving the
best approximations for exvre531ng o(I) or o(F) as a function of the type




ALLel the scaling is done,

best approximations for three polynomials are printed, giving the

expressing o(I) or o(F) as a function of the type
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indicated. These o's refer to the scaled single observations and not to
their averages., In the normal procedure, these expressions are calculated
from the given standard deviations of ali the observations. Iber's method
(Acta Cryst., 9, 652 (1956)) 1is used when these standard deviations are
not given (see Weights).

(1) Discrepancy Factors

In order to give an idea about the agreement of the scaled observations
belonging to different sets of data, the "discrepancy factor" is printed,
This factor 1is

pD=¢% |fave = 11

P
£ i

in which all I's are scaled.

(J) Limited Iteration Cycles:

In some cases, during the calculation of scaling factors, convecrgence
may not be easily attained--usually because of errors in punching the data--
and an enormous waste of computer time could result. To prevent this, if
convergence is not attained after 5 cycles (usually 3 cycles;fequiredi,
the routine prints the values of the scale factors at this time and scales
all the data according to these., Whereas such scale factors are usually
inferior, the printed output may help in finding the trouble. The iteration
cvele 1imit may be changed by the appropriate entry on a RANGE card,
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An Example of Long-Format Inputs

In the following example, only the subprogram deck is shown. Several
system control cards must precede these card35 the system control card
immediately before must, of course, be INITIAL DATA PROCESSING.

'Example 2e _
DC FILM FACTOR CORRECTION, GENERAL FILM FACTOR, LOG AVERAGE.
CALCULATE FILM FACTCRES, LOGARITHMIC
OVERALL FILM FACTOR = 3,80
SCALE AXES TOGETHER . HKL ARE ONLY POSITIVE, SLOW L

- SCALING FACTOR = 4,56 FOR LAYER O AXIS C
‘DO LP CCRRECTION

USE INTERNAL WEIGHTS, I(MIN) = 4,00 I(MAX) = 65,00
SET LESS THANS, MINIMUM READING = 2,00
CELL 11,189 10.463 7,220
PACK FORM AZ6 AZ7 AZ8 BZ2 Bz3 Bz BZS
LAYER 0 AXIS @ '
2 0 0 21,
4 0 0 48, 11,75 3.3
6 0 0 36. 9. 14, 5,
6 10 0 -
3 13 0 12.5 :
PACK FCRM - AY6 AY7 AY8  BY2 BY3 BYL
LAYER 1 AXIS ¢
2 0 1 540. 11.7 17,5 k4.7
Many more groups
10 L 6 5110, 29, 319.3

END OF DATA

Mlogpawm T Tead e o T Them do v Tem e o o e 2 i M g e ma
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Type 1 Initial Data Processing Control Cards:

These cards are used for the input of constants and the specification
of options., They may be arranged in any order, but all must come
before any Type 2 cards are entered.

ADD TAPE OUTPUT TO DATA TAPE EXTRA

s iporedein gttt eenunndnrspass rang ety ==

Action:

1. The format of the output presently on the DATA TAPE EXTRA is
checked against the format of the output to be placed there.
These must agree, or an error message will be printed and the
additions will be suppressed.

2. The information presently on the DATA TAPE EXTRA is skipped
over and the present tape output is written immediately
following.

Notes , :
A DATA TAPE EXTRA must have been loaded prior to the call to the
Initial Data Processing Subprogram,

APPLY EXTRA CCORRECTICHN

Action:
The subprogram is set to enter an Extra Correction Routine during
the second pass of the data, at the same time as the Lorentz-
and polarizatlﬂn factors are belng calculated,

Note:
The user must overlay the subprogram with a routine to do the
EXTRA CORRECTICON if he wants to use this option. See previous
discussion.
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CALCULATE FILI FACTORS,

mommomzommmmmmmmms=m=em===,0GARITHMIC So————=—oTo=—mo==s===
RATIO AVERAGE
DISCRELE SUMS,MAX XCOOXX MIN 000X

Required Field:
The method for calculating film factors (see previous dlscussion)

must be specified beginning in col. 25 as shown above.
For the DISCRETE SUMS option, values for the maximum and
minimum intensity readings must be punched in col. 43-48 and

col, 55-60 respectively.

Actions
The subprogram is set to calculate film and pack factors by the

method specified on the card.

i

ceL) L
======AAAALAA=BBEPBBB=CCOCCCC=AAAAMABBBBBBCCCCC Cammm=mamaasmsasansaassasssssssas

Required Constantss |

Paraneters giving the crystallographic unit cell dimensions must
be entered as follows: "a" in col. 7-13, "b" in col. 15-21
(if no "b" is punched, it is assumed to be equal to "a"),
"e" in col. 23-29 (if no "e" is punched, it is assumed to be
equal to "b"), the angle "" in col. 31-36, the angle "g" in
col, 37-42, the angle "g" in col, 43-43 (if any of the angles
are not punched, they are assumed to be equal to 90 degrees),
The axial lengths are punched in Angstrom unitsj the interaxial
angles are punched in degreesunitsS. and Jecimsis,

Action:
The unit cell parameters are entered into the subprogram.

Note:

A CELL card must be entered in every Initial Data Processing
Subprogram Deck,




nNouves

A CELL card must be entered in ever
Subprogram Deck,

y Initial Data Processing

== == == X0000= KOO0 K= 100G =00 Y Y Y VY XK IO == == ==================

Required Constants:

Standard deviations in unit cell parameters must be entered as
follows: o(a) in col. 7-13, o(b) in col. 15-21, ¢(c) in col.
23-29, o(x) in col, 31-36, oqs) in col., 37-42, o(¥) in col.
4348, If any standard deviations are not entered, they are
assumed to be zero., The standard deviations in the axial
1engtns must be in Angstrom unitsy the standard deviatlons
in the interaxial angles must be 1n degreesunifs, ony decmel

Actions ‘

The standard deviations are entered into the subprogram, but are
not used in any calculations. They will be placed on the DATA
TAPE EXTRA if this option is being used. .

DO ABSORPTICN CORRECTION

— e amon o deaeems
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Action:
The subprogram is set to apply an absorption correction factor

in the second pass. The branch to the subroutine to calculate
the absorption correction factor is set.

Note:

To use this option, the user must overlay the subprogram with an
octal subroutine for calculation of the absorption correction
factor. ©See the previous discussion.
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DO FILM FACTOR CORRECTION, FILM FACTOR
========= ===== GENERAL = 9NO SIGMAS,LOG AVERAGE,========
LAYER
INDIVIDUAL
Required Field: .
The method for obtaining film factors must be designated beginning

Optional
1.

DO LP CCRRECTICN

in col., 28, as shown above., "GENERAL" means that one overall
film factor, properly increased for non-normal incidence of
the x-rays on the film, will be used. "LAYER" means that each
group will have a separate filmzfactor% used whenever a film
factor is required within the group. INDIVIDUAL" means that
each pair of films is considered separately.

Fields:

If ",NO SIGMAS" is punched in col. 50-59, the subprogram is set

not to expect weights which are equal to 1/o(reading). The
normal mode is to expect these weights., If weights are not
furnished, this option should be used.

If ",LOG AVERAGE." is punched in col. 60-72, when the averaging
is done, the subprogram will use a weighted average of the log
of the readings, instead of a weighted average of the readings
themselves. The weighted average of the readings themselves
is the standard option,

subprogram will apply film factor corrections to the intensity
measurements, and average the results by the method specified,

This card is the one to use even if there are no "film" factors,
but only "pack" factors. See the discussion.

If this option is to be used either a CALCUILIATE FILM FACTORS

card must be in the subprogram deck, or the film and pack factors
must be entered using a FACTOR-AXIS card for each group.




DO LP CCRRECTICN

P ——

Action:
The subprogram is set to calculate and apply Lorentz and polarization
correction factors to all reflections,

Note: _
The subprogram decides what type of correction--precession, equi-
inclination Weissenberg, etc.--separately for each group from
the information read in before the group.

============t AT+ [=======NNY==AAAAAABBBBBBCCCCCCDDDDDDEEEEEEFFFFFF XOOCCXYYYYYY==

Required Constants:

1. An axis designation in col., 13-18. The axis designation given
here must be exactly--column for column within the six columns
allowed--the same as the axis designation punched on the LAYER
card of the group being referred to.

2., A layer designation in col., 26-28. The layer designation given
here must be exactly--column for column--the same as the layer
designation on the corresponding LAYER card.

3. A list, as required, of not more than 6 individual film factors,
each entry allowed six columns, first entry in col. 31-36, second
in col. 37/-%2, etc. If the user wants to enter a film factor
Tor the whole group instead of individual film factors, this
film factor may be punched in col, 31-36, with col. 37-66 being
left blank, ' '

4, Not more than two pack factors, as required, the first in col.
67-72, the second,if there is one,in col. 73-78.

Action:
The film and pack factors which are punched, together with the axis
and layer identifiers of the group to which they refer are
entered into the proper lists in the subprogran.

Note: ’
If film factors are being calculated, the calculated film factors

will be used in nrefgregce to those entered on FACTUR=AXIS
cards,




Lok

OVERALL FILM FACTOR =
=== == ==XXXXXX

Required Constant: '
An overall film factor in col. 25-30, The factor for normal
incidence of the x-rays on the film should be punched here,

i
I
{
{

Actions
An overall film factor is entered into the subprogram, }
. \
Notes
If film factors are being calculated, the overall film factor ‘
entered here will be used in preference to the calculated
overall film factor.

PRINT FREQUENCY DISTRIBUTIONS OF FILM FACTORS

o e e e e e e - o emn o e — —
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Action:
The subprogram is set to accumulate and print a table of frequency )
of occurrence of various values of the film factor within each
group and for all groups. Various statistical parameters,
calculated for the cumulative distribution, are also printed.

Note:
l, All film factors are corrected to normal incidence before
being placed into the distribution.
2, This option is set up for a film factor of the order of 3.75
and should not be used if this is not the case.
3¢ The calculation and printing of this distribution is done in

the first pass of the data--at the same time as film factors
etc. are being calculated.




======H=hmin=hmax=K=knin=kmax=L=1min=1max===ITERATE UP TO xx CYCLES===s=====

Optional Constants: :

1. Values of maximum and minimum indices for limiting the range
of the sorting in the third pass of the data. Any one or all
three indices may be limited as needed. If an index is to be
limited the alphabetic character ("H", "K", or "L") must be
punched in the proper column (7, 19, or 31 respectively), then
the minimum value for the index mus% be punched as a signed
integer, right justified in the proper columns (9-12, 21-24,
or 33—3é respectively) and the maximum value, also as a signed
integer right justified, must be punched in the proper columns
(14=17, 26-29, or 38=4l respectively). If an index is to
have only a single value, this value is punched in the minimum
position, and nothing is punched in the maximum position.

2., If "ITERATE UP TC" is punched in col, 45-57, an integer, right
justified, is punched in col., 59-60, and "CYCLES" is punched in
col, 62-67, the subprogram will be set to iterate up to the
specified number of cycles before assuming that convergence
cannot be attained, '

Action: A v
The limiting values for the indices and/or the limiting number of
iterations is read into the subprogram which is set accordingly.

Note:

1. RANGE is designed for use with the SCALE AXES TOGETHER card or
the SORT REFLECTICNS card, Using it without elther :of these
cards makes no sense.

2. For large unit cells, limiting the range of the sorting may
save considerable time, since the subprogram will look for all
reflections witiiin the sphere of reflection for the wavelength
being used,unless it is told not to.
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SCALE AXES TOGETHER ) : :
== = =111iiiARE ONLY POSITIVE, NO SIGMAS. SLOW i======s=s====

Cptional Fields: :
l. If certain of the reflection indices take on only positive

values in the data, the corresponding alphabetic character--
"N, "K" or "L" should be punched anywhere within col. 25-30,
. and "ARE ONLY POSITIVE" should be punched in col. 31-%7.

2, If weights equal or proportional to 1/c(Intensity value) are
not being supplied with the reflections, "NO SIGMAS." should
be punched in col. 50-59. ‘

3. If the user wants to specify which index shall be slowest
moving after the reflections are sorted, "SLOW" should be
punched in col, 61-64, and the alphabetic character--"H",
"KM, or "L"--designating the index to be slowest moving

- should be punched in col., 67.

Action: . :
The subprogram is set to,in the third pass o6f the data, sort:
the reflections according to indices, calculate scaling factors
for the various data groups to put them on the same scale as
the first data group entered, and then scale the reflections
together, producing one average value for each reflection.

SORT REFLECTIONS
S===smssss==s |

Optional Fields: A
These are the same as on the SCALE AXES TOGETHER card.

Action:
‘Sane as with the SCALE AXES TOGHTHER card% except the calculation

of scaling factors is bypassed. 1In
functions as a reflection sorter,

his mode the subprogram




SCALING FACTOR = FOR LAYER AXTS

Required Constantss

1. A scaling factor,to be applied to intensity values,inccol. 19-2k.

2. An axis des1gnation in col. 49-5%, The axis designation given
here must be exactly--column for column within the six columns
allowed-~the same as the axis designation punched on the LAYER
card of the group being referred to. .

3. A layer designation in col., 38-40. The layer des1gnation given
here must be exactly--colurmn for column--the same as the layer
designation on the corresponding LAYER card.

Action:
An input scaling factor for the data group snecified is entered into
the subprogram, : :

SET LESS THANS MINIMUM READING = '
S=mmmmmm === = =XX.KX:X.X======ZZZZZZ===""—'=ZZZZZZ

' Requlred Constants-
4 value for the minimum observable intensity in col. 37-42.

Optional Constants: -
Values for (sin ), and (sin 8), in col. H9-5& and col, 61-66
respecz?vely. For the significance of these values see
bage =7e ‘

Actione
The subprogram is set to assign a minimum observable intensity
to all reflections which have a negative weight, but no
intensity values. The method discussed on page #-7:15 used,
If no values are entered for (sin e)% and (sin 6), values of
0,78 and .90 respectively are assume
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USE INTERNAL WEIGHTS, I(MIN) = I(MAX)
===== =Z=== y0.0.00:¢

e ] s e e SR e =

il

USE INTERNAL WELIGHTS, AXIS

———a p==pemg=—papa

+I_I_1—=====AAAAAABBBBBBCQCCCCDQDDDDGGQGGGMAXMA ==

Form 1.

Form 2,

This card may take two forms as shown above. For more details see page L7,

Required Constants:
Values for the minimum and maximum intensity readings in ol 32-36
and 50-54% respectively.

Action:

The subprogram is set to determine by statistical analysis a value
for the constant "b" in the standard deviation equation, assign
the other constants, and assign to each intensity reading which
is entered a standard deviation.and a weight equal to the
reciprocal of this standard deviation,

Required Constants:.

1, An axis designation in col, 31-36. This designation must be
exactly --column for column within the six columns allowed--
the same as the axis designations on the LAYER cards of the
groups being referred to. If no axis designation is punched,
the parameters which follow are taken to apply to all axes.

-2, Values for the parameters "a", "b", "ec", "d", "g", and "I

of the standard deviation equation in col. h3—48 49-5k, %%—60,
61-66, 67-72, and 73-78 respectively.

Action:

- The parameters puniched on this card are entered 1nto the standard
deviation equation for the axis (axes) specified. The sub-
program is set to use this equation to assign to each intensity
reading which is entered, a standard deviation and a weight
equal to the reciprocal of this standard deviation.
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WAVE LENGTH

Required Constant:
A value in Angstrom units for the wave length of x-rays used in
col, 13-18. 1If instead of an Angstrom value, the characters
"CU" or "MO'" are punched in col. 17-18, a vaiue of 1,5%178 A.
or 0,71062 A, respectively is assumed.

Action:
' The wavelength is entered into the subprogram.

Note:
If no WAVZ LENGTH card is entered the subprogram will assume
copper radiation.

WEIGHT = POR AXIS .
::::::::::::X_X.}Q{}Q{::::::::::::ﬂﬂi‘I S e e == ==

Required Constants: .
1. A weight in col. 13-18,
2. A axis designation in col. 31-36. This designation must be |
exactly--column for column within the six columns allowed--
the same as the axis designations on the LAYER cards of the
data groups being referred to,

Action:
Weights on an axis by axis basis are entered into the subprogram ,W
for use in the inter-group scaling section. , ~

Note: :
1. The weight given on this card multiplies the weight which
: comes in for each given reflection belonging to a group

whose axis designation matches that on the WEIGHT card. .
2. Up to ten of these cards may be entered in a given run. |
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Fype 2 Initial Data “rocessing Cards:

These cards are used for the entry of data. All the Type 1 cards must
come befors the first Type 2 card.

The Short Pormat Data Card:

z===]=HHHH== '::LLLL::FFFEFF::W’\;JI;JW:: S e B e L B L e e e B

Required Cecnstants:

1. The indices h, k, and 1 must be punched in col. 7-10, 13-16,
and 19-22 reSﬂect"“ely with the integer rlght justified A1l
minus signs should imrediately vrecede the first significant
digit of the 1nteger.

2. A value for Fpops in col. 25-30C.

3. A value for the weivﬁt of the reflection in col. 33-36, with
the follovlng special options nossible: (1) If nothlng is punched,
the welght is set equal to 1.03 (2) if a minus sign is punched
in col, 33, the weight i: set equal to =1.0; (3) if a zero is
punched in col, 34, the weight is set equal to 0.0. Of course,

n addition to these sne01al options, the weight may be punched

w1tn a punched decimal point or with the decimal point assumed
between col, 3% and 35,

Optional Field:
If the character "I" is punched in col. 5, the value which is punched
in col, 25-30 is treated as an intensity value, that is (Fgpg) 2.

Note:
The format described above is exactly the same as is used for the

entry of data into the Data Tape Preparation and Edi ting Subprogram.




The Long Format Data Card:

r

=~HHHH=KKKK=LLLL=4

E

Required Constants:

1.

Note:

1.}

2.

~ | i | i | ; ! i .
EIITIV=TIIAV=IT1 V=TI IV=TTLIV=IT1] V=T1LIV=IT TIV=ITIV=IIIT==

The indices h, k, and 1 must be punched in col. 2-5, 7-10
and 12-15 respectively, as integers right justified. ad
minus signs should immediately precede the first significant
digit of the integer, ' _

A weight for all readings on the card in col, 17-18, with the
special options: (1) if nothing is punched, a weight of 1.0 is
assumedy (2) if a minus sign is punched in col. 17, a weight of
~1.0 is used; (3) if a zero is punched in either col. 17 or
col, 18, a weight of 0.0 results. The weight designated here
multiplies the weights assigned to individual readings, and
also any internally assigned weightse. ,

A series of up to ten entries in col. 19-24%, 25-30, 31-36, 37-42,
43-48, 49-54, 55-60, 61-66, 67-72, and 73-78. These entries
are used, as required, for punching intensity readings from
various films--each reading is punched in the entry assigned to
the film upon which it was observed. Each entry has six columns.
The first column of each entry is reserved for an individual
weight for the reading being punched--if a 3 is punched for an
individual weight, a weight of 0.3 results, with 1.0 being the
welght assigned if nothing is punched. The last four columns
of each entry are used for the entry of the intensity reading.

Only as many entries should be used as are needed, If no reading
of the particular reflection was made on the film corresponding
to a given entry, nothing should be punched within that entry--
regardless of whether there was no reading because the reflection
was too weak or because it was too stronge.

A "less than" reading is indicated by a minus sign in col. 17.
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s ——rAAAXX%AAAXﬁ=AAAXX%AAAXX%AAAXX%AAAXX#AAAXX%AAAXX%AAAXX%AAAXX%=

Required Fields:
Designations for assigning the entry format for the long format
data cards which follow. As many as ten entries are possible
in col. 19-2l, 25-30, 31-36, 37-42, 43-48, UO-5k, 55-60, 61-66,
67-72, and 73- 78 respectiveiy with each entry occupying 6 columns.
Anyth{ng the user desires may be punched in the last 2 columns
of an entry. The second, third and fourth columns of an entry
are used to designate the pack from which the film comes--if
the first four columns of two successive entries are exactly,
column for column, equal, then the two films are taken to be
related by a "fllm factor“- if these columns are not exactly
equal, the two films are taken to be related by a "pack factor®
If ”n" (less than 10) entries are to be made, only the first
"n" entries should be used, the columns remaining must be left |
blank. There should be no blank entries between punched entries. |
No entry should be reserved for a given film if none of the |
|
|
|

reflections within the group which follows was observed on that
film,

Notes

1. The columns for the entries on the PACK FCRM card correspond
to the columns for the corresponding entries on the long
format data card.

2. The characters punched on the pack form card are used in page
headings in the data listing which results,

3. A PACK FORM card must precede the first group of long format
data cards, but thereafter need only be entered before a group
if its entry format is different from that of the preceding
group. Entry of a new PACK FORM card with each data group is
allowed, even if the entry fromat remains the same.




ST T T T T w Y e A BT BllLlLy LL0LdU Tellalls Ttne same,

s

LAYER AXTS
:::::::NNY:’::::::::'_I;"_IiIROTATION—OSCILLATION ==
GENERAL INCLINATION,MU = XOOGXX
ANTI EQUI-INCLINATION
POWDER
PRECESSION MU

XXXXT1TITIHHKKLLT 2T2T2HHKKLL

Required Constants:

1. A layer designation in col. 8-10. The layer number must be
punched as an integer, right justified, in col., 8-9. A layer
letter, an alphabetic character, may be punched in col. 10,
The layer letter is used if two separate data groups with
the same layer number and axis number occur, the letter being
different for eaci group. This is necessary because if the
layer and axis designations are both equal, column for column,
for two different data groups, the subprogram will not be able
to distinguish between the grouise

2. An axis designation in col. 19-24%. If the axis is one of the
major axes, the character--either "A", "B", or "C"--may be
punched in co0l. 21. Ctherwise the axis must be punched by
its ecrystallographic indices. The three indices, are.
punched, right justified, in col. 19-20, 21-22, and 2324
respectively., Negative indices are allowed. No index should
exceed nine,

3. If the method of obtaining the photograph was other than
equi-inclination Weissenberg, the method must be punched, as
shown above, beginning in col. 25, together with such other
information as required. Both PRECESSION and GENERAL
INCLINATLON require a mu angle punched in col. 50-54%, in
degrees., In addition, precession photographs require that
that the angle "tau" made by a line from the center of the
film to the reflection spot, and the horizontal direction of
the film be entered for two reflections in the same quadrant
of the film, The "tau" angles, in degrees, are punched for
the first and second reflections in col. 55-60, and 67-72
respectively. PFollowing these angles, the indices of the
reflections are punched as integers, right justified, as
shown above,
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COUNTER DATA FOLLCWS

—_ R e L S - I L L L e e e e =

Action:
This card is used in place of a LAYER card if counter data is
to be vrocessed.

DATA CN DAYA TAPE

e - —

Action:
The subnrogram is set to get reflection input from a DALA TAPE,

Note:

1, For this to be used, a DATA TAPE with the correct format data
rmust have been loaded prior to the call to the Initial Data
Processing Subprogram,

2. No LAYER, END OF DATA, PACK FCRM, CCUNTER DATA FULLOWS yor data
card should be used together w1tn this card.

END OF DATA
Actions
This card is used at the end of a subprogram deck (except when
DATA FRCM DATA TAPE is being used) to notify the subprogram
that all the data cards have been read in,
Notes

The last card in any Initial Data Processing Subprogram Deck must
be either an END OF DATA card or a DATA ON DATA TAPE card.




Chapter 5

DATA TAPE Preparation and Editing

Programming Contributions: D. Duchamp, tape preparation and editing.
' T. A, Beineke, statistical sections.

Discussion:

This subprogram provides for the preparation and editing of a
DATA TAPE which is suitable for input to other programs. It is
called into memory by a PREPARE DATA TAPE or an EDIT DATA ON TAPE
card, The DATA TAPE carries on it the éell paragetegs and their
deviations, the coefficients for calculating sin<6/»<, a tape name,
a list of the types of atomic form factors, and for each reflection:
hyk,1,F(obs), a weight for F(obs), sin S/xé, the values for the
different types of atomic form factors, and some other constants
useable by the Structure-Factor Least Squares Subprogram., The Structure-
Factor Least Squares subprogram adds the caléulated structure factors
and an Atomic Parameter Deck to the DATA TAPE, Provisions have been
made for doing Wilson statistics to determine an approximate scale
factor and an overall temperature factor, and for caleculating points
for a plot to apvroximate whether a structure is centric or acentrie
by the method of Howells, Phillips, and Rogers. These statistical
calculations may only be made at the PREPARE DATA TAPE time.

The Subprogram Deck for the PREPARE Mode:

If a form factor curve is to be temporarily added to the table
of form factor curves, the SIN TH and F cards for doing this should
be first cards in the deck. These should be followed by CELL and
CELDEV cards (not required for tape input from DATA TAPE EXTRA).
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Any of the following control cards which may be required must come
next: DISPERSION CORRECTION, WANEBENGEH,- DO WILSON STATISTICS, APPLY
WILSON SCALING FACTOR NUMBERS OF ATOMS DO HOWELLS. The nex% card
following these must 53 a KIND F card, which specifies which atomic
form factors are to be put on the DATA TAPE, BEvery subprogram deck
for the PREPARE mode must have a KIND F card.

Input of reflection data may come eithér on 8hort Format Data »
Cards or from a DATA TAPE EXTRA prepared by the Initial Data Processing
or Automatic Diffractometer subprograms. If reflections are to come
in on cards, a deck of Short Format Data Cards, followed by an
END OF DATA card must follow the KIND F card., If reflection input
is by DATA TAPE EXTRA, a DATA ON DATA TAPE EXTRA card should follow
the KIND F card. This,is all that is required and permitted in the
PREPARE mode subprogranm deck,

The Subprogram Deck for the EDIT Mode:

The exact same SIN TH, F, CELL, DISPERSION CORRECTION
KIND F, cards as were used in the preparation of the DATA fAPE
being edited should appear here. If a CELL card was not used in the
PREPARE mode deck, one which has the same cell parameters as those on
the DATA TAPE should be used here. No WAVELENGTH, DO WILSON STATISTICS,
APrLY WILSON SCALING FACTOR, NUMBERS OF ATOMS, pd HOWELLS, or CELDEV
cards may be in the EDIT mode deck.

The input of reflection data for the edit must come in on
Short Format Data Cards., Three types of reflection editing are
allowed-=-SUBSTITUTIONS, DELETIONS, and ADDITIONS., To delete certain
reflectlons, put in a DELEITONS card followed by Short Format Data
Cards with h, k, 1, and F(obs) punched on them exactly as they appear
on the DATA TAPE one data card for eacnh reflection which is to be
deleted. To add certaln reflections to the end of the DATA TAPE, put
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in an ADDITIONS card, then follow this card by a Short Format Data Card
for each reflection which 1s to be added., To do substitutions% put in

a SUBSTILUTIONS card, then follow this card by two Short Format Data Cards
for each substitution which is to be made-~the first data card should
nave h, k, 1, and F(obs) punched on it exactly as 1t appears on the DATA
TAPE at present, the second should contain h, k, 1, F(obs), and the weight
as they are to appear after the substitution has been performed.

: The data deck described above should be followed by an END CF DATA
card, If this card has DC EDIT NOW punched on it, the editor will immed-
iately do the requested edits. If DO EDIT NOW is not on the card, the
editor will look at the amount of reflections to be edited. If the
emount is less than some preset value in the editor, the editor will

not do the editing, but will assume that a call to the Structure-Factor
Least Squares subprogram is going to follow and will further assume that
this subprogram will do the editing from tables which the editor leaves
in memory. If the size of the edit 1s too large, the editor will do

the edit., The END OF DATA card siould be the last card in the EDIT mode
subprogram deck,

No provisicns have been made for changes in the cell parameters
which are on the DATA TAPE, but this is no limitation since the cell
parameters from the DATA TAPE will not be used in a subprogram if the
user simply inserts a CELL card with the updated cell parameters in the
input to the subprogram which is to use the information.

Atomic Form Factors:

Stored in the library with the DATA TAPE Preparation and Editing
subprogran are form factor curves for a large number of atoms and ions.
If none of these are suitable for a certain type element, the user may
feed in his own form factor curve. The curve is entered in the form of
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a table of sin 6/\ versus atomic form factor. The sin & part of the
table is entered first by using SIN TH cards. If one card is filled
before the table is exhausted, continue on another SIN TH card--as
many as are needed to give all the points in the table. After the

sin 6 part of the table has been entered, the atomic form factor part
is entered using F cards, the form factors being placed in the same
position on the F cards as their correspending sin 6/~ on the SIN TH
cards. If several atomic form factor tables with the same sin 6/x parts
are to be entered, the SIN TH sequence need not be repeated, It is
important that all the SIN TH cards for a given table come before any
of the F cards for that table,

Atomic form factor curves are identified by a three character
alphabet code, some of which may be blank. It should be noted that
blank, €, blank is not the same curve as C, blank, blank or blank,
blank, C. A table of the form factors which are stored on the library

follows.
Identification Code Elenment Source of Curve
123
H H'+l Inter. Tables, Vol. 3, pp 202-203.
LIl Li -Ibid,
BE Be Ivid.
B B Ibid. ,
c C(valence) Ibid, with minor modifications. |
N N+1 Ibid. |
N1 N Interpolation between other Nitrogen
curves in the above reference.
0 ¢] Inter. Tables, Vol. 3, pp 202-203.
- OHI 0‘1/2 Interpolation between other oxygen
curves in the above reference.
F F Inter. Tables, Vol. 3, pp 202-203.
F- r-1 Ibid,
NA Ka, Ibid.

WA+ Na '+ Tbid.




Identification Code

123

MG
MG2
AL
AL3
sI
P

s
CL
CL-
K
K+

NI

NI2
NIT
CU

CU1
Ccu2
CUT
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Inter. Tables, Vol. 3, pp 202-203.

Ibid,
Ibid,
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.,
Ibid.
Ibid,
Ibid.
Ibid.
Ibid,
Ibid.
Ibid.,
Ibid,
Ibid,
Ibid,
Ibid,
Ibid.
Ibid.,
Ibid,
Ibid,
Ibid.
Ibid,
Ibid,
Ibid.,
Ibid,
Ibid,
Ibid.
Ibid.
Ibid,

of Curve

pp 204-205.

pp 204-205,
p 210,
pp 204-205.,

p 210,

p 210,
pD 204-205,

p 210,
pp 204-205,

p 210,




Feb

Identification Code Element Source of Curve
123
ZN Zn, Inter. Tables, Vol. 3, pp 204-205.
ZN2 Zn' Ibid. '
ZNT Zn Ivid, p 210,
AS As Ibid, pp 206-207.
SE Se Ibid.
BR Br 1 Ivid.
BR- Br'h Ibid.
ZR4 zr" Ibid.,
ZR zZr Ibid, p 211.
NB Nb Ibid.
MO Mo Ibid.
RU Ru Ibid.
PD " Pd Ibid.
AG Ag+l Ibid, pp 206-207.
AGL Ag Ibid,
AGT Ag Ibid, p 211,
CD cd Ibid.
SN Sn Ibid.
3 Sb Ibid.
I I Ibid,
BA Ba Ibid. |
LA La Ibid. i
GD Ga Ibid, |
TA Ta Ibid, p 212. |
W W Ibid. |
PT Pt Ibid,
AU Au Ibid.
HG He, Ibid, pp 206-207.
HG?2 Hg Ibid. :
HGT Hg Ibid, p 212.
TL T1 Ibid,
PB b Ibid,
BI Bi Ibid.
U U Ibid.
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Output of the Statistical Parts:

Under the heading "RESULTS OF WILSON STATISTICS", are presented the
scaling factor and overall isotropic temperature factor. These values
are obtained by a least squares fit of a straight line to the usual Wilson
plot. On the following page are listed the values which were used as input
to the least squares routine. In order to learn how closely these points
approx1mate a straight line, it is necessary only to plot & graph of the:
values in the column under “LN(AVE I/SUM F**2)" as ordinate, against the
values in the colimn under "SIN TH**2/LAMBDA**2" as absissa. The first
two columns contain the shell number and the number of observations within
each shell respectively. The low angle data of shell 1 are always neglected.

A Howells, Phillips, and Rogers plot is obtained by plotting the
fractions N(Z) of reflecélons with intensities equal to or less than_a
fraction Z of the local average against the values of Z from 0 to 1.

The first row of numbers on the output page is a list of Z in increments

of .05, In the next row directly under each value of Z is found the .
corresponding value of N(Z). The next two rows list the theoretical values
of N(Z) for centric and acentric structures respectively.

1 E.R.Howells, D.C,Phillips, and D.Rogers, Acta Cryst, 3,210 (1950).

Statistical Calculations in Céntered Space Groups:

In order to get the proper Wilson scale factor and the proper Howells
Phillips, and Rogers information, the numbers of atoms of different kinds
which is entered on the NUMBERS CF ATOMS card should be the number in the
unit cell multiplied by the multiplicity of the centering., For example,
for a C-centered cell, the user should enter twice the number of atoms in
a unit cell, For primitive space groups, one should always punch the
number in 6ne unit cell.
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DATA TAPE Preparation and Editing Subprogram Cards

The following is an alphabetic listing of cards acceptable to this
subprogram, The format for the Short Format Data Card, which is
not listed here, may be found in Chapter 4, page 4-30.

ADDITIONS

Action:
The subprogram is set to regard the data cards which follow as
additions to the DATA TAPE,

Note:
Allowed in the EDIT mode deck only. Short Format Data Cards must
follow this card.

Action:
This card causes the F(obs) and weights of all reflections on the
DATA TAPE to be scaled by the scale factor which results from
doing Wilson statisties.,

Note: :
Allowed in the PREPARE mode deck only. This card must be used
together with a DO WILSON STATISTICS card,

For a format description see Chapter 4, page 4+-21,
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For a format description see Chapter 4, page L4+-21,

5=9

CELL
======AAAAAAA=BBBBBBB=CCCCCCC=AAAAAABBBBBBCCCCCC = =
For a format desecription see Chapter 4, page L_20,
Note: _ :

This card is required in all EDIT mode decks., It is also required
in PREPARE decks which have reflection input by cards., If
reflection input is by DATA TAPE EXTRA, the CELL card is not
required. If it is present, the cell parameters on the card
will be used in preference %o those on the DATA TAPE EXTRA.

DELETIONS
Action:

' The subprogram is set to regard the data cards which follow as
identifiers for reflections which are to be removed from
the DATA TAPE,

Note:

Allowed in the EDIT mode only. Short Format Data Cards must
follow this card.

DISPERSION CORRECTICN Y
sS====z=== = =======fff====== \MAAAA====== ANANMA=

Required Constants: _

l. A three-character atomic form factor curve identifier in col. 28-30.

2. A value for the real part of the dispersion correction to the
specified form factor curve in col. 37-42,

Optional Constant:
A value for the imaginary cogﬁonent of the dispersion correction may

be placed in col., 49-
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Actilon: '

1. The real component given on the card is added to the designated
form factor curve for all values of sin®

2, If an imaginary component appears, it is converted and stored for
possible use by an overlay progran.

DATA ON DATA TAPE EXTRA

Act10n°

This card tells the subprogram to get the reflectlon data from the
DATA TAPE EXTRA which has been previously loaded.

Notes
This card is allowed in a PREPARE mode deck cnly. It should be the
last card in the subprogram deck in which it appearse.

DO HCWELLS,PHILLIPS,AND ROGERS CALC.

=====zz=z==zz=== Z=======c “NEGLECT DATA FOR WHICH H=0K=01L = O==
K=0L=0H=0
L=0H=0K=20

Optional Constants:
If "NEGLECT DATA FOR WHICH" is punched in ccl, 38—59 and either
"H = 0%, "K' = 0", and / or "L = 0" is punched 1n either col.
62-66, col. 08-72 and / or col., 74=78; the designated data
will be neglected in both the qovells, Phillips, and Rogers
calculation and in the Wilson calculation.

Action: '

.The subprogram will be set to calculate points for a plot for
anproximating whether a structure is centric or acentric by
tne method of Howells, Phillips, and Rogers. This will be
done in a seccnd pass of the dote.

Note:s

his option is allowed only in = PREPARE mode subprogram deck, and




This option is allowed only in = PREPARE mode subprogram deck and
rhen Wilson statistics are also being dorne. «

DO WILSON STATISTICS,USE GROUPS. LAMBDA =

= == NN ============= ) 9.9.0.0.0:¢ ===
Optional Constants:
l. The number of groups into which the data is to be divided for
the Wilson summations may be specified in col, 28-29 as an
integer, right justified. If nothing is specified, 10
groups 1is assumed.
2. A wavelength for use in defining the above mentioned groups
may be punched in col, 61=66., If none appears, Cu is used.

Action:

The subprogram is caused to do Wilson statistics to determine an
approximate scale factor and an approximaste overall temper-
ature factor. These calculations are done in the same pass
of the data as the preparation of the DATA TAPE.

Note:
1. Allowed in the PREPARE mode deck onlye.
2., A NUMBERS OF ATOMS card must accompany this card.

END OF DATA

=DO EDIT NOW== == === =

Optional Field (in the EDIT mode only):
If DO EDIT NOW is punched in col. 16-26, the edit will be done
immediately.

Action:
The subprogram is notified that all card input of reflection
data is finished, This card must be the last card in the
subprogram deck in which it appears.
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F .
==fff=aagaaabbbbbbcccccecddddddeeceeeff LI fgggggghhhhhhiiiiiijjj] ] jldkkklitk========

Required Constants:

1. A three-character atomie form factor curve identifier in col. 3-5.
This identifier must be different from any used for curves on
the library.

2., Values for atomic form factors. Each value is allowed 6 columns
beginning in col, 7. The values must be punched with the
decimal point assumed between the second and third of the 6
allowed columns. Only 11 values are allowed on one cardj if
points are left when a card is full, the sequence may be
continued on another F card with the same identifier. These
continuation cards should immediately follow the first card.

Action:

This card is used in conjunction with a SIN TH card to read in
atomic form factor curves which are not on the library.

KIND F
======gaabbbcccdddeeefffggghhhilijjjkkkl]llmmmnnn== ===

Required Constants:

Three-character atomic form factor curve identifiers for all the
form factors required for the given structure must be punched
one after the other, with three ecolumns per identifier, begin-

ning in col. 7. A maximum of 14 is allowedy a maximum of 12
is recommended, ,

Action: '
1, The subprogram is set so that the form factors which have been
designated will be placed on the data tape for each reflection,

or if in the EDIT mode, for each additional or substituted
reflection.

2., The subprogram is notified that all input except reflection data

has entered.




2. The subprogram is notified th - ,
has entered. at all input except reflection data

NUMBERS OF ATOMS
Sp—— s=====NN-f£f,N-1f ,NNN-ff, .., ==

Required constants:

The numbers of each kind of atom must be given in the following
manner:integer dash form factor identifier comma integer
dash form factor identifier ete. There should be no comma
after the last form factor identifier. If the form factor
identifier ends in blanks, the trailing blanks need not be
punched., The first integer should begin in col. 19. The
nunbers given should pertain to a unit cell.

Action:

A table of numbers of atoms versus types of atom is stored in
memory for use by the subprogran.

Example:
NUMBERS OF ATOMS 43-C,22-ZN2,124-N,5-H

SIN TH

v 0 g 0 o e

Required Constantss
Values of sin 6/x from a table of sin 6/x versus atomic form
factor., Each value is allowed 6 columns beginning in c¢ol. 7.
The values must be punched with the decimal point assumed
between the first and second of the 6 allowed columns., Only
11 values are allowed on one cards if points are left when a
card is full, the sequence may be continued on another SIN TH

card, These continuation cards should be placed immediately
after the first SIN TH card,

Action:

This card is used in conjunction with F cards to read in atomic
form factor curves which are not on the library.
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SUBSTITUTIONS

Action:
The subprogram is set to regard the pairs-of’ data cards’ v.rh:l.c:h*~
follow as defining -substitutions to be made on the DATA
TAPE., The first data card of each pair should carry
hy k, 1, and F(obs) as they appear on the DATA TAPE, The
second éesignates h, k, 1, F(obs), and a weight as they
are to appear in the subs%ituted reflections

Note:

Allowed in the EDIT mode only. Short Format Data Cards must
follow this card.

GLIDE PLANES, PA PB PC 110 101 011

Optional Constantss '
Alphabetic identlfiers either "AY" "B" ncH, or "N", in col. 23, 29,
35, 41 and/or 53 for defining "the ype of glide planes which
. are perpenéicular to the A, B, C, 110, 101, and Oll axes respec-
tively. If there is no glide plane perpenéicular to a particular
‘axis, nothing should be punched in the column for that axis.

Actions: ’

Reflectlons in the zone of each axis which has a gllde plane perpend—
icular to it will be treated in the special manner required. The
information from this card is entered into both the Wilson and
the Howells, Phillips, and Rogers calculations,

Notes

1. This card should be entered whenever glide planes are present.
2. Without this card, all reflections are treated equally.




e WLLIOUL Lhls card, all reflections are treated equally.

Chapter 6

Structure-Factor Least Squares Calculations

Programming Contributionss

N, C. Webb, Basic program and cubic version.

A, P, Kendig, Debugging of cubic version; monoclinic-triclinie
nodifications. , ‘

o Mo Gramaccioli, Orthorhombic modifications.

A. Bieneke, Hexagonal-trigonal modifications.

Duchamp, .

Anmbats, 'T}Debugging and testing.

D, Sharma, . : _

o B, Marsh, Debugging and supervision of all the above work,

.’-UU“—I.UHQ

Discussionsg

This chapter describes the CRYRM Structure-Factor Least Squares
Subprogram, - It occurs in five versions: cubie, monoclinic-triclinie,
. orthorhombic, tetragonal, and hexagonal-trigonal. All calculations are
space-group specific, All versions except cubic, provide for both iso-
tropic and anisotropic atoms.

. The proper version of the subprogram is called into memory in
either the Least Squares or Structure-Factor mode by either a LEAST
SQUARES or a STRUCTURE FACTOR CALCULATICN system control card, or in
certain cases by a DIFFERENCE FOURIER control card (see Chap%er 3.

The function minimized in all cases is

Z w(kz‘FobAZ - ‘Fca]_c]z)z
This implies that in the final refinement \W, should be equal to -~ iFl
( dm%25
where c([Fobs}Z)is the standard deviation in the square of the observe

6"’]-Page 84




6-2

structure factor amplitude. (Noté: The weight used here is the square
of the téerm referred to a "weight" in the Initial Data Processing and
Data Tape Preparation and Editing subprograms.)

The reflection data are entered by means of a DATA TAPE prepared by
the Data Tape Preparation and Editing subprogram (see Chapter 5). When-
ever structure factors are calculated (in a structure-factor calculation
or in least squares) the latest values of Fggic (or Agaic and Bggie) are
placed on the DATA TAPE for use by other subprograms, for example, Fourier.
The structure-factor contributions of certain selected atoms may also
be stored on the DATA TAPE, ‘

The Subprogram Decks

' The subprogram deck for a Structure-Factor calculation consists of
(1) first a WEIGHTING FUNCTION card, (2) special option-cards as required,
and (3) an Atomic Information Deck zor a substitute using the Atomiec -
Information Deck stored on the DATA TAPE). Several cards, such as
RECYCLE, and FULL MATRIX, are not allowed in the Structure-Factor mode
(see individual card descriptions). ' , ,

The subprogram deck for a Least-Squares calculation consists of
(1) first a WELGHTING FUNCTION card, (2) speclal option cards as required,
(3) an Atomic Information Deck (or a substitute), and (%) RECYCLE and
special option cards for more cycles if these are desired. Only certain
special option cards are enterable at Recycle time; see individual card
descriptions, The set up of the Least Sguares subprogram deck is outlined
in Figure 3. .

The Atomic Tnformation Deck: : | | 1
- |
\

The Atomic Information deck is composed of: COORD, IS0-AN, IS0,
ANISO, and POP cards used for input of coordinates, isotropic %emperature‘
factors, anisotropic temperature factors, and population factorss a SCALE
FACTICOR card; if Least Squares, one or more matrix cards; and an END
ATOMIC INFORMATION card, A COORD card and either an ISO or an ANISO (or
an I50-AN) card must be entered for each atom. The POP card is optional.




The Least Squares Subprogram Deck:

an 1sU=AN) card must be entered for each atom, The POP cérdfis’opﬁioﬁéi.

Cards

RECYCLE

(as many Recycle decks as desired)

RECYCLE Card

7~ Special Cption
_ Cards
RECYCLE RECYCLE Card

WELGHTING FUNCTICHK

-

Specizl Option

Information
for the
Last Cycle

Information
for the Second
Cyecle(lst Recycle)

An Atomic Information Deck

Special Option Cards

/ WEIGHTING FUNCTICL Card
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- No cards other than those specified above may ever be in an Atomic
Information deck., The last card must always be END ATOMIC INFORMATION.
Por Least Squares the first card must be a matrix card. An example of
an Atomic Information deck for Least Squares is given below.

Example 1.

FULL MATRIX  SHIFT FACTOR= 1.0
SCALE FACTOR= 1,0 _ |
ANISO  1- ,0060183 .0121941 1089064 -.0004748 -.0010085 -.0067519

o

ANISO 9  .0556236 .0096826 .0873284 -.0017957 -.0014676 -.0091156
BLOCK MATRIX = “SHIFT FACTOR= .5
COORD 1 N .003025 .195415 .043551

NO REF INEMENT

COORD 13 H .241900 .078522 -.344734
|so 10 3.5

1S0 13 3.5
END ATOMIT INFORMATION

For the Structure-Factor mode, no matrix cards are allowed. The order
of the other cards in the deck is immaterial, except as it effects the
matrix setup in the Least Saquares mode.

A new Atomic Informaticn deck with the latest parameters is punched
automatically after each Least Squares run (after the last cycle). If a
new deck is desired after each cycle, this can be accomplished by using
the appropriate control card.

As the Atomic Information deck is read in, each card is printed.
This printing may be suvpressed by the apvropriate card. At this time
the Atomic Informaticn deck is also put on the DATA TAPE as card images,
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the Atomic Information deck is also put on the DATA TAPE as card images.
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At the end of a Least Squares run, the newest atomic parameters are placed
on the DATA TAPE, This process requires an additional pass of the tape.
Because of this, it may be desirable to use a STOP UPDATING card to
suppress this in order to save time where long DATA TAPEs are involved.

Using and Editing Atomic Parameters from the DATA TAPE:

If it is desired to use the Atomic Information deck from the DATA
TAPE for input to Structure-Factor or Least Squares calculations, the
Atomic Information deck in the subprogram deck may be replaced by an
ATOMIC PARAMETERS ARE ON DATA TAPE card. This causes the tape parameters
to be used with no changes.

The Atomic Parameter deck from the DATA TAPE may be used with limited
changes by using the Edit Atomic Information option. The number of cards
and the matrix setup may not be changed; but COORD, 150, ANIS0, and POP
cards may be substituted for those having the same atom number. An EDIT
ATOMIC PARAMETERS card, followed by the new COORD, IS0, ANISO, and/or POP
cards, followed by an ﬁND EDIT card form the Edit Atomic Information deck.
The new cards will be substituted for the corresponding cards on the DATA
TAPE,and the Atomic Information deck will be otherwise unchanged. An
example of an Edit Atomic Information deck follows.

Example 2.

EDIT ATOMIC INFORMATION
IS0 10 3.0 _
COORD 1 N .002800 ,195415 043551
END EDIT

The Least Squares Matrix Setup:

This subprogram provides for a multiple matrix least socuares setup.
The only restrictions are: (1) each parameter may be entered into only one
matrix, (2) the parameters on a given input card may not be put into sep-
arate matrices (excent straight diagonal), and (3) the matrices must fit
into the storage available.
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The parameters are entered by means of COORD, ISO ISO0-AN ANISO
POP, and SCALE FACTOR cards. The matrix setup is defined by mlxing these
cards with FULL MATRIX, BLOCK MATRIX, DIAGONAL MATRIX, and NO REFINEMENT
cards, The paremeters on the cards follow1ng a given matrix card go into
the matrix or matrices defined by that card.

A FULL MATRIX card causes all the parameters on the cards which
follow (those after it but before the next matrix card or the END ATOMIC .
INFCRMATION card) to be put into one matrix. As many FULL MATRIX cards
may:-be used as desired--one for each matrix which involves parameters .
from more than one parameter card. If no such matrices are desired, no
FULL MATRIX card should be entered, '

After all the large matrices, if any, have been entered, a BLOCK

- MATRIX card may be entered. Each parameter c¢ard which follows the BLOCK
MATRIX card becomes a separate matrix--for example, an ANISO card generates
a 6x6 matrix; an ISO card generates a 1x1. Only one BLOCK MATRIX card
may be entered It may be followed by as many parameter cards as desired,
however, There are special BLOCK MATRIX options available for temperature
factors, If a "P" is punched in col. 73 of an ISO or an ANISO card, the
card generates a 2x2 or a 7x7 matrix respectively, the extra parameter
being a population parameter which is not shifted. A BLOCK MATRIX card
should be entered only if block matrices are desired.

After all FULL and BLOCK matrices, if any, have been entered- a
DIAGONAL MATRIX card may be entered, followed by any number of parameter
cards., For each parameter entered 1n this manner, a 1x1 matrix--~the
diagonal term~-is entered into the least squares zno cross terms are
considered), for example, an ANISO card generates 6 1x1 matrices, Only
one DIAGONAL MATRIX card may be entered; if no matrices of this type are
desired, no DIAGONAL MATRIX card should be entered,

After all parameters in the refinement have been entered using one
or more of the above options, the cards of parameters which are not to be

refined, if there are any, should be placed after a NO REFINEMENT card.
9 reflned
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?rﬁgore of thﬁ above options, the cards of parameters which are no% to be
refined, if there are any, should be placed after a NO REFINEMENT card.

Unly one NO REFINEMENT card may be entereds if al i
the NO REFINEMENT card should Xot e Rt Bt M b AR R ST

The order of the matrix cards is important: FULL MATRIX before
BLOCK MATRIX before DIAGONAL MATRIX before NO REFINEMENT. If this order
is not followed, an error results and the job will be terminated.

The storage required fdr a given matrix may be calculated by the
formula ' : :
n(n + 1) .
2

where n is the order of the matrix. One storage location is required for
each element, only the upper triangular part of the symmetric matrix is
stored. The total required storage for matrices is the sum of that required
for each matrix. ‘ - : i

Atoms in Special Positions:

- An atom in a special position will not have three independently
refinable coordinates and will have a multiplicity different from the
maximum multiplicity of the space group. For these atoms the multiplicity
(as given in the International Tables, Vol. 1) of the special position
should be entered on the COORD card., The proper number of refinable
parameters to enter into the Least Squares calculation and the proper
shifting is handled by means of the NS and NR options on the COORD card. ;
If a coordinate is shifted but not refined, the shift of the preceeding |
refined coordinate is used. Examples: (1) for an X, X, Z atom, one would Y
shift all coordinates, but not refine ¥; (2) for an 1/2, 1/2, Z atom, one A
would not refine and not shift both X and Y. : . &

The Scalé Factor:

This subprogram provides for the refinement of one scale factor (to
be applied to all reflections). The scale factor "k" to be applied to
Fops is entered on the SCALE FACTOR card. The actual parameter which is
refined is 1/k, or the scale factor for Fggjce The shift which is printed
in the shift list is the shift for 1/k, however, the new and old parameters
in the list are k itself, : :
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All Fops in the structure-factor list are the scaled Fopg (k Fopg)e
The weights, however, are based on the unscaled Fypg (the Fopg which is
on the DATA TAPE). ‘

Shift Factors:

, Shift factors are enterable at three different levels. A general
shift factor may be entered on the GARBAGE card. Shift factors may be
entered on FULL MATRIX, BLOCK MATRIX, and DIAGONAL MATRIX cards. And
finally shift factors may be entered on individual parameter cards.

If a shift factor is entered on a parameter card, this shift factor
is used for all parameters on that card; all other shift factors are
ignored. If no shift factor is punched on a parameter card, the shift
factor on the corresponding matrix card is used. If there is no matrix
card shift factor, the general shift factor is used. If no shift factor
appears in any of these places, a shift factor of unity is assumed,

Anisotropic Temperature Factors:

Anisotropic temperature factors are calculated by the expreSsion

o-(2%B11 + k®Bpp + 12B33 + hkByp + hlByj + kilBp3)
An isotropic atom may be converted to an anisotropic atom by use of

the ISO=-AN card., When this card is read in, the proper Bij terms for

a spherical anisotropic atom with the same size temperature factor as the

isotropic are generatedy and in all following cycles the six anisotropic

parameters are varied separately., When a new parameter deck is punched,

an ANISC card will be punched.

Unobservable and Zero Weight Reflectionss:

If the external weight of a given reflection is exactly ':zero, that
reflection does not enter the Least Squares calculation or the R factor
and weighted sums calculations. This condition is indicated by an asterisk
after the Fypg in the printed output. ‘

s T S
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Unobservable reflections are handled by entering a minimum observable
structure-factor amplitude--saying Fophs is "less than" the value entered.
This is indicated by making the external weight of the reflection negative.
If the external weight of a certain reflection is negative (indicating a
"less than" reflection), the reflection enters the least squares calculation
and the R factor and weighted sums calculations only if the calculated
structure factor amplitude is greater than the minimum observable amplitude.
It does not enter if the calculated structure-factor amplitude is within
the limit. In the printed output, a "less than" reflection is indicated
by making Fops negative; entry into the least squares of a "less than"
reflection is indicated by a AF with an asterisk follow1ng.

The Printed Output:

A1l subprogram control cards are listed in the printed output. This
is followed by a listing of hy ky 1, Fobss, Fegles AF, and for acentric
structures Acglce and Begice After every second page the cumulative sums,
welghted sums, R-factor, and weighted R factor are printed out. The format

is Number of

Z KFops  Z|Feald| z lkFob4 ‘chalqr R Refs. entered
B(Fop)t Bi(Foa1e) ' Di(6TFord” =|Feard)? Veighted R Number of
(first) in Le S.

where k 1is the scale factor for Fgpge

At the end of the 1wsting the final sums are printed in the above
format together with the R factor in G (Gramaccioli) units--one G = 3, 95%
Also a Goodness of Fit is printed out, calculated by

X W(K%Fob42 —\Fca142)2
m - s

where m is the number of observations, and s is the number of parameters
being refined.
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The actual goodness of fit may be calculated by dividing the above
quantity by the fourth power of the scale factor (for Fgps), then taking
the square root. The quantity thus obtained should approach unity if the
weights are on an absolute scale. Division by a power of the scale factor
is necessary because all welghts are based on the unscaled structure-
factors,

The total number of reflections, the number in the least squares,
~ the number of "less than" reflections, and the number of "less than"

reflections which are in the least squares are printed after the final
sums, , ,

This is all the output in the Structure-Factor mode. For the ‘
Least Squares mode, this is followed by a matrix by matrix table of shifts
- and standard deviations. Standard deviations are calculated by the

equation
o 1/2
[A'l) [E W(kz.f'o'bs - Fcalcz)ﬂ
m- s

where ¢j is the standard deviation in parameter i, (A= )11 is the diagonal

element of the inverse matrix corresponding to parameter i, and all other
parameters are as deflned previously.

If more cycles of 1east squares are done, the output is repeated for
each cyele. The printing of the structure-factor list may be suppressed
by the appropriate special option card. If this is done, the final sums
are still printed. Once printing is suppressed, it w111 remain suppressed
until the option card asking for print is entefed The normal mode is to
print the list., Printing of the shifts may not be suppressed.

The nrlnting of the "normallzed real" matrix (the least squares matrix
A transformed so that_all diagonal terms are normalized to unity) and/or
the inverse matrix A=l (not normalized) may be effec¢ted by the appropriate

designations on the corresponding matrix cards. The normal made 1s not -
to print any matrices.
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Recycle:

- If more than one cycle of least squares is desired in a given run,
‘a RECYCLE card must be_entered for each extra cycle. A new WEIGHTING
FUNCTION card, new sin26/X2 limits (see GARBAGE card) may be entered,
and certain option changing cards may be entered between cycles. No
changes in the shift factors, matrix setup, or atomic parameters may be
made, Cards pertaining to a given cycle should be placed immediately -
after the RECYCLE card which generates that eycle. (Cards for the first
cycle must be placed before the Atomic Information deck.

When doing an additional cycle, the inverse matrices from the
previous cycle may be_gsed instead of accumulating new matrices. If
this is done, a new AF< vector is accumulated. This is then multiplied
by the old inverse matrix to obtain the shift vector. This option
saves considerable time where large matrices are involved,

The Partial Structure-Factor (OMIT ATCMS) Option:

The contribution to the structure-factor of certain selected atoms
may be stored on the DATA TAPE by use of an OMIT ATOMS card. This
"partial structure-factor™ is then available for use in difference
Fourier maps, etc. . ’ -

The Structure-Factor Accumulation Options

If one desires to calculate structure-factors by entering the atoms
in several batches (several passes of the DATA TAPE) the structure-factor
accumulation option may be used, The steps are as follows: (1) A
structure-factor calculation is run in the regular way using the first
bateh of atoms--the results are stored on the DATA TAPE, (2) Another
structure-factor calculation is run using the second batch of atoms with
the special ACCUMULATE ACALC AND BCALC card--this causes the Aggje and
Begle which are on the DATA TAPE (the contributions of the firs% batch
of atoms) to be added respectively to those calculated in the present
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run, the sums being stored on the DATA TAPE. (3) As many more batches--
with the special option card--may be run as desired. The last batch of
atoms may be entered by either a Structure-Factor calculation or a Least
Squares calculation; since this batch will produce the full A, lc and
Beale, the parameters of the atoms in the last batch may be re%lned.

If this option is used, the number of atoms which may be entered
into a Structure-Factor calculation is unlimited. It is hoped that this
ontion may be useful in the study of large molecules, where the size of
the atom 1list could become a problem.




Weighting Function Control Cards:

A weighting function control card is required in the input to all Least-
Squares calculations. In Structure Factor calculations, a weighting
function must be used to calculate the weighted R-factor. If no
weighting function control card is entered, trouble may occur.

Note:
The term "weight" in the following discussion of WEIGHTING function
cards refers to the quantity vW as w is defined on page 6-1.

WEIGHTING FUNCTION UNITY, W=1.0 o
S S T S LS Sommmmem ==FEXTFERNAL WELGHT ==

Optional Field: o8-2%
If EXTERNAL WEIGHT is punched in col. ,8-?2, the External Weight
which appears on the DATA TAPE will be multiplied by the
weilght generated internally, and the result used as a weight.

Action:
The internal weighting routine is set to generate a weight of unity
for all reflections.

Note:
A weighting function of unity does not make much sense when used
without the EXTERNAL WEIGHT option. It does NOT mean that
all reflections are weighted equally. This option is included
so that, for each reflection, an extsrnally generated weight
-equal or proportional te 1 / o(F_ ,5)~--may be used for weighting
directly.

Page 96




6=-11

WEIGHTING FUNCTION HUGHES 1/FCBS YFMIN=
:::::::::—:::::::::::=:::=:~————-—~==————:———-——FFFFFF:::EXTERNAL WEIGHT========

Required Constant-
A value for W(Fopg)pipimy mMist be punched in col. 49-5h.

Optional Field:
If EXTERNAL WEIGHT is punched in col. 58-72 the External Welght
which appears on the DATA TAPE will be multiplied by the
weight generated internally, and the result used as a weight,

Action:

The internal weighting routine is set to generate a weight of 1/Fops
for all reflections with Fqoyg greater than Y“(Fguq)pminimume
Reflections less than this are given a weight equal %i
1N(Fobs)1+(Fobs)mmimum. If EXTERNAL WEIGHT has been punched,
this internal weight is multiplied by the External Weight
which occurs on the DATA TAPE, and the result used in weighting
the reflection,

WEIGHTING FUNCTION ITUGHE:s l/FOBo SQUARED LFMIN=
RS T e e P —=== === —FFFEFF:::EXTERNAL WBIGHT========

This card is the same as the one above except the weight is set equal to
l/FO%S when Fopg is more than W(Fops)minimums @nd equal to

1/ (Fops ) (Fobs ) minimum when it is less than this quantity.

Note:
In both the above, the F, o is the unscaled observed structure

f-ctor amplitude, i.e. the F as it appears on the DATA TAPE,
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WEIGHTING FUNCTION

======PPPPPPQQQQLQRRARRRS 5S35 ST TTTTTYUVUUUY VVVVV=FFF==XT WPs====m==

Required Constants:
1. A value for P in col. 19-24, for Q in col. 25-30, for R in
col. 31-36, for S in col. 37-42, for T in ecol. 43-48,
for U in col. 49-54, for V in col. 55-60 may be punched.
Any which are not punched are assumed to be zero.

2, If V is non-zero, a three-character form factor curve identifier
must be punched in col. 62-6k4,

Optional Field:
If EXT WI is punched in col. 67-72, tne External Weight which appears
on the DATA TAPE will be multiplied by the weight generated
internally.

Action: ‘
The internal weighting routine is set to generzte welghts for each
reflection according to the following function:

VW, = _P + Q sin®c/laxbda?®
R+ 8 Fopg + T Fopg + U Fgpd + V £y

where P, @, R T, U, and V are constants entered on the
card, and fj 1s %he value for the specified form factor at
the sine of the reflection whose weight is being calculated.
If EXT WT has been punched, the External Weight will be
multiplied by that calculated by the above function, and the
product will be used to weight the reflection.

Note:
The Fopg above is unscaled, i.e. as it appears on the DATA TAPE,
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Matrix Control Cards:

At least one matrix control card is required in each Least Squares
atomic information deck, unless the atomic parameters are being = -
taken from the DATA TAPE, in which case the required matrix control
cards are already on the DATA TAPE, ' ‘

FUuLL MATRIX
mz====coz========5SHIFT FACTOR= S‘SS==:=PR.[NT REAL =
| INVERSE
BOTH

Optional Constants _
If "SHIFT FACTOR=" is punched in col. 17-29, and a shift factor is
punched in col. 31-33, all the atomic information parameters
- which go into the matrix specified by this card will be assigned
this shift factor, provided no shift factor is punched on the
individual atomic information card.

Optional Field: ‘ ~ -
If "PRINT" is punched in col. 38-42, and either "REAL","INVERSE" or
"BOTH"is punched in col. ~50 as shown above, the specified .
matrices will be printed for each cycle of Least Squares. '

Action: . :

The subprogram is set to regard is one matrix all refinable parameters
entered on atomic information cards which follow this card but
precede the next matrix card (or END ATOMIC INFORMATION. card).

Note: ' L ‘ |
“As many FULL MATRIX cards as needed may be included in the atomic
information deck., Each FULL MATRIX card generates a separate
matrix. ‘ -
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BLOCK MATRIX
================SHIFT FACTOR= SSS====PRINT REAL ====: ===
INVERSE
BOTH

Cptional entries are the same as for the FULL MATRIX card,

Action:
The subprogram is set to regard as a separate matrix the refinable

varameters from each of the atomic information cards which
follow. This means one atomic information card = one matrix.

DIAGONAL MATRIX
=== ==== =3HIFT FACTCR= S5S5S====PRINT REAL === ==
INVERSE
BOTH

Optional entries are the same as for the FULL MATRIX card.

Action:
The subprogram is set to regard each refinable parameter entered

after this card as one matrix. This means each parameter
becomes a one by one matrix, all cross correlation with other

varameters is neglected.

NO REFINEMENT

i
i

Action: :
The subprogram is set not to refine zny of the atomic parameters

which are entered after this card,

Note:
A1l full matrices must precede all block matrices which must precede
all diagonal matrices which must precede the no refinement

section.
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Atomic Information Cards:

======NNNN==FFF= XXX =YY Y Y YYY Y =222 22727 ===MMM===55 SNSN SNSNRNRNR ===

Required Constants: . :

1. An atom number, an integer, in col., 7-10 right justified..

2., A three character formlfac%or identifier in col. 13-15. See
Chapter 5, page 5-4 for a description of the form factor
identifier codes. .

3. The fractional coordinates--x, y, and z--with respect to the
crystallographic azxes, punched in col. 17-24, col. 26-33, and
col, 35-42 respectively. '

Optional Constants: o ‘ oL _
1. The multiplicity of an atom in the unit ¢ell may be punched
as an integer in col. 46-48, right justified. The maximum
multiplicity of the space group is assumed if nothing is
punched. , : o ‘ ’
2. A shift factor in col. 52-54%., If a shift factor is punched,
it has precedence over shift faetors on matrix cards or on the |
GARBAGE card. ) o |
3. If "NSY appears -in col. 55-56 for x, and/or col. 57-58 for y,
and/or col. 59-60 for z, the corresponding parameter(s) will
not be shifted if  Least Squares is done,
4, If "NR" appears in col. 61-62 for x, and/or col. 63-64 for y,
and/or col. 65-66 for z, the corresponding parameter(s) will
not be refined if Least squares is done.

The information given on the card is added to the proper lists in
: the subprogram,

1. Atom numbers need not be sequential, but should be kept low.

2. If a parameter is shifted, but not refined, the shift of the
preceding refined parameter is used.. For example, if x is
refined and y is shifted but not refined, the shift calculated

foe e s olso ool irod Lo e
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2. If a paramete;‘ig gﬁleedmviE‘ﬂag*reflneé “Eﬁé Eilkt”éf*éﬂé

preceding refined narameter is used. - For example, if x is

§ef1hed and v is ?_hlfted but not reflned the shlft calculated

1380
======{NNN==B3BBBEBBEBBB====== ===oozms= - = , P==3SS==
Required Constants:
1. An atom number, an integer, in col. 7-10 right justified. This
number should matcu the one on the COCRD card for this atom.
2. An isotropic temperature factor.in col. 13-2k.
Optlonal Constants:
1. If a "P" is punched in col. 73, a population factor for this
atom will be entered into the refinement. It will be given
a value of 1.0 and not 'shifted.
2. A shift factor in col, 76-78. If a shift factor is punched,
it has precedence over shift factors on matrix cards or on the
GARBAGE card, .
Action: ’
The information is added to the Droper llsts in the subprogram.
IS0-AN | f

======NN'NN::BBBBBBBBBBBB::— ST ooszosoooooosooooosmEossss = P==358==

This card has the same constants as the ISO card, and may be made from
a previously punched ISC card by addlng " AN" in ecol. 4-6,

Action:
The isotropic temperature which is punched is converted to an
anisotropic tempercture factor of six parameters. Fach of
the six parameters is varied separately. When a new Atomic
Parameter Deck is punched after Least Squares, the temperature
factor for this atom will be on an ANISO card.
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ANISO
======NNNN==§B11B11B115B22B22B225B33B33B335B12B12B125B13B13B135B23B23B23P==58S==

Required Constants:
1. An atom number, an integer, in col. 7-10 right justified. This
number should match the one on the COORD card for this atom.
2o The six parameters for an anisotropic temperature factor defined

—(h2 2
according to the expression e (h%By1+k%B o+l B33+th12+hlBl3+leZ3l

with Bllin col. 13-22, 322 in col. 23-32, B33 in col. 33—)4'2,
By, in col. 43-52, By3 in col. 53-62, and Byy in col. 63-72.

Optional Constants: )
1. If a "P" is punched in col. 73, a population factor for this
atom will be intered into the refinement. It will be given
a value of 1.0 and not shifted.
2. A shift factor in col., 76=78, If a shift factor is punched, it
has precedence over shift factors on matrix cards or on the
GARBAGE card., -

Action:
The information is added to the proper lists in the subprogram.

Comment:
BEach atom which is entered into the calculation must have one COORD card
and one and only one temperature factor card., The POP card is optional.
If this is not followed, calculations will be ended with an error,
The order of the above cards within the Atomic Information Deck is not
important--COORD and temperature factor cards for the warious atoms

‘may be mixed in any order. In the case of Least Squares calculations,
the order is determined by the matrix setup.

Page 103
6=21




6=21

NNNN==PPPPP=555===FFF== —= ==== = e

Required Constants:
l. An atom number, an 1nteger, in col., 7-10 right justified.
2. A population factor in col, 13-17.

Optional Cons tants:

1. If a shift factor is punched .in col. 19-21, this shift factor
will be used in preference to factors entered on matrix cards
or on the GARBAGE card.

2. If a three-character form factor identifier is punched in col.

. 25-27, the atom position specified on the COORD card is
considered to be multiply occunied, Its form factor is taken

as P(f1)+(1. O-P)(fz), where P is the population factor punched
on this card, f; is the ‘form factor specified on the COURD card,
and f, is the form factor identifier specified here.

Action:
The information is added to the prover lists in the subprogram.

Notes
1. The multiple occupancy option is intended for special types of
disorder, as is present in certain alloys, etc. The expression
given is a good approximation for such cases, but,of course,
neglects "domain' considerations.
2, The PCP card is optional., If no POP card is entered for a given
atom, a population of unity is assumed.
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SCALE FACTOR=
====s=s====EsE=E =5558585555 ,SHLFI' FACTOR= SSS== == == ===

Required Constant: )
A scale factor in col. 15-24%, Thé observed structure factor amplitude
which occurs on the DATA TAPE is mulitiplied by this factor to
put Fopq on the absolute scale.

Optional Constant: :
If ",SHIFT FACTOR=" is punched in col. 25-38, and a shift factor
"is punched in col., 40-42, this shift Factor will be used for
the scale factor if it 1s refined.

Action:
A scale factor for Fgpg is entered into the subprogram.

Note: |
In a Least Squares mode subprogram deck, the SCALE FACTOR card may
be placed before the Atomic Information Deck, or if it is |
desired to refine the scale factor, it may be placed within
the range of the appropriate matrix card within the Atomic
Information Deck.

END ATCMIC INFORMATION

o S e et Sma e e

I
|
i}
n
I
i
i
|
|
|
|

Action:
This card signals the subprogram that the end of the Atomic
Information Deck has been reached,

Note:

Once this card has been read in, the subprogram will not accept'
any more COORD, ISO, ISO-AN,POP,SCALE FACTOR, or ANISO cards.
Caleculations begin immediately.




Special Tape Atomic Information Cards:

The following cards are used instead of an Atomic Information Deck if
the user wants to make use of the Atomic Information Deck which
is on the DATA TAPE. No END ATOMIC INFORMATION card should be
in the card subprogram deck if this option is being used.

ATOMIC PARAMETERS ARE ON DATA TAPE

O e e e o o e e s D D s € G e e S

e > omamade o=
——= —_———

Action:

The subprogram will take as input, the Atomic Informatlon Deck which
is on the DATA TAPE with no chanves.

EDIT ATOMIC PARAMETERS

]
=

Action:

The subprogram will take as input, the Atomic Information Deck which ‘
is on the DATA TAPE, substitutlng each COORDy ISO, ANISO, and/or

POP card which follows this card for the correspondlng one on the
DATA TAPE,

Note:

1. At least one substitution must be done if this card is used.

2, Cards are identified for substitution by title and atom number,
neither of which may be changed.

3. No changes may be made in the matrix setup for Least Squares,
since the matrix cards are on the DATA TAPE and may not be
substituted., To change the matrix setup, use a card Atomic
Information Deck. The same applies to adding new atoms.

END EDIT

e e e e e e T e e e e o = = =

Action:

This card signals the subprogram that all substitution cards for
the EDIT ATCMIC PARAMETERS optisn have been read in.
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Special Option Cards:

The following cards control special options of the subprogram. Unless
otherwise indicated in the description, the user may assume that
the card is enterable either before the Atomic Information Deck or
at Recycle time.

GARBAGE.
=========GENERAL SHIFT =SSSSSS=MAXIMUM SINT/LSQ=5555SS (MIN .=SSSSSSMAXSEl========

Optional Constants: : ' '

1. If "GENERAL SHIFT =" is punched in col, 10-24%, and a shift
factor is punched in col, 25-30, the general shift factor
in the subprogram is set to the value pgnched.

2. Maximum and/or minimum limits on sin<6/2< for reflections
going into the calculations. A maximum is entered by punchin
"MAXIMUM SINT/LSQ=" in col. 32-158, and the value in col. 1%-9-5&;
A minimum value is entered by punching ",MIN.=" in col. 55-60,
and the value in col. 61-66. Any reflection not falling with-
in the specified limits will be skipped over,

3. If "MAXSET" is punched in col, 67-72, the subprogram will
enter the '"only isotropic" mode., This mode will allow the
subprogram to accept more atoms, since an isotropic atom
requires less storage than an anisotropic one. This option

- 1s for exceedingly large structures only.

Action: :
The appropriate option as outlined above is set,

Note:
The GARBAGE card may be read in either before the Atomic 1nformation
Deck or at Recycle timej however, the general shift factor
and MAXSET options may not be requested at Recycle time.




RECYCLE ' ,

Optional Field:
If "SAME INVERSE" is punched in col, 10-21, the subprogram is set

to save the inverse matrices from the cycle just completed
for use in getting the shifts for the cycle requested by this

card.

Action: ‘ ’
The subprogram is set to do another cycle of least squares, using

for input, the atomic coordinates from the preceeding cycle.

Notes A
le This card may not appear in a Structure-Factor mocde deck,

2., This card may not be entered until after the Atomic Information
Deck has been read in.

3. The Special Option Cards, if any, wiich pertain to the cycle
requested here, must follow this RECYCLE card.

DO NOT PRINT ATOMIC-PARAI{ETER INPUT CARDS.

e s e e == — —_——

Action:
The cards in the Atomic Information Deck are not printed as they

are read. Normel option is to print them.

Note: :
This card, of course, must come before the Atomic Information Deck.

DO NOT PRINT H,K,L,FOBS ETC. FOR ANY REFLECTICN

o s e > e
—_—=== = - —_—

Actions
The subprogram switch which controls printing of the structure-

factor list is set not to print this list. The normal option
is to print it.
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PRINT H,K,L,FOBS,FCALC,ETC. FOR EACH REFLECTION

——— —_— —_—— ==

Action:
The subprogram switch which controls printing of the structure-
factor list is set to print this list.

Note:
This card is designed tc switch the printing on again after it
has been switched off by the DC NOT PRINT card,

PUNCH NEW PARAMETER DECK AFTER EACH CYCLE

o e o e > e o e e
= — —— —_——

Action:
The subprogram iz set to punch a new Atomic Information Deck after
each cycle of Least Squares. The normal option is to punch a
new deck after the last cyecle only.

STCP UPDATING ATCIIC PARAMETERS ON DATA TAPE

e oo e wum P
—_—— = e e o=

Action:
The atomic parameters resulting from the last cycle of the run will
not be placed on the DATA TAPE. The normal option is to update
the DATA TAPE, _

ACCUMULATE ACALC AND BCALC.

Action:
The subprogram is set for the "accumulate™ mode(see page ©-11).

Note:
This card must come before the Atomic Information Deck.

6=27




OMIT ATOMS--
S —— N, NN, , NN« ° - | ===

Required Constants: '
A list of atom numbers, entered as integers separated by commas with
no blank columns {n between, beginning in col., 7 and not exceeding
col. 77. The atom numbers punched here refer to the atoms which
have the same number punched on their COORD cards.

Action:
The contributions to A,,;j, and B of the atoms specified in the
list is stored on"¥hS DATA TiPE for fubure use. The total ,
contribution of all the specified atoms is stored on a reflection
by reflection basis.

Note:

The above storing of a "partial" structure-factor is in addition to
the storing of the complete calculated structure factor which
is automatically put on the DATA TAPE for each reflection
considered.
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Chapter 7

Fourier and Patterson Calculations

Programming Contribution: D, Duchanmp
Introduétion:

This subprogram. provides for the calculation of Patterson maps,
Fourier maps, and difference Fourier maps for all space groups except
the hexagonai (In practice, the hexagonal maps may be done under
monoclinie or orthorhombic space groups.) Three-dimensional maps, pro-
jections down the crystallographic axes, sections with either x, y, or
z set at a certain value, and sections through any specified plane in the
structure may be calcula%e The resultant maps may be on an inches per
Angstrom scale or in fractlonal increments. (The general plane section
must be on an inches per Angstrom scale.) Provisions have been made for
saving the maps on a DATA TAPE EXTRA for future calculations,

It is assumed that anyone attempting to use this subprogram will
be familiar with erystallographic Fourier techniques and expressionse-
in particular with the Fourier expressions for his particular space group.

Iris subprogram is called by either the PATTERSON, FOURIER, COMPLETE
DIFFERENCE FCURIER, or DIFFERENCE FCURIER system control cards, depending
upon which mode of calculation is to be done. If more than one mode are
to be done, the subprogram must be called once for each mode. As many
different maps as desired may be calculated within a given mode; for
example, with one call to the subprogram in the Patterson mode, one may do
a three-dimensional map along with a projection map,

7-1
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leference Fouriers:

The usual way to do difference Fouriers under this subprogram is
to use the CCMPLETE DIFFERENCE FOURIER mode. In this mode, the differs::
encing is done between the observed structure-factor and the complete
calculated structure-factor. The user should have the complete calculated
structure-factor on the DATA TAPE from a previous call to the Structure- .
Factor Least Squares subprogram. .
The DIFFERENCE FOURIER mode is designed for special cases where
the user desires to subtract out only a few selected atoms from his
Fourier, It is used in cenjunction with the Omit Atoms option in the ..
Structure-Factor Least Squares subprogram. The differencing is done
between the observed structure-factor and the partial calculated structure-
. factor; the phasing may be done either by the complete calculated struct-
ure-factor or by the partial one, (See Chapters '3 and 6, pages. 3-12 and 6—27 )

The calculation of either type of dlfference Fourler requires that
reflection input be from the DATA TAPE, Of course, card input may be
used if the user does the dlfferen01ng and pha51ng elsewhere, then useés
the results for card input in the FOURIER mode. /

The Subprogram Deck:

The subprogram deck is arranged as follows: (1) Data processing
control cards as desired--these cards contain information which the
subprogram must have before it reads in the data., (If card input of
réflections is used, a CELL card is required here.) (2) Map control
cards--if necessary—-for the first map. (3) If card input of reflections,
a deck of Fourier subprogram shorbt-format data cards, followed by an END
CF DATA card, (If no card input deck is found by the subprogram, it will
automatically assume DATA TAPE input of reflectionsj and no cards should .
be entered here.) (%) A calculation starting .control card specifying which
type of map is desired. (5) If more than one map is desired, map control
cards--if needed--followed by a calculation starting control card, should
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7-3

be entered for each extra map desired. None of the options which are
set by data processing control cards may be changed between successive
maps; to do so requires a separate call to the subprogram. Examples
of subprogram decks follow. '

Example 1.
"~ THREE-DIMENSIONAL

The above subprogram deck (one cafd) will cause a three—dimensional
map to be calculated using the reflections on a T'ATA TAPE which has
been loaded prior to the call to the Fourier subprogram.

Note: The mode of calculation--Patterson, Fourier, etec--is set by
the system control card which calls in the Fourier subprogram._

Example 2,

SCALING FACTOR FOR F(OBS) = 4,358

USE ONLY DATA WITH SINE(SQ)THETA/LAMBDA(SQ) LESS THAN 0.3

SCALE 3,0 INCHES/ANGSTROM -

PROJECTION A  AXIS, Y CONSTANT HORIZONTAL ' |
CENTER POINT ,44+51 ,3422 . 5609 4,5 A, HORIZ. 8.0 ..A., VERTICAL
GENERAL PLANE, DIRECTION COSINES .04562 43557  .90023 ,Y.CONSTANT HORIZ..

The above subprogram deck will cause a projection followed by a general
plane map. Both will be on the scale of 3.0 inches/Angstrom; both will use
limited data. The reflection data, as well as the size of the unit cell
will be taken from the DATA TAPE., ' ’

‘Further examples of the use of this subprogram are contained in the
examples given in Chapter 2, ’
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General Planes:

4 A section through any general plane may be calculated. The user
specifies the plane by giving a center point for the map and the direction
cosines of the plane normal. The subprogram will orient the plane so that
one fractional coordinate remains fixed in the horizontal direction on the
map (the user may specify which). The user specifies the height and width
of the map in Angstrom units. The maps are printed on an inches/Angstrom
scale, These parameters are entered on a CENTER POINT and a GENERAL PLANE
subprogram card, The CENTER PCINT card must precede the GENERAL PLANE
card which starts the calculation.

Phasing:

If card input of reflections is used for this subprogram, the phasing
must have been done previously. ~ , ‘

For reflection input from the DATA TAPE, the standard way of phasing
‘the Fourier is to give Fopg the sign of Fo,q. in the centric case, and

for the acentric case Ao
Aops = Fobslfzg%é

BObS = Fobs Ec;a;l.g.
[Fealel
For difference Fourier calculations for the acentric case, Fgopg is

replaced by.‘Fobsi-\Fcalck, and for the centric case, Fopg is given the
sign of Fggle then the two phased quantities are subtracted.

Several special options aré available, By using a PHASE CUTOFF
FUNCTION card, all reflections with Fgaje less than (Fealedmin may be

skipped, where (Fegle)pin 1S given by the function
2
B sin<e,

(Fealedmin = Fmin(l +




» 2
(Featle)min = Fnin(l + B E%?zg)

7=-5

where.Fmin and B are enterable constants.

If phases have been previously assigned by some other subprograms—
A and B for each reflection phased for direct use in a Fourier have been
stored on the DATA TAPE--the use of these reflections may be effected by
the PHASES PREVIOUSLY ASSIGNED control card, '

When doing a map initiated by a DIFFERENCE FOURIER system control
card, the differencing and phasing are both done with the partial
- structure-factor (stored by the Omit Atoms Option in the Structure-Factor
Least Squares subprogram). If one wants to do the differencing using the
partial structure-factor, but do the phasing using the complete calculated
structure-factor, this may be effected by use of the DO DIFFERENCE PHASING
subprogram control card.

Patterson Sharpening:

Data for use in a Patterson may be "sharpened"., This option is
effected by use of the SHARPEN subprogram control card. An estimated
overall average temperature factor must be entered. A NUMBERS OF ATOMS
card is required also., If it is desired to at the same time remove the
origin peak, the card REMOVE ORIGIN should be entered. If the origin
is removed, it is important that the proper scale factor for putting F ye

on the absolute scale is entered,

The sharpehed fFObszfis calculated by the following expression,

2 2 e
. k® (Fops) i _;_%
_ a — - 1| ,16 (sin@}t -N (X2

lbesFSharpened T | -2B E%gég) 5 fiz 2 < N ?'e ( A |

where ny is the number of atoms of type i having atonic scattering factor
fi, B is the overall average temperature factor, N is an enterable

parameter, If sharpening is done, reflection input must be from the
DATA TAPE. ‘ ‘
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Scale Factor:s

For difference Fourier maps and for sharpened Patterson maps, the
scale factor necessary to put Fgopg on the absolute scale must be entered
by means of the SCALING FACTOR FOR F(0OBS) card. It is advisable to enter
a scale factor for all Fourier type calculations., If one is not entered,
a scale factor of 1.0 is assumed, The scale factor from least squares
is not saved for the Fourier; the Fourier scale factor must be entered
separately.

Unobservable Reflectionss

Reflections which were too weak to observe should be entered as "less
than® reflections, (see Chapters Y% and 6), for input from the DATA TAPE.
If this is done, the following action is taken:

a. Pattersons-=(Fopglpay is halved and treated as a regular reflection.
b. Difference Fouriers--If Fg,qc 1s greater than (Fops)paxs the

reflection is treated as a regular reflection and enters the
calculation. If Fegle is less than (Fgopg)maxs the reflection is
skipped. : :

e, Fouriers (no differencing)--The reflection is skipped.

Printed Output:

Output is arranged for a stgndard 131-character line with 2 map-points
per inch in the horizontal direction and 3 map points per inch in the
vertical direction of the page., If the map is too large, either horizontally
or vertically, to fit on one page, it is continued on other pages. The
largest map which can be printed is over 6 feet wide; the length is not

The points are printed as signed integers, up to % digits long.
If a point exceeds 4 digits, 9999 is printed. The normal option is to print:
hundredths of an electron for Fourier calculations, and tenths of an electron
squared for Patterson maps. This can be changed by a POINT SCALE card.




e ERLils OI an electron for Fourier calepdaddome ooo@t OPLLON 1s To print:
squared for Patterso oor fale

, ; ulations, and tenths
n maps, Thls can be changed b} a POINT SCAE% ggrg%ectron

The points may be either at such positions that the map is on an
inches per Angstrom scale, or at fractional cell increments. Before each
map, information is printed which allows the user to easily figure the
fractional coordinates of any point on the map. Two inches per Angstrom
is standard, but this may be changed by a SCALE card. : -

An example of output on an inches per Angstrom scale is shown in-
Figure 4. The unit cell has been drawn in afterwards. Note that the
first point is not the origin, but the origin is shifted to the right
on the first row, so that the entire asymmetric unit may be on the map.
| If the user makes a fractional coordinate grid to the proper inches per
| Angstrom scale, he can read fractional coordinates directly by using the
grid to "measure" the map.
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Data Processing Control Cards:

CELL

For a format description see Chapter 4, page 4-20.

Note: _ ~

This card is required when reflection input is by cards. If the
reflections come in from a DATA TAPE, the cell on the DATA
TAPE will be used if no CELL card.is entered, .

DO DIFFERENCE PHASING WITH COMPLETE CALCULATED STRUCIURE FACTORS

B e e v e s S > e 0 e
R N S e R e S S SR N T S EEET =T = ==

Action:
This card causes the Fourier subprogram to phase on the basis of
the complete ealculated structure factor when it does a
difference Fourier. The differencing i1s still done the partial
caleulated structure faector.

Note: ' . -

This card is allowed in the DIFFERENCE FOURIER MUDE only., Phasing
on the basis of the partial calculated structure factor is
standard unless this card is entered.

NUMBERS OF ATOMS _
— ===lNef £ Neff NNN=£Fy .0, =

For a format description see Chapter 5, page 5-13,

Note:

This card is used in conjunction with a SHARPEN card to provide the
constants for sharpening data. For centered cells, multiply
the number of atomg,jnjgthe unit cell by the centering multiplicity.
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PHASE CUTOFF FUNCTION, F(MIN)= ,-B = |
== ==== }QDQQC;E_::::::m::: S=== ===c=s=osmm——me

Required Constantss
1. A value for a minimum caleulated structure factor in eol. 32-36.
2. A parameter for the phase eutoff function in eol. 43-48.

Action: '
: The Fourier $Subprogram is set to calculate a value F(calc)min for
each reflection prior to phasing it. The following |

equation is used: ; 5., 2 |
F(cale) ;. = F(MIN)(1 + B sin“8/»%) \

nin

If F(c&ie)n(F(calc)min, the reflection is not ineluded in
the Fourier. , _

Notes
This option applies to tape input of reflections only.

PRINT INPUT CARDS

epe o ememescmamemes
e maEEEEEE

Actions : ,
This card causes reflection-data cards to be listed as they come

into the Fourier subprogran,

Note:
Allowed only when card input of reflections is used.
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REMOVE ORIGIN

o e g
e e e e cRem e moe

e
—rmaRmNsEmmmaEmE=Es o SRR =E=E= ———

Action:
The Fourier subprogram is caused to subtract the appropriate term
to remove the origin peak for a sharpened Patterson map,.

Note: -
: 1. This card is allowed only in the PATTERSON mode, and there only
: in the company of a SHARPEN and a NUMBERS OF ATOMS cards.
2, If the origin removal is to be any good, the data should be put
on the absolute scale by use of a SC&LING FACTOR card.

SCALING FACTOR FOR F(0BS) =

_ _ - e
Y0.0000¢ — - R —

Required Constant:
A scale factor to be applied to F(obs) in col. 31-36.

Action:
The observed structure factors are multiplied by the given factor
as they are read in.

Notes
1. Allowed for tape input of reflections only.
2. This card is especlally important for sharpened Pattersons and
difference Fouriers if the F(obs) which are on the DATA TAPE
differ signlficantly from the absolute scale,
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SHARPEN, OVERALL AVE, TEMP FACTOR = ,FUNCTION PARAMETER =

—:XXXXXX_______-_~__ == X K ========

USE ONLY DATA WITH QINE(DQ)THETA/LAMBDA(SQ) LE5S5 THAN
B e Soo=soosmmsmEmmss s 00,004 3

0 )

Optional Constants:
1. An overall average temperature factor in eol, 37-42., If no
value is punched, 4,0 is assumed,
2. A parameter for the sharpening function in col, 67-72. If
no parameter is punched, 19.36 is assumed. This value was
chosen to show up peaks in standard-type organic structures.

Action:
The oubprogram is set to '""sharpen" the data as it comes into
memory. '

Note:
1. Allowed when reflection input is by DATA TAPE onlys not allowed
for card input.
2. A NUMBERS OF ATOMS card must accompany this card. A REMOVE ORIGIN
card may accompany this card, but is optional. _

Required Constent: f |
A maximum sin26/22 in col. 55-59. , }

Action '
Reflections whose 31n26/A2 is greater than the maximum entered
value are not used in the calculations.

Note:
If this card is not used, the Fourier subprogram provides storage for

all reflections up to sin 6 = 1.0 for the wavelength entered.
If this card is used, storage is only provided for reflections

out to the maximum specified here., By using this card, the
subprogram may be speeded up considerably.
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oug to the maximum specified here, By using this card., the
subprogram may be speeded up considerably ' :

POINT SCALE ELECTRCNS(CR ETC.)
:;::::::::::XXXXXX:: =o=o==o= e e ] === ==

1}

Required Constant:

A constant for fixing the scale of points in the map(s) to be
calculated. Points are printed out as integers; if the
printed pointe are mult%plied by the number specified here
they become Electrons/A>(or whatever the correct units ares.

Action: :
The data is modified at reflection-read-in time so that the points
will have the specified scale.

Note: ‘
If this card is not used, the point scale is taken as 0.01 for
Fourier calculations and as 0.1 for Patterson calculations.

WAVE LENGTH '
= ‘ XXXXXX:: == == o= === oo

For a format deseription see Chapter 4, page 4+-29.

Note:

The Fourier will provide storage for all reflections in the specified
asymmetric unit of data out to sin & = 1.0 for the wavelength
specified. If this card is not entered Cu wavelength is
assumed, The Fourier subprogram may be significantly slowed
down by forcing it to provide storage for reflections which
never appear. If a USE ONLY card is entered, the value on
that card is used in defining the necessary storage in pre-
ference to the wavelength.
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Map Control Cards:

BOUNDS X = TO g ¥ = TC - Z = IO
R S 00000 CEE ) 00000 C 1 ::—__—.:::YYYYYY::::::’7ZZZZZ==:::..ZZZ 72Z44==

Required Cons tants:
1. A lower bound for x in col. 13-18, an upper bound for x in col. 25-30.
2, A lower bound for y in col. 37~42 an upper bound for y in col. L49-5%,
3. A lower bound for z in col. 61=-66, an upper bound for z in col. 73=78.
Lower bounds must be negative or zero, upper bounds must be positive
or zero.

Action:
The asymmetrlc unit within the unit cell is defined for the subprogram.
This is used by the subprogram to decide the size of its projection,
section and three-~dimensional maps.

Note: '
If this card is not entered, the asymmetric unit which is stored in
the subprogram for the particular space group is used.

CENTER POINT A, HORIZ. A, VERTICAL
=======sms=== 00K K=Y YYYY=7222Z======tt tttt s88sss ==

Required Constantss
1. The x,y coordinates of a center p01nt (in fractional coordinates
relative to the real cell axes) in col, 14-18, 20-2l4, 26-30
respectively.
2, Constants in Angstroms giving the horizontal and vertlcal extent
of the general plane whose center point is defined here, in
col. 37-42 and 55-60 resnectively.

Action:

This card is used together with a GENERAL PLANE card to specify the
parameters for defining that plane. It must be followed by
the GENERAL PLANE card to which it applies.
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parameters for defining that plane. It must be followed by
the GENERAL PLANE card to which it applies. ’

SAVE MAP ON DATA TAPE EXTRA

o s SR e e S D G D o €D SO0 he S ey o (i O S o SO e [ o e e e S — >
=== A R T R s R R S S S s S o === = ===

Action:
The subprogram is caused to save the maps which are calculated
after this card enters on the DATA TAPE EXTRA,

Note:
A DATA TAPE EXTRA must have been loaded prior to the call to the
Fourier subprogram if this card is to be used.

SCALE INCHES/ANGSTROM

::::::X)Q(XXX—-— == == = == =

SCALE IN X, IN ¥, IN Z

::::::::XX;{}QQ{::::::::YYYYY:::::::Z.ZZZ Z======= SR =====

Two types of SCALE card are allowed. The first type specifies the
scale for a to-scale map. .

Required Constant:
A scale for the map(s) which follow in inches/Angstrom in
col., 7-12.

The second type 6f SCALE card causes the intervals between points in
the x, y and z directions to be as specified on this SCALE card.
The maps calculated after this card is processed will therefore not
be on an inches/Angstrom scale.

Required Constants:
1. A value for the increment in x in col. 7=12.
2. A value for the increment in y in col. 20-2k.
3. A value for the increment in z in col. 32-=36. :
These values must be in fractional coordinates relative
to the real cell axes.

Aections
The subprogram is set to conform with the option given on the
scale card. In the absence of a SCALE card, a to-scale
map on the scale 2i8°{flches/Angstrom is assumed.
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Card Input of Data:

HHHH KKKK LLLL AAAAAA BBBBBB

s om0 e e
—— e e

e .
—_—=

===

e em s em e e

Above is the format for a Short Format Data Card for input to the Fourier
subprogram. All A(obs) and B(obs) which are punched must have the
phase punched., If data for)a Patterson 1s being entered, the A(obs)

position must contain F(obs No phasing or scaling of card input
is provided for,

Required Constants:

1. The indices h,k and 1 must be punched in col. 7-10, 13-16 and
19-22 respectively, with the integer right justified All

minus signs should immediately precede the first significant
diglit of the integer.

2. Phased values for A(obs) and B(obs) in col, 25-30 and 33-38

respectively. B(obs) of course is not required for
centric structures or for Pattersons.

END OF DATA
Action:
When this card is encountered, the subprogram assumes that all the
Short Format Data Cards for the card input of reflections
have entered.
Note:s

The deck for card input of data must consist of a group of Short
Format Data Cards, like the one above, followed by an
END OF DATA card. These cards must be placed before the
first Calculation Starting Control Card in the Fourier

subprogram deck.




Caleulation Startin% Control Cards: _ | |
hese control cards cause the specified kind of map to be calculated. If

a card input of reflections has not come in when the first Calculation
Starting Control Card is encountered, the subprogram assumes that
reflections will come in from the“DAfA TAPE,

GENERAL PLANE DIRECTION COSINES

, CONSTANT HORIZ.

=======s=m=sse== X000K==YYY YYYY== 27 2% 272 == ?==s==s===a==as==xxs

Required Constantss

1.

Action:

Direction cosines,with respect to the real cell axes, for the
general plane %o be calculated.  These numbers must be the
cosines of the angles between the plane normal and the real
cell axes. Cosines with respect to the a, b, and ¢ axes
are punched in col, 3440, 43-49, and 52-58 respectively.

Either X, Y, or Z in col. 61, depen&ing on whiech fractional
coordinate 1s to be held constant along rows of the general
plane section to be calculated.

The subprogram is caused to calculate a section through the plane

Note:

specified. The map will be on an inches/Angstrom scale.

This card must have been preceded by a CENTER POINT ecard containing

the rest of the anormation for defining the plane to be
calculated. :
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PROJECTION AXTS |
so=ssms=ss=sms=s=0co==mm===s ) 2 CONSTANT HORIZONTAL======ss====== =====

Required Constant:

Either A, B, or C in col. 1, depending upon whieh major axis is to be
projected down,

Optional Field:

' ir v, CONSTANT HORIZONTAL' is punched on the card in col, 23-U5,
with either X, ¥, or Z punched in col 25, the map will be
oriented such that the speé¢ified fractional coordinate will
be held constant along rows in the map.

Action:
A projection map down the specified axis is caleculated.

SECTION =
s=======?===XK====, ? CONSTANT HORIZONTAL== ===

Ky

Required Constantse ‘
1. Either X, ¥, or Z in col. 9, depending on which fractional coord-
inate is to be held cons%ant in the section.
2, The value at which the specified fractional coordinate is to be
held, in col. 13-18.

Optional Field: , :

If ", CONSTANT HORIZONTAL" is punched on the card in col. 23-45,
with either X, Y, or Z punched in col. 25, the map will be
oriented such that the specified fractional coordinate will
be held constant along rows in the map.

Action:
A section through the cell as specified on the card is calculated.
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THREE-DIMENSIONAL
=== ==, SECTIONS OF CCNGSTANT ? WITH 2 CON.HORIZ.,AT INCREMENT XXXXX==

Optional Fields:

l. If ", SECTIONS OF CONSTANT " is punched in col. 18-41, with
el ther X, ¥, or Z in col. 41, depending upon which fractional
coordinate is to be held constant in each sectiong the
subprogram will do the three-dimensionasl map with sections
as specified,

2, If "WITH CON.HORIZ." is punched in col. 43-59, with either
X, ¥, or 2 in col.48, depending upon which fractional
coordinate is to be held constant in each row of each section,
the sections will be oriented as specified.

3. If "JAT INCREMENT" is punched in col. 61-72, with an increment
in fractional coordinates for the real cell axis punched in
col, 73-78, the increments between the sections of the three-
dimensional map will be taken as the value specified., If no
value is specified, the program will calculate a value such that
the Angstrom distance between sections will be comparable to
the Angstrom distance between points within given sections. If
the map is not to be done to-scale, the inecrement on the 5CALE
card would be taken.

Action:

The subprogram is caused to calculate a three-dimensional map as
specified,
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Chapter 8
Distances, Angles, and Planes

Programming Contribution: J. K. Lo
Introduction:

This subprogram calculates distances, angles, and least squares

- planes from cell parameters and atomic coordinates, Individual

distances or angles may be specified for calculation. Also within the
group of atoms, all interatomic distances less than a certain minimum
may be calculated, alone or téogether with all interatomic angles for
which the dlstances from the apical atom to the other two are both within
the specifled minimunm,

In addition a symmetry relatlon may be introduced for generating
another group of atoms from the original groupj and between the atoms
of the new group and the atoms of the o0ld group, all dlstances less than
a certain minimum may be calculated. A

This subprogram is called in by a DISTANCES, ANGLES, AND PLANES
system control card (see Chapter 3). It will handle a max1mum of 200
atoms. Atom numbers need not be sequential, but calculations are faster
if the l?rgest atom number is as small as p0531b1e (in no case greater
than 200). :

The Subprogram Deck:

The parameter deck consists of first a CELL card (unless a cell from
tape is being used, in which case, no CELL card is entered). Next a group
of CCORD cards for reading in atomic coordinates, followed by an END
ATOMIC INFORMATION card (again if atomic coordinates are to come from the
DATA TAPE, the COORD cards and the END ATOMIC INFORMATICN card are omitted).

8?_911 30
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Next come the option cards, as many as required in any order., (o

Note: The cell and/or atomic coordinates may be entered either by input
cards or from the DATA TAPE, If either are not entered by cards, the
subprogram looks for a DATA TAPE, and if one has been loaded, ge%s the
missing input from tape., If both cell parameters and atomic coordlnates
are entered by cards, no tape is required.

Exampleel. .

CELL 10.35% 13.17 5. 364 :

COORD 1 C . 3542 224 .1233

COORD 3 N 1775 .23## L4555
COORD 11 H 4667 42 L6221

END ATOMIC INFORMATION

COMPLETE DISTANCES AND ANGLES - 3, 5

PLANE 1,3,4%,5,6,8,10
_mnmm103.oo<>1o:.oo<>1o -

ADDED ATOMS =X ¥ B/ - 3.0
ADDED ATOMS X 1+Y Z - 3,0

In the above example subprogram deck, the cell and atomic coordinates are
read in from cards; all distances and angles are calculated within the
minimum of 3.5 Angstroms- a least squares plane involving a selected group
of atoms, appropriately welghted is calculated; then a group of symmetry
related atoms is generated, and the distances whlch are less than 3.0 A,
between atoms in the generated group and atoms in the original group are
calculateds and finally another generated group and other distances are
calculated

Example 2,

COMPLETE  DISTANCES ’ , 1.8




COMPLETE " DISTANCES ' , 1.8

8-3

In the above example subprogram deck (one card), the cell parameters and
atomic coordinates are taken from a DATA TAPE whlcn must have been previ-
ously loaded, Then all interatomic distances less than 1.8 A, are
calculated and printed. This type of deck may be profitably used immed- '
iately after parameter least squares in order to obtain interatomic
distances using the newest atomic parameters which the Least Squares
Subprogram has placed on the DATA TAPE

Orthogonalization of Coordinates:
Before the calculations of this subprogram are made, all coordinates

are orthogonalized and put on an Angstrom (as opposed to fractional)
basis. The equations for this operation are

x' = xa sin¥ + ZC(COSﬂ- cosXt cosX).
sin¥ '
y' = yb + ax cos¥ + cz cosox

2V = g¢ (L= cos2o¢ - cose - cos2¥ + 2cosxcosgcosy \1/2
sin<y

where x! g and z' are the orthogonalized coordinates; x; y, and z are
the fracélonal coordinates in the crystallographic cell; and a, b, c,
pP, and ¥ are the cell parameters of the crystallographic cell., The
'orthogonallzed axes are defined as follows: the direction of b remains
fixed; the orthogonalized a is chosen to be in the a,b plane perpendicular
to b; "the orthogonal ¢ is chosen to complete the orthogonal set.

The orthogonalized coordinates are printed for the original set of
atoms and for any symmetry related set which may be generated,

Least Squares Planes:

Least squares planes are calculated by the method given in -
V. Schomaker, J, Waser, R,Marsh, and G.Bergman, Acta Cryst, 12, 600(1959).

The direction cosines with respect to orthogonalized and actual cell
(deorthogonalized) axial systems are printed together with the origin to

/
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vlane distance. Next the deviation from the plane of all the stoms which
appeared on the PLANE card are printed, together with their weights. In
order to see the deviation of a certain atom from the least squares plane,
but have it nct influence the calculation of the plane; one should enter
the atom on the PLANE card,and give it zero weight on the WEIGHT card.

If a WEIGHT card does not immediately follow the PLANE card, all
weights are assumed to be unity. If a WELGHT card does follow the PLANE
card, there must be as many entries on the WEIGHT card as on the PLANE
card--the nth entry on the WEIGHT card being the weight of the nth atom
on the PLANE card. :

If the 1list of atoms on the PLANE card (or the list of weights on
the WEIGHT card) 1s longer than can be punched on one card, the list may
be continued on another PLANE (or WEIGHT) card.

Ignored Cards:

In order to make this subprogram as comvatible as possible with the
Least Squares Subprogram, the following cards if they occur before the END
ATOMIC INFORMATION card are ignored and no error resultss FULL MATRIX,
BLOCK MATRIX, DIAGONAL MATRIX, IO REFINEMENT, I30, ANISO, ISC-AN, POP, and
SCALE FACTOR.
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Distances, Angles, and Planes Subprogram Control Cards

The following is an alphabetic listing of cards for input to thié
subprogram. : -

Required Constants: , ' :
1. Symmetry relations for generating a new set of atoms from
the original one--the equations for generating the new "x",
"y", and "z" coordinates beginning in columns 13, 25, and 37
respectively, The format is as follows: 1. The letters X,Y,
Z, -X,~Z,-Y (if required) referring to the coordinates of the
original set; 2. A sign (+or-) followed by an integer or a
common fraction. Examples of symmetry relaticns aré:r:
Z

X+1/2 =Y
X Y+5/3 -Z2=1/3
1/2 X-1 : -Z+2

2. A maximum distance in Angstrom units in col. 49-54%,

Action: '

1. A new set of atoms is generated from the original set, the
fractional coordinates of each new atom being obtained by
taking the fractional coordinates of the corresponding old
atom and substituting them in the symmetry equations which
were punched on the card. Fach o0ld atom generates one new
atom, The orthogonal coordinates of the new atoms are printed.

2. All distances between atoms of the old set and atoms of the

- new set which are less than the maximum distance (entered on
- the card) are printed.

Note: : _

The symmetry relations punched on the card refer to fractional
coordinates with respect to the real crystallographic axes
not to any orthogonalized cell. They may be punched exactiy
as taken from the International Tables, Vol. L, for example,
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ANGLE
===============NNN===NNN===NNN=c============= == === : A ==
Required Constants: |
: Three atom numbers, right Justified, in col. 16- 18 col, 22-24,
and col, 28-30 respectively.
Action:

The angle formed at the second atom(by the line connecting the first
and second atoms, and the line connecting the second and third
atoms) is calculated and printed,

Note:

The atom numbers referred to here are the same as those punched

on the COORD cards.,
CELL ' ' : ‘ ,
======AAAAAAA=BBB3BIB=CCCCCCC=AAAAAABBBBBBCCGCCC====s========a= ss===
For a format description see Chapter 4, page 420,
Notes: o | ' :

This card is required unless a DATA TAPE has been loaded; in which
case, the cell parameters will be taken from the DATA TAPE if
no CELL card appears in the subprogram deck. If both are pos51b1e,
the parameters from the CELL card are used,

COORD

======NNNN==FFF=XXX XX XK= Y VY Y YYY V=722 2222 2=
For a format description see Chapter 6, page 6-18.

Note:

Any constants or fields appearing after col. 43 on the COORD card
have no effect on the Distances, Angles, and Planes subprogram.
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COMPLETE DISTANCES

COMFLETE DISTANCES AND ANGLES

Required Constants ‘
A maximum distance in Angstrom units in col, 31-36,

Action: '

1. All interatomic distances which are less than the maximum
distance (entered on the card) are calculated and printed.
In this calculation, all possible pairs of atoms are checked.

2, If complete angles have also been requested, next follows the
caleulation and. printing of all interatomlc angles which
satlsfy he following conditions  The angle "Atom 1-Atom2-Atom 3"
is calculated if both the distance from Atom 1 to Atom 2 and the
distance from Atom 2 to Atom 3 are less than the maximum distance
which has been entered,

Note: : : : o
Complete angles may not be calculated without complete distances. e

DISTANCE

Required Constants~
Iwo atom numbers, right justlfied, in ¢ol. 16-18 and col. 22—2#
respectively. v

Actions
The distance in Angstroms between the two specified atoms is
calculated and printed, v

Note:

The atom numbers referred to here are the same as those punched on
the CCORD cards. ~
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END ATOMIC INFORMATION

Actions
Reading this card signals the subprogram that the entry of COORD
cards has been completed.

Note:
This card should not appear in the subprogram deck if atomic
coordinates are being taken from the DATA TAPE., It must
appear if coordinates are entered on cards.

PLANE ’ . N - _
======N,NN,N,NN, '_ V o - - ==
- Required Constantss . ‘

A list of at least three atom numbers, entered as 1ntegers
separated by commas with no blank columns in between,
beginning in col. 7 and not exceeding col. 78. If one
PLANE card is not sufficient for entry of -a long list, a
comma should be forced in-col, 78 (with no blank columns
within col. 7-78). If this occurs, the subprogram will
expect the list to be continued on another PLANE card which
must immediately follow this one. No comma should be |
punched after the last atom number in the list. The aton
numbers need not be arranged in numericalforder._

Action: ' '

1. The direction cosines and origin to plane dlstance of the
‘best least squares plane through the atoms of the list will

A be calculated and printed.

2, The deviations (in Angstrom units) of each atom in the list :
from the best plane will be calculated and prlnted. B

1. Weights for each atom for the plane calculation may be entered
Pgn a WEIGHT card,
h




1. Welghts for each atom for th s
| " on a WEIGHT card. e plane calculation may be entered

Preceding zeros have no effect on atom numbers.

WELGHT
m===== X K, Ko X, Ko Ky XK Xy oo e

oo as
——=

Required Constants:

A 1list of weights, entered with punched decimal p01nts, each entry
separated by a comma from the next, the first entry beginning
in col. 7 and nothing being puncheé beyond col. 78. If one '
WEIGHT card is not suff1c1ent for entry of a long list of weights,
a comma should be forced in col. 78 (with no blank cdolumns
within col, 7-78). If this occurs, the subprogram will expect
the 1list to be continued on another WEIGHT card which must
immediately follow this one. No comma should be punched after
the last weight in the list. The list of welights must have the
same number of entries as the list of atom numbers to which it
refers., The '"n th" entry in the weight 1list corresponds to the
atom in the "n th" position of the atom number list,

Action:

The atoms entered on the PLANE card(or cards) are given the weights

entered here when they are used in the least squares plane
calculation.

Note:

1. If a WEIGHT card does not follow the PLANE card (or cards) which
: read in the atom number 1list, every atom in the atom number
list will be assigned unit weight.

2, More than one extra WEIGHT card may be used if the welght list
will not fit on two WEIGHT cards. :

"3, When multiple card lists are being used,. all the PLANE cards (there
may be more than two) which enter one atom number list must
precede the first WEIGHT card of the weight list.
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Chapter 9

Automatic Diffractomneter Calculations

Progfamming Contributions D, Duchamp.
Discussion: |

This subprogram prepares input tapes for and processes output’tapes
from an automatic diffractometer. It is designed specifically for a G. E.
Single Crystal Orienter with Datex automation using paper tape input and
output. It can also be used to calculate a 1list of settings for any Eulerian
cradle diffractometer setup. With certain modifications, it could be
expanded easily to include other types of diffractometers, or other than
paper tape diffractometer input and output.

Control tapes for the automatic diffractometer are generated by this
subprogram, through a remote console, These control tapes are fed into the
automatic éiffractometer, which punches an output tape as intensities are
measured, The output tape is then fed back to the computer through the
remote console and into this subprogram where it is processed.

This subprogram is called by the AUTOMATIC DIFFRACTOMETER systém control
card., Cnce called, it may operate in either (but not both) the Control Tape
Preparation Mode or the Cutput Processing Mode,

If the user so desireé, the output from the subprogram's Output
Processing Mode may be put on a (or added to a previously prepared) DATA

TAPE EXTRA--with the same format as the short format tape generated by the
Initial Data Processing subprogram. This DATA TAPE EXTRA may be used as

9-1
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input to the Data Tape Preparation and Editing subprogram, If the reflec-
- tions are in several groups which, for some reason, are on different
scales--because of, for example, different crystals or different filter
arrangements—~-the groups may be scaled together using the Initial Data
Processing subprogram--provided, of course, that enough multiply-observed
reflections occur to provide correlation, In the same way, groups.of
reflections obtained by film methods and groups obtained by counter methods
may be interscaled by gathering them together on the same DATA TAPE EXTRA
and using thls as DATA TAPE input to the Initial Data Processing subprogram,
(See Chapter &4.)

' The Control Tape Preparation Modes

In this mode the subprogram calculates angle settings and prepares a
control tape for an automatic:diffractdémeter, The crystal position, unit
cell, and Laue group must be specified. The crystal is assumed to
oriented with some unit cell axis (specified by the user) perpendicular
to the phi plane (i.,e. vertical when chi = 0. O{ Reflection indices
may either be specified by the user or generated by the subprogram, If
indices are generated by the subprogram, restrictions may be placed on
sin26/)2 and on the range of the indices., The subprogram then generates
indices for all reflections in the asymmetric unit of the Laué group (see
page 1-5), provided such reflections satisfy the entered restrictions and
are w1th1n the range of the diffractometer. Periodic recounting of the
same reflection to check constancy of the apparatus is provided as an
option (see CHECK card).

The standard option is to prepare a control tape for 28 scans, but
omega scans are also allowed, The sequence of commands on the con%r
tape for a 26 scan first identifies the reflection with an I.D. Transfer
word. Then Cﬂl, phi, and omega, as required, are positioned by first
slew positioning then slow poolélonlng (The slow p031t10ning may be sup-

pressed,) Then 26 is moved to a position half the scan range (see SCAN
RANGE card) below the 28 calculated for the wavelength being used, by

first slew 0051tlon1ng to a slightly lower value, then slow positioning
to the precise value. Background is counted here, Next the reflection




LLE OV OLOW PUSL LLULLLILE LO 8 S11gntly lower value, tihen siow positioning
to the precise value. Background is counted here. Next the reflection
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Next the reflection is scanned the number of degrees specified in the

scan range and background is counted at the upper 1imit of the scan.
Either of %he two backgrounds may be suppressed. The program is written
so that the sequence of command specified above may be easily changed, and
so that other sequences may be easily added as options.

The Control Tape Preparation Mode Subprogram Deck:

This deck consists of cards giving information and specifying options
for the preparation of a control tape., The CELL and CRYSTAL PCSITICN cards
are required as is the MAKE CONTRCL TAPE card. The MAKE CONTROL TAPE card
must be last except in the case of specified reflections; in which case,
it is followed by a group of index cards specifying the reflectwors--the
deck in this case being ended by an E'D CF DATA.card

Two examples of subprogram. decks for control tapé preparation are .
given below, The first also: shows tne system control cards necessarye.

Example 1,
 $ID DIDTSTL,CH25000,1
$EXECUTE CRYRM

ERROR DUMP REQUESTED e
AUTOMATIC DIFFRACTCMETER O/ /074 KA ¢ borm e 72 7

CELL 265201 164197 26551k 91528

LAUE GRCUP 2, C CENTERED

'CRYSTAL PGSITION A VERTICAL ~ DELTA PHI = 4,5% FOR B,
SINE(SQ)THETA/LAMBDA(SQ) MA¥= 0.05 LMIN = 0.0 -

SCAN 2THETA NG stow’ PQSI IONING SPEED 2 A
SCAN RANGE 3.0  DEG, AT 2TH= 6.0 D 4,0 DEG. AT 2TH= 100.0
CHECK O 2 ( EVERY 15 REF,

MAKE CONTROI, TAPE | ,SLOW H,FAST L
COMMENT

The above subprograi ‘
within the 11 MLt’ spec NLSQ end ‘on the main printer, a listing of all
these reflections together weun thelr angle zettings,
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Examplelz.
CELL 265201 164197 265514 91528
LAUE GROUP | 2,”C CENTERED

CRYSTAL POSITION A VERTICAL DELTA PHI = 0.0 FOR B*,
MAKE CONTROL TAPE SPECIFIED REFS. :

0 o 10
0 12
0 O 14
0 & 15
o 8 7
0 2 0
0O 20 6
o 8 19
0 Yy .0
8 0 0

28 0 0

24 o 0
14 0 0

T

END OF DATA
The above subprogram deck will generate a control tape for the indicated
reflections. A deck of this type might be used just to calculate preli--
minary settings for lining up the crystal on the diffractometer. A listing
of all reflections wlth their settings is automatically printed on the
main printer when a control tape is prepared at the remote console.

The Cutput Processing Modes

In this mode the subprogram processes the output‘tape from the
diffractometer and converts the information thereon to a set of observed

structure factor amplitudes. The equation used in converting from counts
to average intensity is: ' '




=Ltluceul’e Iactor amplitudes, The ec $ -3 - -
to average intensity iss equation used in convert;ng from counts

9-5 |

B1 + B
Iove = g‘S - ( = 2)(2 ) :
ave 5T = + k

where By, By = bockground counts (fixed time)

!

't = time for background count

S = gcan count : ‘

m = scanning speed in 9/min.,

n = mmber of degrees scanned over "

k = time lag constant (corrects time calculated from the
umber of degrees and the speed):’ = = in

g = (I/counts) = factor.

On the DATA FRCM CIZSTAL card the user must enter t (in seconds), g, and
k. The By, By, S, m, and n are obtained from the diffractometer ou%put

tape, If I comes out negative, it is set equal to zero., The standard:
deviation is calculated by the following: :
o2(X) =5+ (B, + B yx2 + (as)2
g 1 2 =

: - ._n k_
wnere o = §EE'+ 5T

d

1}

a weight)constant and must be entered (see WEIGHT CONSTANT
v card A C

and all the other quantities are as above. The weight constant 1s assumed
0,0 if none is entered, :

‘The reflection intensity is then corrected for the Lorentz and
polarization effects by multiplying the average intensity, Igyes P¥ 2
factor calculated by the following equation:

sin20 - sin''e

1 _
TP~ 71 - 2(sin2e - sin'e) .
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This factor may easily be altered if the user prefers a different function,
or if the output is from a different type of diffractometer.

Provisions are made ior the applicatioii of absorption correction
factors by this subprogram, however, as in the Initial Data Processing
subprogram, this subprogram contains no routine to calculate these factors.
If the user desires to do an absorption correction, he should enter a
DO ABSCRPTICH CCREECTICN card, and using the PROGRAM CHANGES FOLLOW option,
he should enter a short octal overlay program into memory after this sub-
program, and set location RUN5 to transfer to this overlay program. This
overlay program will be entered for each reflection; it should return to
location SRUN1 with the accumulator containing the floating-point binary
absorption factor to be multiplied by the intensity value of the reflection
being processed. The main subprogram will handle all printing of the
absorption factor and its actual application. '

Whenever factors are applied, the standard deviation is also scaled,
so that the final standard deviation S I(C3) is on the same scale as the
final intensity I(CCRR)., A weight equal to one over the standard deviation
in the final intensity—-l/c[Fobcl --is printed, and stored for the magnetic
tape output. ” ’

If a DATA TAPE EXTRA was loaded before the AUTOMATIC DIFFRACTCMETER
card, the subprogram will automatically place the final results on this
tape as outlined previously. The normal option is to start placing the
results at the beginning of the tapeg but if an ADD TAPE OUTPUT TO DATA
TAPE EXTRA card is entered in the subprogram deck, the output previously
rlaced on the DATA TAPE EXTRA will be skipped overy, and the present output
will be placed after it.

If a CHECK reflection was used in collecting the data, a CHECK card,
identical to that used in generating the tape, should be entered. The
CHECK reflection when it occurs in the outrut will be marked. The first
five CHECK reflections will be averaged--each quantity I,Bj,B,, and S~=and
standard deviatiors, based on the precision within the five observations,
will e calceculated, These average values will be compared with the
correcponding values for each following CHECK reflection. If the dis-
agreement iz preater than three standard deviations (as ecalculated for the
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will be calculated, These average values will be compared wltn the
corresponding values for each following CHECK reflection, If the dis-
agreement iz greater than three standard deviations (as calculated for the

9-7

first five observations), the reflection is marked as being in bad agree~'
ment, The CHECK reflection is only placed on the output DATA TAPE EXTRA
once=--when the average of the first five is calculated,

The Cutput Processing Mode Subprogram Deck:

This subprogram deck contains the diffractometer output and the ’
information for processing it. A CELL card must be entered, along with
option cards, as desired, followed by a DATA FRCM CRYSTAL card. After the
DATA FROM CRYSLAL card, dlffractometer output must be entered with two
diffractometer words per line, the words beglnning in col. 1 and col. 16
respectively, This can be effected by placing the actuatér board in the
typewriter of the remote console after the DATA FRCM CRYSTAL card has
been entered, then reading the diffractometer output tape--starting with
the first cheracter of the first word., If there is an odd number of .
diffractometer words, the position of tAe last word in the last line
should be left blank After one group of diffractometer data.-has been
entered, other groups, each precéded by a DATA FRCM CRYSTAL card may
be entered After ali groups have been entered, an END CF DATA card
must be entered., This is the last card of the subnrogram deck.

- Reading in of diffractometer data from the remote console is a tricky
rrocess, so the user Is advised to practice at least once before trying
a real run.

An examole of an Cutput Processing Mode sub»rogram deck is giveng
the necessary system control cards are also showm. In this example, %he
outrut is not saved on magnetic tape. If this is wan’cedz a DATA TAPE EXTRA
system control card would have to be placed between the $EXECUTE and the
AUTCHATIC DIFFRACTOMETER cards. Since a SEND PRINT TO CCNSOLE card appears,
a listing of the final results for each reflectl on uould be sent to the
remote console as part of the outvut, This listing is not as complete
as the main listing of results which is printed on the computing center
high speed printer. The normal mode is to print only the computing center
Jisting, :
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Example 3,

$1D DJDTST2,CH25000, 1
$EXECUTE ~ CRYRM

ERROR DUMP REQUESTED D
AUTOMATIC DIFFRACTOMETER G/n/s A/ Ll 4o
CELL 265201 164197 265514
CHECK 0" 2 0O EVERY 15 REF

DO LP CORRECTION

SEND PRINT TO CONSCLE

WEIGHT CONSTANT = 0,0001

System Cards

DATA FROM CRYSTAL. Al FIXED TIME= 540 SEC., I/COUNTS = .100 ,DELT= 0.0

OvYYYY2YYY QlyySvyyry 7]
u’ } f};r\{cn’m{ ;5 .’, r\1 ] A n':ucyt\{l\’/arln{ .

: ' : — Diffractometer Output
KUyy2y3929 NUyyyyy3 Ty

K2vy3v3929 N2vYyYyyY3Y _
END OF DATA |

Page 146

9=9




9=9

Cards Allowed only in the Control Tape Preparation Mode:

MAKE CONTROL TAPE | |
- ——z===SPECIFIED REFS.

; ,SLOW I,FAST ====
H=NNN - NNN K=NNN - NNN L=NNN - NNN |

Optional Constantss R ' :

1, If "SPECIFIED REFS." is punched in columns 20-34, the subprqgram
is set to expect,-immediately following this card, a group of
index cards designating which reflections are to %e scamned.

2. Values of maximum and minimum indices for limiting the range
of certain or all indices. If an index is to be limited,
the alphabetic characters, "H=", "K=", or "L=" is punched in
col, 20-21, 32-33, or 44—&5 respectivelys then the minimum
value , an integer right justified, is punched in col. 22-2k,
34-36, or 46-48 respectively, and the maximum value, also an
integer right justified, is punched in col. 28-30, Lo0-L2, or
52-54 respectively. If no limits are entered, the subprogram
will generate all irndices within the allowed sphere.

3. The fastest and/or slowest moving indices in the generated set
may be specified by  punching ",SLOW" and/or ",FAST"™ in
col. 55-59 or 62-66 respectively and the appropriate character
-="H", "K", or"L" in col. 61 for the slowest moving and/or
in col., 68 for the fastest moving index.

Actions

This card causes the subprogram to begih calculating thévsettingsh
and preparing the control tape. :

Note:
-~ 1le Except for the case of specified reflections, this card must be
the last card in the subprogram deck,
2, If "SPECIFIED REFS" is not punched, the subprogram will automat=
ically go into the reflection generating mode,

3. This card must be present in every Control Tape Preparation Mode
' subprogram deck.
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The Index Card:

:HHHH:KKKK;LLLL::::::::—“—:::————*::::::: == » = ==—=—==—=oooooosSSEssSsTET

Required Constants: ‘ ,

The indices h, k, and 1 must be punched in col. 2-5, 7-10, and 12-15
respectively, as integers right justified. All minus signs
chovld immediately precede the first significant digit of the
integer.

Action:
This ecard is used to enter reflections when generating a control

tape in the specified reflections mode.

LAUE GROUP
=;=:======::::==NN’ X CENTERED

Required Constants: ' :
: 1. The Laue Group Number defined as shown below must be punched
as an integer, right justified, in coi. 19-18.

' Number Laue Group
1 P
2 2/m
a mmm
L4/m
5 4/m mm
6 ‘m3
7 m
: i
9 3m
v 10 6/m
: 11 6/m mm
5. If the unit cell is centered, "CENTERED" should be punched in
col. 23-30, and the appropriate chracter--"A", "B" nwgn, wpw,

or "I"_-to describe the centering should be puncheé in éol.‘Zl.

en using specified reflections.




— - —— e e s e e WA W WA VWS sSsffte ) Weamm EReERmEeE S TmEm g T T e o e e

Notes
Required, except when using specified reflections.

0=-11

CRYSTAL POSITION VERTICAL DELTA PHI =  FOR ®,
EEEE S S 3 he ::z:::::::::::::::::zzzz}m—-’—::x- ————— LEFT..HANDED:::::::::

Required Constantss ,

1. The character "A", "B", or "C" denoting which of the crystallo-
graphic axes is vertical must be punched in col. 18, This is
a "real®™ axis.

2. A value for Ag in col. 43-48, and the character either mAt, WBW,
or "C" telling which reciprocal axis the Ad pertains to 1n cul.
5#, in degrees. This angle is just the g setting for bringing
reflections which lie along the particular reciprocal axis named
into the reflecting position., This 1is determined in lining up
the crystal. '

3. If "LEFTI-HANDED" is punched in col. 61-71, the subprogram will
pick the third axis (the one not specified) by assuming a left-
handed axial system., The normal mode is a right-handed system,

l. The real axis which is vertical is taken to be positive in the
up direction, and the specified reciprocal axis is taken to be
positive in the direction specified by the Ad.

2, This card is requlred in all Control Tape Preparation Mode
decks. \

SINE( Q)THETA/LAMBDA(SQ) MAX*ﬁ MIN

e e e o oo 2 e e e ....-__..s... 4 e e e S i e e s gy D G sy e s St —
_—T —_— = i P ———— e o o e == == =
Ll o

Required Constant5°
Values for maximum and minimum values of eln-EA\ in col. 31-36 and
col. 43-48 respectively.

Action:

When reflections are generated, only reflectlons with sin26/)\2
within the above limits will be generated.
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I
i
i

SCAN 2THETA o | | |
============XXXXXX=DEGREES===NO SLOW POSITIONING=====SPEED X==NO BACKGROUND X===

; l i}

Cptional Constants:

1. If a value of the number of degrees to be seanned over is punched
in col., 13-18, and the characters "DEGREES" is punched in col.
20-26, the subprogram will assume a constant scan range of the
value specified. This option should not be used if a SCAN ZANGE
cird is entered,

2. If "NO SLOW POSITIONING" is punched in eol. 30-48, the subprogram
will delete the slow positioning control words which it normally
generates when changing an angle. The normal mode is to “slew"
to the angle, and then to "slow position" to it.

3. If "SPEED" 1s punched in col. 5458, and an integer for dsmcting
the speed is punched in col. 60, the scanning speed is changed
to the value designated. If nothing is punchedé a speed of

- will be assumed., The code for designating speed is:
1 1/% degree per minute
2 . 1/2 " . 11 11
) 1 ] 1] "
a 2 1" 1 11
5’ )_‘_ . 1 i it

4, If "NO BACKGROUND" is punched in col. 63-75, and either "1" or
"2" is punched in col. 77, the subprogram will not generate the
code words to count éithér the first or the second background,
The normal mode is to count the first background, scan over the
reflection, then count the second background.

Action: ' o |
The subprogram is set to do a 26 scan. |

SCAN OMEGA :
S=========== XXX DEGREES===N0O SLUW POSITIONING=====SPEED X==NO BACKGROUND X===

This card is the same as the SCAN 2THETA card except the subprogram is
set to do an omega scan. : ‘
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SCAN RANGE __DEG. AT 2TH= | AND | DEG. AT 2TH= L
=====§=======}Q{}GQQ{__§___._f__.,%_..__:?eggg(;::::_::: ==‘g;:===;====292.929 = ; ===

LR i i e

Required Constants: 3
Values of the number of degrees to be scammed over at two different
values of 28, all angles in degrees. The first scan width is
punched in col. 13-18, with its 26 value in col. 31-365 the
second scan width is punched in col. h3-h8, with its 26 value
in col, 61-66.

Action: :
The scan range will be calculated as a function of 26 by a first

degree polynomial which passes through the two points specified
on the SCAN RANGE card.

Note:
1. If the scan range is to be a constant for all reflections, this *
constant may be specified on the SCAN 2THETA or SCAN OMEGA card,
2, If a SCAN RANGE card is used, the constant range may not be
specified on a SCAN 2THETA or SCAN OMEGA card if &l ther of
these is also entered.
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Cards Allowed in Either Modes.

“For a format description see Chapter h, page =20,

Note:

This card is required in all Automatic Diffractometer Calculations
Subprogram Decks,

- CELDEV

For a format description see Chapter h, pageik-Zl.

Note:

The only use for this card is to put the standard deviations of the
cell parameters on the output magnetic tape.

WAVE LENGTH

For a format description see Chapter &, page 429,

Note:
If no WAVE LENGTH card is entered, the subprogram will assume
copper radiation.

END OF DATA

e e e = — S I ST e T S e T e e e T T T S e e

Use:
Thls card is used in the Control Tape Preparation Mode to notify
the subprogram that all the index cards for specified reflections

have entered. It is entered in the Output Processing Mode after
all the diffractometer output has been read into the console.
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the subprogram that a
have entered. It is
all the diffractomete

11 the index cards for specified reflections
entered in the Output Processing Mode after
T output has been read into the console,

Required Constants: ~
1. The indices hy k, and 1 of a check reflection must be punched
in col. 7-9, 10-12, and 13-15 respectively, as integers right
justified. All minus signs should immedia%ely precede the first
significant digit of the integer.
2. An integer, right justified in col. 23-24 for designating the
number of reflections to be allowed between check reflections.

Action:
Control Tape Preparation Mode:

The check reflection will be scanned first, and then every 3rd
reflection for Y+ check reflections, and thereafter the number
of reflections between check reflections will be as specified
on the CHECK card.,

Cutput Frocessing Mode:

This card notifies the subprogram that there is a check reflection
in - the diffractometer output it is tc process. The first 5
values for the check reflection will be averaged and printed
together with an approximate standard deviation. All check
reflections which follow will be compared with this average
value and if it deviates from it by more than 3 standard
deviations, it will be marked in the printed output.

Note:
1. The check reflecticn will be put on the output DATA TAPE EXTRA
from the Outout Proces:zing Mode only once. '
2. Care should be taken in selecting a check reflection, with due
' attention being given to the size of the reflection, and to
the motion of the diffractometer arcs which will be necessary
for counting this reflection,
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Cards Allowed only in the Cutput Processing Mode:

ADD TAPE OUTPUT TO DATA TAPE EXTRA

e o e e e e S s S S e e o o e e e D S e S e ey s e ot D . s . D o G e S e S D o e S . e s S e G e €
L L T I L T N o o == I oSS re _-= —_———TT== - oSttt ey

Action:

The output presently on the DATA TAPE EXTRA is skipped over and the
present tape output is written immediately afterwards.

Note:

1. A DATA TAPE EXTRA must have been loaded prior to the call to the
Automatic Diffractometer subprogranm.

2. This option is designed to allow the user to read in his auto-
matic diffractometer output in several batches, and have the
magnetic tape output accumulated on a magnetic tape for later
use, If this is being done, this card should not be included
with the first bateh of data, but should be included with the
second and subsequent batches.

DO ABSORPTICON C“RRECTICN

Action:
The subprogram is set to apply an absorption correction factor. The
branch to the subroutine to calculate the absorption factor is
set.

Note: _
To use this option, the user must overlay the subprogram with an
octal subroutine for calculation of the absorption correction
factor., See thne previocus discussion.
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DO LP CORRECTION

= e g e S e s T e i D e S i S s D D e e SO . G B St e G e Tt P G e G T
—— = —_— e e, T e s ————

—— ettt bt et

Action:

The subprogram is set to calculate and apnly Lorentz and polarization
correction factors to all reflections.

DATA FROM CRYSTAL FIXED TIME= C., I/COUNTS = ¢ DELT=

Required Constants: '

1. A data group identifier in col. 19-24, any number or letter.

2. . A time in seconds for the countlng tlme for flxed time
counts in col, 37-h42, .

3. A factor relating net counts to 1nten31ty of reflection, in
col. 61-66 (see previous discussion). :

4, A lag constant for use in computing the 1nten51ty of reflection
from the counter data in col. 73-78.

Action: :
This card signals the subprogram that a group of diffractometer
output data is about to enter, and gives it the necessary
"constants for processing this data.

Notes ' .

This card must immediately be followed by diffractometer output in the
format discussed prev1ously, no other control cards are permitted
in between, This card is also used to separate different groups
of diffractometer output.
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SEND PRINT TO CONbOLE '

Action:
This card directs the subprogram to send a reflection by reflection
listing of the results of the output processing to the remote
console from which the job was submitted., The normal mode is

not to send such a listing.

WEIGHT CONSTANT = . : '

Requlred Constants
A weight constant in col 19 ok,

Action: )
A weight constant for use in computing the standard deviation of-
an average intensity is entered into the subprogram., This
constant is assumed to be 0.0 if this card does not appear

in the input deck,
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Chapter 10

Unit Cell Least Sguares

Programming Contribution: G. N. Reeke

Note: The following is taken from a more complete write-up by G. N. Recke,

Introductions

This subprogram calculates unit cell parameters and their standard .
deviations. It is called by the UNIT CELL LEAST SQUARES system control
card, It calculates that cell which gives the best least squares fit to
a number of observed Bragg angles. The function minimized is

N '
z wn(sinzeobs - singecalc)z(xﬁ?)z o

n=1 _ 7 n

If desired, systematic corrections for eccentricity and/or absorption may

be includeé, and coefficients for these corrections included in the least
squares calculation. Running time should not exceed a few secondss; ,

The program includes provision for operation from the Chenistry
Department remote console, In this case, input is exactly as described
later for punched card operation, each card being represented by one line -
of type at the console. :

Any number of reflections may be processed up to a maximum which depends
on how much memory space has been reserved by other CRYRM subprograms. This
maximum is printed at the beginning of each run; it will generally exceed
3200 reflections. '

10-1
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Wave Lengths:

A large number of wavelengths are stored permanently in the program,
and may be referenced by name., If necessary, up to ten additional wave-
lengths may be supplied by fhe user. The wavelengths s ored are the alphaj,
alphas, and beta radiation and the average radiation for each of the
following target elements: Chromium, iron, cobalt, copper, molybdenum,
nickel, silver, zinc. ‘

Weightss
The weighting function referred to here is Vw,. Reflections may be
weighted according to any one of four functions: :

a. 1 (A1l reflections weighted equally)
b, E (External weight supplied by user)
€o 1/sin 26 (Recommended) _

d. E/sin 26 (Combination of b. and c.)

Input:

Input to the program consists of a set of control cards to define the
calculations wanted, and a set of data cards. It is assumed that most users
will have used the éIT Precision Weissenberg camera, so provision is made to
perform the preliminary calculations to convert the measured linear positions
of the spots to Bragg angles by the Straumanis film calibration method. If
desired, the Bragg angles may be used directly. In either case, Miller
1pd1ces and wavelengths must be specified for each reflection; a weight may
be given, _

The Subprogranm Deck:

Cards recognized by the program are of three types: Control Cards,
Data Cards, and Special Cards., All Control Cards for a given calculation
must come before any Data Cards. Cnce a single Data Card has been read,
no further Control Cards may be entered until the Special Card "END OF DATA"™
has caused a calculation to be performed. Following this, Control Cards




el g IO T _ T MGy ME Sl ou Wivlil uvile oDecClal Lard YhEND OF DATAW
Following this, Control Cards

has caused a calculation to be performed.

10-3

for other calculations using the same data may be entered, A sebt of such
Control Cards is terminated, and a calculation is initiated, by the Special
Card "RECYCLE" TFollowing any END CF DATA or RECYCLE card, use of the
current data may be terminated, and new data entered, by use of a set of
Control Cards and Data Cards exactly as when the program was first called.

As an example, the deck for a single calculation would be as followss

41D " GAR,CH98092
$EXECUTE CRYRM | | | |
NAME 5_ETHYL-6-METHYLURACIL REEKE System Control Cards

UNIT CELL LEAST SQUARES
Control Cards

e
°

Data Cards A The Subprogram Deck

‘EIND OF DATA.

$ENDJOB

Cutputs

Output from the subprogram is in five sections. Firsty all input
cards are listed, with error messages if input errors are detected. Many
of these errors prevent the program from proceeding. If input is from the
remote console, only cards causing errors will be listed. Second, the -
matrices generated during the calculation may be printed if desired. Third,
a list of Bragg angles, weight, wavelength, and certain comments, This
listing is omitted at the console. Fourth, the unit cell parameters and
standard deviations are printed, together with a note of thanks to the
programmer, Finally, CELL and éELDEV cards are punched in the correct
format for use by other CRYRM subprograms, o
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Error Detection:

The subprogram examines all reflections in an effort to detect bad
data, This examination occurs during the processing of comparator data,
‘and again at final output time, Two levels of disecrepancy are reported,
to aid the user in locating input errors.

For each reflection, the value of either film calibration point
determined by that reflection alone is compared with the average value of
that calibration point. A difference greater than 0.25 mm, causes an
asterisk to be printed in the output for that reflection, A difference
greater than some larger value which may be set by the user causes the
reflection to be omitted from the least squares calculation, and the
message "NO LSQ CCMP" to be printed. This difference is normally taken
as O,45 mm,, so that vernier-reading errors of one whole millimeter can
be detected by the 0,5 mm, error they cause in the calibration point.

When the list of reflections is printed, ©(obs) and ©(calec) are
compared, A difference greater than 0.2 degree causes an asterisk to be
printed, A difference greater than some larger value which may be set
by the user causes the message "REJECT" to be printed, and the entire
calculation is then automatically repeated with all such reflections
omitted, The message then becomes "NO L5Q CALCY Such automatic recycles
occur until no further reflections are omitted, If no constant for com-
parison is specified, it is taken as 0.5 degree. ' v

Indexings

The program provides for changing the indexing of reflections which
have been entered. Several such changes may be made, each followed by a
unit. cell calculation. This may be of particular benefit to  persons
with trieclinic structures, in that several cells may be tried, and the
most convenient one chosen. The change is specified by a 3 x 3 matrix of
coefficients, ~
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Once entered, an index change remains in effect until superceded
by another index chiange or by a RESET STANDARD OPTIONS card. Therefore,
the same change will be repeated if recycles are called for. Internal
recycles (see Error Detection), however, do not repeat the transformation.
Successive transformations operate on the current indices, not the original
ones,

Partial Data:

It is not essential that the data be sufficient to completely deter-
mine the cell. The program will automatically determine as many parameters
as possible from the given data. TFor example, if hOl data are given for
a monoclinic crystal, a, ¢, and beta will be calculated.

1 International Tables for X-rzy Crystallography

2 Lipson and Cochran, "The Determination of Crystal Structures,” G. Bell &
Sons, Ltd., London, 1957, p. 31k,
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Unit Cell Least Squares Control Cards:

These cards, used to establish various program options, may be used in
any order whatever, The "Standard Option" assumed in the absence
of the card is given in the description of each ecard. Control Cards
cause switches to be set which then remain in effect for all suc-
ceeding calculations until superceded by the RESET STANDARD OPTIONS
card, It is generally not possible to supercede one control card by
another of the same type without first resetting the Standard Options.

ORTHORHOMBIC== == o===s==== == SR=sm=s=sSssssmsnss
CUBIC '
- TETRAGONAL
HEXAGONAL
RHOMBOHEDRAL
MONOCLINIC
TRICLINIC

Required Field:
Crystal system name beginning in col. 1.

Action:
The crystal system is entered into the subprogram. All systems are
handled separately, except rhombohedral, which is reindexed to
a hexagonal basis according to the formu1a°\

H = h=k
K = k=1
L = heksl

The parameters for both hexagonal and rhombohedral cells are given.

Standard Option:
Triclinic.




WEIGHTING FUNCTION ls=s====—===c—m=soooom—m—oomoososooooo—= R

WEIGHTING FUNCTICN E.."-:::"-::_.—:zzz-':::::::::===_=:::—:#—_= ===
WEIGHTING FUNCTICN 1/SIN2THETA==========S==So=o=m=sz=s == ====
WEIGHTING FUNCTION E/SIN2THETA========s=o==so=soooossoos=o=ossos

[l

Action: A
The weighting function indicated is used.

Standard Options
E/SIN2THETA.

Note:

' The four weighting functions may be arranged in a hierarchy such that
any one may be replaced by one of highéer (but not of equal) rank without.
resetting Standard Options, The hierarchy is:

' 1> 1/sin 26 = E > E/sin 28 .

OMIT ABSORPTICN CCRRECTION

o s e o P e T e S o e O G s S > i D D S G D (e e e D oy D s s s D gy e G o T e T s S S o et s S s S S T S T S i SR

CMIL ECCENTRICITY CORRECTION

ezs
—
—
Gt

Actions '
The designated correction is omitted from the calculation.

Standard Option: .
Both corrections are included.

DO SYSTEMALIC COMPARATOR CORRECTION

)}
|
]
]

Py

Actlon'
If comparator data are used, they are corrected accordlng to the
calibration chart posted over the large comparator in Room

#o5 Grelttin Laboratory of Chemlstry, Caltech.
oY Aoyes

Standard Cption:
No correction is applied. Pme%B
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NORMAL MATRIX PRINT OUT

INVERSE MATRIX PRINT OUT

——
—_— —_—— ——ame—

Action°
: The 1nd1cated matrix(es) is(are) printed.

Standard Option:
Neither matrix is printedi

WAVE LENGTH '
============NNNNNN======LLLLLLLLLLLL================ =

Required Constantss
1. A wavelength name in col. 13-18, any ‘combination of characters
and blanks not alrezady used in the permanent list.
2, A wavelength in Angstroms in col. 25-36.

Action: '
The wavelength is entered into the table of wavelengths stored in
the program, and remains there for the duration of the run.,

 Notes :
’ This WAVE LENGTH card is different from the standard CRYRM one.

TRANSFORM INDICES

Requlred Constantss
" The coefficients A,c¢+,I in col, 19-24,25-30,31-36, 37—#2 43=U48 149~ 5l,
55—00 61=66, and é7-72. I dec1mal DOlnts are not puncheé the
coefflclents are assumed to be rlght Justlfled integers.

Action:
The coefflcients are stored for use in transforming the indices
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The coefficients are stored for use in transforming the indices .

10=9
according to:
= Ah + Bk + C1
K =Dh + Ek + F1
L =Gh + Hk + I1

The user is cautioned that fractional coefficients must be used with
care to assure that the resulting indices are integers,

SET ERROR LIMIT, BAD THETAS
eSS S :::::::::LLL.LLL===== CCCLCC===== =

|

Required Constants:
l. A limit in degrees in col. 81-36.
2 A limit in mm, in col. 43-43,

Action:
The limits are entered., They remain in effect for the duration of
the run unless changed by another SET ERRCR LIMIT card.

Standard Option:
Limits of 0,5 degrees and 0,%mm,

RESET STANDARD CPTI (NS

s s £ e € e S s G e s S s S TS oS T T s ey S . Gt S ot D S s

Action:
The effect of all previous control cards is negated, with certain
excepti~ns noted above,

CCMMENT '
S=======772222 22222 220222202200 L 2200 LA AT DAL 200 DL LT 0L BAA LA L AL LA LT GL L AT L AT
Action:
’ The card is listed only. Anything in col. 8-80 may be placed
in the listing by this card. ’
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Unit Cell Least Squares Data Cardss

Data

Data

cards are of two types, depending upon whether Bragg angle or comparator
data are to be entered. The subprogram distinguishes the two types by
their format. Comparator data are entered as one or more of three
readingss left, middle, or right, as illustrated below. It is physically
impossible for a given spot to occur in both the left and right regions,
Cards containing such data cause the job to be terminated. When read

the film may be in one of two possible orientations. The "left handed®
film is assumed, and the RIGHT HANDED COMPARATOR DATA card must be used

if the right handed orientation is used.

left O middle right left | | middle O right

Right Handed Film Left Handed Film

from several films may be entered into a single calculation., If
comparator data are being used, data from each film other than the

last are followed by the Special Card. "END FILM" which causes the program
to process that block of data, calculatlng and storing the Bragg angles,
If direct angular data are used, there is no need to distinguish films,
It is also possibie to use mlxeé data. Films of the two types may be
mixed in any sequence. Left and Right handed films may be mixed.

Within one film, data may be mixed provided that all angular data must
precede any comparator data.
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==HHH==KKK==LLL===LEFTL FF T EFT======MI DL E}I DDL E======R1GH TRI GHTRI EEEEEENNNII/N==

==HHH==

{==LLL=========THETATHETATH=============== EEEEEEEWNNNI\T?E::

Required Constantss
1. The indices, h, k, and 1, as right justified integers in col,
3=5, col, é-lO, and col, 13=15 respectively.
2, Comparator Datas Values of left, middle, and/or right readings
in col, 19-30, col., 37-48, and col. 55-66 respectively.
Theta Datas A value of the Bragg angle in col, 25-36.
3., An external weight for this reflection in col, 67-72. If this
is left blank, a weight of 1.0 is assumeds =
4, A wavelength iéentifier in col. 73-78. TFor radiations stored
permanently in the program, only col, 73=75 are used; and the
identifier consists of two letters--the chemical symbol of the
target element (CR, FE, CO, CU, MO, NI, AG, ZN)--followed by
one of the symbols 1, 2, A, or B, where : .

1 indicates alpha(l) radiation

2 indicates alpha(2) radiation

A indicates alpha average radiation
B indicates beta radiation.

For example, molybdenum beta radiation is named MOB, All six-
positions are available for wavelengths entered by the user, A
blank wavelength field is interpreted as copper average radiation.

Actions

The data on the card is stored in tables until a calculation is
- requested by one of the Special Cards. :
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Unit Cell Least Squares Special Cards:

END F11LM
Actions
Preceding data are lumped together in a Straumanis ealculation of
Bragg angles. If angular data are entered, the card has no effect.
END OF DATA
I EmTETEE s —— S e TS =TS == ===
Actions
This card produces the same action as the END FILM card, followed by
an actual unit cell calculation. .
Warnings
After the last film, do not use both END FILM and END CF DATA cards.
RECYCLE
Actions

A new unit cell calculation is performed using data already entered
for a previous calculation. It may be used, for example, to
calculate cell parameters with and without %he absorptlon
correction,

RIGHT HANDED COMPARATOR DATA

LEFT HANDED COMPARATCR DATA

pe=ge—t - s i e Getaia o

Actions _
The subprogran is informed that the following data are of the type
specified. With no entry, left handed is assumed,
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Ihe subprogram is informed that the following data are of the type
specified. With no entry, left handed is assumed,

Chapter 11
Publication List

Programming'Contribution:‘ D. Duchamp
Description:

This is a short subprogram which will print a structure-factor 1list
in a form which is sultable for publication. The subprogram requires a
DATA TAPE with the values of the calculated structure-factors which are
to be printed. It will print out the structure-factors in the same order
as they appear on the DATA TAPE, The listing which is produced may be
cut up and pasted together to produce a large table, which can then be
reduced photographically. In this manner as many as 2,000 reflections
or more may be made to fit on an 8 1/2 x 11 page.

The user must enter into the subprogram a FCRM card giving the
information for setting up the list. This is the only control card
for the Publication List subprogram. The subprogram is called in by
the PUBLICATION LIST system contrcl card. If a list is requested from
the remote console, a list is sent both to the main printer and to the
remote console, '

In order to make sure that the output from the printer is suitable
for publication, the user should confer with the comruter operator, asking
him to reverse the paper in the printer, and to put in a dark ribbon.

The Output Fdrmat:

The outrut is arranged in groups--each with a heading followed by a
1list. A new group is started whenever an index other than the fastest
moving changes. The reflections are printed in the order in which they
appear on the DATA TAPE.
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Example 1, Centric:

2101

0 60 -56
1 43 %
2 3 %

Columns are fastest moving index (in this example,L); ¢Fgopsy CFeales
where ¢ is the factor punched under "PRINT F TIMES" on the FORM card.

Example 2, Acentrics
H10 11

1 29 31320
2 130 128 753
‘b 58 60 20

Colums are fastést moving index (in this example, H), cFops, ©|Feards
and o 3 where ¢ is the same as above,and 1> is the phase angle in degrees
for Féalc- ‘

Zero weight reflectlons are 1ndicated by an asterisk after beé-,
Léss -than reflections are indicated by making F,pg négative.

The position of the alphabetic charaéter in the group heading may
be shifted one column in either directlon by an overlay to either location
HKLET or location HKLET + 1.
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Required Control Cards

FORM=FAST o PRINT F TIMES. - SCALE FACTOR =
==========]= ACENTRIC== ——————————— SRS X XXX ========Es ssssss= ==
CENTRIC

Required Constants:

1. An identifier in col. 11, punched as an alphabetiec charactery
either "H", "K", or "L" denoting which index is to be trea%ed
as the fastest mov1ng.

2, Either "ACENTRIC"™ or ®CENTRIC ™ in col. 13-20.." '

3, A numerical factor in col, 37-42, This factor multiplles both

| Fops and Fogqey and the integral part of the result is printed.

4. A scale factor for F,pg in col, 61-66. This factor is used to
put the F,pg which Is on the DATA TAPE on the same scale as

Fcalc'

Action:
The reflections are listed according to the format specified.
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Chapter 12

Temperature Ellipsoids
Programning Contribution: Mrs, B. Stroll

Description:

This subprogram calculates principal axes of vibration of thermal
ellipsoids from anisotropiec thermal parameters according to the method
of Jurg Waser, Acta Cryst. 8, 731 (1955). The TEMPERATURE ELLIPSOIDS
system control card is used to call this subprogram. The lengths of
the principal axes in "B" units, and their direction cosines with respect
to the crystallographic cell axes are printed., Direction cosines with
respect to any orthogonal set of axes may be obtained by use of the
SPECIAL PLANE option. '

The SPECIAL PLANE Option:

A plane may be specified in either of two ways: 1. The direction
cosines (with respect to crystallographic cell axes) of the plane normal,
and a vector (with crystallographic cell fractional coordinate components)
specifying the horizontal direction in the plane are entered, or 2. the
plane is chosen with either the X, Y, or Z crystallographic cell fractional
coordinate held constant in the plane, and either the A, B, or C
crystallographic cell axis in the norizontal direction in the plane.

From the information mentioned above, an orthonormal system of axes
is defined. in the output, the vertiecal éirection in the plane beeomes

12=1
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the first axis of the orthonormal system; the horizontal direction in the
plane becomes the second, and the piane normal becomes the third. For
each ellipsoid which has been ésleulated, the direction cosines with
respect to these orthogonal axes are caleculated and printed. KAlso the
coordinates in the orthogonal system of the ends of the major axes are
printed. :

Subprogram Input:

Input of anisotropic thermal parameters to the subprogram may be
either by ANISO cards or from the DATA TAPE. If no ANISO cards are
entered in the subprogram deck, the subprogram will take ANISO cards
from a DATA TAPE which must have been loaded before calling the subprogram.
If no ANISO cards have been entered,and no DATA TAPE has been previcusly
loaded, an error results. No special card telling the subprogram to get
the parameters from tape is allowed., If ANISC csrds in the subprogram
deck are used to read in anisotropic thermal parameters,a DATA TAPE is
not required

The Subprogram Deck:
The subprogram deck should be arranged in the following order:
a, A CELL card (This card may be omitted if the input of anisotropic

parameters is from the DATA TAPE,and if it is desired to use
the cell parameters presently on The DATA TAPE.)

b. ANISO cards...as many as desired. (This section is omitted if
input of anisotropic parameters is from the DATA TAPE.)

‘¢. SPECIAL PLANE cards...if desired. (As many SPECIAL PLANE cards
may be entered as the user desires. No SPECIAL PLANE ecards
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may be entered until all the ANISO cards have been entered.
Each SPECIAL PLANE card applies to all the atoms whose
temperature ellipsoids are being calculated,)

Example 1:
SPECIAL PLANE X CONSTANT, B HORIZONTAL

The above subprogram deck (one card) will cause the subprogram to
look for a DATA TAPE, invert all the anisotropic thermal parameters which
occur on this DATA,TAPE, and print the information relative to the
orthonormal set of axes defined from the information on the ahove SPECIAL

PLANE card. ©Since a CELL card is not entered, the cell parameters on the
DATA TAPE will be used.

Example 2:

CELL 10.356 8,562  3.490 -
ANISC 1  .008532 .013455  .O45675 -.000056  .000568  .003490

ANISO 9  ,006945  ,029872 069234  ,098735 ~,000985  ,000009
SPECIAL PLANE 5000 . 5000 . 705 VECTOR - «,030 =.080 ,018
SPECIAL PLANE Y CONSTANT, A HORIZONTAL ,

SPECIAL PLANE Z CONSTANT, A HORIZONTAL

The above example subprogram deck will cause the subprogram to
calculate the thermal ellipsoids for all the atoms whose ANISO card
is present, and print the information relative to the three SIECIAL

PLANEs specified. The SPECIAL PLANE cards apply to all the ANISC
cards.
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Temperature Ellipsoids Subprogram_Control Cards:

For a format description see Chapter 6, page 6;20. (Col. 73-80 are
ignored by this subprogram.)

 SPECIAL PLANE ~ - | VECTOR -
=============== KX XKKK===YY YYYYYYY === 772227227 ============ XXXXXXYYYYYYZ 2772 7Z==

SPECIAL PLANE CONSTANT, HORIZONTAL

==== == =9 : :::‘?:::::::::::::::::-——-—-—-—:-———-_—::::: === ===

1
\
Required Constants: : . |
FORM 1: ' |
1. Direction cosines with respect to the real cell axes-- |
" with respect to the a, b, and ¢ axes in col. 16-24, 28-36,
and 40-48 respectively. |
2. Fractional components with respect to the cell edges of a |
vector spe01fy1nﬂ the horizontal direction in the plane--
X, ¥y and z in col, 61-66, 67-72, and 73-78 respectively.
, (Thls vector need not be exactly in the plane.)
- FORM 2:
1. Either X, Y, or Z in col. 15, depending upon which fraculonal
coordinate is to be held ccnstant in the plane.
2. Either A, B, or C in col. 27, depending upon which axis to be
the horizontal direction in the plane,
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Actions
e

2e

From the information specified, an orthogonal coordinate
system with unit basis vectors is defined such that the
first basis vector is in the plane in the vertical direction,
the second is in the plane in the horizontal direction, and
the third is normal to the plane.

For each ellipsoid which has been inverted, the dlrection
cosines of the major axes with respect to these orthogonal
axes are calculated and printed, together with coordinates
in the orthogonal system of the ends of the major axes, the
center of the atom being considered as the origin, and the
lengths being expressed in B units.
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of E, and as an option, lists

Chapter 13

Statistical Phasing

Programming Contribution: T. A, Beineke.

Note: The following description is taken from notes by T. A, Beineke,
| Introduction: |

The Statistical Phasing Subprogram calculates unitary structure-
factors, U, normalized unitary structure-factors, El, and the distribution

the normalized structure-factors in the
Sayer's relationships or I, 73.

g Certain classes of reflections, depending on the space group,
require that U's or E's be divided by\VvZ, V3, or 2. This is done auto-
matically for centric space groups in the mongclinic and triclinie
systems; for others, it must be done by hand. (Bventually this will be

done for all space.groups, but the present version treats only the mono-
elinic and triclinic systems.) ,

This subprogram is called into memory by the STATISTICAL PHASING
System Control Card. It requires reflection input from a DATA TAPE v
prepared by the Data Tape Preparation and Editing Subprogram. A scaling

I M.M, Woolfson, "Direct Methods in Crystallography,™ Oxford, 1961, p. 13.

2 D, sayer, Acta Cryst, 5, 60 (1952). .

3 H. Hauptman and J. Karle, "Solution of the Phase Problem, I. The Centro
symmetric Crystal," A.C.,A. Monograph No, 3, Wilmington: the Letter Shop.

b In cases other than monoclinic or triclinic, the distribution criteria

for the E's will naturally be slightly in error because certain classes

of reflections have not been divided by the aopropriate number,
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factor and an overall isotropic temperature factor are input parameters,

The isotropic temperature factor may be on the DATA TAPE or may be entered
by a card. : .

The Output:

First is a 1list of h,k,1, Fopg5, U, E, Epsilon (i.e. the expectation
value of U2), and Weight. fhe purpose of including the Weight column is

to indicate %he reflections which are "less than" reflections., Following
this 1list, is a comparison of the distribution of E with a theoretical
two-tailed Gaussian. (E should be normally distributed with expectation
value of unity and standard deviation of unity.) On the following page

are more distribution criteria, the expectation value of _|E|l , the expec-
tation value of |E2 - 1], and tne expectation value of E2- 1 compared with
theoretical values for centric and acentric crystals. Because of the "
limited number of characters available for print out, the usual expectation
brackets {) are represented by parentheses ( ) and the absolute value sign
|| is represented by / /.

If the LIST SAYER'S RELATICNSHIPS option is used (At present, this option
may be used only on centric monoclinic and trieclinie crystals, otherwise
an error message results.), a listing of the reflections for which E is
larger than E(min), an input parameter, follows. For each reflection, ,
h,k,"and 1 are listed followed by E. Following this is a complete list of
pairs of reflections which fulfill the Sayer's relationship with the given
reflection. These pairs are listed three across a page . For each pair,
both sets of indices are printed within the parentheses separated by /.
Immediately following the last parenthesis is a signed product of the E's
followed by the probability that this particular relationship is true. The
sign printed before the product of the E's indicates the relationship
between the sign of that particular product and the sign of the E at the
left. At the end of the row is a number (usually 1.0) which represents
the maximum probability that the sign of the E listed at the léft will be
equal to the sign of the sum of all the products of the E's on the right.
At the far right is printed the number of these pairs which interact with
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this reflection.

_Examplé:

2.6 (<19 6/-8 81) 4,57 .93 (0 31/-726) Wh2.92  ,998 2

In the above, the reflection 7 1 7 has an E of 2,64 and is related to 2
pairs of reflections, ( <1 9 6/-8 8 1) and ( 0 3 1/-7 2 6). The prob-
ability that the sign of 7 1 7 is opposite to the sign of the product of
the E's of =1'9°6 and =8 8 1 is .93. The probability that the sign of the
product, 4.42, of the E's of 0 3 1 and =7 2 6 is the same as the sign of
71 7 is 0.92. The maximum probability (if all relationships hold) that
the sign of g 1 7 is the same as the sum of the signed products in this
list is 0.998. We are told that 2 products interact with 7 1 7.

Thé Subprogram Decks

The subprogram deck is composed of a number of option and information
cards followed by a DATA ON DATA TAPE card., The DATA ON DATA TAPE card is
always last in the subprogram deck. A NUMBERS CF ATOMS card is required.
If the reflections on the DATA TAPE have already been put on an absolute
scale by applying a Wilson scale factor when the DATA TAPE was prepared,
no scale factor need be enteredg otherwise, one should be entered by a
SCALING FACTCR FOR F(CBS) card. The overall isotrovic temperature factor
may be obtained from the DATA TAPE if the Wilson scale factor was .
applied when the DATA TAPE was prepared; if this has not been done, or if
another temperature factor is preferred, it may be entered on an OVERALL
ISOTROPIC TEMPERATURE FACTOR card. In order to obtain a list of the

- Sayer's relationships, the LIST SAYER'S RELATIONSHIPS card is used. The

first listing of E's and U's may be suppressed by the DON'T LIST UNITARY
STRUCTURE FACTORS card, If a radiation other than copper was used, & .-
WAVE LENGTH card must be entered. If one wishes to restrict the list of -
Sayer's relationships, a USE ONLY DATA WITH SINE(SQ)THETA/LAMBDA(SQ) LESS
THAN card may be entered,
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Hints and Warningss

1.

3.

In calculating unitary structure factors for space groups other than
‘centric monoclinic or triclinic, use space group number 2. If, however
the classes of reflections to be divided by a constant are the same

as for one of the centric monoclinic space groups, use the space

group number of that corresponding monoclinic space group.

The Statistical Phasing subprogram has a dislike for acentric space
groupss so, whether or not you believe the space group is centrie,
tell the program that it is.

For 1istingé of Sayer's relationships for triciihic space groups, each
triple product is listed under each reflection; however, this is not
necessarily true for monoclinic space groups. »
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Statistical Phasing Subprogram Cards:

DATA ON DATA TAPE

Action-
This card notifies the subprogram that card input has ended and
- calculations should be started. It must be the last card in
all Statistical Phasing Subprogram Decks.

| DON'T LIST UNITARY  STRUCTURE FACTORS

Actions ) '
: The first 1lsting of U's and E's is suppressed.

-Note- . '
- Normal option is to print U's and E's, however this may not be wanted
if the user is mainly interested in Sayer's relationships.,

LIST SAYER'S RELATIONSHIPS . E(MIN) =

Required Constant:

A value for E(MIN) in col. 43-48, When the Sayer's relationships
are listed, only reflections having E's greater than E(MIN)
will be considered Blanks (nothlng punched) gives a value

' of 1.5 for E(MIN). _

‘Aections . '
When calculatlons are done, Sayer's relationships involving
reflections whose E's are greater than E(MIN) will be listed.
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NUMBERS. OF ATOMS -
==========:::=:===Iﬂ{-fff,NN-ff,NNN—ff, e ' . ' ==

For a format deseription see Chapter 9, page 5-13.

Note: -

1, This card is fequired in Statistical Phasing Subprogram Decks.
2. The numbers of atoms in one unit cell should be punched for
o all space groups, 1rrespective of centerlng.

OVERALL ISOTROPIC TEMPERATURE FACTOR, B =
== === e XK ==

Hequired Constant:
An-overall. temperature factor in col. h3-h8

Ketion:
The overall 1sotropic temperature is ‘entered into the program.

'SCALING FACTOR FOR F(OBS) =

== : KXXXKX ——=osEmEss s

For a format description see Chapter 7, page 7-11.
USE ONLY DATA WITH SINE(DQ)THETA/LAMBDA(SQ) LESS THAN

e e e ey s S e e e ——— = e

o e e e = —— m
O

For format description see Chapter 74 page 7-12.

WAVE LENGTH
==»=======“_'==mm-—— = ——==

For a format description see Chapter 4, page 4-29,
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Appendix I

Card Input via Magnetic Tape

The CRYRM input deck azs described in Chapter 2, is for input using
the Caltech setup--the input cards are read into the 7040 computer which
loads them on magnetic disk for input to the 709%. If it is desired to
run CRYRM by loading the input cards on a magnetic tape by some other
computer (for example, an IBM 1401), and using this input tape for input
to the 709#; the deck described in éhapter 2 should be changed as follows:s:

1, The $EXECUTE card should come first.
2. The $ID card should come second. ‘

(The order of the two above cards is,feversed from Chapter 2})}-

3. The $ENDIJOB card is not needed, and if not deleted by the tape
loading program, it will cause an error when it reaches CRYRM.
Therefore, this card should not be used unless required by the
specific %ape loading program being used,

The jobs may be stacked., If CRYRM is in control and receives either a
a $IBSYS card or a BEXECUTE some system other than CRYRM, it will sign off
the present job and return tontrol to the IBSYS monitor. If it receives a
$EXECUTE itself card, it will sign off the current job and continue to read
the input tape. ' .

I-1
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Appendix II

- CRYBUG, The Debugging Subprogram

Programming Contribution: 1I. Ambats.

‘Discussion:

This subprogram provides the user with a very powerful debugging
aid when running under CRYRM. Basicly it is designed to allow the user
to obtain information about what is actually going on in his program
at various times without stopring the calculations. This is usually
hard to come by since the user may not sit at the console and run the
7094 computer, : - _

CRYBUG 1s given control by calling it at some point in the calculations
by use of the sequence outlined later, When it is called, it is given a
time in seconds and an end location. CRYBUG will begin tracing the program -
which called it, executing it instruction by instruction. It begins with
the instruction immediately following the CALL statement. If it is still
tracing when the designated time expires, or if the user references a place
in CRYRM or IBSYS, other than a communication region, the run will be
terminated with an error message. If CRYBUG reaches the end location
without detecting an error, it gives control back to the program being

- traced. o

While CRYBUG is in control, it will print for each reflection, the
contents of all registers and the contents of memory locations referenced.
(This print out may be suppressed on all except non-successive Branch-type

~instructions,) CRYBUG may also be asked to dump certain regions of memory

whenever a non-successive Branch-type instruction is encountered. TUp to
ten regions may be specified. ’

II-1
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Hints and Warningss

1, .CRYBUG may not be used to trace any subprogram which has
instructions at memory locations lower than the end of
CRYBUG, (15246 octal in the present version.) Therefore

any subprogram to be traced by CRYBUG should be origined
at a higher memory location than the end of CRYBUG.

2, One must consider the large amount of printed output which
can result if CRYBUG is used for a very large number of
instructions (as for example, in loops The user should

carefully figure on this, switching offC?JBUG in places
where it is not needed.

3. The execution time for a program uhder the trace will go
up by about a factor of 60 to 100.

Calling Sequence:

- SXD AARD, H
CALL C?XBUG(AARD)

where AARD is the first location of a sequence of the following
format

" AARD  SSS N, %

PZE END, ,TIME
PZE  S1,,L1
PZE sz, 12

PZE s, ,LN




SSS

PZE gives full output :
MZE gives output only on branch instructions

TIME gives the maximum number of seconds wanted under the
' trace (OverTlow gives errorAtermination of job.)

N gives the number of region dumps specified, limited
to ten (specify in octal). :

SX  gives the Xth region's starting location
X gives the Xth region's octal length.
EN

D gives the octal location of the instruction at which
CRYBUG is to glve control back to the program being
traced. ' ‘

When CRYBUG is called as described above, all registers are
preserved in the condition they were in before the SXD AARD,4 instruction.
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Preparation of an Additional Subprogram

If it is desired to prepare an additional subprogram, either for
temporary use or for permanent inclusion in the CRYRM sys%e the
coding should be done in_the MAP mssembler language and assembled in
the absolute mode., (If the routine is short enough the user may wish
to translate his program into octal machine language himself; this is
also permitted.) The system program should be referenced only through
the communication region (see an assembly of the system program), If
input and output are to be done, the input - output subroutines in

the system program should be used., A number of functional subroutines
are also available, :

In order to run a subprogram(which is not on the €RYRM system
library) under the CRYRM moniter, the user should set up CBYRM running
deck as usual, loading a DATA TAPE etec as required. When it is desired
to transfer to the new subprogram, a SYSTEM CHANGES FOLLCW should be
inserted, followed by the new subprogram (on absolute mode binary cards
and/or 08TAL cards), In addition to entering the new subprogram, these
changes should (1) make the location BRANCH in the system communication
region equal to zero, (2) place into location PROGIN in the communication
region, a transfer 1nstruct10n to the entry point of the new subprogram,
and (35 make location SY2REC in the communication region non-zero. Any
cards to be read by the new subprogram should follow these changes. After
the SYSTEM CHANGES are read iny the system will transfer to location
PROGIN, thus handing over control to the new subprogram. When the new
subprogram finishes its calculations, it should return to the system at
location PROGRT in the communication region for a successful return, or
location NEWJCB for an error termination. If the return is to PROGRT,
the system will continue to read input and execute further calculations
if more are requested,

I11I-1
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A subprogram may be added to the CRYRM system library by the standard
IBSYS Editor, If so, tables in the system Action subroutine, which reads
the library, should be expanded to include the additional subprogram; and
the tables in the system moniter control.card scanning‘routine-shoul& be
expanded to ineclude a control card which will ceall in the new subprogram.

Provided the new subprogram does not occupy space in memory which
is used by CRYBUG, the CRYRM debugging aid program, this program is avail-
able if debugging problems should .arise.
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Appendix V

The DATA TAPE Format

The DATA TAPE has 3l-word records numbered'0-30, acéording to the
following format:

Word No.
1st Record
0-1 Tépeﬁideﬁtifier words (taken from col. 19-30 on PREPARE card)
2-11 Special name for page heading (taken from a NAME card)
16 Wavelength (not always present) -
17 Cycle letter (in BCD for Least Squares)
18 Cycle number (fixed-point binary for Least Squares)
19-2k% a,b,c,%,8,5 --cell parameters (floating-point binary)
25-30 0Un30bs0cs0es0s 90y —-Standard deviations in cell parameters
. R (floating-point binary) | v
| ond Record -
0-13 Form factor identifiers (BCD--3 characters, 3 zergs—-from KIND F)
14-19 S11, °°°3523 Coefficients for calculating sin?e/pn2 (floating-point)
20 Overall temperature factor (floating-point binary)
‘With Atomic Information beck v Without Atomic Information Deck
3rd Record and following - 3rd Record
' Records v _ '
0=13 - BCD card images of the cards 0-30 All zeros.
of the Atomic Information '
Deck
O-14 BCD card image of the
FUD ATOMIC INFORMATION card.

v§&1%




0-2

7
9=22
21-22

23-28
- 29=30

V=2

Next records are Data Records, one per reflection, as
many as required

h k, 1 (fixed-point binary, right-justified)
bs (floatlng-p01nt blnaryj :
Wéight (floatln%-point binary)
Zﬁk 2nl (floating-point binary)
sinée (floatlng-point binary)

f14°°°,f7) atomic scattering factors for this reflection
Zfloatlng-p01nt binary)

Acgye(special)y Bggie(special) (floating-point binary)
Note the multiple use of 21-22, (also used for £33 and £y
if thsse should ever .occur) -

hz,kz,l hk,hl,k1 (fioating-point)

Asaies Bcalc (floating-point binary)

‘Last three Becords
777777777777 in octal.

End of File
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Subprogran

Initial Data Processing

Initial Data Processing

Least Squares

Least Squares

Least Squares

Least S uares

Structure—Factbr Calec,

Appendix VI

Selected 7094 Running Times

Calculation Descripntion ‘ . Time

Complete 3-pass data reduction from 4 min. 10 sec.
Welssenberg film readings of all layers .
about 2 axes, 1120 reflections afterwards

Weiss. LP correction, 108 reflections 1 sec.
le%}zé, full matrix, 13 anisotropic atoms 5 nin,/cycle
» 1

parameters), 11 isotropic atoms (not
refined), 1102 reflections

P21/c,Afull netrix, (21 parameters), 5. 10 sec.
- “isotropic atoms, 189 reflections
- C2/c-2 eycles—go anisotropic atoms (all 1 hr. 45min,
- refined), 33 isotronic atoms (not refined) 18 sec.

11562 reflections (total), Multiple matrix
setup: 6-45x45 matrices; 90-6x6 matrices;
one 1x1 motrix--total of 811 parameterss
Recycle with same inverse.

P2y/n, full matrix, (185x18%), 16 anisotropic 17 min. 39sec.
and 10 isotronic atoms, 2219 reflections,
with tape copy.

- Cublc, Fd3m, 21 isotropic atoms, 1215 inde- 2 min, 30sec.

pendent reflections

VI-1
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Vi=2

Structure Factor Calc. PT, 11 anisotropic and 10 isotropic atoms, 41 sec,
o 1589 reflections , A
Fourier PT general plane sectlon 9.0 A x 9,0 4, 1 min, 51 sec.
2035 points, 1589 reflectlons
Fourier ' , Patterson, orthorhombic, 2 projections, 8 sec.
- 200 reflectlons/proaectlon
Fourier ’ >,Pl 3 dimensional; 32 sections, 1008 p01nts/ 3 min., 18 sec.
' : sectlon, 1500 reflectlons
Distances, Angles, and | Complete distances and angles for 13 atoms 2 secC,
‘ Planes o L '
.Publication List 1200 reflections, acentric ' 30 sec.
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Control Card Index

ACCUMULATE ACALC AND BCAILC : 6=26

DIAGCNAL MATRIX 6-17
ADDED ATOMS 8=5 DIFFERENCE FCURIER - 3=12
ADDITIONS ‘ . 5=8 DISPERSION CORRECTION 5'-9
ADD TAPE OUTPUT TO v )-1-—19,9-16 DISTANCE
ANGLE 8-6 DISTANCES, ANGLES, AND PLANES 3-13
ANISO 12-’-I-, - DO ABSORPTION CCRRECTIOI\ ’+-21,9-16
APPLY EXTRA CORRECTION 19 DO DIFFERENCE PHASING WITH 7=9
APPLY WILSON SCALING FACTCR 5-8 DC FILM FACTOR CORRECTICN 422
ATCMIC PARAMETERS ARE ON D.T. 6=2 - DO HCWELLS, PHILLIPS, 510
AUTOMATIC DIFFRACTOMETER 3=14 DC LP CORR%ICTION ’+-r23,9-17
BLOCK MATRIX . 6-17 DO NOT PRINT ATOMIC 6=25
BOUNDS ) 7-1k DO NCT PRINT H,K,L,FOBS 6-25
CALCULATE FILM FACTORS L4220 DON'T LIST UNITARY S. F. 13-5
CELDEV L.21 5'-8,9 14 DC SYSTEMATIC COMP, CCRR. 10=7
CELL 12-1¢- ’+~2O 5—9 '7-9 ,9-—1’+ DO WILSCN STATISTICS 5=11
CENTER POINT 7-14 EDIT ATOMIC PARAMETERS 6=23
CHECK 9=15 EDIT DATA TAPE g-g
COMMENT - 3-6410-9 END ATOIMIC INFORMATIOCN 6=22,
COMPLETE DIFFERENCE FOURIER 3-13 END EDIT 6=23
COMPLETE DISTANCES - END FILM ' : 10-12
COORD - 6-18,8-6 $ENDJOB 3=l
COUNTER DATA FOLLOWS L3k END CF DATA Y—3Y4,5-11,%-16,9-1k%,10-12
CRYSTAL POSITICN » 9-11 ERRCR DUMP REUESTED 3=k
CUBIC 10-6 $EXECUTE : E:’-l-
Data Card(Automatic Diff.) 9=10 FACTOR-AXIS 23
Data Card(Fourier) 7-16 F (Form Factor) =12
Data Card(Long Format) Lo31 - FORM=FAST 11-3
Data Card(Short Format) 4-30 FOURIER - 3=11
Data Card(Unit Cell L. S.) 10=11 FULL MATRIX - 6=16
DATA FRCM CRYSTAL ‘ 9=17 GARBAGE 624
DATA ON DATA TAPE , Y3k, 13-5 GENERAL PLANE 7=1
DATA ON DATA TAPE EXTRA 5'-10 GLIDE PLANES : ‘ =1
DATA TAPE 3=6 - HEXAGONAL 10=6
DATA TAPE EXTRA 3=7 $1ID 3=3
DELETICNS ' 4 5=9 Index Card , ‘ 9=10

Index 1
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Index 2 -

INITIAL DATA PROCESSING 3-8
INVERSE MATRIX PRINT CUT 10-8
IS0 6=19
IS0=AN 6-19
KIND F 5=12
LAUE GRCUP . : =10
LAYER 33
LEAST SQUARES CYCLE 3=10
LEFT HANDED COMP. DATA 10=12

LIST DATA ON TAPE 39

LIST SAYER'S RELATIONSHIPS 13-=5
MAKE CONTROL TAPE 929
MONOCLINIC 10=6
. NAME  3=5
NCO REFINEMENT 6-1
NCRMAL MATRIX PRINT OUT 10~
NUMBERS CF ATOMS 7=9 5= E3,13-
- OCTAL 3=5
OMIT ABSORPTION CORRECTION 10-7
OMIT ATCHMS 6=27
OMIT ECCENTRICITY CORRECTICN  10-7
ORTHORHCMBIC . 10=6
- OVERALL FILM FACTCR Lol
OVERALL ISOTRCPIC TEMP, FAC. 13-6
- PACK FORiM 432
PATTERSON 311
PHASE CUTCFF FUNCTICN =10
PLANE -3
POINT SCALE 7-13
POP 6-21
PREPARE DATA TAPE -8

PRINT FREQUENCY DISTRIBUTICNS 2k

PRINT H,K,L,FOBS 6=256
PRINT INPUT CARDS 7=10
PRCGRAM CHANGES FCLLCW 3=k
PRCJECTICN 7-18

USE INTERNAIL WETCHTS L »Q
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PROTEIN CALCULATIONS

3-1
PUBLICATION LIST 3-1
PUNCH NEW PARAMETER DECK 6=26
RANGE | L2595
RECYCLE ‘ 6-25,10-12
REMOVE CRIGIN 7=11
RESET STANDARD GPTIONS 10-9
RHCMBOHEDRAL 10-6
RIGHT HANDED COMP. DATA 10-12
SAVE MAP ON DATA TAPE EXTRA 7-15

SCALE =15
SCALE AXES TOGETHER

SCALE FACTOR 6=22
SCALING FACTOR 427
SCALING FACTOR FCR F(OBS) 2-1 913=6 -
SCAN OMEGA 9 12

SCAN RANGE 9-13
SCAN 2THETA 9-12
SECTICN : 7-18
SEND PRINT TO CCNSOLE 9-18
SET ERRGR LIMIT 10=9
SET LESS THANS 427
SHARPEN 7-12
SINE(SQ)THETA/LAMBDA(SY) MAX 9-11
SIN TH 5=13
SORT REFLECTICNS 26
STATISTICAL PHASING 3-15
STOP UPDATING 6=26
STRUCTURE FACTOR CALCULATION 3=10
SUBSTITUTICNS 51l
TEMPERATURE ELLIPSOIDS 3-19
TETRAGONAL 10-6
THREE-DIMENSICNAL 7-19
TRANSFORM INDICES 10-8
TRICLINIC 10=6
UNIT CELL LEAST SQUARES 3-1k




FPRUJECLLICN

7-18

LLh Wik

UNIT CELL LEAST SQUARES

USE INTERNAL WEIGHTS 428
USE ONLY DATA WITH SINE 7-12,13-6
" WAVE LENGTH be29,7-13, 9JIE,13-6
WAVE LENGTH(Unit Cell L.3.) 0-8

WEIGHT(Initial Data Proc ) ’-1-29
WEIGHT (Planes) 8-9
WELGHT CONSTANT 9-18
WEILGHTING FUNCTION(General) 6-1
WEIGHTING FUNCTION HUGHES 6=1

WEIGHTING FUNCTION(Unit Cell) 10-7
WELGHTING FUNCTION UNITY 6=13

Page 196




The CRYM Crystallographic Computing System (1991)

by David J. Duchamp®, Richard E. Marsh? Jean Westphal and many co-workers
1) 6209 Litchfield Lane Kalamazoo, Michigan 49009, USA. E-mail: djduchamp@mac.com ; 2) Beckman
Institute, 139-74 California Institute of Technology Pasadena, California 91125, USA. E-mail:
Imh@caltech.edu & rmarsh@caltech.edu

Place holder page. Report-proper starts on following page

Page 197


mailto:djduchamp@mac.com
mailto:lmh@caltech.edu
mailto:rmarsh@caltech.edu

A Guide to
XPAY COMPUITINC

at Caltech




The
B
RIM
Crystallographic
Computing System

by

David J. Duchamp
Richard E. Marsh
Jean Westphal

and

many co-workers

X-ray Crystallography Facility
Beckman Institute and
Division of Chemistry and Chemical Engineering
California Institute of Technology
Pasadena, California 91125

©1991

Page 199



Table of Contents

Introduction I1.1-1.8

I)Data Processing

A) Taperead 1.1-1.3
B)Crystal Data 2.1-2.2
C)Background programs 3.1-3.6
1)Background 3.1-3.3
2)2Background 3.4-3.6
D)Decay 4.1-4.2
E)Update 5.1-5.3
F)Absorption Correction 6.1-6.3
G)Initial Data Processing 7.1-7.9
H)Data Disk programs 8.1-8.12
1)Prepare, Prepare CRD 8.1-8.3
2)Re-Prepare 8.4-8.5
3)List, List Phased Disk 8.6
4)Edit 8.7-8.8
5)Make Phased Disk 8.9-8.10
6) Form Factor Symbols 8.11-8.12
I) Wilson Statistics 9.1-9.4

IT)Refinement programs

A)Structure Factors, Least Squares 10.1-10.11
B)Fourier, Patterson, Difference Fourier 11.1-11.8
C) Contour Map 11.9-11.10
D)Defaults for Space Group Bounds 11.11-11.16

Page 200



IIT)Completing the Structure

A)Distances, Angles, and Planes

B)Hydrogen Position

D)Rcheck

)

)
C)Cosine

)
E)Parameter Switch

IV)Miscellaneous programs

A)Cell
B)Publication list

C)Clist

-

E)Tlist

FYConvert

)
)
)
)Dlist
)
)
)

G)H Optimize

V)EDMAG

Page 201

12.1-12.10
13.1-13.4
14.1-14.2
15.1
16.1-16.3

17.1-174
18.1-18.3
19.1-19.2
20.1-20.2
21.1-21.2
22.1-22.3
23.1-23.3

24.1



I.1

Introduction

XRAY is the command which runs CRYM jobs on the XRAY VAX computer. There
are several different versions of this command which may be used. [The word ‘XRAY’ is
a symbol to the computer; the definition of symbols can be learned by typing the DCL
command:

SHOW SYMBOL name

where name is the symbol to be explained.|

In order to run any CRYM job, it is first necessary to create an input file. This
file will contain the various card-images as described in this CRYM booklet, beginning
with the program title card (Structure Factors, Least Squares, Prepare data tape, or what-
ever) and ending with an End X-ray card. While this file may be created using a file
editor, it is usually more convenient to use the prompting routine called by typing IN-
PUT. This routine will prompt you for the information necessary to create the input file
of card images. [INPUT runs the standard input program. If there appears to be an
error in this current program, OLDINPUT can be used to run a prior version of the input
program. TESTINPUT utilizes the input program under development; it should not be
used in normal circumstances. It is unlikely that there will be a SPECINPUT for unusual
applications.

The input file is defined by a file name, a file type, and a version number (in the form
filnam.typ;j). The file name may be up to nine characters long, the file type up to three
characters, and the version number from 1 to 999. It is convenient to make the file name
a compound identifier that remains the same during the entire crystal-structure analysis.
The file type should then be related to the first two or three letters of the program you
are running—name.SF, name.LS5Q, name.PRE, or whatever. This helps you and others
more clearly identify an input file in a directory by noting the file type.

Special note. Some file types have been defined internally; it is therefore mandatory to
use only these file types when running those particular programs. Here are the important
ones: Prepare and Initia require the file types PRE and INI respectively; Taperead must
have the file type CAD if data are from the Enraf-Nonius CAD/ diffractometer, or TAP
for the P1 diffractometer. (Suggestions for the specification of file types are given in Table
I-1.)

The XRAY command

When you have created your input file and are ready to run it, type XRAY . You will
then be asked for your compound ID (the file name) and the program code (the file type).
[Note: the latest version of name.typ will be used, but any other version can be specified
by responding to the program code with file type and version number, i.e., typ;; instead of
just typ.] You will then be asked whether you wish to run the job interactively or on one
of the batch queues—“fast” (BATCH) or “slow” (BACK). Jobs which take more than a
minute or two (e.g., Structure Factors, Least Squares, Wilson, Absorption, Fourier and
the like) should not be run interactively. BATCH is the normal priority queue for batch
jobs. The other possible priority is BACK which may be slower.
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1.2

You may ask that your batch job be on hold or suspended in the specified queue. If
you do so, the program will not run until a NEXTJOB command is issued. This command
is automatically issued at the end of any CRYM job, so if you want one job to start after
another has successfully completed, you should ask to hold the second job. Both jobs must
be in the same batch queue.

The command file will also ask if you would like to add a comment to your REC file.
The name.REC file is a formatted file which includes the input file, the date and time
submitted, and a comment, if desired, for each CRYM program you run for a particular
structure (identified by name). Since it is formatted, it may be read, edited, typed, or
printed.

Printed output files from any job are available as name.OUT. They may be examined
on a terminal (TYPE name.OUT or EDIT name.OUT), or listed on one of the printers
(PRINT name.OUT or HPP name.OUT). The log of any batch job, which includes file
assignments and directory information, is available as the file name.LOG, and can be read,
typed, edited, or printed. If the program does not terminate normally (i.e., a fatal error),
the log is available as XRAYSET.LOG and could provide an explanation of the error. The
log of an interactive job is displayed on the screen during execution of the program but is
not saved.

A backup file, name.BKP, is created by several programs (Structure Factors, Least
Squares, Wilson Statistics and Edit data tape). This is a binary (unformatted) data file
of the type name. HKL and contains the latest version of the reflection data. If a program
aborts in such a way as to destroy or damage the original data file, name. HKL (this can be
determined by comparing the size—DIR/SIZE—of the name. HKL and name.BKP files),
the backup file can be substituted by typing:

RENAME name.BKP name.HKL
The earlier versions of name. HKL should presumably be deleted. On the other hand,
if a program has run successfully, the backup file, name.BKP, should be deleted. (The
name. HKL and name.BKP files will be the same size, within a block or two.)

When issuing the XRAY command, prompts can be avoided by giving all required
information in the command line. Note that in this case no default values are supplied:
XRAY P1 P2 P3 P4 P5 (P6)

P1 is the compound id

P2 is the program code extension

P3 is S, F, or I for the desired queue

P4 is N or Y for hold status

P5 is a one word comment (enclose in “ ” for multiple words or to preserve lowercase)

P6 is needed only for .CAD Taperead program; Y or N if data is to be copied from
diffractometer computer

For example type:

XRAY JMP3DISF N N

to run a Distan job in the BATCH queue immediately.]

[Just as with INPUT, XRAY runs the standard program. If there appears to be an
error in this current program, OLDXRAY can be used to run a prior version. TESTXRAY
utilizes the program under development; it should not be used in normal circumstances.
SPECXRAY will use the special program written for unusual applications.]
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Organizational notes.

Typing INPUT executes the cry:xrayin.com command file which in turn runs the
cry:input.exe file. The source (name.for) and object (name.obj) modules for cry:input.exe
are in cryinput:. (The names of the input subroutines are related to the names of the
CRYM programs for which the command file is created. The cry:input.exe file is created
by executing cry_input:linkinput.com.

OLDINPUT executes the cry:oldxrayin.com command file which in turn runs the
cry:oldinput.exe file. This is merely a previous incarnation of cry:input.exe.

The testcry: input programs are set up in similar fashion. However, here older versions
of files are merely that; none are renamed with an ‘OLD’ prefix.

Typing XRAY executes the cry:xrayrun.com command file which then executes the
cry:xrayset.com command file which runs the cry:cryvax.exe file. (Thus the origin of
the above mentioned [username|xrayset.log upon error termination before the .log file
is renamed.) The source (name.for) and object (name.obj) modules for cry:cryvax.exe
are in cry_source. The cry:cryvax.exe file is created by executing cry_source:linkcry.com.
Graphics routines from cry_graphics: and input/output routines from crylib: are also
incorporated. [N.B. Merely creating or copying a higher version cryvax.exe does not mean
that it will be used. Cryvax.exe is an installed image and the last lines of linkcry.com ensure
that the latest version is used. Cry:cryvax.exe is the only CRYM program installed.]

TESTXRAY does the same things XRAY does, except in testcry:, a different directory.
(Testcry:cryvax.exe is not installed.) Again, the analogous ‘OLD’ files are merely previous
versions.

SPECXRAY is set up somewhat differently. Modified subroutines are written in spec-
cry_source; these are given a different name to distinguish them from the unaltered source,
such as ‘Ismon_atwin.for’ for ‘lsmon.for’. Speccry_source:linkcry_master.com then is edited
(and there named as well) to include this changed program; all other subroutines are taken
from the appropriate cry: directories.

There are several other CRYM subdirectories. For example:
e cry mtcopy: obsolete magnetic tape programs
e cry_misc:, testcry_misc: miscellaneous material not incorporated into CRYM
e cry_manual:, the .TeX files of this manual

The INF file

The purpose of the name.INF file is to keep a permanent record of important diffrac-
tometer information and crystal data such as diffractometer scan speed and 26 range and
the unit cell dimensions and volume. This file may be created at the same time your tape
is processed (called by the input program as part of Taperead) or at any time through the
input program by requesting program Crystal. This file may be updated as necessary.

Many of the data are required as input to CRYM programs (for instance, the Cellcard
is used by several programs). The input program will take the data from your name.INF
file to save the trouble of re-entry.

Furthermore, some programs (Structure Factors, Least Squares and Absorption) will
add some information (such as the number of reflections, R factor and the absorption
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coeflicient) to the file, if it exists when they are run. If the programs are used several times
(for example, several cycles of Least Squares), the parameters will be updated. This file
will provide a useful record of information required by most journals.

NOTE: The name.INF file is purged after being written to.

How to handle problems commonly encountered when running CRYM programs:

(1) Stopping a program while it is running:
(a)Batch jobs (on queue BACK or BATCH):
Type DELETE/ENTRY=n where n, the job number, may be found by typing
S@B and locating your job.
(b)Interactive jobs:
Type ctrl-y (i.e., y while the control key is held down) to immediately stop any
interactive job.

(2)Stopping a current print job (on queue PRINTER, HP4M or LASER):

Type DELETE/ENTRY=n where n, the job number, may be found by typing SQL
and locating your job. Please use this feature only when absolutely necessary on the Laser
printer. In particular, a TEX job should only be deleted in emergencies! (Any problems
with the printers should be reported to room 128 Beckman Institute.) The paper tray can
be pulled out to halt the laser printer

(3)Mistakenly viewing a binary file (e.g., name. HKL, name. MAG, etc.):

If you catch your error soon enough (a binary file will appear on the terminal screen
as a random bunch of nonsense characters), ctrl-y will exit you from the file. However, if
you are not quick, ctrl-y will not work and you will be stuck in the file and your terminal
will be locked. To solve this problem, you will have to kill your process.

First, log onto another terminal and type SH SY§. This will give a list of all current
processes. Locate your bad process. It should have LEF under the column state, a high
priority (7 or greater) and either your name or terminal as the process name and record
the Pid number. Now type KILL. This will initiate the kill routine and the system will
respond with KILL:. Type K n where nis the 8—digit process ID listed for the bad process.
The system will give some information on the process you have named and ask if it is the
correct process. If it is, type Y and the process will be killed. Type FE to exit from the kill
routine.
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Description of Crym Programs

Taperead
Reads the data from a diffractometer, lists the contents and creates a binary™*
name.MAG file of diffractometer information, F’s and weights.

Begin
Creates a name.INF file, records crystal and data collection parameters.

Crystal Data
Creates a name.INF file and calculates the density, volume and its sigma and the
absorption coeflicient.

Background
Calculates average backgrounds of weak reflections as a function of 26.

2Background
Applies average backgrounds as calculated in Background and stores corrected F’s and

weights on the name. MAG file.

Decay
Calculates crystal decay as a function of time by examining the check reflections on

the name. MAG file.

Update

Lists and deletes or restores reflections from the name. MAG file.

Absorption Correction
Calculates the transmission coefficients on F? and stores them on the name. MAG file.

Initial Data Processing

Performs Lp, absorption and decay corrections and averages reflections according to
point group symmetry; deletes classes of reflections designated as systematic absences;
creates a binary name.INT file.

Prepare
Creates, from the name.INT file or from hand-entered data, a binary™ name. HKL file
of information needed by most further programs.

Re-Prepare
Updates your name.HKL file for changes in cell dimensions, atom form factors or

anomalous dispersion or for index switching.

List and List Phased Disk
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1.6
Lists the contents of your name. HKL file.

Edit
Allows you to add, delete and/or substitute reflections on your name. HKL file.

Make Phased Disk
Creates a name.HKL file from special data cards containing h, k, £, weight and A4
and B4 or the phase angle.

Wilson Statistics

Estimates the absolute scale and average overall temperature factor and applies the
scale factor to F,;; and weight in the name.HKL file; generates E’s and lists intensity
statistics.

Structure Factors
Calculates structure factors and phase angles; lists reflection data and agreement
values (goodness-of-fit and R’s).

Least Squares

Calculates structure factors and phase angles, lists reflection data and agreement
values (goodness-of-fit and R’s), generates H atom parameters, and performs the least
squares refinement.

Fourier, Difference Fourier and Patterson
Generates a Fourier, Difference Fourier or Patterson map.

Peak List

Searches a saved map, generated by Fourier, Difference Fourier or Patterson, for peaks.

Contour Map
Produces a contoured map after running a Fourier, Difference Fourier or Patterson
map calculation.

Distances, Angles, and Planes
Performs distance, angle, plane and symmetry calculations; calculates principal com-
ponents of Gaussian ellipsoids.

H Pos

Generates coordinates for hydrogen and other atoms having known geometry.
H Optimaze
Converts General Plane Fourier map coordinates to atomic x, y and z coordinates and

optimizes the positions of 3 to 9 atoms so as to form a regular polygon.

Cosine
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Calculates direction cosines and center point for a plane normal to the line between
two atoms, for use by Fourier, Difference Fourier or Patterson.

Rcheck
Calculates various sums, including R, for specific groups of data by reading the name.-

HKL file.

Parameter Switch
Transforms coordinates, Gaussian ellipsoids and cell dimensions with a unit cell trans-
formation matrix.

Cell

Calculates unit cell dimensions given data from a diffractometer or measurements
from comparator film.

Publication List
Creates a structure factor listing suitable for publication from the contents of the

name. HKL file.

Clist
Prepares a table of coordinates and/or temperature factors suitable for publication
from your name.TAB file.

Dlist
Prepares a table of distances and/or angles suitable for publication from your Distan
output file.

Tlhist
Prepares tables of crystal data from your name.INF file.

Convert

Converts CRYM format Coord and Temp cards to ORTEP format.

* A binary file is unformatted and cannot be read, editted, typed or printed.
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The Binary Files

name. M A G—Created by Taperead; used by Absorption, Decay, Background, 2Back-
ground, Update, and Initia; modified by Update, 2Background, and Absorption:

ID number, h,k,£,20,x, ¢, scan range, scan speed, backgroundl counts, scan counts,
background2 counts, x-ray time, tb/ts and 3 blank slots for each reflection. The first two
slots are for the intensity and sigma of the intensity corrected for background and remain
empty until 2Background is run. [Thee slots may be used temporarily by Taperead.] The
third slot is for the transmission coeflicient from Absorption and remains empty until
Absorption is run requesting an updated name. MAG file.

name. BGD—Created by Background; used by 2Background:
The number of 26 intervals, the width of these intervals, and the starting value, the
mean background in c.p.s. and the weight for each of the intervals for both distributions.

The reflections to be deleted from the name. MAG file when 2Background is run are also
included.

name.INT—Created by Initia; used by Prepare:
h,k,L, F,;s, and weight for each reflection.

name. HKL—Created by Prepare or Absorption; used by Wilson, the Fourier pro-
grams, Structure Factors, Least Squares, Re-Prepare, Edit, List, Rcheck, Publication List,
and Absorption; modified by Re-Prepare, Edit, Wilson, Absorption, and Least Squares:

h,k, L, Fops, weight (= 1/(c F2)), 2rh, 27k, 27t Sil)‘\fz , 12 form factors,Apcc, Bopec, spl,
sp2, sp3, sp4, e, sharpened F, A.4., and By, for each reflection. (Spl-sp4 are special
slots.)

The first three records on the name. HKL file are special. They contain:
1)scale factor, the first 10 anomalous dispersion factors,a, b, ¢, @, 3,7, cos a, cos 3, cos v, the
last 2 anomalous dispersion factors and 9 blanks;

2)12 Kind F values, shh (= ld_eiisa“;), skk, sll, skl (= <8 bbxxcé)i‘é;cos“), shk, shl, and 13
blanks;
3)31 blanks.

Note: The name.BKP file, created by Wilson, Least Squares and Edit is of the
same type as name.HKL. The name. BKP file will contain your original data while the
name. HKL file will contain the updated data after any of these programs has completed.
If the program is succesful, delete name. BKP. If you do not want the updated data or if
the program fails while running, rename name. BKP to name. HKL.
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1.1

Taperead

This program reads a disk file on either VaxStation 3100, KIRBY or XRAY, from
the CAD/ or P1 diffractometers and creates a binary file name.MAG and a listing of its
contents (optional). Taperead will process only the latest .DAT file on disk. It need not
be run interactively.

Note: Make sure your file type corresponds to the diffractometer used: .CAD for
the CAD4, or .TAP for the P1. For files from the CAD/ diffractometer, the file name,
name.DAT, must be the same name as your input file name (name.CAD).

Note: If you collected data in the non-bisecting mode on the CA D/ diffractometer,
you must run Absorption before running 2Background because Taperead (Nonius only)
places the value of omega in the corrected intensity slot (11) of the name. MAG file. This
omega angle is needed for Gaussian absorption corrections when non-bisecting mode was
used to collect data and the value of omega will be overwritten when 2Background is run.

Input cards

1)Title card—Format(A4,5X,A3)
1-8 TAPEREAD
10-12 (CAD)/{TAP) Data from (CADJ)/{P1) diffractometer. CAD/ diffractometer.

2)File card—Format(15,12,1X,A4,1X,A7,1X,A6)

1-5 ID number of last reflection to be read.

6—7 File number of file to be read; this is ignored for CA D/ diffractometer data.

9-12 (blank)/(non-blank) (listing)/(no listing) of data.

14-20 (blank)/(non-blank) (do not)/(do) create a name.PRO file of profiles (only if
data is from the P1 diffractometer).

22-27  (non-blank) Use scan counts rather than intensity in generating name.PSI
file of 9p—scan data for empirical absorption correction (only if data is from the CAD/
diffractometer).

3)Scan card—Format(2A4)—optional—Not needed if data are from the CAD/ diffrac-
tometer.
1-8 (SCAN 2-THETA)/(SCAN OMEGA) (20)/(w) scan. (The default is SCAN 2-
THETA)

4)Delete card(s)—Format(A6,1X,11(15,A1),I5)—Optional
1-6 DELETE

8-12, 14-18, etc. ID numbers of reflections to be deleted.
13,19, etc. ( )/(-) (single ID)/(range of ID’s) entered.

5)End card—Format(A3)
1-3 END
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1.2
Description of individual cards

1)Title card
Columns 10-12 contain a diffractometer identifier: CAD for the CAD4 or TAP for
the P1.

2)File card

The file card contains some necessary information concerning the file to be read—the
ID number of the last reflection to be read, the file number of the file to be read and
whether or not the contents should be printed.

The default value of 0 for the last ID number causes all reflections to be read.

The default for the file number is 7; only one file is read for CAD/ diffractometer
data. For P1 diffractometer data, several files may be read. There must be one File card
(followed by any corresponding Scan or Delete cards that are needed) per file. Every file
need not be read (i.e., you may have file 1 read followed by file 3, or you may request that
only file 2 be read). The only restriction is that the files be read in the order in which they
appear (i.e., file 1 followed by file 3, rather than file 3 followed by file 1).

You may also request that a separate file of profiles be created if your data are from
the P1 diffractometer. If requested, file name.PRO will be created containing ID, h, k, £,
20, and the base-2 representation of the 96 steps (i.e. 0-1 counts will be listed as 0, 2-3
counts as 1, 4-7 counts as 2, etc. through 22°—after 9, A, B,..., K are used) for each
reflection.

For empirical psi—scan absorption correction on the CAD/ diffractometer, the de-
fault is to use intensities to create the name.PSI file. If requested, scan counts (ignoring

background) will be used.

3)Scan card

No scan card need be entered if your data are from the CAD/ diffractometer. Oth-
erwise, if no scan card is found, Scan 26 is assumed. If w-scan is wanted, a Scan Omega
card must be used.

4)Delete card

This option may be used to enter single reflections or ranges of reflections to be deleted.
A single reflection is deleted by entering the ID number of the reflection. A range is deleted
by entering the lower inclusive ID number, followed by “-”, followed by the upper inclusive
ID number.

Note: Reflections deleted in Taperead are not saved on the name. MAG file and may
therefore not be used in any calculations. For this reason, deletions should only be made
at this time if reflections are known to be unusable for some reason (i.e. diffractometer
malfunctions.)
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1.3
Input Files Needed

name.CAD or name.TAP Data from a diffractometer.

Output

name. MAG
A name.MAG file of the contents. This file is binary and may not be looked at or
edited.

name.QUT

If a listing of the data has been requested, you will have ID, h, k, £, B1, scan, B2, I,
o(I), 26, ¢, x, x-ray time, speed and tb/ts for each reflections. The x-ray time is listed in
minutes—a negative value means that the attenuator was used.

If you have used the delete option, a list of deleted reflections will be included.

name.QUT ;41
For the CAD/ diffractometer only, a second output file will list selected reflections
and sums as an aid in determining space groups.

name.PRO (if requested)
For P1 diffractometer only, a listing of ID, H, K, L, 20 and the 96 profile counts for
each reflection.

name.PST
For the CAD/ diffractometer only, a sorted listing of ¢ and relative intensities or scan
counts.

name.INF (if requested)

Additional references

Dunitz, pp. 276-281.
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2.1

Crystal Data

This program calculates the density, volume (and its sigma) and the absorption coeffi-
cient, given the unit cell dimensions and the atomic composition of the crystal. Its purpose
is to provide data that are required by most journals.

Many of the cards in the following data deck may be contained in your name.INF file,
if you created one. The input program will then take this information directly from your
file to obviate the necessity of reentering these data. (A name.INF file of crystal data may
be created at any time through the input program by requesting program Begin.)

Input cards

1)Title card—Format(A12)
1-12 CRYSTAL DATA

2)Cell card—Format(A4,2X,3F8.5,3F8.4)
1-4 CELL

7-14 a (A)

15-22 b (A)

2330 ¢ (A)

31-38 a (°)
3046 2 (°)
4754~ (°)
3)Celsig card—Format(A6,3F8.5,3F8.4)
1-6 CELSIG

7-14 o(a)
15-22 o(b
23-30
31-38
39-46
47-54 o

)
o(c)
o(a
(]
(

Y

Q

)
)
)

4)Kind F card—Format(A4,2X,12A3,6X,12)

1-6 KIND F

7-9, 10-12, etc. Atom form factor labels.

49-50 Number of additional form factors to be entered. (Optional.)

4a)Trailer cards for additional atom form factors—Format(10F8.4/10F8.4/10F8.4/A3) Op-
tional '
1-10, 11-20, etc. 30 f-values at intervals of .05 in £,

A
/

1-3 Atom form factor label.
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2.2

5)Numbers of Atoms card—Format(A4,16X,12F4.0)
1-16 NUMBERS OF ATOMS
21-24, 25-28, etc. Numbers of atoms of each type in the unit cell (in the same order as
on the Kind F card).
Description of Individual Cards

The information on cards 2, 4 and 5 is contained in the name.INF file. If you have
created the file, the input program will take the information from it.

See Prepare for a detailed description of the Cell and Kind F cards and Wilson for
the Number of Atoms card.
3)Celsig card

This card contains the sigmas of the unit cell parameters and is necessary for deter-
mining the sigma of the volume of the cell.

Input Files Needed

name.CRY
Output

name.QUT

Values of the cell density, volume, sigma of the volume and the absorption coefficient.
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3.1

Background

This program uses the name. MAG file(s). It examines, at intervals of 26, the back-
grounds of the weak reflections. For each 26 interval, the average background, the esd of
this average and the goodness-of-fit among the individual contributors are printed. It is
anticipated that the results of this program will be used in 2Background to apply average
backgrounds to all reflections.

It is the purpose of these programs to establish (Background) and apply (2Back-
ground) background counts that, because of averaging over many reflections, are more
precise—and, presumably, more accurate—than the individual background counts that are
measured separately for each reflection. They are more accurate because weak reflections
are presumably not greatly affected by non-Bragg diffraction (thermal-diffuse scattering,
etc.), multiple diffraction effects (Renninger overlap, etc.) or truncation effects. For these
programs to be applicable, it must be presumed that the inherent background scattering for
any reflection depends only on the Bragg angle (that is, 26) for that reflection. Anisotropy
in the background scattering is not taken into account. Since a highly absorbing crystal
of irregular shape or (even worse) a crystal mounted within a capillary will probably show
highly anisotropic backgrounds because of absorption by either the crystal or the capillary,
such crystals are not good candidates for these programs. (Provision is made to delete from
consideration reflections with x values greater than a prescribed minimum value, and this
may be a satisfactory remedy.)

A second purpose of these programsis to partially correct for the effect of scan trunca-
tion. Wavelength dispersion in the incident beam, mosaicity in the crystal, and incomplete
collimation may cause the effective Bragg scattering for a reflection to extend into the re-
gion normally presumed to be background alone causing the measured background for a
strong reflection to be too large. In establishing the average background function (Back-
ground), only the backgrounds from the weaker reflections are used. The average function
is then applied to all reflections in 2Background.

Two separate calculations will be made, based on different cut-off values in terms of
%; the default values are a; = 8.0 and ay; = 3.0. With these values, the first calculation
will include only those reflections whose net intensity (scan—background) is less than eight
times the esd of that intensity (based on counting statistics: or = y/scan + background);
the second calculation would be based on those reflections with net intensities less than
three times the esd. Either distribution can be used by 2Background. The higher the cut-
off value the greater the number of reflections whose backgrounds will contribute to the
average; but if the cut-off intensity is too large, truncation effects may become important.

The 26 interval over which reflections will be averaged can be adjusted. The default
is 1°, and this value should be increased if there are not enough weak reflections within
that interval to create useful averages.

Reflections will not be included in the averaging if their two background measurements
are seriously disparate; the criterion for deletion is that By — By > 60 (0 = v/B; + Ba,
the Poisson esd of the background counts) or that (B — By) > 30. (B is the low 26
background and B, is the high 26 background.)

Reflections can also be excluded from the calculations on the basis of their x value
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3.2

(Eulerian diffractometer geometry). For example, if the crystal was mounted in a capillary,
reflections at high x may show anomalous backgrounds because of scattering from or
absorption by the glass, and can be omitted. Presumably, these same reflections should
be omitted from 2Background calculations.

Reflections can also be deleted from the calculations upon user instruction. These
reflections (but not those deleted automatically on the basis of background inequality or
those deleted on the basis of x) will be deleted from the main name.MAG file(s) when
2Background is run unless the user instructs otherwise.

The printed output from this program should be examined carefully before its results
are used in 2Background. The most important consideration is whether the backgrounds
are indeed isotropic, that is, whether the generated function can satisfy backgrounds in all
regions of reciprocal space; the observed distribution of background counts vs. 26 should
be monotonic. The goodness-of-fit values are of some help here; in addition, the list of
reflections, if any, whose backgrounds deviate by more than 3¢ from the generated function
should be examined for systematic trends. The decision must also be made as to whether
the a; or as function is more appropriate (or, perhaps, another cutoff should be used in a
rerun of the program). Finally, a decision must be made as to the minimum value of 26
at which a satisfactory function can begin. (See further instructions under 2Background.)
Note: If you collected data in the non-bisecting mode on the CA D/ diffractometer, you
must run Absorption before running 2Background because Taperead (Nonius only) places
the value of omega in the corrected intensity slot (11) of the name. MAG file.

Input cards

1)Title card—Format(A10,1X,1012)
1-10 BACKGROUND
12-13, 14-15, etc. Version number(s) of name. MAG file(s). (The default is use of highest

version only.)

2)Limit card—Format(A5,1X,2F6.2,16,2F7.2) Optional

1-5 LIMIT

7-12 1% % cut-off value. (The default is a1 = 8.0.)

13-18 27 % cut-off value. (The default is ay = 3.0.)

19-24 Width of 26 intervals in degrees. (The default is 1°.)
25-31 Lower inclusive x limit. (=180 < Xmin < 180) (Optional.)
32-38 Upper inclusive x limit. (Optional.)

3)Delete card—Format(A6,1X,11(15,A1),I5) Optional

1-6 DELETE

8-12, 14-18, etc. ID numbers of reflections to be deleted.
13,19, etc. ( )/(-) (single ID)/(range of IDs) entered.

4)End card—Format(A3)
1-3 END
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3.3
Description of individual cards

1)Title card

This card contains the version number(s) of the name. MAG file(s) that are to be used.
The default, if no version numbers are found, is use of the highest version name. MAG file
in your directory.

2)Limit card—Optional

This card includes the cut-off values a; and a» in terms of % The first calculation
will include only those reflections whose net intensity is less than a; times the esd of that
intensity and the second, those reflections whose intensity is less than as times the esd
where a; and a, are entered on the card with a; > as.

The card is also used to enter the width of the 26 interval. The default is 7°, but this
may be increased if there are not enough weak reflections to create useful averages.

Finally, the card contains the valid x range for reflections to be accepted. If no range
is found, there will be no rejection on the basis of x values. The lower x limit, x,n, must
be between —180° and +180°.

Note: This card is optional. If not entered, all default values will be used.

3)Delete card

This card may be used to enter single reflections or ranges of reflections to be deleted.
Single reflections are made by entering the ID number of the reflection. A range is deleted
by entering the lower inclusive ID number, followed by a “-”, followed by the upper
inclusive ID number.

Note: Reflections deleted in Background will be stored on the name.BGD file(s).
They will only be deleted from the name. MAG file when 2Background is run. The
Restore command may be used to override this option.

Input files needed

name.BAC
name. MAG

Output

name. BGD

A name.BGD file containing the two background distribution curves. This file is
unformatted and may not be read, typed, edited or printed. It is used only by 2Background
and may therefore be deleted after 2Background has run successfully.

name.QUT

A printed list of 26 intervals including, for each interval, the average background, the
esd of this average and the goodness-of-fit among the individual contributors.

If the delete option is used, a list of deleted reflections will be included. These re-
flections will be permanently deleted from the name. MAG file when 2Background is run
unless otherwise directed (i.e. via the Restore command).
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3.4

2Background

This program uses the name. MAG file(s) and the name.BGD file created by Back-
ground. It uses one of the two background distributions, obtained in Background from the
weak reflections and stored on a name.BGD file, to calculate improved backgrounds for
all reflections. In favorable cases, this process increases the accuracy in the measurements
of the weaker reflections and also takes partial account of the effects of truncation on the
stronger reflections. The revised backgrounds and their esd’s are used to calculate revised
I and o values which are stored in special slots on the original name. MAG file(s) for use
by Initia. (Initia contains an option to disregard these revised values if desired.)

The revised backgrounds are calculated as follows:

(1)If a reflection has a 26 value greater than a minimum specified by the user, the value
of the background counts is obtained by linear least-squares interpolation of the three
surrounding values stored on name.BGD;

(2)If the 260 value is less than that minimum, the background is obtained from a quadratic
least-squares fit to all BGD values below this minimum.

Note the following requirements:

(1)Above the minimum 26, there must be no empty intervals out to the limit of the data.
It is advisable that there be at least a moderate number of entries (10, say) in all intervals
above the minimum 26. The minimum 26 value that may be used is included in Background
output;

(2)Below the minimum 26, there must be at least three non-zero entries in the intervals
created by Background in order for a quadratic fit to be successful. (If there are fewer
than three non-zero entries, no correction will be applied below the minimum 26 value.)

Reflections may be excluded from this process if their x values fall outside specified
limits; in this case, the special slots will be filled with values of I and o as calculated from
the original background.

Reflections deleted in Background, and hence stored on the name.BGD file, will be
marked as deleted on the name. MAG file(s) unless otherwise instructed (i.e. via the Restore
command). Additional reflections can be deleted or restored in 2Background.

The interpolation table will automatically be taken from the highest version number
of name.BGD. If a lower version is wanted, it must be RENAMEd.

Warning: If you collected data in the non-bisecting mode, you must run Absorption
before running 2Background because Taperead (Nonius only) places the value of omega in
the corrected intensity slot (11) of the name. MAG file. This omega angle is needed for
Gaussian absorption corrections when non-bisecting mode was used to collect data and
the value of omega will be overwritten when 2Background is run.

Input cards

1)Title card—Format(A4,8X,1012)
1-11 2BACKGROUND
13-14, 15-16, etc. Version number(s) of name. MAG file(s). (The default is use of highest

version only.)
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3.5

2)Reflection card—Format(F5.0,1X,11,1X,2F7.2,1X,A4)

1-5 26 cut-off.

7 (Blank, 0 or 1)/(2) (First)/(Second) distribution from Background used.

9-15 Lower inclusive x limit (xmin). (—180 < xmin < 180) Optional.

1622 Upper inclusive x limit. (xmar) Optional.

24-27 (Blank)/(Non-blank) (Do)/(Do not) list reflections with updated I and o values.

3)Restore card—use one of the following— Optional
a)Format(A7,11(I5,A1),I5)

1-7 RESTORE

8-12, 14-18, etc. ID numbers of reflections to be restored.
13,19, etc. ( )/{-) (Single ID)/(Range of IDs) entered.

b)Format(A11)
1-11 RESTORE ALL

4)Delete card—Format(A6,1X,11(15,A1),I5)

1-6 DELETE

8-12, 14-18, etc. ID numbers of reflections to be deleted.
13,19, etc. ( )/{-) (Single ID)/(Range of IDs) entered.

5)End card—Format(A3)
1-3 END

Description of individual cards

1)Title card

The Title card is used to enter the version number(s) of the name. MAG file(s) to
be used. The default, if no version numbers are specified, is use of the highest version
name.MA G file in your directory only and may be used if your directory contains only one

name.MAG file.

2)Reflection card

This card is used to give information concerning the calculation of the new back-
grounds. A 26 value is entered such that above this value, an average background is
determined by a linear least-squares fit through the three surrounding values. Therefore,
no intervals above this value may be empty. Below this value, there will be one quadratic
least-squares fit made through all of the intervals. If there are fewer than three such in-
tervals, reflections falling in this category will have their special I and oy slots filled with
the I and oy values based on the original background.

Also wanted is the number of the distribution from Background to be used (I or 2).

A valid x range may be entered. Reflections falling outside this range will have their
special slots on the name.MAG file(s) filled by the I and o as calculated from the original
background. If no range is entered, there will be no rejection on the basis of x values.
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The lower x limit must be between —180 and +180. Note: If you have specified a valid
x range in Background, you will probably want to use the same one here.

3)Restore card
This option is used to request that reflections deleted previously be included in 2Back-
ground calculations and not marked as deleted when the name. MAG file(s) is rewritten.
Restore All restores all deleted reflections. Restore is used to restore single reflections or
ranges of reflections. Single restorations are made by entering the ID number of the re-
[1R

flection. A range is restored by entering the lower inclusive ID number, followed by a ,
followed by the higher inclusive ID number.

4)Delete option

This option is used to specify single reflections or ranges of reflections to be deleted.
This is done exactly as on the Restore card.

Note: All reflections deleted when 2Background is run (including reflections deleted
in Background) will be marked as deleted on the name.MAG file(s) and ignored in all
future calculations unless directed otherwise (i.e., restored in Initia or in Update). A list
of all reflections marked as deleted when 2Background is run is included in output.

Input Files Needed

name.2BA
name. MAG
name.BGD

Output

name. MAG

Updated name.MAG file(s). This file(s) will have the same version number as the
original file. The new I and oy based on the new background will be included in this
updated version.

name.QUT

If the list option is used, all reflections will be printed with their updated I and o
values.

All reflections currently marked as deleted on the name. MAG file(s) will be printed.
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Decay

This program reads the check reflections (marked by a negative ID number) from
the name. MAG file(s) and 