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ABSTRACT

An I.B.M. 1620 prosranme is described which calculates the 
Bragg angles for cubic, hexagonal,and tetragonal crystal systems 
for use with powder X-ray diffraction techniques. Allowance is 
made for absent reflections in the case of face - and body - centred 
cubic and close-packed hexagonal materials.
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GENERAL CONSIDERATIONS1 .

so that there

and9

Although
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h, k,

which shows a flow diagram for the computation of all possible 
reflections for a faco-ccntred cubic lattice. Similar logic and 
arrangement are used for other cases.

in terns of machine tine
k only for 1 even 

has been included to deal with close packed hexagonal structures 
since these arise frequently in work done by the Materials 
Physics Section.

The logic used ir. this programne is illustrated in Figure 1

The existence of tabulated date giving the Bragg angles for 
various wavelengths allows much time to be saved in extensive 
rowder X-ray diffraction investigations on a p rticular material. 
For example, it allows rapid selection of wavelength to give opti
mum line positions, rapid Indexing of patterns and rapid setting, 
of a diffractometer when only a few lines are to be scanned. All 
that is required for the calculations are values of the lattice 
parameters, which may be more or less accurate depending on the 
application of the resulting data. However, such calculations 
are too tedious and time-consuming except where computer facilities 
are available.

Most powder investigations '.re restricted to unit cells having

made for the primitive cell.
been arranged to ".How the selection of the conditions;

and 1 either all odd or all even
h + k * 1 even,

for the face - and body - centred structures respectively, 
less important in terns of machine time, the condition:

h =

most pewaor investigations re restricted to unit cens navmg 
pot more than two paraneters (cubic, hexagonal, and tetragonal) 
and the programme described has been limit’d. to these cases. If 
necessary it could be extended to deal witn r»ore complex crystal 
systems.

The progr'”Tie calculates t c Br"gg angles-of all reflecting 
jlanes of the form (h, k, 1) once only up to the Bragg cut-off. 
In the simple cubic systcr, this conditior may be expressed

h B k > 1 for sint* iSr 1 ,

and for the simple hexagonal and tetragonal systems as:
h 2 k for sin -0^1.
Further restrictions arise in the case of lattices exhibiting 

characteristic absences. In general, th. computation can be carried 
through fbr the simple lattice, and the absent reflection deleted 
subsequently by the user. However, two special cases, the face - 
and body - centred cubic structures, warrant further attention. 
In these cases, the number of possible reflections is substantially 
less than for a simple cubic structure of the same p'rameter (ap
proximately one third for the face-centred cubic), "so that there 
is ccns.dernblc wastage of machine time if the calculation is

For this reason the programme has
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2. PROGRAZIME DETAILS

and 2

(•) Crystal System Index

tetragonal1 2 hexagonal; 3

(b) Characteristic Absences Index

Reflections only when:
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h * k 
all h,

ive the output as 
fter the values for

* 1 even 
k, 1.

The progrnmffiv is written in Fortran I with Format and is 
ist.d in Appendix 1. Reference to this will show that tnc first 

data input contains, in sequence, the number of wavelengths to be 
computed, the crystal system index, tic characteristic 
index and the "a" and "c" parameters, 
are 
respectively.

bscnces 
"a" and "c" paramettrs. The first three of these 

ir fixed point and hive been allotted fields of 3. 
The coding for the indices is as follows:

* Cubic;

* The Bragg angles for each wavelength are computed in a "DO" 
loop and at the start of each loop the corresponding wavelength 
is printed and punched. Fixed point arithmetic is used to decide 
between odd and even values where characteristic absences are 
involved. The output consists of the Brag- angles (in degrees cf 
40 terminated nt 3 decimal places together with the corresponding 
Miller indices, arranged in columns and headed, respectively, 
H, K, L, THETA, Sense switch 1 is used to g* 
punched (offl or printed and punched (on). A 
all the input wavelengths have been computed, the instruction 
"FINISH LOAD NEXT DATA” is printed on the typewriter. Further 
calculations can then be initiated by placing the corresponding 
data cards in the reader hopper and pressing "Reader Start".

An average value of the speed of computation for this 
programme using the I.S.M. 1620 computer with punched output is 
about 25 reflections per minute.

allotted a field of 9 with 5 places of decimals, 
e^bic crystals.
ptrametcr. After rending, 
ftjr reference, 
separate cards, 
For example, 
centred cubic structure 
radiation. '

1 
3 «

h, k, 1 all odd or ell even;
(h=k) only for 1 even;

The parameters arc in floating point and have each been
In tho case of 

any value (or blanks) may be used for the "c" 
j, the parameters arc printed and punched 

The various wavelengths are then road in on 
each having n field of 8 with 5 decimal places, 

consider the calculation of reflections from a body 
c structure, "a" *■ 2.652, for copper K ac , and K/ 
The data would be as follows, where "b" is used to 

indicate blanks:

, 2,



APPKWIX 1
PROGRAJOtt U8TIMG

9

13

Z
2u

z

L.
L.

Z8
29

8

2
3

2tt.2d.29 
11 . 11.21 
19.19.21

lb

SW1T CH 1)18.7 • 
lwU9. J. A• L. THETAll) 
l^w>. U. A. L. THETAIIJ

DIHtHbiUh WAVl 9 m ) .SM I 9U > • TtttT Al 90 ) 
1 HEAP IUmO.N.NS.NCA.A.C 

PRINT luUl.A.C 
PUNCH lUUl.A.C 
DO 2/ 1«1 .N 
ktAD iv-Z.WAV(l) 
PR I NT 1UO3*WAV( I > 
PUNCH 1 w u 3 .WAV( I > 
IFlScNSE SWITCH l)9.b 

9 PRINT 1UU6 
6 PUNCH luufe 

J« 1 
K«M 

GO rul3•8•¥.11).NCA 
JA • J-A 
AL • A—L

. JA2 « JAZ2 
ALZ * ALZZ 
IF IJA-2»JAZ) 
IF <AL-2»AL2) 
IF<AL-Z»ALZ> 
JS»J*A*L 
JSZ«USZ2 
IF <JG-Z*JSZ >19.11.19 
1FIJ-CI11.1L.11 

1U L2-L/2
IF<L“Z*L2>19 • 11•19 

11 GO Tul 12•13•IN) .NS 
1Z XJKL«U»J>*(fc«K>*(L*l)

SNl 1 )-WAVI 1 l«SQKT(XJKL)/(2.«A) 
GO TU 16 
rjA»lJ«J)*(JWA)♦<A*A) 
XJA«*.Z3.*YJA 
GO TV IS 

1A XJA«(J»J)*(A«K) 
19 XL»L“L

SNl I > «»AV< 1 )Z2.aSGKT( <XUAZ(A*A) I♦<XLZ<C»C) ) ) 
1FISNI 1>-l.I 17.17.Zu
IMt TAI I I-S 7.Z9S7««ATAN(SWkT ( I SHt I )•SNt I ) IZ t1•-(SNt 1 )*Sh{!>>>>> 
IF I SENSE

18 PRINT 
Z PUNCH

19 J*J*1 
GO <U
IF(A*1-J)Z1.Z2.22

21 A*K*1 

GO Tw
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MO TU(23.25.25).NS 
23 IF T L-A >2<»«2 7*27 
2* L«L*i

K«L
J«K
UO TO 2

J»0
GO IO 2 

27 CONT1NUt
PRINT lu(A 
GO TO 1 

10OO FORMAT 
1UU1 FORMAT
1002 FORMAT
1003 FORMAT 
1OUA FORMAT 
1005 FORMAT 
Imvb FORMAT

ENO

<13.12*I2.F9.5.F9.5)
«< 11H^PARAM€T£R^.5X F9.5.5X F9.5)

Tilrt NAvELENGrn»>x Fd.5>
<7H FIN1SH.5X 15h LOAD NEXT DATA)
<I3.2X 13*2X 13.14.x F7.J)
(xM H.2X 3H K*2X 3H L»15x 5HTMETA)
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