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This memorandum describes a Fortran program fo r  calculating the 

absorption correction t o  be applied t o  single crystal  x-ray or  neutron 

diffract ion intensi ty  measurements. 

the program which is  available from the authors i n  the form of symbolic 

punched cards. 

Lnstructions are included for  using 
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INTRODUCTION 

The derivation of structure factors from integrated intensi ty  

measurements i n  X-ray or neutron diffract ion usually requires a correction 

f o r  absorption of radiation i n  t h e  specimen, 

correction, expressed as the r a t i o  of in%egrated in%ensitY Yielded by 

an absorbing specimen t o  t h a t  ydelaed by an hypothetical nOn-absQfbiW3 

specimen of equal volume, are available fo r  cylindrical  ( ~ r a d ~ e ~ ,  1935) 

and spherical (Evans and Ekstein, 1952) sample shapes For accurate 

measurement of structure fczctzors, t h e  spechen is often redU@& tQ one 

of these simple forms. 

Tabulated Values Qf t h i s  

However, for  a number of reasons, it freqmntly proves t o  be 

undesirable o r  d i f f i c u l t  t o  shape a sample. 

available crystals  may not permit cutting a sphere 0;: cylinder large 

enough t o  give sat isfactory intensi t ies .  

anisotropic resistance t o  grinding, o r  ease of cleavage or frrackure may 

make shaping d i f f i cu l t .  

i n  only one orientation; while a spherical spechen obvh%es %his 

difficulty,  it may not permit optimm use of a beam @-th a long narrow 

cross section such as is  usual i n  neutron diffract ion speetrsmeters. 

The size and shape of 

Physical properties such as 

F’ulothemoreg n cy3_in&ical specimen may be used. 

Several methods of correcting f o r  absorption in  samples of other 

shapes have been r e p r t e d  by Rendershot ( 1937) Albrecht ( 1939) 3 Howells 

( 1950 1 a d  Evans (1952) , but all of them appear t o  be rather laborious e 

The ava i lab i l i ty  of high-speed computers now makes possible t h e  rapid 

calculation of t h e  absorptioii correetion factor  f o r  each ref lect ion from 

a crys ta l  Qf essent ia l ly  arbi t rary shape. 

i s  similar t o  one prepared fo r  t h e  8& R i d g e  computer, the Oracle 

(Busing and Levy, 1956). 

. 

The program $0 be describe6 

a 
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(1) a x + b y + c n - d  20, 8 = 1, 2, 0 0 . 9  n, s 9 8 e 

wi th  coefficients yz s p  bs, csB dE; chose3 86 %lip;% the inequalities are  a l l  

s a t i s f i ed  only i f  the point x, ys z lfas insiaz o r  on the surface of the 

crystal .  

angles between boundil?g pXme~, a condition which is  assumed for t h i s  

treatment. 

t o  describe the angles which giire the directions o f  the primary and 

diffmc%ed beam. 

ANGm . 

T h i s  is a sa%iee"acJ;ory descriBtion i f  there are no re-entrwt  

Cartesian coordb-ate axes for t h i s  description are those used 

Twc cszTYgmrstions are discussed under %he subroutine 

Xr, %hi& progran t h e  intagral. is  es-alutz.ted nmerfcally using the method of 

Gauss (see, fo r  example, Margerxm and Murphy, 19kij8 p. b62) which will be 

where 



. 

f 

is  evaluated, while the R i t s  - are the re la t ive  weights of the terms in  

the sum. 

For t r i p l e  integration, the approximation becomes 

m m m  

where 

- = a+(b-a)ui, 

Tests of the method for conditions typical  of neutron diffract ion stutlies 

indicate that; arr m of 8 i s  satisfactory.  The problem of determining A 

then reduces t o  finding $be limits of integration, a, b, c(xi), d(xi)' 

e(xi3y.), J and f(xi9yi) ana evaluating g (x , , y , ,~ )  = (l/v>exr, [-dra+rp) 1. 
In order to f ind a and b, the lower and upper limits on x, the 

routine firs% takes a l l  possible combinations of three 0% t he  n planes 

which bound the crystal and solves for the coordinates of t h e i r  in te r -  

sections. Because there are no re-entrant angles between the faces, those 

intersections which are not comers of the c rys ta l  must l i e  outside of it. 

These are distinguished from the corners by reject ing points which f a i l  t o  

s a t i s fy  my one of the inequalit ies (1). 

in the remaining s e t  are then taken as a and b, respectively. 

The smallest and largest x values 

For 8 given value of x the limits on y are found in  a similar way i' 

by solving the equations of all. possible pairs  of faces, subject t o  the 

8 
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b 

. 

and the smallest and largest  y values remaining are taken as c(xi) and 

d(xi), respectively. 

fo r  given values of x and yJ. 

The limits on z are  determined i n  an analogous way 

i 
For a point xi$ y %, the function exy, [-p(r +r ) ]  is evaluated 3 a B  

as follows, The distance from t h i s  point t o  the intersection of the 

primary beam w i t h  a face s of t h e  c rys ta l  ( o r  i ts  extension) specified 

by one of the inequalit ies (1) is given by 

where the y0lts are  t h e  direction cosines of a vector pa ra l l e l  t o  t h e  

primary beam and directed toward its source. Th i s  quantity i s  posit ive 

i f  the intersection l i e s  toward the source of t h e  primary beam frm 

(Xi,yJ,%) and negative if it l i e s  away from the source, The desired 

path length, ra, is t h e  smallest posit ive quantity of the set ras. 

Similarly, the path length r is the m a l l e s t  posit ive quantity in  the B 
s e t  

where the y *s are  t h e  direction cosines of the diffracted beam, 

exponential is then eva1.uated i n  a straightforward way. 

The B 

OUTLINE OF PRO@= 

It is  usually necessary t o  deternine t h e  values of A for many 

reflections from a given crystal ,  a d ,  sametimes, for several values 

of p. The program avoids much r q e t i t i o n  by calculating only once the 

limiQs of integration a, b, c, d, e, and f and, the points of integration 

xi’ yiJ zi. 

(7) and the m3 m i g h t s  of h t eg ra t ion  

These determine t h e  nm3 numerators of Equations (6) and 
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= (b-a)(d-c)(f-e)R R % , 

Ri jk i j  
which are saved i n  a block of core, or on magnetic tape, i f  necessary. 

In the second. part of the program the numerators are used t o  determine 

A fo r  each reflection. 

The amount of core available for data storage is determined by 

a subroutine (which must be the last one loaded) which determines the 

length of the code, s ize  of machine, and amount of upper core unavaila- 

ble ,  The s ize  of the numerator block is then computed as t h e  l a rges t  

factor of m.' possible, considering the number of faces, number of points 

of integration, and number of IJ.. In some cases, a11 numbers can be 

stored i n  f a s t  storage, and no magnetic tape i s  used. 

The madority of t h e  input i s  read by two subroutines, one of which 

describes the shape of the c rys ta l  (FACE) and the other of which describes 

the angles of the reflection (ANGL?3), Thus the user may describe h i s  

c rys ta l  and reflections in  any convenient manner and supply a sabroutine 

which W i l l  convert h i s  input into the desired data. 

The calculations begin wi th  the determination of the limits a and b 

as described ear l ie r ,  and the values of xi are  then found from ( 3 ) ,  using 

the tabulated u t s .  For each x.  the limits c and d are then calculated 

and the values of y Finally, for each canbination xi, 

y the limits e and f are determined and the values % taken from ( 5 ) .  

Given the coordinates xi, 

be calculated and stored, together wi th  the w i g h t  which i s  determined 

1 

found from (4) .  J 

J 
and % the n numerators of (6) and (7)  may ys 

using the tabulated values of R. The c rys ta l  volume, which is  sinply 

the sum of all the weights, is also determined in  t h i s  par t  of the code. 

I n  the second par t  sf the program remaining storage is  used for 

4 

ref lect ion data fo r  several reflections.  By performing the calculation . 
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Calculate c .  In i t ia  I ize : - > Allocate 
Rewind tapes. 
Determine size 

U N C L A S S I F I E D  
O R N L - L R - D W G .  54735 

Determine corners 

Report corners if 
of crysta I. 

i f  desired. 
of core. 

c 

available storage. 

For one reflection 
calculate denomi- 
nators of ras and 
fas for a l l  s. 

Determine 
i 

J 
ra and 2. - 

For each p ;  
accumulate 

6 Beginning of Part I 

Beginning of Part IC 

ref lect ions 
in  NANGLI. 

0 + NANGLI 

I \ I 1 0 4 A ;  I . .  1 

Sample clock. 
Report t imes 

and volume. 

ABSORPTION CALC U L A T  ION 
FLOW OF PROGRAM 

End of , 

L J 

Read numerators 
of ras yf#S from 
taDe if necessarv. 

Calculate volume 

Report absorption Rewind tape 
i f  used, 

for more 
reflections. 

Calculate l imi ts  

Calculate l imits 

Calculate l imi ts  
E, F, F-E. i . 

Calculate points 
of in tegrat ion 
and numerators. 
of ras  and r b S .  

on tape if 
necessary. 

Write numerators 

Write EOFon 

Sample clock. 
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fo r  several reflections at  a time, mwnetic tape handling is  minimized. 

As each block of numerators is read from magnetic tape, the 2n denomi- 

nators of (6) and (7) are calculated. 

determined, and appropriate contribution added t o  the sums for  each 

reflection i n  core. 

The distances ra and r are B 

An on-line clock helps the user t o  estimate the time required for  

each run. The clock is sampled a t  the  beginning of the program, a t  the 

end of the first part, and a t  the end of the problem. The l a s t  page of 

output for  any crys ta l  is  a log giving the c rys ta l  identifieation, date, 

n, m, number of blocks of magnetic tape used, the nwaber of values of 

CL, %he number of reflections,  and the time required fo r  the two parts  

of the program. 

for  checking purposes. 

The volume of the c rys ta l  is  also reported at  t h i s  time 

Several checks are  made during the calculationsl Should the 

program fa i l  a check, a notation is made on the output as t o  the nature 

of t h e  error  and the extent o f  the calculation before the run is  termi- 

nated. 

PREPARATION OF THE PROGRAM DECK 

There are many features of t h i s  program which depend e i ther  on the 

arrangement of the diffract ion equipment rased o r  on t h e  requirements of 

the computing ins ta l la t ion .  

most cases minor modifications will have t o  be made before the program 

can be used. 

of symbolic cards, although columr-binary cards are  a l so  available on 

request 

For this reason it is expected t h a t  i n  

The program is therefore being tra.nsmi%ted in the form 

The following is  a l i s t  of the subprograms which should Se included 

i n  t h e  assembled program deck. Several of them are  discussed i n  more 

. 



detail  i n  t h e  next section. 

Subprograrr, Idmtifica'tiion of 
S-ymboiic Car& 

1. Fortran I1 BSS loader 

3 .  Fortran I1 library 
subroutines 

4. GAUS~L G 337-384 

7. EPsEi ' E l  408-413 

8.  CL&K 

9. mGm 

10. FACE EL 592-630 

11. SIZE s 631-659 

Subroutlnes ERRdR an& EXIT 

Remarks 

Not punched auto- 
matfcally on compiling 

Alternative versions 

Alternative versions 

Must be last  subprogram 

These constants are read 
by the  program as data 
C a r d s .  

T!ne Oak R M g e  f r s t a l h t i c m  recpires t h a t  a m be terminated i n  one 

The Fortran input routine has been modEified t o  recognize ef three ways, 

an end of flle on the iqxt tape as t h e  normal end of t h e  run. An entrance 
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into EXIT subroutine terminates the problem i n  a sbnilar fashion. 

entrance in to  E%IR#R implies t ha t  an oc ta l  dump of core is  desired. 

Ars 

The 

user must supply EXIT and E R R ~ R  routines F ~ ~ F C ~ I  conform to locad 1 stmaam. 

Subroutine SIZE 

This  subrouthe d.etem+nes the nwnber ~f ce l l s  available i n  core 

for  storage of data. 

The routine labelled S i n  columns 77-78 should be usable on a. 

I B M  704, 709, or 7090 of my size ,  

amount of upper core not available t o  %he program (205 fo r  Oak hiidge) e 

The routine uses the Tact t h a t  it is the l a s t  subprogram l ~ d e d  t i3  

de.8;emine She length of the code and the par t  of lower core not avaF1abBe 

t o  the program. 

I n  t h e  decrement of SIT33 + 5 is t h e  

If a 6ew routine is  written it must use t h e  calPing sequence 

c m  SIZE (NS) 

t h e  length of the array DATA. 

Subrou+,ina CL&K 

The routine CL@K is entered three times for  each crystal t o  prsvicle 

the user with the date of t h e  ran %tad the time required for  Pwts 9 and I1 

of the program. 

l3m subroutines we provide?d. CL&K wi th  the identifieatism CP i n  

columns 77-78 is a d m y  which places blanks in DATE and gives zero for  

the time I n  T. It may be used when no on l i n e  clock is available. 
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The second. routine, identified by C 2  i n  colwas 77-78, reads a 

Chrono-log d i g i t a l  clock model 2704-1, which has been connected t o  the 716 

on-him pr in te r  ccntrol panel according t o  drawing 2704-9 which i s  

furnishes wi th  t h e  clock by t h e  Chrono-log Corporation of Philadelphia 31, 

Pennsylvania, 

run from %he load switching c i r cu i t  (clock cable wire 50)  through a f i l t e r  

in to  t h e  sense entry hub. 

pr in te r  sense exit six.. 

In addition %Q %ha wiring shown on the &awing, a wire is 

The read out of t h e  clock is under control of 

The daSe of t h e  pun i s  given ic BCD i n  DATE i n  

the form mmddyy, mm being t h e  month, dd9 the day, and yyr the year, The 

time of the m i n  lOus of seconds is placed i n  t h e  decrement of I T .  

The call ing sequence is CALL CL&K ( I T 3  DATE) Tbz routine, i n  general, 

m w t  place 6 BCD chararsters i n  DATE and 

The main program will report elapsed % b e  8s IT-ITp (ITx c2,tained 

integer i n  &ha decrement of I T ,  

m 

e a r l i e r  entry) 

Subrout i r e  EPSR 

Whe2 determining t h e  corzers c-f the zrystsl, it is necessary, because 

of rounding errors9 t o  accept a point EX on the c rys ta l  surface; i f  

a ~ + b y + ~ ~ ~ - d  s S 8 + E 4 0  

for some s m a l l  E > 0, If t h e  program is not giving r ,~rrec% results,  it 

is possible tha t  aq examination of the corners of the crys6,al t h a t  were 

found muld in&fca%e t h a t  a adjustment of t $e  tolerance E i s  required. 

The main progrm reads an input parameter EPS. The subroxtine EPSR 

must calcul&te EPSl which is  t o  be used as E i n  t h e  above inequality. 

subprogram ident i f ied by El i n  columns 77-78 simply sets EPSb equal to EPS. 

Subrotatine FALX 

The 

This 6ubrmti.Gt: pwvides the pmgrm w%th .$"&e 4n coefPicients as> 

bs, cs,  and ds defined i n  Equation (3.3. The sziloroutke inclxdes 
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the reading of input, the o&cmla;"tian of coefficients, and the reporbing 

of input or coefficients, i f  desired. 

The subroutine identified by F1 i n  columns 77-78 re& the following 

input cards v ia  tape 18: 

CWd 1: Columns 1-5: N, the number of faces of the crystal ,  N 108 

6 -18 N#P, A number other than zero -lies t ha t  the 

input is t o  be reported. 

as 

bS 

3L40 dS 

CWds 2, . . a )  N + 1: Columns 1-10 

11-20 

21-30 
As defined i n  Ecp~ation 

c 
S 

The coefficients as$ bs, cSt ds must be given with references t o  a 

coordinate system which is consistent w i t h  the angle description (see 

below). 

a l i s t  of the coefficients a, b9 c, and d are repo?Aed on tape 9. 

If l@P is  not zero, the t i t l e  card read in the ma3n program and 

To write a different  subroutine FACE, the following conventions 

should be observed:, 

The subroutine is enterea with the statement CALL FACE (DENT, 

N, DATA, KdF, DATE). 

The subroutine should include the reading and reporting of %a1 

data needed %o define t h e  c rys ta l  faces. Butput on tape K may 

be headed with the t i t l e  and date of run by using the statanent 

CALL H)$UT (IDENT, DATE, K)  

The number of faces is stored by the subroutine &s an integer 

i n  the decrement sf N, 

The 2d.n coefficients are store& i n  DATA (IKfiF) through DATA 

(E$F -t 4 N  0 I) i n  the order a&, bl, cI, dl, ap9 etc.  At leas% 
. ,  



2N ce l l s  beyond DATA (N@F + 4N - 1) are available t o  the sub- 

routine for  temporary storage. 

If sense l i gh t s  1 and 2 are used, they must be turned off before 

returning t o  the main program. 

( 5 )  

Subroutine ANGLE 

This subroutine gives the main program an identification for  each 

ref lect ion and calculates the direction cosines ym, y 
a y b  yaz) Ypx’ 

and ypz used i n  Equations (6) and (7). Two versions of t h i s  sub- %Y > 

routine have been provided. 

The subprogram identified by Al i n  columns 77-78 deals with reflec- 

t ions i n  one zone. kt the z-axis be para l le l  t o  the zone axis being 

studied, and l e t  the x-axis l i e  i n  a crystal  plane which w i l l  be used 

as a reference plane for  a l l  the reflections being studied. 

i s  chosen t o  give a r igh t  handed coordinate system. 

the crystal  and the spectrometer for  a given reflection is  specified by 

8, the Bragg angle, and X, the  interplanar angle with respect t o  the 

The y-axis 

The configuration of 

reference plane. (See Busing and Levy, 1957, Fig. 1.) From these the 

routine calculates 
a = x + g + a  

and 
@ = X - Q  

which define the reverse directions of the primary beam and the forward 

direction of the diffracted beam. The direction cosines required by 

the main program are 

y, = cos a 

yay = s in  Q 

Yaz = 0 
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Snput for each reflection consists of a BCD ident i f icat ion and the angles 

0 and X. This input w i l l  be reported as BCD output on tape 6 i f  desired. 

The subprogram identified A2 i n  columns 77-78 i s  for  use with the Oak 

Ridge automatic neutron diffractometer or with the General Electric single 

crystal  orienter. 

0, the Bragg angle, and X and $, the orienter sett ings.  

The geanetry for  each ref lect ion i s  defined by three angles: 

The crystal  may be mounted on the orienter i n  an a rb i t ra ry  way (but the 

values of X and $ depend on the way i n  which it is  mounted). The coordinate 

system t o  which the c rys ta l  faces are referred is  chosen as shown .. i i Z  Fig. 1. 

Assume the instrument t o  be i n  position for  a hypothetical ref lectfoc for  

which X = jd = 0 and Q has a small positive value. The x-axis i s  then chosen 

as the normal t o  th i s  hy-pothetical ref lect ing plane, and the z-axis i s  taken 

para l le l  t o  the $-axis i n  the direction away from the goniometer mount. 

y-axis i s  then para l le l  t o  the X-axis in a direction chosen so tha t  the coorili- 

nate system w i l l  be right-handed. 

"he 

For the  Oak Ridge diffractometer (Fig. l a )  

the y-axis w i l l  point i n  the general direction of the primary and diffracted 

beams, while for  the General Electric orienter (Fig. 15) the opposite w i l l  he 

true.  

and diffracted beams are  interchanged but t h i s  has no e f fec t  on the calculation.) 

The subprogram evaluates the required direction cosines as follows: 

(Note tnat for  the General Electric orienter the roles  of the prinary 

8 

= COS X cos s in  €3 - sin 15 cos 8 

= cos x s in  pl s i n  Q + cos 6 cos GI 
'Px 

"YY 

ym = cos x cos 16 s in  Q + s in  pl cos Q 

= cos x s in  6 sin Q - cos 16 cos Q yay 
raZ = s in  X s i n  Q yBz= sir? X s in  Q 0  

Input fo r  the subroutine consists of a BCD ident i f icat ion and the angle$ 

9, X, and fie If desired, the ident i f icat ion and input angles w i l l  be 

reported as BCD output on tape 6. 
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UNCLASSIFIED 
ORN L - LR-DWG 68509 

‘INCREASE (p I 

I -/ 

INCREASE X I  X 

Figure 1. 
automatic diffractometer and (b ) the General Electric single crystal  
orienter. 
for x = j4 = 0.  

The angles and coordinate systems for  ( a )  the Oak Ridge 

The axes t o  which the crystal  faces are  referred are shown 
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To write ANGLE subroutines f o r  other c rys ta l  orientations, the 

following specifications must be adhered to .  

Entry i s  by the statement (1) 

CALL ANGLE (IDENT, DATA, IANG, NANGL, DATE, NANGLl)o 

The arguments are defined below. 

(2)  

reflections.  

The routine must read a l l  of the input needed t o  define t h e  

If %he user wishes t o  reDort t h i s  input o r  other results, 

t h i s  must be done within the  subroutine, 

a t  the beginning of t he  main program and may be used f o r  output by 

Tape 6 i s  rewound only once 

ANGLE 

( 3 )  The c rys ta l  ident i f icat ion i s  found i n  the  twelve wordh BCD 

array IDENT, and t h e  date is  in  BCD i n  DATE, These may be reported by 

t h e  subroutine on tape K, together wi th  a skip t o  Channel 1, by the  

statement 

CALL IDOUT (DENT, DAm, IC) 

(4) The first entry inta  ANGLE may be distinguished from subsequent 

entr ies ,  since iVANGL1 I s  zero only f o r  t h e  f irst  entry. 

(5)  The program is more e f f ic ien t  on small mackines if the data 

fo r  several reflections are  in  core as a group. The m a x i m u m  number of 

reflections t h a t  can be processed i n  such a group is  found i n  NANGL en 

t h e  first entry only. 

number of reflections for  which t h e  angle data has been stored i n  corec 

The subroutine should s e t  l"?GL t o  the actual  

( 6 )  Data fo r  t h e  reflections must be stored i n  the one-dimensional 

array DATA beginning a t  DATA ( I A N G )  . A t  exit ,  the data should be stored 

i n  groups of seven words i n  t h e  following order: 

1st word: $ix BCD characters t o  identify -the followfng ref lect ion 

2nd word: sbay 1 
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3rd word: 'OlY ). directioa cosines fo r  primary beam 
4 t h  word: ya, 

yBx \1 5 t h  word: 

6th word: directior, cosines for  diffracted beam 
I 

7 t h  word: yBz 1 

NANGL words of storage i n  DATA following the reflection data may be used 

as temporary storage. 

( 7 )  When the data f o r  the last reflection has been read in to  

core, the subroutine must turn on sense l i gh t  1. 

RESTEUTTIONS AND MACHINE REQUIREMEIWS 

The following restr ic t ions and requirements apply t o  the program 

- 

as written. 

modification. Equipment needed: 

Most of them can be ehaged by making t h e  appropriate 

(1) The source program may be assembled and run on an I B M  704, 709, 

or  7090. At; l e a s t  8,192 vords of storage are  required. 

(2) At most k tape uniQs are required. One f o r  scratch (tape 2), 

one fo r  input (tape LQ), ax& %m f o r  az;",ut. (Main output is on tape 9, 

but reflection angles are  put out v ia  tape 6, i f  desired). 

( 3 )  

(4) 

A card-to-tape uni t  is used t o  prepare t h e  iriput tape. 

AU outpvt is  printed off-line. 

(5)  An on-line clock is used fo r  timing. 

Program restr ic t ions:  

(1) Uses sense l igh ts  1 and 2. 

(2) 

( 3 )  

Does not use sea86 switches. 

Output gives 56 l ines  per page. It should be l i s t e d  under 

program control. Automatic overflow switch should be off i f  t h e  carriage 

tape has less than 56 l ines .  



, 

(4) Program does not rewind input o r  output tapes. No end of f i l e  

is written on the main output tape by t h e  program a t  t h e  end. of a m. 

TIMING 

The machine time fa r  a problem may be estimated from t h e  expression 

T = (C, N -I- C2)R 

Here T i s  t h e  time i n  seconds, fJ is  the number of crystal faces, and R 

is  the number of reflections f o r  which the correction is t o  be calculated. 

Preliminary t e s t s  on an I B M  704 computer show t h a t  C1 = 1.1 seconds per 

face per reflection, and C2 = 2.0 seconds per ref lect ion i f  intermediate 

magnetic tape storage is  used, or  C2 = 0 *en magnetic storage is not 

needed. 

not with a 32 K memory. 

Usually magnetic storage w i l l  be needed wi th  an 8K memory buC, 

DATA ImT 

1. T i t l e  card. FORMAT (l2A6) 

cols 0 

1-72 Any 72 Holleri th dmracters.  T h i s  t i t l e  w i l l  head each section 

of the output. 

2. Card control. FORMAT (15, ~15 .8 ,  15) 

cols . 
1-5 
6-20 

M, the number of absorption coefficients. 

EPS, the increment used to compensate fo r  round-off error  i n  

1s NElzJ 5 6 .  

determining t h e  limits of integration. 

dimensions of %he order of 0.1 and face equations w i t h  

coefficients o f  t h e  order of 1 an EPS of lom6 (i.e. 9.OE-6) ~111 

For crystals  of 

c 

usualby be satisfactory.  

K@ = 0 i f  output of coordinates of c rys ta l  corners i s  not desired, 

K$d = i t o  obtain t h i s  output. 

21-25 
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3 .  Absorption coefficients, FORMAT (6~10.8) 

cols . 
1-10 MU(K), %he absorption coefficients to be used in calculating 

A for each reflection. The number of W(K) must be W given 11-20 
'etc. 

on the control, card above. 

4. Input for FACE routine F1. 

a. Face control card. F@MAT (215) 

col. 
1-5 N, the number of faces of the crystal. 4 5 N C 100 

6-10 NJdP = 0 if output of the coefficients a, b, c, d are not 

desired; N$P = 1 if this output is desired. 

b. Coefficients of planes describing faces of crystal. @RMAT (4E10.8) 

The number of cards is equal to N, the number of faces of the crystal. 

col. 
1-10 a. 

11-20 b, 

21-30 C. 

31-40 d. 

Note that the coordinate system to which these equations refer must be 

consistent with the angle description used below. 

5. Input for A N G U  routine Al. (Used for zero level reflections). 

a. Angle control card FjihYAT (11) 

Column 1 = 1 if the input angles are to be reported. 

Column 1 = 0 or blank, if this output is not desired. 

b. Reflection angles and identification. F$RMAT (2(~6, 2FG.3)) 

Two refTections are placed on each card. For a definition 

of the reference system used in measuring the angles, see the 

discussion of the subroutine, 
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col. 
1-6 

7-14 

15-22 

23-28 

29-36 

37-44 

Angles 

6 BCD characters to identify the following reflection 

8, the Bragg angle 

$,, the interplanar angle 

6 BCD characters to identify the following reflection 

8, the Bragg angle 

f ,  the interplanar angle 
are given in degrees. The list of reflections is terminated 

with six zeros in the identification field following the last Y . 
6. Input for ANGLE routine A2. (Used with three-dimensional orienter). 

a. Angle control card @RMAT(I~) 

Column 1 = 1 if the input angles are to be reported. 

Column 1 = 0 or blank if this output is not desired. 

b. 

Two reflections are placed on each card. 

Reflection angles and identification F$WT ( 2 ( ~ 6 ,  3F8.3)) 

For a definition of the 

reference system used in measuring the angles, see the discussion of the 

subroutine . 
col. 
1-6 

7-14 

15 -22 

23-30 

31-36 

37-44 

45-52 

53-60 

Angles 

6 BCD characters identifying the following reflection 

8, the Bragg.angle 

$1 orienter angles 
6 BCD characters identifying the following reflection. 

8, the Bragg angle 

$1 orienter angles 
are given in degrees. The list of reflections is terminated 

with six zeros in the identification field following the last 0. 
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CARD DECK FOR OAK RIDGE INSTALLATION 

1. Monitor control cards 

2. Program deck 

3 .  Data 

b,  Control card 

c.  Absorption coefficients 

d. I n p t  f o r  FACE routine 

e. Input f o r  ANGLE routine 

4, Repeat ( 3 )  i f  absorption coefficients a re  t o  be calculated f o r  more 

than one c rys t a l  in  a single monitor job, 

OPERATING PROCEDURF: FOR OAK RIDGE INSTALLATION 

When preparing the monitor control cards the user should c a l l  f o r  

tapes on uni ts  2 and 6 ,  If e i the r  ANGLE rolztines A 1  o r  A2 are used and 

the angle output is  called ?or, the mmber 02 t h e  f i l e s  on tape 6 t o  be 

printed i s  equal t o  t h e  number of c rys ta l s  rmn. 

not been called for,  there w i l l  be nothing on tape 6,  

tape 6 regardless of which ANC%E routine is being used. 

If the angle output has  

The program rewinds 

SYMBOLS USED 

EPS input parameter. 
t a l e r a c e  use3 fa? t h e  determination of the corners. 

It is  used? i n  the calculation of E, the 

NS amount of core storage available i n  data block. 

Np NP * M * ( N + 1 )  WOEIS are  m i t t e n  i n  each block of magnetic 
tape i n  t h e  first pa r t  of the program. 

number 0% ref lect ions t o  be processed a t  one time. W G I ,  

N 

v volume of crystal, 

number of planes bounding c rys t a l  
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v1 

IDENT 

I T 1  

IT2 

I T 3  

NANGLl 

NMU 

X$F 

NEND 

IANG 

ISUM 

IDIFL 

IDIF2 

T 

TA 

m 
x 
RA 

RB 

wx 

volume of c rys t a l  computed with weights read from magnetic 
tape; used as a check. 

BCD array containing c rys t a l  ident i f icat ion.  

clock time a t  beginning of program; time for  par t  1. 

clock time a t  end of pa r t  I of program; time for  pa r t  11. 

clock time a t  end of program. 

t o t a l  number of ref lect ions processed. 

number of values of p t o  be used. 

DATA subscript  of first Coefficient al of planes describing 
c rys ta l .  

DATA subscript  of last coeff ic ient  drJ of planes describing 
c rys ta l .  

DATA subscript  of first numerator of rw i n  core. 

DATA subscript  of last  numerator of ras i n  core. 

t h e  number of words t o  be reported i n  one l i n e  c rys t a l  
corner output. 

DATA subscript  of first angle ident i f icat ion.  

DATA subscript  of first absorption correction factor .  

DATA subscript  of the f irst  of the N differences ds - a s i  x 
(Part  1); DATA subscript of the first of t he  N 
denominators ayW + bras + cyas (Part  2 ) .  

DATA subscript  of the first of the N differences ds - asxi - bsy ( P a r t  1); DATA subscript  of the f irst  of the N 
denomdnators ay  Bs + byB, + cyBs (Part  2).  

temporary storage used by Gaussian elimination routine.  

current value of ras. 

Bs e 

current value of r 

current value of x coordinate of point of integration. 

ra 

rP 
(b-a) xi 



Y 

wy 

z 

A 

B 

DIFl 

C 

D 

DIF2 

E 

F 

VMU 

DATA 

IVDATA 

Ix 

R 

U 

IP 

I& 

rn 
I 

current value of 
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y coordinate of point  o f  integrat ion.  

equivalent t o  IS, current value of z coordinate of point  
o f  integrat ion.  

a, lower l i m i t  of integrat ion on x axis. 

b, upper l i m i t  o f  integrat ion on x axis .  

b-a; equivalent t r J  C. 

c ( x . ) ,  lower l i m i t  o f  integrat ion on y ax i s .  

d ( x . ) ,  upper l iai t  of integrat ion on y axis 

d(xi) - c(x.  1, eqaivalent t o  D .  

e(xi, yj’ lower l i m i t  of integrat ion on z axis. 

f (xi ,  y . )  upper l i m i t  of in tegra t ion  on z axis ,  

equivalent t o  DATA; storage f o r  values of p. 

nme of block of s tarage which contains coef f ic ien ts  of  
faces, d i rec t ion  eosines of angles, values of d - asxi - 
’sYj s k9 
equivalent t o  DATA; f ixed point name f0r DATA. 

DATA subscr ipt  f o r  first index of corners of  c rys t a l .  

Gaussim weights. 

Gaussian points .  

1 

1 

1 

J 

- c z eSc. The subscr tpts  f o r  each bloc& are calculated.  

DAW subscr ipts  used i n  detemining cornerc of c rys t a l .  

I P l  and IQ1 

11, 12, 139 14, 15, 16, 17, J, K, K 1  Dummy subscr ipts  fo r  DATA. 

EPSl 

K$ 

M 

“;,oleranee E used irs i?e%em-ining corners of c rys t a l .  

output option QE t h e  r q a r % i n g  of t he  coraers of t h e  crystal. 

r m b e r  of Gaussian pDints used i n  integrat ion.  



K#NST 

NP1 

Number 
of words 

N M ~ T C ~  

4 * N  

JPM*(N+~) 

N 

N 

I 2  

7*NANGL 

N$lU*NANGL 
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number of words of C@MM#N storage used excepting DATA block. 

number of blocks on magnetic tape. 

SMRAGE TABU FOR THE ARRAY DATA* 

d -a x.-b y s s 1 s jmcszk 
(b-a)(d-c)(f-e)R R R f o r  s = 1, ..., n 
i, j, k = 1, .,., m 
(Part 1) ds-asxi (s = 1, . . ., n) 
(Part 2)  as"/(xx + bsyW + cSraz 

i j k  

(Part 1) Indices of planes and coordinates 
of corners 

Subscript 

1 
I 

NMET 

y @ F  
NEND 

NUM 

NuMED 

IDIFl 

IDIF2-1 

IDIF2 

Ix-1 

M 
I 
M4-11 

YUlJG 

Ism-1 
IsldM 

I 

I 

I 

%Am is equivalent to VMU and NDATA. 

. 
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C ABSORPTION C A L C U L A T I O N (  3 - D I M E N S I O N A L  P 1  000 
COMMON E P S ~ N S ~ N B , N P , N A N G L , N , V , V ~ , I D E N T , I T ~ , I T ~ , I T ~ ~ N A N G L ~ ~ N M U ~  P 1  0 0 1  

2 NCO F 9 NEN D 9 N UM 9 N UME D 9 I D I F 1 9 I D I F 2 9 I AN G 9 I SUM J COR 9 P 1  0 0 2  
P 1  0 0 3  3 T  9 X  9 W X  ,Y ,'dY 9Z ,A 9 B ,C*D,E 9 F 9D I F 1  9 D I  F 2  ,D I F 3  ,TA s T B  9 R A  ,RE? 9 

4VMU ,DATA P l  0 0 4  
D I M E N S I O N I D E N T ( 1 2 ) ~ T ( 1 2 ) , R ( 1 6 ) , U ( 1 6 ) , V M U ( l ) ~ D A T A ( l ) ~ N D A T A ( l )  P 1  005 
E Q U I V A L E N C E ( E P S , D U M 4 ) , ( N S , D U M 5 ) 9  P 1  006 

~ ( I D E N T , D U M ~ Z ) , ( I T ~ , D U M ~ ~ )  , ( I T 2 9 D U M 1 4 )  , ( I T 3 9 D U M 1 5 ) , ( N A N G L l , D U M 1 6 )  9 P 1  008 
3 ( N M U , D U M 1 7 1 , ( I A N G , D U 3 3 ) , ( I S U M , D U 3 4 ) ,  P 1  0 0 9  
4 ( N C O F ~ D U M 1 9 ) ~ ( N E M D , D U M Z O ) ~ ( N U M , D U M 2 1 ) , ( N U M E D ~ D U ~ 2 2 ) ~ ( J C O R ~ D U M 2 3 ) ~  P 1  010 
5 ( I D I F l , D U 3 1 )  ,(IDIF2,DU32),(T(3),X),(T(6) 9 \ r J X ) + ( T ( 9 )  9Y),tT(12),WY) 9 P 1  011 
6 ( Z , I 6 ) , ( A , D U M 2 4 ) r ( B , D I F 1 ) , ( C 1 D U M 2 5 )  , ( D , D I F 2 ) , ( E , D U M 2 6 ) , ( F , D T F 3 ) ,  P 1  0 1 2  

P 1  0 1 3  
8 (DATA,VMU,NDATA) P 1  014 

R E A D I N P U T T A P E 1 0 9 1 0 0 3 , M  P 1  0 1 5  
I F ( M - 1 6 ) 9 0 0 1 ~ 9 0 0 1 ~ 9 0 0 2  P 1  0 1 6  

P 1  017 
REWIND 6 P 1  0 1 8  
L I N E S  =50  P 1  0 1 9  
SENSELIGHTO P 1  0 2 0  
C A L L S  I ZE NS 1 P 1  0 2 1  

3 2 1 3  C A L L C L O C K ( I T 1 , D A T E )  P 1  0 2 2  
P 1  0 2 9  R E A D I N P U T T A P E ~ O , ~ O O ~ ~ ( I D E N T ( I ) ~ ~ = ~ ~ ~ ~ ~  

READ I N P U T T A P E  1 0  9 1 0 0 3  ,NMU 9 EPS 9 K O  P l  024 
I F ( NMU-6 1 3 1 4 9 3 1 4 9 3 1 5  P 1  0 2 5  

3 1 4  NCOF=NMU+l P 1  0 2 6  
R E A D I N P U T T A P E 1 0 , 1 0 0 4 , ( V M U ( I S , I = 1 ~ N M U )  P 1  027 
CALLFACE ( I DENT 9N 9 DATA +NCOF, DATE 1 P 1  0 2 8  

9 0 2 0  CALLEPSR ( E P S v E P S l )  P 1  0 2 9  
I 1 = N S -KO N S T - N M U - 6 Gf N - 1 2 P 1  030 
N P = I 1 / ( M 3f ( N + 1 ) 1 P 1  0 3 1  
I 2=p.q?c,e2 P 1  032 

3 1 6  I F  (Xi?ODF( I 2 9 N P )  ) 3 1 8 9 3 1 2 9 3 1 8  P 1  0 3 3  
3 1 5  NPZNP-1  P 1  0 3 4  

GO T O 3 1 6  P 1  0 3 5  
3 1 2  I F ( N P ) 8 3 1 3 , 8 3 1 3 9 3 1 1  P l  036  

P 1  0 3 7  
I F ( N A N G L - 2 ) 3 1 7 , 3 1 7 , 3 1 3  P l  0 3 8  

317  I F ( N P - 1 ) 8 3 1 3 , 8 3 1 3 , 3 1 8  P 1  039 
3 1 3  N B = I Z / N P  P 1  0 4 0  

P 1  0 4 1  

1 ( N B 9 DUM 6 9 ( LIP 9 DUM7 1 9 ( NAN GL DUM 8 ) 9 ( M 9 DUM 9 1 9 ( V 9 DUM 1 0 ) 9 ( V 1 9 DUVl11) 9 P 1 00 7 

7(IPl,IQl,I)r(T(l),TA),(T(2),TB)1(T(4)tRA),(T(5)9RB)9 

9 0 0 1  R E A D I N P U T T A P E 1 0 ~ 1 0 0 5 ~ ( U ( I ) , I = 1 , M ) , ( R ( I ) ~ I = l ~ M )  

3 11 NAN G L =  ( I 1-N P*P4+f ( N + 1 ) +I 2 ) / ( 7+NMU 1 

N EN D = b! CO F + 4  35 N - 1 

. 
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NUM=r\l  END+^ 
NUMED=NP*MS I N + 1 )  +MEND 
I D  I F l = N U M E D + l  
I D I F 2 = I D I F 1 +N 
I X =  I D  I F 2 + N  
I A N G = I X  
I S U P.1 = NAN G L -:C 7 + I A N G 

C CALCULATE A, B,  B - A  
I F ( N B - 1 ) 7 0 0 6 , 7 0 0 6 , 7 ~ 0 7  

C DETERMINE C O E F F I C I E P l T S  OF CORNERS AND REPORT 

7007 REWIND2 
7006 I F ( K 0 ) 6 0 , 6 0 , 6 1  

6 1  C A L L  I DOUT ( I DENT 9 D A T E  99 1 
WRITEOLITPUTTAPE 9 9  2 C 0 1  
N L I N E S = L I N E S  

0=-  A 
J C O R = O  
I l = N - 2  
D 0 2 7 I P = l * I l  
I P l = I P + l  
I l = N - 1  
D 0 2 6 I Q = I P l , I l  
I Q 1 =  IQ+1 
D 0 5 4 I R = I Q 1  ,N 
I l =NCOF+4++  ( I P - 1 )  
D 0 2 4 K = 1 , 1 2 , 3  

60  AZ10.OE37 

T ( O = D A T A ( I l )  

I l = N C O F + 4 *  ( I Q-1 ) 
D 0 2 3 K = 1 , 1 2 9 3  
T ( K + l ) = D A T A ( I l )  

I l = N C O F + 4 + +  ( I R - 1 )  
D 0 2 2 K = 1 9 1 2 + 3  
T ( K + 2  ) = D A T A (  11) 

C A L L G A U S O L ( T 9 3 )  
I F ( S E N S E L I G H T 2 1 5 4 9 6 9  

69 D028K=NCOF,NEND,4 
I F ( D A T A ~ K ) ~ T ( 1 O ) + D A T A ( K + l ~ ~ ~ T ( l l ~ + D A T A ( K + ~ ~ ~ T ~ l ~ ~  

2 4  Il=I1+1 

2 3  I 1 = 1 1 + 1  

2 2  I 1 = 1 1 + 1  

i 4 , 2 8 , 2 a  
z a  CONTINUE 

P 1  0 4 2  
P 1  0 4 3  
P 1  044 
P 1  045  
P1 0 4 6  
P 1  0 4 7  
P1 048  
P1 0 4 9  
P 1  0 5 0  
P 1  0 5 1  
P 1  052  
P 1  0 5 3  
P 1  0 5 4  
P1 0 5 5  
P1 0 5 6  
P1 057  
P 1  0 5 8  
P 1  0 5 9  
P 1  060 
P I  0 6 1  
P1 0 6 2  
P1 0 6 3  
P 1  0 6 4  
P 1  0 6 5  
P 1  0 6 6  
P 1  067 
P1 0 6 8  
P1 0 6 9  
P1 0 7 0  
P 1  071  
P 1  072 
P1 073  
P1 0 7 4  
P1 075  
P 1  0 7 6  
P 1  077 
P 1  0 7 8  
P 1  079 
P 1  0 8 0  
P 1  081 

, D A T A ( K + ? ) + E P S l ) S  P 1  0 8 2  
P 1  0 8 3  
P 1  0 8 4  

I 
I\) 
-4 

I 



IF(A-T(1@))5Q95@951 
51 A=T(10) 
53 IF(T(10)-8)52952953 
53 B=T(10) 
52 IF ( K O  154954962 
62 I1= IX+JCOR 

NDATA( Il)=IP 
NDATA( Il+l)=IQ 
NDATA( I1+2) =IR 
D020Kz395 
Il=JCOR+K+IX 

20 DATA(Il)=T(K+7) 
JCOR=JCOS+6 
IF(JCOR-12)54929929 

29 CALLOCOR(DATA1IX9JCOR) 
54 CONTINUE 
26 CONTINUE 
27 CONTINUE 

64 IF(JCOR)57957,58 
58 CALLOCOR(DATA,IX9JCOR) 
57 DIFl=B-A 

IF(DIF1156956955 
55 CONTINUE 

v =0.0 
NP 1 =N P 
K 1 = NU M 
D0107Izl ,M 
X=A+DIFl++U( I )  
WX=R ( I )*DIF1 
I2=IDIF1 
D07011=NCOF+NEND94 
DATA(I2)=DATA(I1+3)-DATA(Il)*x 

I F  ( K O  157 957964 

70 I2=12+1 
C CALCULATE C9 D9 D-C 

C=l0 a OE3 7 
D=-C 
I20=N-1 
DO71 IP=1 I I20 
IPl=IP+l 
DO 7 6 I Q = I P 1 9 N 
Il=NCOF+1+4*(IP-l) 

P1 085 
P1 086 
P1 087 
P1 088 
P1 089 
P1 090 
P1 091 
P1 092 
P1 093 
P1 094 
P1 095 
P1 096 
P1 097 
P1 098 
P1 099 
P1 100 
P1 101 
P1 102 
P1 103 
P1 104 
P1 105 
P1 106 
P1 107 
P 1  108 
P1 109 
P 1  110 
P1 111 
P1 112 
P1 113 
P 1  114 
P1 115 
P1 116 
P1 117 
P 1  118 
P1 119 
P1 120 
P 1  121 
P1 1 2 2  
P1 123 
P1 124 
P1 125 
P1 126 



J 4 , 

D073K=194,3 
T(K)=DATA(Il) 

I l=NCOF+1+4+? ( I Q - 1 )  
DO 74K=19 4 9 3 
T(K+l)=DATA(Il) 

Il=IDIFl+IP-l 
T(7)=DATA(IlI 
Il=IDIFl+IQ-l 
T(8)=DATA(I1) 
CALLGAUSOL(T921 
IF(SENSELIGHT2)76,68 

D075Il=NCOF9NEND94 
I F ( D A T A ( I 1 + ~ ) " T ( 7 ) + D A T A ( I 1 + 2 ) " T ( 8 ) - D A T A ( I 2 ) + E P S l ) 7 6 ~ 7 5 ~ 7 5  

75 12=12+1 
IF(C-T(7))77,77,78 

78 C=T(7) 
77 IF(T(7l-D)76976,79 
79 D=T(7) 
7 6  CONTINUE 
71 CONTINUE 

DIF2zD-C 
IF(DIF2)72972980 

80 CONTINUE 
D091J=l,l4 
Y=C+DIFZ*U(J) 
WY=WX*DIF2-%R( J )  
IZ=IDIFl 
13=IDIF2 
DO9 0 I 1 =N COF 9 NEND 9 4 
DATA(I3)=DATA(I2)-DATA(Il+l)*y 
I2=12+1 

90 13=13+1 
E = 1 0 1  OE37 
F=-E 
13= ID IF2 
D093Il=NCOF*NEND94 
Z=DATA(I31/DATA(I1+2I 
14= ID IF2 
DO 9 4 I 2=N COF 9 NE N D 9 4 
I F ( D A T A ( I 2 + 2 ) " Z - D A T P ( I 4 ) + E P S 1 ) 9 3 , 9 4 , 9 4  

73 I1=11+1 

74 Il=I1+1 

6 8  12=IDIFl 

P1 127 
PI 128 
P 1  129 
P1 130 
Pl 1 3 1  
P 1  1 3 2  
P 1  1 3 3  
P 1  1 3 4  
P1 1 3 5  
P 1  136 
P1 1 3 7  
P1 1 3 8  
P 1  1 3 9  
P 1  1 4 0  
P I  141 
P1 1 4 2  
P 1  1 4 3  
P 1  144 
P1 145 
P1 146 
P 1  147 
P 1  148 
P 1  1 4 9  
P1 1 5 0  
P 1  1 5 1  
P 1  152 
P1 1 5 3  
P1 1 5 4  
P 1  155 
P 1  156 
P1 157 
P1 158 
P 1  1 5 9  
P 1  160 
PL 161 
P 1  162 
PL 163 
PI 1 6 4  
P1 1 6 5  
P1 166 
P1 167 
P1 168 
P I  169 



9 4  I 4 = 1 4 + 1  
I F ( E - Z ) 9 6 , 9 6 , 9 7  

9 7  E=Z 
9 6  I F ( Z - F I 9 3 9 9 3 1 9 8  
98  F=Z 
9 3  I 3 = 1 3 + 1  

D I F 3 z F - E  
I F ( D I F 3 ) 9 9 , 9 9 9 1 0 0  

1 0 0  CONTINUE 
D O l O l K = l I M  
Z=E+D IF3*U ( K )  
I2= I D  I F 2  
DO 1 0 2  I l=NCOF 9 NEND I 4 
DATA(Kl)=DATA(IZ)-DATA(11+2)*Z 
I F ( D A T A ( K 1 ) ) 1 0 3 ~ 1 0 3 ~ 1 0 4  
D A T A  ( K 1 )  =CY. 0 1 0 4  

1 0 3  K l = K 1 + 1  
1 0 2  I 2 = 1 2 + 1  

DATA( K 1 )  =WY*DIF3*R ( K  1 
V=V+DATA ( K 1 )  

I F  ( N B - l ) 9 1 ,  9 1 9 7 0 0 2  

I F ( N P 1 ) 1 0 5 1 1 0 5 9 9 1  

Kl=NIJM 
NPl=NP 

9 1  CONTINUE 
1 0 7  CONTINUE 

7 0 0 5  ENDFILE2 

7 0 0 4  CALLCLOCK(IT2,DATE) 

101 K l = K 1 + 1  

7 0 0 2  N P l z N P 1 - 1  

1 0 5  W R I T E T A P E 2 , ( D A T A ( I l ) , I 1 = N U M , N U M E D S  

I F ( N B - 1 ) 7 0 0 4 ~ 7 0 0 4 ~ 7 0 0 5  

REWIND2 

C END OF PART I ,  BEGINNING OF P A R T  I 1  
CALLIDOUT( IDENTIDATEI~I  

NANGL 1=0 

V l = O a O  
NANGLl=NANGLl+NANGL 
K 1  =N+1 
13=NANGL*7-1+IANG 

W R I T E O U T P U T T A P E ~ ~ ~ ~ ~ ~ , ( V M U ( I ~ ~ ~ = ~ I N M U )  

2 1 1  CALLANGLE(IDENT,DATA,IANG,NANG9NANGL9DATE,NANGLl)  

P 1  1 7 0  
P 1  171 
P 1  1 7 2  
P 1  173 
P 1  1 7 4  
P 1  1 7 5  
P 1  1 7 6  
P 1  1 7 7  
P 1  1 7 8  
P1 1 7 9  
P 1  1 8 0  
P 1  1 8 1  
P 1  1 8 2  
P 1  1 8 3  
P 1  1 8 4  
P 1  1 8 5  
P 1  1 8 6  
P 1  1 8 7  
P 1  1 8 8  
P 1  1 8 9  
P 1  1 9 0  
P I  1 9 1  
P 1  1 9 2  
P 1  1 9 3  
P 1  194 
P 1  1 9 5  
P 1  1 9 6  
P1 197 
P I  1 9 8  
P l  1 9 9  
P1. 2 0 0  
P 1  2 0 1  
P 1  2 0 2  
P 1  2 0 4  
P 1  2 0 5  
P1 2 0 6  
P 1  2 0 7  
P 1  2 0 8  
P 1  2 0 9  
P 1  2 1 0  
P 1  2 1 1  
P 1  2 1 2  

1 , . . 



t 

12=ISUM+NMU*NANGL-l 
D020011=ISUM, I2  

DO2 0 1 I 1=1 i N B 
I F ( N B - 1 1 7 0 0 1 ~ 7 0 0 1 ~ 7 0 0 ~  

7 0 0 3  R E A D T A P E 2 , ( D A T A ( I 2 ) , I Z = N U M ,  

2 0 0  D A T A ( I l ) = O a O  

7001 I 6 = I S U M  
DO202 I 2 =  IANG ’I I 3  ’I 7 
19= I D  I F 1  
I 8 =  I D I F 2  
D020314=NCOF,NEND,4 

I UI 

P 1  
P 1  
P 1  
P I  
P 1  

ED 1 P 1  
P 1  
P 1  
P 1  
P l  
P l  

D A T A ( I 9 ) = D A T A ( I 4 ) ~ D A T A ( I 2 + 1 ) + D A T A ( I 4 + l ) ~ D A T A ( I ~ + 2 1 + D A T A ( I 4 + ~ ) * D A T A P ~  

D A T A ( I 8 ) = D A T A ( 1 4 ) + D A T A ( I 2 + 4 ) + D A T A ~ I 4 + l ) ~ D A T A ~ I 2 + 5 ) + D A T A ( I 4 + Z ) ~ D A T A P ~  
1 ( 1 2 + 3 1  P 1  

1 ( I 2 + 6  P L  
I 9 =  I 9 + 1  P 1  

2 0 3  I 8 = 1 8 + 1  P1 
D021517=NUM,NUMED,Kl P 1  
I 5 = I 7  P 1  
RA=lOoOE37 P 1  
RB=RA P 1  
I 9 = I D I F 2 - 1  P 1  
1 8 =  I D  I F2 P 1  
D C 2 0 8 1 4 = I D I F l , I 9  P 1  
I F ( D A T A ( I 4 )  1 9 1 1 t 2 1 3 9 2 1 3  P 1  

9 1 1  TA=DATA( I 5 ) / D A T A (  1 4 )  P 1  
IF(RA-TA1213,213,205 P 1  

2 0 5  RA=TA P 1  
2 1 3  I F ( D A T A ( I 8 )  )216 ,217 ,2 ]7  P 1  
2 1 6  TB=DATA( I 5  1 /DATA( 1 8 )  P 1  

I F ( R B - T 8 ) 2 1 7 , 2 1 7 ’ 1 2 0 7  P 1  
2 0 7  RB=TB P 1  
2 1 7  I 5 = 1 5 + 1  P l  

18=18+1  P 1  
2 0 8  CONTINUE P 1  

R A= R A +R B P1 
I 1 0 = 1 6  P 1  
D020614=1 iNMU P 1  
D A T A ( I 1 0 ) = D A T A ( I 1 0 3 + E X P F ( - V M U ( I 4 ) * R A ~ ~ + D A T A ( I 5 )  P 1  

2 0 6  110=110+1  P1 
2 1 5  CONTINUE P 1  

16= I6+NMU P1 
2 0 2  CONTINUE P 1  

2 1 3  
2 1 4  
2 1  5 
2 1 6  
2 1 7  
2 1 8  
2 1 9  
2 2 0  
2 2 1  
2 2 2  
2 2 3  
2 2 4  
2 2 5  
2 2 6  
2 2 7  
2 2 8  
2 2 9  
23 0 
2 3 1  
2 3 2  
2 3 3  
2 3 4  
23  5 
2 3 6  
2 3 7  
2 3 8  
2 3 9  
2 4 0  
2 4 1  
2 4 2  
2 4 3  
2 4 4  
2 4 5  
2 4 6  
2 4 7  
2 4 8  
2 4 9  
2 5 0  
25  1 
2 5  2 
2 5 3  
2 5 4  
255  

I 
W 

Y 



DO8 2 0 4 1  4=NUM 9NUMED , K 1  
1 5 =  I 4 + N  

8 2 0 4  V l = V l + D A T A (  1 5 )  
2 0 1  CONTINUE 

I F ( N B - l ) 7 0 0 9 ~ 7 0 0 9 , 7 0 l n  
7010 REWIND2 
7 0 0 9  16= ISUM+NANGL*NMU- l  

a021 D A T A (  I 4 ) = D A T A ( I 4 ) / V  
D 0 8 0 2 1 1 4 = 1 S U M , I 6  

I F ( V - V 1 ) 2 0 9 , 2 1 0 , 2 0 9  

1 5 = I A N G + 7 5 N A N G L - l  
D 0 4 0 0 1 1 = I A N G , I 5 , 7  
1 3 = 1 2 + N M U - l  
N L I N E S E N L I N E S - 1  
I F ( N L I N E S ) 2 4 0 , 2 4 0 , 2 4 1  

C A L L I D O U T ( I D E N T , D A T E * 9 )  

210  I 2 = I S U M  

2 4 0  N L I N E S = L I N E S  

WRITEOUTPUTTAPE9t2003,IVMU(I)~I=l~NMU) 
2 4 1  N R I T E  OUTPUT T A P E ~ v ~ O ~ ~ , D A T A ( I ~ ) ~ ( D A T A ( I ~ ) , I ~ = I ~ ~ I ~ )  
400 I 2 = 1 3 + 1  

2 1 2  C A L L C L O C K ( I T 3 , D A T E )  
I F ( S E N S E L I G H T 1 ) 2 1 2 , 2 1 1  

I T  1= I T2- I T 1  
I T 2 = I T 3 - I T 2  
C A L L I D O U T ( I D E N T v D A T E 9 9 )  
WRITEOUTPUTTAPE9,2093,V 
W R I T E O U T P U T T A P E 9 , 2 0 0 4 ~ N ~ N A N G L l t N M U , I T 1 , I T ~  
G O T 0 8 2 1 3  

C ERROR RETURNS 
3 1 5  C A L L I D O U T ( I D E N T , D A T E , 9 )  

WRITEOUTPUTTAPE9,201@gNMU 
C A L L E X I T  

5 6  C A L L I D O U T ( I D E N T , D A T E O  
W R I T E O U T P U T T A P E 9 t 2 0 1 I r A , D I F 1  
CALLERROR 

7 2  C A L L I D O U T ( I D E N T t D A T E ( 9 5  
WRITEOUTPUTTAPE9,2012,CgDIFZ 
CALLERROR 

99 C A L L I D O U T ( I D E N T , D A T E , 9 )  
WRITEOUTPUTTAPE9~2013gEiDIF3 
CALLERROR 

P 1  2 5 6  
P 1  2 5 7  
P 1  2 5 8  
P 1  2 5 9  
P 1  260 
P 1  2 6 1  
P 1  2 6 2  
P 1  2 6 3  
P 1  2 6 4  
P 1  2 6 5  
P 1  2 6 6  
P1 2 6 7  
P 1  2 6 8  
P 1  2 6 9  
P 1  2 7 0  
P 1  271, 
P1 2 7 2  
P 1  273 
P 1  2 7 4  
P 1  2 7 5  
P 1  2 7 6  
P 1  277 
P1 2 7 8  
P 1  2 7 9  
P1 2 8 0  
P 1  2 8 1  
PI 2 8 2  
P 1  2 8 3  
P l  2 8 4  
P 1  2 8 5  
P 1  2 8 6  
PI. 2 8 7  
P 1  2 8 8  
P 1  2 8 9  
P 1  2 9 0  
P a  2 9 1  
P 1  2 9 2  
P 1  2 9 3  
P 1  2 9 4  
P 1  2 9 5  
P 1  2 9 6  
P1 2 9 7  

I 
W 

’;” 

. , 



. t 

2 09 C A L L  I DOUT ( I DENT Y D A T E  9 9 j 
W R I T E  O U T P U T T A P E 9 $ 2 0 2 n , V , V 1  
C A L L  ERROR 

9021 C A L L I D O U T ( I D E N T v D A T E 9 9 )  
W R I T E O U T P U T T A P E 9 9 2 0 9 2 , N  

9002 W R I T E O U T P U T T A P E 9 9 2 0 9 0 , M  
C A L L  E X  I T 

C A L L E X I T  
3 3 1 3  C A L L  I DOUT ( I DENT 9 D A T E  99 1 

WRITEOUTPUTTAPE9,2313,N,MtNMU,NS,NP 

P 1  
P 1  
P 1  
P 1  
P 1  
P L  
P3 
P 1  
P 1  
P 1  
P 1  

2 3 1 3  F O R M A T ( 3 6 H O M E M O R Y  I S  TOO S M A L L  F O R  P A R A M E T E R S o / 4 H O N  = I 3 9 3 H M  ‘ 1 3 9 5 H P l  
P 1  
P 1  2 0 9 0  F O R M A T ( 2 1 H l M  I S  TOG L A R G E &  M = 1 5 )  
P l  2 0 9 2  F O R M A T t 5 H O N  = I 5 9 1 5 H  IS TOO LARGE.)  
P l  2 0 9 3  FORMAT ( 1 O H O V G L U M E  = F 1 5 . 8 )  

C A L L E X  IT 

l N M U  = 1 2 9 1 9 H A V A I L A B L E  S T O R A G E  z I 6 9 4 H N P  = I 5 1  

1 0 0 1  F O R M A T ( 1 2 A 6 )  P 1  
1002  F O R M A T ( l I 1 )  P 1  

1 0 0 4  F O R M A T ( 6 E 1 0 . 8 )  P 1  
1005  F O R M A T ( 4 F l O e 8 )  P 1  

P 1  1003 F O R M A T (  I 5 9 E 1 5 . 8 9  I 5  1 

2001 F O R M A T l 3 4 H O C O O R D I N A T E S  O F  CORNERS O F  C R Y S T A L / 5 2 H O I N D E X  OF P L A N E S  F P l  
P 1  

2003 F O R M A T ( 3 3 H O A B S O R P T I O N  C O R R E C T I O N  F A C T O R 9  A / 6 H O M U  6 ( E 1 0 * 5 ) / / 1  P1 
2004 F O R M A T ( 5 H O N  = 1 5 9 3 X 9 1 9 H N U M B E R  O F  A N G L E S  = 1 5 y 3 X 9 1 5 H N U M B E R  O F  MU = P 1  

1 1 2 / / 2 9 H  T I M E  U S E D  I N  P A R T S  1 AND 2 = 2 1 1 0 , 3 X , 1 8 H I N  10s O F  S E C O N D S S P 1  

l O R M I N G  CORNER, F O L L O W E D  B Y  X 9  Y 9  Z / / )  

2 )  P 1  
2C08 F O R M A T ( 1 H 0 1 A 6 , 3 X , 6 F 1 Z b 8 )  P 1  

1 6.1 P 1  
2010 F O R M A T ( 2 9 H O I N P U T  ERROR. NUMBER OF MU = I 5 , 2 4 H W H I C H  I s  G R E A T E R  T H A N P l  

2 0 1 1  F O R M A T ( 6 2 H O E R R O R  I N  C A L C U L A T I O N  O F  U P P E R  AND LOWER L I M I T S  ( B ,  A , ) * P 1  
P 1  

2012 F O R M A T ( 6 2 H O E R R O R  I N  C A L C U L A T I O N  OF U P P E R  A N D  LOWER L I M I T S  ( D ,  C ) o  P 1  
P 1  

3013 F O R V A T I 6 2 H O E R R O R  1 4  C A L C U L A T I O N  OF U P P E R  AND LOWER L I M I T S  CF, E ) .  P1 
P 1  

2 0 2 0  F O R M A T ( 5 8 H O E R R O R a  VOL’JME FROM CORE IS N O T  E Q U A L  T O  V O L U M E  FROM T A P 1  
P 1  

1 A = E 1 5 0 8 9 8 H 9  B - A  = E 1 5 r 8 / 1 9 H O C O R E  DUMPS FOLLOW.)  

1 C = E 1 5 * 8 , 8 H +  D-C = E 1 5 * 8 / 1 9 H O C O R E  DUMPS F O L L O W * )  

1 E = E 1 5 . 8 9 8 H ~  F-E = E 1 5 * 8 / 1 9 H O C O R E  DUMPS FOLLOW.)  

l P E / l l H O V ( C O R E I  = E 1 5 * 8 r l O H V ( T A P E )  = E 1 5 * 8 / 1 4 H O D U M P  F O L L O W S * )  
END (0,1,0~0~0) P1 

298 
299 
300 
3 0 1  
3 02 
3 0 3  
3 0 4  
3 0 5  
306  
307 
3 0 8  
3 0 9  
3 1 0  
3 1 1  
312  
313 
314 
3 1 5  
316 
317 
3 1 8  
319 
320  
32 1 
322 
3 2 3  
3 2 4  
3 2 5  
3 2 6  
327  
3 2 8  
329  
330  
3 3 1  
3 3 2  
333  
3 3 4  
3 3 5  
3 3 6  

1 w w 
1 



C SUSROUTINE GAUSOL(A,N) 
SUBROUTINE GAUSOL(A9N) 
DIM ENS I ON A ( 3 9 4 1 

C SOLUTION OF SYSTEM OF EQUATIONS BY GAUSSIAM ELIMIMATION 
C USING INTERCHANGES 
C A = N A M E  OF MATRIX (ORIGINAL PATRIX IS DESTROYED) 
C MATRIX IS STORED BY COLUMNS, VECTOR FOLLOWS 
C N = ORDER OF VATRIX 
C 
C SOLUTION IS FOUND IN A(I*N+l) THROUGH A(N,N+l) 

(N MUST BE LESS THAN OR EQUAL DIMENSIOb! STATEMENT) 

IF(SENSELIGHT2)20920 
20 N2=N-1 

Nl=N+l 
DO9 I1=1 9N2 
L=O 
R=A(IlgIl) 
I ll=I 1+1 
DOZIR=Ill,N 
I F ( A B S F ( R ) - A B S F ( A ( I R , I 1 ) ) ) 3 , 2 9 2  

3 R=A(IR,I11 

2 CONTINUE 
IF(L149495 

5 D06IJ=Il$Nl 
X=A (L 9 I J 1 
A(L,IJ)=ACIl,IJI 

6 A(Il*IJ)=X 
4 D0812=Ill,N 

L=IR 

T=A(I2911)/A(Il~Il) 
DO7 13=I 11 rN1 
At I29 13) =A( 129 I3 )-A( 11 9 I3 )+cT 7 

8 CONTINUE 
9 CONTINUE 

A(N1Nl)=A(N,Nl)/A(N,N) 
DOll1=1 tN2 
Il=N-I 
I2=Il+l 
D01013=129N 

10 A ( I 1 , N 1 ) = A ( I 1 ~ N 1 ) - A ( I ~ ~ I 3 ) ~ A ( I 3 ~ N l )  
11 A ~ I l ~ N l ~ ~ A ~ I l ~ N l ~ / A ~ I ~ ~ I l ~  

15 SENSELIGHTZ 
IFDIVIDECHECK15914 

G 337 
G 338 
G 339 
G 340 
G 341 
G 342 
G 343 
G 344 
G 345 
G 346 
G 347 
G 348 
G 349 
G 350 
G 351 
G 352 
G 353 
G 354 
G 355 
G 356 
G 357 
G 358 
G 359 
G 360 
G 361 
G 362 
G 363 
G 364 
G 365 
G 366 
G 367 
G 368 
G 369 
G 370 
G 371 
G 372 
G 373 
G 374 
G 375 
G 376 
G 377 
G 378 

w 1 



1 , 

14 I F  ACCUMULATOR OVERFLOW12917  
1 2  S E N S E L I G H T 2  
17  I F Q U O T I E N T O V E R F L O W 1 6 ~ ~ 3  - 
1 6  S E N S E L I G H T 2  
1 3  RETURN 

END (0 9 1  9 0 ~ 0 9  1 I 

C REPORT CRYSTAL I D E N T I F I C A T I O N  
SUBROUTINE I D O U T ( I D E N T , D A T E I N )  
D I M E N S I O N  I D E N T (  12) 

2001 F O R M A T ( l H 1 1 2 A 6 , 4 1 X , l A 6 )  
~ ~ ~ R I T E O U T P U T T A P E N ~ 2 0 0 1 ~ ~ I D E N T ~ I ~ ~ I ~ l ~ l 2 ~ ~ D A T E  

RETURN 
END (0 9 1 9 090 9 0 )  

C 379 
C 3 8 0  
G 3 8 1  
G 3 8 2  
C 3 8 3  
G 3 8 4  

I D  3 8 5  
ID 3 8 6  
ID 387  
ID 3 8 8  
ID 3 8 9  
ID 390 
I D  3 9 1  

C REPORT ONE L I N E  OF ONE OR TWO CORNERS OF A CRYSTAL OC 3 9 2  
C FOR 3 - D I M E N S I O N A L  PROBLEM oc 3 9 3  
C F I R S T  THREE NUMBERS REPORTED ARE INTEGERS N H I C H  D E S I G N A T E  oc 3 9 4  
C THE PLANES WHICH FORM CORNERS, oc 3 9 5  
C SECOND THREE NUMBERS ARE THE X ,  Y ,  Z COORDINATES OF THE CORNERaQC 396 
C NOTATION X = L O C A T I O N  OF ARRAY OF 1 2  NUMBERS oc 3 9 7  
C I X  = S U B S C R I P T  OF F I R S T  NUMBER OF ARRAY X OC 3 9 8  
C JCOR = 6 " I v  WHERE I IS THE NUMBER OF CORNERS TO REPORT OC 399  

SUBROUTINEOCOR(XIIX~J~OR) OC 400 
D I M E N S I O N  X ( 1 )  O C  4 0 1  
JCOR = J C O R + I X - l  OC 4 0 2  
WRITE OUTPUT T A P E 9 * 2 0 0 2 , ( X ( K ) , K = I X , J C O R )  OC 4 0 3  
JCOR=O O C  4 0 4  

O C  4 0 5  
RETURN O C  4 0 6  
END ( 0 9 1 9 0  $0 9 0 1 O C  407 

2002 FORMAT(1H 2 ( 3 1 3 * 0 , 3 F l ? r 9 9 4 X ) I  

C DUMMY EPSR SUBROUTINE 
C TO CALCULATE E P S l  = TOLERANCE FOR CORNERS OF CRYSTAL 

SUBROUTINEEPSR(EPS9EPsl) 
EPS 1=EPS 
RETURN 
END ( 0  9 1  9 0 9 1  9 0  1 

E l  4 0 8  
E l  409 
E l  4 1 0  
E l  411  
E l  4 1 2  
E l  4 1 3  

I 
W 
ul 
I 



C 
C 

S B L K  

?t 

ADD 

DUMMY CLOCK S U B R O U T I N E  

S U B R O U T I N E  C L O C K (  I T ~ D A T E )  
A L F  
I T  = O  
D A T E =  BLK 
R E T U R N  
E N D  ( 0  9 1  ,0,090) 

P L A C E S  0 I N  T I M E ,  B L A N K S  I N  D A T E  

C L O C K  S U B R O U T I N E  
F U L  
ORG 0 
M Z E  09094  
P Z E  0 
P Z E  T + 1  
P Z E  0 
B C D  l C L O C K  
P Z E  0 
ORG 0 
R E L  
C L A  194 
S T A  ADD 
C L A  2 9 4  
S T A  ADD+2 
S X D  T 9 4  
T S X  C L O C K 9 4  
H T R  ? C + l  
A L S  1 8  
S T O  0 
C L A  D A T E  
S T O  0 
L X D  T 9 4  
T R A  3 9 4  

D A T E  BSS 1 
O R C L K 5  REM 

PROGRAM CARD 
PROGRAM C A R D  
9L 
9 R  
8 L  
8 R  
7L 
7 R  

c 1  
c 1  
c 1  
c 1  
c1  
c 1  
c 1  
c 1  

c2  
c2 
c2 
c 2  
c 2  
c 2  
c2 
c 2  
c 2  
c 2  
c2 
c 2  
c 2  
c2 
c 2  
c 2  
c2 
c 2  
c2 
c 2  
c 2  
c 2  
c2  
C 2  
c 2  
c 2  

R E M  R E A D  CHRONO-LOG C L O C K  R O U T I N E .  ERROR R E T U R N  I F  C L O C K  F A I L S  C 2  
R E M  B I N A R Y  T I M E  (10 S E C * = 1  U N I T )  I N  A C *  F O R  U S E  W I T H  CHRONO-LOG C 2  
REM D I G I T A L  C L O C K  MODEL C 2  ^ ^  

2704-1 W I R E D  T O  7 1 6  P R I N T  ECHO E N T R I E S .  
C L O C K  R P R  

S P R  6 
S T Z  D A T E  

S E N S E  T H E  C L O C K  
C L  
c2 
c 2  

414 
4 1 5  
4 1  6 
41  7 
418 
419 
4 2 0  
4 2  1 

4 2 2  
42 3 
424 
4 2 5  
4 2 6  
4 2  7 

4 2  9 
430 
43 1 
4 3 2  
433 
434 
43 5 
436  
437 
43 8 
439  
440 
44 1 
4 4 2  
44 3 
444 
4 4 5  
44 6 
447 

449 
4 5 0  
45 1 
4 5 2  
45 3 

4 2 8  

4 4 8  

. 4 



S X D  j t+3592 
S T Z  COMMON 
S X D  COMMON+l,  1 
L X D  *+13,1 
T N X  +@+159192 
C P Y  D A T E  
C P Y  COMMON 
T Q P  +-3 
L X D  + + 1 5 9 2  
L X A  * + l g l  
P X D  3 
RQL 1 
T Q P  *+5 
R Q L  1 
T N X  ++6,1,1 
T Q P  "-2 
T X L  * + 3 9 9 4 7  
ADD +6+14,2 
T I X  " - 7 , 1 9 1  
T X I  * + 1 2 , 4 , 1  
T N X  3$+119291 
T R A  +*+5,2 
T X I  + + - 1 0 t l 9 9  
T X I  *-119195 
T X I  " - 1 2 , 1 9 9  
T X I  'k-139195 
D E C  3600,3609603691 
L X D  COMMON+1,1 
L X D  * + 3 9 2  
S P T  
T R A  2 9 4  
T X L  +-2 

COMMON B S S  2 
T H T R  0 

E N D  0 

ERROR I F  R Q  M I N U S  

ERROR R E T U R N  

C S U B R O U T I N E  A N G L E  (ID€NT,DATA,IANG,NANGL,DATEtNANGLl) 
C U S I N G  O N L Y  TL!O A N G L E S (  T H E T A  AND C H I  
C ZERO I S  S T O R E D  FOR R E I J A I N I N G  D I R E C T I D N  C O S I N E S  

S U B R O U T I N E A N G L E ( I D E M T , D A T A , I A ~ G , ~ A ~ ! G L , D A T E ~ N A N G ~ ~ )  
D I M E N S I O N I D E M T ( 1 2 )  , D A T A ( l )  
K 1 = 0  

c 2  4 5 4  
c 2  4 5 5  
C2 4 5 6  
c 2  5 5 7  
c 2  4 5 8  
c 2  4 5 9  
C2 4 6 0  
C2 4 6 1  
C2 4 6 2  
C2 4 6 3  
6 2  4 6 4  
C 2  4 6 5  
C2 4 6 6  
C2 4 6 7  
C2 4 6 8  
C2 4 6 9  
C2 4 7 0  
C 2  471 
C2 4 7 2  
c 2  4 7 3  
c 2  474 
c 2  4 7 5  
C2 4 7 6  
c2 477 
c2 478 
c 2  4 7 9  
C2 4 8 0  
C2 4 8 1  
C2 4 8 2  
c2 4 8 3  
C2 4 8 4  

C2 4 8 6  
c 2  4 8 7  
C2 4 8 8  

c 2  4 8 5  

A 1  4 8 9  
A 1  4 9 0  
A 1  4 9 1  
A 1  4 9 2  
A 1  4 9 3  
A1 4 9 4  



132 I A N G + 7 ~ ~ N A N G L - l  A 1  
I F ( N A N G L 1 ) 3 0 , 3 1 , 3 0  A 1  

A 1  
A 1  

1 4 = 1 2 + 1 3  A 1  

A 1  D 0 1 3 1 5 = 1 2 9  I 4 9 7  
A 1  I F ( D A T A ( I 5 ) )  13912913 

1 3  Kl=K1+1 A 1  
I F ( N A N G L - K 1 - 2 )  11910910 A 1  

12 S E N S E L I G H T 1  A 1  
N A N G L = K l  A 1  
GOT01  1 A 1  

10 CONTINUE A 1  
11 1 3 = I A N G + 7 % N A N G L - l  A 1  

I F ( N O P ) 1 7 , 1 6 , 1 5  A 1  
1 5  NOP=-1  A 1  

C A L L  I DOUT ( I DENT 9 DATE 9 6 1 A 1  
A ?  W R I T E O U T P U T T A P E 6 ~ 2 0 0 1  

17 W R I T E O U T P U T T A P E ~ , 2 0 0 ~ ~ ~ D A T A ~ I l ~ ~ D A T A ~ I l + l ~ ~ D A T A ~ I l + 2 l ~ I l ~ I A N G ~ I 3 ~ 7 A l  
1) A 1  

A 1  I F ( SENS EL I GHT 1 ) 20 9 16 
A 1  2 0  SENSEL I G H T l  

END F I L E  6 A 1  
1 6  D 0 1 4 1 2 = 1 A N G , I 3 , 7  A 1  

D A T A ( I 2 + 6 ) = ( D A T A ( 1 2 + 2 ) - D A T A ( I 2 + 1 1  ) * O n 0 1 7 4 5 3 3  A 1  
D A T A (  12+3)=(DATA(12+2)+DATA(IZ+l) ) ~ ~ 0 . 0 1 7 4 5 3 3 + 3 . 1 4 1 5 9 2 6  A 1  
D A T A ( I 2 + 1 ) = C O S F ( D A T A ( I 2 + 3 ) )  A 1  
DATA(IZ+Z)=SINF(DATA(12+3)) A 1  
D A T A (  I2+3)=O A 1  
DATA(I2+4)=COSF(DATA(I2+6)) A 1  
D A T A ( I 2 + 5 ) = S I N F ( D A T A ( I 2 + 6 ) )  A 1  

14 D A T A (  1 2 + 6 J = O  A 1  
1 0 0 1  F O R M A f ( 2 ( 1 A 6 , 2 F 8 e 3 ) )  A 1  
1002 FORMAT ( 1 I1 1 A 1  

C H I / / )  A 1  2 0 0 1  FORMAT(12HOANGLE I N P U T / l H 0 9 9 X , 1 4 H T H E T A  
2002 FORMAT(1H ( 2 ( 1 A 6 , 2 F 1 O 1 3 , 5 X )  1 )  A 1  

RETURN A 1  
END ( 0 , 1 ~ 0 , 0 , 0 )  A 1  

3 1  READIMPUTTAPE10,1002 ~ N O P  
30  DO10 I 2 =  I A N G  I 3  9 1 4  

R E A D I N P U T T A P E 1 0 ~ 1 0 0 1 ~ ( D A T A ~ I l ~ ~ D A T A ~ I l + l ~ ~ P A T A ~ I l + 2 ~ ~ I l ~ I 2 ~ I 4 ~ 7 ~  A 1  

4 9  5 
4 9 6  
49 7 
4 9  8 
499 
5 0 0  
5 0 1  
5 0 2  
5 0 3  
5 0 4  
5 0 5  
5 0 6  
5 07 
5 0 8  
5 0 9  
5 1 0  
5 1 1  
5 1 2  
5 1 3  
5 1 4  
5 1 5  
5 1 6  
5 1 7  
5 1 8  
5 1 9  
5 2 0  
5 2 1  
5 2 2  
5 2 3  
5 2 4  
5 2 5  
5 2 6  
5 2 7  
5 2 8  
5 2 9  
5 3 0  
5 3 1  
5 3 2  
5 3 3  

I w 
F” 



. 

C SIIRROUTINE ANGLE(2)r FOR 3-D ORIENTING EQUIPMENT A2 5 3 4  
C WRITTEN 9-9-60 A2 535 

S l J R R O U T I N E A N G L E ( I D E N T , D A T A , I A N ~ r N A N G L ~ D A T E ~ N A N G L I ~  A2 536 
DIMENSION IDENT(I?)rDATA(I) A2 537 
KINO A2 538 
I3PIANG+7*NANGL-I A2 539 
IF!NANGLI ) 3 0 , 3 1  930 A2 5 4 0  

3 I READINPlJTTAPE IO r 1002 r MOP A2 541 
30 DO!OI2#IANGrI3r I4 A2 542 

COFJT I NlJE A2 5 4 4  

RE,lDINPUTTAPF10,1001 ,(DATA(II )rDATA(I I + l  )rDATA(I 1+2)rDATA(I1'3) A2 546 

D01315#12,14r7 A2 548 
IF(DATA(I5)) 13r12r13 A2 5 4 9  

IF!NANGL-KI-2) I l r l O r I ~  A2 551 
I2 SEYSELIGHT I A2 552 

CONT I NUE A2 543 

14PI2+13 A2 545 

IrII#I2,14r7~ A2 547 

13 KIPKI+I A2 5 5 0  

NANGL#K I A2 553 
GOTOI 1 A2 5 5 4  

10 CONTINUE A2 555 

IF!NOP)17r16r15 A2 557 
I I I3#1ANG+7*NANGL-I A2 556 

15 NOP#-I A2 558 
CALLIDOUT(IDENTIDATE,~) A2 559 
WRTTEOlJTPUTTAPE6r20Ol A2 5 6 0  

III#IANGrI3r7) A2 562 

20 SENSELIGHTI A2 5 6 4  
A2 565 

16 DOI412#IANGrI3r7 A2 566 
DATA(I2+1)#DATA(I2+1)*OoI74532925E-l A2 567 
DATA(I2+2)#DATA(I2+2)*OoI74532925E-l A2 568 
DATA(I2+3)#DATA(I2+3)*OoI74532925E-l A2 569 

A2 5 7 0  TI#SINF(DATA(IZ+I)) 
A2 571 TZ#COSF(DATA(I2+t) 1 

T3#VINF(DATA(I2+?)) A2 572 
T4PCOSF(DATA(I2+3) 1 A2 573 
DATA(I2+6)#SINF(DATA(~2+2))*Tl A2 5 7 4  

D A T A ( I 2 + 4 ) # D A T A ( I 2 + 3 ) x T 4  A2 576 

I7 W R I T E O U T P U T T A P E 6 r 2 0 0 2 ~ ~ D A T A ~ I l ~ ~ D A T A ~ I l + l ~ ~ D A T A ~ I l + 2 ~ ~  DATA(II+3)rA2 561 

TF(SENSELIGHTI)ZOrt6 A2 5 6 3  

END FILE 6 

DATA(I2+3)#COSF(DATA(12+2) )*TI A2 575 

I w 
'p 



D A T A ( I 2 + 5 ) = T 3 " T 2  A 2  
D A T A (  I 2 + 1 ) = D A T A (  I 2 + 4 ) + D A T A (  I 2 + 5 )  A 2  
DATA(I2+4)=DATA(I2+4)-DATA(I2+5) A 2  
D A T A ( I 2 + 5 ) = T 4 * T 2  A 2  
D A T A (  I 2 + 3 ) = D A T A (  I 2 + 3  ) % T 3  A 2  
QATA(I2+2)=DATA(I2+3)-DATA(I2+5) A 2  
DATA(I2+5)=DATA(I2+3)+DATA(I2+51 A 2  
D A T A ( I 2 + 3 ) = D A T A ( I 2 + 6 )  A 2  

14 C O N T I N U E  A 2  
1 0 0 1  F O R M A T ( 2 ( 1 A 6 9 3 F 8 . 3 ) )  A 2  
1002 F O R M A T ( 1 1 1 )  A 2  
2 0 0 1  F O R M A T ( 1 H 0 1 6 X 9 1 1 H A N G L F  INPUT/1HOlOX~SHTHETA~8X~3HCH1~8X~3HPHI//~ A 2  
2 0 0 2  F O R M A T ( 1 H  ( 2 ( A 6 9 3 F l l e ? 9 6 X ) ) )  A 2  

R E T U R N  A 2  
E N D  ( 0 , 1 9 0 9 0 9 0 )  A 2  

C S U B R O U T I N E  F A C E ( I D E h \ T , N 9 D A T A , N C O F ~ D A T E ) ,  3 D I M E N S I O N A L  P R O B L E M  F 1  
C B E F O R E  E N T R Y ,  I D E N T ,  N C O F  A R E  S E T  
C UPON E X I T ,  S U B R O U T I N E  S U P P L I E S  N AND C O E F F I C I E N T S  W H I C H  
C D E S C R I B E  P L A N E S  F O R M I N G  F A C E S  OF C R Y S T A L  
C N O T A T I O N  I D E N T  = I D E N T I F I C A T I O N  O F  C R Y S T A L  
C N = NUMBER O F  F A C E S  
C D A T A  = B L O C K  O F  G E N E R A L  S T O R A G E  
C N C O F  = E L E M E N T  O F  D A T A  C O N T A I N I N G  F I R S T  
C C O E F F I C I E N T  D E S C R I B I N G  P L A N E S 9  OR F I R S T  
C A V A I L A B L E  C E L L  OF S T O R A G E  U P O N  E N T R Y  
C NOP = 0 I M P L I E S  DO NOT R E P O R T  I N P U T  
C = 1 I M P L I E S  R E P O R T  I N P U T  
C D A T E  = B C D  D A T E  

SUBROUTINEFACE(IDENT~~l~DATA~NC0F~CATE) 
D I M E N S I O N  I D E N T C  12 , D A T A (  1 )  
R E  A D  I N P U T T  A P E  1 0 9 1 0 0 1 9 N 9 N OP 
N E N D = 4 * N + N C O F - 1  
R E A D I N P U T T A P E 1 0 ~ 1 0 0 ~ ~ ( D A T A ( I l ~ ~ I l ~ N C O F ~ N E N D ~  
I F  ( N O P ) 2  9 2  9 3  

3 N B E G = N C O F  
K 3 = 0  

7 C A L L I D O U T ( I D E N T 9 D A T E 9 9 )  
h ' R I T E O U T P U T T A P E 9 ~ 2 0 0 1 , N  
D 0 4 K l = N B E G , N E N D 9 4  
K 2 = K 1 + 3  

F 1  
F 1  
F 1  
F 1  
F 1  
F1  
F 1  
F 1  
F 1  
F1 
F 1  
F 1  
F 1  
F 1  
F 1  
F 1  
F l  
F 1  
F1 
F1 
F 1  
F 1  
F 1  
F 1  

577 
578 
579 
580 
58 1 
582 
5 8 3  
584 
585 
586 
587 

589 
590 
59 1 

588 

592 
593 
594 
595 
596  
597 
598 
599 
600 
6 0 1  
6 0 2  
603 
6 0 4  
605 
606 
607 
608 
609 
610 
611 
612 
6 1 3  
6 1 4  
6 1  5 
616 

1 
4= 
0 
1 



. 

F1 6 1 7  K 3 = K 3 + 1  
WRITEOUTPUTTAPE9~2002,K3~(DATA(Il)~Il=K~~K2) F 1  6 1 8  
I F ( 5 0 - K 3 ) 5 9 5 , 4  F 1  619  

5 N B E G = K l  F 1  6 2 0  
F l  6 2 1  GOT07 
F 1  6 2 2  4 CONTINUE 

1 0 0 1  F O R M A T ( 2 1 5 )  F 1  6 2 3  
1 0 0 2  F O R M A T ( 4 E 1 0 . 8 )  F1  6 2 4  
2 0 0 1  FORMAT(1H+,70X,17HNUMBER OF FACES = 1 5 / 7 5 H O C O E F F I C I E N T S  A, B I  C9 D F 1  6 2 5  

IWHERE AX + B Y  + CZ D D E S C R I B E S  FACE OF C R Y S T A L / l H 0 , 2 X 9 1 H N , 7 X , 1 F 1  6 2 6  
2 H A 9 9 X , l H B 9 9 X t l H C , 9 X , 1 H D / / I  F1  6 2 7  

F 1  6 2 8  FORMAT ( 1 H 
F 1  6 2 9  

END ( 0 9 1  9 0,090)  F 1  6 3 0  

2 0 02 I 3 9 2 X 9 4 F 10  6 5 1 
2 RETURN 

REM T H I S  SUBROUTINE MUST BE THE L A S T  SUBROUTINE LOADED. 
F U L  
ORG 0 
MZE 0,094 9L 
P Z E  0 9R 
P Z E  END+1 8L 
P Z E  0 8R 
BCD l S I Z E  7L 
P Z E  0 7 R  
ORG 0 
REL 

S I Z E  SXD END94  
CLA 1 9 4  
STA S I Z E + 6  
L X A  E N D * 4  
T I X  + + 1 9 4 $ E N D  
T I X  46+1949 2 0 5  
SXD 0 9 4  
L X D  END94  
TRA 2 9 4  

END 0 
END HTR -1 

N C  

PROGRAM CARD 

3F SUBROUTINE S I Z E  S 6 3 1  
REM TO DETERMINE AVOUNT OF STORAGE A V A I L A B L E  F O R  DATA S 6 3 2  
REM MAKE DECREMENT OF S I Z E  + 5 =PART OF UPPER CORE NOT A V A I L A B L E  S 6 3 3  
REM ENTER WITH TSX S I Z E 9 4  S 6 3 4  

S 6 3 5  REM HTR N S  
REM E X I T  W I T H  TRA 2 9 4  S 6 3 6  

S 637 
S 6 3 8  
S 6 3 9  
S 6 4 0  
S 6 4 1  
S 6 4 2  
S 643 
S 6 4 4  
S 6 4 5  
S 6 4 6  
S 6 4 7  
S 6 4 8  
S 6 4 9  
S 6 5 0  
S 6 5 1  
S 6 5 2  
S 6 5 3  
S 6 5 4  
S 6 5 5  
S 6 5 6  
S 6 5 7  
S 6 5 8  
S 6 5 9  

REM NS WILL C O N T A I N  AMOUNT OF A V A I L A B L E  STORAGE I N  DECREMENT. 



M 660 
U 1  6 6 1  
U2 662 
R 1  663 

R2 6 6 4  
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