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Tha progrem {identification number Q4300L) is written for the I.B.M. 1620,
Memory: 20,000 diglts
Tnput: Paper tape
Output: a. 12" carriage typewriter
b. 20" carriage typewriter (the latter 1= not sbsclutely necessary
put allows for more freedom in the format of the output)
s R b
Timitations of the Pregram: BSee Section I
Timing: Ses Section I

Cells of the Program:

oco29 - 00079 working storsgs
DOLO0 = 00399 miltiplication and aiditlon tzoles
aoko2 - QOUSL working storage
ooksz - O0kT3 ~ead-ares
Q04TL -~ 00539 working slorage
00540 - Q5100 Progran
D100 - 020480 cesine and sine table
06000 - 19479 slorage for lst and 2nd summstion answers
.19h95 - 19995 storege for 3rd summation answers
- 10000 - 13750 initiaslization program

Hash Total: 6T05855k165026702962

Duplicating: Use the IBM library progren: 1620 NHumeric Tape Duplicstor/Corrector.



I. General Theory
The electron density can be evaluated at esch point, =, ¥, z of the unit cell

by the formula

olx,w,z) = 2 T AT{hkt) com 2m (A% + ky + 2]
v £
13 (hkt) sin 20 (hx + ky + fz) LEad)
Te emeleulate a Fourier with this formuls proves to be very uneconcmical with
respect to the compusing time invelved. In & practical exanple of a cenlbrosymmetric
spave group with 2000 Fourier coefficlentsz In which 25 points in the x- and y-
direction and 50 points in the = direction have to be caleulated, It would take the

I.B.M. 1520 &bout 140 hours to perform the zalculatlons (not including the Syping out ).

Tt is possible to rewrite Formula T,1 (Lipson and Beevers) in the form:

ol =) - )
( foiss 2 5 ¥ ¥ Alhki) cos 2m hx + E(hke) ein 2m hx) cos 21 ky +
(R 7 o L
=0 | k=0 \h=o
8o
% F(hiki) cos 27 hx + B(uks) sin 2m :_:a:) sin 2n ky| cos 2w Lz +
h=o
@0 oo :
i 3 G{hks) cos 2m nx + C{hke) sin 2 1].}1.) cos 27 ky +
=n \ h=0
m L
(E Dihki) cos 27 hx + H(hks) sin 2m h_};:) gin 2m H;,] ein 2w Lz
h=o
(1,2)
in whichs:
gt ) L : el
A= F(nkg) + F(hkt] + F(hks) + Flikd) 1,3
B = -F(hkt) + F(nke) + F{hke) - F{hki) I,l
C = ~F(hkt) + F(hxe) - F(uke) + F{kxi) I,5
D = -F(hke) - F(hks) + F{uke) + F{hieg) T,6
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Tr noncentrosymmetric space groups: F(hs) = A(hy ) and:

B= B(hki) - B(Eks) + B(hzs) + B{hie) T
F= B(rks) + B(Emg) - B(xxs) + B(hxl) I,8
o = B(met) +B(Hks) +3(nke) - Blhxk) 1,9
H = -B{hkt) +B(Eks) + 3(nke) + B(nke) I,10

A, 2,svesh, Should include & maltiplicity factor.

The ferm (T,2) euts the nurber of arithmetic operaslons by ahout a factor of
15. The logic however, anc therefors Lhs commiter program, becomes more cumbeTsome
and less cleer. In fact it cuts the zaleculation up in tkree different parts, which
are comsecubive sammations over each of the three axss.

Definiticn: We call a set of terms, A, B, C,....H, with the same indlces

h, k and £, an amplitvde.

Tn the fivst summetion over h, sums are made of terms, which have differeat
index h, but the sams indiccs k and L. Pairs of sums ere added together as shovm in
Zormala I,2.

Definition: BEach zroap of ampllitudes For which the Indices k ard £ are the seme
ip called a "group <cg>".

Thius sume are calculated (and pairs of sums | for each group <ki> and for all
needed values of X in the Cirst summatlon.

The diffiedlty which occurs will be clarvified by an exemple. We want To make a
Fourier synthesis with 1500 amplitules, which are sorbed in 250 groups <ki>. We
want to ealculate 26 sections on x (valuee of x). Bach group <k£> gives rise to four
sums (formule I,2) for each walue of x. The total number of sums ig therefore golng
to be (250)-(L)-(26) = 26,00C sums. The Cirst possibility iz to store all sums
ingide the computer. In the preceding example +hat {8 elearly immossible, and in

general one should put severe limitetions on the scope of The program.
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The second poszibility is o store the sums on peper Tape, which makes a soxt
of the sums necessary. & sort with paper Tape 18 nowevel Ippractical and slow.

The third possibility, which is the one we chooee, iz to celeulaste in the first

summation shage only for one valiue of x at & Tlue. Tn obher words ¢ caleulate

only one section at a time. Tt is easlly possible Lo store thesz sums (in the cxample:
(4).(250) = 1000 sume) inaide the compmter.

Tae disadvantage of this approach is of courss the fact that Tor gEch new
section the data tape with ampZitudes has to be fed in again. Reading paper tape
is however mmch Taster than punching data (10 times ), which mweans that this method
is (muek) more economical in time (for this computer) thar caleulating the complete
firsl summsticn all al oace.

The celeulations and results of the first svmmation stage are in this case:

m =

M{(keX) =% A{hki) cos 27 X + E(hikt) sin 2rm hX L s
h=c
o

HN(ksX) =T TF{hk{) cos 2m hX + B(hkt) sin 2m hX (T,32)
h=c
o0 "

O(kiXx}) = £ G(nkt) cos 2m b + C(hkt) sin 2m BX (I,13)
h=c

c [ ¥a]

P(ktX) = = Dihif) cos 2m hX + H(hkd) sin 2r hX (I,1h4)

h=o

in which X ig a8 definite wvalue of x.

Thepe sums ere shbored with four digitc each, while k ani £ are stored with two

digits each, insids the computer. One set of sume (from cne grnw;-ikﬂ}} therefore
occunies 20 digite of memory (thus using the varlsble word length feature of The
compater to great svail). They are stored up to memcry locstion 1647G, During
initialization the program calculetes wherse 4o store the first set of sums (+=hat
is in location 19480 - <ké> .20). A velue for the tﬂtﬂllﬂﬂﬂhﬂr of groups <ki> has

+hus to be known beforehsnd.

Delinition: <ki> = total number of "groups <ki>".
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PreTerably cne likes to reuse the storage ares occuplsc by these first summatlon
answers. 1o what way thalt is poesivle is diseusced in the next Tew parazraphs.
The aecond sirmation uses the answers of the first summation as amplitudes and

performs the following calculations: (Bee also I,2)

oo

Hf,ﬂ,}f;y} = 7 M(EL) cos 2m ky + N{<¢X) sin 2n ky (T,15)
k=0
m L]

S{1.T.v) = O(kEX) cos Er ky + F{xiX) sin or by (1,16)
kk=p

The sumaliocns are over k. Oums are made from sots of amplitudes (M,N,0,P)
with the szame £ (¥ is & definite value and thus for all amplitudes the sane ). The
argwers are two sums for each value of ¥y and each valae of 1.

Delfinitilons:

Hy 55 the nunber of points caleulated in the y-direction

W, iz the mmber of points caleulated In the z=-direcllion
When £ changes whe E-{HF} gums: R(2,X,¥) and S{4,X,y) are stored in memory locations
0A000 &nd up (bedigits each), and the calculation proceeds wita the next series of
sets of amplitudes.

Tt appcers uweeful to have all sels of amplituies (M,1,0,P) with the same value
of & stored together. IP the sebs with f=o are stored in the veginning of Lhe slorsge
sres used Por first sumetion answers, end if the onee for £=1 &nd i=2, ete., follow
aonsecutively, it is possible so use thls memory space agaln for <ke storage of the
aepond summation answers, because first summatlon answers, altsr being used as
amplitudes in the zecond summation, are =llowed “c be erased.

This orocedure is followed and is the mair prineinle of the program, and it

emchles us to use the memory space between 06000 and 19479 for 1st and 2nd summation
answers Eboth.

This dces however imply a sorting order on the data tape. It is clear that 1in
the consecutive ampliludes on the data tspe the f should change the least {in order

to cbtain the lst summetion ansvers in the necegsary arrey ) and that the h should
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chance the most, because the Pirst summsticn is over h. Thal le a scrting order kg
G.0,0: 1,0,0; B,0,0 0,1,0; 4,1,05 hk,05 0,0,1; 1,015 B0:07 bk, 1 Kok 0. (Hee
alsn Sections IT and IV.)

The tkird summabtion calculstes:

plX,7,8) == R{£,;X,y) cos 2r #=z + 8{4,X,y) sin Em 4= P T T

A=

uelng “he seccnd summation eénswers as amplitudes.

The Fﬁacedurn'uf the program iz to caleunlate N, sums for one value ol ¥
(line v = constant) at a time, and the N, snswers are typed or pumched cus line alter
line.

The manner in which the memory between locations CHOCO and 16LTg is ueed Tor

first and seccnd summation enswers Indicates the limilelivns of the program. Heither

sumpaticn can cecupy en arsa larger than 13480 digits.
For <he first swmetion this meens & limitation on She meximm nmunber of groups
<k{> namely:
<kfouae < 13480/20 = 47k (1,18)
For -he second summatlon it means a limitation on the maxirmm value of
( = I max) and N, namely

I Tpap) s _1;? = 1685 (I,19)

o

The program will step and type out ER2, when & momentary overlap cccurs of first and
second swmeslon answers. That is when an attempt 3 node to store second svemsation
apswere in an area in which first suwrmation answers are stored which are nol yel
used as smplitudes in the second sumratlon.

It is not feim that the limitatione are sericus. In some cases the limits
might be a few percent smaller. They are only exact when

20elepey = OGNy (I,20)

in eech series of {.



The approximate compubing times Tor an example with 2500 amplitudes celovlating
a gection of 25 by 50 points is given below with the main Cactor determining the

compubing tims in each stage:

due Toa
no. of amplitudes

"0
>,
:- [

e

Resding 2

1=t summaticn Tl sec <kl

2nd summalion DTT Bee <ki> - H‘.f.

Ird summatise WED sec <li> + Wyl
Tvpine 6580 Beo T-I}_*:«I'E

The program cen Just as well be used for an Fe-gynthesis of course.



Il. Format of Input and Cutpub
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In the preceding ssction it was supposed thst the first summatlion was over h,
the second over k end the third over £, implying the sorting order nkg and implying
sections ¥ = cunslanl.

T+ is however preferred to have more freedom in arrenging the data and three
reasons can be namen.

&, The abllity to mazc ccetione in other directlons.

h. T& might be necessary to sum in another order for instance whem a

f e

progremmst etop occurs (ER2 wus menliovned in Section T,

c. Another order of summetiones might also be preferrsd in view of the

2

computation time (see timing %able in Section I).

For comvenience & converslon table is made:; Table IT, A.

The date tapz. Indices are punched with two digits each, terms A-H with Tfour

digits each. Bach amplitude is followed by a record mark {R.M.). Tor centro-
symmetric space groups one punches orly the terms A-D, and the fourth term is Tollewed
by a R.M. The Tirst record on the tape has tc be an identification {erbizrary nunber
of digits) of the data tape, followsd by a R.M. The last record should be any

b~digit nunber followed by a H.M.

We heve written & progzram (pertly checked out), which prepares the data tape
(called S5.F. = F.8. program}. It Lakes the paper tepe cutput of the structure
faﬂtﬁr:PngTEH1 sorts the amplituies in the desired sorting order, conbines the
structure factor smplitudes to terms (ﬁ-H} and arranges the terms azcording to the
porbing order. The synthesis can be brought on sbsclute scalc by including F{000)
gs term (A), and by multiplying the terms by the factor 2/V beforehand.

The putzut is either on the typewrlter or on the lypewrller end paper tape.

In gencral onc would use conly typewriter cwutput.

Typewrizer. The serting order is eguivalent to the crder of eummation. The

first index determines therefoure on which axis the Eeﬁtiﬂns gre. The second index

determines the vertical snd the third indsx the horizontsl coordinate of the
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sections in the typewritten cutput. The output 1s preceded by several alpharumeric
headings and by cne line of mumbers, Lhe last bedng identifications of the
specification tape (gee Sectiom TI1), program tape and data tape respectively. The
possible choices of the manner in which the answers arc Typsd &re described 1n

Beofhdon TTT.

Paper tape. It is nossible to punch all denalty maps out on paper tape together

with the bypswritten outout, thus meking & copy of the resulis on tape. The
numerical snswers of each section are preceded by thke nunber of the section and
pach line of anawers ir the section g preeceded by the number denoting the 1lne.
Each separate numbsr is fcllowed by a R.M. In Lhe tepe cutpul +the answers are
precedsd by the Tfollowing records: a) identification of the specificabtions,

b) specifications (see Section III), c) identification of the program tupe, and
d) identification of the dala tape.

Projections are calculated as sectioms. The flrst index ghould alwaye be

rero (see Table II, A).
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Conversion Tdble II, A
Sorting Secuione Vertical Dorizontal
arder Terms ol coordinate coordinate
Indizes F=Dimensional
Lok o4 ﬂBGD}EFGH”—F % ¥ 2
k E £ s S S R - ¥ ¥ 7,
L:Ehﬂnﬂu:r-uﬁm- y : x
hop i A C B ODIE B ¥ HE x 7 g
i ﬁ k & 3 B Ei G BE T H¥ z 5 7
£ E h B A B: . F B BE z ¥ 3
Input Cutput
Projection
o E /! oo R ) B e el ¢ R O - T z
0 E_ 2 - S o T Cl 0O B 4G O# - x =
o £ h| A rJnn:ﬂnE 0 # & z x
o E k I A R o [ e S R 3 E % v
s 2 xl 4o csls 2w ok - % ¥
o k h P.ECB:DFEG? - v X
Inputb Gutput

Poss’ble arrangemenls of the indices on a dabta tape with their implied
sorting order aad arrengement of terms, and the Tormat of the typewrititen

output belonging to it.



ITT. Operation
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a. One can digcera the following stages during the operstion

1.

Logding of the program tape.

Taps feeding or typlng of the gpecifications of the summalion and
the cubput.

Ioading of the data tape.

Caloulating and typing (and tuping ) of the results of one section.
Tf it wee epecified in 2. that more than one secticn had fto be
caleulsted: reloading of tae dste tape and returning to 4. IT 1t

was a projection or the last s=sction: halting.

. Bwiteh settings

Parity »  Bhop
Tnpul /Out put . Stop
Crrarf 1low e = 41713

Programw Switch 1

On

¥

(When off it will type out all the answers of the firet surmetion in wnrounded

and unshifted

Paywm. Can be used for checking.)

-

Program Switch 2 : See Secbion IIZ 4, 6, 8.

Program Switch 3 : See Section III 4, &.

Progrem Switch 4 : See Section IIT &, 1, 12.

c. Manual Op=rallons

1.'

Clearing Msmory: Tneert; Key in : 16 00010 0COCO; Relesse; Start.
After clearing: E£top SCE; Reeet.

Ready Tspe Reasder with program tape.

Toading of progrem tape : Inmsert; Key in : 36 OCDOC CO300;
Felegase; Start.

Alwmost at the end of the program tape the losding will stop

Press Start.
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5. Folliov inmstructions of the mzessges woich are typed out. Alwrays
prese Helesse and then Stari after typing & specification 1n.

. The remalpder of this section is an explenation of epome of tThe messages

which are typed out., The number in parentheses affer =ach mesgage tells how many

digits there are in the number and which heve to be typed.
1. Message
"When specs are typed set 8.W. L off. From tape 5.W. Lk on.
In genersl the specitications of the swmaticn will be lyped 1n. In that case B.W. b,
that s Program Switek 4, schould be off. It is however posslible to prepars the
specifirationz on tape beforehand. For the preparation of such & tape see Section
LR s
2. Meopage
"Mmpe ident of specs tare now made.”
Tt is necessary to type in a f-digit mmber. The muber Itzelf is arbitrary but can
be useful in = identification scheme.
3. Messages:
"Typs 1t sum min.
"Tyvpe let sum mex.
"Type 294 sum min.”
"Type 2nd sum mex.
"Type 3rd sum min.
Tvpe Srd Sum mex.'
"Tirpe let sum delts"
"Type 2né sum delta”
"Tyrpe 3Jrd sum delta’
Mhese determine the emount of the undt eell to be caleuleted ard the grid spacing.

A11 are in hurdredth of the cell edge. Furthermore:

n th sum mex - n th sum win s | it
= in wvhieh © should be Bn integer.
n th delta Py - &




e L
The Tirct and the final seciion are determined respectively bty the velaes cf
"at sur min" snd "lst sum max.” The Interval of the sectlone between the finsal

' For a projection the valus of

and thne Firsl are determinad by "lest sum delta.’
et sum min” shoud he typed egual to the walue for "lst sum max” and 1st sum
delts should be 00,

Similarly the rempirder of the wvalues to be Lypsd in detarmine the part of the
qections which needs bo be calculsted. The allowed range of the values belonglng
Lo the tiret 6 message are from 000 up to 100 and for the last thres from 00 up te 98,

Any vloe of ithe unit cell can be caleulafed, and it is &lso poseible in the
came marmer to caleulate just one specified poinmt in the uwnit cell.

L. Mzssages
et sum shift”
"end sum shizt"
Merd sum ahift"

The prosram uses a tdgble of cosire and sine values. The teble ccntains 100
values of each and each having four decimsl digits after the descimal point. The
basic calculation of the Fourisr summeticn is either: QJ cos by Xy i R

4t Qj sin hy Xp B B B R
The values hy are lutegers, and the velues Xp always have two decimml digits after
the deeimsl point. Therefore s table of 100 cosine end sine veluss is sufTicient and
&, Etraight table look up can be used without Inberpolation.

The program accepbs anl worke only with fixed decimal numbers, and it is
therefore necessary to keep track of the dscimel point.

The normal shift after a caleulelion of the type ITI,1 or ITI,= ie four places,
due to the four deccimal digits of the values in the trigonometric table. Thus
typing in Dg_;;; esch of the three shift values will keep the decimal poins in the

answer at the same place a8 ip the terms on the data tape {counzed from the right

of cﬂursc].
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Wormally type O for esch.

Tt might heppen however that there is an scovmilation in a partizular sum which
gives Tise Lo an overflow (the mechine will etop becauss O-flow i on Stop). One
wae to reshart the eslemlation hy reloading the program tape and chapging one of the
three shift values (it ig of ccurse not necessary to recalsulste the gsecbions which
are already finisned).

Tt iz necessary to consider which shift order has to be changesd. Thers are
tkree possibilitlies

i. Therc wae & type out: ER. 3. This mears an overl oW in the lst summation

ard therefore "ls= sum ghitt" should now be typed in as ) instead of Ol
T¥ not check T.R. 1 {hy putiing Displey at T.E. 1, and pressing Reset and Display Mar )
Tt ehould heve RALE. T+ not there is a programing error.
ii., Change 2rd gum shift: from Ob to 05 when the message "loriz. Index”
ig not yet typed out.
j24. OChange 3rd sum shift from O4% to 05 when this message: “"Horiz. Index"
has beer <yped out.

Tt is not likely but irndeed possible that an overflow will cecur even &fter &
change in one of the ghift values is made. [he svmmetion in walch it heppensd can
again be tied down in the marner described ebove.

Gp the other hand it is poesible thet one would like to have the anawers with
one more digit efter the decimal poiat. This can be achieved most effectively by
changing the velue of the lst sum shift from ok to 03, but can also be done in
either of the cther surmations.

Shift values 02, 03, O4, C5 and 06 can be used in each swmetlon.

5. Message:
"Type in number of answers cn & TOWa '

This message will be typed oul when P.5. 2 is on. WIith F.3. 2 on the outpat will

e in numeriecal form.
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With & normal length tiypewriter carriage it iz gensrally lmpossible to get all
W, {see Bection I) values for cne line, y = constant, on oae horizortal row.  The
srogrem is normally set for 16 numerical answers on one row. The first answer cn
“he next Tow will be & repealt of the last answer cn the former row, giving 2 falrly
regulay array with multiples zps, + 0% .15 below each othar or the firet wverticsal
ling of anewers.

Thus type in normally: 016. Howewer any other mmber can be .yped In.
Typing 1n G111, will result in listing the asnswers with multiples 2,44 + &8 .10
nelow each other on the first line.

. Message
"atput. Type oniy =1. Tape and type =0."

As wes wmentioned before, it 18 possible to rake a paper tape copy of the mumerical
reaults of the esleulation, which way lster be used for peek analysic or in the
cape of a Fe-synthesis, for & superpcaition pracedure. Fart of Lhe paver tape
outmut is the specifiecation rscord, which holds such parameters as were described

in Section IIT d, 3. These summation paramcters, determine exactly the srrey of

mumbers of the peper tape: genersl specifications, sectlon identificatlon, line
jdentifications and resuits.
T. Mopeages

"Type horiz. epacing”

"Type vert. spaclog”

"Tvpe ghift spscing”

"Type high 1imlt of peaks”

"Type low limit of peaks"

These messages will be typed out when program switeh =

g off. When P.B. 2 18 ofT

the output will be in alphanumerical form.
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Ir. order Lo save the time copsumed by plotting msnuslly the numerical AnsvTers
on the grid of the unit cell, a direet plctting aystem wae devisged on an approxi-
mate grid.

For this purpose esch four digit mumerlcal answer 1s translatzc into 8 one
digit selphanumerical answer.

The first three messages. The relative dinensions of the grid can De approached

as closely as possible by spacing horizontally (between the one digit snswers ) and
verticelly (betweern the iines). Typing in 00 is intsrpreted as Lhe normal spacing
of the Lypewriter either horizontelly or vertizally. Typlag 01 will result in ome
extra space between either the one diglit answers or the lines. Similarly 02 will

reault in two extre spaces ete. An askew cell inslead of & rectangular one can be
approximated by shifting {0, CL, or mote gpaces ) the next line with respect to the
former one. For a rectargular cell type in 00. For an askew cell type 1In O, 02

or mere. (The 20" carrisge can be very usefwl in this respect. Ey changing a Tew

orogran orders it is possible to shift a line every obher line or even less. )

The last two messazes. Used as one digit answers ars: <1 (=) up Lo T9

(=alphammericsl 9). There are tlus 39 different anewers possible. The charactere
50 and 60 are always printsd as a space (blank).

Tf the anewers go up to +999%, and down to ~9999, one has o type in for the
high limit (=E): 05599 end for the low limit (=1.): 9959, It is then necessary
crh briﬁg 211 snawers in between ~993%9 and +9399 into the range Trom 1 +to 79,
which is of couree possible by using a proper scals and basc factor (both of waieh
are calculated by the program). In thie case an answer P 1s brought into thie

range in the progran by means of:

P-L o PeleogGg)
£ ¢ 39+ 8= "55588 39 + k1 ITT,3

and sc is any answer Yu99 = F = -9999,
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If the highest amswer is 1002 instead of 2999, and the lowest -100C instesd of
-09%0, only & smell part of the pnasible range should be used In fect canly from
-2, when H was put to 9999 apd L puk to ~5999. In this way all és=teil in the
Fourier mighl get lost.

I+ ‘@ therefors made possible to type Zn any high and low LImlt {with no mure
thar 4 digits). Tt is not necessary Lhal all the answers Tall within the limits.
If an anawer ic cubteide the limits, the program will insert and type a blank.

. The 1i:ze of Program Switch 3.
1. Whan P.8. 2 i off.

Tha- is in the alphsavmerical cutput. In the direct alphanumerical ploiiing
of & Fourier it is sometimes clarifying to show oaly Lhwe peaks and to suppress
the prinbing o the base level of a Fourler. This car be achieved by setiing
P.5. 2 on when P.§5. 2 1s off. The result of tais setting is that the printing of
211 characters below &0 (& up Lo R) 15 suppressed and a blank {gpace) is printed
instead. In other worde all answers below [Eigj: will not ke printed.

e

By proper use of H, L and P.5. 3 one has 8 great variety of alphanumsrical
outtuba.

When P.S. 3 i= on, the character TC is printed ag a zero. When P.5. 3 is of'f
i+ ig transeribed £5 & space (2s are 50 and €C).

These spaces (53,60,70) might possibly be used as contour lines, although we
hesne na% nad mueh success with this as yeu.

ii. When F.5. 2 1s on.

Thet iz in the mumeric cutput. When one does & projectlon it is somecimes
guite impossible to guess what Lhe upper and lower limits are. Of course one
might 4o the projection rirst numerically, then rcload tae progran and recalculste
the projection alphanumerically. It 18 however possible to repeat only the third

aummation, without relcading the program.
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Whnen program switch 2 and 3 are both set on, Lhe computer will stop after the

pumerical putpuat ie finished and tType oul the message!
"Set P.8. 2,%. Type alnkaspscs,”

One has then to sel P.5. 2 Lo off {For alphsnumerical output) and F.8. 3 to
choice (sze Section ITL &, T, Bi) ond has to tyge in three 2-digit, cne 5-dlglt,
and one Y4-digit mobers (with flagz over thke leli-moet digits of eack number ),
which are respectively; horizontal spece, wvertieal cpace, shilt space, high 1imit
(2), and low limit (L). Bee Section TTIT 4,7. The last two velues 5 and L are
known at this mowent. Press Release and “hen 8tart and the coopuler will proceed
by plotting thie projection agein, oub now in the deslred alphanumerical Formet .

Waen it was nob a projectioa but a section the program switches might have
to be reset before proceeding wilth the nexl seclblon, but not necessarlily.

0. Recapitulatisn of the use of progrem switehes 2 and 3.
s AR 90 TR i g SRR S~ T o
Al phanumerical cutput with 38 characters (A-97,
R b R 'y e S T AR B

Alphanumerical output. Characlers /=% are printzd ard Lhe characters A-R
are transcribed o6 cpaces.

195 BBe 2 oms P& 308,

First numerical cutput followsl by an alphanumerical cutput (after resetting
the Efﬁ“i.t-:hes} of the same projection or sectlon.

iws Eanes S0y Padde: 3 8L,
umericsl oubpul.
10. Mesgsage
"Type number of groups”

This message requests the typing in of the total number of "groupes <kf=".

The mesning of the term "group <k!>" was explained in Section L.
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TF one erronecusly types in this number too small, 1t will result 1n errol

sype out; ER I, which means th=st the mssigned srea for the Iirst summstlon is Lo

amall and overflowe. The progran has Lo be reloaded In this case, Typing in the

e

qumber too larese doce not have immediate repercussions. It can only result 1In 8n

urnecassa~y ER 2 Type oul (momentary overlap of Znd summation amplitndes and aneEwers;

L]

ee Section

1), berauee the area assignsd by the program to the first summation

answers ip larger than necessary.

For a projection the mumber of "groupss" is the total number cf ‘data.

11, Message
"oentrosymm = 1, noncentrogymn = i
Esgentially all space-groups are dealt willl as either
T Lhe fivst summation only the terms A-D are used when The SpPAce-group 1s
centrosymmstric (typa in 1), while all terms A-H are used wnen the space-groap ig
noncentrosymmetric (type In 0). (Bee also Dections I and L
More time is won in the progrem during the first summation by skivping each
term, which 18 zero.
A loss in time might oceur in the 2nd surmation for certain gpace groups, but
thers ie no loss in compubing time in the Shird summtion by taklng this approach.
12. Mesesage
"Toed specification tape”
11 the specificsiions of the summatlone so far described can be pubt on a

tape with an off-line typewrller and loaded instesd of teirg typed, by setting

r.8. 4 on.

he Firet record on this spec’fication tape should be & E-~digit identification

(followed by & record mark).
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The next record should he a guccession of the Tollowirg specilicatlons:

1t sum min 3 digitse
lst sum max 7 s
2nd sum min g
2nd sum max At
Jrd sur min e
5Iﬂ S mes 3 T
"at sum della o on
9nd =um delta o
3rd sum delta ry.
1sl sum shift g
ond sum shift =
3rd sum shift &
horiz. spacing B
vert. spacing ey
ghlst apacing iy
high 1imit i A
low limit [
e

numper of groups
centro/nomeentro 1 digit
record mark & ol
(A1l tus the last two with flage on the left-moat Aigit)
13. Meszsage
"Mcod™

This is typed out when the caleculstilon is finisked.

1L, Messages



el
These messages indicste errores. Ib will always be necessary to raload the
program. Bach of them indicate a mistake in planning the calewlaticn, which has to
he corrected.
Er 1: The mmber of "groups <k#=" is typed in too ems’l (gee Beection IIT 4, 14},
Er 2: Momentary overlap of first &nd second sipmmaticns answers (see Section IIL d,
10 and Section IL).
Er 3: Overflow in the lst summction {see Bection III 4, bk
15. Tah stops and margin settings.
1. Mmerieal type out.
With 16 answers on o row the margins should be 86 positions apert.

H

There should always be tab stops at the Eﬂh end 42nd position from the lefl

margin.
1. Alpagnumerical type out.

The margin will depend orn the shape of the grid whicn is chosen,

here should be a tab stop at the 42nd and 5th position (the last may be changed )
from the left margin.

16. More details of the progrem can be cbiained from the flow shoetn and

program listing. The subhor would appreciate notifiecation of program errors.
T wovld like to thank Miss Evelyn Wydro for preparing the program tape and typing

this menuscript.



IV. Example

A part of a Fourier projection (001) of the comoound f-prnidopurine will be
calculated.

fae spacegrcup was telken as P nam. The ac-ual spacegroup iz F nady, but Lhis
does not change the aovearance of the projecticn alcng Lhe ¢-axis, which we want
to calzulate.

In the TInternational Tables, Vol. I, the Tormalas Tor the space group I' nma
are given. In the expression for the electron density therefore the b- and the c-
axis should be interchanged, giving on a arbitrary scale (lesving out the parts

for 4 is odd).

L)
o{xya) =T F(hki) cos 2m hx cos 2n ky cos 2m £Z
h,k
h + Xk eyen, I even
=
-9  wihki)] ein 2 hx sin 2 ky cos 2 Az
hkE

h + k add, £ even (IV,1)
This weaps that for b - k even, I'(hki) is equel So the term (A) aad for h + k odd,
F(hke) 18 equal to the term B (see formuls I,2: cos cos cos — A, sin sin cos - B
In the output we would like a8 horizontel coordinate x and as wvertiecal
coordinate y. Thie impliee & gorting crder ckhk. According to Table II, A, the

deta should therefore be punched as Tollows:

| il E
00 % ¥x ook 00000 00000 xxxxx 7F, &8 1s shown 1p The print out of

the daza tape.
Two examples follow. P.2. & should be off in both.

o. We want to caleulmte the projection from y = 0.28 up till y = 0.47, with
in—ervals of .01 end from z = 0.00 up till = = C.30 wilh Intervals of JOE.

e Lhird sum shift order is taken as 05 which is not necessary wilh respect

to overflow, but convenient.



D0

We want an elphanumeriezl owtput thus P.E. 2 is off. Horizoaotally we went one
extra space betwsen the answers and verticelly nco exbra space In crder To obtalin the
approximate dimensions of the grdl Coa o= 11 TE B® and b o= 17.06 E'LG:'. The shift
apacing chould be zere because it is an orthorhombie space group and the axes are
perpendicu ar,

From s previcas caleulation of this projectien wo Inmeow that the answers sre
roughly in betwsen -200 and +800. We want only the peeks and not the oase level
this P.S. 3 is on, If we now showld put H egual Lo CO800 and L egual to CE:UE-,
we show'd only print Zor snswers with a mmerical value shave +300 (see Section
IIT d, &), and skould suppress the printing of guite a large, and possibly important,
part of the peak. This can be evaded however by making L lower then -200, for
ingtance: -550. Doing so all answers with s numerical wvalue above +125 are trare-
lated into an alphanumerical cheracter and printed, thus plolting a larger part
of the pesk.

The number of groups ie 0164 and this can be checked in the print out of the
data tape as being the number of data of the projectiocn.

The messages and resulie of “hils first exemple arc shown in Tlgure IV, A.

t. The second exemple is & numerie print out (P.8. 2 on) of the same part
of the vrojection. The only difference 1s that now Lhe Interval elong the y-sxis
is taken B .02 ipstesd »f .0l. The value p (explained in Bection TTT 4, 3) would
then beceme a non-intsger however. This can be corrected by typing in an even
instesd of an odd value Ffor y mex., for inetance 0.46. We want only the numeric
print gut and F.5. 3 should therefore b2 off.

The messages end results of the second exemple are given in figure IV, B.



00000005 DG
ST PROGRAM SWITOHES
WHEH SPECE ARE TYPED SET SWh OFF FROM TAPE SWh ON

TYPE JDEHT OF SPECS TAPE MW ﬁﬁﬂt{ﬂ} LECoeg
TYPE 157 SuM MIN. (3 Q00
TYPE 157 SUM MAX.(3 goo
TYBE ZMD SUM MIN. (3 gz8
TYPE 2MB SUM HAH.{&Q oky
TYPE 3RD SUK MiN,. {(3) 0o
TYPE 3RD SUM MAX.(3) 020
TYPE 157 SUM DELTA(Z) {0
TYPE ZND S.M DELTALZ) 01
TYPE 3RD UM DELTA(Z) 02
TYPE 15T SUM SHIFT(R) ok
TYPE 2RD SUM SHIFT(2) Oy
TYPE 3RD SiM SHIFT(Z) 05
[YPE HOR1Z.SPACING(2S a1
TYPE VERT. SPACING{2) ao
TYPE SHIFT SPACINGL{Z) 00
TYPE HIGH LiMIT OF PEAKSI{S) a0800
TYPE LOW LiMIT OF FEﬂﬁsgh} usgll
TYPE NUMBER OF GROUPS(A 015k
CENTROSYM=1_ HONCENTROSYM=O (13} b

MAKE LEADER,.SPECS TAPE IS PUNCHED DUT
OAD DATA TAPE

H3001865555000522

XMINSe 00 XMAXI=0_ 30 DELTAS=_ 02

section 000

HORIZ, INDEXS
{igg . 2 g ¥
29 Eram RISy iR
330 I35 Y S Z 1Y
EEE - ? A8 A 5 Z U
. = w S |
Egi T )5
5%5 W3
g}& 3 B SO3 Yy
7 T 20 4 T2H 2
38 g2 4 X € 3 2 W
Eig 1.3 %/ Lo sy oy
FHYVT Y L
Ods 1 $J T03 2%
g2 T Y80 %
Bi3 J Y I W
Gl T 4 /
Ohe
kg
Oy
MO0 |

EXAMPLE LY , A



PELO0 00000
2000000300
SET PROGRAM SWITGHES
WHEN SFECS BRE TYPED SET : :
IYPE IDENT OF SPECS TAPE Hiw MADE (&)
TYPE 187 SuM MIN.{3)
TYPE 157 SUM MA
TYPE WD SUM ﬁ:ﬂﬂi
TYPE 2ND 5UM MAX,
TYPE ZRD
TYPE 3RD SUM
TYPE 187 3UM DELTA
TYPE ZND 50UM DELTA
TYPE 3RD !
TYPE 157
TYPE 2HD 5.M SHIFTY
T¥YPE ARD ERIFTEZ]
TYPE NUMBER OF GROUPS(A)
CEHTROSYMe=1 NOWCENTROSYM=O (1}
MAKE LEADER.SPECS TAPE 1S PUNCHEDR QU
TYPE {d MUMBER OF ANSWERS ON A ROW(3)
QUTPUT.TYPE ONLY=1,.TAPE AND TYPE=sO (1)
CAD DATE TAPE
43001555556000522 i
¥MiNE=_ 00 ¥MAXE=0_30 DELTASw 0F

e
5
=
[
=y
S Aprlan Yas

!\-\-1 F"-" H M M"‘:“u.l—‘ﬂ-\_“h'

e g g U Vs

secyion 00O

Sk OFF FROM TAPE SWh ON

£H5556
Qah
000
028
Ci 6
GO0
530
Bt
G2
G2z
Oy
O
o5
(LERT N
i

211

i

HOR1Z. |NDEX3

Bz - 33 &) g5 236 281 12 g
172 1 ?E 125 184 16
B30 3 z?g £g alz 12 138
29 o a2 1 Lo SR
22 67 9B 439 51 33E 108
HETA e ZE % § 1% Eﬁh 29
o DR
? h%a 592 398 107 6% le
038 35 282 555 610 373 11 29
471 560 350 BY 6Y 112
Gip 7 143 334 398 2B 217 307
e 7 ! 28 109 13
Dk 92 - % 2 16 60 233 &5t
| 9 33 1 12
Ok 138 13/ 10 7 3 62 213
Bhé : 12 :uﬂ {3g :? }?E 7E
i 2
1% 140 167 180 1173 i3
MO0 ¢

EXAMPLE 1V

(v

95
195
73

51
22
372
638
267

283
L5k
205

]
¥

39
23
27%
L6E
160
78

309
525
256

<0
194
192
156
186

1

107

i72
318
133

86
L33
k71
P16

ot

&5
125
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. THREE DIMENEIONAL FOURIER SUMMATION PROGRAM

e
ponre 5ko GosS40

STARTZ RETY G550 gh 00000 00102
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IST SUM SHIFT(2
2ND. SUM SHIFT(2
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SHIFT SPACING(Z
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HEN SPECS ARE TYPED SET Swh DFF.FEE?ﬁEhFE Swh ONg
)%

13377 0002&X2 LOAD SPECIFICAT!ION TAP
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