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. ABSTRACT

THIS REPORT IS A MANUAL FOR THE USE OF A LIBRARY OF CRYSTALLOGRAPHIC PROGRAMS,
THIS LIBRARY, CALLEV THE X=RAY SYSTEM, IS DESIGNED TO CARRY OUT THE .
CALCULATIONS REQUIRED TO SOLVE THE STRUCTURE OF CRYSTALS BY DIFFRACTION
TECHNIQUES, IT HAS BEEN IMPLEMENTED AT THE UNIVERSITY OF MARYLAND ON THE
UNIVAC 1108 UNDER EXEC VIII. IV HAS, HOWEVER, BEEN DEVELOPED AND RUN ON A
VARIETy. OF MACHINES UNDER VARIOUS OPERATING SYSTEMS, HENCE WE CONSIDER IT

T0 BE AN ESSENTIALLY MACHINE INDEPENDENT LIBRARY OF APPLICATIONS PROGRAMS,

THE REpPORT INCLUUES DEFINITION OF CRYSTALLOGRAPHIC COMPUTING TERMS, PROGRAM
VESCRIPTIONS, WITH SOME TEXT TN SHOW THEIR APPLICATION TO SPECIFIC CRYSTAL -
PROBLEMS, DEYAILED CARD INPUT DESCRIPTIONS, MASS STORAGE FILE STRUCTURE AND
SOME EXAMPLE RUN STREAMS, NO PHOGRAMS ARE gHOWN, THEY ARE SUPPLIED SEPARATELY
AS CA, 60000 CARDS UN A BLOCKEL. TAPE APPROPRIATE TO. THE MACHINE ON WHICH -

THEY ARE TO BE COMPALED AND RuUN,
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PRFFACE

THE X-RAY SYSTtM COMPRISES A COLLECTIGN OF INTER=-RELATED FCGRTRAN
PROGRAMS FOR THE STRUCTURAL ANALYSIS OF CRYSTALS FROM DIFFRACTYON DATA,
IT PROVIDES ROUTINES AT ALL LEVELS OF THE ANALYSIS = EXAMPLES ARE
VIFFRACTOMETER SETTING PROGRAMS, PROGRAMS FOR APPLYING DIRECT METHODS OF
PHASE DETERMINATION IN THE PROUUCTION OF A TRIAL STRUCTUREs FOURIER
TRANSFARMS AND LEAST SQUARES RFFINEMENTSs AND. ALSQO PROGRAMS T0 AID IN THE
INTERPRETATION AND PUBLICATION OF THE REFINED RESULTS, IT OPERATES
- UNDER ITS OWN FORTRAN SUB=SYSTHFM MONITOR -~ THE *NUCLEUS' - WHICH PERMITS
THE READY ADDITION UF EXTRA PROGRAMS INTO THE SYSTEM,

THE COURSE OF A JOB RUN ON THE SYSTEM IS DETERMINED By THE INPUT
DATA CARDS WHICH CALL THE APPRNPRIATE PROGRAMS INTO THE STYORE OF THE
COMPUTER AS REQUIREV, AT THE SAME TIME, A 'BINARY DATA FILE' {(WHICH IS
FULLY DESCRIBED LATER) IS CONTYNUOUSLY UPDATED AS THE SOLUTION PROGRESSES,
YHUS KEEPING THE SIZE OF AN INPUT DATA DECK TO A MINIMUM,  wHENEVER
POSSIBLE, THE SYSTEM WILL CONTINUE WITH A CALCULATION BUT, IN THE EVENT
OF AN IRRECOVERABLE SITUATION, IT wILL ABANDON ITS EFFORTS AND CHASTISE
THE USER WITH AN EPIGRAMMATIC OQUOTATIOM,

THIS WRITE=UP IS DIVIDED IMTO THREE SECTIONS =
1. A DESCRIPTION OF THE CALCULATIONS PERFORMED BY EACH PROGRAM
2. DETAILED INSTRUCTIONS FOR THE PREPARATION OF INPUT DATA

3, A SERIES OF APPENUICES PROVIDING NECESSARY INFORMATION
FOR THUSE wHO REQUIRE A DETAILED KNOWLEDGE OF THE STRUCTURE
OF THE SYSTEMs» FOR EXAMPLE IN ITS IMPLEMENTATION ON ANY
GIVEN COMPUTER,

DISCLAIMER

AL THOUGH EACH PROGRAM OF THE X=RAY SYcTEM AND THE NycLEys HAS BEEN
TESTED BY ITS CONTRIBUTORS AND FURTHER TESTED ON A NUMBER OF DIFFERENT
COMPUTERS, NO WARRANTY, EXPRESSED OR IMPLIED, 15 MADE BY THE CONTRIBUTORS
OR THE SYSTEM'S PROLHAMMERS AS TO THE ACCURACY AND FUNCTIONING OF THE
PROGRAMSy THEIR SUBMROGRAMS, TWE RELATED PROGRAM MATERIAL, OR wWRITE=-UP,
NO RESPONSIBILITY IS ASSUMED BY THE CONTRIBUTORS OR BY ANy MEMBER OF THE
X=RAY SYSTEM GROUP UR SUPPORTEFNS OF THESE pERSONS IN CONNECTION WITH THE
USE OR ATTEMPTED USt OR APPLICATION OF THESE PROGRAMS,
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NOTE TO USERS

THE USUAL JOURNAL REFERENCE TO CALCULATIONS DONE WITH THE X=-RAY SYSTEM 1S
AS FOLLOWSeeqeee

THE X=RAY SYSTEM - VERSION OF JyUNE 1972, TECHNICAL REPORT TR-192
OF THE COMPUTER SCIENCE CENTER, UNIVERSITY OF MARYLAND, JUNE 1972,
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INTRODUCTION

THE OVERALL PLAN OF THE X=RAY SYSTEM 1S SUCH THAT THE USER SHOULD
UNDERSTAND SEVERAL I10PICS, NAMMLY =

1, Z$E$ESLE CARDS NEEDED FOR THE LOCAL IMPLEMENTATION OF THE

2. X=RAY SYSTEM CARD FORMAT CONVENT:ONS AND FUNCTIONS
3, FORTRAN FORMAT CONVENTIONS

4, THE CONCEPT AND OSE OF THE BINARY DATA FILE

S, THE STKUC+URE OF AN X=RAY SYSTEM DATA DECK

6. SYSTEM TERMINOLOGY,

PREAMBLE CARI'S REQUIRED BUT NOT DESCRIBED

“IT IS NOT POSSIBLE HERE TO TREAT ALL THE LOCAL LORE (EVEN IF IT WERE
KNOWN) CONCERNING THE PREAMBLE CARDS REQUIRED TO GET A JOR RUN ON ANY
GIVEN COMPUTER, APPENDIX 2 GIVES SEVERAL EXAMPLES OF RUNS OF
VARYING COMPLEXITY IN SYSTEM USE, WHEN THE SYSTEM 1S IMPLEMENTED ON A
SPECIFIC MACHINE, It IS SUGGESTED THAT EACH OF THE EXAMPLES BE PREFACED
8Y THE APPROPRIATE JOB CONTROL DECK REGUIRED FOR THAT MACHINE, :

THE FOLLOWING UISCUSSION wILL ONLY BE CONCERNED WITH HOw THE USER
MUST PREPARE HIS DA1A FROM THE POINT AT WHICH THE SYSTEM ASSUMES CONTROL

OF THE JOB, . v

X=RAY SYSTEM CARD FORMAY CONVENTIONS AND FUNCTIONS

- - - - - e D T o gy B s

THE X=RAY SYSTEM UTILIZES rOUR TYPES OF INPUT DAYA CARDS, EVERY CARD,
" REGARDLESS OF TYPE, IS IDENTIFIED BY I7S FIRST SIX COLUMNS,

THE FOUR TYPES OF CARD ARr AS FOLLOWS ,,,

1, PROGRAM CALLING CARDS (WHICH ARE READ BOTH BY THE SYSTEM
AND BY THE CALLED PROGRAM) = E.G, =UATRDN=z, =BONDLA=,» =TANGENZ,
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=FC=s =ZCRYLSG=

2. CARDS ACTUALLY COMTAINING CRYgTALLOGRAPHIC OrR OTHER DATA
(READ WITHIN THE APPROPRIATE PROGRAM) -« E,G, =ATOM=,
=CELL=r =HKL=» =SCALE= :

3, THE =ENDz= CARD, WHICH MARKS THE END .OF A DATA SET FOR THE
SELECTED PROGRAM AaND QYSUALLY INITIATES THE ACTUAL CALCULATION

4, - OPERATION CARDS, wHICH ARE RECOGNIZED AND ACTED UPON BY
THE SYSTEM, THESE ACHIEVE HQUSEKEEPING FUNCTIONS SUCH AS
PROVIDING A =TITLr= TO BE PRINTED AT THE TOP OF EACH PAGE OF
PRINTEDL QUTPUT, OW ZFINISH= WHICH TERMINATES THE RUN, OTHER
EXAMPLES ARE =REMARK=, =SAVEz, =RESTART=(AS ONLY THE FIRST
6 COLUMNS ARE CHECKED, THE FINAL T IS OPTIONAL),

IN ADDITION TO ITS IDENTIFICATION COLUMNS, EACH CARD HAS A FIXED
FORMAT WHICH IS SET IN THE PROGRAMS, EVERY CARD IS READ AT LEAST TWICE.,
ONCE Tpn IDENTIFY I1TS FUNCTION AND OMNCE TO pPECODE IT ACCORDING 71O ITS FORMAT
AND THE LIST OF ITEMS WHICH IT SHOULD CONTAIN, THIS DOUBLE READING MAKES
POSSIBLE FAIRLY FLEXIBLE CARD DRDERS AND GIVES THE USER CONTROL OF THE
CALCULATIONS 8BY MEANS OF THE SYRUCTURE OF HIS DATA DECK. THE WHOLE
PROCESg OF CONTROL 1S BASED UPON THESE CARDS AND THEIR ORDER S0 THAT
THE UTMOST CARE SHOULD BE EXERGCISED IN THEIR PUNCHING AND ORDERING,

AS LONG AS NO 'INVALID' PUNCHIMG IS CONTAINED IN THE CARD, CHECKING AND
DIAGNOSTIC PRINT OUt ARE POSSIMLE WHEN UNACCEPTABLE CARD ORDER SEQUENCES
ARE ENCOUNTERED. 1HIS DIAGNOSTIC WHICH, yNFORTUNATELY, wILL BECOME
FAMILIAR TO MOST X=RAY SYSTEM 1ISERS STATES

CARD JUST REAU,,.,,, (IMAGE OF CARD [N QUESTION)
CARD 1,D, EXPECTEDsess XXXXXX YYYYYY 222222

WHERE =XXXXXX=, ZYYYYYY=, AND =2222727Z= ARE THE ONLY ACCEPTABLE CARD
IDENTIFICATIONS EXPECTED AT THF POINT AT WHICH THE 'CONDEMNED+ CARD WAS
ENCOUNTERED, MANY TIMES THIS ERROR IS CAyUSED BY SIMPLY NOT PUNCHING
WHAT IS SHOWN IN THE INSTRUCTIONS, E,G, =DATRON= FOR =DATRDNz, OR,

MORE COMMONLY, A CONFUSION BETWEEN THE LETYER O AND THE DIGIT g.

THE 'INVALID' PUNCHING REFERRED TO ABQVE IS THE PLACING OF CHARACTERS
IN FIELDS WHICH DO NOT BELONG THERE UNUER THE RULES OF FORTRAN, EXAMPLES
ARE THE PLACING OF A DECIMAL PAINT WITHIN AN *I' FIELD, OR A LETTER WITHIN
AN 'F' FIELD,

FORTRAN FORMAT CONVENTIONS

THE FOLLOWING UISCUSSION 1S NOT INTENDED TO BE EXHAUSTIVE, BUT RATHER
TO EMPHASIZE THE RULES OF FORTRAN FORMAT STATEMENTS wHICH ARE USUALLY
TROUBLESOME TO THE CRYSTALLOGRAPHER USING THE X=RAY SYSTEM WITH NO
PREVIOyS FORTRAN PRUGRAMMING EXPERIENCE, = SOME OF THE FOLLOWING MATERIAL
WILL REPRESENT AN OVERSIMPLIFICATION BUT HOPEFULLY WILL BE SUFFICIENT TO
INSURE FEWER TERMINATIONS DUE 70 *BAD* CARDS IN THE CRYSTALLOGRAPHIC
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DATA DFCKS»

A FORMAT STATEMENT IS A ONE DIMENSTONAL ARRAY OF CHARACTERS
BEGINNING WITH ( ANU ENDING WITH ),  wITHIN THESE () ARE A SET OF
CHARACTERS WHICH DESCRIBE, CAR" COLUMN BY CARD COLUMN, THE DECODING OF
THE CApD ON AN ITEM BY ITEM BASIS, EACH JTEM IS AN ENTITY OF DATA, IN
GENERAL, THE SYSTEM USES THREE KINDS OF DATA = ALPHANUMERIC CHARACTERS,
NUMERIC INTEGERS, AND NUMERIC FLOATING POINT, IN A FORMAT STATEMENT
THESE ARE REPRESENTED BY As I, AND F RFSPECTIVELY.  THE NUMBER OF
COLUMNS DESIGNATED FOR EACH ITFM IS PLACED DIRECTLY AFTER THE FORMAT
LETTER IN THE CASE UF A, I, AN® F,  THUS, IF AN LTEM CONSISTS OF FOUR
COLUMNS OF ALPHABETLIC OR INTEGFR INFORMATIQN, IT IS CODED A4 OR Iu,
HOWEVER, IF THE ITEM CONSISTS OF FLOATING pOINT INFORMATION THEN THE
NUMBER OF fDECIMAL FRACTIONS' AT THE RIGHT OF THE FIELD MUST ALSO BE
SHOWN,  THEREFORE F6.4 MEANS SIX COLUMNS oF FLOATING POINT DATA,

THE LAgT FOUR OF WHICH ARE TO THE RIGHT OF THE DECIMAL POINT.  THE
NUMBER 543217 PUNCHED IN SUCH A SIX COLUMN FIELD IS INTERPRETED AS
54,3217 AND IS ACTUALLY STORED WITHIN THE COMPUTER AS ,543217 X 10 EXP 2,
HENCE THE NAMZ ‘FLOATING POINT',  THE FORTRAN CONVENTION FOR FLOATING
POINT 1S SUCH THAT IF A DECIMAL POINT 1S PUNCHED ANYWHERE IN THE FIELD,
1T OVERRIDES THE IMPLICIT POSITION SPECIFIED IN THE FORMAT STATEMENT,

IN OUR F6,4 EXAMPLEs THIS WOULU ALLOW ONLY 5 COLUMNS FOR DIGITS TO BE
PUNCHED, E.G., 54321, WHICH WILL BE TREATED AS +54321 X 10 EXP 5.

THE RESTRICTIONS ON EACH OF THESE TYPES OF UDATA SPECIFICATIONS
ARE AS FOLLOWS... ‘

1, IN 1 AND F FIELDS, NO PUNCHES EXCEPT NUMERIC (001,2¢3+405,60
7,809,++ ANU «) ARE ALI.OWED, OTHERWISE THE RUN wILL BE
TERMINATED, THE F FItt 0 HAS ONE EXCEPTION IN THAY THE !
DECIMAL POINT IS ACCEPTAHLE, :

2, IN THE 1 FIELD, THE DIGITS PUNCHED MUST (SPELLED *M*UxS*xTx) BE
RIGHT JUSTIFIED = THAT 1S, AS FAR 7O THE RIGHT AS POSSIBLE IN THE
FIELD SPECIFIED FOR THE ITEM, FAJLURE TO OBSERVE THiS FORTRAN
FORMAT CONVENTION IS A VERY COMMON CAUSE FOR FAILURE OF RUNS,

IF SPACES REMAIN TO THE RIGHT OF THWE PUNCHED DIGITS» THE
INTERPRETER ROQUTINE FILLS THE FIEL;y OUT WITH 2¢ROS, THUS A
DIGIT 1 WOULL BECOME A 10 OR 100 OR 1000 DEPENDING UPON WHICH
COLUMN WAS PUNCHED IN AN I4 FIELD, A COROLLARY OF THIS IS THAT
A BLANK FIELD READ IN 1 FORMAT wIL|L BE TREATED AS ZERO, :

ALPHABETIC A FIELDS MAY HAVE ANY PUNCHES PRODUCED BY A
CONVENTIONAL KEYPUNCH, IT IS RECOMMENDED THATs» IN THE CASE
OF IDENTIFIUATION ITEMS THAT ARE T0O BE PUNCHED IN MANY PLACES,
THESE 1TEMS BE LEFT JUSTIFIED IN THEIR FIELDS, THIS CONVENTION
CAN SAVE COMPARISON ERKORS, THE FOUR CHARACTER DESIGNATIONS
SHOWN HELOW IN VARIOUS CONFIGURATIQONS, BETWEEN QUOTES, ARE ALL
DIFFERENT AS FAR AS MACHINE COMPARISONS ARE CONCERNED -

t ABt, 'AB *y A B 'y ' A B'y YA B, AS A MATTER OF FACT,
IN THE COMPUTER STORAGr, A BLANK HAS A SPECIFIC REPRESENTATION
"JUST AS UNIWUE AS THAT WHICH REPRESENTS 1, 2, Ar OR Z OR ANY
OTHER CHARALTER.,
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A NUMBER IN FRUNT OF AN A, I, OR F SPECIFICATION DESIGNATES THE
NUMBER OF IDENTICAL FIELDS SPECIFIED,

THE COMPLETE FURMAT STATEMENT 1S THUS FORMED BY A SERIES OF ITEM
SPECIFICATIONS SEPARATED BY COMMAS, THERE IS ONE OTHER FEATURE
COMMONLY USED IN THE X~RAY SYSTEM AND THAT IS THE Xr¢ OR COLUMN SKIPPING
"~ FUNCTION, IN THIS CASEo THE NUMBER OF COLUMNS TO BE SKIPPED IS WRITTEN
BEFORE THE X,

ONE MUST TAKE CARE, ALSO, NOT TO CONFSE NUMERIC ZERO AND THE LETTER
'0r (0,0), ON THE PRINTING KrYPUNCHES THEY OFTEN APPEAR TO BE THE .
SAME B_;T THE HOLE COUNFIGURATIOM IN THE CARD Is UNIQUE FOR EACH, ON MOST

PRINTERS THE DIFFERENCE IS SUBTLE BUT ONE CAN USUALLY LEARN TO SEE IT,
SIMILARLY 1 (ONE)Y ANU I MUST 8t DISTINGUISHED,

THERE NOW EXISTS SEVERAL KXNDS OF KEYPUNCH ANU AT LEAST TwQ SETS OF
WIDELY USED SYMBOLS (BUSINESS AND SCIENTIFIC), THIS MAY ALSO LEAD TO
PROBLEMS BUT USUALLY ONLY IF DATA ARE PUNCHED IN DIFFERENT COMPUTER
LABORATORIES, REMEMBER THAT THE HOLE CONFIGURATION IS THE IMPORTANT
CONSIDERATION, NOT I1HE SYMBOL PRINTED ON THE CARD OR PRINTER,

THE FOLLOWING EXAMPLE SHO'W.D MAKE CLEAR THE INSTRUCTIONS GIVEN IN
PARY 2 OF THIS WRITE=UP, LET US SUPPOSE THAT THE SYSTEM REQUIRES TO
READ E1GHT ITEMS, THE FIRST FOUR ALPHABETIC, THE NEXT THREE FLOATING
POINTy AND THE LAST AN INTEGER, THE FORMAT MIGHT BE

(A20A411XoA2+AU»2X¢3F10,5+15)

THE DATA TO BE SUPPLIED WOULD BE DESCRIBED AS FOLLOWS =

: ’

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-5 GRUMP . NOTE THAY THE IDENTIFICATION 1S5 READ AS
TwO ITEMS, THIS IS NECESSARY TO MEET
THE RESTRICTIONS OF COMPUTERS WHICH NOW
HANDLE ONLY FOUR CHARACTERS PER WORD,

6 BLANK '

8-13 COMPQUND IDENTIFICATIOM CODE

16=25 FIRST VARIABLE

26=35 SECOND VARIABLE

36=45 THIRD VARIABLE

46-50 INTEGER VARIABLE

AND MIGHT BE PUNCHED AS FOLLOWS (THE FIRSt TwO ROWS, READING DOWNWARDS,
INDICATE THE COLUMN NUMBERING) -~ '

000000000111111111122222222223%3333333344L44444444555555555856 ETC
1234567890123456789U1234567890123456782012345678901234567890
GRUMP  NACL 3.2 7.9 0.2 24

NOTICE THAT COLUMNS WHICH MUST BE BLANK ARE SPECIFIED AS SUCH,
WHEREAg THOSE wHICH ARE NOT READ ARE NOT MENTIONED,
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ALTHOUGH THE ABOVE 1§ A BARF HBONES INTRODUCTION TO FORMATTING, IT IS
HOPEFULLY ALL THAT 1S NEEDED FOR THE CRYSTALLOGRAPHER TO PREPARE HIS
DATA FOR USE wITH THE SYSTEM,

THE STOERAGE AND RETRIEVAL OF CRYSTALLOGRAPHIC DATA = THE BINARy DATA FILE

- - - - o - T T T T S g Sy T P s T D T gy s i O g B O T S e e S e e S D T g G R g, e S O e g S O P e O O W

THE SYSTEM TREATS THE INDIVIDUAL CRYSTALLOGRAPHER'S DATA FOR A
GIVEN CRYSTAL IN AN EXCEEDINGLY STYLIZED MANNER. IT 1S ESSENTIAL.
THEREFORE, THAT HE HAS IN HIS MIND A CLEAR PICTURE OF THE STRUCTURE AND
METHOD BY WHICH HIS DATA ARE BFING STORED, THIS WILL ENABLE HIM TO
TAKE FjlLL ADVANTAGE OF THE FACTLITIES PROVIDED BOTH WITHIN THE SYSTEM
AND BY HIS COMPUTER CONFIGURATION,

Ing THE FIRST INSTANCE,» ALL OF THE DATA CONCERNING A GIVEN CRYSTAL
wilLL PROBABLY BE ENIERED INTO THE SYSTEM FrOM CARDS, IN ORDER TO
MINIMIZ?E THE NUMBER OF INPUT CHROS FOR EACH RUN, THE SYSTEM PROVIDES
THE ABTLITY 70 ACCUMULATE ALL WERTIMNENT DATA FOR A CRYSTAL STRUCTURE
WITHIN A SINARY DATA FILE, THIS FILE MAY BE ON ANY CONVENIENT MASS STORAGE
UEVICE AVAILABLE ON HIS COMPUTKFR WHETHFR It BE DRUM, TAPE, DISC, BULK
CORE, OR DATA CELL, DEPENDING 1'PON LOCAL CyuSTOM, AVAILABILITY, AND
EASE OF ACCESS. ONE MIGHT PICTURE THE BIMARY DATA FILE AS BEING AN
ORDERLY COLLECTION UF MICROFIL™ COPIES OF THE CARDS WHICH HAVE BEEN
INPUT (P TO THAT POINT IN THE STRUCTURE DETERMINATION, ARRANGED SO AS
TO BE EASILY RETRIEVABLE BY ANY OF THE PROGRAMS OF THE SYSTEM,

In ADDITION TO DESCRIBING WHICH DATA CARDS ARE REQUIRED, EACH
PROGRAM DESCRIPTION 1IN SECTION 2.XXXXXX=A INDICATES wHICH DATA FILES
ARE UTILIZED, IN GENERAL, TWO FILES ARE REQUIRED, ONE, SYMBOLICALLY
REFERENCED AS =NFILEA=, 1S TRENTED AS THE INPUT FILE AND QFERVES AS A
SOURCE OF ALL THE DATA NOT OTHERWISE PROVIDED, MOST OF THE SYSTEM
PROGRAMS RELY ON THE BINARY DATA FILE FOR INFORMATION WHICH HAS BEEN
SUPPLIED AT A PREVIVUS STAGE, NORMALLY, AS A SYSTEM PROGRAM PROCEEDS:»
UPDATED FILE INFORMATION wILL ®E WRITTEN ONTO AN OUTPUT BINARY DATA FILE,
REFERRED TO (NOT SURPRISINGLY) AS =NFILEbz,

OMNCE A CALCULATIUN HAS BEEN COMPLETED AND BEFORE READIMG A NEW
PROGRAM CALLING CARUy THE SYSTFM INTERCHANGES ITS OWN CONCEPT OF =NFILEA:
ANU =NFILEBZ, THE OUTPUT FI1LF- OF AMY ONE PROGRAM THUS BFCOMES THE
INPUT FILE TO THE SUCCEEDING ONEs» AND VERSE VICA. FURTHERMORF» EACH TIME
THE FILE IS UPDATED» THE NAME OF THE UPDATING PROGRAM IS AUTOMATICALLY
ADDED INTO THE HISTURY RECORU WITHIN THE FILE,

ON EVERY COMPUIER, EACH MASS STORAGE DEVICEs IRRESPECTIVE OF ITS
PHYSICAL TYPE, MUST BE REFERENCEL IN SOME wAy BY THE USER, IN FORTRAN
PROGRAMS 1T HAS BECUME TRADITIONAL TO MAKE THESE REFERENCES B8Y A 'LOGICAL
UNIT NUMBER', I.E. AN INTEGER wHICH POINTS T0O A GIVEN PHYRICAL OeVICE,

THE ACTUAL ASSIGNMENT OF NUMBEWS TO DEVICEg IS VERY MUCH DEPENDENT

UPON LOCAL MACHINE KOOM CUSTOM AND ONE CAN NEVER BE SURE wHICH (ILLOGICAL)
LOGICAL NUMBER DESIONATES WHICH PHYSICAL DEVICE, THE CARD READER (wHICH
THE PROGRAMS REFER 10 AS =NTIN=) AND THE LINE PRINTER (=NTOQUT=) ARE ALSO
10ENTIFIED BY THE USE OF LOGICAL NUMBERS,
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THE HISTORY OF THESE LOGICAL NUMBERS TRACES BACK TO THE IBM 704 ON
WHICH THERE WERE 10 TAPE UNITS WHICH WERE REFERRED TO AS 3 To 10
RESPECTIVELY. (AN INGENIOUS ARRANGEMENT), WHEN THE 709 WAS INTRODUCEDv
1T HAD *CHANNELS's» VHAT IS, TWo OR MORE SEpPARATE DEVICES, EACH OF WHICH
CONTROLLED UP 7O 10 UNITS, THESE BECAME pHYSICAL UNITS A0 TO A9, BQ TO
59, AND SO ON FOR AS MANY AS 8 CHANNELS, By THIS TIME IT HAD BECOME
TRAUDITIONAL TO USE UNIT NUMBER 5 AS THE INpUT TAPE UNIT ON THE 704 AND UNIT
NUMBER 6 AS THE STANDARD 'PRINT' TAPE UNIT IN MANY LABORATORIES. THUS
ON THE 709, A2 BECAME LOGICAL !/NIT S AND A3 LOGICAL UNIT ¢, WITH THE
INTRODUYCTION OF IBSYS ON THE 7n9u4, LOGICAL UNIT & BECAME PHYSICAL UNIT
81 AT MANY PLACES, IT IS NOW FREQUENTLY rOUND THAT THE CARD READER
IMAGES ARE STILL READ FROM UNIT 5§ AND PRINTER IMAGES SENT TO UNIT s» EVEN
THOUGH THEY ARE INTLRMEDIATELY STORED ON A DISC OR DRUM.

FnR MASS STORAGE DEVICES, IT IS NOW CoMMON PRACTICE rFOR THE USER TO
ASSIGN A LOGICAL NUMBER TO A PYYSICAL MAGNETIC TAPE OR TO A SYMBOLICALLY
NAMED DISC OR DRUM AREA 8BY MEAMS OF THE JOB CONTROL LANGUAGE, THE
OPERATING SYSTEM USUALLY ALLOCATES WHICHEVER PHYSICAL DEVICE IS APPROPRIATE
AT THE TIME OF RUNNING THE J08B,

TwO DISTINCTY WAYS ARE PROVIDED BY THE X-RAY SYSTEM FOR SETTING
THE CORRESPONDENCE BETWEEN THE LOGICAL NUMEBERS ('IDENTIFYING® THE DEVICE)
AND THE SYMBOLIC NAMES SUCH AS =NTOUT= OR =zNFILEAZ, ONE METHOD 1S
WITHIN THE *NUCLEUS' PROGRAMS AND, WHEN THg SYSTEM IS COMPILED, THE
VALUES OF =NTIN= ETC, SHOULD B* SET TO THE APPROPRIATE *STANDARD' USAGE
OF THE LOCAL MACHINE, THE SECOND AND MORE IMPORTANT wAY FROM THE
STANDPQINT OF THE SYSTEM USER 1S By MEANS oF THE =FILES= CARD, THIS IS
ONE OF THE OPERATION CARDS WHICH ARE DFSCRIBED IN SECTION 2.GENERL,
WITH A zFILES= CARD ONE 1S ABLE T0O0 RE=ASSIGN THE LOGICAL yUNIT NUMBER OF
ANY OF THE X~RAY SYSTEM FILES, THESE FILES, NAMED =NTINz, =NTOUT=,
SNFILEA=, =NFILEB=y =NFILECS) +ee=NFILEJz, HAVE THE FOLLOWING STANDARD

USAGE =

X-RAY FILE PURPOSE

NTIN CARD INPUT DATA

NTOUTY LIME PRINTER QUTPUT

NFILEA - CRYSTALLOGRAPHIC INPUT BINARY DATA FILE
NFILEB UPDATED CRYSTALLOGRAPHIC OyTPUT BINARY DATA FILE
NFILEC PUNCHED CARD OyTPUT

NFILED SPrCIAL OUTPUT FOR PRINTING

NFILEE SCHATCH UNIY FoR VARIOUS INTERMEDIATE J0BS
NFILEF SCRATCH UNIT FOR VARIOUS INTERMEDIATE JOBS
NFILEG . SCPATCH UNIT FOR VARIOUS INTERMEDIATE JOBS
NFILEH SCRATCH UNIT FOR VARIOUS INTERMEDIATE JOBS
NFILEIL SCYATCH UNIT FoR VARIQUS INTERMEDIATE JOBS
NFILEJ . SCRATCH UNIT FOR VARIOUS INTERMEDIATE JOBS

NOTE THAT EVERY PROGRAM™ OF THE SYSTEM =
xxkxx READD CARDS FROM ZNTINz sdkyx

wxxxk PRINTS OUTPUT OM =NTOUTZ %xxx
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Ir SEVERAL SYSIEM PROGRAMS ARE TO BE ySED IN SEQUENCE, THE USER
MAY NEFD TO INSERT =FILES= CARUS IN THE DATA DECK, REMEMBER: THAT
SNFILEA= AND =NFILEB= ARE INTERCHANGED AUTOMATICALLY AFTER EACH PROGRAM
HAS BEFN COMPLETED, THUS THESE TwO FILES MAY REQUIRE SETTING ONLY
OCCASIONALLY, ONE MUST VISUALIZE, BEFORE THE RUN, HOW THE REQUIRED FILES
wIitL BE USED, LET US EXAMINE, FOR EXAMPLE, THE =FILESZ CARD USAGE IN THE
FOLLOWING RUN, AFIER LOADING ATOMIC PARAMETERS INTO THE BINARY DATA FILE,
WE INTEND TO DO A CYCLE OF LEAST SQUARES REFINEMENTs FOLLOWED BY A
FOQURIER, AND TO FINISH WITH A HOND LENGTHS AND ANGLES DETERMINATION,
FOR SIMPLICITY, WE WILL ONLY CONSIDER THE _JSAGE CF =NFILEA= AND =NFILEB=»
WHICH wE WILL INITIALIZE WITH A SFILEST CARD TO BE LOGICAL UNITS 8 AND 9,

TITLE ILLUSIRATION OF =FILES= CARD HANDLING

FILES 8 9

LOADAT o o o
L4 [ ] L]

END

CRYLSQ . . .

END.

FGOURR P RS

END

FILES 8

BONDLA . e e

END

OF COURSE, NO VETAILS OF THE OTHER CADS ARE SHOWN. THE INITIAL
ZFILES= CARD 'SETS UF THE REQUIVED STARTING VALUES, SO THAT =LOADAT= wlLL
READ UNMIT & AND WRITE 9, BECAUSE OF THE INTERCHANGE OF THE VALUES OF
=NFILEA= AND =NFILEB= SUBSEQUENT TO THE COMPLETION OF =LOADAT=, =CRYLSQ=
wiLL READ 9 AND WRIIE 8, SIMILARLY, =FOURR= WILL READ AN INPUT FILE ON
UNIT 8, BUT» AS SHOWN IN PART 2, IT DOES NOT WRITE AN =NFTILEB=
AND HENCE THE INTERUCHANGING OF 8 AND 9 BEFQORE. ENTERING =BoNDLAz= wOULD
NORMALLY CAUSE 9 TO BE READ WITHIN =BONDLA= THIS HOWEVERe: DOES NOT CONTAIN
THE REQULTS OF THE =CRYLSG= RUM AND SO A =FILES= CARD IS INSERTED BEFORE THE
=BoNDLA= CALLING CAKD TO0 FORCE THE VALUE OF =NFILEA= TO BE 8 AT THAT TIME,
MORE INVOLVED EXAMPLES ARE GIVEN IN APPENDIX 2 AND THEY SHOULD BE
STUDIED FOR THEIR USE OF THE =FILES= CAROS,

By SAVING AND KEEPING TRACK OF THE BINARY DATA FILE, ONE MAY
GREATLY REDUCE THE NUMBER OF CARDS NECESSARY TO CARRY QUT THE CALCULATIONS,
THE FORM GIVEN BELOW IS RECOMMENOED YO YOUR ATTEMTION AS A MODEL FOR A
PERSONAL RECORD TO KEEP AS COMPUTING RUNS ARE MADE DURING THE SOLUTION OF
A CRYSTAL STRUCTURE.
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COMPOUND ID=

DATE -

ous22772
RUN RECORD
INITIAL
SERIAL NO,==emcmcamaea=
- RUN SEG. P
e a——— EXECUTION TIME=wcea
- — TYPE OF JOBema=wem-

CHARGE NO,

FILE ASSIGNMENTS (

WITH LAB REGISTRATION NUMBERS)

1 I 1 1 1 1 1 I 1 1
I LINK I NTIN I NTOUT I NFTLEA 1 NFILEB I NFILEC I I 1 1
1 I 1 I 1 1 1 1 I 1
1 I 1 1 1 1 I 1 1 1
I 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 I 1
11 1 I 1 T 111
1 1 1 I 1 1 1 I 1 I
I 1 1 1 1 1 I 1 I 1
1 I 1 1 I 1 1 1 1 1
1 I 1 1 1 1 1 1 1 I
1 I 1 1 1 1 I 1 I I
1 1 1 1 1 1 1y TTTTYY T
1 1 1 I 1 1 1 1 I 1
1 1 1 I I 1 1 I I I

A PRIORI REMARKS

A POSTERIORI REMARKS
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“THE X=RAY SYSTEM DECK STRUCTURE

THE COURSE OF 1HE CRYSTAL) OGRAPHIC CA|LCULATIONS, WHICH MAY INVOLVE
ANY NUMBER OF PROGRAMS IN THE SYSTEM, 1S CONTROLLED BY THE ORDERING
OF CARDS IN THE INPUT DATA, THE SEQUENCE OF EVENTS AS THE CALCULATION
PROCEEDS IS AS FOLLUWS,,,. ~ ’

UPON INITIAL ENTRY INTO TWE SYSTEM, OR UPON MEETING A =RESTART=
CARDs ALL FILE ASSIGNMENTS WILL BE SET TO THEIR 'STANDARD! VALUES, THE
PAGE NUMBER FOR THE PRINTED QUTPUT WILL BE SET TO 2ERO, AND THE TITLE
ARRAY wHICH 1S PRINIED AT THE TOP OF EACH QUTPUT PAGE IS SET TO BLANKS.
A =TITLE= CARD SHOULD ALWAYS BF INCLUDED AT THIS POINT EVEN IF ONLY TO
EXPLAIN THE REASON FOR THE RUN, A FILES= CARD MAY BE NECESSARY AS WELY
IF THE *STANDARD' ASSIGNMENTS #RE NOT APPRQOPRIATE FOR THE REQUIREMENTS
OF THIs RUM,  AFTER THIS COMES THE CALLING CARD FOR THE FIRST
CRYSTALLOGRPAHIC PRUGRAM NEEDELU FOR TYHE PREBLEM AT HAND.,  SREMARK= CARDS,
1F ONE WISHES, MAY HE INSERTED NEXT, AND FINALLY THE DATA CARDS DEMANDED
BY THE PROGRAM BEING CALLED, IF THE BINARY DATA FILE IS BEING USED AS
THE SOURCE OF DATA, AN =zEND= CARD 1S OFTEN THE ONLY DATA CARD REQUIRED,
OTHERWISE, ONCE THE REQUIRED DATA 1S ASSEMBLED IN ORDERs AN =ENDz= CARD
1S ALWAYS PLACED BEFORE ANY OTHER CALLING gR OPERATION CARD. OFTEN ONE
WILL PLACE A =REMARKZ CAROD BEFORE EACH SUCCESSIVE CALL FOR ANOTHER
CRYSTALLOGRAPHIC COMPUTATION,  EACH PROGRAM READS AND PROCESSES DATA
CARDS yNTIL THE. =ENUZ CARD 1S WEACHED, WHEREUPON IT COMPLETES THE
CALCULATION, WRITES SUMMARY DATA, AND FINIGHES UPDATING THE BINARY DATA
FILE(IF ANY), CONIROL THEN PASSES BACK TO THE 'NUCLEUS' WHICH
INTERCHANGES =NFILEAS AND SNFIL.EB= (LOGICALLY) AND THEN SEEKS ANOTHER
UATA CARD, HERE UNE MAY INSFRT SOME OPERATION CARDS, IF NEEDED, AND
THEN CAMES ANOTHER CALLING CARU FOR A NEW CALCULATION wITH THE SAME OR
ANY OTHER SYSTEM PRUGRAM THE CRYSTALLOGRAPHER MAY REQUIRE,

IF, FOR ANY REASON, THERE IS A FATLURE BECAUSE OF THE PROGRESS OF
THE CALCULATION (E,0. A SINGULAR MATRIX), EVERY PROGRAM TRIES 7O SALVAGE
THE OUTPUT BINARY DATA FILE (It ANY) AND GIVE A DIAGNOSTIC OF YHE CAUSE
OF FAILURE, WHEN LT IS SIGNALLED THAT A SERIOUS CALCULATION ERROR HAS
BEEN DETECTED», ALL UF THE SUBSEQUENT DATA, AND CALLING CARDS
ARE SKIPPED UNTIL ELTHER A TRESTART= OR A -FINISHz CARD 1S ENCOUNTERED.
SINCE yERY OFTEN THt FAILURE OFr ONE CALCULATION PRECLUDES TYHE NEED FOR
A SUBSEGUENT ONE, 11 IS BEST T0 USE =RESTART= CARDS DISCREETLY,  OBVIOUSLY
THERE IS NO POINT IN CARRYING OUT AN FO FOURIER IF THE PRECEDING STRUCTURE
FACTOR CALCULATION FAILS, ' ’

IN SUMMARY, BECAUSE OF THIS PROCEDURE, THE CALCULATIONS wHICH RUN
INDEPENDENTLY SHOULYD BE HEADED BY A =RESTART= CARD BUT A DEPENDENT
SEQUENCE OF CALCULATIONS SHOULD NOT BE SEPARATED By SUCH A CARD.

~THE END OF ALL CALCULATIONS IS INDICATED BY A SFINISH= CARD,
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SYSTEM TERMINOLOGY

SINCE THE INITIAL IMPLEMENYATION OF THE X-RAY SYSTEM, A CERTAIN
VOCABULARY HAS BEEN DEVELOPEO wITHIN THE PROGRAM DESCRIPTIONS, CARD
FORMAT DEFINITIONS, AND PROGRA™ OUTPUT, THE FOLLOWING GLOSSARY ATTEMPTS
T0 PROyIDE CLARIFICATION OF THr TERMINOLOGY USED AND INDICATES SOME OF
THE GENERAL PRINCIPLES USED WITHIN THE SYSTEM,

ATOM IDENTIFICATION

’ AT =DATRON= TIME, CERTAIN 'ATOM TYPES+ ARE INTRODUCED INTO THE
BINARY DATA FILE BY INCLUDING SCATTERING. FACTOR TABLES FOR THE VARIOUS
ATOMIC SPECIES PRESENT IN THE STRUCTURE UNDER STUDY. EACH ATOM TYPE
MAY BE yUP TO 4 CHARACTERS IN LENGTH BUT MAy NOT END WITH A DIGIT ~ E.G,»
NA, OX, CU2+, H ARE ACCEPTABLE BUT CU+2 IS NOT ACCEPTABLE,

THE 'ATOM MNUMBER' SERVES TO IDENTIFY ONE PARTICULAR ATOM AMONGST
THE SEVERAL THERE MAY BE OF A GIVEN ATOM TYPE,

A COMPLETE 'ATOM IDENTIFICATION' THEN CONSISTS OF THE TwO PARYS =
ATOM TyPE FOLLOWED BY ATOM NUMRER FOR THAT TYPE = AND IN TOTAL IT MUST
NOT EXCFED 6 CHARACIERS, THUS NAl, OX35, CU2+1, H4l, ARE ALL ACCEPTABLE
ATOM IDENTIFICATIONS, WHATEVER NUMBERS FOLLOW AFTER THE LAST ALPHABETIC
CHARACTER ARE USED AS THE ATOM NUMBER, SINCE THE FIELD Ig READ UNDER A4»A2
FORMAT, THE IDENTIFLCATION AND ELIMINATION OF NUMBERS IN THE Ay FIELD PERMITS
THE DETERMINATION OF SCATTERING FACTOR TYPE (SEE PROGRAM NUSS (NUCQ03)
FOR DETAILS), THE HINAL A2 FIFLD MAY BRE ANY LEGAL SYMBOLS, THUS, FOR
SCATTERING FACTOR H ==

H12345, H125C1, H123CC

ARE ALL RIGHT» BUT H123C4%5s ETC, IS NOT A _LOWED. AS wITH THE COMPOUND
IDENTIFICATION CODEr» THE ATOM IDENTIFICATION FOR A PARTICULAR ATOM MUST ALWAYS
BE PUNCHED CONSISTENTLY, .

THE .ARILITY TO GENERATE FORM FACTORS BY THE EXPANSION FORMULA OF CROMER EY
AL (SEF SEF 1.DATRDN) IS INCLUDED THROUGHT THE USE OF =FCRMGN< CARDS. THE
COEFFICIENTS FOR Cy» Ny Qv Po» S» AND CL ARE STORED IN A SUBROUTINE. FOR Hs THE
FORM FACTORS OF STEWART ET AL ARE SIMILARLy AVAILABLE,

ATOM PARAMETERS

ATOMIC PARAMETERS CAN ONLY BE 'LOADED' (I.E. INSERTED) INTO THE
BINARY DATA FILE BY THE USE OF THE =LOADAT: PROGRAM,

DYRING THE STRUCTURE FACTOR PROGRAMS, ATOMS MAY BE 'SELECTEDY FROM

THE BINARY DATA FILE IN TWO WAYS, FIRSTLY, BY USE OF AN =ATOM= CARD
CONTAINING ONLY THE ATOM TYPE WITHIN THE ApPROPRIATE FIELD, ONE CAN SELECT
ALL ATOMS OF THAT TYPE FROM THF FILE, ALTERNATIVELY, BY SPECIFYING THE
COMPLETE ATOM IDENTLFICATION., A PARTICULAR ATOM WILL BE SELECTED,
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COMPOUND IDENTIFICAIION CODE

THE USER MUST ASSIGN THE COMPOUND UNDER CONSIDERATION A SIX CHARACTER
NAME COMPRISING ANY LEGAL CARD PUNCHING, INCLUDING BLANKS, THIS SERVES
TWwOo FUNCTIONS, FIKSTLY IT INSURES THAT THE INPUT BINARY DATA FILE IS
IN FACT THE CORRECT.ONE, SECONOLY, IT PERMITS THE READY IDENTIFICATION
OF CARp DATA DECKS,

ONCE A COMPOUND LDENTIFICATION CODE HAS BEEN ASSIGNED, 1T IS EXTREMELY
IMPORTANT TO PUNCH AT CONSISTENTLY THEREAFYER, ESPECIALLY WITH RESPECT
TO IMBEDDED BLANKS, CHOOSE CAREFULLY, AND REMEMBER YOUR CHOICE,

ELECTRON DENSITY SCALE FACTOR

THE ELECTRON DENSITY SCALE FACTOR IS (ySED IN THE FOURIER PROGRAM
TO0 PLACE THE NUMBERS IN THE OUTPUT MAP WITHIN A CONVENIENT RANGE, =FOURR=
CALCULATES ACTUAL ELECTRONS/CUNIC ANGSTROM (OR APPROPRIATELY FOR PATTERSONS
AND E MAPS) WHICH HAVE A CONSIDERABLE RANGE OF MAGNITUDE DEPENDING UPON
THE ATeMIC SPECIES PRESENT . THE PRINTING OF THE MAP IS DONE IN EITHER
Iy OR 12 FORMAT, ANU IN ORDER YO CONSTRAIN THE NUMBERS Y0 BE IN THE
SELECTED RANGEs THIS SCALE FACTOR MAY BE UgEFUL. FOR FURTHER DETAILS SEE
1.FOURR., 7 ) .

EPSILON

EPSILON, A SMALL, SYMMETRY RELATED IN;EGER DESCRIBED IN voL, 11 OF THE
INTERNATIONAL TABLES PP, 355=6 AND CALLED ALPHA THERE BY LUZZATI IS REQUIRED
FOR THE CALCULATION OF € VALUES {(QUASI-NORMALIZEU STRUCTURE FACTORS).

THE CALCULATION OF IHESE FACTOMS IS ALSO DgSCRIBED IN *'CRYSTALLOGRAPHIC
COMPUTING'! (1969) P. 19 BY 1, KARLE, IN pATA REDUCTION THIS FACTOR IS
CALCGLATED FOR EACH REFLECTION AND STORED IN THE BINARY DATA FILE FOR USE

8Y OTHFR PROGRAMS IN THE SYSTE™, THE VALUE OF EPSILON 1S CALCULATED BY A
SIMPLE ENUMERATION FROCEDURE, IT IS THE COUNT OF THE NUMBER OF TIMES A
REFLECTION IDENTICALLY IS GENERATED UNDER THE SYMMETRY OPERATIONS OF THE SPACE
GROUP (UNDER CUNSIDEMATION, THAT IS TO SAY, FOR H(NEwW) = HR{J) WHERE H IS

THE VECTOR (HeKoL) AND R(J) IS THE JTH ROTATION MATRIX SUPPLIED TO DATA
REDUCTION,

F CALCULATED, F OBSERVED, F RELATIVE, AND INTENSITY

- - an o

ALL STRUCTURE FACTOR INFOPMATION OBTAINED BY EXPERIMENTAL OBSERVATION
1S ENTERED INTO THE BINARY DATA FILE THROUGH =DATRDN=, THIS MAY BE IN
TERMS OF INTENSITIES AS MEASURKD FROM FILM§ OR DIFFRACTOMETER, OR
ALTERNATIVELY AS VALUES OF F SNUARED OR F oBTAINED BY SOME OTHER PREVIOUS
DATA TREATMENT, THESE DATA MUST CONSIST OF A UNIQUE ASYMMETRIC SET OF
REFLECTIONS AS DESCKRIBED IN 'TREATMENT OF SYMMETRY' (SEE BELOW).

IF THE . QUANTITAES SUPPLIEY TO =DATRONz ARE INDICATED TO BE INTENSITIES,
THE VARIOUS SYSTEMATIC CORRECTIONS ARE APPLIED AND THE SQUARE ROOT OF THE

VALUE OBTAINED IS DEFINED TO Bk F RELATIVE,
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WHEN F SGQUARED 1S SUPPLIEM, ITS SOUARE ROOT IS DEFINED TO BE F RELATIVE,

F OBSERVED IS ALWAYS THE PROOUCT OF F RELATIVE AND ITS CORRESPONDING
SCALE FACTOR (SEE 'SCALE FACTORS'), CERTAIN PROGRAMS PRODUCE LISTINGS
INVOLVING VALUES OF BOTH F OHSERVED AND INTENSITIES, THE LATTER wILL ONLY BE
MEANINGFUL IF INTENSITIES WERE SUPPLIED TO =DATRDN=,

F VALUES WHICH ARE DETERMINED BY THE pROGRAMS FROM ATOMIC CQORCINATES
ARE REFERRED TO AS F CALCULATEL AND WILL AGREE WITH THOSE OBTAINED FROM
FORMULAE GIVEN IN INTERNATIONAL TABLES, VOL, I,

GRID -

GRID IS USED TU DEFINE THE NUMBER OF SUBDIVISIONS ALONG A GIVEN AXIAL
DIRECTION, THE REWUIRED VALUES MAY BE SUPPLIED BY THE USE OF A =GRID=
CARD, ByT IN THE ABSENCE OF A USER SPECIFIED GRID, VALUES ARE CALCULATED

BY =DATRDN= wHICH wiLL PRODUCE ONE INCH PER ANGSTROM FOURIER SECYIONS,
SPACED 0,3 ANGSTROMS bETWEEN EACH SECTION,

JCOOE

THIS WAS ORIGINALLY A VARTABLE NAME DEFINED IN 1960 (BY ONE D, HIGH) TO BE
USED Tp DESIGNATE THE KIND OF REFLECTION BEING PROCESSED, IT 1S STILL USED
IN THAT wAY BUT HAS CREPT INTO OUR VOCABULARY OF JARGON AS SYNONYMOUS WITH
'REFLECTION TYPE?',

JcoDE REFLECTION TYPE

1 OBSERVED

2 LESS=IHAN

3 TO BE CALCULATED AND DISPLAYED BUT NOT
USED, HISTORICALLY, ONE SUFFERING FROM
PRIMAKY OR SECONVARY EXTINCTION,

4 CONDEMNED BY THE USER AS INVALID, NEVER 7O
BE USED OR DISPLAYED, '
S SYSTEMATICALLY AMSENT,
LESS~THANS

THIS TERM IS INTRODUCED T0 DESIGNATE REFLECTIONS OF vERY LOW INTENSITY,
THAT 15, THOSE REFLECTIONS WHICH ARE ALSO REFERRED TO IN CRYSTALLOGRAPKIC
LITERATURE AS BEING 'UNOBSERVEN*' OR 'ZERO! NOTE THAT IN NONE OF THESE
INSTANCES IS THE TERM APPLIED 7O SPACE GROUP DEPENDENT SYSTEMATIC ABSENCES,

AS THE NAME 'LESS-THAtIY IMPLIES, IT IS ySED SPECIFICALLY 7O SEY A
THRESHOLD OF OBSERVABILITY WHICH IS DEFINED DIFFERENTLY FOR FILM DATA
AND FOR DIFFRACTOMEIER DATA,

IN THFE CASE OF FILM DATA, THERE WILL RE FOUND A SCALED. AVERAGED
INTENSITY FOR SOME REFLECTION WHICH REPRESENTS THE LOWEST OBSERVED
INTENSTITY VALUE, ALL REFLECTIONS WITH INTENSITY BELOw THIS VALUE WILL
BE UNOBSERVABLE. HOWEVERs - THR IR ACTUAL VALUE MUST SURELY BE LESS THAN
THE LOWEST OBSERVABLE VALUE, AND, BY ASSIGNING THEM THE LOWEST INTENSITY .
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TOGETHER WITH A LESS=THAN IDENTIFICATION (JCODE=2), THEY MAY BE UTILIZED
IN REFINEMENY PROCEUVURES, .

FOR DIFFRACTOMETER DATA, THE THRESHOLD OF OBSERVABILITY CAN BE :
ESTABLISHED ON THE BASIS OF THr COUNTING STATISTICS FOR EACH MEASUREMENT
OF INTENSITY, WHEN THE ESTIMATED STANDARD DEVIATION OF THE INTENSITY IS
SUCH THAT IT 1S OF IHE SAME ORNER OF MAGNITUDE AS THE INTENSITY ITSELF,

A REFLECTION MAY BE CONSIDERED YO BE A LESS-THAN. PROVISION IS MADE
IN THE APPROPRIATE MROGRAMS FOP SUPPLYING THE DEFINITION OF THE NUMBER
OF STAMDARDO DEVIATIUNS OF INTEMSITY WHICH DEFINE THE THREGHOLD OF
OBSERVABILITY, I.E, ONE CAN SP+CIFY THE THRESHOLD TO BE AY ZERO SIGMA,
ONE SIGMA, TWO SIGMA, ETC,

IN PRACTICE, THE USE OF ZFRO SIGMA DATA APPEARS TO BE BEST IN
SITUATIONS WHERE E VALUES (QUASI=-NORMALIZEPD STRUCTURE FACTORS) ARE BEING
CALCULATED, SUCH AS IN :NORMSF: AND =DAYFIx=, ON THE OTHER HAND, THREE
SIGMA DATA APPEARS 10 BE MORE rPPROPRIATE FOR LEAST SQUARES REFINEMENT
BASED ON F OR F SQUMRED,  THE LATTER PROGRAMS (E.G, =CRYLSOZ) THEREFOREv
PERMIT, UNDER USER CONTROLy THE RECLASSIFICATION OF LESS—THANS By
SPECIFICATION OF TH: VALUE OF SIGMA REQUIRED,

AN OBJECTIVE OF A STRUCTURE REFINEMENT wiLL BE THAT EVERY CALCULATED
STRUCTURE FACTOR wILL AGREE WITH THE OBSERVED VALUE AND THAT EVERY LESS-~THAN
WILL CALCULATE BELOW THE SPECIFIED THRESHOLD, .

MAXHKL

- oy -

THE TRUE VALUES OF THE MAGNITUDE OF MAXIMUM MILLER INDICES H» K» AND L
ARE VERY IMPORTANT WITHIN THE X=-RAY SYSTEM AND SHOULD BE SUPPLIED AT =DATRON=z
TIME, THEY ARE USEU TO DETERMINE TABLE SIzES IN MOST OF THE LARGE SCALE
CALCULATIONS AND THEREFQRE IF <SUPPLIED AS {ARGE VALUES WILL CAUSE LARSE CORE
REQUIREMENTS, =DATKRONZ CAN ESTIMATE THEIR VALUES FROM THE MAXIMUM VALUE OF
THETA RUT THIS OFTEN GIVES AN (INDESIRARLE RESULT: ESPECIALLY WITH HIGH
SYMMETRY SPACE GROUFS, REFLECTIONS OUTSIDE THE =MAXAKL= LIMITS WILL BE
REJECTED AT =DATRON= TIME,

NEFW =MAXHKL= VALUES CAN BF SUPPLIED AT OTHER TIMES TO =LOADAT=, THESE
VALUES wILL BE INSERTED INTO THE BINARY DATA FILE (ALTHOUGH NO REFLECTIONS
WILL BF REMOVED FROM THE FILE) AND WILL THEREFORE RESTRICT ALL SUBSEQUENT
CALCULATIONS, =MAXHKL= LIMITS SUPPLIED TO ANY OTHER PROGRAM wILL NOT BE )
WRITTEN IN THE FILE AND THEREFNRE ONLY HAVg A LOCAL EFFECTY, SIN(THETA)/LAMBDA
LIMITS MAY ALSO BE ANCLUDED IN THE =MAXHKL= CARD AND THE MORE STRINGENT
LIMITS wILL APPLY.

MULTIPLICITY

THE TERM *MULTLPLICITY® RFFERS TO TWO DISTINCT OUANTITIESp ALTHOUGH
BOTH HAVE TO DO WITH POINTS WHICH ARE EQUIVALENT BY SYMMETRY,

THE FIRST USAGE, 'REFLECTION MULTIPLICITY's IS A RATIO EXPRESSING
THE NUMBER OF GENERAL REFLECTIONS EQUIVALENT TO A GIVEN REFLECTION, .
CONSIDER THE REFLECIION WITH MILLER INUDICES 1, 2¢» 3 IN THE SPACE GROUP P2/M. .
THIS HAS A MULTIPLIVITY OF 2 BFCAUSE IT IS SYMMETRICALLY EQUIVALENT TO THE
1 =29 3 REFLECTION. (NOTE THAT ANY CENTERING 1S TREATED SPECIALLYs SO THAY
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THE PRESENCE OF THE «1) =2y =3 AND =1, 2y =3 ARE OTHERWISE AUTOMATICALLY
IMPLIED « SEE *TREATMENT OF SYMMETRY',) oN THE OTHER HAMDs THE 2y Gs @

HAS A MULTIPLICITY UF ONLY 1 BECAUSE 2, 6, 0 AND 24 =0, 0 ARE IDENTICAL, THESE
REFLECTION MULTIPLICITIES ARE ''SED FOR CORRECT WEIGHTING OF REFLECTIONS

WITHIN =FOURR= WHICH ONLY TREATS ONE HEMISPHERE OF INFORMATION,

THE TERM IS ALSO USED IN *ATOM MULTIPLICITY' WHICH Is EFFECTIVELY
A "WEIGHT' TOo BE APHLIED TO POINTS IN DIRECT SPACE, IT 15 DERIVED IN
=LOADAT= BY GENERATION OF ALL THE SYMMETRICALLY EQUIVALENT ATOMS FROM A GIVEN
ATOM OF THE ASYMMETHKIC SET,. VHEN AN ATOM IS SO TREATED, SCME (OR ALL) OF THE
GENERATED ATOMS MAY COINCIOE wITH THE ORIGINAL POSITION., IF THIS OCCURS
THAT ATOM IS SAID TU BE IN A '<PECIAL POSITION' HAVING A MyULTIPLICITY
EQUAL TO THE RECIPRUCAL OF THE TOTAL NUMBER OF EQUIVALENT ATOMS. USING
THE P2/M EXAMPLE ABUVE, AN ATO™ AT 0,5+ 0, 0,5 WILL HAVE ANOTHER SYMMETRICALLY
RELATED ATOM AT ~0,9» 0, =0.5. THESE ARE IDENTICAL POINTS IN THE UNIT
CELL AND SO THE ATOM MULTIPLICITY IS 1/2,

ADDITIONAL INFURMATION IS DERIVED WITHIN =LOADAT= GIVING THE
RESTRICTIONS PLACED UPON THE ATOMIC PARAMETERS BY THE NATURE OF THE

SPECIAL POSITION. THIS IS USEFUL IN SUBSEQUENT REFINEMENT PROCEDURES,

PARTIAL CONTRIBUTION

- -y D TS -

THE LIMIT TO THE NUMBER OF UNIQUE ATOMS WHICH MAY BE USED FOR CALCULATION
DEPENDS UPON THE TEMPERATURE FACTOR MONE AnD CORE SIZE OF THE MACHINE USED,
HOWEVER, THIS LIMITATIOM CAN Bt READILY OVERCOME BY THE USE OF THE PARTIAL
CONTRIBUTION TECHNIWUE PROVIDED IN THE STRUCTURE FACTYOR PROGRAMS OF THE
SYSTEM (E.G. =FC=» =CRYLSG=), FOR EACH REFLECTION IN THE BINARY DATA FILE,
SPACE 1S RESERVED FUR THE VALUFS A AND B (1.£E, THE REAL AND IMAGINARY PARTS
OF THE STRUCTURE FALTOR)» AND PARTA AND PARTB (I.E, PARTIAL CONTRIBUTIONS TO
A AND R), DATA REDUCTION INITYALIZES ALL FOUR TO ZERO AND ANY STRUCTIRE
FACTOR CALCULATION UN A SET OF ATOMS wILL CAUSE ENTRIES To BE MADE IN ITS
OUTPUT BINARY DATA FILE FOR A AND B, IF THIS FILE IS SUBSEGUENTLY USED
AS THE INPUT FILE FUR ANOTHER STRUCTURE FACTOR CALCULATION, THESE VALUES OF
A AND p MAY BE 'ESTABLISHED ANt APPLIELY Ag PARTIAL CONTRIBRUTIONS TO THE
CALCULATION AND THEY WILL -BE USED INSTEAD oF ZEROS TO START THE STRUCTURE
FACTOR SUMMATIONS, MOREOVER, THEY WILL HE ENTERED AS VALIIES FOR PARTA 'AND
PARTB IN THE NEW OUIPUT FILE, A AND B wILL, OF COURSE, BE UPDATED AS THE
RESULT OF THE MOST RECENT CALCULATION, BUT WILL NOW CONTAIN BOTH THE EFFECT
OF THE PARTIAL ATOMS FROM THE FIRST RUN AND OF THE AODITIONAL ATOMS ENTERED
UDURING THE SECOND CALCULATION,

TwO OPTIONS ARE AVAILABLE WHEN SUHSEQUENT STRUCTURE FACTOR PROGRAMS USE
THIS Nry FILE AS INPUT, ONE CAN AGAIN ESTABLISH AND APPLY THE A AND B AS
BEING PARTIAL CONTRIBUTIONS AN SO CUMIILATE THE EFFECT OF MORE AND MORE
GROUPS OF ATOMS INTU THE STRUCTURE, ALTERNATIVELY ONE MAy SIMPLY 'APPLY' THE
EXISTING PARTIAL CONTRIBUTIONS TO PERHAPS A MODIFIED SET OF ADDITIONAL ATOMS,

iT 1S THUS POSSIBLE TO CARRY OUT LARGE BLOCK REFINEMENTS OF VARIOUS
PARTS OF A MOLECULE TO ACHIEVE OVERALL REFINEMENT QOF THE COMPLETE STRUCTURE.

POPULATION PARAMETEN

YPOPULATION PARAMETER' IS A TERM USED TO EXPRESS FRACTIONAL
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OCCUPANCY OF AN ATOM SITE, 1T IS TREATED INDEPENDENTLY OF ATOM MULTIPLICITY
(SEE AROVE) IN =CRYLSQ=,

SCALE FACTORS

-

THESE QUANTITItS ARE USED THROUGHOUT THE SYSTEM T0 PLACE THE VALUES
OF 'F RELATIVE ON THEt SAME SCALE AS F CALCULATED, AS DEFINED IN INTERNATIONAL
TABLES, voL,. I, THAT IS, THE SCALE FACTOR IS USED TO CONVERT THE VALUE OF
F RELATIVE INTO F OBSERVED,

SCALE FACTORS ARE INITIALLY DETERMINED BY THE USE OF =NORMSF=
WHICH (SES THE SCAITERING FACTOR AND CELL CONTENY INFORMATION TO
STATISTICALLY ESTABLISH REASONABLE VALUES, IN PRACTICE, THESE VALUES
HAVE PROVED TO BE WITVHIN 10 PERCENT OF THE FINAL SCALE FACTORS FOR )
DIFFRACTOMETER DATA. IN THE CASE OF FILM DATA, THERE MAY BE A NUMBER OF
SCALE FACTORS FOR A GIVEN COMPOUND CORRESPONDING TO DIFFERENT GROUPS
OF DATA SUCH AS, IN THE WEISSEMBERG CASE, THE VARIOUS LEVELS COLLECTED,

THESE SCALE FACTORS (WHETHER A SINGLE ONE FOR ALL THE DATA OR SEVERAL
FOR VARIOUS GROUPS OF DATA) WI'L PROBABLY EVENTUALLY BE REFINED By THE :
LEAST SQUARES PROGRAMS, DURINMG THE PROCESS OF REFINEMENT, THE QUANTITY
USED IN THE CALCULAIIONS IS THE RECIPROCAL OF THE F RELATIVE SCALE FACTOR
ALTHOUGH ALL INPUT ANO INTERNAt. STQRAGE IS IN TERMS OF THE ACTUAL F RELATIVE
SCALE FACTOR, :

IN ADDITION TO THE CHANGES IN VALUE CpLCULATED FOR THE SCALE FACTORS
BY THE LEAST SQUARES PROGRAMS (WHICH ARE OpTPUT ON ThHE BINARY DATA FILE
AS SCALFE FACTORS)» CERTAIN OTHER PROGRAMS (E,G, =FC=, =RLISTz) CALCULATE
THE QUANTITY ,

SUMMATLION(F CALCULATED) / SUMMATION(F RELATIVE) i

WHICH pPROVIDES AN INDICATION OF A zRESCALE= FACTOR, IN PRACTICE, THIS .

RESCALE FACTOR RARELY NEEDS TO BEZ USED IF THE INITIAL ESTIMATE OF THE
SCALE FACTCR 1S REASONABLE.

NORMALLY, SCALE FACTORS WTLL BE TAKEN FROM THE VALUES STORED IN THE
BINARY DATA FiLE. HOWEVER, THESE VALUES MAY BE SUPERSEDED BY VALUES
INPUT oM =SCALE= CAKDS, ALL PFOGRAMS EXCEPT =FC= WHICH BOoTH CALCULATE (OR
REFINE) SCALE FACTORS ANU WRITF AN OUTPUT BINARY FILE wILL UPDATE THE OUTPUT
BINARY DATA FILE wIiH THE NEW YALUES,

THE PRACTICE OF ADJUSTING SCALE FACTORS DURING THE COURSE OF
REFINEMENT AT A STAGE WHEN NOT ALL OF THE ATOMS OF AN ASYMMETKRIC SET ARE
YET INCLUDED CAN LEAD TO CERTAIN PROBLEMS, FOR EXAMPLE, A DIFFERENCE MAP
MADE TO LOCATE HYDRUGENS BUT USING THE BESY LEAST SQUARES SCALE FACTORS
OBTAINED FOR NON=HYDROGEN ATOMS WILL NOT SHOw THE HYDROGEN PEAKS AT THEIR
TRUE MAGNITUDE (IN FACT THEY WwILL HBE ARTIFICIALLY LOWERED),

THE SCALE FACTURS WHICH ARE INPUT AT =DATRDN= TIME ARE TREATED IN A
SPECIAL WAY. THEY ARE USED TO SCALE THE INPUT QUANTITY = INTENSITYs» F SQUARED:»
OR F RFLATIVE - FOR VARIOUS GROUPS OF DATA BEFORE THOSE ENTRIES ARE MADE IN
THE OQUTPUT BINARY DATA FILE. ALL SCALE FACTORS IN THE OUTPUY FILE ARE SET To
1,0 AT =DATRDN= TIMt,
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THERE ARk TwWO UTHER TYPES OF SCALE FACTOR WHICH ARE NOT ENTIRELY
INDEPENDENT OF THE SCALE FACTOR AS DEFINED ABOVE. ONE TYPE IS USED IN
THE INITIAL .STAGES UF PRODUCING A SET OF MERGED, SCALEDs AND AVERAGED
DATA FROM A DIFFRACIOMETER OR FROM A SERIES OF FILM PACKS, THIS 1S THE
SCALE FACTOR USED IN DATA CORRFLATION PROGRAMS, THE OTHER TYPE IS THE
ELECTRON DENSITY SCALE FACTOR (SEE ABOVE) REFERRED TO IN =FOURR=,

STRUCTURE INVARIANTS

THERE ARE TWO TERMS WHICH MUST Bf CLEARLY DISTINGUISHED IN SPEAKING
OF 'STRUCTURE INVARIANTS', THESE TERMS ARE APPLIED T0 ew

1. INDIVIDUAL REFLECTION PHASES WHICH ARE 'INVARIANT' FOR THE
STRUCIURE AT HANU

2., COMBINATIONS OF REFLECTION PHASES WHICH ARE tINVARIANT' FOR
ANY SIKUCTURE, .

THE FIRST GROUP ARE CALLED 'STRUCTURE SEMINVARIANY PHASES' AND
THE SECOND ARE CALLED 'STRUCTURE INVARTANT PHASE RELATIONSKIPSY, VERY OFTEN
THE FIRST WILL BE CALLED SIMPLY STRUCTURE cEMINVARIANTS AND THE SECOND
STRUCTYRE INVARIANTL, THIS UVISTINCTION HAg BEEN A SOURCE OF SOME CONFUSION
WHEN ONE IS APPLYING DIRECT METHODLS,

STRUCTURE SEMINVARIANT PHASES

THE STRUCIURE SEMINVARIANT PHASEg ARISE FROM THE FACY THAT CERTAIN
REFLECTION VECTORS {(HN,KN,LN) WITHIN A GIVEN SPACE GROUP ARE INVARIANT WITH

RESPECT TO ANY DEFINED ORIGIN FOR THE UNIT CgLl, THE PHASEs PHI, OF A GIVEN
REFLECTION DERIVES FROM A DOT PRODUCT ==

¢eo o0
« X o
PHIC(HNI/KNLN) = 2%PIx(HN,KNpbLp) . Y o
o 2 .
e oo

WHERE THE VECTOR XYZ IS SOME POINT IN THE yUNIT CELL REFERRING 'TO AN ARBITRARY
ORIGIN,
FC =
SUMMATION(JS1 TO N) FXP(2%PI*I(HxXJ))
SUMMATION(J=1 TO N) EXP(2%PIxI(Hx{(XJ + X0)))
SUMMATIONAJ=1 TO NS) OF THE SUMMATION(J=1 TO NAYEXP2aPIxIxHxRJJI%
. (XJ + X0)

EXP (I*PI¢I*HARJI*XJ)

EXP(I*PIxIxHARJI*XQ)
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SUMMATIONtd-1 TO NS)FXP(2xP1xI(H#RJUJ*X0) )SUMMATION{J=1 TO NA)EXP
: (2*%PI*1 (H*RJJ%XJ))

IN SPECIAL CASES OF HIGH PROBARILITY (ALL HIGH E VALUES),

STRUCTURE INVARIANT PHASE RELATIONSHIPS

THERE IS (HE POSSIBILITY THAT PHASES OF CERTAIN REFLECTIONS COMBINE
IN SUCH A WAY THAT AN INVARIANT QUANTITY RESULTS. THERE IS THE TRIVIAL
EXAMPLE IN WHICH ==

H1L = 0
‘K1 =0
L1 =0

I.E.¢ THE NULL VECTUR, F(0r0,0), WHICH IS DEPENDENT EXCLUSIVELY ON THE
STRUCTURE (CONTENT) OF THE UNI' CELL,

ALSO WE HAVE THE CASF WHEN wa

HY +# He = 0
K1 ¢+ K2 = 0
L1 + L2 =0

WHICH 1S FRIEDEL'S LAW, THIS STATES THAT PHI(H1»K1,L1) = &PHI(H2,K2,L2)
WHICH 1S ALSQ. INDEPENOENT OF THE CELL SPECIFICATIONS, THIS RELATIONSHIP 1S
USEU THROUGHOUT THE PHASE DETERMINING PROCESS,

THE NEXT MOSSIBLE STHUCTURE INVARIANT PHASE RELATIONSHIP IS:THAT
FOR WHICH ==

HI + H2 + H3 = 0
K1 + K2 + K3 = 0
L1 + L2 +L3 =0

WHICH IS THE BASIS UF THE SIGMA-TWO RELATIONSHIP. VECTORS WHICH MEET THIS
CRITERION GIVE RISE 70 STRUCTURE INVARIANTg OF THE FORM -a

COS(PHI(H1,K1,L1) + PHI(H2,K2,L2) + PHI(H3)K3,L3)) = G
THIS PARTICULAR STRUCTURE INVARIANT HAS PRQVEN MOST EFFECTIVE IN SOLVING
STRUCTURES., THE VALUE OF THE aVERAGE, G. mAY BE OBTAINED IN TwO WAYS. ONE
WAY IS TO ASSUME THAT IT IS 41,0 WHICH HOLDS FOR PHI VALUES OF REFLECTIONG

(HNsKN,LN) WHERE E(N) IS LARGE, THE OTHER WAY IS TO ACTyALLY CALCULATE AN
ESTIMATE OF EACH G BASED ON AVFRAGES OVER ALL VECTORS (HN,KN,LN) FOR THE g(N),

IN A SIMILAR WAY, THE FOURTH ORDER RELATIONSHIP ==
Hi + HZ + H3 + H4 = 0 '

K1 4 K2 + K3 + Ky =0
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A}
L1 + L2 + L3 +Ly =0

MAY BE USED,

SYMBOLIC PHASE

AT THE BEGINNING OF THE PROCESS OF GENZRATING PHASES FOR AN UNKNOWN
CRYSTAL, ALL REFLECIIONS ABOVE A CERTAIN THRESHOLD OF E (THE NORMALIZED
STRUCTURE FACTOR) ARE SERIALLY ASSIGNED A 1SyMBOLIC PHASEr, THESE SYMBOLIC
PHASES ARE OENOQTED BY A SYMBOL NUMBER IN DECREASING ORCER OF E VALUE.
THAT Ig, THE MAXIMUM VALUE OF ¢ IS GIVEN TwE SYMBOL 1» THE NEXT LARGEST 2,
AND SO ON, IN THIS WAY, THE SYMBOL NUMBER NOT ONLY SERVES TO IDENTIFY THE
GIVEN REFLECTION, BUT ALSO TO STAND FOR THE VALUE OF THE UNKNOWN PHASE,
ANY OTHER SYMBOLIC UVESIGNATION (FOR EXAMPLE LETTERS) COULD HAVE BEEN
CHOSEN BUT THE ADVANTAGE OF USING SEQUENTIAL INTEGERS 1S THAT EACH MAY
SERVE AS A SUBSCRIP!I TO POINT 7O A GIVEN SYMBOLIC PHASE ANDs IN ORDER TO SAVE
STORAGE AND COMPUTING TIME, THE SYMBOL NUMBER BECOMES. IN USE, THE SYMBOLIC
PHASE,

CONSEQUENILY, IN THE COURSE OF THE DETERMINATIOM OF A SET OF PHASES
EACH SyMBOLIC PHASE WILL AT THE END OF THE PROCESS FALL INTO ONE OF THE
FOLLOWING CATEGORIES == . :

1. DEFINED - A PHASE WHICH HAS BEEN ASSIGNED A NUMERIC
VALUE FROM CELL SPECIFICATION, OTHER
STATISTICAL RELATIONSHIPS, OR POSSIBLE PHASE
. PERMUTATIONS

2. UNDETERMINED A PHASE WHICH IS STILL UNKNOWN

3., DETERMINED - DERIVES A NUMERIC VALUE THROUGH SIGMA-TWO
RELATIONSKIPS

A PHASE wHICH MAY BE EXPRESSED IN TERMS OF
DEFINED, DETERMINED, AND UNDETERMINED SYMBOLS

4, DEPENUENT

5. MISSING - A PHASE WHICH HAS NO SIGMA-TWO INTERACTIONS
WITHIM THE SET OF REFLECTIONS UNDER
CONSIUVERATION,

THE TREATMENT OF SYMMETRY

THE CRYSTALLOGRAPHIC PROGRAMS OF THE X-RAY SySTeM ARE DESIGNED YO
OPERATE FOR ANY SPACE GROUP IN ANY SETTING, THE DESIGN OF THE PROGRAMS
IS SUCH THAT THE DAIA REDUCTIOM PROGRAM READS THE SYMMETRY SPECIFIED 8Y THE
CRYSTALLOGRAPHER ANU RECASTS I7 INTO SUITAPLE FORMS FOR USE By THE VARIOUS
PROGRAMS OF THE SYSIEM, SEVERAL ARBITRARY RULES MUST BE OBSERVED
IN ORDER TO PRODUCE COMPUTATIOMALLY CORRECT RESULTS wITH RESPECT TO SYMMETRY,

1, A UNIQUE ASYMMETRIC SET OF REFLECTIONS MUST BE SUPPLIED,
IF ONE HAS SPACE GROUP Pu4,» FOR EXAMPLE, THEN ANY ONE REFLECTION
FROM THE SET HKLs HK=L s «H=KL, =H=K=Lj, =KHL, K=HL, K=H=L,
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OR =KH~L MUST BE «UPPLIEU, NO MORE THAN ONE SHOULD BE
SUPPLIED, A SIMILAR CONSIDERATION APPLIES Y0 THE NON=-
EQUIVALENT SET RELATED TO =HKt,

2, A SEPARATE STATEMFENT (ON THE LATICE= CARD) INDICATES THE
BRAVAI> LATTICE TYPE AND WHETHER THE CELL IS CENTRIC OR
ACENTRLC.

3. ALL THE REST OF TME SYMMETRY 1S SPECIFIED By MEANS OF A
STATEMENT QF THE SYMMETRY OPERATIONS IN TERMG OF GENERAL
EQUIVALENT POSITIONS,

) TAKE AS AN EXAMPLE, C 2/Cy WHICH HAS THE FULL SET OF EQUIVALENT
POSITIONS .

Xe Yo 2

X+ 1/2y Y + 1,2, 2

Xo =Yy Z + 1/2

X + 1/2s =Y ¢ 172, 2 + 172
Xt Yo =Z + 1/2

=X + 1/2,» Y + 172y =2 + 1/2
-Xr =Yy =2

=X ¢+ 1/20 =Y + 1/2» =2

IN THE X;RAY SYSTEM THIS EXAMPLE MUST BE ENCODED BY THE FOLLOWING INPUT,

LATICE c c
SYMTRY Xoe Yo 2
SYMTRY Xe =Y» Z ¢+ 1/2

NOTE THAY THE .SECONU =SYMTRYZ CARD COULD JyST AS WELL HAVE BEEN =X, Yo

-2 + 172 (BECAUSE 11 IS IMPLIED B8Y THE CENTER), THE IDENTITY (X, Y. 2Z) IS
ALWAYS EXPECTED AND MUST 8E GIVEN, IN THE SYSTEM, THE SYMMETRY DATA SHPPLIED
1S TRANSFORMED INTO TWO FORMS, ONE IS A SgT OF ROTATION MATRICES AND !
TRANSLATION VECTORS USED BY ALL PROGRANMS WMICH MUST GENERATE EQUIVALENT
POSITIANS IN DIRECT SPACE OR EQUIVALENY REFLECTIONS IN RECIPROCAL SPACE, THE
OTHER IS A SET OF INTEGER DIRECTORS ASSOCIATED WITH EACH REFLECTION IN THE
BINARY DATA FILE, THESE INTEGFRS MAKE POSSIBLE THE GENERATION OF ALL THE
EQUIVAL_ENT RECIPROCAL SPACE POINTS AND STRUCTURE FACTORS (PHASES INCLUDED),
THUS ONE MAY SAY THAT ALL YHE VARIOUS PROGRAMS ARE CODED AS IF THE STRUCTURES
WERE TRICLINIC AND IHE SYMMETRY IS IMPOSED By MACHINE DIRECTING  CODES
ESTALBISHED BY THE UATA REDUCTION PROGRAM, THIS: THEN, I§ THE 'RAISON D'ETRE!
FOR THE EXISTENCE OF THE BINARY DATA FILE AS FORMED BY DATA REDUCTION,

THE CRySTALLOGRAPHEK WORKS ONLY wer AN ASYMMETRIC SET OF ATOMS AND
REFLECTIONS,

TEMPERATURE FACTORS

-

WHERE APPROPRIATE, EVERY PROGRAM 1S DpSIGNED TO PERMIT THE USE OF
OVERALL ISOTROPIC, LINDIVIDUAL 1SOTROPIC, INDIVIDUAL ANISOTROPIC. OR A
MIXTURE OF ALL THREE: TYPES OF TEMPERATURE FACTOR. IF NECESSARY, THE
PROGRAM WILL PERFORM THE APPROPRIATE INTERCONVERSION (EXCEPT, CURRENTLY, =FC=z).

A NUMBZR OF DIFFERENT CONVENTIONS HAVE BEEN FOLLOWED IN THE
CRYSTALLOGRAPHIC LI!TERATURE FOR THE DEFINITION OF TEMPERAYURE FACTORS.
WITHIN THE X=RAY SYSTEWM, USE IS MADE OF THE DEBYE-WALLER. 8 FACTOR FOR THE
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1SOTROPIC MODE, AS USED IN THE EXPRESSION
EXP =(B*S¥x%2)
WHERE Sz (SINE THETR)/LAMBDA, THE CORRESPONDING ANISOTROPIC EXPRESSION IS
EXP = (H*#24BETA(111) 4000 +2%H*KABETA(L112)+04s)

HOWEVER, WITH THE AIM OF EVENTUAL CONSISTENCY, IT IS PROPOSED THAT THE
SYSTEM WILL FOR ALL OUTPUT AUOPT THE CRUICKSHANK U NOTATION, HAVING THE
RELATIONSHIPS '

B = BR(PI*x2)%U
BETA(L,J) = 2%(PI*%x2)%U(1,J)%x{ASTAR(I)*ASTAR(JY))
BUlyJ) = B¥(PIk#2)%UCI,J)

(WHERE ASTAR IS A RECIPROCAL AYIS LENGTH), THIS CHOICE IS MADE AS A
RESULT OF THE ARTICLE BY D.W,J, CRUICKSHANK IN ACTA CRYST,» 1956, 9» P,747,

CURRENTLY,» AT =LOADAT= TIME (WHICH 1S THE ONLY PLACE WHERE TEMPERATURE
FACTORg ARE ENTERED INTO THE SYSTEM) THE VALUES ARE OUTPUT IN ALL THREE
CONVENTIONS TOGETHER WITH THE ' VALUES OF THE ELLIPSOID AND THE ANGLES
MADE By THE AXES WIIH THE CELL EDGES,

WHEN INPUTTING TEMPZIRATUR: FACTOR INFQORMATION, ANY OF =8z, =BETA=,
=B1J=, =Uzs OR =UIJ= ARE ACCEPTABLE, THE ONLY COMMONLY (SED FORM WHICH
IS NOT ALLOWED IS THAT IN WHICH THE FACTOR 2 IN THE CROSS TERMS HAS BEEN
ABSORBED INTO,THOSE TERMS IN THE TEMPERATURE FACTOR,

THE PROCESS OF REFINEMENT OF A CRYSTAL STRUCTURE UTILIZING A
NONLINFAR LEAST SQUARES PROCEDURE REQUIRES SOME ATTENTION YO BE GIVEN
TO THE WEIGHT ASSIGNEU TO EACH EXPERIMENTAL OBSERVATION. IN YHE SYSTEM,
THE QUANTITY STORED IN THE BINARY DATA FILE IS THE SQUARE ROOT OF THE

REFLECTION WEIGHT, (THIS CONVENTION HAS ARISEN BECAUSE 71T SAVES MANYV
THOUSANDS OF MyLTIPLICATION OPERATIONS DURING THE BUILDING OF THE MATRIX
AND VECTOR OF THE NURMAL EQUATITONS,) THE PRACTICE FOLLOWS THAT ESTABLISHED

IN ZORYLS= AND IS CUMMON TO MAMY CRYSTALLOGRAPHIC LEAST SQUARES PROGRAMS,

THE DERIVATION OF THE VAL!'ES OF THE WEIGHTS IS A MATTER OF CONSIDERABLE
CONTROVERSY IN THE CRYSTALLOGRAPHIC LITERATURE, FOR THIS REASON, A MUMBER
OF METHODS OF DEALING WITH THE PROBLEM OF ESTABLISHING VALUES SUITABLE YO
THE GlyEN PROBLEM ARE PROVIDED, =DATRDNz ALLOWS THE BINARY DATA FILE
VALUE, OR ITS RECIPROCAL, TO 8Br INPUT UIRECTLY ON =HKL= CARDS, ALTERNATIVELY
ONE MAy SPECIFY COErFICIENTS FNR THE CALCULATION OF THIS VALUE USING AN '
EQUATIoN DESCRIBED IN 31 ,DATRON, FINALLY, =WTANAL= AND =wTLSS@= MAY BE
USED To DERIVE A SUITABLE SET OF WEIGHTS,



1.ABSORB- 1 28
ous22/772

=ZABSORB= = DIFFRACTOMETER ABSORPTION cORRECTION PROGRAM

THIS PROGRAM IS A MODIFICATION OF A FOUR-CIRCLE DIFFRACTOMETER COOF
WRITTEM By P, COPPENS OF SUNY MUFFALO, THE ABSORPTION ROUTINES WERE OBTAINED
FROM R,F, STEWART, CARNEGIE=MELLON UNIVERSITY, WHO HAD INCORPPORATED THEM INTO
A DATA REDUCTION PACKAGE, H,L, AMMON MODIFIED THE PROGRAM FOR THE X-RAY
SYSTEM INCLUDING A COMPLETE REWRITE OF THE INPUT SECTIONS FOR CRYSTAL
ORIENTATION AND CRYSTAL FACE SPECIFICATION, THE FOURTH DIFFRACTOMETER ANGLE
(OMEGA = THETA) IS NOT ALLOWED TO VARY INDEPENDENTLY IN THIS VERSION
(I.E,» OMEGA IS ASSUMED TO BE FQUAL TO 0.5%2THETA),

EVALUATION OF THE ABSORPTION INTEGRAL =A= IS DONE BY NUMMERICAL SUMMATION
OVER A THREE=DIMENSLONAL GRIU OF POINTS WITHIN THE CRYSTAL VOLUME, THE
GAUSSIAN QUADRATURE METHOD IS M1SED WHICH ASSIGNS TO EACH POINT A WEIGHT
PROPORTIONAL TO THE CRYSTAL VOLUME ELEMENT REPRESENTED BY THE POINT.

( 1 ) INTEGRAL ( )
A Z (=wemammamm—c—a)* OVER (EXP*x% (=MU*T) DELTA V)
(CRYSTAL VOLUME) CRYSTAL VOLUME | )

THE ABSORPTION CORRECTION TERM IS OUTPUT AS zA*=» WHERE
Ax = 1/A
I (CORRECTEV) = (Ax) x I (MEASURED)

ADDITIONAL INFORMATION ON THE METHOD OF CALCULATION: EXAMPLES OF ITS
ACCURACY, ETC, MAY BE FOUND IN REF, 1,

THE DIFFRACTOMEIER GEOMETRY SPECIFIED IN THE PROGRAM 1S USED ON THF PICKER
FACS=I, MANY OTHER SYSTEMS HAVE IDENTICAL OR EQUIVALENT GEOMETRIES, THE
GENERAL -ELECTRIC XRU=64 FOR EXAMPLE, IS JUST THE FACS~-1 TURNED UPSIDE-DOWN,
WITH ALL DIFFRACTOMETER ANGLES SET TO 0,0, A SET OF DIFFRACTOMETER AXES IS
DEFINED SUCH THAT +X POINTS TOWARD THE X=RAY SOURCE (=X INTO THE DETECTOR)» Y
1S BOTH IN THE HORIZONTAL DIFFNACTOMETFER PLANE AND THE PLANE OF THE CHI
CIRCLE, Z IS NORMAL TO X AND Y TO YIELD A RIGHT=HANDED SYSTEM, THE +
DIRECTION OF Y IS DEFINED SUCH THAT WHEN A REFLECTION IS BEING MEASURED AT
SOME + 2THETA» THE INCIDENT BEAM OCCUPIES THE +X++Y QUADRANT, THE DIFFRACTED
VECTOR MOVES THROUGH THE =X,+Y QUADRANT AND THE RECIPROCAL LATTICE VECTOR IS
COINCIPENT WITH +Y, THE +Y AXIS FORMS THE REFERENCE POINT FOR PHI = 0
DEGREES AND THE + DIRECTION OF ROTATION IS ASSUMED TO GO FROM +Y TO =X, AT
CHI = 9p DEGREES, THE GONIOMETFR HEAD TO CRYSTAL VECTOR PARALLELS +Y AND AT
CHI = 0 DEGREES IT MARALLELS =2Z,
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SOURCE

PRIMARY AND SECUNDARY ORIENTING REFLECTIONS (RIGHT-HANDED SYSTEM ASSUMED)
ARE ‘USED TO SPECIFY THE CRYSTAL ORIENTATION (REF. 2) ON THE =ORREF= CARD,
CRYSTAL FACE DATA MAY BE SPECIFIED IN TWO WAYS =-

(1) =FACEPT= CARDS, s

EACH FACE IS DEFINEU BY THE COCRDINATES OF 3 POINTS ON THE FACE IN AN
ARBITRARY CARTESIAN SYSTEM (1T MUST BE RIGHT-HANDED, ORTHOGONAL'‘AND
NORMALIZED)., THE UNIT LENGTH IN THIS SYSTEM CAN BE EITHER 1,0 CM OR .
{1/S) CM WHERE S IS A SCALE FACTOR PUNCHED IN COLS., 62=71 OF THE =ABSCRB=
CARD, IF THIS OPTIUN Ig yStl, THE FACES INDICATED ON THE FIRST AND SECOND
SFACEPT= CARDS *xMUSTx* CORRESWOND TO THE PRIMARY AND SECONDARY REFLECTION
HeKelL'S ON THE =ORREF= CARD, THESE FIRST TWO FACES NEED NOT BE REAL CRYSTAL
FACES, BUT MAY BE FAKE FACES USED ONLY FOR CRYSTAL ORIENTATION PURPOSES

(SEE CoLS, 7=8 OF =rACEPT= CARU),

(2) =FACE= CARDS .+«

EACH CRYSTAL FACE IS SPECIFIED BY THE CHI AND PHI ANGLES REQUIRED 70 PLACE

IT IN THE DIFFRACTING POSITION, PLUS THE DISTANCE FROM THE CRYSTAL FACE TO AN
ARBITRARY ORIGIN INSIDE THE SPECIMEN, THIS KIND OF MEASUREMENT CAN BE
REAUILY DONE ON THE FACS~1 BECAUSE THE VIELING TELESCOPE IS MOUNTED IN THE
X2 PLANE, THE FACES NEED HAVE NO RELATIONSHIP TO THE TWO ORIENTING
REFLECTIONS ON THE =ORREF= CAR!,

=FACE= AND =FACEPT= CARDS CANNQOT BE USED TOGETHER.,
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IN THE PRESENT VERSION,» REFLECTION INPyYT CAN BE ACHIEVED ONLY USING
SHKL= cARDS OR A FILE CONTAINING CARD IMAGES, THE FORMAYT OF THE QUTPUT
SHKLS CARD IS EXACTLY THE SAME AS THAT INPUT EXCEPT FOR THE VALUE OF =ZAx=
IN COLS 63-69, CARU IMAGE FILFE INPUTY IS ACHIEVED BY THE USE OF A =FILES=
CARD AFTER THE LAST =FACE= OR =FACEPT= CARD, THE =FILES= CARD MUST HAVE
THE CARD IMAGE FILE LOGICAL UNIT NUMBER IN COLS, 8=9 (USUALLY CONTAINS NTIN),

THE LAgT RECORD ON FHE CARD IMAGE QUTPUT FJILE SAYS -FILES‘ WITH THE USUAL VALUE
OF NTIN REPLACED IN COLs, 8-9,

*SORRY*, BUT THE PROGRAM WILL NOT ACCEPT AN EXISTING ¥=-RAY SYSTEM BINARY
DATA FILE AS INPUT. THIS FEATURE WILL BE ADDED AT SOME L ATER TIME.

THE MANNER IN WHICH THIS PROGRAM INTERFACES WITH :DATCOS: AND =DATRON=
IS ILLUSTRATED BELOW,.,.,

"(A) DATCOS - PROCESS DIFFRACTOMETER INTENSITY DATA,
WRITE =HKL= CARD IMAGES ON FILE X,

{B) ABSORB =~ ABSORPIION CORRECTION,
READ =HKLZ= CARD I“AGES FROM FILE X (A =FILES= CARD MUST BE USED
TO TEMPORARILY DESIGNATE FILE X AS THE INPUT CARD
STREAMy I,E. NTIN = FILE X),
WRITE =HKL= CARU IMAGES CONTAINING =A%z ON FILE Y,

(C) DATRDN =~ REDUCE DATA,
READ =HKL= CARD IMAGES FROM FILE Y (A =FILESz CARD MUST BE USED
TO TEMPORARILY NESIGNATE FILE v AS THE INPUT CARD -
STREAMy I.Es NTIN = FILE Y),
WRITE NEW BINARY VATA FILE,

RE+ERENCES

- o o W -

(1) P, COPPENS, CRYSTALLOGRAPHIC COMPUTING, F,R, AHMED, ED.r
MUNKSGAARD (COPENHAGEN)s» 1°70, PP, 255.270,

(2) W,R, BUSING AND H,A, LEVY, ANGLE CALCULATIONS FOR 3= AND 4=CIRCLE X~RAY
AND NEUTRON DIFFRACTOMETERS, ORNL=4054, OAK RIDGE NATIONAL LABORATORY,
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STRUCTURE INVARIANT SEARCH AND COSINE CALCULATION

THIS LINK IN THE X-RaYy SYSTEM WAS CODEL BY S, HALL, G. KRUGER. AND
J. STEWART. ITS PUKRPOSE IS TO CARRY OUT THE FIRST EXPANSTON OF PHASES FROM THE
ORIGIN AND ENANTIOMURPH PHASES WHICH HAVE BEEN CHOSEN AS DESCRIBEO IN
1., TANGEN AND 1, SINGEN, IN AVDITION THIS PROGRAM WILL CARRY QUT ESTIMATION OF
COSINES OF STRUCTURE INVARIANTS BY MEANS OF THE METHOD PROPOSED BY HAUPTMAN,

IT CANNOT HE OVEREMPHASIZED 1HAT THIS 1S PURELY AN EXPERIMENTAL LINK
CURRENTLY UNDER INVESTIGATION, IT SOMETIMES GETS THE ANSWER DIRECTLY FROM THE
0.0.R., AND E,D.R. BY FORWARDING A CORRECT INNER SET OF PHASES TO =TANGEN= BUT
ALSO AT THIS WRITING (OCT, 1971) IT MAY FORWARD TO =TANGENZ AN OBFUSCATING
INNER ¢FT, 1T DEPENDS UPON HOw =ZEASY= THE SOLUTION IS, THE BEST PLAN SEEMS TO
BE TO TAKE THE ORIGIN AND ENANTIOMORPH PHAGES CHOSEN AS DESCRIBED IN 1, TANGEN
AND RUN =TANGEN= FIWST, IF THAT ATTEMPT FAILS THEN MAKE A PRELIMINARY RUN
WITH =APHASE= TO SEt IF THERE ARE ANY NUMERIC VALUES OF PHASES WHICH MAY BE
OBTAINED BY MEANS OF FOURTH ORMER RELATIONSHIPS, IF THERF ARE, USE THE 0,D.R.¢
E.D.R., AND ONLY THIS ADDITIONAt PHASE UDIRECTLY INTO =TANGEN=, IF THAT FAILS
CONSIDER THE AMBIGULTIES DETERMINED BY =APHASEZ AND PURSUE THE MULTIPLE
SOLUTIONS WHICH THEY IMPLY. Ir THERE ARE MANY IMPLIED BRANCHES RECONSIDER THE
CHOICE OF 0.D.R., ANU E.D.Re REFLECTIONS,

THE =APHASE= LINK PROCEEDS IN A NUMBER OF STEPS,

1, SORTING OF THE ONMTPUT OF THE =SINGEN= RELATIONSHIPS IN DECXEASING
ORDER oF A (PROBABILITY- A USEFUL LIST FOR HAND OPERATIONS)

2, OPTIONALLY CALCU!' ATING TRE ESTIMATED VALUE OF THE COSINE FOR
EACH OF THE RELATIONSHIPS SELECTED,

3. MERGING OF THE SORTED RELATIQNSHIPS INTO THIRD ORDER AND FOURTH
ORDER TYPES IN DECREASING A, 7YHE FOURTH ORDER RELATIONSHIPS ARE FOUND BY THE
ELIMINATION OF A CUMMON PHI BFrTWEEN TwO THIRD ORDER RELMATIONSHIPS,

4, SIMPLLIFICATION OF THE UNKNOWN PHI VALUES IN TERMS OF KNOWN
PHASES OR HIGHER E VALUED UNKNOWN PHI VALUES,

. 5. TRANSFER OF ALL KNOWN PHI VALUES TO AN OUTPUT BINARY DATA FILE FOR
USE BY =zTANGEN='
*senkkkx ¥ CAVEAT APHASOR k%3 k%

STEPS 1, 5¢ AND S ARr SELF EXPLANATORY.

STEP 2

STEP 4 IS A METHOD FOR ESTABLISHING THE FEWEST POSSIBLE UNKNOWN
PHASES WITHIN A GIVEN SUHSET O+ THE HIGHEST E VALUE REFLECTIONS.,
THE OUTPUT OF THE =SINGEN= LINY AND THE SORTV-MERGE PROCESS IN =APHASE= IS A
SERIES OF EQUATIONS OF THE TYP:
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PHI(I) +0R= PHI(J) +0R~ PHI(K) +OR= PHI(L) +OR= PHI(SHIFT)=PSl WHERFE

I, Jo» Ky AND L REFER TO PHASE NUMBERS AND THE + OR = SIGNS AND SHIFT REFER TO
SYMMETRY CONSIDERATIONS AS GIVRN IN 1, SINGEN, ODURING THIS PROCESS THE VALUE
OF PSI IS ASSUMED TU BE ZERO SINCE ONLY THE HIGHEST A VALUE RELATIONSHIPS ARE
UTILIZED, IF THE AVERAGING PRNCESS WAS CARRIED OUT ANY RELATIONSHIPS WITH A
CALCULATED PSI MUCH DIFFERENT +FROM ZERO ARE ELIMINATED, THE SORT MERGE
PROCESS HAS LEFT THE RELATIONSHIPS SORTED SO THAT THE MOST PROBABLE ONE COMES
FIRST, THEN THE NEX| AND SO ON,

INITIALLY, A MATRIX LARGE ENCUGH TO ACCOMMODATE THE HIGHEST PHASE
NUMBER TO BE SOUGHT 1S SET UP, THEN THE VALUES OF ANY KNOWN OR DEFINED PHASES
ARE PLACED IN TH1S MATRIX, EACH RELATIONSHIP IS READ IN TURN AND ANY KNOWN
PHASES ALREADY POSTED IN THE MATRIX ARE SUBSTITUTED INTO THE RELATIONSHIP,
THIS PROCESS ELIMINATES THE ALPEADY KNOWN pHI VALUES FROM. THE RELATIONSHIP AND
REDUCES IT Yo BE IN TERMS OF THE SMALLEST PHASE NUMBERS POSSIBLE,
ONCE THE RELATIONSHIP IS SIMPLIFIED IT IN TURN IS POSTED TO THE MATRIX SUCH
THAT THE HIGHEST REMAINING UNKMOWN PHASE IS SIMPLIFIED AND CAN THEN BE USED TO
SIMPLIFY OTHERS,

BECAUSE OF THE NATURFE OF THIS PROCESS A NUMBER OF RESULTS MAY ARISE
AS EACH RELATIONSHIF IS BEING PROCESSEUL,

1. THE RELATIONSHIP REDUCES TO N=N WHERE N IS SOME NUMERIC PHASE
VALUE, IN THIS CASE THE RELATIONSHIP IS REDUNDANT AND RECONFIRMS PREVIOUS
SUBSTITUTIONS AND SIMPLIFICATIONS,

2., THE RELATIONSHIP REDUCES TO n=M WHERE N AND M ARE SIGNIFICANTLY
DIFFERENT PHASE VALUES FROM ONF ANOTHER, THIS IMPLIES THAT THERE IS A
DISCREPANCY BETWEEN THE CURRENTY RELATIONSHIP BEING TREATED AND SOME FREVIOUS
SUBSTITUTIONS AND SIMPLIFICATIONS,

3, THE RELATIONSHIP CAUSED THE REDUCTION TO PHT(L)=FUN({ PHﬁ(Il)o
PHICIZ2) ) ooeesPHICINY) THAT IS TO SAY PHI(L) 1S EXPRESSED IN TERMS OF OTHER
PHI VALUES, PHASE NUMHERS I2 TO IN ARE ALL LESS THAN L.

4, THE RELATIONSHIP CAUSES THE REDUCTION TO PHI(L)= N/G WHERE N
IS A PHASE ANGLE ANU Q IS AN INTEGER, BOTH THE ANGLE AND THE INTEGER BEING
THE RESULT OF ALL PREVIOUS SUBSTITUTIONS AnD SIMPLIFICATIONS, THIS MAY ALSO
BE EXPRESSED AS M (PHI (UNKNOWN))= PHI(KNOwN) + PHI(KNOWN2) ,
THAT IS TO SAY N IS THE RESULT OF ADDING WITH THE CORRECT SIGN VARIOUS VALUES
OF KNOWN PHI AND PHI(SHIFT) ANt' @ IS AM INTEGER WHICH ARISES DUE TC THE
POSSIBLE RECOMBINATION OF A GIVEN PHI WITH ITSELF, THERE 1S AN AMBIGUITY WHEN
THE VALUE OF @ IS DIFFERENT THAN 1, THIS IS BECAUSE OF THE FACT THAT PSI IS
CONSIDERED TO BE ZERKO BUT COULD' JUST AS WELL BE 360, 720, ETC, SO THAT
DIVISION BY 1 IS NO PROBLEM BUT DIVISION By 2 IMPLIES 0 OR 180, BY 3 0, 120,
OR 240 AND SO ON,

THYS UNDEHR THIS CONDITION THE RESULT IS AN AMBIGUITY AND THE
SOLUTION PROCESS IS HALTED, THEN THE FIRST ENCOUNTERED VALUE IS PLACED IN
L1ST OF KNOWN PHI VALUES AND THE SOLUTION pROCESS IS RESTARTED, IT IS
IMPORTANT TO RECOGNLIZE THAT THFRE IS NO ASgURANCE THAT ONE OF THE OTHER
POSSIBLE VALUES IS NOT THE TRUF VALUE,

S, THE RELATIONSHIP CAUSES A PHASE TO BE REDUCED 10 PHI(L)= N/1
WHICH 1S ACCEPTED AS THE SOLVED VALUE FOR pHI(L)s THIS NEW PHI(L) MAY THEN
BE USED TO SIMPLIFY ALL PHI VALUES WHICH ARE AT THAT POINT KNOWN TO BE
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DEPENDENT ON PHI(L).

WHEN ALL RELATIONSHIPS HAVE REEN TREATED A SUMMARY IS PRINTED
SHOWING ALL THE PHASES SOUGHT IN TERMS OF THE LOWEST UNKNOWNS OR AS DETERMINED
DURING THE SIMPLIFICATION PROCEDURE,
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GEMERATION OF BONDED ATOMS
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THIS PROGRAM WAS WRITTEN BY G,J,KRUGER AND J,M,STEWART, IT
1S DESTIGNED TO PROVIDE A MEANS TO GENERATE THE COORDINATES OF SOME ATOMS FROM

FOR EXAMPLLE,

GIVEN THFE COORUINATES OF TWO ATOMS,

IT WILL GENERATE

A THIRD ATOM BETWEEN THE TWO GIVEN ATOMS AND 1,02 ANGSTROMS FROM THE SECOND
GIVEN ATOM,

CODE NAME

LINEAR

TRIGON

TETCHN

TETERM

SQRPLN

OCTHED

(1)

(2)

(3)

)

(8)

(6}

AS PRESENTLY SET UP,
UIFFERENT COMMON CONFIGURATIONS,
ATOMIC PARAMETERS AND Py, PS5y PHs P7 FOR THE OUTPUT PARAMETERS,
GIVEN A SPECIFIC DISTANCE 0.
THEN GENERATES AS FULLOWS,

CASE

LINEAR

TRIGONAL

.

 TETRAHEORAL
CHAIN

TETRAHEDRAL
TERMINAL

SQUARE
PLANAK

OCTAHEDRAL

LET P1, P2,

IT PROVIDES FOR THE POSSIBILITY OF EIGHT.
P3 BE USED TO DESIGNATE INPUT

THE PROGRAM,

AND IN CASE 8 THE ANGLES ALPHA(1) AND ALPHA(2),

GIVEN INPUT PARAMETERS

OUTPUT PARAMETERS PRODUCED

P1, P2

CONNECTED P1=P2=P3
WITH ANGLE OF ABOUT
120 DEGREES.

CONNECTED P1=P5=P3
WITH ANGLE ABOyT 109
DEGREES,

CONNECTED P1=Pp=P3
WITH ANGLE ABOUT 109
UEGREES,

COMNECTED Pl=P,=P3
WITH ANGLE NEAR 99

UEGREES,

COMNECTED P1-Po=P3
WITH ANGLE NEAR 90

DEGREES,

T g, B, D e = P o " Y e T o -

P4 AT DISTANCE D FROM P2

. TOWARD P1

Py AT DISTANCE O FROM P2
WITH ANGLES P1=-P2-Py
AND py=p2-P3 AT ABOUT
120 DEGREES,

P4 AND P5 AT DISTANCE D
FRCM P2 wWITH ANGLES
P4=Ppo=P5, Pl-pP2=P4,
P1-P2-P5, P3=P2=P4, AND
P3-P2«P5 ALL NEAR 109
DEGREES,

P CONMNECTED TO P3 AT
DISTANCE D IN THE SAME
SENSE AS VECTQR P1=P2,
Py AMD P5 ARE GENERATED BY
TREATING P2~P3~P6 AS INPUT
TO TETRAHEDRAL CHAIN CASE,

Py AND P5 AT DISTANCE D
FROM P2 WITH ANGLES

P1-P2~Py, Py-P2-PS, AND
P3-P2-P5 NEAR 90 DEGREES,

P4 AND P5 AS IN SQUARE
PLANAR CASE, Po AND P7 AT
DISTANCE D ABOVE AND BELOW
P2 PERPENDICULAR TO THE
PLANE OF Pl=p2-P3,



HEXGNL {7) HEXAGUNAL CONNECTED P1=-P,-P3
, WITH ANGLE NEAR 120
VEGREES,
GENRAL (8) GENERAL CONNECTED WITH ANGLE

P1-P2-P3 NOT NgAR O OR
180 DEGREES,
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P4~P5-P6 WITH ANGLE NEAR
120 DEGREES AND LYING IN
PLANE OF P1-p2«P3 WITH
P1-P& AND P3-P4 AT DIS-
TANCE D FROM ONE ANOTHER,
THE POINTS P1,P2/P3,P4.PSy
AND ps FORM A PLANAR SIX
MEMBERED RING WITH INTER=~
NAL ANGLES OF ABOUT 120
DEGREES,

P4 wITH ANGLE ALPHA(1) IN
THE PLANE OF P1-P2-P3 AND
ALPHA(2) ABOVE THAT PLANE.
ALPHA(1) IS THE PROJECTED
ANGLE P4-P2-pP3, ALPHA(2}
IS THE ELEVATION ANGLE OF
THE pP2-P4 VECTOR ABOVE THE
P1-P2~P3 PLANE (BOTH MUST
BE LESS THAN 180 DEGREES).

EACH INPUT POINY IS UESIGNATED IN A =CALCATz CARD B8Y AN ATOM NAME
EITHER FROM zATOMz CARDS OR FROM THE BINARy DATA FILE, THE NAME OF EACH

OUTPUT POINT MUST Bt SUPPLIED IN THE =CALCAT= CARD,

ONCE EACH =CALCAT=

CARD Ig USED, THE NAME OF THE GENERATEU ATQM IS STORED IN THE ATOM ARRAY,
MOREOVER, THE ARRAY 1S SEARCHE!) AND ANY ATOMS ALREADY PRESENT ARE REGENERATED,



1.BONDLA=- 1 36
’ 04722772

BOND LENGTH AND ANGLE AND CONTACT DISTANCE PROGRAM

THE =BONDLAZ PROGRAM O+ THE X=RAY SYSTEM IS A REWRITTEN VERSION OF THE
‘ZBONDL A= OF X=-RAY 63. IT HAS HEEN WRITTEN BY F,A, KUNDELL IN COLLABORATION
WITH J M, STEWART ANU R,V, CHASTAIN, MODIFICATIONS TO ACCOMMODATE =ATRAD=z .
CARDS HAVE BEEN MADt BY P,G, LENHERT,

THE OBJECTIVES OF THE CODE ARE TO PRODUCE TWO CATEGORIES OF DISTANCES
AND ONE OF ANGLES, 10 FIND ALL- DISTANCES IMCLUDING THOSE OF ATOMS RELATED BY
SYMMETRYs AND TQ ESIIMATE THE FRRORS IN THE CALCULATED QUANTITIES BASED UPON
THE DIAGONAL ELEMENIS FROM THE LEAST SQUARES REFINEMENT,

TWO KINDS OF DISTANCES ARE DEFINED-.-- 'BOND' DISTANCES AND 'CONTACT®
DISTANCES IN TERMS UF THREE LENMGTHS, THESE THREE LENGTHS ARE MINIMUM DISTANCE
TO DEFIME A BONDs MAXIMUM DISTANCE TO DEFINE A BOND (WHICH IS THE MINIMUM
DISTANCE TO DEFINE A CONTACT), AND MAXIMUM DISTANCE TO DEFINE A CONTACT,
TAKING EACH ATOM OF THE ASYMMETRIC SET IN TURN, ALL OF THE INTERIOR ANGLES
OF THE 'BOMDED' ATOMS OF THE ASYMMETRIC SET ARE CALCULATED, THE ASYMMETRIC
SET IS THAT SET OF ATOMS wHICH DEFINE THE STRUCTURE AND ARE REQUIRED B8Y THE
STRUCTYRE FACTOR PRUGRAMS (E,G, =FC=s =ORFLSZz),

THF PROGRAM IS RESTRICTIVE WITH RESPECT TO THE MAXIMUM DISTANCES. wHICH
MAY BE CALCULATED, IF NO SPECYFICATION IS SUPPLIEDs, THE THREE VALUES WILL BE.
SET TO 0.03s 1.80s AND 2,50 ANGSTROMS RESPECTIVELY. IN NO CASE SHOULD THE
DIFFERENCE IN MAXIMUM AND MINIMUM BOND DISTANCE BE SET TO0 LARGE SINCE THIS
WILL RESULT IN A HIGH NUMBER Or POSSTIBLE BOND ANGLES BEING PRODUCED, BY
SETTING THE MINIMUM EQUAL TO A NUMBER GREATER THAN ZERQ ASSURES THE PROPER
VETECTION OF ATOMS IN SPECIAL »OSITIONS, ALL OF THESE REGTRICTIONS MAY BE
OVERRIDDEN BY THE USER AS HE SKES FIT,

IN ADDITIONs THROUGH THE USE OF =ATRAD= CARDS, ONE MAY SPECIFY RADIX
FOR THF VARIOUS ATOMIC SPECIES IN EACH OF YHE 3 CATEGORIES DESCRIBED ABOVE,
THUSe IF ONE HAS COMPER AND HYD'ROGEN IN THE SAME COMPOUND ONLY THE SIGNIFICANT
CONTACT ANL BOND LENGTHS WILL ®E LISTEU,

THE CALCULAIION PROCEE"S HBY A SERIES OF SYMMETRY OPERATIONS ON THE
ASYMMETRIC SET OF AIOMS, ALL CONTACT UISTANCE CALCULATIONS ARE FROM ATOMS
OF THE ASYMMETRIC S&T TO SYMMETRICALLY RELATED SETS (INCLUDING THE IDENTITY),

DURING THE CQURSE OF THIS CALCIILATION ANY GENERATED ATOM wHICH HAS A BOND
VISTANCE TO A MEMBEK OF THE ASYMMETRIC SET IS5 SAVED (EXCLUDING THOSE GENERATED

By THE IDENTITY), WVISTANCES ARE PRINTED OyT SYMMETRY OPERATION BY SYMMETRY
OPERATION, EACH ATUM OF THE ASYMMETRIC UNIT IS ACTED yPON FOR EACH OF THE
FOLLOWING OPERATIONS IN TURN,

1. BASIC SYMMETRY OPRRATIONS OF THE SPACE GROUP

2. CENTER OF SYMMETRY (IF IT EXISTS)

3. BRAVAIS LATTICE TRANSLATIONS
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4, 125 SUKROUNDING UMIT CELL TRANSLATIONS.

THUS ForR A SPACE GRUUP SUCH AS C 2/C, 1000 GENERATIONS WILL BE CARRIED OUT,
THE PRINT OUT, HOWEVER, WILL OMLY BE FOR THOSE OPERATIONS FOR wHICH CONTACT
DISTANCES ARE ACTUALLY FOUND., FOR SPEED, AN ASYMMETRIC UNIT CENTROID 1S
ESTIMATED AND USED 10 ELIMINATF THOSE SYMMETRY OPERATIONS WHICH HAVE NO CHANCE
OF PRODUCING CONTAC! DISTANCES TO THE ASYMMETRIC UNIT SUPPLIED, IT IS
IMPORTANT TO NOTE THAT IF THE ASYMMETRIC SET OF ATOMS SUPPLIED IS NOT NEAR THE
ORIGIN (I,E, MOSTLY IN THE MOD!LO ONE UNIT CELL), THE BEST RESULTS MAY NOT BE

OBTAINED, THERE 1S A WARNING MESSAGE,

WHENEVER A HBOND DISTANCE IS ODETERMINED TO EXISTs THE COORDINATES OF THE

GENERATED ATOM ARE SAVED AND AN INDEX OF THE SYMMETRY OPERATION WHICH PRODUCED
IT IS APPENDED TO THE ASYMMETRIC UNIT ATOM NAME. (THIS Is PRINTED AS ZERO FOR

ATOMS OF THE ASYMMEIRIC UNIT ITSELF,)

FINALLY» AN ATOM BY ATOM PRINT OUT IS GENERATED GIVING ALL OF THE BOND
DISTANCES AND INCLUUED ANGLES TO THE OTHER ATOMS IN THE STRUCTURE TO WHICH

"THEY ARE BONDED,

THE COORDINATES AND THt STANDARD DgVIATION OF THE COORDINATES OF THE
EXTENDED BONDED SET MAY BE OUTPUT OM PUNCHED CARDS IF REQUIRED,

IN ADDITION TO THE 'AUTOMATIC* FEATURES OF THE PROGRAM, ONE MAY USE
CARUS 70 REQUEST THt DISTANCE HETWEEN ANY TWO NAMED ATOMS OF THE ASYMMETRIC
SETr THE ANGLE BETWEEN ANY THRtE, OR THE ANGLE BETWEEN THE TWwO LINES FORMED
BY ANY FOQUR ATOMS, WHICHe. IN PAIRS, DEFINE THE LINES,

THE BASIC ORIENTATION OF THE PROGRaAM IS TO FINDING 'NEAREST NEIGHBORS',
HOWEVER, BY JUDICIOUS USE OF THE MAXIMUM AND MINIMUM BOND DISTANCE
SPECIFICATIONS, ONE MAY INVESTIGATE ANY REGION OF NEXT OR NEXT TO NEXT NEAREST
NEIGHBORS,

THE PROGRAM WILL RUN FROM THE BINARY DATA FILE OR FROM THE CARD INPUT
STREAM AS DESIRED,



1.CRYLSG- 1 38
04/22/72

. CRYSTALLOGRAPHIC LEAST SOUARES

=CRYLSQ= WAS WRITTEN HBY FREDERICK 3, KUNUELL AT AARHUS UNIVERSITY,
AARHUS, DENMARK. THE WORK WAS SUPPORTED By THE DANISH IBv FORSKNINGS FOND,
UEBUGGING WAS ACCOMPLISHED AT THE ABTEILUNG FUR RONTGENSTRUKTURFORSHUNG AM,
MAX=PLANCK=INSTITUT FUR EIWEISS= UND LEDERFORSCHUNG, MUNICHs GERMANY AND AT THE
UNIVERSITY OF MARYLAND, COLLEGE PARK, MARYLAND,

: THE SUGGESTIONS, MATERIAL, AND PROGRAMS SUPPLIED BY D, W. J.
CRUICK<HANK, w,R, BUSING, WALTER HAMILTON, ALLEN AND RITA HAZEL, JOHANN
GASSMANN, ALLEN LARSON, STUART PAWLEY, S, E. RASMUSSEN, AND JAMES M, STEWART.
WERE GREATLY APPRECLATED,

THE NORMAL EQUATIONS

: ASSUMING THE VALIDITY OF THE NONLIMEAR LEAST SQUARES PROCEDURE,
CRYSTALLOGRAPHIC REF INEMENT CAn BE OBTAINED By MINIMIZING THE SuUM OF THE
WEIGHTED SQUARES OF THE RESIDUAL, Ry WHERE THE RESIDUAL IS A FUNCTION OF THE
OBSERVED AND CALCULATED INTENSTTIES. GENERALLY THIS REFINEMENT IS BASED ON F,
Fxx2, OR I,

R(F) = SUMIW(/FO/a/FC/)%x> (1
R(F#*%2) = SUMIW(/FQ/x%2=/FC/%42) %%2 {2)
R{I) = SUMIW(/L0/m/IC/ ) %%2 (3)

SINCE CRYSTALLOGRAPHIC REFINEMFNT IS MOST COMMONLY BASED oON F, EQUATION (1)

WILL BE USED FOR THt DERIVATION OF THE NORvAL EQUATIONS. THE DERIVATIONS BASED
ON EQUATIONS (2) ANU (3) ARE ANALOGOUS,

LET FC(P1,P2r44,¢1PN) RFPRESENT THE MODEL TO WHICH WE ARE GOING TO
COMPARE OUR EXPERIMENTAL OHBSERVATIONS, IN THIS CASE /F0/, THE Pl ARE THE
PAR?METERS WHUSE VALUES ARE TO BE DETERMINED, FOR R(F) TO BE A MINIMUM, wE
MUST RAVE :

(DR(F)) /0P (J)) = 2xSUMJUIWI/FQ/=/FC/)x((D/FC/Z)/7(DPL{UYY) = O

HOWEVEPR, SINCE /FC/ IS NOT A LINEAR FUMCTION, THE LINEAR _EASY SQUARES
PROCEDURE IS NOT APFLICABLE, THIS DIFFICULTY CAN BE PARTIALLY ALLEVIATED BY
EXPANDING (/FO/=~FC/) AS A FUNCTION OF 1TS pARAMETERS VIA A TAYLOR SERIES
EXPANSION, LETTING DEL(I) = (U/FC(P(I)))/(DP(1)), WE HAVE

(/FO/=/FC/) = C/FO/=/FC(PY/) 4+ SUMI((Q(I)=P(I))xDEL(T)) + H (s)

WHERE Q(I) IS THE TRUE VALUE OF P({I) ACCORDING TO THE LEAST _SQUARES NORM, P(])
IS THE INITIAL APPRUXIMATION OF THE PARAMETER, AND H REPRESENTS THE HIGHER

TERMS OF THE EXPANSION, IF ALL THE HIGHER TERMS WERE USED IN THE EVALUATION
OF (Q(IV=P(I))s A TRUE VALUE OF THE PARAMEYERS, ACCORDING TO THE LEAST SQUARES
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NORM, EQUATION (&), COULD BE OMTAINED,

Q(I) = (Q(II=P(I}) + P(I) ' 6)
HOWEVER, THIS IS NOI GENERALLY FEASIBLE, 1IN THE NONLINEAR LEAST SQUARES
PROCEDURE, THE HIGHER ORDER TEWMS ARE SET EQUAL TO ZERO. CONSEQUENTLY, THE
PARAMETER SHIFTS (0(I)=P(I)) WIiLL NOT BE THE TRUE SHIFTS, ACCORDING TO THE

LEAST SQUARES NORM, HOWEVERs 1F P(I) IS CLOSE TO Q{I), THE HIGHER TERMS wILL
BE SMALL IN COMPARISON WITH THF SUMMATION IN EQUATION (S)

LIMH =0 AS P(I) APPROACHES G(I) n
AND THE SHIFTS, LET US CALL THEM E(I), WIL_ BE APPROXIMATELY CORRECT. THEN

{/F0/=/FC/) = \/FO/=/FCIPI/) = SUMICE(I)#DEL(I)) (8)
THE NORMAL EQUATIONS ARE OBTAINED BY SUBSTITUTING EGUATION (g) INTO (4)

SUMHKL L {/FO/=/FC(P}/) = SUMICECII*DEL (1) )*(DEL(J) = 0 (9)
THUS

SUMI ( SUMHKL (WUEL (1) *DEL () ) %E(T) = SyUMHKL (W ((/FO/=/FC(P)/)*DEL(J)  (10)

THERE ARE N OF THESt EQUATIONS FOR J=1,2s,.,.)N FOR THE DETERMINATION OF N
UNKNOWNS, IF WE LE!

Al1,J) = SUMHKLAWSDEL(I)}=nEL(J) (11
AND .

8(J) = SUMHKL(W*((FO/-/FC(P)/)*DEL(J) (12)
THEN

SUMI(A(I,J)*E(1) = B(J) (13)
ORy IN TENSOR NOTATION,
Af = B (14)

THE SHIFTS, I.E.r» THE VECTOR E(I)y CAN BE CALCULATED By IMVERTING A(I,J) AND
MULTIPLYING THE INVERTED A(I.J) MATRIX BY THE VECTOR B8(J),

E = (1/A)8B (15)

1T WAS STATED ABOVE THAT THE S™IFTS E(I) ARE APPROXIMATELY EQUAL TO THE TRUE
LEAST SAUARES SHIFT IF THE P(I) ARE SUFFICIENTLY CLOSE VO THE @(I) FOR THE -
HIGHER ORDER TERMS 10 BE SMALL IN COMPARISON TO THE SUMMATION IN EQUATION (S},

LIM E(I) = (Q(1)=P(I)) = n AS P(I) APPROACHES Q(I) (16)

HOWEVERs IN THE INIIIAL PHASE OF THE LEAST SQUARES REFINEMENT, P(I) IS NOT
EQUAL 7O G(I) AND THE CALCULATFD SHIFTS ARE NOT THOSE REQUIRED TO SATISFY
THE LEAST SQUARES NURM, NEVERTHELESS, IF THE P(1) ARE SUFFICIENTLY CLOSE TO
THE G(1), THE SHIFT CAN BE USEL TO CORRECT THE INITIAL APPROXIMATIONS.
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PLI) NEW = E{I) + PLI) OL» - un

THE NEW SET OF PARAMETERS CAN NOW BE USED 70 CALCULATE ANOTHER SET WHICH IS
EVEN CLOSER TO THE uw(S), THIS PROCESS CAN BE CONTINUED UNTIL THE E(I) ARE

SUFFICIENTLY SMALL [0 BE NEGLECTED,

BASIC LEAST SQUARES ALGORITHM

STEP OPERA I ION

1. READ IHE INITIAL PARAMETFRS AND OTHER NECESSARY INFORMATION

2 READ A REFLECTIOM AND CALCULATE FC AND ITS DERIVATIVES

) CONTRIBUTE THE DFRIVATIVES AND (/FO/=/FC/) TO THE MATRIX AND
VECTOR

IF ALL REFLECTIONS HAVE NOT BEEN READ GO TO STEP 2, OTHERWISE

GO TO STEP 5 .
INVERI THE MATRIY

&

8
6 CALCULATE THE SHIFTS BY MULTIPLYING THE INVERTED MATRIX BY THE
VECTOK,
-’ ADD THE SHIFTS Tn THE PARAMETERS
8 IF MORE CYCLES ARE DESIREDs GO TO STEP 2 AFYER POSITIONING 70 THE
BEGINNING OF THE REFLECTION FILE, OTHERWISE TERMINATE THE JOB
SCRYLSeG=

BUSING AND LEVY'S =ORFLS= IS PROBABLY THE BEST KNOWN AND MOST WIUZLY
USED CRYSTALLOGRAPHLC LEAST SQUARES PROGRAM IN EXISTENCE AT THIS TIME, \T
1S FAIRLY STRAIGHTFURWARU FORTRAN CODING OF THE PREVIOUS ALGORITHM, ITS
ACCEPTANCE 1S DUE BUTH TO THE SIMPLICITY OF THE CODE AND THE PATCH ROUTINE
WHICH ALLOWS THE USER TO ALTER THE REFINEMENT IN ACCORDANCE wITH HIS PARTICULAR
PROBLEM, HOWEVER, J1HE USEFULN+SS OF =ORFLS= 1S SOMEWHAT IMPAIRED WwHEN IT IS
INCORPARATED INTO A CRYSTALLOGWAPHIC SYSTEM OF PROGRAMS., THE MAIN DIFFICULTY
1S THAT THE USER CAN NO LONGER CONVENIENTLY ALTER THE CODF IN ACCORDANCE wITH
HIS PARPTICULAR PROBLEM, IT IS NO LONGFR A MATTER OF CHANSING A FEW CARDS OR
"SUBROUTINES, THE USER MUST ALSO REPRONMUCE THE ENTIRE SYSTEM, THIS
INCONVENIENCE IS AN ANNOYANCE 10 USERS OF CRYSTALLOGRAPHIC SYSTEMS LIKE THE
X=RAY SYSTEM,

ANOTHER DRAWBACK TO =OWFLSz IS THE INEFFICIENT ALI.OCATION OF STORAGE
EVERY ARRAY IS ASSIGNED A SPECTIFIC SECTION OF CORE OF PREDETERMINED SI17E.
WHILE THIS GREATLY SIMPLIFIES THE FORTWRAN CODE, IT IS NOT GENERALLY THE MOST
EFFICIENT METHOD OF STORAGE ALLOCATION, Ag LONG AS THE NUMBER OF VARIABLES IS
SMALL, NO PROBLEMS ARE ENCOUNTERED, HOWEVER, THIS IS NOT YRUE WHEN LARGE
NUMHBERg OF VARIABLES ARE REFINYD, THE PREASSIGNMENT OF STORAGE ALSO PRECLUDES
(OR AT LEAST COMPLILATES) THE 1ISE OF THE SAME STORAGE ARRAYS FOR SEVERAL
UIFFERENT OUANTITIES WHICH ARE USED AT DIFFERENT TIMES, FURTHERMORE, IF A
SPECIAL TYPE OF REFINEMENT IS TO BE INCLUDED, SUCH AS GROuUP REFINEMENT, ARRAYS
MUST BF SHORTENED TU ALLOW FOR NEW CODE AND ARRAYS, THUS A PROGRAM WHICH HAS
BEEN ENLARGED TO INULUDE GROUP REFINEMENT CAN NOT REFINE AS MANY VARIABLES AS
ONE WHICH HAS NOT, EVEN IF GRO!'P REFINEMENT IS NOT DESIREN IN THE PARTICULAR
PROBLEM, SINCE GROUP REFINEMENT, EXTINCYION, ANU DISPERSION REF INEMENT ARE
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VESIRED IN A GENERAL CRYSTALLOGRAPHIC LEAST SQUARES PROGRAM» FIXED ARRAY SIZES
ARE A SEVERE LIMITALION,

THE INCREASING USE OF CRYSTALLOGRAPHIC SYSTEMS AND THE GREATER
COMPLEYITY OF THE MUDEL TO BE FITTED HAVE LED TO THE DEVELOPEMENT OF =CRYLSQ=,

FACILITIES NEEDED IN A SYSTEM 1 EAST SQUARES PROGRAM

1.  VARIAGLE ARRAY LENGTHS (MAXIMUM USE OF AVAILABLE IMMEDIATE

ACCESS MACHINE STORAGE)

2. CORRECT HANDLING AND REFINEMENT OF DISPERSION

3. REFINELMENTY OF E*TINCTION

4o FREE BLOCKING FROM FyLL- “ATRIX DOWN TO BLOCK~DIAGONAL LEAST
SQUARES REFINEMEMY WITHIN STORAGE LIMITATIOM

Se CONSTRAINED REFINEMENT WITHOUT A ﬁATCH ROUTINE

6. AUTOMATIC OR EASY SPECIAL POSITION REFINEMENT wITHOUT A PATCH
ROUTINE :

7. YGROUF' AND 'IDEMTICAL MOLECYLE' REFINEMENT wITHOUT A PATCH

ROUTINE, VERY LITTLE, IF ANY, LOSS OF EITHER SPEED OR STORAGE
’ WHEN NOT INCLUDED IN PARTICULAR REFINEMENT

g, ALL FACILITIES PRESENT IN THE X-RAY &7 VERSION OF =0ORFLS=,

IMMEDIATE ACCESS STURAGE

TO OBTAIN THE MAXIMUM USE OF AVAILABLE STORAGE, ALL ARRAYS WHICH MAY
HAVE VARIABLE LENGTH, ALONG WITH ALL SCRATCH ARRAYS, ARE COMBINED INTO A
SINGLE FORTRAN ARRAY, THIS ARRAY IS GIVEN THE NAME A AND IS EQUIVALENCED YO
THE INTEGER VARIABLE IA, THIS ARRAY WILL BE SUBSEQUENTLY REFERRED TO AS THE
A~IA ARRAY, INFORMATION IS PACKED INTQ THIS ARRAY AND RETRIEVED FROM IT BY
THE USE OF POINTERS AND STEPPIMG CONSTANTS, THE LOGICAL SETS oF INFORMATION,
WHICH WE CAN REFER 10 AS SUB=AWRAYS, ARE PACKED IN SUCH A wAY AS TO
MAXIMIZE THE USE OF CORE,

THE A=IA ARKAY IS DIVIDED INYO TwO SECTIONS., THE FIRST SECTION IS
REFERRED TO AS THE 'PURMANENT' SECTION AND CONTAINS INFORMATION WHICH IS NEEDEOD
THROUGHOUT THE REFINEMENT (E.G., ATOM PARAMCTER INFORMATION, REFINEMENT FLAGS),
THE SECOND SECTION 1S REFERRED TO AS THE *TEMPORARY' SECTION, THIS
SECTION IS DIVIDED INTO SUB-ARRAYS BY THE MARK POINTERS (MARK1, MARK2e
ETC.)s IN LINKS 2, 3, AND 4, THEY ARE SET ACCORDING TO THE CONDITIONS OF THE
REFINEMENT, ALLOCAIION OF THE SECOND SECTJON OF THE A-~IA ARRAY IS AS FOLLOWS =

LINK 1 ( AND 2 )

FUNCTION - DATA INPUT ' PRELITMINARY CALCULATION
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MARK] . ATOM NAMES FROM ATdM SPECIAL POSITION MULTIPLYING FAC.TORSH
: SELECT CARDS : '
MARK2 CONSTRAINTS SCRATCH FOR THE CALCULATION OF.STORAGE
v REQUIREMENTS
MARK 3 RELEASES NONTRIVIAL CONSTRAINTS
MARKY GROUP ANU IDMOL INFORMATION
LINKS (2), 3, AND 4

FUNCTION = MATRIX BUILDING INVERSION SHIFT ADDITION
MARKS DERIVATIVE GOF 8 SHIFTS AND ERRORS
MARK 4 DERIVATIVE OF A SAME
MARK3 DERIVATIVE OF F SCRATCH FOR MATRIX OLD PARAMETER VALUES

- INVERSION
MARK 2 MATRIX MATRIX MATRIX
‘MARK1 VECTOR VECTOR VECTOR

THE KEy (REFINEMENT FLAGS)
IN SORFLS= ALL DERIVATIVES WERF CA(CULATED AND THEN TRANSFERRED TO THE
DERIVATIVE ARRAY IN ACCORDAMCE WITH THF REFINEMENT FLAGS (THE KI ARRAY).
IF THE REFINEMENT FLAG FOR A PARTICULAR PARAMETER WAS ONE, THE PARAMETER wAS
. VARIED, IF IT WAS LERO, THE PARAMETER WAS HELD INVARIANT. THIS PROCEDURE
15 RELATIVELY TIME CONSUMING AMD REGUIRES A SIGNIFICANT AMOUNT OF CORE STORAGE.

IN =CRYLSG=» THE REFINEMENT FLAGS HAVE BEEN REPLACED By A SET OF
INTEGEeS WHICH ARE UALLED THE 'KEY', THIS KEY NOT ONLY DFTERMINES WHICH
UERIVATIVES ARE TO BE CALCULATED AND USED, BUT ALSO CONTROLS THE ENTIRE
REFINEMENT PROCESS, THE VALUE OF A KEY INTEGER UIRECTS THE OPERATION TO BE
PERFORMED, :
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SUBTRACT ONE FROM VARTABLE COUNTER

GEY THE NEXT MULTIPLICATION FACTOR

IHE
HE
IHE
tHE
tHE
IHE
IHE
I HE
IHE
I HE
IHE
IHE
IHE

1 HE

DERIVATIVE
DERIVATIVE
DERIVATTVE
DERIVATTVE
DERIVATIVE
DERIVATTVE
DERIVATTVE
DERIVATTVE
DERIVATIVE
DERIVATTVE
DERIVATIVE
DERIVATIVE
DERIVATIVE
DERIVATIVE

START IDENIICAL MOLECULE

BEGINNING UF A GROUP

KEY ASSIGNMENTS

i,

2,

3,

“,

5. CALCULATE
6, CALCULATE
7. CALCULATE
8., CALCULATE
9, " CALCULATE
10, CALCULA*E
11, CALCULATE
12, CALCULATE
13, CALCULATE
14, CALCULATE
15, CALCULATE
16, CALCULATE
17. CALCULATE
18, CALCULATE
19,
20,

21, END OF KEY.

HOWEVER,

WRT
WRT
WRT
WwRT
WRT
WRT
WRT

WRT

WRT.

WRT
WRT
WRT
WRT

WRT

X
Y

b4
PbPULATION PARAMETER
SCATTERING FACTOR

REAL DISPERSION FACTOR
IMAGINARY DISPERSION FACTOR
]

u11

v22

U3z

u12

U13

u23

THIS PROCEDUKE SAVES STORAGE IN THAT ONLY THE DESTRED DERIVATIVES

ARE CALCULATED AND ALSO THERE 1S NO NEED FOR THE INTERMEDIATE DERIVATIVE ARRAY.
ITS MAIN PUWER LIES InN THE FACT THAY THE SPECIAL POSITION DERIVATIVES,

GROUP DERIVATIVES,
CONSTRUCTED.,

AND IDENTICAL MOLECULE DERIVATIVES,

CAN BE CONVENIENTLY
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CONSTRAINTS

A CONSTRAINI IS A RESTRICTION ON REFINEMENT INTRONUCED BY A =REF=,
SNOREF=, =CONSTR=, UR Z=SPECIA= CARD, THERE ARE TwO TYPES OF CONSTRAINTS, A

TRIVIAL CONSTRAINT 1S ONE WHICH CAN BE INCORPORATED INTO THE KEY, WHEREAS A
NONTRIYIAL CONSTRAINT CANNOT,

’ CONSTRAINTSy EITHER FROM THE BINARY DATA FILE OR FROM CARD INPUT»
ARE INITIALLY STOREV IN THE MAPK2 SUB=ARRAY, THEY ARE IN THE FORM --

WORD INFORMATION
1 FLRST PART OF SUBJECT AToM NAME

2 SECOND PART NF SUBJUECT ATOM NAME

3 TYPE OF CONSTRAINT (AN INTEGER)

4 FLIRST PART OF REFERENCE ATOM NAME

5 . SECOMND PART OF REFERENCE ATOM NAME

6 PARAMETER NUMBER OF SUBJECT ATOM (P1)

7 ' gsc;857?5L¥25c7FIHE REFERENCE PARAMETER MUST
8 PARAMETER NUMRER OF REFERENCE ATOM (P2)

9 FACTOR TO WHICH P2 % F IS TO BE ADDED (S)

10 . MULTIPLICITY. '

YSUBJECT ATOM! REFERS TO THE ATOM WHICH IS To BE CONSTRAINED AND *REFERENCE
ATOM' REFERS TO THE ATOM FROM WHICH THE CONSTRAINT 1S BEING DERIVED, THE NON-
TRIVIAL CONSTRAINT 1S APPLIED AS ==

Pl = F %P2 + S . A (18)

A =RELEAS= CARD IS ALSN AVAILABLE, THE SRELEAS= CARD RELEASES ALL
CONSTRAINTS OF THE SUBJECT ATOM WHICH wERE READ FROM THE BINARY DATA FILE,

DURING THE KEY BUILDING OPERATION, THE CONSTRAINTS ARE CHECKED AND
ALL TRIVIAL CONSTRALNTS ARE INCORPORATED In THE KEY. THE NONTRIVIAL
CONSTRAINTS ARE THEN TRANSFERRFD TO THE MARK3 SUB=ARRAY IN THE FORM ==

WORD INFORMATION

1 AVDRESS OF SHBJECT PARAMETER

2 MULTIPLICATION FACTOR (F)
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3 CUNSTANT (S)
4 AND 5 NAME OF REFERENCE ATOM
6 PARAMETER NUMBER OF REFERENCE PARAMETER

THE CONSTRAINT IS THEN TRANSFERRED TO THE PERMANENT SECTION OF THE
A<IA ARRAY IN THE rORM ==

WORD INFORMATION
1 AUDRESS OF SUBJECT PARAMETER'
2 MULTIPLICATION FACTOR (F)

3  CUNSTANT (S) '
4 AUDRESS OF RFFERENCE PARAMETER

THE NONTRIVIAL CONSTRAINT IS APPLIED IN LINK 4 AFTER THE SHIFTS HAVE
BEEN ApPLIED, _

SPECIAL POSITION REFINEMENT

AN ATOM IN A SPECIAL POSITION ADDS SEVERAL COMPLICATIONS TO THE LEAST
SQUARES REFINEMENT, THE CONSTRAINTS IMPOSED ON AN ATOM IN A SPECIAL
POSITION FALL INTO IHREE CATEGORIES ==
1. DO NOT REFINE A CERTAIN PARAMETER
2., CONSTRAIN PARAMETFR A TO BE A FUNCTION OF PARAMETER B
3. A SPECLAL POSITIONAL DERIVATIVE IS TO BE CONSICERED,
CONDITION 1 FALLS INTO THE CATFGORY OF A TRIVIAL CONSTRAINT AND IS

INCORPORATED INTO THE KEY, COMDITION 2 REQUIRES A NONTRIVIAL CONSTRAINT AND IS
TREATED AS SuUCH., HUWEVER, CONUITION 3 PRESENTS A NEw SITUATION,

CONSIDER THE SPECIAL POSITION (X»X,2X), IN THIS CASE THE DERIVATIVE
WHICH 1S NEEDED FOR THE REFINEVMENT 1S ==

Or OF OF DF
- T e w2 e (19
DX DX vy Dz

WHERE D IS THE SIGN FOR THE PAMTIAL DERIVATIVE,

THIS CONDIT:ON IS INCORPORATED INTQ THE KEY., THE KEY SEGMENT WHICH
WOULD CALCULATE THIS DERIVATIVF HOULD RE =w

le B¢ 30 Uy 60 30 4o 7
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WHERE THE FACTORS 1.0 AND 2,0 wOULD BE STORED IN THE FACTOR SUB=-ARRAY.

THE REFINED VARIABLE WOULD BE CONSIDERED TO BE X WHEN THE SHIFTS ARE
ADDED, AND THE Y ANU Z PARAMETFRS WOULD BE CONSTRAINED YO HAVE A VALUE OF X AND
2X RESPECTIVELY, . :

BLOCKING

A =BLOCK= CARD CAUSES THE (NEW ATOM) KEY TO BE CHANGED FROM A 'i' TO A
'2' FOP THE DESIGNAVED ATOM, THIS IN TURN CAUSES A BLOCKED MATRIX TO BE
CONSTRUCTED, THE MAJOR CHANGE OCCURS DURING INVERSION, THE MATRIX INVERTER
REQUIRES N + 1 SCRAICH LOCATIONMS BEFORF THE FIRST MATRIX ELEMENT WHERE N IS
THE NUMBER OF VARIABLES BEING TREATYED IN THE BLOCK BEING TNVERTED, THIS 1S
THE MAPK3 SUB-ARRAY WHEN A FUL'. MATRIX REFINEMENT IS BEING MADE. HOWEVER,
IN A BLOCKED REFINEMENT, THE FIRST MATRIX MUST BE SHIFTED 7O ALLOW FOR THE
N + 1 SCRATCH LOCATLONS REQUIR=D IN THE INvVERSION PROCESS, THESE ARE PLACED
AHEAD oF THE SECOND MATRIXs ET SEQ, CONSEQUENTLY, WHEN A BLOCKED SET OF
MATRICES IS BEING INVERTED, THF FIRST IS INVERTED IN THE NORMAL WAY. IT IS
"THEN SHIFTED M SPACES UP INTO THE- MARK3 SUB=ARRAY, WHERE M IS ONE LARGFR THAN
THE NUMBER OF VARIABLES IN THE LARGEST MATRIX BEING INVERTED, THE N + 1
SPACES PRECEDING THt SECOND MATRIX ARE ZERQED AND THE SECOND MATRIX INVERTED,
THE SECOND MATRIX IS THEN SHIFIED UP M LOCATIONS: AND SO ONe UNTIL ALL THE .
MATRICFS HAVE BEEN LINVERTED ANO) SHIFTENR, AT THAT TIME, ALL THE MATRICES ARE
SHIFTED M LOCATIONS DOWN TO THFIR ORIGINAL POSITION.

SCALE FACTOR REFINEMENT

- - Y = - . e

IN *THE EQUATIONS OF STRUCTURE REFINEMENT', D.Wed, CRUICKSHANK POINTS
OUT THAT BY DEFINITIONs F(000) IS EQUAL TO THE NUMBER OF ELECTRONS IN THE UNIT
CELL, CONSEQUENTLY» IT IS MORE NATURAL TO ADJUST THE F RELATIVE SCALE FACTOR,
WHICH ILL FORCE F(UO0) TO ITS DEFINED VALyUE, THAN TO SCALE THE CALCULATED
STRUCTYRE FACTORS, HOWEVER,» DURING A CYCLE OF LEAST SQUARES REFINEMENT, NO
ADJUSTMENT TO THE F RELATIVE SCALE FACTOR 15 ALLOWED, FOR THIS REASON, THE
APPROPRIATE INVERSE SCALE FACTPR MUST BE DETERMINED FOR /FC/, AFTER THE LEAST
SQUAREg CYCLE HAS BEEN COMPLETFD» THE CALCULATED STRUCTURE FACTORS MAY BE
FREED FROM THZ CALCULATED SCAL: FACTOR AND THE F RELATIVE VALUES PUT ON THE
DESIRED SCALE,

WHEN MORE THAN ONE SCAILE FACTOR IS BEING CONSIDERED, =CRYLSQ= ALLOWS
FOR Two MODES OF SCALE REFINEMENT, IN THE FIRSTs EACH SCALE FACTOR IS REFINED
SEPARATELY IN ACCORUANCE WITH THE LEAST SQUARES NORM, THE SECOND MQDE OF
REFINEMENT TREATS ALL SCALE FACTORS AS A SINGLE VARIABLE, THE RESULTANT
CORRECTION IS THEN AFPLIED TO aLL, )

DURING A BLUCKED REFINFMENT, THE OVERALL TEMPERATURE FACTOR IS REFINED
IN THE SAME BLOCK AS THE SCALE FACTORS,
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EXTINCTION COEFFICIENT

THE EXTINCTLION COEFFICTENT USED IN THE XRAY SYSTEM IS AN ISOTROPIC
CORRECTION THAT FOCLLOWS THE METHOD OF A,C, LARSON, THE SyMBoL G IS USED TO
REPRESENT THIS QUANIITY, IT MAY BE ESTABLISHED BY USE OF THE LINK =CRYLSQ=
AND REFINED AS A LEAST-SQUARES PARAMETFR, ITS VALUE IS ESTABLISHED BY USE
OF THE EQUATIONS ANU QUANTITIES DESCRIHED BELOW, SOME OF THESE QUANTITIES
ARE CALCULATED AT DATRUN TIME AND STORFD In THE BINARY DATA FILE, THE USE
OF THIS CORRECTION SHOULD BE LTMITED TO THE FINAL STAGES OF REFINEMENT, IT
WILL TEMD TO BE ILL BEHAVED IF THERE IS HIGH RANDOM ERROR IN THE DATA, IT
éi ?éGHLY CORRELATEV TO THE TEMPERATURE FACTOR AND ESPECIALLY TO THE SCALE

CTOR,

LET FCE BE FC CORRECTE! FOR\EXTINCTION, K BE THE FC SCALE FACTORy
G BE THE EXTINCTION COEFFICIENT, AND DELT BE A QUANTITY THAT DEPENDS UPON
THE PHySICAL CONSTANTS OF THE CRYSTAL AND GEOMETRY OF THE REFLECTING
CONDITION, .

THEN, ¢
FCE = Kk (AHBS(FC))*( (140 4+ 2,0%GxkDELTR(FCx%2) )*%(=1/4))

DELT 1S OBTAINED FROM # KNOWLEUGE oF PHYSICAL AND DIFFRACTION
PARAMETERS,

DELT = ({(RO*¥2) % (AMBNAXx43) %L »P2x7BAR) /( (V*x2)*P1%SIN(2THETA))
PN = § & {COS{TWO THETA) yex (i)

RO IS THE CLASSICAL RADIUS OF AN E_ECTRON, V IS THE VOLUME OF THE

UNTIT CfELL, 2THETA IS JUST THAT, AND TBAR Ig THE AVERAGE PATH LENGTH THROUGH
THE CRYSTAL,

TBAR IS SET TO BE 0.03 CM IF THE LINEAR ABSORPTION COEFFICIENT
IS NOT SUPPLIED IN THE =CONDIT= CARD, WHEN HOWEVER THE VALUE OF UMU (MU IS
THE LIMEAR ABSORPTIUN COEFFICIENT IN CM =1) IS GIVEN IN THE =CONDIT= CARD
AND THE REFLECTION VALUE OF THFE ABSORPTION COEFFICIENT IS GIVEN IN EACH

ZHKL= CARD, THEN,,.
TBAR = (ALOU(ABSORP))/IMU) + 0.600g1

ABSORP IS THE RECIPROCAL OF THF TRANSMISSION COEFFICIENT FOR THE GIVEN
REFLECTION, ALOG IS THE FORTRAM NATURAL LOG FUNCTION,

THE CLASSICAL RADIUS OF AN ELECTRON (E*%2)/{M*x{Cxx2)) IS
2.,81751%1DEXP=13 CM. THIS VALUE SQUARED Ig 7,9284%10EXP-26 CM, SQUARED,
WHEN THE FACTOR OF 1WO IS INCORPORATED FROM THE EQUATION SHOWN ABOVE, A
CONSTANT 158,768*10XP-27 CM, SQUARED 1S OBTAINED, THE VALUE THAT CONVERTS
(AMBA*x3) /{V**2) FROM RECIPROCAL ANGSTROMS CUBED TO RECIPROCAL CM, CUBED
IS 10ExP+24, THIS OIVES A CONSTANT OF 158,768#10EXP=-3, 1IN =DATRDN= THE
'FACTOR OF 10EXP=3 I> LEFT OUT THUS SCALING ALL G VALUES By A FACTOR OF TEN
70 THE THIRD, THE UTHER POSSIMLE ARBITRARY FACTOR IS THE VALUE OF TBAR,
i7T IS SET 70 0,030 M WHEN NO OTHER INFORMATION IS SUPPLIED,., THE VALUES OF
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G SHOWN ON THE CRYLSQ OUTPUT AME MULTIPLIED BY 10x%3, IN ADDITION, IF NO
ABSORPTION CORRECTIUN INFORMATION IS SUPPLIED, TRE CRYSTAL IS ASSUMED TO
HAVE AN AVERAGE TRANSMISSION PATH LENGTH (TBAR) OF 0,03 CM, THIS GIVES
RISE TO AN ARBITRARY SCALING OF G, FOR CRYSTALS WITH HIGH EXTINCTION,
CORRECTED FOR ABSORPTION, THE VALUE OF G WILL BE IN THE RANGE OF 10#%%=2 TO
10%%=4, THIS MEANS THAT CRYLS® WILL SHOW NUMBERS AROUND 1.0 FOR EXT (6G),

IN CASES OF LARGE EXTINCTION PWOBLEMS, IT wiILL BE LARGER,
REFER TOw=

(1) LARSON = ACTA CRYST,(1967).23,664

(2) COPPENS AND HAMILTON = ACTA CRYST,(1970), A26,71

{3) ZACHARIASEN = ACTA CRYST,(1967).23/558

(4) LARSON = COMPUIING SUMMER SCHOOL, OTTAWA 1969

.

INITIAL REFINEMENT

DURING THE INITIAL STAGES OF REFINEMENT, IT IS NOT ALWAYS NECESSARY
TO USE ALL REFLECTIUNS, FOR THIS REASON THERE SEVERAL PROCEDURES AVAILABLE
FOR LIMITING THE NUMBER OF REFLECTIONS CONSIDERED IN THE LEAST SQUARES

REF INEMENT,

1, A SINITHETA) /LAMBDA RANGE MAY BE DEFINED. ONLY THOSE REFLECTIONS
WHOSE SIN{THETA)/LAvBOA 1S wITHIN THIS RANGE WILL BE CONSIDERED,
THE SIN(IHETA)/LAMBIA RANGE IS SUPPLIED VIA A =MAXHKL= CARD, IF
THE =MAXHKL= CARD IS SUPPLIED IN THE =CRYLS@= NDECK, IT wILL APPLY
ONLY TO IHE LEAST SNUARES REFINEMENT. THE NEW VALUES WILL NOT
SUPERSEDt THOSE PRESENT IN THE BINARY DATA FILE,

2, A MAXIMUM H, K, AND L MAY BE ASSIGNED. THOSE REFLECTIONS WITH AN
ABRSOLUTE Hs K¢ OR L GREATER THAN THE SPECIFIED MAXIMUM WILL NOT
BE CONSIUERED, THE MAXIMUM He Ks» AND L ARE SPECIFIED ON A =MAXHKL=
CARD (SEt 1,GENERL),

3, REFLECTIUNS MAY BE SYSTEMATICALLY SKIPPED, FOR EXAMPLE, ONE MAY
WISH TO CONSIDER ONI.Y EVERY THIRD REFLECTION., IF THIS PROCEDURE
IS USEDs THE FIRST @EFLECTION CONSIDERED wWILL HAVE THE SEQUENCE
NUMBER EWUAL TO THE CYCLE NUMBER, IF ONLY EVERY THIRD REFLECTYION
IS 7O BE CONSIDERED, ON CYCLE ONE THE FIRST REFLECTION IN THE LIST
1S THE FiRS5T REFLECTION TO CONTRIBUTE TO THE LEAST SQUARES MATRIX
AND THE VECTOR, IN THE SECOND AND THIRD CYCLES, THE FIRST
REFLECTIUN TO CONTRIHUTE wILL BE THE SECONDO AND THIRD REFLECTION
‘RESPECTIVELY,

WEIGHTS DURING REFINEMENY

THE WEIGHT (0 BE APPLIED DURING REFINEMENT MAY BE SPECIFIED IN
FOUR DIFFERENT WAYS AS A USER OPTION, THE QUANTITY WHICH IS CALLED THE
WEIGHT AND IS STOREL IN THE REFLECTION RECORD IS DEFINED IN 1,.DATRON AND
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UESCRIARED IN SOME OETAIL IN 1,wTLSSQ, THE FOUR QUANTITIES WHICH MAY BE
USED AT =CRYLSQ= TIME FOR THE SQUARE ROOT oF THE WEIGHT MAY BE DESCRIBED
AS FOLLOWS ==

OPTION
0. ALL WEIGHTS USED AS 1.0 (UNIT WEIGHTS)

1, WEIGHTS AKE ACCEPTE!' AS SUPPLIED IN THE BINARY DATA FILE AND
ARE USED AS F-RELATIVE WEIGHTS,

2, WEIGHTS ARE ACCEPTE" AS SUPPLIED IN THE BINARY DATA FILE AND
USED AS F=OBSERVEU WEIGHTS,

3, WEIGHTS ARE SET EQWAL TO THE RECIPROCAL OF SIGMA 1 OBSERVED AND-
USED AS 1~0BSERVED WEIGHTS,

DEPENDING UPON THE METHOD THE USER HAS EMPLOYED TO ESTABLISH HIS WEIGHTS
'HE MUST SELECT THE APPROPRIATE OPTION,

MATRIX SINGULARITY AND DEGENERACY

" o

. PRIOR TO INVERSION» TH: MATRIX IS £XAMINED FOR SINGULARITY AND
DEGENERACY., THE CRITERIA INVOKED ARE ==

1. THE DIAGONAL ELEMENTS MUST BE GREATER THAN ZERO
ysT TE (1,E.
) - T BE GREATER THAN ZERO).

f
WHEN SINGULARITY OR DEGENERACY IS fFOUND» THE OFFENDING VARIABLES ARE R
SET INVARIANT, UNDER THE SECOND CRITERION, THE FIRST OF THE INVOLVED VARIABLES
IS SET INVARIANT, INVARIANCE 1S OBTAIMED gY SETTING THE OFFENDING DIAGONAL
ELEMENT TO UNITY ANU THE RELATED OFF-DIAGONAL ELEMENTS Y0 ZERO,

PARTIAL SHIFT FACTOR

REF INEMENT 1S ENHANCED AND CONTROLLED IN THE BLOCK-DIAGONAL MODE
BY THE USE OF A PARIIAL SHIFT FACTOR, IN THE BLOCK-DIAGOMAL MQDE OF REFINEMENT
A PARTIAL SHIFT FACIOR OF 0.8 IS AUTOMATICALLY APPLIED, TYHIS FACTOR CAN BE
SUPERSEDED BY INCLUUING A PARTIAL SHIFT FACTOR ON THE =CRYLSQ@= CARD. IN ALL
OTHER CASES, THE PARTJAL SHIFT FACTOR IS SET TO UNITY., IT MAY 8E DESIRABLE
TO USE A SHIFT FACTUR SOMEWHAT LESS THAN UNITY WHEN A BLOCKED REFINEMENT IS
BEING MADE, THE SIZE OF THIS FACTOR IS DEPENDENT ON THE AMOUNT OF CORRELATION
LOST, IF THERE IS STRONG CORRtLATION BETWEEN ATOMS IN DIFFERENT BLOCKS, A
PARTIAL SHIFT FACTOR OF APPROXTMATELY 0,9 MAY BE OF BENEFIT., IF THE
CORRELATION IS MINIMAL, THE PARTIAL SHIFT FACTOR CAMN BE LEFT AT UNITY,
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THE STRUCTURE FACTOR AND DERIVATIVES WITH DISPERSION

IN =CRYLSG=

ZERO UNLESS OTHERWISE SPECIFIE!' (ON A =DISPER= CARD),

ARE NOT SPECIFIED,

DISPERSION FACTORS,
A =REF= CARD,

THE STRUCTURE FACTOR EQUATION,

F

COaT>»
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ANOMALOUS DISPERSION TERMS ARE INCLUDED IN ALL STRUCTURE
FACTOR AND DERIVATIVE CALCULATIONS, THE DISPERSION FACTORS ARE ASSUMED

To BE

IF DISPERSION FACTORS

tHE RESULTAMT STRUCTURE FACTORS AND DERIVATIVES ARE EXACTLY
THOSE CALCULATED WIIHOUT DISPERSION, SINCE ONLY THE MQOST TIGHTLY BOUND '
ELECTRONS, THE ONES CLOSEST TO THE NUCLEUS, HAVE RESONANCE FREQUENCIES OF

APPROXIMATELY THE SAME MAGNITUVE AS THE OSCILLATION IMPOSED ON-AN ELECTRON
BY NORMAL X=-RAY BOMODARDMENT, THE DISPERSION FACTORS MAY BF CONSIDERED

INDEPENDENT OF THE SCATTERING ANGLE (1), CONSEQUENTLY, TEMPLETON TYPE
DISPERSION FACTORS ARE USED, TYHE USER IS ALSO GIVEN THE ABILITY 70O REF

C

THIS MUST BE STIPULATED 8Y SPECIAL SIGNALS PLACED

= (A=D) + I*(B+C)

GxPxMxT*SF%COS2P
GxPxM¥TRSFXSINDP
GxPAxMueTxrI1*COS2P
G*PHM*xTx+ [ *SIN2P

AND INCLUDES GONTRIBUTION FROM ALL ATOMS In THE UNIT CeELL,

G
P
M
T
SF

Fl
cosapP

SIN2P

OVERALL SCALE FACTOR :
POPULATION OF SITE-OCCUPANCY FACTOR §
ATOM MULTIPLICITY

TEMPERATURE FACTOR ]

THE SUM CF THE SCATTERING AND REAL

DISPERSION FACTOR

THE IMAGINARY PART OF THE DISPERSION FACTOR
COS(2%PI* (HxX + KxY 4 Lx2))

SIN(2*PI*(H%X + KxY 4 Lx2))

IN THE OVERALL OR ISOTROPIC MOVE» THE TEMPERATURE FACTOR 1S OF THE FORM

T = EXP(=2x(PI**2)xUx(2«SIN(THETA)/(LAMBDA) %%2)

WHEREAg IN THE ANISUTROPIC MODE. THE TEMPERATURE FACTOR IS OF THE FORM

T = EXP(=2%(PIx%x2)%x(Ul1%x (HxASTAR)*%2+,¢,))

THE PARTIAL DERIVATLIVES ARE AS FOLLOWS,

" (I) ATOM PARAMEIERS

1, POSITIUNAL PARAMETERS

DA/DX
LB/OX
DC/DX

=2%P]*H*»B
2*PIxH*A
«2%PIxH%D

INE THE
IN

INC)| UDING DISPERSION CAN BE WRITTEN AS

(20)

(21)
(22)
{23)
(aw)

(251
(26)
(27)
(26}
{29)

(30)
(31
(32)

(33)

(34)

(35)
(36)
(37)
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DD/UX = 2*PI*H»*C . (38)

2, 1SOTROFIC TEMPERATURE FACTOR

DA/DU = =2x(PI%x2)%x(2xSIN(THETA) /LAMBDA) %%2) A (39)
DB/0U = «2x(PI*%2)*(2%SIN(THETA) /LAMBDA) %%2) xB (40)
DC/DU = =2#%(PI**2)*{2xSIN(THEYTA) /LAMBDA) %%2) %C . (41)
DD/0U = =2%(PIx*2)%(2xSIN(THETA) /LAMBDA)*%2) %D (42)

3, ANISOTROPIC TEMPENATURE FACTOR

~2% (PI%x*2) xH*KxASTAR*BSTARKA (43)

DA/LULZ =

DB/0ULZ = =2%(PI*¥2)xHAxKxASTAR*BSTAR*B (4y)
DC/DULZ = =2%(PI*¥2)xH¥KxASTAR*BSTARXC (45)
vDb/bULe =

2% {P1**2 ) xHxKxASTAR*BSTARXD (46)

4, POPULAIION PARAMETER

DA/DP = A/p ‘ (47)
DB/DP = B/P (48)
DC/LP = C/p (49)
DD/DP = D/P o (50)

ATOM TYPE FPARAMETERS

1. REAL DISPERSION OR NEUTROM SCATTERING FACTOR

DA/D(SF) = A/SF . . (51)
~bB/D(S.-) = B/SF . (52)
DC/D(SF) = DD/D(SF) = 0 ) - (53)

2. IMAGINARY DISPERSION FACTOR

DA/D(F1) = DB/D(FY) = © (54)

DC/L(FL) = C/F1 (55)
DD/D(FL) = D/F] (56)

OVERALL PARAMETERS
1.  OVERALL TEMPERATURE FACTOR
D(/F/)/DU = (=2%(PT#%2) % (2%SIN(THETA) /LAMBDA) %%2) x/FC/ (s7)
2. OVERALL SCALE FACTOR ’
D(/F/)/D6 = (/FC/)I/6 : (58)

RELATING THE PARTIALS OF A, B, C» AND D TO THE PARTIALS OF Fy F*x2,
AND I, LET :

= A=U (59)
S = B+l (60)

IF W IS A PARAMETER, THEN

DQ/DW = DA/OW - DV/0W (61)
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DS/bw = DB/Dw + DC/DwW (62)
IT FOLLOWS THAT
Fx%2 = Q%%2 + S%x?2 . (63)
AND . ,
D(F*%2)/DW = 2%Q%(DQ/DW) 4245 (DS/DW) .(su)

WHEN THE REFINEMENT 1S BASED ON I, THE DERIVATIVE OF F SQUARED MySY
BE MULTIPLLED BY THE LP FACTOR, wHEN THE REFINEMENT IS BASED ON F,

JF/ = SORT(Q%*2 + S¥%2) (65)

D(/F/)/DW = (Ox(DN/DW)+Sx (DS/DW) ) /SQART (Q##2+5%%2) (66}

TEMPERATURE FACTORS

ZCRYLSQ= CAN BE RUN IN THE OVERALL, ISOTROPICs» ANISOTROPIC, OR MIXED
TEMPERATURE FACTOR MODE, TEMPFRATURE FACTQR PARAMETERS WHMICH ARE NOT IN THE

MODE DESIGMATED ON IHE =CRYLSG= CARD wILL BE CONVERTED BY THE PROGRAM, IN THE
MIXED TEMPERATURE FACTOR MODE, THE TYPF OF REFINEMENY wIL{ BE SET, ATOM By

ATOM, IN ACCORDANCE WITH THE BINARY DATA FILE SPECIFICATION. **NOTE,» ONLY
THOSE ATOMS WHICH ARE SPECIFIE!* AS BEING IN THE OVERALL TEMPERATURE FACTOR
MODE, wILL CONTRIBUIE TO THE OVERALL TEMPERATURE FACTOR.%x

\

THE YTYPE OF TEMPERATURE FACTOR REFINEMENT FOR A PARTICULAR ATOM CAN
BE ALTERED VIA A =RcF= CARD WHILE IN THE MIXED TEMPERATURE FACTOR MODE. : TO
CONVERT THE TEMPERAIURE FACTOR TYPE FROM ISOTROPIC TO OVERALL FOR A PARTICULAR
ATOM, ONE WOULD USE A =REF= CARD FOR THAT PARTICULAR ATOM WHICH INCLUDES =UOV=
IN ONE OF THE PARAMETER FIELDS, #*x*NOTE, ONLY THOSE PARAMETERS WHICH ARE
SPECIFTCALLY MENTIONED wILL BE REFINED.%* THUS IF ONE IS CONVERTING TO AN
ANISOTROPIC REFINEMENT FOR A PARTICULAR AToM AND ALL SIX ANISOTROPIC
TEM:ERATURE FACTOR FARAMETERS ARE TO BE REFINED, ALL SIX MUST APPEAR ON THE
=REF= CARD, .

REFLECTION TYPING

=CRYLSQ= ALLOWS THE USFR TO TYPE THE REFLECTIONS AS OBSERVED OR
LESS~THANS, DURING REFINEMENT, THE USER M(yST STIPULATE THE THRESHOLD VALUE
ON THE =CRYLSG= CARU, THE LESS=THANS WHICH CONTRIBUTE YO THE REFINEMENT ARE
GIVEN A VALUE EQUAL TO THE LESS=THAN THRESHOLD VALUE, THE USER MAY CHOOSE
WHETHER OR NOT TQ INCLUDE THIS REFLECTION CLASSIFICATIQN IN THE NEW BINARY DATA
FILE, HOWEVER, THE STORED VALUE OF F RELATIVE WILL NOY BE AFFECTED.
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DATA PRE<~PROCESSING FOR A NUMBER OF DIFFRACTOMETERS
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THIS PROGRAM 1S UESIGNED To TREAT THE OUTPUT OF CERTAIN SPECIFIC
SINGLE CRYSTAL OIFFRACTOMETERS, THE DESIGN 1S SUCH THAT THE SpECIFIC
OPERATIONS ARE PLACED IN ONE SU'8ROUTINE FOR EACH DIFFERENT DIFFRACTOMETER, THE
MAIN SUUBROUTINES ARE ALL INDEPHNDENT OF THE MACHINE SPECIFIC RQUTINES AND
CARRY oUT THE BULK UF THE CALCHLATIONS REQUIRED TO PRODUCE A SCALEDs SORTED,
MERGED, UNIQUE ASYMMETRIC SET OF REFLECTICN DATA READY FOR =DATRDN=, =DATCOs5=
WAS WRITYEN BY He.L,AMMON,» J,M.STEWART AND LINDA A, PLASTAS,

THE OVERALL STEPS CARRTED OQUT MAY BE OUTLINED AS FOLLOWS,.ee

1, THE INPUT DATA 1S SCREENED BY THE MACHINE SPECIFIC SURROUTINE TO GIVE
Hy) Ky L» THE INTEGRATED INTENSITY, THE BACKGROUND: THE SIGMA OF I, FLAGS
FOp STANDARDS, REFLECTION SEQUENCE NUMBER, TWO THETA, OMEGA, CHI, AND
PHY,

2, DURING THIS SCREENING, STATISTICS ON STANDARDS ARE COLLECTED,

3, AT THE ENU OF THE FIRST PASS OVER THE RAW DATA, THE STATISTICS COLLECTED
ON THE STANDARD REFLECTIONS ARE TREATED TO GIVE INTENGITY SCALE FACTORS
T0 8E USED TO CURRECT FOR URIFT IN INTENSITY OF STANDARDS AS A FUNCTION
OF DATA GATHERING, THE STANDARD RFFLECTIONS ARE EXPECTED TO COME IN
GROUPS AT INTERVAL>, E,G. 3 EVERY 100 DATA MEASUREMENTS, THE SCALE
FACTORS ARE DERIVED FROM THE SUM OF THE INTEGRATED INTENSITIES FROM ALL
OF THE MEMBERS UF EACH GRO!'P, ANY INCOMPLETE GROUP 1S REJECTED FROM
THE FORMATION OF SCALE FACTORS, GRAPHS ARE PRINTED OF THE RAw DATA FOR
EACH STANDARD REFLECTION ANMD THE TABLE OF SCALE FACTORS IS OUTPUT, IN
THIS TREATMENT IHE VALUES OF THE SCALE FACTORS FOR EACH GROUP OF STANDARD
REFLECTIONS ARE ADJUSTED Tn SET THE FIRST TwO GROUPS 70 EXACTLY 1.0 AND
ALL OTHER GROUPS TO RELATIVE VALUES. THE TABLE THUS FGRMED MAY SE
SUPERSEDED IN ANY WAY THE tISER WISHES, THE REASON FOR SETTING THE
FIRST TWo SCALES IS THAT SCME DATA MAY HAVE BEEN GATHERED BEFORE
MEASUREMENT OF IHE FIRST STANDARD GROUP,

4, A SECOND PASS IS THEN MADE OVER ALL THE OBSERVATIONS, THE SCALE INTENSITY
OF ALL OBSERVATIONS IS DERTVED BY INTERPOLATION FROM THE SCALE FACTOR
TARLE, GSIGMA I AND THE BACKGROUND ARE ALSO SCALED, THIS INCLUDES ALL
OF THE MEASUREMENTS OF STAMDARDS, DATA FOR PRINTING THE GRAPHS OF THE
MONIFIED STANDARDS 1S KEPT,

S5, FOR EACH REFLECIION THE VALUES OF H, K, AND L ARE TREATED TO TRANSFORM
THEM INTO A CONSISTENT ASY“METRIC SET DEPENDING UPON THE =gYMTRY= OPERATION
CARDS SUPPLIED, THE TRANSFORMED COORDINATES ARE PERMUTED AND COMBINED
TO GIVE A SIMPLE NUMBER WHICH wiLL SERVE 70 EY2EDITE THE SORT-MERGE STEP,

6. DURING THE SECOND PASS, EVERY SCALED INTENSITY CAN BE OPTIONALLY PRINTED,
SEVERAL GENERAL TESTS ARE APPLIED TO EACH INTENSITY AND FLAGS ARE USED
TO SIGNAL WHETHER THE INTENSITY HAS UNEQUAL BACKGROUNDS (UNBG), NEGATIVE
INTENSITY (~INT)s COULD BE CONSIDEKED 70 BE A LESS~THAN (L~T), IS
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SYSTEMATICALLY ABSENT FOR THE GIVEN SPACE GROUP (SYAB)» OR IS A
STANDARD (STO), .

THE INTENSITY SIGMA'S ARE COMPUTED AS FOLLOWS (X AND N ARE FOUND IN COLS,
21‘25 AND 25'30 OF THE -DATCOS— CARD)OQO'QOOOO

T = SCAN COUNT -4+ BACKGROUND1 + BACKGROUND2
SIGMA(I) = SQGRT(DIFFRACTOMETER FUNCTION(I) + (X*T)#%#N

IF X = =1,0» =20 OR =3,0 THE STANDARD REFLECTION DATA ARE USED TO
DETERMINE AN EXPERIMENTAL INSTABILITY FACTORe THAT ISseqe,

SIGMA(I) = SORT(DIFF FUNC(I) + K + RaT*x2)
FOR X = -1.0 seten

SIGMA(I) = SORT(DIFF FINC(I) + R*Tx%2), R DEfERMINED FROM A LEAST
SQUARES FIT OF A Y = M*X LINE (THRQUGH THE ORIGIN),

FOR'X S @240 o0

SIGMA(I) = SQRT(DIFF FINC(I) + K + RxT*%2), K AND R DETERMINED FROM
A LEAST=-SQUARES FIT TO Y = B + MaxX TYPE LINE,

FOR X = -3.0 eotos
SAME AS X = =2,0¢ EXCEPT SET K T0 .0,

IF ONLY 1 STANDARD REFLECTION HKL IS USED, THE =1,0 OPTION 1S
CALCULATED, WHETHER YOU AGREE WITH IT OR NOT, THE PRESENT CODE
DETERMINES THE INSTABILITY FACTORS USInNG THE UNSCALED STANDARD INTENSITY
DATA, THEREFORE, IF YOUR STANDARDS VARY A LOT WE RECOMMEND THAT YOU
FORGET ABOUT USING THIS INSTABILITY INFORMATION, THE R'S WILL TURN OUT
TO BE QUITE LARGE AND A LOT OF YOUR REFLECTIONS wILL BE CODED AS
tUNOBSERVED, !

CALCULATION OF IHE REFLECTTON INTENSITy (1) AND THE AROVE MENTIONED
YOIFFRACTOMETER FUNCTION' FOR THE PICKER DIFFRACTOMETER IS esenss

LET I = CORKECTED INTENSITY, S = SCAN COUNT, ST = SCAN TIME,
BT = TIME FOR ONE MACKGROUND MEASUREMENT, Bl = BKGD1 COUNT,
Bz = BKWD2 = COUNT» A = ATTENUATOR FACTOR, THEN,

K = 0.5%(ST/BT)
I = As(S - K»(B} + B2))
DIFF FUNC = (A%x2)%(S + (Kx%x2)x(B1 + B2))

THE OUTPyUT FILE OF THE SECOND PASS IS ySEC TO SORT THE REFLECTIONS AS

A FUNCTION OF THE SORT NUMRER DEVELOPED DURING THAYT PASS, THE SORT NUMBER
OF ALL EQUIVALENT REFLECTIONS IS ITUENTICAL, THEREFORE IN A PASS DOWN

THE FILE ALL SORT NUMBERS THAT CAN BE kEPY IN IMMEDIATE ACCESS STORE ARE
LOADED AND SORTED TOGETHER, THE PROCESS IS REPEATED UNTIL ALL DATA HAS
BEEN SORTED., THE TABLE OF STATISTICS wHICH WAS DEVELOPED DURING THE
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SECOND PASS MAKES THE PROCFSS FAIRLY EfFICIENT FQR LARGE OATA SETS, AT
THE END OF EACH LOADING PASS, THE AVERAGING, PRINTING, AND OUTPUT OF
SHKL= CARD IMAGES IS CARRIED OUT FOR THAT SORTED PORTION, (APPROXIMATELY
4600 REFLECTIONS PER PASS ARE TREATED, DEPENDING UPON MACHINE SIZE,)

THE EQUIVALENT REFLECTIONS ARE TREATED DIFFERENTLY DEPENDING UPON THE
NUMBER OF OBSERVATIONS, IF THERE IS OnLY ONE, IT 1S ACCEPTED, IF THERE
ARE TwO, THEY AKRE AVERAGED UNLESS ONE IS MORE THAN SNp*(SIGMA 1) LESS THAN
THE OTHER., SN2 IS A FACTOR SUPPLIED By THE USER, WHEN ONE IS VERY SMALL
RELATIVE 70 THE OTHER, THE HIGHER OBSERVATION IS ACCEPTED AS TRUE AND

THE LOWER ONE IS REJECTED, WHEN THERE ARE THREE OR MORE EQUIVALENT
REFLECTIONS, AN AVERAGE AN STANDAPD DEVIATION IS CALCULATED FOR THEM, IF
ANy MEMBERS OF IHE SET DIFFER BY MORE THAN SN3 (ALSO GUPPLIED BY THE

USER) STANDARD UEVIATIONS +ROM THE MEAN, THEY ARE REJECTED, IF ANY ARE
REJECTED, A NEW AVERAGE AN STANDA®RD DEVIATION ARE CALCULATED, THESE
REFINED AVERAGE VALUES ARE USED FOR THE INTENSITY AND SIGMA 1,

THE RESULTS OF 1HE AVERAGIMG PROCESS FORM A FILE ON znNFILEI= WHICH IS

THE IMAGE OF A SINGLE =HKL= CARD FOR EVERY UNIQUE ASYMMETRIC REFLECTION,
THIS FILE IS ENUVED WITH A =FILES= CARD WHICH GIVES FOR =NTIN= (THE NORMAL
CARD INPUT FILE) THE VALUE FOR THE USUAL CARD INPUT STREAM, THIS MEANS
THAT IN PLACE OF THE =HKL= CARD DECK IN A DATA REDUCTION (=DATRON=) RyN
ONE MAY USE A =FILES= CARD, FOR EXAMPLE, LET =NFILEI= BE 10 AND =NTIN=
BE 5, THEN THE UVATA REDUCTION DECK COULD BE AS FOLLOWS =

DATRDN
LABEL
CELL

CONDIT .
SCALE o v o

FILES 10
END

FINISH

THE FUNCTION OF THE =FILES 5= CARD AT THE END OF THE INTENSITY DATZ FILE
FROM = DATCOS5= 1S TO RETURM CONTRO!L TO THE USUAL CARD DECK INPYT STREAM,
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DATA REDUCTION PROGRAM

- e G e oy B s W e B e e D up W W D

THE INITIAL COUING FOR THr DATA REDUCTION PROGRAM WAg WRITTEN BY
JAMES M, STEWART DURING 1958~6n FOR THE 1B, 704 AT THE OHIO STATE UNIV,
MRS, MARY ANN JARSKL AND JAMES M, STEWART CONVERTED THE IBM 704 PROGRAM
TO THE 1BM 709, AND FURTHER EXPANDED THE CODING, THE BOND ABSORPTION

CORRECTION WAS PROGRAMMED ANU- UHECKED-OUT BY BRUNO MOROSIN, THE NEW
X=RAY SYSTEM VERSION WAS DONE MY J,M, STEWART AND R,v. CHASTAIN., THE

PROGRAMMING OF THE 1/LP CORRECIYIONS WAS DONE BY A, MIGHELLe+ A, SANTORO,
AND M, 70CCHI, THE USE OF =FORMGNz= CARUS waS INTRODUCED By 6,J,KRUGER,
THIS PROGRAM IS DESIGNED TO ORGANIZE THE RAW DATA NEEDED IN THE
LVETERMINATION OF A LRYSTAL STRUCTURE INTO A COHERENT COLLECTION STORED
IN A BINARY DATA FILE SO THAT THE STRUCTURE FACTOR AND REFINEMENT PROGRAMS
WILL CALCULATE AUTOMATICALLY, THE FORTRAN STATEMENTS OF THE PROGRAM ARE
MADE USING ABSBREVIAIIONS FOR THE SYMBOLS USED BY BUERGER (1) AND LIPSON
AND COCHRAN (2), THE CALCULATYONS PERFORMED ARE LISTED HERE WITH NO OTHER
EXPLANATIOMN, REFERENCE TO THE INTERNATIONAL TABLES (3) Ag WELL AS THE
PAPER oN THE LORENTZ AND POLARTYZATION FACTOR FOR THE PRECESSION METHOD
BY WASER (u) MAY BE FOUND HELP:UL,

THE PROGRAM REUWUIRES THE FOLLOWING DAYTA -
1. CELL DIMENSIONS AND F(000)
2, ATOMIC SCATTERLING FACTORS (NEUTRON OR X«RAY)

3. THE GENERAL SYMMETRY OPERATIONS OF THE SPACE GROUP»s APART FROM
LATTICE TRANSLATION AND CFNTER OF SYMMEYRY

%, IDENTIFICATION OF CELL AS CENTRIC OR ACENTRIC, AND LATTICE TYPE
S5, DISPERSION CORKECTIONS (OPTIONAL)

6. CAMERA DATA ANU PHYSICAL ORIENTATION oF THE CRYSTAL

7., SCALE FACTORS 10 BE APPLIRD TO THE INTENSITY DATA (OPTIONAL)

8, WFIGHTING DATA FOR LEAST SGUARES (OPTIONAL)

9, FILTER FACTORS IF NEEDED +OR SPECTROMETER DATA (OPTIONAL)

10. BOND ABSORPTION CORRECTIONS (OPTIONAL)

11, REFLECTION DATA = Hy Ky AMD L, I+ F, OR F¥%2,

12. OTHER INFORMATION CONCERNING REFLECTIONS IS OPTIONAL, E.G, ABSORPTION
FACTOR, PHASE, ETC, SEE MKL CARD FOR DETAILS, : .



1.DATRDN= 2 57
04s22/772

THRE CELL DIMENSIONS ARE RFAD AND CHECkED FOR REASONARLENESS - NO
ZERO Op NEGATIVE AXLIAL LENGTHS. EITHER DIRECT CELL OR RECIPROCAL CELL
LENGTHg MAY BE GIVEN, ANGLES FITHER AS ALl COSINES QR ALL DEGREES MAY
BE SUPPLIED. THE RECIPROCAL CrLL CONSTANTS, THE METRIC TENSOR, AND
INVERSE METRIC TENSUR ARE CALCHLATED (1, PAGE 360).

T~E SCATTERING FACTOR INFCRMATION IS READ IN AND STORED IN TABLES,
THE VALUES FOR X=-RAY SCATTERING FACTORS ARE READ IN FOR A NUMBER OF VALUES
OF SIN THETA/LAMEOA AND A TABLF IS STORED IN MEMORY FOR EACH ATOM-TYPE
TO BE 1ySED, THERE 1S A MAXIMU™ OF 16 ATOM TYPES ALLOWED, THE X-RAY
SCATTERIMG FACTORS, LIKE THE NrUTRON SCATTERING FACTORS» ARE GIVEN A
UESIGNATION AT THIS TIME CONSISTING OF ONE TO FOUR CHARACTERS (E,G,= N
FOR NITROGEN, CU2+ FOR COPPER(!I), ETC,), THE DESIGNATION 1S STORED IN
A 'DICTIONARY! ON THE BINARY FTLE FOR USE oF THE FOLLOWING PROGRAMS,
X-RAY SCATTERING FACTORS MAY B8+ USED DIRECTLY FROM LITERATURE (5)., THERE ARE
STRINGENT REQUIREMENTS UPON THr. ORDER AND RANGE OF THE ENTRIES, BUT
NON=EGyAL INTERVALS ARE PERMISSIBLE, THE ACTUAL VALUES OF YiHE SCATTERING
FACTORg AT EACH VALUE OF (SIN THETA)/LAMEDA FOR A GIVEN REFLECTION ARE
DETERMINED By A FOUR=POINT INTrRPOLATION UTILIZING AITKEN'S METHOD (&),
THE CONDITIONS WHICH MUST BE MRT ARE - (SIN THETA)/LAMBOA MUST INCREASE
MONOTONICALLY, F(J) SHOULD DECWEASE MOMOTONICALLY (HOWEVER, A 5=-PERCENT
INCREASE IN ANY INTERVAL IS PERMITTED TO A LOw FOR OCCASIONAL INFLECTION
FOUND FOR SOME ELECIRON CONFIGIRATIONS), THERE MUST BE AT LEAST TEN ENTRIES
AND LESS THAN 40 ENIRLIES, IN CRUER TO INTERPOLATE AT THE HIGH
VALUES OF (SIN THETA)/LAMBDA THERE MUST BE AT LEAST 3 TABLE ENTRIES
WITH A yALUE OF (SIN THETA)/LABDA GREATER THAN THE HIGHEST VALUE THAT
IS ANTICIPATED IN THE REFLECTION DATA, THg PROGRAM CHECKS FQR THESE
CONUITTIONS AND RET.<NS ERRORP RKMARKS EXPLAINIMG ANY NON=-AGREEMENT WITH
THE PROGRAMMED CONDITIONS,., THF COHEREMT SCATTERING FACTOR FOR NEUTRONS
1S SUPPLIED AS A SINGLE VALUE ¥OR EACH ATOM TYPE (7).,

X=RAY SCATTERING FACTORS CAN ALSO BE GCENERATED FROM NUMERICAL’
HARTREFE-FOCK wAVE FUNCTIONS BY SUPPLYIMNG THE COEFFICIENTS GIVEN FOR THE
ANALYTICAL FUNCTION AS GIVEN By CROMER AND MANN (5Z) ON =FORMGN= CARDS,
FORTY ENTRIES WITH A MAXIMUM SIN THETA/LAMBDA VALUE OF 1,56 (AXX=1) wILL
BE CALCULATED. CERIAIN SCATTEVING FACTORS MAY BE INVOKED AUTOMATICALLY
Cy Ny Oy Py Sy CL BY THE EXPANSION FORMULA AND H FROM STEWART ET, AlL. (5AA},
THAT IS 7O SAY, A =FORMGNz= CARD: VHICH 1S By ANK SAVE FOR ONE OF THE ABOVE
ATOMY TyPES WILL PROUUCE THE RECUIRED SCATTERING FACTCRS,

THE NEXT STEP 1S THE BUILUING OF THE SYMMETRY OPERATIONS OF THE
SPACE GROUP INTO MAIRICES AND VECTORS wHICH MAY BE USED TO GENERATE ALL
THE AToMS IN THE CELL FROM ONE ASYMMETRIC SET, THE STRUCTURE FACTOR
AND FOURIER PROGRAMS OPERATE O™ THE BASIS oF Pi OR P1-BAR, THESE
OPERATORS ARE READ IN THE FORM GIVEN IN THE FIRST PART OF VOLUME I OF
THE INTERNATIONAL TRELES (3), THE PROCGRAM CHECKS THE CARNS FOR POSSIBLE
ERRORS IN PUNCHING AND STORES THEM IN TABLES IN THE BINARY DATA FILE, FOR
FURTHER DETAILS ABOUT THE TREATMENT OF SYMMETRY» SEE THE STATEMENT IN
1,GENERL,

ONE MUST SUPPLY A SEPARATHF CARD INDICATING WHETHER THE CELL IS
CENTRIC OR ACENTRIC AND GIVING THE LATTICE TYPE SYMBOL -

Poe 1, Ry Fo Ay Hy OR C
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NOTE= =P= IS USED FOR RHOMBOHFDRAL SPACE GROUPS INDEXED AS RHOMBOHEDRAL
AND =R- IS USED FOR RHOMBOHEDRAL SPACE GROUPS INDEXED AS HEXAGONAL, IN
THE CENTRIC CASE WIfH THE ORIGIN AT THF CENTER OF SYMMETRYs ONLY THOSE
OPERATTIONS NOT INVOLVING THE CENTER SHOULD BE SUPPLIED, AFTER THE
SYMMETRY OPERATIONS HAVE BEEN STORED IN A FORM SUITABLE FOR THE

STRUCTYRE FACTOR PRUGRAM, THEY ARE OPERATED UPON BY A GENERATION CHECKING
SUBROUTINE WHICH SORTS AND EXAMINES THE OPERATIONS TO CHECK FOR
CRYSTALLOGRAPHIC VALIDITY, )

ONE MAY SUPPLY DISPERSION CORRECTION CARDS USING DATA FROM EITHER
TEMPLEYON (8) OR ROUF (g8), " THESE CARDS ARE OPTIONAL, AS IS THE APPLICATION OF
THE DISPERSION CORRECTIONS AT =FCz TIME, :

THE CONDITIONS OF OBSERVATION ARE SUPRLIED NEXT, THIS CARD PROVIDES
SPACE FOR WAVELENGTH, THE MAXIMUM (SIN THETA)/LAMBDA EXPECTED, THE
MINIMUM OBSERVED INIENSITYs» NEUTRON~ OR X=-RADIATION, THE CAMERA TYPE
{E.G, POWDER, SPECTROMETER: WEYSSENBERG, PRECESSION, ETC,), WHETHER OR
NOT ONE WISHES TO APPLY 1/LPy CR TO TAKE THE SQUARE ROOQT OF THE DATA
BEING REDUCED., THIS CARD IS NrVER OPTIONAL IN ANY DATA REDUCTION RUN,

AyIAL DESIGNATIONS MUST BF MADE FOR THOSE METHODS WHICH REQUIRE THE
AXIS OF ROTATION ANU/OR THE AX1S PARALLEL TO THE BEAM, FOR THE PRECESSION
METHOD, THE ANGLE BETWEEN THE AXIS MOST NEARLY HORIZONTAL AND THE
HORIZONTAL ON THE FILM IS NECESSARY, THE CALCULATION OF 1/LP FOR X=-RAY
AND 1/L. FOR NEUTRONS IS CARRIEU OUT FOR EACH REFLECTION SO THAT NO
TABLES ARE REGQUIRED.

1F SPECTROMETER DATA ARE HEING PROCESSED, THEN FILTER FACYOR CARDS
GIVING THE ABSORBANLY OF THE FILTERS AND AN INDEX CODE ARE REQUIRED.
FILTER =0= HAS A FACTOR OF 1,0 AUTOMATICALLY SO THAT FOR A REFLECTION
MARKED *NO FILTERY, THE ‘CORRECT' FILTER FACTOR IS APPLIED, 1IF A
MONOCHROMATOR IS BEING USED. ITS WORKING ANGLE MUSY BE SUPPLIED.

=gCALE= CARDS SERVE THE PWIMARY PURPOSE OF ADJUSTING YHE SCALE OF
THE RELATIVE INTENSLITIES OF GROWPS OF REFLECTIONS, IN ADDITION THEY
PERMIT TAGGING GROUFS OF REFLECTIONS AS ALL HAVING THE SAME SCALE FACTOR
(MAXIMUM NUMBER OF ©ROUPS 2 64), THE MINIMUM OBSERVED INTENSITY FOR THE
GROUP, AND PROVISION FOR WEIGHTING, ARE SUPPLIED ON THIS CARD, IF NO
‘=SCALE= CARD IS SUPPLIED THE PWROGRAM AGSIGNS =1= A5 THE REFLECTYION GROUP
INDEX AND USES 1,0 AS THE SCALF FACTOR AND NO LEAST SGUARES WEIGHTING
FACTORG ARE CALCULAIED, HOWEVFR, THE VALUE OF F #INIMUM IS STORED IN
THE FILF, THESE WELGHTS CAN TREN BE CALCU ATED AT SOME FUTURE TIME BY THE
PROGRAM =WTLSSG=. HE {EAST SNUARES PHROGRAMS ALLOW THE USE OF UNIT WEIGHTS
AS AN ALTERNATE TO ITHOSE IN TH: BINARY DATA FILE. SEE 1,CRYLSQr 1.WTLSSG
FOR DETAILS OF APPLICATION OF WEIGHTS,

THERE 1§ A LEAST SQUARES WEIGHTING SCHEME PROVIDED IN =DAYRON=
WHICH 1S PATTERNED AFTER THE MFTHOD SUGGESTED BY HUGHES (10), IT IS
CALLED BY A z2= IN [HE =SCALE= CARD. THE FORTRAN CODING FOR THIS (UNIV, OF
'WASHINGTON)} SCHEME 1S5 =

WEIGHT = Q1/AMAX1(SIGMA,Q2*xFREL+Q3,Qu*FRELM+GS5)

WHERE WEIGHT = SQUARE ROOT OF WEIGHT TO BE USED IN
LEAST SQUARES )
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Q1 = CNNSTANT PUNCHED IN CoLS, 33.37 OF =SCALE:=
CARD (SET = 1,0 IF NOT SPECIFIED)

SIGMA = STANDARD DEVIATION OF MEASUREMENT, AND IS
PUNCHED IN A REFLECTION CARD

Q2 = FWACTIONAL ERROR IN'F RELATIVE « PUNCHED IN
COLS 38-42 OF =SCALE= CARD., AND INITIALIZED
T0 ZERO

@3 = AUDITIVE CONSTANT WHICH MAY RE APPLIED AT
USERS DISCRETION = PUNCHED IN COLS 43=47 OF
=SCALE= CARD, AND INITIALIZED TO 0.0

G4 = FHACTION OF F MINIMUM wHICH 1S TO BE CONSIDERED
MINIMUM STANDARD DEVIATON = PUNCHED
IM COLS 4p=52 OF =SCALE= CARD AND INITIALIZED
TO ZERO

Q@5 = AUDITIVE CONSTANT WHICH MAY BE APPLIED AT
USER'S DISCRETION « PUNCHED IN COLS 53~562 OF
=SCALE= CARD, AND INITIALIZEN TO 0.0

@6 = FACTOR USED To MULTIPLY €,S.0. IN INTENSITY
TO ESTABLISH A THRESHCLD VALUE OF F FOR
DETERMINING FRELM IN ABOVE EQUATION FOR
DIFFRACTOMETER DATA.

THE SCHEME APPLIES WEIGHTING FUNCTION « WEIGHT=Q1/(J) IN WHICH (J)
IS THE MAXIMUM OF. THESE THREE FUNCTIONS = (1) SIGMA, (2) (Q2%FREL+Q3),
OR (3) (Qu»FRELM+U5), 70 OBTAIN WEIGHTS LIKE THOSE SPECIFIED BY
HUGHES (10) =

WEIGHT = 1.0 FOR F REL LESS THAN K

= K/F REL FOR F REL GREATER THAN OR EQUAL K

IHEN SET QY = 05 = K
G2 = 1.0

@3 = qu = 2ERQ

NOTE = @31 IS INITIALIZED TO 1,0, ALL THE REST TO ZERO,
=ABSBON= CARDS SUPPLY INFORMATION SPECIFIC TO THE TYPE OF

ABSORPTION CORRECTIUN BEING APFLIED, THE INFORMATION ON SPHERES AND
CYLINDFRS OF BOND {(11) IS GIVEN IN VOLUME §I OF THE INTERMATIONAL TABLES
(3)s THE DATA IS READ INTO THE CORE FROM CARDS AND INTERPOLATED FROM
THE VALUE OF (SIN THETA)/LAMBDA BY AITKEN'S METHOD (6). DIFFERENT

ABSORPTION CORRECTIUNS ARE REQUIRED FQR EACH LEVEL, THOUGH THE ANGULAR
DEPENDENCE IS CALCULATED,

FOR EACH UNIQUE REFLECTION OF THE SPACE GROUP UNDER CONSIDERATION
He K» L, AND EITHER F, F342, OR I RELATIVE MyUs$T BE PROVIDED,
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A UNIQUE SEY OF REFLECTIOMS, NOT INCL{;DING THOSE SYSTEMATICALLY
ABSENT, MUST BE INCLUDED, IF a SHARPEMED ORIGIN=REMOVED PATTERSON IS
VESIRED THE SYSTEMATICALLY ABSFNT REFLECTIONS SHOULD ALS0 BE INCLUDED,
1T IS MOST DESIRABLE, BUT NOT MANDATORY, THAT THE REFLECTIONS BE SORTED
IN THE ORDER THAT wWiLL PERMIT rASTEST FOURIER SUMMATIONS AND THAT THE
SYSTEMATICALLY ABSENY REFLECTIONS BE PLACED AFTER THE OBSERVED REFLECTIONS,
THE FOURIER RUNS FASTEST IF THt REFLECTIONS WITH THE SAME
~ ABSOLUTE VALUES OF Hy, K, AND L ARE GROUPED TOGETHER, =FC= RUNS FASTEST
IF THE REFLECTIONS ARE SORTED SO THAT THE INDEX WITH THE SMALLEST
RANGE yARIES SLOWESie ETC, (IM THE TRICLINIC CASE, wWHERE IT IS IMPOSSIBLE
TO SATISFY BOTH CRITERIA, THE *ORMER SHOULD BE GIVEN PRECEDENCE,)

NOTE THAT FOR MAXIMUM EFFICIENCY»,» THE NEGATIVE VALUES SHOULD BE ASSIGNED
TO INDICES ALONG SHURTER RECIPHOCAL AXES,

FOR THE LESS-THAN REFLECTIONS (I,E, THOSE REFLECTIONS WHOSE INTENSITIES
ARE TO0O WEAK TO BE MEASURED) A VALUE OF ZERO, OR A VALUE JUST
BELOW THE LOWEST OBSERVED INTEMSITY, IS PUNCHED IN THE INTENSITY CARD,
THE LESS-THANS SERVE A USEFUL PURPOSE IN THE CALCULATIONS OF STRUCTURES
AND PROVIDE AULDITIONAL, IF SOMrWHAT INACCURATE, DATA UPON WHICH TO
BASE A STRUCTURE UNUER STuDY, IT IS NOT MANDATORY THAT THEY BE
INCLUDEN, FOR PURISTS THE VALUE OF INTENSITY EXACTLY AS DERIVED FROM
THE COUNTER DATA MAY HBE USED, POSITIVE OR NEGATIVE, FOR MEGATIVE VALUES
FREL WILL BE SET TO ZERO, =CRYLSG= WILL PERMIT REFINING ON THE OBSERVED
1 VALUFS, :

.ON THE OUTPUT BINARY DATA FILE, A CODE (JCODE) OF =1= IS USED FOR
OBSERVED REFLECTIONS, =2z FOR LESS~THANS, =3z FOR REFLECTIONS TO0 BE
CALCULATED AND DISPLAYED 8UT NOT USED IN LEAST SGUARES (THESE ARE NOT
USUALLY MARKEU AT DATA REDUCTION TIME, BUT MAY BE IDENTIFIED LATER AT
=FC= TIME)s =4= FOR A REFLECTION TO BE IGNORED IN ALL RESPECTS, AND =5=
FOR A SYSTEMATICALLY ABSENTY REFLECTION IGNQRED XN ALL RESPECTS EXCEPT
FOR A SHARPENED ORIGLIN REMOVED PATTERSON,

THE VALUE OF (S5IN THETA)/tAMBDA IS COvPARED WITH THE MAXIMUM ANTICIPATED
VALUE PUNCHED IN THt =CONDIT= CARD TO CHECK THAT THE POINT IN
RECIPROCAL SPACE WILL PASS INTO THAT PORTION OF THE SPHERE OF REFLECTION
THAT CAN BE RECORDEV BY THE UDATA GATHERING METHOD UYSED,

THE VALUES OF {HE VARIOUS SCATTERING FACTORS ARE OBTAINED By
INTERPOLATION OF THE STORED LITERATURE VALUES, A COMPLETE LISTING OF THESE
DATA FROM THE LITERATURE MAY Bt FOUND IN THE INTERNATIONAL TABLES (3),
THERE ARE A FEw ADDITIONAL DATA, MOST OF WHICH APPEARED IN THE LITERATURE
SUBSEQUENT TO THE PUBLICATION NOF THE INTERNATIONAL TABLES,

A NUMBER OF THE OLDER LITERATUWE REFERENCES ARE ALSO LISTED IN REFERENCE 5.
MAINLY AS A SOURCE FOR THE EARLIER STRUCTURE DETERMINATIONS.

EPSILON, A SMALL, SYMMETRY RELATED INTEGER DESCRIBED IN voL, 11 OF THE
INTERNATIONAL TABLES PP, 355=6 AND CALLED ALPHA THERE BY LUZZATI IS REQUIRED
FOR THE CALCULATION OF E VALUES (QUASI-NORMALIZED STRUCTURE FACTORS).

THE CALCULATION OF 1HESE FACTORS IS ALSO DESCRIBED IN **CRYSTALLOGRAPHIC
COMPUTING'' (1969) VY, 19 BY I. KARLE, 1IN DATA REDUCTION THIS FACTOR 1S
CALCULATED FOR EACH REFLECTION AND STORED IN THE BINARY DATA FILE FOR USE

BY OTHER PROGRAMS IN THE SYSTEM, THE VALUE OF EPSILON IS CALCULATED BY A
SIMPLE ENUMERATION PROCEDURE., IT IS THE COUNT OF THE NUMBER OF TIMES A
REFLECTION IDENTICALLY IS GENERATED UNDER THE SYMMETRY OPERATIONS OF THE SPACE



1.DATRDN=- 6 61
ous22/72

GROUP UNDER CONSIDERATION, THAT IS TO SAY, FOR H(NEW) = HR(J) WHERE H IS
THE VECTOR (HeKoL) AND R{J) IS THE JTH ROTATION MATRIX SUPPLIED TO OATA
REDUCTTION,

THROUGH THE USE OF ZFORMAT= AND =REFIN= CARDS IT IS POSSIBLE TO READ
REFLECTION DATA IN MANY DIFFERENT FORMS, A =FORMAT= CARD MAY BE SUPPLIED
WHICH CONTAINS A VALID FORTRAN INPUT FORMAY STATEMENT BEGINNING WITH
=(= AND ENDING WITH =)=, A =RFFINz CARD MyST THEN BE USED TO SPECIFY THE
DETAILS OF THE SOURCE OF THE DATA AS WFLL AS ITS ORDER, 1IT IS MANDATORY
THAT THE REFLECTION CARDS THEMSELVES FOLLOw. IMMEDIATELY BEHIND THE =REFIN=
CARU AND THAT THE EXACT NUMBER SUPPLIED OR THE LAST INDEX IN THE STACK
BE GIVEN IN THE =REFIN= CARD,

EXTINCTION COEFFICIENT

THE EXTINCTION COEFFICIENT USED IN THE XRAY SYSTEM IS AN ISOTROPIC
CORRECTION THAT FOLLOWS THE METHOD OF A,C, LARSON, THE SYMBOL G IS USFD 710
REPRESENT THIS QUANIITY, 1IT MAY BE ESTABLISHED BY USE OF THE LINK =CRYLSQ=
AND REFINED AS A LEAST=SQUARES PARAMETER, ITS VALUE IS ESTABLISHED BY USE
OF THE EQUATIONS ANU QUANTITIES DESCRIMED BELOW, SOME OF THESE QUANTITIES
ARE CALCULATED AT DATRDN TIME AND STORED IN THE BINARY DATA FILE,

TBAR = (ALOG(ABSORP))/IMU) + 0,00001

ABSORP 1S THE RECIPROCAL OF THE TRANSMISSION COEFFICIENT FOR THE GIVEN
REFLECTION,

THE CLASSICAL RADIUS OF AN ELECTRON (Ex#2)/(M*(Cxx2)) 1S
2.81751%10EXP~13 CM. THIS VALIIE SQUARFD 1S 7,9384x10EXP=-26 CM, SQUARED,
WHEN THE FACTOR OF IWO IS INCOHPORATED FROM THE EQUATION SHOWN ABOVE, A
CONSTANT 158,76B8*%10EXP=27 CM, SQUARED IS ORTAINED, THE VALUE THAT CONVERTS
(AMBA*+3)/{V*%2) FRUM RECIPROCAL ANGSTROMS CUBED TO RECIPROCAL CM, CUBED
IS 10EXP+24. THIS GIVES A CONSTANT OF 158,76P%10EXP=3, IN =DATRDN= THE
FACTOR OF 10EXP=3 IS LEFT OUT THUS SCALING ALL G VALUES By A FACTOR OF TEN
TO THE THIRD, THE UTHER POSSIMLE ARBITRARY FACTOR IS THE VALUE OF TBAR,

IT IS ET YO 0,030 LM WHEN NO OTHER INFORMATION IS SUPPLIED. THE VALUES OF
G SHOWN ON THE CRYLSQ OUTPUT ARE MULTIPLIED BY 10%%3, IN ADDITION, IF NO
ABSORPTION CORRECTIUN INFORMATION 1S SUPPLIED, THE CRYSTAL IS ASSUMED TO
HAVE AN AVERAGE TRANSMISSION PATH LENGTH (TBAR) OF 0,03 Cm, THIS GIVES
RISE TO AN ARSBITRARY SCALING OF G, FOR CRYSTALS WITH HIGH EXTINCTION,
CORRECTED FOR ABSORFTIONs THE VALUE OF 6 WILL BE IN THE RANGE OF 10%%-2 TO
10%%-4, THIS MEANS THAT CRYLSN WILL SHOW NUMBERS AROUND 1,0 FOR EXT (G),
IN CASES OF LARGE EXTINCTION PROBLEMS, IT wILL BE LARGER,

REFER TO (13), (1l4)» (15)y AND (16).

IF NECESSARY, THE CHOSEN 1/L OR 1/LP VvALUE IS COMPUTED AND APPLIED,
IF AN ABSORPTION CORRECTION IS TO BE MADE, IT IS DONE,

THE BINARY DATA FILE CONTAINS THE INFORMATION WHICH CONSTITUTES
THE DATA wHICH ARE KNOwWN ABOUT A CRYSTAL UNDER STUDY, THE DATA REDUCTION
PROGRAM PLACES IN THE FILE ONLY THOSE QUANTYITIES WHICH ARE KNOwN
BEFORE A STRUCTURE UETERMINATION IS STARTED, B8UT IT LEAVES SPACE FOR
PARAMETERS WHICH ARt DETERMINEL AS THE SOLUTION PROGRESSES, THE FORMAT
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OF THE BINARY FILE 1S THEREFORF FIXED RY THE MOST GENERAL CALCULATION
OR COMBINATION OF CALCULATIONS PROGRAMMED FOR THE SOLUTION OF STRUCTURES,

IN ADDITION TO PRODUCING A BINARY FILE, DATA REDUCTION PRINTS A SUMMARY
OF THE DATA PROCESSED, ~THIS LIST REPRESENTS THE RESULTS OF THE CALCULATIONS
PERFORMED BY THE PRUGRAM, IT SHOULD BE CAREFULLY SCANNED FOR
EACH COMPOUND THAT 1S TREATED IN ORDER TO MAKE SURE THAT THE BASIS FOR
FURTHER CALCULATIONS. IS SOUND,

(NOTE ~ FOR DESCRIPTION OF THE X=RAY SYSTEM BINARY DATA FILE
SEE APPENDIX 6)

THE PROGRAM MAY BE USED T0 REREDUCE DaATA IF NECESSARY, THERE ARE,
HOWEVER, CERTAIN RESTRICTIONS wHEN THIS PRQCESS IS CARRIED OuT, FIRST OF
ALLy» THE ONLY DATA RETRIEVED FHOM THE REFLECTION RECQRD (LOGICAL 15) OF
THE BINARY DATA FILE ARE THE He Ky Ly I, SIGMA 1» I MINIMUMs THE NUMBER

- OF TIMES FOR OPERATLION, STATISTICAL PHASE, £, EPSILON, AND THE ABSORBTION
CORRECTION FACTOR, THIS MEANS IN EFFECT THAT THE DATA OF THE OQRIGINAL HKL
CARDS ARE RESUPPLIEU FROM THE ™DF, BUT ALL OTHER QUANTITIES SUCH AS SIN
THETA OVER LAMBDA, 1/LP, INTERFOLATED SCATTERING FACTORS, ETC, ARE
RECALCULATED FROM THE INPUT INFORMATION, THESE OTHER DATA ARE EITHER
RETRIEVED FRoM THE BOF OR FROM CARDS IN THE INPUT STREAM OF THE CURRENT JOB,
ONE RESTRICTION MUST BE OBSERVFD FIRST AND MOST IMPORTANTLYs A =CONDIT=
CARD MyST BE SUPPLIED AND THE CONDITIONS GIVEN ON IT MUST APPLY TO THE DATA
AS ORIGINALLY PLACEU IN THE FILE., FOR ANY KIND OF CARDS SUPPLIED WITH THE
EXCEPTION OF =HKL= CARDS, IF ONE 1S SUPPLIED, ALL OF THAT KIND MUST BE
SUPPLIED AND ALL THAT ARE SUPPLIED MUST FOLLOW THE uUsuAl ORDER GIVEN IN
2.,0ATRDN=-B, :
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PROGRAM FOR PREPARATIOM OF SORTED DIFFRACTOMETER SETTING CARDS

- o - e B D S e D s T e W Ty e By e P o T i g P O Y T e 4 B e M g g S T e T e e o

THIS PROGRAM WAS WRITTEN BY J,M, STEWART. 17S PURPOSE IS TO ALLOW THE
JUTPUT OF =DIFSET= 10 BE SORTE!S INTO EFFICIENT ORDER FOR DRIVING A CARD
CONTRO1 LED DIFFRACTUMETER, THk SECTIONS 1,PARAM» 1.DIFSET, AND ESPECIALLY
1,DACTO3 SHOULD BE KEAD, g

IDIFPCH= -~ READS TRE OUTPUT OF ZDIFSET= AND SORTS THE REFLECTIONS iN SHELLS
OF TWO THETA, ITHIN EACH SHELL IT SORTS ON PRI AND CHI SUCH THAT PHI ALWAYS
ADVANCES AND CHI GOtS BACK AND FORTH, IT ALSO INSERTS GIVEN STANDARDS AT
REGULAR INTERVALS AND RESETS PHI IN EACH INSTANCE SO THAT IT wilL ALWAYS ORIVE
FORWARD, IT THEN PUNCHES XRU~A SETTINGS CARDS FOR USE IN THE MACHINE, THESE
MAY BE PUNCHED AS (FIXED CRYSTAL FIXED COUNTER) PEAK HEIGHTS, (TWO THETA=-
OMEGA) SCANS OR PEAN HEIGHT-SCAN PAIRS, THE LAST CASE MAy BE USED FOR
SATHERING INFORMATIUN FOR PEAK HEIGHT SCAN CONVERSION BUT =DATCO3= OFFERS A
BEYTER METHOD FOR OBTAINING THESE SETTING CARDS,
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DIFFRACTOMETER SETTING PROGRAM

o g W Ty T P o T > D s T Pup ot B D o g W

=DIFSET= WAS ORIbINALLY CODFD BY STEVEN T, FREER AND JOSEPH KRAUT,
1T WAS MODIFJIED AND ADAPTED TO THE SYSTEM RY HERMAN L. AMMON, AND THE
SUBROUTINE FOR DETERMINING SYSTEMATIC ABSENCES WAS ADDED BY ROGER
V, CHASTAIN, THE FURTRAN IV VERSICON, wHICH INCLUDES PROVISIONS FOR
MAKING A COMTKROL TAFPE OR CARD DECK FOR AN AUTOMATIC ODIFFRACTOMETER.
WAS PREPARED BY FLOYD A, MAUER,

THE PROGRAM WILL GENERATE MTLLER INDICEg AMD COMPUTE SETTINGS FOR
A DIFFRACTOMETER EQUIPPED WITH AN EULEFIAN CRADLE (GONIOSTAT), FOR
EACH HKL, SETTINGS FOR CHI» PHI,START TWO THETA, PEAK TWO THETAs» AND
STOP Ty0 THETA, AS WELL AS THE SCANNING TIME, ARE COMPUTED, THE PROGRAM
IS GENERAL FOR ALL SPACE GROUPS, .

NHECESSARY INPUT UATE CONSIST OF CELL FARAMETERS AND THE ORIEMTATION
OF TWO RECIPRUCAL AXES WITH RESPECT TO TRE PHI AXIS AND THE PLI=0
PLANE, CELL CCHNSTANTS MAY BE SUPPLIED ON A =CELLz= CARD» OR THEY MAY
BE LEFT IMN MEMORY BY A =zPARAMI RUN THAT PRECEDES THE =DIFSET= RUN, IN
THE LATTER CASE, A ZPARAMC= CA®D REPLACES THE =CELL= CARD 7O INDICATE
THAT TRE CELL CONSTANTS CANME FROM A PREVIOPS LEAST SQUARES REFINEMEINT.

§0ME CARE MUST Bz EXERCISED IN SPECIFYING THE ORIENTATION OF THE
RECIPRACAL LATTICE UN THE GONIOSTAT, ?ho P”CIPR 3CAL LATTICE vECTORS D0
NOT UNTAUSLY FIX THiz PGSITION OF A THREE DIMENSTOMAL LATTICE ANJ 17
18 MNECYSSARY TO FOLLOW THE COMVENTION THAT A KICHT HANDED SYSTEM OF
AXKES 1S BEING USED, WHEN SPECIFYING A RECIFROCAL LATTICE VECTOR
LYING oit THE PHI AXIS, A VECTO® MUST BF CHCSEN WRICH IS COINCIDENT WITH
THE POCITIVE UIRECTLON GF THE WHI AXIS (I,8., A VECTOR COMING QUT OF THE
GONIOSTAT, NOT GOINU INYO IT).

THE SUBROUTINE TU GIVE KEFLMCTIONS IN AN ORUIR SUITAEBLE FCR AUTOMATIC
OPERATIGN WORKS ¢ESI IF ONE OF THE RECIPROCAL AXES IS PARALLEZL TO THE
PHI AXIS OF THE VIFFRACTOMETER, SCANNING 1S UP AND DOwN ROWS pPARALLEL
YO PHI, THE PHI SEITING DOES MOT CHANGE WiTHIN A ROw, AND CAN BE MADE
TO PROGRESS ALWAYS 4N ONE DIRECTION TO MINIMI[ZE THE EFFECT OF BACKLASH,
CHT AND TwO THETA CHANGE FOR EACH FLECTION nUT DATA ARE TARKEM UP ONE
ROy AND DOwWN THE NEXT SO THAT M0 TIME TS LEeST IN RESETTING SITHER AXIS
AT THE END OF A ROwW. SETTINGS MAY HE CGENERATED AUTOMATICALLY FCR AS
MUCH Ag A HEMISPHERE OR AS LITTLE AS AN OCTANT OF RECIPROCAL SPACE.

THE TwWO THETA SCAN RANGE MAY BE CALCULATED IN THREE WAYS, TWO OF THE
METHODS INVOLVE SUBIRACTING A 'QUANTITY' FROM THE TWO THETA FOR THE
ALPHA (1) WAVELENGTH TO OBTAIN *STARY TwO THETA' ANG ADDING THIS SQUANTITY?
TO THE TWC THETA FOR THE ALPHA(2) WAVELENGTH TO GBTAIN 'STOP TwlO THITAY,
THE PRESENCE OF A =bAKSET= CARD SIGHALS THAT THIS *QUANTITY' wILL BE
CONSTANT (THE VALUE CONTAINED ON THE CARD) AND NOT A FUNCTION OF TwO
THETA,

FOR COPPER RADIATION, THIS 'QUANTITY' MaY BE OBTAINED FROM AN INTERNALLY
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STORED TABLE (DETERMINED EMPIRTCALLY BY THE J. KRAUT GROUP) AND IS A

FUNCTION OF TwO THE

A,

THE TARLE VALUES ARE AUTOMATICALLY APPLIED IF

NEITHER OF THE OTHEK TWO OPTIONMS IS CALLED (AS DETERMINED BY THE ABSENCE
OF =BAKSET= AND =EGNCON= CARDS), THE TABLE VALUES ARE ——

TWO=-THETA RANGE (DEGREES) TWO-THETA INCREMENT APPLIED (DEGREES)

0~ 10 0.75
10 - 20 0.75
20 - 30 0.75
30 = 40 0.75
40 - 50 0.80
50 - 60 0.80
60 -~ 70 0.80
70 - 60 . 0.85
80 -~ 90 0.85
90 ~ 100 0.85
100 -~ 110 0.85
110 - 120 0.85
©120 = 130 0.95%

130 ~ 140 095
140 ~ 150 1.05
-150 = 160 1.20
160 -~ 170 1.20

THE THIRD OPTION IS SIGNALLFD BY THE PRESENCE OF AN =EQNCONz= CARD
CONTAINING THE CONSTANTS 'A% AMD 'BY, THEGE QUANTITIES ARE USED IN THE

FOLLOWING EQUATION

TWO THETA SCAN RANGE = A 4 BxTAN(THER)

FACTORg (E.G,r CRYSIAL SIZEs» CRYSTAL MOSAICITY, AND SOURCE SIZE) INFLUENCING
THE SCAN RANGE BUT WHICH ARE CONSTANT FOR A GIVEN CRYSTAL MAy BE LLUMPED

INTO *Av wHILE SPECTRAL OISPERSION, A FUNCTIGH OF THETA, MAY BE EXPRESSED
THE AVERAGE OF THF Tw0 THETA'3 FOR THE ALPHA(1) AND
ALPHA(5) WAVELENGTHS IS DETERMINED AND HALF OF THE ABOVE RANGE USED TO

BY THE SECOND TERM,

CAL CULATED °'START!

AND

1STOP', VALUES RECOMMENDED By ALEXANDER AND SMITH

(1) FOR A AND B ARE 1,80 AND 0,86 FOR COPPER RADIATION, AND 1,80 AND 1,00
FOR MOLYBDENyM, (THESE ARE TYPICAL VALUES FgR A DIFFRACTOMETER OF THE

RADIUS OF THE G,E.

XRD=6,)

OUTPUT FROM THE FROGRAM MAY BE IN SEVERAL FORMS, PRINTED OyTPUT
IS ALWAYS FURNISHED.
ARE OPTIONAL, IF THEY ARE MADF, PUNCHING oF CARUS FOR REFLECTIONS
THAT ARE SYSTEMATICALLY ABSENT IS OPTIONAL, A CONTROL TAPE OR CARD
VECK FOR AN AUTOMATIC DIFFRACTOMETER IS GENERATED IF AN =xRDC= CARD AND
AN =XRDFMT= CARD ARE SUPPLIEU, (AT NBS A =TTYFMT= CARD IS ALSO REQUIRED,)

SETTING CARDS CONTAINING THE SAME INFORMATION

DATA ON THE =XRDLU= CARD DETERMINES WHETHER ===

(1) A CARD DECK,

OR

(2) A MAGNETIC TAPE FOR OFF~LINE PUNCHING
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wILL BE MADE, THE 1APE FOR PUMCHING MAY Bf OBTAINEDO WITH TEN CHARACTER
COMMAND WORDS ONLY, AS REQUIRED BY DATEX PAPER~TAPE INPUT DIFFRACTOMETERS,
OR WITH TELETYPE CONTROL CHARACTERS BETWEEN THE COMMAND WwORDS,

THE CHARACTERS THAT OCCUR ON THE MAGNETIC TAPE WILL BE THE INTEGERS

0-9 AND ANY OTHERS IHAT MAY HE WRITTEN IN THE SAl FIELDS OF THE =XRDFMT=
CARU, THE RECORUS WILL CONTAIM A VARIABLE NyUMBER OF CHARACTERS THAT

ARE YO RE PUNCHED AND ARE FILLFO WITH HLANKS TO MAKE 120 CHARACTERS

IN EACH RECORD, THESE BLANKS *"UST NOT BE PUNCHED, IF THFE =TTYFMT=

CARD 15 yYSED (NBS ONLY) THE FO"R CHARACTERS (8¢ Ay C» +) OCCUR AND

ARE TO RE TRANSLATEU TO THE ASCII (AMERICAN STANDARD CODE FOR INFORMATION
INTERCHANGE) CODE FUR CARRIAGE RETURN, LINE FEED» SPACEs AND

ASTERISK, RESPECTIVELY, DIFFERENT CHARACTERS MAY BE SELECTED FOR THESE
PURPOSES BY CHANGING THE DATA STATEMENT =

DATA ICRILFsISFACE,ISTAR /1H%,1HY tH=,1Hx /

IN SUBROUTINE XRY276, THE CHAMACTER BLANK (IBLNK IN SUBROUTINE XRY276)
AND ANy CHARACTERS I1HAT wIlLL OCCUR AS BEGIN WORD CODES OR IN COMPOUND

IDENTIFICATION CODES MUST BE AVOIDED,

THE CODE THAT IS TO BE PUNCHED IN THE PAPER TAPE MAY DIFFER FOR
INDIVIPUAL DIFFRACTUMETERS, AMY DISTINCTIvVE CHARACTER MAy BE ySED
FOR ANy BEGIN WORD CODE IF IT IS TRANSLATED APPROPRIATELY BEFORE PUNCHING,
FOR EXAMPLE» THE CHARACTERS THAT ARE USED FOR THE GE-DATEX CARD
INPUT DIFFRACTOMETER ARE SUITAHLE FOR THE pAPER~TAPE INPUT MACHINE IF
THE FOLLOWING CONVERSION TABLE IS USED,

TYPE OF , BEGIN WORD TAPt CODE
WORD COuE B87654,321
HKL W 010v0,.,110
CHI Y 01001,000
PHI / 01010.001

TWOTHETA S 01020,010

OMEGA v 01010.,100

(DIGITS) 0-9 R=4=2=1 BCD

IF THE TAPE 1S TO Bt PUNCHED InN ASCII CODE, TWO SETS OF LETTERS GIVE
THE REQUIRED BIT CONFIGURATIONS IN CHANNELS 1«4 AND 7» WHICH ARE THE
ONLY QNES THE EGQUIPMENT REAUS, THE DIGITS 0-9 ALSO CONFORM WITH RESPECT

TO THESE CHANNELS,
BEGIN WORD TAPE CODE

TYPE OF BEGIN WORD TAP+ CODE
WORD COVE 876%4,321 conE 87654 ,321
HKL r 11000,110 v 01010,110
CHI H 0101,000 X 11011,000
PHI n 01010.,001 (e] 11010,001
TWO=-THETA b 01010.010 R 11010,040
OMEGA v 010U0,100 T 11010,100

(AT NBS,

XoQeRs ANU T ARE USE"D FOR AX1S POSITION COMMANDS AND F 15§
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USED FOR HKL IDENTIFICATION DATA TRANSFER,)

CONSIDERABLE FLEXIBILITY IN GENERATING THE DIFFRACTOMEYTER TAPE OR
CARUS 1S PROVIDED, THE PROGRA™ 15 DESIGNED AROUND A TEN=CHARACTER
COMMAND WORD SUCH AS IS USED BY THE GE-DATEX DIFFRACTOMETERs ByT OTHER
FORMATS CAN BE OBTALNED,. AS MANY AS TwELVE COMMAND WORDS CAN BE SPECIFIED
FOR MEASUREMENTS ON EACH DATA REFLECTION AND (INDEPENDENTLY) ON UP
TO NINE STANDARD REFLECTIONS, IF FEWER THAN TWELVE COMMANDS ARE USED
FOR A REFLCCTION» THE UNUSED OMES ARE IGNOREND, THE SAME 1S TRUE IF
FEWER THAN NINE STANDARD REFLECTIONS ARE SpECIFIED,

THE CURRENT DATA REFLECTION, WHICH CHANGES EACH TIME A NEw HKL IS
GENERATED, AND THE NINE STANDARDS ARE NUMBERED SEQUENTIALLY FROM 1
TO 10 FOR IDENTIFICATION, THE DATA REFLECTION IS5 ALWAYS NUMBER 1,
THESE NUMBERS APPEAR ON THE =STYDREF=, =XRDFMT=, AND =TTYFMT= CARDS TO
INDICATE: WHICH REFLECTION THEY APPLY TO, ALL THE CARDS FOR A GIVEN
STANDARD MUST BE TOLETHER, FOLLOWED BY THE =HKL= CR SETTING CARD THAT
VDETERMINES WHICH REFLECTION IS TO BE *“EASURED, ALL STANDARD REFLECTIONS
MUST BE ORDERED ACCURDING TO IVENTIFICATION NUMBER, PARAMETERS ON THE
=STUREFz CARD DETERMINE HOW MAMY DATA REFLECTIONS ARE TO BE DONE BEFORE
THAT STANDARD IS INSERTED, ALL REFLECTIONG WwITHIN THE INDEX AND ANGLE
LIMITS (INCLUDING SYSTEMATICALLY ABSENT REFLECTIONSs BUT NOT STANDARD
REFLECTIONS) ARE COUNTED, ODURING EACH OUTPUT CYCLE COMMANDS FOR ONE
DATA REFLECTJIONs AND ANY STANDARD REFLFCTIQOMNS WHOSE TURN HAS COME UP,
ARE PUT ON THE DIFFRACTOMETER CONTROL TAPE OR IN THE CARD DECK,

EITHER AN =HKL= CARD OR A SFTTING CARD MAY BE USED TO PROVIDE THE
SETTING ANGLE DATA FOR A STANDARD REFLECTIQN, AN ZHKL= CARD CAUSES
SETTINGS TO BE COMPUTED, THE TNDEX AND ANGLE LIMITS ARE CHECKED, AND
THE PHI ANGLE CORRELTIONy IF AMY, IS APPLIED, SETTING CARDS (GSNERATED
BY THIS PROGRAM IN A PREVIOUS MUN, OR PUNCHED IN THE SAME FORMAT) MAY
BE USED TO PROVIDE UP TO FIVE eNGLE SETYTINGS, THE INDICEc AND THE
ANGLES IN THE CHI, PHI, START TWO THETA, PEAK TWO THETA.» AND STOP TWO
THETA FIELDS ARE UStD AS SPECIFIED ON THE =XRDFMT= CARD. THERE ARE NO
CHECKS MADE, AND FICTITIOUS INDICES AND ANGLES MAY BE USEP FOR SPECIAL
PURPOSES SUCH AS CHECKING ARC ALIGNMENT, TyO THETA DRIFT, AND CRYSTAL
UETERIORATION, IT 1S POSSIBLE TO USE TWO STANDARD REFLECTIONS TOGETHER
TO MANIPULATE AS MANY AS TEN AMGLE SETTINGg WITH AS MANY AS 24 COMMANDS,

ONLy THF FIRSY =HKLz OR SETTING CARD AFJER A =STUREF= CARD IS TREATED
AS A STANDARD REFLECTION, ANY OTHERS ARE YREATED AS DATA REFLECTIONS,
THUS IT 1S POSSIBLE TO USE =HKL= AND SETTING CARDS AS INPUT TO THIS
PROGRAM IN ORDER TO PREPARE A CONTROL TAPE OR CARD DECK IN A SPECIAL
ORDER OR FOR A FEW SCATTERED RHFLECTIONS, ’

IT IS WISE TO CHECK OUT THE PROCESSING oF OUTPUT DATA BEFORE RUNNING A
LARGE Jo08, i

REFERENCE To
- e e W - ity

(1) ALEXANDERy L+E, AND SMITH»G,S,»=SINGLE CRYSTAL DIFFRACTOMETRY = THE
IMPROVEMENT OF ACCURACY IN INTENSITY MEASUREMENTZ
ACTA CRYSI., VOL 17, 1195 (1964},
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BINARY DATA FILE DumP, COPYs OR PUNCH

=DUMCOP= WAS WRITTEN BY J,M, STEWART,

THIS LINK IS DESIGNED 70 AID IN CHECKING OUT NEW PROGRAMS, IT WILL
OUMP THE CONTENTS OF THE BINARY OATA FILE, PHYSICAL RECORD BY PHYSICAL RECORD,
THE ‘ALPHANUMERIC MAITERIAL IN THE FILE wWILL NOT BE PRINTED CORRECTLY BUT ALL
INTEGERS AND FLOATING POINT QUANTITIES WILL BE PRINTED PROPERLY.

THIS LINK MAY ALSO HBE USED TO SIMPLY COPY THE BINARY DATA FILE, THIS
FUNCTION MAY BE FOUNU USEFUL WHEN ONE WISHES TO TRANSFER A FILE FROM ONE MASS
STORAGE DEVICE TO ANOTHER (E.G, DRUM OR DISC, TO TAPE),
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PROGRAM. FOR THE CALCULATION OF STRUCTURE FACTORS

THF BASIC PROGRAMMING OF THE STRUCTURE FACTOR PROGRAM WAS DONE BY
JAMES M, STEWART AT THE OHIO STATE UNIVERSITY DURING 1958-1960 FOR THE
IBM 704, THIS PROGRAM WAS WRITTEN FOR THE IBM 709 BY JAMES M, STEWART
AND DARRELL HIGH AT THE UNIVERSITY OF wASHINGTON DURING 1960-1962,
THE CURRENT FORTRAN VERSION WAS PREPARED IN 1965 BY ROBERT BRAUN
AND J, M, STEWART, THE LATEST VERSION (1970) WAS WRITTEN BY F, A, KUNDELL,

THE STRUCTURE FACTOR CALCULATION IS ACCOMPLISHED IN TwO STEPS - THE
FIRST READS THE ATOM PARAMETERS FROM THE BINARY DATA FILE AND GENERATES
THE FULL CELL OF ATUMIC COORUIMATES, AND THE SECOND CALCULATES THE STRUCTUKE
FACTORS,

THIS METHOD OF CALCULATING STRUCTURE FACTORS IS USEFIIL IN THAT IT .
IS A FASTER METHOU FOR STRUCTURE FACTOR SUMMATION BECAyUSE OF THE SIMPLER
SUMMATION ALGORITHM. IN ADDITION TO THIS FEATURE THE PROGRAM IS FASTER THAN A
LEAST SQUARES PROGRAM BECAUSE ™m0 DERIVATIVES ARE CALCULATED. IT THUS
SERVES AS THE BEST LINK TO USE WHEN FIXED aToM STRUCTURE FACTORS ARE
PREPARED OR WHEN ONE WISHES TO CALCULATE STRUCTURE FACTORS TO GIVE PHASES,
FOR EXAMPLE, FOR A FPORIER OR NIFFERENCE FQURIER CALCULATION, '

SINCE THE PROGHAM GENERATFS ALL THE ATOMS IN THE uUNIT CELLe THE
RESTRICTIONS ON NUMBERS OF ATOMS [S DEPENDENT ON THE NYMBER OF SYMMETRY
OPERATIONS SUPPLIED AT DATA REDUCTION TIME, FOR A TRICLINMIC CELL, Pi OR
P1 BAR, THE PROGRAM WILL HAMNDLF THOUSANDS oF ATOMS IN THE ASYMMETRIC UNIT

CELL,y yHE LIMIT DEPLNDING UPON SPECIFIC MACHINE STORAGE AvAILABILITY.

EACH OF THE ATUM TYPE SCATTERING FACTORS MAY HAVE THE TEMPLETON
DISPERSION CORRECTIUN (2,3) APPLIED AS DESIRED IF THESE CORRECTICON DATA
HAD BEEN STORED IN 1HE BINARY FILE DURING DATA REDUCTION,

(1) F(J) = F(J) + F'(U) + Frr(d) WHEPE F(J) IS THE SCATTERING FACTOR
FROM THE TABLES SUPFLIED AT UATA REDUCTION, F*(J) IS THE TEMPLETON
CORRECTION TO THE REAL PART OF THE SCATTERING FACTOR, F't'(J) THE
IMAGINARY PART OF THE DISPERSINN CORRECTION.,

IN ADDITION TO THE CALCULATION OF THE STRUCTURE FACTOR FOR EACH REFLECTION
IN THE BINARY UATA +ILE, THE PPOGRAM WILL APPLY THE EXTINCTION CORRECTION,
SEE =1 DATRDN= FOR A COMPLETE UESCRIPTION goF THIS FACTOR,

THE PROGRAM OPERATES IN FOUR TEMPERATURE FACTOR MQDES =

(1) OVERALL
(2) INDIVIDUAL ISOTROPIC

(3) INDIVIDUAL ANISOTROPIC
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(4) INDIVIDUAL MIXED ANISOTROP{C AND ISOTROPIC,

PROVISION HAS BEEN MADE TO LIST THE STPUCTURE FACTORS, DISPLAYED IN

THIS LISTING ARE = Hy K, L, SIN(THETA)/LAMBDA, SCALE GROUP, F OBSERVED,

F CALCULATED, A, B, DELTA F, WEIGHTED DELTA F, YHE PHASE OF THE REFLECTION
FROM THE VALUES OF A AND B AND THE PHASE ANGLE FROM DIRECT METHODS (IF

IT HAS REEN PLACED IN THE BINAPY DATA FILE FOR A GIVEN REFLECTION), THERE

IS A CONTROL OVER WHETHER THE DNISPERSION CALCULATION IS To BE CARRIED OUT OR
NOT. THERE IS ALSO AN OPTION TO CAUSE STATISTICS TO BE PRINTED OUT WHICH SHOW
HOW THF REFLECTION UATA IS SORTED ON THE BINARY DATA FILE, THIS FEATURE IS
USEFUL AS A CHECK BEFORE =LISTFC= IS TO BE USED, IT PERMITS ONE TO KNOW THAT
THE DATA ARE SORTED IN AN APPROPRIATE MANNER FOR FINAL LISTING, THE
ABILITy -TO CARRY OU! =PARTIAL CONTRIBUTION= CALCULATIONS 1S A FEATURE OF
THIS PROGRAM WHICH ALLOWS THE CALCULATION 7O BE CARRIED OUT FOR VERY LARGE
STRUCTURES. SEE 1,GENRL =SYSTFM TERMINOLOGY- PARTIAL CONTRIBUTION FOR A
UETAILED DESCRIPTION OF THIS OFPTION, BOTH x=RAY AND NEUTRON DATA MAY BE
REATED, :

CFRTAIN OTHER FUNCTIONS ARE CALCULATED AS A LOGICAL ADJUNCT TO THE
STRUCTURE FACTOR CALCULATION, THESE ARE 1)YHE NUMBER OF ATOMS BEING TREATED,
2)THE MUMBER OF REFLECTIONS BEING TREATED, 3)THE NUMBER OF OBSERVED REFLECTIONS
(JCODE=1),4) THE NUMBER OF UNO“SERVED REFLECTIONS (JCODE=2)» 5) THE NUMBER
OF REFLFCTIONS IGNORED (JCODE=3,4,5)s 6) THE NUMBER OF REFLECTIONS WHERE THE
THE RATIO OF FO/FC LIES OUTSIDF THE RAMGE p,1 TO 10., I.E, THE NUMBER OF
REFLECTIONS IN VERY SERIOUS DISAGREEMENT, 7) THE OVERALL {INEAR SCALING RATIO,
I1.Fe THF SUM OVER ALL THE REFLECTIONS OF ARS(FCALCULATED) DIVIDED BY THE SUM
OF ABS(F OHSERVED), 8) THE SLOWE OF LN(FO/FC) VS (SIN(THETA)/LAMBDA)%x%2, I,E,
AN INDICATOR OF THE GOODNESS OF THE TEMPERATURE FACTOR(S) APPLIED,9) THE
F RELAYIVE SCALE FACTOR, 1.E, THE SUM OF AHRS(F CALCULATED) DIVIDED BY THE SUM
OF ABS(F RELATIVE), ANS FINALLY 10) THE CONVENTIONAL R VALUE, 1.E, THE Sum OF
ABS(DELTA F) DIVIDEV BY THE Su™ OF ABS(F ORSERVED),

LITERATURE CITED

(1) CRUICKSHANK, DeW,J,= ACTA CRYST, (1956), VOL 9, PAGE 747=758,

(2) I,U,CR,, SINTERNATIONAL TABLES FOR CRYSTALLOGRAPHY=, BIRMINGHAM,
THE KYNOCH PRESS, VOLUMF 3, =PHYSICAL AND CHEMICAL TABLES= (1960)
PAGES 213=2106,

(3) PETERSON, S.W.s NATURE (1955), VOLUME 176, PAGE 395,



1.FOURR = 1 - 73
04rs22/72

FOURTER SYNTHESIS PROGRAM

THE INITIAL PLAN FOR PROGRAMMING THE FOURIER SYNTHESTS PRGCGRAM WAS
WORKED OUT By LYLE H, JENSEN ANMD DARRELL F_, HIGH., THE INITIAL PROGRAMMING
WAS DONE BY DARRELL F, HIGH ANV BROUGHT TO ITS PRESENT FORM BY
JAMES r, HOLDEN, JAMES M, STEWART, AND HIRQOSHI TAKEDA,

THE REFINEMENT OF CRYSTAL STRUCTURES 1S FACILITATED BY USE OF FOURIER
TRANSFORMS, COCHRAN AND LIPSOM (1) BUERGER (2)r AND MANY OTHERS SUPPLY
INFORMATION ON THE USE OF THIS VALUABLE TECHNIQUE, THIS FOURIER PROGRAM
WAS DEGIGNED TO HAVE A NUMBER OF FEATURES=-

1. AUTOMATIC OPERATION FOR ALL SPACE GROUPS

2. ANY CONVENIENT GRID (E,.G,= 1/60, 1/33, 1/373) OR AUTOMATIC LAYOUT
TO INCH/ANGSIROM SCALE "TF DESIRED

3. PRINT OUT OF FOURIER MAr READY TO BF CONTCURED, OR
WITH SUPPRESSION OF BACKGROUND TO FACILITATE THIS OPERATION OR
PERHAPS ELIMJWATE ITS NECESSITY

4, MANY OPTIONS FOR COEFFICIENTS

5. REASONABLE SFEED

6, NO RESTRICTIUNS ON REFLFCTION ORDER (EXCEPT FOR MAXIMyM SPEED)

7. PREPARE A BINARY FILE OF THE MAP TO SERVE AS INPUT T0O OTHER ROUTINES,

A PAPER BY JURG WASER (3) AND A MOMOGHRAPH BY LIPSON AND TAYLOR (4)
SERVE 10 POINT THE WAY IN WHICH CONDITION (A) MAY BE MET, A SyMMETRY
RELATIQNSHIP IN REAL SPACE CAUSES AN EAUIVALENT SYMMETRY RELATIONSHIP IN
RECIPROCAL SPACE, THE TRANSPOSHD ROTATION MATRIX BEING APPLIED TO THE
INDICES Hy, K, AND L+ AND THE TRANSLATION MOUIFICATION OF THE PHASE OF THE
SYMMETRICALLLY RELATED REFLECTINN. THE ACTUAL FOURIER SUMMATION IS ACCOMPL ISHED
BY SUMMING ALL SPACE GROUPS AS IF THEY WERE TRICLINIC, JSING THE
METHOD OF FACTORING SHOWN IN JFNSEN AND STOUT, X=RAY STRUCTURE DETERMINATION,
SECTION 9,29 P, 246 ET, SEQ,

THFE BINARY UDATA FILE, HMOWFVER, COMTAINS ONLY A UNIQUFE SET OF REFLFCTIONS
PLUS THE NECESSARY INDICATORS 70 MAKE POSSIBLE THE AUTOMATIC
GENERATION OF SYMME{RY RELATED REFLECTIONS, THE DATA REDUCTION PROGRAM
ANALYZES THE SPACE LROUP SYMMETRY OPERATIONS FOR A SET OF ROTATION MATRICES
(R) AND TRANSLATION VECTORS (T) WHICH ARE STORED IN THE BINARY DATA FILE,
THESE GENERATIONS ARE APPLIEDU 1O EACH UNIQUE REFLECTION AND A SET OF CODES
ARE FORMED WHICH DEFINE FOR EACH UNIQUE REFLECTION THE OPFRATIQNS NECESSARY
TO GENERATE THE SYMMETRICALLY WELATED REFLECTIONS, THE OPERATIONS MAY
INCLUDE SIGN CHANGES AND PERMUTATIONS OF H, K, AND L, AND PHASE ROTATIONS
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OF A AND B, THE FOUKIER PROGRAM USES THESE CODES TO DELIVER THE CORRECY
GENERATED SET (PROPERLY COMBINFD A(HsKeL)y A(=HeKyL)s» AlH,=K,L)s A(HeK,=L)
AND SIMILAR B TERMS) FOR THE SUMMATION, .

~~. THE CALCULATIONS ARE DONE BY FACTORING THE THREE~DIMENSIONAL SUMMATION
INTO THREE ONE-DIMENSIONAL SUMMATIOMS, AFTER THE MANNER OF BEEVERS

.AND LIPSON, SUMMATLON IS CARRTED OUT OVER ONE HEMISPHERE OF RECIPROCAL
SPACE, SYMMETRY RELATED REFLECTIONS BEING GENERATED FROM A UNIQUE SET OF

OBSERVATICNS,

THE SYMMETRY OFERATIONS O THE SPACE~GROUPS MAY BE WRITTEN IN TERMS
OF ROTATION MATRICES (R) AND THANSLATION VECTORS (T) (SEE EQUATION 1),
WASERS RESULTs IN MATRIX NOTATION, IS GIVEN IN EQUATION (2).

) TARLE #xxsxxxkkxk GIVES ALL ALLOWED VALUES FOR PHASE CHANGES IN
THE CRySTALLOGRAPHIC SPACE GROUWPS, ALSO TABULATED ARE THTE EFFECTS OF
THE REAL AND IMAGINARY PARTS O+ F(H), IN ADDITION 7O THE PHASE CHANGE,
THE PRORLEM OF THE LENERATION OF THE SYMMETRICALLY RELATED INDICES
(R=PRIME H) MUST BE HANDLED,

FOR NON=DIAGONAL ROTATION%, THE MAGNITUDE OF HsKsL AS WELL AS THE
SIGNS WILL BE ALTEREU,

IN THE FOLLOWING DISCUSSINN, THE CONCzPY OF SCANNING OR SyMMATION
ORDER WILL BE USHD = THUS, H(1Y IS THE INJEX SUMMED OVER FIRST AND X (1}
THE CORRESPONDING CUURDINATE wWILL BE GENERATED, IT VARIES FROM PAGE-TO-
PAGE (SECTION=TO=SECTION)Y INMN THE OUTPUT, SIMILARLY, H(2) IS SUMMED
SECOND AND X(2) VARIES VERTICALLY (LINF=TOLLINE) DOWN THE PAGE, WHILE
H(3) IS SUMMED THIRU -AND X(3) VARIES HORIZONTALLY (POINT=TO-POINT) ALONG
THE LINE, Ol THE C!HER HAND, THE NCYATICN X, Y, Z» AND H, K, L REPRESENTS
THE COORDINATCES ARND INDICES REFERRED TO THEIR CONVENTICNAL AXES,

PROGRAM INPUT IS ALWAYS IN TERVS QF THE CONVENTIONAL DIRECTIONS: THE
SCANMNING ORDER BFINL SPECIFIED ON THE L AYQUT=z CARD OR CHOSEN AUTOMATICALLY
IF THE =LAYOUf= CARL IS OMITTEN. IT IS SOMETIMES NECESSARYe HOWEVER: TO
CONSIDER THE SCANNING ORDERs ESPECIALLY WITH REGARD 70O PROGRAM LIMITATIONS
WHICH ARE DESCRIHED BELOW,

IN ORNER TO SIMELIFY THE ©ISE OF ThE FQURIER PRCCRAM AND MAKE
INTERPRETATION EASIER 1T IS POSSIaLE TO LEAVE OUT THZ zLAYCUT= CARD
AND LET THF PROGRAM ESTABLISK 6GRID DIVISIONS 3BASED ON A COHSIDERATION OF
RESOLUTION DESIRED AND CHARACTFR PCSITICNS OF THE LINE PRINTER, AN
ARTICLE IN SCIENCE, VOL 143 NO, 3611, 1:62.1163 (19643 GIVES A METHOD
SUGGESTED BY J. D. H. DONNAY AND H, TA¥EDA, THE PROGRAM USES AN
IMPROVEMENT OF THIS APPROACH, A FOURIER LAID QUT IN THE FOLLOWING
MANNER RESULTS IN DEVELOPING THE ELECTHON QR PATTERSON CR NIFFERENCE
FOQURIER AT THE APPRUPRIATS POIMY, IN THE AGYHORS TERMINOLOGY THY MACHINE
GRIU POINY, IN ORDER TO PRINY OUT UMUFFORMED SECTIONS TRUE TO A SPECIFIED
SCALE (IN ANGSTROMS/INCH) iHE FOLLGOGWING VALUES MAY BE SUPPLIED IN
THE =LAYOUT= CARD OR IF THE =LPYOUT= CARD 1S OMITTED THEY wlLL BE SUPPLIED
AUTOMATICALLY =

1, THE COSINE OF THE ANGLE ALPHA, BETA, OR GAMMA (QU) BETWEEN THE AXIS
IN THE PRINIED PAGES (SUM DIRECTIONS 2 AND 3)

2, THE NUMBER UF DIVISIONS ACROSS THE PAGE (THIRD Sum DIRECTION) (MUST
BE EQUAL TO (CELL LENGTH(3) * (INCLES/ANGSTROM) # 10,0)/ (NUMBER OF
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CHARACTER PUSITIONS PER FOURIER GRID COLUNMN))

THE NUMBER UF DIVISIONS DOWN THE PAGE (SECOND SUM DIRECTION) (MUST BE
EQUAL TO (Cell LENGTH{?) % SIN(QU) * (INCHES/ANGSTROM % 6,0)/ (NUMBER

OF PRINT LINES PER EACH FOURIER GRID LINE)?)

THE NUMBER- UF DIVISIONS FROM PAGE TO PAGE (MAY REPRESENT ANY SENSJIBLE
RESCLUTION (E,G, QUARTtR OR THIRD ANGSTROM)), REMEMBER THAT IF THERE
IS AN ANGLE BETWEEN ANY AXIS AND ThE PAGE TO PAGE AXIS; THEN ONE

MUST UFF=SEIl EACH LAYEP ACCORDINCGLY.

THE FOLLOWING CUEFFICIENTS ARZ PRESENTLY CODED INTO THE FOURIER
PROGRAM,

1,
2.

3.

8.

S.

UNUSED
PATTERSON A = (FOx*2) AS COEFFICIENT,

VECTOR MAP SHARPENED» ORIGIN REMOVED PATTERSON, =DATFIXz MUST BE RUN
FIRST (=NORMSF= Wit NOT DG AS IT PUTS FPSILON INTO THE
APPROPRIATE REFLECTICN wORD IN THE JULY 1979 RELEASE] IN
URDER TO GEMERATE E VALUES,

FO FOURIER SUBSTITUTE +0/2 FOR LESS=THANS AND THEN TEST ALL
REFLECTIONS =~ IF (FN % RR - AEG(FC)) LFSS THAN ZERO,
THEN REFLECTION IS USED, WHERE {(RR) IS A REJECTION
KATIO SUPPLIED IN THE =FGURR= CARD. IF AN (RK) IS
NOT SUPPLIEM, (RR) 1S AREITRARILY SET EQUAL TO ZERO
50 THAT ALL REFLECTIONS ARE USED. SUBSTITUTE FC FOR
FO FOR EXTINCT REFLECTIONS (IF ANY).

UNUSED

FO FOQURIER PHASE ANGLES DETERMINAED FROM THE PHAST OF YHCE
UUAS [ =NORMAL TZED STRUCTURE FACTORS FOR ONLY THOSE
SEFLECTIONS OF eXNOmNY pPHASE, CRITERIA 05 TYPE 4 ARE
USELD, XREJECTING ALL LESS=THANS,

FC SYNTHESIS USES &LL REFLECTIONS WITH MAGNITUDES AND PHASES
UF THE CALCHLATED STRUCTURE FACTORS AS AMPLITUDES.

DELTA=F TEST O¥SERVED REFLECTIONS o« IF {FO % Rr = ARS({FC))

LESS THAN Z=RO, REFLECTIOM IS USEU, WHERE (gR) IS A
FEJEZCTION RATIO SUPPLIES Iy THE ZFQURRz CARD. IF AN
(RR) IS NOT SUPPLIEL, (RKR) IS ARBITRARILY SET EQUAL
10 ZERO THUS MAKING A ZFRO-PERCENT RULE, TEST LESS-
IHANS = IF (FO = ABQ(FC)) LESS=-THAN ZERCG REFLECTION
15 USED, RrRJECTS ALL ExXTINCT REFLECTIONS (IF ANY).
tEsG,~ RR = 0,50 IS5 SU-LERCFNT RULE» AMD RR = 1.0C
1S 100=-FERC-NT RULEY,

DELTA=F FOR OBSERVED REFLECTIONG, EACH DELTA~F IS »QLTIPLIED
BY THE LEASY SQUARES WEIGHT = (W * (FO = AgS(FCI) ).
VEST LESS=THANS = IF (FQ - ABS(FC)) LESS THAN 28RO
REFLECTION 1S USED, REJECT ALL EXTINCY REFLECTIONS
(IF ANY).
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10, UNUSED

11, DELTA-F UBSERVED REFLECTIONS ONLY, REUECT ALL LESS=THANS AND
EXTINCT REFLECTIONS (IF ANY).

12, DELTA=F VARIABLE WETGHTING APPLIED -~ WHERE W = (ABS(FC)/FOQ),
10 ALL OBSERVED REFLECTIONS AND LESS=THANS wHERE
(ABS(FC) GRRATER THAN FMIN), REJECT LFSS=THANS
WHERE (AHS(FC) LESS THAN FMIN) AND ALL EXTINCTIONS
tIF ANY),

13, E MAP USES QUASI=NORMALIZFD STRUCTURE FACTORS (E) GENERATED 8Y
SUATFIX= OR =NORMSF= AS COEFFICIENTS., PHASES PREDETERMINED
(£,G, FROM vARLE AND KARLE SYMBOLIC ADDITION PROCEDURE),
HREJECT ALL PEFLECYIONS wITH UNDETERMINED PHASE, REJECT
WHEN THE MAGNITUDE OF (E) IS LESS THAN (RR), REJECT ALL
LESS~THAN RFFLECTIONS, ESTIMATED PHASFS MUST HAVE BEEN
PLACED IN THE BINARY DATA FILE BY USE OF =PHASE=,
STANGEN=y =MODIFY=, OR SIMILAR PROGRAM,

14, E MAP PHASES FROM A STRUCTURE FACTOR CALCULATION, REJECT WHEN
) IHE MAGNITUDE OF (E) IS LESS THAN (RR), REJECT ALL
LESS~-THAN REFLECTIONS,

NOTE THAT THERE ARE TWO SCALE FACTORS OF IMPORTANCE IN THE FINAL

VALUES PRINTED FOR FHE FOURIER SUMMATION, THE FIRST IS THE SCALE OF F
RELATIyE WHICH APPLIES ONLY TO THE CALCULATION TYPES WHICH USE F RELATIVE,

IN GENERAL THE F RELATIVE SCALF FACTORS ARE USED TO PUT_THE
F RELATIVES ON THE SCALE OF ABSOLUTE F CALCULATED, ONCE THIS

IS DONE, THE OTHER SCALE FACTOR BECOMES IMPORTANT., THIS IS CALLED THE
ELECTRON DENSITY SCALE FACTOR AND IS SU/PPLIED IN THE =FOURRS CARD, AS
A ROUGH GUIDE WHEN USING THE PPOGRAM IN THE 4 COLUMNS/GRIN PQINT MODE

THE FOLLOWING RULES MAY BE APP! 1IED FOR ORGANIC COMPOUNDS wITH ATOMS
LIGHTER THAN BROMINE =~a

" COEFFICIENT TYPE ELECTRON DEMSITY SCALE UPPER LIMIT LOWER LIMIT

Fax2 .1 ip -999
F 10, 10 =99
DELTA F 100. : 9 -9
Exx2 1000. 10 - -999
-E 1000, 10 -99

ONCE THE CALCULATION SWITCHES ARE SET THE PROGKAM READS, REFLECTION
BY REFLECTION, THE UNIQUE SET SUPPLIED ON tHE BINARY DATA FILE, 1IT
WILL REJECT ANY REFLECTION HAVING A (SIN THETA)/LAMBDA OR H OR K OR L
GREATER THAN SPECIFLIED ON THE =MAXHKL= CARD OR THE VALUE STORED IN THE BINARY
DATA FILE AT UATA REUDUCTION TIME 1F NO =MAxHKL= CARD USED, ON THE
FIRST PASS THROUGH [HE BINARY DATA FILF FC1S MAY BE PRINTED IF THE
USER S0 DESIRES. ALL THE REFLFCTIONS IN THE FILE ARE LISTED, AND THOSE
REFLECTIONS REJECTEU ARE MARKEU WITH =p=, THE CORRECT CQEFFICIENTS
ARE FORMED FOR THE CURRENT REFLECTION AND CONTRIBUYED TO THE FIRST
SUMMATIONS, (NO SOKTING IS REOUIRED E¥YCEPT TO GAIN MAXIMUM COMPUTING
SPEED,) ONCE ALL REFLECTIONS IN THE BINARY DATA FILE HAVE BEEN TREATED,
THE SECOND ANOU THIRU SUMS ARE LALCULQTEO FoR ALL THE FIRST Sym COEFFICIENTS
STORED,
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THE FOURIER CALCULATION SI"BROUTINF WHICH DOES THE ACTUAL FOURIER
SUMMATION CONTAINS A PRQVISION FOR BREAKING THE SUMMATION UP INTO AN
OPTIMUM NUMBER OF PASSES, THIS IS DONE WHEN THE WHOLE CALCULATION CANNOT
BE ACCOMPLISHED IN A SINGLE PASS THROUGH THE BINARY DATA FILE, FOR EXAMPLE
THE FOLLOWING LIMITATIONS MAY APPLY (DEPENDING UPON 32000 WORDS. OF CORE
AVAILABLE FOR PROGRAM AND STORAMNGE - E,G, 65K 1108),

1, THE PRODUCT OF THE (MAYIMUM VALUES + 1) CF THE SECOND AND THIRD
SUMMATION INDICES MAY NOT EXCErD 5000 (E,G,- H(2)MAX EQUALS 99 AND
H(3) MaX EQUALS 49, OR H(2)MAX EQUALS 77 AND H{3)MAX EQUALS 63r ETC,),

2, THE PRODUCT OF THE (THYRD SUMMATION INDEX + 1) AND THE NUMBER OF
POINTS ALONG THE SECOND SUM DIRECTION MAY NOT EXCEED 2000 (NOTE THAY THE
NUMBER OF POINTS DOtS NOT NECESSARILY OR USUALLY EQUAL THE SECOND SUM
GRID SPECIFICATION) (E.G.= AN H(3)MAX EQUAL TO 49 LIMITS POINTS SUCH
THAT X(2) COULD BE (0 = 1/4) I™ 159THS, (0 - 1/2) IN 79THS, ETC,),

3, THE FINEST GRID WHICH ™mAY BE CALCULATED IN THE FIRST SuyM DIRECTION
IS 1/2¢27y IN THE SECOND SUM 1/400s AND 1/200 IN THE THIRD SyM
VIRECTION,

4, THE ABOVE RESTRICTIONS MAY BE RESCINDED ONLY By REASSIGNMENT OF
STORAGE AND RECOMPILATION -=- SFE PROGRAM STATEMENTS AND COMMENTS FOR

UVETAILS,

BECAUSE OF THE PARTICULAR METHOD OF Sy MMATION A VERY LARGE NUMBER OF
REFLECTIONS CAN BE ACCOMMODATE",

NO INTERMEDIATt FILES ARE WRITTEN, TnE MAIN PART OF THE MEMORY HOLDS
SECOND SUM COEFFICIENTS FOR AS MANY LEVELS AS POSSIBLE =~ IF ALL LEVELS
CANNQT BE PROCESSED IN ONE PASS THE CALCULATION IS DIVIUDED INTO TwC EVUAL
PASSES AND SO ON, UURING THE SECOND SuMy ONLY THE THIRD SUM COEFFICLENTS
FOR ONFE LAYER ARE S1ORED AT ANY GIVEN TIME AND ONLY ONE LINE OF ELECTRON
VENSITIES IS CARRIEU IN STORAGH, AS SOON pS THE LINES ARF '‘FORMED THEY
ARE OUTPUT TO THE LINE PRINTER, IT IS POSSIBLE TO SUPPRESS PRINTING
VALUES BETWEEN SELECTED MAXIMUM AND MINIMUM CUT=~OFF POINTS 8Y THE USE OF
A =MAP- CARD, THIS GREATLY FACILITATES INTERPRETATION OF THE PRINTED MAPS,

LITFRATURE CITED

(1) LIPSONsH, AND CUCHRAN,W,o *THE CRYSTALLINE STATE*', VOLUME 3, 'THE
DETERMINATLION OF CRYSTAL STRUCTURES', LONDON, BELL AND SONS
(19537,

(2) BUERGERM,Jer 'CRYSTAL STRUCTURE ANALYSISY, NEW YORK, WILEY (1960).

(3) WASER,J.s ACTA CRYST, (195%), VOL R, So5,
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(4) LIPSON+H, AND TAYLORIC.A.» *FOURIER TRANSFORMS AND X«RAY DIFFRAC=
» TION'sy LONUON, G,BELL AND SONS, (1958), - : ‘
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 PROGRAM FOR 1.ISTING STRUCTURE FACTOR DATA

THE =LISTFC= PROGRAM WaS WRITTEN By J, M. STEWARY AND R. L, BRAUN BASED
ON A PROGRAM OF D, HIGH,

. =LISTFC= IS UESIGNED .Tr GIVE LISTS OF FC AND FO WITH THEIR
CORRESPONDING Hy K¢ AND L, AND FOR ACFNTRIC SPACE GROUPS, THE PHASE ANGLE -
ALPHA, THSES LISTS ARE 'DESIGNFD TO BE AS SUCCINCT AS POSSIBLE AND IF PRINTED
ON WHITE PAPER WITH A NEW RIBBON wILL BE Sy ITABLE FOR PHOTOGRAPHY, THE
FORMATS OF THE OUTPUT ARE OESIONED TO MEET THE REQUIREMENTS FOR JOURNAL
REFEREES AND/OR THESIS COMMITTRES,

THE PROGRAM PRINIS ITS LISTING IN TERMS OF A '=LISTFC= PAGE's THE SIZE OF
WHICH IS AT THE USEKR'S DISCRETYON AND 1S INDEPENDENT OF THE SIZE OF THE PRINTER
PAPER, + SIGNS ARE PRINTED AS FIDUCIARIES FOR ALIGNMENT FOR PHOTO =
REPROD)CTION, THIS =LISTFC= PaGE wILL BE DIVIDELD INTO AN IFLTEGRAL NUMBER OF
'=LISTFC= COLUMNS'! UEPENDING UPON THE YOTAL NUMBER OF PRIMT POSITIONS REQUIRED
FOR THE VARIQUS UATA CHOSEN ON THE =LISTFC= CARD,

IN ORDER TC LIST WITH THIS PROGRAM THE REFLECTIONS MysST BE SORTED IN
EXACTLY THE WAY T1:E LISTS ARE TO BE MADE, IF THIS wWAS NOT OONE BEFORE .

ZDATRUN= IT wilLL BE NECESSARY TO TAKE APPROPRIATE STEPS TO PLACE THE
REFLECTIONS IN ORDEKR., MANY OPIIONS ARE GIVEN, AND REFERENCE T0 THE CARD

FORMATS IN SECTION 2.,LISTFC-8 SHOULD MAKE tHIS CLEAR, THE PROGRAM WILL:
EITHER LIST FROM A SYSTEM BINARY DATA FILE OR FROM CARDS CONTAINING Hs K» Lo
FO, ETCy WHICH MAY BE PUNCHED USING THIS PROGRAM, )
ALL REFLECTIONS WITH JCOLE GREATER THAN 3 ARE IGNORED,
THE yUSUAL CUNTROL CARD STRUCTURE FgR A THESIS PAGE wouLD BE AS
FOLLOWS 00
. CENTRIC STRUCTURE =

0000000001111111111222222222233333333330“uu“uuuu“555555555566666666667777777777
1234567890123456789V1234567890123456789012345678901234567890123u567890123456789

LISTFC COMPID123 SV 38366 11 1 5

ACENTRIC STRUCTURE -

000000000111311131122222222223333333333444444444455555555%56666666666T7T7TTTT7777
1234567890123456789u12345678901234567890123456789012345678901234567890123456789

LISTFC COMPLO123 SV 343606 1l 1 5
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THE USUAL CUNTROL CARD STRUCTURE FoR A JOURNAL PAGE wOuLD BE AS
FOLLOWS. LN )

CENTRIC STRUCTURE =

0000000001111111111222222222233333333334444444444555555558566666666667777777777
1234567890123456789U12345678901234567890123456789012345678901234567890123456789

LISTFC COMPID123 152 132 356 0 11 - 5

ACENTRIC STRUCTURE =

000000000111111111122222222223333333333““4444aQBQ555555555566666666667777777777
‘123“56789@12345678901236567890l23“5678901234567890123“5678901234567890123“56789

LISTFC COMPID123 152 112 3 5 65 4 1 5

Ry
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ATOMIC PARAMETER LOADING PROGRAM

: PROGRAMMING FOR THIS LINK WAS FIRST WRITTEN BY J, M, STEWART AND
LINDA PLASTAS, THE CURRENT PROGRAM WAS WRITTYEN By F,A, KUNDELL., THE NEW
PROGRAM 1S COMPLETELY NEW AND INCLUDES THE ABILITY TO ESTAD'.ISH THE CONSTRAINTS

ON ATOMS IM SPECIAL POSITIOMNS,

THE FUNCTION OF THIS LINK OF THE X-RAY SYSTEM IS YO SERVE TO PLACE
THE ATOMIC PARAMETERS IN THE PROPER ARRAYS 2w THE BINARY DATA FILE, THIS
MEANS THAT THIS PROORAM MUST ALWAYS BE USEN AT LEAST ONCE BEFORE ANY PROGRAM
WHICH CALCULATES STRUCTURE FACTORS (E,G,» =i"C=zs =CRYLSO=, ETC,) MAY :
BE USED, THIS PROGKAM PERMITS EITHER AN A PxIORI LOADING OF ATOMIC COORDINATES
OR THE EDITINu OF PARAMETERS AI.READY STORED IN THE DATA FILE,

THE OVERALL PLAN IS SUCH» THAT AT AN A PRIORI START ALL ATOMIC
GUANTITIES WILL HE TAKEN FROM CARDS AND BE PLACED IN THE BINARy DATA FILE, .
AT AN yPDATE, QUANTITIES FROM CARDS WILL TAKE PRECEDENCE, BUT NO INFORMATION
FROM THE FILE WILL BE LOST. TrRE POSSIRILITY FOR INSERTION, DELETION, AND
REPLACEMENT ALL EXIST, CONSIDERATIONS CONCERNING ATOM IDENTIFICATION IS
VESCRINED IN 1,.GENEKRL,

NOTE THAT THlS PROGRAM SERVES ALl THE STRUCTURE FACTOR CALCULATING
PROGRAMS: WwHICH THEMSELVES CANNOT LOAD ATOMIC COORDINATES, THEY CAN, HOWIVER,
SELECT PARTICULAR AIOMS OR ATOM TYPES FROM THE BINARY DATA FILE PREPARED BY
ZLOADAT=,

DATA MUST Bt PRESENTED TO =LOANAT= IN FOUR DISTINCT GROUPS, THAT
1S TO sAY, INPUT CAXD ORDER IS IMPORTANT In HE LOGIC OF THE PROGRAM, THE
FIRST GROUP oF CARDS CONSISTS GF THOSE WHICH OEAL WITH GEMERAL PARAMETERS OF A
STRUCTURE UNDER STULY, THESE *RE =SCALE=, =GRIDZ, =MAXHKL=, zLABEL=, ZEXTINC=»
=DISPER=, =CELCONZ, ZUDATOMS=, AND zU= OVERALL OR =Bz OVERALL, THE SECOND
GROUP 1S THAT whICH DEALS WITH THE PARAMETERS OF ATOMS IN THE STRUCTURE,
THESE ARE =zATUM=, =ATOMG=, =U=, =HB=, =UlJz, z=01J=, =BETA=, AND =ATOMD=, THE
THIRD GROUP 1S THAT WHICH DEALS WITH SPECIAL CONSTRAINTS ONE WISHES TO IMPOSE
IN THE COURSE OF REFINEMENT OF THE STRUCTURE, AND THESE ARE =BLOCK=, =REF=z,
SNOREF=, =CONSTR=, =GROyUP=» ANV =IDMOL=, THE FOURTH GROypP 1S THAT WHICH DEALS
WITH THE MODIFICATIUN OF REFLECTION INFORMATIOQON STOKED IN THE BINARY DATA FILE.
THESE ARE =DgLHKL= AND =zEDIT=, THE ORDER QF THESE GROUPS IS DICTATED BY THE
ORDER oF STORAGE OF DATA ON THF BINARY DATA FILE (SEE APPENDIX 6),

THE FIRST GROUP CONTAINS DATA WHICH IS SIMPLY COPIED TO THE
OYTPUT BINARY DATA rILE SUPERCFDING THE CORRESPONDING QUANTITIES ON THE
INPUT FILE, IN GENERAL, FIELDS LEFT BILANK OR WITH PHYSICALLY UNREASONABLE
QUANTITIES ARE IGNOKED, '

THE SECOND GROUPs HOWEVER, IS TREATED IN MUCH GREATER DETAIL AND IS THE
BURDEN OF THE CALCULATION CARRIED OUY BY ={ OADAT=, ALL THE PARAMETERS OF
KNOWN ATOMS OF THE ASYMMETRIC SET (SEE 1,GENRL) NAME, SCATTERING FACTOR TYPE,
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Xy Yo 20 POPYULATION PARAMETER, TEMPERATURE FACTORS, AND ESTIMATED STANDARD

DEVIATIONS ARE LOADED, ONCE STORED, THEY ARE CHECKED FOR PHYSICAL
REASONARLENESS, : .

. FOR FACH ATUM THE SYMMETRICALLY EQUIVALENT ATOMS 70 IT ARE GENERATED
UNDER THE GIVEN SYMMETRY OPERATIONS, FROM THIS LIST, THE ATOM IN SPECIAL
POSITIONS MAY BE DEIECTED BY THEIR COINCIDENCE WITH RESPECT TO X» Yr» 2. THE
NUMBEER OF TIMES ANY GIVEN ATOM FALLS UPON ITSELF THEN GIVES THE SITE
MULTIPLICITY (AS GIVEN IN INT, TAB, VOL, I). WHEN AN ATOv IS FOUND TO BE
IN A SPECIAL POSITIUN AN ANALYSIS IS CARRIED OUT BY A METHOD OF EQUATING
COEFFICIENTS, THAT 15 10 SAY, WHEN THE SYMMETRY OPERATICMNS wHICH GIVE RIGE.
TC AN ATOM PYLANUING ON ITSELF'' HAVE SEEN IDENTIFIED, THE SYMBOLS FCR THE
PARAMETERS OF THE AIOM MAY HE OPERATED UPOwn ANMD GlVE RISE TO EQUATIONS
WHICH FEXPRESS THE RESTRAINING OCNDITIONS OF THE PARTIUCLAR SITE. FOR
EXAMPLE, Py WITH SYMMETRY OPERATIONS ==

s o LX) . ¢a . o0 X
o 2 0 0 . =1 0 [V « 0 1 U . v O -1 0 .
. 0 1 0 . s 0 =1 [V =1 g 0 . « 1 4] 0 .
« O 0 1., « C 0 1. s 0 0 1., « 0 0 1.
e .o oe v . . .o e

AND AN ATOM READ IN AT 1/2y 1/2, Z., ALL FOUR GENERATIONS GIVE RISE TO

EXACTLY THE SAME COURDINATES (MODULO 1), THE SYMMEITRY OPERATIONS REGUIRE THAT
X = «X = Y = =Y AND THAT 2 1S INDEPENCENT, THE ONLY NUMERICAL VALUES

MOLULG 1 THAT HAVE iHIS PROPERTY ARE § AND 1s2, SINCE 1/» 1§ SUPPLIED, IT

1S ACCEPTED AndD THE PARAMETER CODED INVARIANT, :

1IN FULL GEZMERALITY LNCLUDING SPACE GROUPS 4 ITH TRANSLATIOMAL SYMMETRY, THE
EQUATIONS MAY BE NO MORE COMPLEX THAN Y = aX + B.

FOR TRE ANISOTROPIC TEvPERATURE FACTORSs A SIMILAR TREATMENT IS
USED, gIMNCE THE ATOMS GENERATEL ARE IN FACT ALL ONE ATOM IN THE ABOVE,» ALL FOUR
GENERATED TEMPERATURE FACTORS “UST BE T1DENTICAL, IN OTHEIR WORRS
EXP(HaBETAH(TRANSPUSE) ) MUST GIVE THE SAME NUMERICAL VALUFE. TYHIS MEANS THAT
HxR#BETA® (H2R) { TRANSPOSE) WILL GIVE RISE 7O FOUR MATRICES OF ELEMENTS
UlitiesesessgnetU23 WHICH MAY HE EQUATED AND THE CONSTRAINTS ON THE
TEMPERATURE FACTORS LCDUCED, WETURNING YO THE EXAMPLE OF P4 THE FOUR MATRICES
GENERATED ARE AS FOLLOWS ==

'} . L) L
« Ul1L ui2 «U13 . =1 0 0
., Ul2 uz22 -u23 , BY « 0 -1 a9,
=U13  =U23 u33 . « 0 0 1,
(X ] L) () .e
.e [X] (X} .o
. Ull ulz U1l . e 1 Q 0 .
o« Ul2 uz22 ua23 . BY « 0 1 o .
. Ul3 u23 u33 . « O 0 1.
Y .e e e
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tuze -ul2 U238 o1 o'
taUl2 ULl =U13 BY =1 3 U .
. Uz23 -~U13 U333 ., .c 0 1.
.0 LR * e o0
L I} - .0 [N 3 I 3
. |)22 -yYi2 U23 . ¢« U -1 0 .
~UlZ ULl =UL3 . BY .1 3 0.
. U23  =U13 U333, R T S
LN} * s * e [ ]

THESE RESULIS IMPLY THAT FOR AN AToM IN THIS SPECTAL POSITION IN THIS
0
SETTING OF THE SPACE GROUP P4 THAT «-

Uit T oy1i o= ou22 = yea
Uip = 1112 = «Ule = =Ul2
Ui3 = ~Ui3 = U23 = U3
Uzg2 = U22 = Uil = Ulil
U23 = -U23 = =U13 = -Ui3
U33 = U33 = Y33 = U3

wHICH REDUCES TO |

ugz = Uil Uil INUEPENOENT _ .
Ui2 = U13 = U23 = 0

u33 INDEPENOENT

A MOMENT'S REFLECTION wILL SHOw THAT A REQUIREMENT OF ul2 = -U12
IMPLIES THAY w12 IS ZERQ., THIS METYHOD WORKS IN GENERAL AMD REGUIRES NO

CONSIDERATION OF TRANSLATIOMNAL SYMMETRY,

IT SHOULD BE NOTED THAT IF TWwO ATOMS ARE INCLUDED wHICH ARE REALLY
THE SAME ATOM, c=LOAUAT= OOES NOT CHECK AMONG THE ATOMS EXCEPY FOR NANME,
(SCE 1,GENRL FOR NAMING RULES), THIS KIND GF CHECKING IS CARRIED oUT BY
=BONDL A=,

THE PROGRAM CALCULATES ALL THE SPACE GROUP SPECIAL CONSTRAINTS
EACERT THAT OF FIXING THE APPRNMPRIATE FARANETER(S) FOR ONF ATOM OF THE
ASSYMETRIC SET OF AIOMS IN A POLAR SPACE GROUP, FOR EXAMPLE, IN Py CITED ABQVE
THE Z PARAMETER OF UNE ATOM MUST BE SPECIFIED AS FIXED, THE yUSUAL
PRACTICE 1S TO CHOOSE THE ATOM OF HIGHEST ATOMIC NUMBER.,

THE TiHIRD GROUP OF INPHT CARDS SERVES TO STORE INFORMATION CONCERMING
THE SPECIAL RELATIONSHIPS DESIVED FOR THE gTRUCTURE UNDER STyDY. THEY MAY
ALSO BE SUPPLIED UNLER THE =CRvYLSQ@=z LINK,

THE FOURTH OROUP IS FOX THE PURPOSE OF DELETING REFLECTIONS AND
HENCE <HORTENING THE REFLECTYION CUTPUT RECORD AND FOR EDITING CHOSEN
REFLECTIONS o THE UATA FILE, THE ONLY CUANTITIES WHICH maY BE EDITED ARg
JCODE,; LEVEL INDICAIOR, F RELAVIVE, LEAST SQUARES WEIGHY, ANY COMPLICATED
EDITING SHOULD BE DUNZ THROUGH =DATROUN=z, =MODIFY= OR =wTL<SSAz,

THE PROGRAM RUNS IN EITHER THE APRIORI OR UFDATE wmcli, IN ThHD FORMER
CASE ALL ATOMIC PARAMETERS ARE PURGED AND THOSE SUPPLIED ARE ACCFPTED, CHECKED
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AND. LOADED. IN THE LATTER CASF, ANY ATOM NAME NOT IN VTHE FILE IS ADDER, ANY
PRESENT REPLACED,» AND =ATOMD= ™AY BE USED 7O REMOVE PREVICUSLY NAMED ATOMS.
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LEAST SQUARES PLANE AND | INE PROGRAM

THE LEAST SUUARES PLANE AND LIME PROGRAMy =LSQPLz, I5 A& PROGRAM T
CALCULATE Z—DIMENSIUNAL PLANES OR LINES WITHOUT REGAKD TO THE FIGURE'S DISTANCE
FROM THE OrRIGIN. THIS PROGRAM WAS WRITTEN By ROGER v, CHASTAIN, AND MCDIFIED
BY WILSON H,., DE CAMF,

THE METHOD UF CALCULATTON IS THAY OF SCHOMAKER, ET AL, WITH THE
EXCEPTION OF THE MEIHOD FOR OBTAINING THE p0OTS OF THE CuRIC EQUATIONS IN
LAGRANGIAN MULTIPLIERS, SCHOMAKER, ET AL, USED AN ITERATIVE TECHNIGUE: WREREAS
THIS PROGRAM SOLVES FOR THE RONTS DIRECTLY 8BY THZ GENERAL SOLUTION EGUATIONS,

THE OPERATIUN OF THE PROGGRAM CAM Bp DESCRIBED AS FOLLOWS == FIRST THE
NECESSARY DATA ARE READ FROM CARUS AND/OR THE BINARY FILE, THEN THE EQUATICN
OF THE LINE OR PLANE IS CALCULATED, 1T IS POSSIBLE TO CALCULATE THE ECUATION
CF A PLANE OR LINE WITH A CENTER OF SYMMETpY AT THE ORIGIN OR ANY OTHER POINT
PERMITTED 3Y SPACE GROUP SYMMETRY BY SUPPLYING THE ATOMS IN ONE ASYMNETRIC
UNIT CNLY AND CODING THE PROGRAM TO GEMNEKRATE EOUIVALENT ATOMS BEFCRE PURSUING
THE CALCULATION (THiS CODE IS 1N THE CALLING CARU).

" THE CALCULAIION ©F THE LEAST SNUARES PLANE OR LINE 1S QVER THE (1)
ATOMS(SPECIFIED IN VTHE CALLING CARD) ON THE FIRST (M1) =ATOM= CARDS IN THE DaTA
PLUS THE GENERATED LENTROSYMMETRIC ATOMS IF SO CODED, 1IF MORE THAN (N1) zaTgm=
CARDS ARE SUPPLIED, THE EXCESS WILL BE IGNORED IN THE CALCULATION OF THE
EQUATION, BUT witlL ©E CONSIDERFD IN TrF CALCULATIONS OF THE DISTANCES OF ATOMS
FROM THE LINE OR FLANE, wHEN WORKING FROM A 3IMARY DATA FILE, IT 1S NECESSARY
ONLY To SUPPLY THE ATCM JIDEMTIFICATIONS OF THE ATOMS DEFIMING THE LIHE OR
PLANE, DISTANCES FROM THE LINF OR PLANE WilLL BE CALCULATED FOR ALL OTHER ATOMS
IN THE FILE.

FREQUENTLY UNE IS IMTEYESTED IN ANGLES RETWEEN PLANES AND LINES.
ZLSOPL= CAN BEZ CODEU SO THAT, TF A SERIES oF =L50PL=z CALCULATIONS ARE SUBMITTED
OME RIGHT AFTER ANGIHER, THL ANGLES FETWEEN ALL PAIRS OF LIMES AND PLANZS WILL
HE CALCULATED FOR TrOSE LINES AND PLANES CODED NON-ZERQ IN THE CALLING .
SEQUENCE, THE ORDEN COF ={SQOPLZ CALCULATIONS IS NOT IMFORTANT AS LONG AS MO
OTHER SYSTEM PROGRAM IS CALLED BETWEEN SUCCESSIVE FLANE CALCULATIONS.

REFERENCE

SCHOMAKER, WASERs MARRSH, AND BERGMAN, ACTA CRYST. 12, 600 (1959),
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MODIFICATION OF THE BINARY OATA FILE

THIS PROGRAM WAS WRITTEN BY J,M,STEWART, THE PURPOSE 0OF THIS LINK

OF THE x=RAY SYSTEM IS TO PROVIDE A MECHANISM FOR MAKING INSERTIONS AND
REPLACEMENTS OF QUANTITIES IN THE BINARY DATA FILE, A TQUANTITY' MIGHT

BE THE PHASE OF SELECTED REFLECTIONS, NEW VALUES OF THE STANDARD DEVIATION OF
UNIT CFLL PARAMETERS: OR ANY OTHER QUANTITIES STORED IN THE DATA FILE, TNE
INPUT DECK PERMITS REPLACEMENT OR ADDITION Hy THREE METHODSs ONE THROUGH THE
USE OF =MODFIL= CARUS, ONE BY “EANS OF =MODREF= CARDSs AND ONE WHICH PRODUCES
F RELATIVES OF CONTROLLED ERROR, (THIS IS DONE BY REPLACING EyERY RELATIVE
STRUCTURE FACTOR WIIH THE CURRENT VALUE OF CALCULATED STRUCTURE FACTOR
“MULTIPLIED BY AN ARBITRARY SCALE AND MODIFIED TO HAVE A STIPULATED AMOUNT OF
*RANDOM?* ERROR,)

THE =MODFIL= CARD GIVES THE USFR THE DIRECT ABILITY TO SPECIFY AND
REPLACE ANY WORD OF ANY PHYSICAL RECORD OF ANY LOGICAL RECORD IN HIS BINARY
DATA FILE,

THE =MODREF= CARD PERMITS THE USER T0o REPLACE ANY SPECIFIED QUANTITY
FOR ANy SPECIFIED REFLECTIOMN IN THE BINARY DATA FILE, ONE MAY NOT REMOVE
(EXCEPT BY CODING AS IGNORED, I,E, JCOUE = 4) NOR INSERT REFLECTIONS WITHIN
THE FILE,

THE REPLACEMENT OF F RFLATIVE 1S CARRIED OUT WHEN IT Is SIGNALLED IN
THE =MoD1IFY= CARUD, THIS FUNCTION IS PROVIDED FOR EXPERIMENTAL AND TEST
CALCULATIONS TO PROVIDE CONTROLLED DATA OF KNOWN RANDOM ERROR (PHONY DATA),

THE MAIN RESTRICTIONS IN THE USE Of THIS PROGRAM ARE =

1, THE =MODFIL= AND =MODREF= CARDS MUST COME IN EXACTLY THE SAME ORDER AS THE
DATA COMES IN THt FILE (SEE APPENDIX 6 FOR A DESCRIPTION OF THE BINARY DATA

FILE)

2. ZMODFIL= CARDS WHICH CALL TO MODIFY THE REFLECTION RECORD CANNOT BE USED AT
THE SAME TIME AS =MODREF= CARDS ~ ALL =MODFIL= CARDS MyUST COME BEFORE ANY
=MODREF= CARD

3, TWO SEPARATE =MOUIFY= RUNS ARE REQUIRED IF ONE WISHES TO MODIFY BOTH A
REFLECTION RECORU WITH =MONVEFz AND ALSp A RECORD BEYOND THE REFLECTIONS

WITH =MODFiL=,

EACH CARD FUR MQUDIFICATION PROVIUES FOR THE INPUT OF TwO QUANTITIES,
ONE FIxFD POINT, THE OTHER FLO®TING POINT, IF THE FIXED POINT QUANTITY IS
ZEROy THE FLOATING POINT QUANTITY IS STORED. IF BOTH ARE 2ERO, 2ERO IS STORED.
IN NEITHER CASE 1S THE MODE CHANGED. IT IS ESSENTIAL THAT ONE TAKE CARE IN

USING THIS LINK SINCE NO RESTRICTION IS PLACED ON THE QUANTITIES wHICH MAY BE
REPLACED AND THIS CVUULD LEAD TN VERY STRANGE ERRORS IN SUBSEQUENT RUNS FROM
THE MODIFIED DATA FILE,

ONE wAY IN WHICH THIS PROGRAM COULD BE USED IS TO PLACE PHASES IN
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THE DATA FILE FOR REFLECTIONS NETERMINED By THE SymBOLIC ADDITION PROCFDURE
OF KARLF AND KARLE, IN THIS CASE A =MOOIFy= CARD wiTH THE COMPOUND ICENTITY
1S PREPARED, THEN A BUNDLE OF =MODREF= CARDS EACH WwIIH H, K» L, THE WCFD
CATALOG NUMBER (20) AND A PHASKF ANGLE TN CYCLES PUNCHED In THEM. THESE

MUST BF SORTED IN EXACTLY THE SAME ORDER Ag THE ORGINAL DATA REDUCTION
REFLECTIONS « ONLY IHOSE REFLECTIONS TO BE MOOIFIED NEED BE PRESENT. THE
CATALGG NUMBER INDICATES THE RFLATIVE POSITION IN EACH REFLECTION RECCRD RHERE
THE ESTIMATED PHASE BELCNGS, IN THE FLOATING POINT FISLD CF EACH CARD ONE
PLACES A 2FRQ FOR PHASES OF ZEwG, A 0,5 FOR PHASES OF PI RADIANS, THUS THE
PHASE ANGLE ALPHA IS INSERTEU IN UNITS OF CYCLES BETWEEN =(0.9999 AND +0,9999,
FINALLY THE DECK IS CONCLUDEUD wITH AN =ENDz CARD.

IF ONE WISHES TO REPLALE MORE THAN CNE QUANTITY FOR THE SAME RECORD -
OR REFLECTION, APPRUPRIATE =MODFIL= ANUD =MQDREF= CAKDS ARE PLACED RIGHT NEXT
TO ONE ANOTHER WITH THE VARIOUS WORD DESIGNATIONS SET PROPERLY, IT SHOULD SBE
NOTED THAT =ZHKLZ= CARDS OF DATA REDUCTION ApLSO ALLOW FOR THE STORING OF PHASE
INFORMATION,

1T SHOULD Bt OBYVIOUS THAT THIS PROGRAM IS INTENDEDR ONLy FOR LIMITED

AND SPECIAL MODIFICATION OF THE BINARY DATA FILE. WHEN EXTENSIVE CHANGES
NEED Yo BE MADE =DAIRDN=, =LOANAT=z, ETC, ApE DESIGNED FOR THESE PURPOSES.
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CALCULATION OF NORMALTZED STRUCTURE FACTORS
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=NORMSF = LS A PRQGRAM TQ CALCULATE QUASI~NORMALTZED STRUCTURE FACTORS
AND IN THE PROCESS, TO ESTIMATE TEMPERATURE ANMD SCALE PARAMETERS, 1IN ADDITION

TO THIg, STATISTICAL INFORMATION NEEDED IN THE DIRECT PHAQING METHOCS IS
QBTAINED, . THE PROGHRAM wWAS WRITTEN BY SYD HALL BASED ON EARLIER WORK DONE 8Y
HIMSELF AND 7D MASLEN, IT HAS BEEN ADAPTED TO THE X=RAY SYSTEM BY MICHAEL
SCHNEIDER, '

IN THE APPLICATION O+ STATISTICAL PHASE DETERMINATION METHODS 7O
CRYSTAL STRUCTURE ANALYSIS, A MECESSARY FIRST STEP IS THE TREATMENT OF THE
UNSCALFD F RELATIVE VALUES, THIS IS DOGNE RY APPLYING SCALE AND THERMAL
CORRECTIONS AND CALLCULATING THE QUAST-NORMALIZED STRUCTURE FACTYORS (E'S). E*'S
HAVE PROPERTIES WHILH ARE THEORETICALLY INDEPENDENT OF MCLECULAR STRUCTURE
ALTHOUGH THEIR DISTHIBUTICN DERENDS UPOMN THE CENTRIC OR ACENTRIC CHARACTER
OF THE LATTICE,

E'S ARE CALCULATED IN =NORMSFz FROM THE FOLLOWING RELATIONSHIP -

IE(HeK L)/
/E(HIKIL)/ = mrcmmncrccrmnrar e e cemw = -= = DK
SQRT(EPS&SUMVATION(P(J)**Z))

WHERE ,F(HiKsL)/ IS THE STRUCTURE FACTOR ON AN ABSOLUTE SCALE (AND IS FURTHER
DESCRIBED BELOW) —————— — s

FPS IS A CORRECTION FACTOR ALLOWING FOR SPACE GROUP SYMMETRY
ANU CONVERTS NUASI= INTO NORMALIZED STRUCTURE FACTORS
IT 1S CALCULATED AT DATA REDUCTION TIME ARND PLACED IN
" THt BINARY DATA FILE (SEE I.GENtRL).

F(J) IS THE C'TH SCATTERING FACTOR AT THE APPROPRIATE
SIN(THETA)/LAMBDA VALUE FOR THE REFLECTION

0K IS THE F RELATIVE SCALE FACTOR CORRECTION TO ENSURE THAT
THE AVERAGE VALUE OF /E/%x2 = 1.0

A FORMAL UISCUSSION 1S PRESENTED I& REFERENCE 3 AND THE LITERATURE
CITED THEREIN,

IN THE COURSE OF THE CALCULATIONg, THE FOLLOWING TwO QUANTITIES
ARE REQUIRED ==

F(ub0) = S161
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"S161
E(UOQ) = wewmermcmwas
SORT(SIG2)

YHERE SIGI = SUMMATION(Z#*x*1)
AND. 2 IS THE ATOMIC NUMBER NF EACKH ATOM IN THE UNIT CEtL.

FOUR METHUDS ARE USED IN =NORMSF= FOR CORRECTING F RELATIVE
(FREL(H,K,L)) FOR SCALE AND THERMAL FACTORS, OF WHICH.THE FIRST TWO ARE
ISOTROPIC, THE OTHER TwWO ARE ANISOTROPIC FITS AND ARE BASED ON THE METHOD
OF MASLEN (2).

1., E(1) 1S CALCULATED USTING /F(H¢KsL)/ DERIVED FROM
JF{HyKsLY/ = /FREL(HK,L)/ *KxEXP(M)

WHERE M = BxSx%x2
AND S = SIN(THETA)/LAMBDA

THE VALUES OF THE F RFLATIVE SCALE FACTOR)K, AND THE OVERALL
ISOTROPIC IEMPERATURE FACTOR, B, ARE ESTIMATED By A LEAST SQUARES
FIT TO THE WILSON PLOT OF ==

SUMMATION(MULT*FPS*xgIG2(S))
IN(rem—aaen _———————— -—— )
SUMMATION(MULT*/FREL (H,K,L)/7*%2)

.

AGAINST THE AVERAGE VALUE OF Sx*2,
WHERE MULT IS THE REFLECTION MULTIPLICITY IN 19 OVERLAPPED RANGES,
EACH OCCUPYING AN EQUAL VOLUME IN RECIPROCAL SPACE (1,E, EQUAL
INCREMENTS OF S%x3), :
2, E(2) IS DERIVED USING ==
JE(H)K LY/ = /FREL(HIK,L)/%xK(S)
THE K(S)} CURVE IS TAKEN AS THF 19 AVERAGES INTERPOLATED INTO 0,01
INCREMENTS OF Sx%xx2, THIS PROCEVDURE PROVIDES A NON=LINEAR
APPROXIMATION AND IT ~AY BE FOUND NECESSARY TO REQUEST MORE THAN
THE DEFAULY NUMBER OF CORRECTION CYCLES IN ORDER TO OBTAIN
SATISFACTORY VALUES,
3, E(3) IS DERIVED USING == )
JF(HyK L)/ = /FREL/xK=EXP(M + DM1)

WHERE DM1 = DB(11)%Hs*2 + DB(22)*k*%2 + DB(33)4Ls%2 +
DB(12)%H#K + DB(13)%HsL + DB23)*KAL

WITH

UMl REFERRING TO DELYA M PRIME
UB REFERRING TO DELTA BETA
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THE VALUES OF DB(IJ) ARE OBTAINED BY A LEAST SQUARES FIT TO THE
PLOT OF == ’

SUMMATION(MUL T*EPS%SIG2(S))

IN(m—mecvceceam e —————— e ————— —————————)

SUMMATION(MULT* (/FREL/%%2 ) #K*k24EXP(2%M) )

VS, AVERAGE VALUE OF Hk&«p FOR D
AVERAGE VALUZ OF Kxx2 FOR D
AVERASE VALUE OF Lixxp FOR O
AVERAGE VALUEZ CF Haxk FOR O
AVERAGE VALUZ OF HxL FCR C3{13:
AVERAGE VALUE OF K%L FOR D£3(23;

Ef4) IS DERKIVED USING ==
JFAHK LY/ = /FPEL/#K (SIHEXP(DM2)

WHERE DM2 = UB1(11)*H¥s2 4 UBI(22)%Kx%2 +,e.+ DEJ(23) 2K*%L
WITH

UM2 REFERRIMG TO DELTA M DOUBLE PRIME
UB1 REFERRING TO DELTA GETA PRIME

THE VALUES FOR DB1(1J) ARE OBTAINED BY A SIMNILAR METHOO IN THE
CALCULATION OF u2(Iu)y WITH THE AVERAGZ VALUES OF ==

Hkk2y K&%29p o4,0¢ Kil

PLOTTED AGARINST ==

SUM MATION(”ULT*EPS$5102(S))
SUMMATION(/FREL/#MULT*K(S) *%2)

"AS WITH THE ISOTROPIC NON=LIMEAR CORRECTICNS, IT IS NECESSARY TO
ITERATE THeSE VALUES A NUMHBER OF TIMES TO OBTAIN RELIABLE ESTIMATES,
A DAMPING FACTOR MAY ME APPLIFD, IF NECESS3ARY, To ASSIST WITH
CONVERGENCE ,

THE ANISOTKOPIC CORRECTIONSs DB(IU) ARD DBI(IJ), ARE ALSO ALJUSTED
FOR CORRELATION EFFECTS) DELTA B AND DELTA 8 PRINVME:» wITH TRE
ISOTROPIC I1EMPERATURE FACTOR REFORE BEING USED TO CALCULATE THE
NORMALIZED STRUCTURE FACTORS £(3) AND E(&),

SEQUENCH DURING THE CALCULATION

- T s - o G S B B ay T T S W e W

THE CALLING CARD AND DATA CARDS ARE READ IN AND CHECKED, IF THERE
ARE TOO MANY REFLECIIONS THAN CAN BE HANDLED IN CORE (CA, 5000)+ THEY ARE
PLACED ON A SCRATCH FILE: =NFItEE=Z, 8 AND K FOR E(1) AND E(2) ARE CALCULATED,
AT THE END OF THIS» AS FOR ALL CALCULATIONSG, PLOTS ARE PRINTED FOR RELEVENT
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INFORMATION ON A GRAPH, THE D™(1J) CORRECTIONS ARE THEN MADE FOR E(3) AND
US1(IJ) AND FOR E(u4)» AND PLOTTING IS AGAIM CARRIED OUT. FINALLY, A NEW
BIMARY DATA FILE IS WRITTEN WITH ALL FOUR NORMALIZED STRUCTURE FACTGRS STORED

THEREIM, )
REFERENCES

KARLE AND KARLE" ACTA CRYST, 21, B49(1966) AND REFERENCES INCLUDED THEREIN.

2, E.NMASLEN, ACTA CRYST, 22+945(1988)
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LEAST SQUARES WEFINEMEMT OfF LATTICE PARAMETERS
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THE PROéRAM FOR THE LEAST SQUARES RE: INEMENT OF LATTICE PARAMETERS WAS
WRITTEN BY RICHARD A, ALUEN, IT WAS ADBAPTED TO THZI SYSTEM AND sLIGHTLY

MODIFIED BY MERMAN L, AMMON AND £, MAUER,
THE REFINEMENT LS ACCOMPLISHED BY MINIMIZATION OF THE GQUANTITY R =

D = ARCSIN(((SIN THEYA CALC)%%2)%%x0,5) - THETA ORS,

R = SUM OVER J OBSERVATIONS OF (D(J)Y/SIGMA(2 THETA) ) %2

NECESSARY DATA FOR THE REFTNEMENT CONSISTS OF THE RADIATION WAVELENGTH
USED, LATTICE TYPE, CRUDE LATTICE PARAMETERS, TWO THETA VALUES FOR SEVERAL
REFLECTIONS (AT LEAST TEN SHOULD BE USED) AND THEIR STANDARD DEVIATIONS, IT IS
RECOMMEMNDED THAT AX1AL REFLECTIONS BE AVCIDED, THE STANDARD DEVIATIONS ARE
USSR oMLY TC WEIGHT THE SEVERAL TwWC THETA'g, =PARAMz wILL SET ALL UNSPECIFIED
STANUARD DEVIATIONS TO 0,01, A CASE IN wWHICH aALL TWO ThHETA'S HAVE EQUAL
WEIGHT, IF SIN (THEIA) IS GREATER THAN 1,0 FOR ANY REFLECTION, 1T wILL BE
OMITTED FROM THE REFINEMENT, .

2THETA MEASUREMENTS UTILIZING DIFFERENT WAVE LENGTHS CAN BE MIXED
TOGETHER IN THE SAMEt =PARAMZ= R!IN,

THE REFINEMENT wILL STOP WHEN ANY ONE oF THE FOLLOWING THREE CONUDITIONS IS
"METY -

1., FIVE CYCLES HAVE BEEN CALCULATED

2. NO CHANGE IN A LATTICE DIMEMSION CALCULATED OURING THE LAST CYCLE wAS
GREATER THAN ,0005 ANGSTROMS

3. NO CHANGE IN A LATTICE ANGLE CALCULATED DURING THE LASY CYCLE WAS
GREATER THAN ,005 DEGRKES,

QUTPUT FOR EACH CYCLE CONSISTS OF oLD ANMD NEW PARAMETERS, PARAMETER
CHANGES, ESTIMATED FPARAMETER STANDARO DEVIATIONS: THE ERROR OF FIT AND
CORRELATION COEFFICLENT5, FOLLOWING THE LAST CYCLE, A SUMMARY OF INPUT TwO
THETA's CALCULATED FROM THE NEw LATTICE PARAMETERS AND THE DIFFERENCE RETWEEN
THESE TWO VALUES IS GIVEN, A WAPID SCAN OF THE 'DIFFERENCE' COLUMN WwILL SERVE
TO SPOT ANY UNUSUALLY 'BAD' OBSERVED TwO THETA'S AND IS wELL WORTH THE
MINUTE REQUIRED TO LO SO,

EQUATIONS FOR THE IMPORTANT QUANTYITIES CALCULATED ARE -
ERROR OF FIT = E = (N=K)**=0,5 SUM D(K)/SIGMA(2 THETA)

ESTIMATED STANDARD UEVIATIOM = S - {(M¥x=1)E N=NUMBER OF OBSERVATIONS
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i K=Ny+[lER OF PARAMETERS
MIMATRIX OF NORMAL EQUATIONS ADJUSTED

CORRELATION COEFFICLENT = C(NeM) = M(N,M)yxwt/{(M(N)* k=] (M(M)2*=1))%%0,5

THE PROGRAMD ZPARAM=y =DIFSFEY=, DIfFPCHz=, AND =DATCC3= FORM A
LOGICALLY CONNECTED SET FOR USING THE XRD-g AT MARYLANC., A DISCUSSICN IS
GIVEN HERE AS AN EXAMPLE OF DATA GATHERING ANC PRELIMINARY DATA TREATMENT,
THIS ASPECT OF COMPUTING TECHNIQUES APPLIED TO CRYSTALLOGRAPHY IS AS DIVLRSE
AS THE NUMBER OF DIFFERENT LABNRATORIES,

ZPARAM= = ACCEPTS TWO THETA DATA FOR A NUMBER OF CAREFULLY MEASURED REFLECTIONS
AND PRODUCES PRECISE CELL PARAMETERS, IT 'S NECESSARYs BZCAUSE OF THE
LIMITATION ON MINUS TwO THETA AND ON THE xRD~6s TO - -

1. PICK MEDiUM STHONG REFLECTIONS

2., MEASURE PLUS AND MINUS TWO THETA BY AyERAGING HALF HEIGHT VALUES OF CMCGA
IN ORDER TO OBJAIN THE AV=RAGE VALUE OF TwO THETA, CHOOSE A SEY OF REFLEC~-
TIONS WITH TwO THETA VALUES BETWEEN 2,7 AND 20.0 DEGrREES, THE REFLECTIONS
MUST BE OF VISIBLE SIzZt O THE 1000 SCALE OF THE RECORDER (2000 DCTS / 190
SEC), THE CHI VALUES RANGE FROM £ MInIMUM OF 16 DEGREES FOR A TWO THETA
CF 4 NEGREES TU A MINIMUM CHI OF 90 DEGREES FOR A Two THETA OF 26 DEGREES. .
THESE REWUIREMENTS FOR CHI ARE DOUE TO THE MECHANICAL PROBLEMS ENCOUNTERED
AS ONE GOES TO NEGATIVE TwO THETA VALUES ON THE XRD-g, CHOOSE APPROPRIATE
REFLECTIONS FRUM LOOKING AT THE SURVEy FILMS AND THE PRELIMINARY =DIFSET=
AS CALCULATED rROM FILM CELL DIMENSIONS, THE CHI, PHTe AND TWO THETA ARE
USED TO POSITIUN THE CRYSTAL FOR A GIyEN REFLECTION, THEN USING THE
MAMUALLY OPERALED OMEGAs THE REFLECTIQN IS HALF-HEIGHYED FIRST ON THg

LOW SIDE OF, THE PEAK AND THEN ON THE RIGH SIDE. THE VALUES OF OiFEGA FOR
THE GIVEN CHI ANUD PHI ARE RECORDED FOR PLUS TWO THETA, (NOW GO TO MINUS
TWO THETA AND KEPEAT THE HALF-HEIGHTING,) THE AVERAGE OMEGA FOR THE
MINUS TwO THETA PEAK IS SUBTRACTED FROM THE AVERAGE VALUE OF THE PLUS
TwO THETA PEAK AND THIS IS THE COPRECTION TO BE APPLIED To THE GIVEN TWO
THETA,

TWO THETA(TRUE) = TWO THETA(APPARENT) = (AVERAGE OMEGA(PLUS) = AVERAGE
OMFEGA (MINUS)) .

ALWAYS TAKE SYMMETRICALLY EQUIVALENT pEFLECTIONS wHERE POSSIBLE., THIS
GIVES ANOTHER LINDEPENDENT MEASUREMENT OF THE TWwO THETA(TRUE) AT A
DIFFERENT PHI ANO/OR CHI, THE AVERAGE TwO THETA(TRUE) FOR EGUIVALENT
REFLECTIONS IS THEN TAKEN TO BE THE MOST ACCURATE VALUE FoR THE GIVEN
TWO THETA,

REMEMBER TO ALWAYS ADVANCF OMEGA AND TWO THETA THROUGH THE PEAK FROM LOW
To HIGH SIDE TU AVQIQ BACKLASH IN THE GEARS.

( (OMEGA (PLUS-LUW) + OMEGA(PLUS~HIGH)/2) -~ (OMEGA(MINUS=LOYW) ;

OMEGA(MINUS=HILH) /2)) = TWO THETA CORRECTION = (AVERAGE OMEGA(PLUS)
- AVERAGE OMEGA(MINUS))

THEREFORE =~

TWO THETA(TRUE) = TWO THETA(APPARENT) = (AVERAGE OMEGA(PLYUS) = AVERAGE
OMEGA (MINUS) )
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UMRELATED REFLECTIONS WITH THE SAME MAGNITUDE HKL INDICES SHOULD BE USED
WHERE POSSIBLE TO HELP IN REFINING THE CROSS TERMS IN CASES SUCH AS
MONOCLINIC OR FTRICLINIC., (E£,6, HyKsL AND HeKo=L FOR MONOCLINIC, B UNIQUE)

THE MINIMUM NUMBER OF INDEPENDENT REFLECTIONS SHOULD BE THREE TIMES THE
NUMBER OF CELL PARAMETERS TO BE DETERMINED, (E,G, GREATER THAN 12 FOR
MONOCLINIC AND GREATER THAN 18 FOR TRICLINIC) BUT IN PRACTICE AN OVER~
DETERMINATION UF FOUR OR FIVE IS SAFEST ESPECIALLY WHEN PEAK DATA IS TO
BE GATHERED.

AVERAGE OVER ANY EQUIVALENMT REFLECTIONS THAT MAY BE AVAILABLE (E.G,
«H,K,=L AND H,®&,L IN A B MOUNTED MONOCLINIC),

BE SURE.TO MEASURE AS MANY DIFFERENT ORDERS AS POSSIBLE.'.

=DIFSET= - GENERATES THE ACTUAL VALUES OF CHI, PHl, START TWQ THETA, STOP Two
THETA, OR TWO THETA PEAK NEEDFD FOR MHEASUREMENT OF DATA, IT IS LINKED TO
=PARAM= AND MAY BE RUN RIGHT AFTER IT UTI{I1ZING THE LATEST REFINED CELL
PARAMETERS. IT WILL SIMPLY LIST THESE VALUES FOR FURTHER EXPLORATION OF A
GIVEN CRYSTAL = GAIHERING MOR:E TWO THETA DATA., FOR EXAMPLE. IT WILL ALSO
PREPAPE PUNCHED CAKDS OR ELSE WRITE THE INFORMATION ON =NFILEH= FOR USE BY
=DIFPCH=, )

=DIFPCH=- = READS THt OUTPUT OF =DIFSET= ANp SORTS THE REFLECTIONS IN SHELLS OF
TwWO THETA, WITHIN EACH SHELL IT SORTS ON PHI AND CHI SUCH THAT PHI ALWAYS
ADVANCES AND CHI GUES BACK AND FORTH, IT ALSO INSERTS GIVEN STANDARDS AT
REGULAR INTERVALS AND RESETS PHI IN EACH INSTANCE SO THAT IT wILL ALWAYS DRIVE
FORWARD, [T THEN PUNCHES XRD-g6 SETTINGS CARDS FOR USE IN THE MACHINE, THESE
MAY BE PUNCHED AS (FIXED CRYSTAL FIXED COyUNTER) PEAK HEIGHTS, {(TWO THETA-
OMEGA) SCANS OR PEAK HEIGHT=SCAN PAIRS, THE LAST CASE MAY BE USED FOR
GATHERING INFORMATION FOR PEAX HEIGHT SCAN CONVERSION BuT =DATCO3= DESCRIBED
NEXT, OFFERS A BETIER METHOL FOR OBTAINING THESE SETTINGS CARDS,’ :

=DATCO%= = PROCESSES THE OUTPUT OF THE XRD-6, 1T TREATS PEAK HEIGHT DATA AND
WILL, IF GIVEN A TABLE OF CONVERSION FACTORS, CONVERT IT TO SCAN BASIS A A
FUNCTION OF TwO THETA (8Y FOUR FPOINT INTERPOLATION FROM THE TABLE). IT wILL
TREAT TWO THETA-OMEGA SCAN DATA TO AID IN DEVELOPING THE CONVERSION AS A .
FUNCTION OF TWO THETA, WHEN PROCESSING THE PEAK HEIGHT DATA, 1T CAN RE CODED
To PRODUCE SCAN CAKDS FOR ALL REFLECTIONS ABOVE A GIVEN NUMBER OF DECACOUNTS
INTENGITY OR, TO ISSUE PAIRS OF SCANePEAK HEIGHT CARDS FOR A LIMITED NUMBER OF
PEAKS IN EACH REGIUN OF TWO TMETA FOR DEVELOPING THE CONVERSION INFORMATION,
THIS REQUIRES A TABLE OF SCAN RANGE A% A FUNCTION OF TWO THETA TO BE SUPPLIED.
FINALLY» AFTER ALL PRELIMINARY WORK IS DONE AND THE CONVERSION FACTORS ARE
KNOWN, THE PROGRAM WILL PRODULE A SORTED, AVERAGED, UNIQUE ASYMMETRIC SET

OF REFLECTIONS ON =NFILEI= READY TO BE PRQCESSED BY =DATRDN=, IN THE

CASE WHERE ONLY ONE MEASUREMENT EXISTS, IT 1S ACCEPTED. WHERE TWwO EXIST,

THEY ARE AVERAGED UNLESS ONE 1S A GIVEN NUMBER OF COUNTING STATISTIC STAN=
DARD DEVIATIONS LOWER IN WHICH CASE IT IS REJECTED AND THE HIGHER ACCEPTED,
WHERE THREE OR MORE EXIST, THEY ARE ALL AVERAGED AND ANY WHICH ARE A GIVEN
NUMBER OF STANDARD DEVIATIONS FROM THE MEAN ARE REJECTED, ALL REJECTION
CRITERTA ARE USER CONTROLLED, THE ESTIMATED STANDARD DEVIATIONS ARE PROPERLY
ADJUSTED DURING THE AVERAGING PROCESS, ANY SYSTEMATIC CHANGE IN INTENSITY
MAY BE COMPENSATED FOR BY =SCALE= CARUS,
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TRE OBJECTIVE QOF THIS SET OF PROGRAMS IS TO PROVIDE A MEANS OF
EXPLORING RECIPROCAL SPACE AS QUICKLY AS POSSIBLE USING 10=-20-10 SECCHD PEAK
HE1GHT MEASURENMENTS, THEN TO GO BACK AND DEVELOP A TABLE OF pEAK HEIGHT 1O
SCAN CONVIRSION FALTORS AS A FUNCTION OF WO THETA AND THFM TO GATAER A
20 SEC-SCAN-20 SEC SCAN DATA ON ALL THE LARGER REFLECTIONS AND FIMALLY 70O SQORT
ANU MFRGE THZ WHOLEt COLLECTIONM INTO AS PRECISE AND wIDE AN INTENSITY RANGE
AS THE XRD-p WILL ENCOMPASS, BY USING THE PEAK HEIGHT MEASUREMENT ON THE LOw
INTENSQITIES IT IS HOPED TO PICK UP VALUES THAT WOULD BE 1L ESS THANS' BASED oM
A SCANM, BY SCANNING ALL THE LLARGE REFLECTIONS IT IS HOPED TO KEEP THE TOTAL
SCANNTMG TIME DOWN. BY DCING ALL IMPORTANT REFLECTIONS TWICE WE HOPE TO
MITIGATE ACCIDENTAL INSTRUMENT FATLURES, SINCE THE AVERAGE SCAN TIME IS ONE
MINUTE FORTY SECONUS PLUS SETTING TIMF AND THE PEAK TIME IS JyST FORTY SECONDS
PLUS SETTING TIME THE TIME FACTOR IS REDUCED, THE SORTIMG DONE BY =DIFPCH=
HELPS KEEP THE SETIING TIME To A MINIMUM,
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LOCATION OF PEAKS IN FOURIER MAPS

SPEKPIKS WAS WRITTEN BY MARGARET Q, DAYHOFF AND JAMES M. STEWART, -
IT EXAMINES A FOURItR OR PATTEPSON MAP AND RETURNS THE COORDINATES AND .
DENSITy OF THE MAXIMA, THREE ADDITIVE ONE.DIMENSIONAL PARABOLIC INTERPOLATIONS
ARE MADE TO FIND THt COORDINATFES AND THE DENSITY OF THE TRUE PEAK,
THE MAxIMUM DEVIATIUN OF THIS APPROXIMATION TO A ONE~DIMENSIONAL GAUSSIAN CURVE
IS ,003 GRID UNJITS AND ,02 PERCENT DENSITY FROM THE TRUE VALUE,

THE FOURIER OR PATTERSON MAP WHICH WAS PREPARED AS A BINARY FILE (ON
=NFILEE=) BY THE =FUURR= PROGRNM IS READ INTO CORE, ONE LAYER AT A TIME,
INCLUDING AS MANY AS 20,000 POINTS PER LAYER, THE LAYER IS SCANNED FOR GRID
PEAKS, NEAR EACH OF THESEs THF TRUE PFAK LOCATION AND DENSITY 1S DETERMINED
AND THE VALUES STORED, MAXIMA WITHIN ONE-HALF GRID UNIT OF THE BOUNDARY
SURFACE OF THE MAP ARE ACCEPTEL AS BEINMG IN THE SURFACE. AS SUCCESSIVE LAYERS
ARE READ IN, RECORDS ARE KEPT OF THE LOCATION, DENSITY, AND LAYER NUMBERS OF
EACH PEAK IN THE LAST TWO LAYEWS IN WHICH 1T HAS BEEN FOUMD. AS SOON AS THE
UENSITy OF A PEAK DECREASES, THE INTERPOLATION BETWEEN THREE SUCCESSIVE LAYER
FPEAKS IS MADE AND CUORDINATES AND DENSITY ARE PRINTED OUT, IF THREE PEAKS
ARE AVAJILABLE, A PARABOLIC FIT IS MADE, IF ONLY TwO HAVE BEEN FOUND, THE
LARGER IS ASSUMED TV BE THE EXACT POSITION, IDENTICAL PEAKS FROM EACH LAYER
MUST BE MATCHeD, A RESOLUTION OF TWO GRID UNITS IS USED, 100 PEAKS APPEARING
IN ONE LAYER CAN BE STORED, ANY EXCESS IS LOST, THIS MAy HAPPEN IF THE CUTOFF
OF VDENGYTY IS SET TUO LOW OR IF TOO MANY PgAKS ARE SEARCHED FOR IN ONE PASS,

- PEAKS ARE FLIMINATEU FROM THE t ISTS WHEN THEY ARE NO LONGER DETECTABLE IN THE
LATEST LAYFR, GRID POINTS BELOW A SPECIFIED LEVEL ARE SKIPPED OVER, IF ANY
GRID POINTS {(HOLES) ARE BELOW A SPECIFIED LEVEL, A SIGNAL IS SET, 1IF

THE NUMBER OF PEAKS READ OUT BFCOMES T0O GREAT, PEAK~PICKING Is TERMINATED,

AS MANY AS 500 THREE=-DIMENSIONAL PEAKS ARE STORED, SYMMETRICALLY
RELATED PEAKS ARE ELIMINATED AS EACH NEW PEAK IS FOUND, THE EQUIVALENT PEAK
WITH HIGHEST DENSITY IS RETAINtD, A RESOLUTION OF ,75 ANGSTROMS IS USED TO
VISTINGUISH DIFFERENT PEAKS, [IF SPECIAL RESOLUTION IS DESIRED, IT MAY BE SET
DURING THE SEARCH,

AFTER ALL THE LAYERS HAVE BEEN SEARCHED, A SPECIFIED NUMBER OF PEAKS OF
HIGHEST DENSUTY ARE RETAINED, LISTEDs AND CAN BE QUTPUT ON CARDS,

IF OESIRED, HOLES MAY HE SQUGHT,

AS A PRACTICAL APPLICATON, THIS PROGRAM CAN PROVE VERY HELPFUL IN
SEARCHING E MAPS (E+G. FOURIER WITH KARLE-HAUPTMAN E VALUES AS COEFFICIENTS ANOD
PHASES OBTAINED BY IHE SYMBOLIC ADDITION PROCEDURE), EOR HEAVY ATOM STRUCTURES
IT WILL BE FOUND USEFUL TO SEARCH FIRST THE SHARPENED PATTERSON WITH ORIGIN
REMOVED FOR PRECISE HEAvY ATOM COORDINATES AND THEN SUBSEQUENTLY THE FO=FC
UIFFERENCE MAP FOR IHE LIGHT ATOM POSITIONG, - THIS LATTER MAP HAS PROVED MORE
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POWERFUL BECAUSE OF THE MITIGATION OF THE gERIES TERMINATION ERRORS AND THE
ADDED CLARITY OF THE LIGHT ATOM POSITIONS,

/,A\
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AN ALGORITHM FOR FINNING A SET O PHASES DIRECTLY FROM
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SIGMA=IWO RELATIONSHIPS (CENTROSYMMETRIC CASE)
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ZPHASEZ WAS WRITTEN =Y R,V, CHASTAINy E,.G. BOONSTRA, AND J,M,
STEWART, THIS PROGRAM IS DESIGNED TO OBTAIN A SET OF PHAGES FOR THE SCLUTION
CF CENTROSYMMETRIC STRUCTURES. IT USES AN APPROACH WHICK YREATS THE OUTPUY
CF THE SIGMA-TYO SEARCH BY A DIRECT SOLUTION OF PRODUCT EQUATIONS USING A
MULTI-cYMBOLIC APPRUACH TECHNIOUE, AFTER THE SOLUTION IS CARRIEG OUT, THERE
IS A REVIEwW OF THE KESULTS TO aI0 IM ESTABLISHING IF THE GOLUTION IS CORRECT
OR IF THERE ARE ALTERNATIVE POSSIBLE SOLUTIONS,

THERE ARE Tw0 DISTINCT WAYS IN WHICH THE PROGRAM MAY BE USED, THE
CHCICE 1S DEPENDENT UPON PRESEMCE OR AESENCE OF TRANSLATIONAL SYMMETRY
(EXCLUSIVE OF BRAVALS LATTICE TRANSLATIONS)., WHEN THERE IS A GREAT DEAL OF
TRANSLATICMAL SYMMEIRY SUCH AS IN P2 COr PHCA, THE PROGRAM IS MOST PORERFUL
BECAUSE SYMMETRICALLY EQUIVALEMT REFLECTIOAS HAVE THE POSCIBILITY OF PRODUCING
PHASE REVERSALS (SEE ALSO 1.GEMERL = SYMMETRY) WHICH ARE A GCOD WAY OF CHECKING
THE RESULTS. WHEN tHERE 1S LITTLE OR NO TRANSLATIONAL SYMMETRY» SUCH AS IN
P1BAR OR PMMM, THERE IS ALWAYS THE DANGER OF PRODUCING THE 'ALL PLUS
CATASTROPHE', THIS 'CATASTHOPHE' IS ALWAYS POSSIBLE BECAUSE OF THE LACK OF THE
CHECKS WHICH ARISE FROM TRANSLATIONAL SYMMETRY,

LESCRIPTION OF THE METHQD

THE OUTPU! OF THE =STNGEN= PROGRsM CONSISTS OF THE RELATIONSHIPS
WHICH ARE SHOwN IN 1.SINGEN, .

THROUGH THE USE OF STANDARD TRIGONOMETRIC yDENTITIES THE EQUATION
PRI(HL) + PRI(H2) 4 PHI(H3) + PHI(gHIFT) = PsSI

MAY BE SHOWN TO RESULT IN A SIYPLE PROCUCT RELATIONSHIP In THE CENTROSYMMETRIC
CASE, FIRSTLYr ALL VALUES OF ®SI MAY BE SET TO ZERC (wHICH IS A BASIC

ASSUMPTION IN SETTING OQuT TO APPLY THE 'SymS80LIC ADDITION PROCEDURE' OF KARLE
AMND KARLE), SECONDLY, SINCE ALL THE VALUES OF PRI ARE 0 OR PI, THEIR COSINES

RRE SIwvPLY + OR =1,U, THUS THF PRODUCT RELATIONSHIP BECOMES ==
SE(H1)*SE(HZ2)#SE(H3) = SO(DELTA)

WHERE SE AND $D_ARE MORE CAREFULLY DEFINED AT THE END OF THIS SECTION, AT
THIS PRINT LET IT Bt SAIO THAT SE(H1) MEANg THE SIGN OF TWE £ GF A GIVEN
REFLECTIONs H1s AND THAT SD OF DELTA IS THE SIGN THAT RESULTS FROM ANY PHASE
CHANGE NECESSARY SO THAT Hl, H2, H3Z ARE KEPT IN THE ASYMMETRIC SET OF
REFLECTIONS SUPPLIEUL AT =DATROM= TIME (SEE 1,SINGEN)
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, EACH REFLECTION (H) 1S SUPPLIED A *SYMBOLIC PHASE' AT =SINGEN= TIME
WHICH 1S SIMPLY AN INTEGER EQUAL TO ITS RANK ACCORDING TO DECREASING VALUE OF
£ MAGNITUDE. THUS, THE HIGHESY E VALUE REFLECTION HAS SYMBOLIC PHASE 1 AND SO
ON DOWN, THE OUTPUI OF =SINGEM= CAN THUS RE USEU TO PRODUCE A LARGE NUMBER

OF PRODUCT EQUATIONS IN TERMS OF THESE SYMROLS, THE NEXT STEP IS TO DECIDE
WHICH oF THE SYMBOLS SHOULD BE SOLVED FOR DIRECTLY. A ROUGH RULE IS TO TRY
INITIALLY TO SOLVE UIRECTLY FOW A NUMBFR OF SYMBOLS EQUAL TO THREE TIMES THE
NUMBER OF ATOMS (EXCLUSIVE OF HYOROGEN) IN THE ASYMMETRIC. PART OF THE UNIT
CELL, WHATEVER NUMBER IS DECINED UPON, THIS SUBSET OF REFLECTION PHASES ARE
CALLED *'GENERATORS's» SINCEs ONCE THEY ARE KNOWN, MANY MORE PHASES MAY BE
GENERATED FROM THEM WITH VERY LITTLE TROUELE, IN STRAIGHYTFORWARD CASES WITH
HIGH TRANSLATIONAL SYMMETRY, A LARGE NUMBER OF GENERATORS WILL USUALLY GIVE

A SOLUTION ON THE FLRST ATTEMPT, WHEN THE TRANSLATIONAL SYMMETRY 1S LOW OR
THE DATA IS NOT OF THE BEST QUALITY, IT IS BEST TO KEEP THE NUMBER OF
GENERATORS LOWER., AN THIS WAY THE SYMBOLS WHICH ARE 'HARD TO FIND' WILL BE
LEFT UNSOLVED AND MAY BE FORCEN ONE WAY OR ANOTHER SYSTEMATICALLY, THUS
UNCOVERING THE PHYSICALLY CORRECT SOLUTION, THE CLASSIC *ALL PLUS CATASTROPHE'
ARISES IN P1BAR WHEKE, IF THE MUMBER OF GENERATORS IS SET T00 HIGH, THIS
TRIVIAL SOLUTION OF THE PRODUCY EQUATIONS wILL BE FOUND. THE METHOD .HERE IS TO
SET THE NUMBER, SUCH THAT, SAY TWO SYMBOLS OVER AND ABOVE THE ORIGIN DEFINING
SYMBOLS ARE LEFT UNSOLVED ANU THEN TO CONSYDER THEM 4=, =4, OR =- IN TURN,

E MAPS MAY BE CALCUALTED IN EACH CASE AND SEARCHED FOR THE ANSWER, IN VERY
BAD CASES IN P1BAR, AS MANY AS FIVE ADUITIQNAL SYMBOLS MAY BE REQUIRED., MUCH
ABOVE THIS LEVEL SUGGESTS THAT OTHER STRATEGIES ARE IN ORDER (SEE =TANGEN=z),

CONSIDER A STRUCTURE IN WHICH 30 GENERATORS ARE 70 BE SOUGHT DIRECTLY.
THERE yILL NOT IN GEMTRAL (IF FVER) BE 30 gIGMA=TWO PRODUCT EQUATIONS
WHICH RELATE THESE 30 SYMBOLIC PHASES, IT IS THEREFORE NECESSARY TO DEFINE TwO
KINUS OF PRODUCT EQUATIONS~ THOSE OF *THE pFIRST KIND* wHICH COME DIRECTLY FROM
THE SIGMA=-TWO PROCESS ' .

(EsG,r 1¥7%22 = +)

AND THNSE OF *THE SECOND KIND' WHICH ARE PRODUCED BY ELIMINATION A SINGLE
'NON=GENERATOR' BETWEEN TWO OIFFERENT SIGMA~TWO RELATIONSHIPS,

(EeG,0 2%9%35 = = AND 7#12#35 = + HENCE 2%9*7%12 = =)

THESE RELATIONSHIPS OF THE SECOND KIND PRACTICALLY ALWAYS MAKE 1T POSSIBLE TO .
PROUUCE A SUFFJCIEN! NUMBER OF PRODUCT EQUATIONS TO.REDUCE ALL GENERATORS TO

BE EXPRESSED IN TERMS OF THE LOWEST SYMBOLS SUITABLE TO DEFINE ThE ORIGIN,

THE PROGRAM IS SET 10 CARRY OUT THIS OPERATION IF THE UNKMOWN NUMBER OF SyMBOLS
AND THEIR PARITY GRUUPS SATISFY THE CONDITIONS FOR ORIGIM DEFINITION (SEE
1,SI6MA), DETAILS UF THE ACTUAL PROCEDURE ARE GIVEN IN CRYSTALLOGRAPHIC
COMPUTING, PROCEEDINGS OF THE OTTAwA INTERNATIONAL SUMMER SCHOQL, PAPER Ag»
MUNKSGAARD, 1970+ EU. F.R, AHMFD,

THE OVERALL PROCESSES THAT ARE PROGRAMMED ARE AS FOLLOWS =«

1. THE OUTPUT OF =SIGMA= 15 LOADED INTO CoRE, ALL RELATIONSHIPS OF THE
FIRST KIND ARE SAVED AND ALL RELATIONSHIPS OF THE SECOND KIND ARE
FORMED FOR THE NUMBER OF GENERATORS SPECIFIED, RELATIONSHIPS OF THE
SECOND KIND ARE ASSIGNED A PROBABILITY VALUE CORRESPONDING TO THE LOWEST OF
THE TWO SIGMA=TWO RELATIONSHIPS (EMPIR{CAL BASIS),
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ALL THE RELATIONSHIPS OF T-E FIRST AND SECOND KIND ARE SORTED IN DECREASING
ORDER CF PROBABLLITY AND EACH IS ASSIGNED A CATALOG NUMBER FOR PURPOSES
OF REFERENCE,

A TRIANGULAR MATRIX OF ORDER EQUAL TO THE NUMBER OF SCUGHT GENERATORS IS
SET UP,

THE SORTEUL RELAIIONSHIPS AXE SCANNED FROM HIGHEST PROBABILITY TO LOWEST
AND EVERY ENCOUNTEREU RELATIONSHIP WHICH CAN SERVE TO CAUSE A HIGHER
SYMROL TO BE EXPRESSED IN YERMS OF LOWER SYMBOLS, 1S yTILIZED, THE END
OF THE SOLUTION ATTEMPT IS EITHER WHEN ALL SYMBOLS ARE KNOWM OR WHEN ALL
THE RELATICONSHIMS ARE SCANMED,

THE RESULTS OF IHIS QOPERATION ARE PRINTED OUT IN A NyumBER oF CATEGGRIES -
*DEFINED BY USER', tUNDETEPMINED?, *PHASE REQUCES TO', *DETERMINED TO 8L,
OR *MISSING'. {HUS EVERY GENERATOR IS ACCOUNTED FOR, IN THE CASE OF
'PHASE REDUCES 10' THE RELATIVE PHASE 1S PRINTED ALONG WITH THE PRODUCTS
OF THE SYMBOLS UPON WHICH THE GIVEM PHASE DEPENDS, E,G. 44 PHASE REDUCES
TO «~1x3,

DURING THE PROCESS CF SOLUTION A *PEDIGREE' 1S KEPT, cUCH THAT EVERY
RELATIONSHIP FRUM THE SORTFD LIST wHICH IS USED IN THE SOLUTION OF ANY
GIVEN SYMJBOLIC MHASE IS NOTED, THIS MEANS THAT ONE MAY SEE JUST

WHTCH RELATIONSHIPS (B8Y CAVALOG NUMBER) WERE USED 70 SOLVE FOR EACH
GENERATOR SOUGHI, THIS CAN BE USED IN A POWERFUL wAY AS DISCUSSED BELOW,

AT THE END OF THE SCLUTION PROCESS, THE NUNBER AND PARITY GROUPS OF ANY
UNDETERMINED PHASES ARE CH-CKED, IF TwEY MEET THE CRITERION FCR ORIGIN
DEFINITION THEY ARE ASSIGND A VALLE OF 4+ AS CRIGIN DEFINING REFLECTIONS,

THE PEDIGREE IS THEN PRINTFD AND STORED FOR THE CHECKING PROCESS WHICH
FOLLOWS. THE SYMBOLIC PHASES AND CATALOG NUMBERS OF THE SORTED
RELATIONSHIPS ARE USED FOR THIS DI<PLAY,

THE SOLUTION OF N GENERATONS wWILL UISUALLY ONLY REQUIRE N-3 RELATIONSHIPS
FROM THE SORTED SET, THE SORTED SET ON THE OTHER HAND WILL USUALLY
COMTAIN 1y TO 3U N MEMBERS, THIS VEANS THAT THERE IS A TREMENDOUS

© OVERDETERMINATIUN RATIO FOR THE SOLUTION OF THE PRODUCY EGUATIONS. UNDER

THESE CONDITIONSs THE SOLUTION MAY BE SUBSTITUTED INTO ALL THE
RELATIONSHIPS ANU BY MEANS OF THE TNFORMATION CONTAINED In THE PEDIGREE, A
CHECK CAN B “AUE ON THE N=3 EQUATIONS ACTUALLY USED IN THE SOLUTION FOR
THE GENERATORS,

FROM THIS PROCESS, A TABLE OF 'DISCREPANCY DIFFERENCES! MAY BE CEVELCPED
WHICH SHOWS THE OIFFEREMCE IN THE NUMBZR OF TIMES EACH OF THE RELATIONSHIPS
USED IN THE SOLUTION APPEAR WRONG MINUS THE NUMBER OF TIMES THEY APPEAR TO
AGREE, WHEN THESE DIFFERENCES ARE MINyS, THE RELATIQONSHIPS ARE ACCEPTED,
IF THE DIFFERENCE IS PLUS, THE CONDEMNED RELATIONSHIP TS ARBITRARILY
CHANGED IN SIGN AND THE APYROPRIATE SIGNS CHANGED, iF EFFECT, THIS IS AN
ATTEMPY TG FINDO ANY RELATICNSHIP wHICH VIOLATES THE ASSUMPTION THAT THE Psl
GIVEN IN THE EQUATION ABOVE IS TRULY Z¢RO, IT SELDOM HAPPEMNS THAT THIS
OCCURS, BUT WHEN IT DOES THIS STRATEGY IS VERY POWERFuLe. IT IS NOT

USEFUL FOR SPACE GROUPS WITH NO TRANSLATIONAL SYMMETRY (WHERE NO
CISCREPANCIES CAN ARISE).,
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10, LASTLY,» THE "GENERATORS AHE QUB“TITUTED INTO ALL SIGMA THWO, REL/\TIU\‘QHIPS AND
ARF USED 7O GENZRATE ALL PWASES POSSIBLE, THZSE ARE pLACED IN AN CUTPUT'
BINARY DATA FILt WHICH MAY THEjN BE USED .TO CALCULATE AN E MAP OR AN 'F
PHASED FROM STATISTICS' FOURIER MAP, EACH GENERATED PHASE MAY IN FACT

HAVE SEVERAL SEFARATE DETEWMINATIONS, WHEN THERE ARE SOME DISCREPANCIES"
IN THESE SEPARATE DETERMINSTIONS A RATIO OF AGREEMENT MAY BE SET AND THOSE

PHASES IN DOUST WILL NOT Bk ASSIGNED A PHASE.

THE FOLLCWING DESCRIPTION OF THE. METHOD DS5CHI8FS MORE RIGORCUSLY THE
_ACTUAL SOLUTION PROLESS AND THr FORMATION of 'THE RELATIONSHIPS 'AND PEDIGRZE,

ALL SIGMA=TWO RELATIONSHIPS OF THE E'S ABOVE AN ARBITRARY VALUE |
{USUALLY E GREATER IHAN OR EQUAL TO 1,5 DEPENDING ON COMPUTER SPEED AND TIME)
ARE GENERATED BY =SIGMA=, =SIGMAZ WRITES ALL POSSIBLE RE\ATIONSHIPS ONTO
AN INTERMECIATE SCRATCH FILE, =PHASE= CAN THEN SELECT FROM THIS FILZ AN
ARBITRARY. SUBSET OF THE WHOLE SET OF SIGMA~TWO RELATIONSHIPS, FOR PURPCSES
OF THIC DESCRIPTIONs THE ORIGIMAL SIGMA-TWO RELATIONSHIPS ARE' CEALT WITH IN TwO
UISTINCT WAYS, THE FIRST SUBSFT IS TAKEN CIRECTLY FROM THE OUTPUT OF =SIGMA2=,
THESE ARE REFERRED 10 AS SIGMA=TWO RELATIONSHIPS OF fTHE FIRST KIND' AND ARE
EXPRESSED AS ~= :

SE(HfSE(K)SE(L) I'Pl(d)' PLJ) . (FIRST KING )

WAERE J IS5 THE RELAIIONSHIP CATALOG NUNBER, W, K» AND (¥ APE CATALOG ‘NUM3ZRS
OF TRE E°'S, SE(H) IS.THE SIGN OF E(H), PI IS.THE SYMMETRY SIGN (E.6, FOR: ~
P L.ONE BAR ALL PI(J) ARE (#)), AND P(J) IS PROBABILITY THAT THE J=TH :
htLATIONSnIP IS vAaL1iL, N : :

SIGMA=-TWO HELATIGNSH'DS OF VTHE fECdND KINDY ARE NEXT FORMED AS
PROGUCTS BETWEEN RELATICONSHIPS OF THE FIKST KIND WHICH HAVE A COWMON SIoN
FACTOR (SYMBOLIC PHASE) FOR THF THIRD MEMBER, WE EXPRESS THESE AS ==

SE(H)SF (K)SE(LISE(HISE(KTISE(LT) = PI(IIFI{K), P(I), OR P(K) WHICHEVER IS
OBMALLER ' : ' - e

WHICH FEDUCES .TG
SE(HISE(K)SE(H')SEI(RY) = PI(J)s P(J)  (SECOND KIND)

IN ORDER TO MAINTAIN A HIGH CONFIDENCE LEVEL WITH THE RELATIONGHIPS COF THE
SECOND KIND» E(L) IN THE ABOVE EXPRESSION, IT IS NECESSARY TG HAVE A VALUL
ESUAL TO OR GREATER THAN SOME ARBITRARY LEVEL (NOTE 1}, THE CCMBINED SE
RELATIONSHIPS OF THE FIRST AND SECOND KIND IS RKPERR’D TO AS THE cXTt\DED SET
OF RELATIONSHIPS AMUNG THE SYMHOLIC PHASES |

THAT 1g, THEIR FHASES WILL Bt SOLVED DIRECTLY, 1T 1S ON THE BASIS OF THE
NUMBER OF GENERATCORS SOUGHT, THAT THE SELECTION OF RELATIGNSHIPS OF THE SECOND
KIND IS BASED, FOR RELATIONSHIPS OF THE FIRST KIND E(H), E(K), AND E(L) ARE
ALL GREATER THAN CRZGUAL TO E(M), 1IN RELATIONSHIPS OF YHE SECOND KIND, 2
COMMON E(L) (=E(L')} LESS THAN EfM) IS ELIMINATEU TO FORM THE RELATIONSHIP
FROM A PAIR COF PARENT SIGMA=TWN RELATIGNSHIPS, E(#+1) TO E(N) ARE ZEFFRRED

TO A4S 'GENERATED' ELCAUSE THEIY PHASES wWILL BE GENERATED It TERMS OF THE
PHASES OF THE ('GENERATORS'. THE EXTENDED ¢ET GF RELATIONSHIPS IS NOw

T(1) TO Sy, 'IN DECPEASING VALUF OF Es ‘ARE DEFINED AS 1GENEZRATORSTY,
M
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LIMITED YO THOSE RELATIONSHIPS INVOLVING Only THE GENERATOARS AND HAVING P(J)
GREATER THAN SCME AKBITRARY VALUE FOR OPTIMIZATION, THE LIMITED SULSFT oF
" RELATIONSHIPS IS SORTED IN THE ORDLR OF UECREASING Py,

' THE LIMITED SUBSET OF RELATIONSHIPS IS NOW SOLVED BY ASSUMING THAT
EVERY RELATICNSHIP- IN THE LIMITYED SUBSET 1S CORRECT (NOTE 2),
EVERY SIGN OF THE GENERATORS wHICH IS DETERMINED IS EXPRESSED AS

SE(H) = O(H) H S 1026800000 M WHERE |

THE FUNCTION O(H) IS A PRODUCT OF PI'S FROM THE EQUATICNS USED IN THE ,
INVERSTON, AND THE ARBITRARY PYASES PERMITYED BY THE SPACE GROUP., THIS SET OF
SIGNS FOR THE GENERATURS MAY BXE A GOOD FIRST APPROXIMATION To THE CORRECT SET
OF PHASES (NCTE 3). '

NOT ONLY UOES THE PRODUCT OF PI'S IN O(H) SERVE TO DEFINE THE SIGN oF
E(H)» IT ALSO SHOWS EACH PI UPON WHICH THE SIGN OF E(K) Ig DEPENDENT, FOR THIS
REASON O(H) IS REFEKRED TO AS THE PEDIGREE OF SE(H), THROUGH THE SET OF THE
™ 0'S IT IS POSSIBLE TO FIND ALL SE'S WHICH ARE AFFECTED RY A CHANGE IN ANY
GIVEN P, '

THE INVERSION PROCESS REQUIRFO Onty 4 RELATICNTSHIPS oF TiHE COMPLIETE
LIMITED SUHSET CF RELATIONSHIPS OF THE FIRST AMD SZCOND KIND, THE REWAIR 2
THE RE{ATIONSAHIPS CAN BE USED 10 CHECK THz REASONABLENESS OF THZ APPROXI! =
SOLUTION, SOME NUMBER OF THE WELATIONSHIPS MAY BE FQOUND DYSCREPANT» THAT IS
SUBSET OF RELATIONSHIPS OF THE FIRST AMD SECOND KINO, THE REMAINDER OF THE
RELATIONSHIPS CAN BE USED TO CHECK THE REASONABLENESS OF THE APPROXIMATE
SOLUTION, SOME NUMBER OF THE RELATIONSHIPS MAY BE FOUND 1OISCREPANT', THAT i

bE(H)S:(K)St(L) NOT EQUAL TO PY(J) OR SE(H)SE(KISE(HYISE (k') NOT EQUAL TO PI(M
WHILE THE OTHER RELATIONSHIPS wiILL BE FOUND vACCORDANT ', THAT IS
SE(H)SE(K)ISE(L) = PL(J) OR SE(RISE(K)ISE(HY1)SE(K') = PI(J)

THE PRAGRAM IS DESIGNED YO 'MODIFY THE APPROXIMATE SOLUTION Yo REGUCE THE TOTAL
NUMEER OF DISCREPAN! RELATIONSWIFPS, TO ACCOMPLISH THISe A SECCND KIND GF
PEUIGREE IS INTRODULED - THE P¥DIGREE OF A RELATIONSHIP, THE ELEMENTS OF THIS
PEVDIGREF ARE FOUND AS THE RESULTANT FACTORS GIVEN BY THE PRODUCTS OF THE
SYMMETRY SIGN AND THE PEDIGREE OF THE SE'S INVOLVED IN THE RELATIONSHIPS,

THAT 1S =a

O(HIO{KIO(LIPI(J) OK O(HYO(RKIOtH")O(KNPI ()

THE PEDIGREE OF THE RELATIOMSHIP SHOWS EACK PI wHICH WILL INFLUENCE WHETHER
THIS RELATIONSHIP IS5 ACCORDANT OR DISCREPANT,

- THE ALGORLTHM USED FNR MODIFYING THE APPROXIMATE SOLUTION EMPLOYS TwO
COUNTS FOR EACH OF THE PI'S INVOLVED IM THE INVERSION PROCESS, ONE COUNT,
S UD{J) s’ 16 THE NUMBER OF TIMES P (J) APPEARS IN PEUIGKEES OF DISCREPANT
RELATIONSHIPS, THE OTHER COUNT, A(J), IS THE NUMSER OF TINMES Pl(J) APPZARS I
THE- PEDIGREES OF ACCORDANT RELATIONSHIPS, WHEN THE COUNTING IS COMPLETED FORr
THE LIMITED SUBSET UF SIGMA=TWH RELATIONSHIPS, THE QISCREPANCY DIFFERENCES
VELTA(J), ARE FORMEL,

DELTA(J) = D(J) = ALY)
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THE LIST OF DELTA'S 1S SCANNED FOR THE LARGEST POSITIVE béLTA(J); AND THE Pi(J)
ASSOCIATED WITH IT 1S ESTABLISHED AS THE *VvILLAIN' (NOTE 4). SUCH AN EQUATION
IS TERMED A *CONDEMNEDL' EGQUATION, ‘

AT THIS PUINT, EACH SE WHICH CONTYAINS THE VILLAIN PI¢(J) IN ITS
PEDIGREE 1S CHANGED TO PRODUCE -A NEW APPROXIMATION TO THE PHASES THAT WILL
YIELD FEWER DISCREPANCIES, THF PROCESS CAN BE CARRIED OUT REPEATEDLY BY
SUBSTITUTING THE NEW APPROXIMATION OF THE PHASES INTO THE LIMITED SET OF
SIGMA=TWO RELATIONSHIPS UNTIL NO MORE POSITIVE DELTA'S REMAIN, THE SET OF
PHASES WHICH GIVES NO POSITIVE DELTA'S IS ACCEPTED AS A SOLUTION FOR A SET OF
GENERATOR PHASES.,

) IT IS IMPURTANT TO RFALIZE TRAT YHE SIGN OF THE CONDEMNED EGUATION
HAS BEEN INVERTED AND THE EQUATION NOT REMOVED FROM THE RELATIONSHIPS USED

IN THE SOLUTION, ONE MAY WISH THROUGH THE USE OF =BADEGN= OR =BADSIG= CAROS T0
REMOVE SUCH RELATIONSHIPS FROM USE IN SUHSEOUENT RUNS,

TO DEVERMINE THE VALUES OF THE 'GENERATED' PHASESs THE SIGMA=TWO
RELATINNSHIPS ARE LIMITED TO THE SIGMA-TwO RELATIONSHIPS oF THE FIRST KIND
WHICH CONTAIN TWO GENERATOR AN ONE GENERATED PHASE, IF SE(L) IS THE PHASE TO
BE GENERATED, AND St(H) AND SE(X) ARE KNOWN GENERATOR PHASES, THEN THE
REARRANGED RELATIONSHIP ==

SE(L) = PI(J)SE(H)SE(K)

SERVES TO DEFINE THE PHASES SE(L), SINCE ANY PARTICULAR SE(L) MAY BE
DETERMINED MANY TIMES, SOMETIMFS RESULTING IN CONFLICTING PHASE VALUES, THE
CURRENT CODE SIMPLY USES THE PHASE VALUE GIVEN MOST FREQUFNTLY, SUBJECT TO
A CONTROL PARAMETERs IT LEAVES AS UNDETERMINED THOSE PHASES FOR WHICH EQUAL
NUMBERS OF OPPOSITE VALUES OCCiR,

NOTES

NOTE 1, THIS MINIMUM E=VALUE 1S USUALLY THE VALUE OF THE SMALLEST E TO HAVE
ITS PHASE UENERATED,

NOTE 2, SOMETIMES LT IS FOUND THAT NOT ALL SE CAN BE SOLVED FOR UNIQUFLY,
THIS 1S USUALLY REMEDTED BY EITHER LOWERING THE ESTABLISHED CONFIDENCE
LEVELS OR BY INCREASING THE NUMBER PHASES TO BE USED AS GENERATORS,
SOMETIMES 4T IS EXPEDIENT MERELY 70 WITHORAW THE FEw TROUBLESOME
‘SE'S FROM IHE SUBSET OF GENERATORS,

NOTE 3, THIS IS BECAUSE MOST MELATIONSHIPS INVOLVING SIGNS OF LARGE E'S AND
HAVING HIGH PROBABILIYIES ARE EXPRESSING THE *TRUTH!,

NOTE 4, EXCEPT FOR THE ACCORDANT SIGMA TWO RELATIONSHIPS wHICH BY COINCIDENCE
ARE DEPENDENT ON AN EVEN NUMBER OF INCORRECT Pl's, ALL RELATIONSHIPS
DEPENDING UN A VILLAINM PI WILL BE DISCREPANT AND NO ACCORDANT

-RELATIONSHIPS wILL BE DEPENDENT On A VILLAIN PI, WITH GOOD DATA AND
BY ESTABLISHING A SUFFICIENTLY HIGH CONFIDENCE LEVEL FOR THE
RELATIONSHIPS USEDy» A(J) IN GENERAL WILL BE MUCH SMALLER THAN D(y)
FOR A VILLRIN

ALSO, A COND!TION CoULD EXIST IN wHICH TWO OR MORE DELTA'S COULD BE
THE LARGES! NON-NEGATIVE DISCREPANCY DIFFERENCES, THIS CONDITION CAN
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REVIEW == A PROGRAM FOR REVIEWING DIRECT
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PHASE DETERMINATIONS

THIS PROGRAM WAS WIRTTrN BY G, J, KRUGER AND IS DESIGNED
T0 COMpARE THE ACCURACY OF THE DIRECY PHASING METHODS WITH THE FINAL
PHASES CALCULATED FROM THE REFTNED STRUCTURE, WHEN USING THIS PROGRAM,
THE BINARY DATA FILE SHOULD CONTAIN THE RESULTS OF THE PROGRAMS =FC=.»
=SINGEN=, AND POSSIBLY =TANGENT AND =zAPHAGE=,

IF THE PHASES ESTIMATED BY =TANGENz ARE AVAILABLE, THEIR VALUES
ARE COMPARED wITH THOSE FROM A STRUCTURE FACTOR CALCULATION AND THE DIFFERENCES

DISPLAYED IN A TABLE AND A GRAVH,

THE STATISTICAL STRUCTURE INVARIANT RELATIONSHIPS SET UP BY =SINGEN=
1S IN THE FORM ==

PHI(H1,K1,L1) + PHI(H2/K2,L2) + PHI(H3,K3/L3) + PHI(SHIFT) = PSI

BY SUBSTITUIING THE PHASE ANGLES (PHI VALUES) CALCULATED BY =FC=
INTO THE RELATIONSHLP THE ACTUAL VALUE OF pPSI CAN BE CALCULATED. FURTHERMORE,
BY USING THE AVERAGING PROCESS IN =APHASEz AN AVERAGED VALUE OF PSI CAN Bg
ESTABLISHED, IF TH: PHI VALUES ESTIMATED BY =TANGEN= ARE AVAILABLE, AN
ESTIMATED VALUE OF PSI CAN ALSO BE CALCULATED,

THE STRUCTURE INVARIANT RELATIONSHIPS CAN BE USED IN TwO DIFFERENT
WAYS, EITHER THE SIGMA TwO ASSUMPTION IS FOLLOWED WHERE PSI IS ASSURED TO
BE ZERns OR, THE PS1 VALUE DERIVED BY THE AVERAGING PROCESS CAN BE USED
DIRECTLY, THE EFFECTIVENESS Or THE OIRECT PHASING METHODS IS EXAMINED BY
COMPARING THE ACTUAL PSI VALUES WITH THE SIGMA TWO ASSUMPTION VALUE (ZERO).,
THE AVERAGED VALUE, AND THE =TANGEN= ESTIMATED VALUE, )

THE COMPARISON IS DONE IN TWO STEPS, FIRST, THE pPSI VALUES FOR
TRIPLETS INVOLVING =E-'S WITH & VALUE GREATER THAN OR EQUAL TO A MININMUM
VALUE SET BY THE UStR, IS CALCULATED. THE DISTRIBUTION OF THE DEVIATIONS
OF PSI FROM ZERO ANV THE DEPENWENCE OF THE MAGNITUDE OF THE DEVIATIONS ON
~A= IS THEN DISPLAYED., THE OISTRIBUTION OF THE COSINE(PST) VALUES FOR
RELATIONSHIPS WITH =A= GREATER THAN OR EQUAL TO A MINIMUM VALUEs,» SET BY THE
USER, IS THEN DISPLAYED IN A TABLE AND GRAPH, UP TO NINE DIFFERENT VALUES OF
=A= CAN BE USED, RESULTING IN ©/P TO NINE GRAPHS FOR DIFFERENT VYALUES OF =A-,

SECONDLY, A VALUE OF PSI MAY BE OERIVED bBY THE AVERAGING PROCESS
IN ZAPHASE=, WHEN IHESE VALUES ARE USED THE TREATMENT IS SIMILAR TO THAT
USED Im TREATING THE =SINGEN= TRIPLETS, THE DEVIATIONS FROM THE CALCULATED
PSY1 ARE DISPLAYED FUR THE ZERO=-PSI-ASSUMPTION, THE AVERAGED=-PSI» AND THE
TANGENT=REF INEMENT=ESTIMATED PSI,
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PROGRAM FOR THE CALCULATION OF R VALUES

=RLIST= WAS WRITTEN BY WILLiAM KEEFE IN COLLABORATION wiITH J.M,
STEWART,

THIS PROGRAM IS DESIGN+D TO EXPLORE ON SEVERAL BASES THE AGREENMENT
BETWEEN CALCULATED AND OBSERVE! STRUCTURE FACTORS, IT IS DESIGNED TO SEPARATE
THE REFLECTION DATA INTO A MUM™ER OF GROUPINGS ~ SOME AS STANDARD FEATURES OF
THE PRNGRAM, THE REST AS SPECI+IED BY THE USER, THE STANDARD CLASSIFICATIONS
"ARE - ALL RELLECTIONS HQO, 0KOs O0OL,» HKO» HOL, OKL, HKL (ALL INDICES NON=ZERO))»
THE LEvEL SCALE GRCUPS, BY EQUAL 0,1 IMCREMENTS OF SIN(THETA) /LAMBDA, AND BY
GEOMETRIC INCREMENTS OF THE MAGNITUDE OF F OBSERVED, 0=1, 1-2, 2=~4s 4=8, ETC,
HEYOND THESE ONE MAY CHGOSE, THROUGH THE USE OF =CATEGGS CARDS, MANY OTHER
POSSIBLE CATEGORIES. THESE CATEGORIES MAY SPECIFY CLASSES OF REFLECTIONS,
RANGES OF SIN(THETA) OVER LAMBUA, F OBSERvED, INTENSITY: CHI, OR PHI. THE

OUTPUT IS THEN IN THE FORM OF COUNTS OF THE VARIOUS TYPES OF REFLECTION IN EACH
CATEGORY, AND A NUMBER OF R VALUES, THESE R VALUES TAKE THE FOLLOWING FORM =-

1. THE *'CONVENTIUNAL'® R, THAT IS, THE SyM OF DELTA F OVER THE SUM OF F
C8SERVED FOR JHE OBSERVEN REFLECTIONS (DELTA F IS FO-FC),

2. AN R VALUE FOR THE LESS=THANS, DELTA F IS SET EQUAL TO 2ERO FOR THCSE
REFLECTIONS FUR WHICH IT IS MINYS, THE LEVEL FOR ESTABLISHING A LESS=-
THAN IN TERMS OF STANDARY DEVIATIONS IN THE INTENSITY ABOVE BACKGROUND
MAY BE SET AT CALCULATIONM TIME,

3., THE SGQUARE ROVUT OF THE RATIO OF THE SUM OF THE 'LEAST SQUARES WEIGHTED
DELTA F SQUARED OVER THE SUM OF THE (EIGHTED FtS 0BSERVED SQUARED,

4, THE 'CONVENTIUNALY R INCLUDING REFLECTION MULTIPLICITY,
S. THE YCONVENTIUNALY R UTILIZING I OBSERVED AND I CALCULATED,

6.. THE SLOPE CF LN(FOQ/FC) VFRSUS (SIN(THETA)/LAMBDA) SGUAREb. THIS
1S AN ESTIMATE OF TEMPERATURE FACTOR FIT,

7o THE RESCALE FACTOR RATIO WHICH IS THE SuM OF F CALCULATED OVER THE SUM OF
F OBSERVED.,

. 8, AN APPROXIMATLON OF THE STANDARD ERROR OF AN OBSERVATION OF UNIT WEIGHT.

ONE MAY SELECT.UP 710 500 CATEGORIES (DEPENDING ON MACKHINE SIZE) PER
RUN BY MEAMS OF =CATEGO=z CARDS. THESE CARDS ALLOwW FOR A 12 CHARACTER NAME
FOR THE CATEGORY wHICH IS TO B¥ SUPPLIED By THE USER FOR THE CyuTrPUT
LISTING, A *MATCH' TEST FOR H» Ky AND/OR | IS ESTABLISHED IF ANY OR ALL OF
THESE FIELDS IS LEF! BLANK THEM ALL REFLECTIONS ARE TESTED FURTHER, IF HOWEVER
A NUMBER IS PUNCHED- THEN, ONLY REFLECTIONS WITH THE VALUE(S) PUNCHED WILL BE
INCLUGED IN THE CATEGORY, FOR EXAMPLE, 'IF ONE PUNCHES 1 IN THE H FIELD, THEN
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THE CATEGORY APPLIES ONLY TO 1vL REFLECTIONS, NEXT, ONE MAY SPECIFY THAT.
THE CATEGORY IS TO BE BASED ON AN ADDITIVE COMBINATION OF THE MILLER INDICES
HAVING A SPECIFIED VALUE, FOR EXAMPLE, ONE PUNCHES A 4 TO INDICATE THE CATE=-
GORY IS BASED ON H+K AND A 2 TN INDICATE THAT H#¢K MUST BE EVEN, THE FINAL
ALTERNATIVES FOR CAIEGORIES ARF BASED ON RANGES OF VALUES FOR FIVE POSSIBLE
CRYSTALLOGRAPHIC QUANTITIES = SIN THETA/LAMBDA, INTENSITY, F OBSERVED, CHI,
COR PHI,

THESE POSSIBILITIES SHOUL! PERMIT THE EVALUATION OF STRUCTURES WITH VERY
SPECIAL CATEGURIES UF REFLECTIONS,

THE OUTPUT FOR ALL THE CATEGORIES CONGISTS OF THE VARIOUS R VALUES AND
THE SUMMATIONS WHICH ARE USED IN THEIR CALCULATION, NOTHING 15 PRINTED FOR
CATEGORIES WHICH HAVE NO REFLECTIONS IN THEM, THIS IS TO KEEP THE OUTPUT
AS SHORT AS POSSIBLE,

A PARAMETER MAY BE SET WHTCH CAUSFS INDIVIDUAL REFLECTIONS WITH A R VALUE
(DELTA F/FOBS) GREATER THAN THF VALUE OF TrE PARAMETER TO BE LISTED, THIS
PARAMETER APPLIES ONLY TO OBSERVED REFLECTIONS,

- CAUTION SHOULD BE EXERCISED IN THE USE OF THE OPTION wHICH AUTOMATICALLY
PRINTS THE R VALUES FOR ALL CLASSES OF INDICES TAKEN ONE AT A TIME, THAT IS
TO SAY ALL REFLECTIUNS FOR H=0, THEN 1, THEN 2, THROUGH K=0» THEN 1, THEN L=1,
ETC. FOR AN ORTHORMOMHBIC CASE WITH MAXIMUM H, K¢ AND L OF 90, THIS GIVES 1000
CATEGORIES OF 5000 LINES WHICH IS ABOUT 100 PAGES OF OUTPUT. THIS OUTPUT 1S
USUALLY LARGE AND UNSELECTIVE, THE =CATEGO= CARU MAY BETTER BE USED TO TAILOR
THE OUTPUT TO THE CUMPOUND AT “AND,

IMN ORDER TO CALCULATE THE R VALUES AS A FUNCTION OF CHI AND PHI» IT IS
NECESSARY TO SUPPLY THE TRANSFORMATION MATRIX USED By =DIFSET= (WHICK SEE),
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SINGEN == A PHOGRAM FOR DEVELOPING SIGMA-TWO

STRUCTURE INVARIANT RELATIONSHIPS

WITHIN THE X-RAY SYSTEM, THERE HAVE BEEN THREE PREVIQUS SIGMA=TWO -
PROGRAMS, THE FIRSH BY H, AMMON WAS REWRITTEN BY J.STEWART» R, CHASTAIN,
AND E, C, BOONSTRA AND USED AS =5IGMA2= AND- AIMED PARTICULARLY AT THE
CENTROQYMMETRIC CASt,. AT THE ®AME TTIME, ANOTHER PROUGRAM, =SIGMA=, WAS
DEVELOPED BY SYD HALL, AIMED PARTICULARLY AT THE ACENTRIC CASE AND USING A
SIGNIFICANTLY DIFFERENT ALGORITHM FROM =SIgMA2=, BOTH PROGRAMS GAINED THEIR
SPEED THROUGH DIFFERENT TECHNIOUES WRHICH HaVE PROVEN T0 B COMPATIBLE. THUS,
THIS PRrOGRAM IS A RESULT OF COMRINING THESE TECHNIQUES INTO A NEwW GENERALIZED
PROGRAM FOR THE GENERATION OF SIGMA~TWO RELATIONSHIPS,

PROLOGUE

THIS PROGRAM IS DESIGNED TO FIND THE REFLECTIONS WHICH HAVE INDICES
SATISFYING THE CONDITION ==

Hl + H2 + H3 = 0
Kl + K2 + K3 = ¢ i
L + L2 4+ L3 =0 :

WHERE (HN, KNe LN) LS THE VECTOR FOR THE NTH REFLECTION, THE VALUES OF

(HN» KN, LN) MUST ENCOMPASS ALt POSSIBLE REFLECTIONS IN THE LIMITING SPHERE,
IN ORDER TO RELATE I1HE ASYMMETRIC SET OF REFLECTIONS SUPPLIED TO THE
REFLECTIONS WHICH SATISFY THE ABOVE CONDITION, IT MAY BE MECEZSSARY TO APPLY A
SYMMETRY TRANSFORMAIION (SEE 1,GENERL), )

THESE COMBINATIONS Or REFLECTIONS GIVE RISE TO THE STATISTICAL
STRUCTURE INVARIANT RELATIONSHIP ==

PHI(H1,K1,L1) + PHI(H2,K2,L2) + PHI(H3,K3»L3) + PHI(SHIFT) = PSI

THE VALUE OF THE RESTDUAL VARIABLE, PSI, 1S OBTAINED IN TwO DISTINCT
WAYS, WHEN THE PROUUCT OF THE THREE E(HN,xMN,UN) VALUES IS LARGE, PSI IS
APPROXIMATELY ZERO, MOREOVER, EVEN WHFEN TRE £ PRODUCT IS SMALL,s THE AVERAGE
VALUE OF PSI OVER MANY RELATIONSHIPS TENDS TO BE ZERO, THE OTHER WAY IS 710
ESTIMATE PSI BY MEANS OF A MOR¥ COMPLICATED AVERAGING PROCESS,

THESE RELATIONSHIPS MAY BE TREATED IN A NUNMBER OF DIFFERENT WAYS
TO DETERMINE A SET UF PHASES FOR A GIVEN STRUCTURE,

1, IN THE EVENT THAT NUMERLC PHASES ARE T0 BE USED DIRECTLY IN DETERMINING
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FURTHER VALUES, IT IS FYRST REQUIRED TO SPECIFY THE CELL ORIGIN AND

ENAMTIOMORPH (WHERE NECESSARY), INFORMATION FOR THE CELL SPECIFICATION

IS PRODUCED BY THE =SINGENz= PROGRAM, WwHEN THE SPECIFICATIONS ARE
FOLLOWED, ONE MAY THEN wUSE THE RELATIONSHIPS TO MANUALLY GENERATE OTHER
PHASES, ' )

MANUAL  GENERATION OF PHASES USING THE SYMBOLIC ADDITION PROCEDURE IS
ALSO POSSIBLE THOUGH THIS MAY NOT BE NECESSARY IF SOME oF THE
METHODS DESCKRIBED BELOW ARE EMPLOYED,

IN THE CENTRUSYMMETRIC CASE, THE RELATIONSHIPS FROM =SINGEN= MAY BE
USED DIRECTLY TO FORM A SET OF EQUATIONS., THE SOLUTION OF THESE
EQUATIONS IS DESCRIBED YN 1,PHASE, THIS METHOD OBVIATES THE NEED TO
MAKE AN A PRIORI OEFINITION OF THE QRIGIN,

THE PROGRAM =TANGEN= MAY BE USED TO GENERATE A SET OF PHASES STARTING
WwITH A SMALL NUMBER OF ™MUMERIC VALURS (OFTEN JUST THOSE SPECIFYING THE
UNIT CELL).

THE “ETHOD OF CALCULATION

=SINGEN= CARRIES OUT THE FOLLOWING SEQUENCE OF OPERATIONS ==

THE SYMMETRY INFORMATIONM IS PLACED [N STORE IN YHE FORM OF ROTATION
MATRICES (TRANSLATION VECTORS ARE NOT USEUV), THE WHOLE SET OF
ROTATION MATRICES IS DEVELOPED BY TAKING FRIEDEL'S LAW INTO ACCOUNT,

IF THE SPACE GROUP UNDER STUDY HAS A CENTERED LATTICE, THE ROTATION
MATRICES ARE TRANSFORMED) TO THE EQUIVALENT PRIMITIVE LATTICE,

-THE CHARACTERISTIC MATRIX IS CALCULATED BY SUBTRACTING THE IDENTITY

MATRIX FROM EACH ROTATINN MATRIX IN TURN, THE RESULTS OF THESE
SUBTRACTIONS ARE THEN SrARCHED COLUMN BY COLUMN FOR THE SEMINVARIANT

VECTORS AND MODULL,
A SUMMARY IS PRINTED GIVING THE FOLLOWING INFORMATION -

A, PRIMITIVE TRANSFORMATION MATRIX

B, STRUCTURE SEMINVARIANY VECTORS AND MQODyL1
C» ORIGIN DEFINITION DETERMINANT

De ENANTIOMORPH DEFINITION,

THE A=VALUE AND THE PROMABILITY RELATIONSHIP FOR THE CENTROSYMMETRIC
CASE ARE GIVEN AS ==

A = 2,0%S1G3*SIG2+*(-1,5)%/E1%E2#E3/

AND PROB = 0.5 + 0.5(0,5%A)TANH,

THE A=VALUES ARE ALSO SI'MMED TO PROyIDE A SENSITIVE MEASURE OF THE
IMPORTANCE OF A GIVEN REFLECTION IN THE INTERACTION PROCESS, THE
VALUE OF =A~ MAY BE USEn IN PLACE OF THE ACTUAL PROBABILITIES IN
SUBSEQUENT CALCULATIONS BECAUSE THEY ARE A FASTER VARYING QUANTITY
PROPORTIONAL TO THE PRORABILITY,
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THE (HsKsL) SORT ORDER FOR THE SIGMA=TWO SEARCH IS ESTABLISHED FROM THE

“MAXIMUM VALUES OF HeKy AND L AS SUPPLIED AT =DATRONz= TIME, THIS SORT

ORDER IS SUCH THAT STORAGE wlLL BE IN AS MANY SMALL GrROUPS AS POSSIBLE,
THUS, [F H MAXIMUM IS LARGE, K MEDIyM, AND L SMALL THERE WILL BE

SET UP A LARGLE NUMBER OF GROUPS OF CONSTANT H AND CHANGING K AND L,
THUS, # IS THE PRIMARY, K THE SECONDARY, AND L THE TERTIARY SORT INDEX.
IN ADDITION, EACH GROUP OF H IS BROKEN DOWN BY PARITY OF H, Ky AND L,

ALL REFLECTIUNS ABOVE A SPECIFIED E VALUE ARE LOADED. DURING THIS
LOADING PROCEDUREs THE REFLECTION SyMMETRY OPERATION CODES (SYMOPS)
ARE EXTRACTEU FROM EACH REFLECTION RECORD, THESE SYMOPS ARE USED TO
GENERATE THE ASYMMETRIC REFLECTION AND ITS SYMMETRICALLY RELATED
EQUIVALENT REFLECTIONS, IF THE MAGNITUDE OF Hs K, L IS CHANGED BY
THE SYMMETRY TRANSFORMATION, THE RESULTING REFLECTION IS STORED
SEPARATELY, ALL REFLECTIONS OF THE SAME MAGNITUDE OF H, K» L ARE
STORED TOGETHER WITH 'POINTERS 7O TRE FIRST AND LAST HKL~SIGNS AND
PHASE SHIFTS (RELATIVE TO THAT ASYMMETRIC REFLECTION) WHICH HAVE BEEN
STORED IN A NON-REDUNDAMT SYMOP TABLE,* THESE DIRECTORS ARE STORED IN
A PACKED WORW (SEE 1.GEMERL).,

CERTAIN REFLECTIONS MAY HAVE RESTRICTIONS ON THEIR PHASE VALUES. THIS
IS DUE TO THt SYMMETRY OF THE SPACE GROUP (E.G, IN CENTROSYMMETRIC
CASES, ALL PHASES ARE 0 OR PI), THIS INFORMATION 1S STORED WITH EACH
REFLECTION, -

THE MAXIMUM VALUES OF ThE SECONDARY AND TERTIARY INDICES ARE DETERMINED
FOR EACH VALUE OF THE PRIMARY SORT INDEX PLUS THEIR PA RITY GROUP, THIS
1S TO DEFINE THE LIMITS OF THE SEARCH FOR (H3,K3eL3).

ALL E VALUES ARE ASSIGNFD A SYMROL NUMRER IN DECREASING ORDER OF E,

A TABLE IS THEN PRINTED SHOWING ALL THE ASYMMETRIC REFLECTIONS AND
THEIR SYMMETKRICALLY RELATED EQUYVALENT REFLECTIONS, IN THIS TABLE IS

- DISPLAYED THE PHASE SHIFT INFORMATION, PHI(SHIFT), WHICH ARISES FROM THE

SPACE GROUP SYMMETRY.

A POINTER TABLE 1S DEVELOPED WHICH SERVES TC POINT TO THE CORE REGION
IN WHICH THE INFORMATIONM ABOUT ANY (H3,K3,L3) REFLECTICN MAY BE FOUND,
THIS POINTER TABLE GIVES RISE TO A MAJOR SOURCE OF EFFICIENCY IN THIS
SIGMA=TWO ALOORITHM,

THE SEARCH FUR THE SIGMA-TWO RELATED REFLECTION INVOLVES Fth BASIC

~ STEPS,

A, EVtRY ASYMMETRIC REFLECTION IS USED AS AN HisKisL1 IN CRDER OF
SYMBOL NUMHBER.,

B, 1IN TURNs, EACH (H1,K1,L1) IS COMBINED WITH ALL OTHER ASYMMETRIC
(H2,K2,L2) OF EQUAL OR LOWER SYMBOL NUMBER, THESE COMBINATIONS
PRODUCE A POSSIBLE (H3,K3,L3), : S

REFLECTION ARE

C. ALL THE SIGN COMBINATIONS FOR EACH (H2,K2,L2)
H1,K1,L1) TO PRODUCE

GENERATEU AND COMBIMED WITH THE K ASYMMETRIC
OTHER POSSIBLE (H3,xk3sL3) REFLECTIONS,

D. USING THE PRIMARY SORT INDEX FOR (H3vK3.y3»,AND ITs PARITY, A
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POINTER 1S ESTABLISHED YO INDICATE THE PLACE IM THE TABLE TO BEGIN
THE SEARCH. THE MAGNITUDES H3,K3,L3 ARE THEN SOUGHT. .

£, WHEN THERE IS A MATCH ON MAGNITUYOE OF H3+K34L3, THE SIGNS ARE
- GENERATEULU AND THE FINAL COMRPARISON MADE,

13, WHEN A SIGMA=TWO RELATIONSHIP IS FOuND, THE FOLLOWING INFORNATXON IS
- GENERATED ==

A, THE PHASE SHIFT ASSOCIATED wWITH THE TRANSFORMATION OF (H2,K2,L2)
AND (H3,K3,L3) TO THEIR ASYMMETRIC EGUIVALENT REFLECTION IS
UNPACKED. THESE ARE SUMMED TO GIVE THE TOTAL PHASE SHIFT
PHI(SHIFT), OF THE “ELATIONSHIP, ALL THE PHASES ARE. AT THE SAME
TIME, REFERRED TO TrE ASYMMETRIC REFLECTION PHASES AND STORED AND
PRINTED {IF REQUESTED, AS RELATIONSHIPS OF THE FORM ==

PHI(SNL) +/—,PHI<SN2) +/- PHI(SN3) +/= PHI(GHIFT)
SNN REFEKS TO THE SYMBOL NUMBER OF THE NTH ASYMMETRIC REFLECTION,

B, THE PROBABILITY ASSNCIATED WITH EACH RELATIONSHIP IS DETERMINED
8Y TABLE LOOK~UP,

C. ALL OF THIS INFORMATION FOR THE NON-REDUNDANT RELATIONSHIPS, IS
WRITTEN ON =NFILEB= OR =NFILEE= FOR FUTURE USE, A NON=-REDUNDANT
LIST IS UNE IN WHICH NO SIGMA=T,;0 RELATIONSHIP APPEARS MORE THAN
ONCE, IV 1S POSSIBLE TO SPECIFyY, FOR PRINTING ONLY, THAT A
REDUNDANI LIST BE GFNERATED AS wELL, A REDUNDANT LIST DISPLAYS EACH
SYMBOL NUMBER AS (H1,K1,L1), THEN AS (H291K2,L2), AND FINALLY AS
(H3,K3,L3)» BUT NOT NECESSARILY IN THAT ORDER, THIS IS STRICTLY
FOR CONVENIENCE IN MANUAL PROCEDURES. '

14, STATISTICS CUNCERNING THE NUMBER OF NON-REDUNDANT INTERACTIONS FOR EACH
ASYMMETRIC REFLECTION AWE KEPT, THIS INFORMATION 1S PRINTED AT THE END

_OF THE RUN,

FOR EVERY ASYMMETRIC REFLECTION, ITs ORDER OF SYMBOL NUMBER (THAT IS,
DECREASING £ MAGNITUDE) IS (HeKsL),y /E/¢ PARITY GROUP, NUMBER OF

TRIPLETS INVULVING THIS REFLECTION, THE SUM OF THE =A=tS, THE PHASE
RESTRICTION, THE PRIMITIVE CELL INDJCESs, THE VECTORS (U,VeW) AS DEFINED
IN THE CELL SPECIFICATION INFORMATIQON, AND wHETHER OR NOT THIS
REFLECTION IS A STRUCTURE SEMINVARIANT ARE ALL PRINTED,

ORIGIN DEFINITION

IN THE COURSE OF THE DETERMINATION OF A CRYSTAL STRUCTURE BY
STATISTICAL METHODS» THE PHASES WHICH ARE [ETERMINED WILL ULTIMATELY DEPEND
UPON THE POSITION OF THE ATOMS IN THE UNIT CELL EXPRESSED RELATIVE TO A GIVEN
POINT IN THE CRYSTAL LATTICE CALLED THE ORIGIN, THE SPACE GROUP CHOICE FOR
A GIVEN CRYSTAL DESCRIBES THE SYMMETRY OPERATIONS FOR THAT GROUP IN TERMS OF
A SET oF EQUIPOINTS. THESE ARF DISCUSSED IN THE SYMMETRY SECTION OF 1.,GENERL
AND DISPLAYED IN THE INTERNATIONAL TABLES, VoL, 1,

THERE EXIST POINTS OTHER THAN (0,0,0) IN A UNIT CELL WHICH ARE
JOENTICALLY EQUIVALENT WITH RESPECT TO THE SYMMETRY ELEMENTS (ROTATION
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MATRICES) OF THE SPACE GROUP, THESE POINTS ARE EQUIVALENT ORIGINS TO
(0,0,0y AND ARE CHARACTERIZED MY TRANSLATIONS WHICH GIVE RISE TO NO

CHANGE IN THE MAGNIIUDE OF Fy WUT MAY CHANGE ITS PHASE, THUS, A TRANSLATION
IN DIRECT SPACE GIVES RISE TO » PHASE CHANGE IN RECIPROCAL SPACE (SEE LIPSON
AND TAYLOR» FOURIER TRANSFORMS),

FOR EXAMPLE, IN THE SPACE GROUP P1BARy THERE ARE EIGHT EQUIVALENT
ORIGINS CORRESPONDING TO (00009)» (17240003 (001720000 (520917230 (1/2+1/7240)0
(1/72+041/72)0 (001/201/72) (1/291/241/2), OTHER EXAMPLES ARE SHOWN IN TABLE 1
" OF H, HAUPTMAN AND J. KARLEs ACTA CRYST,:» 9, 45(1956),

. IN ORDER 10 FIX AN ORIGIN, THE PHASES OF CERTAIN REFLECTIONS MUST BE
ESTABLISHED SUBJECT TO THE CONSTRAINTS DISCUSSED BELOW, THERE EXIST TwO
SUBSETg OF REFLECTIUNS WHICH MUST BE CONSIDERED AND IDENTIFIED, THE FIRST
1S THAT SUBSET WHICH DOES NOT CHANGE PHASE WHEN THE ORIGIN CHOICE CHANGES,
THESE REFLECTIONS ARE SAID 7O HAVE SEMINVARIANT FHASES, THE DETERMINATION
OF THIg SUBSET ASSUMES A FIXED FUNCTIONMNAL FORM FOR THE SPACE .GROyUP, THE OTHER
SUBSET OF REFLECTIONS HAS PHASFS WHICH ARE DEPENLCENT ON TRE CHGICE OF ORIGIN,
THE REFLECTIONS WHILH ARE USED TO SPECIFY ORIGIN MUST BE CHOSEN FROM THIS
SECOND SUBSET.

THE REFLECTIONS THAY HAVE A SEMINVARIANT PHASE mAY 8E DEFINED
EXPLICTTLY IN TERMS OF THE SEMINVARIANT VECTORS AND MOUpULT, THESE VALUES
ARE GIyEN IN THE PAFER BY J, KARLE, PRGC, I.U,CR. INTERNATIONAL SUMMER
SCHOOL ON CRYSTALLOGRAPHIC COMPUTINGs OTTAWA, AUG..1969 IN 'CRYSTALLOGRAPHIC
COMPUTING's (ED. Fo.Re AHMED)» MUNKSGAARD, 1970, ,

THESE SETS ARE DISPL“YED BY ‘SlNGEN' ACCORDING TO THE SYMMETRY
SUPPLIFD AT =DATRDN= TIME,

LET THE MATRIX OF THF J SEMINVARIANT VECTORS BE SV(J)e THEN THE
PROLUCT OF THIS MATHIX WITH THr PRIMITIVE yECTOR (HeKel) = H OF A GIVEN
RKEFLECTICN GIVES A VECTOR WHICH TAKEN 70 THE BASE MODULO OMEGA, W(J)r GIVE A
VECTOR (UeVeWle IF ALL UVW ARF ZERO, THE REFLECTION H HAS A SEMINVARIANT
PHASE AND CANNOT BE USED IN ORTGIN SPECIFICATION. IF THE SPACE GROUP IS
CENTERED, THEN THE PRIMITIVE VECTOR H MUST BE OBTAINED By TRANSFORMATION OF .
THE REFLECTION INDICES,

CONSIDER IHE EXAMPLE OF THE SPACE GROUP PQBAR. PUBAR HAS THE
SEMINVARIANT VECTOR == (H+K,L)

SV :

1]

e ® o o o
OO
(=R -
oo

e e o o o

AND THE MODULI =="(2,2)

R0 VIV
" o o
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CONSIDER THE TwO REFLECTIONS (1,1,1) AND (g1s1,4).

- - . oo - - -

(A) REFLECTION (1,1/,1)

() ‘e o o0 °oe o¢@

e 1 1 [LI « 1. « 2

« D 0 1 . %x , 1, = « 1

s 0 0 0 . « 1 « 0

.0 ‘e e o ¢ o

ee eog e® o e oe *s oo
. 2 * * 2 L] L) n . . U Y
« 1 MOD , 2, = ', = , V.,
. 0 . L] o . L] 0 . . w .
.Q LY e e [N} o LN ) LY

WHICH 1S A NON STRUCTURE SEMINVARIANT SINCE yU, Ve AND W ARE NOT ALL ZERO.

(B) REFLECTION (1,1¢%)

. . . L . *
o 1 1 0 . « 1, ¢« 2
« 0 0 l oo x o1, = o 4,
. 0 0 0 . « 8 e 0 o
(X L ee o0 o o0
a9 e ** s *e S se &,
« 2 . 2 . o I « U .
W MOD .2, = L0, = .V,
. 0 [ . 0. « 0 .« W .
e S *® o0 ve e e e

WHICH S A STRUCTURE SEMINVARIANT,

~

IT IS NECESSARY TO FIX J LINEARLyY INDEPENDENT NON=STRUCTURE
INVARIANT PHASES IN ORDER TO DEFINE THE ORIGIN, WHERE J IS THE NUMBER OF
SEMINVARIANT VECTORD (USED IN SV), ’

IN PRACTILE, THE VALUES OF ({(UsV,y) WHICH ARE UNDER CONSIDERATION,
ARE ENTERED INTO A o By J OETESMINANT WHOSE VALUE MUST BE +1 OR -1, THIS IS
THE TEST OF LINEAR INDEPENDENCE,

. MANY REFLECTIONS WILL MEET THE CRITERIA GIVEN AROVE, HOWEVER, THERE
MAY BE ADDED RESTRICTIONS ON THE VALUES OF PHASES DUE TO THE SYMMETRY OF THE
GIVEN gPACE GROUP, CARE MUST =E TAKEN IN THESE INSTANCES SO THAT THE VALUES OF -
THE RESTRICTED PHASES ARE NOT VIOLATED, E.G.» IN ACENTRIC SPACE GROUFS WITH
CENTRIC PROJECTIONSs THE PROJECTION REFLECTIONS WILL HAVE RESTRICTED PHASES,
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IF GENERAL PHASES ARE TO BE USED AS ORIGIN DEFINERS, GREAT CARE MUST
BE TAKEN SO THAT THt CHOICE WItL NOT VIOLAYE THE RESTRICTED PHASES, AS A
PRACTICAL MATTER IT IS BEST TO CHOOSE RESTRICTED PHASES WHENEVER PERMISSIBLE,

ENANTIOMORPH DEFIMIVION

- T o > T > e S T e S O g

IN NON=CENTROSYMMETRIC SPACE GROUPS, THE CHIRALITY (I.E, LEFT OR
RIGHT HANDEDNESS) OF THE STRUCTURE 1S UNKNOWN IN THE ABSEMCE OF ANOMALOUS
DISPERSION, THE PHASES OF THE REFLECTIONS OF A GIVEN STRUCTURE (L) ARE THE
INVERSE CF THE PHASES FOR THE FNANTIOMORPHIC STRUCTURE (D), THAT IS» EVERY

PRI(L) = «-PH1(D)

SINCE THE STRUCTURE FACTOR MAGNITUDE DOES NOT DISTINGUISH BETWEEN
THE ENANTIOMORPHS, LT IS NECESSARY YO DEFINE EXPLICITLY wWHICH PHASE SET, PHI(L)
OR PHI(D), IS TO BE USED, THIS IS DONE BY ESTABLISHING THE SENSE OF AT LEASTY
ONE PHASE WHICH IS KNOWN TO BE SIGNIF{CANTLY CQIFFERENT FRomM ZErRO OR 18¢
VEGREEg, IN CERTAIN CASES WHEM ORIGIN DEFINING FHASES ARE NON=2ERQO OR
NON=-PI, THE ASQOVE REQUIREMENT UI0ES NOT HOLD, THIS IS DISCUSSED BELCW. IN ANY
CAasSkE, 2Ll REFLECTIONS NOT USED TO DEFINE ThKE OR}GIN ARE ELIGIBLE FOR USE 70 FIX
THE ENANTIOMCRPA ANV IT REMAINS ONLY TO FIND wHICH ARE CApABLE, 1IN THE CASE
WHERZ THE ORIGIN DEFINING REFLFYCTIONS AL FAVE UNRESTRICTED PHASE VALUES ONE OF
THEM May BE SET TO 45 DEGREES RATHER THAN 7ERO., THIS MAY BE A LESS PRODUCTIVE
PROCED(;RE IF THE ORIGIN DEFINIMG REFLECTIONS DO NOT INTERACT IN A SUBSTANTVIALLY
PROVDUCTIVE WAY,

IN PRACTIVE, THE METHOD USED 7O DEFINE THE ENANTIOMORPH IS I»““StD

BY THE SPACE GROUP SYWMMETRY, 17 THE STACE GRDUP HAS MANY CLAGGES OF RICTED
PHASES, IT MAY BE PUSSIBLE TO 1SE OME OF THESE REFLECTIONG TO BEFINE
ENANTIOMORPH, IN TRIS CASE IT IS ESSENTIAL THAT THE PARITY GRCUP CORTAINING

THIS RCQTRICTcD REFLECTION CONFORM TO YHE FULLOUINb CONDITION, A £HAST
ASSUCIAYTED WITH EACH PARITY GRNUP CAN HBE GENERATED DIRECTLY FoM THE LINEARLY
UESENCENT PARITY GRUUPS OF THE ORIGIN UEFINING REFLECTIONG,. SERERATID #HASES
v T CCNTRAUDICIORY .70 THE RESTRICTED PHAGE VALUES OF THAT FARITY CROUP
FECIFY THE FUSSTELE ENANTIOMORPH DEFINMING REFLECTIONS, .£.G,, IF THE
ORIGIN DEFINERS IN MTHE SPACE G#OUP 1212121 WERE TAREN FRCM (U Ued)e (U, 0:5),
AND (U,0,U)r THEY MAY BE ASSIGMED THE RESTRICTED PHASES 90, 0, 90 DEGREES
RESPECTIVELY, THE KEMAINING PaRITY GROUPS OF RESTRICTED REFLECTIONS MAY BF
OBTAINFD BY COMBINAIIONS OF THESE THREE REFLECTIONS., THE TABLE SHOWS PREPICTED
PHASES FOR ALL PARIVY GROUPS OTHER THAM THGOSE DEFINED BY THE ORIGIN, (NOTE
TeAT THIS IS A SPECLFIC EXAMPLE AND NOTY A GENERAL TABLE =- OTHER ORIGIM CHOICES
GIVE RISE TO OTHER PHASE CONFIGURATIONS,) WHEN THE PREDICTED PHASE AND THE
RESTRICTED PHASES ARL ODIFFERENT, THE REFLECTICNS IN THIS GROUUP ARE ELIGIBLE FOR
USE IN DEFINING THE ENANTIOMORFPH, THIS TABLE IS FOUND ON THE NEXT PAGE,
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GROUP PARITY GROUP UF RESTRICTION DERIVED FROM PREDICTED POSSIBLE

RESTRICTED PHASES  IN DFGREES  COMBINATION  PHASE DEF INER

1 ‘vu o 90 10.0.)

2 uou 90 (0.D,)

3 0O U U 90/270 1,2 07180 YES
4 G U DO 0/1%0 1,202,7 90,270 YES
5 UG o 90/270 1,1+202¢7 - 0/180 YES
6 G 0uU 90/270 2,7 . 99/270 NO
7 Uuoe 0 (V.0,)

8 06 U 0/1#0 1,112,7 90,270 YES
9 0U G ‘ 90/270 1,7 90/270 NC
10 66 0 0/110 1,1 0/180 NO
11 606G 0/1%0 7,7 " 0/180 NO
12 066 07140 1010707 0/180 NO

THUS, FOR THIS TYPE OF SPACE GROUP WITH MANY RESTRICTED PHASES, ONE
DEFINEg THE ORIGIN PHASES THEN PRODUCES A POSSIBILITY TABLE SIMILAR TO THE
ONE SHoWN IN ORDER 10 IDENTIFY REFLECTIONS SUITABLE FOR DEFINING THE
ENANTIOMORPH,

.IN SPACE GROUPS WHERE THE USF OF A PROCEOURE LIKE THE ONE ABOVE
IS NOT POSSIBLE, A GENERAL PHASE MUST BE UGED TO OEFINE THE ENANTIOMORPH,
THE CRiX OF THE PROBLEM IS TO FIND A GFNERAL REFLECTION WITH A PHASE MAGNITUDE
WHICH DIFFERS SIGNIFICANTLY FROM Q OR 180 DEGREES, ONCE SUCH A REFLECTION
IS OBTAINED, THE ENANTIOMORPH IS DEFINED BY ASSIGNING A <IGN TO THE MAGNITUDE.

ONE METHOU OF OBTAINING A SUITABLE REFLECTION IS FROM INTERACTION
OF THE ORIGIN DEFINING REFLECTIONS, WHEN PHASE ESTIMATES OF A GENERAL
REFLECTION ARE BOTH ¢ AND 180 UVEGREES, THIS IMPLIES THAT THE TRUE PHASE IS
BETWEEN THESE TWO VALUES, THIS REFLECTION IS THEN A CANDIDATE FOR USE AS
AN ENANTIOMORPH DEFINING REFLECTION AT THE INITIAL VALUE OF 90 OR 270 DEGREES,
THE MAGNITUDE MAY NUT BE EXACTLY CORRECT, BUT GENERALLY I5 A SUFFICIENTLY
GOOD APPROXIMATION [0 PERMIT FURTHER GENERATION OF PHASES,

THESE PHASES WILL BE CONSISTENT wITH THE ONE ENANTIOMORPHIC
STRUCTYRE, AS THE GENERATION EXPANDS, THE VALUE OF THE ENANTIOMORPH DEFINING
PHASE MAY BE REFINEU TO ITS MORE CORRECT VALUE,
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PHASE ESTIMATION AND RFFINEMENT 8Y REPEATED TAJGENT_ITEQATION

-, o T > P A D > S e O g - -~ - gy - o S iy S o -

THIS PROGRAM WAS WRITTFN BY SYU HALL TO TAKE THE OUTPUT OF =SINGEN=
AND» FeOM A gMALL SET OF STARTYNG PHASFS, OFTEN ONLY THE ORIGIN AND
ENARTIQMORPH DEFINING REFLECTIONS, PRODUCE A SUFFICIENT NUMBER OF PHASES 1O
PERMIYT STRUCTURE SOLUTION, i

THE PROGRAM IS DESIGNEYL TO CALCULATE THE FOLLOWING RELATIONSHIP =
SUMMATION/WkE (H2}%E (H3)*SIN(PHI(H2) +PHI(H3) )/

TAN(PHI (=H1) ) S eemveman. - - - - - O sy = o o -
SUMMATLION/WHE(=2) *E(H3) % COS(PHI(H2V+PHI(H3) )/

WHERE pHI(-H1) IS THE PHASE ASSOCIATED WITH THE NORMALIZEN STRUCTURE FACTOR, Ev
OF REFLECTION (=H1) AND WHERE w IS A WEIGHT NONNALLY TAKEN AS ONE, IF A
WEIGHTED TANGENT FORMULA IS SPECIFIED THEN = .

W = 0.5 + 0,5TANH(O0,5%EC(H1)*EC(H2)*EC{H3) %x8163/51G2%*1,5)

WHERE £C€ IS THE AVERAGE R,.M,S, VALUE OF THE NUMIRATOR AND DENOMINATOR IN THE
TANGENT FORMULA. (=H1) IS A VECTOR IN RECIPROCAL SPACE (aHl,=Kl,=t.1),
APPLICATION OF THE PFORMULA TO STRUCTURE SO UTION REQUIRES THAT NUMERICAL
VALUES OF THE PHASES (PHI) OF SEVERAL (OR MANY) HIGH E VALUE REFLECTIONS WITH
VECTORS (H2) AND. (H3) HE ESTIMATED OR ESTARLISHED BEFOREHAND, THE FORMULA
THEN BECOMFES USEFUL WHEN THERE ARE A SUFFICIENT NUMBER OF *KNOwN' PHASES
FOR REFLECTIONS WHICH INTERACT YO PRODUCE nEW ESTIMATES OF THE VALUES OF
PRI(=H1) OR wHERE Il CAN BE US*D 7O REFINE A +KNOWN' VALUE OF PHI(=H1)

CIN TERMS OF OTHER KNOWN PHASES, FROM THE FOREGOING, ONE MAY SEE THAT

IT 1S NECESSARY YO BEGIN THE USE OF =7TANGEN= wITH AN 'INNER SET' COF PHASES
WHICH TINTERACT TO PRODUCE AN 'eXPANDED SET:, THIS MAY IN TURN BE USED TO
EXPAND AND REFINE THE NUMBER OF T'KNOWN®' PHASES, THE INITYAL INNER SET OF
PHASES MUST BE DERIVED FROM SO“E COMSIDERATION OTHER THAN =TANGEN= ITSELF,
ONE WAy 1S SIMPLY BY USE OF A <ET OF CAREFULLY SELECTED ORIGIN DEFINING
REFLECTIONS (SEE 1.S5INGEN)., THIS, HOWFVER, 1S SOMETIMES NOT SUFFICIENTY YO
PRODUCE FURTHER KNOWN PHASES BY SUCH AN EXPANSION, ANOTHER METHOD INVOLVES
USING pPHASES FROM A PARTIAL STRUCTURE CALCULATED BY =FC= wHICH =TANGENZ
ACCEPTS FROM THE BINARY DATA FTLE, OTHER STATISTICAL METHCDS.ARE DISCUSSED
UNDER 1 ,SINGEN AND 1.PHASE., THE SYMBOLIC ADDITION PROCEDURE CARRIED OUT
USING THE OUTPUT LISTS OF =SINGENz MAY BE FRUITFUL IN PRODUCING FURTHER
PHASE ESTIMATES IN URDER TO PRNCEED WITH THE =TANGENz= PROCESS,

ONCE A USEFUL INNER SET OF PHASES IS ESTABLISHED, THE PRCGRAM IS
APPLIED IN A CYCLIC FASHION BASED UPON CERTAIN RESTRICTIVE CRITERIA UNDER THE
CONTRCL OF THE USER. UEPENDING UPON HOW THE CRITERIA ARE SET yP, THE ATTEMPY
TO EXPAND THE INMER SET OF PHASES MAY BE UNPRODUCTIVE, IF THE CRITERIA ARE
TOO RESTRICTIVE AND STRINGENT MO NEW PHI(=-H1) WILL BE GENERATED. ON THE
OTHER HAND, TOO PERMISSIVE CRITERIA MAY PRODUCE MANY ERROMEOUS PHASES AND
IN TURN THESE WILL tE USED TO PRODUCE EVEN MORE WHICH wILL RESULT IN AN
UNINTERPRETABLE E MAP, WHEN THE LIMITS ARE SET CAREFULLY, THERE WILL BE A
STEADILY INCREASING NUMBER OF ACCEPTED NEW PHASES IN EACH CYCLE AND CONVERGENT
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REFINEMENT OF ALL PKtVIOUSLY ESTIMATED PHAGES, IT MAY BE GEEM FROM THE TAMGENT
FORMULA THAT THE VALUES OF PHASES MAY BE REFINED IN TERMS OF TnE RESTy» SINCE
THE RANGE OF THE SUMMATIONS WIIL BE INCREAGED AS THE NUMBER OF THE PHASES IN-
CLUVED TS INCHEASEU. THIS PROCESS MUST BE RESTRICTED 1F THE TRUE SOLUTION IS
TO BE aCHIEVED BECAUSE WHEN THt INNER SET GROWS VERY LARGE AND THE E VALUES

ARE ALILOWED TO GET SMALL, THE FORMULA BEGI;NS TO GIVE ERRONEOUS RESULTS,

SUCCESS WITH THE MEIHOD THUS REQUIRES AN APPROPRIATE REASONABLE INNER SET

OF PHAgFS AND DEPENUS ON CAREFILLY DEFINED RESTRICTIONS BEING APPLIED

DURING EXPANSION AND REFINEMENY OF THE PHAGES,

17 1S PREFERABLE THAT THE INKER cEY BE A LIMITED NUMBER OF WELL
ESTABLTSHED NUMERIC PHASES ({(SAY 4-10) RATHER THAN A4 LARGE NUMBER, A LARGE
NUMBER OF STARTING PHASES, WHEIYHER THEY ARE POOR OR GOOD £STIMATES, MAY NOT
LEAD To CONVERGENCE DUE TO THE LARGER MUMBER OF LOW PROBABILITY INTERACTIONS
THEY ARF INVOLVED IN,

AT TIMES UNE MAY SEE THAT THE INNER SET EXPANUS N A VERY PROMISING
WAY IN THE FIRST ONe OR TwO CYCLES, BuUT, N SUCCEEDING CYCLES SHOWS
SIGMNS oF DIVERGENCE (VALUES OF ((E0 = EC)/EQ) INCREASE). ONZ MAY BY USE OF
THE =BnfFPHI= CARD CUNTROL THE COURSE OF EVENTS AND POSSIBLY PREVENT THFR
UIVERGENCE, TO DO tHIS, =TANG=Nz= 1S RUN ONLY THROUGH THE PRONMISING CYCLES
ARD THEM RERUM USING ITS OWN OHTPUT THROLGH CONTRCL OF A =GUFPKRIz CARD WHERE IT
MAY BE GQPECIFIED THAT THE INNER SET HBE HELD FIXEO FOR ADDITIONAL CYCLES,

THE PROGRAM OPERATES IN TWO DISTINCT MODES, FIRSTLY, & 'CYCLE!
FOR WHICH ONE DEFINES THE LOWEST MAGNITUDE OF € IS T0O BE UTILIZED IN THE SECOND
MODE, GECONDLY» AN *ITERATION', FOR WHICHE ONE DEFINES AL) NEw PHASES WHICH
CAN BE GENERATED FRUM KNOWN PHASES FOR E MAGNITUDES ABQVE THE CURRENT CYCLE
THRESHALD, DURING, AN ITERATION, ALL VALUES (~H1) WwHICH MAY BE DISCOVERED
FROM (H2) AND (H3) »RE ADDED TO THE LIST OF KNOWN PHASES, THEN ALL ARE
USED To REFINE THE VALUES OF AtLL THOSE CURRENTLY IN THE LIST,

ANY GIVEN CYCLE WILL BE TERMINATED WHEN A SPECIFIED NUMBER OF
ITERATTIONS (MAX. OF b0) HAS BEEN COMPLETED OR THAT SUCCESSTVE PHASE ESTIMATES
HAVE COMVERGEU, OR USCILLATE, HETWEEN SPECIFIED LIMITS OF THE RATIO -~
(AV. E(0BS,.,)/AV. E(LALCHY,

A NEW PHASE 1S ACCEPTED AS USEFUL AND VALID, IFs» DURING THE ITERATION
PROCESS, 44

1, THE PHASE HAS MNQT ALTE“ED IN THREE SUCCESSIVE ITERATIONS By MORE THAN
A SPECIFIED LIMIT (E.G, 100 DEGREEg)

2, A RESTRICTEU PHASE ESTYMATE HAS NOT DEVIATED FROM ITS PERMISSIBLE
VALUES BY MURE THAN A SPECIFIED LIMIT (E.G, 75 DEGREES)

3, THE CALCULAIED E VALUE (= AVERAGE R,M,S. VALUE OF THE NUMERATOR AND
DENOMINATOR IN THE TANGENT FORMULA) IS NOT LESS THAN THE SPECIFIED

LIMIT (E.G.r 0,5)

4, THE NUMBER UF TRIPLETS USED TO ESTIMATE A PHASE MUST EXCEED THE
SPECIFIED LiMIT (E,G, t OR 2),

IF A REFLECTION VIOLATES ONE OF THESE CRITERIA, IT IS NOT USED IN THE
SUCCEEPDING ITERATION, ALTHOUGH ITS VALUE WILL BE REASSESSED. IN THIS WwAY,
A SUSPECT PHASE ESTIMATE IS TEMPORARILY SUPRESSED AND PREVENTED FROM
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CONTRIRUTING TO THE PHASING PROCESS,

A NEw CYCLE MAY BE INMITIATED AT YHE END OF A SERIES ofF ITERATIONS,
THE NEw CYCLE wlLL INCLUDE REFLECTIONS WITH LOWER E MAGNITYUDES, SINCE NO
REFLECTION OF E VALUE LOWER THAN THE CURRENT CYCLE LIMIT IS INCLUDED IN ANY
ITERATION, IT IS IMFPORTANT TO NOTE THAT THE INNER SET OF STARTING PHASES MAY
NOT APPEAR IN THE FIRST CYCLES UNLESS THE MINIMUM E MAGNITUDE IS SET PROPERLY,

THE PHASES UF REFLECTIONS USED TO INITIATE THE PHASING PROCESS (I,E,
STARTING PHASES) MAY BE ENTEREL' SEPARATELY ON CAKDS OR FROM A BINARY DATA FILE
OUTPUT FROM AN =FCz OR PREVIOUS =TANGEN= CALCULATION OR FROM =APHASE=, IN THE
FIRST CASEs» STARYING PHASES ARF EXTRACTED ONLY WHEN THE AGSOCIATED F CALC
VALUE EXCEEDS THE PRODUCT (P*K*F(REL))» WHERE P 1S THE FRACTION OF THE COMPLETE
STRUCTURE KNOWN, ANU K IS THE OVERALL SCALE FACTOR SPECIFIED AT INPUT TIME
(OR EXTRACTED FROM KECORD 7 OF THE BOF),

STARTING PHASES WHICH OEFINE THE POSITION OF THE ORIGIN IN THE UNIT
CELL SHOULD BE FIXEU THROUGHOUT THE PHASING PROCESS. SIMILARLYs THE PHASE
INTENDED TO DEFINE IHE ENANTIOMORPH OF THE STRUCTURE (NECESSARY ONLY IN
ACENTRIC CASES) SHOULD ALSO BE FIXEOD IN THE EARLY CYCLES, EVEN IF ITS VALUE
IS NOT KNOWN ACCURAIELY, .

THERE IS ALSO THE PROVISION TO SUPPRESE PARTICULAR REFLECTIONS IN THE
E LIST S0 THAT THEIR PHASE IS FSTIMATEDN BUy NOT USZU IN PHASING PROCESS, THIS
MAY BE NECESSARY IF CERTAIN REXLECTIONS ARE EXPECTED OKR HAVE PROVEN TO BEZ
UNSUITASLE FOR PHASE EXTENSION PURPOSES IN THE EARLY STAGES, THIS IS OFTEN
THE CASE wITH AXIAL REFLECTIONS, :

ONCE THE ITERATIONS OF THE REQUESTED CYCLES HAVE BEEN CARRIED OUT, THE
FINAL ACCEPTED REFINED PHASES rRE WRITTEM IN THE OUTPUT BYNARY ODATA FILE,
THIS FILE MAY THEN BE USED IN CONJUNCTION ITH =FQURR= TO CALCULATE AN.
*E MAPY CR AN 'FO PHASES FROM STATISTICS' MAP TO BE SEARCHED FOR THE STRUCTUFRE.

CHOOSING THE BESTY SET OF CELL VEFINING REFLECTIONS

THE FORMAL RULES FOR SELECTING T#Z REFLECTIONS wHOSE PHASZS MUST BE
FIXED 1N ORDER TO SPECIFY THE .CELL ORIGIN aAND ENANTIOMORPH, HAvE BEEN DISCUSSED
EARLIZR IN =SINGEN=z=. HOWEVER, THERE IS USUALLY A LARGE NUMBER OF REFLECTIONS,
AND COMRINATIONS OF REFLECTIONS, IN THF E~{ IST THAT CAN BE USED FOR THIS
PURPOSFE. IF THE SI6MA TWO STRUCTURE INVARIANT REQATIONSHIPS wERE EXACY IT
WOULD NOT MATTER WHICH SET WERr USED, AS ALL MUST ULTIMATELY LEAD YO A
CORRECT EXPANDED PHASE SET. THIS IS NOT THE CASE, THE RELATIQNSHIPS ARE
STATISTICAL AND USUALLY CONSIDERABLE CARE MUST BE TAKEN TO SELECT ThE STARTING
SET WITH THE HIGHES! PROBABILITY OF SUCCESS. THE SUCCESS OR FAILURE TO SXTEND
" THE INNER SET OF PHRSES CORRECILY IS OFTEN DETERMINED IN THE yERY EARLIEST
INTERACTIONS, UNLESS THERE 1S SUFFICIENT REDUNDANCY AT THIS STAGE A SINGLE Bab
ESTIMATE IN THE FIRST ONE OR TwO ITHERATIONG CAMN FERMEATE TRE EnTIRE PHASING
PROCESS, IT IS OF FIRST IMPORTANCE THEREFQRE TO SELECT THE SET OF CELL
DEFINING REFLECTIONS, AND OTHEr REFLECTIONS USED TO INITIALIZE =TANGENZ, SO AS
TO FACILITATE BOTH tHE HIGHEST PROBABILITY OF EARLY SINGLF SIGMA TWO
RELATIONSHIPS, AND THE RAPID INTERACTION OF THESE PHASES FOR EARLY REDUNDANCY,

THERE ARE A NUMBER Or PROCEDURES FOR CHOOSING THE *BEST®* STARTING SET
(SEE HaLL, 1970). A RELATIVELY SIMPLE METHOD WHICH HAS MET WITH CCNSICERABLE

SUCCESS WHEN USED IN CONJUNCTION WITH =TANGEN= WILL BE DESCRIBED BRIEFLY HERE,
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THE BASIC STEPS ARE AS FOLLOWS==-

1/ USING 1HE SUMMARY OF STRUCTURE INVARIANT RELATIONGHIPS OUTPUT
FROM =qINGEN=, SELECT BETWEEN 10 AND 2n (DEPENDING ON THE STRUCTURE SIZE) :
REFLECTIONS WHICH ARE ELIGIBLE FOR USE AS STARTING PHASES, AND HAVE THE HIGHEST
'SUM OF-A=St VALUES. FOR EXAMPLE, IN THE (PACE GROUP Pl2<UB{, 2SUBl, 2SUB1)
THESE wouLD BE THE UKL» HOL ANU HKQ REFLECTIONS, AND IN P(2SyUBt), THE H3L AND
HilL REFLECTIONS., SUME OF THESF PHASES CAN BE IMPLICITLY SEMINVARIANT (STATED
IN THE R,H,S, OF THE SUMMARY =SINGEN=) SINCE, ALTHOUGH THEY ARE INELIGIBLE FOR
ORIGIN DEFINITION, IHEY CAN BE USED TO FIX THE ENANTIOMORPH OR FOR OTHER
STARTING PHASES,

2/ LIST THE SELECTED REFLECTIONS AS PHASE NO,» HeK,L, AND PHASE
RESTRICTION, IN A CULUMN ON.THF L,H,S, OF A SHEET OF PAPER,

3/ FOR NONCENTROSYMMETRIC SPACE GROUPS» REPEAT 1/ AND 2/ FOR
REFLECTIONS IN THE SUMMARY THAT ARE NOT *DIRECTLY* ACCESSIBLE FOR USE IN THE
INITIALIZATION OF =fTANGEN= "(US!HALLY DUE TO THE UNRESTRICTFD NATURE OF THEIR -
PHASES), BUT HAVE HLIGH 'SUM OF =-A-S' VALUEg,

6/ THESE LISTS SHOUL! NOw COMTAIN THE REFLECTIONS THAT FORM THE
LARGEST NUMBER, AND/OR THE MOST PROBABLE, SIGMA TwO RELATIONSHIPS, SURSEGUENT
STEPS wILL ATTEMPT 10 FIND WHICH OF THESE REFLECTIONS FORM THE LARGEST NUMBER
OF RELATIONSHIPS AMUN3 THEMSELVES, SUCH INTERACTIONS ARE ESSENTIAL SO THAT
REFLECTIONS IN THE FIRST LIST (C.F, 1/ AND 2/) PROVIDE EARLY PROLIFERATION OF
KELIABLE PHASES, THIS PROPERTY IS ALSO IMPORTANT IN THE SECOND LIST (C. F. 37)
AS THEGE REFLECTIONS INVARIABLY PROVIDF RELATIONSHIPS CRITICAL TO THE RAPID
EXPAMSTON OF THE INNER PHASE StT, IT SHOULD SE REMEMBERED THAT IN ALL
NONCENTROSYMMETRIC SPACE GROUPS THE REFLECTIONS WITH UNRESTRICTED PHASES
UOMINATE THE STRUCTURE INVARIANT RELATIONSHIPS, IT IS THEREFORE IMPORTANT
THAT UNRESTRICTED PHASES SHOULD BE ESTIMATEND AS SOON AS POSSIBLE SINCE THIS,
Iy ADDITION TO ENABLING A MORE RAPID ACCESS TO ALL REFLECTIONS, ENSURES THAT
THE ENANTIOMORPH INFORMATION IS RAPIDLY PRoPAGATtD TO THE REFLECTIONS WITH
NONZERO OR NONPI PHASE VALUES,

%/ USE THE STRUCTURE INVARYANT RpLATIONSHIP INFORMATION FROM
SSINGEN= TO FIND WHICH RELATIOMSHIPS IMVOLVE MORE THAN ONF REFLECTION IN THE
LISTS ALREADY PREPAKRED, TABULATE (IN ROWS ON THE LISTS) THE PHASE NOS, OF
REFLECTIONS wHICH ARE IN SUCH wELATIONSHIPS, REMEMBERING TO CROSS REFERENCE
(E, G. IF THE HORIZUNTAL LIST OF REFLECTION PHASE NO, S CONTAINS PHASE NC, 37,
THEN THE LIST OF PHASE NO, 37 MUST CONTAIN S),

6/ ON COMFLETION OF 1HIS SEARCH, THE LISTS SHOUI.D REFLECT THE EXTENT
AND DIRECTION OF INITERACTIONS TYNVOLVING THE SELECTED REFLECTIONS, IN THE FIRST

LIST» THE REFLECTIONS SHOWIMNG THE MOST EXTENSIVE INTERACTIONS (THE LONGEST
ROWS) SHOULD NOW BE CONSIDERED AS THE NMOST SUITABLE CANDIDATES FOR ORIGIN AND
ENANTIOMORPH DEFINIIION, THESF REFLECTIONg MUST OF COURSE, COMPLY TO THE
FORMAL CONDITIONS REQUIRED FOR ORIGIN UEFINITION (STIPULATED AT THE STARY OF
=SINGEN=), OFTEN A COMPROMISE BETWEEN REFLECTIONS SATISFYING THESE
REQUIREMENTS ANO THUSE MOST SUTYTABLE IN THE SELECTED LISTS, 1S NECESSARY, I
1S OBVIOUSLY MOST DESIRABLE THAT SEVERAL OF THE STARTING REFLECTIONS INTERACT
wITH EACH OTHER IMMEDLATELY AND THIS SHOULD BE AN OVERRIDING CONSIDERATION,

7/ 1F THE 'BESTY CELL DEFINING PHASES 00 NOT EXTEND RAPIOLY AND
PROLIFICALLY AMONGS! REFLECTIONS USED IN THE FIRST =TANGEN= CYCLE (TOP 50-100
E~VALUES) ADDITIONAL STARTING PHASES MAY HAVE TO BE USED, THE PREPARED LIST
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SHOULD ALSO BE INVALUABLE FOR THIS PURPOSE, ONE CAN USE EITHER A RESTRICTED
PHASE FROM THE FIRS! LISTy ASSIGNING THE TwO POSSIBLE NUMERICAL VALUES IN Two
DIFFERENT =TANGEN= KUNS (N, B, FIRST CHECK IF ONE OF THESE VALUES IS .
INDICATFD IN A LIMIIED SYMBOLIC ADDITION PROCEDURE)s OR AN UNRESTRICTED

PHASE wITH NUMERICAL VALUES FROM 0 TO 36C DEGREES IN INTERVALS OF 45 DEGREES,
CRITERIA FOR RECOGNLZING WHICH =TANGEN= CALCULATIONS. ARE SUCCESSFUL ARE

OISCUSSED BELOW,

RECOGNTZING CORRECT PHASE CONVFRGENCE

L - s R o T T 0 T WP S T S 0 o Y S o O T e o Y

THE INITIALIZATION O THE TAMGENT ITERATION PROCESS WITH A LIMITED
NUMBER OF CORRECT NUMERICAL PHASES DOES NOYT GUARANTEE THAT THE EXPANDED SET OF
PHASES wiLbL Be CORRECT, THIS MAY BE DUE TO A NUMBER OF THE FACTORS WHICH HAVE
BEEN DISCUSSED EARLIER, IT IS INTENDED HERE TO OUTLINE HOW ONE CAN TELL IF THE
TANGENT CALCULATION HAS SUCCEEVED, AND THAT THE OUTPUT PHASES ARE CORRECT,-
BEFORE THE E«MAP HAS BEEN CALCHLATED, THE ABILITY TO DISTINGUISH A CORRECTLY
REFINED PHASE SEY FROM AN INCOWRECT ONF IS PARTICULARLY IMPORTANT WHEN THE
=TANGEM= CALCULATION IS REPEATED WITH A NUMBER OF ALTERNATIVE STARTIMNG SETS,
SUCCESSIVE =TANGENz= RUNS ARE NrCESSARY WHEN ONE OR MORE OF THE STARTING
PHASES 1S UNKNOWN AND MUST BE PERMUTED THRQUGH A NUMBER OF NyUMERICAL VALUES,

THE =TANGEN= OUTPUT CONTAINS AT LEAST FOUR PARAMETERS THAT MAY BE
USED To APPROXIMATELY GAUGE COMVERGENCF TO A CORRECT PHASE SET, NEVERTHELESS,
IT SHOYULD BE STRESSED THAT THESE PARAMETERS ARE STATISTICAL AND CANNOT BE
- TAKEN AS PRECISE INUICATIONS Or THE CORRECTNESS OF A PHASE SET, IN ORDER OF
SENSITIVITYs THESE ARE~== }

1/ THE AGREEMENT FACTOR ( AV, (EO-EC)/AV, (E0)), WHICH IS LISTED
FOR EACH ITERATION, SHOULD RIS AT THE BEGINNING OF EACH NMEW CYCLE AND THEN
UECREASE TO A CONSTANT VALUE. AFTER THE LAST CYCLE THIS VvALUE SHOULD Rz AT
I1TS LOWEST AND HAVE A VALUE WHICH IS OFTEN -LESS THAN 0,19. IN COMPAR: NG
DIFFERENT =TANGEN= RUNS THE PHASE SET WITH THE LOWEST AGREEMENT FACTOR SHOULD
BE USEpP TO CALCULATE THE FIRST E=MAP,

2/ THE DISTRIBUTION oF RESTRICTED AND UNRESTRICTED VALUES SHOULD BE
RELATIVELY EVEN IN A CORRECT PHASE SET, SOME IMBALANCE IN THE NUMBER OF
SPECIFIC. RESTRICTED PHASE VALUES IS PERMISSIBLE BUT THE UNRESTRICTED PHASE
LVISTRIBUTION SHOULD NOT BE PEAKED ABOUY PARTICULAR VALUES, THE LATTER EFFECT
IS USUALLY Duc. TO INADEQUATE DEFINITION OF THE ORIGIN OR ENANTIOMORPH BY THE
STARTING PHASES, OR INSUFFICIENT RELATIONSHIPS AMONG THESE PHASES,

3/ THE ABSOLUTE FIGUWE OF MERIT BASED ON THE VALUE OF GERMAIN, MAIN
ANO WOOLFSON (1971) COMPARES THE EXPECTED AND ESTIMATED PHASE STATISTICS,
THE LARGEST FIGURE UF MERIT (WITHIN THE RANGE 0,95=1,20) SHOULD REFLECT THE
PROBABILITY THAT THe EXPANDED ©HASE SET 1S. CORRECT,

4/ THE RAIIO ( AV, (FO)/AV, (EC)) SHOULD HAVE A VALUE CLOSE TO 1.0
FOR THE FINAL SET Or REFINED PHASES, PROVIDED THIS SET IS LARGE ENQUGH (EMIN
SHOULD BE 102 T0 1.“)' . . : ‘

THERE ARE A NUMBER O+ OTHER LESS CONSISTENT INDYCATIONS OF A
*SUCCESSFUL' =TANGEN= CLACULATTION, HERE ARE SEVERAL ==

A) THE STARTING PHASKS SHOULD RA#IDLY EXPAND TO PHASE ALL OTHER
PHASES IN THE FIRST OR SECOND CYCLES (E=THRESHOLOS),
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8) ALL 'OPHI' VALUES DECREASE TO,ARDS ZERO (-5 DEGREES) AFTER TWO
OR THREE CYCLES. '

C) MULTIPLE ESTIMATES OF A PHASE SHOULD NOT -BE CONTRADICTORY SO THAT

THERE aRE' FEW VERY LOW EC VALUFS (MARKED T) OR RESTRICTED PHASE CONFLICTS
(MARKED R).

D) THERE SHOULD BE AM ABSENCE OF INDIVIDUAL PHAGE OSCILLATIONS
(MARKED ©) AND OF OVERALL OSCILLATIONS FROM ITERATION TO ITERATION (DETECTED
BY THE (Av. (EO)/AV. (EC)) RATIOS) IN THE FINAL CYCLES,

REFERENCES

1, GERMAIN,) G.» MAINs P, AMD %OOLFSON, M M, (1971} ACTA CP YST,» A27:368

2. S.,R. HALL (1Y70) CRYSTALLOGRAPHIL COMPUTING (F,R. AHMED, ED.,) MUNKSGAARD
COPENHAGEN,
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PREPARATION OF PRINTED COPIES OF THE wWRITE-UP

T e T 0 g, P e S g T S s > iy D, P By T S Y D D ey B S A P e B B g P gy g WO P

THE =WRITEUS PROGRAM IS DESIGNED TO PREPARE PRINTED COPIES OF THE
WRITE=~;yp OF THE SYSIEM FROM PUNCHED CARDS, EACH PROGRAM CALLING CARD MNEMONIC
1S USED TO GIVE A CHARACTER PAGE CODE, THREE KINDS OF PAGES ARE EXPECTED we-
LoXXXXXX=NNN, 2¢XXXXXX~ANNs ANI' 2,XXXXXX=BNN, THE X'S ARE THE CHARACTERS,

THE N'S ARE SEQUENCE NUMBERS, THE 1 SECTION OF THE MANUAL 1S GENERAL
DESCRIPTION, THE 2-A THE CARD NRDER ANU FILE REQUIRENMENTS, AND THE 2-8 THE CARD
FORMAT SECTIGN, EACH SECTION 1S THEN DEFINED AS AN ELEMENT. '

THE BODY OF THE WRITE-1'P MUST LEAVE COLUMN ONE FOR CARRIAGE CONTROL,
BLANK MEANS SINGLE SPACE, 0 (ZFRO) DOUBLE ¢PACE, AND 1 MEANS START A NEW PAGE,

THE GENERAL UESCRIPTIOM OF EACH PROGRAM, IN PART 3y HAS THE FOLLOWING
FORMAT, (NOTE THE FURMAT OF TH: CARD IMMEDIATELY FOLLOWING THE =ELEMENT= CARD,)

COLUMNG -

000000000111111111122222222223%333333334444444444555555555566666666667777777777
1234567830123456783U123456789012345678201234567820123U567R3012345678901230456789

ELEMENT

1 1, EXAMPL=- 1

0 .

o .

0 TEXAMPLZ =~ AN EXAMPLE PrOGRAM WRITE=UpP

0 THIS PROGRAM 1S NON EXISTENT IN THE X-RAY SYSTEM, BUT ITS WRITE-UP

NEVERTHFELESS SERVES TO AID AS AN EXAMPLE FOR THE USER WISHING YO DESCRIBE
THE FUNCTIONS AND LIMITATIONS OF HIS PROGRAM, EQUATIONS OF SIGNIFICANKNCE
USED WwITHIN THE CALCULATION SHOULD HE GIVEN WHERE POSSIBLE.

0 NOTE THAT ESOTERIC CHAPACTERS WHICH ARE AVAILABLE ON SOME PRINTERS
ARE NOT UNIVERSAL AND ONE SHOULD RESTRICT ONESELF TO USE OF 0-9 A=2 / x
+ = () v

ENDELT
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THE CARD ORUER AND FIL¥ REQUIREMENTS (2-A) AND THE CARD FORMAT SECTIONS
HAVE THE FOLLOWING rORMAT, '
COLUMNG =~

000000000111111111122222222223%333333334444404444555555555566606666667T7T77777777
1234567890123456789012345678901234567890123456789012345678901234567890123456789

LEMENT
2, EXAMPL=-A 1

Qo C M

A, CARD ORDER SUMMARY FOR SEXAMPLZ PROGRAM

ExamMPL PROGRAM CALLING CaRrRD
END £.hD CARD

ocococc

Okxkzx POSSIRLY REAUS =NFILEAZ s+¥xx
Cxxxixx NEVER WRITES =NFILEB= *%xxx

1 2,EXAMPL=-B 1
0

0
08. CARD FORMATS FUR ZEXAMPL=z PROGRAM

U

U ' .
OOPERATION CARDS ARt DESCRIBED IN SECTION »,GENERL=A, AND THEIR FORMATS ARE
GIVEN IN SECTION 2.6ENERL~-B, THE POSITIONING OF THESE CARDS S DICTATED BY
THEIR FUNCTION,
QEXAMPL = PROOGRAM CALLING CARD,
FORMAT (A2¢rAUP1X)A2)AL)
0 COLs SPECIFIED PUNCHING OR FUNCTIOM CF THE FIELD
l=p EXAMPL
8=1x COMPOUND JUENTIFICATION CODE
0ENDU - « END CARD,
FORMAT (A2,A4)
0 COLs SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1=3 END
U=§ BLANK (NOIE THAT COLUMNS WHICH M ST BE BLANK ARE SO DESCRIBED -
IGNORED COLUMNS ARE NOT REFERENCED)
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ZWTANALZ ~ A PROGRAM TO ANALYZE WEIGHTING SCHEMES

SWTANALZ -WAS ORIGINALLY WRITTEN By PETER WOODWARD AND . ADAPTED T0
SYSTEM FORMAT BY JORN BALDWIN,

THE PURPOSE OF THIS PROGRAM IS TO EXAMINE SUM (wDEZLTA SQUARED) AND
SUM (DFLTA SOUARED) AS A FUNCYTON OF THE PARAMETERS FOBS» SIM THETA, OR LAYER
INDEX, FURTHER, 17 ALLOWS A SHPARATE AMNALYSIS OF REFLECTIONS FOR WHICH FOBS IS
LESS THAN A SPECIFIeD THRESHOLL VALUE (AS A FUNCTION OF FOBS), AND ALSO OF LESS
THANS (AS A FUNCTION OF SIN THETA), 1IN EACH OF THESE TWO CASESs REFLECTIONS
ARE SUR-DIVIDED AS 10 WHETHER ¢ OBSERVED Ig GREATER OR LESS THAN F.CALCULATED,’

THE INPUT DATA SPECIFIES THE WAVELENCTH OF THE RADIAYION USED, BY
CHCOSING A LAMBDA VALUE OF 1,0 THE SINE THETA ANALYSIS WILL BE
IN TERMS OF SIN THEIA OVER LAMHDA, UP TO 30 INTERVALS ARE -ALLOWED FOR EACH
ANALYSIS EXCEPTING 1HAT FOR LAYER INDEX, IN THIS CASE, A MAYIMUM OF 41 LAYERS
(E,6, ANY ONE OF H,XsL FROM ~2r THROUGH +2p) IS PERMITTED AND THE YSER MUST
SPECIFY THE LARGEST OCCURRING NEGATIVE INDgX,

 DURING THE 'SCAN THRONMGH THE RINARY FILE, THE FOLLOWING ARE SUMMED =
F 0BS, F CALC, DELTA, DELTA SQUARED, WxDELTA SQUARED AND NUMBER OF REFLECTIONS
- FOR PARAMETER INTERVALS DEFINED BY THE USER, NOTE THAT tLESS-THANS® ARE ONLY
. INCLUDED IN ONE TYPt CF ANALYSTS, : = ~

THE METHOU OF DEFINING THE PARAMETER INTERVALS MEANS THAT THE FINAL
OUTPUT FOR THAT INTERVAL 1S AN ANALYSIS OF REFLECTIONS FOR WHICH THE. ACTUAL
PARAMETER VALUE IS LESS THAN TYE CHOSEN INTERVAL VALUE, THUS, WITH F 0BS
INTERVAL VALUES OF 10.0, 20.,0» S0,0, REFLECTIONS WITH F 0BS LESS THAN 10,0
Wwitl BE LISTED AGAINST 10,0, THOSE IN THE RANGE 10.0Q0 YO 20.0 AGAINSY.  2G.0 AND
SO ON, THUS, IF THe FIRST INTERVAL VALUE FOR F OBS IS MADE 7O BE THZ SAME AaS -
THE THRESHOLD VALUE» ALL REFLECTIONS W1TH § OBS LESS THAN THIS VALUE WILL 8%
GENERALLY ANALYSED. IN THE F 085S ANALYSIS AnD IN MCORE DETAIL- IN THE SMALL F 0BS
ANALYSIS, FURTHERMURE, THE MAYIMUM SPECIFIED INTERVAL VALUE FOR ANY PARAMETER
SHOULD BE CHOSEN TO BE GREATER THAN THE LARGEST VALUE, (IF IT IS NOT, THE
HIGHEST INTERVAL VALUE WILL ALSO INCLUNE THE REFLECTIONS ABOVE THE TOP OF 1T7S
RANGE , § IF VTHE SERIES OF THE INTERVAL VALUES IS CHOSEN QUCH THAT IT IS NOT
MONOTONIC INCREASING, THEN AT LEAST ONE INTERVAL VALUE WILL NOT CONTAIN ANY
REFLECTIONS, THE rROGRAM MAKFES NO CHECK FOR THESE CONDITIONS,

EXTINCT REFLECTIONS ARE NOT ANALYZED,
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ZWTLSSQ@= = REVISE WEIGHTS FOR LEAST SQUARES

SWTLSSO= WAS ORIGINALLY WRITTEN BY ANN KERR AND ADAPTED TO SYSTEM
FORMAT BY JOHN BALOWIN, MICHAEL SCHNEIDER EXTENDED THE PROGRAM'S USEFULNESS
BY INCLUCING ADDITIUNAL WEIGHTING SCHEMES,

: THIS PROGRAM IS DESIGNED TO COPY A BINARY DATA FILE CHANGING ONLY THE
WEIGHT ASSIGNED 70O EACH REFLECTION, IT UTILISES W, THE WEIGHT CURRENTLY IN

THE BINARY DATA FILE AND THEREFORE CARE SHGULD BE TAKEN THAT THE ORIGINAL VALUE
OF W IS NOT OVERWRIITEN UNTIL & SATISFACTORY NEW WEIGHTING SCHEME IS ORTAINED.,

IN THE EAKLY STAGES OF REFINFMENT, ARTIFICIAL WEIGHTS MAY BE
EMPLOYED IM ORDER TU ACCELERATE REFINEVENY, FOR EXAMPLEs DOWN-WEIGHTING HIGH
ORUDER REFLECTIONS OR THOSE WITH SMALL F CALCyULATED,

DURING THE LATTER STAGES OF REFINEMENTs WEIGHTS SHoULD BE RELATED
TO THE ACCURACY OF IHE STRUCTURE FACTORS, THIS MAY BE DOMNE IN ONE OF TWO WAYS,
FIRSY, THE WEIGHTS, COULD REFLECTY THE PPRECIGION OF THE DATA, E.G.» SIGMA(F),
OR SIG:A(I) FOR DATA COLLECTED ON A DIFFRACTOMETER, THE SECOND METHOD IS TO
USE A QCHENME wITH A VERY SMALL NUMBER CF PARAMETERS IN RELATION TO THE DAT:
AND ADJUSTED SO0 THAL THE AVERAGE W#DELTA*%p IS ABOUT THE <AME FOR SIMILAR
SIZED GROUPS ANALYZED IN A SYSTEMATIC WAY, E.G.,s BY RANGES OF F OBSERVED, OR
SIN(THETA), 1IN THIS WAY, THE WEIGHTS WILL ALLOW FOR SYSTEMATIC EXPERIMENTAL
ERRORS NOT PARALLELED IN THE CALCULATED MODEL AND DEFECTS IN THE MODEL NOT
PARALLELED IN THE UATA, :

THE X=RAY SYSTEM ALLOWS THE USER T0O CHOOSE ANY OF THE FOLLOWING
SCHEMEgG BY DEFINING THE VARIOUS COEFFICIENTS - Ar» By C, EYC,

1, W = 1,0/(A + BxSIGMA(FOBS)**2 +C/(0LD WEIGHT) + DxFQBS + Ex*FOBS*x2 4
GxFCBS**H 4+ J*SIN(THETA))

THIS ALLOWS THE USER 10 DEVELOP A POWER SERIES TYPE SCHEME. REDUCED
FORMS ARE AVAILABLE IN SCHEMES 2 AND 7,

2, W = 1,0/(A + BaFOBS + C*FOBS*#2/(0LD WEIGHT) + D+FOBS%6 +
E#SIN(IHETA))

THE ExSIN(IHETA) TERM WILL BE USEFUL IN THE EARLY STAGES OF REFINE=-
MENT WHEN IHE PHASES NF THE HIGH ORDER REFLECTIONS ARE UNCERTAIN,
(SEE SCHEME 7),

THIS SCHEMt GIVES UNIT WEIGHTS TO MOST REFLECTIONS BUT DOWN=WEIGHTS
‘THOSE WITH LARGE F(OBS) AND/OR SMALL SIN(THETA) VALUES. REFLECTIONS
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WITH A SERLOUS 'UNCERTAINTY OF PHAGE (E.G.r» IF ABS(FCALC) 1S LESS THAN
0.334FOBS) CAN BE REMOVED FROM THE REFINEMENT, THIS SCHEME 1S OFTEN
USEFUL WITH DATA OBTAINED FROM A _INEAR DIFFRACTOMETER.

W = X%V .
IF A*FUBS IS GREATER THAN /FCALC, THEN WEIGHT IS 0.00000000%,

B = SIN(THETA) LIMIT -= IF SIN(THETA) IS GREATER THAN B, X = 1,
ELSE X = SINCTHETA) /8.

C .= FOBS LIMIT == IF C IS GREATER THAN FOBSs THEN Y = 1, ELSE
Y = C/F(0BS)

*NOTE -= B SHOULD NUT BE ZERO,
4, IF FOBS IS LESS THAN OR EQUAL TO A, W = (FOBS/A)x%2, ELSE
W = (A/FOBS)x%xx2
REFLECTIONS WITH FOBS = A ARE GIVEN MAXIMUM WEIGHT.

s, 1IF FOBS IS LESS THAN PR EQUAL YO Ay W = 1o ELSE W = (A/FOBS)*#2
SMALL REFLECTIONS ARE GIVEN CONSTANT WEIGHT., 1IN HUGHES' ORIGINAL

TREATMENT " A = 4¥F (MIN)

6, W = 1,0/(1 + ((FOBS = B)/A)%%2)
REFLECTIONS WITH FOBS = B ARE GIVEN MAXIMUM WEIGKT,» ByT IF A IS

VERY LARGEs THE WEIGHTS ARE CONSTANT,

W= 1,0/(A + FOBS + B*FOBS*%2 + CxFOBS*%*3)

CRUICKSHANK SUGGESTS THAT A = 2%F(MIN}, B = 2/F(MAX), AND C = O

ARE USEFUL. _ :

A LARGE VALUE OF C» SAY C = 5/F(MAX)*%2¢ MAY HELP DOWN=WEIGHT LARGE
FOBS SUBJUELT TO EXTINCTION, THESE VALUES MAY PROVE USEFUL IN SCHEMES
1 AND 2. ‘

8 W = A/AMAXL (SIGMA(F)s (B#FOBS 4 C), (D*G + E)) wHERE G IS FRELM,

FOR A COMPLETE DESCRIYTION OF THIS (UNIV, OF WASHINGTON) SCHEME,
SEE 1,DATRUN, -

9 W 1,0/STOMA(FREL)*%*2 .

L]
10, W = 1,0/SIGMA(I)*%2

*NOTE=. SCHEMES 9 AND 10 REQUIRE THE SIGMA VALUES TO HAVE BEEN INCLUDED AT
SDATRDN= TIME,

11, W = A I,t,, PRODUCES CONSTANT WEIGHTS,

IT IS POSSIBLE 70 SUPPLY A MAXIMyUM ALLOWABLE WEIGHT FOR ANY REFLEC-
TION, THUS PREVENTING ERRORS IN SUBSEQUENT LEAST SQUARES REFINEMENTS.

IN ADDITIUN TO ASSIGMING NEW VALUES TO THE WEIGHT OF EACH REFLECTION»
IT IS POSSIBLE TO MUDIFY THE LKESS~THAN STATUS OF A REFLECTION ‘BY DEFINING A
NEW THRESHOLD VALUE (SEE ‘'LESS=-THANS', 1,GENERL).

A SUGGESTLD USE OF THIS PROGRAM IS TO MAKE A PRELIMINARY RUN WITH
THE APPROPRIATE WEIGHTING SCHEVE USING DEFAULT RANGES oF F0BS AND SIN(THETA)
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ANO WRITING OiN TO A SCRATCH FILE FOR =nFILEB=, REPEATED USE OF THE PROGRAM
(POSSIBLY IN CONJUUNCTION WITH =WTANAL=) WILL THEN ALLOw MORE SATISFACTORY'
RANGES TO HE CHOSEN UNTIL THE “ESIRED SERIES OF WEIGHTS IS OBTAINED, ONLY
AT THIg STAGE SHOULU THE OUTPUY BINARY DATA FILE BE SAVED, A GOOD RULE OF
THUMB 1§ THAT wHEN ITHE MAXIMUM AVERAGE wW*DELTA#*2 IS EQUAL T0, OR LESS THAN,
TWICE THE MINIMUM VALUE, A REASONABLE SET oF WEIGHTS HAS BEEN OBTAINED,

THE PROGRAM PRODUCES A MONOVARIATE AMALYSIS OF THE PROPOSED WEIGHTe
ING SCHEME AS A FUNLTION OF FOMS AND OF SIM(THETA) AT SPECIFIED INTERVALS, AND
THEN USES THESE SAMt INTERVALS TO PRODUCE A BIVARIATE ANALYSIS, FOR THIS
REASON THE INTERVALS CHOSEN WItL USUALLY BE LARGER AND FEWER THAN THOSE USED IN
SWTANAL=, LESS=-THANS ARE NOT INCLUDED IN THESE ANALYSES, BUT IY IS POSSIBLE 1O
WEIGHT THE LESS=THANS WITH A CONSTANT WEIGHT, OR BY THE EQUATION CHOSEN, OR TO
GIVE THEM NEGLIGIBLE WEIGHT IF FOBS ,GY, FCALCs, AND BY THE EQUATION IF FCaLC
«GT, FOBS, THE PROGRAM PRINTS OUT MINIMUM WEIGHT, MAXIMUM WEIGHT, AND AVERAGE
WxDELTASQ FOR BOTH IHE OBSERVE!" REFLECTIONS AND THE LESS-THANS,
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TABLE OF CONTENTS. PART 11

THE INPUT DATA REQUIREVENTS FOR EACH PROGRAM ARE GIVEN IN TwO PARTS,
THE FIngT, NUMBERED 2.XXXXX=A, IS A CARD ORDER AND FILE HANDLING SUMMARY,
AND THE SECOND, 2¢XXXXX~B, GIVFS THE DETAILED CARD.FORMATS,

GENERL GENERAL DESCRIPTIONM OF THE SYSTEM

ABSORB DIFFRACIOMETER AHBSORPTION CORRECTION

APHAGE SGEARCH UF SIGMA-TWO RELATIONSHIPS FOR A SEY OF POSSI8LE PHAsEs
(AyENTRLC CASE)

BONDAT GENERATION OF BONVED ATOM POSITIONS

BONDLA DETERMINATION OF CONTACT AND BOND DISTANCES AMD ANGLES WITH
ESTIMATED ERRORS

CRYLSQ GENZRAL CRYSTALLOGRAPHIC LFAST SQUARES PROGRAM

DATCOS TREATMENT OF DIFFRSCTOMETER DATA

DATRDN PREPARAIION OF HINARY DATA FILE AND PRELIMINARY TREATMENT -OF
DATA ANU SYMMETRY

DIFPCH PREPARAIION OF SORTED DIFFRPACTOMETER SETTING CARDS

DIFSEY GENERATLION OF SETTINGS FOR GATHERING DATA ON AN AUTOMATED
DIFFRACIOMETER

DUMCoP DUMP OR COPY THE BINARY DAYA FILE

FC ) STRUCTURE FACTOR CALCULATICN

FOURR FOURIER TRAMSFORMATIONS TO GIlVE PATTERSON, VECTOR, ELECTRON
DENSITY» OIFFERENCr, OR E MAPS

LISTFC LISTS STRUCTURE FACTORS FOR PURLICATICN

LOADAT LOAD ATUMIC PARAMETERS INTO THg BINARY DATA FILE

LSGPL CALCULAIICON OF EQUATIONS OF 3=-DIMENSIONAL PLANES AND LINES

MODIFY BINARY UATA FILE EUITING AND GENERATION OF PSEUDG DATA

NORMSF PRELIMINARY DATA SCALING, CALCULATION OF QUASI-NORMALIZED
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REVIEW
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SINGEN
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TANGEN
WRITEU
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STRUCTUKRE FACTORS (E), AND ESTIMATION- OF OVERALL TEMPERATURE
FACTOR

LEAST SWUARES REFINEMENT OF CELL PARAMETERS FROM TWO THETA DATA
SEARCH FOURIER MAPS FOR PEAKS ‘

SEARCH UF SIGMA=TWO RELATIONSHIPS FOR A SET OF POSSIBLE PHASES
(CENTRIC CASE)

EVALUATION OF DIRECT PHASE DETERMINATION

LISTS R VALUES FOR VARIOUS ZONgS AND OTHER REFLECTION éLASSES
FORMS TRIPLES FOR PHASE DETERMINATION(CENTRIC OR ACENTRIC)
STEP REF INEMENT

USE CF VANGENT FORMULA TO CALCULATE PHASES

GENERATLON OF WRITF-UP

ANALYSIS OF LEAST SQUARES WEIGHTING SCHEMES

REVISION OF LEAST SQUARES WEIGHTING SCHEMES
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LIST OF OPERATION CARDS

WRITES REMARK =END OF OUTPUT FILE=z AND WRITES ONE END-OF-FILE MARK,
RE#INDS FILE =NTOUT= AND REUVEFINES =NTOUT= TO =NTCUTM=z,
NOTE = IF I (NTOUT)I=(MTOUTM) THE =ENDFIL= CARD IS IGNORED,
(THESE FILE DESIGNATIONS ARE DEFINED IN 1,GENERL.)
THIS 'CARU SHOULD FOLLOW THE APPROPRIATE =END= CARD,

ASSIGNS FILE UNIT DESTGNATIONS, THIS WILL USUALLY PRECEDE A PROGRAM
CALLING CARD,

CcApsSES IMMEDIATE RETUXN TO LARORAYTORY SYSTEM (IF ANY), MUST BE
USED wWITH ANY LAQBORATORY MONITOR WHICH DOES NOT USE END~OF=FILE
MARKS BEIWEEN J0BS (E.G,= BELL)Y,

THIS CARU MUST OCCUw AT THE ABSGLUTE END OF A DATA DECK,

INSERTS REMARKS ON TH* PRINTE(DR OuTPUT.

CAUSES REINITIALIZATION OF SYSTEM FILE ASSIGNMENTS, CLEARS TITLE |
TO BLANK+ RESETS PAGE COUNT YO zERO,» ETC, (REFER TO 1,G6ENERL), ‘A
=RESTART= CARD SHOULD ONLY APPEAR AFTER kN =END= CARD,

CAUSES UNLUAD!NG OR PHYSICAL DISCONMNECTION OF THE SPECIFIED LOGICAL
FILES. IHIS SHOULD NOY BE INCLUDED UNTIL THE £ND OF THE RUN, AND
SHOULD USUALLY BE PRECEDED RY A =RESTART= CARD,

FILLS IN PAGE TITLE, NEW =TITLE= CARD CHANGES STORED TITLE.
=RESTART= CARD INITTALIZES STORED TITLE TO BLANKS,

CONTROLS LISTING OF ALL DATA INPUT CARDS ON =NTOUT= AS THEY ARE
ENCOUNTEKED,




CARD FORMATS FOR SYSTEM OPERATION CARDS

ENDFIL = END FILE OUTPUT (FILE =NTOUT=),
FCRMAT (A24A4) '

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6  ENDFIL

2+,GENERL=-B 1
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FILES « SET VALUES FOR LGGICAL. FILE DESIGNATION NUMBERS, A BLANK FIELD

IMPLIES NO CHANGE IN GIVEN FILE DESIGNATION,

REMEMBER THAT =NFILEA=

AND =NFILEUL= ARE INTEMCHANGED AUTOMATICALLY AFTER EACH PROGRAM CALL,
FARMAT (A22A0G,1213)

COLS SPFECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-5 FILES

6 BLANK
FILE
7-9 NTIN

10-12 NTOUT

13-15 NFILEA
16-1a NFILES
19-21 NFILEC
22~24 NFILED
25-27 NFILEE
26~3n NFILEF
31-33 NFILEG
34-36 NFILEH
37-39 NFILEL
40=-42 NFILEJ

© (SUAL PURPOSH

CARD INPUT (=ROM CARD REANER)

PRINTED CUTPUT (TO LINE FRINTER)

INFUT BINARY X=-RAY DATA FILE
OUTPUT BINARY X=RAY DATA FILE,

PUNCH CARD OUTPUT (TO CARD PUNCH)
SPARE OFFLIN® PRINT OUTPyY FILE

SCRATCH
SCRATCH
SCRATCH
SCRATCH
SCRATCH
SCRATCH

FILE
FILE
FILE
FILE
FILE
FILE

FINISH = RUN TERMINATION CARD,
FORMAT (A2,A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD

1-6 FINISH

REMARK = REMARK CARU,
PRINTED OUTPUT ON =NTOUT=

FORMAT (A2,19A4/,A2)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6 REMARK

FOR
FOR
FOR
FCR
FOR
FOR

VARTOUS
VARIQUS
VARIOUS
VAR1QUS
VARIOUS
VARIOUS

LINKS
LINKS
LINKS
LINKS
LINKS
LINKS

AT ANY TIME.

7-80 ALPHANUMERIC INFORMATION FOR REMARK

A ZREMA®K= CARD IS (SED TO INSERT A REMARK ONTO THE
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RESTART. ~ REINITIALAZE SYSTEM,
_FoRMAT (A2,A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-7 RESTART :

SAVE. - PHYSICALLY REMOVE TAE SPECiFIFD DATA FILE FROM THE COMPUTER. - WILL
NOT wCRK FUR ALl MACHTINES,

FORMAT (A2,AL,12]13)

COLS SFECIFIEDR PUNCHING OR FUNCTION OF THE FIELD

1=4 SAVE .

5=6 BLANK .

7-9,10-12+15=15r,00,240=42 ~NUMBERS OF LOGICAL FILES Y0 BE REMOVED, FIRST
BLANK FIELD TERMINATES SCAN OF CARD. .

TITLE = FOR HEADING PAGES ON THE PRINTER QUTPUT (=NTOUT=), SHOULD BE USED
AT TriE ‘STAXT OF EVERY RUN AND AFTER EVERY zRESTART= CARD, INCLUDE
REASON FOR RUN,
FORMAT (A2,18A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF YHE FIELD
1-5 TITLE

6 SLANK

7=74 ALPHANUMERIC INFORMATION FOR PAGE TITLE

.VER1FY - CONTROLS LISTING OF IMPUT CARDS AT THE.TIME THEY ARE ENCOUNTERED
{=RESTART= RESETS THIS FLAG TO SUPPRESS LISTING),
FORMAT (A2:A492X,11) . o

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6  VERIFY . .
9 - BLANK/1 FOR (D0O)/(DO NOT) LIST INPyT DATA CARDS
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A, CApD QRDER SUMMARY FOR =ABSORBz= PROGRAM

= e T o D D D o W Y gy A T o B W o

ABSORB PROGRAM CALLING. CARQD
CELL UNIT CELL PARAMETERS
ORREF CRYSTAL ORIENTATION DEFINITION
*FACE CRYSTAL DESCRIPYION IN TERMS oF PHI» CHI AND DISTANCE
*FACEPT CRYSTAL DESCRIPTINN USING 3 POINTS PER FACE
*aHKL STANQAHD SYSTEM vREFQECTION CAKD

END

]
*THE CRYSTAL FALE DATA MUST BE INPUT USING EITHER =FACE= OR -FACEPT_
CARDS, THESE TYPES CANNOT BE MIYEU

**THE STANDARD REFLECTION CARD CAN ALSQ BE BLANK IN COLS 16,

#xxx*REFLECTION OUTPUT FILE (IF SELECTED) wILL BE =NF1LEG:=
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D FORMATS FOR =ABSORBz= PROGRAM

ABSORB - PROGRAM CALLING CARD,
FORMAT (A2 AU 1 X0 A2 ) ALF 7,1, 315,5X150F10,51F6.2¢F9:5)

COLS
1=6
8=-13
14=2n
21=25g
26-3p
31=-358

Liwi®
LH=5%
56~-61
62-70

CELL
Fo

coLs
1-4
14~24
22=2a
30=-37
38~4g
47=55
Sé=6y

ORREF

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

ABSORB ‘

COMPOUND IDENTIFICATION CODE

LINEAR ABSOKPTION COEFFICIENT IN Cu#s-l

NUMBER OF GRID POINTS 10 BE CALCULATED ALONG X (N1)

NUMBER OF GRID POINTS TO BE CALCULATED ALONG Y (N2)

NUMBER OF GRIU POINTS TO BE CALCULATED ALONG 2 (N3%)
(N1%N2%N3 MUST NOT EYCEED 4996)

0/1/7 FOR REFLECTION OUTPUT ON NFILEG/NFILEC(CARDS)/NOTHING

RADIATION WAVELENGTH (ANGSTROMS)

PHI VALUE (UEGREES) OF REFLECT1ONS MEASURED AT CHI = 9g.0 DEGS

MULTIPLIER 10 CONVERT INPUT CRYSTAL DIMENSIONS TO (M
(0 OR BLANK = 1,0)

- CELL PARAMETERS
RMAT (A29A4y IXp3FB84393FY,5)

SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD
CELL

A (ANGS)

8 (ANGS)

C (ANGS)

ALPHA (DEGS)

BETA (DEGS)

GAMMA (DEGS!

- CRYSTAL ORLENTATION

FORMAT (A2 A4 »4Xs2(3F3,0»1%X»2F10,5))

coLs
1-5
11=13
14-16
17-19
21=30
31=-40
4ley

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
ORREF

H OF PRIMARY ORJIENTING REFLECTION

K

L

CHI (DEGS)

PHI (DEGS)

H OF SECONDARY ORIENTING REFLECTION

138
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LU4=46 K
47-49 L
51-60 CHI (DEGS)
61=70 PHI (DEGS)

FACE « CRYSTAL FACE DEFINITIONM FOR FACE iN DIFFRACTING POSITION
FORMATY (A2/,A4,4X»3F10.5)

COLS SPECIFIED PUNCHING OR FUNCTION OF YHE FIELD
1-4 FACE .
11=2p0 CHI (DEGS) REQUIRED TO PLACE CRYSTAL FACE IN DIFFRACTING POSITION
2i=30 PHI (DEGS) REQUIRED TO PLACE CRYSTAL FACE IN DIFFRACTING POSITION
31=4n DISTANCE FRUM FACE TO SOME POIMNT INSIDE THE CRYSTAL IN CMS
**NOTE -~ THE DISIANCE NEED ~OT BE IN SPECIFIEV IN CMS IF THE APPROPQIATE
CONVERSION FACTOR 1S PLACED IN COLS 62=70 OF THE =ABSQRB= CARD.

FACEPT ~ CRYSTAL FALE DEFINITION WITH 3 POINTS PER FACE
FORMAT (A2)A201299F8.4) .

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6 FACEPT

7-8 «170 FOR FARE FACE TO HE USED ONLY FOR CRYSTAL ORIENTATION/

NORMAL OR ORIENTATION FACE

9-16 X1 :

17=24 Y1) CUORDINATES (CM) FOR POINT 1 IN AN ARBITRARY,

25«32 21 RIGHT=HANDED, CARTESIAN SYSTEM

33-40 X2 .

uleyy Y2 " CUORDINATES (CM) FOR POINT 2

49-56 Z2 :

57«64 X3

65=72 Y3 CUORDINATES (CM) FOR POINT 3

T3-80 23

«*NOTE -~ THE COORUINATES MAY RE CONVFRYED TO THE CM SCALE USING THE

CONVERSION FACTOR 1IN COLS r2=73 OF THE =ABSORR= CARD,

**3NOTE WELL ~ THt PRIMARY AnND SECONDARY ORIENTING .REFLECTIONS ON THE
—OKREF= CARD MUST BE THE [NDICES OF THE FACES SPECIFIED ON
THE 1ST AND 2ND =FACEPT= CARDS,

HKL - STANDARD SYSTEM REFLECTION CARD (SEE =DATRDN FOR DETAILS AND

CARD FORMAI), THE CARb IS READ USING FORMAT(3A4,A1+31323(2A4,
A1) JAU AL 2AL,7TX»2A4,R3),

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELO
1-3 HKL

7-13 ANYTHING

14=1p H

17=-1¢ K

20-22 L

23=62 ANYTHING

70~-80 ANYTHING
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t*NOTF - THE ONLY DATA USED 'S H,K,L, THE DATA CONTAINED IN THE
SANYTHING= COLUMNS 1S REGURGITATED UNCHANGED TO THE OUTPUT

FILE, THt ABSORPTIONM CORRECTION IS PLACED IN COLS 63-69,

END - END CARD
FORMAT (A2.A4)

COLS SPECIFIED PUNCHING
1-3 END
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A. CARD ORDER SUMMARY FOR =APHASE= PRCGRAM

APHASE  PROGRAM CALLING C#RD
*PHI DEFINITION OF STARYING REFLECTIONS
*IGMNORE  DELETIUN OF A RELATIONSHIP
*HOLD  WITHOLDING A RELFECTION FROM THg SIMPLIFICATION PROCESS
END END CARD

* THESE CARDS ARE OFTIONAL

*xxux READS cWFILEAZ *kwsk

*xx¥k% WRITES ZNFILEBZ xwkkxk

Bxxkax OPTIONALLY READS =NFILEET AND WRITES =NFILEF=z (SEE COL, 15 OF ZAPHASE=
CARD) wkakx

*aa%x GCRATCHES ON SNFILEG= AN SNFILEHS sy*ss
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B8, CARD FORMATS FOH =APHASE= PROGRAM

OPERATYON CARUS ARE DESCRIBED IN SECTION 2 GENERL=A» AND THEIR FORMATS ARC
GIVEN IN SECTION 2,GENERL-B, THE POSITIONING OF THESE CARDS Ig DICTATED BY
THEXIR FUNCTION, ’

APHASE

- PROGRAM CALLING CARD,

FORMATIAZ AU 1 X A24A4»12,R15,3F5,2,215,1Xs411,F5,0)

CcoLs
1-6
8=~13
15

16-20n
21-25
26=3n

31=3%
40
45
46=-5¢
Sle5g

56=-60
61-65

66-70

72
73
74
75
76-8¢

PHI
Fo

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

APHASE

COMPOUND IORNTIFICATION CODE

(BLANK)/Z (1) TO ENTER BINARY DATA AND =SINGENzZ FILES FROM (=NFILEAz AMD
INFILEEZ)/(SNFILEA= ONLY) IN BOTH CASES =NFILEA=Z MUST CONTAIN E-VALUES
PRODUCED BY =NORMSF=

MAYIMUM PHASE NO, TO B3F CONSIDERED AS A POSSIBLE =GENERATORZ (BLANK=100)
MINIMUM NUMBER OF ZGENYRATORS= REQUIRED FOR THIS CALCULATICN (BLANK=Q)
MIMIMUM NUMBER OF STRUCT. INV, RELATIONSHIPS A PHASE MUST APPEAR IN 7O
FORM A zZGEMERATORz= (BLANKZSR)

MAXIMUM PHASE NO, (N3} CONSICERED N ThHE FORMATION OF STRUCT.EINV,
RELATIONSHIFS OF THE TYPE ~=(PHI1+pPHI2+PHI3+PHI4) (BLANKZ3939)

(BLANK) /(1) ENTER FROM =NFILFE= OR =NFILEA= TRIPLETS WiTH (BOTH RESTR~
ICTED AND UNRESTRICTED PHASES)I/(REGTRICTED PHASES ONLY)
(BLANK) /(1) /(23 CALCULATE (S.1. AVERAGES TG ESTIMATE «pSi~ AND SOLVE
FOR ~PHI=)/(S5,1, AVERAGES FOR «PSIo ONLY)/Z(SOLVE FCR —pHI- ASSUMING
~PSI= IS ZERQ)

MINIMUM A=VALUE OF TRIPLET USEL IN CALCULATION (B[ ANK = §.5]
A-THRESHOLD OF TYPE2 TRIPLETS TO COUNT TOWARDS OCFINING =GENERATORS=
(BLANK =MIN,A=vaLUE}

E=THRESHOLD OF THE =D~ AND =S~ AVERAGES (BLANK = 1.3)

NUMBER OF TRIPLETS PER GROUP OF CONSTANT A TO ESTIMATE SCALES M AND K
IN THE M(D=-KS) FORMULA  (BLANK = 5g) )

MAXIMUM DEVIATION OF A =PSI~ VALUE (IF RECSTRICTED) BEFQRE IT IS5 MARKED
UNRELLABLE FOR THE =SS0t V= PROCESS (BLANK = 60 OFGREERR)

(BLANK) /(1) (DO NOT)}/tO) PRINT SUMMARY OF =GENERATORSE

{BLANK) /(1) (DO NOT)/(DO} PRINT TRIPLETS SORTED ACCORDING TO A-VALUE
{BLANK) /(1) (DO NOT)/(DO) PRIMT -pSI~ VALUES AND AVERAGES

(BLANK) /(1) (DO NOT)/(DO) PRINT SoLVE PEDIGREE TARLES

THE VALUE TU BE USED Tn TEST DISCREPANCIES, TYHAT IS THE NUMBER OF
DEGREES BY WHICH A GENMRATED PHASE CAN DIFFER DURING THE SOLUTION AND
STILL BE CONSIDERED NON=CONFLICTING, BLANK IS SET TO 15 CEGREES,

- CARD TO DEFINE GIVEN PHASES
RMAT (A2,AU421X»13)5Xy3I0¢F5,0,15)

%CIFIED PUNCHING OR FUNCTION OF THE FIELD
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4=6 8L AMK
7=10 E~LIST SERIAL NO, OF REFLECTION
11-20 H INDEX
21-25 K INDEX
26=30 L INDEX
38-40 PHASE IN DELREES .
41=45 (N) YO FIX PHASE FOR N CYCLES WHEN USING THE PHASES DETERMINED BY
=APHASE= AS THE STARTING REFLECTIONS IN =TANGENZ
IGNORE - TO CAUSE THE DELETION OF CERTAIN pELATIONSHIPS FROM ySE IN
SOLVING FOR GENERATORS,
FORMAT (A2, AL »3X21415)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6 IGNORE

11-15 CATALOG OR SERIAL NUMBKR OF RELATIONSHIP TO BE IGNORED, THE PROGRAM
MUST HAVE BEEN RUN ONCH IN ORDER TO DISPLAY THESE NUMBERS,

16=20s 212251 seever 76=-80 ARE ALL USED IN THE SAME MANNER, THE FIRST’
BLANK FIELD TERMINATES THE SCAN,

HOLD= 70 CAUSE CERTAIN GENERATARS TO BE SOLVED FOR BuT MOT TO BE USED TO UPDATE
OR SOLVE FOR UTHER GENERNTORS. IN EFFECT, IT MAKES IT POSSIBLE TO PLACE
~ =GENERATED= REFLECTIONS AMONG THE GENERATORS,
FORMAT (A2 Al 4X11415)

COLS SPECIFIED PUNCHING GR FUNCTION OF THE FIELD
1=4 HOLD
11=-1g SYMBQLIC PHASE OF REFLECTION TO BE =HELD=,

16-20: 21 Zb -..c.p 76=80 ALL USED IN THE SAME MANNER, THE FIRST BLANK
1eL TER INATES THE SCAN,

«xNOTE THAT THE COMBINED MAXIMUM NUMBER OF SYMBOLIC PHASES HELD AND
S1GMA RELATIONSHIPS IGMORED MAY NOY EXCEED 290,

END - END CARD,
FORMAT (A2+AY)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-3 END
4=-6 BLANK



2+.BONDAT=-A 1 140

04/s22/72
A, CARD ORDER SUMMARY FOR =HOMDAT= PROGRAM
BONDAT . PROGRAM CALLING CAKD
*CELL CELL PAKAMETERS IF NO BINARY DATA FILE -~ NOT ALLOWED WITH BDF

*ATOM ATOMIC PARAMETERS MOT REQUIRED WITH BINARY DATA FILE ==
willL SUFPERCEDE OR- ADD TO LIST IF USEDL wlTH BDF,

CALCAT CALCULAIE ATOMS FROM GIVEN ATOMS IN SPECIFIED CONFIGURATION =
- THESE CARDS ARE REWEATED FOR EACH OF THE GENERATED ATOMS REQUIRED,

END END CARV

*x4kx READS =NFILEAS sk
*xxkk OPTIONALLY WRITES =NFILERZ *xkkx
*xxkk OPTIONALLY WRITES CARD IMAGES ON =NFILECS #¥#*x
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B, CARD FORMATS FOK =BONDAT= PROGRAM

OPERATION CARDS ARE DESCRIBED IN SECTION 2 GENERL~As» ADN THEIR FORMATS ARE

GIVEN IN SECTION 2,0ENERL-B, THE POSITIONING OF THESE CARDS IS DICTATED BY.
THEIR FUNCTION,

BONDAT « CALLING CARD FOR BONDED ATOM CALCULATION PROGRAM
FORMAT (AL »ALo1Xp)A4IA2»1XrT102(1X,11))

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6 . BONDAT
8-13 COMPOUND IDENTIFICATION CODE

15 {BLANK) /(1) (EXPECT BINARY DATA FILE AND NFILEA)/(CARDS ONLY)
17 (BLANK} /(1) 20 NOT}/Z(D0O) PUNCH ATOM CARDS FOR GENERATED ATOMS

19 (BLANK)/{1} (DO NOT)/tDO) WRITE UPDATED BINARY DATA FILE (COL. 15
MUST BE‘BLANK IF COL, 19 IS 1)

CELL .~ CELL CONSTANY CARD .
FORMAT (A2,A49s1XyA4¢A2,3FP,3,3F9,5)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-4 CELL

8~13 COMPCUND IDENTIFICATIONM CODE

14=23 A -CELL DIMENSION

22-29 B CELL OIMENSION

30~37 ¢ CELL DIMENSION

36=46 COS ALPHA

47=55 C0O0S BETA

56=64 COS GAMMA

NOTE ,,.. DIRECT CELL CONSTANTS AND COSINES OF ANGLES ONLY

ATOM =o ATOM PARAMEIER CARDS
FORMAT (A29sA4»1XsA4sA2)3FB . U4)

CCLS APECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-5 ATOM

8=13 ATOM IDENTIFICATION COWE. (SEE 1,GEMERL)
14=21 X PARAMETER IN FRACTIONM OF A CELL EDGE
22=-29 Y PARAMETER IN FRACTION OF 8 CELL EDGE
30-37 Z PARAMETER IN FRACTION OF C CELL EDGE

CALCAT w= SPECIFIC ATOM CALCULATION CARD
FORMAT (AZ2s ALy 1X0AL A2,FT7,3,7(1XsALA2),2F5,0)



cOoLS
1-6°
8=-13

14~2n

22-27
29«-3y
36wy
43=48
50=55
57=62

6L4-69"

70=-74
75-79

2.BONDAT-B 2 142
o4s22/72

SPECIFIED PUNCHING OR FUNCTION  OF THE FIELD
CALCAT '
CALCULATION TYPE MAY Bt SPECIFIED EITHER AS RIGHT JUSTIFIED 1+2,3,4+5,

6+7» OR 8 Or AS CODES LINEAR, TRIGON, TETCHN, TETERM, SQRPLN, OCTHED,
HEXGNLy OR OENRAL AS DESCRIBED IN 3 ,BONDAT,

DISTANCE OF ATTACHMENT OF GENERATED ATOMS
CALCULATION TYPE 3 4 6

N

NAME OF P1
NAME OF P2
NAME OF P3
NAME FOR Py
NAME FOR P5
NAME FOR P&
NAME FOR P7
ALPHA{1) IN PLANE ANGLF
ALPHA(2) =« ANGLE OF EtLEVATION

Py D Le
0D T
VXL XOD U
T DDV V
DDIVD OO
DVLTTTT
DDVTDE B

THE NAMES P1 THROUGH P7 REFER TO THE POINTS DESCRIRED IN 1 ,BONDAT,

THEY MAY-BE LEFT 8LANK IF NCT KEQUIRED FOR THE PARTICULAR BONDING SITUATION,
IN ALL OTHER RESPECIS THEY MUST OBEY THE RULES OF ATOM NAMING GIVEN IN
1.GENERL, THE R IN THE COLUMNS ABOVE SHOW WHICH ARE REQUIRED NAMES IN EACH
GIVEN CASE. _

END ==

END CARD

FORMAT (A2,A4)

coLs
1-3
4=6

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
END
BLANK
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A, CARD ORDER SUMMARY FOR =BOMDLA= PROGRAM

BONDLA PROGRAM CALLING CARD

*CELL CELL UIMENSIONS

#*CELLSD STANDARD DEVIATIONS OF CELL PARAMETERS

*LATICE LATTICE TYPE

*SYMTRY SYMMEtRY OPERATION

*ATRAD SET A1OMIC RADI1I

*ATOM ATOM PARAMETERS

*GR1D GRiD INFORMATION - REQUIRED ONLY IF =ATOMG= CARDS ARE usaoi

*ATOMG SUPPLY ATOM GRID PARAMETERS - REQUIRES PRESENCE oF A ZGRIDZ CARD

*BOND PRODULE A SPECIFIC BOND DISTANCE

*ANGLE PRODULCE A SPECIFIC BOND ANGLE

END END CARD

* THESE CARDS ARE UPTIONAL

*xxkk OPTIONALLY READS =NFILEAT (SEE NOTE) #*x#xx

*x%%%k OPTIONALLY PUNCHES CARDS ON =MFILEC= (SEE COLS 46=-50 OF =BONDLA=
CARD, AS WELL AS =8UND=z AND =ZANGLE = CARDS) xxxx%xx*

NOTE = THE ABSENCE UF A =CELL= CARD IMMEDIATELY FOLLOWING THE =BONDLA= CARD
WILL CAUSE =NFILEA= T0 RE READ, THE PRESENCE OF A =CELL= CARD IN
THAT POSITION WILL IMPLY NO INPUT BINARY DATA FILE,



B, - CAR

OPERATY
GIVEN I
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D FORMATS FOR ZBONDLAZ PROGRAM

ON CARDS ARE DESCRIBED IN SECTION 2,GENERL-A, AND THEIR FORMATS ARE
N SECTION 2,0ENERL=-B. THE POSITIONING OF THESE CArDS 15 DICTATED B8Y

THEIR FUNCTIOWN,

HOND{A « CALLING CARD,
FORMAT (A2+A4,1X,A2,AU»12+3F10,3,15)

coLS
1=
8=13
14=-1i5
16-25
26-35
36-45
46«50

SPECIFIED PUNCHING OR “UNCTION OF HE FIELD

BCNDLA

COMPOUND IDOENTIFICATIONM CODE

(RLANK) /11) FOR (PRINT)I/(SUPPRESS) ANGLE INFORMATION
MAXIMUM COMNIACT DISTANCE (BLANK = 2.50)

MAXIMUM BONU UISTANCE (HLANK = 1.80)

MINIMUM BONL DISTANCE (BLANK = 0.,03)

{BLANK) /(1) FOR (DO NOT)/(DO) PUNCH =ATOM=z CARDS ON =NFILEL= FOR ALL

EONDEL ATOMbS. THIS AL! OWS FOR THE PRODUCTION OF & CONNECTED SET OF
ATOMS, :

- CELL COMNSTANT CARD,

FORMAT (A2,A4 01X AZ A4 3FR,3,3F9,R)

COLS
1-4

B=&

J-13

1421
22«29
3037
38=us
4755
56=64

SPECIFIED PUNCHING OR FUNCTION OF JHE FIELD
CELL .
2 AMNK

COVPQUND IDENTIFICATION CODE

A CELL CIMENLION OR Avw RECIFPROCAL
B CELL DIMENSION OR b#x RECIPROCAL CELL DIMENSIOQON
C CELL OIMENSION CR C% RECIPROCAL CELL DIMENSION
CO0S ALPHA O ALPHA IN VEGREES 0OR COS ALPHA% OR ALPHAx IN DEGREES
C0S BETA OR BETA IN DEGREES OR COS BETAx OR BETA% IN DEGREES

CO0S GAMMA Or GAMMA IN DEGREES OR CCS GAMMAx OR GAMMAx IN DEGRIES

> O

NOTE,,s QUANTITIES MUSY BE E£ITHER ALL IN DIRECY SPACZ OR ALL IN
"RECIPROCAL SPACE, ANGLES MUST *ALL* GE GIVEN AS EITHER
COSINES UR IN DEGREES, :

CELLSD = STANDARD DEVIATION OF UNIT CELL PARAMETERS,
FORMAT (A29)AL4 s 1XpA20A4,3FR,3,3F9,5)

CCLS
1~-6
8=13
14-21
22-29
30-37
38-4g

SBECIFIED PUNCHING OR FUNCTION OF THE FIELD
CELLSY .

COMPOUND IDENTIFICATIONMN CODE

STANDARD DEVIATION IN A CELL DIMENSION (ANGSTRQOMS)
STANDARD DEVIATICN IN % CELL DIMENSION (ANGSTROMS)
STANDARD DEVIATION IN C CELL DIMENSION (ANGSTROMS)
STANDARD DEVIATION IN COS ALPHA CELL DIMENSION
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47=55 STANDARD DEVIATION IN COS BETA CELL DIMENSION.
S6-64 STANDARD DEVIATION IN €COS GAMMA CELL DIMENSION
LATICE « CERTRICITY IUENTIFICATION CARD,
FORMAT (AR AU EZX0AL 92X pAL)
COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
i=-6 LATICE
9 C = CENTRIC CELL» A = ACENTRIC CELL
12 DESIGNATICN OF LATTICE TYPE P,1,R,FeA,8,C -~ ONE OF THE FOREGOING MUST
BZ PUNCHED )

SYMTRY - SYMMETRY OPERATION CAMD,
FORMAT (R2+A4 ) bEAL)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-5 SYMTRY
7=72 GENERAL EQUIVALENT POSTTION, THE SYMMETRY OF THE SPACE GROUP IS
INDICATEDL BY SUPPLYING THE SET OF GENERAL ECGUIVALENT POSITIONS, EACH
EGUIVALENT POSITION IS SPECIFIFD OnN A SEPARATE =SYMYRY= CARD, A SIMFLE
RULE IS THAL ANY GENERML. EQUIVALENT POSITION In TRF IN?ERNATIONAL
TABLES MAY obf WRITTEN VERBATIM WITH THE FOLLOWING CONVENTIONS
(1) MINUS SIGNS PRECFDE THE MEGATIVE QUANTITY» F.G, =X FOR X~BAR
(2) FRACTLONS ARE WRYTTEN WITH THE SLASH, E.G. 1/2 FOR ONE=~HALF
(3) BLANKS RE IGMNORFD, )
NCYE,, 1/72=X OR =X+1/2 ARE BOTH ACCEPTABLE FORMATS,

NCTE,., DO NOT PUNCH ANY OPERATIONG THROUGH THE CENTER IF SPACE GRGUP
IS LODED CENTRIC ON =LATICE= CARU,

(SEE STATEMENT ON SYMMFTRY IN 3,GENERL)

ATRAD «~ SET ATOMIC RADII CARD,
FORMAT (A2:AG e 1X oAl UX s 3F10,3)

COLS SPECIFIED PUNCHING OR =UNCTION OF THE FIELD
1~5 ATRAD
6 BLANK
8=11 ATOM TYPE (SEE 1.GENERL)
16~25 COMTACT RADLUS IN ANGSTROM UNITS
26=35 BOND RADIUS -IN ANGSTRO™M UNITS
3b6=45 MINIMUM BONU RADIUS IN ANGSTROM UNITS
N.Bos THESE ARE RADII-=THE QUANTITIES IN THE =BONDLA= CARD ARE DIAMETERS

ATOM Or ATOMG = ATOM PARAMETER CARD,
AN zATOMG= CARD IS IDFNTICAL 7O An zATOM= CARD SAVE THAT THE X, Y» Z,
ARE DIVIDEL BY THE THWEE PARAMETERS SUPPLIED ON A =GRID= CARD = USED
TO AVCID CUNVERTING FOURIER MaP CQORDINATES,
FCRMAT (A20AL s 1XeALPA2)IFR  L,11X,5F8,5)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-5 ATOM OR ATOMG

& BLANK

£~13 ATOM IDENTIFICATION (SFE 1,GENERL)

14=~21 X PARAMETER IN FRACTIOMS OF A CELL ENDGE
22-29 Y PARAMETER IN FRACTIONS OF B8 CELL EDGE
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30-37 2 PARAMETER IN FRACTIONS OF C CELL EDGE
49-56 STANDARD DEVIATION IN ¥
57=6i STANDARD CEVIATION IN Y
65S=7> STANDARD DEVIATION IN 7

GRIU -« FOURIER GRID CARD,
FORMAT (A2+1A4s /Xy 314)

COLS SPECIFIED PUNCHING OR FUNCTICH OF THE FIELD
1=4  GRID

S=6  BLANK

1d4=19 NUMBEx OF GRID POINTS ALONG A AXIS

18=21 NUMHER OF GRID POINTS ALONG 8 AXIS

22-25 NUMBER OF GRID POINTS ALONG € AXIS

BOMD - CALCULATE A SPECIFIED 'BOND' DISTANCE,
FARMAT (A2+AL2(1X,A4,A2))

CCLS SPECIFIED PUNCHING OR FUNCTION OF YHE -FIELD
1=4 BOND :

5=6 BLANK

8=~13  ATOM IDENTIFICATION OF FIRST ATOM

15=20 ATOM IDENTIFICATION OF BONDED ATOM

ANGLE = CALCULATE A SPECIFIEOD 'BOND' ANGLg,
FORMAT (A2,A4,4(1X,)ALeA2))

" COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1=5%  ANGLE
6 . BLANK
=13 ATCM IDENTIFICATION OF FIRST BONDED ATCM
15=2a ATOM JOUINTIFICATION OF SECOND HONDED ATOM
22-27 ATOM IDENTIFICATION CF THIRD BORUER ATOM
29~34 ATOM LOENTIFICATION OF FOURTH HONDED ATOM

NOTE = IF THE FIRST THREE FIELNS ARE SPECIFIEDs THE CENTRAL ATOM MUST BE
SECNND, IF FYOUR FIELDS ARE SPECIFIED, THE FIRST AMD SECOND DEFINE ONE
LINE, THE THIRC AND FOURTH THE SECOND AND ATOMS Twd AND THREE ARE
PRESUMED TO BE TOWARD THE APEIX OF TiE ANGLE TC BE CALCULATED,
WHENEVER =g8ONUz QR =ANGLEZ= CARDS AR: SUPPLIED, THEY WwWitlL CAUSE
CORRESPONDING CARDS TO HE PUNCHED COMTAINING THE RESULTING BOND LENGTHS
AND ANGLES WITH THEIR STANUDARD DEVIATIONS,

END - END CARD,
FORMAT (A2¢A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
T 31~3 END
4e=6 BLANK
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ORDER SUMMARY FOR THE =CRYLSQG= PR;GRAM

CRyLSG PROGRAM CALLING CHRD

SCALE CARD FOR F RELATIVE DATA

GROUP REFINEMENT

IDENTICAL MOLECULF REF INEMENT

VEXTING - ISOTRGFPIC' EXTINCTION CORRFCTIGN

MAYHKL  PUTS LiMITS ON HeX,L, OR SIN THETA FOR THIS RUN ONLY

*

*BLOCK

ATOM

*REF

*NOREF

ATOM SELECTION CAXD
MATRIX BLOCKING CnRD
TURN ON REFINEMENY OF SPECIFIgD PARAMETERS

SHUY OrF REFINEMEMT OF SPFCIFIED PARAMETERS

*CONSTR CONSTRAINS ONE PARAMETER YO B A FUNCTION OF ANOTHER

*SPECIA SPECIAL POSITION CARD

*DIgPER  VISPERSION FACTOR CARD

*RELEAS HELEASE ALL CONSTHAINTS RFAD FROM THE BINARY DATA FILE FOR A

END

SPECIFLIC ATOM

END CARD

* THESE CARDS ARE UPTIONAL

NOTE 1 = IF NO ATOM CARDS ARE PRESENT, ALL THE ATOMS IN THE BINARY FILE ARE

NOTE

2 =

USED, IF ANY ATOMS AwE SPECIFIED BY CARDSe, ONLY THOSE SPECIFIED ON
THE CARDS RRE SELECTE! FROM THE BINARY FILE, IF THERE ARE TOC MANY
ATOMS IN THE FILE FOR THE STORAGE CAPACITY., CARDS WILL BE EXPECTED,

IF ALL REFINEMENT RESTRICTION CARRS ARE LEFT OUT, REFINEMENT
WILL BE ON ALL POSITINNAL, SCALE, AND THERMAL PARAMETERS,
HOWEVER, NU SCATTERING FACTORS, Ok POPULATICN PARAMETERS wlILL BE
SET TO REFINE,
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NOTE -3 - CARDS ARE READ IN TwO DIFFERENT BLOCKS ==

A, FIRST MUST COvE ALL =SCALEz, =ATOM=, =GROUP=, =IDMOL=.
SEXTINC=, =MAXHKL= CAKRDS :

B, THEN MUST COME ALL THE REgT, E,G, =BLOCK=, =REFz, =NOREF=,
SZCUNSTR=, =SPrClAz=, =DISPER=, =END=

wxkid pEADS SNFILEAT #xmkxk
*kskk WRITES SNFILEBT xxkkk '
#4455 OPTIONALLY WRITES =NFILEE= (SEE COLS 44-45 OF =CRYLSO= CARD) #kk#s

*x¥xxk OPTIONALLY PUNCHES CARDS ON =NFILEC= (SEE COLS 40=41 OF =CRYLSG= CARD) sx*
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tt, CARD FORNMATS FOR- THE =CRYLS0= PROGRAM

- = T . U g T T W Ty Y P S o g o e S5 o

OPERATTION CARDS. ARE DESCRISBED TN SECTION 2,GENERL=A, AND THEIR FORMATS ARE

GIVEN IM SECTION 2,VENERL-8B, THE POSITIONING OF THESE CApDS Is DICTATED BY
T=Z1R FUNCTICON, co

CRYLSG = CALLING CARD FOR THE CRYSTALLOGRAPHIC LEAST SQUARES PROGRAM
FORMAT{AZ2 AL L1X9A2,A419(1X11) 09X, 4F5,0)

COLS. . SPECIFIED PUNCHING OR FUNCTION OF YHE FIELD

i~& . CR/YLSU :

2«13 COMPOUND IDENTIFICATIOMN CCDE

v5 NUMBER OF CYCLES (SLan< =13

17 (83Y/(2)/12) = KREFINEMEMT UBASED ON (F) (F&=2)/(1) :

kA OTE = [N THE FOLLOWINMG SIELDS, THE «NEMONICS IN THE FINAL PARENTHESES
ARE USED TO IDENTIFY THE INPUT SPECIFICATIONS ON THE oUTPUT
LISTING, : : _ :

19 (0)/7(1)/(21/(3) = (OVEXALL)/(ISOTRGPIC)/(ANISOTROPIC) /(MINED)

TEMPTRATURS FACTORS = (OVRLY(ISGC) (ANSD) (MIXD)

wx#RMOTE = THE PROGRAM CONVERTS AS RiQUIRED, IN THE MIXED MCGRE.
COMNVERSION LS ACCOMPLISHED VIA A =5ZF= CARD,

21 (0) /1) = (REFINE THE SCALE FACTCORS SEPARATELY)/(REFINZ THEM TCGETHER)
= {SEPR/(UNIT)

23 (0)/(1)/(2)/(3) = (USE UNIT WEIGHTG) /(TAKE WEIGHTS FROM THE BINARY
DATA FILE) = (UNITI/(FITLE)/Z(CALCULATEDYI/Z (1/SIGMALY

25 {0)/11) (FurlL MATRIX O¥ AS SPECIFIED BY =BLOCKz CARDS)/(BLOCK~DIAGONAL)
REFINCMENT = (FREZ)/Z(HBLCK)

7 (2)/11) = (R=RAY)/(REU'RGN) DATA = (XRAY)/Z{NEUT) :

29 (0)/(1) = (U0 NOT)/(UO} CONSIDFR ISCTROPLIC EXTINCTION = (NONE/ISO)

31 (6)/(2)/(2) = (DO NOT LIST)/{LIST THE REFLZCTIQONS FOR wHICH THFE

WEIGHTED DELTA=F 1S GRFATER THAN TiE REJECTION PARAMETER)/(LIST
REJECTED REFLECTIONS) = (NOME)/(CGRTR)/{RJCT)
x%x+¥NOTE - DONE IN CONJUMCTIOM WITH JHE REJECTION PARAMETER IN COLUMNS

71-75 OF THLS CARD,.

33 (0)/(1)/7(2)/7(3) = (LIST THE COIMRELATION MATRIX ON THE LAST CYCLE)/
(EVERY CYCLE)/(NOT AT ALL)/(DUMP THE DIRECT AND INVERTED MATRICES AND
THE VECTOR rOR EACH CYCLE) = (LAST)/(ALL)/Z(NO) /ZIDUMP) ’

35 (0)/(1) = (VERMINATE WHEN CONVERGENCE,I.E, A DECREASE IN R OF LESS THAN
0.01 PERCENIy IS ACHIEVED OR ELSE widEMN DIVERGENCE OF R OF GREATER THAN
0.2 OCCURS)Z (DO NOT) = (YES)/(NO)

37 (0)/11)/12) = (RESET T¢*MPERATURE FACTORS wHICH GO NON POSITIVE
DEFINITE) /7 CIERMINATE WHEN A TEMPERATURE FACTOR GOES NON POSITIVE
DEFINLITE)/(WRITE MESSAGE AND CONTINUE} = (RESET)I/Z(STOP;/{GO)

39 (G)/{1)/(2) = (LIST REFLECTICNS ON THE LAST CYCLE)/(EVERY CYCLE)/(DO
NOT LIST) = (LAST)/(ALL)/(NO)

41 {0)/(1)/7(2) = (DO NOT VUNCH NEW PARAMETER CARDS)/(ONLY ON THE LAST
CYCLE}/(ON EVERY CYCLE) = (NO)/(LAST)/(YES)

43 (0)/7(1)/(2) = (NO PARTIAL CONTRIBUTION}/(APPLY THE PARTIAL
CONTRIBUTION) /(ESTABLISH AND APPLY) = (NO)/(APLY)/(E+A)

4% (0) /(i) = (VO NOT SAVE THE CORRELATION MATRIX ON =NFILEE=)/(D0) =

(MNC)/LYES)
47 REFLECTION SKIP FACTOR, N, COMSIDER ONLY ONE IN FACH N REFLECTIONS,
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N CAN HAVE A VALUE IN THE RANGF 0 THROUGH 9 (0 OR 1 MEANS CONSIDER
EVERY REFLELTION) v :

43 €9)/(1) = (LONTRIBUTE ONLY THOSE LESS-THAN REFLECTIONS WHICH CALCULATE
GRFATLR THAN THE OBSERVED) /(DO NOT CONTRIBUTE ANY LESS-THAN _
REFLECTIONS) = (GRTR)/(NO) _

51 (0)/7¢(1)/(2)/(3)/7(8) = (DO MNOT TYPE REFLECTIONS AS OBSERVEDS OR LESS=
THANS )/ (TYPE)BASED ON SIGMA F, BUT DO NOT ALTER THE BINARY DATA FILE)/s
{TYPE, SASEU ON SIGMA F, BUT Al TER THE BINARY DATA FILE)/

(LIKE 1 BUT BASED ON SIGMA 1) ,/ (LIKE 2 BUT BASED ON SiGMA 1)
= (NO)/{YES=SIGMA F)/{SAVE-SIGMA F)/(YES=SIGMA I)/(SAVE=SIGMA I}

«*¥*¥k NOTE~DONE IN CONJUNCTION WITH CyUTOFF PARAMETER IN COLUMNS 76~80 OF
THIS CARD, .

61-t5 DAMPING OR ENHANCING FACTOR FOR PARAMETER SHIFTS(RLANK OR 0,0 = 1,0)

65=7¢ DO MNOT CONTRIBUTE A REFLECTION TO THE MATRIX IF ITS WEIGHTED DFLTA-F 1S
LARGER THAN THIS QUANTITY (BLANK = 1g+%8)

71-7s REJECTION PARAMETER(SE* COLUMNS 30-31) (3LANK = 2,0)

76-80 CUTOFF PARAMETER (MINIMUM NUMBER OF SIGMAS REGUIRED FOR CLASSIFYING
A REFLECTION AS OBSERVED) (SEE COLUMNS 5U0=51) ~ :

SCALE « SCALE CARD FOR F RELATIVE DATA,

FORMAT (A24AL,*»1G.4014)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1~5  SCALE

6 GLAN

7-i16 SCALE FACTOX TO APPLY 10 F RELATIVE

17-2,5 GROUP IDENTAFICATIOMN (1-64) ‘

GROUP = GROUP REFINZMENY

FARMAT (42, AL IXsAGeA242X0315)

5 SRYCIFICY PUNCHING OR FUNCTION OF YHE FIELO
CROUP
L ATOM IDENTIFICATION OF LEADING ATOM
2n TEMFERATURE FACTOR TYPF, (C/1) FOx (OVRL/ISOTROPIC)
25 NUMBEx OF AITOMS IN THE GROQP
30 10/71/N) = (LROUP/FIRST IDMOL/N-TH 1DMOL)

wxEss NOTE ww MEMBERS OF A GROUP OR AN IDENTICAL MCOLECULE SHOULD FOLLOW
IMMEDIATELY AFTER THE LEADING ATCOM, »kxkxk

IOMOL - IDENTICAL MOLECULE RFFINEMENT

FARMAT (AZ20AL41X ALLA2,2Xr315)

COLS SPECIFIED PUNCHING OR +UNCTION OF YHE FIELD

813 ATOM IDENTIFICATION OF LEADING ATOM

16-2pn TEMPESATURE FACTOR TYP:, {C/1) FOR (OVRL/ISOTROPIC)
21l=25 NUMBER CF ALOMS IN THE GRCUP :

26=39 (0/1/W) = (GKROUP/FIRST IDMOL/N=-TH JDMOL)

#xsky SEE NOTE AT SGROUP= ABOVEZ #%kkx%x

EXTINC = ISOTROPIC EXTINCTION CORRECTION

FORMAT (A2/9A4,E10.3)
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COLS SPECIFIED PUNCHING OR FUNCTION CF {HE FIELD

1-6 EXTINC: : :

7=16 AS X XXXXE=NN WHERE X.XXXX IS THE MANTISSA, £ AND - ARE REQUIRED
AND NN IS THE POWER OF 10 TO CHARACTERIZE THE NUM3ER, SEE LARSON,
OTTALA CRYSIALLOGRAPHIC COMPUTING CONFERENCE, 1969, A STARTING
VALUE OF 0.U IS USUALLY ACCEPTABLE,

MAXHKL « LIMITS FOR DATA SET FOR THIS PUN QNLY,
FORMAT (A21A4 s IXy314,2FB,1)

CCLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6 MAX AR L

16~1 MAXIMUM H TU BE USED

1E=gs MAXIMUM K TU 38Y USED

22-28 MAXYIMUM L TV BE USED

25=33 MAXIMUM SINITHETA)/LAMSDA (BLANK
38ayy MINIMUM SINI(THETA)/LAMKDA (BLANK

(]
o

ATCi4 - ATOM SELECIION CARD,
FORMAT (A20ALy1XyALPA2)

COLS SPECIFIED PUNCHING OR FUNCTION OF {HE FIELD
i=4 ATOM ’
5~0 BLANK . :

13 ATOM ICENTIFICATION (SFE 1,GENFRL)

BLOCX - MATRIX BLUCKING CARD, ' BLOCK THE MATRIX PRIOR T0 THE FIRST PARAMETER
OF THIS AIOM,
FORMATLAZ Y AL, LX0ALA2)

COLS SPECIFIED PUNCHING OR FUNCTION OF 7HE FIEL
1-5 BLOCK :
& BL ANK

8=~13 ATOM IDENTIFICATION (SFE 1,GENFRL)

REF GR NOREF = SET FARAMETER REFINEMENT IF IT IS TO BE DIFCERENT FROM THAT
ALREADY SEF 1IN THE UATA FILE,

FARMAT (A20A4 ) LX AL 9A2/913A3)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1~5  REF OR NOREF
6 BLANK
8~13 ATOM IDENTIFICATION (SFE 1,GENFRL), TIF BLANK, THE CARD APPLIES TG
AL ATOMS. IF ONLY ATOM TYPE IS GIVEN, THE CARD APPLIES VO ALL ATOMS
0F Thi GIVEN TYPE, ‘
NOTE - IF COLS 14=-52 ARE BLANK IN THE CASE OF THE =NOREF= CARD, ALL PARAMETERS
FOR THF INDICATED AIOM OR ATOMS WILL BE HELD INVARIANT
14-1¢ EACH FIELD MAY CONTAIN BLANKS OR ONE OF THE FOLLOWING LEFT JUSTIFIED
SYMBOLS.,
* SCL SCALE FACTOR
&« LOV  OVERALL TE“PERATURE FACTOR
x E EXTINCTION PARAMETER
X

Y
Z
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PP POPULATION PARAMETER
SCT NEUTRON SCATTERING FACTOR
DFR  REAL DISPEFSION PARAMETER
DFI  IMAGINARY LDISPERSION PARAMETER
v ISOTROPIC TEMPERATURE FACTOR
U1l
uzz2
33
Uiz
Ul3
uzs .
% THESE CARDS MUST HAVE =GNRL= IM COLUMNS 8=11 (EXCEPT THE UCV WHEN USZO
IN THE MIXEU TEMPEZRATU~E FACTOR MODE 7O CORRECT A PARTICULAR ATOM TO
THE OVERALL MOLE) ., )
17=-1q, 20=22s 23-25, 26-28y ?9=31, 32«34, 35-37, 38=40, 41-43s 4U=4S, 4T7=-49,
50-52 (SYMBOL FROM ARBOVE LIST)

NOTE = wHILE 1IN THE MIXED TEMPFRATURE FACTOR MODE, THE T, F. MODE OF REFINEMENT
FOR ANy ATOM MAY BE ALTERED VIA A zREF= CARD (E.6.s» THE CONVERSION FROM
ANISOTROPIC TO ISOTROMIC IS ACCOMPLISHED 8Y INCLUDING A zREFz CARD CONTAINING

A U FOR THE PARTICULAR ATCH),

CONSTR « IMPOSE A LONSTRAINT rETWEENM THE GPECIFIEZD PARAMETERS, THE CCONSTRAIN-
ING EGUATION 1S=~
PESUL) = F«P(RE*) + S
WHERE + AND S ARE FLOATING POINT NUMBEKS:; P(SUB)Y IS THE SUBJECT
FARAMETER» AND P{REF) IS THE REFfRENCE PARAMETER
FORMATIAZ ) AU I X oAU A2 X AL AL, DA MLX,2F10,2)

COLS SPFCIFIEL PUNCHING OR MUNCTION OF THE FIELD
i~6 CoNGTR
&~13 v LUENTIFICATION (SHE 1,GEMFRL) CF SUEBJECT ATOM
15«0 ATOM IDENTVIFICATION (SFE 1,6ENTRL)Y) COF REFERENCE ATOM
21=2x PARAMETER Cr SUBJECT ATOM(SEE ZREF-/=NCOREF=)

24=2s PARANMETER OF REFEREMCE ATOM(SEE zREFz/zNOREFZ)

Ti=fn F FOR COMNSTRAINING EGUATICN

Gl=fa S FOR COMSTRALINING ©QUATION

SPECIA - SPECIAL PUSITION CARt', ONE NFEDED FOR EACH ATOM IN A SPECIAL POSITION
FORMAT(AZ AU IR P AU A1 22Xy (FY ,GoA1)9F5,0)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
=6 PLECYA .

f=313  ATOMN IDENTIFICATION (SEE 1 ,.GFNERL)

14=3e BULANK

i6=20 X SECTION (5EE NOTE .3 HELOW)

2l=25 Y SEZITION ({SEE NOTE 1 rHELOW)

26=30 Z SECTION (SEE NOTE 1 HELOW)

3ie35 Y11 SECTION (SEE NCTE 1 BELOW)

IHely U222 SECTION (SEE NOTE 1 BZLOW)
Glels UZ3 SECTION (SEE NOTE 1 BELOW)
46=3¢ U122 SECTION (SEE NOTE 1 HBELOW)
51«55 Y13 SECTVION (SEE NOTE 1 BELOW)
55=60 U23 SECTION (SEE NOTE 1t BELOW)
6l-65 THE POSITION MULTIPLICITY
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NOTE 1 - THESE NINE DOUBLE FIELDS ARE USED FOR SPECIFYING THE SPECIAL POSITION.

EACH DOUELE FIELD REQUTRES FIVE COyLUMNS (F4.0rAL),

THE FIRST

FIELD POSSIDLE CONTAINS A NUMBFR ANMD THE SECOND A LETTER CR ZERO,

CONSIDER THE SPECLAL POSITION X,

TABLES.,
WAY ===
COLUMN 111122222
678901234
X 2

WHERE 1
INVARLANT,

2Xs 1/4 FROM vOL I OF THE INT,

THLS RESTRICTION ON REFINEMENT IS ENTERED IN THE FOLLOWING

222223
567890
X I

IS USED TO STIVULATE THAY YHE SPECIFIED PARAMETER IS TO BE HELD
1F A PARAMEIER IS YO BE ZERO AND ALSO HELD INVARIANT,
IS PLACEL IN THE SECONV FIELD,

A ZERO
*xNOTE** AT LEAST ONE SPEL:AL POSITICN

PARAMETER MUST BE PREFTXED BY A ONE OR A BLANK,

SPECIAL POSITION CONSTRAINTS ON THE ANISOTROPIC TEMPERATURE FACTOR

PARANETERS ARE ENTERED IN THE SAME WAY WITH THE

X IS REPLACEL By 'AY AMD/OR
TO BE EQUAL TO U23» AND U12

WOULD BE ENIERED INTO COLUMNS

COLUMNS 333333233
1234567809

A

*&MOTE 4+ WHEN SPECIAL POSITIONS ARE
CALCULATED FOR THE bPECIAL POSITION

EXCEPTION THAT THE

By, IF ull IS TO BE EGQUAL TO U2z, U13 1S
IS TO BE SET EQUAL TO 2ERO, THE FOLLOWING

*1 THROUGH 60~=-

44 4440444445855 855556585856586
012345678901234567890
A 0 8 B

PRESENT,» THE CORRECT DERIVATIVES ARE
PARAMETERS .

DISPER -~ TEMPLETON UVISPERSION TORRECTICON CARD,

FORMAT (A20AL»1XsAYI2X2FR,3)

CCOLS

1-6 DISPER

8=11 ATOM TYPE (SEE 1,GENERL)
14=21 DELTA FJ PRIME

22-29 DELTA FJ DOUBLE PRIME

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

RELEAS = RELEASE ALL CONSTRAINTS READ FROM THE BINARY DATA FILE ON A PARTICULAR

ATOM,
FORMAT(AZ AN 1X AU, A2)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

8=13

END -~ END CAROD,

FoRMAT (A2sA4)

ATOM IDENTIFICATION (SFE 1,GENFRL)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-3
U4~6

END
BLANK
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DATCOS PROGRAM CALLING CARD

SYMTRY GENERAL EQUIVALENT POSITIONS FOR LAUE GRGUP, ONE CARD PER

OPERATION EXPRESSED IN TERMS OF X, Y, Z MUST BE SUPPLIED,
INCLUVE =X» =Y, =2 OPERATIONS 1F FRIEDEL'S LAW PAIRS ARE Y0 BE
AVERAGED,

*SYGABS INUICATE SYSTEMAYIC ABSEMCES

*ATTENU SET VALUES FOR ANTOMATIC ATTENUATORS (NOT OPTIONAL WHEN
ATTENUATORS ARE MSED)

PROCES "INDICATES DIFFRAUCTOMETER TYPE AND NUMBER OF REFLECTIONS TO
PROCESS

END END CARD
* THESE CARDS ARE UPTIONAL

wesxs OPTIONALLY PUNCHES CARDS ON =NFILEC= (SEE COLS 14-15 OF =DATCO3= CARD) **
wxxkk% SNFILEF= ,.. UIFFRACTOMETER DATA TAPE (INPUT) ‘
erssx INFILEIZ oo SHKL= CARD TMAGE OUTPUT (SUITABLE FOR =DATRONz INPUT)

wxsxs =NFILEES AND ENFILEGS 4.+ SCRATCH FILES
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B, CARD FORMATS FOR =0DATCO05= YROGRAM

O e e S S WO T o P T T G s S oy b T S o B i O v

OPERATTON CARDS ARE DESCRIBED TN SECTIOGN 2,GENERL-A, AND THEIR FORMATS ARE
GIVEN IN SFCTION 2,GENERL-5, THE POSITIONING GF THESE CARDS IS DICTATED 3Y
THEIR FUNCTION,

DATCCOS - PROGRAM CALLING CARD,
FORMAT (A2,24¢2X,A2,A8,12+4F5,251XsAL, Ie,srl.sx.lzusFa 1,I1,F640r
$ FL,0y12¢F3,1¢82,211)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1=6 LDATCOD
§=13 COMPOUND IDENTIFICATIO™ CODE
14«15 (3)/(1)/(2) FOR (NO SPCIAL REFLECTION QUTPUT)/
{PUNCH =HKL= CARDS ON =MFILEC=)/
(WKITE zHKL= CARD IMAGES ON =NFILEIZ=)
16=20 NUVBER OF SIANDARD DEVIATICNS ABCOVE BACKGROUND TO DEFINE CLEARLY
OSSERVED REFLECTIONS (RLANK = %,0)
2le25 X CONTROL PARAMETERS FOR CALCULATION OF SIGMA(Y). SEE 1,.,DATCOsS
2b=3n N FOR DErINITIONS, :
31-35 NUMBER OF SIANDARD DEVYATIOMS OETWEEN THE VALUES oF THE FIRST AND
SECOND EﬂCKbg?UNU WHICH SHOULD BE FLAGGEL ON THE OUTPUT LISTING -
(BLANK = 10

27 CHARACTER TU DELIMIT COUNTING STATISTICS ON GRAPHS OF STANDARDS
41 1)/(2)/(3) FOR H INDEX VARIES (MOST)/(NEXT MOST)/(LEAST) RAPIDLY
42 SCRTING FREQUENCY FOR k INDEX
53 SORTING FREWUENCY FOR L. INDEX
4o6~47 LAUE GROUP LNDICATOR
1 1 BAR (ALTERNATE 1)
. HKL == H(GE,Q0¢ OKL == ¥ ,GE, 0, 00L -=- L,GE,O
2 1 BAR (ALTERNATE 2)
HKL == K,GE.O0» HOL ==~ L,GE 0, HOO =- H,GE,O
3 1 BAR (ALTERNATE 3)
HKL == L,GE,Dsy HKQ == H,GE,0, 0KO «= K,GE,D
4 2/M (ALTERNATE 1)

HKL == K,GE,0 AND L,GE,0¢ HKQ =~=- H,GE,Q
2/M (ALTERNATE 2)

HKL == H,GE.0 AND K,GE.O»r OKL == L.GE.D
MMM

HKL. == HJ.GE,0¢ K.GE,0» AND L,GE.O
L/M

HKL == H,GE.0s L.GE.0, WITH K,GE.0 IF H.EQ,0 OR K,GE.1 IF

H,G1,.0
4 /MMM

HKL == H,GE,0¢ K GE,0r L GEL.O WITH H,GE.K
9 3 BAR ’

[§)]

~ o

®
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HKL w= H.GE.0r L.GE,0r WITH K,GE«0Q IF H.GE,0 OR K,GE.1 IF
H.Gl140, HKO =e KeGT.H

10 3 BAR M

48-51

52«55

56=59

78

79

HKL = H.,GE.0» L,GE.N, WITH H,GEs~K IF K,LE.Q0 GR H,GF.2K IF
KeGlo¢0p HKO == K,GE,O
11 6/M -
HKL == H,GE.0» L, GE,0) AND K,GE.,0 WITH K,EQ.0 IF H,EQ,0 OR
H,Gl K IF H,6T.0
12 6/ Mivit4 :
HKL == H,GE.0¢» K.GE.0y, AND L,GE,O0 WITH H,GE.2K
13 M3
H,Gte0y K,GE,0¢ AND L,GE,Q WITH L,GE,R AND WITH K,GE.H IF
L,E44H OR K,GT,H IF L,GT,H
14 M3Mm
HKL == HOGEOO' K'GE.O' AND L.GE.O WITH K.GE.L AND LOGE'H
NUMBER OF TEN THOUSANDS OF DECACOUNTS WHICH SHQULD CAUSE A REFLECTION
TO BE FLAGGED AS CUT OF BOUNDS (1,t, REYOND REASONMABLE KNOWN MAXIMUM
INTERNSITY) (ELANK = 10,0) .
NUMBER OF CUUNTING STATISTIC STANDLRD DEVIATIONS BETWEEN 4 PAIR COF
MEASUREMENTS OF A SINGtE REFLECTION THAT SHOULD CAUSEZ ACCEPTANCE GF
THE HIGHMER VALUE INSTEAD OF ACCEPTANCE OF THE AVERAGE VALUE OF THE Two
{BLANK = 5,U) :
NUMBER OF CALCULATED STANCARD NPEVIATIONS FROM THE MEAN TO CAUSE
REJECTION OF SOME OF A GROUP OF 3 R MORE MEASURED IMTENSITIES OF THE
SAME REFLECHION (BLANK = 3,0)
(03/(33/7(2) FOR (LIST ALL REFLECTION INFORMATION)/Z(LISY ONLY SORTED
AVERAGED REFLEZCTIONS)Y/Z(LIST NO REFLECTICKNS)
(0)/:1) FCR (AUTOMATIC)/(NOM=AUTOMATIC) AJUSTMENT REQUIRED FOR DRIFT
IN STANDARD REFLECTIONS

SYMTRY = CARDS TO GIVE SYMMETRY OPERATIONS OF LAUE GROUP,

NOTE-~ INCLULE BOTH X, Yy Z AND =X, -y, =2 1F FRIEDEL'S LAW PAIRS ARE
TO Bs AVERACED,

FORMAT 112(A2:R4]})

CcOoLS
1-6
7=72

SOECIFIED PUNCHING OR FUNCTION OF 1HE FIELD
SYMTRY ,
GEMERAL EQUIVALENT POSTTION, THE gYMMETRY OF THE SPACE GROUP IS
INDICATED BY SUPPLYING THE SET OF GENERAL EQUIVALENT PGSITICNS, EACH
CQUIVALENT FCSITION (S SPECIFIFD ON A SEPARATE SYMTRY CARD, A SIMPLE
RULE :S THAI ANY GENERAL EGUIVALERT POSITION IN THE INTERMATIONAL
TABLES MAY DE wRITTEN VERBATIM WITH THE FOLLOWING CONVENTIGNS,
(1) MINUS SIGNS PRECFDE THE NEGATIVE QUANTITYs E.G, <X FOR X-BAR
{2) FRACTLIONS ARE WRITTEN WITH THE SLASH, E.Ge 1/2 FOR ONE-HALF
{3) BLANKS ARE 1GNORED,
NOTE,, 1/2=X OR =x+1/2 ARE BOTH ACCEPTABLE FORMATS,

SYSABS = SYSTEMATIC ABSENCES CARD,
FARMAT (A2 A4y LXpA2 AU TXe2311)

COLS
1-6
8-13
2i=473

21

SPECIFIED PUNCHING OR *UNCTION OF THE FIELD

SYSABS ' ’

COMPQUND IDENTIFICATIOM CODE

VALUE OF *X' FOR APPLICATICN OF SYSTEMATIC ABSENCES TEST, ONLY THOSE
COLUMNS CORRESPONDING Y0 TESTS TO gmE APPLIED SHOULD BE NGON=ZERO,

HKL ABSENT 1F H+Kz=XM+1
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22 HKL ABSENT 1F HeLzXN+1

23 HXL ABSENT 1F KelL=XM+1

24 HKL ABSENT LF ALL H+K, H+L, KeL=XN+1
25 HKL ABSENT LF HeK+LZXN+1
26 HKL ABSENT LF ~H+K+Lz=XN41
27 HHL ASSENT 1F HzXN+1

28 - HHL ACSENT IF pL=XN+1

29 HHL ASSENT tF HelLz=xXN+1

30 HHL ABSENT LF 2H+L=XN+1
31 OKL ABSENT LF KzXN+1

32 OKL ABSENT iF L=XN+1

33 OKL ABSENT IF KelLz=XN+1

34 HOL AGSENT LF H=XN+1

35 HOL AUBSENT 1F L=XN+1

36 HOL ABSENT 1F H4LzZXN+1

37 HKO AGSENT LF HzXN+1

38 HKO ABSENT IF K=XN+1

39 HKO ABSENT IF HeKz=XN+1

40 . HHO ABSENT 1F HzXN+1

'8} HO0 ABSENT L1F HzXN+1

Lz O0KO ABSENT LIF KzXN+1 i
3 0L ABSENT 4F LzXn+l

ATTENU = ATTENU CARu,
FARMAT (A2,A444X)9F7,.4)

COLs SPECIFIED PUNCHING OR €UNCTION OF vHE FIELD

1-6 . ATTENU

11~1y ATTENUATOR FACTOR 1 (ATTENUATOR FACTOR ZERO IMPLIES NO ATTENUATOR)

(I,E, 1.0)

18-24 ATTENUATCR rACTOQR
25-31 ATTENUATOR FACTOR
32~3p ATTENUATOR FACTOR
39=45 ATTENUATOR FACTOR
U6=32 ATTENUATOR FACTOR
53-59 ATTENUATGR FACTOR
60-66 ATTENUATOR FACTOR
67-73 ATTENUATOR FACTOR

MOTE - THE FIRST ATTENUATOR DCES NOT
REFER TO THE OPEN SLOT AND THUS IT MUST
NOT BE 1,0,

WO ~NOTE LN

PROCES -~ DIFFRACTOMETER IDENTI+ICATION CARD.
FORMAT "(A2,A43X011,15,4XsI1,5%X)F5,04315,F10,5)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-5 PROCES

10 {11/(2)/7(3) FOR (PICKE® WITH G, LENHERT MAGNETIC TAPE FORMAT)/
(PICKER WITH OLD MAGNETIC TAPE FORMAT)/
(SIEMEMS MAGNETIC TAPE)

11-15 EXTERNAL REFLECTICN SENUENCE NUMEER TO INDICATE NUMBER OF REFLECTIONS

TO PROCESS (BLANK INUICATES WHOLE FILE)

20 (BLANK) /(1) FOR (NO PRIMT)/(PRINT) INPUT IMAGES

26=39 TIME SECOND>S FOR BACKGROUND (TIME of ONE BACKGROUND)

2l=-35 EXTERNAL REFLECTION NUMRER TO HEGIN DELETION OF REFLECTIONS

36-40 EXTERNAL REFLECTION NUMBER TO END DELETION OF REFLECTIONS

4l=45 NUMBER OF INPUT DATA FILES (BLANK = 31, USUAL VALUE)
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46-55 MINIMUM REFLECTION SCAN TIME IN SECONDS (IF THE RECORDED REFLECTION
SCAN TIME IS LESS THAN THIS GQUANTITY, THE REFLECTION wILL BE REJECTED)

END - END CARD,
FORMAT (A2,A4) -

COLS SPECIFIED PUNCHING OR _FUNCTION OF yHE FIELD
1-3 END
4=-6 BLANK
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A, CARD ORCER SUMMARY FOR =DAYRONz PROGRAM

DATRON  PROGRAM CALLING CARI!
*LABEL  FILE IDENTIFICATION INFNRMATION

CELL  UNIT CELL PARAMETERS
#»CELLSD  STANDARD OEQIATION OF UNIT CELL PARAMETERS
wMAXHKL ESTABLISHES LIMITS ON H, K, Lr R SIN THETA

FORMFX ATOMIC SCATTERING FACTORS FCOR X-RAYS., GROUPED BY ATOM TYPE
BY INCREASING (SIN VHETA)/LAMEDA (AT LEAST 10 AND NO MORE THAN
40 ENTRICZS PER ATOM TYPE),
ATOMIC SUATTERING FACTORS FOR NeUTRINS

GENERATIUN OF ATOMIC SCATTERING FACTOKS FCOR X-2AYS

SPECIFIES CENTROSYMMETRY ANU LA{TICE TYPE

SYMTRY SVYIGMETRY OPERATIONS FOR THE SPACE GROUP, UP TO 48 ALLOWED.
MUsT HAVZ AT LEAST ONEZ =SYMTRYzZ CARD {I.E, X,Y,2)

*DISPER  TZMPLETON OISPERSIOM CORRECTION {(CNE PER ATOM TYPE)

*GRID, ONE MAY SPECIFY A DFSIRED GRID INTERVAL TO BE USED LATER
3Y THE FUURIER PROGrRAM, IF IT IS LEFT OUT THE DATA
REOUCTION PROGRAM CALCULATES A SET OF INTERVALS BASED
UPON THE CELL DIMENSIONS

CONDIT - CONDITION CARD TO KEY CALCULATIONS

FROM THIS POINT UNWARD, THE CARD ORUER S DETERMINED 8y TRE DATA
UNDER CONSIDERATION (1,E, DEALER'S CHCQICE) AND CARDS WITH THE FOLLOWING
UESIGNATIONS ARE PERNMITTED. ..

*ABSBON BOND ABSURPTION CORHECTIONS (MUST BE GROUPED FOR EACH
DIFFEREN! CRYSTAL O LEVEL RY PLLACING IMMEDIATELY PRIOR TO
REFLECTIUN OF THAT LEVEL)
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«SCALE  SUPPLIES ERROR, WEIGHTING, AND SCALING DATA

’

*CONDIT SETS UP CODES BASED ON CAMERA TYPE CALCULATiONS T0 BE PERFORMED
*FORMAT ACTUAL FURMAT FOR UNUSUAL REFLECTION INPUT

*REFIN INsTRUCTLON CARQ FOR UNUSUAL REFLECTION INPUT

*ENDOBS SIGNALS IHAT REFLEC}IONS WHICH FOLLOW ARE SYSTEMATICALLY

ABSENT, ONLY REQUIRED WHEN A SHARPENED ORIGINREMOVED
PATTERSON (VECTOR MAP) IS TO BE CALCULATED

~

IF pEFLECTIONS AFTER =ENDOBS= (ARD ARE IN A DIFFERENT FORMAT FROM
THE ONES PRECEDING, THEN =CONUIT= AND/OR =FORMAT= CARDS wILL BE
NECESSARY, ‘

*=REFIN USE THE-TREFINz= CARv WITH CsRE, THE SPECIAL REFLECTION DECK
: "SPECIFIEU MUST FOLLOW NEXT AFTER THE =REFIN= CARO OR CONTROL

WILL BE LOST o
*HKL REFLECTIUN CARDS
END END CARD

.

* THEQE CARDS ARE-UPTIONAL

)

THE FACT THAT THt VARIOUS CaRDS CAN BE QPTIONALLY USED AT ANY TIME
. PERMITS CHANGES IN SCALEs ABSOPPTION CORRECTIONSs OR EVEN CONDITIONS
(€,6, WEISSENHERG, PRECESSION, ETC.)} DURING THE COURSE OF THE PROCESSING
CF REFLECTION CARDS
*xx%xk OPYIONALLY READS =NFILEAS (SEE COLS 15 AND 19 OF =DATRDN= CARD) s&ax
kxkkk WRITES ZNFILEHS xxkx% .

*x%*OPTIONALLY READS ;NFILE1= (SEE COLS 8=-9 OF =ZREFIN= CARD)x*a*
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B, CARD FCRMATS FOR =DATRDN= PROGRAM

OPERATION CARDS ARE DESCRIBED IN SECTION 2 GENERL-A, AND THEIR FORMATS ARE
GIVEN IN SECTION 2,0ENERL=-8, THE POSITIONING OF THESE CARDS Is DICTATED BY
THEIR FUNCTION,

UATRUN -~ CALLIMG CARD FOR DATA REDUCTION PROGRAM.
FORMATY (A2 AU LX0A2,A4,512)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6 DATRDN . _
8=13 SIx COLUMNS OF HOLLERITH PUNCHING oR BLANKS YO IDENMTIFY COMPOUND ~=
THIS JGCENTIFPICATION 1S CHECKED BY yARIGCUS PRCGRAMS FOR CONSISTENCY,
SO CHOO0SE CRREFULLY AN REMEMBER YQUR CHOICE, TAKE GREAT CARE YO

kaﬁ‘; ENRS IN THE S“ME WAY EVERY SUCCEEDING TIMZ TriE COMPOUND 1,0,
iS PUNCHED, .
14-15 (BLANK)/{1) (NO)/(YES) AN OLD DATA FILE ON =NFILEA=

16=17 (BLANA) /(L1 (DCY/7 (DO MOT)  LIST REFLECTION INFORMATION

18=1a (BLANK)/ (1) (D0 MNOT)/tDO) EXPECY TO EDIT REFLECTIONS (FORCES THg
NEED FOR PREVIOUS DATA FILE OR =NFILEAZ)

20~21 MAYIMUM NUMBER CF SCALF GROUPS IF MORE THAN 1 {UP TO 64 ALLOWED)
THIS NUMBER SPECIFIZS THE TOTAL RUSBER TO BE SUPPLIED, EACH SCALS
CARD MUST HAVE A UNIGUR NUMBER IN cOL, 20 LESS THaN OR EQUAL TO THIS:
NUMBER, USUALLY USED FOR LAYERED FILM DATA WHERE CRQSS SCALING IS NOT
KNOWN,

22-23 NOT YET USEU

LABEL - FILE LABELLING CARD, "SED TO IDENTIFY BINARY DATA FILE.
FORNMAT (A2+1A4916AL)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1=-5 LAREL

) BLANK

7=70 ALPHANUMERIL INFORMATION TO HBE USED AS FILE LABEL

CELL ~ CELL CONSTANT CARD,
FORNMAT (A2 AU LX) A2 AU BFH,303FG,5,F7 0)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-4 ceLL

5-6 BLANK

8-13 COMPOUND IDENTIFICATION CODE

14=-2) A CELL DIMENSION OR Ax RtC*PROfAL CELL DIMENSION

22=-29 B CELL DIMENSION OR B% RECIPROCAL CELL DIMENSION

30~37 £ CELL DIMENSION OR C#* RECIPROCAL CELL DIMENSIGN

38~4p COS ALFHA O ALPHA IN VEGREES OR C0S ALPHAX OR ALPHA%x IN DEGRCES
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56-64
65~71
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COS BETA OR BETA IN DECREES OR COS BETA* OR BETA% IN DEGREES
COS GAMMA OR GAMMA IN DEGREES OR C0S GAMMAx QR GAmMAx IN QEGREES

(0+0:0)

NOTE,.,, QUANTITIES MUST BE EJTHER ALL IN DIRECT SPACE OR' ALL IN
RECIPROCAL SPACE. . ANGLES MUST =*ALL# BE GIVEN AS EITHER
COSLINES OR IN DEGREES,

CELLSD - STANDARD DEVIATION OF UNIT CELL PARAMETERS,
FORMAT (A2,AL¢1X A2)AL,3FR,3,3F9,5)

cOoLsS
1-6
8-13
16~21
22=2a
30-37
38=4¢
47=5%
S6=64

SPECIFIED PUNCHING OR FUNCTION OF .THE FIELD
CELLSY :

COMPOUND IDENTIFICATION CODE

STANDARD DEVIATION IN A CELL DIMENGION (ANGSTRQOMS)
STANDARD DEVIATION IN # CELL DIMENGION (ANGSTROMS)
STANDARD DEVIATION IN € CELL DIMENSION (ANGSTROMS)
STANDARD DEVIATION IN €0S ALPHA CELL DIMENSION
STANDARD DEVIATION IN COS BETA CELL DIMENSION
STANDARD DEVIATION IN €COS GAMMA CELL DIMENSION

MAXHKL ~ LIMITS FOR FOURIER SUMMATION,

FORMAT (A2,A40 /X)314,2F8,4)

coLs
1-6
18m=17
18=21
22-25
26=33
34-41

FORMFX - ATOMIC SCAITERING FACTORS FOR X=-RAYS, ’ ;

SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD
MAXHKL :

MAXIMUM H TV BE USED

MAXIMUM K TU BE USED

MAXIMUM L TU BE USED

MAXIMUM SIN(THETA)/LAMHDA (BLANK

: 0,7)
MINIMUM SIN(THETA)/LAMRDA (BLANK

0.0)

n

FORMAT (A2+A4s1X»AL2XeFT7.51F843910A4)

coLsS
1~-6
a=-11

14=20
21l-2a
29-6n

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD ]
FORMFX j : ,
ONE TO FOUR CHARACTERS TO IDENTIFY THE ATCM TYPE, TO AvOID ERRORS
LEFT JUSTIFLICATION IS HECOMMENDED (SEE 1.GENERL)

SIN(THETA) /LAMBDA

ATCMIC SCATIERING FACTOR

SOURCE REFERENCE CONTINUED FROM CARD 1O CARD

FORMFN ~ ATOMIC SCATTERING FACTORS FOR NEUTRONS.
FARMAT (A2+A4s1X ) A4 92X 1FT7.5rF8,3+10A4)

CoLs
i~6

a-11

21-2g
29=68

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

FORMEN

ONE TO FOUR CHARACTERS TO ICENTIFY THE ATOM TYPE, TO Ay01D ERRORS
LEFT GUSTIFLCATION IS RECCMMENUDED (SEE 1.GENERL)

COHERENT ATUMIC SCATTERING FACTOR

SOURCE REFEKRENCE

FORMGN =~ CALCULATIUN OF ATOMIC SCATTERING FACTORS FOR XRAYS FROM NUMER}CAL»

HARTREE-FUCK WAVE FUMNCTIONS '

FORMAT (A2¢rAU4 s 1X,ALI2XI9F T, 4)



coLs
1-6
8=11
14=2n
2i=-27
28=34
35-41
42-48
49=-55
56-62
65=-59
70=75

LATICE
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SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
FORMGN

ONE TO FOUR CHARACTERS TO IDENTIFY THE ATOM TYPE (SEE 1.GENERL),
COEFEICIENT A(1) '
COFFFICIENT B(1)

COEFFLCIENT A(2)

COEFFICIENT B(2)

COEFFICIENT A(3)

COEFFICIENT B(3)

COEFFICIENT Aly)

COEFFICIENT B(u)

COFFFICIENT C

THE CUEFFICLIENTS NEEDED IN COLUMNS 14-562 ARE THOSE SUPPLIED BY
CROMER AND MANN, ACTA GRYST, (1968), A24)321

FCR ELEMENTS Cy Ny Oy P» S, CL, THE COEFFICIENTS ARE STORED EY THE
PROGRAM AND COLUMNS 14~p2 CAN BE LEFT BLIZNK IF THE ATOM TYPE IS
SPECIFIED AS OME OF THe ABOVE LEFY JUSTIFIED SYMBOLS, H OF STEWART £T.
AL, IS ALSO STGRED (NOT GENERATED),

- CERNTRICITY YDENTIFICAINION CARD,

FARMAT (A2035,2X3AR192XA1)

COLS CpECIFIED PURNCHING OR FUNCTION OF THE FIELD
1=-6 LATICE
9 C = CENTRIC CELL A = ACENTRIL CELL
12 DESIGHAATION CF LA TT'CE TYPE P,y1,ReFeh,B,C  ONE OF THE FORZGOIME MUST
5 PunCHID
SYMTRY = GYMMETRY OMCERATION CAvD.
FORMAT (AZsALEOAL)
COLS SPECIFIED PUNCHING OR *UNCTICH OF yHE FIELD
1=6  SYMTRY :
772 ERAL EQUIVALENT POSITION THE <
YCATED BY SUSPLYING THRE SCT GF CERE

OISPER

B N t N
E:}L;.\’r\_~|\‘! FOSITION 1S SPECIFIND T A S;‘)AF(MTE SYMTR ‘( Chr\u. ABIMG
RULZ IS THAL ANY GENZRAL EGUIVALENT POSITION IN Tiig INT ’ndnflva
TARLES MAY BE WRITTEN YERBATIM WITH THE FOLLOWING CONVEMTIONS
(1) MINUS SIGNS PRECEDE THE MEGATIVE GUANTITY» £,6, =X FOR X—EAR
(2y FRACTLONS ARZ WRITTEN WITH THZ SLASH, £,6. 1/2 FOR ONZ=-HALF
(53 SlLanKD ARE T16MNORRD, :
NOTE ,e 1/72«X OR «X+1/2 ARE EBOTH ACLEPTALLE FCORMATS,

NOTE .., UO NOT PUNCH anY OPERATIONg THROUGH THE CENTER IF SPACE GROUP
IS CODED CENTRIC ON =LATICE= CARUD,

{SEE STATEMENT ON SYMMFTRY IN 1,GENERL)

- TEMPLETON UISPERSICN LORRECTION CARD,

FARMAT (A2,AUIX)RL 12X 12FH,3)

coLs
1=-6
&=-11

SPECIFIED FUNCHING OR FUNCTION CF THE FIELD
DISPER
ATOM TYPE {(5EZ 1.GENCRL)
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14-21
22=2a

GRID
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DELTA FJ PRIME
DELTA FJ DOUBLE PRIME

- FOURLIER GR4DL CARD.,

FORMAT (A2,A407X»314)

coLS
1=4
5-=6
16=-1y
1€~-214
22-25

CONDIT
Fo
coLs
1-6
14e2)
22=29

38=4q
4i=43

“4-“6
47=-49

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

GRID

BLANK .

NUMBER OF GRID INTERVALS ALONG THE X AXIAL DIRECTION
GRID INTERVALS ALONG Y AXIAL DIRECTION

GRID INTERVALS ALONG 2z AXIAL DIRECYION

- CONDITION CARD, SETS~t'P CALCULATIONS COUES.
RMAT (A2+A4 1 IX»2F8.518Xe915,FR,5)

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

CONCIT

WAVELENGTH LN ANGSTROM UNITS

MAXIMUM VALUE OF SIN T=ETA FOR THE CONDITIONS OF OBSERVATION, THIS
IS ThE ACCURATE VALUE OF SIN MU FOR THE PRECESSION METHCD,

xx2xBF PRECIDE < USE THF TRUE EXPERIMENTAL MAXIMUM, NOT SIMPLY 1,0xxx
(1)/(2) (X=RAY)/(NEUTRON) DIFFRACTOMETER DATA

1/LP SWITCH ==
- POWDER SPECTROMETER
- SPECTROMETER WITH EULFRIAN CRADLE GEOMETRY AND TwO THETA SCAN
EQUI-INCLIMATION WEISSENBERG
PRECESSICN
NORMAL BEAM
FLAT CONE
£QUAL CONE
OSCILLATION
- DO NOT APPLY A 1/LP CORRECTION

(13/(2) FOR (DO)/(UO NOT) TAKE SQUARE ROOT OF INTENSITY
s E0~52y 53-55 MILLER TNDICES OF THE PLANE NORMAL TO THE BEAM Axrs
AT ZERO UVEGHEES MU, FOR THE PHECEGSION METHOD, FOUR ABOVE, FOR
3,5r6¢7 CR 8 ABOVE THZISE MUST PE THE GENERAL ROTATION AXIS DEFINED
THE ROTATION AXIS, FO® EXAMPLE, CORRECTION FOR WEISSENBERG DATA FROM
A CRYSTAL MUUNTED TO ROTATE ABOUT THE B CELL AXIS USE 010,

WO NOUE W N

FOR EXAMPLE IN THE PRECESSION METHOD FOR A MONOCLINIC CRYSTAL -

**
*% ¥ = 010 PLANE

*% %*

* *

———————) PR S

B AM Yt * ¥

AX\S * %%
x%

(E.G, IF BEAM 1S COMING ALONG *B' aAXIS, THEN THIS PLANE IS THE 0190
PLANE)



——

. 2.,0ATRDN=8 5 165
- 04s22/72

56«58, 59-61: 62-64 MILLER TNDICES OF THE PLANE NORMAL YO THE
SPINDLE AXIS. (NOT NEEDED FOR WEISSENBERG METHOD)

FOR EXAMPLE IN THE PRECESSION METHOD -

Cx /
1 / Ax
I /
1 /
wokgkok gk g wkk [/
* a.
*- o o o¥*
* e~ qu=== 100 REFLECTION
—— () mmcnce——— ———k . e %
* ) . *
* / *
* / *
%/ ok o o 8k K
/
/
/ BEAM

/ B AXIS
(PARENTHESEY: MEAN ROTAI1ION)

PICK ONE OF THE HQJL RECIPRICAL LATTICE POINTS CN THE MOST NEARLY !
HORTZONTAL AXIS PASSING THROUGH THE CENTER OF TRE FILM (IN THIS CASE
THE 100 REFLECTION ON THE Ax AVIS) — THE MILLER INDICES OF THE FPLANE
NORMAL TO A% ARE 100 - THE INDICES OF THAT POINT, ’ .
#»##NITF -~ THE FOLLOWING FIELD SAS DIFFERENT FUNCTIONS DEPENDIING UPCON THE
NMETHCD OF LATA COLLECTION o=
65=7> A) FCR PRECESSION OR ENUAL~CCNE METHODS )
T SIGMA, THE ANGLE BETWEFA THE MOST NEARLY HORIZONTAL AXIS (A=),

AND THE HOR1ZONTAL OF THE FILM, MEASURED IN A RIGHT HZNDED SYSTEM
LOOKING ALONG THE X=KAY =ZAM (FRCM SOURCE TO CrYSYTAL, CLCCK¥ISE Ig
POGSITLVES

65=72 ). FOR SPECIROMETER-MOMCLHROMATOR ANGLE (IF IT IS ZERO, SAY £O)

73=-8g LINEAR ABSORFTICN COEF-ICIENT IN Cu,x«-1 (UNU)
IF THIS VALUE IS NOT SU'PPLIED, THE VALUE CF TBAR (AVERAGE PATHLENGTH
THROUVH THE CRYSTAL) I< SET EQUAL TO 0.03 CM, OR TAKEN FROM THE HKL
CARD IF SUPFLIED THERE, IF UMU 1S SyUPPLIED HERE AND NO VALUE OF TBAR
1 SUPPLIED ON THE HKL CARD» THAR 1S CALCULATED AQ == )

(ALOG(ABSORP)YZUMUY + 0.001

CONUIT -~ CONDITION CARD FOR CHANGE OF DATA,
FORMAT (A2+sRL IX32FB.518XeS13,F8,5)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6 coMBIT -

14«72 PUNCH OMLY THOSE COLUMNS FOR WHICH THERE IS A CHAMGE OF DATA,
LEAVE ALL CHHER COLUMNS BLANK UNLESS CAMERA TYPE CHANGES IN WHICH
CASE, PUNCH IN FULL ‘

ABSBON «~ ABSORPTION CORRECTION CARD = REQUIRES ONE FOR EACH ENTRY IN
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TABLE {(TOTAL = 19 CARDS/LEVEL), IN CYLINDRICAL CASE APPLIES ONLY
T0 WEISSENDERG GEOMETHY .

FORMAT(AZ2,AL,1X»12,4XsFlY . N92X,F10.3)

coLs
1~6
8=9

14~17

20-29

SCALE

SPECIFIED PUNCHING OR *UNCTION OF YHE FIELD

ABSORB -

ABSORPTION IYPE, (1)/7(2) FOR (NO CORRECTION)/(SPHERE OR CYLINDER)
(1) IS USED TO CANCEL MREVIOUS TYPE IF NO COKRECTIONS ARE

DESIRED FOR THE FOLLOWING SET OF DATA,

TYRTA, THETA, OR UPSILON/2 (BUERKGERS NOTATION), SEE

W.L.BOND IN INTERNATIONAL TABLFES, yOL 2+ PP 291-306. USE TABLE 5.3,58
FOR CYLINDER (P 285=297) AND TABLE 5,3.6B FOR SPHERE (P 302=-305),
ABSORPTION CORRECTION aS LISTED IN TARLE

- SCALE CARD FOR INTENSLITY DATA,

FORMAT (A2,AU 10,49 1UFL0,4,12/6F5,3)

33=-37
38=42
43-47
L8=52
53=~57
58=62

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
SCaLE

BLANK ~

SCALE FACTOR TO APPLY TO INPUT INTENSITY» FREL, OR FREL*#*2
GROUP IDENTIFICATION I,E, NUMBER IN RANGE 01 YO 6u

MAY BE BLANK OR AS FOLLOWS ’

7 MINIMUM OBSERVED INTENSITY (FOR FILM DATA) :
> WEICGHT ROUTINE SWITCH (0 OR 1)/12)/{3)/(4) (ALL WEIGHTS 1.0)/(APPLY

Ue OF W, WELGHTING SCHEME)/(USE COCLS 50«54 OF zHKL = CARD AS WwEIGHY)/
(SEY WEIGHT TO RECIPROCAL OF COLS,., 50-~54 GF =HkL= CARD)

U. OF W, SCHEME IS (WFIGHT = Q1/AMAX1(SIGMA,Q2*FREL+Q3,Q4xFRELM+QS5)
(REFER 70 StCTION 1,UATRDN FOR DETAILED EXPLANATION OF NEXT SIX
FIELDS)

Q1

Q2

Q3

(o]

Q3

Q6

FORMAT - DEFINES REFLECTION DATA,
FORMAT (A2,18A4)

coLs
i-6
7-72

REFIN

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

FORMAT

THE FORMAT UF THE REFLECTION DATA, AS IN A STANDARD FORTRAN FORMAT(E,G.
FORMAT (A2, A4 91X )A4rA2,72,3144F10.,2,F10.4) WHICR IS SUPPLIED TO
ACCOMMODATE X=RAY 63 REFLECTION DATA FORMAT IF NO =FORMAT= CARD

1S READ,

- ITNSTRUCTICN CARD FOR (INUSUAL REFLECTION INPUT,

FORMAT (A22A40 23,2169 313»14(1XeA2)Y)

coLS
1=-5
6
8-9

SPZCIFIED PUNCHING OR FUNCTION OF THE FIELD

REFIN : :

BLANK .
(0)/(1) FOR (REFLECTIONS ON CARDS) ,(REFLECTIONS ON =NFILEI=), NOTE, IF
REFLECTIONS ARE READ FROM =NFILElz, THEY MUST APPEAR AS CARD IMACES,
THE READING FROM =NFILFIZ MUST BE TERMINATED 8Y A MAXIMUM NUMBER QF
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REFLECTIONS OR A FINAL Hr K» AND L,
10-15 NUMBEX OF REFLECTIONS YO SKIP BEFORE PROCESSING FIRST REFLECTION RECORD
16~27 MAXIMUM NUMBER OF REFLRCTIONS TO PROCESS USING INFORMATION
FOLLOWING THIS =REFIN= CARD
22«24 VALUE OF H FOR LAST REFLECTION
25«27 YALUE OF K FOR LAST REFLECTION
28-39 VALUE OF L FOR LAST REFLECTION

NOTE = THERE ARE TWU WAYS TO TFRMINATE INP,,T OF INFORMATION yUNDER =REFIN=
CONTRQ|. -= THEZ NUMBER OF REFLECTIONS OR THE VALUES OF H, K» L FOR THE LAST
REFLECTION, EITHER MAY HE USED OR BOTH, 1F BOTH ARE SPECIFIED THE FIRST 1O
BE SATISFIED wILL TERMINATE TRFATMENT OF THAT REFLECTION GROUP, REMEMRER
THAT THE NORMAL PROCESS OF CONTROL BY THE PUNCHING OF (COLS, 1-6 (EXCEPT

IN THE CASE OF =HKL= CARDS) 1S LOST DURING =REFINz= CONTROL,

31=-75 FOURTEEN FIELUS FOR SPFCIFICATIONS OF REFLECTIQON DATA,

THIS SERVES TO SPECLFY THE ORO¥R AND MODE (WHETHER FIXED OR FLOATING) OF THE
ITEMS 70 BE READ AS REFLECTION DATA, IT ALSC INDICATES wWHICH ITEMS OF A RECORD
ARE TO BE JIGNURED, TREAT EACH FIELD AS REPRESENTING FROM 1 TO 9 ITEMS IN

A REFLFCTION RECORD.IF AN ITEM OR GROUP OF ITEMS IS TO BE SKIPPED, PUNCH =XB=
WHERE ¥ IS AN INTEGLR FROM 1 TC 9 DEPENDING ONMN HOW MANY CONSECUTIVE ITEMS

ARE TO RE SKIPPEU, IF X 1S BLANK, ONE ITEM WwILL BE SKIPPED.

IN FIELDS CORRESPONUING TQ USEFUL INFORMATION PUNCH -
FH OR IH FOR FLOAITING OR FIXED H
FK OR IK FOR FLOAIING OR FIXtD K
Fl. OR IL FOR FLOAVING OR FIXtD L
FR CR IR FOR FLOATING OR FIXrD FUNCTION oF INTENSITY !
FW OR Iv FOR FLOAIING OR FIXFD WEIGHT OR STANDARD UEVIATION OF THE INTENSITY
Ful OP ID FOR FLOAIING OR FIX*D 'JCODE' INDICATOR
Fi CR IT FOX FLOATING OR FIXFD LEVEL INDICATOR
THESE FIELDS MUST Bt PUNCHED I™ THE SAME ORDER AS THEY APOEAR [N YOUR
REFLECTION DATA RECVRUS, A BLANK IN ANY OF THESE FIELDS CAUSES IMMEDIATE
TERMINATION OF READING THIS CAwD,

ENDOBS = SIGNALS THAT FOLLOWING REFLECTIONS ARE SYSTEMATICALLY ABSENT,
FORMAT (A2+AL)

COLS SPECIFIED PUNCHING OR UNCTION OF THE FIELD
1~6  ENDOBS

HKL - STANDARD X=RAY SYSTEM REFLECTION INPUT OR REFLECTION EDITING CARpD.
FORMAT (A2 AU 11X A20AL4612)2F2,04F5.0,Fu, 4eFU,3,F7.4+13)

COLS SPECIFIED PUNCHING OR FUNCTION OF [HE FIELD

1=3 HKL

4=6 BLANK

8~13 COMPOUND IDENTIFICATIONM CODE

14=1¢g H

17-19 K

20=-22 L

23=25 FUNCTION OF CARD SIGNAL
(0 OR BLANK)/Z(1)1/(2)/7(3)/(4) FOR (CAUSES THE =HKLz CARD TO BE & REFLEC-
TION INPUT CARD, ALSO USED FOR AN A-PRIORI START WHEN NO BINARY FILE
EXISTS,)/(SIGNALS THAT THE BINARY DATA FILE IS TO BE PROCESSED DOwWN TO

S



26=2q

29-314
32=4n
gl-ic
50~54

55=-5g
59-6p
63-69
70=72

NOTE, .,

END
Fo
coLS

1-3
4~6

2 UATRUN= 8 1epd
0yr22/72

THE REFLECTION SPECIFIED IN THE =HkL= CARD AND YHEN ALL VALUES ON
THE CARD ARE TO REPLACE THE VALUES ON THE FILE,)/(PROCESS DOWN TO
SPECIFIED H&L IN DATA +ILE AND DELETE THE REFLECTION FROM THE BINARY
FILE,)/(COPY THE BINARY DATA FILE OOwN TO AND INCLUDING THE
DESIGNATED He Ky, AND L, THIS 1S A POSITIONING FUNCTION}/(SKIP
THROUYSH THE SPECIFIEU KL ELIMINATING REFLECTIONS FROM THE FILE).
REFLECTION tYPE (JCOLE)

(1)/(2)/7(3)/7{)/(5) FOR (OBSFRVED)/(LESS=THAN)/(EXTINCT)/(TO BE
IGNORED) /(SYSTEMATICALLY EXTINCT)

DATA GROUP FOR SCALING PURPOSES

REFLECTION INTENSITY

AVERAGE PATHLENGTH (TBAR) IN CWM,

STAMDARD DEVIATION IN INTENSITY

(MAY ALSO Bt WEIGHY IF SIGNALLED IN =SCALE= CARD})

PHASE {IN CYCLES) IF KNOWN

NOPMALIZED STRUCTURE FACTOR

ARSORPTION CORRECTION

NUMBER OF TIMES INTENSYYTY wAS INDERENDENTLY OBSERVED

. IN EVERY CASE ONCE AN zHKL= CARD FUNCTION IS FULFILLED. CONTROL
RETURNS TO THi& CARD IMPUT STREAM, AN ZEND= CARD CAUSES THE INPUT
BINARY DATA FILE TO #r ORAINED OF REFLECTION DATA WHENEVER ANY EDTIING
IS BEING DUNE, '

IFy AT ANY TIME DURINA EDITING, THE BINARY FILE 1S EXHAUSTED, A FAULT
IS SIGNALLED AND THE WHOLE RUM ABORTED AT THAT POINT,

THE ORDER UF H, K, AN L ON THE INPUT EUITING CARDS MUST BE EXACTLY
THE SAME AS THOSE IN THE BINARY DATA FILE,
IF THEY ARE NCT IN THFE SAME ORDER, A FAULT wILL OCCUR,

-~ END CARD,
RMAT (A2+A4)

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
END
BL.ANK
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A, CARD ORDER SUMMARY FOR =DIFPCH= PROGRAM
DIFPCH PROGRAM CALLING CARD
*STAND DESCRIPTION OF ReFLECTION TO BE USED AS A STANDARD (MAXIMUM 10)

*TWOTHE SWATCH OF TWO THETA DESIRED (SHOULO BE ENOUGH THAT THE GROUPS
OF TWU THETA WILL BE LESS THAN THREE OR FOUR THOUSAND
REFLELTIONS)

END END CARD

* THESE CARDS ARE OFTIONAL

*xx%%x READS =NFILEHZ (WRITTEN HY =DIFSETZ) suss

*xxkxx PUNCHES CARDS ON =NFILEC= #xkxx%
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p.

B, CARD FORMATS FOK =DIFPCH= PROGRAM

OPERATION CARDS ARE DESCRIBED IN SECTION 2 GENERL-A, AND THEIR FORMATS ARE
GIVEN IN SECTION 2,0CENERL-B. THE POSITIONING OF THESE CARDS Is DICTATED BY
THEIR FUNCTION.

VIFPCH = PROGKAM CALLING CARD,
FORMAT (A2)AU 11X A2sA4»1XeT1)3F10,4,110,9%XsF1,0,F10,4,11)

COoLs
1-6
15
16-28
26=35
36=-45

46-55
65
66-75

76

*x NOTE

SPECIFIED PUNCHING OR *UNCTION OF THE FIELD

DIFPCH

(1)/(2)7(3)/ FOR PUNCH (PEAK)/(SCAN)/(PEAK-SCAN PAIRS)

LOWER LIMIT OF TWO THETAS TO BE PUNCHED, LESS THAN 2,5 IS SET = 2.5
UPPER LIVMIT OF TWO THETAS TO BE PUNCHED, MORE THAN 145,0 IS SET = 65,0
NUMBER OF DEGREES TO DRIVE PHI BACK BEFORE SETTING TO NEXT REFLECTION
(ASSURE NO BACKLASH) HLANK = 10,0 DEGREES

FREQUENCY OF INSERTING STANDARDS, BLANK = EVERY 280

SCAN RATE FUR XRU=-6 COVE. BLANK = 4 (I.E, 4 DEGREES/MINUTE)

PHI CORRECTION = IF PHI VALUES FROx DIFSET ARE INCCRRECT THIS VALUE
WILL BE ADDED TO ALL PHIS FROM =NFILEH= = (BUT NOT TO STANDARDS
SUPPLIED BELOW), _

(BLANK) /(1) PUNCH CARDS IN (GE DATEX)/(PICKER) CARD AUTOMATED
FORMAT )

- THE =DIFPCH= CARD IS USED TO CALL THE PROGRAM AND PULL QUY ThE FIRSY
SHELL OF TWwO THETAS, SUBSEGUFNT SWATCHES IN THE SAME JOB ARE
INITIATED BY USE OF z=TWOTHE= CARDg

STAND ~ STANUARD CARD, A MAXTMUM OF 10 =STAND= CARDS ARE ALLOWED AND THEY

MUST BE ARRANGED IN OKDER OF INCREASING PHI,

FORMAT (A2,A4,314,5F9,2) .
COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-5 STAND
6 BLANK
7-10 H
1l=1y K
15-18 L
19«27 CHI OF THE HEFLECTION
28=36 PHI OF THE WEFLECTIUN
37-45 STARYT TwO THETA OF THE REFLECTION
4b6=54 PEAK TWO THETA OF THE REFLECTION
55=63 STOP TWO THETA OF THE WEFLECTION

TWOTHE = FORMAT EXACTLY AS THE =DIFPCH= CARD

END

- END CARD,

FORMAT (A2,A4)
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COLS SPFECIFIED PUNCHING OR FUNCTION OF TYHE FIELD
1=2 END ’
4-6 SLANK
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A, CARD ORDER SUMMARY FOR =DI¥SET= PRCOGRAM

s i T P WP e TP T T S W T g S S P UL 0 s T g W o T S

DIFSET PROGRAM CALLING CARU

CELL OR PARAMC = FURNISHES CELL LONSTANTS

ORIENT ORIENTATION

ANGMX  LIMITS OF PHI, CHI, AND TWO-THETA RANGES

INDEX  LIMITS OF H, K, AND L INDICES :

BAKSET OR EGNCON = METHOU OF COMPUTING SCAN RANGE

*SYSABS SYSTEMATLC ABSENCES

PREP CAUSES PKOGRAM TO CHECK INPUT» pRINT SPECIFICATIONS. AND

PREPARE 10 COMPUTE SETTINGS

* {OPTIONAL AUTOMATIC DIFFRACTOMER CONTROL DECK « SEE BELOW)

wHKL INDICES UF REFLECTION TO BE ADDED TO OUTPUT

¥meoeee {(SETTING CARD = COMFOUND IGCENTIFICATION IN COLS 1 = 6)
SETTINGS OF REFLECTYON TO BE ADDED TO OUTPUT

GENHKL CAUSES GENERATION OF MILLER INDICES

END END CARD
* THESE CARDS ARE UPTIONAL

AUTOMATIC DIFFRACTOMETER CONTROL DECK

- € o O D - - - e o = - e

INSERT AS INDICATED ABOVE 1F CONTROL TAPE OR CARD DECk IS REQUIRED

XRGC TYPE OF UIFFRACTOMETER, OUTPUT REQUIRED, SCANNING SPEED,
NUMBER OF CHARACTERS PER OUTPUT RECORD
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XROFMT FORMAT OF DIFFRACTOMETER COMMAND WORDS FOR.DATA
TTYFMT FORMAT OF TELETYPE NUTPUT FOR DATA (NBS ONLY)
-*%STDREF DESIGNATES THE REFLYCTION ON THE NEXT HKL OR *SETTING CARD®

AS A STANDARD REFLECTION, GIVES ITS IDENTIFICATION NUMBER,
AND SPECLFIES HOW OrTEN 1T IS Tg BE INSERTED- IN OUTPUT

**XRDFMT FORMAT FUR DIFFRACTOMETER COMMAND WORDS FOR STANDARD REFLECTION
**TTYFMT FORMAT FUR TELETYPE OUTPUT FOR STANDARD REFLECTION (NBS ONLY)

*¥HKL OR 'SETTING CARD' ~ DEFINES THE STANDARD REFLECTIOM

*x THEGE CARDS ARE OPTIONAL AS A GROUP WITHIN THE OPTIONAL CONTROL DECK,
THE WHOLt GROUP IS REPEATED FOR EACH STANDARD REFLECTION.
STANDARD REFLECTIONS MUST BE NUMBERED SEQUENTIALLY 2 - 10.
THE CARDS =STDREF=, =XRDFMT=, AND =TTYFMTz MUST BEAR THE
SEQUENCE NUMBER FOR THE STANDAR(D DEFINED. BY THE =HKL= OR
ISETTING CARD' FUR FACH STANDARD REFLECTION,

LTI L] oPTIONALLY PUNCHES CARDS ON zNFILEC= (SEE COLS 61=70 OF =DIFSET= CARD)xx*
*sxxxk OPTIONALLY WRLTES =NFILEM= (SEE COLS S1-60 OF =DIFSETSCARD) #&xx%
*+xaxx OPTIONALLY WRITES =NFILEIZ (SEE COLS 13=-17 OF =XRDC=z CARD) x##x%

NOTE= =ZNFILEHS == SETTING INFOPMATION

=NFILEH= CUNTAINS A SERIES OF PACKED RECORDS WITH THE FOLLOWING
INFORMATION, THESE AR¥ READ AND SORTED BY =ZDIFPCH= LINK, WHICH SEE,
THE QUANTITIES STOREL ARE H INDEX, K INDEXs, L INDEX:» CHI SETTING, PHI
SETTINGs, TWVU THETA SETTING FOR BACKGROUND (LOW)» TWO THETA SETTING FOR
PEAK, TOW THETA SETTING FOR BACKGROUND (HIGH), AND TIME (SECONDS) FOR
TWO THETA SCAN, i
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B, . CAaD FORMATS FOR =DIFSET= PROGRAM

- o T - - Y gy 5 T gy, 0 W T s s o e g

OPERATTON' CARDS ARE DESCRIBED IN SECTION 2,GENERL-A» AND THEIR FORMATS ARE
GIVEN IN SECTION 2,GENERL=-B, THE POSITIONING OF THESE CARrRDS IS DICTATED BY
THEIR FUNCTION, ’ '

DIFSET « CALLING CAKD FOR DIFFRACTOMETER SETTING PROGRAM,
FARMAT (AZ,;’\’-&.lXoAZlA‘%u'/XOSFlO.B;?IIO)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1~-6 DIFSET '

8=~13 CONMPOUND IDENTIFICATION CODE

21-3p WAVELENGTH FOR ALPHA(LY .  1.54n51 ANGS.ROMS USED TF BLANK

3leig WAVELENGTH FOR ALPHA(2) 1.54433 ANGSTROMS USED 1F. BLANK
NOTE = IF ALPHA(1) 1S SUPPLIED BUT ALPEA(2) IS BLANK, THE ALPHA(1)
WAVELENGTH GIVEN WILL »LSO BE uSED FOR ALPHA(2)

41~5g TWO THETA SCAN RATE IN DEGREES PER MINUTE

S1=60 (BLANK)/(1) FOR (DO)/(1}0 NOT) FUNCp SETTING CARDE ON =NFILEH=

61-70 (BLANK)/(1) FOR (DO) /(10 NOT) PUNCH SETTINGS CARDS FOR THOSE

" REFLECTIONS WHICH ARE SYSTEMATICAL|Y ABSENT, THIS FIELD HAS NO

EFFECY UNLESS COLUMNS =1=60 ARFE BLANK, (wILL ALSO QUPPRLSS PUNCH;NG
CF DIFFRACTUMETER CONTHOL CARDS FOrR ABSENT REFLECTIONS,)’

CELL = CFLL CONSTANT CARD, '
FQRMAT (A2¢Ako1X1A20A4 ¢3FR,3,3F9,5)

COLS SPECIFIED PUNCHING OR FUNCTION OF tyHE FIELD
COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
5~6 BLANK

8=13 COMPQUND IDtNTIFICATION CODE

14«2y A CELL DIMENSION

22~29 B CELL DIMENSION

30-37 ¢ CE{LL DIMENSION

38-46 COS ALPHA cssene ALPHA

L7-55 COS EETA « OR . BtTA

56=~64 COS GAMMA vesons - GAMMA

PARAMC ~ CELL CONSTANTS CALCULATED BY A PRFVIOUS =PARAM=,
FORMAT (A2,A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6 PARAMC

ORIENT = CRYSTAL ORIENTATION CARD,
FORMAT (A2,AU»1X2A20AH»2%X»7F8,3)
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COLS SPECIFIED PUNCHING OR FUNCTION OF ¢HE FIELD

1-6 ORTENT

B=13 COMPOUND IDENTIFICATION CODE

16=235 H INDEX (MAY BE FRACTINNAL) OF THE RECIPRCCAL LATTICE VECTOR LYING
ALONG The PUSITIVE DIRCTION OF THg PHI AXIS

24=31 K INDEX AS ABOVE

32=39 L INDEX AS ABOVE

40=~47 H INDEX (MAY BE FRACTIONAL) OF A RgCIPROCAL LATTICE VECTOR LYING IN THE
PHY = 0 CEGREES PLANE (THIS PLANE CONTAINS THE FH! AXIS)

48«55 K INDEX AS ABOVE :

56=6% L INDEX AS ABOVE

64=71 CORRECTION 10 EBE APPLISD TO ALL CALCULATED PHI'S TC OBTAIN TRUE PHI'S,
THIS CORRECIION IS THE ANGLE (COF + OR =~ PHI) BETWEEN THE PLANE '
SPECIFIED ABOVE AND TH: PHI = 0 PLANE

ANGMX = DIFFRACTOMETER AND GOMIOSTAT ANGLE LIMITS,
FARMAT (A24A4L 4 X96F10.6)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-5 ANGMY

6 BLANK

11=25 LOWER LIMIT FOR PHI

21=3p UPPER LIMIT FOR PHI

31-4n LOWER LIMIT FOR CHI (IM RANGE «10 70 +100)
4le50 UPPER LIMIT FOR CHI (IM RANGE =10 TO +100)
51=-60 LOWER LIMIT FOR TwWO TH¥TA

61=70 UPPER LIMIT FOR TWwO THFTA

INDEX « INDEX GENERATION LIMITS,
FORMAT (A2+A4,4Xs6(1X014))

COLS SPECIFIED PUNCHING OR -‘FUNCTION OF THE FIELD
. 1=5 INOEX .
6 BLANK :
12-15 LOWER LIMIT FOR M INUDEX
17-20 UPPER LIMIT FOR H INDE¥
22=25 LOWER LIMIT FOR K INDEY
27=30 UPPER LIMIT FOR K INUEX
32-35 LOWER LIMIT FOR L INUEY
37~40 UPPER LIMIT FOR L INDEX

BAKSET = CONSTANT INCREMENY FOM CALCULATING TwO-THETA SETTINGS FOR
BACKGROUND READINGS OR FOR BEGINNING AND END OF SCAN RANGE. -
FORMAT (A2+A4»YX,F5,2)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6 BAKSET
16=20 INCREMENT IN DEGREES

EQNCON = CONSTANTS FOR EQUATIOM USED IN CALCULATING TWO-THETA SETTINGS
FOP BACKGROUND READINGS OR FOR BEGINNING AND END OF SCAN RANGE,
FORMAT (A2¢A4,4X,2F10,4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6 EQNCON



11-20 A IN DEGREES
21-30 B IN DEGREES

SUGGESTED VALUES ARE
OR Az1,80 AND B=1,00

SYSABS - SYSTEMATIC ABSENCES CAROD,
) FORMAT (A2+ A4 LXpA29AL,TX92311)

coL
1-6
8~1
21=-

2%
22
23
2t
25
26
27
28
29
30

51
32
33
34
35
36
37
38
39
40
41
y2
a3

PREF
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A=1,80 AND B=0,86 FOR COPPER RADIATION
FOR MOLYHRDENUM |

S SPECIFIEU PUNCHING OR FUNCTION OF THE FIELD
SYSABS '
3  COMPOUND IDENTIFICATIONM CODE

43 VALUE OF

*X' FOR APPLICATION OF SYSTEMATIC ABSENCES TEST, ONLY THOSE

COLUNMNS CORKESPONDING 7O TESTS TO BE APPLIED SHOULD BE NON=ZERO,

HKL
HKL
HKL
HKL
HKL
HKL
HHL
HHL
HHL
HRL

oxKL
oKL
OKL
HoL
HoL
HoL
HX2
HK{Q
HK D
HHO

HQON
0XK0
coL

ABSENT
ASSENT
ABSENT
AUSENT
ADSENT
ABSENT
ABSENT
ABSENT
ABSENT
AUSENT

ABSENT
ABSENT
ABSENT
ABSENT
ABSENT
ABSENT
ABSENT
AGSENT
ABSENT
ABSENT
ABSENT
ABSENT
ABSENT

iF
L1F
ifF
1F
iF
1F
iF
LF
iF
LF

iF
I
1F
1F
L+
iF
iF
iF
iF
LF

iF
1F
1F

He4Kz=XN+1

HeblLzXN+1

K+bzXN+1

ALL H+K, H+L, K+l ZXN4sl
HeK+LZXN+]

=H+K+LZXN+1

H=XN+1

L=XN+1

HelLzXN+1

2H+L=XN+1

K=XN+1
LoXN+1
K4+bL=XN+1
H=XN+1
L=XN+1
HelzXN+1
HzXN+1
KX+l
H+KzXN+1
H=XN+1

H=XN+1
KX+l
L=Xii+l

- CAUSES PROUKAM TQ PREMAZE TO COMPLTE SETTINGS BY CHECKING INPUT DAYA,

COMPUTING CONSTANTS AMD PRINTING qUT

 FoRMAT

cow
1-4

5=6

HKL

S SPFECIFIED PUNCHING OR FUNCTICN OF THE
PREP

{A2,A4)

BLANK

- MILLER INDICES OF A RrFLECTION
THE SETTINGLS ARE COMPUTED,
AND THE PH!-~ANGLE CORKECTION,

FORMAT (A2+A47X,313)

SPECIFICATIQONS,

FIELD

THAT IS TO BE INSERTED IN THE cuTRUT,
THE INDEX AND ANGLE LIMITS ARE CHECKED.,
IF ANY,

1S APPLIED,

© COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

l=
4w

3 HKL

6 BLANK
14=1¢ H INDEX
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17-19 K INDEX
20-22 L INDEX

| mwe=mm= « PSETTING CARDS*, MILLER INDICES AND SETTING ANGLES FOR A REFLECTION
THAT IS TO BE INSERTER IN THE OUTPUT, NO CHECK IS MADE ON
"THE INDICE> AND ANGLES, THESE CARDS MAY BE GENERATED BY THIS
PROGRAM FOR SORTING, AND THEN READ By IT TO CREATE A CONTROL TAPE
OR CARD DELK,

FORMAT (A2,A4,914,6F9,2+A2/0A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6 (COMPOUND IUENTIFICATION CODE), MyST AGREE WITH =DIFSET= CARD
COLS. 8"13.

T7=in H INDEX

11~1y K INDEX

15~18 L INDEX

19«27 CHI SETTING

28-~36 PHI SETTING

37-45 STARY TwWO-THETA SETTINS

46-50 PEAK TWO=-THETA SETTING

55«63 STOP  TwO=-THETA SETTING

64=72 SCANMING TINME

73-78 BLARK OR 'ADSENT?

GENHKL =~ STARTS GENERATION OF ~ILLER INDICES AND SPECIFIES ORDER, THE
RECIPROCAL AXIS THAT LIES ALOMG THE PHI AXIS SHOULD BE INCREMENTED
MOST FREQUENTLY SO THAT PHI DOES NOY CHANGE OFTEN,
FORMAT (A2,AlsolUs10X,311,12X,215) '

COLS SPECIFIED 'PUNCHING OR FUNCTION OF THE FIELD
1-5 GENHKL
7-10 (2 OR BLAMKI/(1)/(0) ¥FOR (TO USE SUBROUTINE XRY271)/(TO USE
SUBROUTINE XRY272)/( ATTEMPTS YO UgE XRY278 WHICH 1S CURRENTLY

INACTIVE)
21 17273 FOR  H/K/L  INO¥X INCREMENTED MOST FREQUENTLY
22 1/2/3 FOR' H/K/L  INDEX INCREMENTED NEXT
23 1/2/73% FOR  H/ZK/ L INDFX INCREVENTED LAST

26=lg +1/=1 FOR IHE INCREMEMT TO BE APPLIED TO THE INDEX SPECIFIED IN cOL,
22 WHEN THE INDEX SPECTFIED IN COL, 23 IS FCSITIVE OR ZERC.
YHIS DETERMINES THE UIRECTION IN WHICH PHI SETTINGS wILL PROGRFSS,

_41=45 =1 IF ALL POSITIVE VALUES OF THE INDEX SPECIFIED IN CoL, 23 ARE

TO BE SCANMED, FOLLOWE"D BY ALL NEGATIVE VALUES, PHI wIiLi PROGRESS IN
ONE DIRECTIUN, THEN JUMP BACK wHEN THIS INDEX IS INCREMENTED.,
=0 IF FOR EACH VALUE, N» OF THE INDEX SPECIFTIEC IN COL. 23 LAYERS
FOR BOTH +N AND =N ARE SCANNEDC BEFQRE THE INDEX IS INCREMENTED, IN
THIS CASE, PRl SETTING PROGRESS ARQUND THE CIRCLE AND START OVER AGAIN
WHEN THE INUEX IS INCREMENTED,

END - END CARD,
FORMAT (AZsA4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-3 END
4=6 BLANK

THE FOLLOWING CARDS ARE USED ONLY IF AN AUTOMATIC DIFFRACTOMETER CONTROL
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TAPE OR CARD DECK I> To BE MADE,

XRDC - SPECIFICATIONS FOR AUTOMATIC DiFFRACTOMETER CONTROL TAPE OR CARD DECK.,
FORMAT (A2,A4s1X,415)

COLY SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1=4  XRNC ’

5=6 BLANK

8=~12 TYPE QF DIFFRACTOMETER
1 FOR DATEX

13-1~ YYPE OF INPUT REQUIRED BY DIFFRACTOMETER
1 FOR PAPER TAPE (DATEY)=== QOUTPUT ON =NFILE]=
2 FOR PAPER TAPE (NHS) ==w QUTPUT ON =NFILEI=
3 FCR CARDS “—w QOUTPUT ON =NFI1LEC=

18=22 SCAMNING SPEED CODE
1/2/3/4/5/76 FOR ,25/.50/1,3/2,0/74.6/SLEW SPEED IN DEG/MIN, THIS IS
USED TO COMPUTE SCAN TTME ONLY, IT Is INDEPENDENT OF ACTUAL SCAN SPEED
SELECTED, WHICH IS CONTROLLED By =xRDFMT= CARD, IF BLANK, SCAN TIME
wILL BE COMPUTED FOR ‘A SPEED OF )1 DEG/MIN, THIS OVERRIDES SCAN RATE

' ON =DIFSET= CARD.

23=29 MAXOUT, THIS IS THE NIUMBER OF CHARACTERS THAT MUST BE ACCUMULATED IN
THE OUTPUYT BUFFER BEFORE CUTPUTYT OF A DIFFRACTOMETEZR CONTRGL CARD CR A
BLOCK OF MAL, TAPE WIiLt OCCUR, IF NECESSARY, CARDS wILL BE FILLED WITH
BLAKNKS TO MAKE 80 COLUMNS AND MAG, TAPE RECORDS WILL BE FILLED WITH
BILANKS TO MAKE A BLOCK OF 120 CHARACTERS. BLANKS ARE SKIPPED IN
PUNCHING PArER TAPE FROM THE MAG, TAPE., MAXQOUT MUST NOT EXCEED 80 FOR
CARDS, 120 FOR DATEX TAPE, OR ABOUY 9p FOR NBS DIFFRACTOMEYER TAPE, iF
COL 23=-27 ARE BLANK MAYOUT=80, .

XROFMT « FORMAT: FOR AS MANY AS TWELVE DIFFRACTOMETER COMMAND wORDS,
. ONE OF THESE CARDS IS REQUIRED FOR DATA AND ONE FOR EACH STANDCARD
REFLECTION.
FORMAT (A2,A4,42,12(5A1,11))

COLS SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD

1-6 XRDFEMT

7-8 SEQUENCE MUMBER, =1 FOR DATA FEFLECTION» =2 FOR FIRST STANDARD
REFLECTION =~=w =10 FOR NINTH SYANUGARD REFLECTION, THIS NUMBER
MUST AGREE WITH THE SECUENCE NUMBEEs ON THE CORRESPONDING =STDRFF=
AND =VTYFMYZ CARULS, 1F ANY,

9 BEGIN=-WORD LODE FOR wO¥D 1, WHICH mUST BE AN HKL WORD,

15 WORD 2 -~ BEGIN WORD CONE FOR AXIS COMMAND

18 WORD 2 = MOUE COUE )

17 WORD 2 =~ ST&P COLE

18 | WORD 2 = FILTER CODE

19 WORD 2 = SPtED CODE

20 WORD 2 = DIVIT TO DESIGNATE THE ANGLE TO BE INSERTED AS CHARACTER
6=10 OF THE COMMAND wOrD, THE OPTIONS ARE -

F
1 CHI SETTING

2 FHI SETTING

3 START TrO=-THETA SETTING

4 FEAK TwWO=THFTA SETTING

5 STOP TWC=THrTA SETTING

6 CERO DEGREES

7 FIVE BLANKS (CARD OUTPUT ONLY)
8 (CLOSE UP ANGLE FIELD)



21=-2¢
27=32
33=3p
39=-44
4s=5n"
51=5¢4
57=62
63-58
69=74
75=80
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6+ 7 ¢ AND 8 ARE NOT OWDINARILY USED,
WOPD 3 - SAME FORMAT AS WORD 2
WORD 4 =~ SA4E FORMAT A% WORD 2
WORD 5 « SAME FORMAT AS WORD 2
WORD & = SAME FORMAT AS WORD 2
WORD 7 = SAME FORMAT AS WORD 2
WORD 8 = SAME FORMAT AS WORD 2

WORD 9 = SAME FCRMAT AS WORD 2
WORD 10 =~ SAME FCRMAT aS wWORD 2
WORD 11 = SAME FORMAT AS WORD 2
WORD 12 = SAME FORMAT AS WORD 2

TTYFMT - FORMAT FOR TELETYPE OUTPUT (NKS OpnLY). ONE OF THESE IS REQUIRED FOR

DATA, AND ONE FOR EACH STANDARD REFLECTION,

FORMAT (A2sALs12s2X012¢1XeI2921{5X,11))

COLS
i-¢
7-8

11-12

i4

20
26
22
38
44
50
56
62
68
7%
80

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
TIYFMT
SEQUENCE NUMHBER = COPY FROM CORRESPONDING =XKDFMT= CARD
N, THE NUMBER OF SPACES OR ASTERISKS AT BEGINNING OF EACH LINE OF,
OUTPYT AFTER THE FIRST FOR EACH REFLECTION, THIS PEMITS INDENTING,
AND MARKING STANDARD REFLECTIOMS, THIS NUMBER SHOULD NOT EXCEED
FLEVEN,
w0RD 1 PREFLIX ~ 0/1/2/3 DESIGNATES THE TELETYPE CONTROL CHARACTERS ToO
BE INSERTED Br ' JRE THE CORRESPONDING COMMAND WORD, ALLOW FOR A
DIFFRACTOMEIER OUTPUT wORJ WHENEVER THE MODE CODE CALLS FOR ONE,

0 - SHACE

1 = SFPACE, CARRIAGE RETURNs | INE FEED )

2 =~ SPACE, CARRIAGE RETUKN, LINE FEED, N SPACES

'3 = SPACE, CARRIBGE RETUKNs | INE FEEDs» N ASTERISKS
WORD 2 PREF1LX (SEE WORD 1)
WORD 3 PREF:X (SEE wrRD 1)
WORD 4 PREFLX (SEE WORD 1)
WORD 5 PREFLX (SEE WORD 1)
WORD & PREFLX (SEE WORD 1)
WORD 7 PREFLX (SEE WORD 1)
WORD 8 PREFLX (SEE WORU 1)

WCRD 9 PHEFLX (SEE WoRD 1)
WORD 10 PREFIX (SEE wORD 1)
WORD 11 PREFIX (SEE wORD 1)

WORD 12 PREFIX (SEE wORD 1)

STOREF -~ DESIGNATES THE REFLECTION ON THE pnNEXT =HKL= OR 'SETTING' CARD AS A

IN THE CONIKOL TAPE OW CARD DECK,

FORMAT (A25A4912,2X2315)

COLS
1-6
7-8

11-1g

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

STDREF

SEQUENCE NUMBER, 2/3/4,4.710 FOR FIRST/SECOND/THIRD.,./MNINTH

STANDARD REFLECTION, THIS MUMRER MUST AGREE WITH THAT ON CORRESPONDING
=XRDFMT= ANU =TTYFMT= CARDS.

MINIMGM NUMBER OF REFLFCTIONS FETWEEN MEASUREMENTS ON THIS STANDARD,
ALL DATA REFLECTIONS PRINTED (EVEN THOSE THAT ARE SYSTEMATICLY ABSENT)
ARE COQUNTEO. STANDARD REFLECTIONS ARE NOT, AFTER MINIMUM COUNT 1S
EXCEEDED,» SIANDARD IS YNSERTED AFTER MOST FREQUENTLY INCREMENTED INDEX
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REACHES ZERU» UNLESS MaXIMuM NUMBER IS REACHED FIRST,
16=2n MAXIMUM NUMBER OF REFLECTIONS BETWEEN MTASUREMENTS ON THIS STANDARD
21-25 INITIAL COUNT OF REFLECTION, IF THIS IS THE SAME AS THE MAXIMUM, THE

STANDARD WILL HE INSERTED AFTER THE FIRST DATA REFLECTION,

HKL - MILLZR INDICES OF THE STANDARD REFLECTION, THE FORMAT IS THE SAME
AS FOR THE =HKL= CARD DESCRIBED AROVZ,

cmm—ew = 'SETTING CARO', HKL AND SETTINGS FOR THE STANDARD REFLECTION, THE
FORMAT IS IHE SAME AS FOR 'SETTING CARDS' DESCRIBED ABOVE,
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A, "CARD ORDER SUMMARY FOR =DUMCOPz= PROGRAM

DuMcopP PROGRAM CALLING CAKD

END END CARUD

*kxkk¥ READS =NFILEAS *kxk%
wkxkx OPTIONALLY WRITES =NFILE== (SEE COL 15 OF =DUMCOP= CARD) #*%*xx

*+x%% OPTIONALLY FUNCHES CARDS ON =NFILEC= (SEE COL 25 OF =DUMCOP= CARD) x#*#x
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H, "CARD FORMATS FOr =DUMCOP= MPROGRAM

- - - > ey 2 TP 00 s s P

CPERATION CARDS ARE DESCRIBED IN SECTION 2 GENERL-A, AND THEIR FORMATS ARE
GIVEZN IN SECTION 2,0ENERL=H, THE POSITIONING OF THESE CARDS IS DICTATED 3Y
TeiE IR FUNCTION, .

DUMCOP - PROGRAM CALLING CARD,
FORMAT (A2/)AL4»1X,A25AL»1XeT1,2(UX,11),15)

COLS SFECIFIED PUNCHING OR FUNCTION OF TYHE FIELD
i~6 DUMCGP ‘
8-13 COMPCOUND IDENTIFICATIOMN CODE

15 (0Y/(1) (DY NOT)/Z{(DO) COPY THE BINARY FILE
20 (0)/¢1) {(DV NOT)/(DO) PRINT A DUMP OF THE BINARY FILE
25 (0)/7¢1) (DU NOT)/(DO) PUNCH A DECk OF CARDS WITH THE IMFORMAYION OF

THE BINARY tILE (USED FOR PROGRAM CHECK=CUT)

26=39 THE MAXIMUM NUMBER OF PHYSICAL RECCRDS OF aNY GIVEN LOGICAL RECORD
TO BE PRINTED,., (BLANK OR ZERO = 5 = THIS IS5 TO PROTECT AGAINST HUGE
PRINTED QUTPUT) USUALLY 5 PHYSICAL RECORDS OF ANy ONE LOGICAL RECORD
SUFFICE TO VISCOVER ERWORS,

END - END CARD,
FORMAT (A2,A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-3 END
4=6 BLANK
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A, CARD ORDER SUMMARY FOR =FC= PROGRAM

FC PROGRAM CALLING CARL

*SCALE SCALE CAXD FOR F RELATIVE DATA

*ATOM ATOM CARU FOR SELECTING ATOMS FpQM FILE

*MAXHKL PUTS LIMITS ON Hy, Ky Ly OR SIN YHETA FOR THIS RUN ONLY

END” END CARD

* THESE CARDS ARE OPTIONAL

NOTE 1 ~ IF NQ =ATOM= CARDS HAVE BEEN READ WHEN THE =END= CARD IS ENCOUNTERED.,
STRUCTURE FACTORS WILL BE CALCULATED FROM PARAMETERS STORED IN THE
BINARY DATA FILE, IF =ATOM= CARDs ARE INCLUDED, THEN ONLY PARAMETERS
FOR NAMED ATOMS WILL HE TAKEN FROM THE FILE,

xkxke QEADS z=NFILEAS *kxkx
*x%+% WRITES =NFILEDZ »xk%xk

xxxx% OPTIONALLY WRITES =NFILFF= (SEE COL 27 OF THE =FC= CARDj wnkkkK
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B, CARD FORMATS FOR =FCz PROGRAM
OPERATION CARUS ARE DESCRIBED TN SECTIGN 2,GENERL-As AND THEIR FORMATS
ARE GIVEN IN SECTION 2,GENERL=r, THE POSITIONING OF THESE CARDS IS
DICTATED BY THEIR FUNCTION,
FC - SET-UP CARU FOR STRUCTURE FACTOR CALCULATION,
FORMAT (A2,A4,1X,A2, A4, 7{1Xr11))

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-2  FC

3-6  BLANK

8-13 COMPOUND IDENTIFICATION CODE

15 (0)/7(117(2)/(3) FOR (OVERALL TFMPERATURE FACTOR)/{INDIVIDUAL

ISOTROPIC)/{INDIVIDUAL ANISOTROPIC)/(INDIVIDUAL MIXED)

17 (0)/(1) FOR DO NOT LIST THE REFLECTIONS)/(DO)

19 (0)/(1) FOR (DO NOT CONSIDER DTSPERSION CORRECTIONS)/(DO)

21 (0)/(1) FOR (DO NOT)/(1'0) MAKE A SURVEY OF REFLECTION SORTING

STATISTICS, A .

23 (0)/(1)/(2) FOR (NO PARTIAL CONTRIBUTION)/(APPLY PARTIAL CONTRIBUTION)/

. (ESTABLISH AND APPLY PEVIOUS FC Ag PARTIAL CONTRIBUTION).

25 (0)/(1) FOR (X=RAY)/(NKUTRON) DIFFRACTION,

27 (0)7(1) FOR (DO NOT)/(UO) UPDATE THE SCALE FACTORS,

axtk NOTE **kx UPDATING SCALE FACTORS REQUIRES AN ADDITIONAL
COPYING OF IHE BINARY ©ATA FILE, [F THIS OPTION 1S USED, =NFILEFz MUST
BE ASSIGNED.

SCALE - SCALE CARD FOR F RELATIVE DATA,
FORMAT (A2,A4,F10.4,14)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-5 SCALE

6 BLLANK

7-16 SCALE FACTCR TO APPLY 10 F RELATIVE

17-2q GROUP IDENTIFICATION (1-6&)

ATOM - ATOM SELECIION CARD.
FORMAT (A2:A41X)ALIA2)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1=4 ATOM

§~6  BLANK

8-13 ATOM IDENTIFICATION (SFE 1,GENERL)
IFPSTOM NUMBER IS OMITYED, THIS CARD APPLIES TO ALL ATOMS OF THE STATED
TY :




MAXHKL « LIMITS FOR DATA SET FOR THIS RUN QNLY,
FOARMAT (A2,A4,/Xs314,2FB,4)

COLS SPECIFIED PUNCHING OR PUNCTION OF THE FIELD
1-6  MAXHKL

18=19 MAXIMUM H TU BE USED

18-21 MAXIMUM K TU BE USED

22-25 MAXIMUM L TU BE USED

26=33 MAXIMUM SIN(THETA)/LAMMDA (BLANK = 0,7)
34=41 MINIMUM SIN(THETA)/LAMRDA (BLANK =

END - END CARD, -
FORMAT (A2sAK)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1=3  END
4=6  BLANK

2.FC

-8

2

135
04/22/772
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A, CARD ORDER SUMMARY FOR =FQ!'IRRz= PROGRAM

FOURR
*SCALE
*F2ERO
AMAXHK L
*MAP

*GRID

*LAYOUT

END

* THESE CARDS ARE OFTIONAL }

PROGRAM CALLING CARU

SCALE CAKD FOR F RELATIVE DATA

USE DIFFERENT yALUE OF #(09000);FR0M THAT SUPPLIED TO =DATRDN=
LIMITS FUR FOURIER SUMMATIONS

PRINY CONTROL CARD

FOURIER ORID CARD (NPTIONAL IF p =GRIU= CARD HAS BEEN USED AT
ANY PREVIOUS TIME WHEN A HBINARY DATA FILE WAS WRITTEN)

DESCRIPTLON OF FOURIER MAP

END CARD

;**** READS =NFILEAZ ®&aowk

dokkx OPTIONALLY WRITES =NFILEF= (SEE COLS 17-19 OF :FoURRﬁ CARD) #k&xx
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B, CARD FORMATS FOR =FOURRZ PROGRAM

OPERATION CARDS ARE DESCRIBED TN SECTION 2 GENERL=A,» AND THEIR FORMATS
ARE GIVEN IN SECTION 2,GENERL-r, THE POSITIONING OF THESE CARDS IS
UICTATED BY THEIR FUNCTION,

FOURR = CALLING CARD FOR FOURTER PROGRAM,
FORMAT(AZ.A“;IXOAZ.AL‘I3XOF302'F9.008Fu.1'AZIIloAloIl)

coLS
1=5

6
8=-13
17-19

20-22
23=25

26=2p
29=37

38=41

SPECIFIED PUNCHING OR *UNCTION OF THE FIELD

FOURR

BLANK

COMPOUND IDENTIFICATIONM CODE

(BLANK) /(1) FOR (DO NOT)/(DO) WRITE A COPY OF FOURIER MAP ON =NFILEE=

FOR =PEKPIK=

{BLANK) /(1) FOR (NO)/I(YES) LIST REFLECTIONS

CALCULATION TYPE « REFFR TO SECTION 1,FOURR FOR DETAILS

1 UNUSED

2 PATTERSUN (A= FOtt’)

3 VECTOR MAP (SHARPEMED, ORIGIN REMOVED PATTERSON) (RESULTS OF
=INORMSF= MUST BE ON BINARY DATA FILE)

4 FO FOURLER BY REJEUTION TES., WHEN (FO*RR-FC) IS NEGATIVE, THE
REFLECTLION IS INCL!IDED IN THE gUMMATION, FOR LESS-THANS, THE
VALUF OF FO USED IS (FO*MLT) (SEE 26=28 BELOwW) FC IS USED FOR
EXTINCT REFLECTICONS
UNUSED
FO FOURLER/,PHASE AMGLES DPETERMINED FROM QUASI-NORMALIZED STRUCTURE
FACTORS
FC FOURLER, USES ALL REFLECTIONS
DELTA=F» BY REJECTION TEST (FOxRR-FC) FOR OBSERVED. {FO=FC) FOR
LESS=THANS

9 DELTA-Fs WITH LEASY SQUARES WEIGHT APPLIED TO DELTA=F Wx(FO=FC),
TEST LESS-THANS B8Y (FMIN=FC)

10 UNUSED

11 DELTA-F+s OBSERVEUD REFLECTIONS oMLY

12 DOELTA-Fr VARIABLE WEIGHING W=(FC/FO) OR 1.0 WHICHEVER 1S LESS

AND REJECT LESS~THANS CALCULATING LESS=THAN

13 E MAP, FPHASES FROM STATISTICS

14 E MAP, PHASES FROM CALCULATED fgCrg

MULTIPLIER (MLT) FOR FNn OF LESS=-THANS UNDER FO FQURIER OPTION (4)

USUAL VALUE OF 0.,5. 0.0 REJECTS ALL LESS=THANS

ELECTRON DENSITY SCALE FACTOR - HBLANKS GIVES OUTPUT AS 10%(2/V)=

SUMMATION (F) = FACTOR PUNCHED REPLACES 10

REJECTION RATIO USED BY CRITERIA TESTS OF (4) AND (8), IF LEFT BLANK

RR SET EQUAL TO ZERO TO INCLUDE ALy REFLECTIONS,

oy o0




Z-FOURR -8B 2 188
04/22/72

**k%y THE FOLLOWING QUANTITIFS ARE USED IF AND ONLY IF THE =L AYQUT= CARD
16 LEFT OUT {(SEE NOTE RELOW) '
. 42~45 SCALE OF THt FOURIER IM INCHES/ANGSTROM (BLANK=1,0)
B6-ya LOWER LIMIT OF X IN FRACTIONS OF A CELL (BLANK=Q)
50-53 LOWER LIMIT OF Y IN FRACTIONS OF A CELL (BLANK=0)
54«57 LOWER LIMIT OF 2 IN FRACTIONS OF A CELL (BLANK=Q)
58«61 UPPER LIMIT OF X IN FRACTIONS OF A CELL (BLANK=Z=1,0)
62-65 UPPER LIMIT OF Y IN FRACTIONS OF A CELL {(BLANK=1,0)
66=-p0 UPPER LIMIT OF Z IN FRACTIONS OF A CELL {BLANK=1,0)}
70=71 PAGE TO PAGE AXIS AS %2, $By, OR $C, OR PROJECTIONS (REGARDLESS OF DATA)
AS PA, PB, UR PC ($ IMPLIES A BLANK)
72 NUMBER OF PRINTER CHARACTER POSITIONS PER FOURIER GRID COLUMN = OMNLY 2
OR 4 ALLOWED (BLANK = ®)
73 CARRIAGE CONTROL CHARACTER WHICH WILL PREVENT AUTOMATIC OVERFLOW
OF PAGES ON LINE PRINTEFR (IF IN DOyUBT LEAVE BLANK)
74 {BLANK) /(1) (DQ)/ (DO ~MOT) AUTOMATICALLY CORRECT FOR INTERAXIAL ANGLE
WITHIN LAYERS

NOTE,, ,,. IF nNO PAGE TO PAGE AYIS OR FOURIER MAP (MAP HERE HAS NQTHING TO DO
WITH =mAPz CARD) BOUNDARY LIMITS ARE SPECIFIED AND 'NO =LAYOUT= CARD IS INCLUDED
AFTER THIS CARDs THE PROGRAM wILL SUM OVER THE SHORTEST AXIS FIRST, THUS

GIVING THE FEWEST LAYERS POSSI~LE, EACH LAYER BEING SPACED 0,3 ANGSTROMS FROM
THE NExT, WITHIN EACH LAYER THE SCALE WILL BE 1.0 INCHES/ANGSTROM CORRECTED
FOR ANY INTERAXIAL ANGLE, ONE HALF OF CENTRIC CELLS WILL BE MAPPED WHILE

WHOLE ACENTRIC CELLS ArE PLOTTHD, FOUR CHARACTER POSITIONS PER GRID COLUMN
WILL BF yUTILIZED., FOR HIGH SYMMETRY CELLS WITH AXES GREATER THAN 20,0 ANGSTROM
UNJTS, THIS METHOD MAY RESULT IN A STORAGE OVERFLOW, MOREQVER, THIS METHOD OF
. SLICING THE CELLes WHILE MOST ATTRACTIVE HECAUSE IT GIVES THE FEWEST PRINTED
SHEETS TO HANDLEe IS INEFFICIEMT IN USE OF MACHINE TIME, 1IN EITHER CONDITION.,
SUMMATTON OVER THE LONG AXIS FYRST AND SHORT AXIS LAST WITH CAREFUL LIMITATIONS
ON THE PORTION OF THE CELL TO HE MAPPED SHoULD BE CHOSEN, THIS MAY BE DONE
WITH THE =FQURR= CARD OR MORE FLABORATFLY yxITH THE =GRID= AND =LAYOUT= CARDS,..
NOTE WrFLL THAT IT IS ALWAYS A GOOD PRECAUTION TO CAREFULLY CHECK THE SYMMETRY
OF THE MAP PRODUCED.++IF =LAYOUT= CARD IS LEFT OUTs ANY =GRID= CARD IS IGNORED.

SCALE -~ UPDATE FILb F~RELATIVF SCALE FACTORS,
FORMAT (A2,A4,F10.4014)

COLS SPECIFIED PUNCHING OR ®UNCTION OF THE FIELD

1-5 SCALE

6 BLANK e e

7~16 SCALE FACTOR TO APPLY TO F RELATIVE (ALSO IN CRYLSQ» FCr LISTFC,
LOADAT, ORFLS, RLIST)

17=20 GROUP IDENTLIFICATION (1~64)

FZERO = PUT IN ANY VALUE OF F(000) DESIRED FOR THIS RUN ONLY,
FORMAT (N2:A4+7X1F9,5)

COLS SPECIFIEU PUNCHING OR FUNCTION OF THE FIELD
1-5  FZERO : L
6 BLANK . s
14-22 VALUE OF F{UDO) DZSIREN '

MAXHKL = LIMITS‘FOR_FOURIER SUMMATION FOR THIS RUN ONLY
FORMAT (A2sAUy7X9»314,2F8,4)
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COLS SPECIFIZD PUNCHING OR FUNCTION OF THE FIELD
1-6 MAXHKL

14=-17 MAXIMUM H TU BE USED

18-21 MAXIMUM K TU BE USEZD

22-25 MAXIMUM L TU BE USED

26=33 MAXIMUM SIN(THETA)/LAMHDA (BLANK MEANS NO LIMIT)
34-41 MINIMUM SIN(THETA)/LAMHDA (BLANK MEANS NO LIMIT)

MAP - PRINT CONTROL CARD,
FORMATY (A2,AL, /Xs31I4)
COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-3 MAP
4=-6 BLANK
14=17 BLANK - IGMORE THE FIELD

NON ZERO INIEGER = FOWCE THE FIRST PRINTED POINT TO HAVE THIS VALUE
ANt} SCALE THE REMAINING POINTS ACCORDINGLY
(GFHERALLY ONLY USEFUL FOR PATTERSONS STARTING AT
TiH= ORIGIN)
18-21 UPPER LIMIT TO ESTABLISH PRINT SUPPRESSION
22-25 LOYER LIMIT WITH SIGN TO ESTABLISH PRINT SUPPRESSION
(BLANKS WILL BE *PRINTED' AT ALL POINTS WHERE THE FOURIER VALUES FALL
BETWEEN THESE VALUES) '

GRID - FOURIER GRLD CARD.
FORMAT (A2,AHy "Ae314)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-4 GRID

5~-6  BLANK |
14~-17 NUMBER OF GRID INTERVAIS ALONG THE X AXIAL DIRECTION i
18-21 GRID INTERVALS ALONG Y AXIAL DIRECTION

22-25 GRID INTERVALS ALONG Z AXIAL DIRECTYION

LAYOUT « DESCKIPTION OF MAP FO® FOURIER, PATTERSONETYC,.
FORMAT (AR2+AL» X2 9T4s1X»311014/9212,F7,5,A1)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6 LAYOUT

14=17 NUMBER OF PUINTS CALCULATED IN X DIRECTION’
18=21 ORIGIN VALUE OF X (IN GRID COORDINATES)
22«25 INCREMENT ALONG X (IN GRID COURDINATES)
26«29 NUMBER OF PUINTS CALCUN ATED IN Y DIRECTION
30«33 CRIGIN VALUZ OF Y (IN GRID COORDINATES)
34-37 INCREMENT ALONG Y (IN GRID COORDINATES)
38-43 NUMBER OF PUINTS CALCUI ATED IN Z DIRECTION
42-45 ORIGIN VALUE OF Z (IN GRID COORDINATES)
46-49 INCREMENT ALONG Z (IN GRID COORDINATES)

53 SCANNING INUEX FOR X DIRECTICN
52 SCANNING INUEX FOR Y DIRECTION
53 SCANNING INUEX FOR Z DIRECTION

S4-57 LINE WIOTH

THE SCANNING INDEX FOR A GIVEN DIRECTION Is ONE 'IF THAT COORIDINATE GOFS FROM
PAGE Tn PAGE IN THE MAP (FIRST SUM)» TWO IF IT IS DOWN THE PAGE (SECOND SyM),

AND THREE IF IT IS ACROSS THE TOP OFf THE PAGE (THIRD SuM),
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LINE wIDTH (W) IS THE NUMBER OF POINTS ALOMG X3 (THE THIRD SCANMING DIRECTION)
TO APPFAR OM OM: PAOLE, IF THE NUMBER OF POINTS AL GNG X3 IS GREATER THAN w,

W POINTS APPEAR ON 1HE FIRST PAGE AND THE NUMBER OF POINTS REMAINING TO 8F
PRINTED WILL BE DECHEASED BY W. AS SOON AS THE NUMGBER OF POINTS REMAINING
ALONG ¥3 IS EGUAL TO OR LESS TraN w, ALL REMAINING POINTS wILL BE PRINTED

CN THIg PAGE, THE MAXIMUM PERMISSIBLE VALUE FOR W IS 30 IN THE FOUR COLUMNS
MODE, sn IN THE 2 COLUMIS MODE, IT IS HELPFUL TO ALWAYS THINK OF v AS BEING
EQUAL TO THE NUMBER OF POINTS .70 BE CALCULATED IN THE THIRD Sum DIRECTION

OR 1/2 THAT NUMBER UR {/4 ETC, BUT MNEVER THAT NUMHER -1 AS THIS wILL CAUSE

AN ADDTTIONAL UNWANIED SHEET (FOR LISTING ON A 120~CHAR. LINE PRINTER,» MAX, W
1S 27, LEAVING 12 CHARACTERS FOR THE LABELING OF THE 'DOwWN THE PAGE' AXIS),

RS AN FYXAMPLE, IN THE FQUR COLIMN MODE, IF THERE ARE 53 POINTS ALONG X3 AND W
1S 27, 27 POINTS WILL APPLAR O™ THE FIRST pAGE AND 26 ON THE SECOND, IF THIS
FIELD 1S BLANKs OR W IS OUTSID: THE RANGE 10 TO 27 (OR 10-54 IN THE TWO COLUMN
MODE), THE PROGRAM wlLL COMPUTE AN OPTIMUM VALUE OF w.

58=-50 SPACE CONTRUL INDEX,

THE SPaCE CONTROL INDEX MAY BE 1+2,3,4( FOr SINGLE, DOUBLE, TRIPLE, OR
QUADRUPLE SPACING, RESPECTIVELY (BLANK = 2),
60-51 NUMBER OF CULUMNS PER FOURIER GRID COLUMN (BLANK = 4} 2 OR 4 ONLY
POSSIGLE,
62=68 COSINE OF [NTER AXIAL ANGLE IN THE FOURIER PAGE (BETWEEN THE AXIS OF
THE SECOND AND THIRD S'™ DIRECTIONG)
69 CARRIAGE CONTROL CHARACTER WHICH WILL PREVENT AUTOMATIC PAGE OVERFLOW
ON LINE PRINTER (IF IN DOUBT LEAVE BLANK)

END - END CARD,
FGRMAT (A2sAY)

COLS SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD
1-3 END
4=-6 BLANK
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A, CAPD ORDER SUMMARY FOR =LISTFCz= PROGRAM

LISTFC  PROGRAM CALLING CAND
*SCALE  SCALE CARD FOR F RELATIVE DATA
*FCARD  CARDS TU INPUT REFLECTION DATA
END END CARUD )

* THEGE CARDS ARE UPTIONAL

*x3¢% OPTIONALLY READS =NFILEA= (SEE COL 5, OF ZLISTFCz CARD) wxx

x4s%5 GPTIONALLY PUNCHES CARDS ON =NFILECT (SEE -COL 52 OF =LISTFC= CARD) s%kxx

*xe%k OPTIONALLY WRLITES =NFILED= (SEE COL 58 OF TLISTFC= CARD) *%x*%x
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B8, - CARD FORMATS FOK =LISTFCz YROGRAM

- e S Y e T W G TP G D T e W G D e P o e S T D e g

CPERATION CARUS ARE DESCRIBED IN SECTICON 2 ,GENERL=As AND THEIR FORMATS ARE
GIVEN IM SECTION 2,0ENERL-B, THE POSITIONING OF THESE CA=DS 1S DICTATED 8Y

THE IR FUNCTION,

LISTFC - PROGRAM CALLING CARD,
FORMAT (A2,AL»L1XpA20AU,311» 14, A1, 13,5(1X,I11) 301X ALY s (1Xr 11} 22Xy

$ 2(1X%X,11))

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6 LISTFC

8=13 COMPOUND IDENTIFICATION CODE

14 (1)/(2)/7(3) FOR H INVEX VARIES (MOST)/(NEXT MOST)/(LEAST) RAPIDLY
(CODE TO TELL HOW INPUY DATA ARE SORTED)

15 SORTING FREWULNCY FOR X INDEX

16 SORTING FREWUENCY FOR L INDEX i
(NGCTE THAT SUM AND PROWUCT OF NUMBERS IN COLUMNS 14s 15, AND 16 MUST
EQUAL '6)

17=2n NUNMBER OF LLINES PER =LISTFC= PAGE

21 (BLANK)/(A) FOR (DO)/(ABSOLUTELY DO NOT) INTERNALLY CHANGE THE VALUE
OF THE NUMBER OF LINES IN ORDER TO MAKE THE BOTTOM OF THE LAST PAGE
AS EVEN AS FOSSIBLE .

22=2y NUMBER OF L1ST COLUMNS PER =LISTFCz- PAGE
NOTE THE PRUDUCT OF THF NUMBER OF {INES AND THE NuMBER OF COLUMNS PER
SLISTFC= PAGE CANNOT EYCEED 3000, THAY {S, NO MORE TiHAN 3000 FOR THE
TOTAL OF REFLECTIONS ANMD HEADINGS (WITH THEIR SPACESYs PER PAGE,
ZERQO (OR BLANK) IN ANY OF THE FIVE FOLLOWING FIELNS MEANS JUST THAT

26 NUMBER OF BLANK PRINYT COLUMNS BEFORE THE LISTFC COLUMN

28 NUMBER OF PRINT COLUMNS FOR MOST RAPIDLY CHANGING INDEX

30 NUVBER OF PRINT COLUMNS FOR FO TIMES 10

32 NUMBER OF PHRINT COLUMNS FOR FC TIMES 10

34 NUMBER OF PRINT COLUMNS FOR PHASE EXPRESSED IN MILLICYCLES

36 SPECIAL FLALG FOR LESS THANS*®{(QLANK = x)*{JCODE = 2)

38 SPEFCIAL FLAL FOR EXTINCT*(BLANK = F)%x(JCODE = 3)

40 SPECIAL FLAL FOR SPECIAL REFLECTION (JCODE=Y)
THE NEXT NINE FIELDS ARE (BLANK)/ (1) FOR (DO NOT)/(DO)

u2 PRINT SYMBOL FOR LESS THAN OR EXTINCT REFLECTIONS
THIS SYMBOL SWITCH ADDS ONE MORE PRINT COLUMN)

4y PRINT PRASE ON FC IN CFNTRIC CASE

46

DQUBLE SPACE THE LINES
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48 RESTORE EACH =LISTFC= PAGE TO EE THE TOP OF A PRINTER PAGE
50 PRINT CURRENT =TITLE= AT TOP OF EACH PRINTER PAGE
52 ° PUNCH A SET OF zFCARD= CARDS (HAS HyK,L,FO,FC,A+B,JCODE+AND"’
’ LEVEL INDICATORS)
54 READ =FCARD= CARDS AS TNPUT IN PLACE OF =NFILEA=
56 PRINT MINUS SIGN ON THE FO OF THE REFLECTIONS WHICH ARE LESS THANS
58 WRITE A SEPARATE COPY OF THE FC LIST ON =NFILED= -

62 NUMBEKR OF TIMES TO TRYATO GET HEADINGS AT THE TOP OF ALL COLUMNS
64 (1)/7(2)/¢3) FOR HEADINGS SEPARATED BY (NO BLANK LINES)/( 1 BLANK

LINE ABOVE)/( 1 ABOVE aND 1 BELOW) (BLANK = 3)

SCALE < SCALE CARD FOR F RELATIVE DATA,
FORMAT (A2,A4»F10.4018)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
l-p SCALE

7=1g SCALE FACTOR TO APPLY TO F RELATIVE

17-2g9 GROUP IDENTIFICATION

FCARD ~ DATA OQUTPUT FROM LISTFC PROGRAM FOR SORTING,
FORMAT (A2,A4» IXy3T494F10,3,214)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIEL
l-6 FCARD ' :
14=-17 H INDEX
18+-21 K INDEX
22=25 L INDEX
26~3% FO
36=45 FC
46-55 A 1S REAL PART QOF FC
56=-65 B8 1S IMAGINARY PART OF FC
66=60 JCODE TO TELL IF (1)/(2)/(3)/(u)/(5) REFLECTION IS (OBSERVED)/(LESS~
THAN) ZLEXTINCT) / (IGNOR*D) / (SYSTEMATICALLY ABSENT) .
70«72 LEVEL INDICATOR (TO TELL WHICH SCALE FACTOR APPLIES)

END - END CARD,
FORMAT (A2/A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-3 END
4=5 BLANK
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A, CARD ORDER SUMMARY FOR =LOSDAT= PROGRAM
LOADAT PROGRAM CALLING CARU
*SCALE  UPDATE F RELATIVE SUALE FACTORS
*GRIN ALTER GRLD PARAMETEWS, REQUIRED ONLY IF =ATOMGz CARDS ARE USED,

THIS CARU NEED BE USED ONLY ONCg FOR ANY GIVEN GRID SPECIFICATION,
IT IS THEN STORED InN THE BINARY FILE UNTIL CHANGED BY A SUBSEQUENT
=GRID= CAKRD,

*MAXHKL  ESTABLISHES LIMITS ON Hy K, Ls OR SIN THETA

aLABEL  UPUATE FILE LABEL

*EXTING EXTINCTIUN FACTOR CARD

*UISPER DISPERSION FACTOR CARD

«CELCON UNIT CELL CONTENTS (ONE PER ATOM TYPE)

»DATOMS MOVE ALL ATOMS IN TWE ASYMMETRIC UNIT BY A SPECIFIED AMOUNf

=y OVERALL .
*U . ISOTROPIL TEMPEZRATURE ?ACTOR (SEE ﬁOTElZ) S,

*H ISOTROPIC TEMPERATUYE FACTOR (SEE NOTE 2)

*ATOM SUPPLY A10M FRACTIOMAL POPULATION, POSITIONAL, AND ISOTROPIC

TEMPERATURE PARAMETHFRS

*ATOMG SUPPLY AIOM GRID POSITIONALs POPULATION, AND ISOTROPIC
TEMPERATURE PARAMETERS, THIS CARD REQUIRES A =GRID=z CARD

=U ISOTROPIC TEMPERATUWE FACTOR (SEE NOTE 2)

£ 3=} ISOTROF1IL TEMPERATUYE FACTOR (SFE NOTE 2)

*UTJ ANISOTROFIC TEMPERATURE FACTOR CARD (RMS AMPLITUDE OF
VIBRATION IN CRUICKSHANK NOTATIGN)

*BIJ ANISOTRCPIC TEMPERATURE FACTOR (SAME SCALE ASlB)

*HBETA ANISOTROFIC TEMPERAVTURE FACTORS IN THE EXPRESSION - EXP BASE E

Hes2 BETA(L191) + eoes + 2%H¥Kx BETA(112) + eee0



*ATOMD

*BLOCK

*

*REF

*NOREF

»CONg TR
*DELHKL
*EDIT

END

THESE
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DELETE AIOMS FROM TE BINARY FILE
MATRIX BLOCKING CARUL

ESTABLISH SIGNALS IN THE FILE WiTH RESPECT TO wHICH PARAMETERS
ARE TO Bk REFINED

ESTABLISH SIGNALS I THE FILE WITH RESPECT 7O wHICH PARAMETERS
ARE TO Bt REFINED

CONSTRAINS ONE PARAMETER TO BE A FUNCTION OF A ANOTHER
DELETE CLASSES OF REFLECTIONS
EDIT CARU FOR MODIFYING REFLECTIONS (MAXIMUM OF 1y4)

END CARD

CARDS ARE VUPTIONAL

hk¥s READS =NFILEAZS *%kkx

k%% WRITES =NFILERS #xkwx

i

NOTE 1 - ALL =LABEL=, =SCALE=, =GRID=, AND =MAXHKL= CARDS MUST COME FIRST,

NO

8,

TE 2 =

CARD

THEM ALL =BZ, =ZATOMzZ, =ZATOMD=, =ZATOMG=, =BETAz,=RIJ=, AND =UIJ= MUST
COME NEXT N THE ORDEW ATOM, T,.F,, ATOM» T.F,, ETC. IF MORE THAN ONE
CARD IS GIVEN THE SAM:r ATOM IDENTITY, THE LASY SUPERCEDES ALL OTHERS,
=EDIT= MUSIT COME JUST REFORE THE =ZND= CARD,

FOR OVERALL TEMPERATURE FACTOR, A SINGLE =8= QR =y= CARD MUST BE THE
FIRST PARAMETER CARD, IF IM THE INDIVIDUAL TEMPERATURE FACTOR MODE,
EACH zATOM= OR =ATOMG= CARD MUST BE FOLLOWED BY A TEMP. FACTOR CARD
(EXCERY THAT ISOTROPIC =g= COULL RE PUNCHED IN =ATOM= OR =ATOMG=
CARDS). Bt SURE THAT THE ATOM IDENTITY COUE IN COLS, 8-13 OF =ATOMz
OR =ATOMG= CARD IS IDENTICALLY THE SAME AS THE IDENTITY CODE ON THE
FOLLOWING TEMPERATURE FACTOR CARD, NOYE THAT THE PROGRAM RECOGNIZES
=y=, =8=, =BIJzs AND “HBETAx= CARDS AND CONVERTS THEM INTERNALLY SO
THAT THESE CARDS MAY HE DIFFERENT FOR EACH ATOM,

FORMATS FOR =LOQOADAT= WROGRAM

- e 0 g - - - - -
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OPERATION CARDS ARE DESCRIBED TN SECTION 2,GENERL-A, AND THEIR FORMATS ARE
GIVEN IN SECTION 2,6ENERL-B. THE POSITIONING OF THESE CARDS Is DICTATED BY

THEIR FUNCTION,

LOADAT « CALLING CAKD FOR ATOM PARAMETER LOADING ROUTINE,
FORMAT (AZ20AL»1X,A20A4,41uXe11))

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6 LOADAT
8=13 COMPQOUND IDENTIFICATIOM CODE

20 (BLANK) /(1) FOR (A=PRIORI RUN)/(UPRATE)
25 (BLANK) /(1) FOR (INITIALIZE THE CONSTRAINT RECORD) /(DO NOT)
30 (0)/(1)/7(2)7(3 OR BLANY) FOR (OVERALL TEMPERATURE FACTOR)/ (INDIVIDUAL

ISOTROPIC)/ LINDIVIDUAL ANISOTRORPIC)/ (INDIVIDUAL MIXED)
*xxxNOTEs» BLANK INODICATES MIXED TF MODE

35 (BLANK)/ (1) FOR (DO NOT)/(DO) LOAD THE POSITIONAL STANDARD DEVIATIONS
FROM THE ATUM CARDS,
4Q (03/7¢1) FOR (NO)/Z(YES) LONG LIST OF ATOMIC PARAMETERS

SCALE « UPDATE F RELATIVE SCAIE FACTORS,
FARMAT (A2+84,F10.4014)

COLS SPECIFIED FUNCHING OR FUNCTION OF JHE FIELD
1-5 SCALE ’

6 BLANK

7~16 SCALE FACTOR TO APPLY 7O F RELATIVE

1720 GROUP IDENTIFICATION (1=64)

GRID - FNAURIER GRID CARD,
FORMAT (A2,A4y IXs314)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1=-4 GRID

5=-6 BLANK

14=1- NUMUER OF GRID INTERVALS ALONG THE X AXIAL DIRECTION
18-21 GRID INTERVALS ALONG Y AXIAL DIRECTION

22=-25 GRID INTERVALS ALONG 2 AXIAL DIRECTION

MAXHKL « LIMITS FOR FOURIER SUMMATION,
FORMAT (A20A4,TX»314,2F8,u)

COLS SPECJIFIEL PUNCHING OR FUNCTION OF 7HE FIELD

1-6 MAXEHKL

14=17 MAXIMUM H TU BE USED

18=21 MAXIMUM K TU BE USED

22«25 MAXIMUM L TV BE USED

26=33 MAXIMUM SIN(THETA)/LAMHDA (BLANK MEANS NO LIMIT)
34-41 MINIMUM SINITHETA)/LAMHKDA  (BLANK MEANS NO LIMIT)

LABEL < UPDATE FILEt LABEL,
FORMAT (A2/9A416A4)



coLs
1-5

6
7-70

EXTINC
coLs

i- ¢
7-16
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SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
LAREL

BLANK

LABEL INFORMATION FOR WATA FILE

FORMAT (A2,A4,E10,3)

SPECIFIEL PUNCHING OR FUNCTION OF THE FIELD
EXTINC
ISOTROPIC EXTINCTION FACTOR (G%100p) (SEE 1.DATRDN)

DISPER = TEMPLETON UISPERSION CORRECTION CARD,
FORMAT (A2yAts1XsA4r2Xs2FH.3)

coLS
1-6
8-11
1421
22-29

SFECIFIED PUNCHING OR FUNCTION OF THE FIELD R
DISPER

ATOM TYPE (SEE 1,GENERL)

DELTA FJ PRiIME

DELTA FJU DOUBLE PRIME

CELCON = CELL CONTENTS CARD,
FORMAT (A2,ALs1X AU 12X+F4,00F7,3)

COLS
1-6
8=-11
14=-17
18=-24

SPECIFIED + UNCHING OR FUNCTION OF tHE FIELD

CELCON

ATOM TYPF (SEE 1,.GENERL)

NUMBER OF AIOMS OF SPECIFIED TYPE IN WHOLE UNIT CELL
ATOMIC WEIGHT OF THE S*ECIES

‘DATOMS -~ ASYMMETRIC UNIT SHIFT CARD,
FORMAT (A2,A4, Xy 3F8,4)

coLsS
1-8
14-21
22-29
30~-37

ATOM OR

SFECIFIED PUNCHING OR *UNCTIOMN OF THE FIELD

DATOMS

FACTOR TO 8t AUDED TO ALL X PARAMETERS SUPPLIED (CARDS OR FILE)
Y PARAMETER SHIFT X

2 PARAMETER SHIFT k

ATOMG -~ ATOM PARAMETER CARD,
AN ZATOMG= CARD IS ID-NTICAL TO An =ATOM= CARD SAVE THAT THE X, Y» Z»
ARE DIVIOEL BY THE THREE PARAMETERS SUPPLIED ON A =GRID= CARD - USED
TO AVOID CONVERTING FOURIER MAP COORDINATES,

FQRMAT(AZ'A“olx'Aqu2'3F8-40F6.“9F5.2.3F8.5)

coLs
1=5

6
8-13
14-21
22-29
30-37
38-43

Y4eug

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

ATOM OR ATOMG

BLANK

ATGM JCENTIFICATION (SFE 1,GENERL) .

X PARAMETER IN FRACTIONMS OF A CELL EDGE

Y PARAMETER IN FRACTIONS OF B CELL EDGE

2 PARAMETER IN FRACTIONS OF C CELL EDGE

ISOTROPIC TEMPERATURE *ACTOR IF SUpPPLIED IN THIS CARD -- TREATED AS B
ABOVE 0.3 AND aS U BELOW 0,3, B = 78,96%U,

POPULATION FARAMETER OF THIS SPECIES AT THIS POINT(BLANK IMPLIES 1,d)
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49~56 STANDARD DEVIATION IN X
57-64 STANDARD DEVIATION IN Y
65-72 STANCARD DEVIATION IN 7

Up.Uo 81J, AND BETA - TEMPERATHRE FACTOR CARDS,

NOTE,,,THE FIRST FORMAT OF =B=, =uUz, =UIJz, AND =BETAz= CARDS ARE ALL THE SAME
FORMAT (A20AU)LXsALIA2)6FH,4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1=4  APPROPRIATE LABEL B, B1J» UIJ, OR BETA
5-6  BLANK
8-13 ATOM IDENTIFICATION (SFE 1,GENERL)
{OR 8=13 COMPOUND ILENTITY IF THIS IS AN OVERALL FACTOR)
14=21 B OR U OR Ull OR BETA11
22-29 B22 OR EGUIVALENT
30~37 B33 OR EQUIVALENT
38«45 B12 OR EQUIVALENT
46=53 B13 OR EQUIVALENT
54=61 B23 OR EGUIVALENT

ATOMD = DELETE ATOMS FROM THE BINARY FILE,
FORMAT (A2+AU»1XsALIA2)

COLS SPECIFIEL ~UNCHING OR FUNCTION OF THE FIELD

1-5 ATOMD

6 BLANK

8~13 ATOM IDENTI+ICATION (SEE 1,GENERL)
IF ATOM NUMBER IS OMITTED, THIS CARD APPLIES TO ALL ATOMS OF THE STATED
TYPE .

BLOCK ~ MATRIX BLUCKING CARD, BLOCK THE MATRIX PRIOR TO THE FIRST PARAMETER
OF THIS AlVOM,
FORMAT(AZ2sAlUs1X2ALA2)

COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD
1-5 BLOCK :
6 BLANK .
8=13 ATOM IDENTIFICATION (SFE 1,GENFRL)

REF OR MNOREF = TO ESTABLISH SIGNALS IN THE FILE WITH RESPECT TO WHICH
PARAMETERS ARE T0 BE WEFINED U'PON,

FORMAT (AR2/,A4)1X0ALIA2/113A3)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-5 REF OR NOREF
6 BLANK

8=13 ATOM IDENTIFICATION (SFE 1,GENERL), IF BLANKy» THE CARD APPLIES TO
ALL ATOMS, IF ONLY ATOM TYPE IS GIVEN, THE CARD APPLIES TO ALL ATOMS
OF THE GIVEN TYPE,

14=1¢ EACH FIELD MAY CONTAIN BLANKS OR ONE OF THE FOLLOWING LEFT JUSTIFIED
SymBoLS, Xe Yo Z, B, =11, B22, B33, Bl12» B13, B23, M, Sy, D (M IS THE
POPULATION FARAMETERs S THE NEUTRON SCATTERING FACTOR AND D THE
DISPERSION CORRECTION) IF ALL FIELDS ARE LEFT BLANK ALL QUANTITIES
ARE ACTED UFON, IF ANY FIELD IS PUNCHED ONLY THE PARAMETERS NAMED ARE
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ACTED UPON,
17=10, 20~22s 23-25y 26=28,» 29-31, 32-34, 35=37y 38=40, 4le43, 44=46) 47=-49,

s0-52 (SYMBOL FROM ABOVE LI1ST)

CONSTR -« IMPOSE A CONSTRAINT RETWEEN THE <PECIFIED PARAMETERS, THE CONSTRAIN-
ING EQUATLION S== .

P(SUB) = F*P(REF) + S
WHERE F AND § ARE FLOATING POINT NUMBERS, P(SUB) IS THE SUBJECT

‘PARAMETERs AND P(REF) IS THE REFERENCE PARAMETER
FORMAT (A2, AU 1R oAU A2 1XsAUPA2,2A3,U4X,2F10,2)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6  CONSTR

8-13 ATOM IDENTIFICATION (SFE 1,GENFRL) OF SUBJECT ATOM

15-2; ATOM IDENTIFICATION (SFE 1,GENFRL) OF REFERENCE ATOM .
21=23% PARAMETER OF SUBJECT ATOM(SEE =REF=/=NOREF=) '
24-2, PARAMETER OF REFERENCE ATOM(SEF =REF=/=NOREFz)

31=4g F FOR CONSTRAINING EQUATION

41-5¢0 S FOR CONSTRAINING EQUATION

DELHKL - DFLETE VARLIOUS REFLECTIONS BASED UPON GENERAL,K PARAMETERS (MAX OF 1

ALLOWED)
FORMAT (A2,)A4, vX911+2X46139)7F ,5.00110)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6 DELHKL

10 (DO NOT)/ (DU} LIST REFIECTIONS

13-1g5 MINIMUM VALUE OF H TO HE RETAINED IN FILE . i

16=1a MIMINUM VALUE OF K TO HE RETAIMED IN FILE i

19-21 MIMIMUM VALUE OF L TO RE RETAINED IN FILE '

2224 MAXIMUM VALUE OF H TO HE RETAIMEUL 1N FILE

25=27 MAXIMUM VALUE OF K TO HE RETAIMED IN FILE

28=3n MAXIMUM VALUE OF L TO =E RETAINED IN FILE

31=3c MIMIMUM VALUE OF SIN THETA/LAMHDA TO BE RETAINED IN FILE

36=40 MAXIMUM VALUE OF SIN THETA/LAMPDA 70 BE RETAINED IN FILE

41-45 MINIMUM VALUE OF FREL 10 BE RETAINED IN FILE o

46-50 MAXIMUM VALUE OF FREL YO BE RETAINED IN FILE

51«55 MINIMUM VALUE OF E TO FE RETAINED IN FILE

56=-60 MAXIMUM VAILUE OF E TO ®E RETAINED IN FILE

61=65 NUMBER OF SIANDARD DEVIATIONS OF SIGMA F RELATIVE WHICH WHEN CHECKED
AGAINST.F RELATIVE WILI. CAUSE REFLECTION TO BE REUJUECTED.

66=75 MAXIMUM NUMBER OF REFLFCTIONS T0 BE COPIED TO OUTPUT FILE (BLANK =

10+%6)

*xkxNOTE THE =DELHKL= CARD WIL!. CAyYSE =EDIT= CARUS TO FAIL IF ANY REFLECTION IS
ELIMINATED WHICH IS LATER COULEYN TO BE EDITED,

[

EDIT = EDIT CARD FOM MODIFYING REFLECTIONS AT FC TIME,. - H, Ky L VALUES MUST
BE SUPPLIED IN EXACT ORDER OMN BUF, A : v

ALLOWED) .
FORMAT (A2,A4»1X,515,2F10,5)
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COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
14 EDLT
5«6 BLANK
8=12 H OF REFLECIION NEEDING CHANGE
13=17 K OF REFLECTION NEEDING CHANGE
18~22 L OF REFLECIION NEEDING CHANGE
(NOTE., LEAVING ANY ONF OF THE FIELDS IN COLS 23-52 BLANK wILL CAUSE
. zZLOADAT= TO USE OLD VALUES
23=-27 NEW JCODE SIATUS (1)/(2)Y/(3)/(u4)/(S) FOR (OBSERVED)/(UNOBSERVED)/
" {EXTINCT)/ (LGNORED) / (SYSTEMATICALLY EXTINCT)
*+¥k  NOTE, A Z2ERQ PUNCHED IN COLUMN 27 WILL CAUSE THE REFLECTION TO BE
DELETED.
?28=35 NEW LEVEL INDICATOR (1 TO 64 ALLOWED)
33-45 NEW F RELATIVE
43-52 NEW LEAST SWUARES WEIGHT

END - END CARD, .
FORMAT (A2,A4) .

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-3 END
4=6 BLANK
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A, CARD ORDER SUMMARY FOR =LSNPL= PROGRAM

- s o A ey B D 05 S e i s S ca S D e O D s P S D 0

LSePL

*CELL

PROGRAM CALLING CARD

UNIT CELL PARAMEIERS (SEE NOTE 1)

*CELLSD STANDARD DEVIATIONS IN UNIT CELL PARAMETERS (SEE NOTE 1)

ATOM

*PLANE

END

* THESE

ATOMIL PARAMETERS (SEE NMNCTES 2 AND 3)

JUST LIKE =LSQPL= CARD BUY PRECEDES GRCUPS OF OTHER =PLANE= CARDS
FOR GETTING ANGLFS BETWEEN P_ANES

END CARD

CARDS ARE UPTIONAL

*xx% READS =NFILEAz= IF NO =CEL!.= CARD 1S USED **xx

NOTE } -

NOTE 2 -

THE =CELL= CARD HAS A VERY IMPORTANT FUNCTION OTHFR THAN PROVIDING
CELL PARAMETERS, IF THE =CtLlL= CARD IS OMITTED, THE PROGRAM WILL
AUTOMATICALLY EXPECT aN X-HAY SYSTEM BINARY DATA FILE ON =NFILEAz FROM
WHICH CELL DATA WILL +#E OBTAIMEU, 1IF A =CELL= CARD IS GIVENs NO FILE
wILL BE USED AS INPUT, THE QUANTITIES MUST BE THE DIRECT CELL
CONSTANTS, THE =CELLSD= CARD IS (USED TO SUPPLY THE STANDARD
OEVIATIONS IN EACH OF THE UMIT CELL PARAMETERS IF THEGE ARE NOT
AVAILABLE FROM THE BIMARY DATA FILE, OR TO OVERRIDE THE VALUES FOUND
IN TRE FlILE. UNLIKE THE =CELL= CARD, A =CELLSD=z CARD DOES NOT
INFLUEMCE 1HE ACTION nF THE PROGRsM IN DECIDING wHERE T0O LOCK FOR THE
ATOMIC PARAMETERS, IT IS ALSC IMPORTANT TO NOTE THAT, WHEN ATOMIC
PARAMETERS ARE BEING TNPUT FROM CARDS, LT IS NOT NECESSARY TO REPEATY
THE =CELL= CARD AFTER EACH =PLANEz CARC. IF, HOWEVER, A OIFFERENT
COMPOUND TV IS ENCOUNTERED ON A =pLANE= CARD, A =CELLz= CARD FOR THE
NEW COMPOUND IS THEN YEQUIRED,

IF A =CELL= CARD IS PwOVIDED, ATOM PARAMETERS MysY BE SUPPLIED ON
=ATomz CARUS, IF NO =CELL= CARD 1S PROVIDED, THE MINIMAL FUNCTION
OF =zATOMz CARQOS IS TO GIVE ATOM IDENTIFICATIONA FOR ATOMS INVOLVED
IN THE CALLVULATION, TF AN ZATOMz= CARD IS OTHERWISE BLANK {(EXCEPT
FOR ATOM JULENTIFICATION, E,G, € 3y, THE ATOMIC PARAMETERS WILL BE
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NOTE 4 =
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PICKED UP FROM THE BIMARY DATA FILE, IF THE PARAMETERS FOR AN ATOM
ARE GIVEN UN THE =ATO™= CARD, THEy WILL TAKE PRECFDENCE OVER FILE
PARAMETERS. IF AN X CORDINATE IS GIVEN ON THE =ATOM=z CARD, THEN

THE Y AND £ COORDINATES MUST ALSO BE GIVEN ON THE =ATOM= CARD, IF

AN ATOM IDENTIFICATIOM ON AN zATOv= CARDO CANNQT BF MATCHED wITH AN
ATOM IDENTLFICATIOM IM THE BINARY DATA FILE, THE PROGRAM WILL USE THE
IDENTIFICAIION AND THt ATOMIC PARAMETERS ON THE =ATOM= CARD (USED,
FOR EXAMPLE, WITH ATO™S NOT IN THE ASYMMETRIC UNIT),

THERE MUST BE AT LEAST (N1} —ATOMz CARDS SUPPLIED, WHERE (N1) IS THE
NUMBER OF ATOMS DEFINING THE PLANE OR LINE (AS SPECIFIED IN COLS 16-19
OF THE =LSWPL= CARD), IF MORE THAN (N1} =ATOM= CARDS  ARE PROVIDED,
THE FIRST {(N1) WILL WF USED IN THE tEAST SGUARES LINE OR PLANE
CALCULATION AND FOR THE REMAINING ATOMS THEIR ODISTANCE FROM THE LINE
OR PLANE wWiLL BE CALCMLATED, THE PROGRAM LIMITS CALCULATIONS TO A
MAXIMUM OF 200 ATOMS VEFINING THE LINE OR PLANE, AND TO A MAXIMUM OF
200 =ATOM= CARDS SUPPLIED AFTER THE FIRST (N1) =ATOM= CARDS.

THE SEQUENCE ={ SQPL=, =CELL=, =ATQOM=, =PLANE=, =ATOM=z, =PLANE=, €7C,,
e =END= IS USED TO CALCULATE MANY PLANES AND THE ANGLES BETWEEN THEM.
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B8, CARD FORMATS FOKR =LSQPLz= PROGRAM

OPERATION CARDS ARE DESCRIBED TN SECTION 2,GENERL-~A, AND THEIR FCRMATS ARE
GIVEN IN SECTION 2,0ENERL-B., TYHE POSITIONING OF THESE CARDS 1s DICTATED BY
THEIR FUNCTION,
LSQPL = CALLING CARD FOR LEAST SQUARES LINES AND PLANES, ‘

FORMAT (AR2:AL,1X,A20A4»1X 1101X'I30212) i .

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-5  LSGPL - ‘
6  BLANK o - .
8-13 COMPGUND IDENTIFICATIO™ CODE
15 (1)/(2) FOR L.S, (LINE)/(PLANE)
17-19 NUMBER OF A1OM CARDS OF ATOMS TO DEFINE (OR MAKE UP) THE L,S. LINE OR
PLANE
20-21 (0)/(1) FOR (IGNORED)/{CAUSES CALCULATION OF ANGLES BETWEEN THIS
LINE OR PLANE AND ANY PRECEDING LINES ANU/OR PLANES CODED NON=ZERQ)
22-23 (0)/(1) FOR (IGNORED)/(CAUSES CALCULATION OF L,S, LINE OR PLANE WITH
ATOMS PROVIUED AS INPUT PLUS THE ATOMS RELATED TO THE GIVEN ATOMS
BUT GENERATED THROUGH THE ORIGIN AS A CENTER OF SYMMETRY)

CELL -~ CELL CONSTANT CARD,
FARMAT (A2)ALs1X,A20AL93FK,3,3F9,5)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-4  CELL
5~6  BLANK
A=13 COMPOUND IDENTIFICATION CODE
14~21 A CELL DIMENSION
22-29 B CELL DIMEMSION
30-37 C CELL DIMENSION
38-u6 COS ALPHA
47-55 COS BETA
S6=64 CO0S GAMMA

CELLSD = STANDARD DOeVIATIOMN OF UNIT CELL PARAMETERS.
FARMAT (A2/,)A4,1XsAGsA293FP,3,3F9,5)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6  CELLSD

A=13 COMPOUND IDENTIFICATION CODE

14=-21 STANDARG DEVIATION IN A CELL DIMENGION (ANGSTROMS)
22-29 STANDARD DEVIATION IN ® CELL DIMENSION (ANGSTROMS)
30-37 STANDARD DEVIATION IN ¢ CELL DIMENSION (ANGSTROMS)
38-4¢g STANDARD DEVIATION IN €OS ALPHA CELL DIMENSION
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47-55 STANDARD DEVIATION IN COS BETA CELL DIMENSION
56=54 STANDARD DEVIATION IN COS GAMMA CE{L DIMENSION

ATOM

coLs
1-4
55
=13
14=21
22-2a
30-37
49=5¢
57-54
65=72

PLANE

END

- ATOM PARAMETER CARD, _
FORMAT (A2+AU4»1X0ALIA2+13FR,5,11X,3F8,5)

SPECIFIED PUNCHING OR +UNCTION OF THE FIELD

ATOM
BLANK

ATCM IDENTIFICATION (SFE 1,GENERL)
X FRACTIONAL COORDINATE :

Y
z .

STANDARD DEVIATION IN ¥ (BLANK = §,601 ANGSTROM)
STANDARD DEVIATION IN Y (BLANK = 0,01 ANGSTROM)
STANDARD DEVIATION IN 7 (BLANK = 0,01 ANGSTROM)

- IDENTICAL

IO FORMAT OF =LSQPL=z -« yUYSED WHEN A wHOLE SERIES OF PLANES

ARE 70 BE CALCULATED TN ORDER TO GEY THE ANGLES BETWEEN THEM,

- END CARD,

FORMAT (A2+A4)
SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD

coLs
1-3
4=6

END
BLANK
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A, CARD ORDER SUMMARY FOR =MON'IFY= PROGRAM

MODIFY PROGRAM CALLING CARD
*MODF IL MODIFY SPECIFIED ENTRY
*MOPRREF MODIFY SPECIFIED REFLECTION

END " END CARD
* THESE CARDS ARE UPTIONAL
*%%x*¥% READS =NFILEAS x¥kxkx

axdnk YRITES =NFILEBT susx*

###%+ OPTIONALLY PUNCHES CARDS ON =NFILEC= (SEE COL 15 OF =MODIFY= CARC) sh%uk
T
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8, CARD FORMATS FOR =MODIFY= MPROGRAM

OPERATION CARDS ARE DESCRIBED IN SECTION 2 GENERL-A, AND THEIR FORMATS ARE
GIVEN IN SECTION 2,GENERL-B, THE POSITIONING OF THESE CARDS 1s OICTATED BY
THEIR FUNCTION, '

MODIFY « PROGRAM CALLING CARUL,
FORMAT (A20ALs1X)A20A4,12¢15,3F10.,5)

coLs

1-6
8-13

1415

16=20

21=3n
Il=yp

41-5p

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

MODIFY
COMPQUND IDENTIFICATIONM CODE
(BLANK)/Z(1)/7¢2)/7¢3) (10 NOT RFPLACE F RELATIVE WITH A VALUE DERIVED

FROM FC) /(DU REPLACE F RELATIVF WITH A VALUE DERIVED FROM FC)/(IMPLIES
THAT IN ADDLITION TO REMLACING F RELATIVE» THE PHASE OF FC IS TO BE
STOREL IN THE CALCULATHFD PHASE WORD)/(IMPLIES THAT, IN ADCITION,

=HKkL=z REFLECTION CARUS BE PUNCHED FOR OTHER USES)

(BLANK) /7 (N} (DO NOT)/(1'0) LIST WORDS MODIFIED, N IS THE MAX, NUMBER

OF LINES TO LIST TO OBVIATE MASSIVE QUTPUT.

PERCENTAGE RANDOM ERRO® TO BE PLACED IN GENERATED F RELATIVES
THRESHOLD INTENSITY (I.E. GENERATED IS SMALLER THAN THIS VALUE WILL BE
CODED AS LEDS=THANS, WNOTE THAT THE OLD BINARY DATA FILE MUST CONTAIN
1/LP),

SCALE TO BE APPLIED TO F RELATTVE YO CHANGE IT FROM SCALE OF FC

(FOR GENFERAIION OF A P-ONY SET OF DATA)

MODFIL = MODIFY SPECIFIED ENTRY,
FORMAT (A2¢A4 11X, 129 T4e4YeI14,19,F10,.5])

COLsS
1-6
18~1g9
20=-23

28=314
32=40
41=-5p

SPECIFIED PUNCHING OR ~UNCTION OF THE FIELD

MODFIL

NUMBER OF LUGICAL RECO®D TO BE ALTERED

NUMBER OF PHYSICAL RECORD TO BF ALTERED

(NOTE= THIS 1S THE VALUE OF THE RECORD SEQUENCE NUMBER AS KEPT IN
WORD 2 OF ThE RECORD, 1,E, 0 FCR A LOGICAL RECCRD wHICH ONLY CONTAINS
1 PHYSICAL KECORDs 0 FOR THE LAST RECORD WHEN MANY PHYSICAL RECORDS
EXISTy OTHERWISF THE SrQUENCE MUMBER OF THE RECORD = SEE APPENDIX-6)

NUMBER OF WURD TO BE RrPLACEO IN THE SPECIFIED RECORD

FIXED POINT QUANTITY THE CHOICE IS MADE ON THE BASIS

FLOATING POLINT QUANTITY OF NON=ZERO = IF BOTH ARE NONw
ZERO, FIXED POINT IS STORED

\
MODREF « MODIFY SPECIFIED REFLECTION,
FORMAT (A2,A4,9X,414,19.F10.5)



coL
1-6
16~
20~
24-
28~

32~
41-

END

cow
coL
4-6

S SPECIFIED PUNCHING OR FUNCTION OF YHE
MODREF

1o H INDEX OF KEFLECTION YO BE MOPIFIED

23 K INDEX OF KEFLECTION TO BE MOUIFIED

27 L INDEX OF REFLECTION TO BE MOUIFIED

31. NUMBER OF RELATIVE WORD IN REFLECTION
APPENDIX & FOR FORMAT OF BINARY DATA

40 FIXED POINT GUANTITY

50 FLOATING POLINT QUANTITY

- END CARD,
FORMAT (A2,A4)

S SPECIFIED PUNCHING OR FUNCTION OF THE
S SPECIFIED PUNCHING OR FUNCTION OF THE
BLANK
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FIELD

RECORD T0 BF REPLACED., SEE
FILE,

THE CHOICE IS MADE ON THE BASIS
OF NON-ZERO, 1F B0TH ARE NON=-
ZERO, FIXED POINT IS STORED

FIELD
FIELD
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A, CApD ORDER SUMMARY FOR =NORMSF= PROGRAy

.o - - - e T g T W e

NORMSF PROGRAM CALLING CARD
*EPSILON ZONE WEIGHTING FACTORS
*CELCON UNIT CELL CONTENTS (ONE PER aATOM TYPE)

END END CARD

* THESE CARDS ARE UPTIONAL

*kskx READS zNFILEAZT doxg¥k
*xwkk WRITES SNFILEDS #xkdxxx

*xkkd POSSIBLY SCRAICHES ON =NFILEE= (SEE SECTION 1.NORMSF) s¥k®x
(1.E. IF MORE THAN 5,000 REFLECTIONS ARE IN THE BINARY DATA FILE)
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B, CARD FORMATS FOR =NORMSF= PROGRAM

OPERATION CARUS ARE DESCRIBED TN SECTION 2 ,GENERL=~A,- AND TREXR FORMATS ARE
GIVEN IN SECTICN 2,bVENERL=-B, THE POSITIONING OF THESE CArDS Is DICTATED BY
THEIR FUNCTION.

NORMSF « PROGRAM CALLING CARD,
FORMAT (A2,AU4,1X0A2,)A4,12,215,5X,4F10,3)

coLsS

1=6

A-13
15
20
25

3l=4q
41-5n

51=60
61=70

EPSILON

SPECIFIED PUNCHING OR *UNCTION OF THE FIELD

NORMSF

COMPQUND IDENTIFICATION CODE

NUMBER OF ISOTROPIC  CORRECTIGN CyCLES (BLAMK=1)

NUMBER OF ANISOTROPIC CORRECTION CYCLES (BLANKZS)
(BLANK)/(1)/(2) LIST (F VALUES ,GT, 1,0)/(NO E VALUES)/(ALL E VALUES)
SIN THETA/LAMBDA MAXIMIM FOR DATA (MUST BE SUPPLIED - CAN BE USED
TO LIMIT SPRERE OF DATA ENTERED INTO THE CALCULATION)

FREL SCALE APPLIED TO LESS THANS (BLANK ASSUMES THAT LESS THANS
ENTERED AT UNOHS, THRESHOLD AND SCalE wILL BE TAKEN AS 0,707)
MINIMUM EREL TO BE ENTHRED INTO CALCULATION (BLANK=0,0)

DAMPING FACIOR FOR 1S0~ AND ANISOTROPIC CORRECTIONS (BLANK=,75)

|
- 20NE WEIGHTS CARD = SHOULD BE OMITYED, THE CURRENT VALUES !
ARE CALCULATED BY =DATRUN= AND AND STORED IN =NFILEA=,
AN EPSTLON CARD MAY ME USED TO WEIGHT CLASSES OF REFLECTIONS
AS SHOWN,

FORMAT (A2¢A4 84X, 14F5.0)

coLs
1-7
1l=1g
16=2q
21=-25
26=30
31=35
36=u0
4l=ys

46=-50
Sl=58§
56-60
6l-65
65=7¢
71-75
76-80

SPFCIFIED PUNCHING OR FUNCTION OF THE FIlELD

EPSILON

EPSILON FOR HOO )
0Ko )
00L ) ANY ENTRY WHICH IS BLANK OR 0
HKQ ) WIL! BE TREATED AS 1,0, OTHERWISE
HOL ) AN ENTRY SHOULD BE POSITIVE
OKL )
HKL )

EPSILON FOR HHO )
HOH ) IF THESE ENTRIEg (COLS 46=80) ARE
OKK ) LEFT BLANK REFLNS, WILL BE CONSID~
HHL ) ERED ONLY IN THE CLASSES ABOVE, IF
HKH )} ANY ENTRY IS NONZERO THE REMAINDING
HHH ) BLAMKS AND gS WILL BE TREATED AS 1,0
HKK ) .

CELCON - CELL CONTENTS CARD,
FORMAT (A20AUs1XsALe2XsFU4,0eF7,3)
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COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6 CELCON

8=11 ATOM TYPE (SEE 1 .GENERL)

14-17 NUMBER OF AIOMS OF SPECIFIED TYPE IN WHOLE UNIT CELL
18=-24 ATOMIC WEIGRT OF THE SYECIES

- END - END CARD,
FORMAT (A2,A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-3 END :
4=6 BLANK



A, CARD ORDER SUMMARY FOR =PANAM= PROGRAM

PARAM
CELL

THETA

PROGRAM CALLING CARUV
CELL CONSTANT CARD.
TWO THETA DATA CARD

END CARD

2.PARAM «A 1

211
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B, CARD FORMATS FOR z=PARAMZ PHOGRAM

oy T - T T G D D G S e s W o T gy B S U A g W mp

OPERATTION CARDS ARE DESCRIBID IN SECTION 2 GENERL-A, AND THEIR FORMATS
ARE GIVEN IN SECTION 2,GENERL=~%, THE POSITIONING OF THESE CARDS IS
DICTATED BY THEIR FUNCTION.

PARAM . CALLING CARU FOR LEAST SQUARES CEL| PARAMETER REFINEMENT PROGRAM,
FORMAT (A2,A4¢1X0R2¢A8¢2Xe2F10,79A29Ay)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1~5 PARAM
6 BLANK
8=13 COMPOUND IDENTIFICATIOM COQDE
16=25 WAVELENGTH UF RADIATION USED
26=35 CORRECTION 10 BE APPLIFD TO THE Two THETA VALUES CONTAINED ON THE
=TRETA= CARUS FUR CONVERSION TO TRUE TwO THETA'S
36=41 LATTICE TYPE IDENTIFICATION COLE ACCORDING TO THE FOLLOWING =
TRICLLI - TRICLINIC
MONOCL - MONOCLINIC
ORTHOR = ORIHORHOMBIC
TETRAG = TEIRAGONAL '
CuBlc = CuslcC
TRIGRH <« TR1IGONAL (RHOMBOHEDRAL INDEXING)
HEXAGU - HEXAGONAL
TRIGHX = TRIGONAL (HEXAGONAL INDEXING)
IF THE LATTICE TYPE PROVIDED IS BLANK OR ILLEGAL, A TRICLINIC LATTICE
WILL BE ASSUMED

CELL - CELL CONSTANT CARD,
FORMAT (A2,AU4,1X,A2,A4,3FR,3,3F9,5)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-4 CELL

E=6 BLANK

8~13. COMPQOUND IUtNTIFrCATION CODE

14=21 A CELL DIMENSION

22-29 B CELL DIMENSION

30-37 C CELL DIMENSION

38=45 ALPHA OR COSINE ALPHA

47-55 BETA OR COSINE (BETA) = IF A MONOC| INIC LATTICE WITH BETA UNIQUEs DO
NOT SET BETA EQUAL TO ©0,0 DEGREES (OR A COSINE OF 0,0) BECAUSE BETA IS
TESTED TO OETERMINE IF IT QR GAMMA 1S TO BE REFINED.

56=64 GAMMA OR COSINE (GAMMA)

THETA « TWO THETA DATA CARO.
FORMAT (AL, A2,YXr314,3F20,6)
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COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-5 THETA

6 BLANK

16-1c H INDEX

20-23 K INDEX

24=27 L INDEX

28=37 TWO THETA

38~47 STANDARD DEVIATION OF TWO THETA -~ IF ZERO OR BLANK, 0,01 IS SUPPLIED
48=-57 WAVELENGTH LF DIFFERENT FROM VALUE ON PARAM CARD

END -~ END CARD, o
FORMAT (A20A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD o
1-3  END ik
4=6  BLANK ' :
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A, CARD ORDER SUMMARY FOR PROGWAM TO SEARCH FOURIER MAPS,

- D T e et e i B i S B O e e U U D o i S ™ g 0 g S s T Y D s o P > TS e T P s O

PEKPIK PROGRAM CALLIN3 CARD
END SIGNALS FPROGRAM TO rEGIN CALCULATION

*xxehk READS =NFILEAZ *kkkx

*xx%% READS =NFILEES (cSNFILEE= WILL HAVE BgEN WRITTEN PREVIOUSLY BY
=FGURRs = SEE COLS 17=19 OF =FQURR= CARD) #*%xxx

*xsxx OPTIONALY PUNCHES CARDS UN =NFILEC= (SEE COLS 44=48 OF zPEKPIKZ CARD) »x*
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B, CARD FORMATS FOR PEAK SEARCHING PROGRAM,

- - o e T A S G B > O S D e 0 P s T oy 0 55 W 0 e W D W

OPERATION CARDS ARE DESCRIBED TN SECTION 2 ,GENERL = A» AND THEIR FORMATS ARE
GIVEN IN SECTION 2,GENERL-B, THE POSITIONING OF THESE CARDS Is DICTATED BY
THEIR FUNCTION. .

PEKPIK « CALLING CARD FOR PEAK SEARCHING PROGRAM,
FARMAT (13X, 2F1Ui5,415,F10,5)

CoOLs SPECIFIED PUNCHING OR *FUNCTION OF THE. FIELD
1-6 PEKPIK C
8=13 COMPOUND IDENTIFICATION CODE ]
14«23 UPPER) LIMLITS BETWEEN WHICH SFARCH IS TO BE SUPPRESSED
24-33 LOWER) (TO AVOID RIPPLES) = THIS IS THE SAME FUNCTION AS
THE =MAP= CARD OF =FOURR= 50 THAT IF THESE FIELDS
ARE LEZFT BLANK VALUES FROM THE sMAP= CARD wILL BE yUSED
, (FRUM =NFILEEZ)
34-35 NUMBER OF UNIGUE PEAKS EXPECTED (BLANK OR 0 = 25 PEAKS)
39«43 MAXIMUM NUMBER OF PEAKS TO BE SQUGHT (BLANK OR 0 = 100)
Gu=l4g (BLANK)I/Z(1) = (DO NOT)/(U0) PUNCH =ATOM= CARDS
FOR PEAKS LUCATED DURIMG SEARCH
49=53 (BLANK) /(1) = (DO NOT)/(DO) SEARCH FOR HOLES AS WELL AS PEAKS
54=63 DESIRED RESULUTION BETWEEN PEAXS = NEVER USE A VALUE LESS THAN THE
RESOLUTION UF THE FOURTER MAP HEING SEARCHED
(BLANK OR ZERO = 0,75 ANGSTROM UNITS)

END - END CARD,
FORMAT (A2, A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-3  END
4=6  BLANK
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A, CARD ORDER SUMMARY FOR =PHASE= PROGRAM

PHASE PROGRAM CALLING CARD
*DEF INE DEFiNES THE PHASE OF A SPECIFIED REFLECTION
*IGNORE CAUSES A SPECIFIE" REFLECTION TO BE IGNORED IN SOLUTION PROCESS

*BADEQN REMOVES A SPECIFIRD EQUATION DERIVED FROM TwO SIGMA=TWO
RELATIUNSHIPS FROY THE SET USED IN SOLUTION PROCESS

*BADSIG REMOVES A SPECIFI+HD SIGMA=TWO RELATIONSHIP

*HKL PERMITS LOADING OF E VALUES FROM CARDS
**¥EQN "PERMITS LOADING OF SIGMA-TWO DERIVED EQUATIONS FROM CARDS
END END CARD

* THESE CARDS ARt OPTIONAL
#*  SIGMA=TWO RELATIONSHIPS ™UST BE SUPPLIED IF =HKL= CARDS ARE SUPPLIED,

*kaxa READS =NFILEAZ IF NO =HKLL= CARDS ARE PRESENT #xs#x#
**¥x%k OPTIONALLY WRITES =NFILEH= (SEE COLS 18-21 OF =PHASE= CARD) ##wtx

#*¥%% OPTIONALLY PUNCHES CARUS ON =NFILEC= (SEE COLS 14=17 OF =PHASE=
CARD) whxk

*xk%¥% SCRATCHES ON SNFILEF= *x¥xx
*xk%%x SCRATCHES ON =NFILEG= ®xvkx

**¥xkx POSSIBLY SCRAICHES ON =NrILEH= (SEE COLS 50-53 OF =PHASE= CARD) w#%sx
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i

B, CARD FORMAYS FOK =PHASE= PWOGRAM

OPERATION CARDS ARE DESCRIBED IN SECTION 2 GENERL Ar» AND THEIR FORMATS ARE
GIVEN IN SECTION 2,VENERL=B, THE POSITIONING OF THESE CARDS Is DICTATED BY
THEIR FUNCTION,

PHASE « CALLING CARD FOR PHASF,
FARMAT (Az,Au.IX.AZ.Au I ,2F6.4,314,F6,4)

COLS SPECIFIED PUNCHING OR FUNCTION OF 1HE FIELD
1-5 PHASE

6 BLANK
A=13 COMPOUND 1DENTIFICATIO™M CODE
164=17 (BLANK)/(1)/7(2) (NO PUNCHED PHASES) / (PUNCH -HKL_ CARDS) / {PUNCH

SMODREFz CARDS FOR SUBSEGUENT USE wlITH =MODIFY=z)

18=21 (0)/(1) (Dv NOT)/(DO) WRITE NEW BINARY DATA FILE WITH DETERMINED
PHASES INCLULED

22-25 (BLANK)}/(N) (DO NOT)/(NO) IGNORE UP TO N UNDEFINFD GENERATORS AND
PROCEELD wITH LIMITED SOLUTION,

26-29 NUMBER OF LARGEST E VALUE RFFLFCTIONS T0 BE 'G;NEQATORS'

3C~3g MINIMUM PROBABILITY TO ACCERPT A RELATIONSHIP FROM =SIGMA2=

36=41 MINIMUM £ VALUE FOR WHTCH A PHASE 1S 710 BE DETERMINED

42~45 THE NUMBER UF HIGHEST ¥ 'S TO BE ALLOWED IN THE SOLUTION FOR THE

’ GEMERATORS (BLANK = 999g) MUST BF GREATER THAN COLS 26-29 ABOVE,

46=49 MAXIMUM NUMBER OF CYCLtS OF REFINEMENT TO ATTEMPT TO PRODUCE A SOLUTION
- 10 MAXIMUM (1,E, FEWFR OISCRFEPANT THAN ACCORDANT)

50~53 (0)/(1) (DUI/(DO NOT) SORT SIGMA_TRO RELATIONSHIPS BEFORE ATTEMPTING
SOLUTION (SURTING WILL REQUIRE =NFILEH=Z)

54-50 FRACTION OF PHASE DETERMINATIONS WHICH MUST AGREE TO INDICATE
ACCEPTANCE VF A 'GENERNPTED* PHASE (0 OR BLANK = 0,59 I,E, 3 OUT OF 5
MUST AGREE)

DEFINE - REFLECTIONS TO BE DEFINED WITH RESPECT V0 PHASE,
FARMAT (A20A4»9Xe41I4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6  DEFINE
16=1a H INDEX

20-23 K INDEX
24+-27 L INDEX
28-31 + OR = 1 TO INDICATE COSINE OF DEFINED PHASE

IGNORE « REFLECTIONS TO BE IGNNORED IN PROCESS OF PHASE DETERMINATION ELIMINATES
ALL SIGMA IWO RELATIONMSHIPS WHICH INVOLVES THIS REFLECTION,
FORMAT (A2+AU»YX,314)
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1-6
16-19
20-23
24=-27
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SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
IGNORE
H INDEX
K INDEX
L INDEX

BADEQW - ELIMINATES A SPECIFIE" RELATIONSHIP FROM USE DURING THE SOLUTION

PROCESS,

FORMAT (A2,A4,9X»514)

CcOoLs
1-6
16=1q
2023
24=-27
28-31

32-35
BADSIG

Fr

coLs
1-6
16~-19
20-23
24=~27
28-31

HKL
Fo

coLs
1-3
4=6
8-13
14-1¢
17-16
20=22
59«62
73-76

EGN
Fo

coLsS
1-3
4~=6
16-1¢
20=-23
2427
28=314
32-38

SPECIFIED PUNCHING OR FUNCTION OF YHE FIELD

BADEQN .

FIRST SYMBOLIC PHASE N1WBER

SECOND SYMBULIC PHASE MUMBER

THIRD SYMBOLIC PHASE NUMBER

FOURTH SYMBULIC PHASE MUMBER  (IF NEEDED FOR A RELAYIONSHIP OF THE
SECOND KIND) .

SIGN QF THE RELATIONSHIP

- ELIMINATES SPECIFIED SIGMA TWO RELATIONSHIPS FROM USE DURING THE
SOLUTION PKROCESS,
RMAT (A2,A4e¥XoU4lY)

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
BANSIG .
FIRST SYMBOLIC PHASE NUMBER

SECOND SYMBULIC PHASE MUMBER

THIRD SYMBOLIC PHASE NUMBER

SIGN OF RELATIONSHIP

- STANUARD X=RAY SYSTEM REFLECTION INPUT CAROD,
RMAT (A2,AU o 1XsA20A4,3I%,36XeFY, 3010X,14)

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
HKL

BLANMNK

COMPOUND IDENTIFICATIOMN CODE

H

K

L

NORMALIZED STRUCTURE FACTOR

ASSIGNED SYMBOLIC PHASH AS AN INTEGER

- A SIGMA=TWU RELATIONS™IP
RMAT (A2,84,9Xe414yF7,5)

SSECIFIED PUNCHING OR FUNCTION OF THE FIELD
E

BLANK

SYMBOLIC PHASE ONE

SYMBOLIC PHASE TwWoO

SYMBOLIC PHASE THREE

+ OR = 1 FOR SIGN OF RELATIONSHIP
PROBABILITY. OF THE RELATIONSHIP BEING TRUE
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END . = END CARD,
FORMAT (A2sA4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-3 END
L=6 BLANK
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A, CARD ORDER SUMMARY FOR =REVIEW=z PROGRAM

REVIEW = PROGRAM CALLING CARU
END - END CARD

*%kkyk READS =NFILEAZ *k%x%
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B,CARD FORMATS FOR =REVIEWS RPUGRAM

OPERATION CARDS ARt DESCRIBED IN SECTION 2,.GENERL=~A, AND THEIR FQRMATS
ARE GIVEN IN SECTION 2,GENERL=-M, 'THE POSITIONING OF THESE CARDS 1S
DICTATED BY THEIR FUNCTION, : '

REVIEW . PROGRAM CALLING CARD
FORMAT (A2 AU 1X0A2,A4+211¢F5,2,91%)

COLS
1-6
8~13
14

15

16=2n
21=-25
26=30

.
61=65

END

SPECIFIED PUNCHING OR SUNCTION OKR THE FIELD

REVIEwW
COMPOUND IDENTIFICATION CODE

{(BLANK/1) (DO NOT/D0) SURSTITUTE INTO ALL TRIPLETS FORMED

BY =SINGEN=Z,
(BLANK/1/2) PRINTED OUTPUT CONTRoL
. {LIST ONLY TRIPLETS wITH COSINES .LT. 0)/
(LIST ONLY THE TRIPLETS WRITTEN BY =APHASEZ)/
(LIST ALL TRIPLETS SUBSTITUTED INTO)
MINIMUM =E= VALUE TO Bk CONSIDERED

FIRST =A= MINIMUM ) FOR COSINE DISTRIBUTIONS
SECOND =A- MINIMUM ) MUST HE In DECREASING

) ORDER,

) FIRST ZERQ OR BLANK

) FIELD REGARDED AS
NINTH ~A= MINIMUM ) THE LAST,

END CARD

FORMAT (A20¢A4)

COoLS
1-3
4=6

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
END
BLANK
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A, CARD ORDER SUMMARY FOR =RLIST=z= PROGRAM

- e g oy T o T o T S G . g T My T gy U Y PP W B ey S P

RLIGT PROGRAM CALLING CARV
*SCALE SCALE CARD FOR F RELATIVE DATA

*SETMAT EULERIAN CRADLE SETTING MATRIX (ONLY REQUIRED IF A FOLLOWING
ZCATEGO= CARD CALLS FOR REGIONS OF CHI OR PHI

*CATEGO TO0 OBTAIN R VALUES FOR CERTAIN gPECIFIED CATEGORIES

END END CARD

+ THESE CARDS ARE UPTIONAL

sxxkk READS =NFILEAS *kaké
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B, CARD FORMATS FOR =RLIST= PHOGRAM

OPERATION CARDS ARE DESCRIBED TN SECTION 2,GENERL~A, AND THEIR FORMATS ARE
GIVEN IN SECTION 2,UENERL=-B, THE POSITIONING OF THESE CARDS 1S OICTATED BY
THEIR FUNCTION, ‘

RLIST ~ CALLING CARU FOR RLIST PROGRAM,
FORMAT (A2,)A41X A20A4,7X1ALFI,5+F10,5)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1=-5 RLISTY o

6 BLLANK

8-13 COMPOUND IDENTIFICATIONM CODE

21 (BLANK) /(1) FOR (DO NOT)/(DO) LIST R BY ALL VALUES OF Hy Ky AND L

NOTE,.. s IN ZRDER TO OMTAIN THIS LISTING: THE BINARY DATA FILE MUST BE
SEARCHED REFEATEDLY AND COPIOUS OUTPUT WILL RESULT, #*xUSE THIS FEATURE
WITH CARE*x% .

22-3pn *THRESHOLD' DF/FC VALUF ABOVE wHICH THE REFLECTION SHOULD BE PRINTED
(BLANK = 2,U)

3l-4p0 NUMBER OF STANDARD DEVTATIONS IN INTENSITY ABOVE RACKGROUND TO
ESTABLISH LESS<THANS, - BLANK MEANS ACCEPT SETTING FROM BINARY DATA

FILE

SCALE - SCALE CARD FOR F RELATIVE DATA, To SUPERSEDE VALUES IN BINARY DATA
FILE,
FORMAT (A2,A4,F10,4,14)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1=-5 SCALE

6 BLANK

7=16 SCALE FACTOR TO APPLY TO F RELATIVE

17-2n GROUP IDENTIFICATION (1=64)

SETMAT « SETTING MAIRIX (FOR DFTERMINING CHI AND PHI EULERIAN ANGLES FROM H,
Ky AND L = SEE =DIFSEIZ),
FORMAT (A2+A4¢1X»9F8,6)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6 ~ SETMAT :

8=15 ELEMENT (1s1)

16~23 ELEMENT (1,2)

24~31 ELEMENT (1,9)

32-30 ELEMENT (2¢1)

40~47 ELEMENT (2,2)

48=55 ELEMENT (249)

56~63 ELFMENT (3s1)
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64-71 ELEMENT (3,2}
72=79 ELEMENT (3,9)

CATEGO - CARD FOR OBTAINING R VALUES FOR CERTAIN SPECIFIED CATEGORIES, USE A
SEPARATE CARD FOR EAC™ CATEGORY SELECTEU, THERE ARE 3 DISTINCT GROUPS
OF FIELDS UN THE CARD AND THE FIRGT NON=BLANK GROUP ENCOUNTERED
IS USED.
FOARMAT (A2»A492X923A4,6(1X»I4),2F1n,5)

COLS SPFCIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6 CATEGO

7-8 BLANK (OR RY)

9-20 USER'S NAME FOR CATEGORY SELECTED

~—e= CATEGORIES BY INDEX VALUES (MAY BE USED SINGLY OR IN COMBINATIONS OF

PAIRS) '

22-2%5 R VALUES DESIRED FOR A SPECIFIC H, BLANK IMPLIES NO SEARCH FOR A
SPECIFIC H VALUE,

27-30 R VALUES DESIRED FOR A SPECIFIC K, BLANK IMPLIES NO SEARCH FOR A

" SPECIFIC K VALUE, '

32-35 R VALUES DESIRED FOR A SPECIFIC L, BLANK IMPLIES NO SEARCH FOR A
SPECIFIC L VALUE,

=e=e~ CATZGORIES BY INJEX COMBIMATIONS
37=40 CATEGORY OF INDEX COMHBINATIONS
(BLANK)Z(1)/7(2)/7(3) /(81 /(5)/7(6)/(7) FOR (IGNORE TEST)/(H)/(K)/(L)/
(H+K) / (H¥L ) 7 (K4L )} 7 (H+K+L)
42~-45 VALUE OF ABUVE INDICES TO BE INCLUDED IN R VALUES
£11/(2)/(31/L8)/7(5)/(6)/(ETC,) FOR (ODD ONLY)/(EVEN ONLY)/(MULTIPLES
CF 3 ONLY)/Z{MULTIPLES NF 4 ONLY)}/(MULTIPLES OF .5 ONLY)/{(MULTIPLES OF 6

ONLY )}/ (ANY REASONABLE wWUMBER MAY B SUPPLIED)

w—== CATEGORIES BY MAGNITUDE OF OTHER OUANTITIES
47=50 SELECT CATEWORY FOR RANGE OF =
(1)/(2)7(3)/(8)/(5) FO» (SIN THETA/LAMBDA)/(INTENSITY)/(FO)/(CHI)/(PHI)
CHI AND PHI RANGES REQUIRE A =SETMAT= CARD
§1-6p LOWER LIMIT OF QUANTITY REQUESTED IN COLS 47=50
61-7p UPPER LIMIT CF QUANTITY REQUESTED IN COLS 47-50

END - END CARD,
FORMAT (A24A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1=3 END
4=6 BLANK
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A, CARD ORDER SUMMARY FOR =SINGEN= PROGRAM

SINGEN  PROGRAM CALLING CARD

END END CARD

#%kxx READS =NFILEAS *xxx

**x%% WRITES EITHER =NFILEB= OR =NFILEF= (SEE COL, 15 OF =SINGEN= CARD) #sk¥x
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B, CARD FORMATS FOR =SINGENZ PROGRAM

- g gy S A O B qr o B e >

CPERATION CARUS ARE DESCRIBED IN SECTION 2 GENERL=A, AND THEIR FORMATS ARE
GIVEN IN SQECTION 2,GENERL=-B. THE POSITIONING OF THESE CARDS 1s DICTATED BY

THEIR FUNCTION,

SINGEN

- PROGRAM CALLING CARUD,

FORMAT (A2,A4,1XyA2/,)A4,12+15,F10,3,2140)

cCLS
1=-6
7
8-13
15

20

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
SINGEN

L ANK

COMPOUND IDENTIFICATION CODE

(BLANK) /(1) FOR WRITE (=SINGEN= FILES ON =NFILEEz AND DO NOT COPY THE
BIMARY DATA FILE ON =NFILEB=)/(BINARY DATA AND =SINGEN= FILES ON
=NFILEBZ)

(1)1/7(2y/713)7(4) ENTER F=VALUES FROxn =NFILEAz= CALCULATED AS (El)/
(E2)/(E3}/(E4) IN Z=NORVSF= (BLANK = 13

21-30 MINIMUM E=VALUE TO HE 1SED IN STRUCTURE INVARIANT SEARCH (BLANK = 1,4)
31=40 MA¥IMYM PHASE NO., FOR wHICH TRIPLETS ARE PRINTED
41=50 MAXIMUM PHASE NO, FOR wHICH TRIPLETS ARE PRINTED REOUNDANTLY

END -

END CARD, -

FORMAT (A2, Al)

coLsS
1~3
4=6

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
END
BLANK
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A, CApD ORDER SUMMARY FOR THE =STEPRFz PROGRAM

STEPRF
*SCALE
*ATOM
*NOREF
*CONSTR

*RELEAS

END

* THESE CARDS ARt OPTIONAL '

s \ : i . ,|..‘ R RAT]
PROGRAM CALLING CARD - =~ ot Coear : (RN

SCALE CARD FOR F RéUﬁTIVE DAT 4

ATOM SELECTION CA~D

SHUT OFF REFINEME™MT OF SPECIFIC PARAMETERS
CONSTRAINS ONE PARAMETER TO BE A FUNCTION OF ANOTHER

RELEASE ALL CONSTRAINTS READ FROM THE BINARY DATA FILE FOR A
SPECIFLC. ATOM K '

-END CARD

.

NOTE 1 « IF NO ATOM CARDS ARE PRESENT,; ALL THE ATOMS IN THE BINARY FILE ARE
USED. IF ANY '‘ATOMS AWRE SPECIFIED BY CARDS» ONLY THOSE SPECISIED ON
THE CARUS ARE SELECTED FROM THE BINARY FILE, IF THERE ARE TOO MANY
ATOMS IN THE FILE FOR THE STORAGE CAPACITY,» CARDS WILL BE EXPECTED,

*xkk READS =NFILEAZ »kadx

wxxkx WRITES =NFILEUZ dkxxxx

*xx#%% OPTIONALLY PUNCHES CARDS ON =NFILEC= (SEE COL 19 OF =STEPRF=z= CARD) *x¥%xx
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B, CARD FORMATS FOK THE =STEPWF= PROGRAM

OPERATION CARDS ARE DESCRIBED IN SECTION 2 ,GENERL=~A» AND THEIR FORMATS ARE

GIVEN IN SECTION 2,0ENERL=B, THE POSITIONING OF THESE CARDS Is DICTATED BY
THELIR FUNCTION.

STEPRF = CALLING CARD FQOR THE CRYSTALLOGRAPHIC STEP REFINEMENT PROGRAM
FORMAT(AZ2 /)AL 1X0A2 )AL 41296F4,3961311792F5,0) .

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6 STEPRF ’

=17 COMPOUND IDENTIFICATION CODE

14=15 NUMBER OF CYCLES (BLANx = 1)

16=17 (BLANK)/(1) FOR REFINEMENT BASFD ON (F)/(F%*2)

18-19 (BLANK)/(1) FOR (DO NOT)/(DO) PUNCH THE NEW ATOM COORDINATES

20-21 (BLANK)/{(1) FOR (DO NOT)/(DO) LIST THE REFLECTIONS

22=25 STEPPING DISTANCE IN THE X~-OIRFCTIgN

26=29 STEPPING DISTANCE IN THE Y DIRECTIOQON

30-3% STEPPING DISTANCE IN TWE Z DIRECTIgN

34«37 STEPPING INULREMENT FOR U
*xxk NOTE, LF COLUMNS 22 THROUGH 37 ARE BLANK, X, Y» AND Z WILL Bf
STEPPED BY U,1 ANGSTRO™ AND U wIlLL BE STEPPED BY 0.,00633 *xkxx

38-43 MINIMUM SIN(THETA)/LAMMDA TO BE CONSIDERED

42=-4% MAXIMUM SIN(THETA)/LAMKDA TO BE CONSIDERED

4b6=48 MINIMUM H TO BE CONSI1DFRED

4Y=51 MINIMUM K TO BE CONSID+RED

52=54 MINIMUM L TU BE CONSIDFRED

55=57 MAXIMUM H TU BE CONSID-RED

58=60 MAXIMUM K TU BE CONSIORRED

6l=63% MAXIMUM L TOU BE CONSIDFRED
#*x*x NOTE, IF COLUMNS 09 THROUGH 63z ARE BLANK, THE LIMITS WILL BE
~99 AND 99 **xx%w¥x )

64=70 MAXIMUM NUMBER OF REFLFCTIONS

71«75 MINIMUM F TU BE CONSID+RED

7680 MINIMUM E TU BE CONSIDFKRED

*xpxx NOTE,» REFLECTIONS wILL Bf LIMITED ON Y BY THE STIPULATIONS ON THE
SSTEPRF= CARD AND THE AVAILABLF CORE STORAGE, SINCE THE =STEPRF= PROGRAM WAS
VESIGNED FOR PRELIMINARY REFINFMENT, IT 1S BEST TO WORK WITH A MINIMUM NUMBER
OF REFLECTIONS, THILIS WILL INCREASE VHE CYCLE SPEED. 1IN ADDITION, IT IS FASTER
TO REFINE ON F IN THE CENTRIC CASE AND F»x2 IN THE ACENTRIC CASE,

ATOM - ATOM SELEC!IION CARD,
FORMAT (A29AU1XsALIA2)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-4 ATOM

5-6 BLANK

8~13 ATOM IDENTIFICATION (SFE 1,GENERL)

NOREF o TO SHUT OFF REFINEMENT OF SPECIFIC PARAMETERS
FORMAT{AZs Al )1 XAL»A2,13A3)
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COLS SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD
1-5 NOREF :
8=13 ATOM IDENTIPIQATION (SFE 1,GENFRL), IF BLANK, THE CARD APPLIES ToO
ALL ATOMS. IF ONLY ATPM TYPE 1S GIVEN, THE CARD APPLIES TO ALL ATOMS
OF THE GIVEN TYPE, 1IF =SCALE= IS PUNCHED IN COLS, 8-12v THE CARD
" APPLIES TO ¥ RELATIVE SCALE FACTOR. REFINEMENT, ’
NOTE = IF COLS 14~52 ARE BLANK IN THE) CASE OF THE - =NOREFz CARO. ALL PARA“;TERS
FOR THE INDICATED AIOM OR ATOMS WILL BE,HELD INVARIANT .
14-16 EACH FIELD MAY CONTAIN.BLANKS OR OME OF THE FOLLOWING LEFT JUSTIFIED
SYMBOLS.
X . co ] L . B
Y
P4
PP POPULATION PARAMETFR
SCT NEUTRON SCATYTERING FACYTOR
UOFR REAL DISPERSION PARAMETER
DFI IMAGINARY DISPERSION PARAMETER
U ISOTROPIC TEMPERATURE FACTOR

CONSTR = IMPOSE A CONSTRAINT HETWEEN THE sPECIFIED PARAMETERS. THE CONSTRAIN=
: ING EQUATION ISw= )
P(SUB) = FAP(REF) + S :
WHERE F_AND S ARE FLOATING. POINT :NUMBERS, P{SUB) IS THE SUBJRCT
PARAMETERs AND P(REF) IS THE REFERENCE PARAMETER
FORMAT (A2, Alig 1X0 A4, A20 1X AU A2, 2A30UX,2F10,2) o
COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6  CONSTR
8=13 ATOM IDENTIFICATION (StE 1.GENFRL) OF SUBJECT ATOM
15-20 ATOM IDENTIFICATION (SFE 1,GENERL) OF REFERENCE ATOM
21-23 PARAMETER OF SUBJECT ATOM(SEE =REF=/=NOREF=) .
24-2¢ PARAMETER OF REFERENCE ATOM(SEE =REF=/=NOREF=z) o
- 31=40 F FOR CONSTHAINING EQUATION
41-55 S FOR CONSTKAINING EQUATION

RELEAS « RELEASE ALL CONSTRAINTS READ FROM THE BINARY DATA FILE ON A PARTICULAR
ATOM,
FORMAT (A2 Al 1R9AL,A2)
COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6 RELEAS
8~13 ATOM IDENTIFICATION (StE 1,GENFRL)

END = END CARD - . . ' ot
FARMAT (A2,A4) C "
R
coLs SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
4=6 BLANK
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- - e o)

TANGEN PROGRAM CALLING CARD

*CYCLE E THRESHOLDS (ONE PER CYCLE)

*LIMIT PHASE ACCEPTANCE iEST LIMITS

*PRINT SPECIPIES PRINT OUTPUT '

*¢PHI STARTLNG' PHASES (ONE PER REFLECTION) A

**BDFPHI  SPECIFIES STARTING PHASES FROM =FCZ OR PREVIOUS, =TANGEN=
END END CARD ‘ o o

* THESE CARDS ARE UPTIONAL s S

** THESE CARDS ARE UPTIONAL BUT B0OTH MAY BE ENTERED, STARTING PHASES DEFINED
BY THE LAST CARD (=PHI= OR =BDFPHI=) TAKE pRECEDENCE OVER, EARLIER DEFINITIONS
CINCLUDING THOSE FRUM =APHASE= SPECIFIFD ON THE =TANGEN= CARD),

tTTLT)
T
ook kK

PR

EE L A2 4

READS =NFILEA= ***t*-
WwRITES -NFILEh_ ok ¥k K
OPTIONALLY READS =NFILEES (SEE.COL. 35 OF STANGENS CARD) *awks

POSSIBLY SCRAICHES ON =NFILEF=. (IF MORE THAN MAXTRI TRIPLES ARE USED)%ax*
(VALUE OF MAXIRI IS VERSTON,LABORATORY AND UPDATE SPECIFIC IN

THE RANGE 500U TO 9000)

OPTIONALLY SCRATCHES ON =NFILEG=e=NFILEH=9ENFILEl=, AND =NFILEJS

DEPENDING ON CORE REQUIRED FOR PRE~SOR .(SPeCIFLED COL, 50 OF =TANGEN=

CARD)

& %k ak ok
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B, CARD FORMATS FOK =TANGEN= MPROGRAM

OPERATTON CARDS ARE DESCRIBED IN SECTVINN 2 GENERL~As AND TREIR FORMATS ARE
GIVEN IN SECTION 2,GENERL-B, THE POSXTIONING OF THESE CARDS IS DICTATED BY

" THEIR FUNCTION, . . Ty

TANGEN ~ PROGRAM CALLING CARD,
FORMAT (A20AL»1X1A2,AL»I2+15,F10,3,4110)

COLS SPECIFIED PUNCHING OR FUINCTION OF THE FIELD
1-6 TANGEN
8=13 COMPOUND IDENTIFICATIOM CODE
15 (BLANK)/(1) TO ENTER BINARY DATA AND =SINGENz FILES FROM (=NFILEA= AND
=NFJLEEZ)/(=NFILEA= ONLY) IN HOTH CASES =NFILEAz MUST CONTAIN E-VALUES
PROGUCED BY =NORMSF= . )
20 (BLANK)/Z(1) (DO NOT)/(1'0) USE THE «PHI- AND -PSI- VALUES WHICH HAVE
BEEN ESTIMATED HBY =APHASE= AND ENTERED ON THE BIMARY DATA FILE
21=39 MINIMUM E=\V"_UE TO BE WHASED BY TANGENT ITERATION PROCESS (BLANK
CAUSES MINIMUM E OF =SINGEN= TO BE USED)
40 (BLANK) /(1) (DO NOT)/(00) USE WEIGHTED TANGENT FORMULA
50 NUMBER OF SCRATCH FILES (GyHi.IsJ) 7O BE USED DURING THE PRESORT OF
=SINGEN= TRAPLETS %% MANDATORY IF THE NUMHER OF TRIPLETS EXCEEDS THE
ARRAY LIMIT MAXTRI *x IF IMPLEMENTED TRIPLEYS FROM THE LOWEST CYCLE-
THRESHOLD U¥Y ARE SORTEN DIRECTLY INTO THESE FILES
{MAXTRI IS SET IN XYT™M, IN GENERAL AT LEAST ONE gHOyULD BE SET)
60 (BLANK) /(1) (DO)/ (DO NOT) WRITE NEw BINARY DATA FILE (ON =NFILESB=)
70 (BLANK) /(1) (DO)/7(DO NOT) EXIT ANY CYCLE IF THE /€£C/=~SCALE CONVERGES
OR OSCILLATES TO WITHIM 0,0001

CYCLE . E~THRESHOLD FOR A CYCLFE OF ITERATIQNS
FORMAT (A20A401“0I51F5o2v‘10)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1=5  CYCLE
BLANK

9-10 CYCLE NUMBEK (MAXIMUM OF 10) .

11-15 THRESHOLD OF THIS CYCLF AS MAXIMUM PHASE NUMBER

16-20 THRESHOLD OF THIS CYCLE AS MINIMUM E VALUE (USED IF COLS, 11-15 BLANK)

21-30 NUMBER OF I11ERATIONS FOR THIS CYCLE (MAXIMUM OF -50) BLANK=20

LIMIT ~ PHASE ACCEPIANCE LIMITS
FORMAT (A2,A4/,4X9215,F10,3,110)

COLS SPECIFIED PUNCHING OR FHNCTION OF THE FIELD

1-5 LIMIT

6 BLANK

11=15 PHASE OSCILLATION LIMIY IN DEGREES (BLANK=100)

16=20 RESTRICTED PHASE DIVERGENCE LIMIT IN DEGREES (BLANK=7S)



21-3¢0

31-4p

PRINT .

2 TANGEN=B 2 232
04 /22/72

CALCULATED E-VALUE (/EC¢/) ACCEPTANCE THRESHOLD (BLANK=0.5 OR IF
WEIGHIED TANGENT ITERATION 1S SPECIFIED BLANK=0.0)

MINIMUM NUMBER OF TRIPIETS CONTRIBUTING TO A PHASE ESTIMATE BEFORE
IT IS ACCEPIED (BLANK=1)

PRINT CONTRUL

FORMAT (A2,A4,4Xyp1215)

coLs

1-5
6
15
20

21=25
26=30
31=35
36-40
41=45
46=-5n
5l=55
56-60
61-65
65-70

PHI -
Fo

coLs
1-3
4=6
7=10
11=-2n
21=-25
26=30
38=4n
4l=48

BDFPHI
Fo

COLS
1-6
10
11=2¢
21=3n

3l=4g
41=5p

END -

SPECIFIED PUNCHING OR FUNCTION OF TRE FIELD

PRINT

BLANK _

(BLANK) /(1) (DO)/(DO NOT) PRINT PHASES OF LAST ITERATION OF EACH CYCLE
(BLANK) /(1) (DO)/(DO" NOT) PRINT PHASES AS ouTPuT,om =NFILEB=

THE NEXT 10 FIELDS ARE PUNCHED AS
(BLANK) Z(N) (DO NOT)/Z(1N0O) PRINT PHASES OF EVERY N-TH ITERATION FOR =
CYCLE

CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE
CYCLE 10 ' ’ o )

WO N NTE N -

PHASE OF STAKTING REFLECTION,
RMAT (A2,A4,14,110,215,110,15)

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD . i

PHI . . IR j .
BLANK : , . N
E-LIST SERIAL NO, OF RﬁFLECTION S '

H INDEX : -

K TNDEX o ;

L TNDEX ‘ PR

PHASE IN DEOREES (POSITIVE BASE MODULO 360)

é+¥é/is?) TV (FIX PHASF)/(SUPPRESS REFLN.) FOR N CYCLES (N MAY BE

- EXTRACT PHASES FROM REFLECTION RECORD OF BINARY DATA FILE.
RMAT (A2/)AL,LU4/,»110,s3F10.4) .

SPECIFIED PUNCHING OR FIINCTION OF THE FIELD
BDFPHL
(BLANK) /(1) EXTRACT PHASES FROM BINARY DATA FILE AFTER (=FC=)/

(PRIOR =TANGENZ) CALCUI ATION
NUMBEK OF CYCLES THE EYTRACTED PHASES ARE TO BE F!XED

E-~-THRESHOLD LIMITING PHASES TO BE EXTRACTED (BLANK CYCLE 1 E=-THRESHOLD)
FRACTION (P) USED IN =FC= REJECTION TEST - SEE WRITEUP (BLANK=,5)
FREL SCALE USED IN =+Cz REJECTION TEST = SEE WRITEUP (BLANK CAUSES
SCALE TO BE EXTRACTED FROM RECORD 7 OF BULF)

END_CARD.

FoRMAT(AZoAQ)
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COLS SPECIFIED PUNCHING OR FUNCYION OF THE FIELD
1=-3 END
4=6 BLANK
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A, CARD ORDER SUMMARY FOR =WRITEU= PROGRAM
WRITEU PROGRAM CALLING CARD
*ELEMENT  DEFINES THE BEGIMNING OF AN ELEMENT OF THE WRITE-UP
(R :
*ENDELT DEFINES THE END OF AN ELEMENT OF THE WRITE=-UP
*TEXT DEFINES DATA OR NTHER CARDS 70 8E CONVERTED SUCH THAT COL,

BECOMES A BLANK AND COLS, 2-80 ARE LIKE 1~79 OF INOUT CARDS (TO
GENERATE APPEMDICES)

*ENDTEXT STOP PREPARING TEXT

END © AFTER ALL WRITE=t/P MATERIAL

*  THESE CARDS ARE UPTIONAL

sakkk OPTIONALLY WRITES =NFILEU= (SEE COL 24 OF SWRITEUS CARD) *%axx
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B, CARD FORMATS FOR =WRITEU= PROGRAM

OPERATTON CARDS ARE DESCRIBED IN SECTION 2,GENERL-A, AND THEIR FORMATS ARE
GIVEN IN SECTION 2,9ENERL-B, THE POSITIONING OF THESE CARDS IS DICTATED BY
THEIR FUNCTION,

WRITEU -« PROGRAM CALLING CARD,
FORMAT (A2vA“rl“oZXlAZt“Q'A2'3xoI]vIQ)

COLS SPFCIFIED PUNCHING OR FUNCTION OF THE FIELD

1-6 WRITEU

7-10 MAXIMUM LINES / PAGE

13«20 DATE OF THE PRINTING AS DDO/MM/YvY

24 (0)/¢1) FOR (DO NOT)/(DO) WRITE A DUPLICAYE FILE ON =NFILED= AS
WELL AS PRINTING A COPY

25«2a INTEGER OF LAST PREVIONS PAGE SEQUENCE NUMBER RUN -~ THIS .IS TO
FACILITATE KUNNING IN PARTS « LEAVE BLANK FOR AB=INITIO RUN, USE LAST
SEQUENCE NU“3ER OUTPUT FOR SUBSEQUENT RUNS,

ELEMENT ~ DEFINES THE BEGINNING OF AN ELEMENT OF THE WRITE-UP, AN ELEMENT
CONSISTS OF A LOGICAL UNIT OF THE WRITE-UP,
FORMAT (A2,A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1=7  ELEMENT

ENDELT = DEFINES AN END OF AN FLEMENT OF THE WRITE-UP,
FORMAT (A2¢:AY4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1-6  ENDELT

TEXT « DEFINES DATA OR OTHER CARDS TO BE CONVERTED SUCH THAT COL 1 BECOMES
BLANK AMD COLS 2-80 APE LIKE 1-79 OF INPUT CARDS (T0 GENERATE
APPENDICES) .

FORMAT (A2,A4)

‘COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1=-4 TEXT

ENDTEXT - STOP PREPARING TEXT,
FORMAT (A2¢A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1=7 ENDTEXT

END - END CARD, (AFTER ALL WRITE=UP MATERIAL)
FORMAT (A2,A4)
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COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1-3 ENOD
4=6 BLANK



A, CARD ORDER SUMMARY FOR =WTANAL= PROGRAM

WTANAL

INTFO

INTST
*LAYER

«SMA} FO

*sLESSTH

END

PROGRAM CALLING CARD
INTERVALS FOR FORS'
INTERVALS FOR S{ﬂ‘THETA
LAYER TO BE ANALYSED

INTERVALS FOR SMALL FOBs

INTERVALS FOR LESS THANS

END CARD

*+ THEGE CARDS ARE UPTIONAL

*xs%s READS =NFILEAS ##uwx

2.WTANAL=-A 1

237
0us22/72
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D FORMATS FOR =WTANAL= PROGRAM

- o o o - - n

OPERATION CARUS ARE DESCRIBED IN SECTICN 2,GENERL=A AND’THEIR FORMATS ARE
GIVEN IN SECTION 2,SENERL=-B, THE POSITIONING OF THESE CARDS 15 DICTATED BY
THELR FUNCTION,

WTANAL
Fo

coLs
1- ¢
B-1%
14=20

23=3¢0

INTFO

« CALLING CARD FOR WEIGHTING ANALYSIS PROGRAM,
RMAT (A2¢ AU s 1X0A2 )AL sFT 302X F8,3)

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

WTANAL ’

COMPOUND IDENTIFICATIO™ CODE

LAMBDA « WAVELENGTH OF X~RADTATION USED = IF ANALYSIS REQUIRED

FOR SIN THEIA/LAMBDA THIS VALUE SHOULD BE 1.0

THRESHOLD VALUE FOR ANALYSIS OF SMALL FOBS VALUES = MAY BE BLANK IF
NO =SMALFO= CARD SUPPLITED

- CARD USED 10 DEFINE TWE LIMITS OF THE INTERVALS OF FOBS, NO
MORE THAN FOUR SUCH CrRDS MAY OCCuR, I,E, 20 IS THE MAXIMUM
NUMBER OF INTERVALS ALLOWED,

OMIT THIS CARD TYPE IF NO ANALYSIS REQUIRED FOR FO0BS,

FORMAT(AZ2yAlU, 14X,S5F10.3)

coLs

i- 5
' 6
21=30
31=4n
41-50
51=60
61~79

INTST -~

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD t
INTFO

BLANK '

} (5 FIELOS GIVING LIMITS OF THE REQUIRED

}  (INTERVALS, ANY BLANK FIELD

)  (WILL BE LGNORED, If NON-BLANK,
) (THE INTERVAL VALUES SHOULD INCREASE

)  (MONOTONICALLY,

CARD USED TO DEFINE THF LIMITS OF THE INTERVALS OF SIN THETA, NO MORE
THAN FOUR SUCH CARDS MAY OCCUR,I,E, 20 IS THE MAXIMUM NUMBER OF
INTERVALS ALLOWEUD,

OMIT THIS CARD TYPE IF NO ANALYSIS REQUIRED FOR SIN THETA

FORMAT (A2, Al 14X9»5F10.3)

CoLs
1- &
6
21-30
31=-40
41-50
51-60
61=-70

SPECIFIEC PUNCHING OR FUNCTION OF THE FIELD
INTST :

BLANK

) (5 FIELDS GIVING LIMITS OF THE REQUIRED

)  (INTERVALS. ANY BLANMK FIELD

) (WILL BE IGNORED. IF NON=BLANK,

) (THE INTENVAL VALUES SHOULD INCREASE

)  (MONOTONICALLY,

SMALFO « CARD USED 10 DEFINE THE LIMITS OF THE INTERVALS OF SMALL FOBS., NO

MORE THAN FUUR SUCH CARDS MAY OCCUR,I,E,s 20 IS THE MAXIMUM NUMBER OF
INTERVALS ALLOWED,
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: OMIT THIS CARD TYPE IF NO ANALYSIS REQUIRED FOR SMALL FOBS,
FORMAT (A2, AL 14X,5F10.3) i

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1= ¢ SMALFO

21-3p) (5 FIELDS GIVING LIMITS OF THE REQUIRED

31-40) (INTERVALS, ANY BLANK FIELD

41-55) (WILL BE LGNORED. IF NON=BLANK,

Sl=60) (THE INTERVAL VALUES SHOULD INCREASE

61=70) (MONOTONICALLY, _

LAYER = USED TO DEFINE WHICH INDEX TO USE FOR ANALYSIS AND TO GIVE VALUE OF
LARGEST NEGATIVE INLEY,
FORMAT(A2/AL8X011,15) .

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1= 5 LAYER
6 BLANK
15 (11/(2)/(3) FOR ANALYS!S ON (H)Y/(K)/(L)
16=20 LARGEST OCCURRING NEGATIVE INDEX (WwITHOUT SIGN)

LESSTH - CARD USED 10 DEFINE THE LIMITS OF THE INTERVALS OF LESS THANS, NO
MORE THAN FUUR SUCH CAKDS MAY OCCUR - I1.E,» 20 IS THE MAXIMUM NUMBER
OF INTERVALS ALLOWED, -
OMIT THIS CARD TYPE IF ANALYSIS REQUIRED FOR LESS THANS.

FORMAT (A2, Al 14Xy)5F10.3)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1- ¢ LESSTH _
21-30) (5 FIELDS GIVING LIMITS OF THE REQUIRED ' \
31-40) (INTERVALS, ANY BLANMK FIELD
 41~50) (WILL BE LGNORED. IF NON=BLANK,
51=60) (THE INTERVAL VALUES SHOULD INCREASE
61-70) (MONOTONICALLY,.

END = END CARD
FORMAT (A2, A4)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1= 3 END
4= 6 BLANK
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A, CARD ORDER SUMMARY FOR =WT!I.S5Q= PROGRAM

Lo dadadedad Do Lo P L2 L T T

WTLSSQ

COEFF
*INTFO
*«INTST

*SCALWT

*THRESH

END

PROGRAM CALLING CARD
COEFFICIENTS FOR CHOSEN WEIGHTING SCHEME
INTERVALS FOR FOMS

SIN THETA INTERVALS

SCALE FACTORS TO BE APPLIED 7O WEIGHTS TO ADJUST AVERAGE
w*DEL | ASQ

DEFINELS A NEW THRESHOLD FOR ESTABLISHING LESS=THAN STATUS

END CARD

* THIS CARD IS OPIIONAL

xsxks READS =NFILEAS #xuxk

*xxxkx WRITES =NFILEDZ kxkux



2.WTLSSe-8B 1 241
04s22/72

B, CARD FORMATS FOR =WTLSSQ= PROGRAM

WTLSSQ = CALLING CARD FOR WTLSSQ PROGRAM,
- FORMAT(AZ2)AL»1X9A2,ALIFT.3)15,F5,3,F5 0,215}

COLS SPECIFIEL PUNCHING OR FUNCTION OF THE FIELD

1= g WTLSSQ

8=11 COMPOUND IDENTIFICATION CODE

14=20 LAMBDA - X=KAY WAVELENGTH

21-25 WEIGHTING SUHEME DESIRED (SEE 1,WT, SSQ)

26=30 WEIGHT INDICATOR FOR LFSS=THANS
“VE - NEGLIGIBLE WEIGHT IF FO 1S GREATER THAN FC
0 OR BLANK = WEIGHT BY EQUATION
+VE - CONSTANT USED TO WEIGHT LESS~THANS

3l=35 MAXIMUM ALLUWABLE WEIGHT (BLANK OR 0.= 100
36-409 (BLANK)/(1) FOR (DO)/ (D0 NOT) ANALYZE IN GROUPS OF F 'OBSERVED

41l=45 (BLANK)/(1) FOR (DO)/(1’0 NOT) ANALYZE IN SIN THETA GROUPS

. COEFF = COFFFICIENTS FOR CHOSEN WEIGHTING SCHEME. COEF?ICIENTS MAY ‘BE SPECIFIED
IN ANY ORDEK AND AS MAnY CARDS AS ARE NEEDED WILL BE ACCEPTED, : BLANK
FIELDS ARE I1GNORED.

COLS SPECIFIED PUMCHING OR FUNCTION OF YHE FIELD
1= 5 COEFF

6 BLANK ,

11 COEFFICIENT (1,E. AsByCyDEGiHsJy OR K)
12-20 VALUE OF COCFFICIENT . .
21=30 ) o
31=40
41-50
S1=~60
61=-70
71-890

AS COLS 11-20

N

INTFO -~ CARD USED TU DEFINE THF LIMITS OF THE INTERVALS OF FOBS. NO :
MORE THAN FUUR SUCH CARDS MAY OCCUR (I.E. 20 1S THE MAXIMUM NUMBER
OF INTERVALS> ALLOWED),
FORMAT (A2,A4,14Xy5F10,3)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1= 5 INTFO

. 6 BLANK
21=30) (5 FIELDS GIVING LIMITS OF THE REQUIRED
31=-40) (INTERVALS, ANY BLAMK FIELD
41=-50) (WILL BE LGNORED, IF NON=BLANK,
51=60) (THE INTEKVAL VALUES SHOULD INCREASE
61=70) (MONOTONICALLY,

INTST - CARD USEU TU DEFINE THF LIMITS OF THE INTERVALS OF SIN THETA, NO

MORE THAN FUUR SUCH CARDS MAY OCCUR (I, E. 20 1S THE MAXIMUM NUMBER
OF INTERVALS ALLOWED),

FORMAT (A2+A414Xs5F10,3)
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COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD -
1~ 5 INTST
6 BLANK

21-30) (5 FIELDOS GIVING LIMITS OF THE REQUIRED
31~-40) (INTERVALS. ANY BLANK FIELD
41-50) " (wILL BE LGNORED. IF NON=BLANK,
51-601 (THE INTERVAL VALUES SHOULD INCREASE
61=70) (MONOTONICALLY, .

SCALWT = SCALE FACTURS FOR WEIGHTS,
FORMAT (A2,A4213X,2F10,3)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD

1= g SCALWT '

20-29 SCALE FACTOR FOR WEIGHTS OF OBSERVED REFLECTIONS
30-~39 SCALE FACTOR FOR WEIGHIS OF LESS=THANS

THRESH - DEFINES A NEW THRESHOLD FOR ESTABLISHING REFLECTIONS AS BEING LESS=-
THANS, .
FORMAT(A2/,A4/, 14X, 2F10,002710)

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD
1- ¢ THRESH ’
21-30 SIGMA THRESHOLD .
31-40 FREL/I THRESHOLD (SEE COLS 41-50)
y1=-50 (BLANK)/(1) FOR BASED ON (FOBS)/(I)
51-60 (BLANK)/(1) FOR (DO NOT)/(DO) INCLUDE THE NEWLY ESTABLISHED =JCODE=
IN. THE OUTPUT BINARY DATA FILE

END ~ END CARD
FORMAT (A2, A4)

COLS SPECIFIEO PUNCHING OR FUNCTION OF THE FIELD
1- 3 END
4= & BLANK
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CUNTRIBUTORS TO THE X=RAY SYSTEM
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0422772

THE X=~RAY SYSTtM HAS BEEN DEVELOPED OVER A NUMBER OF YEARS WITH

CONTRIBUTIONS FROM A LARGE NUMHER OF PEOPLE.

INTO THREE MAIN CATEGORJES =

THIS EFFORT HAS FALLEN

1. SYSTEM EDITING = 1,E, THE WRITING OF THE NUCLEUS, MAINTENANCE

OF THE PROGRAMS,»

THE WRITE=-UP,

SYSTEM PHILOSOPHY DECISIONS

GENERAL ORGANTZATION,

AND -

2, PROGRAM WRITING = WITHOUT WHICH THERE WOULD BE NO NEED FOR

A SYSTeM

3, SYSTEM IMPLEMENTATION - I,E,

THE RESPONSIBILITY FOR PROVIDING

INFORMATION FOR MAKING THE SYSTEM RUN ON SPECIFIC MACHINES
AND FOr CHECKOUT of NEW SYSTEM RELEASES,

ORVIOUSLY, SOMc PROGRAM ALITHORS HAVE ACTIVELY CONTRIBUTED IN OTHER
RESPECTS AMD DUE ACKNOWLEDGEMENT OF THEIR AUTHORSHIP IS GIVEN wITHIN THE

PROGRAM DESCRIPTIONS IN SECTIOM 1 OF THIS wRITE=-UP,

THE AFFILIATION GIVEN FOR EACH COMTRIBUTOR IS THAT APPROPRIATE AT THE
TIME THE CONTRIBUTIUN WAS MADE AND SHOULD NOT NECESSARILY BE CONSIDERED AS

CURRENT, :

SYSTEM EDITORS

BALDWIN DR J.C,
CHASTAIN DR R,V

HIGH DR D,F,
KRUGER DR GV
KUNDFLL DR F.A,

STEWART PROF JM,

PROGRAM AUTHORS

AMMON  PROF H,

ALDEN DR R,A,
BOONSTRA DR E,G.
HBROWN DR B,W,
BRAUN DR R,L.
BUSING DR W.R.

VDE CAMP DR W,H,
DICKINSON DR, CoW,

ATLAS
UNTV,
UNTV,
CSIR»
UNTV,
UNTV,

UNTV,

UNTV,
UNtV,

POVTLAND

UNIV,

COMPUTER LAB,s U.K,

OF WASHINGTON, SEATTLE
OF WASHINGTON, SEATTLE
PRETORIA, S,AFR,

OF MARYLAND

OF MARYLAND

OF WASHINGTON.» SEATTLE
OF WASHINGTON, SEATTLE
OF ORANGE FREE STATE
STATE COLLEGE

OF WASHINGTON, SEATTLE

OAx RIDGE NATIONAL LABORATORY

UN1V,

OF MARYLAND

NAVAL ORDNANCE LABORATORY



DAYHOFF DR MARGARET
FREER DR S,T,

- HALL DR S,

HOLNEN DR J.R,
JARSKI MRS MARY A,
JENSEN PROF L,
KEEFE DR w,

KERR DR ANN

KRAUT PROF J,
LINGAFELTER PROF E,
LEVY DR H.A.

MAUFR MR F, A,
MIGHELL DR, A,
MARTIN DR K,O.
PLASTAS DR, LINUA
SANTORO DR A,

APPENDIX=-1 2

NATL., BIOMFDICAL RESs FOUNDATION INC,
UN'Y, OF WASHINGTON, SEATTLE
MIMERAL SCI DIy , E,M,R,y OTTAWA
U. S« NAVAL ORNNANCE LAB,

UNTV, OF WASHINGTON, SEATTLE
UNTV. OF WASHINGTON, SEATTLE
MEVICAL COLL, OF VIRGINIA
CAMBRIDGE UNIV,,» ENGLAND

UNIV. OF CALIFORNIA, LA JOLLA
UNIV OF WASHINGYON, SEATTLE

0AK RIDGE NATIQNAL LABORATORY
NATIONAL BUREAY OF STANDARDS
NATIONAL BUREAy OF. STANDARDS

OAK RIDGE NATIONAL LABORATORY
UNIVERSITY OF MARYLAND

NATIONAL BUREAY OF STANDARDS
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SCHNEIDFR DR M,L, UNIV, OF MARYLAND
TAKEDA DR H, JOMNS HOPKINS (INIV,
ZOCCHI DR M, NATIONAL BUREAU OF STANDARDS

SYSTEM IMPLEMENTERS

APPLEMAN DR D, U, S. GEOLOGICAL SURVEY 1BM /360 SERIES
VDICKINSON DR, CHARLES NAVAL ORUNANCE LAB CDC 6400
KIRCHNER OR R, UNIV, OF WASHINGYON, SEATTLE., CDC 6600
LENHERT PROF P,U. VAMDERBILT UNIvy, xDS sIGMA 7
MACHEN MISS PELLA ATI.AS COMPUTER LAB,r UK ICL 1906A
MOROSIN DR B. SANDIA CORPORATION _ CDC 6600
PROTHEROUGH MR M, 1.C,Ls/ UNIV, oF SURREY ICL 1900 SERIES
SNYDER DR R, Mot ,T, 1BM /360 SERIES
THOMAS = MRS JUDITH M, ATLAS COMPUTER LAB,» U.K, ATLAS
WATENPAUGH DR Ko UNTV, OF WASHINGTON, SEATTLE,.CDC 6600

WOLTEN DR G. AERQSPACE CORP, cDC 6600

VALUABLE TECHNICAL ASSISTAMCE HAS HEEN GIVEN BY MISS JEAN wILLIS AND
MRS. STEFANIE VOGEL» BOTH OF TWE UNIVERSITY OF MARYLAND.
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RESTART
REMARK

REMARK

REMARK

REMARK

REMARK -
REMARK
REMARK
TITLE

REMARK
REMARK
REMARK
FILES

DATRDN
REMARK
REMARK
CELL

FORMGN
FORMGN
FORMGN
LATICE
SYMTRY
SYMTRY
SYMTRY
. SYMTRY
SYMTRY
SYMTRY
SYMTRY
SYMTRY
SYMTRY
SYMTRY
SYMTRY
. SYMTRY
SYMTRY
SYMTRY
SYMTRY
SYMTRY

APPENDIX-2 1

APPENDIX 5,

- - o -
o . . '

EYAMPLE: DATA DECKS

(X T : : ’ ; .
IN THE FOLLOWING EXAMPLE UVECKSs» COMMENTS CONCERNING DECK

SETUP ARE INCLUUEN ON =REMARKz CARDS, THESE DECKS MUST
BE PRECEDED BY THE JOB CONTROL CARDS: PRESCRIRED By
YOUR INSTALLATION,

oo o ok K ok Kk o
* *
* EXAMPLE DECK 1 =x
* *
K ok ok Ok XK ko Rk

BODY CENTERED ACENTRIC CUBIC TFST CASE 1 OCT 1968.‘1 4BAR 3 D
ASSIGN THE FILE UNITS, THE =RFESTART= CARD CAUSES ALL FILES TO

245
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REINITIALIZED TO THE STANDARD NSSIGNMENTS, THE =FILES= CARD. 15_?

ONLY NECESSARY IF ANOTHER ASSIGNMENT IS DESIRED. i

8 9 10 11 12 13 14 15 o : L

14830

DATA REDUCTION wILL WRTTE THE NEWLy CREATED BINARY DATA FILE ON'

=NFILEB= WHICH IS UNIT 9 (SEE =FILES= CARD ABOVE),:
14830 11,000 11,000 11,000 0 .0 .0 1440,
S . . . . . ' . “ Lo - ot 1 . 1

‘0 ' W ‘.

[

A 1

Yo2

X Y

YQZOX 4
1/72+X41/72=Y1=2
1/7242+1172=X0 =Y
1/72+4Y41/2=21=X
-X91l/2+Ye1/2=2 :
=Zol/sc+Xrl/2=Y
=Yel/2+2¢1/2=X
1/72=Xe=Yr1/242 -
1/72=29=X21/72+Y
1/2=Yy=2+11/724X -
1/“+X'1/4+291/u+Y
1/7U+Y01/74+X03/7442
1/744291/84Y03/744X
3/4+4X91/84=203/4=Y



SYMTRY
SYMTRY
SYMTRY
SYMTRY
SYMTRY
SYMTRY
SYMTRY
SYMTRY
CONDIT
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL
MK L
HKL
HKL
HK L
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL
HKL,
HKL
HKL
HKL
END
"REMARK
REMARK
REMARK
REMARK
HREMARK
REMARK
LOAUAT
ATOM
ATOM
ATOM
ATOM
END
REMARK

APPENDIX=~2 2

B/UAY e L/ 4=X23/ =2
3/44Z201/74=Ye3/4=X
3/U~Xp3/44201/4wY
BlU=Y /04X 1/4w2
3/U=Z93/4¢Yr1/4=X
1/8=X¢3/U4=2¢3/4+Y

1/4=Yp3/U4=X23/4+2

1/4=243/U=Y23/44X

I4B3D 1.5418 1.0 0,0 1 o 2

I4B3D0 4 0 O 11 12,43 °

14830 8 0 O 1 54,42

14830 g2 © © 1 12,20

I4B3D 3 1 O 1 1 23,931

14830 5 1 O 1 1 68,88

I4Bx0 7 1 O 1 71,27 ‘ S
14830 9 1 0 1 1 9,499 .. o P .
14830 11 1 0 1oy 43,52 - - kit
14830 2 2 -0 S B 61.u6 '
I4B30 4 2 0 1 2 17,72

14830 6 2 O 1 1 45,26

I4830 8 2 0 101 14,90

T4B30 106 2 O 1 1 30,40

I4B3D 2 1 1 1 1 132,04

14830 6 1.1 1 1 175,82

14830 10 1 1 1 40,88

T4B3D0 2 4 2 1 193.88

14B30 6 4 2 1 1 67.02

4830 8 4 2 1 1 61,48 C :
14830 3 2 1 1 1 132,40 S
14830 5 2 1 1 1 75,62 - . Y
14830 7 2 1o 1 29,70 e '
14B30 9 2 1 11 99,31

14830 3 4 1 1t . 73,35

I4B3D 5 4 1 1 ¥ 128,42 : S
14B3D 7 4 1 1 1 47,24 - S -
I4B3D 3 6 1 ‘1 1 80,9% : .
4830 1 6 1 11 170,20

I4B3D 5 6 1 1 1 40,91

1483D 3 8 1 1 1 R9,68

1483D 3 3 2 1 193,73

14830 S5 5 2 1 81,95
T4B3D 4 4 & 1 112,97

AFTER EACH FROGRAM CALt , :NFILEAﬁ -ND =NFILEB= ARE EXCHANGED,

CONSEWUENTLYs IN THE NEXT PROGRAM, WHICH HAPPENS TO BE =LOADAT=

SNFILEAS IS UMTT 9 AND =NFILEB= IS UNIT 8, =xx*NOTE, IF EVERY
PROGRAM IN IHE SEQUENCE UPDATES THE BINARY DATA FILE, AND USES
THE BINARY UATA FILE PYODUCED BY THE PREVIOUS PROGRAM, NO :
MANIPULATION OF =NFILEA= AND =NFILEB= IS NECESSARY,

14830 1 1 .

3 .1210 «1690 «3010 2,1 001 .001 .001
0 1 =~-,00> .000 250 2,8 «002 v

) 2 3720 «0000 «2500 2,8 :

C 258 «258 «258 3,0 | »005 .005 ., 005

=NFILEA= ANV oNFILEBS ARE AGAIN EXCHANGED, CONSEQUENTLY»,» THE

246
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REMARK
REMARK
FC -
END
REMARK
FOURR
GRIV
LAYOUT

END
REMARK
REMARK

REMARK
FINISH

APPENDIX=-2 3

=FC= PROGRAM WILL USE !'!IT 8 FOR =NFILEA= AND UNIT 9 FOR

=NFILEB=.,.

14830 11

=NFILEA= ANU =NFILEB= ARE AGAIN EXCHANGED,
T4B3D 4 100,

I4B3D 30 30 30
14830 3 3 1 3 4 1 3 8 1123 302

A =FINISH= CARD IS ALWAYS THE LAST DATA CARD IN A DECK, IF
ANOTHER JOB (NOT RELATFD TO THIS JoB) IS TO BE RUN NOW THE
SFINISH= CARD IS REPLACED BY A =REgTART= CARD.,

[a}

247
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RESTARYT

REMARK i

REMARK o 3o o ok o o ok ROK K ok K ok K

REMARK * ) S % B ,

REMARK * EXAMPLE DECK 2 * .

REMARK * ' *

REMARK T TTITsI 222 ELER LS

REMARK

REMARK THIS SAMPLE DATA DECK. wILL ILLUSTRATE A SIMPLE PRoqRAM SEQUENCE
REMARK wHERE A 'FILES- CARU 1% NECESSARY,

REMARK S

TITLE 800Y CENTERtD ACENTRIC CUBIC TEST CASE 1 0CT 1968 I 4BAR 3 D
FILES 8 9 10 11 12 13 14 15

UATRDN 14B30D

CELL 14R3D 11,000 11.000 11,000 «0 .0 .0 1440,
FORMGN S

FORMGN O

FORMGN C

LATICE A 1

SYMTRY: XY 2Z

SYMTRY Z,X»Y

SYMTRY Y,2¢X

SYMTIRY 1/24X91/2=Ye=2

SYMTRY 1/2+42:1/2-X¢=Y

SYMTRY 1/2+Y,1/2-21=X

SYMTRY =Xel/24Ysl/2=2

SYMTRY =2,1/724Xel/72=Y |
SYMTRY =Yels2+4Z91/2=X . 3
SYMTRY 1/2=Xe=Ysl/2+Z

SYMTRY 1/2=2s=Xel/2+Y

SYMTRY 1/2=Ys=Zel/2+X

SYMTRY 1/4+Xe1/4+2¢1/044Y

SYMTRY 1/8%Y)p1/44Xr1/7U4Z

SYMTRY 1/4+Z,1/4+Yr1/744X

SYMTRY 3/u+X1/8=2913/4=Y

SYMTRY 3/44Ys1/4=Xed/U=

SYMTRY I/ u+Z 1/74=Yr3/4=X

SYMTRY 3/u4=X¢3/442011/04=Y :

SYMTRY 3/U4=Ye3/44X011/4eZ

SYMTRY 3/4=Z,3/4+Yel/4=X

SYMTRY 1/u4=X,3/0~Z¢13/4%Y

SYMTRY 1/74=Ys3/4=X0d/442

SYMTRY  1/4=Z»3/4=Ys3/44X

CONUDIT I14B3D0 1.5418 1.0 n,0 1 g 2

HKL 14830 4 o0 O 1 1 12,43

=xxxxINSERT THE REMAINING RtFLFCTIONS#*‘*#

EgAUAT 14B3D 1 1

ATOM S «1210 1690 «3010 2,1 .001 ,001 .001
ATOM 0 1 =.00> 2000 «250 2,8 002

ATOM 0 2 « 3750 0000 +2500 2,8

ATOM C 258 0258 «258 3,0 « 005 «005 005
END

CRYLSG 14B30 1 1 3

END

“FOURR 14830 4 100,



GRIL
LAYOUT
END
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
FILES
BONDLA
END
FINISH
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14830 30 30 30 .
14830 3 .3 1 3 4 1 3 8 1123 30 2

THE FOURIER PROGRAM DOKS NOT WRITE =NFILEB=s» CONSEQUENTLY WE DO
NOT WANT =NrILEAZ AND NFILEB= EXCHANGED, BUT WHICH UNIT DO WE
WANT THE =BUNOLA= PROGKAM TO READ,,, =0ATRON= WROTE ON UNIT 9,
=LOADAT= WRUTE ON UNIT 8¢ AND =CRYLSQ= WROTE ON UNIT 9, WE WANT
=BONDLA= TO TREAT THE =CRYLSQ@= RESULTS,» THUS WE WANT =NFILEA=
TO BE UNIT Y, o :

9 8
14B30 heS 2.5
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RESTART

REMARK .

REMARK ITIITI13 23322232 T2 31 3

REMARK * x

REMARK * EXAMPLE UECK 3 =*

REMARK * *

REMARK K R o ok o ok ok ook ok K ok

REMARK )

TITLE SQUNDARALINGAM AND JENSEM / SALICYLIC ACID / 1108 TEST OF PHASE
REMARK THIS EXAMPLE UECK ILLUSTRATES FEATURES WHICH WERE NOT
REMARK JLLUSTRATED IN THE ABOVE EXAMPLES, THE FEATURES ARE,

REMARK (1) USE QF SCRATCH FILES,
REMARK (2) REFLECTION INFORMATION [N NON=STANDARD FORMAT,
REMARK (3) REFLECTION INPUT FROM TAPE,

REMARK IN THE PREVIOUS EXAMPLFS ONLY =NFILEA= AND =NFILER= WwERE USED.
REMARK IN THIS EXAMPLE =PHASE= SCRATCHES ON =NFILEF= AND =NFILEG=
REMARK IN ADDITION THE REFLECIIONS ARE TO BE READ ON =NFILE]I=,

REMARK TO CONGERVE THE NUMBER OF UNITS REQUIRED: =NFILEHz AND =NFILEG=
REMARK WILL BE ASSIGNED THE SAME VALUE, =NFILEI= WILL BF ASSIGNED TO
REMARK THE NORMAL CARD INPUT "INIT WHICH WILL ENABLE THE READING OF
REMARK CARDS WHICH DO NOT HAave EITHER =HKL = OR = = IN THE
REMARK FIRST SIX CULUMNS, IT SHOULD PE NOTED THAT ANY UNIT CoULD BE
REMARK USED FOR =NrILEI=, IF THE REFLECTIONS ARE ON TAPE AS CARD IMAGES
REMARK AND IF THE 1APE IS MOUNTED ON =NFILEI=,

FILES ‘s 9 10 11 12 12 5§ 15

DATRDN SALY |
LABEL SUNDARALINGAM AND JENSEM / SALICYLIC ACID DATA FOR TEST PURPOSES

CELL SALY 11,52 11,21 4,92 0,0 ~0.,01454 0.0 288.0
CELLSD SALY 012 011 «005 0.0 «0005 0.0

FORMGN © .

FORMGN C

FORMGN H

LATICE ¢ P
SYMTRY XrY,l

SYMTRY X+1/201/2=Y92Z

CONDIT SALY 1.5418 1,0 l ¢ 2 0 0 1
FORMAT (3(13¢1X)F9.2)

REF IN 1 =10 S 4 IH IK IL FR

REMARK THE REFLECTION ARE ON =NFILEI= IN THE FOLLOWING FORMAT,
REMARK COLUMNS 000000000111111111122222222223
REMARK 123456789012345678901234567890
REMARK

REMARK O 2 Qo 18,70

REMARK Ov 4» O 25,00

REMARK Or 60 Do 13,30

REMARK Sesessevprsteser vty

REMARK ) ) =10, 2+ U4, 6,90

REMARK =10, Se 4o 4,90

REMARK

END

NORMSF SALY 0.65

CELCON Q@ 12 15,999

CELCON € 28 12,01

CELCON H 24 1,008

END

SINGEN SaALY 1 1,3
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END - .
TITLE qUNDARALINGAM AND JENSEN / SALICYLIC ACID N=80 ORIGIN DEFINED
PHASE SALY 15 80 0.75 1,3 5 A
END
FINISH
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APYENDIX 3,

DISTRIBUTION OF THE X=RAy SYSTEM

THE X<RAY SYSTEM IS DISTRIBUTED ON MAGNETIC TAPE, AND A USER WISHING
TO HAVE A COPY SHOULD WRITE FOWR DETAILS 7O =

PROF, J.M, STEWART,

CUMPUTER SCIENCE CENTER, ‘
UNIVERSITY O¢ MARYLAND,

CULLEGE PARK)

MARYLAND, 20742,

BeCAUSE OF THE SIGNIFICANT AMOUNT OF ACHINE TIME INVOLVED IN PREPARING
TAPES 1N ALL THE VARIOUS FORMATS TO SUIT MANY DIFFERENT MACHINES, THE
SYSTEM wILL NOT BE COPIED ONTO A USER'S OWnN MAGNETIC TAPE, INSTEAD, A
PROSPECTIVE USER WILL BE INVIYFD TO PURCHAGE A NEW TAPE CONTAINING A COPY
OF THE SYSTEM SUITABLE FOR HIS OWN MACHINE AT A PRICE wHICH COVERS THE
COST . OF THE TAPE, THE COMPUTER TIME SPENT IN ITS PREPARATION, AND THE
POSTAL CHARGES INCURRED, :

THE VARIOUS FORMATS AVAILABLE WILL. PROBABLY CHANGE FROM TIME TO TIME
IN THE LIGHT OF EXPtRIENCE AND IN AN ATTEMPT TO KEEP PACE WITH HARDWARE
AVAILABLE FROM THE MANUFACTURERS,

CURRENTLY, HOWEVER, THE.TAPFS DISTRIBUTED TO USERS CONTAIN CARD IMAGES
(POSSIBLY CONVENIENI!LY BLOCKED TOGETHER) OF =

1. THE FORTRAN STATEMENTS COMPRIGING THE SYSTEM
2. THE WRITE-UP MATERIAL
3. TEST DATA DECKS

THE FOLLOWING LIST REPRESFNTS THE COMPUTERS ON WHICH THE X=RAY SYSTEM
HAS BEEN SUCCESSFULLY IMPLEMENTED,

(o] 6600
6400
3500
1604
1BM 7uYy
360/75
360/65
300/50 _
360/40 .
UNIVAC 1108 USING EXEC 2 Og EXEC 8
XDS SIGMAY ~
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APFENDIX 4,

PIUGIN FORTRAN

I ORDER YO PRUDUCE PROGRAMS WHICH ARE Y0 BE IMPLEMENTED ON A LARGE
NUMBER OF COMPUTERSe ONE MUST AVOID MACHINE LANGUAGE ALTOGETHER AND MAKE
USE OF A COMMONLY AVAILABLE HIGHER LEVEL PROGRAMMING LANGI)AGE, ONLY
TWO LANGUAGES CAN CURRENTLY BE CONSIDERED AS SUCH, AND FOR HISTORICAL

REASONS, FORTRAN WAS CHOSEN FOR THE X=-RAY SYSTEM RATHER THAN ALGOL,

EVEN THOUGH THERE IS NOW & wELL DEFINED STANDARD USA FORTRAN IV
(SEE REFERENCE)» IT CAN BE VERY USEFUL IF SCIENTISTS CONSIDER MOST
CAREFULLY THE WAY IN WHICH THEY WRITE ROUTINES WHICH ARE TO BE USED MANY
TIMES, IT WOULD APPEAR THAT THE VARIOUS COMPUTER MANUFACTURERS HAVE TAKEN
SOMES PAINS TO FRUSIRATE THE INTERCHANGEABILITY OF PROGRAMS AND EVADE THE
THE SPIRIT OF THE AGREED STANDARDS, IN ADDITION, AS MORE ESQTERIC
FORTRAN STATEMENTS ARE AUDED Tn THE COMPILFRS, THE PROGRAMMER HAS A REAL
CURIOSITY TO APPLY (HESE STATEMENTS, REGARDLESS OF THEIR EFFICIENCY OR
GENERALITY,

IN ORDER TO DEFINE *PIDGIM' FORTRANs A STUDY WAS MADE OF THE VARIOUS
FORTRAN COMPILERS AND MONITORS (OR EXECUTIVES OR OPERATING SYSTEMS)
AVAILABLE ON THE PRINCIPAL COMPUTERS IN THE UNITED STATES, INCLUDED WERE
THE UNIVAC 1107 AND 1108 CULC 1604, 3600, 6400, AND 6600, XDS SIGMA §

AND SIGMA 7, BURROUGHS 5500, AND IBM 7040, 7090, 7094 AND THE MODELS

40, 50y 659 AND 7% UF THE SYSTFM /360, IN EVERY CASE, THESE COMPUTERS

HAO A FORTRAN CAPABILITY,. IN NO CASE WERE THE FORTRAN COMPILERS OF

DIFFEREMT MANUFACTURERS IDENTICAL IN THE STATEMENTS THEY wWOULD ACCEPT,

AND SOMETIMES EVEN UNE MANUFACTURER WOULD PROVIDE INCOMPATIBLE COMPILERS FOR
H1S DIFFERENT MACHINES, IN AUDITION TO THE PROBLEM OF THE CONSISTENCY OF THE
STATEMENTS, THE PROBLEM OF THE EFFICIENCY oF THE MACHINE CODE GENERATED

BY ANY GIVEN COMPILER WAS ALSO CONSIDEKEOD,

FrOM THIS STUDY, WE DEFINE A SUHSEY OF FORTRAN STATEVMENTS AS THE
VOCABULARY OF PIDGIN FORTRAN, THIS VOCAByLARY IS DERIVED NOT ONLY 7O
BE UNIVERSALLY ACCEFTABLE, BUT MOREOVER TO BE TRANSPARENT TO TH= COMPILER,
WHEN PROGRAMS ARE TV BE USED FNR SCIENTIFIC CALCULATIONS wHICH HAVE TO BE
EXECUTED REPEATEDLYs IT IS DESIRABLE TO ATTEMPT TO PRODUCE FORTRAN
CODE WHICH MATCHES IHE EFFICIENCY OF MACHINE CODE, IF ONE USES VERY
GENERAL OR ELEGANT FORTRAN STAYEMENTS, THE COMPILER wRITER IS CONSTRAINED
TO PRODUCE VERY GENERAL MACHIN- CODE, THEREFORE ) PIDGIN FORTRAN REQUIRES
THAT THE STATEMENTS MAUE B8E SUCH THAT THE CODE COMPILED WILL BE SIMILAR
TO THAT WHICH ONE WUULD WRITE TN MACHINE LANGUAGE, THE GAIN IN USING
PIDGIN FORTRAN IS THEN THE SHORTENED CHECKeUY TIME, THE EFFICIENCY OF CODING,
AND THE MANY COMPILER DIAGNOSTICS AN CROSS CHECKS, THE LIABILITY IS THE
FAILURE TO TAKE ADVANTAGE OF THE FyULL POWER OF THE FORTRAN LANGUAGE.

IT MUST BE RECUGNIZED THAT THERE IS A BASIC SIMILARITY IN THE COMMAND
STRUCTURES OF ALL THE MACHINES AVAILABLE IN THE MARKETPLACE TODAY,
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FOR EXAMPLF,» MOSY HAVE SINGLE PEGISTER INDpXING SO THAT THREE DIMENSIONAL
ARRAYS REQUIRE THAT THE COMPILFR MUST NEVELOP A FAIRLY COMPLEX SET OF

COMMANDS FOR THE REIRIEVAL AND STORAGE OF TRIPLY SUBSCRIPTED VARIABLES,
THEREFORE,» IN CODING LARGE WEL!. USED ARRAYS, IT Ig BEST T0O USE ONE DIMENSIONAL
ARRAYS AND CALCULATE OR SET UP THE CORKRECT SyUBSCRIPT BY MEANS OF INTEGER
ARTTHMFTIC STATEMENIS, THE FORTRAN STATEMENTS REQUIRED 100K MUCH LESS
COMPACT AND ELEGANT THAN WHEN TRIPLY DIMENSIONED ARRAYS ARE USED, BUT THREE
BENEFITS ARE DERIVEU FROM THE USE OF SINGLE SUBSCRIPTS,

FIRASTLY, EFFICLENCY AND SPEED ARE ENHANCED SINCE ONLY ONE INDEX
REGISTER IS REQUIREVL AND yUSt CAN BE MADE OF POINTER TABLES., SECONDLY),
STORAGFE ALLOCATION 1S EASILY CHANGED TO ALLOW FOR DIFFERENCES IN THE
AVAILARILIYTY OF HIGH SPEED STORAGE, THIRDLY, DATA CAN BE PACKED RATHER
THAN SCATTERELD AROUNU THE STORt“

THE OVERHEADS ASSOCIATED wITH CALLING SEQUENCES ARE OFTEN CONSIDERABLE,
ESPECIALLY FOR SUBPROGRAMS WwHICH ARE CALLEp FREQUENTLY, FOR THIS REASON
THE USE OF ARGUMENTS IS AVOIUVE" WHEREVER PQOSSIBLE AND COMMON STORAGE IS
USED FOR INTERCOMMUNICATION,

IN PIDGIN FORTRAN, IT SEE™S BEST TO OBSERVE THE FORTRAN II CONVENTION
WITH RESPECT TO I, Jr K, Ls» My AND N BEING INITIAL LETTERS FOR INTEGER OR
" HOLLERITH VARIABLES.  THIS MAY SEEM AN ANACHRONISM, BUT THE DIFFICULTY WITH
THE *TYPE' STATEMEN! IS THAT T~E ACTUAL PURPOSE OF THE VARIABLES BECOMES
OBSCURE,  WHEN A NUMBER OF PEOPLE ARE WORKING TO PRODUCE A SYSTEM, IT IS
A HELP TO HAVE A CERTAIN STYLIZATION IN THE CHOICE OF VARIABLE NAMES,
IN ADDITION, IN PIDWIN FORTRAN, ONE AVOIDS THE USE OF MIXED EXPRESSIONS
ON THE RIGHT HAND SIDE OF AN AXITHMETIC ASSIGNMENT,  THAT IS TO SAY

1=F
AND

F=1I
ARE BOTH PERMITTED, BUT NEVER

1=F%d
IN THIG CASE, ONE WUULD ALWAYS WRITE

I=F*FLOAT (J)

THE FOLLOWING UEFINITION OF PIDGIM FOTRAN 1S MADE By COMPARISON

WITH THE USA FORTRAN IV STANDA®D,  SECTIONS OF THE STANDARD WHICH ARE
OBSERVEN ARE NOT MENTIONED UNL®SS OF SPECIAL SIGNIFICANCE, I.E, THE

FOLLOWING LIST CONTAINS THE ODIFFERENCES BETWEEN PIDGIN FORTRAN AND THE
USA STANDAROD,

i

SECTION OF USA PINGIN FORTRAN
STANDARD
3.1 NUTE THE RESTRICTED CHARACTER SET,
3,2 CULUMNS 73-8n ARE USED FOR SEQUENCING (AND UPDATING}.
4,2 THE TYPES CO¥PLEX AND LOGICAL ARE NOT USED,  DOUBLE

PRECISION 1S NOT NORMALLY USED EXCEPT AS DEMANDED BY
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THE MACHINE 0R THE CALCULATION, :

NUTE THE RESTRICTED SUBSCRIPT EXPRESSXONS.

RELATIONAL EXPRESSIONS (E,G, -» BT' +EQ,) ARE NOT USED,

LUGICAL EXPRFSSIONS (,O0R, LAN «NOT.) ARE NOT USED, -

LUGICAL ASSIGNMENT STATEMENTS ARE NOT USED,

LUGICAL IF SYATEMENT IS NOT USEOD,

WHERE POSSIBIF+» ARGUMENTS ARE PASSED TO SUBROUTINES

THROUGH COMMON STORAGE,

SIOP IS USED ONLY ONCE IN THE SYSTEM,

PAUSE IS NOT USED.,

THE SYSTEM USE OF READ AND WRIVE IS DESCRIBED BELOW,.

AN ARRAY NAMr IS NOT USED TO SPECIFY ALL OF THE ELEMENTS

OF AN ARRAY - IMPLIED DO IS USED INSTEAD, i

FUR THE AUXILIARY 1,0 STATEMENTS REWIND, ENDFILEs AND

BACKSPACE, SFE BELOW,

+ IS NOT USED AS CARRIAGE CONTROL.

MULTIPLE SUBSCRIPTS ARE oFTEN AVOIDED (SEE ABOVE),

AUJUSTABLE DIMENSIONS ARE NOT USED,

BLANK COMMON STORAGE IS NOT USED.,

NUTE THAT THFE SYSTEM RELIES ON A ONE=~TO-ONE CORRESPONDENCE

BETWEEN REAL AND INTEGER ARRAYS BY USE OF EQUIVALENCE,

NUTE THIS WEILL FOR MACHINES WHICH USE DIFFERENT NUMBERS##*x#x*

OF WORDS OF STORAGE FOR REAL AND INTEGER VARIABLES. L P

EXTERNAL STATEMENTS ARE NOT USED,

TYPSE STATEMENMTS ARE NOT USED.

THE FOLLOWING ARE THE ONLY FIELD DESCRIPTORS USED =

Fe E(OUTPUT ONLY), I, A, H(OUTPUT ONLY), AND X,

SCALE FACTORS ARE NOT USED,

FURMAT SPECIFICATIONS IN ARRAYS ARE HEAyILY USED.

NUTE THE ABSFNCE OF HOTH MULTIPLE ENTRY POINT SUBPROGRAMS

AND OF *INTEWNAL' SURPROGRAMS,

SIATEMENT FUMCTIONS ARE NOT USED,

BLOCK DATA SUBPROGRAMS ARE NOT USED.

DATA INITIALIZATION 1S NoT YSED FOR VARIABLES IN

CUMMON STORAGE,

ALL INPUT/OUTPUT 1S HANOLED THROUGH

READ(UNET FMTILIST

WRITE(UNIT FMT)LIST

WITHIN THE BoDY OF IHE PROGRAMS, ONLY THREg DIFFERENT LOGICAL UNITS ARE

REFERENCED.

ALL OTHER

THESE. CORRESPOND YO

1. THE INMUT BUFFER CONTAINING THE IMAGE OF THE'LAéT CARD READ

FROM THE INPUT STYEAM, I,E,

A BUFFER RE=-READ OR DECODE

2. THE LINE PRINTER OUTPUT

3. THE CARD PUNCH OUTPUT,

INPUT ANU OUTPUT OPtRATIONS ARE PLACED IN SPECIAL SyUBROUTINES AS
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WRITE(N).s, OR READIN),, OR REWIND N OR ENDFILE N
BACKSPACE N IS NEVER USED,

IN ADDITION TO THE PIDGIN FORTRAN STATEMENTS OUTLINED ABOVE, THERE
ARE THREE OTHER SPECIAL FEATURFS THAT THE gYSTEM USES -

1. RE-REAU CAPABILITY
2. AN OVERLAY, OR CHAIN, FEATURE

3. ACCESS TO THE CHAVWGE TIME CLOCK REGISTER,

VEPENDING UPON THE INSTALLATIOM OR THE MANUFACTURERs THESE REQUIREMENTS
MAY BE SIMPLE OR COMPLEX TO IMPLEMENT,

In fHE CASE OF THE RE=-REANING FEATURE, COMMUNICATION AMONG THE
MANUFACTURERS SEEMS NON-EXISTENT, UNIVAC, FOR EXAMPLEs FEATURES RE-READ

THROUGH THF
READ(UNIT,FMT)ILIST

COMMAND, IN wHICH THE UNIT DESTGNATED IS SIMPLY A LOGICAL UNIT SPECIFYING
THE BUFFER OF THE MUST RECEMNTLY READ CARD, COC HAS A NOVEL FEATURE
WHICH TI6 NOW SECOMING AVAILABLE FROM OTHFR MANUFACTURERS, IT IS THE
DECODE STATEMENT WHICH IMPLIES BYPASSIMG THE ACTUAL PHRYSICAL MOVEMENT

OF THE LOGICAL UNIT AND PROCEEDING IMMEDIATELY TO THE DECIMAL TO BINARY
OR DECONE OPERATION. THE DECNDE COMMAND AND THE RE~READ AS USED IN THE
UNIVAC SENSE HAVE A ONE TO ONE CORRESPONDENCE, IBM FOR THE 360 SEEMS NEVER
TO HAVE HEARD OF THt READ(UNIT,FMT) LIST FEATURE, EVEN THOUGH IT WAS
IMPLEMENTED ON THE 1BM 7040 COMPUTER, THE RE~READ OR DECCODE FEATURE

IS SUCH A POWERFUL COMMAND THAT IT SHOULD BRE IMPLEMENTED ON ALL MACHINES.
ONE VERY SAD THING 10 NOTE IS THAT UNIVAC HAS NOW IMPLEMENTED A DECCUE
COMMAND IN THEIR FORTRAN V WHICH IS INCOMPATIBLE WITH THE CDC VERSION.

(AN ALTERNATIVE PLOY CAN HE USED IN THE ABSENCE OF THE RE~READ
FACILIYY, TH1S INVOLVES WRITING THE INPUY CARD IMAGE ONTO A SCRATCHPAD
AREA, £.G., A DISCy AIMMEDIATELY AFTER READING, SUBSEQUENT 'RE-READ!
STATEMENTS CAN THEN BECOME GENOINE RFEADS OF THAT CAKD IMAGE AND MUST BE
FOLLOWED ALWAYS BY A SUITABLE CALL OF THE ORGANIZATIONAL ROUTINES IN
THE NUCLEUS TO 'REWAND' THE SCHATCH UNIT, IT SHOULD BE REALIZED THAT
TH1S 1S AN INFERIOR METHOD DUE TO THE INCREASED 1/0 ACTIVITY INVOKED,)

To DEAL wITH CUDES OF THE MAGNITUNE OF THE X-RAY SYSTEM, THERE MUST
BE AVATLABLE AN OVERLAY SCHEME < SOME METHOD WwHICH MAKES IT POSSIBLE TO
SEGMENT PROGRAMS APPROPRIATELY, SINCE THERE ARE VARIQUS wAYS IN wHICH
THIS IS ACHIEVED ON VARIOUS MACHINES, A LARGE SCALE CALCULATION MUST HAVE
A VERY SIMPLIFIED OVERLAY STRUCTURE, 1T 1S CLEAR THAT THE CONDITION OF
TFLOW', IN THE IHM SENSE, MUST NOT BE VIOLATED: OR GREAT DIFFICULTY WILL
ENSUE, THEREFORE, ALL CALLS 70 SUBROUTINES WHICH CONSTITUTE A CALL FOR
AN OVEPLAY ARE MADE FROM THE RESIDENY PROGRAM (THE NUCLEUS). NO -CALLS
ARE MADE BETWEEN DIFFERENT SEGYENTS, THIS MEANS THAT IF OVERLAY IS NOT
AVAILABLE, AS IT IS NOT ON SOME OF THE CDC MACHINES NOR THE IBM 7040+ ONE
CAN STILL USE CHAIN IN THE PROGRAMMING PROCESS. THE BEST SYSTEMS NOW
AVAILABLE PERMIT ONt TO' MAKE AN ABSOLUTE LOAD MOOULE OF ‘ALL OF THE OVERLAYS
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AND THIS THEN GIVES ONE A WORKING SYSTEM THAT CAN BE LOADED AND EXECUTED
AT ANY TIME, ' _

IN SUMMARY» AN EFFORT HAS BEEN MADE To WRITE STYLIZED CODE THAT WILL
COMPILE, LOAD, AND *'GO' READILY ON ALL COMMON COMPUTERS., CERTAIN
RESTRICTIONS OF FORVRAN HAVE BtEN OBSERVED BUT THIS IS DONE TO ENHANCE
EXECUTION PERFORMANCE AND PERMIT MODIFICATION AND EXPANSION OF PROGRAMS
WITHIN THE SYSTEM,

REFERENCE

USA STANDARD FURTRAN (USAS X3,9-1066), USA STANDARDS INSTITUTEv'
NFW YORK, 1966, SEE ALSO = COMM, ACM,» 7, 10 (OCT, 1964)s PAGES
590-625, AND CUMM, ACM,, 12,'5 (MAY 1969),» PAGES 289-.294,
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APMENDIX 5.

‘THE STRUCTURk OF THE X-R:Y SYSTEM

AL THOUGH DETAILS OF THE_ SYSTEM STRUCTURE ARE OF LITTLE IMPORTANCE
ONCE 17 IS RUNNING ON A GIVEN MACHINE, THE FOLLOWING NOTES SHOULO PRQOVE
TO BE oF ASSISTANCE TO THOSE WHC UNDERTAKE ITS INITIAL IMPLEMENTATION,
MOREOVER, THEY SHOULD BE CONSIDERED AS FUNDAMENTAL READING FOR ANYONE WHO
WISHES TO ADD TO OR MODIFY ANY OF THE PROGRAMS,

THE ROUTINES THEMSELVES ARE EXTENSIVELY COMMENTED AND THE COMMENTS
SHOULD RE READ CAREFULLY), PARTICULARLY THE GLOSSARIES OF SYMBOLS AND THE
LONG DESCRIPTIONS GLVEN IN THE NUCLEUS PROGRAMS,

. Ac MENTIONtD IN THE PREFACE, THE SYSTEM COMPRISES Two DISTINCT GROUPS
OF PROGRAMS, WOTABLY THE 'NUCLEUS' AND THE DIFFRACTION CALCULATIONS,

THE NUCLEUS COMPRISES A SFT OF ROUTINES, MOST OF wHICH REMAIN IN CORE
THROUGHOUT THE EXECUTION OF A U0B (SUBJECT Y0 THE wHIMS AND FANCIES OF
THE CORE SCHEDULER WF THE OPERATING SYSTEM), THESE RQUTINES PROVIDE THE
MEANS OF RECOLNIZING OPERATION AND PROGRAM CALLING CARDS» TAKING ANY
NECESSARY ACTION UPON THEMs AND) PROVIDING GENERAL FILE HANDLING CAPABILITIES
THUS» ALL READING AND WRITING AND *MOVEMENY®' OF FILES IS DONE BY THE
NUCLEUS, FURTHERMURE, AN ATTFMPT HAS BEEN MADE TO CONCENTRATE ALL MACHINE
SPECIFYCITY WITHIN IHE NUCLEUS, AND IN PARTICULAR WITHIN ONE ROUTINE., NUSY,

THE DIFFRACTION PROGRAMS ARE ORGANIZED AS OVERLAYS AND CALLED INTO

. HIGH SPEED CORE ONLY AS REQUIRFD, IT IS THESE ROUTINES wHICH PERFORM

THE CRYSTALLOGRAPHIC CALCULATIONS, LEAVING ALL THE 'HOUSEKEEPING'
FUNCTIONS TO CALLS UF NUCLEUS WOUTINES, IN POINT OF FACYs THE DIFFRACTION
PROGRAMS COULL EASILY BE REPLACED BY AMY OTHER GROUP OF PROGRAMS

PERFORMING CALCULATAONS OF A COMPLETELY DIFFERENT NATURE,  THERE ACTUALLY
EXISTS ANOTHER SYSTEM), KINETICS 68 (REFERENCE 1) wHICH USES THE VERY SAME
NUCLEUS TO ORGANIZE A SERIES O+ CALCULATIONS USED IN REACTION KINETICS WORK,

THE X=RAY SYSTEM ADOPTS A STANDARD METHOD OF NOMENCLATURE FOR ITS
ROUTINES, EACH ROUTINE HAS AM ENTRY POINT, E.G. NUCOO6s, AND A CORRESPONDING
NAMEL T ,E, NUSY, THE ENTRY POINTS ARE ALL EITHER NUCDDD OR XRYDDD, WHERE
VDD REPRESENTS THREE ARBITRARILY ASSIGNED DIGITS. THE PREFIX INDICATES
WHETHER OR NOT THEY BELONG TO THE NUCLEUS, THE NAMES USED FOR NUCLEUS
PROGKAMS ARE ALL NUMM, WHERE M IS A SUITABLE CHOICE OF ALPHABETIC CHARACTERS,
THUS NUSY IS THE ROUTINE IN WHICH ALL SYSTEM MACHINE SPECIFIC QUANTITIES
ARE SET, THE PRINCIPAL SUBRONTINE OF A DIFFRACTION PROGRAM OVERLAY IS
ALWAYS NAMED XYMM, E.G, XYBN, THE 'MAIN' RQUTINE OF =BONDLAZ, OTHER
SUBROUTINES OF THE WVERLAY ARE CORRESPONDINGLY NAMED MMNN, SUCH AS BNSY,

THE SUBROUTINE OF =pPONDLA= CONCERNED WITH SYMMETRY,
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THE FOLLOWING SYMHOLIC REPRESENTATION OF THE STRUCTURE OF THE SYSTEM
SHOULD CLARIFY THE HELATIONSHIP BETWEEM THE NUCLEUS AND OTHER PROGRAMS,
REMEMBER THAT, EACH TIME A NEW OVERLAY IS BROUGHT INTO STORE, THE CORE
OCCUPIFD BY THE PREVIOUS OVERLAY IS RE-USED., (IN QRDER To BE MORE EASILY
REAUABLE, THIS DIAGKAM EXAGGERATES THE SPACE OCCUPIED BY THE NUCLEUS.)

ALWAYS. CORE RESIDENIT I ONLY RESIDENT WHEN REQUIRED
1 X

/ / / / / 1
/7 7/ / / / Ieees evsvonotevses
/ / / / / /I..'.'.'.""".I..

/ / 1,.STORAGE ARRAYS,,
/ NUCLEUS /7 1., +OR @ om0 e S e e
/ / i., FIRST mmemmm——————————————
/ AND /1., DIFFWACTION ..== OUVERLAY OF CODE ==
/ / 1., PROCRAM sem= FOR ULFFRACTION ~-=
/ SYSTEM / Icqco'o.lt.n.‘.)-n.-- PROGRAM 1 -
/ / ‘ I-nvt'oooigo.o'o...——» —————— - - g -y
/ STYORAGE /leeasoeesssnesesess—mwmmama——mx - g e
/ /7 1 ?
/ ARRAYS ARSI TITE I 2T T ‘ EXAMPLE OF
/ / %% STORAGE %% MORE THAM

ONE OVERLAY
OF CODE FOR

/ / / / / /1** ARRAYS % 4o s00000000090evas0esgge
/ / / / / Iwx FOR A% g 04000 OVERLAY 1 seessere

- e e e v

/ / / / / I*DIFFRACTIOV*...........,..,..‘..‘,.. A SINGLE
/ / / / / I*x% PROGRAM : ¢¥mowrccc e - PROGRAM L INK
/ / / / / /1% 2 #%= OVERLAY 2 == SUCH AS IN
/ / / / / IRk Rk v m e a—— ———— =DATRDN=,

/ / / / / 1
ETC,

EACH CF THE OVERLAYS (AND THERE MAY Bf MORE THAN ONE FOR ANY GIVEN
DIFFRACTION PROGRAM)} IS CALLED INTO HICH SpEED STCRAGE BY THE NUCLEUS,

THE WHOLE POIN! OF USING aN OVERLAY STRUCTURE IS BECAUSE oF THE LIMIT
OF THE AVAILABILITY OF HIGH SPEED STORAGE, MOREOVER, THERE 15 NO NEED
FOR SAy, THE =BONDLA= ROUTINES TO BE IN STQORE DURING A FQURIER RUN,

THE FOLLOWING IS A SUMMARY OF THE FUNCTIONS OF THE VARIOQUS ROUTINES
COMPRISING THE NUCLEUS,

XKk NUCLEUS = A SET OF SUMROUTINES USED THROUGHOUT THRE X=-RAY SYSTEM

ENTRY
POINT DECKNAME DESCRIPTION

- " i o o - -

NUCO00 NUCO MAIN AND SIG™ ON ROUTINE,
THIS IS THE MAIN PROGRAM OF THE X~RAY SYSTEM, THE SYSTEM
COMMON IS INYTIALIZEDO BY A CALL TO NuUSY AND THEN CONTROL IS
TURNEQ OVER TO NyCa, COMMENTS wITHIN THIS ROUTINE LIST



NUC001 NUCA

NUC002 NUIF

NUC003 NUSS

NUCOD5 NULI

NUCO006 NUSY

NUCG07 NURE

NUC008 NUTI
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ALL OF THE OTHER SUBPOUTINES OF THE SYSTEM,

PROGRAM CALLING ROUTINE,

THIS IS THE PRINCIPAL SURROUTINE OF THE SYSTEM, IT
DIRECTS THE ILLOADING OF ALL THE OVERLAYS AND IS THEIR
PRINCIPAL RETURN, 1T PERMITS THE USER TO DIRECT THE
SEQUENCE OF HIS JOB BY MFANS OF THE DATA INPUT STREAM,
It IS INTERESTING TO NOTF THAY CONTROL IS MAINTAINED AS
LUNG AS THERr ARE NO INVALID INPUT CARD PUNCHINGS,

CARD READING AND SIFTING ROUTINE,

11 SERVES TO SCREEN ALL INPUT DATA, OPERATIONs AND PROGRAM
CALLING CARDS, IT LOADS EVERY CARD INTO A BUFFER AND THEN
CHECKS ,0 FIND THE IUENTIFICATION IN COLS 1-6. THE ROUTINE
CARRIES OUT MAMED OPERATIONS SUCH AS PRINTING REMARKS AND
ESTABLISHING PAGE TITLES, OR ELSE SETS AN INDICATOR FOR THE
CALLING PROGMAM TO SHOW WHICH TYPE OF CARD WAS ENCQUNTERED,
IN THE EVENT OF THE CARD BEING UNIDENTIFIABLE» A STANDARD
MESSAGE IS PRINTED WHICH MIGHT AID THE uSER, 1T ALSO
OFERATES WITH THE ERROR nESSAGE SILENCED TO CHECK FOR A
MATCH OF INFORMATION ON A WORD BY wORD BASIS, THIS
SUBROUTINE MUST BE USED 8Y EVERY OTHER SUBPROGRAM WHICH
READS CARDS, *kxkkNOTE WELL»*xxx IT DEPENDS ABSOLUTELY

ON THE AVAILABILITY OF A RE-READ (BUFFER READING OR DECODING)
FACILITY.

1S USED TO SFPARATE THE ATOM IDENTIFICATION FROM THE
SCATTERING FACTOR TYPE,

LANE COUNT AMD PAGINATION ROUTINE,

PROVIDES A MrANS TO ALL SUBPROGRAMS OF THE SYSTEM TO
DECREMENT THt. LINE COUNT FOR NEAT PAGINATION, IT ALSO
SERVES TO SIGNAL ANY PROGRAM WHEN A NEw PAGE IS WRITTEN SO
THAT THAT PROGRAM CAN WRITE ANY NECESSARY SUBHEADING,

SYSTEM INITIALIZATION ROUTINE.

THIS ROUTINE IS CALLED FROM ONLY TWO PLACES - ONE IN NUCO
AND ONE IN NICA (ON ENCOUNTERING A =RESTART= CARD),  IT
SERVES TO ESTABLISH CORRECT VALUES FOR THE QUANTITIES STORED
IN THE NAMED COMMON AREA /SYS/ TO WHICH ALL THE SUBROUTINES
WHICH READ OW WRITE FILE¢ REFER, IT IS IMPCRTANT TO SCAN
THE DEFINITIONS GIVEN AND TO REALIZE THAT THE QUANTITIES

SET By THIS ROUTINE ARE THE ONES WHICH ARE MACHINE AND
CUMPUTER LABORATORY SPECIFIC. IN GENERAL, NO EXECUTION

OF THE SYSTEM WILL BE POSSIALE UNLESS THE QUANTITIES IN THE
SYSTEM COMMON ARE SET PROPERLY.

FLLE REPOSITION AND UNLOAD OR "NTERLOCK ROUTINE,

I CONSTITUTES THE FILE HANDLING FUNCTION REWIND, ENDFILE,
AND UNLOAD (TNTERLOCK, UNLOAD)s  NO SURROUTINE OF THE SYSTEM
EXCEPT THIS ONE MAY CONTAIN THESE INSTRUCTIONS,

s *x&NOTE WEL! ¥%%% THIS 1S AN ABSOLUTE PROHIBITION,

JINTERVAL TIME PRINTING ROUTINE OF THE SYSTEM = REQUIRES A

MACHINE SPECIFIC TIME ROUTINE.
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NUCO09 NUON FILE INXTIALIZATION ROUTINE -~ (READS AND PRINTS) OR (READS,
PRINTSs AND 1PDATES) THE VERY FIRST HISTORY RECORD OF THE

BINARY DATA +ILE, IT Ig UTILIZED By EVERY SUBPROGRAM
WHICH MANIPULATES THE CRYSTALLOGRAPHIC BINARY DATA FILE,

NUCO10 NUTC FILE RECORD COPYING ROUTINE,
NUCO11 NUTR FILE READING ROUTINE.

NUCO12 NUTW FILE WRITING ROUTINE.

NUC013 NURF FILE RECORD 1INPACKING KOUTINE.

THE FOLLOWING NUCLEUS PROGRAMS ARE ACTUALLY OVERLAYS AND NOT KEPT IN
IMMEDIATE ACCESS STURAGE AT ALL TIMES,

NUCS01 NUWU WRITE-UP GENFRATING RCOUTINE,

NUC801 NUTD FILE DUMPING ROUTINE = A PROGRAM TO DUMP OR COPY THE
BLINARY DATA +ILE,

NUC999 NuCZ GENERAL DIAGMOSTIC RECORDS,

PROGRAMMING CONVENTIONS USED WITHIN THE SYSTEM

TO BE A SUBROUTINE OF THE NUCLFUS PROGRAMS, A FORTRAN PROGRAM MUST
MEET TWF FOLLOWING SPECIFICAYIONS, THE DETAILS OF WHICH ARE GIVEN IN THE
VDESIGNATED PROGRAMS.

1, ALL INPUT FROM CAWDS MUST BE MADE BY REFERENCE TO NUIF(NUC002)
FOLLOWED BY THE APPROPRIATE RE~READING OF THE INPUT CARD RUFFER,

2, ALL READING AND WRITING OF MAgS STORAGE DEVICES AND OUTPUT TO
PRINTEKS MUST BE UONE THROUGH GENERAL UNIT DESIGNATIONS AS
QUTLINED IN NUSY(MUCO006),

3 EVERY IIME A LINE IS SENT TO THE LINE PRINYER {(UNIT =NTOUTZ), THE
FUNCTIUN NULI(NUCNE5) MUST BE USED,

u; MAIN OVERLAY SEGMENTS MUST BE ENTERED PROPERLY INTO NUCA(NUCOO01)
AND RECOGNITION OF CALLING CARDS ESTABLISHED THERE.

Se ALL CAKD. FIRMATS SHOULD CONFORM TO THE EXISTING SYSTEM
CONVENIJONS,

6. CRYSTALLOGRAPHIC PUANTITIFS SHOULD BE DRAWN FROM THE BINARY DATA
FILE RATHER THAN CARDS WHEREVER POSSIBLE.

e ANY QUANTITY IN THE FILE THAT IS CHANGED OR MODIFIED BY A PROGRAM
LINK SHOULD BE ENTERED INTO THE FILE AND ALL, REPEAT ALL, THE
REST MUST BE COPI=D AND PRESERVED.
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ANY QUANTITIES UESTINED FOR A BINARY DATA- FILE SHOULD BE- HANDLED
u_UY THE BUFFERING SYSTEM USED IN NUTR{NUCO11 AND NUTW(NUCO12),

. 9, ."wHEREVtR POSSIBLE, USE SHOULD BE ‘MAUE ‘OF ONE-DIMENSIONAL
ARRAYS AS DESCRIBED UNDER 'PIDGIN FORTRAN',

10, EVERY SUBPROGRAM “UST BE ADEQUATELY COMMENTEpD (SEE REFERENCE
2 AND LOMPARE WITH, FOR EXAMPLE, THE CODE OF =CRYLSQ=),

11, EVERY PROGRAM MUST RECOGNIZE AN =END= CARD.

THE PRECEDING SYNOPSIS OF THF ORGANIZATION OF THE X=RAY_SYSTEM IS
INTENDED AS AN INTRUDUCTION TO THE EXTENSIVE COMMENTS INCLUDED IN THE FORTRAN

CODING ITSELF. -

IN ORDER TO HELP USERS UNI'ERSTAND THE LIMITATIONS AND APPLICATIONS
OF THE X=RAY SYSTEMs IT MAY BE OF SOME USE To LIST THE OBUECTIVES OF THE
SYSTEM1S PROGRAMMERS, : , :

1, ALL PRUGRAMS MUST BE AS MACHINE INDEPENDENT AS PRACTICABLE
ANDs WHEN NECESSARY, MACHINE SPECIFICITY SHOuLD BE CLEARLY
MARKED AS SUCH,

2., ALL DAIA FORMATS AND METHODS OF INPUT/OUTPUT MUST BE AS
SIMILAK AS POSSIBLE! '

3, TREATMENT OF DATA MUST BE GENERAL WITH RESPECT TO SYMMETRY,
SETTING, AMOUNY O+ DATA, NUMBER OF PARAMETERS, AND EASE. OF USE,

4, ALL OF THE CODING FOR CRYSTALLOGRAPHY AND MONITORING MUST BE.
CAREFULLY COMMENTFD AND ORGANIZED IN ORDER T0 BE PREPARED
FOR ANY MAJOR CHAMGES IN COMPILERS AND COMPUTERS,

"B, ALL PRUGRAMS MUSY BE CAREFULLY DESCRIBED SO THATY
CRYSTALLOGRAPHERS MAY MAKE FULL USE OF THEM wITHOUT RECOURSE
TO REPROGRAMMING CR PROGRAM MODIFICATION EXCEPT FOR VERY
SPECIAL PROBLEMS,

6. THE BULK STORAGE DATA SETS MUST AE CAREFULLY DEFINED IN AN
. OPEN ENDED MANNER SO THAT CHANGES AND ADDITIONS ARE POSSIBLE.

7 THE COUVING REOUIRFMENTS FOR ADDING NEW .PROGRAMS {INKS TO THE
SYSTEM» EITHER A PRIORI OR FROM EXISTING PROGRAMS WHICH
BECOME AVAILABLEs MUST BE STRAIGHTFORWARD AND SIMPLEo

8. ALL PRUGRAMS, WHETHER CRYSTAL{ OGRAPHIC OR NUCLEUS, SHOULD GIVE
USEFUL INFORMATION TO HELP THE CRYSTALLOGRAPHER ANALYZE AND’

CORRECT ERRORS IN HIS PROCEUURE OR DATA,

Iy SHOULD BE EMPHASIZED THAT THESE ARE OBJECTIVES AND THAT THEY
ARE NOT FULLY REALICED IN THE pRESENT CODEs.ﬂ
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DESCRIPTION OF THE X-RAY SYSTEM BINARY DATA FILE

EACH ARBIIRARY CLASS OF CRYSTALLOGRAPHIC AND ACCOUNTING DATA HAS A
PLACE [N THE FILE, THE ASSIGNMENT OF THIS PLACE IS FIXED AND THEREFORE IT
IS IMPORTANT THAT THE UTMOST CAUYION BE EXERCISED IN CHANGING AND UPDATING
1T, ONE BASIC TENEl» AND THE ™MOST IMPORTANT ONE» IS THAT NO PROGRAM OF THE
SYSTEM WHICH COPIES THE FILE LOSES ANY INFORMATION, IT MAY ADD SOME OR
IT MAY SUPERSEDE SOME BUT IT SAVES AND COPIES ALL THE REST.

IN ORDER 10 FACILITATE THE MAINTENANCE OF THE DATA FILE, THE SYSTEM
HAS FIVE SUBROUTINESe NUC009 TU NUCO13, NyCpo09 SERVES TO SIGN ON THE READING
AND WRITING OF A BINARY DATA FTLE, NUCO10 IS TO COPY SPECIFIED LOGICAL
RECORDS OF A FILE., NUCQ11 IS 7O READ A RECORD OF A FILE aND NyCg12 7O WRITE
ONE., NUCO13 1S FOR UNBUFFERING PACKED LOGICAL RECORDS (E,G.» ATOM PARAMETERS,
REFLECTIONS), ALL READING AND WRITING IS PONE FROM A LABELED COMMON ARRAY
CALLED I0BUF WITH LABEL/IO/, THIS ARRAY Ig I0BMX wORDS LONG AND THE FIRST FOQUR
WORUS SERVE TO CHAR4TTERIZE THE RECORD, RECORDS IN THE FILE ARE ALWAYS LESS
THAN I0BMX WORDS LONG BECAUSE NF THE LIMITATION ON l1OBuUF, PROVISION HAS BEEN
MADE, HOWEVERs, FOR ANY NUMBER OF PHYSICAL rECORDS TO FORM A LOGICAL RECORD,
THE MAIN BURDEN IN ANY PROGRAM IS THE REFORMING OF LONG ARRAYS FROM IOBUF
INTO THEIR PROPER PLACE IN STOWAGE, IOBUF (1) TO (4) ARE EQUIVALENT TO IOBUFi
TO 108yUF4 FOR EASE UF PROGRAMMING OF 10 STATEMENTS, THESE WORDS ARE USED
FOR CONTROL AND HAVE THE FOLLOWING SIGNIFICANCE,

WORD 1 IS THE COUN) OF ALL OF THE WORDS IN THE PHYSICAL RECORD. FOR EXAMPLE,
THE READ IN NUC0O1]1 ==
READ(N) I10BUF1,(IMBUF(J),J = 2y 10BUF1)
WHILE IN NUCO12 IT SAYS == .
WRITE(N) (IOBUF (J)eJ = 1,10BUF}Y)

WORD 2 IS THE SIGNAL THAY THEWE ARE MORE PHYSICAL RECORDS IN THIS LOGICAL
RECORD, ZEKO MEANS LAST» NON=ZERO MEANS THAT THERE ARE MORE TO
FOLLOwW,
WHEN THERE ARE MORE THAN ONE PHYSIcAL RECORD IN A LOGICAL RECORD
WORD 2 1S SEQUENTIAL 1,293,484y ETC, UNTIL THE LAST PHYSICAL RECORD
WHERE WORD 2 IS ZERO AS IT IS FOR ALL SINGLE PHYSICAL RECORD PER
LOGICAL RECVRD CASES,

WORD 3 IS THE IDENIIFICATION OF THE LGGICAL RECORD TYPE, THIS IS CHECKED

By NUCQl1 AND THE QUIT FLAG SET Y0 1 IF ANY GIVEN RECORD IS MISSING
THESE ARE THE INTEGERS 1 TO MAXREC, MAXREC 1S THE X-RAY END-OF=-FILE

MARK AND IS TREATED AS SUCH HY THE FILE HANDLING PROGRAMS,

WORD u' IS THE NUMBER OF WORDS PER BLOCK IN A BLOCKED RECORD (E.G, THE NUMBER
OF WORDS PER REFLECTIOM IN LOGICAL RECORD 15), 1IN THOSE LOGICAL
RECORDS WHICH ARE NOY BLOCKED, IT IS SET EQUAL TO ZERO, THIS
WORD IS USEU AS A STEPPING CONSTANT BY THE FUNCTION SUBROUTINE
NUCO13, WHEN CALLED, THIS SUBROUTINE RETURNS AN INTEGER POINTER
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WHICH POINTS TO THE wOvD PRIOR TO THE FIRST wWORD IN THE NEXT BLOCK
OF INFORMATLION, THE FIWST BLOCK IN THE CASE OF THE INITIAL CALL.

IN THE SUBSEOUENTY DESCRIPTION, BLOCKS OF INFORMATION wlLL BE NOTED
AS SUCH AND THEIR STRUUTURE GIVEN rELATIVE "T0 THE NUCQ13 POINTER [P,
(E,G, IP+1 WOULD gE THF FIRST wORD IN A BLOCK OF INFORMATION),
NUCO0313 CAN UNLY BE USE!D FOR UNLOADING OR UPDATING LOGICAL RECORDS
WHICH ARE TUTALLY BLOCXED, HOWEVERs, SINCE .THE POINTER NOTATION Is
CONVENIENT, ALL BLOCKED INFORMATION WILL BE LISTED RELATIVE TO

THIS CONSTRUCTION,

GENERAL FOR“AT OF THE BINARY DATA FILE

LOGICAL RECORD . CONTENTS
X ' HISTORY RECORD
2 " NOT DEFINED
3 CELL CONSTANTS
4 SYMMETRY INFORMATION
b NOT DEFINED
6 SCATTERING AND DISPERSION FACTORS
, CELL CONSTANTS, AND ATOM IDENTITY
INFORMATION
7 SCALE FACTORS AND OVERALL TEMPERATURE
FACTOR
8 ABSORPTION INFORMATION, CRYSTAL SIZE
AND ORIENTATION
9 MISCELLANEOUS INFORMATION FOR KEYING
’ PROGRAMS
10 ATOMIC PARAMETERS
11 STANDARD DEVIATIONS OF ATOMIC PARAMETERS
12 . REF INEMENT CONSTRAINTS
19 NOT DEFINED
14 NOT DEF INED
15 REFLECTION INFORMATION
16 NOT DEF INED
1/ ‘ FOURIER OUTPUT

16  NOT DEFINED



ju

2V

P

22
29

2%

2>

NOT DEFINED
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SSINGEN= MISCELLANEOUS INFORMATION -

MORMALIZED STRUCTURE FACTORS AND
RELATED "INFORMATION (70 BE PHASED)

TRIPLE PROBUCTS

STARTING PHASES FOR =TANGEN= WRITTEN

BY =¢OLVE= LINK QF
AVERAGES (=APHASE=

END-OF~FILE SIGNAL

=APHASE=
SCRATCH FILE)

(MAXREC, SET IN NUSY)
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STRUCTURF OF THE BINARY DATA FILE
**xx% OgICAL RECCRD 1 HISTORY
Twows T
5 TO 6 COMPOUND JOENTIFICATION CODE (AS A2+ AY)
7 70 22 FILE LABEL, THIS CAN BE INITIALIZED
OR REPLACED BY PROGRAMS =DAYRDN= AND =LOADAT=:
23 TO END NAMES OF ALL PROGRAMS WHICH HAVE UPDATED
THE BINARY DATA FILE, THIS HISTORY IS UPDAYTED
BY NuC009
*xx*LOGICAL RECORD 2 DUMMY RECORD
*xxxLOGICAL RECORD 9 CELL CONSTANTS
,WORDS ' COMTENTS
-5 METRIC TENSOR ELEMENT 1,1 A2
6 METRIC TENSQR ELEMENT 1,2 AxB*COS(GAMMA)
7 METRIC TENSOR ELEMENT 143 A*C*COS(BETA)
8 METRIC TENSOR ELEMENT 2,1 AxB*COS{GAMMA)
9 METRIC TENSOR ELEMENT 2}2 Bxx2
10 METRIC TENSOR ELEMENT 2,3 BxC*COS(ALPHA)
11 ’ METRIC TENSOR ELEMENT 3,1 AxC*COS(BETA)
12 METRIC TENSOR ELEMENT 3,2 BaC*COS(ALPHA)
13 METRIC TENSOR ELEMENT 3,3 Cxx2
14 To 22 THE RECIPROCAL METRIC TENSOR
23 A
24 ‘ B
25 c

26 COS(ALPHA)



35 70

sy TO

56 T0

27
28
29
30
31
32
33
34

43

52

53
54
55

61

62
63
64
65
66
67
68
69
70
71
72
73

SIN(BETA*)

APPENDIX=6 5 268
04/22/72

COS(BETA)

- COS(GAMMA)

Ax

Bx

Cx
COS(ALPHAX)
COS(BETAxX)
COS(GAMMAX)

TRANSFORMATION MATRIX FROM FRACTIONAL
COORDINATES TO ORTHOGONAL ANGSTROM COORDINATES

TRANSFORMATION MATRIX FROM MILLER INDICES
TO ORTHOGONAL PSEUDO=MILLER INDICES

NOT USED

CELL VOLUME

RECIPROCAL CELL VOLUME

CBSERLCENTR R Y [ARSAEHBATIRY ST
CLaHKkH4C2aK*kK+C 3L xL+CusHEK+CSHRL +CORK %L

SIN(ALPHA)

SIN(BETA)

SIN(GAMMA)

SIN(ALPHAx)

SIN(GAMMAR)
ALPHA IN DEGREES

BETA IN DEGREES

" GAMMA IN DEGREES

ALPHA* IN RECIPROCAL DEGREES
BETAx IN RECIPROCAL DEGREES
GAMMA= IN RECIPROCAL DEGREES.



74 TOo 76

77 10 79

*x %L OGICAL RECORD &

- e - - -

WORDS

S

RELATIVE WORDS

Ip+1 TO 1P#12

*xx4 O ICAL RECORD 5

*x2xLOGICAL RECORD o

WORDS

-y
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STANDARD DEVIATION IN A, Bs AND C

STANDARD DEVIATION IN COS(ALPHA), COS(BETA),
AND COS(GAMMA)

SYMMETRY INFORMATION

CONTENTS

-~ -~

INTEGER CoDE TO INDICATE LATTICE TYPE
LATTICE TYPE P 1 B

ACENTRIC 1 2 3 4 5 © 7
CENTRIC 8 910 11 12 13 14

(0)/()) FOR (ACENTRIC )/(CENTRIC)

NUMBER OF =SYMTRY= CARDS SUPPLIED AT
=DATRUN= JIME HENCE NUMBER OF ROTATION

MATRICES

NUMBER OF ROTATION MATRICES OF IDENTICAL
PATTERN OF ZEROS

FACTOR TO MULTIPLY A AND B 7O PLACE FC ON
SCALE OF INT, TABLES vOL, I,

ACCOUNTS FOR MULTIPLICITY DUE TO THE LATTICE
TYPE GIVEN IN WORD S

SYMMETRY OPERATION BLOCK

SYMMETRY OPERATIONS AS ROTATION MATRICES
AND TRANSLATION VECYORS IN ORDER
R11,R12,R13,R21,R22,R23,R31,R32+R33,
T1,72,73,
THERE MAY BE MORE THAN ONE PHYSICAL RECORD
IN YHIS LOGICAL RECORD. 1IP+1 IS 10 FOR
THE FIRST ENTRY OF THE FIRST PHYSICAL
RECORU, IP+1 IS 5 FOR FIRST ENTRIES OF
SUBSEQUENT PHYSICAL RECORDS

DyMMY RECORD

SCATTERING AND DISPEF.5ION FACTORS, CELL CONTENTS

AN ATOM JUENT]ITY INFORMATION

CONTENTS



RELATIVE WORDS

IP+1
1P+2

IP+3

IP+4
IP+5

IP+6

I1P+7

" 1P+s

IP49 TO IP+8+N
IP4+9+N TO IP+8+2N

»+u*LOGICAL - RECORD 7

WORDS

5
6
7 TO 64N

*+x*LOGICAL RECORD 8
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F(000)
E(000)

THE NUMBER OF DIFFERENT ATOM YYPES. IN
THIS RECORD

SCATTERING AND DISPERSION FACTOR BLOCK
(VARIABLE LENGTH, REPEATED FOR EACH ATOM TYPE)

ATOM TYPE (A4)
UNUSED

NUMBER ENTRIES IN THE SCATTERING FACTOR
TABLE FOR THIS ATOM TYPE (N)

NUMBER OF ATOMS FOR GIVEN SCATTERING CURVE
ATOMIC WEIGHY FOR GIVEN SCATTERING CURVE

(0)/¢1) TEMPLETON DISPERSION INFORMATION
(NOT PRESENT)/(PRESENT) IN FILE FOR THIS
ATOM TYPE

REAL PART OF TEMPLETON DISPERSION FACTOR
IMAGINARY PART OF TEMPLETON DISPERSION FACTOR
SIN(TYHETA) /LAMBUA ENTRIES

ACTUAL SCATTERING FACTORS AT VALUES OF
SIN(THETA) /LAMBDA GIVEN IN N wORDS PRECEDING,
THERE MAY BE MORE THAN ONE PHYSICAL RECORD

IN THIS LOGICAL RECORD. 1IN THE FIRST

PHYSICAL RECORD THE INITTAL VALUE OF IP+1 IS 8
WHEREAS IN SUBSEQUENT PHYSICAL RECORDS THE
VALUE IS 5, THE STRUCTURE OF THIS RECORD IS
AN ANACHRONISM, BUT WE DON'T HATE IT ENOUGH

TO MAKE AL THE CHANGES REauxgED TO FIX IT.

SCALE FACTOR AND OVERALL TEMPERATURE FACTOR

CONTENTS

OVERALL TEMPERATURE FACTOR

- NUMBER OF SCALE FACTOR GROUPS (N)

F RELATIVE SCALE FACTQRS

DUMMY RECORD
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WORDS

5

6-8

9 T0 11
12
13 TO 29
30
31
32

33

‘36
37
38

39 TO 41

42

43
4y
45

‘46 TO 47

u8 70 50
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MISCELLANEOUS INFORMATION FOR KEYING PROGRAMS

CONTENTS

NOT USED

NUMBER OF GRID POSITIQNS IN THE X» Y»
AND Z DIRECTIONS

MAXIMUM MAGNITUDES OF H, K» AND L

NOT USED

CALCULATION CODES (EVENTUALLY TO BE ABANDONED)
NUMBER OF FOURIER POINTS IN THE X DIRECTION
FOURIER ORIGIN VALUE IN THE X DIRECTION
FOURIER INCREMENT ALONG THE X DIRECTION
NUMBER OF FOURIER POINTS IN THE Y DIRECTION
FOURIER ORIGIN VALUE iN-THE vy DIRECTION
FOURIER INCREMENT ALONG THE Y DIRECTION
NUMBER OF FOURIER POINTS IN THE Z DIRECTION
FOURIER ORIGIN VALUE IN THE z DIRECTICN
FOURIER INCREMENT ALONG THE 2 DIRECTION

FOURIER SCAN ORUER INDICATORS FOR Xe Ys AND Z
(1 = FIRSTy 2 = SECOND:» 3 = THIRD)

NUMBER OF PQINTS PER LINE OF FOURIER OUTPUT

FOURIER SPACE CONTROL (USED T0 OVERRIDE
PAGINATION)

NUMBER OF PRINTER CHARACTER PQOSITIONS PER
FOURIER GRID COLUMN (I.E, MAXIMUM NUMBER OF
DIGITS FOR A DENSITY POINT)

FOURIER SCALE IN INCHES PER ANGSTROM
FOURIER MAPPING LIMITS

He Ky L SORTING ORDER = (1) MINOR
(2) INTERMEDIATE (3) MAJOR



51
52
53

s4 TO 59
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WORDS

IP+1 TO IP+2
IP+3
CIP+4
IP+5S

1P+6
IP+7
1P+8
IP+9 TO IP+14
1P+15
1P+16

IP+17

1P+18
IP+19

**ftLOGICAL RECORD 11
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MINIMUM VALUE OF SIN(THETA)/LAMBDA
MAXIMUM VALUE OF SIN(THETA)/LAMBDA
ISOTROPIC EXTINCTION PARAMETER

" RESERVED FOR ANISOTROP!C EXTINCTION
PARAMETERS

BLOCKED ATOM PARAMETER RECORD(BLOCK SIZE=19 WORDS)

CONTENTS

ATOM IDENTIFICATION (Al4,A2)
FRACTIONAL X PARAMETER

" FRACTIONAL Y PARAMETER
FRACTIONAL 2z PARAMETER

SCATTERING FACTOR TYPE POINTER (AN INTEGER
GIVING THE RELATIVE POSITION OF THE SCATTERING
FACTOR IN A REFLECTION RECORD)

TEMPERATURE FACTOR TYPE (0 = OVERALL, 1 =
INDIVIDUAL ISOTROPICy» 2 = INDIVIDUAU ANISO-
TROPIC)

ISOTROPIC TEMPERATURE FACTOR (STOREO AS B)

ANISOTROPIC TEMPERATURE FACTOR (STORED AS
BETAS), THEY ARE ORDERED AS FOLLOWS ==
11, 22, 33, 12, 13, 23

POPULATIONAL PARAMETCR (PARTIAL SITE
OCCUPANCY)

NOT USED

ATOM MULTIPLICITY
(UNITY UNLESS THE ATOM Is IN A SPECIAL
POSITION)

NOT USED

NOT USED
BLOCKED STANDARO DEVIATION OF ATOM PARAMETERS

- - o o S = - - -

RECORD' (BLOCK SIZE = 19 WORDS)., THE STRUCTURE
ANI' CONTENTS ARE THE SAME AS IN LOGICAL RECORD 10
WITH THE EXCEPTION THAT THE ATOM PARAMETERS ARE
REFLACED BY* THEIR STANDARD DEVIATIONS.
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*%xxL OGICAL RECORD 13

*xxxLOGICAL RECORD 14

*xx*x_OGICAL RECORD 15

- o -

RELATIVE WORDS

IP+1 TO IP+3
IP+4
1P+5

IP+6
IP+7

IP+8

I1P+9
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BLOCKED CONSTRAINT .RECORD

AND CONTENTS ARE THE SAME AS IN THE
IA ARRAY OF =CRYLSQO= BETWEEN.MARK2 AND ISTOP2,

THAT IS, THE DIRECTORS FROM THE =NOREF=z= AND
SCONSTR= CARD AS TRANSLATED By L1RD OR GENFRATED BY
PLCK, THE BLOCKS ARE 10 ITEMS LONG AND CONSIST OF
THE FOLLOWING QUANTITIES,.,

WORDS (1)+4(2) NAMEL1l AND NAME2 OF SUBJECT ATOM

(3) TYPE OF CONSTRAINT (AN INTEGER)
(4)+(5) NAMEL AND NANME2 OF REFERENCE ATOM
(6) PARAMETER NUMBER OF SUBJECT ATOM (P1)

(7 FACTOR BY WHICH REFERENCE PARAMETER
. MUST BE MULTIPLIED(F)

(8) PARAMETER NUMBER OF REFERENCE ATOM(P2
(9 FACTOR TO WHICH (P2)=(F) IS ADDED (S}
(10) MULTIPLICITY

CONSTRAINT EQUATION, (P1) = (F)=xtP2) + S

DUMMY RECORD
DUMMY RECORD

BLOCKED REFLECTION INFORMATION (THE BLOCK SIZE IS

DEPENDENT UPON THE SPACE GROUP AND THE MNUMBER OF
ATOM TYPES)

CONTENTS

MILLER INDICES H, K, AND L
INTENSITY (1)

RESERVED FOR THE SERIAL NUMBER OF THE
REFLECTION

SCALE FACTOR GROUP

THE NUMBER OF TIMES THE REFLECTION WAS
OBSERVED

ABSORPTION CORRECTION (1/TRANSMISSION
COEFFICIENT)

JCODE (REFLECTION CLASSIFICATION CODE)
= OHBSERVED :

LESS THAN

OBSERVED REFLECTION WHICH SUFFERS FROM
EXTINCTION

IGNQORED REFLECTION

SPACE GROUP EXTINCTICN

U E LN -
i o



IP+10
1P+11

IP+12
IP+13

IP+1y4 -

IP+1S
IP+16
IP+17

IP+18

| IP+19
1P+20
1P+21
IP+22
1IP+23
IP+24
1P+28
IP+26
1P+27
I1P+28
I1P+29
IP+30

APPENDIX=611 T 27k
ous22772

SIN(THETA} /| AMBDA

1/LP
MAGNITUDE OF F RELATIVE
ESD OF F

WEIGHT FOR LEAST SQUARES -
MAGNITUDE OF F CALCULATED
A

B

E (LINEAR ANISOTROPIC NORMALIZED STRUCTURE
FACYOR) /pt(3)/ :

EPSILON IN FLOATING POINY

ESTIMATED PHASE (IN CYCLES)

TBAR AVERAGE PATH LENGTH IN XYTAL.
DELTXT - LARSON DELTA CF. RDRR.627
NOT USED

PARTIAL CONTRIBUTION TO A

PARTIAL CONTRIBUTION TO B

NOT USED

NOT USED

STANDARD DEVIATION OF THE INTENSITY
NOT USEC

LRSS,

+ /H/%131072 + /K/%1024

+ /L/%8 + SIGN DIRECTOR CODE (SEE NOTE)
THE MULTIPLICITY CODES ARE

MULTCODE MULTIPLICITY

FLUM-o
& LN -
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5 8 i
6 12
7 24 -
1P+31 ' LINEAR 1SOTROPIC NORMALIZED STRUCTURE FACTOR
1P+32 . NON-LINEAR ISOTROPIC NORMALIZED STRUCTURE
/E(2)/
IP+33 LINEAR ANISOTROPIC NORMALJIZED STRUCTURE FACTOR
FACTOR .
JE(3)/
IP+34 . NON=LINEAR ANISOTROPIC NORMALIZED STRUCTURE
FACTOR
/EL4)/
IP+35 " NOT USED
IP+36 NOT USED
xP+37 TO IP+N+36 ‘ INTERPOLAYED SCATTERING FACTOR ENTRIES FOR

EACH ATOM TYPE, WHERE N IS THE NUMBER OF SCAT=
TERING FACTOR TYPES, THEY ARE STORED IN THE
SAME ORDER AS THEY APPEAR IN LOGICAL RECORD 6.

IP+N+37 TO ENU SYMMETRY DIRECTORS (SEE NOTE)

*xxdNOTEX»%k* THE FOHRMAT OF THE SYMMETRY DIRECTORS IS AS FOLLOWSeeses
THE SYMMETRY DIRECTORS ARE GRQUPED ACCORDING TO THE ABSOLUTE
VALUES OF THE MILLER [NDICES, IN MOST CASES, THERE IS ONLY ONE
GROUP, THE FIRST PACKED wORD IN A GROUP CONTAINS THE MAGNITUDES
OF THE MILLER INDYTCES ALONG W3TH THE NUMBER OF RELATED SYMMETRY
OPERATIONS (ICOUNT)., 1IN FORTRAN, PACKING 1S ACCOMPANIED BY.

JCOUNT + 128+IH + 16384%IK 4+ 2097152=IL
SUBSEQUENT WORDS OF THE GROUP CONTAIN PACKED SIGN AND TRANSLATION

DIRECTURS, FOUR PAIRS OF DIRECTORS CAN BE PACKED PER WORD USING
POWERS OF EIGHT AS THE MULTIPLICATION FACTORS, .

SIGN DIRECTOKS . TRANSLATION DIRECTORS

0 ++4+ 0 0.00000000
1 -+ 1 0.16666667
2 -+ 2 0.25000000
3 ++= 3 0.33333333
4 ——— 4 0.50000000
5 R faded 5 0.66666667
6 - 1) 0.75000000
7 - 7 0.83333333

THE LAST SYMMETRY DIRECTOR WORD IS THE REFLECTION MULTIPLICITY
WHICH 1S THE NUMBER OF SYMMETRICALLY EQUIVALENT UNIQUELY OBSERV-
ABLE REFLECTIONS, THME REFLECTION MULTIPLICITY IS NEGATED SO AS 70O
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SERVE AS AN END F1LAG,

t*ttLOGICAL RECORD 16

*tt*LOGXCAL RECORD 17

*xx%LOGICAL RECORD 18

*%%%LOGICAL RECORD 19

*xx*%LOGICAL RECORD 20

WORDS

5
6

10
11

12

13 T0 15
16 TO 18
19 T0 21
éz To 24

25 70 33

34 70 42

buymMMY RECORD
DU“MY RECORD -
DumMy RECORD
LUMMY RECORD

SSINGEN= MISCELLANEOUS INFORMATION

CONTENTS

MINIMUM E VALUE USED IN =SINGEN=
NUMBER OF SCATTERING FACTORS IN BOF (NUMSF)

NORMALIZED STRUCTURE FACTORS USED IN =SINGEN=
1 LINEAR ISOTROPIC

2 = NON=LINEAR ISOTROPIC
3 = LINEAR ANISOTROPIC
4 = NON=LINEAR ANISOTROPIC

LATTICE TyPE (SEE RECORD u) j
ACENTRIC/CENTRIC (SEE RECORD 4) (0¢11)
PROBARILITY .FACTOR = (24SI63/SIG2%%1.5)

NUMBER OF PARENT REFLECTIONS USED IN =SINGEN=
SEARCH

TOTAL NUMRER OF REFUECTIONS USED IN =SINGEN=
SEARCH o

HKL TO H1H2H3 ENCODE

H1H2H3 TO HKL DECODE

MAX VALUES OF /H1/0 /Hé}. I3/
STRUCTURE INVARTANT MODUL T OMEGAL, OMEGAZ,

o

STRUCTURE INVARIANT vscxoas
V1lse V12, V13¢ eqer V33

v "PRIMITIVE TRANSFORMATION MATRIX
Lo M1l . M12, M13, M21r. seen M33



43 To 45
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WORDS

1P+1

1P+2

SP

ARE
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BLOCKED NORMAL yZED STRUCTURE FACTORS IN DESCENDXNG

Oy S TS D o S p, R T gy W D e g S > e

ORIER OF E AND RELATED INFORMATION (BLOCK SIZE =

TWO W

ORDS)

CONTENTS

PACKED WORpD CONTAINING IABS(H}*10000000 +
1ABS(K)*100000 + IABS(L)»1000 + ISIGN*100 +
PARITY*10 + PHASE RESTRICTION

= ( XX

XX

XX

Hs /Ky sy

E-VALUE

X

S

X X )

P R

THE E=VALUE IS SET NEGAYIVE IF THE REFLECTION
IS NOY A PARENT TEFLECTION (I, E, NOT SUPPLIED

8Y THE USER)

ISIGN
JH
JK
JL

THE SIGN DECODER,

ARRAYS,

1

+1
+1

+1

SO TO EXTRACT Kr¢

2

-1
+1

+1

3

+1
-1
+1

4

+1
+1
-1

ISIGN, POINYS TO THREE
WHICH GIVE THE SIGNS OF Hy Ky AND L

S 6 7 8
-1 +1 -1 -1
-1 -1 +1 -1
-1 -1 -1 +1

THE CODE WOULD BE =~

K = ISIGN(MOD(IOBUF(IP+1),10000000)/7100000),
JK(ISIGN))

THE PARITy CODES ARE =-

1

2

3

4

5

6 7 8

666 GGU GUG GUU UGG UGU UuG Uuu

THE PHASE RESTRICTION CODES ARE (IN DEGREES) =

R=-CODES

0
1

PHASE RESTRICTION (DEGREES)

NO RESTRICTION

0/180
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WORDS

I1P+}

. IP42

IP+3
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2 36/210

45/225

o

60/240
'90/270
120/300 )
1357315

® ~N o0 0 F

1507330

TRTPLE PRODUCTg (BLOCK SIZE = 4 WwORDS)

CONTENTS

Ni = 100000 + (A*10,) * 3100 &+ (PHASE SHIFT
CODE)*10 + (PHI2 PHI3 SIGN CODE)

= ( XXXX XXX . X X )
Nt A PHASE PHIfpPHI2
SHIFT SIGN CODE

N2 * 100000 + (HKL)2 SIGN-CODE IN TRIPLET *
10000 + (HKL)2 TRANSFORM CODE * 1000 +
PSI VALUE FROM =APHASE= IN DEGREES

= ¢ XXX ¥ X X XXX )
N2 HKL2 HKL2 PS]
SIGN TRANSF
COVE CODE

N3 '

WHERE N1, N2, N3 = SYMBOLIC PHASE NUMBERS IN
TRIPLET. THE PHASE SHIFT CODEs PHI2PHI3 SIGN
CODE, (HK{ )2 SIGN CODEs AND (HKL)}2 TRANSFORM
CODE ARE DESCRIBED ON THE NEXT PAGE,

 PHASE SHIFT CODE

CODE i PHASE SHIFT(DEGREES)

0
60
90
120
180
240
270
300

TN REGN -
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PHI2PHI3 SIGN CODE
CODE. 1 2 3 4

SIGN OF PHI2 + + - -
SIGN OF PHI3Z + = + -

{HKL)2 SIGN CODE
CODE 1 2 3 4 5 o T 8
SIGN OF H + - + + - + - -
SIGN OF K R + - 4 - - + -
SIGN OF L + + + - - - - +

AND
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{HKL)2 TRANSFORM CODE

T - CODE AS DEFINED BY DATA REDUCTION
et ORDER OF. RQTATION MATRICES

0 PARENT REFLECTION
1 FIRST TRANSFORMATION
2 SECOND TRANSFORMATION
L] []
L ] L ] .
o 5 FIFTH TRANSFORMATION
ssx#LOGTCAL RECORD 23  STARTING PHASES FOR =TANGEN= WRITTEN

- - up W -

BY =SOLVE= LINK OF SAPHASE=

WORDS o CONTENTS
IP+1 PHASE NUMBER N OF REFLECTION IN E-LIST
1P+2 PHI NUMERIC PHASE IN DEGREES (POS MODULO 360)
TIP+3 CODE FOR FIXING PHASE (FOR 0.D.R,'S) ’
*»#$LOGICAL RECORD 24 . AVERAGES (=APHASE= SCRATCH FILE)
WORDS CONTENTS
IP41 TO 3 | Nie N2, N3
1P+t T0 6 His K1, L1
P47 709 H2s K20 L2
1P+10 TO 12 H3, K3, L3
IP+13 TO 15 PHASE RESTRICTION CODES R1s R2e R3
IP+16 TO 18 PACKED WORDS OF ASYMMETRIC DATA
: (+ /H/ /K/ /L/ S P R}
IP+19 TO 21 SPARE
1P+22 PHI2PHI3 cIGN CODE

IP+23 TOTAL PHASE SHIFT IN DEGREES



1P+25
iP+26

IP+27

1P+28

- IP+29

IP+30
IP+31
IP+32
IP+35

IP+34

IP+35 7O 40

*+#3LOGICAL RECORD 25
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RESTRICTED PHASE CODE OF THE STRUCTURE
INVARIANT

A = (PFACKE1wE2%E3) %2

SEQUENCE NUMBERS OF NEXT TYPE 2 TRIPLET wITH
COMMON H3K3L3 (NONE = 0, TYPE 1 = -1}

INDEX OF GROUP IN WHICH AVERAGES WERE MADE x

NUMBER OF (Ex%2 = 1) vALuES CONTRIBUTING TO
THE AVERAGE D =

NUMBER OF (E»%*2 -~ 1) VALUES CONTRIBUTING TO
THE AVERAGE § =%

AVERAGE D =*

AVERAGE S »

COSINE PSI = M(D = KS) %%

NORMALIZED PS! VALUES IN DEGREES (0 = 180) =%

PSI WEIGHT (TAKES INTO ACCOUNT A, Ry AND
COS PHI) . NEG. IF OUTSIDE CUTOFF x*x*

SPARE
* =+ ADDEpD DURING AVERAGING (COPY 1}

s w=e ADDED DURING NORMAL1ZATION OF PSI
{COPY 2)

DUMMY RECORD WHICH IS USED AS AN END=OF=FILE
MAKK FOR THE BINARY DATA FILE
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REPORT OF SUSPECTED ERRORS

DATEO;OQ.QO;.OQOOO.ooo'noot.oo

INFORMATION REQUIREV

[e]

ERROR REPORT SHEET FOR PROGRAM,,se0s000sss

FRonicooﬂo-ccooootoOt.o.oo'o.o"oooooo
(XX EEEEEENN NN NN RN N NN

[(EEEENNEENENNENEENEEENENNNENEN)

PLEASE RETURN TO J.M,STEWARY
' : TUMPYTER SCIENCE CENTER
UNIVERSITY OF MARYLAND
CULLEGE PARK
MU 207“2 ’ UoSoA.

COMPUTER.....}.loooooo-

COMPILERIQQ'.........'.
VOPERATING SYSTEMQ..O...'QOOQU

VERSION OF XRAY SYSIEMieesceceecese
UPDATE OF XRAY SYSIEM.eqeaesvennee

SUBROUTINE IN WHICH FAULT
OCCURED, IF KNOwN Ssetectesnonsesene

DESCRIPTION OF ERROM,,,

USERS PROPOSED CORRECTION, IF THOUGHY THROUGH,c.00¢0

IF NECESSARY TQ AID US , PLEASE ATTACH,.s,




LIST OR DECK OF INPUT CARDS
LIST OF OUTPUT RESULTS

CELL DATA PAGE FROM DATRON
SYMMETRY DATA _
SUMMARY PAGE FROM DATRON
ATOM PARAMETERS IF KNOWN
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