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The program (iderzification number ©13001) ie written Por the IL.B.M. 1620

Memory: 20,000 diglss

Input: FPaper tape and ypewrlter

Cutput: Paper tape and typewriter

[imitations: B8ee Section III-5 and Section II
Timirg: 8Ses Tatle I cn fallowing page

Ceils of the Program:

cooh52 - SOO0T9 working storage

COLOO - Q0390 maltiplication and acdition tebles

colon - Dohog resding area

COSCO - 005460 space group raecord
GO562 - DOSE9 selbroutine

QoS00 - 00099 ceneral sums

CO700 -~ DO85G working storage

L:'LJE&I.-' - :.-.:'E"I.-.:' |'.'E-E' II'L"-'.‘J'EI'E.D']

CEOTE - DG0dS ; subroubines
10000 - 15000 marameters, trigenometric funetiong and lesgi-sguare

sums {packed behind esch other)
1300C - 18872 initisligation program

Haslh tota—: G70825h2C0451651T7671 This nunber is checked whan the tape is duplicated
in our laboratory.
Duplicating: Use the I.B.M. library program: _520 Numeric Tape Duplicator/Ccrrector.
|

Financial Support: Wabtional Tnetitubes af Health Grant (A 2834)

4 grant from the I.B.M. Compary
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Section I Incrodustion

The prosens Hrosran {IanR- Y erleulates etructire Tacteors and least~-gquares
giume. The sums for a block dlagonal mabrix are caleuisbed. The final sums can be

compllad with poceible dintermedéiste sume oy the susdesding program: The Prosepsor

—

1 R T 40 (in preparabion), which alss dees the mebrix caleuvlations giving the

parameter corrections and a3 new paramebter tape. The structwre faclor output of

the present progrsm san also be used for a Fourdier caleulation (I.C.R. #1), sfter

seing scried and eomibinen by the 8.F. - F.5. Borter (Y.C.R. #) (*n preparsticn).
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Szction II Geasral T-_“'_EDI:E

t is possible S disTtinguisn thiree computafiona_ processes by whlzh structurs
factors are caleoulseled.

1. Onz can age the "general"formulss, which are listed in the Internsticnal

Tables Volume I. There Is one formula for esach space group. This approach was
. et TR
used by MacTntyre (189G0].
2., It ig poeeinie to simplify these "geneval'formulas to cne for each

group of reflecilions separately. These equatlong are glsc 1lsted Iin the Inter-
nekionel Toableg. Volume I.

Rokh these methods are streightforward wvhen lgotrople paramsters are used for
the tempershbure motlon of the atoms, beczuse the symmebry relalion af Lhe aloms is
inelwded in the expresslon for the gtruacture factor Iif..:' oy achieved by grouping t
reflections (2), eaca group having ite owa expreesion for the structure facter.
When however aalsolroplsz parsmeters are used for the temperature motion of tae
gtoms beth these meliandz lose most of “he’r luster heecanse all atoms whilah are
related by rotation axes, gcrew aXes, mirrcr planes and glide planes have ta be
dealt with separately {(Truskblocd 1956), lesving cnly the center of symmetry relation.
Fermillas “cr some monoclinle space groups are given by Rollett and Davis (195%)
art for all monoelinic spuce groups by the auther {Thesis, Amsterdam 1360), and
for gll crtherhombic spece groupe by Hybl and Marsh {1GA1 Yi

When anisctropiz parametsrs khave to be nzed rowtinely, a third method becomes
chviclis .

. . Im this method the contribations cof the stoms in the agymmstric unit
of the cell are calculated with tie basic sgtruectire fastor equstlon e Fy or Pi
vhile emch group of symmetry relsted atcms ie eimulated with a2 st of equiwvalent

= R

indices (sometimes together with & Traaslation vector in the case of a screw axls

]

or a glide plane). Hach st of equivalens indices 1z aubstituted in the basle

Tormnls for P1 or P= anid the snewere are sdded to the contr’butionse of the satcms




in the saymmetric vnit. This method ie ueed for Instance by Crulckckank (19R1) and
Bus ng aat Levy (1959),

The thilrd method 1s the one used In this program. There srs several Teasons
for thig cecisicn. Conzrary to the first methocs ths ecaleulation is basically the
sems for all zspace grouns. There are only minor diftferences for esclk crystal syetem.
It iz slso importart that calesulations with anisotropic parameters are completely
gtraight forvard with the lagt method end definitely lese cumbsrscmes than with the
first two methods. The most Important advarntagze of the last methed i1s the elegant
way with which least-gquares sumz2 are nmade, maiklng the logic of The program easily
understardable {ss= flow charts).

The third method is avolded by most beecawvse the esleulation is thought ta be
econsiderably slower. This however iz act True, In general the last method nses
more atditions while the first two nge more mltiplications, ahd it appears that tThe

spoeds are guite similar.

h

The present program Foliows quite slosely the third methoed as it was described
by Crulckshank (1961). With his notaticn we define
A= % ? s (= E: -F'*I‘:I
whare A, 13 the sontribufison, of Tthe 1rth atom at its zth equivalent zesitlion, to

the real part of the sbruclure factor, or slnllarly A, is the coatribution of $he

rth atom and its symmetry egulwvslents. In the same menner B, and 3 are fdelinad

H

with respect ts the imasginary part of the strustuvre foctor.

Furthermore any synmmstry operation is a combingsbticn of a rotstlon ELfl‘.LL'-E'j_Ei 'E:l

&
artl 8 translaticr [vector ). The coordinabe of an atow eguivelent to r can There-

—

— H ol + t

Tcre he Wwritien as B o

rg
The argument of the cosine in the expression for AL, ist

h My + K e + & 24, whlch can thus be written as:

T =

o ; ] il % 4 + ht + kb + it
T3 g rg = Bg¥p t KgFy t 4gZy + RS, + kb, 4+ At

s Where h_, Ik, ‘8ad &,
o] = [

B3

-

;”3 is & guantity which

P

4 ] = v . ] i 5 T 1 § T i
are a set of equivelent indices B = Eﬂﬁj and tt; G T

i\ -
wl

ig ipdependent of the pArticular stom .




N

The argument of The expoiaenslal in the expression for A, for an aniscotropic

atom 1e

e 3 It ~y e
i i i |. VL L R W L Ll ST < B i
o IR lhb v hebLy L ek it ok T bl

which can be written as:

enaa

BT bk R R e R TS ¢k FhCE ¢ k435S ¢ g Snd

B E e T gte'r 's
Together they show the rclation vetween equivalent pogitions and equivalent indices.
The program uses only a diagcnal mabrix I, and is therefosre restricted Lo tril-
elinie, monoeliniz and orchorhcmbic space groupe.
when one hes & proslem with a space grouw of higher symmetry one could decrease

the sypmactry of this epace grolb [fur Inetance by taking cut cne or more rotation

axes ) so that the resuvltant: symmetry lg orthorhorbic, moncclinic or triclipic. In

I:I

that case one hss of course to include The parameters of the atoms of tle previously
depenient sste A8 indepsrdert parametors into The structurs factor calzulation mede
with the _ower symmetry.

The expressions with equivalent 1ndicea rather than with egquivalent pcaitions
are used.

For the salewlation of a structure Tactor the relevant eguetions are thus:

|

-\ 85 42 (1)

I!-I| 3 El E "F E.Q:i :_.I E 3.—‘\':\-
I B . SR S

gt ot o X o[ 13 o oo g o e

xp - + B + h f + + k =3 4+ §_b3- o

ex 0 S S s e g k L BT s SHA (2)
and
Bog =1 8ln 2m(h. gE ot Ky ot ol A B (3]

ettty o = o a : L - B
ext - (B Pbzt + nk bEE 4 hofobid + ksPoEE 4 Eolebas + 45730 )
L | ":,

T - AT o Haipr M e . | g e
Fer an Isctropic atom the eXponential ig: exp ='B.. 5l E/A
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l‘ The purpese of the least-sguares ealculatlon 1s to miaimize
i

BowA{|em, | = |F‘C Y", whers & is the sum over all reflecticns, or rather to minimize
|-"___ it - -+

e _
LW {l;’;}ci - |I1:| - f_.|1"c| 1=, where AF, i the change in F, 88 & result of changes

in the paramefers., By exclulding second and higher order expanslon terms 1t is

poscible to exireee AT, ap:

% o (i . 3w .
e i - _+a|LE o 3w, | £y alr, s 3|r, | = . 3|F,, | 3
ey LT N e N T R T R e T T 88 S

where £ is the number of atoms
Ueing <hliz expaneicn 1€ le poszibls to roduce te a aet of normal equatione by
differeniiating ths funetion, which has o 9e minimized, with respect to each change

o parameter and in each fase sunming over all observaticns, resuwlting In the matrix

: 3|F, n 3|F.| 3|7 2|re| 3|mc] g5 Fo| 3|
[ | kT u| o }H—=E & Aoy +-E Ay R W _‘-.u. L
k i 3%y i=1 tqg a5 E-}Tj_ E-?-:_-I_ g " a3y o i ] E-:-:l 5*{3

h i i
L=
e

12 the sum ocver all reflsections.

The slze of the mamory of Zhe computer meies It In gensral impogeible to celou-

late this full matrix. On the octher hand a single dlagonal matrix has proven to be

=

erratic at times. The program is primerily wrilien for three dimensicnal refinement.
Tn that csse no overlap will cceotr tetween (neighboring) stoms and cross terms of
the Tire

a|lr.| 8|7, 2lr.| 3[R.|
} a;-:i a}:”| o =l= Ji and ;KJ a}_c L % J ete., are ther=slore suppused to De

ha

]
I
L

5
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aegligivls. It also accepbted that there is no interaction between pogitional snd

temperature factor parameters, anc that E|F¢

3|7,

E‘:‘l 1 :I::'j

,1=3,1 4 j are negligivle.

one is now left with & block diaponal matrix: 3 x 3 matricesz Tor the positionsl
peramsters of each atom, & x 6 matrices for She anisciropic Lemperature factor
peramehers of each abtom or 1 x 1 matrices for Lhe lsoosroplic temperature Tactor
pararesers of each atom. The two guppositions which are made to reduce the glize
o the matrix are by no means exactly right (Geller 19£1) but this appreach has
oroved 1ts usefulness for three dimensicnal refinement (Sparks, Prosen, Kruss,
Trueblood 1954).

The relevant formulss for making the least-squares sums (matrix and vector

:-:T':ru_::l zre now deduced.

3
| -
7|

—

Gy ﬁ';:‘; (L)

alr.| o4, OB,

ks =2 K, S R B. 35,

3 : T |
usinz 1503

1 5
3 |F| 34, 3B,
aF., ar

S008 0 = & g e
- 3P, -
(Hote that Formula 2.10 in Craickshank (1960) shovld resd P, = 4 cox & + 3 2in Q)
Tocr convenlence

o) a3 ] in o
i Ay OB & Bpy 811

A e et = !
JTE = rs SOs b .ll:LrE B1Tl '::t'
are Jdeflined .

There are three types of dilferential quotilents (uwzing expressions (2), (3),

(6) and (7))




sy
_-r_:if = g |I_-E'|T|I::__:| -T"'._‘

3|F. | =

ST [s
EH&L =
alp | 2]
e g T
" E 32 o LS
= = LN | =

in whlch % 1z a positnional parameter, b~ isan anlsotropic temperature factor

varamcter asd 'R ic an isctroyic tempersture factor parameter. Using these differentis

i

quatlents asd the weighs, w, and }kFﬁ| - U[, Ltile nzeessary matrix terwe and vector

terms sre calenlssed., (4 1isl of Lhese is given in Seetion IV, &.)

b

Hote: Ome has to wse |KF,| - [F,| instead of kF_ - in tke vector terms. And

pe

-
L=

-

for compatatlongl coovenience only that in zentregymuctric space groups,

fipg Instesd of G, and Do, instead of J

and KF, - F, instead of |kF,| - |F

rs o lf'!|

grs used to compute the metrix ard vector terms in bhe presens program. This is

egzenslally the same as is mchieved by Crulzksasnk (1961) [formulas 2.22 - 2.27)

oy redefiring ., snd I“E g0 a5 to inszlude tre zipn of cca Q.

-

Begides the least-sguares zums the program calculstes sums from which =

porrecticr in the scale factor k and the vverall temperature factor '2 cap be

calmilated.

in which 8 = gin 6/&4 AX and A'R are resnectively correciionz to the zeale factor snd
gyerall —emperature fastor.

The funckon

L B | 2

|

[

el

A

%w-ﬂ|ﬂ}'— 7| + 2P | 4K + 5= |F,|

has to be minimized, giviag two rormal eguations

i S w (J5F | )P+ A'F £ v = (|wF | )(|F, ) = -

i P
=
0
S
i
o
1
|
=

and
5

K 2w 5= CES | MFL]) + 2B % W {|F:|j2 = -g w s (|F,|)(|xr,| - |¥
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These five sums together with & w {|EFE| = |Fc|}: Z |EFG|J L er| and I |3FD 2
q 3 3

& 9
are made for sll refcetions (scc Scebion ¥, le, pe. 38 ) and will be called general
This rorilne affcrds the only couplling tetwesr the F. acale Tactor and the
Taempersture Tactors ol the strusture.
Ore ghould Hake a new geals Pactor (k') ia the fellowing structure factor
valeulation: k' =k + k.AK

and the individual correctiomns (J“ﬁﬁ the lesst-gnusres sumﬂj A'R. and ﬂh:l ashmils e

]

. , y . . AL §
increaged by the difference between A'E and the average cf ell A'B: and .ﬁbi (trans-

3
. . . - ' roa . ' - r a N
formad to principal axee of the vibraticn ellipocoid and expreesed In A7 ).

W. M« MaoIntyre Acta Cryst. 12, 7O {(1960).
K. B. Traeblcod Acta Cryst. E: 354 (lQEE},

g« 8. Rollett, D, R, Davies Aeta Cryst. 5, 125 {1955).
A. Hyul, B. E. Marsh dcte CrysL. 1%, 1046 (1951).
W. BR. Busing, H. 4. Levy -fcta Qryst., 12, 350 (1959).
D. W. Cruickshank, Conference Hesport, Compubling Methods and the Phase
Proaloms in X-ray Crystal Anslyeie. Pergamon Press 10E1l, p. 32.
8. Geller fAcia Oryst. 1, 1026 (19561).
R. A. Oparks, R. J. Prosen, F. M. Kruse, K. I. Trugblood Acta Crystl. 2, 450 [1955}.

[

D. wvan der Helm, The Crystal and Molezular Structures of Bhedarine and the Chelate

Tron Cupferron, Drukksrij, Pasmens, the Fague, 1560.
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1. General
Tke recesgary Lapes are the progrem tepe, a psraneter tape and a data tare.

After reosding in the program tape, the Ialtigdlegbicn of bhe program 1g peyd ormed,
srolally by dnstruetions whlch aie raguested and tyded on the typevwrlter. During
the Initialization The parameter Lape 1s read in. or paramelers are Lyoed in uand
Lhe dats taps iz logded and read up T2 the firet eeflection which hasta be calen-
lated. ATter this the actual progrsm tases cver and calculates and puts out the
structure factors of reflsetiony sz they ars resd In ti-n Zrom the dabo tape. When
legat=-oouares sUme ATe TAHE (F.H.W. njfj it ig passihle that one or more series aof
leagt-sgusres sumsg are puiached out Incermediacely. The last least-squares sums are
ichod ous when She ond, Fecorg fﬁé: lg gehnged and The cslewlatien is Tiniphed. It
iz possible to interrupt the calculsticn anywhere cn the data tape. Thes inclusion
0f a gbtructure Ffaclor is decided by & logleal coubine which iz 4 parl of Lhe prosram
kvt which can be changed during the inltislliraticn to meet g2pegific purposes. To
avold complications it is better to reload the yrogram when ancther structure factor

calowlszbticn has bo be carrisd oul.

=w Marusal Operation

1. (Olear comuter. Tngert 16 02010 Q2000; Release; Start; SCE; Reset.

[vJ

- Resdy program taps: Ingerc 35 QOG0 GO300; Belesse: Start.

4. With the Drogram gtlll partly to bz resd, the @esdine will atop:
FPress Start.

., The Pirei messags will be fyped out. Follew the —yped instruecticnsa.

Alsragre press Heleass and Start after typlng in a number.

ok
}

Switch Settings end Tyoewriter

L]
L}

Right mergin 75 from the l=7t. Teb stops at 80 and 40 from the left.
Ferity Switch ; BSLop

Tnput /Outoub Switeh @ Stop



Crrew»flow Switch @ Stop

Progran Switch 1

gff: The progrem willl caleculate Ilsagt-gduares Sims
On: The progrso will pot calevlate leasf-zquares aums.
Progeas Switolr 2

Off:  Hormal

1l

(r: This pasition saould be 1sed when s chanpe has Lo he msds on the ds=ta tape.

When the switch is on, the next reflectich will he typed oub before I5 is calecwtlated;

the typevriter wilill paure to accept Informztion. The corrcehbed form of the reflection
{ending with & %) can sken be tyoed in. (Ses Section IIT Sa, px. 22). Tris setiing

can also We uvsed to fiaish & calevlation in the lddles of th= data btape without losing

i 1

L

AL M e v S e = T
the leagt-gquares stms obseined so far. (Ses Section IIL. 4k, po. -

-

Propram Switeh I snd & [ocubput switches)

P.8.3.0m: FP.8.4 on: B8rort type oub arnd shord tape oub of strusbure Faclors

P.8.4 cff: Long type out and long tape out of gtructure factors

ohort type oult of structure factors

s

PaBok off: Ne cubput of structure Factors {with P.8.1 off: only

L.3. Sums and Genersal Sums; with P.8.1 on: cnly CGenersl Sums) (Lﬁ&ﬂt—HQLHTﬁH SIS

]

gre punched oa tape mniy}.

Trig section die sn exmlanation of some of the meazssges which are tyned out.
The nuziber in parentheses after each messaze defines the aunber of digits reguired
ir the informetion to be typed.

E+ M=pagge

-i"llﬂ‘

- A

"Tyvpe in spacegroup aumbor. I'.:
In gensrael the marbering of the Interastional Tables, Volumse I is followed and

this nurber should be typed in az a three digit aunber. TL 2y huwever essenbial
that. the getting of the cryetel sxes be exactly tke same sg srecified in the Tebles.
The following sddlitionsl gsetilings ere provided for on —he program teps and are given

1 e |

e with their eallsts nvnmper




Only trislinic, monociinic and orthorhonbic spacegroups can bhe ca’cu_ated with
this progran. Cne czn of courzs Lres. s higher symmeitry by means of an ortho-
rhombic srzeegroun.

Thus there is not & rotaticr matrix and a translation vector for all poesible
settings. One shouvld however bhe able to caleulste sltructure factors alsd In those
pases, ™Miis cen be sosomplished by typing in anciher number {e.g. 599] whilch 1s nob
yet uged 4o deflne a gpecegrovp on the achtual Program Lare. In that cese the Follow-
ing megsage g Typed ouat.

"Tioad addtional spacegroup taye. {3]* ind =t this moment a zelf-mede Gape with

-

roLabion malbrives and transliaiicn vectors ¢ the marticular setting can be loaded.
It 18 neesgealry TO 00w WHAT The format o —he saphcepronp maLrices and vaotorey 1s,

which Is explainesc beloy by means of Three exsmples. Whenl the gpacegroup record

which has To bz uged in the celcuiation iz not the first che on the asddiiticnzl tape

then this message will be repeased cng or more times., L guffices To press Start

after esgeh Tepegt B8 long as there 48 tape which 185 not yat Taed.
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heral ddentifiecation of 2 poremetsr record

(B0
o

numbieT of s£f8ace grom

-

1l = centrosymn.; O
o vaye the same

aoncentrosymm.

|-}

= trielinic: 2 = monoclinic; 4 = orthorhombic
a_ways thz same
alwale ths sanme

)

oo {L}f multiplicity of space group

Firat set of equivalenl Irdilces (hki)
(diagona) matrix). Tor instance
P PR ey He ks £

gecond gelt of equivalent indices
F . ! ] 5 '
(diagcaal matrix). TFor irstance

! - :
For FEqyer By le, &

thivd =eh of egulvaleat Irdieces
(Cisgonal mmtrix'. Por instance
= T \ '
for F2./0: no more egualwalent

indire

L

-

fourth set of equivalent Indicee

(Glagonel metrixz). For insance
[ )

Pm“ Pflfzz no more aqiaivalent




T wnaleyanlo o

3!

=
-

e oo ¢

¥ A

—
—

oaolo almcl

-

(

Lo

ke o translation belonging to flegl el of

5 il agquivalent indices (vertor). Tor instance

3 0 for P2qfer + 0, 0, + 0.

bl [

B ()

z [§

3 o translation belonxing to second set of equivalent
5 0 indizes (veector). Faor instarce for

0 o Pa.jer 0 5y £ 2,

i :T

0 0

i F

0 i translationg belonsinze Lo $hlrd set of eguivalent
B 5 indices (veetor). TFor instance

0 o for PElfr: ne mare eguivalent

0 o indices

o
—

i 4

0 I trensletions beloneing tec fourth aet of

] 5 cgulyvelent Indlices {*-raci;r::'::l . For instance
o ) for PElfc: ng more equivalent

i L 1adlces

¥ 2

=
.I.|_

1) Muitiplielty factor:

¢
pentregymmetry £lves a factor of 2
l=-face centering glves a factor of &
body certering gives a factor of 2
F=Tare cantering gives a factor of 4

! |

Fruen for inatance has a factor of § (4 from 3-face centering and 2 from

-:crnir:.:mmm;::tr;;rf] s

—

There sre two possible ways Lo sunter the persmeters: from tepe and frow the
wypewriter.
Megzpge

"Tyoe & 1 when perametere are to be typed”. When no nunmber is typed

{cr o zero) the messas

[

"Toad perameter tape"

18 typed ocut, glvlng the possibllity to enter the parareters by means

=== L =




---’--—-—-

-

b,

- ]G
of tape (for format see Section IV,
two megeages will follow
{1Y "Type peramster Ident £4)7
Angr gix diglf number can be Tyned, and
(Zi] "Pype all parsmeters"

A1l paramsters skould rnow be typed (for format see agaln

Section TF, 2, pe.28). End with a Record Mark (+).

Ahen an error ilg »ade durirg the Typing 1t 1z hnecessary
to brareh manual vy to logatichn 3 LQ 13588,
.  Mzppaoe
L Hp p ARy JEPET v 5 TRRSSIERA - Ly ply . [ =2 - {p}”
!h\'_w_l[_. _.LﬁI_E_r -\.-']:_ U.[ L-uIJ-u- o LA L
Thiz ig a fiwed peinl program ant leszt-gouares sume sre mwade in fields of apscified

lengbth. To chualn Flepihility it ig pogpible Go ikitislize the length of thege

fields. The possible lengths are 6,7,8 or 2 digite, which ie accomylished by typing

It iz impossible to g=t sz eoverflow during the actusl stmming of L.S. terms

26; 37 gnd 38 of flow shests. Section VII ] Just before an overflow

|

Il

(sco box=e 23,
cgn coour all sums, obtalned se far, are punched out on tape icur sxperience ig that

this will happen on an averase Jnce every 300 to 2000 reflscticns). These and

additicnal aums are complled by the suceceeding program: +4s Processcr (T.C.R. #5).
Concerming tlexibil ty of use of storsgs (see also Jectieon ITI, 44, pg. 15).

There 18 ayallable 8 certs_n amount OFf atorage for the lepst-Sgusres suMs.

Conzeguently the number of L.5. eums zan be grester when the length of each is

-
-

-

gwRliler. The: sxact Diniteticons ars given 1o Sectleng III He, d and 2, pe.

In generse_ we auggest to type In 09,

k., The contrlibutlons to the lesst-giusres svng sre made and added to The lesst-
aquares sums a5 Tixed polint numbelrs to dacrease the speed of the csleulation. To

obtain comparssle Flewibility az with floatirg point nubers it is possible to get

NS T R e R e
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the decinel points in each eategnry of sums during The initiallzstion of the program.
The cne digit nunrber typed In will pe the nmiber of decimal digits after the

decimmnl poins In each cade.

! SuEEested Mesrimmam M rimum
'u-- | I"‘I-_. u - - T - AR fare - Pl PR it o 3 L AT, P N
= - - . .r Lo = i 5 i W I
Message AT CECTY vl e & valiue, which alue, which

ta ~an be typed can be typed

L

N
i~
Tl
a
#1
1
:

"Mzlrix coordirates (1) G|P| | |

it I . . » gt 0 o T
Vector coordirases (1) h{|th|“|Fu

rﬂﬂ?‘,‘tr"l_}: Eniﬁﬂ_.-rl'.ﬁf!_':'-'_-‘j {l]” {E‘l
W

Vector anisotronic (1)

]

i = Fd
-H'I"_ a}r - .-"I :1_ 2T

[ =
e ' i f,
: 15? } i q=13

v

e e

T e

oo (| el 2l

"'-|
,.L-"
tl'J
e
| bs
l'.l:l

[
s
T

]

0]

{_L_L

igotropie (23" wi|wF |-|F =

q=-1U

[ty Loy

i |H
o
T
il

5

----’
[

In this table xy &re positicnal parsmeters and b; and '%i are anlsofropic and
resrectively lsotropic vibraticnal poaramelers, and g iz Lhe lenglh ol une lesst-squarss
21m.

By incressing the Lyped aunber and therefore lhnerezsing the mumber of decimml
digits, one cean posgitly obtain mesningful sums for hydrogen atoms. Decreasing ths
mimber of decimzl digits a

Ter the decimal point is an sbesolube necsssity when either

one of the fellowing errcr messages 1z typed out: 11, }j}_gﬁj A, 23 ar gﬁj which

pertain o the fast tEat an overllow has ocowrred in thr caleulatbion of one persicular
term, Which term that 12 and therefore which nwmiber of decimel digite to decresse is
digougeed in Bectlon III,. Gg. T+ 25.

Finally thers is the general suegest’on that when the lengtk of the sums is
decreased by one it is prokably neceesary to decressze the numper of decimal digits

giter the dscimol polnt Mo acns or =211 of the saix cabegoriss,




a, DPart of she prograw is a logienl routine. Whea the welght is not asseigned

on the data toape, 8 weight 45 calculated in this roubine, but the main purtose of

this reufine is teo decide If & reflection shoulf be inclwled in the leasb-squares

caleuletion. The result of thie desisicn is a part ol the outpus (see Seecticn IV,

T e

3,%; DE. 30 and Bection ITI, bz, pe. 20) and can therefore bte used in The preparation
of 8 - Fourier- or diflerepce Tourier data Lape
The routiae works such that s reflestion is not Ineluwled when ary cne of the

following conditiors 13 trus

P omin<T_ 2 F_ min cang 1.3 F S T, 2)
(3)

JF, min < F 54 P, win ang 2.0 I, 0= B (L)

LR IR oy e R E e T L arg. 1.5 F, =

14

I,
|

4 F, min < F_ and 2.5 F, = F, (5)

L
Wl

-
- |

And ala T BAAT = 0.0120 (6]

i
“
W
T
::'\.
r
el

The routing iz presently get for A velus of 2.5 for . min, It ia however

[

-

hle to change thig as well as the values 1.3, 1.9; 2.0 and 2.5 in the conditions

(2}, (3), (%) and (5) as well as the velues 012.5 end 0,012C in condition (6} and

wfl

the va ue 2.0 in cdondition (1). The reascn for sonlitions (2), (3), (4) and (5)
is obvicus. Conditior [€) is meant to exelude reflections whicl are bothered by
sttervation (extineticn). The use of condition (1) w21l depend on the fazt if one
wansa to do a FPourler or a difference Fourier. A value of C2.0 zeemg proper for a

o

difference Fourlsr as well as for a lsast-sguares calculation but one might went to
inerease this welue to a wery high one Tor the ease of s Fourier in order 1o exclude
from this Fourier all retflecticus which are wiohserved.
Meppags
"Type o '1' to change logleal routine.” 5

This pespage ls elways typed out. When it is regulired that some of the above

conditions be altered a 1 18 typed In wnlch case The ol awing five nezssgea are

pec

typed OUG.
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(1) Message e

R o

"Tvrpe 1o F oos mdanimam (4 )"

=)

A Pour digit mher whiclh should bave & yalus = COl.L shonld be typsd. As menbicorned

-

ahove the trogram Js& pregent]y set Tor 2 value CO2.5.
(11} Mezsags ot

= L e Rk L [ = ] e N |

Type in properiioaality constamta (1 % 2)

. -

The wvalueg 1.3, 1.5, 2.0 snd 2.5 in conditione (2), {3), (L] end (3] -an be charged

ah Ghlz momenl. 4o oelphi digil pwrber should be Lyped. The Cirel Lwe digisg will
then rep ace 1.3, the sccord twe digits 1.5, ate.
(171} Messsge

’

4 * - . LH
Type in multiply constant (3)

% -

.
L
=
]
m

a dig’t aurher to replace the walue G2.0'in the second part of condition [l},
{(iv]) Messaags
"Type in minimsl sin sq sheta over lanmbda gg {(5)" 4y

The valus O.0L2C for sin “B/A° in .he zecond part of condition (6) can now de enenged.

.

A Zive diglt nuiser should Be typed. By typing ia CCOO0 cne cazn essentially insesi-
va-e the condition.
v ) Message

&

"Tvpe in 1imit of P obs mines F cale. (4"
At this moment the valas 012.5 in the Tirst part of concitilon {5: can be changsi. A

fouyr digit number gnculd be Typed.

f. It 1g also pogsible to maks the logieal routine ineffective inscfer ss the
declsion about the Incluslen 1z concerned. The followling message 18 always typed cut.
Messamrms

"Type a 1 to make o choiece for each reflssticn separatels. =

When & 1 28 Typed thig lretfectlveness 12 scecmpllshed. With the regult Thet

L s ——mr e e

afser the celeuletior ard tysing of each atructure fector, and before the calculation




A
of the combribautions to the least-squores sums of this struecture factor, the type-
writer will be resdy ané weiting to sccept typing. AL this moment tThe F, and F, zen
be compared and a "human” decision can be made. Waen one wants to include the

= & - s L ¥ 3 - L L . " - - ' -
reflectior & © (zere) showld be typed, and when the reflectior sheuwld nct be

inelyded a 1 ghould he typed. This hasg vhen to be dons for each reflectilon.

. Three consideraticns are of importance to examplity the pessibilitles of

=

Fo 58 3 insl F-'E ROLPET 15015 -

(1) The recard nf sap™ atrurture factcr contains a § digit nwber which 1s

iged ms the welsght (w) of this reflection (sce Sectlion IV: Data Tape, 5. 26).

L

W

et . MY

18 any nohrcors mmber then tkis nmber iz ased sz the welght of the reflection.

Whan W = COOCO in the record then the weight is o

o3

lenlated by the logical roubine

r

a i , 3 - ' -
R W o ilf]Fp minY=). Herzs cne can essentially exclude a reflection by

having ODOQL Tor the weight. This is howevs=r aot The normal way to exclude a
refleztion {see below].

(ii) A decision of the logical roubine (see Sectlon ITI, hYe, »g. 18) can be
superseded by cne of the code mmbers in the strusture factor record on the datsa
tope fees Seetlon IV, 1o, pe. 27). 4 1 Tor thls code will causs the reflection to
be excluded whnile g 2 will abeclutely inslude the raflection irte the leasst-squares

-l

caleuletlion. A O will not supersele the cecision of the logi routine.

L
—!

=
(11 ] The procedure described ln-Seclion ITL, L, pe. 19 makes it possible

to decide for esch reflecticn separately and thisz will gupersede The codes on the data
+epe o8 they were described in the previous paragrsph. Whatever weans are taken,
however, the result will be recorded cn the output tape (whenever the switch setiings
ars gurh that there is mmhprt on tape) as well as on the cubtyit on the tyoewriter.
Gede © {(zers) will deslgnate the faect thot the reflection was Ineluded while g 1

5 . - s = } - ] i F
mesns that it wes nos facluded in the least=gquares celculatior |see Sechblon IV,

Sk, pe. bl
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=AY

planned (P.8.1 on)} it is odwvonbtagcous

i -

o,

o

on tape [(F.5.3

W

jecide which teymg to lnelude In the
rropares the daput data tape for the
faetor caleilasion (T.0.R. #5).
medse now.

Whan no ensnges have Lo

a (difference) Fourder rather than
to congider
[ see provicus

Touriler.

e mEde- AR 1g IN gengltdl che cgie Jo g taceEs

g leagt-gquares calsulstion 1sa

thease poesibilitiez. The oubpuk
parasraph ), which can be usged to

This Teature 15 used in the program whi

Mourier from the outpuet tape of the structure

Altervards holossc, ™

-+ e e T
to pre=ss Start.

ever Ak this memonts poifsible to make manwvel changeg in the prosram or in

the parapcber ecord or to load adiditicnal
have beea made one ghou d press Insert:

procesd with the progsran.

“ rat reflection o
T8 bohe von 36

be accomplished by setting program

Tha next roflcoetion which ie resc from the

tha typewriter waits to agzcept Information.

punch gut the genersl mrkl deds b=sg s

5 UGG .

3

reflecvicon Typed ok ).

many Tinss as ls wanted, becougs all sums {

nexh program: the Processor.
[t should then however he possihle to

+ T
P

where on the data tape. After messageE
typed boeling respectlvely the h, k and £ of
caleulatss, Normally thig wil be the h,
data tape, bul whea Lhe vsleulaticon was 1ok
in tha previcus paragranh, one should type

wag typed oub &t the end of the previocus ru

propram will searel for this first reflscti

Type:

might ke neecesiary Lo atop In

sEwWwliten 2

ey Bue woalel were ablalned

LR 2 i a2

tapes whken neccesgary. After these changes

Yo 19980: press Relesdsze and Start to

caleunlated. (3 * 2)"

the mlddle of & dats tape. This can

o

¢n (sse alsn Section III, 3. pe. 12 ).

data tape will be typed out, after which

Cnly when a & + is typed will Tthe program

Cne zan interrupt the calewlation as

or :ape] will be mdded GTogether by Lhe

atart the structuare factor caloulafiion ang-

is Syped out a E-digit number shoull be

the first zreflesction which has toc be

the

the firet reflection on

Was

errupued in the manner which described
in the h, k and £ of the refleetion which
q. ACer pregsing Releapge BN 5Tart the

UGlls
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1. Meseage
"Sesehore"
This megsapge Logsther wlith tThe one typed at the bhegiming, shows that the saleulation

I finished.

2+ BErroxr Meggages

&. BStop on Overflow.

[f' the conpuier stops on aa overlow i35 is in most cases due te sn error In the
rarameter tape (which thea sheuld be remede =xnd the program should be reloaded) ar
Lo an error on the dasts tape. We girorgly suggest the use of a small checking program
for the dosa tapz balfore the tape 1s used in the present program. (See Section V, 4).

With respect to an error cn the data tape we can dist nzguish two cases.

(1) The error 1s kaown beforehand. In this sase one psn coprecht the error
efslly by putting P.8S.2 on, wkile ~he program g esleulating on ths previcus reflecticn.
The resu .t 1s that the erronecus reflection is tyved out after which the tyoewriter
Faus=s. The corrected form of the reflection can Lhen be typed in. Pressz Relesse

arnd Start ard the program will proceed.

[ii] The error on the dats tape 1s notl known beforehand and the program
stope on an overllow. Preco Beset and Dis ¥ Mar, with I.R.1l, to show the locaticn
cof’ the nexs Ilngtriesion on The displsy lights. Consult program listiae ard flow
shecls Lo [ind Lhe stage of the eca’culetlen. If the progrem is still dm the stage
of caleuwlatling the structure factor the error can be corrected because thic part
ct” the zelzulation is self inltigsllzing. Read out on tke tysewriter “rom locsticn
oclh0a, This ie the esres where esch datunm Is reed ialo apd ssored. TP in error the

datum can be corrected by reading ‘nto leeation OCLCS from the typewriter. Then

braasch menually o location 00S56: 49 00958. Press Release and Stert and the

rrogrem will procesd.
When this fails relosd the progrem and Tellow drocedure (i) or hetter atill:

renake the dats tape




"BError ir length of paramster tape™

The program can only cheek on the proper length of Tne Tape. When Thiz mMepsaps

Lyped out It is necessary to remake the parsmeter tape and to velcsd the

2. Message

; . |
"Moo many atoms. TPlaaning Error.

18

Trogrem.,

This messsge will he typed out when the Total ares ozecupied by the parameters and

trigonometric Tunetlons exeesds 0000 diglte.  The exact formala 1is:
19 + 18. W 4 86 Ty + 16, e T < 10020

I = mph=r of atoms

H.-!-_ = mmiper of mnisolrople atoms

i =i h R e ] s e T
go=1 [%rislin :',' 2 {moncelinis) ar u {ur:zu.‘-rl"_:_urﬂ_u-:: J

This zonditlon will probably always te cbeyed. For & machine witk a memory

than 20I: Press Start; otherwise reload the progrem and change The manrer of

"Planring error. L.8. sun maker.”

Thiz messsgs will te tyoed out when the totsl ares azeupled by the parsmeters

trigoncmetyric functione and lesei~sguares sums exceeds 100320 algitz. Thke exsct

18+ ARG+ 2. e P (9 Ny +2F. Ny +2 {HL - EA}] < 102000
4, lxe.!L snd e  Bée Godbiol LIT So

g = length of one leasgb-sguares sum

iy = number of stoms for which lessgt=gguares sums ere made

This 1g the key copdition for thisp program. The limitatione immdliled by

hewever & function of the crystal system (e) and of g (gee Beetier IIT,

i1t are

.|| .
y e L .J o

L
L

¥

L=
L

*

We will glve two sxsmples. BSuppose Il = Ny, & moncclinde space group angd g = = iy

The cohdilticn tEea rmediucesd tod

1ch W o+ 196 N, < 99EL

1l

largpey

167




=2l

Whan working with only igciropic ascms This means O = 95, and winen working with
ghisctropic atoms only; Hﬁ R

Or suppoge N = Ny, an orihorhombic space group amd g = 8. Condition (2) then

L
reducsa to:
142 W + 226 W, < 9991 ()
Meaning either M = 70 nor ﬂ& = 27, or a mixture cheying fL}

As was pointed cub before 4 can be made smaller somietlmss resulting in ths
=

necesgity to decrease the numbcr of deeimal digits after Ghe ceeimal point in GEke

least~sousres sume (ses Section IIT, 44, pe. 1H) and ctherwlse resulling in more
inzsermediste vulpuls ocn Lape 0o leasb-sguares sums.
™e featurs to have two paramebers T and ET_fGr respectively the nmumber of atoms

in the calemnlatiosn of the etruesure factor and the number of atoms for waich lesgt-

sguares sums are calcoulated is mainly meant teo inelwde hydrozen in the P, ealculation,

L=

s not to taks time to refine Tke peremeters of hydrogems. But it is Teasikle, in
a boundery ease, that by meking Np < W it will be possible to obey conditicn (2)
In general we fe=sl howsver tThot in whoszc casca onc is well advised to think sboub
usirg a bigger and especially sbout a faster computer than the I.B.M. 1620,

If sonditicn (2) is not cbeyed, Lke prograc will Lype oub the nuber of digits
bty which the capscity of the memeory is exceeded. TFor a 2CK machine one hasz to

change the mariner of calculavica. For a machine with a larger memory than 20K 1t

iz possible to proceed with the calculaticn by pressing Start.

o

e. When it iz planned Lo usc the succceding program "the Processor” on the

-

resulss of the preszent program, it Is necessary Lo check on the limltations of

the Processor.

. Message
"Brr 3"
This messege 1s t¥red out when an overilow occurs during the madtipication of

trigoacmetric Tunetion with the space grovp wultiplicdity, scattering factor and




exponential (temperatirs factor). It is cur exverience that thisg condition ie
mestly due 5S¢ an error on the duls lLape, for walch the gensral remark at tThe
beginning of this szection Is apylicable. Otherwise it cmild only oceur when there
2 8 very heavy atcm in the strusture. The easiest way to circumvent this cenditicn
is by changlrg the space group multiplicity (sce Bection III, 4a, pg. 12 gpacc group
formet, refersace (1)). The stage where this cen te done i1z when the message:
(heng=s can be maede now ete., i typed out. The memory locablicn of Lhe space group

Tl a'  qaa

multiplizity iz CGO512. A more difflcult and laborious way ig to divide all scatter-

‘g fartors on the data TSape by a congtant fartor for all struecture factors. When

any such charngs 18 mede the sezle laclor oo Lhe parameber tape has “o be adjusted.

| ol B | e . 1
Br 16 and Err 11"

- qr

"Err 23" "Bre 26" and Err 21"

b of esch leapt-squeress sum is g digite. The centributlions to the legat-

'
il
J=t
':'['
-:-'

aguares aume are caleulsted in fields of {g-2) digits. When the contribution of
metzix term or & vector term s larger than (g-1) digits elther one of the six error
messages 5 typed oul:

e matrix coordinate contribusion

|_'
Lal

Bt

Frr 23 is a vector coordinnte contribution

Brr 14 iz a patrix enisotrnpi~ parameter ccntribution
Err 25 1z 4 vector anisgtropls parameter contrlibullion
Frr 11 iz a wmatrix Zsctropic paramctcr contribucion

Err 21 is rector isobrople paremeter contribution

n

In general chne only hag to decrease the mumber ol declwal digits after the

Jecimnl points for that categery in which the over®low ceccurs |gee slso Beetion IIT,

LA, pe. 15), or aliersatively to ineremssze the lerngth of all least-adguares sums (q).
3 —1 I ] o -

{8ee S=ction III, Yo, Be. 15). Relozd the progrem.




-

S [ £ A 4 P B Egl‘ﬂtﬂa
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[
Fu
-
=]
=
'_l_
]
.l
L

I e
Code rumoer

nd of line character 1 digit F

o
i
P B
S

i
|-k
ek
iy}
L
$
[

B
1
Er
r
1
b

et

y (] 211 oy O 5 diglts c = i « Doy
6 Lwrelshling fTacTor gk B -t B - S B

{e) . |paramecer uoﬂr:.ﬂ&} 4 digite 4 ool 2

e {parametear coda: .04 ) 4 digites 3 KK
|j.|_:;_':. - atiey eto.
End of linc character 1 diglt +

h 2 diglts b A

K 2 dig’ns X

5 2 digits 2

= = I L] 4 G
';..I ':. o =
o

find of lins chsracter Adiolt %

l T 3 L A EETE | % B!
II_' [ __|I I:.- N ] .
|'

Fnd of line characler 1. digit *




e data tape ls Lhus & successicn of recoris sach pertainlvg to cne reflecticn,
wnile this series of records iz yreceded by a code record and flrished with an end
reccril EE+}+ Th= zorting order of the refleclbloneg is irre_evant for The pregent

vrograr. The orier: h before k pefore £ shovld alwaye be kept.

Decimal pointe ers not punchied and are here uvnly glven for convenience.

a. Thia sode iz the maltiplicity of the reflection.

b. A 1 ghould be puached whea the reflection is not cbgerved, whils a U
(zera) should be punched for an observed reflectiocmn.

2. A G {zerc) should bz punched waen “he lngieal roukine should make The
decigion avoul inclusion in the lesst-sgaares ealculation, a 1 when the

reflection sheuwld sbeolutzly not be dinelxed and s 2 when -t should

n
[l
H
[y}

shaolntay be insluled in the least-squsres calculation (see
Heetlon ITT, Yg, 3g. 20).

d. Thic ip 8 Five digit number. The zero is nol fudched and is given Tor

=
Far

convenience. When the weight is punched s&s COUCU, the program will asslgn

a welght ag lollows:

——— TR W ard

= for F, =3 FQ B {8ee also Section IIT, bz, pe. 20

13

1rl

E

=, Ozne sheunld have as msny scatiering fastors ss there are Typeg of aton
the strusture. The sequence 8 essent izl {see format perameter tape) and
ahould be the same For all reflsctions. The program sssmmes that "eold

seattaring Jactore are used.
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Lo

2. Parareter Tape

o — | _p—

o ;
Jode miwber B dlgits P

End ¢ line character 1 A1gdt 4
(a] Overall 'R b digite 3.0

(k] Humber of atoms (n}) 2 digits XX

(¢) Wuidber of anisotropic atoms 2 idlgits K .
. R F R e : i s A AT e ek
Ll L lr — — o b e LA B Ee) o e = - (== L - (= .
{d; unber ol izotropic atoms s i e b
o e - 4 i - d _,...-
(£, WHunber of types of acoms = digite (X

{rrber of L.8. &loms [ 2 digita .

ik T LG oS s &=

e & o~
I [
s

Seale factor D odigita X . XXX

e
p—

dlzxite o 3K

_,_-
b=y
p S—
s
sl

i
sl
=
g
]
=

Pararoter Mg b dizits L IEXE

Parameter 7o h dizite « JEIY

Paranmeter Ky 4 digilbe o LR
eto. ey, ateo.
(1) Identification I 2 aimits x
Identification I, 2 digits x5
et eto. B .

(k) Parameter b, 5 dlgita e s

s

—_ e
Parameter b 5 dipite o .

13 g pr i
Parametsr &, Hodlzite o EOONTNE

o1y »
Parame Ler Lo hodizite o OO

_ &9 o o T s

Peramater b~ o digita « EFHER,

Parameter b2 5 digits ¢ EAANK

Pararelter b o diglite o IS0

ate, ete. ete,
(4) Pararetar 'B___ h digits X o HHX
Parameteor 'B Ik Adgits s
n~m+l =
eto. ahe. ate.
Rod b Tlne charsoier 1 digdt -|-




Decimal points sre zgiven for zonvernlenee ard are not

2. The oyversll "B is

This parame-er is not used in the

The Procesgor |[See a_so S2eotion L, DE.

b. Thls shouwld be the numpoer of

sbmuture Factor.

¢. AnE d. The sum of the auiber

cquael bto the total numker of atoms as

g, This should bhe the mmber of

This mimber iz thus not nec

in Sectd Tite

=

or: IV, 2%, Lthis pase.

gbructrre factor but to refine anly 4h

ingtance B Includes hydrogens in thac

legst-sguares ¢al

of ator=s = n arzl the minmber o7 L.S.

sgaares sumg are caleulatb

caclk parsmeter arei:

T': Thie should be the total manb

e TIE

Z. Each F,

Bealdes the posis

tiiere i g group of Idantlificeatlons.

which gesttering faeo

and 1% determines

used, that Ls Tegpectively tae lat,

i

of positional paramsters

g =

firet set of temperafure factor parameters (an’

arameter [iautravic:u The secodri 2e5

] *
gecond [eet) |

Lie average

pTesens

eggarily th

ma

=nd ,

TC
CEf

Sl G

gl Ll
des
atoms

T
mE L

e Darasmehers

[gze Section ITT,
atoms la o,

23 (there are [n-p)

ger ot

15 multipli=d by this scale factor betore they a

ionsal
Anr ide
EOT-1n0

S

corregponds wizth

with the Second

‘0 ) temperasure Tactor parameter(s) and eo on.

piched .
Loy ol The

o e W 8 |

which are used for ctleunlating

Eropie and anisobropic aloms

gribed in b.

for whizh least-gguares sums

as the tctal nuwwber of atoms

posaible to
o' the atoms

al’ a paRr:

atriustore Foactor oalenlation byt not

54, pg. 24). Suppose that the
—hern the

them) sheuld be

pluceIElwe P

aro

@5

structure.

MR

the

shiould b=

lated.

'|
(-2

described

calrlate the corr=ci

for

in the

mumb e

atorns for which no lecat=-

ligted at the and of

seattering factorsg which are in each reecord

™

coordinates and tempersiure

nmcificacion can be 00, O4,

The recoxd from the dats tape

, 4th ete. It ie obyious that

the fhirst identification anc
aotrapic) or Tirst

Bl oL e i o

are compared

= A

B8y I8 aloy

olagr

with

LN

the first

with thaes

temperatiure factor

ldentificetlon end with the

That



il 2

‘---'—--—

=30~

-

rhz parsnelers of 8l anlsctropie stome precede the paramesereg of the isotrople ones.

(Comiparye Sectlon IV, Ze, pg. 29, it is thus ratker complicated to c¢ut out the least-

[

squares sums for an anisctropic atom. The Testure cxpleined in IV, 2¢ in mainly

meant to make 1t vposeib_e to cubt cut least-squares sums for relatively badly defined

R |
=]

eloms 1ixe hydrogens which of course are trested as lschropic atoms.) The positionsl

. 4

parameters are expressed In tenthecusandthe of ore oyele, the anisotrople parameters
are alsc dimensiontess {the ANlLaCtroplLe Semperature factor ig caloulabted with the

sxpregalon: exp =(bh the lsobropic paraselers are

= ' - = o *; . | e =
the normal "B's, expreased In tae dimensicn A5. The temrerature factor should alvays

ve Physically meaningful, 1.2, dinmirist the geometricel ceoatributicn to the structure

ra«tor.

3. Qubtput Typewriter

Trob oubpulb iy o llme of 2L dipits. The first six diglts are the
ldertification of the progra:x, tke second six the identifiestion of the space group,
the third of the parsmstier tape, and the fourth six digits are the identificstion
of the data tape.

AfGer this 1line the structure Tactors are tyoed out and there

]

short and a long type cut (see Section ITI, 3 and balow).

! F N i . r - i -
[he lasgt ten linesz are the ten general sums |see SBecticn I, px. 10).
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The de=cimal

oolnns ars

Shod bvpewrelter

not Ly ped. The g5 =

LR I R

.

o

SRR

X

puaGe

Ty

R

T—

|
i
=
P S
5
I'.'

T |

kT |
)

sum Ln the lagt 5 digitg is

reflections, snd the sum Lo Lhe

natker of reflecticons which was
catomletion.,

Z |f3| -

iy
-
(S
1

F
e
ey

-

oL &

| ]
4

[}
L

1

gigr of kF, { alwzys D08 itive}

the total maber of

Flppl 5 digils Liie

used

- o
Lodl

=

I_.-"_F_ I .:-5 4
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space

X

g bypewriter cutput

T
dal

L A &

e

S pEce

i A

o

— 1
[ = LRS-
[re==y

2L 22N

Code (= multiplicity;

&3

Gole [0 = cohssrves

b

glen O K

et

i

ign of KF, (alway

f'rom data

=

g Ll e =

T

acentric space groups only)

acenbrice

pogltive ;"

e . I"'.
LERe )
ard I i
ved; Trom dats baps)

= not Inecluanded dIn T.S

apace groups only )
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mi-tiplicity: Trom data tape)
% Code (0 = obgerved: 1 = unobserved: from datz tape)

& i Bede (0 =doclvded in 5u8.s 1= mot lreluded i TeBe)

Ly weight {25 used in T8, sel-oulatior)
0 i

3

o A -
.
Com.Y ;_.|1 i
7 A A )
.
s B )
L N
j Tor saceakric space groups only
o B aos &)
&
[ a_n }

() It iz ¥F_ - F,. for centric space groups and

n L

kP | - |F.| Tor acentric space grow

o

(b) BSee also Section IIL, 4g, pe.20.

. Qubpub Paper

P
i Bp

The first Shrss records on the maper tape are the 24 digis identifiestion [ses
Section TV, 3, pg. 20 ), a copy of the parsmster tape and a 14 digit record
spesifications comcerning the —ength ant decimal points of tie least-sguares glms.

After these recordz, struchture fastor angwers are parchsd. There are bwe
poesitle Tovrate of the punched structure factors {ees= slea Section IIT, 3.

4 1 = ' . - = - 1 ' .
(1] The short tape oubpuet ig2 the came =g the siort type oub, bub for zhe
B E —— L

i i

feot that spaces are _eft ot and the =signs are elways or the »ight mest dlgit of

[11) The long tawme output hes in sdditicn to short tape oubput, the

sin “B/AT dirzetly hefore the three codes znd the weight, a5 used in the =slculation,
diractly after the Three cocies.
Thegs structiure factors are mixed with intermediate lesst-zquares siurns when

least=scuares sums are calculsbed. Ieasl-sgueres sums are namely punched cut during

ol

the colealeticn just befere they can overflow. The array is recognizsble by the
Pregsence or non-iresence of prececing record f the scrt 8+ and ”W- Stricture

.} = e e Ly r - i I'\.'\-'I- 1 X o " - = gt .d- - - I’ I T
factors are not prececed by such & record. Irtermediate 1.8. sums (all of which




-l =
=re punchsd as ssparets ':'-:cn:.-rr.'r_:;) ate oredsded by a 3 Tthe lest L.5. g2wms are
mreceded Ty T-f_"..l_._ Diraectly 2Tther the last L.8. sums the genersl sumg are punched
as ten 10-d7g14 records.
‘he decimal points of the least=-sguares and the length of a sum are set durlng

+he initiglizsosion of the program. The pstrix terme o the coorcinste sums showld

-

be multinlied by 41 anc ths veclor terms o

Lhe coordiaate sumz by 217 before

TUursiler USe.

The array of the lessi-zguares same ig an obvions one ard given beloiw.

5]

0l cedl g o l s Bl L 8l j-EF g &F },5
Y 1531J‘E£:JJ ey Ty H G EEml R ‘BFl 15;1

b

[

» ':'_.-J.I h _.:_ tr . 1 a-l'-h P EF . . ge a_F' al-'l
W i .'-_‘_-:!,.:fr X ] T r

}i:q'.,{_ :' l::-'.-.l{-!-liqlll

s
RO o il ']
o o e S = ] :‘_ELT'F F__.__H £
L - I:-l_-l-

Baclk svm la followved by a8 record mark +
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Sanldinn VW

1l Additicns]l Infernssion

2. Card program

It is heliewved that the present program is falrly essily changed to o card
program. All read and write orders ol Lhe paper Lape will Lherefore be discussed.
The orders fn 13060, 13103, 13156, 13228 gnd 13252 deal with the reasding of the
identificet_ons of tle gpace groups and of THe ghace groups ltsell. [t is sugzested
be Eare one caad Tor esch spece group, on it is punched: +the identificstion, R.M.,
ppace group recori, R.M.: and Lo have those cgrds behinl the program cerds.
Ihe order 1o
13060 INIT Ol RITET SPACEL~f
ghocnula be replacst by oo ordersd

INIT O RECD LGC1LO
TR EpﬂEETFﬁ; 9GO0

The oreer in
13168 T 19000
can be deleted

The orgéer In

e

13154 INTT CC RITPT g
ghould bercome
IHIrT o TR 507, 19017

The oro=r 1n
13206 RWPT SPACEY~6
ehould be replsced by Swo crders)

RICD 19C10

TR SPACET~G, 19210
gnd the order in
13252 R SO

should ke replaced oy;



The opd
Because ib i
this would
from
parancgters
gnd hehind +

13504

pahinc. the

~an then he
Tie ord=r in

1 EaiatE

Writes

cgn be changed

reccrl mark

L 4180

oarce w

ident il

ca culated.

ere in 19504 apd 13516 desal with the reading of parameters from tape.

] apgsdible to type parsmeters in rather than reading them from taps,

rot necesszarily poge s problem.  When paramefers are preferavly read
e suggest that the Zdentificaticn be punched on ke Tirgt card and the

the cardls) foll with a reserd Trexnind the irdentification

owine marl

he wery last digit of the paramefsrs, and then to replace the order in

RUPET l?u}}

RICD 19006 grd the ordar in

RITPT 1o

TE HIT TO+5, 10000

TR RICD LGO00

AM INTT TO46, 80,1C

BT ST

reads the identifieation vl Lhe data tape. It is suggested

on a a2ingle card in froabt of the feck of deta cards with s record mark

agbion. -The order In

EIDIRIL 16012

ohengsd o RICD

WITPT 1890k

all the {dentilficaticns: frogram, Space groun, perameters and data, and

"

L WKHoD 1695

1 e BN 15905

searckes Tor the firet reflection on the datz tape whkich has

We auggest one visce of data (one reflecticn) on cne ecard, with a

after the lsst geattering factur, Lhen this order can be changed to;

ITT 15 RIICD 19051




14800 WL T 1HQGD

recorde the parsmstersz. This order should be changed ©o a 1odp
T THIT S0+5, 10000

THIT b WiHCD 100C3

SM PARALT, £0C,10
B Iy o8

The Orler 1n

16816 WP SIMLET-1

atshdl _'!:.'-f: glhaneed T : WD SUMLET -1

Only the first 15 columne on the eord will be meaningful. They record

-

rm

=

speciticgiions of the least-squares caleoulstion,

In the main program sach paoer bape vrder ecan be changed Clrectly to a

order. This is necesgary because only 14 dlgite sre left for [rogram space.

The ordsr in
CCHhL BTART & RITT o5
~eafs sarn plece of data in and esn te changed to

-

START & RICD Log

F

when Tthere is ind

i

ehould have 8+. The arss up to 0050C is aveilable for reading.
The cri=rs 1n
o136 OUTP &1 WP hen
and

Ahzeh, WITET 01

punch the result of the structire factor caleulation (for different switeh s

regaectively) and caa b= chaaged to
QUTP 51 WHCT b3,

WICD hoa

ad one refleotidr on one card. The lest card of the cate

v= ]
Lt = i

deakx

ettings




=38
Cruly =he information hefars the record mark on the output carde is meaningfu .
Plesarifers 1n
QS 3TE CHShi Q2 WP 399
and
05500 FIFAL O  WHPT 305
puneh preceding recordsz makling It pogainle to recognirze that the following outpub
leaat-squares sums [ses Section IV, Dutput Tape V and can be changed to
CHaM 22 WECD 304
Ayl
FTIAT 2 WECD 336
resulzing in cardg with a record zerk iz thz scoend resoec.ilveldy Lhird colunne.
Tke order in
G 2 CHSM 51 WIFT GRS, .2
ches one lsaslb-sguscess sum &b & time and can bz changed Lo
CH3M 5] ALCTD GENMSIM, ,2

yesulting ia as mamy ocubput cards ae there are least-squares sums. OSimilarly the

05840 AU PT GENSM-5
punches one general sum &t & tlme and can be changed o
WZICD GENSTM=5

resulting ia ter ouvtput cards.

Tn both cases, only thes information on the card before the record mark is
meaniagfiul.

k. Abtoms a8t gpecial positions

Atcme wlth cne or more Tixed coordiznates sauss no probleme dn trielinie,

monoclinic and cr-horhorbice gpace groups. It is however hn=scessary Lo a2cale the
scattering factur cn the data tape down by s Tactor.

Ganeral Suns

[oa
i

Ta caledating the genersl gume which are needed in the 2 x 2 matrix for

'B and k, thers might be some adwvantage in using only thoss reflectlions which were




=5
R i
35

ased in the lesst=gguares caleulaticn ir order to minirize the same sum:

L—
I

oW i_'_i__kj'ﬁ| - |:1 « O Lhe otler Gand oaly -ihe abpsélube valued ars comparsl in the

£ w2 matxix for k end 'BE while In the leagst-gguaree caleulation the phases of F

c

axr

i |

and |RF . & certain

imrclyed in obtaining the best agrechenl betieen |Fc )

nunber cf rellectlons uvhaceepbable for the use in the least-squares calculation on
-he ground that the phasess can not adequately be deterwmined, are acceptable for

and |F,| is important.

- et 1
shoge gensral sums wiere ofly csgreement Detwesen [KF|

Similarly cne could prefcr tc wee only chocrved reificctions -for those seneral -gune.
In the pregent program all reflectlieons are dincludsd 1n Tthoge gemeral sums. 1t
It

iz pessible Lo chenge the vrogram with & "peich « The begimning of the routine

. And

1'“{:| F‘:E, and the sumxing of
e produets 42 In loggtbion Uijﬁc. fn wnckgerved reflection 1s 8t That moment
recognized by a "1" iz OCH25, and & logically wgcceptshle reflection by a 1"
in JCLDE,
2« BExenmple

The ezgreple ziven iz not hoo reslightic bk mizkt be cof hely.

Parsmeler tepe. The sverage Tenpsraturs factor is not vsed in this program
{EDDC‘}; the struectare has Tour aboms { } F which one I::'J :I has anlsotrofplie Lempers-
ture Tactors ang Three fF"P:'I have idgohropis tempersmure Tactors; there are Tour I:u—:l
differsrt scattering factors on the cata tepe, and least=squares sums willl only be

calqzilated Tor the firet three shboms {33}. The Fm oeals factor ig 1,169 The

coordinate parameters x, ¥y & o the First, L.e. anlsotrople asom are respectlvely:

11, (U200 snd. 1650; the courdinates x, ¥, % of thHe gsecond gicm are respectlvely:
s3300, 1150 snd 1600, ste. The scattering £actor of the anisctrcpic atom the
Towrth f?ﬁ} on the dats tape. The zcattering factor of the second stom ie third
{(08), of the third atom second (OL), and of tke Pourth asom first (00), on the data
taps. The six temperature facteors of the firet etom are 02000, = 00100 ssvecrrroes

]
L7500, The tempersture factor of the sefond stom 18 2..300 A2,







- -

Data tape: - There are tive ref_ectlons on the data taps. The flret reflectlon

L L. P - a :‘ [ G ’ a . o
fllﬂ] hea an P, ol L3l and o gl TEAT of 0871, Tho weigkt (from cxoerimental

iservetion) i 003552, after which the four sczttering factors for this rellection
Tellond: .26, 2.58, 40T sad 1010,
Running of the example. The space group is P2,32, (01G). Program switch 1 off
{for least-scudres sume)}, 2 o®f, 2 and % on (toc cbtaln a shers type cut and a short
wape ﬁ:mj. The parameters are on bape. The logleel roubine wants Lo be changed,
and m ch3ice about iaclugion of the refls=etlon inleo the legdt-sguares sume shonld be

nade oy the logical rouhiine O the program. Uhe Pirst reflectlon on The data tare 1s8

thus (113) = (C10203).

a - F o ni 'F:'
Tvpewriter output. The »sflection (11%] has an F,. = \/ ﬂr B. 2 of 14,3, and

-

was lneluted into the lesgt-ggieres calculatlon. The ¢os & = =-.9930 e5¢e. The Bum
of |, ~P,| 1= 32.7; T [WF.| = 92.0 =te.

Paper teps guipit. The First record are ldentifiostlione, the secord 15 8 Py
of' Lhe paramsters, the Shird are the least-asquasres specificatlcons. The next flve
records sre copies of the celeulated strueture factars. The recoro Tﬁ+ magns that
the (last) least-gcusres sums will follow. The first 9 of these are the & mabtrix

terms and 3 vestor terms of the 3 x 3 matrix for the coordinstes of the firet sfcm.

1=l

The next 9 records sare thoze Tor the second atom. The next O for the ccordinstss o

L

: * = A S - P T
the third =tom. The rexbk 27 records dre Lhe 21 malrls aodl O veclor terms cf 1he

o™
P
Ty

-

pbrds for anisgtropic vibrstions of the firsgt stom. The nexkt 2 receords are the
matrix sad 1 syeptor Serm of the iectropic vwibretion of the second atom, aa3d the next
2 those for ths third atom. The remaining 10 records are the general sums.

T would like to thank Miss Bvelyn Wydro for prevaring the program souree tare
and for typing this manueerips and I would like to Thank Mre. Jearn Minkin for trping

the fim¢ sheetls.

Mayr 1o, It
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| SOHAT

I TFM  FLAGST,Bb, 10
o A FLAGST,iS0MAT
TF  COOR22%11,FLAGST
l TF  COOR24+11,FLAGST
€  FLAGST EGHLET
AM  FLAGST, f10
I IF  CODR23+10 FLAGST
AM  FLAGST,,10
TF  COOR21+1 1, FLAGST
RCTY
I WATY MESS18
TBTY
RNTY 1SOVEC
I TFM  FLAGST, 85 10
A FLAGST, lﬂévEF
TF  CODR26+11,FLAGST
TF  COGR2B+T1. FLAGST
l S  FLAGST, EUMLET
AM  FLAGST, S
: TF cﬂﬁaz?¢ﬁﬁ FLﬂGET
I A FLAGST. 1,10
TF  COOR2511,FLAGST
* POSSIBLE CHANGE OF LOGICAL ROUTINE®
' INITOA RECYY
TDM LOGCHG,O
WATY ME55E$
SBYY
B RNTY LOGCHG
BD  INITI2, LOGCHS
8 THARE
l INITI2Z RCTY
WATY MESS20
TBTY
l ANTY LOGFMN=3
SF  LOGFMN-3
RETY
WATY MESS2Y
' TBTY
RNTY LLOGAAA~T
SF  LOGARA~T
I SF  LDBAAA-B
SF  LOGARA-3
SF  LOGARA~1
RO TY
I WATY MESS30
TRTY
ﬁﬂ?% LOGHPL=2
l L OGMPL =2
RETY
WATY MESS2L
II TRTY
RNTY LOGSiN=L
. SF  LOGSIN=4
RCTY
I WATY MESS23
TBTY
l RNTY LOGDIF=3
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THE SPACE GROUP TAPE WHICH 15 AT THE ERD OF THE PROGRAM TAPE
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#*# SECTION VIl *

INITIALIZATION PROGRAM

TYPE HUMBER OF SPACE GHUUth

1

CHOQSE FROM THE PROGRAM TAPE

THE SYMMETRY (DIAGONAL) ROTATION
MATRIX AND YECTOR OF THE SPECIFIED
SPACE GROUP, AND STORE IN MEMORY.

4

| CLEAR TO ZERO THE GENERAL
SUM AREA,

o

LOAD PARAMETERS FROM TAPE AND
STORE IN MEMORY.

T

il

NITIALIZE MEMORY LOCATION OF
RGCICKCRVR T

;3

|
F

-.u-u_l

INITIALIZE MEMORY LOCATIONS IN

PARAMETER A%E?,
| @

AND TREGONOMETRIC FUNCT!ONS
EXCEED 10,000 DIGITS 7

= ;
[WILL THE TOTAL AREA OF PARAMETERS

YES

Y
NO

Tk

:

HALT,

.

T

| ERROR MESSAGE.

[on’

lEHEEK PROGRAM SWITCH 1,

P

oF |




1

LITFE IN LENGTH OF L,%, SUH:J

!
;
"
H

WILL THE TOTAL AREA OF PARAMETERS,
TR IGONOMETRIC FUNCTIONS AND L.S.
SUMS EXCEED 10,000 DIGITS ¢

|

s

gl

RREOR MESSAGE,

e

' HALT

INITIALIZE MEMORY LOCATIONS OF FIRST E

L.5. SUM AND OF PROGRAM QRDERS,
WHICH ARE A FUNCTION OF THE LEHGTH

“5ED o o

L

LY E]

INITIALIZE DECIMAL POINTS I[N
L.5. SUMsS OF
A) MATRIX TERMS. COORDINATES
B) VECTOR TERMS COORDINATES

C) MATRIX TERMS ANISOTROPIC PARAMETERS
D) VECTOR TERMS ANISOTROPIC PARAMETERS
E) MATRIX TERMS ISOTROPIC PARAMETERS

F) "JE[ZTBR@ER&% I'%]’THUFHI PARAMETERS

Sy

L
=

L

SHOULD LOGICAL ROUTINE BE CHANGEDT

i T |

Y i
S

NO

Mg




%

NITIALIZE VALUE OF F, ﬂ' AND MULT I~

|

PLY ING FACTORS (WHIGH ARE N i 1Lk,
2,0, AND 2,5 ) IN %ﬁ% nma
£y . INITIALIZE Ti UES™IN

&

P~

SHOULD INCLUSION OF A REFLECTION IN THE
LEAST=-SQUARES CALCULATIONS BE DECIDED
AFTER CALCULATION AND TYPE-OUT OF

EACH REFLECTION?

-

<

.

‘{W
£

Ay

INITIALIZE q@g

i

]

LY.

SEARCH ON DATA TAPE FOR FIRST REFLECTION
WHICH SHOULD BE CALCULATED,

¥

=

TYPE QUT CODES, PUNCH CODES i
AND PARAMETERS,

4»_

| GO TO MAIN FRGGHAH i




¥

J

hl MAIN PROGRAM

[ CLEAR TO ZERO THE L.S5. SUMS AREA. (E]

S i

ot

e

READ ONE REFLECTION FROM THE
£, £, BIL, $

=

S

DATA TAPE: h, K, &, Foy SIN"6/3 ,ZopEs,

e

(BYPASSED FOR FIRST REFLECTION

TO BE CALCULATED.)

OFF

Ty

CHECK PROGRAM SWITCH 2, ﬂa

!

]

g o

RETYPE REFLECTION, (&) l

drims

Y 5

CHECK ON LAST RECORD® 8 # (j

b il

f

i.
NO |

35

CALCULATE EQUIVALENT INDICES (8)
AND SCALARS,

e

cacutate h > hk he &* k&, anpd>

FOR EACH EQUIVALENT SET OF INDICES,

@

¥

CALCULATE THE ARGUMENTS 8]
he¥iod keye + 8221 , AND .

-l

YES

THEIR COS5 AND SIN VALUE FOR EACH
SET OF EQUIVALENT INDICES AND ALL

ATOMS,
J

COS/SIN ROUTINE




NO

'"5

A

)
- et

BY THEIR PART!ICULAR EXPOMNENTIAL
( TEMPERATURE FACTOR) AND SCATTER-
ING FACTOR,

MULTIPLY ALL COS AND SIN VALUES (E}

EXPONENT IAL ROUTINE

SUM ALL CONTRIBUTIONS (FROM EACH
ATOM AND EACH SET OF REFLECTIONS),
WHICH GIVES ;
CENTRIC SPACE GROUP: Fa.
ACENTRIC SPACE GROUP: A_ AND B,
IN THE LATTER _CASE
F Jﬂcq B.” AND
COS< = A/ F. AND SIN&Lm B
ARE CALCULATED,

©

A E

L

HALT.

ERRDR MESSAGE
ON OVERFLOW,

SQUARE ROOT ROUT INE

SPSSERETES

CALCULATE &.F, , bF, - F A6 =IF], @B

|Fe) SIN®e/,>," AND THE CONTRIBUT fONS
TOXF, ,Z kF, ANDFLQr wl g

= %_
e

e e s

[LBGIE&L ROUTINE TO SET (9, (2

DIVIDE ROUTINE

CALCULATE THE CONTRIBUTIONS TO THE
GENERAL SUMS.

s L P——

Bl

=g

[DUTPUT ROUT | NE EH

e

CHECK PROGRAM SWITCH 1 (D

e s

A

LOGICAL DEC!SION ia

|

(AUTOMATIC OR MANUAL)




FOR ACENTRIC SPACE GROUPS @
CALCULATE ALL
G'ﬁ"ﬂﬂ 'ﬂ'E"E EGSU"‘:’“ B:;-i;SiH'ﬁ'{
4 ND .
Jug = Bpg COSeC= AL STNeC {

.\;5
L

INITIALIZE SUBROUTINE WHicH (B
CALCULATES CONTRIBUTIONS TO
| LEAST SQUARES SUMS.

INITIALIZE SUBRCUTINE WHICH
CALCULATES COORDIMNATE SUM ]
| CONTRIBUTIONS, |

ure ™ AT T, TR

¢

-

| CALCULATE CONTRIBUTIONS FOR  {Q) '
ALL ATOMS WHICH ARE TAKEN INTO LEAST=SQUARES
LEAST-~SQUARES CALCULAT(ON, SUBROUT I NE
e il Sk i g |
-
B - |
INITIALIZE SUBROUTINE FOR ﬁzﬁ
CALCULAT ING AKISOTROPY SUM
CONTRIBUT IONS
i
¥ |
§ . M=
CALCULATE CONTRIBUTIONS FOR £2° LEAST-SQUARES
ALL ANISOCTROPIC ATOMS. SUBROUT INE
iaqi-'

INITIALIZE SUBROUTINE FOR @
CALCULATING [SCTROPY SUM
CONTRIBUT IONS.,




i

CALCULATE CONTRIBUTIONS FOR éﬁa
ALL ISOTROPIC ATOMS WHICH ARE

LEAST-SCUARES

TAKEN INTO THE LEAST-3QUARES
CALCULAT ION.

e

CHECK IF THERE IS A NON-ZFRO @
DIGIT IN THE LEFTHMOST POSITION
OF ANY OF THE LEAST-SQUARES SUMS,

e

1" . N - - illl ::SI I..I‘lr.. I-ll

T B T [

ARE THE TWO LEFTMOST DIGITS ‘@I
IN ANY OF THE LEAST-SQUARES SUMS
LARGER THAN 89 P

—rarm.

T

PUNCH 8 3 ., B}

Tl

1 SUBROUT INE

FROM @

f :

i-EHEEK PROGRAM SWITCH 1,

~ :L

OFF ON |

e

=

PUNCH ALL LEAST-SQUARES SuMs, €3

ol

IS THE LAST RECORD READ INT (3

YES

l

i

PUNCH AND TYPE ALL GENERAL SUMS. @

PUNCH 78 . 3)

-

HALT. 63

END OF CALCULATION,




e Illﬂ"rll . O O EE ae ae 'Ir - N - - - . lll‘lflll Er

LEAST-SQUARES SUBROUT INE

A ROUTINE WHICH CALCULATES CONTRIBUTIGNS TO LEAST-SQUARES S5SUMS

B.Q, &

-

CALCULATE DIFFERENTIAL (UCGTIENTS (P')
WITH RESPECT TO THE PARAMETERS OF ONE
ATOM, PARAMETERS CAN BE:

COORDINATE PARAMETERS! x,¥,

=
PR 3
DR ANISOTROPIC PARAMETERS:b"b™b" b** b*’ b’

OR [SOTROFPIC PARAMETERS : B

g

REPEAT
AS MANY
AS WAS
FIED,

FOR %}
ATOM

SPEC =

P

Tmlm

A

SET FLAG ON LEFTMOST NON-ZERO DIGIT
OF THE DIFFERENTIAL QUOTIENTS,

g3

bl

BY THE WEIGHT (w).

MULTIPLY THE DIFFERENTIAL QUOTIENTS (8

I i g b e s S S

“ur

L B

L

DECIMAL POINT. CHECK THAT A CONTRI-
BUTION IS NOT LARGER THAN (q - 1)
DIGITS, (9 = LENGTH OF L, S. SUMS.,)

CALCULATE MATRIX TERMS wP.Pl, SET (B

ADD CONTRIBUTIONS TO LEAST=SQUARES SUMS,

:

LARGER +
ERROR TYPE
ouT,

HALT.

CALCULATE VECTOR TERMS %fﬁihfj—tFJ]u
SET DECIMAL POINT. CHECK THAT A CON-

DIGITS5, ADD CONTRIBUTIONS TO LEAST=-

60, €2, @ TRIBUTION IS NOT LARGER THAN (q - 1)

SCUARES SUMS,

&

I A

LARGER *
ERROR TYP
ouT,

HALT .




LOGICAL ROUTINE

(A) WAS THE WEIGHT (w) TO BE CALCULATED fi)
FROM.JAF, OR (B) IS THE WEIGHT AS- i
SIGNED ON THE DATA TAPE?

e e e L1 T

¥
(8) (R)

B e T T .

CALCULATE WEIGHT, | 43

! 1

IS THE DECISION ABOUT THE INCLUSION OF @0}
A REFLECTION INTO THE L,S. CALCULATION
SPECIF IED ON THE DATA TAPEY

MR, o

.
|

i

d
&
e

[§ F & F, . AND E2F o f 3 ¥— YES [—>—F2
IS Fy pap <Fy % 2F, g AND 1.3 F <F,1 &8 »— YES L——5%
NO
e h 2 _
IS 2F,  €F,<3E . AND 1.5 Fo<Fo? 6P b YES}—>—F2
3
NO
+
IS 3F, wuSE<4F, .. AND 2,0 E <F,? G s YES |

L

5

s 2.5 Fo<F 7 &3 > YES
¥
NO
+
IS SIN“e/x* < 0,0120 AND [F[-[F|>12.57 €3 f—{VES &3
NO

l
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B s
(34— SET “INCLUDE™ INTO L.S. CALCULATION. @D

&

&
By
&

@-@H SET ““NOT INCLUDE” INTO L.S. CALCULATION. [52
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GUTPUT ROUTINE

P.S. 3 ON SHORT TYPE-OUT AND SHORT TAPE-OUT
P.S. 4 ON

I__ = J.l-:-;l-ul:-" R
P.S. 3 ON LONG TYPE-OUT AND L1286 TAPE-OUT
P.5. 4 OFF T e A ) toatin
P.S. 3 OFF SHme"TAPE—GU?i

P.S. 4 ON =3

'B.S. 3 DFF NO TYPE-QUT OR TAFE-OUT
B 5, &4 BEF S

FOR EXPLANATION OF THE WORDS *SHORT TYPE-OUT” AND “LONG TYPE-OUT® SEE
SECTION ON FORMAT.,

COSIME AND SINE ROUTINE

THIS ROUTINE COMBINES A TABLE LOOK~-UP AND AN ARITHMETIC CALCULATION.
THE PRINCIPLE 15¢

coS.abed= c0s.abcos,00e¢d=- SiN.absIN.0DCQ
AND
s in.abed= SiN.abCOS.00sd+ cos.absin.ooed

THE VALUE .ab IS REDUCED TO THE FIRST QUADRANT (BETWEEN ,00 AND .25)
AND THE VALUES OF CO0S.ab AND SIN,ab ARE FOUND IN A TABLE OF 26 ENTRIES
STORED IN MEMORY.

THE VALUE OF ,00<d CAN BE REDUCED TO THE RANGE BETWEEN ,0000 AND ,0050,
THE VALUES OF C0S,00cd AND SIN.OOcd ARE THEN CALCULATED BY MEANS OF
C0S,00cd = 1 —=.19,74% (,00cd)™ AND SIN.,00cd = 6,2825 (.00cd) .

THE ANSWERS OF COS.abedAND SiN,abocdARE CORRECT TO 1 IN THE FIFTH
DECIMAL DIGIT, °

__EXPONENT IAL ROUT I NE

THIS ROUTENE 1S ALSO A COMBINATION OF A TABLE LOOK=UP AND AN ARITHMETIC
CALCULATION, THE PRINCIPLE (S

EXP =2 ,bede = (EXP -a) EHP- (=0.b) EXP (=0.0cde)

(EXP —3) AND (EXP =0,b) ARE LOOKED UP IN 10 ENTRY TABLES STORED I[N
MEMORY . -

THE VALUE OF EXP (-D.Dcdt} IS CALCULATED ARITHMET ICALLY?
3
{ - 0.0cde +1/2(0.0cde)” - 1/6 (0.0cde)” .




E

THE ANSWER OF EXP ( -3}.bcde) IS ACCURATE TO 1 IN THE FIFTH
DECIMAL DIGIT,

DIVIDE ROUTINE

THIS SUBROUTINE 15 BASED ON THE SAME PRINCIPLE AS THE DIVIDE SUB-

ROUTINE IN THE FORTRAN SYSTEM, (SEE I,B.M. 1620 T
NO. 50, MAY 1o 1961) ( 0 TECHNICAL MEMO

SQUARE ROOT ROUT INE

THIS ROUTINE IS TAKEN FROM A FRIDEN CALCULATOR MANUAL, 1959 , THE
PROCEDURE 15 BASED ON THE METHOD OF ODD NUMBERS,



